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NUCLEOSIDES & NUCLEOTIDES, 5 ( 3 ) ,  2 3 3 - 2 4 1  (1986) 

A CONVENIENT PREPARATION OF A NEW C - 5  BIOTINYLATED dUTP D E R I V A T I V E  

Paul S.  Nelson*, Chander Bahl , and I a n  Gibbons 
Syva Company, 900 Aras t rade ro  Road, P.O.  Box 10058 

Palo A l t o ,  C a l i f o r n i a  94303 

A b s t r a c t .  An improved method f o r  t h e  C-5 b i o t i n y l a t i o n  o f  dUTP i s  
h e r e i n  desc r ibed .  
3 w i t h  mercdrated dUTP $, gave C-5 b i o t i n y l a t e d  dUTP d e r i v a t i v e  5 i n  
b i O %  y i e l d .  
s u b s t r a t e  a c t i v i t y  f o r  i n c o r p o r a t i o n  i n t o  DNA. 

Pa l l ad ium-ca ta l yzed  condensat ion o f  con juga ted  o l e f i n  

Enzymatic c h a r a c t e r i z a t i o n  o f  5 demonstrated v e r s a t i l e  

The a b i l i t y  o f  p y r i m i d i n e  n u c l e o s i d e  t r i p h o s p h a t e s  c a r r y i n g  

s u b s t i t u e n t s  a t  t h e  C-5 p o s i t i o n  o f  t h e  h e t e r o c y c l i c  r i n g  t o  a c t  as 

subs t ra tes  f o r  v a r i o u s  polymerases has been e x p l o i t e d  as  a v e h i c l e  f o r  
i n t r o d u c i n g  n o n i s o t o p i c  l a b e l s  i n t o  n u c l e i c  a c i d  po lymers.  Langer e t  aZ. 

r e p o r t e d  t h e  s y n t h e s i s  o f  b i o t i n - c o n t a i n i n g  dUTP analogs and d e s c r i b e d  
2 methods f o r  i n c o r p o r a t i n g  these  nuc l  eos ides i n t o  DNA.' Subsequent papers 

desc r ibed  t h e  use o f  b i o t i n y l a t e d  DNA as h y b r i d i z a t i o n  probes.  The 

a v a i l a b i l i t y  o f  t hese  compounds opened up a new h o r i z o n  i n  DNA 

h y b r i d i z a t i o n  methodology. 

The e s s e n t i a l  f e a t u r e  o f  t h e  s y n t h e s i s  o f  Langer ' s  b i o t i n y l a t e d  d1JTP 

d e r i v a t i v e s  i s  t h e  organopalladium-promoted c o u p l i n g  o f  C-5 mercu ra ted  

dUTP w i t h  a l l y l a m i n e  under m i l d  c o n d i t i o n s . '  

p u b l i s h  t h e  y i e l d  f o r  t h i s  s tep ,  ano the r  group r e p o r t e d  i t  a t  Z O % . 3  

o u r  a t tempts  t o  condense C-5 mercurated dUTP (3) w i t h  a l l y l a m i n e ,  we 

found t h e  r e a c t i o n  t o  be v e r y  i n e f f i c i e n t  and encountered p u r i f i c a t i o n  

d i f f i c u l t i e s .  Because o f  t hese  i n h e r e n t  problems, we des igned an 

a l t e r n a t e  r o u t e  t o  syn thes i ze  a C-5 b i o t i n y l a t e d  ana log  i n  a more 

convenient  and e f f i c i e n t  way. 

A l though Langer d i d  n o t  

I n  

Cur s y n t h e t i c  scheme, as o u t l i n e d  i n  Scheme I ,  a l l o w s  f o r  a 

con juga ted  o l e f i n  (2) t o  be coupled w i t h  C - 5  mercurated dUTP t. Since  

2 3 3  

Copyright 0 1986 by Marcel Dekker, Inc. 0732-83 1 1/86/0503-0233$3.50/0 
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234 NELSON, BAHL, AND GIBBONS 

0 

oH 5 .  R = t r i p h o s p h a t e  
% 

SCHEME I 

the palladium-catalyzed condensation of a conjugated o l e f in  should 
f a c i l i t a t e  the reaction and r e s u l t  i n  r eg iose l ec t ive  coup1 ing between 
C-5 and the terminal alkenyl carbon t o  give a t r ans  o l e f in4 ,  we 
envisaged a s i g n i f i c a n t  improvement in the y i e l d  of the  reac t ion .  
Moreover, s ince  t h i s  coupling i s  the f i n a l  syn the t i c  s t e p ,  unnecessary 
nucleos ide t r i  phosphate puri f ica t ion would be e l  imi na ted. 

