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Epstein-Barr Virus

The B95-8 Strain Map

Paul J. Farrell

1. Introduction

This chapter summarizes the genes and mRNAs that have been mapped on to the
B95-8 EBV genome. The complete sequence of this strain of Epstein-Barr Virus (EBV)
was established (7,2) and data from many publications has been integrated into the
map, which is an update of that published previously (3). The B95-8 strain grows well
in laboratory culture and transforms human B lymphocytes efficiently, but B95-8 EBV
has about 11.8 kb deleted relative to other strains of EBV. The sequence of that region
has been determined in the Raji strain of EBV and a map has been published (4).
Detailed literature citations for most of the features have been published (3). The map
should be used in conjunction with the B95-8 EBV DNA sequence, which can be
accessed in the European Molecular Biology Laboratory (EMBL; embl:ebv.seq) or
Genbank databases. The feature tables shown in those database files have not yet been
revised so the information shown in this map is considerably more up to date.

2. Repeat Sequences

There are several regions of the genome that contain tandem repeat sequences.
Some of these are large repeat units (for example, the major internal repeat is 3072 bp
and the terminal repeat is 538 bp) but some are much simpler repeats. In most virus
preparations, there will be a distribution of copy number of these repeats, so it is impor-
tant to appreciate that the viral map and coordinates are just one reference example of
genome structure. Generally the repeat numbers in the B95-8 map are thought to be
typical, although it now appears that the 11.5 copies of the major internal repeat
inserted into the B95-8 sequence may be an over-estimate, about 8.5 being more usual
in B95-8 EBV (5).

The restriction maps for EcoRI and BamHI are shown beneath the scale bar in kb.
The restriction fragments are labeled according to size, A being the largest fragment
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Table 1

EBV Gene Nomenclature

EBNA-3A EBNA-3
EBNA-3B EBNA-4
EBNA-3C EBNA-6
EBNA-LP EBNA-5
LMP-2A TP-1
LMP-2B TP-2
BZLF1 ZEBRA, EB1, Zta
BRLF1 Rta, R
BAREF transcripts BART, CST

EBNA, Epstein-Barr virus nuclear antigen; LMP,
latent membrane protein; TP, terminal protein; BART,
Bam A rightward transcripts; CST, complementary
strand transcripts.

and lower case letters being used for additional fragments when there are more
than 26.

3. Open Reading Frames

The major open reading frames, presumed to correspond to the protein coding parts
of genes are shown as boxes, pointed at one end to indicate the direction of translation.
Coordinates shown below are generally from the presumed initiator methionine to the
last translated amino acid. When there is no obvious initiator methionine or the RNA
structure is uncertain, the coordinates of the reading frame are shown from the begin-
ning of the open reading frame to the last translated amino acid; these reading frames
are marked “orf” after the coordinates. Initiator methionine residues have generally
not been confirmed by mutagenesis so it is important to appreciate that the map is an
interpretation in this respect.

4. Nomenclature

Open reading frames of EBV are named systematically according to the BamHI
restriction fragment in which their transcription commences, designated L or R accord-
ing to the direction and then marked F followed by a number. So BALF4 is the fourth
leftward reading frame commencing in the BamHI A restriction fragment. Many of the
genes are also known by more common and useful names, which may describe their
function. Abbreviations used here are EBNA, Epstein-Barr virus nuclear antigen,
LMP, latent membrane protein, EBER, Epstein-Barr virus encoded RNA. There is
unfortunately some variation in nomenclature for EBV genes in the published litera-
ture. A guide to equivalents is shown in Table 1; terms on the same horizontal line
refer to the same gene that shown on the left, being the standard used in this map.

5. Gene Expression
The open reading frames are shaded according to their expression class. These
classes are defined operationally in EBV. Latent cycle genes are expressed constitu-
(text continued on p. 12)
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tively in B cell lines immortalized by EBV and these genes are filled in black. Lytic
cycle genes are induced by phorbol ester treatment of B95-8 cells (30 ng/mL for 3 d),
induction of early genes being unaffected by the presence of phosphonoacetic acid,
whereas induction of late genes is blocked by phosphonoacetic acid (125 pg/mL).
Reading frames whose expression cannot readily be related to an mRNA or for which
no mRNA has been detected are left unfilled. The likely expression class of some of
these may be deduced by comparison with homologous genes in other herpes viruses.
A recent summary of the relationship between EBV and genetic maps of other gamma
herpesviruses (HHV8 and Herpesvirus Saimiri) has been published (6) and compari-
sons of EBV with the well characterized alpha and beta herpesviruses have been made
earlier (7).

6. Viral Transcription

RNAs transcribed from the EBV genome are shown as arrowed lines above and below
the open reading frames with splices shown as narrow connections bridging between the
exons. When the boundaries of an RNA have been determined accurately (within a few
nucleotides), they are shown on the map with a small bar across the end of the RNA.
Spliced exons whose boundaries are known precisely from cDNA sequence analysis are
listed below. Other RNAs have not been mapped so precisely and RNAs whose structure is
very uncertain are shown as dashed lines. RNA polymerase II promoters, which lead to the
transcription of mRNA that have been mapped, are marked (see Key for symbol) and the
positions of the sequence AATAAA in the DNA, which is part of the cleavage signal for
generation of the 3' ends of mRNAs are marked by short vertical arrows. Some variant
sites are also marked (see Key for symbol). Because the EBV genome is relatively GC rich
(about 60% GC), the AATAAA sequence occurs only rarely by chance and has generally
been a reliable indicator of the 3' ends of RNAs.
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Analysis of Replication of oriP-Based Plasmids
by Quantitative, Competitive PCR

Ann L. Kirchmaier

1. Introduction

The quantitative, competitive polymerase chain reaction (PCR) assay outlined in
this chapter was designed for the detection and quantitation of replicated DNAs in
both short-term and long-term assays (1). Quantitative, competitive PCR can be used
to study both the contribution of proteins to the replication of oriP-based plasmids (1)
as well as the requirements for specific DNA sequences to support replication of a
plasmid (2). Advantages of this assay include an increased sensitivity and a decreased
time required to analyze samples relative to DNA blots, the traditional assay used to
study replication of oriP-containing plasmids in the presence of EBNA-1 (3-8).

In long-term experiments, quantitative, competitive PCR can be used to determine
whether replicated DNAs are maintained as plasmids in cells under selection and to
determine how many copies of those plasmids are present in those cells. However, this
assay does not allow the determination of what type of rearrangement, if any, the input
DNA may have undergone to be maintained as a plasmid in the host cells under drug
selection. Instead, DNA blots are more useful to determine the nature of rearrange-
ments that may occur in the input DNAs. Therefore, although quantitative, competi-
tive PCR does have limitations, it is a sensitive and powerful experimental approach
for studying the effects of proteins and the requirements for DNA sequences involved
in replication.

For the quantitative, competitive PCR assay, primers are chosen that allow simulta-
neous amplification of up to three templates: the reporter DNA, the replication-
defective DNA and the competitor DNA. Both the reporter DNA, and the replication
defective DNA (generated in a dam + strain of Escherichia coli to incorporate the
prokaryotic methylation signature) are introduced into the host cell. Subsequently,
after culture, low molecular weight DNA is harvested from cells using a modified Hirt
method (9) and digested with Dpnl to fragment any remaining DNA with a prokary-
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otic methylation pattern, which corresponds to the unreplicated, input DNA. The
reporter DNA will be amplified during the PCR only if it has been replicated by the
host cell and is therefore Dpnl-resistant. The replication defective DNA serves as an
internal control and will be amplified during the PCR only if it too has been replicated,
or if the Dpnl digestions have not gone to completion. Mammalian cells do support
synthesis of prokaryotic vectors inefficiently for short times (1,2,10).

In order to quantitate the PCR products, known concentrations of the competitor DNA
are added to a series of PCR assays. The use of 3?P-end labeled oligonucleotide primers
allows incorporation of 3?P into the PCR products and facilitates the quantification. In a
given PCR, the competitor DNA and the reporter DNA will be amplified with equal
efficiency when the two templates are present in equal amounts, consequently, the
amount of radioactive label incorporated for each template will be identical.

Oligonucleotide primers for use in competitive, quantitative PCR should be
designed that will amplify a region of DNA on the reporter plasmid, the replication-
defective plasmid and the competitor plasmid simultaneously. This region of DNA
should be designed so that it varies in length between the three plasmids, so that ampli-
fication will yield products of three distinguishable sizes. For example, in previously
reported experiments (1) the replication-competent reporter plasmid, oriP-BamHI
C-Luc, contains a wild-type gene encoding aminoglycoside phosphotransferase II. The
replication-defective plasmid, oriP-minus (that serves as an internal control for diges-
tion of nonreplicated DNA by Dpnl), lacks oriP and contains a 233 bp insertion at the
Mscl site within the gene encoding aminoglycoside phosphotransferase II. The com-
petitor DNA introduced into the PCR assay lacks oriP and contains a 222 bp deletion
between the BsaAl and Mscl sites within the gene encoding aminoglycoside phospho-
transferase II. One pair of primers will anneal to all three plasmids and amplify the
corresponding fragment from each plasmid with equal efficiency. The sizes of ampli-
fied fragments generated for each of these constructs using one set of primers are 964,
742, and 1197 bp, respectively. Other primers and templates for this assay can be
readily designed and used to monitor replication of oriP-based plasmids. However,
these templates must be tested for their ability to be amplified with equal efficiency
using the corresponding primers.

2. Materials
2.1. Cell Culture and DNA Transfection

1. Appropriate complete tissue culture medium (TCM): For example, for 143B cells (11),
Dulbecco’s Modified Eagle’s medium (DMEM-HG), 10% calf serum, 0.2 mg/mL strep-
tomycin sulfate, 200 U/mL penicillin G potassium. Store at 4°C.

2. Phosphate buffered saline (PBS): 0.137 M NacCl, 2.7 mM KCl, 5.4 mM Na,HPO,, 1.8 mM
KH,PO,. Adjust pH to 7.4 and filter through a 0.2-um filter.

3. 1X trypsin: Dilute 10X trypsin (Gibco BRL, containing 0.5% trypsin, 5.3 mM ethylenidia-
minetetraacetic acid (EDTA)-4Na) in PBS. Filter through a 0.2-um filter and store at 4°C.

4. 1X Eosin Y: 0.1% Eosin Y, 0.2% sodium azide in PBS. Filter through a 0.2-um filter.

5. TCM-H: Add 1/20 vol of 1 M HEPES (N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic
acid, Gibco BRL cat no 15630-023 or equivalent), pH 7.4-7.6, to complete tissue culture
medium, giving a final concentration of 50 mM HEPES. Store at 4°C.
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2.3.

Tissue culture flasks and dishes.
50-mL conical tubes.

Hemocytometer.

37°C CO, humidified incubator.
CsCl-gradient purified plasmid DNAs.

. Isolation of Low Molecular Weight DNA

Cell resuspension buffer: 50 mM Tris-HCI, pH 7.6, 1 mM EDTA, 0.1 M NaCl.
Lysis buffer: 1.2% sodium dodecyl sulfate (SDS), 10 mM EDTA, 0.2 M Tris-HCI, pH 7.6.
5 M NaCl.

RNAse A: 20 mg/mL, heat to >70°C for 20 min, store at —20°C.

Proteinase K: 20 mg/mL, store at —20°C.

Phenol:chloroform: 1:1 ratio, buffered to pH 8.0.

Chloroform.

Glycogen (20 mg/mL).

100% ethanol.

5 M ammonium acetate.

70% ethanol in H,O.

1XTE7.5: 10 mM Tris-HCI, pH 7.5, 1 mM EDTA.

0.1X TE7.5: 10-fold dilution of 1X TE7.5 with H,O.

Microfuge tubes and microcentrifuge.

Competitive, Quantitative PCR

2.3.1. Digestion of Sample DNA and Competitor DNA

1.
2.

SN A

—

Dpnl and other restriction enzymes and their buffers: store at —20°C.
10X KGB: 1 M K-glutamate, 250 mM Tris-acetate, 100 mM Mg-acetate, 5 mM }-mercapto-
ethanol, 0.5 mg/mL bovine serum albumin (BSA); Store at —20°C.
Phenol:chloroform: 1:1 ration, buffered to pH 8.0.

Chloroform.

100% ethanol.

5 M ammonium acetate.

70% ethanol in H,O.

1XTE7.5 (as in Subheading 2.2.).

0.1X TE7.5: 10 fold dilution of 1X TE7.5 with H,O.

Microfuge tubes and microcentrifuge.

2.3.2. Agarose Gel Elecrophoresis

SNk W=

1X TBE: 90 mM Tris, 80 mM boric acid, 2 mM EDTA.

1.0% or 1.5% agarose (as indicated) in 1X TBE, microwaved to melt.
5X Blue Juice: 0.05% Bromophenol Blue, 30% glycerol in H,O.
Ethidium bromide (10 mg/mL).

Electrophoresis apparatus for slab agarose gels.

UV light transiluminator.

2.3.3. End-Labeling Primers

1.
2.
3.

T4 polynucleotide kinase (New England Biolabs), store at —20°C.
10X T4 polynucleotide kinase buffer (New England Biolabs), store at —20°C.
32p ~_ATP (6000 Ci/mmol), e.g., Dupont NEN, store at —20°C.



16 Kirchmaier

4. QIAquick nucleotide removal kit (Qiagen) or equivalent kit.
5. 2-mL microfuge tubes.
6. 10 mM Tris-HCI, pH 8.0, heat to 60°C prior to use.

2.3.4. Competitive, Quantitative PCR

Microfuge tubes and microcentrifuge.

0.1X TE7.5 (as in Subheading 2.3.1.).

10X Taq buffer (Boehringer), store at —20°C.

20 uM dNTPs, store at —20°C.

20 uM 5' primer, store at —20°C.

20 uM 3' primer, store at —20°C.

Taq polymerase (5 U/uL, Boehringer), Store at —20°C.
500 uL GeneAmp tubes (Perkin Elmer) or equivalent.
PCR thermocycler (e.g., Perkin Elmer thermocycler 480).
10. Mineral oil.

11. India ink.

12. 7.5% trichloroacetic acid (TCA), in H,O.

13. Whatman 3MM paper.

14. DES1 paper (Fisher 05-717-A).

15. Saran wrap.

16. Vacuum gel dryer.

17. Phosphorlmager with screens (e.g., Molecular Dynamics).

NN RN =

©

3. Methods

3.1. DNA Transfection into Cells and Subsequent Isolation of Low
Molecular Weight DNA

1. Harvest cells and count viable cells as described in Chapter 12, Subheading 3.1., step 1
and resuspend viable cells to 2 x 107 cells/mL in TCM-H.

2. Electroporate 10 ug of each plasmid DNA (oriP-containing DNA [the reporter], oriP-
minus DNA [replication defective] and effector DNA encoding a derivative of EBNA-1)
into 0.5 mL of cell suspension (1 x 107 cells) as described in Chapter 12 (see Note 1).

3. Incubate one electroporated sample in 20 mL of complete tissue culture medium in a 15-cm
dish at 37°C in 6% CO, for 94-98 h.

4. Harvest and count the viable cells as described in Chapter 12, Subheading 3.1., steps 1-4.

5. Resuspend the cells to 2 x 107 cells/mL in cell resuspension buffer and transfer the cells
to microfuge tubes, filling the tubes to no more than one third (see Note 2).

6. To each sample, add an equal volume of lysis buffer. Rock gently for 10 min at room
temperature. (Do not pipet or vortex the sample as this may shear the chromosomal DNA).

7. Add 0.5 mL of 5 M NaCl/l mL sample (equivalent to 2 x 107 cells). Rock gently for
10 min at room temperature.

8. Incubate the samples at 4°C for 24—48 h to precipitate the high molecular weight DNA.

9. Pellet the high molecular weight DNA and cell debris by centrifugation at 9600g at 4°C
for 45 min in a microfuge or other appropriate centrifuge (see Note 2).

10. Carefully transfer the supernatant, which contains the majority of the low molecular
weight DNA to a fresh tube. Discard the pellet (see Note 3).

11. Incubate the supernatant for 2 hours at 42°C with RNAse A added to a final concentration
of 0.1 mg/mL.
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12.

13.

14.

15.

16.

Incubate the supernatant for 2 h at 42°C with Proteinase K added to a final concentration
of 0.2 mg/mL.

Extract the supernatant with an equal volume of phenol:chloroform, then an equal vol-
ume of chloroform by vortexing the sample with the organic solvent, centrifugation
(10,000-16,000¢ for 30 s), and collection of the aqueous phase. Repeat if the samples
contain a large amount of proteinaceous material.

Add 1 uL of glycogen (20 mg/mL) as carrier to each sample for precipitation. Add ammo-
nium acetate to each sample to a final concentration of 0.3 M. Add 2 vol of 100% ethanol
and mix well. Incubate the samples on dry ice for approx 20 min, or at —=70°C for approx
1 h or at —20°C overnight, to precipitate the DNA.

Pellet the DNA by centrifugation at 9600g for 10 min in a microfuge, decant the ethanol.
Wash the pellet with 70% ethanol and centrifuge at 9600g for 5 min, decant the ethanol.
Dry the low molecular weight DNA in a Speed Vac or air dry.

Resuspend the samples in 300-500 uL of 1X TE7.5. Store the samples at —20°C.

3.2. Competitive, Quantitative PCR
3.2.1. Digestion of Low Molecular Weight Sample DNA

1.

2.

w

Incubate the samples overnight at 37°C with 100-160 U of DpnlI per 1 x 107 cell equivalents
of low molecular weight DNA (in the appropriate buffer) to digest any unreplicated DNA.
Add a further 80 U of Dpnl and 20—40 U of an appropriate restriction enzyme (to linear-
ize the input plasmid DNA) and incubate at 37°C for one hour.

To determine whether the digestions with Dpnl have gone to completion, perform one
nonradioactive, competitive PCR per sample using 0.1 pg or less of competitor DNA in
the reaction (see Subheading 3.2.4.).

If the digestions have gone to completion, extract the sample with an equal volume of
phenol:chloroform and then an equal volume of chloroform as described in Subheading
3.1., step 13.

Precipitate the DNAs as described in Subheading 3.1., steps 14-15.

Resuspend the samples in 0.1X TE7.5 to a concentration of 1 x 103 cell equivalents/uL.
Store the samples at —20°C (see Note 4).

3.2.2. Generation of Competitor DNA

1.

e

Linearize 20 ug of competitor plasmid DNA with an appropriate restriction enzyme. To
check that the digestion is complete, take an aliquot of competitor DNA and add loading
buffer (to 1X Blue Juice). Electrophorese the aliquot in a 1.0% agarose gel (containing
approx 0.5 ug/mL ethidium bromide) in 1X TBE.

Purify the competitor DNA sample by extraction with an equal volume of phenol:chloro-
form and then an equal volume of chloroform (see Subheading 3.1., step 13).
Precipitate the competitor DNA as described in Subheading 3.1., steps 14-15.
Resuspend the competitor DNA to an estimated concentration of 0.5-1 mg/mL in TE7.5.
Determine the concentration of the competitor DNA using a Hoescht dye assay (12), or
by comparing the intensity under ultraviolet (UV) light of serial dilutions of agarose gel
electrophoresed competitor DNA in the presence of ethidium bromide (0.5 ug/mL) to
similar dilutions of known concentrations of a standard DNA (13).

Generate a working stock of competitor DNA at 1-10 ng/mL in 1XTE7.5 for PCR. Store
at —20°C in a screw cap tube in a nonfrost free freezer.
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3.2.3. End-Labeling Primers

1. Incubate (separately) 75 pmol of each primer with 10 U of T4 polynucleotide kinase, and
125 pmol of 32P ~-ATP (750 mCi) in 1X T4 polynucleotide kinase buffer in a 30 uL total
reaction volume for 30 min at 30°C (see Note 5).

2. Add an additional 10 U of T4 polynucleotide kinase to each primer reaction and incubate
for an additional 30 min at 30°C.

3. Separate the primers from unincorporated 3P ~-ATP by purification using the QIAquick nucle-
otide removal kit according to manufacturer’s instructions as outlined below in steps 4-8.

4. Add 300 uL of buffer PN (Qiagen kit) to the 3>P-end labeled primer and mix. Incubate for
1 min at room temperature. Transfer the sample mix to a QIAquick column placed in a
2 mL microfuge tube. Centrifuge the column at approx 4000g in a microfuge for 1 min.
Discard the radioactive eluate.

5. Transfer the column to new microfuge tube. Add 300 mL of buffer PE (Qiagen kit) to the
column. Centrifuge the column at approx 4000g in a microfuge for 1 min. Transfer the
column to a new microfuge tube and discard the radioactive eluate.

6. Add 400 uL of buffer PE (Qiagen kit) to the column. Centrifuge the column at approx
4000g in a microfuge for 1 min. Transfer the column to a new microfuge tube and discard
the radioactive eluate.

7. Centrifuge the column at approx 9600g in a microfuge for 30 s. Transfer the column to a
new microfuge tube and discard the radioactive eluate.

8. Add 40 uL of 10 mM Tris, pH 8.0 (preheated to 60°C) to the column. Centrifuge the
column at approx 9600g for 1 min to elute the 3?P-end labeled primer. Transfer the
32P_labeled primer to a screw-cap tube. Store at —20°C.

3.2.4. Quantitative, Competitive PCR Assay

1. Generate the following master reaction mix containing a multiple of each reagent to equal
the number of samples to be analyzed plus two extra (see Note 6). Vortex to mix. Master
reaction mix (per one PCR) for a total reaction volume of 100 mL: 10 uLL 10X Taq buffer
(Boehringer), 1 uL. 20 mM dNTPs, 1 uL. 20 uM 5' primer, 1 uL 20 uM 3' primer, 0.1 uL 3P
~-ATP-labeled 5' primer, 0.1 uL 3?P ~-ATP-labeled 3' primer, 75.3 mL H,0, 0.5 uL
5 U/uL Taq polymerase (Boehringer).

2. Dilute the competitor DNA from the working stock (Subheading 3.2.2.) to known con-
centrations (e.g., 0.00025, 0.0010, 0.0040, 0.16, 0.64, and 2.5 pg/uL) in 0.1X TE7.5 in
order to generate a standard curve (see Note 7).

3. To 500 uL tubes add 10 uL of one concentration of competitor DNA, and 1 uL of sample
DNA (1 x 10° cell equivalents/uL). Set up five reactions per sample, with an increasing
amount of competitor DNA per reaction. Then aliquot 89 uL of the master reaction mix to
each tube and mix to give a total volume of 100 uL/tube. Overlay with 70 uL of mineral oil.

4. Set up the PCR using the following conditions: initially denature the DNA templates at
94°C for 5 min once. Then set cycle: denature at 94°C for 30 s, anneal at 55°C for 30 s,
and elongate at 72°C for 1 min. Repeat for 20-25 cycles. Finally, elongate at 72°C for 10 min,
and transfer samples to 4°C. Store the samples at —20°C.

5. Take 15 uL of each PCR reaction, add 4 uL of 5X Blue Juice, and electrophorese the
samples in a 1.5% agarose gel (containing approx 0.5 ug/mL ethidium bromide) in 1X
TBE. When loading the gel, do not load the lane between the lowest amount of competitor
of one sample and the highest amount of competitor in the next sample in order to avoid
obscuring the signal of the lowest amount of competitor DNA and therefore compromising
data analysis. Electrophorese overnight at 0.5—-1 V/cm or for approx 4 h at 4 V/cm.
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10.

Examine the gel under UV light and mark the location of the molecular weight markers
with a needle dipped in India Ink.

Precipitate the DNA in the gel by incubating the gel in 7.5% TCA for approx 30 min, until
the dye front is yellow.

Optional: Place the gel on a stack of dry Whatman 3MM paper, cover with Saran wrap
and place a book or equivalently weighted flat object on top for 15 min. This will facili-
tate wicking excess buffer out of the fixed gel, and reduce the amount of time required to
dry the gel.

. Transfer the gel onto a sheet of DE81 paper with two new sheets of Whatman 3MM paper

underneath. Cover the gel with Saran wrap. Dry the gel in a gel dryer for 2-2.5 h. Remove
the dried gel from the gel dryer and replace the Saran wrap with a new sheet.
Expose the dried gel to a Phosphorlmager screen overnight. Collect data from the
Phosphorlmage (see Fig. 1A) and analyze as described in Subheading 3.2.5.

3.2.5. Data Analysis

1.

To measure the amount of replicated reporter DNA in the sample, plot the graph log
(molecules of competitor DNA) vs log (Phosphorlmager Units of competitor DNA/
PhosphorImager Units of reporter DNA) (see Fig. 1B).

When the amount of the competitor DNA is equivalent to the amount of the reporter DNA
in the sample, the two templates will be amplified with equal efficiency. Graphically, this
represents the point on the x-axis where the log of 1/1 = 0. Therefore, the inverse log of
the intercept equals the number of Dpnl-resistant molecules present in 1 x 10° cell equiva-
lents of the sample, assuming all cells took up DNA upon transfection.

. The average number of replicated molecules per transfected cell can be determined by

correcting for the transfection efficiency of the cell line used in the experiment. To do
this, divide the number of Dpnl-resistant molecules present in 1 x 10 cell equivalents of
the sample by 1 x 10° cells and multiply that number by the transfection efficiency of the
cell line tested. A method for determining the transfection efficiency of cell lines is
described in Chapter 12.

To ensure that the Dpnl digestions have gone to completion, plot the graph log (mol-
ecules of competitor DNA) vs log (PhosphorImager Units of competitor DNA/Phosphor-
Imager Units of oriP-minus DNA) and analyze the data as described earlier.

4. Notes

1.

2.

DNA may also be introduced by other means (e.g., calcium phosphate precipitation [14])
depending on the cell type.

Use larger tubes appropriate to the centrifugation in Subheading 3.1., step 9 for larger
sample volumes.

If desired, the high molecular weight, chromosomal DNA separated from the low molecu-
lar weight DNA can be analyzed as well. To do so, resuspend the pellet (containing pri-
marily chromosomal DNA and cell membranes) in 1 mM EDTA, 0.1 M NaOH. This
resuspension takes time and can be accelerated by incubating at 45°C and by gentle
vortexing. Once resuspended, extract with phenol, phenol:chloroform, and chloroform.
Precipitate the sample as described in Subheading 3.1., steps 14-15. However, do not
dry the sample. Instead, immediately resuspend the high molecular weight DNA in 1X
TE7.5. Continue to process high molecular weight DNA as described in Subheading
3.1., steps 11-16.
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Fig. 1. Short-term replication of a reporter plasmid containing oriP in 143 cells that stably
express wild-type EBNA-1 as measured by quantitative, competitive PCR. (A) Example of
Phosphorlmage of a sample analyzed by quantitative, competitive PCR. Ten ug each of reporter
DNA (oriP-backbone) (2) and replication-defective DNA (oriP-minus) (1) were introduced
into 1 x 107 143/EBNA-1 cells (15) and analyzed as described in this chapter. Briefly, the low
molecular weight DNA was harvested 12 d postelectroporation by Hirt extraction (9), digested
with Dpnl to fragment any unreplicated DNA, and Accl to linearize the templates. Five quanti-
tative, competitive PCRs with varying amounts of competitor DNA (1) were performed for the
sample. 15 uL of each PCR were run on a 1.5% agarose gel in 1X TBE, and data were analyzed
using a Phosphorlmager. The migration patterns of molecular weight markers are noted to the
right of the gel and the migration patterns of oriP-minus, ooriP-backbone, and competitor
DNAs are shown to the left. The amount of competitor DNA in pg added to each PCR is noted
below each lane. (B) Graph of the data from the sample shown in (A). Data from the
Phosphorlmage were analyzed as described in this chapter. Briefly, to measure the amount of
replicated reporter DNA (in this case, oriP-backbone) in the sample, the graph log (molecules
competitor) vs log (PhosphorImager units competitor/Phosphorlmager units reporter) was plot-
ted. r = correlation coefficient. The number of Dpnl-resistant molecules per 1 x 10° cell equiva-
lents of sample was determined from the inverse log of the intercept. The number of replicated
molecules per transfected cell was determined by dividing by the number of cell equivalents
used in the competitive, quantitative PCR and multiplying by the transfection efficiency (approx
25% under the conditions used in this example) of the cell line. In this example, approx 14
copies of replicated oriP-backbone was present per transfected cell.

4. Prior to setting up a large experiment using radiolabeled primers, it is often useful to run
a subset of samples in a nonradioactive competitive, quantitative PCR (see Subheading
3.2.4.) to ensure that the number of replicated plasmids detected are within the chosen
range of concentrations of competitor DNA.

5. Toincrease the efficiency of the labelling reaction, the reaction samples can be incubated
on ice overnight instead of 30 min at 30°C.

6. The quantitative, competitive PCR assay is linear over the range of at least 1 x 10*~1 x 10°
cell equivalents of sample, and between at least 0.025 and 26 pg of competitor DNA. If
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1 x 10* cell equivalents of sample DNA are used in the PCR reaction, 1 x 10° cell equiva-
lents of a low molecular weight DNA extracted from non-transfected cells, processed as
described earlier, should be added to each PCR as a carrier DNA. If 1 x 10° cell equiva-
lents of sample are used per point of standard curve, low molecular weight DNA from at
least 5 x 10 cells must be harvested initially. The lower limit of detection in the assay can
be adjusted by either starting with more sample DNA in each PCR or using less Competi-
tor DNA and increasing the number of cycles used during the PCR analysis.

A new standard curve (even from the same competitor DNA stock) must be generated for
each experiment.
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Genetic Analysis and Gene Expression
with Mini-Epstein-Barr Virus Plasmids

Ellen Kilger and Wolfgang Hammerschmidt

1. Introduction

Upon infection with Epstein-Barr virus (EBV), primary human B-lymphocytes are
efficiently immortalized and give rise to lymphoblastoid cell lines in vitro. Four of the
11 viral genes expressed in the immortalized B cells have been found to be essential
genetically for the process of immortalization: the EBV nuclear antigens EBNA2,
EBNA3a, and EBNA3c, and the latent membrane protein 1 (LMP1) (I-5). Since
EBNA1 maintains the status of the EBV genomes in the proliferating B cells, it might
also be indispensable (6).

To analyze the role of latent EBV genes in the process of immortalization in this
way, it is necessary to generate recombinant viruses that carry a mutation in a certain
gene. However, the genetic analysis of EBV genes is difficult owing to the fact that no
permissive cell line is available that allows simple preparation of recombinant viruses.
This problem can be overcome by the use of mini-EBV plasmids. Mini-EBV plasmids
are constructed in Escherichia coli with the aid of an F-factor replicon such that they
encompass all functional elements of EBV necessary for B-cell immortalization (7,8).
The mini-EBV p1478A is an example that is 82 kb in size and carries 71 kb of EBV
sequences encompassing the latent EBV genes EBNA1, EBNA2, EBNA3a, -3b, -3c,
EBNA-LP, LMP1, LMP2a, -2b, EBERI, and -2 and the cis-elements for replication:
oriP and oriLyt, and the TR elements for packaging of the DNA into virions (Fig. 1).
Upon transfection or infection of primary B-cells the mini-EBV p1478A immortalizes
B-cells as efficiently as wild-type virus (7,8). The advantage of this system is that a
mini-EBV plasmid can be genetically altered and amplified in E. coli. This allows the
mutation of latent EBV genes as well as the addition of new genes into the mini-EBV
plasmid. The appropriately modified mini-EBV plasmid can then be packaged into
virions in the helper cell line HH514, which carries the endogenous nonimmortalizing
EBV strain P3HR1 (9). These virus-stocks can be used to immortalize primary B-cells

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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Fig. 1. Composition of the mini-EBV plasmid p1478A. The 11 viral genes (EBNA1, EBNA-
LP, EBNA2, EBNA3a, -b, -c, LMP1, LMP2a, -b, EBER1, EBER?2) generally expressed in the
latent phase of the EBV life cycle are either denoted as gray boxes together with the extension
of their primary RNA transcripts (dashed lines) and promoters () or are too small to be repre-
sented (EBER1 and EBER2). The map also shows the cis-acting elements (open boxes) oriP,
oriLyt, and TR which constitute the plasmid origin, the lytic origin of replication, and the ter-
minal repeats, respectively. OriP is involved in plasmid replication in latently infected cells
whereas oriLyt is essential for viral DNA replication in the lytic phase of EBV infection. The
terminal repeats TR are involved in packaging of the plasmid into virions. The prokaryotic
plasmid backbone of the F-factor is annotated together with the location of BamHI sites in the
inner circle of the map.

to study the effect of the specific mutation. We have used this system to establish a
B-cell line that expresses LMP1 in a conditional fashion and demonstrated that
LMP1 expression is essential to maintain B-cell proliferation in EBV-infected B-cells
in vitro (10).

Apart from the genetic analysis of latent EBV genes mini-EBV plasmids can also
be used as vectors to express a foreign gene of interest in virus-free immortalized
B-cells. For example, an expression cassette for a specific tumor antigen can be added
into the mini-EBV plasmid and virus-free B-cell lines can be established that express
this tumor antigen. Such B-cells supply an indefinite and safe source of antigen-
presenting cells (APCs) that can be used to generate antigen specific T-cells for adoptive
immune therapy trials. We have recently demonstrated that this approach is feasible by
establishing B-cell lines expressing the human tumor antigen mucin (MUC-1) from a
mini-EBV plasmid and generating a mucin specific cytotoxic T-cell response (11). In a
different setting these B-cell lines could also be used as antitumor cell vaccines.

Here we describe the techniques needed to modify the original mini-EBV plasmid
pl478A in E. coli and to establish B-cell lines with a newly constructed mini-EBV.
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First, how to mutate an EBV gene on the mini-EBV plasmid is described (see Sub-
heading 3.1.) and second, how to add a new gene (see Subheading 3.2.). Both meth-
ods use the chromosomal building technique (12), which is based on recombination
events in E. coli. We then describe how to amplify and purify these large plasmids (see
Subheading 3.3.) and to establish B-cell lines immortalized by a newly constructed
mini-EBV plasmid (see Subheading 3.4.).

2. Materials
2.1. Chromosomal Building
2.1.1. Plasmids

1. pl478A is a mini-EBV plasmid that contains fragments of the B95.8 EBV genome (13,
and see Chapter 1) with the nucleotide coordinates 163,477-19,359; 43,935-56,018 and
79,658-113,282 on an E. coli F-factor backbone encoding chloramphenicol resistance.
pl478A is the direct precursor of p1495.4 (7) and has the same structure except for the
last building step.

2. pMBOY6: tet shuttle plasmid (Fig. 2) (12).

3. p929.4: pMBO96 tet shuttle plasmid with different cloning sites, made by inserting the
oligonucleotide NEB#1060 into Sa/l-Klenow/BamHI-Klenow treated pMB096, contains
single sites for Hindlll, Sall, Nhel, BamHI (Fig. 2).

4. pl1242.1: derivative of pMBO96 tet shuttle plasmid with additional B95.8 EBV (13) frag-
ment (coordinates 110,491-113,282) and hygromycin resistance gene (Fig. 2).

5. DCMI111: plasmid-expressing resolvase (resD), obtained from M. O’Connor (12).

6. pCMV-BZLF1: expression plasmid for BZLF1 (14).

2.1.2. Bacterial Strains

1. E. coliDH5]| (15).

2. E. coli CBTS: recA strain with a temperature-sensitive recA amber suppressor, which is
RecA*at 30°C and RecA~ at 42°C. Genotype: leu(am), trp(am), lacZ2210(am), galK(am),
galE?, sueC, rpsL, supD43,74, sueB, metBl, RecA99(am).

2.1.3. Media and Solutions

LB-medium: 1% tryptone, 0.5% yeast-extract, 0.5% NaCl.
LB-agar-plates: 15 g bacto-agar and 1 L LB-medium, supplemented with 30 ug/mL of tetra-
cycline (LB-tet), 50 ug/mL chloramphenicol (LB-cam), or 100 ug/mL ampicillin (LB-amp).
TES8: 10 mM Tris-HCI, 1 mM ethylenediaminetetraacetic acid (EDTA), pH 8.0.
1X TAE: 0.04 M Tris-acetate, 0.001 M EDTA.
Solution I: 50 mM glucose, 25 mM Tris-HCI, pH 8.0, 10 mM EDTA.
Solution II: 0.2 M NaOH, 1% SDS.
Solution III: Mix 600 mL of 5 M KAc with 115 mL of 100% glacial acetic acid and 285 mL
of H,O0.
8. Sorval centrifuge with GS3 rotor or equivalent and 1000-mL bottles.
9. CsClI: solid and 1.55 g/cm? solution.
10. 13.5-mL Ultracrimp tubes (Kontron #9091-90387).
11. 38.5-mL Ultracrimp tubes (Kontron #9091-90389).
12. Ultracentrifuge and Centrikon TFT70.38 rotor or equivalent.
13. Syringes and needles (19 G).

o —
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Fig. 2. Composition of pMBO96-derived tet shuttle plasmids. The figure shows a schematic
representation of only that part of the tet shuttle plasmids that contains the multiple cloning site
(MCS) adjacent to the rfsF site. pMBO96 contains single sites for HindlIll, Sall, BamHI, and
Sacl, whereas p924.4 carries an additional single Nhel site that can be used for cloning. The
plasmid p1242.1 is derived from pMBO96 and contains an EBV fragment (coordinates 110,942-
113,287 from B95.8 EBV [13]), which is homologous to the end of the EBV sequence on
p1478A. In addition, the plasmid contains the hygromycin phosphotransferase gene (Hyg) with
the HSV tk gene promoter and polyadenylation site. Both were cloned into the MCS of pMBO96
with the aim to transfer the Hyg gene into the mini-EBV p1478A. One can use the p1242.1 tet
shuttle plasmid to transfer any gene of interest into p1478A. When the single BamHI or Sall
sites of p1242.1 are used for cloning, the desired gene will be transferred to p1478A together
with the Hyg gene (see also Fig. 4). When a combination of Sall and Sacl is used for cloning,
the Hyg gene will be removed from the tet shuttle plasmid. In all three tet shuttle vectors, the
Sacl site is 321 bp away from one of several Ncol sites present in the rfsF. The complete
sequences of pMBO96 derived plasmids (12) will soon be available in international databases.

2.2. Generation of Mini-EBV Immortalized B-Cells

1. RPMI medium: RPMI 1640 (Gibco BRL) supplemented with 2 mM L-glutamine, 1 mM
pyruvate, 50 ug/mL streptomycin, 50 IE/mL penicillin, 1.25 ug/mL amphotericin B and
with or without 10% fetal calf serum (FCS).

2. HH514 (16) is a single cell clone of the Burkitt’s lymphoma cell line P3HR1 (9).

3. WI38 human fibroblast cells obtained from the American Type Culture Collection,
(ATCC).

4. PBS: 0.8% NaCl, 0.02% KCl, 0.14% Na,HPO,, 0.02% KH,POy,, pH 7.0.

5. PBS/versene: dilute versene (Gibco BRL) 1:500 in PBS.
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6. Lysis buffer: 0.1 M EDTA, pH 8.0, 0.1 M NaCl, 50 mM Tris-HCI pH 8.0, 1% SDS.
7. SB95.8 primer pair: 5'-GTCAGCCGCCAGGGTCCGTTTA-3'/5'-AAGTTTCC-TTG
CCATCTAAAGC-3".
8. CAM primer pair: 5'-TTCTGCCGACATGGAAGCCATC-3"/5-GGAGTGAATA-CCA
CGACGATTTCC-3'.
9. Whole sheep blood (Oxoid GmbH, Wesel, Germany).
10. Ficoll (Amersham Pharmacia Biotech).
11. Culture flasks and 96-well plates.
12. 37°C, 5% CO, humidified incubator.
3. Methods

3.1. Mutation of the Mini-EBV Plasmid p1478A by Allelic
Exchange (Fig. 3)

1.

Flank the desired mutation of a latent EBV gene with 2—4 kb EBV sequences homologous
to the mini-EBV plasmid p1478A. The mutation should be in the middle of the EBV
sequence, so that the probability for homologous recombination is equal for both sides.
Ligate the EBV fragment containing the mutation and flanking regions into an appropri-
ately prepared pMBO96 derived tet shuttle vector like p929.4 (Fig. 2) (12). Transfect the
new tet shuttle vector into competent bacteria of the DH5| strain (15) and select on tetra-
cycline containing LB-plates (LB-tet) at 30°C.

To amplify bacteria for a plasmid mini-preparation streak single colonies onto the quarter
of an LB-plate containing the appropriate antibiotic and cultivate overnight (see Note 1).
For a plasmid mini-preparation, scratch the bacterial lawn from the plate with a tooth-
pick, and resuspend the bacteria in 200 uL of TE containing 100 ug/mL RNase by
vortexing. Add 200 uL of Solution II, vortex immediately for 1 s, and subsequently keep
at room temperature for 5 min. Add 200 uL of Solution III, mix by shaking 2-3 times, and
keep lysates on ice for 10 min. Centrifuge at 18,320g for 10 min at 4°C. Transfer the
supernatant to a new tube and add 400 uL of isopropanol. After mixing centrifuge at
18,320g for 10 min at room temperature, wash the precipitated DNA with 70% ethanol.
Aspirate the ethanol off completely, then dissolve the plasmid DNA in 20 uL of TE8 and
keep on ice (see Note 2). Use 5-10 uL of the plasmid DNA for analysis with an appropri-
ate restriction enzyme.

Transfect 5 uL of the tet shuttle plasmid DNA from the mini-preparation into competent bac-
teria of the CBTS strain (12), containing the mini-EBV p1478A, and select on LB-tet-cam
plates at 30°C overnight.

Restreak 5-10 bacterial colonies onto LB-tet-cam plates and incubate at 42°C overnight
to derive cointegrates between the tet shuttle and the mini-EBV plasmid. Because of the
perdurance of the tet proteins, one sees growth in the heavy portion of the streak and even
some pinpoint colonies in the lighter portion. The desired clones, however, will form
large colonies within 24 h (see Note 3).

Restreak several of these candidate colonies onto LB-tet-cam plates and incubate at 42°C
and prepare plasmid DNA as described earlier (Subheading 3.1., step 3). Analyze the
plasmid DNA with appropriate restriction enzymes, usually BamHI and Bg/II to ensure
the right composition of the co-integrate (see Notes 4 and 6).

. For the second recombination step cultivate a clone containing the co-integrate in S mL of

LB-cam at 30°C overnight, then plate aliquots of the culture onto an LB-cam plate and
incubate at 30°C overnight to derive single colonies.
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Fig. 3. Mutation of the mini-EBV plasmid p1478A by allelic exchange. The tet shuttle plas-
mid shown on the upper left side carries the modified allele of a latent EBV gene (mut) flanked
by stretches of 2—4 kb EBV DNA on either side termed “A” and “B”. The mini-EBV plasmid
p1478A carries the wild-type form of the latent EBV (wt) within the identical EBV sequences
“A” and “B”. Homologous recombination via the “A” sequences of both plasmids leads to the
formation of a co-integrate as is shown on the upper right side. The co-integrate is resolved by
a second step of homologous recombination. Whereas recombination via the “A” sequences
results in the original p1478A plasmid (not shown), recombination via the “B” sequences leads
to a derivative of the original mini-EBV, which now carries the modified allele of the latent
EBYV gene (shown below on the left side).

8. Pick 50-100 single colonies and make short streaks onto LB-cam master plates and LB-tet
plates and cultivate overnight at 42°C to test for cam-resistant clones that have lost the tet
shuttle backbone and are now tet-sensitive (see Note 5).

9. Pick cam-resistent clones that are tet-sensitive and prepare plasmids as described in Sub-
heading 3.1., step 3.
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10.

11.

12.

Analyze clones with appropriate restriction enzymes to ensure the composition of the
resulting mini-EBV plasmid and the incorporation of the desired mutation (see Notes 2
and 6).

Freeze the new mini-EBV in CBTS bacteria for further chromosomal building. In parallel
transfect mini-EBV DNA from the plasmid mini-preparation into competent DH5 | bac-
teria for stable preservation and large scale plasmid amplification.

To amplify and purify the new mini-EBV plasmid follow the method described in Sub-
heading 3.3.

3.2. Addition of a New Gene into the Mini-EBV Plasmid p1478A (Fig. 4)

1.

Clone the desired gene into the polylinker of the tet shuttle plasmid p1242.1. The unique
sites for Sall or BamH]I or the combination of Sall and Sacl can be used for cloning (see
Fig. 2). The new tet shuttle plasmid is amplified in DH5| on LB-tet plates at 30°C.

. Follow steps 4-6 from Subheading 3.1. to derive a cointegrate plasmid between p1478A

and the new tet shuttle plasmid carrying the desired gene.

To resolve the cointegrate via the rfsF sites prepare competent bacteria from the clone carry-
ing the correct cointegrate and transfect 100 ng of the plasmid DCM111 (12), which encodes
the resolvase enzyme (resD) and ampicillin resistance. Select on LB-amp-cam plates at 42°C.
Pick and select clones that are cam-resistant and tet-sensitive as in Subheading 3.1.,
steps 8 and 9 (see Note 7).

. Transfect 5 uL of plasmid mini-preparations from several tet-sensitive clones into com-

petent DH5| and select on LB-cam plates at 37°C. In the majority of the clones the
DCMI111 plasmid will be lost by retransfection of E. coli.

Pick several colonies (20-30) and make short streaks onto an LB-cam master plate and an
LB-amp plate at 37°C to test for amp-sensitive clones that have lost the DCM111 plasmid.
Prepare plasmid DNA from amp-sensitive clones as described in Subheading 3.1., step 3.
Analyze the plasmid DNA with appropriate restriction enzymes to ensure the composi-
tion of the new mini-EBV plasmid (see Notes 2 and 6).

To amplify and purify the new mini-EBV plasmid follow the method described in Sub-
heading 3.3.

. CsCl Purification of Mini-EBV Plasmids
. Prepare an overnight culture of DHS5| containing the mini-EBV plasmid in 800 mL

LB-cam with added 0.3 M NaCl.

Transfer bacteria to a fermenter and grow them in 5 L of LB-cam with 0.3 M NaCl and
100 mL of glycerol until they have reached an ODgj of 5.

Spin down bacteria in five 1000 mL-centrifuge bottles for 15 min at 4000g, 20°C and
discard the supernatant.

To prepare plasmid-DNA resuspend each pellet in 50 mL of solution I and transfer the
suspension to 500 mL-centrifuge tubes that fit in a Sorvall-GS3 rotor. Add 100 mL of
solution II to each tube and mix gently. Keep on ice for 10 min. Add 74 mL of ice-cold
solution III to each tube and mix well by shaking. Keep on ice for at least 10 min then
centrifuge in a GS3 rotor for 20 min at 4200g, 4°C. Transfer the supernatant to a new 500
mL-centrifuge tube and add 1 volume of isopropanol to precipitate the DNA. Mix well
and keep on ice for 20 min. Centrifuge for 20 min at 4200g, 4°C. Dilute all five pellets in
a total volume of 100 mL of TES.

. Dissolve 110 g of CsCl in the 100 mL DNA solution. Fill 800 uL of ethidium bromide

(10 mg/mL) and then 25 mL of the plasmid/CsCl solution into each of four 38.5-mL
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Fig. 4. Addition of a new gene onto the mini-EBV plasmid p1478A. The tet shuttle plasmid
shown on the upper left side carries the desired gene flanked by 3—4 kb of EBV DNA (HR) and a
rfsF site. The mini-EBV plasmid p1478A carries at the end of its EBV insert a homologous region
(HR) to the EBV DNA of the tet shuttle plasmid and a second rfsF site. Homologous recombination
between the HR regions of both plasmids leads to the formation of a co-integrate as shown on the
upper right side. The enzyme resolvase encoded by the DCM111 plasmid carries out recombination
between the two 7fsF sites of the cointegrate leading to loss of the tet shuttle backbone. The resulting
new mini-EBV plasmid has the same structure as p1478A but carries the new gene adjacent to the
HR region (shown on the lower left side). The tet shuttle plasmid is lost through selection.

ultracentrifuge tubes (Kontron Ultracrimp) and fill the tube up with a 1.55 g/cm? CsCl
solution.

6. Seal the tubes and run in an ultracentrifuge (Centrikon TFT70.38 rotor) for 3 d at 92,000g
and 20°C. Two clearly visible bands should be apparent under 300 nm UV light. Collect
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3.4.

the lower band of the gradient from each of the four centrifuge tubes using syringes and
needles.

Combine the content of the four syringes into two 13.5-mL ultracentrifuge tubes (Kontron
Ultracrimp), top off with a 1.55g/cm? CsCl solution, and centrifuge at 84,000g (Beckman
70.ITi rotor) and 20°C for 2 d.

Two bands should be clearly visible without UV light. Both can be collected separately.
The upper band contains circular DNA in excellent quality for mapping. The lower band
contains supercoiled, high quality mini-EBV plasmid DNA, which can be used for trans-
fections of eukaryotic cells.

Add 3 mL of isopropanol (saturated with H,O and CsCl). Mix well, centrifuge at 5000g
for 1 min. Discard the upper phase containing ethidium bromide. Repeat this procedure at
least three times until no more ethidium bromide is visible in the upper phase. Mix with
three volumes of TES and precipitate DNA with 0.7 vol of isopropanol, wash with 70%
ethanol, and resuspend the pellet in 200-300 uL of TES. Store mini-EBV plasmid DNA at
4°C because freezing and thawing will damage the large plasmids. Always pipet the DNA
with a tip with its end clipped off such that the opening is wider than usual to avoid
shearing.

Infection of Primary B-cells with Mini-EBV (Fig. 5)

Centrifuge 107 HH514 cells for 5 min at 1000g and room temperature. Wash cells in
serum-free RPMI medium and resuspend the cells in 250 uL of serum-free RPMI medium
at room temperature.

Mix 250 uL of HH514 cells with 20 ug of CsCl-purified mini-EBV plasmid DNA (see
Subheading 3.3.) and 10 ug of pCMV-BZLF]1 (14) plasmid DNA in an electroporation
cuvet with 4-mm gap.

Electroporate the cells with 250 V, 960 uF in a Bio-Rad Gene Pulser™ and add 500 uL of
FCS immediately afterwards (for further details on electroporation parameters, see Chap-
ter 14). Then transfer the cells to 10 mL of RPMI medium containing 10% FCS and
incubate them for 5 d at 37°C. During that time DNA replication, encapsidation into
virions and lysis of the cells occurs.

