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NUCLEOSIDES & NUCLEOTIDES, 5(1), 33-43 (1986) 

OL IGOGUOXYRIi3OMUCL ZOTIUE-  3 '-PIIO SPiIATE SYNTHli'S IS BY SELECTIVE 
CLC.ZVAGE OF 3 '-TEi<tlIIJAL Ui,<ILlINE 

N.F . Krpct skaya, G .V .Zayakina, T ,  Y .Oretskaya, 'c: .14.Volkov 

and Z.A.Shabarova 

Chemistry Department, Koscow State University, Koscov 
119899,  USSR 

Abstract. A universal method is evolved f o r  synthesizing 
oligodeoxyribonuclcotides contair;j I,; d 3'--ter.:ninal phospka- 
te yroup. This method consists of obtaining oligodeoxyribo- 
nucleotides containing a 3I-terminal uridine (incorporated 
by enzyme TdT-catalyzed reaction o r  by r.outine triester 
technique), in selective oxidation of the 3'-terminal ribo- 
se of uridine and subsequent 
te residue. 

J-elimindtion of the pnospha- 

Studying modified inter-nucleotide bonds (pyrophos- 

pate bonds in particular ' ) and oligodeoxyribonuclcotide 
assembly into DNA-like duplexes (chemical ligation '> re- 

quires a universal method for synthesizing oligodeoxyribo- 
nucleotides with 3'-terminal phosphate groups .  The synthe- 

sis method f o r  oligodeoxyribonucleotide 3'-phosphates des- 

cribed recently in the literature is based on the syn- 

thesis of oligonucleotides wirh 3'-terminal ribocytidine, 
subsequent oxidation of the cis-glycol group upon treat- 

ment by NaIO and p -elimination of the oligonucleotide- 
31-phosphate upon treatment by L-methionine. Ye propose 

to use for this purpose oligodeoxyribonuclcotides contai- 
ning 3'-terminal uridine. On the one hand, the applica- 

tion of uridine reduces one step of chemical synthesis, 

4 
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34 KRYNETSKAYA ET AL. 

namely t h e  b locking  of IJH -group i n  d h e t e r o c y c l i c  base.  On 

t h e  o t h e r  hand i t  i s  p o s s i b l e  t o  u s e  t h e  terminal deoxyribo- 

n u c l e o t i d y l t r a n s f  erase and rUTP for enzymatic a d d i t i o n  of 

1-11 t o  t h e  3'-end of t h e  dep ro tec t ed  o l igodeoxyr ibonuc leo t i -  

2 

ae. 
I n  t h i s  paper  v/e propose simple gene ra l  p rocedures  f o r  

o b t  a i n i n y  o l  igodeoxyribonucleo t ides w i t h  t h e  3 ' - terminal  

phosphate group. 

1- ,7 I icobULTS AlJD DI SCIJ S S: I O N  

According t o  o u r  method, t h e  overal l  s t r a t e g y  of 3 ' -  

phosphoo1igodeoxyribonucleoti.de s y n t h e s i s  i n c l u d e s :  

1 .  The s y n t h e s i s  of oligodeoxyribonuclcotides c o n t a i n i n g  

3 ' - t e r n i n a l  u r i d i n e ;  

2 .  T h e  o x i d a t i v e  s p l i t t i n g  OF t h e  r i b o s e  r i n g  c i s -g lyco l  

group wi th  t h e  format ion  of a dialdel iyde f ragment ;  

3 .  g - e l i m i n a t i o n  of t h e  oligo~eoxyribonucleotide-3'-phos- 

pha te  r e s u l t i n g  i n  3'-end i n t e r n u c l e o t i d e  bond c leavage:  

0 

R-3 -OH, rUTpP, 
TdT 

R-rU 

R' - Tf-O-MeOTr- 
N-bz-oligode- 

oxyribonucleo tide 
R - deprotected oli- 

godeoxyribonuc- 
leotide 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



OLIGODEOXYRIBONUCLEOTIDE-3'-PHOSPHATE SYNTHESIS 35 

I n  t h i s  paper  w e  d e s c r i b e  two methods for t h e  s y n t h e s i s  

of dn oligodcoxyribonucleotiLe ?,'-terminal u r i a i n e :  

enzqmdtic a d d i t i o n  o f p r U  t o  t h e  3I-end of t h e  dep ro tec t ed  

oligod~oxyribonucleotice o r  convent iondl  procedures  of the 

t r ies  t cr s y n t h e s i s  of o l igodeoxyr i  bonucleo t ides  5 ,  i r i c l u -  

d ing  t h e  a p p l i c d t i o n  of 21 ,31-0-d ibenzoylur id ine  f o r  i n t r o -  

ducing 3I- terminal  r i b o s e  . Urid ine ,  u n l i k e  o t h e r  r ibonuc-  

l c o s i d e s  , excludes  i n t r o d u c t i o i i  of p r o t e c t i v e  groups t o  

h e t e r o c y c l i c  bases. 

