
IN SITU HYBRIDIZATION TECHNIQUE 
AS APPLIED TO CYTOGENETICS

Submitted in Partial Fulfillment of the 
Requirements for Graduation with 

Honors to the Department of Biology 
at Carroll College, Helena, Montana

Daniel John Coverdell 
March 28, 1988

Research performed at Shodair Specialty 
Hospital, Cytogenetics and Molecular Cell 
Biology Laboratory, Helena, Montana, under

the supervision of Arthur Daniel, Ph. D.

CORETTE LIBRARY 
CARROLL COLLEGE





This thesis for honors recognition has been approved for the 

Department of Biology by:

Dr. John S. Addis, Thesis Director, 

Associate Professor of Biology

Rev . Joseph D. Harrington, 

Professor of Biology

Mr. Guido Bugni, Professor of 

Chemistry

March 28, 1988



TABLE OF CONTENTS

< ACKNOWLEDGEMENTS....................................................................... iii

ABSTRACT.............................................................................................. iv

LIST OF FIGURES................................................................................. v

INTRODUCTION AND LITERATURE REVIEW................................... 1

MATERIALS AND METHODS.............................................................10

Nick-translation of probe.....................................................10

Purification of labelled probe........................................... 12

Lymphocyte culture.................................................................14

Bromodeoxyuridine labelling of chromosomes............ 15

In situ hybridization...............................................................16

Autoradiography........................................................................ 17

Giemsa staining....................................................................... 18

Bromodeoxyuridine degradation..........................................19

Photography............................................................................... 19

RESULTS................................................................................................20

DISCUSSION..........................................................................................27

APPENDIX.............................................................................................. 30

LITERATURE CITED........................................................................... 34

i i



ACKNOWLEDGEMENTS

I am eternally grateful to Dr. John S. Addis, who has been an 

outstanding thesis director and premedical advisor. I thank him for: 

his supportive and critical advice toward the construction of this 

thesis; his invaluable guidance regarding the professional education 

programs; and his willingness to provide this assistance during 

weekends, vacations, and summers.

I thank Rev. Joseph D. Harrington and Mr. Guido Bugni for 

proofreading this thesis, and for the contributions they have made to 

my education at Carroll. I also thank Dr. James J. Manion for 

providing me with motivation and confidence toward academics and 

excellence. Dr. Manion's "no pain, no gain" and "the sky is the limit" 

philosophy has been a valuable aspect of the education I have 

received at Carroll College.

I thank; the staff at the Shodair Hospital Cytogenetics and 

Molecular Cell Biology Laboratory for allowing me to work with 

them on this research; Bruce McGough for loaning his computer to 

me; Todd Gianarelli for his assistance with the computer; and the 

librarians at the Carroll Library for their help.

Finally, I thank my parents, Mr. and Mrs. Harlan F. Coverdell, for 

their encouragement and financial assistance during my years at 

Carroll College. They have supported me throughout all of my 

endeavors regardless of whether I was successful or not. I am 

grateful to them.

i i i



ABSTRACT

In our experimentation with the in situ hybridization technique 

we were unable to band chromosomes with the standard Giemsa 

staining procedure following autoradiography. Banding was achieved 

using a replication banding technique in which bromodeoxyuridine 

(BrdU) was incorporated during replication. The background 

particles and debris on the chromosomal preparations, which had 

been in situ hybridized, was reduced by maintaining constant 

agitation during post-hybridization washes. Excessive background 

streaks, resulting from cracks in the radiography emulsion, were 

nearly eliminated by heating the emulsion to 50° C while dipping the 

slides.
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INTRODUCTION AND LITERATURE REVIEW

t In situ hybridization (ISH) was first described in 1969 as a

method for localizing DNA sequences present in relatively high copy 

number within the genome (1, 2). ISH is now used to detect and 

localize DNA sequences of a few hundred base pairs present in only 

one or two copies per metaphase cell (3, 4). Cloned nucleic acid 

sequences, called probes, are radiolabelled with which is 

detected in cell preparations. The probes are hybridized in situ to 

complementary DNA within fixed chromosomal preparations. The 

hybridized slides are coated with nuclear track emulsion which is 

exposed for a certain time period, developed, and analyzed with a 

light microscope (Fig. 1). The labelled probes are visible as dark 

grains.

ISH is likely to become an important tool for studying nucleic 

acid sequences. The technique will be useful in the chromosomal 

mapping of DNA sequences since small chromosomal rearrangements, 

not recognizable by present cytogenetic technology, can be 

accurately detected. ISH has already proven to be useful for 

detecting and characterizing breakpoints by demonstrating that the 

breakpoints on chromosome #22 for myelogenous leukemia t(9;22) 

and Burkitt's lymphoma t(8;22) were not identical (5). Useful 

information about the type and quantity of gene expression may be 

obtained using ISH to detect cellular RNA (6). ISH may also
$

contribute to a greater understanding of the activity of oncogenes 

and other genes involved in human malignancies (7). Cytogenetics 

has become molecular with the development of ISH.
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Figure 1. General In Situ Hybridization Technique. The probe is inserted into a 
vector, radioactively labelled, and denatured before hybridization. The cells are cultured, and 
the chromosomes are spread on slides where the hybridization will take place. The slides are 
dipped into the emulsion, developed, and the chromosomes are photographed and analyzed.
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Cloned genomic DNA, inserted within a vector, is normally used 

as the probe for hybridization. The probe may be a highly repetitive 

sequence or a single copy sequence. For initial development of the 

technique it is recommended that a single copy sequence of a known 

chromosomal assignment be used (8). A radiolabel is incorporated 

into the probe by nick-translation which results in randomly cleaved 

molecules of variable length (9). The labelled DNA is purified to 

remove proteins, salts, unincorporated radioactive nucleotides, and 

other low mol wt materials (8).