Centrifuge the 10 mL supernatant of the cells containing released virus particles for 5 min
at 1000g and room temperature to remove cells and cellular debris. Subsequently filter
the virus-stock through a 0.45-um filter. The virus-stock can be kept at 4°C for up to 1 wk.
To isolate primary human B-lymphocytes from tonsillectomies or adenectomies generate
a single cell suspension in a small volume of PBS containing versene in a 1:500 dilution
(PBS/versene). Wash the cells three times with PBS/versene then add 2 mL of whole
sheep blood to 100 mL of cells in PBS/versene to rosette T-cells. Carefully pipet 30 mL
of the cell suspension on top of 15 mL of ficoll in a 50-mL Falcon tube so that the phases
do not mix. Centrifuge at 740g, 4°C for 30 min. Collect the interphase of the gradient
containing the B-cells, mix with at least 1 volume of PBS/versene, and pellet the B-cells
at 700g at room temperature for 5 min. Wash the cells two times with PBS/versene by
pelleting the cells first at 550g and then at 430g, each at room temperature for 5 min.
Resuspend the primary B-cells in RPMI medium with 10% FCS. It is best to use the cells
immediately but they can also be stored at RT for short time periods or in a cell-culture
flask at 37°C overnight.

Mix 2-3.5 x 107 primary B-cells with 2.5-5 mL of virus stock in a final volume of 11 mL
RPMI medium with 10% FCS. Plate the cells in a 96 well plate with 100 uL of the culture
per well on a lethally irradiated (50 Gy) human fibroblast feeder-cell layer (Wi38) (see
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Fig. 5. Schematic representation of the consecutive steps involved in generation of virus-
free B-cell clones by infection with helper-virus packaged mini-EBV plamids.

Notes 8 and 9). Incubate the cells at 37°C and replace 50 uL of the culture medium with
50 uL of fresh RPMI medium with 10% FCS every week. Outgrowing clones should be
visible after 3—5 wk of cell culture.

3.5. Cell Culture and Analyses of B-cell Clones

1. When B-cell clones become clearly visible by light microscopy, transfer, and expand them
sequentially to higher culture volumes. In the beginning the cells should be diluted 1:2 until
a culture volume of 1 mL has been reached. Dense cultures can then be diluted 1:3 or 1:4.

2. Prepare cellular DNA from an aliquot of 2.5-5 x 10° cells: Pellet the cells for 5 min at
1000g and room temperature and wash with PBS. Lyse the cells in 1 mL of lysis buffer,
add 50 uL of proteinase K (10 mg/mL), and incubate the lysate at 50°C for 2-3 h. Extract
the DNA with buffered phenol and precipitate with 1 vol of isopropanol (further details
on high molecular weight DNA preparation are given in ref. 20).

3. Use 1 ug of total cellular DNA for PCR analyses to detect helper virus or wild-type EBV
with the primer pair SB95.8. Use cellular DNA from an EBV-infected cell line (e.g.,
HH514) as a positive control. PCR is carried out with 1 pmol of each primer under stan-
dard conditions for 30 cycles (94°C for 45 s, 58°C for 1 min, 72°C for 1 min). The SB95.8
primer pair amplifies a 434 bp fragment from nucleotide position 33 to 466 of the Raji
strain sequence (17), which is absent in the prototype EBV strain B95.8 (13) and the
mini-EBV plasmid.
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4.

Carry out a second PCR analyses with all clones that were negative for HH514 helper
virus or wild-type EBV. Use the CAM primer pair to detect the presence of mini-EBV
plasmid. A 294 bp product is amplified from the chloramphenicol resistance gene of the
mini-EBV.

Carry out Southern blot analysis (18,20) with an appropriate probe (19) to ensure that no
structural changes of the mini-EBV plasmid have occurred and that no helper virus DNA
is present.

Expand (see Subheading 3.5., step 1) and freeze B-cell clones that contain the mini-EBV
plasmid but no helper virus or wild-type EBV.

4. Notes

1.

Bacteria transfected with a tet shuttle plasmid grow only at 30°C on LB-tet because of the
temperature sensitive replication origin of the plasmid. Bacteria will grow slowly and
sometimes need more than 1 d to grow to clearly visible colonies. It is obligatory to purify
tet shuttle plasmids by CsCl gradient centrifugation (see Subheading 3.3. and ref. 20)
when the DNA is used for cloning purposes. To make plasmid DNA mini-preparations, it
is better to spread the cells on thick LB-tet-plates and let them grow to a dense lawn than
to make a liquid culture because the bacteria will grow faster on a plate. We normally use
one quarter of a plate to spread one clone.

DNA from plasmid mini-preparations should always be kept on ice and stored at —20°C
to avoid degradation. Not all restriction enzymes will work with these preparations. For
tet shuttle plasmids, one can also purify them with commercially available ion exchange
columns to test with other restriction enzymes if necessary. Mini-EBV and co-integrate
plasmid-DNA from mini-preparations can be analyzed with BamH], Bglll, Xhol, and some
other commercially available enzymes.

Streaks to derive cointegrates are carried out as dilution streaks. First pick the colony and
streak it on a small part of the plate. Then make long streaks out of this patch with a new
sterile loop. This can be done on one half of a plate for restreaking one colony. The
number of colonies chosen here depends on the efficiency of the process. Five to ten are
usually enough.

Usually the analysis of 10 clones is enough to find an intact co-integrate.

The resolution of the co-integrate by homologous recombination is a spontaneous process
that can not be selected for. Therefore only a few tet-sensitive clones will be found in
50-100 clones.

Analyses of cointegrate or mini-EBV plasmid DNA with restriction enzymes should
always be compared to the original mini-EBYV to ensure the overall structure of the plas-
mid. One should use long gels with 0.8% agarose in TAE-buffer, run them without
ethidium bromide, and stain the gels afterwards. In the recombination process, unwanted
nonhomologous recombination can occur and the structure of the plasmid can be found
altered or copy numbers of repetitive sequences can vary considerably. Therefore, a care-
ful analysis with several restriction enzymes is mandatory.

Resolution of the cointegrate via the rfsF sites is catalyzed by the resolvase enzyme usu-
ally with an efficiency of about 10%.

. How much of the virus-stock is needed to yield good infection results depends on the

efficiency of the packaging procedure. It is helpful to plate at least two dilutions of the
virus-stock (1:2 and 1:4 dilution). B-cell clones should then be expanded from wells with
the highest dilution, because here the probability of doubly infected clones is lowest.
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9. WI38 feeder cells can be irradiated and plated 1-2 d in advance or irradiated feeder cells
can be immediately mixed with primary B-cells and virus-stock.
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Construction of cDNA Libraries for the Analysis of the
Structure of Complementary Strand Transcripts (CSTs)

Paul R. Smith

1. Introduction

The Epstein-Bar virus (EBV)-encoded complementary strand transcripts (CSTs)
are a recently described (1,2) group of related transcripts initiating from a common
promoter that exhibit a complex splicing pattern and contain a number of small open
reading frames with the potential to encode a number of proteins (3). The CSTs have
been detected in most types of EBV infection, including nasopharyngeal carcinoma
(NPC) (4), oral hairy leukoplakia (5), EBV-positive gastric carcinoma (6), and latently
infected lymphoblastoid cell lines (7,8). The function of these transcripts is still
unclear.

The requirement for the production of a complementary strand DNA library is today
in many cases unnecessary, because in most instances, a ready-made library can be
purchased from a number of suppliers, or, alternatively, isolation of cDNA clones can
be accomplished by use of polymerase chin reaction (PCR)-based methods. For the
study of the EBV CSTs, these approaches have limitations. First, commercially
available libraries containing EBV are largely restricted to those constructed from
B-lymphoblastoid cell lines. In these particular cell lines, however, the levels of the
CSTs are low (7). Secondly, studies of the CSTs suggest that the splicing pattern of
the CSTs is complex (3,9), making PCR amplification of large, full-length, or less
abundant clones more difficult. Because many of the clones isolated to date do not
contain large open reading frames, the identification of potential proteins encoded by
CSTs is facilitated by the isolation of large or full-length cDNA clones, which can be
sequenced and possible open reading frames identified.

Most groups that have analyzed CST structure have, therefore, chosen to construct
cDNA libraries from cells which contain CSTs expressed to a high level. These are
usually derived from human NPC, either a xenograft, such as C15, a human NPC
tumor passaged in nude mice (10), or directly from NPC biopsy material (4).

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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There are many different cloning vectors on the market for the construction of
cDNA libraries. For the analysis of CST structure, most groups have utilized a basic
1 gt10-based vector. The remainder of this chapter will therefore concentrate on the
use of this type of library.

2. Materials

2.1.

1.
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Library Construction

Tissue source. Construction of libraries from C15 tumor will require at least 0.5 g of
tissue. Freshly isolated tumor generally gives a greater yield of RNA than that isolated
from frozen material.

Dounce homogenizer.

Method for purification of poly(A)+ RNA.

Method for construction of cDNA. Most reagents for these kits will be supplied by the
manufactures, however some basic materials will be required.

DEPC-treated water. Add diethyl pyrocarbonate to 0.1% (v/v), stand overnight and then
autoclave.

Phenol/Chloroform/Isoamyl alcohol (25:24:1). Phenol is saturated with Tris-HCI, pH 8.0,
and an equal volume of chloroform containing isoamyl alcohol is added.

Absolute ethanol (-20°C).

Packaging kits.

Materials for plating libraries (see Subheading 2.2.).

. Plating the Library

LB broth: 10 g tryptone, 5 g yeast extract, 5 g sodium chloride in 1 L of water. Autoclave.
LBM broth: LB broth containing 20 mM magnesium chloride and 2% maltose.

LBM agar plates: LBM broth containing 1.5% agar. Autoclave.

Top agarose: LBM broth containing 0.7% agarose.

20% maltose: Filter-sterilized.

2 M magnesium sulfate. Autoclaved.

37°C Incubator.

10-cm diameter Petri dishes.

SM buffer: 50 mM Tris-HCI, pH 7.4, 0.1 M NaCl, 10 mM MgSO,, 0.01% gelatin. Auto-
claved.

. Screening the Library

Materials for plating the library (see Subheading 2.2.).

Nitrocellulose filters (Schleicher and Schiill, 137-mm diameter, 0.45-um pore size).

3 MM paper.

Hybridization buffer: 1.5 mM sodium pyrophosphate, 20 mM sodium dihydrogen ortho-
phosphate, 0.1% sodium dodecyl sulfate (SDS), 6X SSC, 0.25% Ficoll, 0.25% bovine
serum albumin (SA), 0.25% poly vinyl pyrrolidine.

Radiolabeled DNA.

20X SSC: 3 M sodium chloride, 0.3 M sodium citrate, pH 7.0.

10% SDS.

Saran wrap.

Hybridization oven.

Chloroform.
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2.4. Phage Isolation

1. Materials for plating the library (see Subheading 2.2.).

2. LBM agarose plates: LBM broth containing 1.5% agarose. Autoclave.

3. DNasel, 10 mg/mL.

4. RNaseA, 10 mg/mL.

5. 20% PEG/2 M NaCl solution in H,O, using PEG 8000.

6. 0.5 M ethylenediaminetetraacetic acid (EDTA), pH 8.0.

7. 10% SDS.

8. Proteinase K, 10 mg/mL.

9. Phenol/Chloroform/Isoamyl alcohol, (25:24:1).

10. 3 M sodium acetate, adjusted to pH 5.5.

11. Absolute ethanol (-20°C).

12. 80% ethanol.

13. TES: 10 mM Tris-HCI, pH 8.0, 1 mM EDTA.
3. Methods

3.1. Library Construction

1. Isolation of mRNA from the chosen tissue source will depend on the choice of RNA
isolation method (see Note 1). For isolation from C15 tumor, homogenize tissue in a
chilled Dounce homogenizer using 10-15 strokes on ice, being careful to avoid excess
heat or froth generation. Subsequent steps should follow the manufacturers instructions
to obtain high-purity poly(A)+ RNA. From 0.5 g of C15 tumor, it should be possible to
obtain up to 10 mg of mRNA.

2. Production of cDNA. There are many kits for the construction of cDNA; the choice of kit
will be determined in many cases by the availability of the required cloning vector. Con-
struct the cDNA from the mRNA according to the manufacturers instructions (see Note 2).

3. Ligation of the cDNA into jgtl0 vectors. It is best to buy predigested, phosphorylated
vectors to maximize ligation efficiency. In some cases it may be necessary to perform
several test ligations before a satisfactory cDNA library is produced. Ligation conditions
will depend on the methods used to construct the library and will be supplied by the
providers of the construction kits or the lambda vectors (see Note 3).

4. Packaging and amplification. It is necessary first to test the ligations to check the number

of recombinants and also the size and number of inserts before proceeding to amplify the
library (see Note 4). Ligations should be packaged into phage particles using commer-
cially available packaging Kits, there are again a variety of these. Plate packaged ligations
using a suitable strain of plating bacteria (usually supplied with the packaging kit) and
analyze resulting phage plaques for number of recombinants and size and frequency of
inserts. In the case of jgtl0 libraries, all plaques will contain inserts; for jgtl1-based
libraries it is necessary to confirm that at least 80% of plaques contain inserts. If the
library is satisfactory, containing at least 10° individual recombinants with an average
size of at least 1 kb, then the library can be amplified. For amplification, enough LBM
agar plates will be required to plate the entire library at a density of 50,000 plaques/plate.
Plate the entire library as described in Subheading 3.2. Following plating and incuba-
tion, add 10-15 mL of SM buffer to each plate and incubate at 4°C for at least 1 h and
preferably overnight, to allow the phage to leach out. Remove SM buffer containing phage
into sterile containers. The amplified library can be kept at 4°C, but some loss in titer will
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3.2.

. Following amplification, determine the titer of the amplified library. About 106 clones

3.3.
. Probing of 10° plaques will require 20 LBM agar plates; duplicate lifts are taken from

Smith

result with time. For long-term storage, glycerol should be added to a concentration of
40% and the library divided into aliquots and stored at —70°C

Plating the Library

can be easily screened with approx 5 x 10* plaques plated on each 10-cm LBM agar
plate.

Dilute the library with SM buffer to 50,000 plaques/100 uL (for each plate).

Prepare competent bacteria. For the analysis of a j gt10 library grow 50 mL of an appro-
priate Escherichia coli strain (usually Hfl c600) overnight in LBM broth, pellet at 1500g
for 10 min, and resuspend the bacteria in 10 mL of 0.2% maltose/20 mM magnesium
sulfate and maintain at 4°C until required (up to 1 wk).

For each plate, add 100 uL of library dilution to 900 uL of competent bacteria and incu-
bate at 37°C for 30 min. Add to 9 mL of melted top agarose (kept at 55°C; see Note 5) and
pour onto prewarmed LBM agar plates. Once set, incubate inverted at 37°C for 3—4 h or
until plaques appear. Store plates at 4°C, wrapped to prevent dehydration

Screening

each plate. First, label the nitrocellulose filters (see Note 6). Place carefully on the top
agarose. Leave the first filter on the plate for 30 s, during which time orientation holes
can be marked by punching needle holes through the filter and into the agar (see Note 6).
Remove the filter using blunt forceps and air dry for 15 min. The duplicate lift is allowed
to remain on the agarose for 1 min, using the same orientation holes to mark the filter. If
other lifts are to be taken from the same plate, then place the plates at 4°C for at least 1 h
prior to taking subsequent lifts.

An easy way to denature the DNA on the filter prior to probing is to place the filters in a
3 MM paper wallet and wrap in aluminum foil. Then place the wallets containing the
filters in a pressure cooker and heat for 2 min under medium pressure. Immediately
remove the pressure and dry at 60°C for 2 h (11).

Prior to probing pre-incubate the dried filters in hybridization buffer for 2-3 h at 68°C.
During this time it is possible to radiolabel the purified DNA fragments using standard
protocols (see Note 7). 2.5 ug of purified DNA is sufficient to screen 20 filters (see Note 8).
Following pre-hybridization place the filters in 1 mL fresh hybridization buffer/filter, and
add the denatured, labeled probe(s). Incubate the filters overnight at 68°C (see Note 9).

. Following hybridization, wash the filters for 15 minutes in 2X SSC/0.5% SDS, followed

by 2 x 60 min washes in 0.3X SSC/0.1% SDS, 2 x 60 min washes in 0.1X SSC/0.1%
SDS, and finally 2 x 60 min with 0.1X SSC/0.5% SDS; all washes at 68°C. Place the
damp filters between two sheets of Saran wrap and set up for autoradiography. Expose
the films at —=70°C for 7-10 d (see Note 10).

Develop the films and check for plaques positive on both sets of filters. Remove plugs of
agar containing the positive plaques with a small diameter cork borer or Pasteur pipet.
Store the plugs in 500 uL of SM buffer and add a small drop of chloroform to lyse any
bacteria, until required for secondary screening.

Owing to the high density of plaques on the primary plates, it is necessary to re-screen the
phage from the positive plaques at a lower density in order to isolate individual positive
plaques. Firstly determine the titer of the phage from the plugs necessary to give a density
allowing separation of individual plaques and then plate and probe using the protocols
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described earlier for primary screening. Once individual, positive plaques have been iden-
tified, use toothpicks to harvest phage into 200 uL. of SM buffer.

3.4. Isolation of Lambda Phage

Isolation of phage particles follows standard protocols, we generally find that plate

purification gives better yields than liquid purification.

1.

2.

4.

1.

Add 50-100 uL of phage in SM buffer to 300 uL of competent E. coli cells (prepared as
described in Subheading 3.2.) and incubate for 15 min at 37°C.

Add 3 mL of top agarose and pour onto an LBM agarose plate (see Note 11) and incubate
for about 6 h at 37°C until plaques form.

Place the plates at 4°C for 30-60 min, then add 5 mL cold SM buffer and leave the plates
overnight at 4°C.

Remove the SM buffer and clarify by centrifugation at 2500g for 15 min.

Add DNasel to 10 ug/uL and RNaseA to 10 ug/uL and incubate for 30 min at 37°C.
Add an equal volume of 20% PEG/2 M NaCl, mix well, and place on ice for 2 h. Spin at 2500g
for 20 min, discard supernatant, and re-spin briefly. Discard remainder of supernatant.

. Add 500 uL of SM buffer to resuspend the phage and leave for at least 60 min at 4°C
(preferably overnight), add SDS (final concentration, 0.5%), EDTA (final concentration,
20 mM), and Proteinase K (final concentration, 100 png/uL), and incubate for 30 min at
37°C.

Extract twice with an equal volume of phenol/chloroform/isoamyl alcohol, remove upper
phase, add 1/10th vol of 3 M sodium acetate and two volumes of cold ethanol, and pre-
cipitate at —20°C overnight.

Wash pellet with 80% ethanol, and briefly air-dry the pellet.

. Resuspend the precipitate in 100 uL of TE8. Digest 10 uL and characterize the insert by
digestion with relevant restriction enzymes (see Note 12).

Notes

The starting point for the construction of cDNA libraries requires isolation of high-quality
mRNA. There are many commercially available kits for the purification of RNA from tis-
sue or tissue culture cells, and several kits for selection of poly(A)+ RNA from total RNA.
Production of libraries is aided by the availability of many kits for cDNA synthesis.
Choice of kit depends mainly on the use of the final library. Construction of expression
based libraries will be aided by the use of randomly priming oligonucleotides, whereas
the isolation of full-length cDNAs will require oligonucleotides that prime from the
3'-polyadenylated sequence. For the construction of libraries for a specific purpose, as for
analyzing the structure of CSTs, it is possible to prime the first-strand synthesis with a
specific oligonucleotide. For example, use of an oligonucleotide complementary to the 3'
region common to all CST transcripts described to date should result in synthesis of a
library enriched for CST cDNA clones.

There are many kits available for maximizing the efficiency of ligation for libraries. We
have found that the methods described in the cDNA kits are adequate if the cDNA synthe-
sis has been efficient.

Amplification provides a stock of the library for several screenings. If the library is needed
for one specific analysis, then amplification may not be necessary and the whole library
can be screened at once. This has the advantage that all cDNA clones will be screened,
including slower-growing or rare clones. However, repeat screenings are not possible.
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10.

11.

12.

Smith

The use of agarose in the top layer provides a better base when nitrocellulose lifts are
taken. It is not advisable to use agar in the top layer as the filters have a greater tendency
to stick to the agar. Avoid creating air bubbles when pouring the phage/agarose mix
because these will impair the screening process.

There are many methods for marking filters, we use a soft pencil to label the filters and a
broad-gauge needle to mark the holes. We do not use ink or a weak radio-isotope solution
to mark orientation.

Complete plasmid DNA can be used to screen § gt10 libraries, but it is preferable to digest
and purify a specific insert to remove vector sequences prior to labeling.

To isolate full-length clones, one set of filters should be screened with DNA from the
3'-end of the transcripts; for example, between EBV co-ordinates 160250 and 160990. A
duplicate set of filters should be screened from the 5' region of the CSTs, preferably
covering exon I (3). The complex splicing patterns of the isolated clones described to date
make it difficult to describe a probe from the “middle” of the CSTs common to all clones;
however, a probe from exon V (3), between EBV co-ordinates 155730 and 156000, will
cover most of the clones described so far.

Incubation of the filters will depend on how many are being screened. Any commercially
available hybridization oven with large incubation chambers will be satisfactory; alterna-
tively, the filters can be placed in a plastic box and incubated in a shaking water bath.
The length of time taken for the spots to develop will depend on several factors. To ensure
that the background is not too high, it is sensible to monitor the filters with a Geiger
counter prior to setting up for autoradiography, alternatively develop one sheet of film
after an overnight exposure.

The use of agarose rather than agar in the base of the plates as well as the top aids isola-
tion of good quality phage DNA.

Initial analysis of the isolated clones will rely on restriction digestion to identify the size
of the insert present in the clone. This will depend on the restriction enzyme sites present
in the linkers used in the initial library construction. A useful reference is the presence of
a single EcoR1I site in the CST clones. Because many jgt10-based vectors use EcoRI in
the linkers, digestion of the isolated phage DNA with this enzyme can give an initial idea
of the structure of the clone, as two separately spliced CST clones have been identified at
the 3'-end. EcoRI digestion will produce a fragment of approx 1140 bp or 972 bp depend-
ing on the splicing pattern present in the clones, in addition to the (usually) larger band
containing the 5' sequences.
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Analysis of the Expression and Function of the EBV-
Encoded Small RNAs, the EBERSs, in Heterologous Cells

Kenneth G. Laing, Volker Matys, and Michael J. Clemens

1. Introduction

The two small virally encoded RNA species, EBER-1 and EBER-2, are abundantly
expressed in almost all Epstein-Barr virus (EBV)-infected cell types. Their functions
in relation to the physiology of the virus remain enigmatic. In recent years, the main
interest in the EBERSs has been in connection with the use of these RNAs as targets for
identification of EBV infection using in situ hybridization. However evidence for a
possible function for the EBERs is now emerging and it seems likely that these small
RNAs s constitute another weapon in the armory used by EBV to infect and immortalize
the host cell. EBER-1 and EBER-2 are uncapped, nonpolyadenylated, untranslated
RNAs of 167 and 172 nucleotides, respectively. Even in cells with the most restricted
range of EBV gene expression (e.g., most Burkitt’s lymphomas), where EBNA-1 is
the only viral protein synthesized, the EBERs are always present. The two RNAs are
also found in cells in which EBV replication is actively occurring. In this chapter we
describe techniques for the expression of the EBERs in EBV-negative cells, and for
the analysis of the functions of these small RNAs in the control of cellular protein
synthesis.

1.1. Requirements for In Vivo Expression of the EBERS
in Heterologous Cells

Jat and Arrand (1) showed that the transcription of EBER-1 and -2 from the EcoRI
J fragment of EBV in whole cell extracts was sensitive to inhibition by high concen-
trations of | -amanitin, thus indicating that the synthesis of these nontranslated RNAs
is carried out by RNA polymerase III. In order to construct and manipulate competent
expression vectors containing the EBER genes, it is essential to understand something
of the polymerase III promoter structure. These promoters fall into four main catego-
ries, sometimes referred to as type I, II, II1, and IV (2,3), and contain various essential
elements that are internal and/or proximal to the gene itself. Type I promoters (e.g.,
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those of 5S rRNA genes) have the classical polymerase III promoter structure. They
contain internal A and C box consensus sequences associated with an intermediate (I)
domain. All the elements of the type I promoter have a fixed spatial organization. The
type II promoters, which include those of the tRNAs (4) and the adenovirus VA RNA
genes (5), are more varied in their spatial organization. Although they also have the
classical A box consensus sequence, which is important in selection of the transcrip-
tional start site, they lack a C box element. Instead this type of promoter contains a B
box element, which has a major role in determining the level of gene activity and is
usually located at a variable distance downstream of the A box. Both type I and II
promoters have a 5' proximal TATA-box. The third class of promoters comprises those
containing only proximal elements with an organization more recognizable to those famil-
iar with polymerase II promoters. Examples are the promoters of the vertebrate U6
small-nuclear RNA genes (6). The fourth arrangement of elements is a hybrid of the
type II and III promoters, with both internal elements such as the A and B boxes and
the proximal elements common to both RNA polymerases II and III. This class of
polymerase III promoters is found in several viral genes, including those for the small
RNAs of EBV. Jat and Arrand (1) showed that the truncation of the EBER-2 gene to a
position adjacent to a B box consensus sequence led to a loss of synthesis of the RNA in
their whole cell extract system, suggesting that such internal gene sequences are neces-
sary for efficient transcription. However, surprisingly, truncation 3' to this sequence also
gave a reduced level of activity from the gene, suggesting the region influencing tran-
scription may extend 3' to the proposed intragenic element. Deletion of the A box ele-
ment from the EBER-2 gene has been shown to result in a product of heterogeneous
length, suggesting that the A box is important in positioning the transcriptional start site,
whereas deletion of the B box led to a reduction in transcription to 3% (7). Surprisingly,
the positions of the A and B boxes of EBER-1 have not been experimentally determined
and their identities are still defined by homology to the consensus sequences. The pro-
posed elements of both genes show some divergence from the classical consensus
sequences but this is common amongst polymerase III-transcribed viral genes.

Howe and Shu (7) described the proximal sequences of EBER-1 and -2 as including
Spl, ATF, and TATA-like elements. By making sequential deletions and mutations
proximal to the gene, they showed that these elements make a significant contribution to
the activity of the promoter in both transfected BJAB and HeLa cells and in nuclear
extracts in vitro. Howe and Shu (8) later showed that the TATA-like sequence of EBER-
2 is important for the exclusive transcription of EBER-2 by RNA polymerase III.

Calcium phosphate transfection of 293 cells, as a means of obtaining high level
expression of genes such as the EBERSs, is a useful technique, given the absence of EBV
genes in this cell line. 293 cells are a human embryonic kidney line transformed by the
introduction of sheared adenovirus DNA (9). They are highly transfectable by the cal-
cium phosphate method and under optimal conditions, greater than 90% of the cells will
show high levels of expression of a transfected reporter gene such as }-galactosidase,
using an in situ assay.

Calcium phosphate precipitation, as described by Graham and van der Eb (10),
essentially utilizes the formation of a calcium phosphate-DNA co-precipitate upon the



Expression and Function of EBERSs 47

mixing of CaCl, and a phosphate-containing buffer (HEPES Buffered Saline) at a
neutral pH. The uptake of the DNA is an active process requiring endocytosis and
differs from that occurring after electroporation or liposome-mediated transfection in
this respect. The processing and transportation of DNA taken up by the phagosome
results in the vast proportion of DNA being rapidly degraded or simply lost from the
nucleoplasm with time and only transient expression of genes introduced by this means
is therefore observed. Various modifications of the basic protocol have been intro-
duced, directed at improving the transfection efficiency in cell lines that yield poor
results with the standard technique. Such modifications usually entail the treatment of
cells post-transfection with various reagents such as glycerol (11), dimethyl sulfoxide
(DMSO) (12), tubulin (13), or lysosomal inhibitors (14). Because these modifications
are unnecessary for 293 cells and efficient alternatives such as liposome-mediated
transfection (15) and electroporation (16) have subsequently become available for
other cell types, only the basic protocol is described in Subheadings 2.1. and 3.1.

1.2. Small-Scale RNA Isolation from Transfected Cells

Small scale isolation of RNA is often required in transfection experiments and
necessitates a rapid and simple extraction protocol designed to minimize handling
errors and the losses of material these incur. Although there are many differing proto-
cols that have been used for the recovery of cellular RNA (17), very few are appropri-
ate to the small-scale isolation required in these types of analyses.

One of the major difficulties in dealing with small numbers of cells and the conse-
quent small volumes of cellular extract that result is the need to remove the nuclear
DNA during the procedure. In many protocols the release of this material into solution
inevitably leads to RNA losses, owing in part to the increase in viscosity of the lysate
and the inability to remove the DNA from solution easily and consistently. The two
methods described below avoid this problem in one of two ways. The first is by the
exclusion of the nuclei, following gentle lysis with a nonionic detergent (NP40), and is
a modification of the method described by Bodescot et al. (18). The second is by a
modification of a technique first described by Chomczynski and Sacchi (19), which
dissolves the DNA using a mixture of guanidinium thiocyanate and acid phenol. This
is followed by selective precipitation of the DNA during the procedure. However, the
protocol described differs from that of Chomczynski and Sacchi by the inclusion of
both guanidinium thiocyanate and acid phenol in the lysis buffer in place of
guanidinium thiocyanate alone. This necessitates the addition of chloroform separately
at a later stage in order to partition the aqueous and phenolic phases, allowing the
separation of the RNA from both the protein and genomic DNA.

The differences in the two approaches described later have the consequence that
the first method (proteinase K/SDS) selectively recovers cytoplasmic RNA, whereas
the second (phenol/guanidinium thiocyanate) recovers total cellular RNA. This differ-
ence should therefore be borne in mind, particularly if the species of interest predomi-
nates in one or other cellular fraction. Although the subcellular partitioning of the
EBERs is still subject to some controversy (20-22), both methods yield significant
amounts of RNA, although a proportion of RNA is retained in the nuclear fraction
using the former method and is therefore lost if the nuclei are discarded.
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1.3. Northern Blotting of the EBV-Encoded Small RNAs

The small RNAs of EBV, EBER-1 and -2, the VA RNAs of adenovirus, and many
small cellular RNAs such as the Y or U RNAs have complex and highly stable second-
ary structures. As a result they are difficult to resolve, even under denaturing condi-
tions, by gel electrophoresis through agarose and often have a mobility differing from
that expected for their size. However, it is sometimes necessary to carry out Northern
blots whereby both these small RNAs and the larger mRNAs are to be probed for
simultaneously. To this end, it is preferable to use a denaturing agarose system and
capillary blotting similar to that originally described by Southern (23). Such a tech-
nique necessitates the acceptance of a loss of resolution at the lower range of molecu-
lar weights in order to be able to resolve species larger than one kilobase. Where a
high resolution is required below 0.5 kilobases or the sole species to be identified is a
small RNA such as EBER-1 or -2, the system of choice is denaturing polyacrylamide
gel electrophoresis followed by electroblotting.

Denaturing agarose gel electrophoresis can be carried out using various different
denaturants such as formaldehyde, both formaldehyde and formamide (24-26), gly-
oxal/DMSO (27), or methyl-mercury hydroxide (28). Although the latter is by far the
best denaturant, it is highly toxic and presents numerous problems in handling. The
other denaturants have little to choose between them. Northerns of glyoxal/DMSO
gels tend to give sharper banding, but they present difficulties if unacceptable H* gra-
dients are generated during electrophoresis. Therefore the most common and consis-
tent approach to Northern blotting uses the combination of formaldehyde and
formamide and is the method described. Although the gel conditions are in reality
only semi-denaturing, this matters very little for the small RNAs such as EBER-1 and
-2 owing to the poor resolving power of agarose.

As with agarose, polyacrylamide gel electrophoresis can also utilize a number of dif-
ferent denaturants including formamide, glyoxal/DMSO (27) and urea. By far the easiest
and safest method is the use of urea as a denaturant and anyone familiar with DNA or
RNA sequencing or RNA mapping will immediately recognize the gel system described.

Capillary blotting of denaturing agarose gels differs very little from that of South-
ern blotting (23), with the exception of one or two important details. Fewer people
will, however, be familiar with electroblotting of nucleic acids. In principle the tech-
nique does not differ from Western blotting of proteins, in that a charged molecule is
transferred from the gel on to a membrane by creating a potential across two elec-
trodes. A protocol for electroblotting agarose gels is described in Chapter 37.
Electrotransfer of RNA from polyacrylamide gels can be carried out using either a
semi-dry or wet blotting apparatus, although the method described uses the more tra-
ditional wet system and yields consistent and extremely good results.

1.4. The Use of Radiolabeled Probes in Northern Blotting
for the EBV-Encoded Small RNAs

The detection of immobilized RNA by hybridization is a technique dating back to
the late 1970s, using diazobenzyloxymethyl-cellulose paper (29) or nitrocellulose
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paper to immobilize the RNA following denaturation. Using such techniques, rela-
tively low abundance RNA species can be detected with high efficiency with radioac-
tive DNA or RNA probes. Many different types of membrane are now available for
use in Northern blotting and although nitrocellulose is still commonly used, the greater
durability and versatility of nylon membranes means they are generally more popular.
However, nylon membranes are prone to give high background signals if care is not
taken. Since the inception of hybridization as a means of detecting nucleic acids, a
large number of variants on the standard protocol have arisen. When using DNA
probes, the inclusion of formamide as a denaturant in the Northern hybridization is
desirable because it favors the greater stability of DNA/RNA hybrids over DNA/DNA
hybrids formed from self-hybridization of a double-stranded probe. This means that a
reduction in the temperature is necessary with a concomitant decrease in the rate of
hybridization, leading to longer hybridization times. A phosphate-buffered solution
with a greater buffering capacity is also necessary instead of the standard citrate buffer
generally used. The choice to include formamide when using RNA probes (riboprobes)
falls more to one of personal preference than having any real advantage. Several dif-
ferent blocking agents are used in combination with fragmented DNA, including
Denhardt’s solution (30) and nonfat powdered milk (31). Denhardt’s solution tends to
be used more commonly and gives a better signal-to-noise ratio, whereas nonfat milk
powder also has the risk that it may contain RNases, which may present problems
particularly when using riboprobes. Other compounds frequently included in hybrid-
ization protocols include dextran sulfate and polyethylene glycol (PEG). These
increase the rate of association between the probe and target sequence, but are not
further considered here as only very short hybridization times are necessary with
probes to the small RNAs like the EBERs. There are few other factors specifically
influencing Northern hybridization protocols with riboprobes to the small RNAs such
as EBER-1 and -2. However, the high G/C content of these RNAs means that sense/
antisense hybrids of these molecules are highly stable and allow higher stringency
washes than would often be used.

1.5. Protein Synthesis Measurements In Vivo

One of the characteristic features of the EBERs is their ability in vitro to associate
with and inhibit the activity of the double-stranded RNA activated protein kinase
(PKR), one of the principle regulators of protein synthesis initiation (32-35). PKR
regulates protein synthesis by phosphorylating the alpha subunit of the eukaryotic ini-
tiation factor eIF2 (36). This prevents the recycling of this factor between successive
rounds of initiation of protein synthesis (37-39). Thus protein synthesis measurements
in vivo can be indicative of PKR activity, although activation of this protein kinase is
not of course the only means by which translation can be downregulated. Inhibition of
protein synthesis has been demonstrated following the treatment of cells with known
activators of PKR such as the calcium ionophores, A23187, ionomycin, or thapsigargin
(40-42), or with inducers of the glucose-regulated stress protein (GRP) chaperones,
such as sodium arsenite (42).



50 Laing et al.

Treatment with A23187 results in the phosphorylation of eIF2 | (40-43) and can be
prevented by the expression of catalytically inactive dominant negative mutants of
PKR or a nonphosphorylatable serine to alanine mutant of eIF2 ] . Protection against
the effects of A23187 has been extended to other inhibitors of PKR such as the HIV
TAR RNA binding protein (40) and RNAs such as the EBERs (our unpublished data).
It is therefore in this context that we describe a simple but useful protocol for the in
vivo measurement of protein synthesis with 3S-labeled methionine.

Many different circumstances arise in cell biology where it is advantageous to be
able to measure the quantity of protein in an extract following treatment of cells. This
is particularly so with treatments that may be expected to affect protein synthesis or
cell growth, such as reduced serum concentrations or the prolonged treatment of cells
with calcium ionophores. Although this would rarely be the only or even the principal
measurement undertaken, it may be an important factor in understanding the effect of
a treatment. With this in mind, a microtiter assay modified from that described by
Bradford (44), allowing the measurement of total cellular protein simultaneously in a
large number of extracts, is described. The Bradford assay has a number of advantages
over many of the previous assays used for proteins, not least of which is its speed and
simplicity. The assay measures the intercalation of Coomassie Brilliant Blue G250
with protein and the resultant shift in its absorption spectrum from a j ., of 465 nm to
595 nm. An adaptation of this assay to a microtiter format is described later and allows
the assay to be read in an automated plate reader. This adaptation allows the reading of
96 samples in a matter of seconds with the obvious benefit to those who have spent
long hours changing cuvets and noting down readings from a conventional spectro-
photometer. For those without access to an appropriate reader, the protocol can be
scaled up to I mL and read in the conventional way.

2. Materials

2.1. Calcium Phosphate-Mediated Transfection of the EBER Genes

1. Supercoiled DNA in TE (10 mM Tris-HCL, pH 8.0, 1 mM ethylenediaminetetraacetic acid
[EDTA]) at 1 mg/mL (see Note 1).
2. 2.5 M CaCl,, filter-sterilized and stored at 4°C.

3. 2X HBS: 50 mM HEPES, pH 7.1 (HEPES: N-2-Hydroxyethylpiperazine-N-2-ethane-
sulphonic acid), 280 mM NaCl, 1.5 mM Na,HPO,. Adjust pH using 1 M NaOH and filter-
sterilize. Store at 4°C.

4. H,O0, filter-sterilized.

5. 5 mL or similar sterile polystyrene or glass tubes (see Note 2).

6. 293 cells (human embryonic kidney cell line).

7. Medium: Dulbecco’s modified Eagle’s medium (DMEM) with 10% (v/v) fetal calf serum

(FCS).
2.2. RNA Isolation

2.2.1. RNA Isolation: Proteinase K/Sodium Dodecy! Sulfate (SDS) Method

1. PBS/EDTA: 0.137 M NaCl, 2.7 mM KCl, 5.4 mM Na,HPO,, 1.8 mM KH,PO,, 5 mM
EDTA. Adjust pH to 7.4 and filter through a 0.2-um filter.
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Lysis buffer: 140 mM NaCl, 10 mM Tris-HCI, pH 8.6, 0.5% (v/v) NP40, 1 mM
dithiothreitol (DTT) (see Note 3).

200 mM vanadyl ribonucleoside complex (VRC). VRC should be stored at —20°C in
aliquots and freeze-thawing should be avoided.

Protease buffer: 200 mM Tris-HCI, pH 8.0, 25 mM EDTA, 0.3 M NacCl, 2% (w/v) SDS.
20 mg/mL proteinase K in 100 mM Tris-HCI, pH 8.0, 100 mM NaCl, 50% (v/v) glycerol.
Phenol/chloroform/isoamyl alcohol (25:24:1), equilibrated in 10 mM Tris-HCI, pH 8.0,
1 mM EDTA.

Chloroform/isoamyl alcohol (24:1).

20 mg/mL glycogen.

Isopropanol

70% (v/v) ethanol.

Diethyl pyrocarbonate (DEPC)-treated H,O (see Note 3).

2.2.2. RNA Isolation: Phenol/Guanidinium Thiocyanate Method

1.

kv

Acidic phenol/guanidinium thiocyanate: phenol (water saturated) (1 vol); 4 M guanidin-
ium thiocyanate, 25 mM sodium citrate, 0.5% (w/v) sodium sarcosyl, 0.1 M 2-mercapto-
ethanol (1 vol); 2 M sodium acetate, pH 4.0 (0.1 vol) (see Note 4).

Chloroform.

Isopropanol.

70% (v/v) ethanol.

DEPC-treated H,O (see Note 3).

2.3. Electrophoresis and Blotting

2.3.1. Formaldehyde/Formamide Agarose Gel Electrophoresis
and Capillary Blotting

1.

bd

® N

9.
10.
11.
12.

Agarose (ultra-pure or molecular biology grade).

2. Formaldehyde (see Note 5).
3.
4. 5X running buffer: 40 mM sodium acetate, 5 mM EDTA, 20.6 g/L MOPS (0.1 M), pH 7.4

De-ionized formamide (see Note 6).

(see Note 7).

10X loading buffer: 50% (v/v) glycerol, 1 mM EDTA, pH 8.0, 0.25% (w/v) bromophenol
blue, 0.25% (w/v) xylene cyanol.

20X SSC: 3 M NaCl, 300 mM tri-sodium citrate.

Whatman 3MM paper.

Glass tray (e.g., Pyrex dish).

Parafilm or equivalent.

Tissue paper.

Plastic food wrap film.

Blotting membrane, e.g., Hybond-N™ (Amersham; see Note 8).

2.3.2. Urea/Acrylamide Gel Electrophoresis and Electroblotting

A

10X TBE: 0.89 M Tris, pH 8.0, 0.89 M boric acid, 20 mM EDTA.
30% (w/v) acrylamide.

2% (w/v) bis-acrylamide.

Urea.

Whatman no. 1 filter paper or equivalent.

10% (w/v) ammonium persulphate.
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N,N,N',N'-tetramethyl-ethylenediamine (TEMED).

Loading buffer: 98% (v/v) de-ionized formamide (see Note 6), 10 mM Tris-HCI, pH 8.0,
1 mM EDTA.

Whatman 3 MM paper.

. Transfer buffer: 0.025 M phosphate, pH 6.5. Dissolve 11.86 g Na,HPO,-12H,0 and 12.67 g

NaH,PO,-H,0 in 5 L of sterile H,O (see Note 9).
Wet blotting apparatus.
Blotting membrane (see Note 8).

Probing of Northern Blots for the EBV-Encoded Small RNAs

20X SSC: 3 M NaCl, 300 mM tri-sodium citrate or 20X SSPE: 3.6 M NaCl, 200 mM
NaH,PO,, 20 mM EDTA.

10% SDS.

100X Denhardts solution: 2% (w/v) Ficoll™, 2% (w/v) BSA, 2% (w/v) polyvinylpyrroli-
done.

Blocking DNA: salmon sperm/calf thymus DNA (10 mg/mL) sheared by passing through
a 19 gauge hypodermic needle, denatured by heating to 95°C for 5 min.

Wash buffers: A: 2X SSC, 0.1% (w/v) SDS; B: 1X SSC, 0.1% (w/v) SDS; C: 0.1X SSC,
0.1% (w/v) SDS.

Radiolabeled probe (see Subheading 3.1.2. in Chapter 31).

Plastic wrap, e.g., Saran wrap.

2.5. Protein Synthesis Measurements In Vivo

2.5.1. Treatment of Cells with Calcium lonophore A23187
and %S Methionine Labeling

1.

L

—SoxNoaw

1
1

35S-methionine, 10 mCi/mL, 1000 Ci/mmol.

0.5 mM A23187 dissolved in DMSO.

Cell culture medium.

PBS: 0.137 M NaCl, 2.7 mM KCl, 5.4 mM Na,HPO,, 1.8 mM KH,PO,. Adjust pH to 7.4
and filter through a 0.2-u filter.

0.3 M NaOH.

10% (w/v) trichloroacetic acid (TCA) containing 0.5% (w/v) sodium pyrophosphate.
Methanol.

Acetone.

Scintillation vials.

Beckman Ready Organic™ or equivalent organic scintillation fluid.

Scintillation counter.

2.5.2. Microtiter Bradford Protein Assay

1.

Al el

PBS/EDTA: 0.137 M NaCl, 2.7 mM KCl, 5.4 mM Na,HPO,, 1.8 mM KH,PO,, 5 mM
EDTA. Adjust pH to 7.4 and filter through a 0.2-um filter.

0.1 M Tris-HCI, pH 7.8.

0.15 M NaCl.

1 mg/mL BSA in 0.15 M NaCl.

Bradford solution: 100 mg Coomassie Brilliant Blue G250, dissolved in 50 mL 95% (v/v)
ethanol; add 100 mL 85% (w/v) phosphoric acid (phosphoric acid is normally supplied at
this concentration), make up to 1 L with H,O.

Microtiter plates, microtiter plate reader (capable of reading 595 nm).
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3. Methods
3.1. Calcium Phosphate-Mediated Transfection of the EBER Genes

1.

5.
6.

7.

Cells should either be seeded the same day as the transfection is to be carried out at a
density of 2.5-3 x 10* cells per cm? or the previous evening at a slightly lower density of
2 x 10* cells per cm? and allowed to attach for a minimum period of 6 h (see Note 10). If
the cells are seeded in the morning then the transfection may be carried out in the late
afternoon.

To a microcentrifuge tube add 20 ug of DNA (equivalent to 0.5 ug/cm?, see Note 11), 40 uL.
of 2.5 M CaCl, (1 uL/cm?) and H,O to a final volume of 400 uL.

. Add 100 uL of the DNA mix to a 5 mL or similar sterile polystyrene or glass tube, add

100 uL of 2X HBS dropwise while gently vortexing and allow to stand at room tempera-
ture for 10-15 min (see Note 12). Repeat this process for each replicate treatment.

The precipitate may have a slightly milky appearance at this stage. Gently mix the sus-
pension as the precipitate tends to settle. Add 200 uL of precipitated calcium phosphate-
DNA suspension to each 10 cm? well or dish containing approx 5 mL of medium.
Allow the cells to take up the DNA for 8-16 h (may be conveniently done overnight).
Carefully change the media on the cells. Because 293 cells are easily detached extreme care
is required not to remove cells that have become detached or loosened by the treatment.
Cells should be harvested 48—60 h post-transfection (see Note 13).

3.2. RNA Isolation
3.2.1. RNA Isolation: Proteinase K/SDS Method

1.

wn

Nk

10.

11.

Cells that are not strongly adherent, such as 293 cells, can be dislodged and collected by
pipetting ice-cold PBS/EDTA on to the cell monolayer (see Note 14). For a 10 cm? dish
(containing up to 10 x 10° cells), 0.8 mL should be used. Add this to the dish and allow to
stand on ice for 3—5 min and then repeatedly pipet it on to the monolayer until the cells
have detached. The cells are then removed to a microcentrifuge tube and the dish rinsed
out with a further 0.2 mL of ice-cold PBS/EDTA.

Pellet the cells in a pre-chilled bench top centrifuge at 1000g at 4°C for 5 min.

On ice, remove as much of the supernatant as possible (care is necessary as the cell pellet
is relatively loose and can be easily lost at this stage).

Loosen the cell pellet, by carefully flicking the tube (see Note 15).

Add 180 uL of lysis buffer and immediately add 20 uL of vanadyl ribonucleoside complex.
Allow lysis to take place on ice for 5 min.

Pellet the nuclei, organelles and cell debris in a bench top centrifuge at 12,000g for 5 min,
at 4°C.

Remove and retain the supernatant, add 200 uL of protease buffer and proteinase K to
50 ug/mL. Incubate at 37°C for 30 min.

Extract once with phenol/chloroform/isoamyl alcohol and once with chloroform/isoamyl
alcohol, retaining the aqueous phase each time.

Add 1 uL of 20 mg/mL glycogen as a carrier, 400 uL of isopropanol and incubate on ice
for 30 min.

Pellet the precipitated RNA (see Note 16) at 15000g for 20 min at 4°C and wash the pellet
with ice-cold 70% (v/v) ethanol. Allow the pellet to dry and resuspend in 5 uL. of DEPC-
treated water or 15 uL of formamide loading buffer if the entire sample is to be loaded on
a urea polyacrylamide gel (see Subheadings 2.3.1. and 2.3.2.).
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3.2.2. RNA isolation: Acidic Phenol/Guanidinium Thiocyanate Method

1. Follow the method for harvesting cells above (Subheading 3.2.1., steps 1-4). Then add
100 uL of phenol/guanidinium thiocyanate mixture per 1-10 x 10° cells in a microcentri-
fuge tube (see Note 17).

2. Mix by inversion or if necessary to disrupt poorly dispersed cell pellets, by gentle pipetting
(see Note 18). Allow samples to stand for 5 min at room temperature.

3. Add 20 uL of chloroform per 100 uL of phenol/guanidinium thiocyanate mixture. It is
important that the chloroform used should not contain isoamyl alcohol. Mix vigorously
by inversion until a uniform emulsion is obtained and allow to stand for 2 min at room
temperature.

4. Centrifuge at 15,000g for 15 min at 4°C and remove the aqueous phase containing the
RNA to a fresh tube, being careful not to contaminate this material with DNA and protein
contained within the inter- and phenolic phases.

5. Add 50 uL of isopropanol per 100 uL of phenol/guanidinium thiocyanate mixture used
and allow the samples to stand for 5 min at room temperature.

6. Pellet the precipitated RNA at 15000g for 20 min at 4°C and wash the pellet with ice cold
70% (v/v) ethanol. Allow the pellet to dry and resuspend in 5 uLL of DEPC treated water
or 15 uL of formamide loading buffer if the entire sample is to be loaded on a urea poly-
acrylamide gel (see Subheadings 2.3.1. and 2.3.2.).

3.3. Electrophoresis and Blotting
3.3.1. Agarose Gel Electrophoresis and Capillary Blotting

1. To make 100 mL of a 1% (w/v) gel, add 1 g of agarose to 60 mL of water, melt it and
allow it to cool to 60°C. In a fume hood add 20 mL of 5X running buffer while mixing
(this can be achieved by gently swirling the gel mix, being careful not to introduce bubbles
into the gel). Add 18 mL of formaldehyde (see Note 5), mixing as before, immediately
check and adjust the volume if necessary and cast the gel. Leave the gel to set for 30 min
in the fume hood.

2. Prepare the samples (containing up to 30 ug of RNA [see Note 19] in 4.5 uL of DEPC-
treated water [see Note 3]) by adding 2 uL of 5X running buffer, 3.5 uL of formaldehyde
and 10 uL of formamide.