Treatment of d-biotin-p-nitrophenyl e s t e r  (A) with 1 equiva len t  o f  

6-amino-1-hexanol i n  dry tetrahydrofuran p rec ip i t a t ed  i n  96% y i e l d .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



C - 5  BIOTINYLATED dUTP DERIVATIVE 235 

B i o t i n  d e r i v a t i v e  < was r e a c t e d  w i t h  2.2 e q u i v a l e n t s  o f  a c r y l o y l  c h l o r i d e  

t o  a f f o r d  a c r y l a t e  2 which was i s o l a t e d  by column chromatography. Mercu- 
r a t e d  n u c l e o t i d e  

w i t h  l i t h i u m  t e t r a c h l o r o p a l l a d a t e  i n  aqueous methanol t o  g i v e  b i o t i n y l a t e d  

t r i p h o s p h a t e  2. 
mined t o  be 55% by UV a b s o r p t i o n .  

by a combinat ion o f  Sephadex DEAE A-25 and AGTHIOL ( t o  remove un reac ted  2) 
chromatographies. 

c h a r a c t e r i s t i c  a b s o r p t i o n s  a t  271 ( E  = 9350) and 302 ( E  = 11,100). The 
'H NMR spectrum demonstrated down f ie ld  doub le ts  a t  7 .48 ( J  = 16 Hz) and 

6.92 ( J  = 16 Hz) i n d i c a t i v e  o f  a t r a n s  o l e f i n  and a C-6 p y r i m i d i n e  s i n g l e t  

a t  8.19. Also, a FA6 mass spect rum o f  2 gave n e g a t i v e  m o l e c u l a r  i o n  peaks 

a t  862 (M-H) and 884 (M+Na-2H). 

and con juga ted  o l e f i n  2 were s u c c e s s f u l l y  coup led  

The organopal lad ium c o u p l i n g  r e a c t i o n  y i e l d  was d e t e r -  

P u r i f i c a t i o n  was e a s i l y  accompl ished 

The u l t r a v i o l e t  spect rum (pH 7.5) o f  2 showed two 

B i o t i n y l a t e d  dUTP 2 was f u r t h e r  c h a r a c t e r i z e d  by t e s t i n g  i t s  a b i l i t y  

t o  a c t  as a s u b s t r a t e  f o r  v a r i o u s  enzyme r e a c t i o n s  (Tab le  I). 
fragment r e p a i r  of Sau 3A-d igested pHSV 106 DNA c l e a r l y  e x h i b i t e d  t h e  

a b i l i t y  o f  2 t o  be i n c o r p o r a t e d .  

t h a t  t h e  r e p a i r  of t h e  s t i c k y  ends n e c e s s i t a t e d  i n c o r p o r a t i o n  o f  3 b e f o r e  

the  des igna ted  r a d i o l a b e l  C X - ~ ~ P  dCTP (see Scheme 11) .  
7 measured counts  a f t e r  i s o l a t i o n  by b i n d i n g  t o  a v i d i n - l d b e l e d  l a t e x  beads 

demonstrated t h e  i n c o r p o r a t i o n  o f  2. 
e x h i b i t e d  t h e  s u b s t r a t e  a c t i v i t y  o f  dUTP d e r i v a t i v e  2 i n  r e l a t i o n  t o  DNA 

polymerase I .  
poo l ,  t h e  i s o l a t e d  ( a v i d i n - l a t e x  bead 

o f  t h e  i n c o r p o r a t i o n  o f  2. 
conducted by s u b s t i t u t i n g  dTTP f o r  2 and a r e  i n c l u d e d  i n  Table I .  
background e x h i b i t e d  by t h e  c o n t r o l s  was a t t r i b u t e d  t o  n o n s p e c i f i c  

s t i c k i n g  o f  t h e  DNA t o  t h e  a v i d i n - l a b e l e d  l a t e x  beads. 

i n c o r p o r a t i o n  G f  5 was observed i n  t h e  3 ' -end  t a i l i n g  o f  s y n t h e t i c  

ol  i gonucl eo t  i de '*P-GCCCCAGAGCAACGCG w i t h  t e r m i n a l  deoxynucl e o t i  dy l  

t r a n s f e r a s e  ( F i g u r e  I ) .  
was demonstrated w i t h  2. 

