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Abstract

DongChongXiaCao (Ophiocordyceps sinensis) is a well-described remedy that
has been used in traditional Chinese medicine, which can be used to treat conditions
such as night sweats, hyperglycemia, hyperlipidemia, asthenia, arrhythmias, and other
heart, respiratory, renal and liver diseases. The purpose of this study was to study the
influence of medium composition, environmental conditions on the mycelia growth
and the formation of some bioactive components in submerged cultures of
Ophiocordyceps sinensis

The experiments were carried out in 250 ml shaking flasks or in a 5 liter stirred
tank bioreactor. By using basal medium the biomass concentration could reach the
level of 4.7 g/L at 20°C and 120 rpm in 17 days flask culture. Sucrose and yeast
extract were determined to be the best carbon and nitrogen source, which could raise
biomass concentration and cordycepin to the level of 5.38 g/I. and 3.645 mg/L.
When yeast extract was fed into the flask in fed-batch cultures, which could raise
biomass and cordycepin concentration to level of 6.603 g/L and 5.36 mg/L. In order
to enhance the production of cordycepin, some kinds of amino acid and precursors
were added into the media. The results indicate that the addition of adenosine, alanine
and aspartic could enhance the mycelia concentration and cordycepin content to the
level of 5.52 g/l and 2.12 mg/L, respectively. The addition of adenine with high
concentration could raise biomass and cordycepin concentration to level of 5.24 g/L
and 2.148 mg/L. In 5L fermenter experiment, lower rotation speed was demonstrated
to be favorable to the production of biomass and bioactive ingredients. The results
obtained from this study will be used to enhance the production of mycelia and
bioactive components in the large-scale submerged culture of Ophiocordyceps
SInensis.

Keywords : submerged culture ~ Ophiocordyceps sinensis ~ adenosine ~ cordycepin
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H. Dong (2005) 41 *. 7 = #5824+ C.sinensis i& (7 S E AL R4E 31 3 R B4
ekl > rFEA RS 22g/Le
2. ¥k

FORAER NS M enme b Fhed AR B0 B PRI E F 8P
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AOmicE L AT KR B P2 2 5 £ 8 fp 2 - - Dong ¥ ¢

HAAIT R REFBEFEF 2R FRREAAY 27 BB 30 %2

a4

BE 4 g 1120 Fsh2 &5 Bl 3o MR b b BRR A Y 5 50 gL

10g/L ~3g/L» 56 40 day % ¥ ¥ 5k 22 g/L ; Dong & A 8- H R > + §
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FOEEEREAAENE2% I E 1R 2 470.1% 5 20 E 5% -

25C ~ 150rpm iF 2 TR AV ARF

V“\ﬂ

Rt SHENAT PR B

CE N ERR S RAETT IO R R AT R B0 Mokl £ 2 & F]F 5 VB

pH6.5 « 3 # 7 % A47 3 b T4 7% 2 5 4@ B 3 i pH6S ~ 20C > 7 & 5
BISEL f5 122gL° 2 FENRFEEFG - HAT 2 AHOPE > &%
BT LR RIS £ RPN F AT A AR - SRR 4

PR 6008 F - PR T fig ARt iR ES T 0 HFRNMES T TR o
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- »;;4% R A5 4
Fifb s | g | e |00
(mg/g) (mg/g)
FARd - I
- ¥ gk 5 2 0.69 0.19
LERE NS ) A #+E R
i aw | wiEa 0.23 0.09
lg‘%g"g > ; - S A
4 S G 3 i}if*w; 0.71 0.10
LRI A 7o -V . ié’-ﬂ-ﬁm
30 JABR 2 o e
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224 > 3 ,
4 i 54T
. - o | RFERIAS — A .
LEJER s EE L, L L, [ AFHER | FFREF 0.75 1.24
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e e
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F23 Mg