3. Heat the samples at 65°C for 3—-5 min and then snap cool on ice. Briefly centrifuge to
collect the liquid in the bottom of the tube and add 2 uL of 10X loading buffer.

4. Pre-run the gel submerged in 1X running buffer for 5 min at 5 V/cm.

5. Load the gel (see Note 20).

6. Run the gel at 3 V/cm (see Note 21) until the bromophenol blue reaches two thirds of the
way down the gel. RNAs such as the EBERs will run with or near the bromophenol blue
running dye.

7. Remove the marker lane if it is to be stained (see Note 22). Rinse the gel in DEPC treated
water in a clean oven-baked glass dish (previously baked at 200°C for 1 h) for 5 min to
remove the formaldehyde.

8. Place a support (we normally use the inverted gel tray used to form and support the gel
during electrophoresis) in a glass dish. Cut an appropriate-sized piece of 3MM paper to
act as a wick and place it over the support such that the paper is the same width as the
support and approx one and a half to two times its length, with equal lengths trailing over
the ends. Place the transfer buffer (20X SSC) in the tray to a depth of 1-1.5 cm. Soak the
wick with transfer buffer and remove any air bubbles by rolling with a sterile pipet.
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9.

10.

11.
12.

13.

14.

15.

Invert the gel on the support removing any air bubbles trapped below as before. Cut a
corner of the gel to allow subsequent orientation of the membrane.

Wet the gel with transfer buffer. Place a piece of Hybond-N™ (Amersham) or equivalent
membrane the same size as the gel on to its surface (see Note 23) cutting the corner
corresponding to the cut corner of the gel. Roll the membrane to exclude air bubbles
caught between the membrane and the gel.

Place a piece of parafilm around the gel where the wick is exposed (see Note 24).

Place several pieces of 3MM paper the same size as the gel on to the membrane. Pre-wet
with 20X SSC buffer on top of the membrane, making sure again that there are no air
bubbles between the layers.

Place a 5-10 cm stack of paper towels cut to the exact size of the gel on the 3MM paper
and then place a weight on these such that the weight is evenly distributed over the gel
(use a glass plate to spread the weight if necessary). A weight of approx 5 g/cm? is suffi-
cient to compress the stack and allow the capillary action.

Cover the whole tray and stack with plastic film wrap to prevent evaporation of the buffer
and leave overnight.

Transfer will be complete when the paper towels are wet to two thirds of the way to the
top of the stack. The stack can then be dismantled, the membrane rinsed in 20X SSC
buffer to remove adhering agarose and the RNA fixed to the membrane by the appropriate
means. In the case of Hybond-N™ this may be done with UV light (see Note 25).

3.3.2. Urea/Polyacrylamide Gel Electrophoresis and Electroblotting

1.

Make gel mix (20:1 acrylamide to bis crosslinker): 2.5 mL of 10X TBE, 8.3 mL of 30%
(w/v) acrylamide, 6.25 mL of 2% (w/v) bis-acrylamide, 10.5 g of urea, H,0O to 25 mL and
filter through Whatman no.1 filter paper or equivalent.

While slowly mixing add 125 uL of 10% (w/v) ammonium persulphate and 25 uL of
TEMED and immediately pour the gel mix into pre-cleaned glass plates (see Note 26).
Allow to polymerize for 30 min (see Note 27).

Set up the vertical gel apparatus, containing 1X TBE running buffer in both the upper and
lower reservoirs, load the wells of the gel with 7 M urea in 1X TBE and pre-run for 30 min
at 30 V/cm.

Samples that are not already resuspended in loading buffer should be mixed with three
volumes of loading buffer and heated for 3—5 min at 65°C (see Note 28). Samples that
are not immediately loaded should be placed on ice to prevent renaturation until they are
loaded on to the gel.

After the pre-run, carefully wash the wells out with 1X TBE and then load the gel (see
Note 29). Run the gel at 30 V/cm until the xylene cyanol has reached within 1-2 cm of the
bottom of the gel. In a 10% (w/v) polyacrylamide gel bromophenol blue runs at a position
corresponding to 10—15 bases and xylene cyanol runs above at 50-60 bases.

Remove the gel from the apparatus and separate the plates. It is usually better to pull the
spacers slightly away from the gel, remove one of the spacers completely and use a single-
edged razor blade to separate the plates, by lifting the uppermost plate clear of the gel.
Remove a corner of the gel in order to help determine the orientation. The gel is now
ready for electroblotting.

Place a dry piece of Whatman 3MM paper on the gel and lift the gel from the separated
electrophoresis plate (see Note 30).

First submerge the electroblot clamp in transfer buffer and then lay it open on a clean flat
tray. Soak pieces of 3MM paper slightly larger than the gel in transfer buffer and lay one
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on each of the open faces of the apparatus. Place the gel with the 3MM paper used to
support it on to the wet paper on one side of the transfer apparatus with the gel uppermost.
In order for the 3MM supporting the gel to wet evenly, pipet transfer buffer under the
supporting 3MM. Once the paper is evenly wet, air bubbles must be removed by gently
rolling a sterile pipet over the gel. Place the membrane (see Note 23), cut to the same size
as the gel, carefully on the gel and wet with transfer buffer. Roll the membrane with a
sterile pipet to exclude air bubbles before a last piece of soaked 3MM paper is placed on
to the membrane. Close the clamp and place it into the transfer chamber containing trans-
fer buffer with the membrane positioned between the gel and the positive electrode.
Transfer the RNA to the membrane at 0.5 A for 1-1.5 h (see Note 31). The chamber
should be cooled if possible, especially if a blotting apparatus is used that contains a
relatively small volume of buffer and/or longer transfer times are used. If the chamber
does not incorporate a cooling coil, the transfer may be carried out in a cold room. The
buffer should be slowly mixed by placing a magnetic flea in the chamber and positioning
the apparatus on a magnetic stirrer.

After the transfer is complete, carefully disassemble the apparatus. If the membrane has
any acrylamide adhering to it, rinse it briefly in transfer buffer, then blot the membrane
dry and fix the RNA by an appropriate means (see Note 25).

3.4. Probing of Northern Blots for the EBV-Encoded Small RNAs
3.4.1. Pre-Hybridization

1.

3.

Both the prehybridization and hybridization can be conveniently and safely carried out in
a glass bottle rotated in a hybridization oven (see Note 32). Mix 30 mL of prehybridization
buffer (18 mL of H,0, 9 mL of 20X SSC, 1.5 mL of 10% SDS, 1.5 mL of 100X Denhardt’s
solution) (see Note 33) and warm it to 68°C.

Insert the membrane, wrapped in a similar sized nylon mesh, into the hybridization bottle
(see Note 34). Add 10 mL of the prehybridization buffer and 50 uL of blocking DNA.
Seal the bottle and rotate it in the hybridization oven at 68°C for 3-5 h (see Note 35).

3.4.2. Hybridization

1.

Carry out the hybridization of the probe to the target RNA as for the prehybridization, by
substituting 10 mL of fresh prehybridization buffer (see Note 36) containing 50 uL of
10 mg/mL heat-denatured, sheared DNA and the labeled probe. Hybridization can be
conveniently carried out overnight (see Note 37).

3.4.3. Washing

1.

Mix the wash solutions and warm to 70°C.

2. Remove the blot from the hybridization bottle to a plastic or glass tray (see Note 38) and

rinse with 50 mL of wash buffer A.

Add 200-300 mL of wash buffer A and gently shake the blot in a shaking water bath for
15 min at 70°C (see Note 39).

Change the wash buffer to buffer B and gently shake as above for 10 min at 70°C.
Change the wash buffer to buffer C and again gently shake for 10 min at 70°C. Check the
membrane for a high background signal and if necessary repeat the last high stringency
wash.

Remove the excess liquid, wrap the damp membrane (see Note 40) in Saran Wrap or
equivalent plastic film wrap and place in a light-tight cassette with X-ray film or a
phosphorscreen to carry out autoradiography or phosphorimaging respectively.
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3.5. Protein Synthesis Measurements In Vivo

3.5.1. Treatment of Cells with Calcium lonophore A23187
and 3°S-Methionine Labelling

1.

10.

Pre-treat cells in mid to late exponential growth for 15 min by replacing the medium with
fresh medium containing 0-0.5 uM A23187 (see Note 41). Although the protocol
describes the treatment and labeling of monolayers such as NIH 3T3 cells, it can be sim-
ply adapted for suspension cultures by substituting a centrifugation step where a medium
change is required and carrying out the labeling in a tissue culture tube instead of a plate.
Add 10 uCi of ¥S-labeled methionine to a 2 cm? well containing 1 mL of medium, giving
a final concentration of 10 uCi/mL (see Note 42).

Incubate in the presence of A23187 for a further 30 min to 1 h (see Note 43).

Remove the medium and wash the cells with PBS.

Carefully remove all the PBS from the wells and add 100 uL of 0.3 M NaOH to each well
(see Note 44).

Incubate at room temperature for 1 h.

Remove the lysate to a labeled microcentrifuge tube (see Note 45) and centrifuge at
10,000g for 10 min at 4°C, after which 25 uL of the supernatant should be spotted on to a
marked piece of 3MM paper (see Note 46).

Allow the paper to dry, then soak in chilled 10% (w/v) trichloroacetic acid containing
0.5% (w/v) sodium pyrophosphate for 30 min.

Wash the 3MM paper by gently shaking in a cold methanol bath for 5 min, then wash in
1:1 methanol/acetone followed by acetone alone, gently shaking as before for 5 min in
each bath.

Place the pieces of 3MM paper in scintillation vials, add an appropriate organic scintilla-
tion fluid such as Beckman Ready Organic™ and count the radioactive emissions in a
beta counter.

3.5.2. Microtiter Bradford Protein Assay

1.

Cells such as 293s (see Note 47) that are not strongly adherent can be harvested in ice-
cold PBS/EDTA. For a 2-cm? well (containing up to 1 x 10° cells) add 0.8 mL, allow to
stand on ice for 3—5 min and then repeatedly pipet on to the monolayer until the cells have
detached. Remove the suspension to a microcentrifuge tube and then rinse the dish out
with a further 0.2 mL of ice-cold PBS/EDTA.

Pellet the cells in a pre-chilled bench top centrifuge at 1000g for 5 min at 4°C.

On ice, remove as much of the supernatant as possible (care is necessary as the cell pellet
is loosely packed and can be easily lost at this stage).

Disperse the pellet by vortexing the tube.

Add 200 uL of 0.1 M Tris-HCI, pH 7.8, rapidly freeze-thaw three times by placing the
tubes in dry ice until frozen, then in a 37°C water bath until fully thawed, and vortex
between each cycle.

Take 5-10 uL of cell lysate and make up to 50 uL with 0.15 M NaCl.

Make a series of dilutions of bovine serum albumin (BSA) standards containing 0—10 uL.
of 1 mg/mL BSA in a final volume of 50 uL 0.15 M NaCl. Add 20 uL of each to a
microtiter plate in duplicate.

Add 20 uL of the cell lysate in duplicate to the microtiter plate.

Add 180 uL of Bradford solution to the wells of the plate. Place in a plate reader and
measure optical density (OD) at 595 nm. Construct and read off standard curve for pro-
tein concentration (see Note 48).
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4. Notes

1. The topology of DNA is not of importance for the transfection per se and DNA is usually
linearized for stable transfections, as this increases the frequency with which extra-
chromosomal DNA is integrated. However, promoters are more active when supercoiled
DNA is used and therefore transient transfections should be carried out using DNA that
contains little or no relaxed DNA forms. The purity and topology of the donor DNA is
therefore important when transiently transfecting eukaryotic cells. Most laboratory manu-
als covering the introduction of plasmid-borne genes into cells will suggest a variety of
methods for purifying high-quality DNA. These include the more common Triton lysis/
CsCl double-banding method described by Gorman (45) or a combination of the alkaline
lysis method described by Birnboim (46) with CsCl double-banding or acidic phenol ex-
traction such as that described by Zasloff et al. (47). For further reading, see Aubin et al.
(48) and Sambrook et al. (17). In practice CsCl double-banding is not always necessary
and the proportion of supercoiled DNA from a single gradient is often, although not
always, sufficient. Although many of the molecular biological suppliers now provide con-
venient columns on which supercoiled plasmid DNA can be isolated, few such columns
yield DNA of adequate purity for this purpose. If a column method is used, it is necessary
to remove bacterial endotoxins during the preparation of the DNA as these are often car-
ried over in the preparation and are extremely toxic to most cells. The carryover of such
toxins can also be a problem with CsCl-purified DNA, especially where single banding
is used.

2. Polystyrene or glass tubes should be used for the formation of the calcium phosphate
precipitates.

3. DEPC treatment of buffers can be carried out by the addition of DEPC to 0.1% (v/v).
However Tris-HCI buffers and heat labile compounds cannot be treated with DEPC and
solutions should be made with treated water. DEPC-treated solutions should be allowed
to stand at room temperature for 12 h and autoclaved to destroy any traces of DEPC.
Although it is often appropriate to use DEPC-treated solutions, in practice only a few
stock solutions need to be treated in this way, provided that common sense and care are
taken to prevent solutions becoming contaminated with RNases when handling RNA.
This means that all equipment must be kept clean and dust-free.

4. Several manufacturers supply RNA extraction kits based on the phenol/guanidinium thio-
cyanate method originally described by Chomczynski and Sacchi (19) as well as variants
on several other methods; these are often little more than the reagents packaged in an
attractive format at an inflated price. However, in deference to some manufacturers who
simply supply the reagents, we use Tri-reagent™ (Sigma), although other suppliers do
provide similar products in convenient quantities. This saves unnecessary handling of
toxic reagents such as guanidinium thiocyanate and phenol when making up solutions.
The stock solution of guanidinium thiocyanate (4 M guanidinium thiocyanate, 25 mM
sodium citrate, pH 7.0, 0.5% (w/v) sodium sarcosyl, 0.1 M 2-mercaptoethanol) is stable
at 4°C for 1 mo or more, although the solution may need to be heated to dissolve compo-
nents prior to the addition of the 2-mercaptoethanol. Water-saturated phenol can be made
by the addition of double-distilled or de-ionized water to solid phenol until saturated, or it
can be purchased directly. Acidic phenol/guanidinium thiocyanate/sodium acetate should
be made shortly prior to use by mixing the stock guanidinium thiocyanate solution, 2 M
sodium acetate, pH 4.0, and water-saturated phenol in a ratio of 1:0.1:1 by volume
respectively.
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10.

11.

12.

13.

Formaldehyde has a molecular mass of 30.03 and is usually available as a 37% (w/v)
solution in water (12.3 M). Caution should be used when handling formaldehyde as vapors
are toxic and solutions should be prepared in a fume cupboard. Gel tanks containing
formaldehyde should remain covered wherever possible and the electrophoresis should
be run in a ventilated area.

Formamide should be de-ionized by the addition of 10% (w/v) Amberlite (AG-50f-x8) or
Dowex (XG8) mixed bed resin and stirred for 30 min. The formamide can be separated
from the resin by filtration. It should be aliquoted and stored at —20°C.

950 mL 5X running buffer containing 40 mmoles sodium acetate and 5 mmoles EDTA
can be made up without the addition of MOPS, autoclaved, then 20.6 g MOPS added and
the pH adjusted to 7.4 with NaOH. This avoids the discoloration or decomposition of the
buffer that occurs during autoclaving. Solutions containing MOPS should be stored at
room temperature in the dark. Long-term storage will similarly result in slight discolora-
tion and if the solution becomes discernibly yellow it should not be used.

A wide choice of appropriate membranes is available for Northern blotting. We routinely
use a nylon membrane such as Hybond-N™ (Amersham).

. Many wet-blotting apparatuses require the use of large volumes of transfer buffer as with

the example described. We therefore recommend the addition of solid Na,HPO, and
NaH,PO, to sterile water, as this saves on making large volumes of buffer in advance. In
our experience the quality of the water used in most laboratories is adequate for the pur-
pose and it is unnecessary to go to the extent of DEPC treatment of the transfer buffer or
water used to make the buffer. We therefore recommend that sterile water or pre-made
buffer is used. However, DEPC treatment of buffers can be carried out by the addition of
DEPC to 0.1% (v/v). Tris-containing buffers are not compatible with DEPC, nor are heat-
labile compounds, because it is necessary subsequently to autoclave a solution following
the addition of DEPC. Such solutions should be made with treated water. The treated
solution should be vigorously mixed, allowed to stand at room temperature for longer
than 12 h and autoclaved to destroy any traces of DEPC.

Care should be taken to distribute the cells evenly over the surface of the dish as unevenly
distributed cells may lead to differences in the local confluency of cells and potentially intro-
duce an additional source of variation in the transfection efficiency and behavior of the cells.
The concentration of DNA suggested is an approximate guide to the optimal amount that
should be expected to give maximal expression of a transfected gene. However, it is advis-
able with any transfection method and cells used that a series of experiments should be
carried out using a reporter gene to establish the optimal conditions for transfection. In
our experience the optimal amounts of DNA/cm? of cells at the stated density, required
for maximal expression, tend to give a wide plateau over which no additional effect is
seen on the level of expression of the transfected gene.

The exact length of time used has little noticeable effect on the transfection per se and
various protocols suggest that different lengths of time should be allowed for the forma-
tion of calcium phosphate precipitates. However it is preferable to standardize the proce-
dure to give as near identical conditions as possible during the formation of the precipitate
and the transfection itself. The more appropriate type of replication in any experiment is
that including the formation of precipitates, since a larger variation in the expression of
transfected genes is attributable to use of different co-precipitates than to well-to-well
variation using the same precipitate.

The expression of EBER-1 from the EBV transcription unit described earlier in a tran-
sient transfection into 293 cells reaches a maximum at about 48 h post-transfection and
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declines thereafter, but is still clearly detectable by Northern blotting up to 60 h post-
transfection. The EBV promoter described in the Introduction can be used also to express
the EBERs in a wide range of heterologous cells including human EBV-negative Burkitt
lymphoma lines such as DG-75 and mouse fibroblasts such as NIH 3T3.

Cells should be harvested by means appropriate to the individual cell line. Monolayers
that are not strongly adherent (like the readily transfectable 293 cells) can be harvested as
described earlier. However, most monolayer cells are more strongly adherent and can
usually only be harvested by means of a cell scraper. This is often laborious in experi-
ments with multiple treatments or large numbers of replicates and an alternative may be
to release the cells from the dish by the use of trypsin/EDTA. However, following this
procedure the trypsin should be neutralized by the addition of serum-containing media
during the harvesting and the cells should be washed with ice-cold PBS/EDTA to remove
the residual trypsin and serum components. Suspension cells are the simplest to harvest
in that they only require pelleting followed by washing with PBS/EDTA. The force and
time used is dependent on the individual cell lines but would normally be 800-1000g for
5-10 min, preferably but not necessarily in a chilled centrifuge. The protocol should then
be followed as described earlier.

Inadequate dispersion of the cell pellet results in incomplete lysis and ultimately a pro-
portionate reduction in yield.

Expected yields for total RNA from mammalian cells are in the range of 350 ug/10°
cells. However, both methods are roughly equivalent with slightly lower yields obtained
with the Proteinase K/SDS method.

Alternatively cells that are strongly adherent can be lysed in situ after washing with PBS.
In situ lysis necessarily requires the use of 1 mL phenol/guanidinium thiocyanate mixture
per 10 cm? of cells and proportionate increases in the volumes used in the subsequent
steps.

The addition of the reagent to even a well-dispersed pellet at this stage can result in the
formation of an insoluble aggregate. Where this is clearly a result of the compacted cell
pellet not having been adequately dispersed (see Note 10) and gives rise to a large single
aggregate, the latter may be broken up by gentle pipetting without substantial loss of
yield and is more an inconvenience than a real problem. However, excessive pipetting
will result in shearing of high molecular weight DNA and can lead to contamination of
the RNA with fragmented DNA.

Abundant mRNAs constitute around 0.1% of the mRNA population and can normally be
detected from 10-20 g of total cellular RNA using this method. The relative abundance
of the EBERSs even in transfected cells (dependent on the transfection efficiency and cell
type; see Subheading 1.1.) also allows their detection under these conditions.

If markers are to be run simultaneously, it is a good idea to leave an empty lane, espe-
cially if the markers are to be cut off before transfer. Alternatively, if transcripts of known
RNAs such as the EBERs are to be probed for as a standard, it is also useful to leave an
empty lane between these and the samples as overloading can easily lead to leaching from
one lane into the adjacent one during transfer.

The voltage can be increased to 5 V/cm without adverse effects, although heating and the
more rapid exhaustion of the buffer may occur at higher voltages. If prolonged runs or
higher voltages are used, it will be necessary to mix the buffer after 1-2 h to prevent a pH
gradient forming. This can be done by simply pipetting buffer between the two reservoirs.
Staining of gels that are to be transferred should be avoided as this can reduce the effi-
ciency of subsequent hybridization. Greater care in handling agarose gels containing form-
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aldehyde is necessary not only because formaldehyde is hazardous in itself but also be-
cause it makes the gel more brittle.

Membranes such as Hybond-N™ are hydrophilic in nature and do not require pre-wetting;
however, other materials such as nitrocellulose are not and do require pre-soaking. Refer-
ence should therefore be made to individual suppliers’ instructions with regard to pre-
treatment of membranes.

One of the common errors made particularly by inexperienced workers is either to cut
the stack of paper towels or the 3MM paper placed on the gel too large or to place
excessive weight on the stack so that, as the stack wets, it comes into contact with the
wick. This short-cuts the capillary flow through the gel giving poor or uneven transfer
and can be avoided by taking care in cutting the stack to the correct size, using an
appropriate weight and placing Saran wrap or parafilm around the gel as a barrier to
such contact.

UV cross-linking as a means of fixing RNA transferred to a membrane is only applicable
to the nylon type membranes such as Hybond-N™ and it is therefore recommended that
the supplier guidelines are followed in fixing any membranes used. However, it is our
experience that membranes such as Hybond-N™ can be easily fixed by exposure to 0.3 J/cm?
on the side of the membrane exposed to the gel. In practice, we tend to fix the membrane
on both sides without loss of signal.

The gel system we routinely use has glass plates of approx 12 x 15 cm, 0.75 or 1 mm
spacers and a comb with 0.5-1 cm wide wells. Because very narrow wells tend to give
more uneven bands owing to the difficulty in removing residual urea left in the wells
prior to loading the gel, particular care needs to be taken if these are to be used. The glass
electrophoresis plates are cleaned with detergent, rinsed in distilled water, and then again
cleaned alternately with methanol and distilled water to ensure they are sufficiently clean.
One of the two plates can be siliconized with dimethyldichlorosilane solution to aid the
separation of the plates on completion of the electrophoresis. This can be carried out by
evenly wetting the surface of the clean plate with dimethyldichlorosilane, using towelling
wetted with the siliconizing fluid, allowing the plate to dry in a fume cupboard and finally
cleaning it with distilled water to remove any acid residue.

Gels can be prepared the previous day, if they are wrapped in plastic food wrap to prevent
drying out and shrinkage. However, it takes little time to prepare gels such as those
described and it is therefore preferable to prepare them immediately prior to use.
Exposure to excessive temperature, repeated or prolonged heating in the presence of high
concentrations of formamide should be avoided as this can lead to hydrolysis of RNA.
If residual urea is allowed to remain in the well prior to loading the gel, the sample may
not load evenly, and the resulting bands may appear uneven or form a trailing tail, giving
less than satisfactory results.

Itis essential that the 3MM paper is placed on the gel correctly the first time as it can only
be removed by wetting the gel and repeating the process with a fresh piece of 3MM once
the gel has had any excess liquid removed from the surface. If the gel fails to lift off with
the 3MM, this is usually owing to excess liquid lying on the surface of the gel but may
also be indicative of plates that have been poorly cleaned or are badly scratched.
Because transfer is complete in a relatively short time there is little need to have alterna-
tive transfer times or conditions; however, it is also possible to carry out effective trans-
fers overnight using 0.25 A.

Prehybridization and hybridization are usually carried out in a sealed hybridization bottle
rotated within a purpose-made oven. Where this type of equipment is available its use is
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recommended as it reduces personal exposure to radioactive probes. However, this proce-
dure can also be carried out in sealed plastic bags or containers.

With the addition of SDS to salt solutions or vice versa, the SDS can sometimes precipitate;
this is easily remedied by adding the SDS lastly to the diluted salt solution and ensuring the
prehybridization solution is at working temperature prior to addition to the blot.

The nylon mesh prevents uneven exposure of overlapping areas of membrane to either
the pre-hybridization or hybridization solution, reducing the occurrence of uneven or high
background signal. The membrane should be laid on a piece of mesh of equivalent size
and tightly rolled up in such a way that the membrane is contained within the roll. It can
then be inserted into the bottle and allowed to unroll.

Prehybridization should be carried out for a minimum of 1-2 h; however, it is often timely
and convenient to set up the prehybridization in the morning, change the buffers 3-5 h
later and add the probe for hybridization overnight.

Blocking agents such as Denhardts solution are sometimes left out of the hybridization solu-
tion, especially when nylon membranes are used, as they can interfere with the annealing of
probe to the target sequence. However, this is not recommended as it can lead to a higher
background signal. With the relative stability of RNA/RNA hybrids and the abundance of the
small RNAs like EBER-1, quenching of the hybridization signal is not normally a problem.
The hybridization temperature used is determined by factors affecting the melting tem-
perature (T,,) of the hybrid, such as composition (DNA:RNA or RNA:RNA), G/C con-
tent, salt concentration and the presence or absence of formamide. Although denaturants
such as formamide are sometimes included in the hybridization in order to utilize lower
temperatures (17) and maximize the formation of a DNA:RNA duplex when DNA is
being used as the probe, they result in a decrease in the rate of hybridization (49). The
hybridization should be carried out for approx one to three times the C,t,,, that is one to
three times the time required for 50% renaturation of the probe. This value is determined
by the complexity of the probe (usually approximated to its length in kilobases), the mass
of the probe added and the volume of the hybridization reaction. For 50 ng of a probe of
the complexity of EBER-1, in a 10 mL hybridization volume as suggested, the required
duration of hybridization is approx 4 h. In practice, however, hybridization can be conve-
niently carried out overnight.

Washing of blots can be carried out in the hybridization bottle if preferred; however,
cleaner backgrounds are often obtained by removing the blot from the bottle, separating
the nylon mesh and carrying out the washes in a larger volume of wash buffer using a
shaking water bath.

In order to obtain low background and therefore a high signal-to-noise ratio, it is neces-
sary to take care in maintaining the temperature of the wash solutions. This is especially
important to remember while changing the washes, because removing the lid from water
baths or opening the door of a hybridization oven in order to change the washes can cause
a significant drop in the temperature of the bath or oven. It is therefore useful to monitor
the temperature of the wash buffer within the tray itself during the washes if a water bath
is used. Doing so allows for a greater degree of control over the wash conditions than if a
hybridization bottle and oven are used. If the temperature falls more than 1°C below the
wash temperature, the duration of the wash should be extended until the temperature has
been regained. The wash temperature used is determined mainly by factors affecting
the melting temperature (T,,) of the hybrid, such as the G/C content and the nature of the
hybrid itself (DNA:RNA or RNA:RNA) (see Note 37). The temperature used should be
around 10°C below the T, of the duplex.
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40. If the blot is to be stripped and reprobed then it is essential that the blot is not allowed to dry.

41. The measurement of protein synthesis in cells such as NIH 3T3s upon exposure to increas-
ing concentrations of calcium ionophores such as A23187 reveals a sigmoidal dose-
response curve. The protective effect of the expression of dominant negative mutants of
PKR or other inhibitors such as the EBERSs results in a shift in the dose curve, thus requir-
ing higher concentrations of A23187 to inhibit protein synthesis to a similar extent. How-
ever, the range of concentrations over which a response can be seen is cell type-dependent
and although it is normally between 0-0.5 uM for NIH 3T3 cells, it should be determined
empirically. A23187 has low solubility in aqueous solutions and it is necessary to dis-
solve the stock solution in DMSO. It is therefore essential that all treatments contain
similar concentrations of DMSO irrespective of the concentration of the ionophore, since
DMSO itself can affect methionine incorporation. Pre-treatment need only last 15 min as
the effect on protein synthesis is very rapid.

42. It is not necessary to use methionine-free medium as sufficient incorporation can be
obtained under these conditions to measure the relative inhibition of protein synthesis. It
is also necessary to maintain exposure to the ionophore for the duration of the labeling.

43. Methionine incorporation can be carried out for a shorter duration (e.g., 15 min); how-
ever, in such a case it may be necessary to use methionine-free medium in order to maxi-
mize the amount of incorporation.

44. NaOH conveniently lyses the cells and also prevents the inclusion of labeled Met-tRNA
from the measurement by hydrolysing the charged tRNA.

45. If the cell number is high upon lysis the lysate may become viscous and difficult to pipet
leading to significant pipetting errors. This can be remedied by increasing the NaOH
volume proportionately to the cell number.

46. When carrying out labeling such as described earlier without special equipment, it is advan-
tageous to spot the cell lysate on a grided piece of 3MM paper such that the layout and
positioning of the treatments resemble that in the tissue culture plates used. The grid can be
drawn with a soft leaded pencil and accordingly marked. Each piece of 3MM corresponding
to a single plate can then be washed and the individual treatments or replicates can be more
easily and rapidly identified than if individual pieces or filter circles are used.

47. Cells should be harvested by means appropriate to the individual cell line (see Note 14).

48. Since the amount of BSA added to the microtiter plate will be 0, 1, 2, 3, . .. 10 ug, the unit
of concentration from the standard curve is therefore micrograms of BSA/50 uL and as
the volume of the sample added to the microtiter plate is known, the concentration read
off the scale is therefore equivalent to ug of BSA/ volume of lysate added; in the earlier
instance 5-10 uL.
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Visualizing EBV Expression Patterns by FISH

Anna Szeles

1. Introduction

Fluorescence in situ hybridization (FISH) is the method of choice for visualization
of viral nucleotide sequences in the infected cells. FISH methodology has been previ-
ously used for localization of Epstein-Barr virus (EBV) DNA sequences within inter-
phase nuclei or on chromosomes (I-4). The FISH technique has also been applied to
visualization of specific viral RNAs within the nuclei of cells latently infected with
EBV (5,6). In situ two-color detection of EBV-specific nuclear RNA allows the study
of different viral expression programs at the cellular level (7).

In FISH, nucleotides of the probe DNA are replaced with modified (labeled) nucle-
otides. The probes are labeled either with haptens, such as biotin or digoxigenin, and
detected subsequently by immunofluorescence, or are labeled directly with fluoro-
chromes. After hybridization of the labeled probes with target DNA or RNA their
intracellular location can be determined from fluorescence microscopy images. FISH
is a technique that, in contrast to the other methods, allows the visualization of specific
RNA sequences at the single cell level in a heterogeneous cell population.

The basic FISH technique involves preparation of cytological material, incorpora-
tion of labeled nucleotides into the DNA probes by standard labeling techniques,
denaturation of the target chromosomes or nuclei and probe DNA (when the target
cells or tissues are not denatured, only RNA will hybridize), followed by the hybrid-
ization of the single-stranded probe DNA to target DNA or RNA. Stable DNA-DNA
or DNA-RNA hybrids are then viewed with epifluorescence optics.

The original protocols for FISH were developed by a number of research groups
(for reviews, see refs. 8~10). Optimization of technical variables has resulted in sim-
plified but highly sensitive hybridization protocols. Various parameters are important
to the overall process: (1) reagent quality is a critical factor, (2) fixation of the biologi-
cal material for the retention of the target DNA or RNA, (3) labeling efficiency,
(4) optimal probe length to allow penetration, and (5) hybridization conditions.

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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The methodology presented below was originally developed by Lawrence et al. (5)
for fluorescence detection of specific transcripts of integrated EBV within interphase
nuclei using hapten-labeled DNA probes. It was later modified by Szeles et al. (7) for
two-color FISH in order to visualize individual cells that use different EBV expres-
sion programs. Our approach utilizes fluorochrome labeling of EBV-specific DNA
sequences so that antibody incubation is no longer required after the post-hybridiza-
tion washes. This method is quick, simple, and yields no background signal.

In order to achieve simultaneous visualization for each FISH probe, different fluo-
rochrome-conjugated nucleotides (e.g., FITC-dUTP, rhodamine-dUTP) are selected
to identify the sites of hybridization. Each fluorochrome yields different colors (e.g.,
green or red), thereby permitting two-color FISH (11-14). Fluorochrome-labeled
probes can be hybridized together with biotin- or digoxigenin-labeled probes, increas-
ing the number of simultaneously detected probes (15).

In this chapter, a detailed description is given for: (1) cell preparation, (2) probe
DNA labeling using nick translation, (3) probe preparation, (4) in situ hybridization,
(5) posthybridization washing, (6) DNA counterstaining and embedding, and (7) digi-
tal-imaging microscopy.

Figure 1 A-H illustrates the DNA- and RNA-specific hybridization using EBV-
specific DNA probes in EBV-transformed lymphoblastoid cell lines (LCLs) and EBV-
carrying Burkitt lymphoma (BL) cells, visualized by this method.

Fig. 1. (opposite page) DNA and RNA FISH to EBV-carrying B-cell-derived cells using
EBV-specific DNA probes. Interphase nuclei and metaphase chromosomes were analysed on
standard cytogenetic preparations. (A and E) Hybridization to viral (EBV BamHI W) DNA.
RNase A treatment followed by DNA denaturation and hybridization with FITC-labeled BamHI
W DNA sequence detected the viral genomes (green) in interphase nuclei prepared from LCL
IB4-D cell lines with integrated EBV DNA (A) and LCL970402 cell line with multiple episo-
mal EBV DNA copies (E). The nuclei were counterstained with DAPI (blue). (B) Simultaneous
hybridization of the BamHI W probe and the chromosome 4 specific probe in denatured samples
(the RNase treatment was omitted) indicate the two chromosome 4 domains (red) and the
BamHI W nuclear RNA track (green) in a DAPI stained nucleus of IB-4 cell. The chromosome
4 painting probe was labeled with (Cy3) and the EBV BamHI W DNA with FITC. (C) Simulta-
neous hybridization to both viral (EBV BamHI W) DNA and chromosome 4 in denatured and
RNase A-treated samples from LCL IB4-D. Yellow signals on each sister chromatid on q25 of
one chromosome 4 (red) indicate the localization of integrated EBV genomes. The chromo-
some 4 painting probe was labeled with (Cy3) and the EBV BamHI W DNA with FITC. Chro-
mosomes were counterstained with DAPI. (D, and F-H) Nuclear EBV specific RNA detection
in LCLs and in type I BL cell. Two viral programs designated as type I and type III are used
alternatively in EBV-carrying B cell lines and tumor biopsies. In type 111, all six Epstein-Barr
nuclear antigen (EBNA) messages are spliced from a polycistronic message. In type I, only
EBNAL is expressed from a monocistronic message (7). A FITC-labeled EBV BamHI K DNA
probe that can hybridise to both the monocistronic and the polycistronic message and a
rhodamine labeled BamHI W DNA probe that can hybridize with the polycistronic but not with
the monocistronic message were used to distinguish between cells that use a type III and type I
program in two-color FISH. The nuclei were counterstained with DAPI. (D) Simultaneous
detection of EBV BamHI K (green) and BamHI W (red) RNA tracks on a nondenatured prepa-
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ration from the LCL line IB4-D. Both probes hybridized to the same nuclear foci. (F) Detection
of BamHI K (green) but not BamHI W RNA in type I BL line Rael in two color experiments.
(G and H) Two-color FISH shows heterogeneous EBV RNA expression in LCL IARC-171
cells that carry numerous episomal genomes. The BamHI W probe was labeled with rhodamine
and the BamHI K with FITC. FISH shows many double-colored (green and red) RNA foci or
tracks on one nucleus (H). Only green (BamHI K RNA) but not red (BamHI W RNA) signal
was detected on the other nucleus (G) suggesting that a proportion of the cells may shift from a
type III to a type I program. Two nuclei failed to hybridize with either one of the two probes
(G) suggesting that the latency 0 program may exist.
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2. Materials

2.1. Cytogenetic Preparations of Metaphase and Interphase Cells
from EBV-Carrying B-Cell-Derived Human Cell Lines

1. Cell culture medium: RPMI 1640 containing 10% heat-inactivated fetal calf serum (FCS)
and 200 pg/mL of Penicillin/Streptomycin.

2. Colcemid, stock 10 pg/mL (Gibco BRL, cat # 15210-040). Store at 4°C.

3. Centrifuge tubes, approx 15 mL.

4. Bench centrifuge for speeds up to 300g.

5. Hypotonic solution (0.075 M KCI).

6. Fixative: 3 parts of 100% methanol to 1 part of glacial acetic acid). Prepare fresh; do not
store for more than 1-2 h before use.

7. Pasteur pipets.

8. Microscope slides.

9. Microscope with phase contrast condenser, and phase contrast 63x objective.

10. Diamond-tipped pencil.
11. 70, 90, and 100% ethanol.
2.2. Labeling DNA Sequence Probes by Nick Translation

1. Probes: Different fragments of the EBV genome (BamHI W and BamHI K DNA probes,
see also Note 1) (7).

2. dNTPs (Boehringer-Mannheim). Prepare an unlabeled stock nucleotide mixture of 0.5 mM
dATP, dCTP, dGTP, 0.1 mM dTTP. Store at —20°C.

3. 10X Nick translation buffer: 0.5 M Tris-HCI, pH 7.8, 50 mM MgCl,, 0.5 mg/mL BSA
(nuclease-free). Store at —20°C.

4. Dithiothreitol (DTT): 100 mM.

5. Fluorescein-12-dUTP (Boehringer-Mannheim, cat. #1 373 242).

6. Tetramethyl-rhodamine-6-dUTP (Boehringer-Mannheim, cat. #1 534 378).

7. Enzymes: DNA polymerase I and DNase I (Boehringer-Mannheim, Mannheim, Germany).

8. 3 M sodium acetate (filter-sterilized and stored at room temperature).

9. 100% ethanol at —20°C.

10. 70% ethanol at —20°C.

11. TE: 10 mM Tris-HCL, pH 7.5, 1 mM EDTA.
2.3. RNA In Situ Hybridization
2.3.1. Probe Preparation

1. Salmon sperm DNA (ssDNA) sheared or DNase digested to a size of approx 500 bp
(Sigma, St. Louis, MO): 1 mg/mL in TE. Freeze in 20 pL aliquots.

2. Escherichia coli tRNA (Sigma or Calbiochem): 1 mg/mL in TE.

3. 3 M Sodium acetate.

4. Ethanol.

5. Deionized formamide (BDH AnalR). Store at 4°C for use within 3 mo and at —20°C for
longer-term storage. Formamide is a potential carcinogen, therefore, wear gloves and
handle in a fume hood.

6. 50% (w/v) solution of dextran sulfate in water, autoclaved. Store in 1 mL aliquots at —20°C.

7. 20X SSC: 3 M NaCl, 300 mM Na citrate adjusted with HCI to pH 7.0.

8. Programmable temperature-controlled heating block or water bath.
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2.3.2. Hybridization

1. Cytogenetic preparation.

2. Plastic coverslips: approximately 22 x 22 mm?, cut from autoclavable waste disposal
bags or Parafilm.

3. Moist chamber (see Note 2).

4. Incubator, set at 37°C.

2.3.3. Post-hybridization Washing

Coplin jars.

Forceps.

Washing solution A: 50% formamide/2X SSC, pH 7.0. Heated to 42°C. Prepare freshly.
Washing solution B: 2X SSC (1 part 20X SSC, 9 parts distilled H,0, pH 7.0). Heated to
42°C. Prepare fresh.

5. Washing solution C: 4X SSC (1 part 20X SSC, 4 parts distilled H,O, pH 7.0).

6. Water bath at 42°C. (Preferably with variable temperature and shaking option for post-
hybridization washes at 35-50°C).

2.3.4. DNA Counterstaining and Embedding

1. DAPI (4,6-Diamidino-2-phenylindole, Sigma). Store stock solution of 10 pg/mL at —20°C.
2. Vectashield embedding medium (Vector Labs, Burlingame, CA).

=

2.3.5. Microscopy

Modern epifluorescence microscope, appropriate filter sets, cooled-CCD (charge
coupled device) camera, computer-assisted image analysis system.

3. Methods

3.1. Cytogenetic Preparations of Metaphase and Interphase Cells
from EBV-Carrying B-Cell-Derived Human Cell Lines

The technique outlined here is similar to that used in most cytogenetic laboratories.

1. Dilute cell cultures to 2 x 10° cells/mL into fresh medium 2 d before harvest to obtain
actively growing cultures.
2. Treat 10 mL of culture with colcemid (final concentration 0.02 pg/mL) for 1 h at 37°C to
accumulate metaphases.
Transfer cells into a 15-mL glass or polypropylene centrifuge tube.
Centrifuge in a bench centrifuge at 300g for 10 min.
Pour the supernatant off carefully.
Re-suspend the cell pellet with the last drop of supernatant by shaking. Do not use a pipet.
Add about 10 mL of hypotonic solution, which has been pre-warmed to 37°C and pipet
the cells gently in and out of a Pasteur pipet.
8. Incubate at 37°C for 20 min (see Note 3).
9. Centrifuge 300g for 10 min.
10. Pour off the supernatant, leaving about 0.5 mL of fluid above the cell pellet.
11. Re-suspend the cell pellet in this fluid by pipetting the cells gently in and out of a Pasteur
pipet until a fine cell suspension with no large clumps of cells remains.
12. Draw the re-suspended cells into the Pasteur pipet and expel the suspension slowly into a
fresh 15 mL centrifuge tube containing 10 mL of freshly prepared ice cold fixative (see
Note 4).

Nownkw



72

13.
14.
15.
16.
17.
18.
19.

20.
21.

22.
23.
24.
25.

3.2.

. Pipet the following components into a dark microcentrifuge tube on ice: X pL (1 pg)

7.

3.3.
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Leave at room temperature for 30 min.

Centrifuge for 10 min at 300g.

Carefully discard the supernatant and gradually add 10 mL of fixative.

Repeat steps 14 and 15 twice (see Note 5).

Centrifuge at 300g for 10 min after the last fixation.

Re-suspend the cells in a small volume of fixative, e.g., 0.5 mL.

Drop one drop of cell suspension out of a Pasteur pipet onto a cleaned, pre-chilled (stand
on ice for 15 min) microscope slide from a height of a few centimeters (see Note 6).
Dry by blowing or shaking.

Check cell density, and quality of spreads under the microscope before making any fur-
ther preparation using phase contrast optics (see Note 7).

Select top-quality preparations. Locate the best area on slide using a diamond tipped pencil.
Dehydrate slides in 70, 90, and 100% ethanol, 5 min each time.

Air-dry slides at room temperature.

Store slides at —20°C in an airtight slides box containing desiccant, and seal with tape (see
Note 8).

Labeling DNA Sequence Probes by Nick Translation

probe, 4 pL of dANTPs mix, 5 L of 10X nick translation buffer, 5 pL of DTT (100 mM),
2 WL of 1 mM Fluorescein-12-dUTP, 2 uL of DNA polymerase I, 5 pL of DNase I. Imme-
diately before use dilute 1 pL of stock DNase I (1 mg/mL) in 1 mL of ice cold distilled
water, mix thoroughly, and add 5 pL to the reaction mixture. Sterile-distilled water to 50 pL.
For labeling with rhodamine, replace the fluorescein-12-dUTP with 2 pL of tetramethyl-
rhodamine-6-dUTP (see Note 9).

Close the lid of the tube, mix well by tapping the tube sharply with a finger several times
and centrifuge briefly (16,000g for 5 s).

Incubate the mixture at 15°C for 2 h in a water bath or use a cooled PCR machine.

Keep the mixture at 4°C until verified by gel.

Run a 10 pL aliquot of labeled probe on a 1% agarose minigel together with molecular weight
standards, to check fragment sizes. If the probe size is correct, go to step 6 (see Note 10).
Precipitate the labeled DNA as follows: Add to the tube 5 pL (0.1 vol) of 3 M Sodium
acetate, pH 5.6 and 150 pL (3 vol) of cold (-20°C) 100% ethanol. Vortex for 30 s. Place
the tube in a —80°C freezer for 15 min. Centrifuge tube for 15 min at 16,000g and 4°C.
Discard the supernatant and then wash the pellet by carefully adding 0.5 mL of ice cold
70% ethanol. Spin the tube for 5 min at 16,000g. Discard the supernatant and dry the
pellet under vacuum or air dry.

Dissolve the pellet in 20 pL water or TE and store probe solution at —20°C.

RNA In Situ Hybridization

3.3.1. Probe Preparation

1.

2.

3.

Prepare DNA mix: Pool 50 ng of each labeled probe in a microcentrifuge tube. Precipitate
labeled probes with 10 pg each of sonicated ssDNA and E. coli tRNA, 0.1 vol of 3 M
sodium acetate and 3 vol of cold (-20°C) 100% ethanol. Leave at —80°C for 15 min to
precipitate, centrifuge and wash once in 70% ethanol. Dry under vacuum.

Prepare hybridization mix for 10 pL: mix 5 pL of 100% formamide (deionized), 2 pL of
50% dextran sulfate, 2 pL of sterile double-distilled H,O, and 1 puL of 20X SSC.
Re-suspend the pellet in 10 UL of hybridization mix (for 22 x 22 mm? Parafilm).
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4. Denature the DNA mix at 80°C for 10 min.
5. Centrifuge briefly to collect vapors.
6. Place on ice until use.

3.3.2. Hybridization

1. Apply 10 PL of denatured probe mix to the slide. (The target cells are not denatured) (see
Notes 11 and 12).

2. Lay a small piece (approx 22 x 22 mm?) of Parafilm over the hybridization solution.
Gently tap out air bubbles. They can be easily removed by lifting the Parafilm carefully.

3. Cover the sample with a large sheet of Parafilm and seal it completely around the edges.

4. Incubate slide in a moist chamber at 37°C overnight (see Note 2).

3.3.3. Post-hybridization Washing

Remove unhybridized probe by washing. Make sure slides do not dry out between
washing steps and pour solution gently.

Remove Parafilm with forceps.

Wash slide in a Coplin jar with washing solution A for 3 min at 42°C.

Pour off solution and replace with fresh solution A. Leave for further 3 min at 42°C.
Repeat step 3.

Pour off solution and replace with solution B and incubate slides three times for 2 min at 42°C.
Place slides in solution C at room temperature for 5 min.

3.3.4. DNA Counterstaining and Embedding

1. Mount the slide with 10 PL of Vectashield antifade solution containing 75 ng/UL DAPI
(see Note 13 for procedure variation).

2. Cover with a 22 x 40 mm? glass coverslip.

3. Apply gentle downward pressure to flatten coverslip before examining slide.

4. Store preparations at 4°C in dark.

S

3.3.5. Microscopy

Visualize fluorescent probes with a fluorescent microscope with the appropriate
filters. The following optical filters will visualize the fluorochromes used in the
hybridization: a filter set specific for DAPI (pale-blue emission under UV, FITC (green
emission under blue excitation), and rhodamine (red emission under green excitation)
to view the counterstain and the hybridization signals, respectively. Double- or triple-
band pass filter sets combine into one cube an excitation filter, a barrier filter, and a
dichroic mirror. This permits the simultaneous detection of multiple fluorochromes.
The best results are obtained using a digital imaging system. We use a gray scale
cooled-CCD camera (Hamamatsu 4800). Color-specific images are collected (i.e., one
image for DAPI, one image for FITC, and one image for rhodamine); these images
are then pseudocolored and merged. See Note 14 for a discussion on types of controls
for FISH experiments.

4. Notes

1. EBV-specific probes can be derived from cloned BamHI-digested fragments (BamHI W
and BamHI K) of the B95-8 strain of EBV DNA (16). The 3.1 kilobases (kb) BamHI W
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fragment and the 5.1 kb BamHI K fragment should be purified from the gels before using
for FISH.

Moist chamber: Any airtight dark box to hold glass slides horizontally with a sheet of
Whatman filter paper moistened with water or 2X SSC. It is best if the lid is gently slop-
ing to prevent condensing water to drop onto the incubating slides. The slides must be
placed on glass rods or bottle tops to raise them above the moist surface. Cover the box
and seal with Parafilm.

Hypotonic treatment swells the cells and nucleus. It is important to achieve optimal con-
ditions of hypotonic swelling. Time and temperature are critical and vary for each cell
type. Extended treatment and higher temperatures increase swelling of cells. Under-
treated cells do not spread well; over-treated cells burst too early and chromosomes may
be lost.

Fixation: As previously described (5,6) EBV-specific nuclear RNAs can also be detected
on paraformaldehyde-fixed cells. We are using methanol/acetic acid fixation for analysis
of interphase nuclei and metaphase chromosomes on standard cytogenetic preparations.
This method allows coupling the detection of the EBV genomes (see Fig. 1A, C, and E)
with visualization of EBV-specific nuclear RNAs (see Fig. 1B, D, F, G, and H). One of
the most important functions of the fixation step is the removal of much of the cell debris
and proteinaceous material from the cell suspension, to produce a much cleaner prepara-
tion of chromosomes and to improve the quality of the spread.

Cells can be stored in the refrigerator at this point for several days. Cells that have been
stored in fixative must be washed in fresh fixative. For spreading, centrifuge the suspen-
sion (as in step 17) and re-suspend in 0.5-1 mL of fresh fixative (as in step 18).

Use quality slides. Microscope slides that are frosted on one side are convenient for mark-
ing with pencil. Wash slides in acid-alcohol (99% ethanol: 1% concentrated HCI) and air-
dry. Remove any particles of dust or tissue before use.

Cell density: Check that the concentration of cells is suitable; if it is too high, dilute the
cell suspension with a little more fixative; if there are too few cells, spin at 200g for 5 min
and re-suspend in a smaller volume of fresh fixative. An ideal cell suspension gives a
single layer of cells. There should be little or no contact between nuclei. If only bright
field optics are available, stain the slides in a 2% solution of Giemsa (Gurrs R66), in 0.01 M
phosphate buffer (Na,HPO, : KH,P0,), pH 6.8 for 10 min at room temperature and exam-
ine using bright field optics and a 63x objective.

Proper slide storage is important to ensure strong FISH signal and low background. If
slides are kept at room temperature, the chromosomes and nuclei may dry out after a few
weeks, resulting in abnormal morphology.