3h is the most widely used isotope for ISH because it permits 

precise localization of the source (8). One disadvantage of a 

tritiated probe, which emits beta particles, is that a long exposure 

time (10 to 20 days) is required. High resolution can also be 

obtained with 1251 (g). However, 125| decays by internal 

conversion, and it produces higher background since 70% of the 

electrons emitted have a low energy.

One of the major difficulties associated with ISH has been 

finding a suitable chromosomal banding technique. Many stains are 

unable to penetrate the emulsion layer covering the cells after 

autoradiography. Pre-staining the cells frequently interferes with 

hybridization or the treatment may cause the bands to fade. Several 

banding techniques have been relatively successful in avoiding these 

problems.

Numerous methods of banding prior to ISH have been used. 

These methods have avoided the emulsion coating but have 

drawbacks. In one method, Q banding, is achieved by staining with 

quinacrine dihydrochloride (9, 10). The selected cells are banded,
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photographed before ISH, and photographed again after ISH since the 

bands fade. This is extremely time-consuming, and the use of two

• different photographs is not sufficiently accurate to allow specific

silver grains to be mapped onto specific bands. The efficiency of 

hybridization is also affected by the pre-treatment. Another 

technique performs Q banding after hybridization and before the 

emulsion dip (9). Chromosomal fluorescence fading has remained a 

problem with this method.

In another method the cells were stained, de-stained, and re

stained after ISH with Wrights stain to obtain a combination of G 

and C banding (11). The photographed cells from the researchers 

who developed this method appear to be of high quality, but other 

workers have not been able to reproduce these results consistently. 

The inconsistency of the method may be due to the variation in the 

thickness of the emulsion layer which is difficult to control.

The most successful banding technique, called replication 

banding (12), incorporates bromodeoxyuridine (BrdU) during the 

initial 16-17 h of culture. Fluorodeoxyuridine (FudR) is added to the 

medium to inhibit thymidylate synthetase so that BrdU, a thymidine 

analog, is taken up instead of thymidine. The synthesis is then 

blocked in the middle of S-phase in order to synchronize the cells. 

The BrdU will have been incorporated into early replicating regions 

of the chromosomes prior to the block. The BrdU is then removed and 

the culture is continued in the presence of thymidine-enriched 

medium. After the ISH and autoradiography, the BrdU is degraded 

with Hoechst, exposed to UV, and stained with Giemsa. The Hoechst 

and Giemsa stains are able to penetrate the emulsion. The banding
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pattern created by degrading the BrdU corresponds closely to G 

banding (13), that is the BrdU-incorporated regions appear as pale

• bands and the thymidine-incorporated bands appear as dark bands.

Since native RNA in the chromosomes may compete as binding 

sites for the probe DNA (11), two additional measures are taken to 

facilitate the ISH. First, the endogenous RNA is removed by treating 

the chromosomes with ribonuclease A. This helps prevent non

specific hybridization. Second, the chromosomal DNA is denatured 

to make it accessible to the probe (11). This is accomplished by 

immersing the slides in formamide at 70° C for a short period of 

time. The temperature of denaturation is a critical variable.

The ISH is dependent on a number of different agents that are 

added to a probe solution. Since nick translation causes the circular 

probe to break apart, dextran sulfate is added to create a network of 

fragments which increase the rate of reassociation with DNA (14). 

Formamide in the probe mix will lower the optimal hybridization 

temperature and has a role in maintaining chromosome morphology 

(14, 15). Salmon sperm DNA is sometimes included to reduce non

specific binding of the labelled probe. A low salt concentration 

favors accurate base pairing. The probe is denatured at high 

temperature to facilitate hybridization (16).

The probe mix and chromosome preparations are brought 

together and incubated in situ at approx 42° C overnight. The salt 

concentration and temperature are manipulated to prevent imperfect
* hybridization and to control non-specific background. The slides are 

washed after the ISH. Once again, the temperature and salt
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concentration are manipulated to reduce background and maintain a 

specific signal (15). This varies depending on the specific probe.

W After the ISH, the slides are dipped in emulsion and left to

expose in the refrigerator. The emulsion is composed of a gelatin 

matrix containing silver bromide crystals forming a crystal lattice 

(8). The crystal size in different emulsions varies from 0.07-0.4 

pm. The particles emitted from the radioactive label give the 

orbital electrons in the crystals enough energy to leave their orbits 

and cause metallic silver to be deposited. A larger crystal size will 

result in more silver being deposited because the particles travel 

through a longer track and interact with more orbital electrons. The 

two most suitable emulsions used with tritium are Ilford L4 with a 

crystal size of 0.14 pm and Kodak NTB-2 with a crystal size of 0.26 

pm (8).