31 Ak
311 A HE

~F B TR * o8 Ophiocordyceps sinensis (BCRC 37843) » kPt & &1
YR EFET AP TREGE AL P o

tefie B 4 SIPDA L4 1 218 C207C 2 if T 45 & 1 4560 % 0 {0

TESHE 15Smm e FiE R dhd AR o BT EH afc% s Fod iy F 2%

Bl 3.1  Ophiocordyceps sinensis (BCRC37843) & PDA F z_ *t
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vt w2 L R

TR Glucose ROQUETTE
BE Sucrose SHOWA

B E Y 5B Potato Dextrose Agar DIFCO

s 5B 4n Yeast Extract DIFCO

B0 R Peptone BD

i 2 Yeast Powder

T EH Soybean Powder pitaglE
kY. Alanine TCI

H % ik Glycine ACROS
Sy Aspartic Acid TCI

W Adenosine ALFA AESAR
e & 49 Potassium Phosphate Dihydrogen SHOWA

B ik 4% Magnesium Sulfate SHOWA

LR Hydrochloric Acid AENCORE
ERE TR Sodium Hydroxide Pellets Gr SHOWA
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Ammonium Acetate

Acetic Acid

Sodium Periodate

L - Rhamnose Monohydrate

Acetylacetone

Methanol

D = Mannitol

Cordycepin Crystalline

Ethanol

SHOWA

AENCORE

ACROS

ACROS

KANTO

ECHO

TCI

SIGMA

ECHO
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REKAR R % 35

pH 3+ Lutron PH-206

4 RISEN

Ak kB 2t % ® Thermo GENESYS UV10
AT Precisa BJ 100M

¥2 % #(POLYTRON) KINEMATICA PT-2100
FERETE IKA MS1 minishaker
£ AR TS &R E JW-4N

A RS Millipore Simplicity
RIARTE % ® BRANSON 5210

I O YSI 2300STAT

MR IR K DENGYNG FY400

S ST 28 p * EYELA SB-1000

BE AR ChromTech MS-3250B
B¢ AR s Hettich Universal-32R
£ AR s HSIANGTAI MCD2000
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ZF BREEH

43 KR @A

5 0 S A

T
o
¥

Phenomenex

# & FISTREEM

BIOTOP

LUS-150

FD—5020+MF—4

HP 1100

H1-340

LunaCl18

WSC044

DY —115

RT—04A

BTF—A
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33 &3k
331 FMEA
Boif w32 & R 0 12 100mesh & B iR 0 BRSO SR 1 EAE R E

A% 35 50 41T A TR SO S 0 SR TR 5 ST E R

FI* BRABHALZETEHSERE R AEAL 352 e E-l4mE 27 A
g BF %I AR B UA KRR R 4 AT Bk 415nm i & e
o i o
2. A R T

P-4 ¥ AR S BP0 Ak A BRSOk S 0205406080~
100 pg/mL o ¥ 17 Z&-KiT5 7o ¥R E o
(1) PR3k ImL 228328 ¢ o4 ImL 3 i fa4pio3 R & > el

F R 10 A48 o
(2)  4r» 0.19% L-SZ 4 2mL %46 % 3P > R {eis £ 4 » 4mL Nash

sl (150g M fede+2mL Ak fgfe+2mL ¢ fisfs b - * F 4K @1 1L) -
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RLEIg s S3CHE R R P e IS A4 AR I > Lris s Ak
£ 415nm T pIH ek {E o

3. H&EA T

(1) Bg st > 4o r Z4g-k > 20 80C T enfzif -Kip @ 4o - ] BFE
Beo 5P 2 7000rpm des 10 2 48 0 < B R o

(2)  Prabiie lmLo B @Ee > 4er ImL 3 A paEg R E >l
TR 10 » 45 -

(3) e x 0.196 L-8 % 4 2mL “ﬁ%is‘@% FRFLA R L (SR 4 » 4mL Nash

AR5t RS CER KRBT B IS A4 REFE S LGRS

F_k

A E 415nm TRIH G R E 0 HREES RTE RTRLSH BERER

333 MHEAZEAI

IR sl

SR R SRR A KA 0 15967 A AR S kA 5 7.8125 -
15.625 ~ 31.25 ~62.5~ 125~ 250 pg/mL - #-% @ % kB ek % 503 ~ HPLC
AR R G S Y B RSk R B X b GUs R A R A

