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S1  Effect of enzyme on the production of 2'-deoxynebularine from deoxyribose-1-phosphate and purine. 
Reaction conditions: 5.2 mM of deoxyribose-1-phosphate and 5.0 mM of purine in 1.0 mM phosphate buffer 

(pH 6.8) at 40 ˚C. The reaction were carried out under the condition of 5 units/mL of PNP or TP. Product 

formation was monitored by UV absorption at 254 nm using HPLC (Jasco) with a C18 column (Osaka soda 

Inc., Capcell pak C18 UG-120, 4.6–250mm, 2–5 % MeCN in 10 mM phosphate buffer, pH 6.8).
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(a) Reaction scheme (b) The curves of conversion of 2'-deoxynebularine for time 

by PNP or TP.

(c) HPLC chart of using PNP (10 min). (d) HPLC chart of using PNP (1h).

(e) HPLC chart of using TP (1 h). (f) HPLC chart of using TP (3 h).

Purine
Purine

Purine
Purine

2'-deoxynebularine

2'-deoxynebularine2'-deoxynebularine

2'-deoxynebularine



S2-1  PNP-catalysed base-exchange reaction between thymidine and purine or uracil modified with a halogen 

atom at the 5 position.
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S2-2  HPLC charts of enzymatic reaction between purine and pyrimidine analogue and thymidine using PNP. 

(a): the base analogue was purine, (b): 5-fluorouracil, (c):5-iodouracil , (d): 5-bromouracil. Reaction conditions: 

40 mM of thymidine and 5.0 mM of base analogue in 1.0 mM phosphate buffer (pH 6.8) at 40 ˚C. The reaction 

volume was 1.0 mL. The reaction was carried out under the condition of 5 units/mL of PNP. Product formation 

was monitored by UV absorption at 254 nm using HPLC (Jasco) with a C18 column (Osaka soda Inc., Capcell 

pak C18 UG-120, 4.6–250mm, 2–5 % MeCN in 10 mM phosphate buffer, pH 6.8).
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S3  Effect of a two-enzyme system, TP and PNP, on the base-exchange reaction of pyrimidine nucleoside with 

various purines. Left: 5 mM of thymidine and 40 mM of purine modified at 6 position. Right: 10 mM of 6-

chloropurine and 5 mM of four kinds of ribosyl donor.
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S4  Effect of TP, PNP, and TP+PNP on the base-exchange conversion of thymidine to a modified purine 

nucleoside.
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S5-1  Effect of addition of DMSO and hydrophobicity of alkyl amino purine as substrate for base-exchange 

reaction using PyNP.

0 1 2 3 4 5 6 7
0

20

40

60

80

100
0%

10%

20%

30%

40%

50%

60%

Time / day

C
on

ve
rs

io
n 

/ %

S5-2  Effect of addition of DMSO and hydrophobicity of alkyl amino purine as substrate for base-exchange 

reaction using PNP.
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S5-3  HPLC charts of enzymatic reaction between 6-(N,N-di-n-propylamino) purine and thymidine in 40 % 

DMSO/buffer using PNP. Reaction conditions: 40 mM of thymidine and 5.0 mM of 6-propylaminopurine in 1.0 

mM phosphate buffer (pH 6.8) and the addition of DMSO (40%, v/v) at 40 ˚C. The reaction volume was 1.0 mL. 

The reaction were carried out under the condition of 5 units/mL of PNP. Product formation was monitored by 

UV absorption at 254 nm using HPLC (Jasco) with a C18 column (Osaka soda Inc., Capcell pak C18 UG-120, 

4.6–250mm, 10 % MeCN in 10 mM phosphate buffer; pH 6.8).
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S6  Effect of organic solvent and enzyme on synthesis of dRC4U.
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0 1 2 3 4 5 6 7
0

20

40

60

80

100

0%

10%

20%

30%

40%

50%

60%

Time / day

C
on

ve
rs

io
n 

/ %

0 1 2 3 4 5 6 7
0

20

40

60

80

100

0%

10%

20%

30%

40%

50%

60%

Time / day

C
on

ve
rs

io
n 

/ %

DMSO (by TP) DMSO (by PyNP)
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S7  Effect of chain length of the alkyl linker between coumarin and the 5 position of uracil on the production of 

an unnatural nucleoside. Time courses of dRC4U (a) and dRC6U (b) conversion at varying DMSO 

concentrations. 

 

(a) dRC4U (DMSO, v/v %) (b) dRC6U (DMSO, v/v %)
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