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IN SITU HYBRIDIZATION OF CHROMOSOMES WITH BIOTINYLATED DNA 
AFTER IG SEDIMENTATION 

Summary 
A suspension of i s o l a t e d metaphase chromosomes from a Chinese 
hamster x human h y b r i d c e l l l i n e was used f o r sedimentation a t 
l g . A f t e r 18 hours, 9 f r a c t i o n s , w i t h 50 ml each, were c o l l e c 
t e d and analysed i n a flo w s o r t e r . Chromosomes from each f r a c 
t i o n were dropped on a s l i d e and f i x e d i n a l c o h o l . By i n s i t u 
h y b r i d i z a t i o n of the chromosomes w i t h b i o t i n y l a t e d human 
genomic DNA, the human chromosomes were i d e n t i f i e d , applying 
the a l k a l i n e phosphatase d e t e c t i o n system. 
The r e s u l t s show: 
1. ) The morphology of the chromosomes remained preserved a f t e r 

l g sedimentation and i n s i t u h y b r i d i z a t i o n procedures. 
2. ) I d e n t i f i c a t i o n of human chromosomes by i n s i t u h y b r i d i 

z a t i o n f o l l o w i n g l g sedimentation i s poss i b l e . 
M a t e r i a l s and Methods 
Metaphase chromosomes from the Chinese hamster χ human h y b r i d 
c e l l l i n e Aiwbf2 were i s o l a t e d according t o a modified 
i s o l a t i o n procedure (Stöhr et a l . 1982). The c e l l s were arres
t e d i n m i t o s i s w i t h 0,17 ug/ml colcemid for 3 - 4 hours. The 
m i t o t i c c e l l s were harvested by shake o f f and p e l l e t e d by cen-
t r i f u g a t i o n (200 g f o r 15 min). The p e l l e t s were incubated f o r 
10 min a t 4 <>C, resuspended i n a hypotonic s o l u t i o n (10 mM 
T r i s , 10 mM NaCl, 5 mM MgCl2 at pH 7,5), and incubated f o r 20 
min a t room temperature. The c e l l s were again c e n t r i f u g e d a t 
200 g f o r 15 min and resuspended i n the i s o l a t i o n b u f f e r . The 
chromosome i s o l a t i o n b u f f e r contained 25 mM T r i s ( w i t h a c i d i c 
a c i d at pH 7,5), 750 mM hexylene g l y c o l , 5 mM CaCl2, 5 mM 
MgCl2 and a c e t i c acid (pH 3,2). The chromosomes were i s o l a t e d 
by d i s r u p t i n g the membrane by so n i c a t i o n . Chromosome suspen
sions obtained from t h r e e t o f i v e d i f f e r e n t c u l t u r e s were 
pooled and used f o r l g sedimentation. 
Before sedimentation the chromosome suspension was ce n t r i f u g e d 
and the chromosome p e l l e t was resuspended i n a sucrose b u f f e r 
w i t h 2 % c i t r i c a cid, 5 mM CaCl2 and 5 mM MgCl2 . 10*7 t o 
10 e chromosomes were layered i n a t h i n band on a two step 
sucrose gradient. The 800 ml sedimentation chamber ( C o l l a r d e t 
a l . 1980; Brand, Wertheim FRG) was used f o r the experiment. 