S ERUE a A
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2. HPLC # fFif i
A7 H 4 CI8

P& 1254 nm

Fddn 1 7 F5:0.02M B - & 49 =15:85
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34 %

341  FEA G #E Y

AF S G RE R FEcfe R 39g/L k& PDA(Potato Dextrose Agar )
FRme R Eh o LIRS FEFFL BT RERK LS @ PDA T

A %t ALK FRRBT A R A 0 0T THES B 0 %

B AT RE AT 4B BT LA %

B 3.6 Ophiocordyceps sinensis (BCRC37843)4 & i% 7%

fefl 39g/L kRTPDAFLZ Ta Bt AA B SEFENYATT R
Ao AREFRF 1Y RFS £d 0 SIBE Y ) HRABII PDAR A
o TR 0 T 200 E Y A A
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3.4.3 fﬁ_?ﬁ@l %
~F B+ * Sucrose 50.0 g/L ~ Peptone 10.0 g/L ~ Yeast Extract 3 g/L 1% 5 f8+
244> ¥4 INHCL # & pH % 6.0 ¢

MfE 5 A& L 250mL sh= A5 0 R F S 0 Bt 4 LE TG

¥

BARFS o e EaERASsr e BEH ZREE (95 0.5cmx0.5cm ) 0 # o~ A

FEEAY BN 200Car FNERRE R 0 iR 120rpm B R 17 % 0T 5

343 nEA

3431 #32% & (Seed medium > SM)

£33 @I ii

LR kR (g/L)
Sucrose 50

Yeast extract 3

Peptone 10

bt bl Ak AT S A Y ReET 5 & A ¥ INHCL 3 4 pH &

5 6.0
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3432 FEEr & & (Fermentation medium » FM)

134 HEREL

o kR (g/lL)
Sucrose 50

Yeast extract 3

Peptone 10

KH,PO4 0.5

MgSO4 0.5

bt plpe gl £ AT L AP s iz £ 402 INHCL # & pH & 5 6.0 -

345 RH

#-32 % 17 ® 20 Seed medium # I Fermentation medium ¥ » ¥ FE 3

Fermentation medium 10% 2 #84# -
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3.5

PREH

Culture

Shake Flask

GREE

C Source

Two stage add C ~ N sourse

N Source

Fermenter

—»

Two stage add additive

Different conc.

SL

W 3.7

Batch

A 4

Rotation speed

B % % 1
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PAdfdn AR HARE Ao AT FAR LR

1. F4* 100 ml SM 35 % it 7538 % o

2. 20C ~120rpm BB E Y A 17 % -

3. 1 10% #FE % SMEBEL FM 2 £ 37 o

4, »20C ~120rpm B w2 B £ 23 X > - XA B4PHR > B A X B

B 5 & Bz g e

362 * ARz BB
UEER R VL ESES DRV RS S £ 4 X
1. EjtE>t 100 mlSM 33 % e 73 33 %
2. 20C~120rpm Bz % 407 s & 17 % o
3. 0 100mIFM 3 4 A @ & Bl 4 5 4~ B AURKA 5 50 g/L -
4. 2 10%FZFER- SM BT P EFM A A7 o

5.2 20C ~ 120rpm BiFs £ 47 2% 17 % o
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363 FF§iRIBE

