SO/ IR Y - S REH SEAMGTHERREENSRI TSR
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Dec. 25, 2021, 37(12): 4158-4168
DOI: 10.13345/j.cjb.210066 ©2021 Chin J Biotech, All rights reserved

REHRY, WEEY BEFEY BEY, I8, Fam ", B

1 E A R AR AR B, W K> 410128
2 AN AEY s S AL R A A R SE R A, IR K 410128

R, KRR, Bers®, . Bialb T A& MO A Y& LRI R ST ok . AW AR 41, 2021, 37(12): 4158-4168.
Song ZQ, Liu HH, Duan XY, et al. Advances in the biosynthesis of pentostatin. Chin J Biotech, 2021, 37(12): 4158-4168.

B E: REA TR —MEFERAEL, TIREMABEHHIBOITH R, EERETESHMNB T LA 2
R . oA FRAD. TEMEFT, EABLEFR, if 10 Fk, XTFTAMERFTARTHHRTELEF
EAMEH . KRR REAAS 5L LLF 0. BA, REXATHENERIFTET AN, 2EHE
BRAFE T HF @B A, stsk, LPLARTRaATHADERERE, HAE—FHRRELF, B4,
AT AT RT FALEFIR;, LA, BETHARTERRKEY T HEDESRNH; KE, &K
WTAMEAERFIANT AT le e A, FR_EAEMAE DS RS T 89 &%, vAE A &) 1T a9 AR A &
RS T

AT, BMERRAE, AMER, MAEVAE, ZARMITE

Advances in the biosynthesis of pentostatin
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Abstract: Pentostatin is a nucleoside antibiotics with a strong inhibitory effect on adenosine deaminase, and is widely used
in the clinical treatment of malignant tumors. However, the high cost hampers its application. In the past 10 years, the
biosynthesis of pentostatin were focused on strain breeding, optimization of medium composition and fermentation process. To
date, there are no reviews summarizing the elucidated biosynthetic mechanism of pentostatin. This review starts by
introducing the various chemical route for production of pentostatin, followed by summarizing the mechanisms of pentostatin
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biosynthesis in different microorganisms. Finally, challenges for biosynthesis of pentostatin were discussed, and strategies for

regulating and improving the microbial synthesis of pentostatin were proposed.

Keywords: pentostatin, nucleoside antibiotics, biosynthesis, microbial fermentation, systems metabolic engineering
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Table 1 Stereoselectivity of the intermediates in the chemical synthesis of pentostatin via different routes
Starting materials Target products Glycosylation ratios (a/f) Chirality ratios (R/S) References
S-nitro-4-styrylimidazole Pentostatin 15:14 3:2 [19]
4-methyl-5-nitroimidazole  Pentostatin 1:1 1:1 [20]
L-vinylglycine Tetrahydroimidazodiazepinol / 99:1 [21]
aglycon of pentostatin
L-dialkyl tartarates Pentostatin 7:15 Unknown [23]
4-methyl-5-nitroimidazole  Pentostatin 1:1 99:1 [25]
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Fig. 3 The biosynthetic pathway of pentostatin in bacteria (modified from reference [13] and [27]). PRPP:

phosphoribosyl pyrophosphate; PenA, AdaC, AdaL, HisG: ATP phosphoribosyltransferase; HisE: phosphoribosyl-ATP
pyrophosphohydrolase; Hisl: phosphoribosyl-AMP cyclohydrolase; HisA: phosphoribosylformimino-5-aminoimidazole
carboxamide ribotide isomerase; AdaK: phosphoribosyl isomerase A; His: other enzymes required to synthesize
histidine; PenC, AdaA: SAICAR synthetase; PenB, AdaB: short-chain dehydrogenase; AdaM: hydrolase.



RiFH S/EIAMBTHSHEREEDERNEIAREERE 4163

32 EEHBEMTREMSE KL

1979 4, Kodama %5k B H A Aspergillus
nidulans ReR]EEAE P2 WS Gl fh T A REL R, X R
T A I R A TR B RGBT, 1983 4, Kanbe
EEIE T BT Emericella nidulans HWHES
HUBE Rl A TN 2017 4, EBRE R R A
FRA ZSWF G T 8T AT A o g e e PR 2 4 e
G0, B8 IR B R A G R I ens. 5
K 10.3 kb, H cnsl—cns4 20K, A Cnsl FlI
Cns2 157 MEFE M A, Cns3 il Cnsd Z5WiH]
b T AWy I b s P 2 B B — AR
B, Cns3 &4 H /%8RB (Nucleoside/
nucleotide kinase, NK) 5 HisG Wi ~%5fadk ., 7
PUAWRSGIEE Metarhizium robertsii 5 FRy &
Cordyceps bassiana ' 5313815 NK 5 HisG 254
W, 45K HisG S5t ae ok 37 A S md w1
MG BRI, LLAR KA 8 3 W 350432 1A A T i
HERIFIE, MU EL Cordyceps kyushuensis
Kobayasi X 4 4A~2 5 B Z A wlfth T4

NH,
N NS
N
<1
N7 N ATP
HO
0 ¥
PRPP
OH OH
Adenosine

BB E BE R, B R H S RE S AT i — 2D 1
WERT EET, 7R AR A T A A A
wmE 4 s .

LA A W A T A A R R A T
W, EA TR T BRI, S ReA AR T
LIy oS w)Ath T e A o R S e ) 1, AT B
LT A A A v £ A %) JH A SIS 0L 2 B
AW R A AL, X — ORI HLTRIBEFR A Protector-
protégé strategy’2*1, % 2 XF b T B Ak 4R B S 0
AR IS E AL T AR A R AR . R T T
Z W F S 5 W a7 0 A R, H i H R Y
Cns3 SLREFALMEEl M T G . ERGXFI IS
Ji R — 5 TR T BSR4 o 5 L A AR 22 5
F— A R X R B W A AN RS S T
el T A e R, IR T E RS
WA T A A DI HEREF PenA . PenB £l PenC 5
Tl B I RERG Cns3 JFRTETEE S ARRIPERS,
BRI Z A, FLRR 5 4 T s e T R A

— g, T EHE LSO RIE
HO
N :
¢ || wm
HO N N:,‘/
Cns3 0
HisG

OH
Pentostatin

El4 EHEPBEMTEDEGHER IREXHKE281ZX)

Fig. 4
phosphoribosyltransferase.

The biosynthetic pathway of pentostatin in fungus (modified from reference [28]). Cns3, HisG: ATP
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Table 2 Comparison of the biosynthetic pathway of pentostatin between Streptomyces antibioticus and Cordyceps
militaris

Streptomyces antibioticus Cordyceps militaris

Substrate PRPP, dATP PRPP, adenosine
Enzyme PenA, PenB, PenC Cns3

NADPH V Unknown

ATP l l
Protector-protégé strategy Arabinofuranosyladenine Cordycepin
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