A s i r ig l e  r i b o n u c l e o t i c e  a d d i t i o n  t o  t h e  3I-end of d Ce- 

blocked oligodeoxyribonucleotide was s t u d i e d  i n  d e t a i l .  The 

r e a c t i o n  was carr ied o u t  i n  b u f f e r  A con td in ing  1 PI po t azs i -  
4 

ufii c acody la t e ,  pH 7.6; 10 mi4 CoClz and 2 ml4 d i t h i o t h r e i t o l  

One of t h e  fol lowing s ,mtl ie t ic  dep ro tec t ed  o l i g o d e o x p i b o -  

n u c l e o t i d e s  d(ACTGTGTTC) ( I ) ,  d(CCTGGAATT) (11), d(CttCTATCA- 

ATAXGT) (111) and one of  t h e  f o u r  ribon~cleoside-5~-triphos- 

pha te s  were substrdtes  i n  t h e  t e rmina l  deoxjrr ibonucleot idyl-  

t r a n s f e r a s e  (TdT) - catalyzed.  r e a c t i o n .  Taken i n  a n  equimo- 

l a r  dmount t o  t h e  o l i g o n u c l e o t i d e ,  rUTP o r  rCTP revedled a 

s i n g l e  r i b o n u c l e o t i d e  i n c o r p o r a t i o n  i n t o  t h e  3I-end of t h e  

oligodeoxyribonucleotide, y i e l d i n g  80-85); of t h e  d e s i r e d  

product .  P u r i n e  ribonucleoside-5~-triphosphates i'orrnecl mul- 

t i p l e  ra ther  than  s i n g l e  a d d i t i o n  products .  T h u s ,  i n  t he  

p resense  of rGTP, compound I forms d(ACTCTGTTC)rG (501;) and 

d(ACTC1'XTC)rG (40%).  So t h e  c o n d i t i o n s  chosen f o r  d s i n g l e  

r i b o n u c l e o t i d e  a d d i t i o n  were as follows: t h e  r e d c t i o n  mixtu- 

. 

2 

= 10 PI) con ta ined  b u f f e r  A: 1 . S ~ X I O - ~ M  oligodeoxy- 
re ( V t o t a l  * 
r i b o n u c l c o t i d e ;  1 ,  W10-4H rUTP; 25 u.a. TdT. 

The op t ima l  c o n d i t i o n s  for r ibose oxidation and clea- 

vage were assayed  on t h e  model compound dTprU. I n  fact,the 
o x i d a t i o n  of dTprU (0.013 M) by sodium p e r i o d a t e 7  (0.025 
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36 K R Y N E T S K A Y A  ET A L .  

M) is completed in 30 minutes at room temperature (TLC - 
control, system B ) .  

The J3 -elimination reaction (the cleavage of the C5'-0 
bond in compound 2, see schemehas carried out in the pre- 

aence of various mines. The results a r e  summarized in 
8 

TABLE 1. 

As seen from TABLE 1, complete cleavage of the 
C5'-O bond in compound 2 (see scheme) was achieved by 
using 0.3 H aqueous benzylamine or 0.3 M aqueous cyclohexyl- 
amine for 1 hr. at 2OOC. In further experiments the treat- 

ment by 0.3 M aqueous cyclohexylamine was used for the J - e l i -  

mination reaction. 

TABLE 1. 