R
PR 247 2 R F RERAML LS AT FL A2 BF -
I FH> 100mISM 3 % e 4 o

2. 20C ~ 120rpm BB £ 47 % 17 % o

3. 3 100mlFM £ % £ ¢ & wx 7t A0 S RN WS SN SR I S o
¥ RERS 13¢gL -

4. 12 10%3% FE S SM M3 st FM 3z £ 47 o

5.2 20C~120rpm R R A4 B & 17 % o

364 - fb-F)s/fj‘ 4!3{/&(1 ﬁ?%‘s

Bandfd R GRS A R R AR AL B

‘Jr

1. FAE>T 100ml SM 32 % R 7 w32 4 o
2. 20C~120rpm B & 400 & 17 % o

3. 0 10%EFBESM B3 P FME 447 o

4. 3 20C ~120rpm R F R A HY 2% 10 % -

5. 11%3&:",FM¢*-‘@ztk’ RAedERMIR - ER 5 500 g/L -

6. *+20C ~ 120rpm RF L £ 7 £ 1 5 17 % o

f}?;
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3.65 = FJ% h-FJw,T v § R
PR o BB S F R A

1. F%8>t 100 ml SM 32 % 2L & {7 %

FERH AT RIAZRE
V\' o

2. 20C ~120rpm BB A Y A 1T X o

3. 11 10% RFE#SMERLI FMEE AL -

4. % 20°C ~ 120 rpm B P % 50
5. P E 1 XA FM B AR o

6. >+ 20°C ~ 120 rpm R ¥ £ & f8

36.6 = IEEGAE ML P

=

1. Fa8> 100 ml SM 35 % fhie i %

v"

= RAE 7 e S ‘F)"] Yo Bt % /}ﬁlﬁ‘&?ﬁg“

5

% 10.% o

BERF R ER L 100 gL -

BE31% 17% -

4
B °

2. 20C~120rpm B & 400 & 17 % o

3. M 10% EFEHSSM &AL FM

4, > 20C ~120rpm R B & 4 ¢

5. 11%9’»:",FM¢*%Z$’

6. *+20°C ~ 120 tpm 2.3 % 4 ¢

BEAY -

& 10 % o

4B /&&E‘IJ\} R o

f}?;
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367 Ak eSSt § AMLBF

hpas)

T R R HRY AT R AL B

1. FAE* 100 ml SM 32 % i 7 o o

2. 20C ~120rpm BB £ B E 17 % o

3. M 10% HFEAESMET FME R AP o

4. » 200~ 120rpm BFE £ 4P 2 % 157

5. MF 16 XN EFMEA A A bk e 2 F R -HEMH 74/
A ket o RR S 1g/L e

6. *20°C ~ 120rpm ZF &% 457 B H 1 % 192123 % o

3.6.8 @ﬁZF%E%%¢L%$

Pedfd 2 FRAMEAHEAEL L 2RF LT F AR 2 RF

. A% 100mISM & & A2fFmi & o

2. 20C ~120rpm BT H 4 B R 17 X -

3. M 10% HFESHSMERT FMER A -

4, *20C ~120rpm R4 BE 15X o

50 %% 16X B P FME & A Fte J&E‘.”f]lﬁﬂv/"}}a);‘i@“ﬂl,aOSg/L\
1.0g/L~15g/L~20g/L-

6. *+20C ~ 120rpm RF L £ 7 £ 1 % 19 % o

“‘?&
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369 5-L N F N
Penifed 2 FREMFAMI L AT AT RLAZHF
1. FA 100ml SM 33 % it 79 33 % o
2. 20C ~120rpm B £ 47 8% 17 % o
3. Fe# 3000 ml FM 32 & 78 » % 5-L 5V g @ o
4. 12 10% R - SM B I b pE e o
5. R R 20C £ 05vvmpH 6.0 i 7T o ex i 4 B 5 20 rpm
50 rpm ~ 100 rpm °

6. RS AL 2 (5EA T X o

B 3.8 HFRHEE W
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Fr g RBEREH

41 LM E A
411 REREFLEE

PRk LR AT E A2 £ 2 Adenosine &2 Cordycepin~D-mannitol
ARz PR - FoESrR Al 2241 - BA41LAET BEPFFL 23
WREAREES AP o BRIk pH EEd B 46351 219745+ - X
2 f5 > pH B A 77 24 > FI& 17 % pH B/E 4008 5 % o FHIEAR ¥ B 4
BAE@G- AP PH3 329/l - A2 BAMEFFTEMREN T 17 2 &
Flbox E4TgL 2 S AMER LT TR 2 F R R 42 Mo i FRT