The development of the emulsion reduces the silver bromide to 

metallic silver. The metallic silver already deposited will cause 

reduction to occur faster where present. The development is 

carefully controlled by temperature, time, and agitation of developer 

solution to obtain the most useful image from the silver deposits 

(8).

After autoradiography, the cells are examined and the silver 

grain distribution is recorded on an ideogram (Fig. 2). An ideogram 

is a standard karyotype of the entire genome onto which the silver 

grains clearly touching chromosomes are scored as a large dot. 

Twenty or thirty cells with 46 chromosomes is sufficient to 

indicate the degree of hybridization (17). Normally 10-30% of the 

grains should score at the specific site of hybridization.
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Figure 2. Grain Distribution Ideogram. This ideogram illustrates the distribution of 
grains following the in situ hybridization of a cDNA tyrosine hydroxylase probe to human 
lymphocyte chromosomes of 24 cells. Twenty grains (11% of all grains scored) were localized 
in band 11 p15. Seven of the 20 grains scored as one on band 11 p15 were clusters of more than 
one grain. The clusters on 11 p15 accounted for 39% of all clusters (17).

The Cytogenetics and Molecular Cell Biology Lab at Shodair 

Hospital, like other cytogenetics labs, has directed its attention 

toward the molecular level of cytogenetics. The goal of this 

research project was to become familiar with the ISH so that the 

technique can be used routinely to identify chromosomal 

abnormalities. We obtained a c-myc probe which had been inserted 

into a pBR322 vector. The c-myc probe has been confirmed to 

hybridize to chromosome #8 at q24 (18, 19, 20), the site of a human 

oncogene (Fig. 3). By using a single copy sequence of known

* chromosomal assignment we would be able to develop and evaluate

the technique.
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Figure 3. Location of C-myc On Chromosome #8. The c-myc gene, a human 
oncogene, is located at q24 (black dot) on chromosome #8.

In the first experiment we attempted to band in situ 

hybridized cells through the emulsion by modifying the normal 

trypsin-Giemsa staining procedure. Giemsa stain has been 

demonstrated to penetrate the emulsion in conjunction with 

replication banding (14) for which trypsin is not required. The 

banding technique was unsuccessful; however, the experiment helped 

us to identify a problem of excessive background on the slides and to 

perfect the autoradiography technique.

The second experiment was an attempt to band the 

chromosomes using the replication banding method (13). In addition 

to G banding, we hoped to be able to produce R banding by 

incorporating the BrdU during the final 6-7 h of culture. There was 

evidence of chromosome banding, but not of a high enough quality to 

analyze the karyotype. Although it was not possible to construct an 

ideogram, the distribution of the grains were at a higher 

concentration on areas of DNA and RNA. The excessive background 

present in the first experiment was reduced by making changes in
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the washes following hybridization and by heating the 

while dipping the slides.
emulsion
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MATERIALS AND METHODS

Nick-translation of probes with (3H)dCTP

Fig. 4 is a flow diagram of the nick-translation procedure. The 

c-myc probe was determined to have a concn of 0.03 pg/pl of buffer. 

In order to obtain 3 pg of the probe, 100 pi of the probe solution 

was used for this procedure. The probe was in TNE2 [10 mM Tris- 

HCI, 2 mM ethylenediaminetetraacetate (EDTA), and 10 mM NaCI]. 

Since EDTA is an effective stop agent for DNA polymerase the probe 

needed to be precipitated out of the TNE2. The probe was 

precipitated by adding 5 volumes of ethanol, freezing at -70° C for 

30 min, and placing in the microcentrifuge at 15,000 g for 10 min. 

The supernatant was discarded. The small pellet, containing the 

probe, was redissolved in 45 ml of distilled water so the final concn 

was 1 pg of probe per 15 pi of distilled water.

The nucleotide [(3H)dCTP] was concentrated by placing it in a 

1.5 ml microfuge tube (Eppendorf) and evaporating the ethanol and 

water with nitrogen (under a fume hood). The radioactive dNTP 

should be used at a concn of 156 pmol per 50 pi reaction, i.e., 3.12 

pM. The sp act of batch 47 was 62 Ci/mmol, therefore 156 pmol had 

9.7 mCi. The radioactivity of dCTP was 1.0 mCi/ml therefore 9.7 pi 

was needed for 156 pmol. The nucleotide was concentrated by 

placing it in a 1.5 ml microfuge tube and evaporating the ethanol and 

water with nitrogen (under a fume hood). The 1.5 ml vial was then 

used for the nick translation reaction.
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— Probe in buffer.
/— Radioactive nucleotide 

“1 J added to empty microfuge
V tube.

“V
Add ethanol and place at -70° C 
for 30 min.

1

1

Centrifuge at 15,000 g for 10 
min.

Dry off ethanol and water 
with nitrogen gas.
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j— Dissolve pellet in distilled water.

“V
I

I

Microfuge tube with dried 
radioactive nucleotide.

I
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4
Centrifuge at 15,000 g for 5 s 
incubate at 15° C for 60 min.

4
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"V
I

"V Labelled DNA and nucleotides.