Conditions for the 
dinucleotidc dTprU ( 1 . 3 ~ 1 0 - ~  M) upon treatment w i t h  mines 

p-elimination reaction in oxidized 

Aminc, M pKa pH Time Tempera- Cleavage 
(min) ture,oC x 

Aniline 0.033 4.63 5.4 30 90 80 

Piperidine 
0.05-2.0 1 1 - 2 2  8 . 5  30 90 50 
Bcnz yl am ine 
0.3 9.33 9.0 60 20 100 

Cyclohexylamine 
0.3 10.66 10.0 60 20 100 

* 
One unit is the enzyme activity that catalyzes the in- 
corporation of 1 nmol of dTMP into acid-prscipitable 
fraction within 60 min under assay conditions. 
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OLIGODEOXYRIBONUCLEOTIDE-3'-PHOSPHATE SYNTHESIS 37 

Thus,the synthesis of oligodeoxyribonucleotides with 3'- 

terminal phosphattgroupefrom oligodeoxyribonucleotide-3~-rU 

amounts to a consecutive treatment of the oligonucleotide 
with a 25 mM solution of NaIO (0 .5 hr;, 2OoC) and 0.3 M 
solution of cyclohexylamine ( 1 hr., 2OOC). 

4 

This method was successfully applied for synthesizing 

some oligodeoxyribonucleotide-38-phosphates (see TABLE 2) . 
Reaction mixture analysis and isolation of oligodeoxy- 

ribonucleotide-3'-phosphates were achieved by ion-exchange 

HPLC, with Lichrosorb-NH as rsupport. 2 
FIGURES 1 and 2 show a chromatographic elution profile 

obtained from a l i q u o t  after(BIC,l)rUMP incorporation in- 
to the 3I-end of oligodcoxyribonucleotide I and (FIG. 2 )  

selective removal of the 38-ribose moiety from d(ACGGA)rU. 

TABLE 2. - 
Synthesized oligodeoxyribonucleotide-3'-phosphosphates 

~ ~~~~ 

Oligonucleotide-3'-phosphate Yield (%) Quantity bmol) 

A - via triester method 
d( ACGGAp) 

d(CACTATCAp) 

d(TCGACCATAAAAp) 

85 0.35 
75 0.50 

75 7 00 

B - via TdT-catalyzed rU- 
addition 

d(ACTCTGTTCp) 80 
d(CACTATCAATAAGTp) 80 

d(TGGAGTCATTACCGp) 75 

0.1 

0.1 

0.15  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
6
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



38 KRYNETSKAYA ET A L .  

Molarity o f  
Na-phosphate 
b u f f e r '  

*260  2 

34 

'0 ,I 5 
2 '  

-0 9 07 5 

4 50 900 1350 Pl 

FIG. 1 . Chromatography on Lichrosorb-NH (in a sodium 
2 

phosphate concentration gradient 0 +0.15 H, pH 7.0, 
in 7 H urea) of the reaction mixture obtained after 
rU-incorporation by TdT-catalyzed reaction into the 
3'-end of d(ACTCTGTTC) . 
I. d ( ACTCTGTTC) 
2.  d(ACTCTGTTC)rU. 

The presence of the 3'-phosphate group in synthesized 
oligodeoxyribonucleotide-3'-phosphosphates was confirmed by en- 
zymatic dephosphorylation. The dephosphorylated oligonucleo- 
tides formed in hydrolysis are readily separated from oli- 

gonucleotide-3'-phosphates by ion-exchange chromatography 
due to a lower total charge. Synthesized oligodeoxyribonuc- 

leotide-3'-phosphates were completely degradable by the  s i m u l -  

taneous action of alkaline phosphatase and snake venom phas- 

phodiestcrase 
The developed precedure was applied f o r  introduction of 

the 32P -3'-terminal phosphate group into oligodeoxyribonuc- 

9 
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OLIGODEOXYRIBONUCLEOTIDE-3'-PHOSPHATE SYNTHESIS 39 

M o l a r i t y  of 
2 h i r r -  -h, .v .,a s ph a - 

4 50 900 1350 ." 

FIG. 2. Chromatography on . Lichrosorb-NH (in a sodium- 
2 

phosphate concentration gradient 0 +0.1 H, pH 7.0, 

in 7 M urea) of the reaction mixture obtained after 
d(ACGGA)rU cleavage. 
1. d(ACGGAp)rU; 
2. d(ACGGA)p. 

leotides. It is in this way that 

obtained. The identity of the compound synthesized was con- 

firmed by polyacrylemi.de g e l  e lectrophoresis .  

32P -d(CCTGGAATT$) was 

The method developed and described in this paper can 

be easily applied f o r  rapid and effective synthesis of oli- 
godeoxyribonucleotide containing 3I-terminal rU (either by 

the enzyme TdT-catalyzed reaction of the oligodeoxyribonuc- 
leotide with rUTP or by the routine triester technique). 