Klenow 
6 

Sau 3A d i g e s t  ( c  GATC) was s e l e c t e d  so 

There fo re ,  t h e  

N i c k  t r a n s l a t i o n  o f  t h e  same DNA 

By employ ing aga in  C X - ~ ~ P  dCTP and 2 i n  t h e  t r i p h o s p h a t e  
7 b i n d i n g )  counts  were an i n d i c a t i o n  

C o n t r o l s  f o r  b o t h  polymerase r e a c t i o n s  were 

The 

F i n a l l y ,  

As shown i n  l a n e  A o f  F igu re  I ,  marked t a i l i n g  

Al though a thorough enzymologica l  s t u d y  o f  2 has n o t  been per formed,  

i t s  v e r s a t i l e  a b i l i t y  t o  i n c o r p o r a t e  i n t o  DNA appears p romis ing .  

over ,  t h e  d e s c r i b e d  p r e p a r a t i o n  o f  2 o f fe rs  a more conven ien t  and e f f i c i e n t  

approach t o  C-5 l a b e l i n g  o f  dUTP. 

More- 
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236 NELSON, BAHL, AND GIBBONS 

GAT C Sau 3A + CTAG pHSV 106 

dATP, dGTP, 2, CP~'P dCTP GAT C GANC* 

K1 enow fragment "CNAG CTAG 

* r a d i o a c t i v e  l a b e l  N = n u c l e o t i d e  corresponding t o  2 

SCHEME I 1  

TABLE I 

I n c o r p o r a t i o n  o f  B i o t i n y l a t e d  dUTP 
as a Func t ion  o f  I n c o r p o r a t e d  u - ~ ~ P  d8TP 

~~ 

C PM 

55,510 

~ 

Klenow fragment r e p a i r  o f  Sau 3A-d igested pHSV 106 w i t h  2 
Klenow fragment r e p a i r  o f  Sau 3A-digested pHSV 106 w i t h  

N ick  t r a n s l a t i o n  o f  pHSV 106 us ing  2 
Nick t r a n s l a t i o n  o f  pHSV 106 us ing  dTTP ( c o n t r o l )  

dTTP ( c o n t r o l  ) 4,555 

146,770 

22,700 

The i s o l a t i o n  o f  b i o t i n y l a t e d  pHSV 106 DNA was accomplished by b i n d i n g  t o  

a v i d i n - l a b e l e d  l a t e x  beads7 (see exper imenta l  s e c t i o n ) .  

EXPERIMENTAL 

L i t h i u m  t e t r a c h l o r o p a l l a d a t e  was purchased f rom A l d r i c h  Chemical 

Company. 

ob ta ined f rom Pharmacia P.L. B iochemicals .  

A1 1 enzymes, AGTHIOL (agarose-e thane- th io l )  , and dNTP's were 

Rad io labe led  n u c l e o t i d e s  C L - ~ ~ P  

dCTP and Y-"P ATP were purchased f rom New England Nuclear .  

p lasmid DNA was purchased f rom Bethesda Research L a b o r a t o r i e s .  

n u c l e o t i d e  GCCCCAGAGCAACGCG was syn thes ized i n  c o l l a b o r a t i o n  w i t h  

D r .  Chinh Bach (Syntex Corpora t ion)  and t h e  5 ' - t e r m i n a l  l a b e l e d  w i th  32P 

by pub l i shed procedures." The u l t r a v i o l e t  spectrum was o b t a i n e d  w i t h  a 

Hewlet t -Packard 8450 UV/Vis Spectrometer. 

measurements were made w i t h  a Eruker  WM-300 u s i n g  e i t h e r  t e t r a m e t h y l s i l a n e  

o r  sodium 2,2-dimethyl-2-silapentane-5-sulfonate (aqueous s o l u t i o n )  as 

i n t e r n a l  standards. The mass spectrum (FAB) was recorded by Dr .  D. H. W i l -  
l iams (Cambridge U n i v e r s i t y ,  England) on a Kra tos  MS-50 i n s t r u m e n t  u s i n g  

pHSV 106 

Oligodeoxy- 

Pro ton  magnetic resonance 
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C-5 BIOTINYLATED dUTP DERIVATIVE 237 

A B 

10% p o l y a c r y l a m i d e  g e l  : 

w i t h  2,; B )  5'-32P-GCCCCAGAGCAACGCG ( c o n t r o l ) .  