A f t e r 18 hours of sedimentation a t 4 <>C, 50 ml f r a c t i o n s were 
c o l l e c t e d and c e n t r i f u g e d a t 600 g f o r 4 hours. Each p e l l e t 
was resuspended i n 500 u l of the hexylene g l y c o l i s o l a t i o n 
b u f f e r and stained w i t h a DAPI s o l u t i o n (5 uM 4',6-Diamidino-
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2-phenylindole 2 HCl) and analysed i n a fl o w s o r t e r (FACS IV, 
Becton Dickinson). The fluorescence l i g h t was e x c i t e d by a 
krypton l a s e r a t 337 - 356 nm and 200 mW. 
To i d e n t i f y the human chromosomes w i t h i n the d i f f e r e n t f r a c 
t i o n s , i n s i t u h y b r i d i z a t i o n w i t h b i o t i n y l a t e d human genomic 
DNA was a p p l i e d : An unstained a l i q u o t of 5 u l of every f r a c 
t i o n was dropped on a s l i d e , a i r d r i e d , washed i n I B - b u f f e r 
(50 mM KCl and 5 mM Hepes b u f f e r at ph 8,0) (Trask et a l . 
1985) and dehydrated i n a l c o h o l . 
The chromosomes were denatured (72 °C f o r 6 min) and h y b r i 
dized (16 h a t 37 <>C). The h y b r i d i z a t i o n mix contained 40 % 
deionized formamide, 2xSSC, 50 ng b i o t i n y l a t e d DNA/slide. To 
v i s u a l i z e the b i o t i n l a b e l l e d DNA a f t e r i n s i t u h y b r i d i z a t i o n , 
the BRL (Bethesda Research Laboratories, 7514 Eggenstein, FRG) 
d e t e c t i o n system w i t h a l k a l i n e phosphatase was used. The 
s l i d e s were incubated f o r 30 min i n a s t r e p t a v i d i n s o l u t i o n (2 
ug/ml i n API-buffer (0,1 Μ Tris/HCl pH 7,5; 0,1 Μ NaCl, 2 mM 
MgCl2, 0,05 % (v/v) T r i t o n X-100), washed i n API-buffer 
( t h r e e times each f o r 3 min), incubated i n a poly (AP) so l u 
t i o n (1 ug b i o t i n y l a t e d polymer of a l k a l i n e phosphatase/ml 
API) f o r 30 min, washed (two times each f o r 3 min) i n AP1-
b u f f e r and ( t h r e e times each f o r 3 min) i n AP3-buffer (0,1 Μ 
Tris/HCl pH 9,5; 0,1 Μ NaCl, 5 mM MgCl2). The r e s u l t i n g 
s t r e p t a v i d i n - p o l y (AP) complex w i t h the b i o t i n y l a t e d DNA 
sequences on the human chromosomes was stained by i n c u b a t i n g 
the s l i d e s f o r 4 hours i n the dark i n a dye s o l u t i o n c o n t a i 
ning 0,33 mg n i t r o - b l u e t e t r a z o l i u m (NBT)/ml AP3 and 0,17 mg 5-
kromo-4-£hloro-3-JLndolyl phosphate (BCIP)/ml AP3 i n a sealed 
polypropylene bag. The stock s o l u t i o n of NBT contained 75 mg 
NBT/ml dimethylformamide and t h a t of BCIP 50 mg BCIP/ml 
dimethylformamide. A dark p r e c i p i t a t e developed at the h y b r i 
dized sequences. The r e a c t i o n was stopped by r i n s i n g the 
s l i d e s f o r 1 min w i t h a s o l u t i o n of 1 % SDS and 50 mM EDTA. 