Subsequent chemical cleavage by N a I O  /mint treatment pro- 

duced oligodeoxyribonucleotide-38-phosphates obtained in 
good yields. The method can be readily applied to the syn- 

t h e s i s  of oligodeoxyribonucleotide-3'-phosphates despite the 

length and the primary structure of the starting oligodeoxy- 

4 
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40 KRYNETSKAYA ET AL. 

ribonucleotides. Another possibility is the synthesis of an 
oligodeoxyribonucleotide, containing the 
labelled phosphate group. 

32P -3 '-terminal 

EXPERIMENTAL 

General. Used in the work were: deoxyribonucleotides, 

alkaline phosphatase ( EC 3.1 .3.1), snake venom phosphodies- 
terase (EC 3.1.4.11, deoxynucleotidyltransferase from calf 
thymus (EC 2.7.7.31) (Novosibirsk, USSR);  1,3,5-triisopro- 
pylbenzenesylphonyl chloride (TPS), N-methylimidazole 
(Merck, FRG), rATP, rCTP, rGTP, rUTP (Serva, FRG). 

Paper chromatography on FN-1 (Filtrak, GDR) and thin- 

layer chromatography (TLC) on cellulose disks (Eastman Ko- 
dlk, USA) were performed in the following systems of sol- 
vents: A - ethanol + 1 M ammonium acetate, pH 7.5 (7:3 v/v); 
B - propanol + ammonia + Water (55:10:35 v/V); TLC was per- 

formed on kicselgel 60 (Merck, FRG) in a system C-chloro- 
form-ethanol (9:l v/v). 

High performance liquid chromatography (HPLC) was carziea 
out b::using '8Millichrom" (Novosibirsk, USSR) equipped with a 
Lichrosorb-NH2 ( "Merck", FRG) Column ( 1x30 mm, 5 pm) in a 
solium-phosphate linear gradient (0-0.2 M), pH 7.0 in 

7 M urea. 
Hydrolysis of the oligonucleotides by alkalinephospha- 

tase from E.coli. 0.1-0.5 O.U. of the oligonucleotide was 
dissolved in lo$ of distilled water, and 0.1 u.a./ml of 
alkaline phosphatase (EC 3.1.3.1) in a buffer containing 

0.02 M NH4HC0 
lysis products were loaded on a column (1x30 mm) with Li- 
chrosorb-NH and were separated in a linear Na-phosphate 
buffer concentration gradient (0-70.12 M), pH 7.0, in 7 M 

urea. 

0.04 H MgC12, pH 8.5 was added. The hydro- 3, 

2 
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OLIGODEOXYRIBONUCLEOTIDE-3'-PHOSPHATE SYNTHESIS 41 

Hydrolysis of oligodcoxyribonucleotides by snake venom 
9 phosphodiesterase was carried out according to Khorana . 

Synthesis of protected mononucleotides. N-Benzoylnuc- 
lcosides were obtained by benzoyl chloride acting on nuc- 
leosides ' with subsequent alkdine hydrolysis, and also 

by using trirnethylchlorosilane 'O as an intermediate pro- 

tector of nucleosidc hydroxyl groups. The completely protec- 
ted nucleoside-3'-phosphates were synthesized by a consecu- 
tive tredtinent of 5'-O-, iV-pL>otected cucleosidrs vith p-chlo- 

ro p hen,rl p ho s pho b i s t r i dz, o 1 i de and €thy1 wecyano hycr in. Remo- 
val of the monomethoxytrityl group was performed by d 

solution of trichlordcetic dcid in chloroform at OOC. The 
cjanoethyl group was removed by treatment >vith triethylami- 

ne-water-pyridine (1:1:3 v/v) for 15-20 min . 

c 

5 

Overrlll procedures f o r  internucleotide condensation. 

A mixture of 1.0 nunol nucleotide dnd 0.8 mmol nucleoside com- 

ponents was dried by three-fold evaporation in the presence 
of dbsolute pyridine. The final evaporation was performed at 

a volume when the total concentration of the components, ta- 

king into account the N-methylimidazole added subsequently 

should make dp 0.1 M. Then the reaction i~ixture w d s  trcdted 

with 3 mmol of TPS and incubated at room temperature f o r  

10-30 min. (TLC-control, System C); it was treated according 
to the method already described 5. The end product wds isola- 
ted by column chromatography on silicagel in an ethanol gra- 

dient concentration in chloroform (O-lO'/o).  In accordance with 

these procedures, dTpru; d [(fleOTr)bzA bzC bzG bzG bzA 

ru(Bz)2; d [(MeOTr)bzCgbzAEbzCgT5bzA&jT$bzCqzA%]rU( Bz) 2; 

d[(MeOTr)TpbzC bzG bzA bzC bzC bzA T bzA bzA bzA bzA 

were synthesized with the corresponding yields of go;;, 80"/0, 

70% and 653;. 2 = p-chlorophenyl. 