Figure 4. Flow Diagram of Nick-Translation Procedure. The probe was in TNE2 
buffer, which was to be removed. The probe was precipitated by adding ethanol, freezing for 
30 min at -70° C, and centrifuging at 15,000 g for 10 min. The pellet was redissolved in 
distilled water. The radioactive nucleotide was placed in an empty microfuge tube. Nitrogen 
gas was used to evaporate the ethanol and water, leaving only the dried radioactive nucleotide 
in the bottom of the microfuge tube. The microfuge tube with the radioactive nucleotide was 
placed on ice. The nucleotides, probe, and DNA polymerase/DNase I were added to the 
microfuge tube. The mixture was centrifuged at 15,000 g for 5 s, and incubated at 15 0 C for 
60 min. Stop buffer was added.
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A nick-translation kit (Bethesda Research Laboratories) was 

used to carry out the actual reaction. The 1.5 ml microfuge tube with 

the dried radioactive nucleotide was placed on ice and the following 

reagents added: 5 pi of solution containing all nucleotides except 

the one which is to be used in radioactive form; 15 pi of c-myc 

probe; and 15 pi of distilled water. After mixing gently, 5 pi of DNA 

polymerase l/DNase I was added. The lid of the tube was closed and 

the contents mixed gently. The tube was placed in the 

microcentrifuge at 15,000 g for 5 s, incubated at 15° C for 60 min, 

and then 5 pi of stop buffer was added. The solution now contains 

the labelled DNA and the nucleotides which must be removed (21).

Purification of labelled probe

A NENSORB 20 (DuPont NEN Research Products) purification 

cartridge was placed in a support clamp. The resin was packed by 

tapping the cartridge several times on a paper towel. The inside of 

the cartridge was rinsed using a pasteur pipette and 2 ml of 

absolute methanol. This was to wash any loose resin onto the 

packing bed. Using the adapter provided, a disposable syringe was 

filled with air and attached to the cartridge. The methanol was 

completely forced through the cartridge at a rate of 1 drop per 2 s. 

Another disposable syringe was filled with 2 ml of Reagent A (0.1 

Tris-HCI, 10 mM triethylamine, and 1 mM dipotassium EDTA) and 

slowly loaded into the column. Using a syringe filled with air, 

Reagent A was pushed down through the column until the top of the 

liquid was level with the top of the bed. At no time was a negative

12



pressure used to pull the liquid up through the column as this would 

ruin the column.

Figure 5. NENSORB 20 Cartridge Apparatus. After packing the resin, the purification 
cartridge was placed in a support clamp. The inside of the cartridge was rinsed with 2 ml of 
absolute methanol. A disposable syringe (filled with air) was mounted onto the top of the 
cartridge using an adapter. The methanol was forced through the cartridge at a rate of 1 drop 
per 2 s by applying air pressure with the syringe. Two milliliters of Reagent A were forced 
through the cartridge. The apparatus was then used for the purification of the probe.

To prepare the probe for loading, 400 jil of Reagent A was 

added to 55 p.l of probe and mixed gently. Using a micropipette, the 

455 pi sample (probe and Reagent A) was added directly onto the 

column bed. The nucleic acids and proteins should bind to the column 

bed while the salts and solvents flow through. A syringe was used 

to apply air pressure to force the liquid through the column bed until 

the top of the liquid was level with the top of the column bed. The 

flow rate did not exceed 1 drop per s.

The column was washed with 3 ml of Reagent A and then 3 ml 

of water using an air-filled syringe in the same manner as before. 

Reagent A removes low mol wt materials, unincorporated 

radioactive nucleotides, and excess salt. The column was washed 

with water a second time.

CORETTE LIBRARY 
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One milliliter of Reagent B (50% methanol and 50% deionized 

water) was added to the column. An air-filled syringe was used to 

elute the nucleic acid through the column. The nucleic acid was 

collected in 1.5 ml microfuge tubes. The fractions were pooled. The 

total vol of the effluent was reduced in half by evaporating the 

methanol using nitrogen. It was not necessary to completely dry the 

probe because the vol of the probe is small compared to the total vol 

of the hybridization solution and the small amt of alcohol will not 

be enough to change hybridization conditions (22).

Lymphocyte culture

The blood, taken from a normal male patient, was collected in 

a sterile tube with heparin (Evans). The blood was thoroughly mixed, 

and 10 drops were added to a culture tube (Falcon) by means of a 

sterile syringe with a 21 g needle. The tubes were mixed gently and 

incubated in a slant position at 37° C in the incubator.

The cells were harvested on the third day after incubation. 

The slides were placed in the 37° C water bath to prepare for 

spreading. To arrest the cells at metaphase two drops of colcemid 

(100 ug/ml, Sigma) were added, the contents mixed, and reincubated 

for exactly 15 min. The tube was centrifuged at 800 g for 8 min and 

the supernatant removed with a vacuum pump. Approx 5 ml of 0.075 

M KCI was added using a pasteur pipette, and the pellet was 

resuspended. The tube was allowed to stand for 10 min in the 37° C 

water bath and centrifuged at 800 g for 8 min. The supernatant was 

removed and the cells were resuspended in fixer for 10 min. The
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fixer was methyl alcohol-glacial acetic acid (mixed 3:1). The 

centrifuging, removing supernatant, and adding fixative steps were 

repeated three times.