FARRPAEBE S 1T % o @R

=4
1%
B

BERAY S 2 F B ANY
% 1742.66 (1 glg D.W 4c1300.47 1g/g D.W > L (55 EpREF 2 4kl » @ A5 2

AE 153 iR R ABF AR S irod BAIBE T H B AT S 3§ B #336.57
mg/gDW> x4 LR EBHER > &% 17 X E 5 mMB 17 2B HEBER

a4 0 )% 23 2+ 2 50 255.86mg/g D.W -
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glucose (g/L)

55 2000 5
504
G -4
2 1500 -
54 2
£
5] 3
404
©
5 1000 -
O
354 L)
)
C
‘®
01 9 500 4 —e— Adenosine
g —O— Biomass L1
< —w— Cordycepin
25 A A— pH
—&— glucose
20 - 0 T T T T 0
0 5 10 15 20 25
Time (days)
Fig. A
400
T —3 D-mannitol
T
300 - I
> -
2 T
S 200
£
5 T L
g
o
100 ~
O T T T
5 10 15 20
Time (days)

@ 4.1

Fig. B

FigA-B3 £ RS WA L& 2 50 = Fi kR

SN T LS

BRE20C

4745 pH ¢ 6.0

#iE 120 rpm =g 10%

Biomass (g/L)

r 8.0

r7.8

- 7.6

r7.4

F7.2

7.0

- 6.8

- 6.6

L 6.4

- 6.2

pH



241 RAPFHFWALZZEL - E-FHHAZZ B
Incubation Biomass Cordycepin Adenosine D-mannitol
time (day) pH (g/L) (mg/g D.W) (mg/g D.W) (mg/g D.W)
0 6.35 0 0 0 0
7 7.40 3.18£0.05 1.300£0.037 1.742%0.082 336.57£18.92
9 7.63 3.3610.08 1.043£0.046 1.570£0.130 307.92£15.97
11 7.70 3.6310.04 0.810£0.091 1.041£0.079 269.69127.94
13 7.77 4.0310.04 0.639£0.022 0.89510.108 232.98+16.43
15 7.77 4.30+0.04 0.56910.036 0.82010.097 207.73£17.62
17 7.79 4.71%0.02 0.573£0.025 0.72210.122 163.24+16.29
19 7.74 4.19%0.05 0.537£0.011 0.65910.054 164.65+16.33
21 7.68 3.8010.08 0.535%0.009 0.63010.107 221.2247.83
23 7.62 2.911£004 0.309£0.031 0.52610.084 255.86%12.76
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412 7 FRARL B

LTS SR UNCE LA SOk S L

£ % Adenosine &

Cordycepin ~» D-mannitol # € 2. 28 F %S5 4wRl 42 2 4 42-d B 4.2 &1 >

PACRH S AT F o § F Rk gt BRER R § Rk T I
3 980.823 11 g/g D.W+ i

¥ % 675737 1 g/gDWodnipl v it £ F 2 55 Epr o
RAEL M wp AP e F o Hpp s f | * ik b gt B kil

TR R RBHAY VTR o d BA2 KT A2 R 2 HERBAE
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Cost per
Carbon Biomass unit of Adenosine Cordycepin D-mannitol
Source (g/L) biomass (mg/g D.W) (mg/g D.W) (mg/g D.W)
($/g)

