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Table S1: Synthesis and applications of oligonucleotides containing a 3´-S linkage 

Oligonucleotide Synthetic route Applications Reference 
3´-S    

Coupling of 5´-deoxy-5´-O-
monomethoxytrityl-3´-
mercaptothymidine with 3´-O-
acetylthymidine in the presence of 
(tetrazol-1-yl)2POCH2CH2CN and 2,6-
lutidine 

(1) 

d(T3´-ST) 

Solid phase synthesis using thymidine 
3´-S-phosphoramidite 

 

(2) 

d(GCACGT3´-STGCACG) Solid phase synthesis using thymidine 
3´-S-phosphoramidite Thio analog of a thymine photodimer  (3) 

Metal ion-dependent cleavage by the 
Tetrahymena group I ribozyme (4) 

d(CCCUCU3´-SA) 
Solid phase synthesis using ribo- and 
deoxyribouridine 3´-S-
phosphoramidites 

Metal ion-dependent cleavage by 
Klenow fragment of E. coli DNA 
polymerase I 

(5) 

U3´-SU 

Addition of 2´,3´-O-bis(benzoyl)-
uridine 5´-H-phosphonate to 2´,5´-O-
bis(Fpmp)-3´-(o,p-
dinitrophenyldisulfanyl) uridine 

RNA cleavage studies (6) 

Metal ion-dependent cleavage by the 
Tetrahymena group I ribozyme; test 
substrate for T4 PNK, snake venom 
PDE, and ribonuclease T2 

(7,8) 

I3´-SU 

Addition of 2´,3´-O-bis(tert-
butyldimethylsilyl)-uridine 5´-H-
phosphonate to 9-[5-O-
(monomethoxytrityl)-3-deoxy-3-S-(5-
nitropyridyl-2-disulfanyl)-2-O-(tert-
butyldimethylsilyl)-β-D-
ribofuranosyl]hypoxanthine 

Sugar pucker conformational analysis 
by NMR (9) 

d(GATT3´-SGCTAGGC) Solid phase synthesis using thymidine 
3´-S-phosphoramidite 

Mechanistic studies of the E. coli RuvC 
protein (10) 

(dU3´-S) GUGAGUACUC 
CCUCUCAAAA 

Solid phase synthesis using riboinosine 
and deoxyribouridine 3´-S-

Metal ion dependence of pre-mRNA 
splicing (11) 
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AI3´-SCUCGCGGUU phosphoramidites   

(C2´-OMe)3UCdU3´-SrA (12,13) 

RP,SP-(C2´-OMe)3UCdU3´-SrA5´-PS 

Solid phase synthesis using 2´-deoxy-
3´-thiouridine phosphoramidites 

Metal ion-dependent cleavage by the 
Tetrahymena group I ribozyme 

(13) 
UC3´-SGAGCGGUCU 
U3´-SACUAUGUAU 
UC3´-SACUAUGUAU 

(14) 

CGGGAU3´-SACUAUG 

Solid phase synthesis using 3´-
thiouridine and thiocytidine 
phosphoramidites 

Metal ion-dependent cleavage by the 
ai5γ group II intron 

(15) 

GACAI3´-SGAUCCAAGAGUACU Solid phase synthesis using 3´-
thioinosine phosphoramidite 

Metal ion dependence of pre-mRNA 
splicing (16) 

d(CCTAAATT3´-STGCC) and others Solid phase synthesis using thymidine 
3´-S-phosphoramidite 

Sugar pucker conformational analysis 
by NMR  (17,18) 

d(AAACGTCGCACTTCGC3´-S 
TAGGCAGCCTGCATCCAGG) 

Solid phase synthesis using 2´-deoxy-
3´-thiocytidine phosphoramidite 

Mechanistic studies of E. coli DNA 
T:G-mismatch endonuclease (19) 

d(TGTGTATTGTCT3´-SATAG) 
d(TGTGTATTGTCT3´-S 
ATAGCCCAGATTTAAGGA) 
d(GCGCACCGAAAGGTGCGTATTG
TCT3´-SATAG) 

Solid phase synthesis using thymidine 
3´-S-phosphoramidite 

Mechanistic studies of TrwC 
conjugative relaxase (20) 

Abbrievations: d, deoxyribo-; r, ribo-; Fpmp, 1-(2-fluorophenyl)-4-methoxypiperidin-4-yl; I, inosine; PNK, polynucleotide kinase; PDE, phosphodiesterase; PS, 
nonbridging phosphorothioate.
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Table S2: Synthesis and applications of oligonucleotides containing a 5´-S linkage 
Oligoncleotide Synthetic route Applications Reference 

5´-S    

U5´-SH(U5´-S)nU5´-S,2´,3´-P 

Treatment of 5´-thiouridine-2´,3´-cyclic 
phosphate with diphenyl 
phosphorochloridate and base 