The cells were spread immediately following the fixing 

process. The cells were resuspended in just enough fixative to give 

a light cloudy appearance. Two drops of the suspension were 

dropped a from a ht of approx 2 ft from a pasteur pipette onto each 

of the nine slides. The slides were quickly drained of excess water 

by pressing the slide edge against a paper towel. The slides were 

baked overnight at 60° C in the oven (23).

Bromodeoxyuridine labelling of chromosomes

BrdU labelling (for both R banding and G banding) was 

accomplished by adding BrdU to the lymphocyte culture medium at 

the appropriate time. The bands will not develop until the BrdU is 

degraded following the ISH and autoradiography.

The lymphocytes were grown by the lymphocyte culture method 

with several changes. The culture medium had FudR added to a final 

concn of 0.1 pM. FudR inhibits thymidylate synthetase so that BrdU 

will be taken up rather than thymidine.

G banding was done by adding 0.05 ml BrdU to a 2 ml 

lymphocyte culture after the cultures were 48 h old. The cultures 

were reincubated for 16 h, washed 2 times in fresh medium (Hams 

F10), and reincubated for 6 h. The cells were harvested as in the 

lymphocyte culture method. The early BrdU cells were spread on 

slides (8, 23).
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R banding required that the BrdU be added to the cultures for

the final 6 h of culture. The cells were harvested as in the
V lymphocyte culture method. The late BrdU cells were spread on

slides.

In situ hybridization

RNase (100 pg/ml) was thawed in a 37° C water bath, and 200 

pi was added to each slide. The slides, with cover slips, were 

placed in a humidified chamber at 37° C for 60 min. The humidifier 

chamber consisted of an 8" X 10" plastic box with moistened paper 

towels in the bottom.

The cover slips were removed and the slides were washed 4 

times in 2XSSC (3 M NaCI, 0.3 M Na Citrate), pH 7.0, for 2 min per 

wash. The slides were dehydrated in 70%, 80%, and 95% ethanol for 

2 min each and allowed to dry in air. The chromosomal DNA 

denaturation was accomplished at 70° C in 70% formamide-2XSSC, 

pH 7.0, for 2 min exactly. The slides were dehydrated again in 70%, 

80%, and 95% ethanol for 1 min each and allowed to dry thoroughly.

The probe hybridization mixture was made just prior to use. 

The final probe concn should be approx 0.2 ng/pl (a 1:5 dilution 

accomplished this). A 50 pi vol of probe mix per slide was required 

therefore the total vol was calculated accordingly. The probe 

consisted of: 5 parts formamide/dextran sulfate; 2 parts 10XSSCP; 

2 parts probe (to yield a final concn of 0.2 ng/pl); and 1 part carrier 

DNA (salmon sperm, 5 mg/pl). The probe mix was placed in a 1.5 ml
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microfuge tube and denatured at 70° C in a water bath for 5 min and 

cooled on ice.

Fifty microliters of hybridization mix was micropipetted onto 

each slide. A cover slip was placed on the each slide and sealed 

with rubber cement. The slides were placed in the humidified 

chamber and incubated at 37° C for 16 h.

After removing the cover slips, the slides were immediately 

run through a series of washes performed at 39° C for 3 min each 

with frequent agitation. The first 3 washes were in 50% 

formamide-2XSSC, pH 7.0. Next, the slides were washed 5 times in 

2XSSC. A separate beaker was used for each successive wash in the 

series to maintain cleanliness of the washes. The slides were then 

dehydrated at room temperature in 70%, 80%, and 95% ethanol for 2 

min each and allowed to completely dry. The process may be stopped 

here for up to a wk (8).

Autoradiography

The NTB-2 gel (Kodak mousse) was mixed 50:50 with distilled 

water in a Coplin jar in a totally dark room. The Coplin jar was 

placed in a warm water bath for 10 min to allow any air bubbles to 

disperse. The slides were dipped 10 s each and placed on a rack for 

drying with an air dryer. After the slides were completely dry they 

were placed in a slide box with a desiccant. The slide box was 

placed in two black bags and at 4° C in the refrigerator for 7-20 

days.
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After the appropriate time period the slides were developed in 

Kodak D19 (1:1 with water) for 5 min at 20° C with no agitation.

• The slides were fixed for 10 min in Ilford Hypam, which was diluted

1:4 with water and contained approx 10% Ilford Rapid Hardener. The 

slides were rinsed for 1 h and dried (8).

Giemsa staining

The stock solution of Giemsa stain was prepared in advance by 

adding 1 g of stain powder to 66 ml of glycerol. The powder was 

dissolved using a pestle and allowed to stand in a 56° C water bath 

for 2 h. The solution was removed, and 66 ml of methanol was 

added. After thoroughly mixing, the stain was placed at 37° C until 

used.

A fresh trypsin solution was prepared in a 50 ml beaker of 

Hanks' basic salt solution (HBSS). A light sprinkle onto the surface 

is sufficient since the concn does not need to be exact. The trypsin 

was activated in a 37° C water bath for 0.5 h. Three 100 ml beakers 

were filled with HBSS to perform the washes in. The 10% Giemsa 

stain was freshly prepared in 20 ml of Gurr's buffer (Gibco). The 

Gurr's buffer (pH 6.8) was prepared in advance with 1 buffer tablet/l 

of distilled water.