Probe labeling can be performed using other fluorochromes (e.g., SpectrumGreen,
SpectrumOrange, SpectrumRed, or Texas red direct-labeled dUTP). Fluorochromes are
easily photobleached by exposure to light. Handle all solutions and slides containing fluo-
rochromes in reduced light.

Estimate the size range of the probe from the gel. The majority of the DNA smear should
be around the 300 bp range. Probe fragments that are larger than 700 bp may produce
bright fluorescent speckles across the hybridization areas. To produce smaller probe frag-
ments incubate the reaction tube further at 15°C or adjust the optimal DNase concentra-
tion in the nick translation reaction.

For hybridization to EBV DNA sequences, we treat the target cells with RNase A (100 pg/mL
in 2X SSC) at 37°C for 1 h, denature for 2—3 min in 70% formamide, 2X SSC at 70°C,
and dehydrate through cold 70, 95, and 100% EtOH for 5 min each and air-dry. These
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steps were followed by hybridization with the BamHI W sequences for the detection of
the viral genome (Fig. 1A, C, and E).

For simultaneous detection of chromosome-specific nuclear domains containing EBV
integration sites and BamHI W RNA, we omit the RNase A treatment. Cells were dena-
tured and hybridized with chromosome 4-specific and BamHI-W probes (see Fig. 1B).
Antifade mounting medium: 0.233 g DABCO (1,4-diazabicyclo-(2.2.2) octane, Sigma) in
800 pL distilled water, 200 pL of 1 M Tris-HCI, pH 8.0, 9 mL of glycerol; vortex and store
in dark at —20°C. Add DAPI (0.5 pg/mL) to antifade working solution and store at —20°C.
Controls: Positive and negative cell lines will provide evidence that the FISH reaction has
the expected pattern of reactivity. Pre-treatment of samples with RNase or DNase will prove
that the hybridization depends on the presence of RNA or DNA in the cells (Fig. 1A, C, and
E). Other controls include integrated EBV-carrying cell lines, in which the viral integration
sites on both sister chromatids are only visible when denatured prior to hybridization (Fig. 1C)
and no signals are observed on metaphase chromosomes (which do not transcribe RNA)
when the denaturation step is omitted. Finally, probes specific for EBV sequences that are
not being expressed in cells may also be used as controls for RNA hybridization (Fig. 1F).
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In Situ Detection of Epstein-Barr Virus DNA
and Viral Gene Products

Gerald Niedobitek and Hermann Herbst

1. Introduction

Primary Epstein-Barr virus (EBV) infection is followed by a life-long persistence
of the virus in the B-cell compartment of the host (1,2). Small numbers of EBV-carry-
ing B cells have been identified in the peripheral blood as well as in lymphoid and
nonlymphoid tissues of chronic virus carriers (3,4). This is relevant to the study of
human tumors. The detection of EBV DNA in a tumor by polymerase chain reaction
(PCR) usually does not permit conclusions as to whether this is due to the presence of
the virus in the tumor cell population or to the presence of EBV-carrying “by-stander”
B cells in the tissue. For a meaningful analysis of EBV infection, it is therefore neces-
sary in many instances to establish the cellular location of the virus using morphology-
based techniques.

The methods described in this chapter can be broadly divided into those that are
appropriate for the detection of the virus and those that can be used to characterize the
prevalent form of EBV infection. In general, the in sifu hybridization techniques fall
into the former category whereas immunohistochemistry is useful for distinguishing
latent from replicative infection and for identifying the prevailing form of EBV latency
(see Table 1).

1.1. In Situ Hybridization

The first reproducibly successful attempts to localize the virus in tissue sections
were carried out using in situ hybridization for the detection of EBV DNA (5). Most
workers used the cloned BamHI W fragment of the EBV genome (see Chapter 1) as a
probe for this purpose. Because this fragment is repeated up to 10—15 times in the viral
genome, this approach promised greater sensitivity than the use of single-copy gene
probes. These probes can be labeled with a variety of radioactive (e.g., S, 33P, 3H)
and nonradioactive (e.g., biotin, digoxigenin, bromodeoxyuridine, fluorescein-
isothiocyanate [FITC]) reporter molecules (5). In our hands, 3°S-labeled probes have
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proved to be consistently more sensitive than nonradioactive probes. For practical
purposes, this means that if latent EBV infection is to be detected by DNA in situ
hybridization, 3*S-labeled probes should be employed. Nonradioactive DNA probes
are sufficient for the detection of replicative EBV infection, e.g., in oral hairy leuko-
plakia. However, virus replication is more appropriately and more conveniently dem-
onstrated by simpler immunohistological assays.

In recent years in situ hybridization for the detection of the small EBV-encoded
RNAs (EBER-1 and -2) has become the standard method for the detection of the latent
EBYV infection (6). The EBERs are small (ca. 170 bases) nonpolyadenylated nuclear
RNAs of unknown function that are expressed in all known forms of EBV latency at
very high copy numbers (up to 107 copies per cell) (7). Owing to their abundance and
their relative stability compared to mRNA, they represent ideal targets for in situ
hybridization studies. In situ hybridization for the detection of the EBERs is appli-
cable to frozen sections as well as formalin-fixed, paraffin-embedded tissue sections
and has even been used successfully on post mortem tissues. Several types of probes
are available for the detection of the EBERs. Oligonucleotides labeled with nonradio-
active tags are available from several commercial sources. These probes are adequate
for most routine applications. Alternatively, RNA probes derived from transcription
vectors can be employed, and this approach is described here (8). These probes can be
labeled with radioactive nucleotides or with nonradioactive compounds. In most circum-
stances, e.g., the analysis of tumors, use of nonradioactive probes yields satisfactory results.
However, for the detection of rare latently infected B-cells in chronic virus carriers, we
prefer radioactive probes because of their higher sensitivity. In most laboratories, EBER in
situ hybridization has replaced DNA in situ hybridization as the standard method for detect-
ing latent EBV infection. It has to be kept in mind, however, that the use of EBER in situ
hybridization relies on the active expression of the viral genome. Although expression of
the EBERs has been demonstrated in all known forms of EBV latency, an EBER-negative
viral latency remains at least a theoretical possibility.

1.2. Immunohistochemistry

Based on the variable patterns of EBV protein expression, at least three different
forms of latent infection have been defined (9). In EBV-immortalized lymphoblastoid
cell lines (LCL) and in post-transplant lymphoproliferative disorders (PTLD), viral
gene expression is usually restricted to a set of so-called latent genes, including six
nuclear antigens (EBNA-1, -2, -3A, -3B, -3C, -LP), three latent membrane proteins
(LMP-1, -2A, -2B), and the EBERs (latency III) (7). The expression of these viral
latent gene products is limited to the EBERs and EBNA-1 in Burkitt’s lymphoma (BL,
latency I), and to the EBERs, EBNA-1, and the LMPs in Hodgkin’s disease (HD) and
nasopharyngeal carcinoma (NPC, latency II) (7,10-13). Thus, the only viral protein
that is consistently expressed in all known forms of EBV latency is EBNA-1. Although
monoclonal antibodies (MAbs) for the detection of EBNA-1 in paraffin sections have
been described, staining results are usually weak and EBNA-1 staining cannot substi-
tute for EBER in situ hybridization (12). Expression of the other latent proteins is
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Table 1

Characterization of EBV Latency

Form of latency Example EBERSs LMP-1 EBNA-2
Latency I BL + - -
Latency II HD, NPC + + -
Latency III LCL, PTLD + + +

EBERs, small nuclear EBV-encoded RNAs; EBNA-2, EBV-encoded nuclear antigen 2; LMP-1,
latent membrane protein 1; BL, Burkitt’s lymphoma; HD, Hodgkin’s disease; NPC, nasopharyngeal
carcinoma; LCL, lymphoblastoid cell line; PTLD, post-transplant lymphoproliferative disorder.

variable. Therefore, immunohistochemistry (IH) cannot be used for the detection of
the virus per se. A possible exception to this rule is the detection of LMP-1 in HD
because it is expressed in the neoplastic Hodgkin and Reed-Sternberg cells of practi-
cally all EBV-positive HD cases (11,14).

The immunohistochemical characterization of EBV gene expression can be used to
assess the form of EBV infection, i.e., latent or lytic. Expression of the BZLF1 protein
of EBV induces the switch from latent to replicative infection and precedes the expres-
sion of early and late genes (15). Antibodies against the BZLF1 protein and other EBV
lytic cycle proteins have proved to be a useful marker for identifying viral replication
in situ and can be applied to paraffin sections (16,17).

An important application of immunohistochemistry is the characterization of the
prevalent form of EBV latency in virus-associated diseases. This has been greatly
aided by an increasing number of antibodies applicable to routinely processed tissues
(see Chapter 24). Thus, it is now possible to detect EBNA-1, EBNA-2, LMP-1, and
LMP-2A in paraffin sections (see Subheading 3.4.). However, for practical purposes,
antibodies directed against EBNA-2 and LMP-1 are sufficient to define the form of
virus latency prevalent in EBV-associated diseases (see Table 1).

2. Materials

2.1. Slides, Coverslips, Tissue Sections and Cytospin
Preparations (see Note 1)

Glass slides and coverslips.

Decon 90 (Prochem, Wesel, Germany).

Acetone.

APES: 3-aminopropyltriethoxysilane (Sigma, St. Louis, MO).

0.2 NHCL

Ethanol: 50, 70, 96, 100%.

Silicon solution (Serva, Heidelberg, Germany).

Physiological saline solution: 0.9% NaCl in H,O.

10X PBS: 2.07 g NaH,PO, - H,0, 6.22 g Na, PO, - 2H,0, 38.0 g NaCl, 0.5 mL DEPC,
made up to 500 mL with distilled H,O, incubate for at least 1 h at room temperature,
autoclave, allow to cool, adjust pH to 7.2 with 1N NaOH.

O XA R L=
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4% paraformaldehyde: dissolve 4 g of paraformaldehyde in 80 mL of water with gentle
heating and addition of 1 M NaOH until the powder dissolves. Make up to 90 mL with
distilled water and add 10 mL of 10X PBS.

Oven.

Probe Labeling

Appropriate restriction enzymes with 10X buffer.

3 M sodium acetate.

Ethanol.

DEPC: Diethylpyrocarbonate (Sigma).

DepcH,O (see Note 1): add 1 mL of depc/L of water, shake well, incubate for at least 1 h
at room temperature and autoclave.

| -33S-UTP (>1250Ci/mmol; 12.5 Ci/mL) or |-**S-dCTP (>1250Ci/mmol; 12.5 Ci/mL).
RNase inhibitor (40 U/uL).

RNA polymerases (SP6, T3, or T7, 20U/uL) and appropriate buffer.

DTT: 100 mM dithiothreitol.

NTP mix (10 mM ATP, 10 mM CTP, 10 mM GTP).

Yeast tRNA solution: 50 mg/mL.

DNase I (RNase-free, 10 U/uL).

Phenol/chloroform/isoamylalcohol (25/24/1 v/v).

Deionized formamide, pH 7.0.

Nick translation kit (e.g., Amersham Pharmacia, Uppsala, Sweden).

Nick columns (Amersham Pharmacia).

In Situ Hybridization

Xylene.

Ethanol.

DepcH,O0.

0.2 N HCL.

20X SSC (Standard saline citrate): 0.15 M sodium chloride, 0.015 M sodium citrate, pH 7.0.
Triton X-100.

Pronase: Prepare stock solutions of pronase by dissolving commercially available freeze-
dried pronase (Boehringer, Mannheim, Germany) in depcH,O. Incubate the solution at
37°C for 4 h to digest contaminating enzymes such as nucleases.

PBS: Dilute 10X PBS in water.

Triethanolamine/acetic anhydride: 0.1% triethanolamine, pH 8.0, 0.25% acetic anhydride.

. Deionized formamide: Make up a 50% stock solution by dissolving 25 g of dextran sulphate

in 25 mL depcH,0 at 80°C. Make up to 50 mL with depcH,O0, aliquot, and store at —20°C.
Dextrane sulphate.

100 mM DTT.

Carrier DNA (1 mg/mL, e.g., calf thymus or herring sperm DNA).
90°C heating block with plane surface.

Yeast tRNA (50 mg/mL).

Parafilm.

RNase A (10 mg/mL).

TBS (Tris-buffered saline): 0.05 M Tris-HCI, 0.15 M NacCl, pH 7.6.
Photographic emulsion (e.g., lIford GS5).

Kodak D19 developer.
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Table 2
Monoclonal Antibodies for the Immunohistochemical Detection
of EBV-Encoded Proteins and Digoxigenin-Labeled EBER-Specific Probes

Clone Species Specificity Source Reference
1H4 Rat EBNA-1 E. Kremmer (12)
2B4 Rat EBNA-1 E. Kremmer (12)
PE-2 Mouse EBNA-2 Dako (18)
CS1-4 Mouse LMP-1 Dako (19)
4E11 Rat LMP2A E. Kremmer (20)
15F9 Rat LMP2A E. Kremmer (20)
BZ-1 Mouse BZLF1 Dako (16)
1.71.256 Mouse Digoxigenin Boehringer

21. Sodium thiosulphate.

[N
[\

. Hematoxilin and eosin.

. Immunohistochemistry

Acetone.

Xylene.

Ethanol.

0.1 M citrate buffer, pH 6.0.

Domestic microwave oven.

TBS (Tris-buffered saline): 0.05 M Tris-HCI, 0.15 M NacCl, pH 7.6.

Primary antibodies (see Table 2).

Bovine serum albumin (BSA).

Biotinylated rabbit antiserum against rat immunoglobulins (Dako, Glostrup, Denmark).
10. Biotinylated rabbit antiserum against mouse immunoglobulins (Dako).

11. Streptavidin-biotinylated alkaline phosphatase complex (StreptABC-AP, Dako).
12. Naphthol AS-MX phosphate.

13. N,N-dimethylformamide.

14. 0.1 M Tris-HCI, pH 8.2.

15. 1 M levamisole.

16. Fast Red TR salt.

17. Filter paper.

18. Hematoxilin.

19. Aqueous mounting medium.

3. Methods

3.1. Preparation of Glassware, Slides, Coverslips, Sections,
and Cytospins (see Note 1)

3.1.1. Glassware

N
N

P NN R WD =

o

1. For RNA in situ hybridization, glassware has to be RNase-free. To achieve this, wrap
clean glassware in tin foil and bake at 250°C for 6 h.

2. To improve adhesion of cells and sections glass slides should be coated with 3-amino-
propyltriethoxysilane (APES). To do this, first wash glass slides in 2% Decon 90.
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3. Rinse thoroughly in tap water, then briefly rinse in deionized water and air dry for about
15 min.

4. Place into acetone for 3 min at room temperature (RT), followed by 2% APES/acetone
for 3 min at RT.

5. Briefly rinse in distilled water and air dry.

6. Glass coverslips should be siliconized to avoid sticking of probe DNA or RNA to the
glass and to allow easy removal after hybridization. To do this, first clean cover slips in
0.2 N HCI for 20 min.

7. Rinse coverslips in deionized water and then briefly dip into 100% ethanol.

8. Air-dry for 15 min at RT and then bake at 250°C for 5 h. Allow to cool.

9. Dip coverslips into silicon solution.

10. Bake at 100-115°C for 2 h.

3.1.2. Paraffin Sections

1. Fix tissues in neutral buffered formalin and embed in paraffin wax using routine histo-
logical procedures.

2. Cut approx 5 um thick sections (3—5 um for immunohistochemistry, 5-8 um for in situ
hybridization) from paraffin blocks and mount onto APES-coated slides.

3. Dry at 60°C for 1 h.

3.1.3. Frozen Sections

1. Place fresh tissue samples into plastic vessels, cover with physiological saline solution,
snap-freeze in liquid nitrogen, and store at —70°C.

2. Cut 6-um frozen sections on a cryostat and mount them onto APES-coated slides.

3. For use in immunohistochemistry, air dry sections overnight. If the slides are not used for
immunohistochemistry immediately, store unfixed at —=70°C.

4. For use in in situ hybridization, dry sections on a 60°C hot plate for 3 min and fix imme-
diately in 4% paraformaldehyde for 20 min at RT.

5. Wash slides twice in 3X PBS and twice in 1X PBS for 1 min each at RT.

6. Dehydrate sections through a series of graded ethanol dilutions, air-dry briefly and store
at =70°C.

3.1.4. Cytospin Preparations

1. Wash cells and resuspend in PBS.
2. Adjust cell concentration so that approx 5 x 10% to 1 x 10° cells are added per slide.
3. Following centrifugation, treat cytospins as described for frozen sections.

3.2. Probe Labeling
3.2.1. RNA Probes (see Notes 2 and 3)

Single-stranded RNA probes are generated from plasmids with the specific insert
located between two bacteriophage-derived DNA-dependent RNA polymerase pro-
moter sites to allow the transcription of probes in sense and anti-sense direction. To
ensure transcription of the insert only, linearized plasmid template is used.

1. Inorder to linearize plasmids, mix 10 ug of plasmid DNA, 40 U of restriction enzyme and
4 uL of appropriate 10X restriction enzyme buffer, make up to 40 uL with ddH,O. Incu-
bate at 37°C overnight.
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2. Precipitate linearized plasmid DNA by adding 4 uL of 3 M sodium acetate and 80 uL of

ethanol to the linearization mix. Incubate at —70°C for 30 min and centrifuge at 16,000g in

a micro-centrifuge for 30 min at 4°C. Air-dry pellet and resuspend in 12.5 uL of depcH,O.

Verify linearization by running a 0.5 uL aliquot of the digestion mixture on a 0.5% agarose gel.

4. To generate 3°S-labeled probes, carry out a transcription reaction as follows (see Notes 2
and 3): Mix 50 uCi |-33S-UTP, 0.5 uL RNase inhibitor, 2 uL. 5X transcription buffer, 1 uL
100 mM DTT, 0.5 uL NTP mix, 1 uL linearized plasmid, 1 uL RNA polymerase (SP6,
T3, or T7). Make up to 10 uL with depcH,O and mix.

5. Incubate at RT for 60 min.

Add another 0.5 uL of RNA polymerase and incubate for another 30 min.

7. DNase digest plasmid DNA by adding 5 uL of yeast tRNA solution, 0.5 uL. of RNase inhibi-
tor, 0.5 uLL of DNase I (RNase-free) to the reaction mix and incubating at 37°C for 8 min.

8. Extract proteins by adding 10 uL of 3 M sodium acetate, 74 uL of depcH,O and 100 uL of
phenol/chloroform/isoamylacohol (25/24/1 [v/v]). Mix well and centrifuge at 16,000g
for 2 min in a microcentrifuge and save the upper phase (ca. 100 uL).

9. Precipitation: Ethanol precipitate RNA by adding 1/10 vol of 3 M sodium acetate and
2 vol of ethanol as described in step 2, centrifuge and air dry the pellet. Resuspend in
100 uL of depcH,O and repeat ethanol precipitation with 1/10 vol of sodium acetate and
2 vol of ethanol. Resuspend pellet in 12.5 uL of depcH,0. Take a 0.5 uL aliquot for
scintillation counting (see Note 4). To the remaining 12 uL add 3 uL of 100 mM DTT and
15 uL of deionized formamide. Store at —20°C.

(98]

o

3.2.2. DNA Probes

For the detection of EBV DNA, use a plasmid harboring the BamHI W internal
repetitive fragment of the EBV genome. Label total plasmid DNA with 33S-labeled
dCTP using nick translation. Nick translation requires a balanced mixture of DNase I
and DNA polymerase. Particularly if this reaction is not carried out frequently, use of
kits is advised, which are available from several suppliers. Following the nick transla-
tion reaction, separate labeled DNA from unincorporated nucleotides using Sephadex
columns (e.g., Nick columns, Pharmacia) according to the supplier’s instructions.
Alternatively, label DNA probes using random primer labeling kits (e.g., Boehringer).

3.3. In Situ Hybridization
3.3.1. Prehybridization

1. Prehybridization treatment is essentially the same for DNA and RNA in situ hybridiza-
tion. Dewax paraffin sections in xylene (two changes, 10 min each) and rehydrate them
through a series of graded ethanols (e.g., 100, 96, 70, 50% depcH,0). Take frozen sec-
tions or cytospin preparations out of the —=70°C freezer and thaw for at least 1 h (keep
wrapped to avoid condensation).

Incubate in 0.2 N HCI for 10 min at room temperature (RT), then rinse in 1X PBS.
Incubate in 0.01% Triton X-100 for 90 s at RT (see Note 5), rinse in 1X PBS.

Digest with Pronase (0.125-1 mg/mL) in 1X PBS (see Note 6), rinse thoroughly with 1X PBS.
Fix in 4% paraformaldehyde for 20 min at room temperature.

Acetylate sections with triethanolamine/acetic anhydride for 10 min at RT (see Note 7),
rinse in 1X PBS.

7. Dehydrate sections through graded ethanols.

ARSI
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3.3.2. EBV DNA In Situ Hybridization

1. Make up the hybridization mix to give the following end concentrations: 50% deionized
formamide, 2X SSC, 10% dextran sulphate (see Note 9), 10 mM DTT (see Note 10),
30 ug/mL herring sperm DNA, 20-40 ng/mL labeled probe.

Add 25 uL of hybridization mix to each slide.

Cover sections with siliconized coverslips (see Note 11).

Denature probe and cellular DNA by placing slides onto a 90°C heating block for 3 min.
Hybridize overnight at 37°C in an atmosphere of 50% formamide (see Note 12).
Remove coverslips and wash in 50% formamide, 1X SSC, 10 mM DTT at 37°C for 4 h
with hourly changes of the wash solution.

Rinse in 2X SSC, 10 mM DTT for 30 min at RT.

Rinse in 0.1X SSC, 10 mM DTT for 30 min at RT.

9. Dehydrate sections through graded ethanols and air-dry.

3.3.3. EBER In Situ Hybridization

1. Make up the hybridization mix to give the following end concentrations (see Note 8):

50% deionized formamide, 2X SSC, 10% dextran sulphate (see Note 9), 10 mM DTT (see

Note 10), 250 ug/mL yeast tRNA, 50,000-200,000 cpm *3S-labeled probe per section or

digoxigenin-labeled probes to a final dilution of between 1:25 to 1:200 (see Note 8),

depcH,O0 to final volume.

Place approx 25 uL of hybridization mix on each section.

Cover sections with a piece of parafilm cut to size (see Note 11).

Hybridize overnight at 50°C in an atmosphere of 50% formamide (see Note 12).

Remove parafilm and wash slides in 50% formamide, 1X SSC, 10 mM DTT at 52°C for 4 h

with hourly changes of the wash solution.

Wash in 2X SSC, 10 mM DTT at 37°C for 30 min.

Incubate in 20 ug/mL RNase A, 2X SSC, 10 mM DTT at 37°C for 30 min.

Wash in 2X SSC, 10 mM DTT at RT for 10 min.

Wash in 0.1X SSC, 10 mM DTT at RT for 10 min.

Dehydrate sections subjected to in situ hybridization with 33S-labeled probes through

graded ethanols and air dry. Autoradiographic detection of bound probes is described in

Subheading 3.3.4.

11. Transfer sections exposed to digoxigenin-labeled probes to TBS. Bound probes are
detected using immunohistochemistry as described in Subheading 3.4.2.

3.3.4. Dark Room Procedure (see Note 13)

1. Melt Ilford G5 photographic emulsion at 42°C and prepare a 1:2 dilution of the emulsion
in ddH,O. Before entering the dark room, fill 10 mL of ddH,O into a 50-mL plastic vial
and highlight the 20 mL mark with a marker pen so that it can be seen using only a dim
red light. Pour 10 mL of the melted emulsion carefully into the water and mix so as to
avoid formation of froth.

2. Dip slides into the emulsion (see Notes 14 and 15).

3. Place coated slides onto an absorbent paper towel in an upright position to allow draining
off of excess emulsion and air-dry for 1 h in complete darkness.

4. Still in complete darkness, place the slides into a light-proof box together with a drying
agent, wrap in tin foil, and place into a 4°C refrigerator.

5. Expose slides at 4°C for 3-20 d (see Note 16).
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6. Remove slide box from refrigerator and allow to adjust to room temperature for at least
30 min.
7. Prepare a 1:2 dilution of Kodak D19 developer in cold tap water.
8. Prepare a 25% (w/v) solution of sodium thiosulphate in cold tap water.
9. In complete darkness remove slides from the box and place into the developer for 3 min.
10. Wash in cold tap water.
11. Fix in 25% sodium thiosulphate for 3 min. Now switch on light.
12. Rinse thoroughly under running cold tap water.
13. Counterstain with hematoxylin and eosin (filter before use and mount using an aqueous
mounting medium).

3.4. Immunohistochemistry
3.4.1. Fixation and Antigen Retrieval
3.4.1.1. FrRozeN SEcTIONS AND CYTOSPIN PREPARATIONS

1. Remove from the —70°C freezer and allow to adjust to room temperature for at least 1 h.
2. Fix in acetone for 20 min and air-dry.

3.4.1.2. PARAFFIN SECTIONS

1. Dewax in xylene for 30 min at RT.

2. Rehydrate through graded ethanols (5 min each in 100, 96, 70% ethanol and water).

3. Place sections into a beaker with 1 L of 0.1 M citrate buffer, pH 6.0.

4. TIrradiate in a domestic microwave oven (750 W) at maximum power for up to 60 min (see
Note 17).

5. Allow to cool down and transfer into TBS.

3.4.2. Immunohistochemical Staining (see Note 18)

The primary antibodies regularly used in our laboratories for the detection of EBV-
encoded proteins and of digoxigenin-labeled EBER probes are listed in Table 2. For
the detection of LMP-1, BZLF1, and digoxigenin-labeled EBER probes, the following
staining protocol is used.

1. Apply primary antibody diluted in TBS, 1% BSA and incubate for 60 min at RT.

2. Rinse with TBS.

3. Apply appropriate secondary antibody diluted in TBS and incubate for 30 min at RT. For
the detection of bound primary mouse antibodies, we use a biotinylated rabbit antiserum
against mouse immunoglobulins (Dako). Primary antibodies from the rat are detected
using a biotinylated rabbit antiserum specific for rat immunoglobulins (Dako).

4. Whilst incubating, prepare streptavidin-biotinylated alkaline phosphatase complex

(StreptABC-AP, Dako) according to the manufacturer’s instructions. Note that the com-

plex should be prepared 30 min before use.

Rinse with TBS.

Incubate with StreptABC-AP for 30 min at RT.

7. While incubation takes place, prepare substrate/chromogen solution (see Note 19): dis-
solve 2 mg Napthol AS-MX phosphate in 0.2 mL of N,N-dimethylformamide, add 9.8 mL
of 0.1 M Tris-HCI, pH 8.2, and 10 uL of 1 M levamisole. Just before use dissolve 10 mg
Fast-Red TR salt in the solution and filter through ordinary filter paper.

8. Rinse sections in TBS.

SN
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9. Apply chromogen/substrate solution for 30 min at RT.
10. Rinse with TBS.
11. Counterstain with hematoxylin and mount using an aqueous mounting medium.

4. Notes

1. Glassware and solutions used for RNA in situ hybridization have to be treated in order to
inactivate RNases that are ubiquitous. For glassware, this is achieved by baking at 250°C
for 6 h. All solutions which can be autoclaved are treated with diethylpyrocarbonate
(DEPC). Add 1 mL of depc/L, shake well, incubate for at least 1 h to overnight, and
autoclave. Autoclaving leads to the decomposition of DEPC into ethanol and CO,. There-
fore, pH has to be adjusted after autoclaving. Prepare solutions which cannot be auto-
claved using DEPC-treated water (e.g., Tris-containing solutions, dextran sulfate).

2. For the generation of radiolabeled probes with high specific activity, no unlabeled UTP is
added to the transcription reaction. In our hands, probes generated using a mixture of 3°S-
labeled and unlabeled UTP result in weaker in situ hybridization signals. To obtain probes
of even higher specific activity, a second labeled nucleotide (e.g., 3>S-CTP) can be added
to the transcription reaction. If the volume of the radioactive nucleotide is too large, use a
speed-vac or a similar centrifuge to freeze-dry the labeled NTP solution.

3. Generate digoxigenin-labeled probes using a commercially available labeling mix (DIG
RNA labeling mix, Boehringer, Mannheim, Germany) according to the manufacturer’s
instructions.

4. Only use probes if scintillation counting of a 0.5 uL aliquot yields an activity of at least
5 x 10° cpm.

5. Treatment with Triton X-100 is optional and in our laboratories is used only for DNA in
situ hybridization.

6. A variety of proteases have been recommended for in sifu hybridization. In our hands,
pronase has given reliable and reproducible results over many years. The concentrations
given are meant as a guideline only. It is important to titrate the pronase to establish the
conditions that will give the best signal without disrupting tissue morphology. It is pos-
sible to vary the pronase concentration, the duration of the digestion, and the temperature.
In particular, when the ambient temperature in the laboratory may be variable, it is advis-
able to use an incubator, e.g., at 37°C. Factors which may effect the outcome of the pro-
nase digestion are type of fixative, length of fixation, and other variables of the embedding
procedure.

Nevertheless, once the optimal pronase digestion conditions have been established,
there is very little variation necessary for blocks from the same institution. Currently used
concentrations in our laboratories are 0.5 mg/mL for paraffin sections and 0.125 mg/mL
for frozen sections and cytospins. Higher concentrations may be required for DNA in situ
hybridization. To identify an appropriate pronase concentration, digest tissue sections
with different pronase concentrations, keeping temperature and incubation time constant.
Counterstain sections and identify the pronase concentration, which visibly starts to dam-
age the tissue. Then use half that concentration.

7. The mixture of triethanolamine and acetic anhydrid must be prepared fresh immediately
before adding it to the sections. Acetylation is believed to reduce background by decreas-
ing nonspecific probe binding to glass. Whether this actually works is uncertain. How-
ever, it is included in our protocol for in situ hybridization with 33S-labeled probes. We
usually omit this step when working with nonradioactive probes.
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8.

10.
11.

12.

13.

14.

15.

16.

17.

18.

Calculations are based on the assumption that 25 uL of hybridization mix are required for
the average slide. Radioactive probe is included in the mix so that between 50,000 and
250,000 cpm are added per slide. The amount of radioactive probe necessary may vary
depending on the abundance of the target, the individual probe and the labeling reaction.
For the EBERs, usually between 50,000 and 100,000 cpm per slide suffice. Note that if
the EBER1 and EBER?2 probes are used as a mixture, 50,000-100,000 cpm per slide are
added for each probe. Dilutions of digoxigenin-labeled probes have to be titrated using
appropriate positive control sections. Note that before adding to the hybridization mix,
RNA probes have to be heated at 80°C for 30 s and put on ice to remove secondary and
tertiary structures.

The dextran sulphate solution is viscous and difficult to pipet. This may be facilitated by
warming the solution. The following procedure has also proved useful. Set the pipet to
the required volume and fit appropriate tip. Draw the required volume of water into the
pipet tip and mark the level. Eject the water again, increase the volume setting of the pipet
and draw dextran sulphate solution into the tip up to the marked level.

Add DTT to hybridization mix and washing solutions only when using 33S-labeled probes.
Siliconized glass cover slips may be used and this may be more appropriate for DNA in
situ hybridization which requires heating the slides to denature the target DNA. However,
for RNA in situ hybridization, use of parafilm is perfectly adequate.

We add a 50% formamide solution to the incubation chamber. In our experience, making
a humid chamber just by adding water will lead to probe dilution.

Before entering the dark room, sort slides into a rack to facilitate dipping and to make
sure that the slides are put into the correct light proof boxes in complete darkness. Dilute
photographic emulsion in the dark room using a low-energy red light only.

For dipping the sections, plastic slide containers for mailing glass slides have proved
useful. These hold a volume of approx 20 mL. Pour the diluted emulsion carefully into
the slide container and dip the slides into the emulsion. If a larger number of slides is to be
coated with emulsion, it is advisable to keep the emulsion in a 42°C water bath.

In our experience, it is safe to reuse diluted emulsion once. For this purpose, wrap the
container with the emulsion tightly with tin foil and store at 4°C. To reuse the emulsion,
place the container into a 42°C water bath and proceed as described.

Exposure times will vary depending on the abundance of the target. Three to seven days
are usually sufficient for the EBERs, while detection of viral DNA and of low-copy
mRNAs may require longer exposure. For every experiment it is advisable to prepare at
least two or three sets of slides to allow development after different exposure times. Place
each set of slides into a separate light-proof box.

Irradiation of formalin-fixed paraffin sections in citrate buffer using a microwave oven
has proved useful for the detection of a variety of antigens (21). A variety of microwaveing
conditions have been described including variations in energy, time, or buffer used. Al-
ternatively, domestic pressure cookers may be used. Optimum conditions have to be de-
termined individually in every laboratory. In our hands, use of a large volume of citrate
buffer (1 L) has proved useful. It requires longer microwave irradiation time than smaller
quantities but makes substitution of volume lost through evaporation unnecessary. When
placing slides into a beaker for microwave irradiation, make sure they are not stacked too
tightly to ensure even distribution of heat.

For enhancing weak immunohistochemical stains (for example when detecting EBNA-1,
EBNA-2, and LMP-2A) amplification systems using biotinylated tyramide have proved
useful. This method is based on the horseradish peroxidase-catalysed precipitation of



90 Niedobitek and Herbst

19.

numerous biotin molecules at the site of primary antibody binding (22,23). The precipi-
tated biotin can then be detected using a variety of methods. In our laboratory, this is done
by applying the StreptABC-AP reagent as described earlier followed by development of
the alkaline phosphatase as described. Methods have been described for the preparation
of biotinylated tyramide but if this reaction is not employed frequently, use of commer-
cially available kits may be advantageous (Renaissance® TSA™ kits, NEN Life Science,
Boston, MA).

The solution consisting of Napthol AS-MX phosphate, dimethylformamide, and Tris
buffer can be stored at 4°C for several weeks. Fast Red TR salt is added immediately
before use. To make sure that the substrate/chromogen solution is working before adding
it to the slides, a small aliquot of the StreptABC-AP reagent can be mixed with an aliquot
of the substrate/chromogen solution in a reaction tube. The solution should turn red
quickly.
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Phenotype Determination of Epstein-Barr
Virus-Infected Cells in Tissue Sections

Hermann Herbst and Gerald Niedobitek

1. Introduction

Epstein-Barr virus (EBV) has been found in a plethora of lesions phenotypically as
diverse as malignant lymphomas of B- and T-cell type, Hodgkin’s disease, infectious
mononucleosis, carcinomas, neoplasms of follicular dendritic cells, and leiomyosar-
comas. On the other hand, there are examples of cell types that were suspected to
harbor EBV but were not found to be infected when applying appropriate methodol-
ogy, examples comprising seminoma cells or macrophages in EBV-associated hemo-
phagocytic syndrome. Confident assignment of EBV infection to a specific cell type
may require the application of double-labeling techniques for the simultaneous detec-
tion of viral DNA or viral gene products on the one hand and cellular gene products on
the other hand. Depending on the type of latency, EBV inflicts changes on infected
cells such as morphological alterations as well as disturbances in the phenotypic make-
up of the cell surface, in the cytokine expression profile, and in the signal transduction
pathways. Because of the heterogeneous composition of many EBV-associated lesions,
gene expression analysis of EBV-infected cells in tissue sections is, again, best
achieved with double-labeling techniques. Moreover, simultaneous detection of EBV
and immunoglobulin light-chain gene transcripts of kappa or lambda types, not only
provides a phenotypic marker but also yields information as to the clonal composition
of these cells by their display of an either monotypic or polytypic expression pattern.

Various combinations of immunohistology (IH) and in situ hybridization (ISH) with
either radioactive or nonradioactive probes (IH/ISH), in situ hybridization with a
gemisch of radioactive and nonradioactive probes (ISH-ISH), and even triple-labeling
procedures (IH/ISH-ISH) have been used with success (I-5). For nonradioactive pro-
cedures, two major approaches are possible, double immunofluorescence and double
immunoenzymatic techniques. Because of the considerable drawbacks of immuno-
fluorescence, particularly when applied to formalin-fixed tissue sections, only immu-
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noenzymatic procedures are described here. To achieve proper signal discrimination,
the choice of visualization systems and chromogens is important. For immunoenzy-
matic double labeling, various different color combinations based on the use of differ-
ent marker enzymes have been described, and numerous reviews and application
handbooks exist for those techniques (see Note 1). In this chapter, we will restrict
ourselves to the following procedures: 1) sequential IH/ISH for the detection of differ-
entiation antigens by IH and cellular or viral nucleic acids by radioactive or nonradio-
active ISH, and 2) simultaneous radioactive ISH for the detection of cellular RNA
(e.g., cytokine or immunoglobulin transcripts) with nonradioactive visualization of
EBER transcripts (ISH-ISH).

The sequential procedure has previously been adapted to combinations of ISH with
classical enzyme histochemistry, such as visualization of acid phosphatase or esterase
activities (6,7).

2. Materials

1. 4% paraformaldehyde: dissolve 4 g of paraformaldehye in 80 mL of water with gentle
heating and addition of 1 M NaOH until the powder dissolves. Make up to 90 mL with
distilled water and add 10 mL of 10X PBS.

2. Xylene.

3. Acetone.

4. Ethanol: 50, 70, 96, 100%.

5. Tris-buffered saline (TBS): 0.05 M Tris-HCI, 0.15 M NaCl, pH 7.6.

6. 10X PBS: 80 g NaCl, 2 g KCI, 2 g KH,PO,, 11.5 g Na,HPO, - 7TH,0, made up to 1 L with
distilled H,O.

7. Pronase: 0.01 mg/mL in H,O.

8. Glycin.

9. IH/ISH dilution buffer: RPMI-1640, 1% BSA (w:v), 5000 U/mL Heparin, 2.5 mg/mL
yeast-tRNA, pH 7.5 (see Note 2).
10. Normal human serum, heat inactivated at 56°C for 30 min.
11. APAAP (alkaline phosphatase anti-alkaline phosphatase) complex.
12. 5% New fuchsin: dissolve 5 g in 100 mL of 2 N HCI, keep in a dark bottle at 4°C.
13. Propandiole: 0.2 M 2-Amino-2,2-methyl-propan-1,3-diole, store at 4°C in a dark bottle.
14. Levamisole.
15. Naphtol-AS-Bl-phosphate.
16. Sodium nitrite.
17. DMF: N-N-Dimethylformamide.
18. 2 NHCL
19. Diethylpyrocarbonate-treated water (depcH,O; see Note 7, Chapter 7).
20. Triton X-100.
21. Triethanolamine/acetic anhydride: 0.1 M triethanolamine, pH 8.0, 0.25% acetic anhy-
dride (v:v).
22. Hydrolysis buffer: 80 mM NaHCO;, 120 mM Na,CO;, pH 10.2, 10 mM DTT.
23. Stop solution: 0.2 M sodium acetate, 1% Acetic acid, 10 mM dithiothreitol (DTT).
24. 10 mM DTT.
25. Glycerol gelatin.
26. Hematoxylin (Meyer’s).
27. DAB: 3,3-Diaminobenzidine tetrahydrochloride.
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28.
29.
30.

30% Hydrogen peroxide (H,0,).
Peroxidase-conjugated anti-digoxigenin-Fab fragment.
0.05 M Tris-HCI, pH 7.6.

31. 100X Denhardt’s solution: 2% bovine serum albumin (BSA), 2% Ficoll 400, 2% polyvi-
nyl-pyrrolidone, freeze-dried.

32. Probe mix: 50% formamide, 10 mM Tris-HCI, pH 7.5, 10 mM sodium phosphate, 1X
Denhardt’s solution, 1 mg/mL yeast tRNA, 5 mM ethylenidiaminetetraaceticacid (EDTA),
10 mM DTT, 10% dextrane sulfate.

33. Alkaline phosphatase-conjugated anti-digoxigenin-Fab fragment.

3. Methods

The pretreatment of glass ware, slides, and cover slips is detailed in Chapter 7 as is
DNA and RNA probe labeling.

3.1. Sequential IH/ISH Labeling (see Notes 3 and 4)
3.1.1. Sectioning, Fixation, and Antigen Retrieval

Frozen sections, cytological preparations:

1.

2.

Kryostat sections of 6-pum thickness and cytocentrifuge slides are prepared immediately
prior to use. Air-dry; do not use a hot plate.
Fix in ice-cold 4% paraformaldehyde for 20 min (see Notes 5 and 6).

Paraffin sections:

. Dewax in xylene (2 changes) for a minimum of 30 min and in acetone for 10 min, all at

room temperature (RT). Rehydrate through graded ethanols (5 min each in 100, 96, 70%
ethanol and TBS) at RT.

Depending on the antibody, predigest the section with pronase (approx 0.01 mg/mL in
PBS, see Note 7).

Use 0.1 M glycin in TBS for 30 s to inactivate pronase. Transfer to TBS.

Alternatively or additionally, some antibodies require epitope unmasking by heat-treat-
ment: place sections into a beaker with 1000 mL of 0.1 M citrate buffer, pH 6.0, made up
with DEPCH,O. Irradiate in a domestic microwave oven (750 W) at maximum power for
up to 60 min (see Note 8). Allow to cool down and transfer to TBS.

3.1.2. Antibody Reactions

1.

2.

Nownk

Apply the appropriately diluted primary antibody in IH/ISH dilution buffer and incubate
for 20 min at RT (8; see Notes 9 and 10).

Flush the slides with 1X TBS. Take care to remove buffer as completely as possible to
avoid diluting subsequently applied reagents, but do not let the section dry out.

Apply appropriate bridging antibody (e.g., rabbit anti-mouse immunoglobulin) diluted in
IH/ISH dilution buffer including 1/8 vol of heat-inactivated normal serum for 20 min at
RT (see Note 10).

Flush the slides with 1X TBS.

Apply secondary bridging antibody, if appropriate (see Note 10).

Flush the slides with 1X TBS.

Apply APAAP complex (8), diluted 1:20 in I[H/ISH dilution buffer for 20 min at RT. Save
a few drops of the reagent to control the substrate solutions.

Steps 2-7 may be repeated for increased sensitivity (see Note 11).
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Table 1

Solution A

Final volume 50 100 150 200 250 300 350 400 450 500 mL
TBS, pH 9.7 35 70 105 140 175 210 245 280 315 350 mL
Propandiole 12.5 25 37.5 50 62.5 75 87.5 100 112.5 125 mL
Levamisole 20 40 60 80 100 120 140 160 180 200 mg
Table 2

Solution B

Final volume 50 100 150 200 250 300 350 400 450 500 mL
Na-AS-Bi-P 25 50 75 100 125 150 175 200 225 250 mg
DMF 0.3 06 09 1.2 1.5 1.8 2.1 2.4 2.7 3.0 mL
Table 3

Solution C

Final volume 50 100 150 200 250 300 350 400 450 500 mL
NaNO; 10 20 30 40 50 60 70 80 90 100 mg
H,O0 025 05 075 1.0 1.25 1.5 1.75 2.0 225 2.5 mL
5% New fuchsin 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 mL

3.1.3. Alkaline Phosphatase Development

The new fuchsin alkaline phosphatase (AP)-substrate solution (9; see Note 12) is
prepared from the solutions A, B, and C, which are made up prior to use in the follow-

ing order:

Solution A:

1. Mix APAAP development buffer consisting of TBS and 0.2 M propandiole in a baked
glass beaker.
2. Dissolve the appropriate amount of levamisole in the APAAP development buffer accord-
ing to Table 1.

Solution B:

3. In a fume hood, dissolve naphtol-AS-Bi-phosphate in DMF in a baked glass beaker
according to Table 2.

Solution C:

4. Immediately before use, prepare a solution of the appropriate amount of sodium nitrite by
dissolving the substance in bidistilled water.
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5.

6.

10.

Add the appropriate volume of 5% new fuchsin solution according to Table 3 and allow
to react under vigorous agitation for exactly 1 min (use a stopwatch!).

Combine the appropriate amounts of solutions A and B, mix well.

Add solution C, mix well, adjust to pH 8.8 by dropwise addition of 2 N HC, filter, control
the pH and, if necessary, adjust again to pH 8.8 and add H,O to the final volume (see
Note 12).

Control the AP-substrate solution by mixing an aliquot with a minute amount of APAAP
complex solution saved from Subheading 3.1.2., step 7.

Use the solution immediately, within 5 min, for developing of sections under constant
agitation.

Wash 3 times with 1X TBS, examine the staining result by microscopy, and proceed with
prehybridization.

3.1.4. Hybridization Pretreatment for In Situ Hybridization

—_

11.
12.
13.

COXNANE LN =

Incubate sections in 0.2 N HCI for 10 min at RT.

Rinse with depcH,O and 1X PBS for 30 s each.

Incubate in 0.01% Triton X-100 for 90 s at RT (for DNA probes, see Note 13).

Rinse in 1X PBS.

Digest with pronase (approx 0.125 mg/mL in 1X PBS, pH 7.2) at RT (see Note 7).
Block pronase with 0.1 M glycin in 1X PBS for 30 s at RT.

Rinse with 1X PBS for 30 s.

Postfix in ice-cold 4% paraformaldehyde for 20 min.

Rinse with 1X PBS for 3 min.

Acetylate sections with freshly prepared triethanolamine/acetic anhydride for 10 min at
RT (see Note 14).

Rinse with 1X PBS.

Dehydrate sections through graded ethanols with less than 10 s for each step (see Note 15).
Continue with application of the appropriate probe mixture.

3.1.5. DNA/RNA In Situ Hybridization

EBV DNA and RNA in situ hybridization protocols are detailed in Chapter 7. To

increase probe penetration into tissues, the fragment size should be adjusted to 20-30
bases as follows:

1.

Add an equal volume of hydrolysis buffer.

2. Incubate the mixture at 60°C. The hydrolysis time is calculated according to the formula (10)

t=(Lo-Lp/(k-Ly-Ly),
with t = hydrolysis time in min, L, = initial transcript length, L; = final transcript length,
and the constant k = 0.11 kb~! - min".
Terminate the reaction by adding an equal volume of stop solution.
Precipitate in 70% ethanol for more than 1 h at —70°C, centrifuge, re-dissolve in 10 mM
DTT and determine the incorporation of [3*S] by scintillation counting.

Dehydrate sections subjected to in situ hybridization with [33S]-labeled probes

through graded ethanols and air-dry. Autoradiographic detection of bound probes is
described in Chapter 7. If desired, use Meyer’s hematoxilin for nuclear counterstain-
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ing and mount in glycerol gelatin. Transfer sections exposed to digoxigenin-labeled
probes to TBS for immunohistology with digoxigenin-specific antibody.

3.1.6. Detection of Immobilized Digoxigenated Probe

Typically, this procedure applies to the detection of highly abundant transcripts
such as EBER or BHLF1 RNA which are virtually exclusive to the nucleus except for
mitotic figures. When alkaline phosphatase has been employed as a tag for the anti-
body used in the preceding steps of the IH/ISH procedure, peroxidase and 3,3-
diaminobenzidine tetrahydrochloride (DAB) chromogen-substrate are a good choice
to visualize the bound digoxigenated probe.

1. Block endogenous peroxidase using 3% hydrogen peroxide (H,O,) in distilled water
for 5 min at RT (see Note 16).

2. Rinse 3 times for 2 min each with 1X TBS.

3. Apply peroxidase-conjugated anti-digoxigenin-F,, fragments in a dilution of up to 1:1000
and incubate for 20 min at RT.

4. Rinse 3 times for 2 min each with 1X TBS.

5. Dissolve 6 mg of DAB in 10 mL of 0.05 M Tris-HCI, pH 7.6, add 0.1 mL of 3% H,0,,
filter, apply to the section, and incubate for 5 min at RT (see Note 17).

6. Rinse with TBS.

7. Counterstain nuclei with Meyer’s hematoxilin, if desired, and mount with glycerol gelatin.

3.2. Combined ISH-ISH Labeling

For this procedure, sectioning, fixation, labeling of RNA probes, pre-hybridization
and hybridization are carried out as described for simple ISH. However, the prepara-
tion of the hybridization mixture and the washing sequence differ (1-3).

1. Make up the probe mix with 8 x 10% cpm/mL [**S]-labeled RNA probe (equivalent to
approx 6 ng/mL) and 100 ng/mL digoxigenated EBER probe keeping the volume as
described for [33S]-labeled probes (Chapter 7).

2. After hybridization, perform washes including the RNase A step as described in Chap-

ter 7, Subheading 3.3.3., steps 5-9.

Transfer slides to TBS.

Detect digoxignated EBER probe in a single step using an AP-conjugated anti-

digoxigenin-F,, fragments (diluted in TBS up to 1:1000) for 20 min at RT.

Wash with TBS 3 times for 5 min each at RT.

Visualize alkaline phosphatase with new fuchsin as described earlier.

Dehydrate through graded ethanols, taking care not to dissolve the new fuchsin precipitates.

The slides are ready for autoradiography as described in Chapter 7 (see Note 18).

> w

® N

4. Notes

1. In our experience, autoradiographic silver grains are best documented against the back-
ground of a red chromogen. Substrates producing a red-colored product at the site of
enzymatic activity are available for both alkaline phosphatase and peroxidase, the most
frequently used reporter enzymes in immunohistology. 3-amino-9-ethylcarbazole (AEC)
as a substrate for peroxidase results in a bright red product which, similar to fast red for
alkaline phosphatase visualization is easily dissolved in ethanol and other solvents,
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whereas new fuchsin is more stable and permits dehydration through graded ethanols. We
are thus providing a protocol for detection of alkaline phosphatase activity with new fuchsin.

When detecting two targets by nonradioactive methods, the two colors should give a
good contrast and should be distinguishable when co-localized. A good contrast is
obtained for alkaline phosphatase/new fuchsin (red signal) and peroxidase/DAB (brown
signal). However, if the antigen is detected by immunostaining and the nucleic acid is
visualized by nonradioactive methods, a mixed color product may arise that is difficult to
distinguish if both targets localize to the same cellular compartment. From the technical
point of view, this combination has a number of advantages over other substrate combi-
nations and the problem of mixed colors is not important for transcripts with predomi-
nantly nuclear localization such as EBER and BHLF1 RNA. This combination is also
best for triple-labeling procedures combining IH with radioactive as well as nonradioac-
tive ISH (ISH-ISH) labeling procedures. Moreover, it is compatible with the use of
hematoxilin for nuclear counterstaining. We are therefore restricting ourselves to peroxi-
dase and DAB as a second substrate for two-color nonisotopic immunochemistry.