 (21) 

d(TT5´-S) Thymidine 3´-thiophosphate attack on 
5´-iodo-5´-deoxythymidine  (22) 

d(TT5´-ST5´-S,3´-O-PS)  (23) 

d[T(T5´-S)12] 

Repeated addition of 5´-O-
tosylthymidine-3´-O-
cyanoethylphosphorothioate 
mononucleotides to a terminal 
thymidine 3´-O-thiophosphate 

Test substrates for T4 PNK and DNA 
polymerase, E. coli DNA polymerase I, 
snake venom PDE, and S1 nuclease  

(24) 

d(TCCGTTGAAGCCTGCTTTT5´-S 
TTATACTAACTTGAGC) 

Solid phase synthesis using 5´-S-trityl 
deoxythymidine phosphoramidite 

Suicide substrate for DNA 
topoisomerase I (25) 

Uridine 3´-H-phosphonate attack on 5´-
deoxy-5´-(o-
nitrophenyldisulfanyl)uridine 

RNA cleavage studies (26) 
UU5´-S 

Uridine 3´-O-thiophosphate attack on 
5´-iodo-5´-deoxyuridine RNA cleavage studies (27) 

d(ACGGTCTCA5´-SCGAGC) 
 

d(ACGGTCT)r(C)d(A5´-SCGAGC) 

Solid phase synthesis using 5´-S-trityl-
2´-deoxyadenosine and 2´-O-Cee-
cytidine phosphoramidites 

RNA cleavage studies; metal ion-
dependent cleavage by the hammerhead 
ribozyme  

(28,29) 

GCCGUCC5´-SCCCG Solid phase synthesis using “5´-thiol 
amidite” 

Metal ion-dependent cleavage by the 
hammerhead ribozyme (30) 

d(AGCCCTTACTT5´-S 
TGACGGTATATCT) (and others) 

Solid phase synthesis using 5´-S-(4,4´-
dimethoxytrityl)-2´-deoxy-5´-
thiothymidine phosphoramidite 

Detection and construction of DNA 
arrays based on incorporation of 
selective cleavage sites 

(31) 

UUC2´-O-o-NBnd(G5´-S)GGUCGGC Solid phase synthesis using 5´-S-trityl-
2´-deoxyguanosine phosphoramidite 

General acid catalysis by the HDV 
ribozyme (32) 

d(GGGCAT)r(C)d(C5´-S 
TGGATTCCACTCGCC) 

Enzymatic ligation of 5´-
thiophosphorylated 
d(CTGGATTCCACTCGCC) with 
d(GGGCAT)r(C) 

General acid catalysis by the 
hammerhead ribozyme (33) 

Abbreviations: d, deoxyribo-; r, ribo-; PS, nonbridging phosphorothioate; PNK, polynucleotide kinase; PDE, phosphodiesterase; Cee, 1-(2-chloroethoxy)ethyl; o-NBn, 
ortho-nitrobenzyl; HDV, hepatitis delta virus. 
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Figure S1.  Retrosynthetic scheme for the construction of RNA oligonucleotides containing a 5′-phosphorothiolate linkage. 
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Figure S2.  Mechanism of the UV light-mediated removal of the o-nitrobenzyl group to form ROH. 
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Figure S3: MALDI-TOF Mass of 21: Calcd Mass: 3694.5, MALDI-TOF Mass: 3694.8. 
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Figure S4: MALDI-TOF Mass of 23: Calcd Mass: 9515.3, MALDI-TOF Mass: 9514.1. 
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Figure S5.  HPLC trace of crude reaction mixture after the first ligation step.  HPLC conditions: C18 reversed-phase column, 6-16% 
acetonitrile / 94-84% 0.1 M TEAA pH 7.0 over 35 min.  Peak identities are confirmed by migration of purified peaks on a denaturing 
gel. 

C
U

C
U

U
C

2´
-o

-N
B

nG
5´

-S
 

 

C
U

C
U

U
 

pC
2´

-o
-N

B
nG

5´
-S

 
 

 

time (min) 

A
bs

or
ba

nc
e 

0.12 

0.06 

0 
5 10 15 20 35 30 25 

12
.61

3 

26
.50

5 30
.04

9 



 S13

 
 

N

NN

N
NHBz

O

OTBDMSO
PO
O

HS

O

(AGGGCGUC)p

N

NN

N
NHBz

O

OTBDMSO
PO
O

O

NH

N

N
O

NH(Pac)N

O

OXO
PO
S

DMTrO

NC

X= o-NO2-Bn

CN

CN

N

NN

N
NHBz

O

OO

TrS

NH

N

N
O

NH(Pac)N

O

OO

DMTrO

Si
P O

CN

N P O

CN

N
O2N

Scheme S1: Synthesis of 5'-GCGCG2'-o-NBnA5'-SAGGGCGUC-3'
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