A) 3 '  t a i l i n g  o f  5'-32P-GCCCCAGAGCAACGCG 

FIGURE I 

T e r m i n a l  d e o x y n u c l e o t i d y l  t r a n s f e r a s e  

t a i l i n g  o f  32P-GCCCCAGAGCAACGCG 

xenon as t h e  p r i m a r y  beam and g l y c e r o l  as s o l v e n t .  Elemental analyses 
were determined by Syntex A n a l y t i c a l  Research D i v i s i o n .  

6- ( N -  b i o t i n y l  )-amino-3-hexanol ( 2 )  

To a s o l u t i o n  o f  6-amino-1-hexanol (165  mg, 1.41  mmol) i n  d r y  

t e t r a h y d r o f u r a n  ( 2 0  m l )  was added d - b i o t i n  p - n i t r o p h e n y l  e s t e r  ( k ,  500 mg, 
1.37 mmol) and t h e  m i x t u r e  was s t i r r e d  a t  room temperature.  A f t e r  30 min- 
u tes ,  p r e c i p i t a t i o n  r e s u l t e d  i n  a t h i c k  s l u r r y  and more t e t r a h y d r o f u r a n  
(20 m l )  was added. 
t a t e  c o l l e c t e d  by f i l t r a t i o n .  Copious r i n s i n g  w i t h  t e t r a h y d r o f u r a n  and 
d i e t h y l  e t h e r  a f f o r d e d  453 mg (96%) o f  a p a l e  y e l l o w  s o l i d  which mel ted  a t  
190-191'. 

l H ,  -CH2S-), 3.14-3.25 (my 3H, conta ins  - C H 2 N H -  t r i p l e t  a t  3.16,  J = 7 Hz),  

4.46 (dd, J = 4 . 5 ,  5 Hz, 1 H ) ;  IR (KBr) 3300 b r ,  2945, 2873, 1681, 1643,  
1545, 1482, 1272, 1069 cm-l; EI mass spectrum m/e 301 ( M t ) .  

The m i x t u r e  was s t i r r e d  f o r  16 hours and t h e  p r e c i p i -  

'H NMR (d4-MeOH) 6 1.30-1.80 (m, 14H), 2 .19 (t, J = 7 Hz, 2H, 
-CH2CO-), 2 .70 (d, J = 12.5 H z ,  IH, -CH2S-), 2.92 (dd, J = 5, 12.5 H z ,  

3.54 ( t ,  J = 6.5  H z ,  1H, -CH20H), 4.29 (dd, J = 4.5 ,  7 . 7  H z ,  IH), 
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238 NELSON, BAHL , AND GIBBONS 

Anal. ca l cd .  f o r  C16H29N303S: C, 55.95; H, 8.51; N, 12.23. 

Found: C, 55.85; H, 8.53; N, 12.22. 

6- ( P i - b i o t i n y l  )-amino-1-hexanol a c r y l a t e  ( 3 )  

Compound 2d (405 mg, 1.18 mmol) was d i s s o l v e d  i n  d r y  d ime thy l fo rma-  

mide (10 m l )  and coo led  t o  0' under a n i t r o g e n  atmosphere. 

amine (360 u1, 2 . 6  mmol) and a c r y l o y l  c h l o r i d e  (210 ~ 1 ,  2.6 mmol) were 

added, and t h e  r e a c t i o n  m i x t u r e  was warmed t o  ambient temperature.  

A f t e r  s t i r r i n g  f o r  30 minutes,  t h e  s o l v e n t  was evaporated in mcuo t o  

a sy rup  and taken up i n  wa te r  (20 m l ) .  

w i t h  methylene c h l o r i d e  (2  X 35 m l )  and t h e  e x t r a c t s  combined. A f t e r  

washing t h e  o rgan ic  phase w i t h  water  (2  X 20 m l )  and s a t u r a t e d  b r i n e  

( 1  X 20 m l )  and d r y i n g  o v e r  anhydrous sodium s u l f a t e ,  t h e  s o l v e n t  was 

removed i n  uaeuo t o  g i v e  an o i l y  r e s i d u e .  Chromatographic p u r i f i c a t i o n  

o f  t h e  r e s i d u e  on a column o f  s i l i c a  gel (2  X 55 cm) employ ing methanol- 

methylene c h l o r i d e  (1:9)  e l u t i o n  a f f o r d e d  106 mg (23%) o f  a w h i t e  s o l i d .  