2. IH/ISH dilution buffer is made up under sterile conditions with 10X RPMI 1640 (with
phenol red serving as a useful pH indicator, similar buffer solutions will suffice as well),
sterile filtered BSA stock solution, heparin, and yeast tRNA. The pH is adjusted to pH 7.5
prior to reaching the final volume with DEPCH,0. Aliquots may be kept frozen.

3. The most commonly applied procedure is the application of ISH subsequent to IH, which
requires precautions to be taken to prevent loss of cellular RNA targets. In principle, it is
possible to perform the ISH in sequence prior to immunohistology. Many epitopes, how-
ever, even when resistant to formalin-fixation and paraffin embedding, do not tolerate the
denaturing conditions with high formamide concentrations present during hybridization,
and the heat denaturation when detecting DNA or using DNA probes. This results in
reduced or, often in case of monoclonal antibodies, loss of reactivity.

4. When immunohistology precedes the ISH labeling step, it is important to protect the cel-
lular RNA from attack of endogenous and exogenous RNases. This is achieved by the
addition of yeast-tRNA and heparin to all antibody preparations (8). Moreover, it is
equally important to reduce all incubation times to an absolute minimum. In most cases,
incubation times of less than 20 min will suffice. If the APAAP procedure is repeated, the
incubation periods may be further reduced to 5—-10 min.

5. Label the baked and APES-coated glass slides as thoroughly as possible on their frosted
area with a lead pencil in order to avoid unnecessary handling later on. Use gloves and
take care to remove talcum powder with a sterile towel and depcH,O, because the powder
may disturb the immunoenzymatic reactions and may interfere with microscopy, particu-
larly with darkfield illumination.

Prepare a minimum of three (serial) sections for immunostaining and ISH with the
anti-sense probe, at least one section for immunostaining and ISH with the sense (control)
probe, and at least one slide for ISH with the anti-sense probe without immunohistology.
The latter are developed with the last set of immunostained/anti-sense hybridized slides
and permit estimating the background (sense probe) and the loss of cellular target RNA
(anti-sense probe) during the course of the immunostaining procedure.

6. Frozen sections should be used immediately for best results. If this is not possible, fix
them in ice-cold acetone for 10 min, air-dry, and store at —80°C in air-tight boxes. Boxes
(and their contents) should be brought to RT, and sections fixed immediately in ice-cold
4% paraformaldehyde for 20 min prior to assaying.
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Best results are obtained with paraformaldehyde-fixed frozen sections. However, this
fixation restricts the spectrum of antibodies to those reacting with formalin-resistant
epitopes. Some antibodies require extended paraformaldehyde-fixation such as the CD68-
antibody PG-M1. When detecting antigens/epitopes sensitive to formalin or paraformal-
dehyde, sections may be precipitation fixed sequentially in acetone and chloroform for up
to 30 min each. The sections are then ready for application of the primary antibody and
should never dry out in subsequent immunostaining steps. Paraformaldehyde fixation
may then be carried out after the enzymatic development. Unlike paraformaldehyde, acetone
and chloroform do not reduce the endogenous RNase activity, so this procedure is not
suitable for the subsequent ISH for RNA transcripts with the exception of the highly
abundant and stable EBER molecules. The same considerations apply for cytospin
preparations.

7. A variety of proteases have been recommended for in situ hybridization. In our hands,
pronase has given reliable and reproducible results over many years. The concentrations
given are meant as a guideline only. It is important to titrate the pronase to establish the
conditions which will give the best signal without disrupting tissue morphology. It is
possible to vary the pronase concentration, the duration of the digestion, and the tempera-
ture. In particular, when the ambient temperature in the laboratory may be variable, it is
advisable to use an incubator, e.g., at 37°C. Factors which may effect the outcome of the
pronase digestion are type of fixative, length of fixation, and other variables of the embed-
ding procedure.

Nevertheless, once the optimal pronase digestion conditions have been established,
there is very little variation necessary for blocks from the same institution. Currently used
concentrations in our laboratories are 0.5 mg/mL for paraffin sections and 0.125 mg/mL
for frozen sections and cytospins. Higher concentrations may be required for DNA in situ
hybridization. To identify an appropriate pronase concentration, digest tissue sections
with different pronase concentrations keeping temperature and incubation time constant.
Counterstain sections and identify the pronase concentration that visibly starts to damage
the tissue; then, use half that concentration.

8. Irradiation of formalin-fixed paraffin sections in citrate buffer using a microwave oven
has proved useful for the detection of a variety of antigens. A variety of microwaving
conditions have been described including variations in energy, time, or buffer used.
Alternatively, domestic pressure cookers may be used. Optimum conditions have to be
determined individually in every laboratory. In our hands use of a large volume of citrate
buffer (1 L) has proved useful. It requires longer microwave irradiation time than smaller
quantities but makes substitution of volume lost through evaporation unnecessary. When
placing slides into a beaker for microwave irradiation, make sure they are not stacked too
tightly to ensure even distribution of heat.

9. The optimal concentration of the primary antibody in IH/ISH dilution buffer (including
heparin, but without the expensive tRNA) has to be determined in preliminary experi-
ments, because heparin nonspecifically binds to and inhibits not only RNase, but also
immunoglobulins. For alkaline phosphatase reactions, TBS is used instead of PBS,
because phosphate ions inhibit the enzyme.

10. Itis recommended to dilute antibodies in TBS containing heat-inactivated serum obtained
from the species from which the sectioned tissue was derived. This prevents nonspecific
reactivity of secondary antibodies with serum proteins absorbed by the tissue prior to or
during fixation. If the primary antibody is not a murine monoclonal antibody, but, e.g., a
goat antibody, an additional incubation step (“mousification”) is required employing, for
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11.

12.

13.

14.

15.

16.

17.

18.

this example, mouse anti-goat immunoglobulin before proceeding with rabbit anti-mouse
immunoglobulin and APAAP complex. If the primary antibody is from the rat, commer-
cially available rabbit anti-rat immunoglobulin and rat APAAP complex may be used.
The APAAP procedure may be repeated to enhance the sensitivity of the IH procedure by
increasing the amount of immobilized enzyme at the site of primary antibody binding.
This is performed by incubating the slides with the anti-mouse immunoglobulin and, after
washing, with APAAP for 5-10 min each. However, this extended exposure of the sections
to endogenous and exogenous RNases may result in weaker autoradiographic signals.

The preparation of the new fuchsin substrate as outlined is more laborious than the prepa-
ration of the fast red substrate described in Chapter 7, but it results in a more intensively
colored product (11). Moreover, new fuchsin is less readily soluble in ethanol and xylene,
permitting rapid dehydration through graded ethanols.

Treatment with Triton X-100 is optional and in our laboratories is used only for DNA in
situ hybridization.

The mixture of triethanolamine and acetic anhydrid must be prepared fresh immediately
before adding it to the sections. Acetylation is believed to reduce background by decreas-
ing nonspecific probe binding to glass. Whether this actually works is uncertain. How-
ever, it is included in our protocol for in situ hybridization with 33S-labeled probes. We
usually omit this step when working with nonradioactive probes.

Concentrated ethanol may remove the azo-dye precipitate, some other substrates are even
more sensitive to alcohol. In this case, remove as much of the PBS as possible and pro-
ceed directly with the application of the appropriate probe mixture.

Alternatively, use a commercial blocking agent. Do not use methanol as this may dissolve
the chromogen of the previous immunolabeling steps.

DAB is a possible carcinogen. The brown color can be enhanced by treatment with nickel
sulfate (12). Buffers must not contain sodium azide, because this will interfere with the
enzymatic reaction.

When attempting to detect two transcripts localizing to the same cellular compartment,
the probe detecting the transcript with the higher copy number should be labeled with
digoxigenin, and the other one should be isotopically labeled. If both targets are of suffi-
ciently high copy number to be detected by nonradioactive techniques, two-color
immunostaining may be used to detect the immobilized probes if the they do not localize
to the same cellular compartment. Target transcripts with predominantly nuclear local-
ization such as EBER or BHLF1 are therefore well-suited for two-color techniques in
conjunction with probes detecting cellular RNA transcripts. The cellular RNA with the
least abundance should be detected by the sensitive APAAP method and new fuchsin as
substrate, and the EBERSs are then visualized in a single-step reaction with peroxidase-
conjugated Fab fragments specific for digoxigenin. If the detection of both probes
involves the application of primary or secondary antibodies of the same animal species,
the peroxidase step is carried out with DAB development, the precipitates of which pro-
vide sufficient shielding of immune complexes from detection in the subsequent
immunostaining procedures. The peroxide has to be washed out completely prior to the
akaline phosphatase substrate reaction.
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Detection of EBV Infection at the Single-Cell Level

Precise Quantitation of Virus-Infected Cells In Vivo

Gregory J. Babcock, Emily M. Miyashita-Lin,
and David A. Thorley-Lawson

1. Introduction

The polymerase chain reaction (PCR) has become a powerful tool in the world of
molecular biology (). Using specific oligonucleotides complimentary to a known
sequence of DNA in conjunction with Taq DNA polymerase, it is possible to synthe-
size billions of copies of that DNA from only one starting molecule. The benefits of
this technique are numerous. This methodology is especially useful in the study of
Epstein-Barr virus (EBV). EBV-infected cells in the peripheral blood of healthy donors
are present at very low numbers in the order of 1-50 per 10° B cells (2). Direct detec-
tion of these infected cells is essentially impossible without PCR. Therefore, the
required PCR reaction must detect 1 EBV-infected cell in a background of 10°
uninfected cells to be able precisely and reliably to quantitate the number of infected
cells in a given donor.

By using PCR with this sensitivity, in conjunction with limiting dilution analysis, it
is possible to quantitate absolute numbers of infected cells in a given population. Pois-
son statistics can be applied to the limiting dilution analysis yielding a specific num-
ber of infected cells contained in the population.

To isolate large numbers of specific cells from a population to test for the presence
of EBV, the cells are labeled with subset specific monoclonal antibodies (MAbs). The
labeled cells can then be separated using a variety of different procedures including
magnetic beads (Dynal /3] and MACS [4]). We prefer the use of MACS as with this
method larger numbers of cells can be isolated in a relatively short period of time and
the purity of the positively selected population can be analyzed (not possible with
Dynal). Isolated populations can be further subfractionated using fluorescence acti-
vated cell sorting (FACS) technology. Although this offers a high degree of specificity
it is limited in the number of cells that can be processed. However, in principle any
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cell-fractionation technique that can be applied to the FACS can be used to enrich for
the desired population. For example, staining cells with propidium iodide (PI) and the
proliferation specific nuclear marker Ki67 has been used to separate resting and pro-
liferating populations of cells with FACS prior to DNA PCR analysis (5). Once a
population is isolated and the sensitivity of the PCR optimized (see Note 1)
quantitation of virally infected cells in that population can easily be determined.

2. Materials
2.1. Isolation of Mononuclear Cells From Peripheral Blood

Ficoll-Hypaque (Pharmacia).

60-mL syringe.

Heplock buffer: 0.36 g NaCl, 0.0227 g Heparin, made up to 40 mL with distilled H,O.
Alcohol swabs.

19G butterfly needle.

Cotton pads.

Tourniquet.

Band-aids.

0.5 M acetic acid.

10X PBS: 80 g NaCl, 2 g KCl, 2 g KH,PO,, 11.5 g Na,HPO, - 7TH,0O, made up to 1 L with
distilled H,O.

. PBSA buffer: 1X PBS, 0.5% bovine serum albumin (kept ice cold).

. MACS Cell Separation for B Cells

10X PBS as in Subheading 2.1.

PBSA buffer as in Subheading 2.1.

VarioMACS magnet (Miltenyi).

Streptavidin-coated microbeads (Miltenyi).

MACS cell separation columns (Miltenyi).

23G and 25G needles.

Biotinylated | CD19 antibody (or an alternative B-cell specific antibody).
| CD20-FITC antibody (DAKO).

FACScan (Beckton Dickinson).
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. Cell Digestion and DNA Isolation

Proteinase K (10 mg/mL).

Proteinase K digestion buffer: 0.45% Tween-20, 0.45% NP-40, 2 mM MgCl,, 50 mM
KCl, 10 mM Tris-HCI, pH 8.3, 0.5 mg/mL Proteinase K.

3. 96-well V-bottom microtiter plate (Falcon).

55°C Incubator.

5. Rotor for centrifuging microtiter plates.

2.4. EBV-Specific PCR

10X PCR buffer: 20 mM MgCl,, 500 mM KC1, 100 mM Tris-HCI, pH 8.3.

10 mM dNTP mix: 10 mM dATP, 10 mM dCTP, 10 mM dTTP, 10 mM dGTP.
20 pM EM2 primer (CTT TAG AGG CGA ATG GGC GCC A).

20 pM W1 primer (TCC AGG GCC TTC ACT TCG GTC T).

Taq DNA polymerase (Perkin Elmer).

o =

&

Al



Detection of EBV Infection 105

iy ®No

—_

7.
8.
9.
10.
11.
12.
13.
14.
15.

16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

200 uL MicroAmp reaction tubes with caps (Perkin Elmer).
GeneAmp 9600/2400 thermocycler (Perkin Elmer).
BJAB (EBV negative) and Namalwa (EBV positive with 1-2 genomes) cell lines.

. Isolation and Southern Blotting of PCR Products

Nusieve GTG agarose (FMG).

Seakem LE agarose (FMG).

50X TAE: 968 g Tris, 228.4 mL glacial acetic acid, 148.8 g ethylenediamine-tetraacetic
acid (EDTA), made up to 4 L with H,O.

6X DNA sample buffer: 0.25% bromophenol blue, 0.25% xylene cyanol, 30% glycerol.
Alkalization solution: 350.64 g NaCl, 80 g NaOH, made up to 4 L with H,O.
Neutralization solution: 350.64 g NaCl, 484.56 g Tris, adjusted to pH 7.5, made up to4 L
with H,O.

20X SSC: 3506 g NaCl, 1764g Nacitrate, made up to 20 liters with H,O.

Salmon sperm DNA (ssDNA) (10 mg/mL).

Nytran Plus (Schleicher and Schiill).

Polybags (National Bag Co.).

Polysealer (National Bag Co.).

Random primed DNA labeling kit (Boehringer Mannheim).

| -[3?P] dATP at 3000 Ci/mM.

| -[*?P] ACTP at 3000 Ci/mM.

100X Denhardts solution: 10 g Ficoll, 10 g BSA, 10 g polyvinylpyrrolidone, made up to
500 mL with H,O.

Prehybridization solution: 6X SSC, 1X Denhardts solution, 1% sodium dodecyl sulfate
(SDS).

Hybridization solution: 6X SSC, 50% formamide, 1% SDS, 2% dextran sulfate.

95% ethanol (ice cold).

5% Trichloracetic acid (TCA, ice cold).

10% TCA acid (ice cold).

Vacuum Erlenmyer flask with filter ready top.

Whatman filters (934-AH).

Wash A: 6X SSC, 0.25% SDS.

Wash B: 12X SSC, 0.8% SDS.

Kodak X-Omat AR film.

42°C water bath.

TES: 10 mM Tris-HCI, 1 mM EDTA, pH 8.0.

3. Methods

3.1.

Isolation of Mononuclear Cells from Peripheral Blood

(see Notes 2 and 3)

1.
2.
3.

Prepare a 60-mL syringe by filling it with 3 mL of Heplock buffer.

Obtain 60-240 mL of blood by routine venipuncture (see Note 4).

In a 50-mL conical tube, slowly layer 30 mL of blood onto 20 mL of Ficoll-Hypaque (see
Note 5).

Centrifuge at 900g for 30 min at 25°C.

Using a Pasteur pipet under vacuum, aspirate off the top serum phase of the resulting
gradient.
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6. At the interface of the Ficoll and the serum a white buffy coat of peripheral blood mono-
nuclear cells (PBMCs) should be seen. With a 25-mL pipet, remove the entire buffy coat
and transfer to a new 50-mL conical tube.

7. Dilute buffy coats 1:1 in PBSA.

8. Centrifuge at 500g for 15 min at 4°C.

9. Pour off the supernatant of all tubes and combine PBMCs to 50 mL with PBSA.

0. To count the cells, dilute 10 uL of the cell suspension in 90 uL of 0.5 M acetic acid. This
will lyse all red blood cells (see Note 6).

11. Centrifuge the remaining cells at 400g for 10 min at 4°C.

12. Resuspend the cells to 2 x 107 cells/mL in PBSA.

3.2. MACS Separation of B Cells (see Note 7)

1. Divide the cells into 1-mL aliquots (2 x 107/mL) in microcentrifuge tubes.
2. Add | CD19 antibody to each tube (4 uL for our laboratory produced antibody) (see Note 8).
3. Incubate on a rotator for 30 min at 4°C (see Note 9).
4. Centrifuge the cells at 300g for 5 min at 4°C.
5. Pour off the supernatant and resuspend the cell pellets in 1 mL of PBSA.
6. Repeat steps 4 and 5 a total of three times to wash off unbound antibody.
7. Resuspend the pellets in 180 uL of PBSA.
8. Add 20 uL of MACS streptavidin coated microbeads to each tube.
9. Incubate for 10 min at 4°C (see Note 10).
10. Wash the cells three times in PBSA as described in steps 4 and 5.
11. Resuspend the cells in 500 uL of PBSA.
12. Insert the MACS depletion column (AS, BS, or CS) into the VarioMACS magnet with the

stopcock and side syringe attached (see Note 11).

13. Inject 1 column volume of PBSA with the side syringe.

14. Allow the PBSA to flow out of the column into a collection tube.

15. Apply 10 mL of PBSA to the top of the column and allow it to flow through. Now the
column is ready for use.

16. Attach a 25G needle to the stopcock at the base of the column.

17. Apply cell suspension to the column and collect the flow through (negative fraction).

18. After all cells have passed over the column, wash the column by applying 3 column vol-
umes of PBSA.

19. Turn the stopcock to the backflush position and remove the column from the magnet.

20. Push 1 column volume of PBSA into the column with the side syringe.

21. Reinsert the column into the magnet, replace the 25G needle with a 23G needle, and
allow the column to run once again (see Note 12).

22. Collect this as your wash fraction.

23. Wash off nonspecifically bound cells by passing 3 column volumes of PBSA over the
column.

24. Turn the stopcock to the backflush position and remove the needle from the column.

25. Remove the column from the magnet and inject 1 column volume from the side syringe.

26. Allow the column to run and collect cells by running a total of 10 mL of PBSA through
the column (positive fraction).

27. All cell populations, pre column, negative fraction, wash fraction, and positive fraction
can be analyzed for purity using a Becton Dickinson FACScan with DAKO | CD20 anti-
body as described by the manufacturer.
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Digestion of B Cells

From the number of B cells isolated, you must determine a set of dilutions to use for
limiting dilution analysis (see Note 13).

Aliquot appropriate cell numbers to the wells of a V-bottom microtiter plate (see Note 14).
Centrifuge plate at 400g for 15 min at 4°C.

Aspirate off the supernatant of each well.

Add 10 uL of PK digestion buffer to each well.

Incubate the plate at 55°C (100% humidity) for more than 2 h. We recommend using only
the middle of the plate for samples while the outer wells are filled with water. The plate
should also be sealed with tape and an adhesive plate cover (see Note 15).

EBV-Specific PCR

Count the number of samples you have plus negative and positive controls (see Note 16).
This number (X) is used to make a master mix for PCR (see Note 17).

Prepare the master mix as follows: X uL of 10 mM dNTP mix, X uL of 20 pM EM2
primer, X uL of 20 pM W1 primer, 5 X uL of 10X PCR buffer, 32 X uL of high-perfor-
mance liquid chromatography (HPLC) grade H,O.

Vortex master mix.

Aliquot 8 uL of master mix to the appropriate number of 200 uL microamp reaction
tubes.

Briefly centrifuge the microtiter plate to collect any condensation.

Add 5 pL of each sample from the microtiter plate to the appropriate PCR reaction tube.
Heat all at 95°C for 5 min.

Prepare the Taq reaction mix as follows:

4.3 X uL of HPLC grade H,O.

0.5 X uL of 10 X PCR Buffer.

0.2 X uL of Taq DNA polymerase.

While the tubes are still in the heat block at 95°C, open each one and add 5 uL of Taq
reaction mix (see Note 18).

Carry the heating block with the tubes to a thermocycler preheated to 95°C.

Place all tubes in the thermocycler, stop the 95°C program and start a program consisting
of the following steps: 95°C for 15 s, 66°C for 1 min. Repeat this for a total of 30 cycles
followed by one 5-min extension step at 72°C.

. Isolation and Detection of PCR Products (see Note 19)

In a microcentrifuge tube, add 2 uL of 6 X sample buffer and 10 uL of PCR reaction.
Pour a 2% Nuseive GTG agarose, 1% Seakem LE agarose gel in 1X TAE (see Note 20).
Load all PCR samples and run gel at 100 Volts for 1 hin 1X TAE.

Wash the gel 2X for 15 min each in alkalization solution to denature the DNA.

Wash the gel 2X for 15 min each in neutralization solution.

Wash the gel for 10 min in 2X SSC.

Wash the gel for 10 min in 5X SSC.

Transfer DNA to nytran using the capillary action method, as described by the manufac-
turer, overnight.

Bake nytran at 80°C for 30 min.

. Place nytran in a plastic bag and add 10 mL of prehybridization solution per 40 cm? of

Nytran.
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11. Boil salmon sperm DNA (10 mg/mL) for 10 min to denature and quickly cool on ice.

12. Add denatured ssDNA to the prehybridization bag at a final concentration of 50 ug/mL
and seal the bag (see Note 21).

13. Incubate at 42°C for >3 h.

14. Random prime label purified PCR product (see Note 22) with |-[*>P] dATP and |-[**P]
dCTP as described by the manufacturer (Boehringer Mannheim) (see Note 22).

15. Add 80 uL of TES to the 20 uL labeling reaction and vortex.

16. In order to count the incorporation of label into the probe DNA, place the Whatman filter
on top of the erlenmeyer flask under vacuum.

17. Add 1 uL of the labeling reaction to the filter and let dry.

18. Rinse the filter with 10% TCA and let dry.

19. Rinse the filter with 5% TCA and let dry.

20. Rinse the filter with 95% ETOH and let dry.

21. Place the filter in a scintillation counter and obtain the CPM/uL.

22. Cut open the prehybridization bag and pour off the solution.

23. Add 10 mL of hybridization solution per 40 cm? of Nytran.

24. Boil the labeled probe and ssDNA for 10 minutes and quick cool on ice.

25. Add ssDNA to 50 ng/mL to the blot in the prehybridization solution.

26. Add the probe to 1 x 10° counts/mL of hybridization solution.

27. Incubate overnight at 42°C.

28. Carefully remove the hybridization solution from the bag.

29. Remove the blot from the bag.

30. Wash the blot 2 times in wash A for 15 min at room temperature.

31. Wash the blot in wash B for 30 min at 42°C.

32. Wrap the blot in plastic wrap and expose to X-Omat AR film at —70°C.

3.6. Frequency Calculation

1. Calculate the fraction negative for the presence of EBV at each dilution.

2. Plot the points on semilog graph paper using cell number on the linear scale and fraction
negative on the log scale.

3. Where the line intersects 0.37 fraction negative, this cell number contains 1 EBV-in-
fected cell. Extrapolate this number to get the frequency of infected cells per 10° cells
(see Note 24).

4. Notes

1. Optimization of this PCR must be done using control cell lines. As an EBV+ cell line, we
use Namalwa, which contains only 2 copies of the EBV genome. For a negative control,
we use BJAB. For best results, first start by purifying DNA from 1 x 10® Namalwa cells
using SDS/Proteinase K digestion and phenol/chloroform extraction (see Chapter 35).
Perform serial dilutions on the Namalwa DNA ranging from 1 x 10* to 1 cell equivalent
of DNA. Perform the described PCR on each making sure all can be easily detected. Next,
mixing experiments should be performed for 0.5, 1, and 2 Namalwa in a background of
10° BJAB (8 samples at each Namalwa concentration: total of 24 samples). From these
results, Poisson statistics can be used to determine if the expected number of positive
samples was attained. Another mixing method is to aliquot 10° BJAB into the wells of a
microtiter plate and use a cell sorter to distribute 1 Namalwa cell in each well of the plate.
Upon testing with PCR, all wells should be positive for the presence of EBV minus the
error of the sorter.
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10.
11.

12.

13.

14.

15.

16.

17.

18.

Always treat blood products as biohazard. Using gloves, lab coat, eye protection, and a
laminar flow hood is recommended. All blood product waste should be autoclaved and
disposed of appropriately.

All protocols done prior to the completion of PCR should be conducted in a designated
area that lacks the use of PCR products. This will minimize the chances of getting false
positives in your PCR. Trafficking between post-PCR and pre-PCR areas should be
avoided at all costs.

Blood should always be drawn by a trained phlebotomist.

When layering Ficoll, be sure not to mix the blood into the Ficoll. An interface should be
maintained at all times.

Counting PBMCs can be made difficult if red blood cells are present.

All steps during the MACS separation protocol should be performed in the cold room at
4°C. At warmer temperatures, cells internalize antibodies bound to their surface (cap-
ping), preventing efficient separation of the desired population.

Biotinylated | CD19 antibody should first be titrated before use in the MACS system. This
can be done by staining cells with a wide range of antibody concentrations and using
streptavidin-PE as a secondary reagent for detection. You should use the least antibody
necessary to see staining over background. Always remember that scaling up and down
with antibody staining rarely works as you would expect so titrate the antibody in the same
volume and same cell concentration as you will use during the real experimental staining.

Overincubation with antibody will lead to reduced purity in the positively selected population.
Overincubation with beads will lead to reduced purity in the positively selected population.
MACS procedures are essentially as described by the manufacturer. For more detail on
columns, and stopcock positions see product insert.

The lower the gauge of the needle, the faster the column will run. The needles used for
depletion and enrichment were chosen to obtain the maximum amount of cells with the
greatest purity. The gauge used can be adjusted to suit the purpose of the user. Higher
gauge needles result in less purity but better yield, and lower-gauge needles give excel-
lent purity with minimal yield.

Dilutions are determined empirically. If the frequency of infected cells in the peripheral
blood of a given individual is unknown, we recommend using a wide range of dilutions
from 1 x 10° cells to 1 x 10* cells with two-fold dilutions in between. Once a frequency is
known the dilutions to be used become obvious. Always use a minimum of 8 samples at
each dilution to ensure statistical significance in your results.

Digestion using this method is more appropriate for primary cells given that it will work
with up to 10° cells per well. However, if cell culture cells are to be used, the maximum
number distributed in each well should be 10* cells.

If the humidity of the incubator is not 100% you will get significant evaporation of your
samples.

For the PCR, negative controls are 1 x 10* BJAB cells digested in the microtiter plate
along with the samples. For a positive control, we purify DNA from Namalwa cells and
make a stock. The DNA from 1 x 10> Namalwa cells is then used in the PCR reaction for
positive control.

X should actually be a few greater than the number of samples to be tested to ensure you
will have enough reagents for each tube.

Once Taq DNA polymerase is added to the tube, it must not be allowed to cool to less
than 80°C. If this happens, mispriming of undesired templates will occur. This is a critical
step to ensure the performance of the PCR.
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19.

20.

21.

22.

22.

24.

Once the PCR cycles are complete, never take these samples back to the area in which
you purified cells and set up the PCR. This will undoubtably result in PCR contamina-
tion. Run gels and work with PCR products far from the area used pre-PCR. Also, never
enter the area where pre-PCR work is done immediately after working in the area where
PCR products are analyzed.

Other concentrations can be used depending on personal preference.

Bubbles should never be present in the bag. This will result in areas of the blot where
prehybridization or hybridization solution did not contact. To remove bubbles, roll them
out with a pipet and seal the bag before the bubbles reenter the blot area.

The probe DNA fragment is isolated by performing many PCR reactions on high concen-
trations of Namalwa DNA. PCR products are then resolved on agarose gels and frag-
ments purified using any one of several methods, such as DEAE paper purification or
Qiagen DNA isolation Kits.

Probe should be labeled exactly as described by the manufacturer. Always follow stan-
dard protocols for the handling of radioactivity when using labeling materials.

The Poisson distribution is based on the formula s = e™ where s = the fraction negative
events observed and m = the expected mean frequency of events. If an average of 1 event
is occurring in the samples tested, the fraction negative will be about 0.37. This calcula-
tion can be used in any situation. For example, if you have 4 out of 8 samples positive for
EBYV at 3 x 10° cells tested, the frequency of EBV-infected cells will be 0.7 in 3 x 10° or
2.3in 1 x 10°. When multiple dilutions are tested, calculation of an accurate frequency is
performed as follows. Using semi-log graph paper, plot the log of the fraction negative at
the specific dilution versus the cell number tested. This should give a straight line through
1 at O cells tested. Such a straight line is confirmation that single events (a single genome
in this case) are being detected. The error in the measurement can be estimated from the
lower and upper boundary of the line. Alternatively, repeat analysis confirms a typical
error of 30% (2). For samples with too few signals to calculate an accurate frequency, the
result can be expressed as the number of positive samples for the number of cells tested
along with a 95% confidence limit based on the Poisson distribution. For example if a
total of 107 cells were tested and 1 positive signal was detected, the frequency would be 1
in 107 (95% confidence limit 0.5). Consult a statistics textbook for more details on the
application and use of Poisson statistics.
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Detection and Discrimination of Latent and Replicative
Herpesvirus Infection at the Single Cell Level In Vivo

Lisa L. Decker, Gregory J. Babcock,
and David A. Thorley-Lawson

1. Introduction

Herpesviruses have two distinct phases to their life cycle. Characteristically, they
persist as a latent infection for the lifetime of the infected host. This usually involves a
very small number of infected cells in a particular tissue where the virus is present at
very low copy number and there is limited or no viral gene expression. The other
phase of the life cycle involves replication of the virus to produce infectious virus.
This typically involves expression of a large number of genes and high copy numbers
of the viral genome, but again can be highly restricted to a small number of cells in a
specific location. One characteristic that distinguishes latent and lytic infection is the
form of the viral genome. In latently infected cells, the genome is circular, whereas
during lytic replication the genome is linear. We have taken a gel technique where
linear and circular herpesvirus DNA migrate with known and different mobilities, the
Gardella gel (1), and combined it with a highly sensitive DNA polymerase chain reac-
tion (PCR) system (2,3, and Chapter 7 in this volume), that can be used to detect a
single copy of the viral genome in 10° uninfected cells. The result is a technique that
can be used to determine if a single infected cell is present in a tissue sample and
distinguish if the cell is latently or lytically infected. This technique has several advan-
tages over other methods that typically involve some form of reverse transcriptase
(RT)-PCR, for distinguishing latent from lytic infection. These advantages are:

1. DNA PCR is simpler and less error-prone than RT-PCR.

2. DNA PCR can be quantitated, whereas RT-PCR is not quantitative and usually less sen-
sitive so lack of a signal by RT-PCR cannot be assumed to mean no infection.

3. Latent persistence may not be associated with expression of any specific genes, therefore
anegative result from RT-PCR again cannot exclude the possibility of infection. By com-
parison, the Gardella PCR approach depends only on the presence of the viral genome

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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and can be used to detect a single viral copy in 10° cell genomes, therefore a negative
signal is indicative of no infection.

The Gardella PCR technique requires only that a sequence long enough to perform PCR
be known. A positive signal at the correct mobility means there is an intact herpesviral
genome present. This method is critical for confirming that a DNA PCR product is de-
rived from intact viral genomes and not from fragments of virions or viral DNA. As such
the method is particularly applicable to new herpesviruses that may not have been fully
sequenced and for which little or no gene expression is known.

To perform the technique, intact cells are placed into the sample wells of a standard
agarose gel. A mixture of sodium dodecyl sulfate (SDS) and pronase is then electrophore-
sed through the sample, causing a gentle lysis and release of the DNA, which is fraction-
ated through low-melt agarose. The circular or episomal DNA is large and migrates at the
exclusion volume of the gel, whereas linear DNA is able to “snake” through the gel,
allowing it to migrate faster. The sample lane from the gel is sliced, DNA extracted from
each slice, and DNA PCR for the viral genome performed to detect the genomes. By
comparison to standard markers, latently infected cells for episomal DNA and virions for
linear DNA, it is possible to identify precisely the slice number where each specific form
of the viral genome migrates.

In summary, this method has general applicability to all herpesviruses for which some
DNA sequence is available and allows the unequivocal identification of sites of latent
persistence and viral reactivation at the single cell level.

2. Materials

2.1

1.
2.

W=

Sample Preparation

RPMI 1640.

10 x PBS: 80 g NaCl, 2 g KCl, 2 g KH,PO,, 11.5 g Na,HPO, x 7H,0, made up to 1 L with
distilled H,O.

1X TBE,,,,: 8.9 mM Tris base, 8.9 mM boric acid, and 0.8 mM ethylenediaminetetraacetic
acid (EDTA).

Gardella sample buffer: 20% Ficoll 400 and 0.01% bromophenol blue in 1X TBE,,,.

. Gel Preparation

IBI model HRH or comparable horizontal gel box and a 20 well 2 mm comb.

4 L of cold 1X TBE,,,, (see Subheading 2.1.).

20% SDS in 1X TBE,,,.

20 mg/mL self-digested pronase in 1X TBE,,,. Self-digested pronase is prepared by incu-
bating the enzyme for 4 h at 37°C. The enzyme can then be stored in aliquots at —20°C
Seakem LE agarose and Seaplaque GTG agarose (FMC, ME).

. Generation of Gel Slices

Paper template.

. Sterile razor blades, number 10 scalpels, pipet tips, and microcentrifuge tubes.

. Extraction of DNA from Gel Slices

65-70° C and 42° C heat blocks
}-agarase and equilibration buffer (FMC).
10 M ammonium acetate.
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4. 100% and 70% ethanol.

5. Sterile distilled or HPLC water.
3. Methods
3.1. Sample Preparation

1. Wash up to 2.5 x 10° cells in 1X PBS or RPMI-1640.

2. Centrifuge at 4°C for 10 min at 200g.

3. Aspirate the supernatant and thoroughly, yet gently, resuspend the pellet in 50 uL. Gardella
sample buffer. Keep cells at 4°C (see Note 1).

3.2. Gardella Gel Preparation (see Fig. 1)

1. Set up the gel tray with a comb approx 4 cm from the top of the gel.

2. Pour 300 mL of molten 0.75% Seakem LE agarose into the gel tray and allow it to poly-
merize. Prepare all agarose with 1X TBE,,,, (see Note 2).

3. Excise an area of the gel below the wells into which the sample will be electrophoresed
(see Note 3).

4. Replace the excised gel with molten 0.75% Seaplaque agarose and allow polymerization.

5. Excise the agarose above the wells.

6. Prepare the 0.8% Seakem agarose containing 2% SDS and 1 mg/mL pronase. To do this,
add 5 mL of 20% SDS to 42.5 mL of molten agarose. Swirl and allow to cool to 50-55°C.
Add 2.5 mL of 20 mg/mL self-digested pronase and swirl (see Note 4).

7. Pipet the Seakem agarose containing SDS and pronase into the area above the wells. Take
care not to introduce any bubbles.

8. Once polymerized, immediately place the gel tray into the gel box containing enough
cold 1X TBE,,, to cover the gel.

9. Gently resuspend the cells again by pipetting up and down (see Note 5).

10. Load the gel and electrophorese for 2-3 h at 40 V followed by 12-18 h at 160 V at 4°C
(see Note 6).
3.3. Generation of Gel Slices

1. Rinse the gel while still in the gel tray in 1X TBE,,, to remove residual SDS and place on
ice.

2. Make a paper template of the gel by drawing an outline of the lane(s) (same width as the
wells). At 0.5-cm increments, draw lines to denote the slices to be made within the lane(s)
(see Note 7). The template should be positioned under the gel tray.

3. Using the template as a guide, excise the lane(s) using sterile razor blades and slices
using sterile scalpels (Fig. 1). It is essential to prevent carry-over contamination dur-
ing this step. To do this, cut the right hand side of the lane, starting with the outer-
most edge of the well, with four tandemly aligned razor blades. Move the blades,
while maintaining their same orientation, to the left hand edge of the well and cut that
side. Starting with the bottom of the gel, the area farthest from the comb or wells,
make slices using sterile scalpels. At least four scalpels should be used to prevent
carry-over contamination: use one for cutting up to the linear region, one through the
linear region, one for the region between episomal and linear DNA, and one for the
episomal region.

4. Sterile toothpicks or pipet tips can be used to maneuver each slice into a microcentrifuge

tube. A different toothpick or pipet tip should be used for each slice.
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Fig. 1. Diagram of a Gardella gel analysis. An agarose gel (dark shading) is poured in an IBI
model HRH horizontal gel box with the sample wells about 4 cm from the top of the gel as
shown (upper panel). The region above the wells is excised and replaced with agarose contain-
ing SDS and pronase (light shading) and an area below the wells, where the samples are to be
run, is excised and replaced with low melting point agarose (white area). Samples containing
intact cells are loaded into alternate wells to reduce the chances of cross contamination. The
approximate relative migration point following electrophoresis of episomal and linear viral
genomes is indicated. Individual lanes are excised and sliced according to the template. The
DNA is extracted from each slice and PCR performed for viral sequences followed by Southern
blotting for the specific products (lower panel). For every experiment a positive (+) and several
negative (—) PCR controls are performed. The location of the experimental samples is indicated
by vertical lines. In this example, the expected results for a tightly latent cell, which should
only have episomes (A), virion DNA, which should only have linear genomes (B) and a hypo-
thetical sample with both linear and episomal DNA (C), are depicted. Episomal DNA migrates
to slice 3—4 and linear DNA to slice 11-12.
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3.4. Extraction of DNA from Gel Slices (see Note 9)

1. Equilibrate the gel slice with 1 mL equilibration buffer for 1 h at room temperature.

2. Decant the supernatant and remove any residual buffer with a pipet.

3. Completely melt the gel slices at 65-70°C for 15 to 20 minutes.

4. Allow the samples to cool on the heat block to 42°C.

5. Add 1 mL of }-agarase to each tube.

6. Vortex and return the samples to the 42°C heat block to digest over night.

7. Briefly spin the samples in a microcentrifuge to collect condensation.

8. Incubate the samples on ice for at least 5 min to precipitate any undigested agarose.

9. Spin the samples in a microcentrifuge for 5 min at 13,000g at room temperature.

10. Transfer the supernatant to a fresh microcentrifuge tube.

11. To each sample, add 10 M ammonium acetate to a final concentration of 2.5 M.

12. Add 2.5 vol of 100% of ethanol to each tube and allow the DNA to precipitate overnight
at —20°C.

13. Spin the samples at 13,000g for 20 min at 4°C and remove the supernatant.

14. Wash the DNA pellets in 70% ethanol.

15 Repeat step 13 and allow the DNA to air dry for approx 1 h.

16. Solubilize the DNA in 50 uL. of HPLC H,O overnight at 4°C.

17. PCR specific for the herpesvirus of interest is then performed. In the case of Epstein-Barr
virus (EBV) the protocol for detection of a single genome in as many as 10° uninfected
cells was originally described in Miyashita et al. (3) and Khan et al. (2). An updated
version of the protocol is detailed by Babcock et al. in Chapter 7 of this volume (see Note 10).

4. Notes

1. Itis imperative to use only fresh cells and tissues to avoid artifactually generating linear
viral DNA.

2. To maintain the integrity of the wells, it is advisable not to pour the entire gel with low
melting point agarose. The entire gel can be assembled in a cold room to expedite poly-
merization.

3. When removing the Seakem agarose, cut as close to the wells as possible without destroy-
ing them. Use a chopping motion with the razor blade, rather than sliding it along, to help
prevent tearing the gel.

4. The Seakem agarose containing the SDS must be cooled to 50-55°C before the pronase is
added in order to prevent destroying the enzyme. Once the SDS/pronase gel is set, the
Gardella gel must be run immediately to prevent the SDS and pronase from leaching into
the buffer.

5. Efficient lysis will only be obtained if the samples are thoroughly resuspended. However,
this should be done gently because it is crucial to maintain the integrity of the cells in
order to avoid generating artifactual linear DNA. If multiple samples are to be analyzed,
load at least every other lane. This will help alleviate problems with cross-over contami-
nation and facilitate the subsequent gel processing steps.

6. The gel must be run at 4°C to help inhibit endogenous nucleases and to prevent the gel from
over-heating. Initially, the gel is run at a low voltage to allow the migrating SDS and pro-
nase to lyse the cells. The voltage is then increased to resolve the episomal and linear DNA.

7. Slices made this size will keep the gel volume to a level where microcentrifuge tubes can
be used for all subsequent manipulations.

8. Extreme care must be taken during the entire procedure to avoid contaminating the gel

and slices with virus or PCR products. The gel should be assembled in an area away from
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10.

all sources of contamination. For example, do not work in an area where any of the fol-
lowing have been or are currently in use: constructs containing the region of the virus to
be amplified by PCR, PCR products, or purified virus. A separate set of reagents and
equipment should be set aside and used only for the DNA PCR-modified Gardella gel
analysis (see Chapter 7, Note 19).

This is an adaptation of the }-agarase protocol provided by FMC. Occasionally, residual
SDS within the gel slices will inactivate the enzyme and give incomplete digestion. This
results in a substantial agarose contamination of the DNA that can inhibit PCR. Best
results are obtained if the agarase digestion is begun as soon as the slices are generated
(without gel slice storage). If agarose contamination does occur, the samples can be
extracted 3 times with phenol and once with chloroform:iso-amyl alcohol (24:1). The
DNA can be precipitated as described in Subheading 3.4., steps 11-16. Alternatively, if
arelatively large number of viral copies are present within the sample (>1000), the slices
can simply be melted at 70°C for 15 min and used directly for PCR. However, the reac-
tion cannot contain more than 5-10% of the gel slice.

The episomal and linear regions should resolve cleanly, i.e., there should be no viral
DNA in the intervening portions of the gel (see Fig. 1). There are several reasons why
these fractions may not appear to resolve appropriately. If the cells have not lysed effi-
ciently bound protein can alter the migration of the DNA giving rise to a smear in the
Gardella gel. This generally occurs if the pronase is old, has lost activity or is from a bad
batch. If too much viral DNA is present (>1000 copies), cross-over contamination can
become a serious problem if the slices are not properly generated. Finally, the gel may
have become contaminated with virus from an exogenous source.
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Virus Isolation

Lindsey M. Hutt-Fletcher and Susan M. Turk

1. Introduction

There have been no reports of the direct entry of Epstein-Barr virus (EBV) into a
fully permissive lytic cycle in any cell in vitro. Virus does, however spontaneously
move from latency into a lytic cycle of replication in a very small percentage of the
population of most B-cell lines in culture and this number can, with varying degrees of
efficiency, be increased by use of inducing agents. Typically, current production meth-
ods involve induction of the lytic cycle in B cell lines and harvest of virus from spent
culture medium several days after induction. There are three cell lines that are com-
monly used for this purpose because they respond well to induction stimuli. These
lines are the B95-8 cell line, a marmoset lymphoblastoid cell line transformed by virus
obtained from a patient with infectious mononucleosis (1); and two lines derived from
Burkitt’s lymphoma tissue, the P3HR1 cell line (2) and the Akata cell line (3). B95-8
cells and P3HR1 cells are usually induced with phorbol esters, sodium butyrate, or a
mixture of the two (4). In addition, replication can be induced in the Akata cell line by
crosslinking cell surface immunoglobulin (5).

1.1. Choice of Cell Line

The choice of cell line is determined by the amounts of virus needed and the pur-
pose to which it is to be put. Both the B95-8 line and the Akata cell line produce
transforming virus. The P3HR1 strain virus is transformation defective, but can be
used to superinfect cell lines that are latently infected with EBV such as the Raji cell
line (4). At one end of the scale, yields of virus are greatest from the Akata cell line,
probably because induction mediated by treatment with anti-human immunoglobulin
induces a larger percentage of cells to enter the lytic cycle than do treatments with
either phorbol esters or butyrate. Induction is also synchronous. However, the Akata
strain virus has not been sequenced, as has the B95-8 strain (6, and see Chapter 1), and
for some purposes this may be of consequence. At the other end of the scale, if all that
is needed is sufficient virus to derive cell lines from freshly isolated human B cells
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(see Chapter 13), culture supernatant from the B95-8 cell line can frequently be used
directly without induction and without concentration or purification. Phorbol esters
can of course have stimulatory effects on cells and residual anti-human immunoglobu-
lin present in preparations of Akata strain virus may be a potential confounder in some
experiments. There may thus be occasions when it is preferable to use the small
amounts of virus that can be recovered from the 5-10% of P3HR1 and B95-8 cells that
may enter the lytic cycle spontaneously. Most cultures of Akata cells produce negli-
gible amounts of virus without induction.

1.2. Concentration and Purification

Over the years several different protocols for concentration of virus from culture
media have been used, including filtration and precipitation with polyethylene glycol
(PEG). The most straightforward method, which requires only very basic laboratory
equipment, is concentration by centrifugation, and although this may result in some
loss of viability of virus, it is most appropriate for study of virus structural proteins
and for isolation of virion DNA. Virus purification methods are also many and varied,
but the most frequently used protocol for isolating enveloped virus, which is described
here, involves repeated sedimentation in dextran gradients (7,8).

2. Materials
2.1. Cell Culture and Induction

1. Complete RPMI medium: RPMI 1640 medium supplemented with 10% heat-inactivated
fetal bovine serum (FBS). Penicillin (100 IU/mL) and streptomycin (100 pg/mL) may
also be added if desired.

2. 12-O-tetradecanoylphorbol-13-acetate (TPA) stock solution: 1 mg/mL in ethanol:acetone
50:50.

3. 1 M sodium butyrate stock solution.

4. Affinity purified anti-human immunoglobulin G (see Note 1).

5. 150-cm? plastic tissue-culture flasks.

6. 37°C, 5% CO, humidified incubator.

2.2. Concentration

1. 250-mL sterile conical polypropylene centrifuge bottles (Corning).

2. 250-mL polycarbonate centrifuge bottles, which can be decontaminated by immersion in
sodium hypochlorite or sterilized in an autoclave.

3. Bacitracin stock solution: 10 mg/mL in water filtered-sterilized by passage through a 0.2
Mm-pore filter.

4. High speed centrifuge with rotor that will take 250-mL centrifuge bottles, e.g., Sorvall
GSA rotor.

5. 0.8-pm pore filters.

6. RPMl/bacitracin: RPMI 1640 medium supplemented with 100 pig/mL bacitracin.

2.3. Purification

1. Dextran T-10 (Pharmacia).
2. TNB buffer: 0.01 M Tris-HCI, pH 7.2, 0.15 M NacCl, 100 pg/mL bacitracin.
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3.
4.
5.

14 x 89-mm thin-wall polyallomer centrifuge tubes.
25 x 89-mm centrifuge tubes.
Beckman SW 41 Ti and SW 28 rotors or equivalents.

3. Methods

3.1.

1.

W

3.2.

N =

Cell Culture and Induction

If the virus is to be concentrated, seed 20 tissue culture flasks with approx 50 mL of a
suspension of cells growing in complete RPMI medium at 37°C and an atmosphere of 5%
CO, (see Note 2). Feed the cells by diluting them 2-3 times/wk until the total volume of
confluent cells (approx 1 x 10%/mL) is 200 mL/flask. The last feed of 30-50 mL may be
done with RPMI 1640 without FBS and should be done the day before induction so that
the viability of the starting culture is high (>90%). Ensure that the cell density never falls
below 5 x 103/mL. If the virus is not to be concentrated but used directly for transforma-
tion, much smaller volumes of culture, as needed, can be grown.

If P3HR1 or B95-8 cells are to be induced, on day 0 add TPA to a final concentration of
20-30 ng/mL or TPA together with sodium butyrate to a final concentration of 4 mM (see
Note 3). Harvest the cells on d 5. Cells that are not induced should be harvested on the
fifth day after reaching confluence.

If Akata cells are to be induced, pellet the cells in 250-mL sterile conical centrifuge bottles
at 200g for 10 min. Resuspend the cells pelleted from each 250-mL aliquot in 25 mL
complete RPMI medium at 4 x 10° viable cells per mL and 50 plg/mL anti-human immu-
noglobulin. Return 50 mL of concentrated cells to each of 8 of the original tissue culture
flasks and reincubate them at 37°C. Four hours later, double the volume with complete
RPMI medium (see Note 4) and reincubate the cells (d 0). Harvest the cultures on d 5.
To harvest virus from small volume cultures, centrifuge at 800g for 10 min at 4° C to
remove the cells.

Filter the supernatants through a sterile 0.8 pm-pore filter to remove any remaining cells.
Aliquot the supernatants containing virus and store them at —80°C.

Concentration

Transfer large volume cultures to 250-mL polycarbonate centrifuge bottles (see Note 5).
Centrifuge the cultures at 4000g for 10 min at 4°C to pellet the cells. Pour off the superna-
tants into clean bottles, add bacitracin to a final concentration of 100 pg/mL (see Note 6)
and centrifuge the supernatants again at 16,000g for 90 min at 4°C to pellet the virus (see
Note 7).

Discard the supernatants and resuspend the pellets in RPMI/bacitracin or, if the virus is to
be purified, in TNB. If the virus is to be purified on dextran it is resuspended in 1/100 of
the volume of the culture after induction. It can be resuspended at higher concentrations,
as desired, if it is not to be layered on dextran gradients.

Centrifuge the concentrated virus 2-3 times at 800g for 10 min at 4°C to remove any
remaining cell debris, discard the pellets. Filter the virus-containing supernatant through
0.8 pm-pore filters to complete removal of the cells.

Aliquot the virus and store at —80°C or proceed to the purification procedure.

. Purification

Make up solutions of 5, 10, 15, and 30% (w/v) dextran in TNB (see Note 8).

. Gently layer 2 mL of each dextran solution, beginning with the 30% dextran and proceed-

ing through to the 5% dextran, in a 14 x 89-mm thin-walled polyallomer tube. Although
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other tubes can obviously be used if necessary the length and breadth of this particular
tube is extremely convenient and provides a good separation of interfaces.

Layer no more than 2 mL of concentrated virus in TNB on top of the gradient.
Centrifuge the gradient at 76,000g for 60 minutes at 4°C.