The slides to be stained had already been developed by 

autoradiography. The slides were dipped in fresh trypsin for various 

time periods (0.5-4.0 min), rinsed 3 times in HBSS, and dipped in 

fresh 10% Giemsa stain for various time periods (0.5-8.0 min). The

18



slides were rinsed in tap water immediately and dried with 

compressed air (23).

BrdU degradation

The slides were stained in Hoechst dye (1 mg/ml) for time 

periods varying from 0.5-1.0 h. The slides were then placed in a 

Petri dish containing 2XSSC and exposed to UV light for time periods 

varying from 0.75-4.0 h with a mineral light (low wavelength UV 

light) placed at 5" above the slides. The slides were dried and 

stained in 10% Giemsa for 0.2 h (8).

Photography

Photographs were taken with Kodak Technical Pan 2415 film. 

The ASA was set between 40 and 65 depending on the contrast of the 

chromosomes. The location of the cells to be photographed had been 

recorded when the slides were scanned. The cells were 

photographed. The film was developed in Kodak D19 at 20° C for 4 

min with agitation for 10 s every min. The film was fixed in Kodak 

Fixer for 5 min, rinsed with tap water for 30 min, and allowed to 

dry. The prints were made on llfospeed resin coated paper which 

was developed in Ilford Developer and Fixer (23).
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RESULTS

Experiment 1

In this experiment the c-myc probe was nick-translated and 

purified (Fig. 6). The in situ hybridization was performed on 

lymphocyte cultured cells (not labelled with BrdU) that were spread 

on eight slides. The eight lymphocyte slides that were hybridized 

and one lymphocyte control slide that was not hybridized were 

developed according to the autoradiography technique, and then 

stained with Giemsa. The slides were analyzed, and the cells were 

photographed.

Figure 6. Flow Diagram of Experiment 1. The probe was nick-translated and purified 
before the ISH. The cells were cultured by the lymphocyte culture method, and then the 
chromosomes were spread onto slides where the ISH was performed. The radioactive label was 
developed by autoradiography, the chromosomes were stained with Giemsa, and the cells were 
analyzed.
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4, Two slides were developed after 7 days. The radioactive 

grains were clearly visible but not dark, indicating that the time of

• exposure in the autoradiography needed to be increased (Fig. 7a). The 

remaining slides, including the control, were developed after 11 

days (Fig. 7b). The radiography grains were darker and easier to 

identify than those on the slides developed at 7 days.

The slides had long dark streaks across the emulsion surface, 

although special precautions were taken to insure that the slides 

were not exposed to outside light or oxidants (from metal containers 

or moisture). The presence of the streaks on the blank slide 

indicated that they must have been obtained during the 

autoradiography procedure. It was suspected that the streaks were 

cracks in the emulsion or areas where the emulsion had been 

exposed.

Most of the slides except the blank had particles and debris, in 

addition to the tritiated probe, across the entire surface (Fig. 7c). 

Since the slides were clean following the lymphocyte culture 

method the background was probably a result of inadequate washes 

with 2XSSC after the in situ hybridization. The control slide, which 

was not hybridized with the probe, also had grains across the entire 

surface (Fig. 7d). The grains were not localized on the cells or 

nuclear region. This background may have been caused by: 1) 

exposure of the emulsion to light; 2) activation of grains by the 

chromosome preparation; 3) contact of the emulsion with metal; or
* 4) contact of the emulsion with moisture (8).

21



Figure 7. Photographs of Chromosomes Stained With Giemsa. The grains on the 
slides that were developed for 7 days (A) were visible but not dark. The photography had to be 
manipulated to make the contrast as high as possible so that the grains were visible. The 
remaining slides were developed for 11 days (B-C), resulting in darker grains. In most cells 
there were more than 20 grains touching the chromosomes, indicating that the concn of probe 
was too high or the post-hybridization washes were inadequate. The excessive background was 
indicated by the interphase nuclei (D) from the control slide which was not hybridized with the 
probe. The Giemsa stain was unsuccessful in banding the chromosomes (A-C).

c D
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The chromosomes did not stain with Giemsa even though the 

trypsin and stain times were varied greatly (Fig. 7a-c). Although the 

distribution of grains on the chromosomes cannot be determined 

because the chromosomes did not stain, several general observations 

were noted. The grains were more concentrated on the cellular DNA 

and RNA than on the surrounding areas (Fig. 7a-c). The probe was too 

concentrated as indicated by the presence of more than 20 grains 

touching the chromosomes in each cell (Fig. 7a-c). This may have 

been the result of inadequate post-hybridization washes or because 

the concn of the probe was too high. An average of 1 to 5 grains per 

cell is considered ideal (7).

Experiment 2

In this experiment the c-myc probe was nick-translated and 

purified (Fig. 8). Twelve slides were prepared from lymphocyte 

cultures that were labelled with BrdU. Five slides were G-banded 

and seven slides were R-banded. One control slide prepared from a 

lymphocyte culture without BrdU added was also developed. The 

thirteen slides were hybridized in situ. After autoradiography, the 

BrdU was degraded, and the cells were analyzed.