np 138-140'; 'H NMR (d4-MeOH) 6 1.32-1.80 (m, 14H), 2.19 ( t ,  J = 7 H z ,  

2H,  - C H 2 C O - ) ,  2.70 (d, J = 12.5 Hz, l H ,  -CH,S-), 2.92 (dd, J = 5, 12.5 Hz, 

I H ,  -CH2S-), 3.14-3.25 ( m y  3H c o n t a i n s  -CH2NH- t r i p l e t  a t  3.17, J = 7 Hz), 

4.47 (dd, J = 4.5, 5 Hz, l H ) ,  5.87 (dd,  J = 1.7, 10.4 Hz, l H ,  c i s  =CH2), 

6.15 (dd, J = 111.3, 17.3 Hz ,  l H ,  =CHCO-), 6.39 (dd, J = 1.7, 17.3 Hz, l H ,  

t r a n s  =CH2) IR (KBr) 3270 b r ,  2935, 2885, 1700, 1639, 1547, 1464, 1198, 

1070 cm-l. 

T r i e t h y l  

The 3queous phase was e x t r a c t e d  

4.15 ( t ,  J = 6.5 Hz, 2H, -CH20CO-), 4.30 (dd, J = 4.5, 7.8 H z ,  l H ) ,  

EI mass spectrum m/e 397 ( I d + ) .  

Anal. __ Calcd. f o r  ClgHz3N3O4S: C, 57.41; H, 7.86; N, 10.57. 

Found: C, 57.22; H, 8.12; N, 10.55. 

B i o t i n y l a t e d  dUTP ( 5 )  

Mercurated dUTP $ (10 mg, 9 umol)  and a c r y l a t e  3 (50 mg, 126 umol) 

were d i s s o l v e d  i n  methanol-water (9:1, 10 m l ) .  A 20 mM methano l i c  

s o l u t i o n  o f  l i t h i u m  t e t r a ~ h l o r o p a l l a d a t e ~ ~  ( 1  rnl) was added, and t h e  

m i x t u r e  was s t i r r e d  f o r  17 hours a t  room temperature.  Water (20 m l )  was 

added, and t h e  m i x t u r e  was c e n t r i f u g e d .  The l i q u i d  phase was added t o  a 

DEAE Sephadex A25 column ( 1  X 17 cm), washed w i t h  0.05 M t r ie thy lammonium 

b ica rbona te  (TEAB) ,  and e l u t e d  w i t h  a g r a d i e n t  o f  0.05-1.0 b! TEAB 

(600 m l  t o t a l  volume). A p p r o p r i a t e  f r a c t i o n s  t h a t  e l u t e d  a t  0.5-0.6 M 
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C - 5  BIOTINYLATED dUTP DERIVATIVE 239 

TEAB were pooled (a  m i x t u r e  o f  3 and 2) and evaporated in uaeuo (30-35') 

t o  dryness. 

r e s i d u e  was d i s s o l v e d  i n  water  (20 m l )  and e l u t e d  th rough an AGTHIOL 

column (1 X 10 cm) u s i n g  d e i o n i z e d  water  f o r  r i n s i n g .  

l e c t e d  volume was concentrated,  loaded on a smal l  DEAE Sephadex A25 

column ( 1  X 4 cm) , and e l u t e d  w i t h  0.6 M TEAB. 

t o  dryness, and t h e  remain ing  TEAB was removed by a d d i t i o n a l  evapora t ion  

w i t h  water  (10 rnl).  

f reeze d r y i n g  a f f o r d e d  t h e  d e s i r e d  t r i p h o s p h a t e  2 as a l i g h t  y e l l o w  s o l i d .  