Remove everything down to the 15-30% interface and collect this interface.

Transfer the collected material to a centrifuge tube that will hold at least 30 mL and fill
the tube with TNB. Pellet the virus at 60,000g for 60 min. As an alternative, virus can be
dialyzed to remove dextran and pelleted from a smaller volume.

Remove and discard the supernatant and resuspend the virus pellet in 1-2 mL TNB.
Repeat steps 1 through 6.

9. Resuspend the virus pellet in the medium of choice for further use.

Sk w

® =

4. Notes

1. Affinity purified anti-human immunoglobulin can be obtained commercially (e.g., ICN
cat. # 55049). It is, however, very expensive and investigators who anticipate a continu-
ous need for large scale virus production might consider making their own. This can be
done relatively easily by purifying immunoglobulin G from human serum on a protein
A-agarose affinity column, immunizing a rabbit, purifying the rabbit immunoglobulin G
on a protein A-agarose affinity column and repurifying the antibody on a column of human
immunoglobulin G coupled to a substrate such as Affigel-10. A rabbit immunized with
500 pg of human immunoglobulin G might be expected, after three injections, to yield
approx 30 mg affinity purified anti-human immunoglobulin from 15 mL serum.

2. The starting volume of cells to be used obviously depends on the needs of the investiga-
tor. The amount given here is merely one that the authors have found to be convenient.
However, the relative amounts of anti-human immunoglobulin used and the cell concen-
trations should be retained for optimal results.

3. The choice to use TPA or TPA and sodium butyrate depends on the behavior of each cell
line. It has been the experience of the authors that this is something that has to be deter-
mined empirically and cannot be assumed to be same for B95-8 or P3HR1 cell lines from
different sources. The efficiency of virus induction is the variable that most affects virus
yield and it is not a stable property of any cell line. It is therefore advisable to check the
number of cells that are induced within a population before large-scale virus production
is attempted. This can be done by inducing small volumes of cells and air-drying samples
of induced cells on glass slides at 48 h after induction. Cells should be fixed in ice-cold
acetone for 10 min and reacted in an indirect immunofluorescence assay with a mono-
clonal antibody (MAD) to a late virus protein to ensure as well as is conveniently possible
that a complete lytic cycle has occurred. The antibody 72A1 (9), produced by hybridoma
#HB168 from the American Type Culture Collection, is a good choice for this purpose as
it reacts with the abundant late glycoprotein gp350/220 and provides an excellent fluores-
cence signal. If Akata cells have been induced with anti-human immunoglobulin care
should be taken to obtain a fluorescein-conjugated second antibody that does not
crossreact with the antibody used for induction. If at least 35% of cells are positive for
fluorescence by this assay, a reasonable virus yield can be expected, e.g., sufficient to
produce enough purified virus DNA for restriction endonuclease digestion and visualiza-
tion with ethidium bromide.

If the number of cells that are induced is low, further passage may result in an increased
efficiency of induction. In general, however, it has been the experience of these authors
that cells kept in continuous culture for periods of 4 or 5 mo or more become more diffi-
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cult to induce over time. One approach to this problem is to single-cell clone a culture and
look for individual clones that are readily induced. The second is to obtain new stock,
either from other investigators or from frozen stocks. Whenever a line induces well it is
advisable to freeze some cells for this purpose. When such frozen stocks are recovered
they may not reach maximal levels of induction for the first 4 or 5 wk in culture, but after
this time they will frequently return to the high levels of induction they showed before
being frozen.

4. An induced culture of Akata cells starts out on d 0 at a concentration of approx 2 x 10°
cells/mL. This cell number will increase and produces a very dense culture that may give
the impression of being contaminated.

5. Concentration of virus can be carried out under sterile conditions if required. There are
several brands of 250-mL centrifuge tubes on the market, however, not all are autoclavable.

6. Bacitracin is used to reduce virus aggregation.

7. All the centrifuge tube sizes and centrifugation times can of course be modified using the
appropriate formulae to maintain the same separations.

8. The higher concentrations of dextran are difficult to get into solution and may take as
long as 1-2 h to dissolve. The amount of dextran required to make the 30% solution has a
volume almost equivalent to that of the final solution.
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Generation of Lymphoblastoid Cell Lines (LCLS)

Teresa Frisan, Victor Levitsky, and Maria Masucci

1. Introduction

Epstein-Barr virus (EBV) is a lymphotropic ~ herpes virus. Infection of human B
cells with EBV in vitro results in their immortalization and the resulting cell lines are
named lymphoblastoid cell lines (LCLs) (1). In these cells, EBV establishes mainly a
latent infection, characterized by the expression of a limited number of viral proteins.
LCLs express 6 EBV nuclear proteins (EBNAI to 6), 3 membrane proteins (LMP1,
LMP2A, and LMP2B) and two small untranslated nuclear RNA molecules (EBER1
and EBER?2) (reviewed in refs. 2, 3). LCLs have the phenotype of highly activated B
cells as assessed by expression of activation markers (CD23, CD39), high levels of
expression of adhesion molecules (LFA1, LFA3, ICAM1) and MHC class I and 11
alleles (reviewed in ref. 4). Owing to these characteristics, these cells are highly
immunogenic (reviewed in ref. 5) and provide a useful tool for reactivation of EBV-
specific cytotoxic T cells (CTLs) in vitro. EBV-transformed LCLs can be obtained by
explantation of blood or lymphoid tissues from EBV seropositive individuals without
need for exogenous infection (6). In addition, LCLs from EBV seropositive and sero-
negative donors can be obtained by in vitro infection of peripheral blood mononuclear
cells (PBMCs) with EBV. The most commonly used strain for laboratory work is
derived from the marmoset cell line B95.8 (see Chapter 1 and ref. 7). Production of
supernatant from this virus producer cell line is described in Subheading 3.4.

2. Materials

1. PBMCs obtained by Ficoll/Hipaque isolation from peripheral blood (see Chapter 9, Sub-
heading 3.1.) or lymphnode biopsies when available (see Note 1).

2. RPMI 1640 medium (Gibco).

3. RPMI complete medium: RPMI 1640 medium supplemented with 10% fetal calf serum
(FCS), 2 mM L-glutamine, 100 U/mL penicillin, and 100 U/mL streptomycin.

4. Spent supernatant from the virus producer cell line B95.8 (see Subheading 3.4.).

5. Cyclosporin A (Sigma).

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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48-well plates.

24-well plates.

Tissue culture dishes (100 x 10 mm) and bottles (75 cm?).
Sterile disposable scalpels.

. Sterile 3-L flask for cell culture.

. 37°C, CO,, humidified incubator.

Methods

3.1. Spontaneous LCLs from Peripheral Blood

1.

Plate 5-10 x 10° PBMCs per well in a 48-well plate in 0.7-0.8 mL of RPMI complete
medium with 0.1 ug/mL Cyclosporin A (see Note 2). Cultures are maintained in a 37°C,
5% CO, humidified incubator.

Feed the cultures weekly by replacing half of the medium with fresh medium (see Note 2).
After a period of 5-8 wk, foci of EBV transformed B blasts start to grow. When the cultures
are growing well (see Note 3), it is possible to expand the culture from the 48-well plate to
24-well plates and then to 75 cm? culture bottles.

3.2. Spontaneous LCLs from Lymphoid Tissue

Coat a 24-well plate with FCS by spreading a drop on the bottom of each well with a
sterile Pasteur pipet. Leave the plate open for 10 min to dry (see Notes 4 and 5).

Place the lymphnode biopsy in a sterile tissue culture dish and finely mince it with sterile
disposable scalpels into approx 1 mm? fragments.

Place 2-3 fragments in the FCS coated 24-well plates and add 2 mL of RPMI complete
medium supplemented with 0.1 ug/mL Cyclosporin A. Culture at 37°C in a 5% CO,
humidified incubator.

Feed the cultures weekly by replacing half of the medium with fresh medium containing
Cyclosporin A during the first 15 d. After 5-8 wk, colonies of virus-transformed B cells
start to grow. To expand the cultures proceed as described in Subheading 3.1.

3.3. In Vitro B95.8 Transformed LCLs

PBMCs infection with the B95.8 EBV strain is achieved by resuspending 3-5 x 10° cells
in 35 mL of B95.8 spent supernatant for 2 h at 37°C (see Note 1). 10° cells/mL is the
optimal condition for infection, although it is possible to increase this to 2 x 10 cells/mL
and, depending on the virus titer, up to 107 cells/mL.

Spin down the cells at 1000g for 10 min and resuspend the pellet in RPMI complete
medium supplemented with 0.1 ug/mL Cyclosporin A.

Plate 5 x 10° cells/well in 0.6-0.7 mL medium/well in a 48-well plate. Culture at 37°C in
a 5% CO, humidified incubator.

Feed the culture weekly by replacing half of the medium with fresh medium (see Note 2).
After 3-5 wk foci of EBV transformed B blasts start to grow. For expansion of the cul-
tures proceed as described in Subheading 3.1.

3.4. Production of Supernatant from the B95.8 Virus Producer
Cell Line

The marmoset cell line B95.8 is permissive for EBV replication and therefore is a

good source of infectious viral particles (7). This cell line grows in RPMI complete
medium (see Subheading 3.1.). Growth in medium with low percentage of FCS favors
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the spontaneous activation of the lytic cycle and consequently virus production is
higher.

1.

Culture the B95.8 cells at a seeding concentration of 0.5 x 10° cells/mL in 1 L of RPMI
incomplete medium (RPMI complete medium with 2% FCS instead of 10% FCS) at 37°C
in a 5% CO, humidified incubator for 2 wk.

Collect the cell culture in a sterile bottle and keep the virus stock at 4°C (see Note 6).
The quality of the virus stock is usually evaluated by its efficiency to infect the EBV-negative
cell line BJAB (8). Viral infection is evaluated as percentage of EBNA-positive cells.

4. Notes

1.

2.

20 mL of peripheral blood from an EBV seropositive donor are sufficient for isolating
PBMCs to establish spontaneous and in vitro B95.8 transformed LCLs.

Cyclosporin A is essential to avoid T cell-mediated responses against EBV infected B cells.
It is recommended to maintain Cyclosporin A in the medium for the first 15-21 d of culture.
It is important not to split the culture too early, because cell concentration is very impor-
tant for cell growth, therefore just replace half of the medium twice a week and disaggre-
gate the cell clumps by pipetting. When you see formation of big cell clumps and the
culture medium turns yellow owing to the metabolic activity of the cells it is possible to
expand the culture as described.

The FCS coating allows the biopsy fragments to adhere at the bottom of the well. In this
way it is also possible to obtain autologous fibroblasts.

It is important to work using sterile techniques in order to avoid bacterial or fungal con-
tamination.

Because the majority of the viral particles are retained inside the cells, do not discard the
cell debris because this can reduce the viral titer.
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Cell Cycle Distribution
of B-Lymphocytes and Cell Lines

Alison J. Sinclair

1. Introduction

Epstein-Barr virus (EBV) is able to override the mechanisms that normally regulate
the proliferation of human B-lymphocytes. In the absence of other extracellular sig-
nals, EBV infects resting B-lymphocytes and drives the infected cells into the cell-
division cycle. Recently, there has been much interest in defining the molecular
mechanisms by which EBV reprograms the cell cycle control machinery in B-lympho-
cytes (I-19).

This chapter will deal with three cell-cycle methods that are widely used to detect
changes in cell-cycle control. Although the protocols are specifically described for
primary B-lymphocytes, lymphoblastoid cell lines (LCLs), and B-lymphoma-derived
cell lines, they can be readily adapted for the analysis of cell-cycle control in other cell
types. The protocols allow for the identification of proliferating cells, comparisons
between the rate of proliferation of different populations of cells and the identification
of the proportion of cells within distinct phases of the cell cycle. None of these meth-
ods on their own are sufficient to fully describe a change in cell cycle control and two
or more are frequently combined within an investigation. For example, if a decreased
rate of DNA synthesis (identified by thymidine incorporation assays) is observed in
combination with an increase in the proportion of cells in the GO/G1 phase of the cell
cycle (identified by propidium iodide [PI] staining/fluorescence-activated cell sorting
[FACS] analysis), it suggests that cells have arrested in the G1 phase, implying that a
Gl cell-cycle checkpoint has been activated.

1.1. Distribution of Cells Within the Cell Cycle

The DNA content within a cell changes during the cell division cycle from a 2 n
content in both quiescent (GO) cells and during G1-phase, to between 2 n and 4 n
during DNA synthesis (S-phase). The 4 n DNA content is maintained during G2-phase
until mitosis (M-phase) is complete and the cells return to a 2 n content (Fig. 1).

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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GO

Fig. 1. The phases of the mammalian cell cycle. The phases of the mammalian cell cycle are
shown, together with the DNA content present in each phase.

The distribution of cells between these phases can be readily determined using
FACS analysis (20,21). A fluorescent DNA binding dye, such as PI, is used to stain
the DNA within a population of cells. The cells are then applied to a FACS analyzer
where the fluorescent dye is excited by a laser and the deflected and emitted light
are collected by a series of detectors. The resulting data is stored in the form of list
mode data that typically contains between 3 and 9 pieces of information for each par-
ticle that passes through the FACS analyzer. Generally information is collected for
between 2,000 and 10,000 particles for each analysis. The signals originating from
cells as opposed to debris are identified by their characteristic forward and side light
scattering properties and this subgroup can be gated electronically for further analysis.
The emitted light is proportional to the DNA content of a cell and when the informa-
tion for the subpopulation is plotted as a histogram, a profile is obtained of the number
of cells with distinct DNA contents (Fig. 2). Calibration with a cell type of known DNA
content, such as quiescent (GO) human lymphocytes, identifies the location of the 2 n
signal. From this information, the location of the 4 n DNA content can be estimated with
any signals between representing cells with a DNA content between 2—4 n.

1.2. Rate of DNA Synthesis

The rate of DNA synthesis within a population of cells can be readily measured
using a radioactive analog of thymidine, Me[*H] thymidine, which is incorporated
into cellular DNA during replication. The theory underlying the technique is simple,
Me[*H] thymidine is added to the culture medium and after a defined period of time
the cells are harvested onto filter mats, lysed with water, and washed extensively to
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Fig. 2. DNA histogram of an EBV-immortalized LCL. The cells were stained with PI as
described in Subheading 3.1. and analyzed on a Coulter FACS analyzer. The proportion of
cells in the various phases of the cell cycle was estimated manually applying gates to the 2 n,
4 n, and 2—4 n populations as shown.

remove any “free” Me[*H] thymidine. The Me[*H] thymidine which has been incor-
porated into DNA and trapped on the filter is then quantitated by liquid scintillation
counting. This technique has two major advantages over FACS analysis, (1) the sensi-
tivity of the technique is such that it requires few cells (between 1 and 5 x 10* cells per
sample) and (2) multiple samples can be analyzed simultaneously using a 96-well
plate format and a semi-automatic cell harvester.

1.3. Estimating the Proportion of Proliferating Cells

This technique is a variation on the Me[*H] thymidine incorporation assay described
above. An antigenically distinct analog of thymidine, 5 Bromo-2'-deoxy-uridine (BrdU),
is used to mark cells that are actively synthesizing DNA (22). BrdU is added to the cell-
culture medium for a defined period of time, then the cells are harvested onto glass slides
and fixed. The next step is to identify the cells that have incorporated BrdU using a
specific antibody. This requires cellular DNA to be accessible to the antibody and a
variety of techniques have been used to achieve this.

These use either acidic conditions combined with elevated temperatures or enzy-
matic digestion and both approaches are thought to generate areas of single-strand
DNA, which are accessible to the antibody. The use of fluorescent-labeled monoclonal
antibodies to BrdU allows the percentage of positive cells to be readily determined.

2. Materials
2.1. Distribution of Cells within the Cell Cycle

1. Cell fixation solution: 80% (v/v) ethanol, store at 4°C.
2. PBS: 0.8% (w/v) NaCl, 0.02% (w/v) KCI, 0.144% (w/v) Na,HPO,, 0.024% (w/v)
KH2PO4, pH 7.0.
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3. PI stain: 100 ug/mL propidium iodide, 0.1% (v/v) Triton X-100 in PBS, the solution is
light-sensitive, store at 4°C.

4. RNase A: 2 mg/mL in PBS, heat to 70°C for 20 min, then store at 4°C.

5. FACS, e.g., available from Beckton Dickinson or Coulter.

2.2. Rate of DNA Synthesis

Me[*H] thymidine at 4 Ci/mmol, 1 uCi/uL.

Semi-automatic multichannel cell harvester, e.g., available from Skatron or Dynatech.
Filter mats for cell harvester, e.g., available from Skatron or Dynatech.

Multipurpose scintillation cocktail and liquid scintillation counter set for [*H] e.g.,
Beckman LS6000 set on channels 0—400.

96-well tissue culture plates.

Complete tissue culture medium (appropriate to cell type in use).

k=

N

2.3. Estimating the Proportion of Proliferating Cells

BrdU: 10 mM 5-Bromo-2'-deoxy-uridine in PBS, store in aliquots at —20°C.
Glass slides: pre-cleaned with ethanol.
BrdU cell fixation solution: 70% (v/v) ethanol in 50 mM glycine, pH 2.0, store at —20°C.
Nuclease/anti-BrdU cocktail: 150 U/mL of EcoRI, 300 U/mL of exonuclease III, FITC-
conjugated anti-BrdU antibody (dilution as recommended by the manufacturer), in 66 mM
Tris-HCI, 0.66 mM MgCl,, 1 mM 2-mercapto-ethanol, 1.0% (v/v) fetal calf serum (FCS),
pH 8.0. Prepare fresh for each experiment.
5. Cell staining box: 15 x 10 cm plastic box with airtight lid, add paper tissues to base and
approx 10 mL of sterile H,O. Insert a small rack to lay the slides on.
6. PBS: see Subheading 2.1.
7. Mounting medium: 1.0% (w/v) DABCO in 90% (v/v) glycerol and 1X PBS, pH 8.5, store
in the dark.
8. Fluorescence microscope: e.g., Zeiss axiphot with camera attachment.
9. 24-well tissue culture plates.
10. FCS: fetal calf serum.
11. Complete tissue culture medium (appropriate to cell type in use).

b .

3. Methods
3.1. Distribution of Cells within the Cell Cycle

1. Harvest 1 x 10° cells by centrifugation at 100g for 5 min.

2. Remove the medium and resuspend the cell pellet in the residual medium by gentle
vortexing.

3. Add 1 mL of cell fixation solution and leave at 4°C for a minimum of 1 h (see Note 1).

Harvest cells by centrifugation at 100g for 5 min.

5. Remove the cell-fixation solution and resuspend the cell pellet in the residual solution by
gentle vortexing.

6. Add 300 uL of PI stain and 5 uL of RNase A, then leave in the dark at room temperature
for at least 30 min (see Note 2).

7. Resuspend cells by vortexing (see Note 3).

8. Analyze cells by FACS according to the manufacturer’s guidelines using a laser emitting
at 488 nm.

9. Forward and side scatter information can be used to exclude debris from the analysis.

>
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10.

11.

3.2.

10.
11.

PI bound to DNA has a peak emission maximum at 639 nm (20), which can be detected
after passage through a 600 nm long-pass filter on the FL-2 and FL-3 detectors (Beckton
Dickinson FACS) or the PMT-3 and PMT-4 detectors (Coulter FACS).

The proportion of cells with a DNA content of 2 n (the GO and G1 populations), 4 n (the
G2 and M populations) and 2—4 n (the S-phase population) can be determined using the
manufacturer’s software or by manually applying gates to the regions (see Fig. 1).

Rate of DNA Synthesis

For each sample, aliquot 200 uL of cells, in triplicate, in culture medium into three wells
of a 96-well plate.

Prepare a dilution of Me[*H] thymidine in culture medium, for example 20 uL of Me[*H]
thymidine added to 5 mL of culture medium is sufficient for one 96-well plate. Add 50 uL.
to each well. The final concentration of Me[*H] thymidine in the labeling reaction is
0.8 uCi/mL.

Incubate at 37°C for between 1 and 4 h.

Harvest the cells onto filter mats 12 wells at a time, using a semi-automatic multichannel
cell harvester. Wash with water for 1 min and allow the filter mats to air dry.

. Mark the filter mats into 1 cm? grids corresponding to the location of the samples and

excise the sample areas. Transfer each to a scintillation vial and add 5 mL of multipur-
pose scintillation cocktail.

Leave the vials in the dark for 12-24 h then determine the incorporation of Me[*H] thy-
midine by the cells by counting the vials in a liquid scintillation counter set for [°H].
Express the data as Me[*H] thymidine incorporated per hour per cell.

Calculate the mean value and standard deviation for each sample from the triplicate val-
ues (see Note 4).

. Estimating the Proportion of Proliferating Cells

. For each sample, aliquot 1 mL of cells, in triplicate, in cell culture medium into three

wells of a 24-well plate.

Prepare a dilution of bromodeoxyuridine (BrdU) in cell-culture medium, for example 25 uL.
of 10 mM BrdU added to 2.5 mL of culture medium is sufficient for one 24-well plate. Add
100 uL to each well. The final concentration of BrdU in the labeling reaction is 10 uM.
Incubate at 37°C for between 1 and 4 h.

Harvest cells by centrifugation at 100g for 5 min.

Remove the cell-culture medium and resuspend the cells gently in the residual medium
with a vortexer.

Suspend cells in 100 uL. PBS supplemented with 1% (v/v) FCS. Apply 10 uL of the cell
suspension as a drop to a 5 mm diameter area on each of two slides and allow to air dry
(up to eight samples can be added to each slide).

Fix the cells by immersing the slides in BrdU cell fixation solution at —20°C for 30 min-
utes (see Note 5).

Wash the slides for 5 min in 100 mL of PBS. Repeat the wash twice more.

Add 100 uL of either the nuclease/anti-BrdU antibody cocktail or a nuclease only cock-
tail to the duplicate slides. Place the slides in the staining box in a 37°C incubator to
create a warm, humid environment for between 30 and 60 min and process in parallel.
Wash the slides for 5 min in 100 mL of PBS. Repeat the wash twice more.

Add 20 uL of mounting medium to the cells and apply a coverslip.
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12.
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View with a fluorescence microscope using phase contrast. Photograph three representa-
tive areas for each sample, first with white light to visualize the total cell population,
followed by UV light to visualize the BrdU positive cells (see Note 6).

13. Count the number of BrdU positive cells and the total number of cells in a given field of
view and calculate the percentage of the population that are BrdU positive.
4. Notes

1. Cells can be left in cell fixation solution for up to 3 mo at 4°C.

2. Cells can be left in PI stain for up to 1 wk at 4°C.

3. Clumps of cells can be disrupted by gentle mixing with a vortexer or by passing them
through a 17G needle attached to a 1-mL disposable syringe.

4. The assays are usually performed in triplicate for each growth condition and/or cell type.
For proliferating LCLs, 1,000-10,000 cpm of Me[*H] thymidine are typically incorpo-
rated by 1 x 103 cells under these conditions.

5. Immunodetection of incorporated BrdU requires partial denaturation of cellular DNA in
order to expose the incorporated BrdU. This can be achieved using further acid treatment,
however, in our experience few lymphocytes survive the process, whereas the enzymatic
digestion described here is more reliable. Kits containing cocktails of enzymes and anti-
bodies are available from both Boehringer Mannheim and Amersham.

6. Incorporated BrdU appears as grainy spots within the nucleus. Cells that were not incu-
bated with BrdU should always be included in the analysis as negative controls.
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Introduction of Plasmid Vectors
into Cells Via Electroporation

Ann L. Kirchmaier

1. Introduction

When studying the contributions of Epstein-Barr virus (EBV) to tumorogenesis, it
is often advantageous to analyze the effects of the expression of one viral protein on
the host cell separately from the effects of other viral proteins that are being concur-
rently expressed during a normal infection. Electroporation is a method of introducing
a plasmid expressing the viral protein of interest into cells and, for long-term studies,
generating cell lines that stably express that viral protein. This chapter will present
strategies for: 1) optimizing electroporation conditions for a given cell line, 2) deter-
mining the efficiency of transfection of that cell line under those optimized condi-
tions, and 3) selecting for cell lines that stably maintain the introduced DNA. A method
for determining the susceptibility of cell lines to drug selection—a prerequisite for
generating cell lines stably maintaining a desired DNA and expressing a desired pro-
tein—will also be described.

Electroporation is the process of using a high-voltage discharge to permeablize
reversibly cell membranes. This method can be used to introduce foreign DNA into
mammalian cells. An electroporator generally consists of an external DC power sup-
ply, one or more capacitors that can be connected in parallel by switches, a switch to
allow the charged capacitor(s) to discharge, a discharge current-limiting resistor, one
or more timing resistors that can also be connected in parallel by switches (or a poten-
tiometer to vary the resistance), a monitoring system such as an oscilloscope, and a
sample chamber. The capacitor(s) can be charged using the power supply and subse-
quently discharged through a sample chamber containing the cells plus DNA resus-
pended in an appropriate buffer. The operator can adjust the size of capacitance by
opening or closing switches that connect multiple capacitors in parallel. Similarly, the
operator can adjust the pulse length by opening or closing switches that connect the
timing resistor(s) in parallel.

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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The electric field across the chamber during electroporation can be monitored with
an oscilloscope. The voltage waveform is the pattern of rise and exponential decay of
voltage as the capacitors discharge. The rise time is the time required for the voltage to
reach 90% of its peak value. The fall time is the time required for the voltage to fall to
37% of its peak value (the time required for the voltage to decay to 1/e [e = 2.718; the
base of natural logarithms] of its peak value). The fall time is determined by the total
resistance of the electroporator (the resistance from the sample chamber itself plus the
resistance from the potentiometer) multiplied with the capacitance with which it is in
parallel. The fall time can be controlled by varying the capacitance and by using a
potentiometer to vary the resistance through the circuit. Changing the fall time affects
the amount of time that the cells are exposed to an electric field. Too short a fall time
could result in transient pore formation, which is insufficient to allow large DNA mol-
ecules to enter cells, whereas too long a fall time will result in the permeability of the
membranes becoming irreversible and will subsequently lead to cell death. The volt-
age peak and fall times obtained will depend on both the electronic configuration of
the electroporator used as well as the resistance provided by the sample chamber it-
self. For example, a 1 cm sample chamber containing 0.5 mL of 1X PBS will have a
resistance of 200 ohms. The voltage selected on the electroporator will not necessarily
correspond to the voltage measured across the sample upon electroporation. There-
fore, when attempting to reproduce conditions of electroporation for a given cell line
between electroporators from two different sources, the investigator should identify
the voltage peak measured across the sample in the first machine and reproduce those
conditions on the second machine. If the internal resistance and the resistance across
the sample chamber for the first electroporator are known, then the voltage peak for
any given voltage setting on that electroporator can be calculated using the formula
Vp =Vo x Rc/(Rc + Ri) where Vp is the voltage peak, Vo is the voltage setting on the
electroporator, Rc is the resistance across the chamber, and Ri is the internal resis-
tance of the electroporator. Similarly, if one knows the internal resistance and the
chamber resistance for the second machine, one can calculate the voltage setting for
the second electroporator required to reproduce the voltage peak observed on the first
electroporator. Thus, when reporting conditions of electroporation used, one should
always state the voltage peak and the fall time of the discharge wave form, not the
instrument settings. (For a detailed description of instrumentation available for
electroporation and the theory of electroporation, consult refs. 7-6).

When optimizing electroporation conditions for a given cell line, one must take
into account both the efficiency of transfection (the uptake and expression of DNA)
and the efficiency of survival of cells following electroporation (3). As the voltage
applied to the sample chamber increases, the percentage of cells surviving electro-
poration decreases (3). The optimal electroporation conditions should reflect a bal-
ance between transfection efficiency and cell survival. The percentage of cells that
survive electroporation is also affected by the solution used to resuspend cells and
DNA during electroporation. For example, the percentage of cells surviving electro-
poration is generally greater for cells electroporated in complete tissue culture medium
plus buffering agent than it is for cells electroporated in complete tissue culture medium
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alone (B. Sugden, personal communication). Cells resuspended in complete tissue cul-
ture medium during electroporation are more likely to survive than those resuspended in
phosphate-buffered saline (PBS) (3). Therefore, electroporation of cells resuspended
in complete tissue culture medium plus a buffering agent is recommended.

The amount of input DNA required for a given level of gene expression varies
between cell lines. In addition, the linear response of increased protein expression
relative to increases in input DNA varies among cell lines (3). In fact, increasing the
amount of DNA introduced into cells does not necessarily result in a corresponding
increase in the amount of protein expressed. The introduction of large amounts of
DNA into cells can sometimes specifically inhibit the expression of the reporter gene
itself. For example, introduction of amounts of effector DNA encoding latent mem-
brane protein-1 (LMP-1) that leads to its expression at physiological levels or higher
can inhibit transcription from a reporter gene in a dose-dependent manner (17). Addi-
tionally, some investigators have found that introduction of high concentrations of one
DNA inhibits expression of a second DNA and interpreted the inhibition to result from
competition for limiting cellular factors that act in trans (7). Thus, a wide range of
DNA concentrations should be tested when optimizing electroporation conditions.

When studying gene expression, investigators should be aware that the method of
transfection itself can potentially affect gene expression in recipient cells. Electro-
poration of some cell lines derived from EBV-positive Burkitt’s Lymphomas, includ-
ing Raji, EB1, and EB2, results in a transient reduction of the production of endogenous
LMP-1 mRNA and a corresponding transient decrease in the expression of LMP-1
protein (8). Transient expression of endogenous BamHI H leftward reading frame 1
(BHLF 1) is reduced following electroporation as well, whereas the level of Epstein-
Barr viral nuclear antigen 2 (EBNA-2) mRNA is unaffected. In contrast, the expres-
sion of LMP-1 is not affected by electroporation in the lymphoblastoid cell lines 721,
B95-8 and GM2783. This transient decrease in expression of LMP-1 in some cell lines
also occurs when DNA is transfected into cells using cationic lipids (8). Therefore, if
electroporation of a reporter gene that is known to function under certain conditions
results in the lack of expression of that reporter gene, one should consider the possibil-
ity that the transfection procedure itself has adversely affected gene expression. How-
ever, in general, electroporation serves as an efficient means of introducing foreign
DNA into cells that are often otherwise resistant to transfection.

2. Materials

2.1. Culture and Preparation of Cell Lines for Electroporation

1. Appropriate complete tissue-culture medium: For example, for 143B cells (9), DMEM-HG,
10% calf serum, 0.2 mg/mL streptomycin sulfate, 200 U/mL penicillin G potassium. Store
at 4°C.

2. PBS:0.137 M NaCl, 2.7 mM KCl, 5.4 mM Na,HPO,, 1.8 mM KH,PO,. Adjust pH to 7.4
and filter through a 0.2-u filter.

3. 1X trypsin: dilute 10X trypsin (Gibco-BRL, containing 0.5% trypsin, 5.3 mM ethylenedia-
minetetraacetic acid [EDTA]-4Na) in PBS. Filter through a 0.2-um filter and store at 4°C.

4. TCM-H: Add 1/20 vol of 1 M HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid, Gibco BRL cat. no 15630-080 or equivalent), pH 7.4-7.6, to complete tissue culture
medium, giving a final concentration of 50 mM HEPES. Store at 4°C.



140 Kirchmaier et al.

1X Trypan Blue: 0.4% Trypan Blue in PBS. Filter through a 0.2-um filter (see Note 1).
1X Eosin Y: 0.1% Eosin Y, 0.2% sodium azide in PBS. Filter through a 0.2-u filter.
70% ethanol.
Tissue-culture flasks or dishes, e.g., 15-cm dishes (Flacon 3025 or Corning 430599),
24-well cluster dishes (1.5-cm diameter wells, Corning 3526), 60-mm gridded dishes
(Corning 430196).

9. 50-mL conical tubes.
10. Hemocytometer.
11. 37°C, CO, humidified incubator.

®© oW

2.2. Determining Transfection Efficiency of Cell Lines

Fixative: 1% glutaraldehyde, 100 mM NaPO,, pH 7.0, | mM MgCl,. Store at 4°C.

1 M K Fe(CN)43H,O. Store at —20°C, thaw at 70°C.

0.5 M K;Fe(CN)g. Store at —20°C, thaw at 70°C.

20% X-gal. Store at —20°C.

X-gal cleavage buffer: 10 mM phosphate, pH 7.0, 150 mM NaCl, 1 mM MgCl,, 3.3 mM
K Fe(CN)g - H,0, 3.3 mM K;Fe(CN)g, 0.2% X-Gal. Make fresh for each experiment.

6. 70% glycerol in PBS or 10% glycerol in PBS (for adherent or suspension cells,
respectively).

M e

2.3. Drug Selection for Introduced Plamids
and Cloning Selected Colonies

1. Hygromycin B: 10 mg/mL stock solution in PBS. Adjust pH to 8.0 with glacial acetic
acid (drop by drop, to approximately 0.2% acetic acid). Filter through a 0.2-um filter.
Store at 4°C.

2. G418-Sulfate (Geneticin, Gibco-BRL): 100 mg/mL stock solution in PBS. Filter through

a 0.2-um filter. Store at 4°C.

Purimycin: 1 mg/mL stock solution in PBS. Filter through a 0.2-um filter. Store at 4°C.

Whatman 3 MM paper, cut into 0.5-cm squares, autoclaved.

70% ethanol.

3.7% formaldehyde in PBS.

0.14% methylene blue in 100% ethanol.

N LR W

3. Methods

3.1. Determining Cell Survival and the Transfection Efficiency
of Cell Lines Following Electroporation; Optimizing the Parameters

1. Harvest the cells during exponential growth (see Note 2). For attachment-independent
cells, transfer the cells in medium directly into a 50-mL conical tube. For attachment-
dependent cells, remove the medium and wash the cells with PBS. Remove the PBS, then
wash the cells with 1X trypsin. Remove the trypsin and incubate for approx 1 min (see
Note 3). Add complete tissue-culture medium to resuspend the cells and to inactivate the
trypsin. Transfer the cells in medium into a 50-mL conical tube.

2. Determine the number of viable cells by diluting a small aliquot (for example 100 uL)
into 1X Trypan Blue or 1X Eosin Y in PBS and counting live (dye-excluding) vs dead
(dye-absorbing) cells using a hemocytometer.

3. Pellet the cells by centrifugation at 270g for 10 min. Remove the medium.

4. Wash the cells with 10 mL of PBS and pellet cells as in step 3; remove the PBS.
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18.

19.
20.

21.

22.

Resuspend the cells to 1 —2 x 107 viable cells/mL in TCM-H.

To a 0.5-mL aliquot of cells (5 x 10° — 1 x 107) add 10 ug of purified plasmid DNA such
as CMV-}gal (CMV-}gal contains the }-galactosidase gene driven by the CMV pro-
moter [10]) or an equivalent reporter plasmid (see Notes 4—-6) and vortex briefly to mix.
Prior to electroporation, rinse the cuvets three times with H,O to clean and two times with
70% ethanol to sterilize and allow to dry in a laminar flow hood. Alternatively, after the
second ethanol wash, wash cuvets three times with sterile 1X PBS, remove PBS, and use
cuvets immediately (see Note 7).

Transfer the cells plus DNA to the sample chamber and electroporate (see Note 8).
Incubate the cells from one electroporated sample in 20 mL of complete tissue-culture
medium in 15-cm dishes or flasks appropriate for adherent or suspension cells, respec-
tively. Allow the cells to grow in a humidified incubator at 37°C and in 5% CO, for 24 h.
After electroporation, rinse the cuvets three times with H,O to remove any remaining
DNA and cells. Soak the cuvets for several hours in H,O, if necessary. Rinse cuvets two
times with 70% ethanol and store for future re-use.

Following 24 h incubation, harvest and count viable cells as described in steps 1-3. Resus-
pend the cells to 1 x 10° cells/mL in fresh complete tissue culture medium.

Replate the cells at 1 x 10° and 5 x 107 cells per 60-mm gridded dish (or flasks for suspen-
sion cells) in 5 mL of complete tissue-culture medium. Incubate in a humidified incubator
at 37°C and in 5% CO, for 24 h.

For attachment-dependent cell lines, remove the medium from the plate and wash the
cells with 5 mL of PBS. Remove the PBS. See steps 18-22 for attachment-independent
cell lines.

Fix the cells by adding 2 mL of fixative to the plate and incubating for 15 min at room
temperature. Remove the fixative.

Wash the cells with PBS and remove the PBS. Overlay the cells with 2 mL of X-gal
cleavage buffer and incubate for 30 min to overnight at 37°C, depending on the cell line,
to detect }-galactosidase expression (see Note 9) (11).

Remove the X-gal cleavage buffer and rinse the cells with PBS. Overlay the cells with 2 mL
of 70% glycerol in PBS and store at 4°C until ready to count the cells.

Count all of the blue and the white cells in each of 10 squares (6 mm?) for each replicate of
each sample and determine the percentage of blue cells present using a phase contrast or a
light microscope without a filter. The percentage of blue cells detected reflects the trans-
fection efficiency of the cell line under the electroporation conditions tested (see Note 6).
For attachment-independent cells, harvest, count, and pellet the cells by centrifugation at 270g
for 10 minutes as described in steps 1-3. Resuspend the cells to 1 x 10° cells/mL in PBS.
Place a couple of drops of suspended cells on a glass slide. Allow the slide to dry.
Incubate the slide with the attached cells in fixative for 15 min at room temperature.
Remove the fixative and rinse the slide with PBS.

Incubate the slide in X-gal cleavage buffer for 30 min to overnight at 37°C, depending on
the cell line (see Note 9). Remove the X-gal cleavage buffer and rinse the slide with PBS.
Overlay the cells with a few drops of 10% glycerol in PBS. Count the cells as described in
step 17.

3.2. Determining Susceptibility of Cell Lines to G418, Hygromycin B
or Purimycin.

1.

Harvest the cells during exponential growth and count the cells as described in Subhead-
ing 3.1., steps 1-3. Resuspend attachment-independent cell lines to 1 x 10* cells/mL of
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complete tissue-culture medium and seed 1 x 10* cells per well in a 24-well cluster dish.
For attachment-dependent cell lines, plate the cells at a density of 1-5% confluency per
well in a 24-well cluster dish in 1 mL of complete tissue-culture medium (approx 103-10*
cells/well, depending on the cell line).

In duplicate, add increasing concentrations of the drug of interest to each well. For G418,
generate final concentrations of 0, 50, 100, 200, 300, 400, 500, 750, 1000, 1500, 2000,
and 2500 ug/mL in complete tissue-culture medium. For hygromycin B, generate final
concentrations of 0, 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, and 1000 ng/mL in
complete tissue-culture medium. For purimycin, generate final concentrations of 0, 0.1,
0.3, 1, 3, and 10 ug/mL in complete tissue-culture medium.

Incubate the cells in the drug at 37°C in a 6% CO, humidified incubator for 14-21 d for
G418 and hygromycin B and for 4 d for purimycin and monitor the growth of the cells
every second day. Cells plated in the absence of drug or in low concentrations of drug
will proliferate over the course of the experiment and may eventually die owing to over-
crowding and the concomitant depletion of nutrients from the medium (see Note 10).
Identify the lowest concentration of drug that is toxic to cells resulting in the death of all
of the cells in the duplicate wells.

Use the next higher concentration of drug when generating stable cell lines as described
in Subheading 3.3. (see Note 11).

. Generating Cell Lines That Stably Maintain Introduced DNA

Harvest and wash the cells during exponential growth and count the cells as described in
Subheading 3.1., steps 1-4.

Resuspend the cells at a concentration of 2 x 107 cells/mL in TCM-H.

To 0.5 mL of suspended cells add 5-10 ug of cesium chloride-purified DNA of the plas-
mid of interest (see Notes 4, 6, and 12), mix, transfer to cuvets (see Subheading 3.1.,
step 4), and put on ice. Electroporate using the conditions optimized as described in Sub-
heading 3.1.

Incubate the cells from one electroporated sample in 20 mL of complete tissue-culture
medium in 15-cm dishes or flasks appropriate for adherent or suspension cells, respec-
tively. Allow the cells to recover and grow at 37°C in a 6% CO, humidified incubator for
24-48 h.

Harvest and count the cells as described in Subheading 3.1., steps 1-3. Resuspend the
cells to 1 x 10° cells/mL in complete tissue culture medium containing the appropriate
concentration of the drug (as determined in Subheading 3.2.).

For attachment-dependent cells, plate the cells at 1 x 10, 1 x 103, 1 x 10, 1 x 103, and
1 x 106 cells/10- or 15-cm dish in complete tissue-culture medium containing drug. After
14 to 21 d of selection, remove the medium and wash the plate with PBS. Inspect the
plates to identify those containing individual colonies of at least 0.5 cm in diameter. If
only smaller colonies (< 3 mm) are present, incubate the plates in medium containing
drug for 2—4 more d prior to picking colonies.

. Mark the location of the colonies to be picked, on the back of the tissue-culture plate.

Sterilize a pair of forceps by dipping it in 70% ethanol and then in PBS. Use the forceps
to pick up a piece of sterile Whatman paper cut into 0.5-cm squares. Dip the Whatman
paper in 1X trypsin and place it on a marked colony.

After approx 1 min, pick up the Whatman paper (and attached cells from the colony) and
transfer it to a well of a 24-well cluster dish containing 2 mL of complete tissue-culture
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10.

medium containing drug. Sterilize the forceps as described above prior to picking the next
colony. Pick 10-20 drug-resistant colonies in total.

To determine the efficiency of colony formation, fix the remaining colonies on the plates
by incubating in 10 mL of 3.7% formaldehyde for 10 min. Remove the formaldehyde.
Stain with 0.14% methylene blue for 5 min, wash two times with 10 mL of water, and
allow to drain and dry. Count the colonies and calculate the efficiency in terms of colo-
nies/mg of input DNA (see Note 12).

For attachment-independent cells, seed 10-20 replicates of the following dilutions of
cells; 1 x 10%, 1 x 10!, 1 x 10%, 1 x 103, and 1 x 10* cells per well of a 24-well cluster dish
in complete tissue-culture medium containing drug. After 14-21 d of selection, deter-
mine the well seeded at the highest dilution that contains growing cells. Transfer the cells
from this well into a 10- or 15-cm tissue-culture dish and expand the cell line. As this
method of generating cell lines is based on limiting dilutions, one may wish to subclone
the drug resistant cell line by repeating this step to ensure that the cell line generated is
clonal in origin (see Note 13).

4. Notes

1.

2.

Trypan Blue has to be filtered frequently to remove aggregates that accumulate and can
be mistaken for cells.

Cells must be in their log phase of growth prior to electroporation for optimum and repro-
ducible results. Therefore, grow cells to only 50-90% confluency prior to harvesting for
electroporation.

Some tightly adherent cells may require longer incubation at 37°C to detach. This can be
judged by gently shaking the culture dish and examining the cells under a microscope.
Cells should float away from the dish surface.

The quality of DNA used during electroporation can dramatically affect experimental
results. The use of CsCl-gradient purified DNA for electroporation is strongly recom-
mended. One should take care to remove ethidium bromide from DNA prior to
electroporation because ethidium bromide contaminated DNA is toxic to cells and will
adversely affect assay results.

When optimizing electroporation conditions, the uptake of and expression from the
reporter plasmid DNA of interest can be monitored through means other than that
described in Subheading 3.1. For example, expression of a reporter gene driven from a
constitutive promoter can be monitored using luciferase assays (12), CAT assays (13,14),
green fluorescent protein (GFP) (15), indirect immunofluorescence (3), or quantitative
Western blots (16).

In order to optimize the amount of DNA to be used in electroporation (steps 1-22), repeat
the protocol varying the amount of reporter DNA electroporated into cells in step 6. For
different cell lines, the range of linear response to increasing amounts of input DNA may
vary. Similarly, for a given cell line, the absolute amount of different reporter plasmids or
reporter and effector plasmid combinations required for a given signal may vary.

Do not allow the PBS to dry in the cuvets or the salt concentration of the sample will be
adversely affected.

The heat generated owing to the resistance across the sample chamber during electro-
poration can reduce cell survival. Cooling the sample in the sample chamber by incubat-
ing on ice prior to and during electroporation can minimize this effect.

The time of incubation in X-gal cleavage buffer required for efficient staining of cells
varies with each cell line. During staining, some cell lines will leach the signal from
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10.
11.

12.

13.

}-galactosidase/X-gal to neighboring cells. This can be prevented by either plating fewer
cells per plate, so that neighboring cells do not touch each other or by incubating in X-gal
cleavage buffer for shorter periods of time.

This type of cell death is not owing to the toxic effects of the drug used in the experiment.
For example, for 143B cells grown in the presence of increasing concentrations of
hygromycin B, after 21 d of incubation in hygromycin B, cell survival can be detected at
50 ug/mL hygromycin B, but no cell survival is detected in 100 ug/mL hygromycin B.
Therefore, when generating 143B-based cell lines that maintain a reporter plasmid encod-
ing hygromycin B, the cells are grown in complete tissue-culture medium containing
150 ug/mL hygromycin B.

When generating drug-resistant cell lines using oriP-based plasmids (under conditions
where EBNA-1 is expressed from either the parental cell line itself or the oriP-based
plasmid), drug-resistant colonies will be generated approx 10- to 100-fold more efficiently
than with other DNAs, which require the integration of the input DNA into the chromo-
some for maintenance.

The drug-resistant cell lines generated can then be expanded and screened for the stable
expression of the protein of interest encoded by the input DNA or screened for the main-
tenance of the input DNA as a plasmid or as DNA integrated into the host chromosome.
Not all drug-resistant colonies will express the protein of interest from the input DNA
(e.g., integration may have occurred within the open reading frame of the encoded pro-
tein). Also, not all cell lines generated using oriP-based plasmids will necessarily contain
those DNAs as plasmids.
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Malignant Transformation and Immortalization Assays
in Animal Cells Transfected with the BARF1 Gene

Tadamasa Ooka

1. Introduction

Epstein-Barr virus (EBV) is associated with both lymphoma (for example, Burkitt’s
lymphoma) and epithelial carcinoma (for example, nasopharyngeal carcinoma). Among
about 90 genes encoded by the virus (1), seven latent genes—(Epstein-Barr viral nuclear
antigen 1 (EBNA1), EBNA2, EBNA3A, EBNA3C, latent membrane protein 1 (LMP1),
and EBERs—were found to be indispensable for B cell immortalization (2). LMP1 in-
duces malignant transformation in rodent cell lines such as Rat-1 cells (3) and Balb/
c3T3 cells (4), whereas EBNA1 was recently reported to induce lymphomas in transgenic
mice (5). An early lytic viral gene, BARF1, was identified to have oncogenic activity in
a rodent fibroblast cell line (6) and in the human B cell line, Louckes (7).

With regard to epithelial cells, at least three genes, LMP1 (8), BamHI-A reading
frame 0 (BARFO) (9,10), and BARF1 (11) may be involved in immortalization and/or
malignant transformation. A 40 kb subgenomic region of EBV DNA has been impli-
cated in epithelial cell immortalization (12) and this region includes the BARF1 and
BARFO genes. In particular the BARF1 gene and the 40 kb subgenomic region are
transcriptionally expressed in NPC tumor epithelial cells. Moreover, the BARF1 gene
and the 40 kb fragment were shown to be capable of immortalizing primary monkey
kidney epithelial cells (12-14).

In order to demonstrate the oncogenic activity of a gene, several approaches are
needed to fulfil the criteria of transformation and/or immortalization phenomena. First
the gene under study must be cloned into an appropriate expression vector. This must
then be transfected into primary or nontumorigenic cell lines. Subsequently, several tests
may be done to determine if the cells are phenotypically changed as a consequence of
the gene’s expression. Parameters that can be examined include cell growth rate, adher-
ence independent growth capacity (in soft agar), growth at low-cell concentration,
serum dependence, morphological change and tumorigenicity in vivo. Moreover, pres-
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ence of the transfected gene must be verified and the expression levels must be
assessed. For the detection of the transfected gene, polymerase chain reaction (PCR) or
Southern blot analysis is usually employed. For expression, immunofluorescence,
immunoblot, reverse transcriptase (RT)-PCR or Northern blot analysis may be employed.

In this chapter, assays are described that were used to test the oncogenicity of the
BARFI gene but are applicable for the analysis of many candidate oncogenes. The
first protocols describe DNA transfection into cells in culture, principally a modified
calcium phosphate precipitate method. Subheading 3.2. deals with assays that can
indicate cellular immortalization or transformation.

2. Materials
2.1. Cell Culture and Transfection

1. BARFI1 plasmid DNA: The BARF1 gene was cloned into the expression vector, the pZip-
Neo-SV(X) 1 (15, and see Notes 1 and 2).

2. Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma) with 4000 mg/L glucose (used

for both Balb/c3T3 and primary monkey kidney epithelial cells).

RPMI 1640 medium (Sigma; used for Louckes B cells).

4. EGF-DMEM: DMEM supplemented with 12 ng/mL epidermal growth factor (EGF;

GIBCO; for primary epithelial cells).

5. Complete media: All media are supplemented with antibiotics (120 pg/mL streptomycin

and 120 pg/mL penicillin) and with 10% fetal calf serum (FCS).

G418 (GIBCO).

Tissue-culture dishes or plates.

2 M CaCl,.

2X HEPES buffered saline (2X HEBS): For 1 L: 10 g HEPES, 16 g NaCl, 0.74 g KC1, 7 g

Na,HPO,, 2 g Dextrose. Adjust pH to 7.0.

10. 0.25% Trypsin.

11. 10X PBS (Phosphate-buffered saline): 1 L consists of 80 g NaCl, 2 g KCl, 14 g Na,HPO,
and 2 g KH,PO, Adjust pH to 7.4 with HCI. Filter-sterilize through a 0.2-pm filter and
store at 4°C.