The autoradiography procedure was changed slightly in an 

attempt to prevent the background streaks which were present in 

experiment 1. It was suspected that the streaks were cracks in the 

emulsion as a result of it being to thick. A thinner layer of emulsion 

was coated onto the slides by keeping the emulsion solution in the
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50° C water bath while dipping the slides. The background streaks 

were reduced significantly.

e

Figure 8. Flow Diagram of Experiment 2. The probe was nick-translated and purified. 
The cells were labelled with BrdU during the lymphocyte culture method, and the chromosomes 
were spread onto slides where the hybridization was performed. The radioactive label was 
developed by autoradiography, the BrdU was degraded, and the chromosomes were analyzed.

The five G-banded slides and one control slide were developed 

after 12 days. The seven R-banded slides and one blank slide were 

developed after 21 days of exposure. In both cases the radioactive 

grains were clearly visible (Fig. 9a-d), although not as dark as those 

developed for 11 days in experiment 1. The development of the 

grains appears to have been affected by the emulsion being kept at

0 50° C during the dipping of the slides.

In an attempt to reduce background debris, the slides were 

washed with constant agitation for 3 min in 2XSSC following the in
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situ hybridization. The background debris (Fig. 9a-d) was reduced 

from that in experiment 1 (Fig. 7). The washes also appeared to 

reduce the average number of grains per cell to less than 10, which 

suggests that many of the grains in experiment 1 were the result of 

non-specific binding, and should have been washed away.

The staining times were varied in order to band on the 

chromosomes. The best results were achieved by staining the slides 

with Hoechst dye for 1 h, exposing to ultraviolet light for 4 h, and 

staining with Giemsa for 12 min (Fig. 9a-c). The banding was not of 

high enough quality to construct a karyotype or ideogram. The 

quality of banding differed depending upon the region of the slide. 

This problem may have been a result of a variation in thickness of 

the emulsion layer on the slide, which would affect the staining 

variables.

It was not possible to construct an ideogram because of the 

poor banding however the concn of grains on nuclear areas was much 

greater than on other areas. The chromosome spreads (Fig. 9a-c) had 

more grains on the chromosomes than on other areas. The interphase 

nuclei (Fig. 9d) also had a high concn of grains compared to other 

areas, indicating that the probe is actively binding to the DNA or 

RNA within.
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c D

Figure 9. Photographs of Chromosomes Labelled With BrdU. The grains on these 
chromosomes were clearly visible. The additional washes performed in this experiment 
appeared to reduce the background debris and the number of grains per cell. The number of 
grains per cell was less than 10 on the spread chromosomes (A-C). These cells were banded, 
but not of high enough quality for karyotypes to be constructed. Photograph D demonstrates the 
high concn of grains within the interphase nuclei compared to the other areas, indicating that 
binding is definitely taking place. It also demonstrates that the background, indicated by the 
area outside the nuclei, has been reduced from that in experiment 1 (compare to Fig. 7d).
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DISCUSSION

The background problem we encountered in experiment 1 

appeared to be reduced in experiment 2 by additional agitation 

during the washes in 2XSSC. However, it is impossible to determine 

the specificity of the hybridization of the probe to the c-myc gene 

until the chromosome banding is perfected. If upon further 

investigation it is found that the non-specific binding and 

background is still excessive, the temperature and salt concn at 

which the ISH is performed may need to be manipulated. Lower salt 

concentrations and higher temperature favor accurate base pairing 

(8). In addition, increased amounts of salmon sperm DNA reduce 

non-specific binding (14).

The background streaks were nearly eliminated by maintaining 

the emulsion at 50° C in order to give a thinner emulsion layer on 

the surface of the slides. The thinner coat did not crack during 

drying as the thicker coat on the slides dipped at lower 

temperatures did. One disadvantage of dipping the slides at 50° C 

was that the grains did not appear quite as dark. The grain 

development is dependent on the length of the particle track and on 

faults within the crystal lattice with which the particles emitted 

from the label interact (8). The particle track would be shorter if 

the emulsion was thinner. It is also possible that dipping the slides 

at a higher temperature may have resulted in a more perfect crystal 

network which had less faults for particles to interact with. 

Further investigation is necessary to verify that the lighter grains 

are definitely a result of the thinner emulsion.
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The development of a precise technique to coat the slides with 

emulsion has further implications. If the emulsion layer on the slide 

was thinner and more uniform other staining techniques may be more 

successful. The banding we achieved in experiment 2 was only on 

certain areas of the slide, probably because the thickness of the 

emulsion was uneven. Other staining techniques, such as Q banding 

mentioned in the Introduction, have also been inconsistent in 

attaining high quality banding. These problems may be associated 

with the autoradiography technique rather than the staining 

technique.

The unsuccessful Giemsa staining in experiment 1 suggests 

that either the trypsin was unable to penetrate the emulsion or 

something in the emulsion caused the trypsin to be inactive. The 

Giemsa stain has been proven to penetrate the emulsion (13). 

Experiment 1 should be repeated on slides with a thinner emulsion 

layer such as that achieved by the dipping technique used in 

experiment 2.

