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Abstract: Cordycepin as the main active ingredient of Cordyceps militaris, a traditional medicinal fungus in China, has
many physiological functions such as anti-cancer, anti-tumor and anti-virus activity. The most potential route for effective
cordycepin production has been considered as liquid fermentation of C. militaris though with low productivity at present.
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Thus, it is urgent to apply both process engineering strategy and metabolic engineering strategy to enhance the productivity of
cordycepin. In this review, the effects of medium components (i.e. the carbon/nitrogen source, precursor substances and metal
ions) and operation factors (i.e. pH, dissolved oxygen and light) on cordycepin biosynthesis in liquid fermentation system are
summarized. Besides, separation of cordycepin, the gene cluster involved and predicted biosynthesis pathways of cordycepin
are also discussed, providing possible solutions of finally realizing efficient production of cordycepin.
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Fig. 1 Fruit bodies of C. militaris (A), and chemical
structures of adenosine (B) and cordycepin (C).
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Table 1 Effects of medium components on cordycepin production

Factor Maximum increment (%) References
Carbon sources Glucose, sucrose, xylose, fructose, vegetable oils, etc 217.0 [22-24]
Nitrogen sources (NH,)2S04, NH,CI, peptone, yeast extract, etc 312.3 [25-31]
Precursors Adenosine, adenine, glycine, ribose, etc 360.0 [29,33-36]
Metal ions Fe?", Mg?*, Zn?*, Mn%', etc 588.3 [37-39]
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Table 2 Effects of culture conditions on cordycepin production

Factor Maximum increment (%)  References
DO Shake-flask culture, static culture, two-stage culture 717.0 [27,44]
pH pH 2.0-10.0 127.9 [45-47]
Light Daylight, blue light, pink light, red light, darkness 58.0 [48-50]
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Fig. 2 The possible biosynthesis pathway of cordycepint®™. Ribose-5P: ribose 5-phosphate; IMP: inosine monophosphate;
3'-AMP: adenosine-3'-monophosphate; 2'-C-3'-dA: 2'-carbonyl-3'-deoxy adenosine; 3'-dl: 3'-deoxyinosine; COR: cordycepin;
PTN: pentostatin; AMP: adenosine monophosphate; ADP: adenosine diphosphate; dAMP: deoxyadenosine monophosphate;
dADP: deoxyadenosine diphosphate; RNRs: ribonucleotide reductases; ADK: adenosine kinase; ADEK: adenylate kinase;
NT5E: 5-nucleotidase; ADA: adenosine deaminase; NK: an N-terminal nucleoside kinase; HisG: a C-terminal HisG family of

ATP phosphoribosyltransferases.
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1), N SR DU R, B e i it
(ADK) fE A~ i 8% W2 1k A= R 1T 5 8 R
(AMP), HETTERRH R (ADEK) BRI T A
TR ZBEIR (ADP), Jf HZE M BRI AT IR IA
7l (RNRs) MFIEAEH T4 % 3'-dADP F1 2-dADP,
3-dADP 7E I 7 ER ¥ (ADEK) MI1EHF A2 i
3-dAMP, fZEil 5% 1T IR (NT5E) A:hg 3~
AT (h#ZE, COR)L, i 2'-dADP Zid2 1
(S R A IR T 2 AR S S RGO ™,

SR, Kato %53 76 KIBFF#E Escherichia
coli H 55 5 3% 35 M 1 R TR R IR 104 % IR 040 D T
(RNRs) FR/NIEEE CmR1 Hl CmR2, & B H A
1k ADP 4= i 2'-dADP 14 )2 i , A2 5 ik, ADP
A 3'-dADP 1 i, 3R I FE IR B EL TR H RNR AN
S5 Z YA R, UL R A AR L
A AR

i 5 g LR R R AL 4 e TAE R SE R, Xia
RT3 TR R
YA R (2 EersiciRE), IR E
SELA LR S ATP ARG BEFREE AL (Cns3 4ifidh)
% 3-OH Wb i 3'-AMP, HETT 3'-AMP 164
J& B T UM M R K il (Cns2 4witid) fERTF &
BEIRALTE AR E MR IAL A, i A R RTE
B 2-$IL-3-W AR, e EALE RS (Cnsl
i) YEA R A= g . Xia S54 H H ZCi
EEEMBTT (PTN) A9A BORE SCHE, PTN 38 il
BRI (ADA) 6P ik f B R B,
PTN K-S 45 i 2845 Ji Ay St R 2 11073,

4 Bpfige

U R FAE N P ARG R 258, RIOT R A
WU AERR T Bh L 25 B A ATl BT
W L fhed 50 AFAQHE 2E MR s B R 1 K
B, SARFIPRE TR RS 2 T RE
MIFSE, R AT S SR o i O A HURE 3R R i
PR o BRI R TR BOR AR, (H A
BRI AR, B2 2, Wik
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IR IAR R B O R e R R A F B,
FE WA XTI R T R E R IR M T 24
WY, @#y T —FRI AR EE RN RET
FROEWE , QORTARMS I . BEheb Rl SERETE Y 4

A R SRR, T LS R
BB il R k7, BUAT— B B se B AR W i AR
R, F B FELH A EROHR, WERRER
FLA R, JERRAE . pH. DO &R LIS ASHIA] .

(R, R 3R g A P S R e 1 A
TEANB I T BEAE L U PR R O A T A a0
alifh 5 T IT RS o AR A 1 2ok T U R IRy
EHRGE , (B2 805 2 DU O SR X 42
B/ TR AR K AR R ST () R o B 2 T A
AU R MR AR, TTR IR BE- 77 B
G L0 BB i | ARAn b | RS
AMIAF TG 2, B AR i ok g 102081

F T e = 0 R e 5 R, R
RIS R F Bl Y s b AA A S 3], [HEE
B 0 BT L R 2 PR A A O, DA R B
115 4 2% 2 2 Fh 2l 24 B 9T i O Jg 42517770 oy 2
RAEVA BRI EEW, e TR RERE
WA ILN Cnsl il Cns2, #F9%IAK Cnsl Hil
Cns2 & MBS kS 5l g 4w, H
ELREALHLE A Rt — 2 AT

DA RN 43 T s AR A 22 BRI B 38 st AL
BERS, WIGEENEIA RS . DNA JINERET7
A T AR R R T ) A o R L R T A
B, HEAL T RFF A T A A AL AR AR
2 [B081 e gplit-Marker 41 AR TF % 1435 K &k
MR 24502 gpah, Chen 2514 YR AE N Hu 24 B v Al
HFFJE T CRISPR-Cas9 Jk[H it TVEE, Syt h #
A 1 356 DR TR s AR TR Ry s SR I R T
Bt fRBId A br 23R, Bk s E A )
B ST R, 15 B> T AE W B R A T
T, W R R R v M R R R R AR R RE T

AR B A W A o8 & Rk, A A% Bk
HAZJR A  dANE A W & g fe, B4
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ST SRR A i e
PIAEDT 5 20 0 H RS 3R K B PR R S 7 RS
PR AL SR B R A FF G B T AR . K5 K
AW A BRI T R A R, W s
JREEYCHE R . SR AR PR
PN IEROR A, AT A R A T AR L
PRl - - 23 B R 25 A BRTT O ELIE SE B AL
BRI R ORI Tl A7
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