12. DMEM-40% PEG: transfer 20 g of polyethylene glycol (PEG) (MW 6000; Merck) into a
500-mL culture bottle, incubate in boiling water to melt PEG, then add 50 mL. of DMEM
containing 7% sucrose to the warm PEG solution, mix well and allow the solution to cool
to 37°C. Adjust pH to 7.0 with sterile 1 N HCI.

hed
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13. Cloning cylinders (Bellco Glass, Inc., Vineland NJ).
14. Gene Pulser II (Bio-Rad) or equivalent and cuvets.
2.2. Transformation and Growth Assays
1. Media and solutions as described in Subheading 2.1.
2. 3H-Thymidine (Amersham), specific activity 5 Ci/mmol.
3. 5% trichloroacetic acid (TCA).
4. Whatman GF/C glass fiber disks.
5. 95% Ethanol.
6. OPTI-Fluor 0 scintillation fluid (Packard, USA).
7. Agarose: Seaplaque FMC.
8. Giemsa dye (Sigma).
9. Newborn rats or nude mice.
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3. Methods
3.1. DNA Transfection Methods

3.1.1. Transfection of Recombinant Plasmid into Balb/c 3T3 Cells
and Colony Cloning

This protocol is a variant of the calcium phosphate precipitate transfection method,
described in detail in Chapter 5.

1. Prepare cells (Balb/c3T3) to be transfected by seeding the cells in DMEM at 0.2 x 10/
100-mm Petri dish the day prior to transfection. Cuture the cells for 24 h in a 5% CO,
incubator at 37°C to about 70-80% confluence.

2. Prepare the transfection mixture: solution A consists of 50 pL of 2 M CaCl, plus 300 pL
of sterile water, solution B consists of 50 UL of plasmid (20 pg) plus 400 pL of 2X HEPES-
buffered saline. All solution should be at room temperature.

3. Mix solution A and solution B by bubbling air through a Pasteur pipet into solution B
while slowly adding solution A dropwise. Then vortex mixture for 10-20 s. Allow the
transfection mixture to stand at room temperature for 30-40 min with agitation every 5 min.

4. Aspirate medium from the cells and save it as conditioned medium.

5. Detach log-phase growing cells from the dish using a 0.25% trypsin solution and wash
with 1X PBS by gentle centrifugation at 800g and resuspension (see Note 4).

6. Suspend 1.5 x 10 cells in 1 mL of complete DMEM medium. Add 0.8 mL of the trans-
fection mixture to the cells in 1 mL and mix well by pipetting.

7. Add 36 mL of plating medium (20 mL of conditioned medium from the original cell
culture to be transfected (see step 4) plus 18 mL of fresh DMEM medium containing 10%
FCS) plus 2.0 mL of 2X HEBS and mix by pipetting

8. Plate 10 mL of this cell suspension per 100-mm Petri dish and incubate at 37°C for 3—4 h.

9. Aspirate the plating medium. Shock the cells for 2-3 min with 5 mL of DMEM-40% PEG
per plate. Aspirate the PEG solution and wash three times with serum-free DMEM me-
dium. Add 3 mL of 10% FCS in DMEM and incubate for 30-40 min at 37°C.

10. Aspirate DMEM and add fresh DMEM containing 10% FCS. Incubate cells in a CO,
incubator at 37°C.

11. After 3 d, add 500 pg/mL of G418 (for Balb/c3T3) to each Petri dish. Maintain cells
under these selective conditions for 3—4 wk with medium changes every 5 d. Generally
10-100 colonies emerge per dish.

12. Circle the chosen colonies with a marker to visualize where to place the cloning cylin-
ders. Rinse Petri dish with 37°C PBS. Place the cylinder coated with sterile silicon (pre-
viously autoclaved in a glass Petri dish) gently around the colony (see Note 5).

13. Add 50 pL of 0.25% trypsin into the cloning cylinder. Allow this to stand for 1 min and
then add 100 pL of warm medium. Pipet the contents of one cylinder in and out of a
micropipet to remove the cells from the dish.

14. Seed cells into 6-well plates with 3 mL of complete DMEM medium per well and expand.

3.1.2. Transfection of Recombinant Plasmid into Louckes B Cell Line
Electroporation of cell lines is described in detail in Chapter 14.

1. Seed 0.5 x 10° of Louckes cells/mL in complete RPMI-1640. Incubate for 4 d to reach
approx 2 x 10° cells/mL. Add complete medium 24 h before transfection to dilute cells to
1 x 10° cells/mL.
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2. For transfection, centrifuge the log-phase growing cells at 800g and wash with PBS. Sus-
pend 20 x 10° cells in 0.8 mL of cold PBS without Ca** and Mg?* and add 20 pg of
recombinant BARF1 plasmid DNA (dissolved in 10 pL of sterile water), mix and allow to
stand for 10 min on ice.

3. Place the mixture in a gene pulse cuvet (previously cooled to 4°C), and apply a single
electric pulse delivered by a Bio-Rad gene pulser (3000 V/cm, with a capacitance of 25 UF).

4. Incubate the cell-DNA mixture for 7 min on ice. Then add to 1 mL of warm growth
medium.

5. Seed the cells in two 100-mm Petri dishes with 10 mL of RPMI-1640 medium. Three days
after electroporation, count cells and seed into 96-well plates at 1000 or 2000 cells in 0.25 mL
of complete RPMI-1640 medium/well in the presence of 3 mg/mL G418 for selection.

6. Maintain the cells for 4 wk with medium changes once a week. Collect G418-resistant
cell populations from independent wells, replate into 6-well plates with 4 mL of medium/
well. The cells from each well may be considered as subclones.

3.1.3. Transfection of Recombinant Plasmid into Primary Monkey Kidney
Epithelial (Patas) Cells

1. Seed the primary cells in EGF-DMEM at a concentration of 0.6 x 10° cells per 100 mm
Petri dish. After two passages, harvest cells by trypsinization and seed again at 0.6 x 10°
cells/100-mm Petri dish.

2. Two days later, transfect cells with the BARF1 plasmid by the calcium phosphate/PEG
technique as previously described (see Subheading 3.1.1.) but with the following modi-
fications: Trypsinize cells at 30% confluence. Suspend 1.5 x 10° cells in 1 mL of com-
plete medium and transfect with 50 pg of plasmid DNA for 20 min at room temperature
and then incubate the cells at 37°C for 3—4 h in 10 mL of complete medium as described
(see Note 6).

3. Count cells and plate in 100-mm dishes. Weekly, trypsinize cells and seed at 0.6 x 10°
cells/100-mm dish; one passage is thus defined as a 1 wk-old culture.

4. When the cells are highly sensitive to neomycine such as Patas cells, we cannot use this
selection system. Instead, for the isolation of BARF1 positive subclones, seed the trans-
fected cells at the 12th passage at 250 or 500 cells/30-mm dish in 3 mL of complete
DMEM (see Subheading 3.2.3.). Three weeks later, harvest each colony with a cloning
cylinder (as described in Subheading 3.1.1. for Balb/c3T3). At this cell dilution of plat-
ing, no colony formation is observed with parent primary cells or with vector alone
transfectants.

5. Seed cells into 6-well plates with 3 mL of DMEM medium/well. The cell culture from
each colony can be considered as a subclone.

3.2. Phenotypic Characterization of BARF1 Expressing Cells

Before characterizing the phenotype of BARF1 transfected cells, the presence of
the BARF1 gene and its expression should be verified by Southern blot and PCR (for
the identification of the BARF1 sequence) and by immunofluorescence, Northern blot
or immunoblot (for the expression of BARF1 gene, see Notes 7 and 8).

In order to examine whether the transfected cells are malignantly transformed or
immortalized, the following criteria could be considered: morphological change,
growth rate, growth capacity in soft agar, and tumorigenicity in newborn rat or nude
mice.
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3.2.1. Measurement of Cell Growth Rate in the Transfected Cells

Immortalized and/or malignantly transformed cells often proliferate more rapidly than
the parental cells. The transformed cells can lose contact inhibition, resulting in the for-
mation of several cell beds (for adherent cells). For this, cell growth rate of transfected
cells should be compared with that of parental or vector alone transfected cells. A proto-
col for *H-thymidine labeling is described here as well as in Chapters 13 and 17.

1.

2.
3.

To measure tritiated thymidine incorporation into total cell DNA, seed 0.3 x 10° cells/50-mm
dish and incubate for 20 h at 37°C in 3 mL of DMEM containing 6 UCi of *H-thymidine.
Wash cells three times with cold PBS.

Trypsinize cells and centrifuge at 800g for 5 min. Remove PBS and add 0.5 mL of ice-
cold 5% TCA to the cells, mix, and incubate on ice for 30 min.

. Filter the TCA-treated cells on Whatman GF/C glass fibre disks. Wash the filter five

times with 5 mL of cold TCA and once with 5 mL of 95% ethanol. The acid insoluble
fraction is retained on the filter.

Count the Whatman filters in a scintillation counter with 5 mL of OPTI-Fluor O or equiva-
lent. The incorporated *H-thymidine levels give an indication of proliferation rates.

3.2.2. Growth in Soft Agar Assay

Malignantly transformed adherent cells often no longer depend on support and can
grow in a semi-solid (soft agar) suspension. This assay is therefore one criterium of
transformation. Anchorage-independent cell growth can be assayed in 0.3% agarose.

1.

2.

Change the culture medium 24 h before trypsinization. For the assay, trypsinize cells and
count.

Dissolve 0.6 g of agarose in 100 mL of DMEM without serum by heating, when the agar
medium is cooled to 50°C add 10% FCS. Layer 10 mL of 0.6% agarose/DMEM into a
100-mm Petri dish and allow to solidify at room temperature.

Mix 3 mL of complete DMEM medium containing 0.5 x 10 cells gently with 3 mL of
molten, 40°C, 0.6% agarose/DMEM medium (to give a final concentration of 0.3% of
agarose, see Note 9).

Layer 6 mL of cell/agarose suspension over the solidified 0.6% agarose. Incubate at 37°C
in humid conditions (see Note 10).

. Feed cultures regularly with two drops of complete medium twice a week. Check the colo-

nies by microscopy every 3 d. Transformed colonies should become obvious after 2 wk.

3.2.3. Growth Capacity at Low Cell Density of the Transfected Primary
Epithelial Cells

For primary epithelial cells, one of the immortalization criteria is whether the cells

can grow at low concentration.

1.

2.

Trypsinize the transfected primary epithelial cells after several passages (about 10 pas-
sages for monkey kidney primary epithelial cells used in our experiments).

Seed cells in duplicate in six well plates at the rate of 250 and 500 cells/well containing
3 mL of complete DMEM medium.

Two weeks later, stain the cell colonies in one of the plates with Giemsa dye and examine
evidence of colony formation. Primary nonimmortalized cells are unable to grow at this
cell density.
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In order to examine the expression of the transfected gene, harvest colonies from the
duplicated plate using cloning cylinders and expand into clonal cultures.

3.2.4. Serum Dependence Assay of the Transfected Primary Epithelial Cells

Transformed cells are frequently less dependent upon serum for growth. As such,
this assay provides another measure of a transformation parameter.

1.

2.

Seed 0.6 x 10° cells in a 100-mm dish in complete DMEM with 10% FCS. After 24 h,
briefly rinse the culture three times with PBS.

Add DMEM medium with 10, 5, 1, and 0.1% serum. Count the cells every day for 4 d using
a hemocytometer. Trypan blue exclusion should be used so as not to count dead cells.

3.2.5. Tumorigenicity In Vivo

A stringent test for malignant transformation is the ability of cells to form tumors in

Vivo.

However, it is advisable to investigate the other culture assays before embarking

on this test (see Note 11).

1.

4.

Seed 0.5 x 10° of the BARF1 (or transfected gene) expressing clones in complete DMEM
(for adherent cells) or RPMI 1640 (for B cells) medium. For primary epithelial cells, seed
cells in EGF-DMEM medium for two passages (primary cells can divide for about 10
passages in this medium) used as control, and then in DMEM medium without EGF for
24 h before injection in nude mice (or newborn rats). Grow all cells for 24 h.

Harvest cells in log-phase by trypsin (for adherent cells) and count. Wash cells twice in
DMEM medium without FCS, then resuspend three different aliquots of 10 x 10°, 5 x 106,
and 0.5 x 10° cells in 100 uL DMEM medium without FCS. Mix cells gently.

Inject subcutaneously 100 PL of each cell clone using a 1-mL syringe; use six animals for
each of the three different cell concentrations (nude mice or newborn rats), i.e., 18 ani-
mals for each cell clone.

Monitor tumor development twice a week for 8§ wk (see Note 12).

4. Notes

1.

o

For transfections, all plasmid DNA preparations should be endotoxin-free. We purify the
DNA twice using CsCl gradients.

The BARF1 coding sequences can be isolated from the B95-8 BamHI A fragment of the
viral genome within a 1.1 kb Smal fragment.

The transfection method should be chosen with regard to the cell type being used. We use
a mixed method of Ca** and PEG for adherent cells. PEG treatment gives an increased
degree of transfection (we find threefold in comparison to without PEG) without causing
any cell damage. However, at more than 40%, PEG treatment can increase the efficiency
of transfection (by comparison with 40%), but some cytotoxicity is observed. As described
in this chapter, the adherent cells are transfected in suspension after trypsination. We
found transfection in suspension to be several times more efficient (about 10-fold) com-
pared to transfection of cells in a monolayer.

We split Balb/c 3T3 cells 1:30 twice per week to avoid confluence.

Choose well-separated colonies for ease of cloning.

This transfection procedure can be immediately repeated with these cells in order to
increase the transfection efficiency.
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7. For the detection of BARF1 sequence by polymerase chain reaction (PCR) the following

primers can be used:

BA1: 5'-CCAGAGCAATGGCCAGGTTC-3',

BA4: 5'-CAAGGTGAAATAGGCAAGTGCG-3',
which prime at positions 165496 and 166192 of the BARFI sequence, respectively, giv-
ing a 697 bp fragment.

8. For immunofluorescence or immunoblotting, BARF1 positive human serum may be used
for detection. Alternatively, use a polyclonal rabbit antiserum prepared against a syn-
thetic peptide corresponding to a presumed epitope NGGVMKEKD (amino acids 172-180
of the p33 BARF1 protein).

9. Ensure the cells are well-separated before plating.

10. It will help to keep the plates in plastic boxes with dampened paper towels underneath the
plates if the agarose shows signs of drying.
11. In vivo experiments such as this obviously require adherence to all of the necessary regu-
lations required in your country for animal experimentation to be in place.
12. Hela cells or Melanoma B16 cells can be used as positive controls in the same way as the
test clones. These will induce tumors in the first weeks of the assay.
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Transient Gene Expression and MACS Enrichment

Dieter Kube and Martina Vockerodt

1. Introduction

The analysis of the effects of expression of one viral protein on the host cell sepa-
rately from the effect of other viral proteins is often limited by the efficiency of the
transfection method. Lymphoid cells are effectively transfected by electroporation (1—4).
However, the transfection efficiency varies usually between 5 and 20% of the living
cells, depending on the cell line used. In the case of primary lymphoid cells, the trans-
fection efficiency is below 5% (5-7). Thus the analysis of the influence of viral genes
on the expression of cellular proteins is often impossible because of the predominance
of untransfected cells. In addition, some viral genes could result in cytostasis, such as
latent membrance protein 1 (LMP1; 8). The establishment of cell lines, where the viral
gene is expressed constitutively or in an inducible fashion, is one way to try to address
the problem, but is associated with a selection process (8,9). This selection process
prevents the analysis of early effects of expressed viral genes and could also lead to
secondary cell culture effects not associated with the viral gene. Often, inducible gene
expression systems are difficult to modulate and can be leaky. To overcome these
problems, it is useful to analyze transiently transfected cells and enrich them to obtain
pure cell populations without a selection process. A number of methods exist, with
magnetic- or fluorescence-activated cell sorting (MACS/FACS) being the most com-
mon approaches used (10). FACS and MACS are powerful and sophisticated methods
for efficient purification of cells expressing a specific immunological marker mol-
ecule. Since the introduction of the green fluorescence protein (GFP) the purification
of cells by FACS is no longer limited to immunological-stained proteins, which thus
opens new applications for this approach.

In this chapter the transfection and enrichment of transfected cells by high gradient
magnetic separation will be described (11,12). This method is based on the cotrans-
fection of two plasmids, one coding for the viral gene of interest and the other for a
gene suitable for selection (which is not expressed in the untransfected cells) followed
by high gradient magnetic cell enrichment. The genes used for selection frequently

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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encode truncated surface antigens without intracellular domains or hybrid genes cod-
ing for a protein tagged with a synthetic peptide (termed here the selection molecule;
6,13,14). The cells are transfected with both plasmids, e.g., by electroporation, main-
tained in media, and separated through a magnetic enrichment process at an appropri-
ate time point.

By introducing a magnetic label specific for the selection molecule, complex mix-
tures of cells can be fractionated. This magnetic label usually consists of an antibody
coupled to small colloidal magnetic particles. The small size of the colloidal particles
minimizes their interference in assays and allows the cells to grow in culture. In addi-
tion, it is possible to evaluate and control the quality of separation by flow cytometry
and light microscopy simultaneously. However, the use of small colloidal magnetic
particles requires high gradient magnetic separation techniques. For this purpose col-
umns filled with thin plastic-coated ferromagnetic fibers/particles are used, which are
magnetized in the field of a strong permanent magnet (10).

The magnetic enrichment process usually involves the binding of a specific anti-
body directed against the selection molecule expressed on the surface of the trans-
fected cell. If the separated cells are analyzed only by molecular biological methods
and there is no need to culture them after the separation process, intracellular mol-
ecules could also be used for cell enrichment. This approach with magnetic beads is
limited because it is necessary to fix cells with formaldehyde for labeling (15). The
selection process depends on the molecule used, the promotor defining the expression
kinetics, and thus the optimal separation time point. The specific antibody used for
selection is usually directly coupled to the magnetic beads. In addition, modification
of the small colloidal magnetic particles with, for example, streptavidin allows the use
of biotinylated antibodies for this cell separation method. It is also possible to label
and separate cells indirectly using |-Ig-specific microbeads or |-Digoxigenin beads.
The bead-labeled cells are then separated in a column fixed within a high magnetic
field. After release of the separation columns from the magnetic field the labeled cells
are eluted and can be either analyzed directly, cultured further, selected with antibiot-
ics, or enriched again. This process of magnetic enrichment can be repeated several
times on the same day (to enhance purity), at different time points after the first sepa-
ration (to maintain the purity) or with different labels, thus allowing enrichment of
subfractions of transfected cells induced by the viral gene. When establishing cell
lines stably expressing foreign genes, such an enrichment is also useful in reducing the
time and cost of selection.

2. Materials
2.1. Transfection by Electroporation

1. Supplemented RPMI: RPMI-1640 supplemented with 20 mM glutamine, 200 U/mL peni-
cillin, 0.2 mg/mL streptomycin, and 10% fetal calf serum (FCS) (Sigma Aldrich). Store at
4°C in the dark.

2. Cell lines: We use L428, a cell line established from patients with Hodgkin’s disease;
BL2 and BL41, Burkitt’s lymphoma cell lines; IARC171, a lymphoblastoid cell line
(LCL) derived from normal blood of the same patient as BL41; and Jurkat, a T-cell line
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. Phosphate-buffered saline (PBS): 58 mM Na,HPO,, 17 mM NaH,PO,, 68 mM NacCl,

2.3.

o -

(16-18). Maintain the cell lines at cell densities between 3 x 105 and 1 x 10° cells /mL
(see Note 1).

Trypan Blue: 0.4% Trypan Blue in PBS (Sigma Aldrich).

RPMI1640 containing 10% FCS and 25 mM HEPES, pH 7.5.

RPMI1640 containing 10% FCS and 10 mM HEPES, pH 7.5.

Plasmids, in 10 mM Tris-HCI, pH 8.0, 1 mM ethylenediaminetetraacetic acid (EDTA), at
I mg/mL: pMACS4.1 or MACS KX (Miltenyi Biotec GmbH, Bergisch Gladbach, Ger-
many,), which encode truncated CD4 or H-2K* molecule (the murine major histocompat-
ibility complex), respectively, for selection of transfected cells. Expression plasmids for
eukaryotic cells: pSG5 and pBK-RSV (Stratagene, La Jolla, CA), pCDNA (Invitrogen,
USA) or equivalent, and recombinant variants thereof containing your gene of interest
(see Note 2).

Easy-jet electroporator (Equibio, UK) or equivalent.

Electroporation cuvets: 50 x 4 mm (Eurogentec, Belgium) or equivalent.

Tissue-culture flasks.

15-mL and 50-mL conical tubes.

37°C, CO, humidified incubator.

Hemocytometer or other means of counting cell number.

Magnetic Enrichment of Transfected Cells

pH 7.4, prepared by using one tablet (Sigma Aldrich) in 200 mL of H,O; usually no pH
adjustment needed.

PBS-EDTA (2 mM), ice cold: Take 4 mL of a 0.5 M EDTA solution, pH 8.0, and five PBS
tablets to prepare 1 L.

PBS-BSA-EDTA: dissolve 0.5 g BSA (see Note 3) in 100 mL of PBS containing 2 mM
EDTA and de-gas with a vacuum pump immediately before use, keep this buffer at 4°C.
| -CD4 beads, |—H—2Kk beads (Miltenyi Biotec GmbH, 551-01), 1:5 dilution.

| -CD4-PE (Immunotech, France, PN IM449), 1:10 dilution or |-H-2KX-PE antibody
(Becton-Dickinson BD-Pharmingen, San Diego, CA, 06055A) 1:10 dilution.
Mini-MACS columns (Miltenyi Biotec GmbH, Germany).

Mini-MACS magnets (single magnets or octo-MACS) and multi-stand (Miltenyi Biotec
GmbH, Germany).

Column-prefilters (Dako, Clostrup, Denmark).

Immunofluorescence Analysis Using Flow Cytometry
PBS-BSA: PBS supplemented with 0.5% bovine serum albumin (BSA).

. Fluorescein (FITC)- or phycoerythrin (PE)- conjugated monoclonal antibodies (MAbs):

IgG1 FITC/PE (Becton-Dickinson BD, San Jose, CA, 349526) 1:10 dilution (as isotype
control), CD54-PE (ICAM-1) (Becton-Dickinson BD, San Jose, CA, 347977) 1:10 dilu-
tion, CD54-FITC (ICAM-1) (Diaclone, Besancon, France, 852.691.010) 1:10 dilution,
CD40-FITC, H-2K* - PE (Becton-Dickinson BD-Pharmingen, San Diego, CA, 33074x,
06055A) 1:10 dilution, CD4-PE (Immunotech France, PN IM449), 1:10 dilution.
Propidium-Iodide (PI): 2 mg/mL in PBS, store at —20°C. The working solution (100 wg/mL)
is made by 20-fold dilution in PBS and stored at 4°C in the dark (see Note 4).
FACS-Calibur (Becton Dickinson BD, San Jose, CA) with Cellquest Software or equiva-
lent instrument.
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3. Methods
3.1. Transfection by Electroporation

1. On the day before transfection, resuspend the cells in supplemented RPMI at a cell den-
sity of 5 x 10° cells/mL.

2. Harvest approx 2 x 107—2 x 108 cells and wash them with cold RPMI by centrifugation at
600g for 10 min. Transfer the cells into 50-mL conical tubes on ice. Count the viable cells
with a hemacytometer using trypan blue to exclude dead cells. More than 90% of cells
should be viable. Keep the cells on ice from now on (see Note 5).

3. Resuspend the cells in RPMI/10% FCS/25 mM HEPES at 4°C at the appropriate cell
density (see Note 6): BL2 and BL41 at 1 x 107 cells/250 uL, L1428 and Jurkat at 1 x 107
cells/500 uL. Incubate on ice for 20 min.

4. Cool sterile electroporation cuvets on ice for 20 min and add DNA to the cuvets (see
Notes 7 and 8).

5. Prepare cell-culture flasks containing RPMI/10% FCS/10 mM HEPES to take 1 x 107
cells/10 mL after electroporation (step 9).

6. Add the appropriate amount of cell suspension to the cuvets: 250 uL of BL2 or BL41,
500 uL of L428 or Jurkat.

7. Mix the cell suspension and DNA within the cuvet by shaking and transfer the cuvet to
the electroporator.

8. Pulse the cells: BL2 and BL41 at 250 V/1350 uF, L428 at 250 V/1650 uF, Jurkat at 250
V/2100 uF.

9. Transfer the electroporated cells immediately into media at room temperature (prepared
in step 5, see Note 9).

10. Transfer the cell culture flask with the transfected cells into an incubator at 37°C with 5%
CO,. Grow the cells for 2448 h.

For additional details on electroporation see also Chapter 14.

3.2. Magnetic-Enrichment of Transfected Cells

1. Dilute cells 24 h after transfection with 3 vol of ice-cold PBS-EDTA and pellet by cen-
trifugation at 600g, 4°C, for 10 min. Start de-gassing of PBS-BSA-EDTA (see Notes 3,
10-13).

2. Wash cells twice with PBS-BSA-EDTA at 4°C .

3. Resuspend cells in de-gassed PBS-BSA-EDTA at 4°C at 1 x 107 cells/80 uL (see Note 15).
Add 20 uL of |-CD4 or |-H-2K* beads (see Notes 16 and 17).

4. Incubate cells with magnetic beads in a fridge at 10°C for 15 min (see Note 18).

5. Dilute cells 10-fold with PBS-BSA-EDTA and pellet by centrifugation at 600g, 4°C, for
10 min (see Note 19).

6. Resuspend cells in 500 uL of de-gassed PBS-BSA-EDTA per Mini-MACS column (at
1 x 107 cells positive for the selection marker, see Notes 20 and 21).

7. During the centrifugation steps, equip Mini-MACS columns with pre-filters and wash
once with 500 uL of ice-cold and de-gassed PBS-BSA-EDTA (see Note 22). Fit columns
into the magnet.

8. Pass 500 uL of cell suspension over the MiniMACS column.

9. Wash three times with 500 uL of PBS-BSA-EDTA.

10. Take the column out of the magnet and add 500 uL of PBS-BSA-EDTA to elute the cells.
11. Count the cells and wash the cells with RPMI/10 mM HEPES/10% FCS.
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Fig. 1. Representative flow cytometric dot blot analysis of BL2 cells transfected with pSG5-
LMP1 and SCD4 (pMACS 4.1) expression vectors before and after positive selection of SCD4-
expressing cells. The vertical axis indicates SCD4 expression visualized by |-CD4 PE staining,
the horizontal axis shows CD40 expression (| -CD40 FITC). Quadrant statistics revealed 12%
of the cells stained with | -CD4 PE before magnetic separation and 93% after the enrichment.

12.

13.

14.

3.3.

. For detection of cell-surface antigen expression, wash 1 x 10° cells/measurement twice in

S kW

Resuspend cells in medium at 3—5 x 10° cells/mL. Culture the cells for a further 3-5 d
(see Note 23).

Determine the purity of the enriched cells by FACS using |-CD4-PE or |-H-2K*-PE
antibodies (see later) (Fig. 1).

You can obtain supernatants for enzyme-linked immunosorbent assay (ELISA), cells for
Western blot, RNA, or flow cytometry analysis every 24 h after MACS (Figs. 2 and 3; for
additional detail on Western blotting, see also Chapters 25 and 26).

Immunofluorescence Analysis

PBS-BSA (see Note 19) (Fig. 3).

Resuspend cells in 45 uL of PBS-BSA and add 5 uL of antibody. For direct immunofluo-
rescence staining use fluorescein (FITC)- or phycoerythrin (PE)- conjugated MAbs (see
Notes 24 and 25).

Incubate cells for 10 min on ice in the dark.

Wash cells twice with PBS-BSA and resuspend in 500 uL. of PBS-BSA.

Add PI to the stained sample immediately before measurement (diluted 1:100, see Note 4).
Analyze cells by flow cytometry using a FACS-Calibur or an equivalent instrument. Data
can be presented as specific mean linear fluorescence intensity after subtraction of back-
ground staining with isotype-matched control. Exclude dead cells by propidium-iodide
staining (see Notes 25-29 and Figs. 1 and 3).

4. Notes

1.

L1428 cells are growing well at high cell densities. Maintain them at a minimum of 3 x 10°
cells/mL. A density of up to 2 x 10° cells /mL is possible. Grow the BL2 and BL41 cell
lines at between 2 x 103 and 1 x 10° cells/mL.

In our cell lines, the pSGS5 vector is for high levels and the pBK-RSV vector for low
levels of expression (see Figs. 2 and 3). The pCDNA vector allows intermediate expres-
sion levels of EBV genes. Miltenyi Biotec GmbH optimized the pMACS vectors. The
name of the new vectors are pMACS 4-IRES and pMACS Kk.II. The new vectors are
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Fig. 2. Representative Western blot analysis using a mouse monoclonal |-LMP1 antibody
of BL41 cells transfected with pPBK-RSV, pBK-RSV-LMP1 or pSGS5, pSG5-LMP1, and SCD4
(pPMACS 4.1) before (—) and after (+) MACS.

recommended in preference to the older one. The pMACS Kk.II, especially, is much
better compared to the first vector released. For details contact Miltenyi Biotec GmbH
(see Subheading 2.1.).

3. For magnetic enrichment of cells that are to be cultured afterwards, use cell-culture-grade BSA.
In all other experiments, standard molecular biology-grade BSA (fraction V) is sufficient.

4. Use PI to gate out dead cells by scatter (FSC/SSC) and the FL3 channel fluorescence gate
for quality control. PI is highly carcinogenic; always wear gloves.

5. The electroporation buffer RPMI/10% FCS/25 mM HEPES, pH 7.5 is optimal in our
hands to minimize the heat and pH-shift generated in the electroporation chamber. Cool-
ing the sample in the chamber on ice before electroporation is also essential.

6. The number of cells transfected with expression vector depends on the question asked.
For standard experiments we transfect 3 x 107 cells. The amount of cells could be
increased up to 2 x 108 cells, if it is necessary to prepare nuclear extracts. We do not
recommend transfecting higher numbers of cells because of the time scale of the cell-
enrichment procedure. When high numbers of cells are to be transfected in more than
5 cuvets we use DNA concentrations at 5 ug/uL.

7. In our experiments we use a ratio of expression to selection plasmids of 1:1. In other
cases a ratio of expression plasmid/selection marker plasmid between 10:1 and 3:1 may
be required. We used CsCl- as well as Qiagen-prepared DNA with the same efficiency.

8. For transient expression assays we transfect cells with 10 ug of pMACS4.1 or pMACS2kk
and 10 ug of one of the expression vectors pBK-RSV/pBK-RSV-LMP1 or pSG5/pSGS-
LMP1/pSG5-EBNA2/pSG-LMP2. pMACS KX can be used for selection of Jurkat cells
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Fig. 3. LMP1 dose-dependent activation of CD40 in BL41 cells. Representative flow
cytometric analysis of BL41 cells transfected with pBK-RSV-LMP1 or pSG5-LMP1 and SCD4
(PMACS 4.1) after positive selection of SCD4 expressing cells. The vertical axis indicates the
relative cell number, the horizontal axis indicates CD40 expression. Vector controls are (—),
LMP1 expression plasmids (gray).

10.

11.

12.

13.

14.

15.

that express CD4 (19). pMACS4.1 can be used for B-cell lines that are CD4 negative.
Cells should be analyzed by flow cytometry for the expression of the selection marker.
After electroporation cuvets can be washed, incubated in an ultrasound water bath, air
dried and gas-sterilized. Keep sterile cuvets in a hood for 10 min before adding DNA and
cells to ensure that no remaining sterilization gas is in the chamber.

The earliest time-point for magnetic enrichment is about 12 h after transfection. We
obtained the best results in enrichment and cell number 24 h after transfection. It is im-
portant to establish an individual time-curve for the expression of the selection marker for
every cell line. It is possible that in some cell lines the SV40 promoter used for CD4 or
2H*k expression is not effective enough.

For magnetic enrichment of cells that are to be cultured afterward, use only sterile
reagents.

Sometimes it is required to separate dead cells before performing the magnetic separation
(for example by Ficoll-separation using Ficoll hypaque, Amersham-Pharmacia, UK).
Dead cells significantly reduce the efficiency and purity of the magnetic separation.
Dilution of the cultured cells with 3 vol of PBS-EDTA helps to reduce the formation of
large cell aggregates.

If you want to measure the influence of your gene of interest on ion channels, do not use
EDTA-containing buffers.

Use only de-gassed ice-cold PBS-BSA-EDTA. It is important to avoid air bubbles when
resuspending cells. We recommend a 200-1000 uL micropipet for resuspension of cells.
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16. To enrich cells using other selection markers, corresponding direct beads should be used.
If direct beads are not available indirect selection via Streptavidin/Digoxigenin and |-Ig
is possible. If you are using a selection molecule, where the corresponding antibody for
selection is not in common use, titrate the antibody conjugated with FITC or PE to deter-
mine the best concentration for cell separation. The antibody concentration required for
cell separation is frequently the same as that used for fluorochrome labeling in flow
cytometry analysis.

17. Microbeads can be sterilized by filtration through 0.2-um filters, however, this is usually
not necessary.

18. Increased temperature and prolonged incubation time for staining may result in nonspe-
cific cell labeling. We recommend the use of “Multisort-beads” if available because they
give better enrichments of cells transfected with LMP1. In addition, the colloidal particle
can be removed and the cells can be selected with beads for another surface antigen.

19. Cells should be diluted with a 10-fold volume of PBS-BSA-EDTA and pelleted by cen-
trifugation to wash out unbound magnetic microbeads.

20. We usually transfect 3 x 107 cells and then use one Mini-MACS column. In case of high
transfection efficiency and low numbers of dead cells we recommend to use only 2 x 107 cells
per Mini-MACS column. We only use single-use Mini-MACS columns, even for large-
scale separations. For good enrichments of cells, use as small columns as possible.
Overloading is advantageous for better enrichment of positive cells.

21. Itis important to use de-gassed buffer for the columns. Air bubbles can reduce the effi-
ciency of magnetic separation by blocking the column.

22. Itis important to use prefilters on the Mini-MACS columns to ensure that the cells are in
a single cell suspension when passing through the column. Cell aggregates could lead to
an obstruction of the column. The prefilters have to be wet to avoid loss of cells by attach-
ing to dry filter mesh. We usually pipet the column washing buffer onto these filters. For
L428 cells, we use mesh sizes of 75 wm; for BL and Jurkat cells we use 30 um filters.

23. If you obtain only bad purity, try faster flow rates, lower concentrations of reagents, or
add a second step of enrichment. In case of poor recovery of positive cells in the elution
fraction, try slower flow rates, use columns with larger capacity, remove dead cells by
ficoll separation, or improve magnetic labeling and count how many stained cells are in
your flow-through fraction.

24. To evaluate the separation process, we stain the cells after elution from the magnetic
column using antibody fluorochrome staining with an antibody directed against a differ-
ent epitope from the selection antibody. This can reduce the amount of fluorochrome
antibody required. Presence of the microbead antibody may impair antibody fluorochrome
staining when the antibodies are of the same specificity.

25. Check your transfection efficiency by measuring the amount of CD4 or 2H** before start-
ing the cell separation. In case of very low transfection efficiency, measure 10,000 events.
After enrichment it is enough to count 2000-3000 events on the flow cytometer. We
prefer PE-modified antibodies because of their brighter staining.

26. Before starting FACS analysis and cell enrichment, it is important to adjust the configu-
ration of the flow cytometer for both channels (FL1 (FITC/GFP) and FL2 (TRITC,
Phycoerytrin), FL3 for propidium-iodide) using antibodies directed against well-
expressed surface antigens. Use antibodies that give a clear but not too intense signal.

27. If you have a flow cytometer with multiple lasers, you can analyze the cells by multicolor
analysis. Always include PI in the sample.

28. Do not forget to use isotype controls.
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29. For the analysis of LMP1 dependent CD54 expression we used the | -CD54-FITC instead

of |-CD54-PE. This is to measure the changes more accurately, because the fluorescence
of the bound |-CD54-PE is often too intensive to measure changes in the expression of
CD54. We used the antibodies at 1:10 dilution, but sometimes it is necessary to titrate
them to define the right dilution to avoid nonspecific staining.
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In Vitro Assays to Study Epithelial Cell Growth

Christopher W. Dawson and Lawrence S. Young

1. Introduction

The inability to directly infect epithelial cells in vitro with Epstein-Barr virus (EBV)
(1) has led to the development of epithelial cell-culture models to examine virus-
induced growth transformation and productive infection.

A number of cell-culture model systems have been developed to study virus:epi-
thelial-cell interactions, all of which make use of established cell lines rather than
primary epithelial cells. Unlike primary cells, which are relatively difficult to grow
and have a finite lifespan in tissue culture, established cell lines are easier to propa-
gate, more amenable to transfection, and can be maintained in vitro indefinitely.

For studies examining EBV growth transformation, the introduction of EBV genes
into epithelial cells provides a powerful approach for studying the functions of these
genes and their effects on epithelial cell behavior (2-12). Similarly, targeting expres-
sion of CR2 (the receptor used by EBV) to epithelial cells has allowed investigators to
examine the outcome of EBV infection in cells that are normally refractory to EBV
infection in vitro (13,14).

The model system that we have used to examine the effects of EBV proteins on
growth transformation involves the use of an established epithelial cell line, SCC12F,
a nontumorigenic subclone of the carcinoma-derived SCC12 cell line (2,11,15). This
cell line, although not of nasopharyngeal origin, retains several characteristics of nor-
mal cultured epidermal keratinocytes, which render it useful for this type of study.
Such properties include a requirement for fibroblast feeder support and responsive-
ness to terminal differentiation stimuli. Other squamous epithelial-cell lines that have
been used in this type of study include RHEK-1, an SV40 immortalized epidermal
keratinocyte cell line (16); HaCat, a spontaneously immortalized epidermal keratino-
cyte line (17); and C33A, a cell line derived from a cervical carcinoma (18-21). Other,
nonsquamous-derived cell lines that have been used in transfection studies include the
Hela and EJ cell lines (22,23)

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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A number of assays are available for assessing the effects of EBV gene expression
on epithelial cell growth. The suitability of each assay will depend on the characteris-
tics of the cell line used. For epithelial cell lines which comprise fairly homogeneous
populations of carcinoma-derived cells such as Hela, EJ, and C33A, a greater number
of assays can be applied. For epithelial cell lines derived from stratified squamous
epithelia such as SCC12F, HaCat, and RHEK-1, the choice may be restricted owing to
technical limitations of a given methodology when applied to more complex epithelial
cell types. Cell-proliferation assays can either directly measure cell growth (e.g., by
counting total cell number), or measure it indirectly by analyzing: (1) the incorpora-
tion of radioactive precursors into cells (e.g., [’H]thymidine), or (2) measure the meta-
bolic activity of cellular enzymes in viable cells (e.g., MTT assay).

1.1. Determination of Cell Number by Direct Cell Count

Perhaps the easiest and most straightforward way of analyzing cell growth is to
measure the increase in cell number as a function of time. In this protocol, cell growth
is determined over a defined period and viable cell number estimated by trypan blue
exclusion and hemocytometer counting. Although labor-intensive, this approach is
both simple and inexpensive. However, this method can only provide a measure of the
growth of a population of cells, which may result (in some cell populations and under
certain conditions) from a balance between cell proliferation and cell death.

1.2. [BH]Thymidine Incorporation

The incorporation of [*H]thymidine is a well-established assay for measuring cell
proliferation and is particularly useful for measuring cellular responses to exogenous
growth factors (see also Chapter 13 for suspension cells). The assay involves the puls-
ing of cells with radiolabeled thymidine [*H-TdR] and measuring the extent of incor-
poration into cellular DNA. This assay gives an indication of the number of cells within
the total cell population that are actively replicating DNA (i.e., the number of cells
going through S phase). Although this technique is useful for certain epithelial cell
lines, it may not be the best way of measuring the proliferation of keratinocytes or cell
lines derived from squamous epithelia owing to their ability to catabolize thymidine
(24). Under normal circumstances, cells are analyzed after reaching mid-log phase in
their growth, and pulsed for between 1-4 h. There may be instances, however, when it
is desirable to pulse for longer periods, e.g., when cells are at a higher cell density or
when the rate of DNA synthesis is low.

1.3. MTT Tetrazolium and Other Colorimetric-Based Assays

Colorimetric-based assays are viable alternatives to *H-thymidine incorporation,
and do not have its associated difficulties. The MTT assay is a rapid colorimetric assay
for determining viable cell numbers in proliferation, cytotoxicity, and apoptosis assays
(25). This assay utilizes the ability of dehydrogenases in active mitochondria in living
cells to cleave the tetrazolium ring off the MTT substrate (3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyl tetrazolium bromide) releasing purple formazan crystals, which are
dissolved in dimethyl sulfoxide (DMSO) or acid isopropanol (26). The intensity of
color obtained, which is relative to the number of viable cells, is subsequently mea-
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sured by a microtiter plate reader OD at 550-570 nm. A number of alternative tetrazo-
lium dyes, XTT and XTS, are now available that have the additional benefit of being
water-soluble (27,28).

1.4. Alamar Blue Assay for Cell Growth and Viability

Alamar Blue is a reagent that is becoming increasingly popular as an alternative to
MTT, having the benefits of being water-soluble and nontoxic (29,30). Alamar Blue is
a fluorogenic redox indicator, turning red upon reduction in living cells. Unlike the
oxidized blue form, which has little intrinsic fluorescence, the reduced red form is
highly fluorescent. Cell viability can therefore be assessed either by OD or fluores-
cence intensity.

Like the MTT assay, the Alamar Blue assay is simple to perform and requires the
addition of the indicator towards the end of the incubation test period; however, unlike
MTT, further manipulations such as solubilization of the product are not required.

2. Materials
2.1. Tissue-Culture Reagents and Equipment

1. Incubator: 37°C with 5% CO.,.

2. Tissue-culture media: Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco) with L-gluta-
mine added to a final concentration of 2 mM. Ham’s F12 with L-glutamine (final concentra-
tion 2 mM).

3. Complete growth medium: appropriate tissue-culture medium, 5—10% (depending on cell
type) fetal calf serum (Gibco), 0.2 mg/mL streptomycin sulfate, 200 U/mL penicillin G
potassium.

4. Hydrocortisone (Sigma).

5. Tissue-culture plates: 96-well flat-bottomed plates (Nunc).

6. PBS (Phosphate buffered saline): 58 mM Na,HPO,, 17 mM NaH,PO,, 68 mM NaCl.

2.2. Solutions

2.2.1. Trypan Blue Exclusion Assay Reagents
1. 0.4% trypan blue solution.

2.2.2. Thymidine Incorporation Assay Reagents

1. [5'-3H] thymidine aqueous solution 1 mCi/mL (37 MBg/mL) (Amersham).
2. [5-*H] thymidine stock: dilute [5-*H] thymidine in complete growth medium to 17.2 Ci/mMol.
3. Lysis buffer: 0.1% Triton-X-100 in H,O. Store at 4°C.

2.2.3. MTT Assay Reagents

1. MTT substrate: 5 mg/mL MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) (Sigma) in PBS.

2. Phosphate-buffered saline (PBS): 58 mM Na,HPO,, 17 mM NaH,PO,, 68 mM NaCl.

3. DMSO.

4. Sorenson’s buffer: 0.1 M glycine, 0.1 M NaCl, pH 10.5.

2.2.4. Alamar Blue Assay Reagent

1. Alamar Blue solution (Serotec).
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2.3.
1.
2.

3.
4.
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Equipment

Enzyme-linked immunosorbent assay (ELISA) plate reader (with filter set for 570 nm
and 600 nm).

Beta-plate reader.

Cytofluoroscan, with filter set for FITC (excitation 560 nm and emission 590 nm).
Hemocytometer.

3. Methods

3.1.

Determination of Cell Number by Cell Counting

(Using Trypan Blue Exclusion)

1.

3.2.

Harvest cells in the log phase of growth by trypsination and suspend (to an estimated
1 x 10° cells/mL) in complete growth medium (see Note 1).

Take 40 pL of cell suspension and mix with 160 PUL of 0.4% trypan blue in the well of a
microtiter plate. Transfer an aliquot to a hemocytometer and count the number of viable
cells. Viable cells can be differentiated from nonviable or dead cells as viable cells exclude
the blue dye. Calculate the total viable cell number taking the dilution factor (1:5) into
account.

Seed single-cell suspensions into 6-well plates at an appropriate cell number in complete
growth medium. The input density will depend on the cell line being used and its dou-
bling time. (We routinely use between 10* and 5 x 10* cells/well for SCCI2F cells; see
Note 2.) Incubate at 37°C 5% CO, for 24 h.

Aspirate the medium to remove unattached cells and add fresh complete growth medium.
If serum responses are to be measured, then add medium containing various amounts of
serum at this stage. If very low concentrations of serum are to be used, it may be neces-
sary to wash the wells with serum-free medium prior to addition of fresh medium to
remove all traces of serum.

Assess cell growth at 24- or 48-h intervals by trypsinization of one well at a time and
counting the cells as described in step 2 (see Note 3).

3H-Thymidine Incorporation

. Harvest cells in the log phase of growth and count viable cells as described in Subhead-

ing 3.1., steps 1-2.

Seed between 103 and 10* cells (depending upon the cell type being used) into the wells of
a 96-well plate in 200 PL of complete growth medium (Each sample condition or time-
point should be conducted in triplicate, using a different plate for different time points)
and incubate for 24 h at 37°C, 5% CO,.

Aspirate the medium to remove unattached cells and add fresh complete growth medium.
If serum or growth factor responses are to be measured, then add medium containing
various amounts of serum (or growth factor) at this stage. If very low concentrations of
serum are to be used it may be necessary to wash the cell wells with serum-free medium
prior to addition of fresh medium to remove all traces of serum.

At the end of the period of study (time-points between 1-4 d), add 20 pL of a 17.2 Ci/mMol
[*H]thymidine stock solution to each well (final concentration 0.33 pCi/well) and incu-
bate the plates for 4 h at 37°C, 5% CO, (see Note 5).

Aspirate the medium into an appropriate container and dispose according to the practices
for radioactive disposal at the institution. Rinse cells twice with PBS.

Add 200 pL of lysis buffer to each well and allow the plates to stand for 5 min.
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7.
8.

3.3.
. Follow steps 1-3 of Subheading 3.2., to plate 103-10* cells per well of a 96-well plate,

3.4.
. PFollow steps 1-3 of Subheading 3.2., to plate 103-10* cells per well of a 96-well plate,

The amount of radioactivity is determined by scintillation counting.

Calculate the mean and standard deviation of each set of triplicates for comparison of
proliferation between cell sets or medium conditions (see Notes 6 and 7). Plot compara-
tive proliferation curves for the study period.

Determination of Viable Cell Number by MTT Assay

incubating for 24 h prior to the study period.

At the end of the period of study (time points between 2-5 d), aspirate the medium and
add 200 pL of fresh complete growth medium.

Add 20 pL of MTT substrate (5 mg/mL) to each well and incubate the plate for 4 h at
37°C, 5% CO,, to allow formazan crystals to form.

Aspirate the medium with a 21G needle and syringe, leaving the formazan crystals. Add
200 pL DMSO to dissolve the crystals (see Note 8).

Add 25 pL of Sorenson’s buffer to each well.

Measure absorbance at 550-570 nm immediately on an ELISA plate reader using DMSO
as a blank.

Calculate the mean and standard deviation for each set of triplicates for comparison of
growth between cell sets or medium conditions and plot a growth curve for the study
period (see Notes 7 and 9).

Determination of Viable Cell Number Using Alamar Blue

incubating for 24 h prior to the study period.
At the end of the study period (time points between 2-5 d), add 20 PL of Alamar Blue
reagent to each well (1/10th of the total volume), and incubate for 3 h at 37°C, 5% CO,.

. Measure the spectrophotometric absorbance at 570 nm and 600 nm on an ELISA plate

reader using cell free wells containing medium as a blank. Determine the reaction values
by subtracting the background reading (absorbance at 600 nm) from the reading obtained
at 560 nm. Alternatively, the plates can be read spectrofluorimetrically on a cytofluori-
meter (560 nm excitation and 590 nm emission wavelength).

Calculate the mean and standard deviation for each set of triplicates for comparison of
growth between cell sets or medium conditions and plot a growth curve for the study
period (see Notes 7 and 9).

4. Notes

1.

2.

To ensure this, do not harvest cells over 90% confluency. More details on trypsination of
cells are provided in Chapter 14.

It may be important to check that the cell lines being analyzed have similar plating effi-
ciencies to ensure that any observed differences in growth kinetics are real and not the
result of differences in the number of adherent cells in the starting population.

If the investigation requires the counting of both viable and total cell number, care should
be taken to ensure that any desquamated or unattached cells are also collected at the time
of sample analysis and included in the total cell count.

[*H]thymidine uptake may not be the best method for analyzing the growth of primary
keratinocytes or epithelial cell lines derived from stratified squamous epithelium owing
to the unusual manner in which keratinocytes metabolize thymidine.

It may be necessary to adjust the amount of radioactive label if cells are grown in media
that contain high levels of thymidine (e.g., Ham’s F10 or F12).
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6. Problems may be encountered if comparisons are being made between cell lines that have

marked differences in the duration of their S-phase, i.e., cells with a longer S-phase will
incorporate more label during the pulse.

If standard deviation values are large, each cell type/condition must be analyzed in more
than triplicate to produce meaningful values.

When solubilized, the formazan crystals are not stable for lengthy periods of time. It is
advisable to read the plates within 10 min of solubilizing the formazan crystals.

The MTT and Alamar Blue assays are dependent on enzymatic activity. As the cellular
activities will vary from one cell line to another, it is important to optimize the parameters
of the assay for each cell type being tested (i.e., dilution of the substrate and the incuba-
tion time). Calibration curves should be constructed to identify the range of cell numbers
that give a linear relationship between od/fluorescence intensity and cell density.
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In Vitro Assays to Study Epithelial Cell Differentiation

Christopher W. Dawson and Lawrence S. Young

1. Introduction

The development of in vitro systems for the culture of human epithelial cells has
aided the study of epithelial cell transformation by the epitheliotrophic papilloma-
viruses (). Although long-term proliferation of keratinocytes in vitro can now be
achieved, the tissue-culture environment is not optimal for differentiation, hampering
the study of virus:cell interactions in differentiating epithelial cells.

Although differentiation can be achieved by depriving keratinocytes of substrate
attachment (so-called suspension culture), the expression of differentiation-specific
proteins is usually limited to proteins that are expressed at only the very earliest stages
of the differentiation process such as involucrin (2).