The y i e l d  was determined t o  be 55% by measuring UV absorbance a t  302 nm 

(E = 11,100). HPLC RT = 5.71 min. [ A  = 40 mM ammonium phosphate (pH 7.0), 

B = 200 mM ammonium phosphate (pH 7.0), 5-30% B, 10 min.18; 'H NMR (D20) 

6 2.23 ( t ,  J = 7 Hz, 2H, -CH2CO-), 2.41 ( m y  ZH, 2 ' -H) ,  2.76 (d, J = 13 Hz, 

l H ,  -CH2S-), 2.97 (dd, J = 5, 13 Hz, l H ,  -CH2S-), 3.05 (m,  ZH), 3.19 ( t ,  

J = 7 Hz, 2H, -CH2NH-), 4.20 ( m y  4H, conta ins  -CH2CO- t r i p l e t  a t  4.21, 

J = 6 .5 ) ,  4.39 (dd, J = 4.7, 8 Hz, l H ) ,  4.58 (dd, J = 4.7, 5.5 Hz,  1H) 

l H ) ,  8.19 ( 5 ,  1H) ;  UV Xmax 271,302 nm ( E  = 9350 and 11,100 r e s p e c t i v e l y ,  

pH 7.5). 

A f t e r  a d d i t i o n  o f  water  (10 m l )  and reevapora t ion ,  t h e  

The t o t a l  c o l -  

The e l u e n t  was evaporated 

D i s s o l u t i o n  o f  t h e  r e s i d u e  i n  water  (1 m l )  and 

6.30 (dd, J = 7 Hz, l H ,  1 ' -H) ,  6.92 (d,  J = 16 H z ,  l H ) ,  7.48 (d,  J = 16 Hz ,  

Klenow fragment r e p a i r  o f  Sau 3A-digested pHSV 106 DNA w i t h  2 

polymerase I (Klenow f ragment)  i n  DNA polymerase b u f f e r '  c o n t a i n i n g  

20 pM each o f  b i o t i n y l a t e d  dUTP 2 a-32P dCTP, dGTP, and dATP. A f t e r  

i n c u b a t i o n  a t  0' f o r  1 hour, t h e  sample was heated f o r  1 minute a t  70' 

t o  i n a c t i v a t e  t h e  enzyme. A p a r a l l e l  r e a c t i o n  c o n t a i n i n g  dTTP i n s t e a d  

o f  5 was c a r r i e d  o u t  as a c o n t r o l .  

10 a v i d i n - l a b e l e d  l a t e x  beads were added. A f t e r  10 min. i n c u b a t i o n ,  

t h e  beads were c e n t r i f u g e d  and t h e  supernatan t  decanted. 

were washed t h r e e  t imes w i t h  T r i s - s a l  i n e  b u f f e r 1 3  and t h e  r a d i o a c t i v i t y  

measured i n  a s c i n t i l l a t i o n  counter .  Resu l ts  a r e  recorded i n  Table I .  

6 One pg o f  Sau 3A-digested pHSV 106 DNA was t r e a t e d  w i t h  DNA 

To each of t h e  polymerase r e a c t i o n s ,  
gq' 7 

The beads 

N ick  t r a n s l a t i o n  o f  pHSV 106 DNA u s i n g  5 

The n i c k  t r a n s l a t i o n  r e a c t i o n s  were c a r r i e d  o u t  u s i n g  t h e  

c o n d i t i o n s  suggested by New England Nuc lear  ( n i c k  t r a n s l a t i o n  k i t  

i n s t r u c t i o n  manual).  One ug o f  pHSV 106 DNA was t r e a t e d  w i t h  Pancreas 

DNase I and DNA polymerase I i n  p o l y  I n i c k  t r a n s l a t i o n  b u f f e r  and 

6 
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20 pM of dGTP, dATP, a-32P dCTP, and 2. 
incubated a t  room temperature f o r  2 hours and the  reac t ion  terminated 
by heating a t  70' f o r  2 minutes. A pa ra l l e l  reac t ion  containing dTTP 

instead of 2 was car r ied  out as a cont ro l .  The reac t ions  were worked 
u p  with avidin-labeled l a t e x  beads' as described i n  the  Klenow fragment 
r epa i r  of Sau 3A-digested pHSV 106. 

The reac t ion  mixture was 

Results a r e  recorded in Table I .  

Terminal deoxynucleotidyl t ransferase  t a i l i n g  of 32P-labeled GCCCCAGAGCGCG 

One pmol o f  32P-GCCCCAGAGCAACGCG was t r ea t ed  with 20 un i t s  of 
11 terminal deoxynucl eotidyl t ransferase  i n  terminal t r ans fe ra se  buf fer  

containing 100 pM bio t iny la ted  deoxyuridine tr iphosphate.  Reaction 
mixtures were incubated a t  37' f o r  2 hours and then analyzed13 on a 
10% polyacrylamide ge l .  An autoradiogram is shown i n  Figure I .  
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