Our BrdU staining technique needs to be improved. The poor 

banding was probably not a result of improper incorporation of BrdU, 

unless further experiments demonstrated that both G and R banding 

were occurring on cells from the same culture. This would indicate 

that the BrdU is being incorporated too early or late in order to 

achieve the desired banding. The poor banding was more likely the 

result of insufficient BrdU degradation. This problem may be solved 

by additional manipulation of the length of staining and exposure to 

UV.
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After the banding technique is perfected there are a number of 

other aspects of the ISH that can be thoroughly evaluated. The 

specificity of the probe can be determined. After the technique 

becomes accurate with the c-myc probe, other sequences of known 

or unknown chromosome origin can be localized. The technique for 

cloning probes can be attempted. Once perfected, the ISH technique 

should be invaluable for assigning cloned sequences within a 

genome, and identifying chromosomal abnormalities.
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APPENDIX

• REAGENTS

General Considerations

Sterile techniques were observed in the handling of all reagents to 

be used for DNA procedures. This included the use of sterilized 

pipettes, bottles, and distilled deionized water (Gibco) to make up 

solutions. Many stock solutions were self sterilizing because of the 

composition. Other solutions were filter sterilized (Gelman 

Acrodiscs, 0.2 pm).

Nick-translation

1) TNE2 1X was prepared to final concentration of 10 mM 

Tris-HCI, 2mM EDTA (disodium dihydrate), and 10 mM NaCI. For a 1 I 

solution the following were added: 10 ml of 1M Tris-HCI, 4 ml of 0.5 

M EDTA, and 2 ml of 5 M NaCI. The solution was adjusted to pH 8.0 

with NaOH and then autoclaved for 15 min at 15 lb.

Purification of labelled probe

e
1) Reagent A was prepared to a final concn of 0.1 Tris-HCI, 

10 mM triethylamine, and 1 mM dipotassium EDTA. 2N HCI was used 

to adjust solution to a pH 7.7.
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3) Reagent B was 50% methanol and 50% deionized water.

• Lymphocyte culture

1) Ham's F 10 medium was prepared in 5 I Erlenmeyer flask 

by adding the following reagents to 2 I of distilled deionized water: 

1 packet Ham's F10 5 I powder, 104 pg/ml penicillin (Gibco), 25 

pg/ml fungisone (Gibco), 104 jig/ml streptomycin (Gibco), 5.88 g 

NaHCO3, 2.5 ml phenol red (0.5% solution), deionized distilled water 

(to total volume of 5 I), and 1.0-3.0 ml of 1 N HCI (to give pink 

color). Add 25 ml of fetal calf serum and 1.5 ml PHA per 100 ml of 

media. The media was frozen at -70° C.

2) Colcemid solution was prepared to 100 pg/ml by adding 

0.01 g of colcemid (Sigma) to 100 ml of double distilled water with 

phosphate buffer (Oxoid Dulbecco A Tablets, pH 7.2). This solution 

was stored at 4° C.

3) Hypotonic KCI was prepared at 0.075 M by adding 5.3 g 

of KCI to 1 liter of double distilled water.

BrdU labelling

1) BrdU stock solution was made to a concn of 8 mg/ml. 

The final concn in culture was 200 pg/ml.

31



In situ hybridization

1) Deionized formamide was prepared by stirring 

formamide (Fisher) for 30-40 min with 5 g of mixed resin bed 

(Fisher) per 100 ml of formamide.

2) Ribonuclease A solution was prepared by adding 5 mg 

of Ribonuclease A (Sigma) to 50 ml 2XSSC, and boiling for 10 min to 

inactivate DNase. This was stored at -20° C.

3) Twenty percent dextran sulfate is prepared by adding 

20 g dextran sulfate (Sigma) to 100 ml distilled deionized water. 

The solution was filter sterilized.

4) Formamide/dextran sulfate was prepared by adding 50 

ml of deionized formamide to 50 ml of 20% dextran sulphate (in 

deionized distilled water).

5) Ten times SSCP was prepared to final concn of 1.2 M 

NaCI, 0.15 M sodium citrate, and 0.2 M phosphate. A final pH of 6.0 

was obtained by adding 1 M NaH2PO4 (more acidic) and 1 M Na2HPC>4 

(more basic). Next, 35 g of NaCI and 22 g of sodium citrate were 

added per 100 ml of the resulting solution, and the solution was 

brought to 500 ml with deionized distilled water.

6) Salmon sperm DNA solution was prepared by adding 1 g 

of salmon sperm DNA (Sigma) to 100 ml of TNE2. The DNA in the 

mixture was sheared by squeezing through a syringe 30X. Further 

denaturation was accomplished by boiling for 5-10 min. The 

solution was frozen at -20° C.
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Photography

< 1) Kodak D19 was prepared by heating 4.4 I of water to 40°

C, adding powder, and stirring. The developer is diluted 1:2 with tap 

water and adjusted to 19° C at time of use.

2) Kodak fixer was prepared by heating 4.4 I of water to 40° 

C, adding powder, and stirring. The fixer is not diluted more before 
use.

3) Ilford developer solution was prepared by diluting 

developer 1:9 with tap water.

4) Ilford fixer solution was prepared by diluting fixer 1:3 

with tap water.
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