Results 
Metaphase chromosomes i s o l a t e d from the Chinese hamster x human 
h y b r i d c e l l l i n e Aiwbf2 were allowed t o sediment i n a 
sucrose gr a d i e n t f o r 18 hours at 4 °C. 50 ml f r a c t i o n s were 
c o l l e c t e d and the r e l a t i v e amount of chromosomes i n every f r a c 
t i o n was determined by analysing i n a f l o w s o r t e r a f t e r DAPI 
s t a i n i n g ( F i g . 1). A l i q u o t s of every f r a c t i o n were dropped on 
s l i d e s and f i x e d i n a l c o h o l . An i n s i t u h y b r i d i z a t i o n was 
c a r r i e d out, t o v i s u a l i z e the human chromosomes i n the d i f 
f e r e n t f r a c t i o n s . The f l o w karyotype of the sample used f o r l g 
sedimentation i s shown i n f i g u r e 1 upper l e f t ( " o r i g i n a l 
sample"). This fluorescence i n t e n s i t y d i s t r i b u t i o n was used t o 
define several regions i n the histogram. The content of a l l 
channels w i t h i n t h i s regions were added, and the r e l a t i v e 
number of p a r t i c l e s (chromosomes) i n these regions was deter
mined i n every f r a c t i o n . This number was normalized t o the 
number i n the equivalent regions i n the f l o w karyotype before 
sedimentation. The enrichment f a c t o r s thus obtained, are given 
i n t a b l e I . The maximum enrichment (7,19) of p a r t i c l e s w i t h a 
given fluorescence i n t e n s i t y i s found i n f r a c t i o n 8. A d i s t i n c -
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t i o n between human and hamster chromosomes i n the f l o w d i s t r i 
butions was not possible, however using i n s i t u h y b r i d i z a t i o n 
w i t h b i o t i n y l a t e d human genomic DNA, i t was possible t o 
v i s u a l i z e the human chromosomes w i t h i n the o r i g i n a l sample and 
i n the d i f f e r e n t f r a c t i o n s ( F i g . 2 and f i g . 3 ) . With t h i s 
method, human chromosomes were detected i n f r a c t i o n 2 and 3. 

A Β C 0 Ε F 1 I A Β C D Ε F i| A Β C D Ε F 

o r i g i n * ! eanple f r a c t i o n 1 f r a c t i o n 2 

A B C D E F A Β C 0 Ε F A B C D E F 

f r a c t i o n β f r a c t i o n 7 f r a c t i o n β 

A Β C 0 Ε F 

U—-I 1 100 200 
f r a c t i o n 9 

Fig. 1 Flow karyotypes of the Chinese hamster χ human hyb r i d 
c e l l l i n e Aiwbf2 before and a f t e r l g sedimentation i n a 
sucrose gradient. Abszissa: Channel numbers (Logarithmic DAPI 
fluorescence i n t e n s i t y ) . Ordinate: R e l a t i v e number of par
t i c l e s (chromosomes). 

Region Channel O r i g i n a l F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 F 9 
number saaple 

A 20 - 50 1,00 1,97 1,72 1,03 0,36 .0,55 0,35 0,13 0,12 0,11 
Β 51 - 80 1,00 1,00 1,17 1.44 1,01 0.99 0,74 0,23 0,15 0,18 
C 81 - 100 1,00 0,45 0,59 1,16 1,23 1,25 1,10 0,30 0,18 0,23 
D 101 - 130 1,00 0,29 0,47 1,10 2.04 1,71 2,18 0,58 0,31 0,38 
Β 131 - 175 1,00 0,20 0,31 0,92 1,94 1,49 1,93 1,86 0,93 1,04 
F 176 - 240 1,00 0,10 0,14 0,53 0,58 1,11 0,90 6,43 7,19 6,53 

Table I Enrichment f a c t o r s of the p a r t i c l e s (chromosomes) i n 
the d i f f e r e n t f r a c t i o n s (F 1 t o F 9) a f t e r l g sedimentation of 
chromosomes i s o l a t e d from the Chinese hamster χ human hyb r i d 
c e l l l i n e Aiwbf2. 
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F i g . 2 and 3 Chromosomes from the Chinese hamsterχhuman hybrid 
c e l l l i n e Ai wbf2 h y b r i d i z e d with b i o t i n y l a t e d human genomic 
DNA and v i s u a l i z e d with the a l k a l i n e phosphatase d e t e c t i o n s y s 
tem. The human chromosomes and the t r a n s l o c a t e d p a r t s of human 
chromosomes are darkl e y s t a i n e d (arrows). 
F i g u r e 2 shows the chromosomes of the o r i g i n a l sample before 
sedimentation and f i g u r e 3, chromosomes of f r a c t i o n 2, where 
Chinese hamster human t r a n s l o c a t i o n chromosomes are present 
(arro w s ) . 

T h i s work was supported by the Deutsche Forschungsgemein
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