- i L E B E 8 1  

z !f B E E Fi 53 % % !i %I ru(Bz), 
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42 KRYNETSKAYA ET AL. 

3'-terrsinal 1-ibose r e s idue  a d d i t i o n  t o  ol igodeoxyribo-  

nuc leo t ides  w i t h  Tcrminal T rans fe ra se  and rUTP. The r e a c t i o n  

mixture  (10pl) con ta in& I FI Potassium c,corjylate, PH 7 . 6 ,  

10 ml l  C o C 1 2 ,  2 mt4 d i t h i o t h r e i t o l , l . 5 ~ 1 0 - ~  14 olinodeoxyribo-  

- 

nuc leo t ide ,  1 . 5 ~ 1 0 - ~  - 1 . 5 ~ 1 0  -3 IY rUTP and 10-25 u .a . / lOpl  

TdT. Al'ter i ncuba t ion  f o r  1 hr .  a t  3 7 O C  t h e  r e a c t i o n  was 

termi.latr-d by adding 5;/0 t r i c h l o r o a c e t i c  acid. The niixtlrre 

was depro te ina t ed  by chloroform - i-AmOH c x t r a c t i o i i  (24: 1 

v/v, 3 x l O p l ) .  The r e d c t i o n  mixture  was app l i ed  on to  a 

Sildsorb C-18 column (3x5 mrn) and washed ( 5 %  L e O H ,  lOOp1) .  

The product was e l u t e d  by 30): MeOH ( 3 0 0 ~ 1 ) .  

S f l t h e s i  s of trie o l  i yodeoxyribonucl eo t ide- 3 -phosphate 

v i a  r i b o s e  cleavage.  The o l i g o n u c l e o t i d e  wi th  3 ' - terminal  

rU was d i s so lved  i n  water ( a  f i n a l  concen t r a t ion  of 2-25 mK 

o l igonuc leo t ide  was used) arid supplemented wi th  0.1 M s o l u -  

t i o n  of N a I O  ( a  f i n a l  concen t r a t ion  of 2 5  iizf'i N a I O  ) . The 

r e a c t i o n  mixture  uas incubated  a t  room temperature  i n  dark- 

ness  f o r  0.5 h r .  A 10% e t h y l e n e g l j c o l  s o l u t i o n  i n  water was 

added, and allowed t o  s t and  for 15 :nin. a t  room temperature .  

Then a 1 M cyclohexylamine s o l u t i o n  i n  water was added ( a  

f i n a l  concen t r a t ion  of 0.3 M cyclohexylamine) and t h e  reac- 

t i o n  was c a r r i e d  o u t  a t  room temperature  f o r  1 hr .  Iriunedia- 

t e l y  a f t e r  t h a t  t h e  oligodeoxyribonucleotide-3'-phosphate 

was i s o l a t e d  as descr ibed  below. 

4 4 

Overall procedures of t h e  oligodeoxyribonucleotide-3'- 

phosphate i s o l a t i o n .  For d i -  and t r i n u c l e o t i d e  c leavage ,  

t h e  r e a c t i o n  mixture  was sepa ra t ed  by paper chrornatography 

i n  system A. In t h e  case of dN(fJn)p, where n > 3 ,  t h e  redc- 

t i o n  mixture  ( 2 4 p l )  was loaded on a column (1x30 mm) w i th  

Lichrosorb-NH2, and washed wi th  175yl of 7 M u r e a ;  chro- 

matography was performed i n  a sodium phosphate c o n c e n t r a t i -  
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OLIGODEOXYRIBONUCLEOTIDE-3'-PHOSPHATE SYNTHESIS 4 3  

on gradient (0-0.2 M), pH 7.0, in 7 M urea. The volume of 
the eluate: 18OO,yl, the rate - 50yl/min. 

Fractions containing oligodeoxyribonucleotide-3'-phos- 

pliate were applied onto a S i l a s o r b  C-18 colun1n(3xlO rr3n) and 
washed with water (500~1). The desalted product was eluted 

by 307; MeOH (500 . P) 
Acknowledgements 
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