Considerable progress in enhancing the differentiation of keratinocytes in vitro
has been achieved through the development of more complex culture systems. The
growth of keratinocytes at an air-liquid interface on a physiological substrate such
as collagen or a dermal equivalent (“organotypic raft culture”) is a reliable system
where both the histo-morphological and biochemical properties of keratinocyte ter-
minal differentiation can be reproduced in vitro (3,4). In much the same way as
investigators have used these systems to investigate papillomavirus:epithelial cell
interactions, the same systems can be used to study the effects of Epstein-Barr virus
(EBV) on epithelial cell differentiation.

Cell lines established from stratified squamous epithelia tend to retain an ability to
differentiate in vitro, albeit to a lesser degree than normal keratinocytes (5). Although
cell lines such as SCC12F and HaCat are not as responsive as normal keratinocytes to
terminal differentiation stimuli, their ability to attain a substantial degree of differ-
entiation renders them useful in studies aimed at investigating the ability of EBV genes to
interfere with the differentiation process (6,7). A number of assays are available for
testing the competence of keratinocytes to differentiate in vitro. The expression of
differentiation-specific proteins such as high molecular weight keratins or involucrin,
a component of the crosslinked envelope, are useful markers for identifying terminally
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differentiating cells (8). The availability of antibodies allows the detection of these
proteins by conventional immunohistochemistry or by Western blotting.

1.1. Suspension-Induced Terminal Differentiation

A standard assay for inducing terminal differentiation is to deprive keratinocytes of
matrix attachment; so-called suspension culture (2,9). Under such conditions,
keratinocytes undergo cell-cycle withdrawal and initiate the differentiation process.
The ability of terminally differentiating keratinocytes to assemble all of the compo-
nents necessary for crosslinked envelope formation can be assayed either by
immunostaining for envelope proteins (2), or by inducing the assembly of the cross-
linked envelope using calcium ionophore (9,10).

1.2. Organotypic Raft Culture

Although suspension-induced differentiation is a useful protocol for assessing the
ability or competence of keratinocytes to terminally differentiate, the growth of kera-
tinocytes on collagen rafts provides a reliable system where both the histo-morphological
and biochemical properties of keratinocyte terminal differentiation can be reproduced in
vitro (3,4).

2. Materials
2.1. Suspension-Induced Differentiation

1. 9-cm bacteriological Petri dishes (Sterilin).
2. poly-HEMA solution: 0.1% (w/v) Poly-(methacrylsaeure-2-hydroxy-ethylester) (Aldrich)
in ethanol.
3. Methyl cellulose (Aldrich).
4. Calcium ionophore A23187 (Sigma): use at 50 ug/mL in Dulbecco’s Modified Eagle’s
Medium (DMEM)-H.
5. Polyclonal rabbit antisera to involucrin (Biogenesis).
6. Phosphate-buffered saline (PBS): 58 mM Na,HPO,, 17 mM NaH,PO,, 68 mM NaCl.
7. Tissue-culture medium appropriate to cell type (e.g., DMEM) including any required addi-
tives, apart from serum.
8. Foetal calf serum (Gibco-BRL).
9. Hemocytometer.
10. 37°C, 5% CO, incubator.
11. 4% paraformaldehyde: add 4 g paraformaldehyde (BDH, cat. no. 294474L) to PBS to a
final volume of 100 mL. Stir overnight to dissolve. Foil-wrap and store for up to 1 mo.
12. Methanol, cooled to —20°C.
13. DMEM-H: DMEM + HEPES at a concentration of 25 mM, pH 7.4 (Gibco, cat. no. 13016-035).
14. Differentiation medium: DMEM-H with 2% bovine serum, 2 mM glutamine, penicillin
(1000 U/mL), streptomycin (1 mg/mL).
15. Complete growth medium: DMEM with 5% fetal calf serum (FCS), 2 mM glutamine,
0.4 ng/mL hydrocortisone, penicillin (1000 U/mL), streptomycin (1 mg/mL).
16. 5-mL polypropylene tubes.
17. Sodium dodecyl sulfate-dithiothreitol (SDS-DTT): 2% SDS, 40 mM DTT.
18. Antibody to involucrin: Biogenesis, cat. no. 5391-0006.
19. FITC-labeled goat anti-rabbit antibodies (Sigma, cat. no. F-0382).
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20. DABCO solution: 90% glycerol, 10% PBS, 2.5% (w/v) 1,4-dizabicyclo(2,2,2)octane, pH 8.6.
21. UV-fluorescence microscope: Olympus or equivalent.
22. Tissue-culture dishes.
2.2. “Organotypic” Raft Culture
1. Rat tail collagen type IA: use at 5 mg/mL (Collaborative Research).
2. Raft salt solution: 2.2 g NaHCO3, 4.77 g HEPES in 100 mL of 0.05 M NaOH.
3. 10X DMEM (Gibco).
4. Stainless steel grids/mesh: Orme (cat. No. G34-150) 150 x 150-mm squares. Cut to
60-70-mm diameter circles.
5. Cryo-M-Bed: (Bright Instrument Co. Ltd, Merck BDH, cat. no. 404/0144/25).
6. Hemocytometer.
7. 3.5 and 9-cm bacteriological Petri dishes.
8. Complete growth medium: tissue-culture medium appropriate for the cell type with
required additives.
9. Differentiation medium: DMEM-H with 2% bovine serum, 2 mM glutamine, 1000 U/mL
penicillin, 1 mg/mL streptomycin.
10. Aluminum foil.
11. Isopentane.
12. Nickel crucible (Orme, cat. no. B15-520).
13. Cryostat.
14. Acetone, cooled to —20°C.
3. Methods
3.1. Suspension-Induced Terminal Differentiation
3.1.1. Preparation of Poly-HEMA Coated Plates
1. Aliquot 2 mL of poly-HEMA solution into 9-cm bacteriological Petri dishes and allow to
dry overnight in a laminar flow cabinet.
2. Prior to use, rinse the plates with several changes of PBS.

3.1.2. Preparation of 1.6% Methyl Cellulose Medium

1.

2.

4.
5.

Measure 8 g of methyl cellulose powder into a 500-mL flat bottomed bottle containing a
magnetic stirrer and autoclaved at 120°C for 30 min.

Add 475 mL of serum-free tissue-culture medium, preheated to 60°C, and allow the me-
thyl cellulose to dissolve overnight on a stirring platform at 4°C.

Transfer the contents to a sterile centrifuge bottle and centrifuge at 4500g at 4°C for 30
min to pellet undissolved material.

Decant the semi-solid medium into sterile bottles (~100-mL aliquots).

Add serum to a final concentration of 5% (5 mL) and store the complete medium at —20°C.

3.1.3. Preparation of Cells

1.

Harvest cells in the log phase of growth (less than 90% confluent) by trypsinization (see
Note 1), resuspend in tissue-culture medium, and count cell numbers using a hemocy-
tometer. If keratinocyte cultures have been grown on irradiated 3T3 cells, rinse the cells
free of the 3T3 fibroblasts. After aspiration of the growth medium, rinse plates twice with
PBS. A dilute solution of ethylediamine tetraacetic acid (EDTA) (0.02%) is then added
and incubated for 30-60 s. The surface of the plates are then washed with the EDTA
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solution, which selectively removes the fibroblasts. After another wash in PBS, the
remaining keratinocytes can be recovered by trypsinization.

In triplicate for each test, pellet 10° cells by centrifugation at 500g for 5 min, and resus-
pend in 10 mL of 1.6% methyl cellulose medium. Dispense each 10-mL sample into a
poly-HEMA coated 9 cm bacteriological Petri dish. Incubate at 37°C, 5% CO, for 24-72 h
to allow differentiation (see Note 2).

Collect and dilute the cell suspension at least 10-fold in PBS (to reduce the viscosity).
Recover the cells by centrifugation at 500g for 5 min.

Wash cell 2-3 times in PBS (centrifuge to remove PBS wash).

For immunostaining, smear an aliquot of cells onto glass slides and allow to air-dry. For
Western blotting analysis, cell pellets can be processed.

Fix air-dried slides in 4% para-formaldehyde for 20 min followed by cold methanol
(-20°C) for 5 min. The samples are now ready for immunostaining.

Rehydrate samples in PBS for 5 min. Stain with undiluted rabbit antibody against
involucrin and incubate at 37°C for 60 min. Wash slides twice for 15 min in PBS. Stain
with secondary FITC conjugated goat anti-rabbit antibody, diluted 1:75 in PBS. Wash
slides in PBS and mount samples in DABCO solution. Examine under a UV fluorescent
microscope.

Count the number of involucrin positive cells and express as a percentage of the total
population. Count between 100-200 cells per field.

3.1.4. Cross-Linked Envelope Formation

1.

e

Induce cells to differentiate by suspension culture and collect by centrifugation as
described in Subheading 3.1.3., steps 1-3.

Wash cells twice in serum free DMEM by centrifugation, removing the wash, and count
using a hemocytometer.

Pellet 10° cells and resuspend in 0.5 mL DMEM-H containing 50 ug/mL of A23187 iono-
phore. Transfer to a sterile 5S-mL polypropylene tube. Incubate at 37°C, 5% CO, for 3—4 h.
Add 0.5 mL of SDS-DTT and mix the cell suspension thoroughly.

Heat the samples to 100°C for 5 min and allow to cool.

Remove an aliquot of the sample and examine by phase-contrast microscopy. Score cross-
linked envelopes by appearance (cell ghosts). Data is expressed as the mean (= SEM)
percentages of ionophore-treated cells that formed cornified envelopes from assays per-
formed on triplicate cultures of each of the cell lines examined (see Notes 3 and 4).

3.2. Organotypic Raft Culture Systems

The procedure for preparing collagen rafts is outlined schematically in Fig. 1. The

typical appearance of a collagen raft culture is shown in Fig. 2.

3.2.1. Preparation of NIH 3T3 Cells (see Note 5) and the Collagen Matrix

1.
2.

Harvest subconfluent cultures of NIH 3T3 cells by trypsinization and count cell numbers.
Pellet 10° cells by centrifugation at 500g for 5 min, and allow the pellet to cool on ice for
10 min prior to incorporation into the collagen matrix.

All of the reagents required for the preparation of the collagen rafts must be kept on ice
prior to raft formation. Mix 8 mL of collagen type IA (rat tail) with 1 mL of 10X serum-
free DMEM and 1 mL of raft salt solution (see Note 6).

Carefully resuspend the pelleted 3T3 cells in this mixture (to 10° cells/mL) and mix thor-
oughly. Aliquot 2 mL/dish into 3.5-cm Petri dishes.
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Fig. 1. Schematic representation of the steps involved in generating collage raft cultures.

5. Allow the collagen rafts to gel at 37°C for at least 30 min. Add 1 mL of complete growth
medium to each dish to cover the gel.

3.2.2. Seeding of the Collagen Rafts

1. Harvest primary keratinocytes or squamous cell carcinoma-derived cell lines by
trypsinization and count cells. Seed between 2 and 5 x 10° cells onto the surface of the
collagen raft. Incubate for 24 h at 37°C, 5% CO, (see Note 7).

2. Aspirate the medium to remove unattached cells and replace with fresh complete growth
medium.

3. Replace medium every 2 d until the keratinocytes form a confluent monolayer. This usu-
ally takes between 7-10 d.
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Fig. 2. The typical appearance of a collagen raft culture.

3.2.3. Induction of Differentiation

To induce a program of terminal differentiation, keratinocytes are cultured at the
air:medium interface.

1.

Using a spatula, carefully pull away the edge of the collagen raft from the edge of the
Petri dish and lift the whole raft onto a stainless-steel grid placed in the center of a 9-cm
Petri dish.

Add 10-15 mL of differentiation medium such that the surface of the collagen raft is kept
dry. Replace medium at two daily intervals and maintain collagen rafts for 2-3 wk at
37°C, 5% CO, (see Note 8).

3.2.4. Processing of Collagen Rafts

1.

After 2-3 wk of incubation, remove the collagen rafts from the surface of the stainless-
steel grids with the aid of fine forceps.
Immerse the rafts in 2-3 mL of Cryo-M-Bed that has been coated on the surface of a
5-cm? strip of aluminum foil. Place the raft with the top (exposed) surface of the epithe-
lium facing downward and smooth out.

. Freeze the rafts by lowering the foil onto the surface of isopentane contained in a small

nickel crucible floating on the surface of liquid nitrogen (see Note 9). After freezing,
store the rafts at —70°C.

Cut 5-um sections on a cryostat and fix in cold acetone (-20°C) for 10 min prior to
immunostaining with antibodies specific for differentiation-associated proteins such as
involucrin, and high-molecular weight keratins (Fig. 3, see Notes 10 and 11).
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Fig. 3. Representative sections from a culture of SCC12F cells grown at the air:liquid inter-
face for 3 wk and stained for expression of differentiation specific proteins: (A) staining with a
pan-keratin antibody, AEl. (B) Staining with the P1E6 antibody, specific for |,}; integrin,
which stains only basal cells. (C) Staining with the 8.60 antibody, specific for the differentia-
tion specific keratins K1/10, which are expressed in suprabasal cells. (D) Staining with a rabbit
polyclonal antibody against involucrin, which is only expressed in suprabasal cells.

4. Notes

1. Details on trypsinizing adherent cells are given in Chapter 14.

2. The time required for differentiation in suspension culture may vary considerably between
cell lines. Cells can be incubated for up to 10 d.

3. Calcium ionophores activate the calcium-dependent enzyme transglutaminase that cata-
lyzes the formation of the crosslinked envelope. In theory, only keratinocytes that have
assembled all of the proteins necessary for envelope formation will form cross-linked
envelopes, whereas those that have not will be lysed in SDS.

4. Solubilization of ionophore-treated cells results in the release of DNA. This may lead
to excessive clumping of the envelopes and make quantitation difficult. The addition of
0.1 mg/mL DNAse may reduce envelope aggregation.



180 Dawson and Young

10.

11.

If 3T3 fibroblasts are not available then human skin fibroblasts can be used as an alternative.
Certain suppliers recommend the use of lower concentrations of collagen (1-3 mg/mL).
In this case the collagen solution should be diluted with sterile 0.02 N HCI to give the
desired concentration.

As certain epithelial cell lines migrate very poorly on collagen rich gels, it may be neces-
sary to plate out greater than 5 x 107 cells onto the collagen raft at the initial seeding.
Care should be taken not to cover the surface of the exposed epithelium at any time dur-
ing this period as this will interfere with terminal differentiation. However, there may be
instances when the aim of the experiment is to recapitulate the in vivo differentiation of
wet-stratified squamous epithelium. In this case, the surface of the differentiating epithe-
lium must be bathed in serum-free medium at every re-feeding.

Care should be taken when snap-freezing the collagen rafts, as too rapid freezing results
in poor morphology and “break-up” of the raft.

As the growth of keratinocytes on the surface of the collagen raft may be uneven, it is
advisable to take sections from at least 3 different areas of the raft.

As an alternative to snap-freezing, collagen rafts can be fixed in 4% para-formaldehyde
and processed as for conventional histology. This has the benefit of preserving the archi-
tecture of the raft.
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Cell Sensitivity Assays

Quantitative Detection of Apoptotic Cells
In Vitro Using the TUNEL Assay

Neil A. Jones and Caroline Dive

1. Introduction
1.1. Principles of Flow Cytometry

Flow cytometry allows rapid multi-parameter analyses of individual cells. Cells are
illuminated with incident laser light of a specific wavelength. Resultant light-scatter
signals and fluorescence-emission signals from fluorochromes contained at the sur-
face of the cell or within it are detected by an array of photomuliplier tubes. For
example, fluorochrome-conjugated antibodies and DNA interchelating dyes can be
used to acquire information on protein expression and DNA ploidy (via fluorescence
signals) together with information on cell size and structure (via light-scatter signals).

1.2. Chromatin Changes During Apoptosis

Apoptosis is a process whereby cells die via an ordered cellular program and is
therefore often referred to as programmed cell death. Apoptosis is important in the
maintenance of tissue homeostasis and during animal development (1,2). Many cur-
rently used cytotoxic drugs kill tumor cells because of their ability to induce apoptosis
(3) and apoptosis is increasingly being studied in the context of drug resistance. Despite
the wide variety of stimuli that can induce apoptosis, most cells undergoing the pro-
cess exhibit a similar series of changes, suggesting that these signals converge to
engage a common pathway, which is required for the execution of cell death. One of
the most widely studied biochemical process that occurs during apoptosis is the non-
random cleavage of genomic DNA. This cleavage is owing to the activation of spe-
cific endogenous endonucleases and results in the formation of a large numbers of
DNA strand breaks (4). The separation of DNA from these apoptotic cells by agarose
gel electrophoresis and subsequent visualization using ethidium bromide reveals a
characteristic “ladder” pattern (4). Such “ladders” consist of multiples of ~200 base
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pairs, and occur as a result of cleavage of DNA between nucleosome histone com-
plexes (or bundles). In some cells, such nucleosomal DNA laddering is not seen, and
in these cases high molecular weight (50 or 300 kbp) DNA fragments may be pro-
duced (5-7).

These high molecular weight DNA fragments are thought to arise as a result of the
release of chromatin from the nuclear matrix. The identification of such DNA frag-
mentation by agarose gel electrophoresis, although indicative of apoptosis, cannot be
used as a quantitative assay. In addition, apoptosis of mammalian cells in culture,
although regulated, is often asynchronous and therefore accurate determination of lev-
els and rates of apoptosis is difficult using the aforementioned assay.

An alternative methodology that can be used to rapidly detect and quantitate DNA
strand breaks in individual cells undergoing apoptosis utilizes flow cytometry (8).
This has the advantage of simultaneous detection of the DNA strand breaks and cell-
cycle distribution in individual cells. In addition, this methodology has been used to
detect DNA strand breaks in clinical samples before and after treatment with cytotoxic
drugs (8,9).

During cell death there is an alteration in the ability of cells to scatter light at a
forward angle reflecting cell size and at 90° reflecting cell granularity. These changes
can be detected using flow cytometry. Such changes can be used to discriminate between
live cells, dead cells, and cells that are undergoing apoptosis (10). As mentioned ear-
lier, apoptotic cells characteristically exhibit DNA strand breaks and these can be
detected using terminal deoxynucleotidyl transferase 7dT mediated dUTP Nick End
Labelling (TUNEL) and flow cytometry (8). Exogenous terminal deoxynucleotidyl
transferase is used to incorporate either BrdUTP or biotinylated dUTP to the 3' end of
single-stranded DNA. Fragmented DNA can then be detected by using FITC-conju-
gated antibody or FITC-labeled avidin to reveal the incorporation of labeled nucle-
otide. By counterstaining with propidium iodide (PI), information on cell-cycle
distribution can also be obtained within the same cell. We shall outline the methodol-
ogy, which can be used to label strand breaks in suspension or adherent tissue-culture
cells induced to undergo apoptosis, using both of these deoxynucleotides.

2. Materials (see Note 1)

1. Phosphate-buffered saline (PBS): 10X PBS tablets can be obtained from Oxoid. 1X PBS
is made by dissolving 1 tablet in every 100 mL of dH,O. PBS should be made weekly and
kept at 4°C.

2. Fixatives: (i) 1% (v/v) formaldehyde in PBS. Formaldehyde is normally supplied as a
20% or 40% solution and should therefore be diluted fresh for each experiment and kept
on ice. The formaldehyde should be methanol free and can be purchased from Poly-
sciences Inc. (ii) 100% ethanol and PBS should be prechilled on ice.

3. Terminal deoxynucleotidyl transferase (TdT): Can be purchased from Boehringer
Mannheim and is supplied as 25 U/pL and stored at —20°C.

4. TdT reaction buffer: Supplied with the TdT enzyme as a 5X concentrated solution (5X
concentrated = 1 M potassium cacodylate, 125 mM Tris-HCI, pH 6.6, 1.25 mg/mL BSA)
and stored at —20°C.
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5.

6.

10.

11.

12.

13.

14.

15.

Cobalt Chloride (CoCl,): Supplied as a 25 mM solution with the enzyme and is stored at
-20°C.

20X SSC: Dissolve 17.5 g NaCl and 8.8 g tri sodium citrate in 80 mL dH,O. Adjust pH to
7.0 and make up to 100 mL with dH,O. This should be autoclaved and can then stored at
room temperature.

. BrdUTP solution: BrdUTP powder (Sigma) is prepared as a 2 mM solution in 50 mM

Tris-HCI, pH 7.5, and stored at —20°C.

Biotin-16-dUTP (bt-dUTP) solution: Obtained from Boehringer Mannheim as a 50 nM
solution and stored at —20°C.

FITC (fluorescein isothiocyanate) conjugated anti BrdU antibody: Purchased from Becton
Dickinson.

FITC-conjugated anti-BrdU antibody-staining solution: Make a solution of PBS + 0.1%
Triton X-100 + 1% BSA + 0.1 pg/mL FITC conjugated anti BrdU antibody. This is made
up fresh for each experiment and kept on ice.

Avidin-FITC stock (1000X): Obtained from Sigma. Made as a 5 mg/mL solution in PBS.
This stock solution should be aliquoted and stored at —20°C. Working stock solutions can
be stored at 4°C but should be used within a month and should only be diluted to a work-
ing dilution when required.

Avidin-FITC solution: 4X SSC (diluted from 20X SSC using dH,0) + 0.1% (v/v) Triton
X-100 and 5% (w/v) fat-free dried skimmed milk (Marvel) + 5 pg/mL avidin-FITC (pur-
chased from Sigma). Make up fresh for each experiment.

Washing solution: PBS + 0.1% (v/v) Triton X-100 + 5 mg/mL BSA, make fresh for each
experiment.

PI staining solution: PBS + 5 pg/mL PI (Molecular Probes) + 200 pg/mL DNase free
RNase (Sigma), make up fresh immediately before use. The RNase can be made as a
stock of 20 mg/mL in H,O and stored in aliquots at —20°C.

Flow cytometer: We use a Becton Dickinson FACS Vantage instrument. Whatever flow
cytometer you have access to, the machine must be set up appropriately; because dual
color detection will be used the machine may require color-compensation adjustment (see
Subheading 3.3.). It is important therefore that control reactions are included in each
experiment (see Note 2). It is wise to use an experienced flow cytometry user to under-
take such adjustments unless you know what you are doing. The data analysis shown in
Fig. 1 was obtained using Lysis II software supplied with the instrument.

3. Methods

We will describe the two basic methodologies of the TdT assay, which can be used
to detect DNA strand breaks in cells undergoing apoptosis (see Note 3). Both methods
are essentially identical except that Method A utilizes brdUTP to label DNA ends,
whereas Method B uses biotin-16-dUTP; bt-dUTP. Incorporation of both the nucle-
otides is obtained using exogenous terminal deoxynucleotidyl transferase. Detection
of incorporation of these nucleotides is achieved using a FITC-conjugated BrdU anti-
body or FITC-labeled avidin (avidin binds to the biotin conjugated onto the nucle-
otide). Control reactions must also be carried out in addition to experimental samples.
These are used to determine nonspecific binding of detection reagents and allow the
flow cytometer to be adjusted to compensate for such binding. These control reactions
are highlighted in the notes section (see Note 2)
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Fig. 1. Incorporation of bt-dUTP by exogenous TdT into the DNA of human ovarian carci-
noma cells exposed to the DNA damaging agent cisplatin. Two-dimensional frequency contour
plots of red fluorescence (x-axis; PI stained DNA) vs green fluorescence (y-axis; bt-dUTP
labeled with avidin-FITC). Untreated human A2780 ovarian carcinoma cells and these cells
exposed to 20 UM cisplatin for 1 h and then incubated for 96 h at 37°C were then processed
using method B. Cells with green fluorescence above the dotted line are considered to be posi-
tive for incorporation of labeled nucleotide by exogenous TdT and therefore undergoing
apoptosis.

3.1. Method A: Using BrdUTP to Label the DNA Strand Breaks

1. Harvest cells and count using a hemocytometer (see Note 4). Place aliquots of 1 x 10°
cells into flow cytometer tubes. Wash once in ice-cold PBS, pour off the PBS, leaving the
pellet with a small amount of fluid. Cells are pelleted at 200g for 5 min.

2. Vortex the cell pellet at the same time as adding 1 mL of the formaldehyde fixative solu-
tion (see Note 5). Vortexing at the same time as adding the fixative will reduce cell clump-
ing which may block the flow cytometer. Leave the cells to fix on ice for 15 min.

3. Pellet cells and wash once with 2 mL. PBS. Resuspend the pellet in 300 UL of ice cold
PBS. Add 700 pL of ice-cold ethanol, again while the cells are being vortexed. The cells
can now be stored in the fridge for up to 2 wk; if the cells are to be used immediately, they
must be in this ethanol fixative for at least 30 min on ice. The ability to keep the fixed
cells for a period of time means that time-course experiments can be undertaken and the
samples then processed for end labeling at the same time.

4. On the day of the end-labeling experiment, spin the cells down and remove the ethanol
solution. The cells should then be rehydrated in 1 mL of PBS for 15 min. It is a good idea
to look at the cells by microscopy now to make sure there are no large clumps of cells.

5. Spin cells down (see Note 6), resuspend the pellets in 50 UL of 1X TdT reaction buffer
(the 5X concentrated stock is diluted to 1X with dH,0). Add 1 pL TdT (5 U; the enzyme
is supplied at 25 U/PL and should be diluted to 5 U/PL with 1X reaction buffer) and 2 pL.
brdUTP. Incubate at 37°C for 40 min.



Cell Sensitivity Assay 185

6. Add 2 mL of washing buffer to each tube and spin down (see Note 6).
7. Resuspend the pellet in 50 L of the FITC-conjugated BrdU antibody solution and incu-
bate at room temperature for 30 min in the dark.
8. Add 2 mL of washing buffer to each tube and spin down.
9. Resuspend the cell pellet in 1 mL of PI staining solution and incubate for 30 min at room
temperature again in the dark.
10. Analyze the cells by flow cytometry (see Note 2).

3.2. Method B: Using Biotin-16-dUTP to Label the Strand Breaks

1. Harvest cells and count using a hemocytometer (see Note 4). Place aliquots of 1 x 10°
cells into flow cytometer tubes. Wash once in ice-cold PBS, pour off the PBS leaving the
pellet with a small amount of fluid. Cells are pelleted at 200g for 5 min.

2. Vortex the cell pellet and add 1 mL of the formaldehyde fixative (see Note 5). Vortexing
at the same time as adding the fixative will reduce cell clumping, which may block the
flow cytometer. Leave the cells to fix on ice for 15 min.

3. Pellet cells and wash once with 2 mL PBS. Resuspend the pellet in 300 PL of ice-cold
PBS. Add 700 pL of ice-cold ethanol, again while the cells are being vortexed. The cells
can now be stored in the fridge for up to 2 wk, if the cells are to be used immediately they
must be in this ethanol fixative for a minimum of 30 min on ice.

4. On the day of the labeling experiment, spin the cells down and remove the ethanol solu-
tion. The cells should then be rehydrated in 1 mL PBS for 15 min. Look at the cells now
by microscopy to make sure there are no large clumps of cells.

5. Spin cells down (see Note 6), resuspend the pellets in 50 UL of TdT reaction buffer (the
5X concentrated stock is diluted to 1X with H,O). Add 1 pL TdT (5 U; the enzyme is
supplied at 25 U/PL and should be diluted to 5 U/PL with 1X reaction buffer) and 0.5 L.
of bt-dUTP (0.5 nM final concentration). Incubate at 37°C for 40 min.

6. Add 2 mL of washing buffer to each tube and spin down (see Note 6).

7. Resuspend the pellet in 50 PL of the avidin-FITC solution containing 5 Jg/mL avidin-
FITC (1 in 1000 dilution of the stock solution). Incubate in the dark at room temperature
for 30 min.

8. Add 2 mL of washing buffer to each tube and spin down.

9. Resuspend the cell pellet in 1 mL of PI staining solution and incubate for 30 min at room
temperature again in the dark.

10. Analyze the cells by flow cytometry (see Note 2)

3.3. Data Analysis

Light-scatter properties are used to discriminate large cell clumps and cellular debris
by pacement of an electronic gate around intact fixed cells on a scatter plot prior to
analysis of DNA fragmentation. Such gating should be done when running the control
samples (see above and Note 2). To measure the binding of FITC-labeled antibody to
incorporated nucleotide at the same time as cell-cycle distribution via propidium bind-
ing to DNA, the following laser wavelengths should be used.

The samples should be illuminated with a 488 nm laser line. 10,000 cells are ana-
lyzed per sample with a flow rate of 300-500 cells per second. Green fluorescence of
the FITC is detected using a 530 nm + 20 nm band pass filter. Red fluorescence of the
propidium bound to DNA is measured at 630 + 22 nm band pass filter. The green and
red fluorescence should be separated using a 560 nm short-pass dichroic filter. Check
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to see whether color compensation is required by analysis of green only, and then red
only, fluorescing cells. Two cells in G; phase of the cell cycle passing the laser to-
gether can be discriminated from a single cell in G, using pulse-width analysis (11).
A typical two-dimensional profile of green and red fluorescence is shown in Fig. 1.
For each cell that passes in single file through the laser both red fluorescence and
green fluorescence are measured. The amount of PI binding to DNA, which indicates
phase of cell cycle, is plotted on the x axis. The y axis shows the amount of green
fluorescence displayed by the cells and therefore indicates the extent of incorporation of
the labeled nucleotide. Elevated green fluorescence exhibited by the cells is taken as a
measure of the number of strand breaks and therefore the extent of apoptosis in the
cells. The percentage of cells exhibiting high green fluorescence is determined using a
gate positioned above the green fluorescence levels observed in control samples.

4. Notes

1. There are now a number of commercially available kits with which to undertake this
assay; they can be obtained from, e.g., Appligene Oncor, Boehringer Mannheim,
Pharmingen, or Promega.

2. Itis essential that control reactions are included in every experiment; this allows the flow
cytometer to be set up and adjusted as necessary. The following samples are needed in
addition to the experimental samples you want to run: Using control healthy cells with no
strand breaks:

1. Blank (just cells);

2. TdT only (no BrdU antibody or avidin-FITC or PI);

3. BrdU antibody or avidin-FITC only (no TdT enzyme or PI);
4. TdT and BrdU antibody or avidin-FITC (no PI);

5. Pl only (no TdT or BrdU antibody or avidin-FITC);

Dying cells with strand breaks:

6. TdT and BrdU antibody or avidin-FITC; and

7. PI only.

3. In our experience, quantification of apoptosis using this assay in apoptotic cells that fail
to produce a 200 bp ladder but that do produce 30 and 500 kb DNA fragments is much
more difficult, although not impossible (12) because there are fewer DNA strand breaks
and therefore fewer free DNA ends with which to label. It is therefore worthwhile to
determine if your chosen cell type does undergo nucleosomal DNA laddering when they
apoptose; this can be determined using conventional agarose gel electrophoresis.

4. All samples should contain equal cell numbers (1 x 10° or more is ideal because of the
inevitable loss of cells during the washing steps) to ensure that the reagents are not limit-
ing for efficient labelling of the DNA.

5. Cell fixation using cross-linking agents is essential; this prevents loss of small DNA frag-
ments during the labeling and detection reactions and after the washes. Vortexing of the
cells when adding the fixatives is vital, particularly when using cells that normally grow
as adherent monolayers in vitro; this reduces cell clumping that, if high, will block the
flow of sample in the flow cytometer. It is therefore worthwhile to check by microscopy
that the cell suspension contains single cells and not as clumps before running the samples
through the flow cytometer. Very fragile cells may not survive these procedures and
so this may not be an ideal method with which to measure apoptosis; empirical determi-
nation of the suitability of this method to detect strand breaks for different cell types must
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therefore be carried out. Alternatively, try the Annexin V binding assay on fixed cells
(13), or the Hoeschst assay on unfixed cells (14).

During washes make sure the wash buffer is completely removed and that the pelleted
cells are as dry as possible. The small reaction volumes used means that any wash buffer
that does remain with the pellets after washing will dilute the enzyme or antibody reac-
tion mixes, which may therefore reduce the efficiency of incorporation of nucleotides
into the strand breaks and their subsequent detection.
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Qualitative Detection of Apoptotic Cells
Assessed by DNA Fragmentation

Amanda J. Mcllwrath

1. Introduction

The techniques presented in this chapter describe the experimental procedure for
the identification of the nonrandom DNA fragmentation associated with apoptosis.
The major benefits of this method are its ability to detect a low level of DNA fragmen-
tation and its ability to detect large DNA fragments (50 kb and 300-1000 kb) as
opposed to the internucleosomal DNA ladder. It is a qualitative technique although it
can be of limited quantitative value. It can be used to detect apoptosis in cell lines
following exposure to a wide variety of agents.

In most cells that are undergoing apoptosis, the DNA is broken down into 180-200 bp
internucleosomal fragments known as the DNA ladder (1). The DNA ladder can be
visualized by ethidium bromide staining of DNA which has been subjected to agarose
gel electrophoresis. The DNA ladder is not always observed and in some apoptosing
cells only the large DNA fragments of 50 kb and/or 300—1000 kb are produced (2).
The appearance of these large fragments is thought to be a precursor to DNA laddering.
Apoptotic morphology may also be observed in the absence of DNA fragmentation
(3,4). The absence of DNA fragmentation therefore is not necessarily diagnostic of
lack of apoptosis although this appears to be an infrequent observation.

Because fragments of 50 kb and 300-1000 kb cannot be discriminated using nor-
mal agarose gel electrophoresis, field inversion gel electrophoresis must be employed.
In order to sensitize the detection of DNA from potentially low numbers of apoptotic
cells Southern blotting and detection of the DNA with a radiolabeled probe is the
preferred method. The Southern blot is hybridized with randomly sheared human DNA
that is 3?P-labeled by random priming. This allows visualization of the total human
DNA that is present on the membrane owing to hybridization of the probe to repetitive
DNA sequences. Before attempting to detect the large DNA fragments, it is worth
trying to detect the DNA ladder as this is a more rapid means for demonstrating the
presence of apoptotic cells.

From: Methods in Molecular Biology, Vol. 174: Epstein-Barr Virus Protocols
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50 kb => " .

Fig. 1. FIGE of unirradiated (-), 4 GY, and 20 GY irradiated A2780 cells (total cell popula-
tion, 72 h after treatment). Lane 1 contains full-length, linearized Lambda DNA.

The protocol, as described, refers to irradiated, adherent, monolayer tissue culture
cells but may be equally applied to many cell types under a range of treatments with
little modification. Figure 1 shows an irradiation dose-dependent induction of DNA
fragmentation in the A2780 ovarian adenocarcinoma cell line as measured by the
appearance of 50 kb fragments. No evidence of internucleosomal, nonrandom DNA
fragmentation was observed in the DNA from irradiated A2780 cells. Field inversion
gel electrophoresis enabled discrimination between genomic DNA and 50 kb DNA
fragments in irradiated A2780 cells. This method was also used to demonstrate reduced
levels of cisplatin-induced apoptosis in cisplatin-resistant derivatives of A2780 cells
(5). Instead of the lambda DNA marker a lambda ladder marker (available from
Promega Corp.) can be used. This covers the range of 50-1000 kb, which allows for
the confirmation of size for both the 50 kb band and the larger, 300-1000 kb band.

2. Materials
All solutions are made using double distilled water (dd H,O).

1. L Buffer: 100 mM EDTA, pH 8.0, 10 mM Tris-HCI, pH 7.6, 20 mM NacCl.

2. TAE: 40 mM Tris-acetate, 1 mM ethylenidiaminetetraacetic acid (EDTA); for 1 L of 50X
concentrated stock: 242 g Tris base, 57.1 mL Glacial acetic acid, 100 mL 500 mM EDTA,
pH 8.0.

3. Denaturation buffer: 500 mM NaOH (20 g/L), 1.5 M NaCl (87.7 g/L).

Neutralization buffer: 1 M Tris-HCI, pH 7.4 (121.2 g/L), 1.5 M NaCl (87.7 g/L).

5. Genescreen buffer: 500 mM Na,HPO, (345.9 g/5 L), 500 mM NaH,PO, (390.02 g/5 L).

b
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6. Hybridization buffer: 50 mM PIPES, pH 6.8 (7.6 g/500 mL), 50 mM NaH,PO, x 2H,0
(3.9 g/500 mL), 50 mM Na,HPO, (3.8 g/500 mL), 100 mM NaCl (2.9 g/500 mL), | mM
EDTA (1 mL of 500 mM EDTA/500 mL), 5% SDS (25g/500 mL).

7. 20X SSC: 3 M NaCl (175.3 g/L), 300 mM tri-Sodium citrate (88.2 g/L), pH 7.0.

3. Methods
3.1. Preparation of DNA

The following protocol was used in the experiment described earlier. It therefore
refers to monolayer tissue-culture cells, which were irradiated and trypsinized 72 h
after treatment. Steps 1-3 may vary according to the treatment required and the type
of cells under investigation.

1.

2.

3.2.
. Either lambda ladder (Promega Ltd) or denatured } DNA (Life Technologies Ltd) can be

Seed cells into 10-cm sterile tissue-culture plates at a density that will allow for exponen-
tial growth of control cells for the duration of the experiment.

Irradiate cells and harvest by trypsinization. The suspension cells are retained along with
the monolayer cells (see Note 1).

Centrifuge at 200g, remove medium and resuspend cells in ice-cold PBS at 4 x 10° cells/
100 uL. Transfer cell suspension to Eppendorf tubes and keep on ice.

Melt 2% low-gelling temperature (Igt) agarose in L buffer and keep at 42°C (see Note 2).
Warm the cell suspensions to 42°C and add agarose to each tube to halve the cell concen-
tration, i.e., to give a final concentration of 2 x 10° cells/100 uL 1% agarose.

Pipet cell suspension into a disposable plug mold (available from Bio-Rad) and allow to
set at 4°C for 5-10 min (see Note 3). Transfer plugs into 500 mM EDTA, pH 8.0 in bijou
bottles and store at 4°C until all plugs are ready for the lysis step (e.g., until the time-
course is complete).

Lyse agarose-embedded cells in L buffer containing 1 mg/mL proteinase K and 1% SDS
in bijou bottles at 50°C (see Note 4). Lyse a maximum of 107 cells in 5 mL of buffer. Lyse
for 48 h replacing with fresh buffer after 24 h.

Field Inversion Gel Electrophoresis

run as a size marker (see Note 5). Firstly linearize the § DNA. Heat 5 pug of } DNA at
56°C for 5 min and add 1% lgt agarose in L buffer to make up to 200 uL. Pipet into a plug
mold, cool at 4°C, and store in 500 mM EDTA, pH 8.0, as for cell plugs. Run approx 1 ug
1 DNA per lane. The lambda ladder is supplied as an agarose plug (follow the manufac-
turers instructions).

Make a large (approx 450 mL volume, 24 cm wide x 20 cm long) horizontal 1% agarose
gel in 1X TAE buffer. While the gel is setting, rinse agarose/cell plugs in 500 mM EDTA
and make up 5-10 mL of 1% Igt agarose (keep at 42°C until needed).

Load equal volumes of the plugs (i.e., approx equal cell numbers) into the wells (see Note 6).
Load appropriate molecular weight markers and fill up all wells with 1% lgt agarose to
prevent the plugs from floating out.

Place the gel in a large, horizontal gel electrophoresis tank and fill with 1X TAE. Run the
gel at 4-15°C using a mini-pump to recirculate the buffer. Run the gel in a refrigerated
room or, if this is unavailable, by using an electrophoresis tank with a cooling maze below
the gel platform (see Note 7). Run the gel at 7-10 V/cm in 1X TAE for 48 h using a 500 V
power supply and a Minipulse Polarity Switching System (IBI).
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Fig. 2. Scheme for a Southern blot (see Note 9).

Use the following parameters: A, initial reverse time: 0.1 s; B, reverse increment: 0;
C, initial forward time: 0.3 s; D, forward increment: 0; E, number of steps: 51; F, reverse
increment increment: 0.02 s; G, forward increment increment: 0.06 s. These parameters
allow for resolution to 1600 kb emphasizing the lower range (see Note 8).

Southern Blotting of DNA

Place the gel in a Tupperware box and denature gel for 15 min in denaturation buffer.
Change denaturation buffer and denature for a further 15 min.

Discard the denaturation buffer and rinse the gel with a small volume of neutralization
buffer. Neutralize for 30 min in neutralization buffer. Change buffer and neutralize for a
further 30 min.

Southern blot onto Hybond-N membrane. Using Genescreen buffer rinse the gel and wet
the nylon membrane. Set up the blot according to the cartoon shown in Fig. 2 (see Note 9).
Transfer for at least 18 h (overnight).

Wrap the damp membrane in Saran wrap or clingfilm, crosslink the DNA using a UV
crosslinker or UV box and store at 4°C until ready to hybridize (see Note 10).

Random Priming

Human double-stranded DNA and ; DNA are randomly sheared using a hypoder-
mic needle and end-labeled with [ | 3?P]dCTP using the Prime-It kit (Stratagene, Cam-
bridge, UK; contains Klenow, primers, primer buffer without dCTP [also primer buffer
without dATP], and Stop mix).

1.

Shear some suitable DNA (e.g., human, mouse, }) at a concentration of 10 ng/uL into
random fragments with a disposable, 25-gauge hypodermic needle (see Note 11).

Take 5 uL of sheared DNA (i.e., 50 ng) and add 19 uL dd H,O and 10 uL primers (from
Prime-It kit). Boil for 5 min to denature the DNA.

Add 10 uL of primer buffer without dCTP, 8 uL [|**P]dCTP (Amersham International
plc, Little Chalfont, Bucks, UK) and 1 uL Klenow. Mix thoroughly with a pipet tip and
incubate for a minimum of 1 h at 37°C (see Note 12).

Add 2 uL of Stop mix.

Separate unincorporated [ | *?P]JdCTP from labeled DNA using a disposable Sephadex
G50 NICK column (Pharmacia Biotech). Wash column with 0.8 mL dd H,O and dispose
of eluent. Apply probe to center of column and wash with 0.4 mL dd H,O collecting
eluent as waste. With a fresh Eppendorf tube under the column, add a further 0.4 mL dd
H,O and collect this fraction containing labeled DNA. Check the counts from 4 uL of the
probe in a liquid scintillation analyzer (should be about 1-2 x 10° cpm/mL).
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6.

Probes are denatured before hybridization by adding 0.1 vol of 3 M NaOH for 5 min at
room temperature followed by 0.05 vol of 1 M Tris-HCI, pH 7.5 for 5 min on ice. Lastly
add 0.1 vol of 3 M HCI for a further 5 min on ice.

3.5. Hybridization of Probes

All hybridization steps at 65°C are carried out in a hybridization oven containing a

rotisserie.

1.

2.

Roll up the membrane and put in a hybridization bottle (see Note 13). Pour in 30 mL of
hybridization buffer and pre-hybridize the membrane for 1 h at 65°C.

Add all of both probes to 10 mL of hybridization buffer and add to the bottle, having
discarded the pre-hybridization buffer. Hybridize overnight at 65°C.

Wash with 1X SSC, 5% SDS 3 times: once for 15 min, once for 30 min and once for 60 min
(see Note 14).

Expose the side of the membrane that was next to the gel to X-ray film (usually for about
6 h minimum) and develop (see Note 15).

4. Notes

1.

The number of apoptotic cells in a culture at any one time may be very low since the
execution of apoptosis is rapid. The time over which one can detect any one particular
apoptotic cell may be as little as 30 min (6). To produce as quantitative a result as pos-
sible, total cell cultures (suspension cells and trypsinized, monolayer cells) are resus-
pended and analyzed, thereby allowing the detection of apoptotic DNA fragments relative
to the total amount of DNA obtained from the culture.

DNA extracted from cell cultures by phenol/chloroform is susceptible to random degra-
dation and shearing during handling, resulting in a smear of DNA on the autoradiograph.
To minimize random shearing, embed cells in agarose plugs before lysing to liberate the
DNA. Embed in molten agarose at a concentration of 2 x 10° cells/100 uL. An approxi-
mately equal volume of agarose is then loaded in each well (try to get about 10° cells/
well). Lgt agarose melts at approx 65°C and gels at approx 30°C. The Igt agarose must be
kept at 42°C to prevent gelling while the cell suspensions are being prepared. The most
convenient way of achieving this is by using a dry block set to 42°C.

The 1% agarose blocks are quite delicate and it is therefore easiest to do all manipulations
involving them in a 4°C room.

Proteinase K and SDS must be added fresh to the L buffer. Make sure that the proteinase
K is DNase-free (store at —20°C). The very high concentration of proteinase K is required
because the cells are embedded in agarose. This is ten times the concentration that is used
for cells in suspension. Agarose plugs should not be kept un-lyzed for more than 72 h.
Although §} DNA is used as a size marker for the 50 kb fragments it is actually 48.5 kb in
length. The lambda ladder is a 20-step ladder ranging in size from approx 50—1000 kb. It
is constructed from j DNA concatamerized into oligomers. Again, each step actually
differs by 48.5 kb. Store the markers at 4°C.

Cut equal volumes off each agarose plug using a scalpel on a glass plate in a 4°C room.
Load into the wells of the gel with the aid of a small spatula.

Rubber tubing can be attached to adapters on the gel tank and to a cold water supply
thereby allowing cold water to be pumped through the maze, cooling the gel above. One
such electrophoresis unit incorporating a cooling maze is available from IBI. A mini-
pump is required to recirculate the TAE in order to maintain the buffering capacity of the
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buffer. Place one end of the pump’s tubing in one reservoir of the electrophoresis tank
and the other end of the tubing in the second reservoir. Make sure that the valve between
the two reservoirs is open.

8. Run on program 7 of IBI Minipulse Polarity Switching System. If you have a different
switching system the instruction manual may have a list of pre-programmed parameters
allowing resolution of 50-1000 kb. Alternatively use the parameters listed in Subhead-
ing 3.2., step 4 to program your system.

9. Mark the side of the nylon membrane that is next to the gel and make sure that the gel, the
membrane, the Whatman 3MM paper on top of the membrane and paper towels are all
exactly the same size to ensure efficient capillary transfer. If, for example, the paper
towels are overhanging and in contact with the Whatman 3MM paper below the gel, the
Genescreen buffer will bypass the gel and the DNA will not be transferred onto the nylon
membrane. To ensure that this is avoided cut strips off an unwanted autoradiograph and
place around the gel on the lower layer of Whatman 3MM paper. This will prevent acci-
dental “shorting” of the system. The setup and volume of Genescreen buffer depends on
the size of your gel. You may find that you need to balance a support on top of two
reservoirs with one end of the Whatman paper hanging in each reservoir. Use about 2 L of
Genescreen buffer for a 20 cm x 20 cm gel.

10. Ifa UV crosslinker is not available, expose the side of the membrane carrying the DNA to
atotal of 1.5 J/cm? on a UV light box. Alternatively, membranes may be baked in an oven
between two sheets of 3MM paper for 30 min to 2 h.

11. You will need a probe to hybridize to the DNA from your treated cells and also a probe to
recognize the j marker.

12. Appropriate safety guidelines for handling radioactivity should be followed. Use labora-
tory space that is designated for work involving the use of radioactive substances. Use
protective screening and wear 2 pairs of gloves. Monitor the work bench before and after
use and decontaminate any spills. Dispose of radioactive waste (e.g., contaminated
Sephadex column) according to safety guidelines.

13. Place the hybridization bottle on the rotisserie so that the membrane sticks to the sides of
the bottle when it rotates. If it is on the wrong way round the membrane will form a tight
roll and hybridization will be uneven. If you are only hybridizing one blot remember to
put another bottle on the rotisserie for balance.

14. Wash the membrane until there is a low background activity. Take the membrane out of
the bottle after the third wash and lay it on a piece of Whatman 3MM paper. Check the
radioactive signal using a Geiger counter. If there is a high count coming from the bottom
of the membrane (where there should be no DNA and therefore no hybridization of the
probe) put the membrane back in the bottle and perform further washes until this is
reduced.

15. We use Fuji photographic film and a Kodak, automated X-ray developer. Other X-ray
films of similar quality are suitable.
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Regression Assay

Teresa Frisan, Victor Levitsky, and Maria Masucci

1. Introduction

In Epstein-Barr virus (EBV)-seropositive individuals, cell-mediated immunity against
EBYV can be monitored in vitro as the capacity of T-cell lymphocytes to inhibit virus-
induced proliferation of autologous B cells. In vitro infection of peripheral blood mono-
nuclear cells (PBMCs) from EBV-seronegative and EBV-seropositive donors is
accompanied by the appearance of foci of proliferating cells expressing the EBV nuclear
antigens (EBNAs) within 7-14 d postinfection. These cells continue to expand giving
rise to EBV-transformed lymphoblastoid cell lines (LCLs) in cultures from EBV-
seronegative individuals. In corresponding cultures from EBV-seropositive donors, the
initial proliferation is followed by a regression of growth, seen preferentially at high cell
concentration, that culminates within 1 mo in the complete degeneration of the culture
(1). This phenomenon has been termed regression or outgrowth inhibition and can be
monitored by the regression assay. The strength of the regression can be quantitatively
expressed as the minimal number of cells required for 50% growth inhibition.

2. Materials

1. PBMCs obtained by Ficoll/Hipaque isolation from peripheral blood (see Note 1 and Chap-
ter 9, Subheading 3.1. for protocol details).

2. Supernatant from the virus producer cell line B95.8 (see Chapter 12, Subheading 3.4.).

3. RPMI complete medium: RPMI 1640 (Gibco) with 10% fetal calf serum (FCS), 2 mM
L-glutamine, 100 U/mL penicillin, 100 U/mL streptomycin.

4. Fetal calf serum (FCS).

5. Flat-bottom microtiter plates and tissue culture flasks.

3. Methods
3.1. Regression Assay Set-Up

1. To remove the macrophages from isolated PBMCs, incubate 2.5-3 x 107 PBMCs for 2 h
in 10 mL of RPMI complete medium in a 125 cm? culture bottle at 37°C, 5% CO,. After
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Table 1
Regression Assay for Donor JT
Donor Incidence of B-cell Transformation®

8b 4 2 1 0.5 0.25 0.12 0.006
JT 0/10 0/10 0/10 0/10 0/10 0/10 4/1 10/10
EBV*¢ 0/10 0/10 0/0 0/10 7/10 10/10 10/10 10/10

EBV— 10/10 10/10 10/10 10/10 10/10 10/10 10/10 10/10

4Cultures were scored at 4 wk postinfection.
bNumber of cells per well (x 103).
‘EBV seropositive and EBV seronegative controls, respectively.

3.2.

2 h incubation, decant the nonadherent cells (the ma