Glucose 4.70%0.07 24.00 0.981%0.163 0.676%0.018 200.84%+4.97

Sucrose 4.41%0.12 24.85 0.9031+0.138 0.607+0.014 175.16£14.18
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PRRLFHAIREFT R (5 2R AR R EPP s B R) H
4 & 2 Adenosine & Cordycepin ~ D-mannitol & & 2. B2 58 o F % 5 % 4w § 4.3 fv
%430 d B 43 M7 o R EEP TS RT RFPRF AT R 0 A E5
973.633 11 g/g D.W fr 677.083 £ g/g D.W> H =X & Ffe» » %] 5 888.749 L g/g D.W
12 560.117 1 g/g D.W > s % 3 £ cnd F 5o o Jaip| £ 84 ? 73 REF h
O FEPHEF o RE S F o a2 AT G
AL S o d B43 RE7 0 AR R RS TP A4 5377g/L 0 2
HEHARERTER P e AR L cH BN, AR EF G
fix* &P~ 167.075 mg/g D.W> 4% 2 & 5 893.83 mg/L» &2 ?f&(? = %2006 )

AETS8mg/LAprt > 957 18% AL g e B IERFERST

e g EEA Be S ek T AMERE R IFNe A
fod AR AE 0 (A F AR T S O P B F R IT L F R
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Cost per
Nitrogen Biomass unit of Adenosine Cordycepin D-mannitol
Source (g/L) biomass (mg/g D.W) (mg/g D.W) (mg/g D.W)
($/g)

Control 4.01£0.07 27.33 0.88910.054 0.56010.048 151.56%23.04

Soybean powder 4.58%0.35 13.81 0.65610.117 0.39910.008 62.5916.80
Yeast powder ~ 4.73%0.17 14.29 0.785%0.097 0.521£0.022 160.54134.56
Yeast extract ~ 5.3810.26 22.23 0.97410.064 0.677£0.050 167.07126.71
Peptone 3.15%0.05 33.84 0.7681+0.132 0.47010.011 145.58%31.37
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414  BLURAARZ B

PR R AR R4 F 4 £ 2 Adenosine 22 Cordycepin~ D-mannitol

e

ARZEF A A2 FHRATRR G R *ATHRLL 0 8% 10 X 2454 5

‘4‘»“

S RTEWR TR AL R TR R AR BB HUNE AL SRR - T %

BRI 4424 440 FAART 5 R TN RS Gk b B R RBR - B R
E R =k *v?#\;?]: Svengralle > AulE 1042428 wg/g D.W {e 674.329 1 g/g

P AT 239600 16.8% 0 LR 535 K 15 B 4r RTRLR 1T S 3k A TR
TR B kR *“’ﬁ}lﬂ—frﬁ#—% o o B 4.4 o7 o xéﬁPﬂ]‘ So Bl R

H B Mo S 2 & 357 B ek o A5 5 190.476 mg/g D.W {r 5.633 g/L - v

HWAavhg R 2~ > @3 7%= 13% > »c% 7 P & -
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. Cost per unit ) ) )
Carbon Biomass . Adenosine Cordycepin D-mannitol
of biomass
Source (g/L) ($ /) (mg/g D.W) (mg/g D.W) (mg/g D.W)
Control 4.98710.032 21.98 0.8481+0.125 0.57810.052 176.05%£17.98
Sucrose  5.63310.337 19.94 1.04210.102 0.674£0.109 190.48%8.95
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415 § R P
R R F R A 2 £ 2 Adenosine 22 CordycepinD-mannitol
ARB2BE o d 4139 %Y AL Mok R TP EA BTk Bt

SN PR R REE R ES B A B A G REATOE R 0

o

B ERmEZ 2o BB FREF WIS 24454 Bl45K7 > FM
%%?HO%Q%m’@ﬁ$%&%§%’ﬁ%uﬁ4§%%&%’ﬁﬁﬁza
& 4w 5 1098.718 1 g/g D.W {r 812,474 1 g/g DIW > @ i Pe it 45 R & A 3 4

s dledp £ 3 5 HRIRZEAfER BT R gt S-SR YoRfER B
30 b BRR A R 1 S R fR AR  Ar ER d AFRE  fY o d l 4.5

BT RS R R e RN MR B SRR A LR ST

gk o ¥ iE3]6.603 g/L o Wt #\;‘?jt Seengrdlie s 4o 3290 o

56



Adenosine & Cordycepin (U g/g)
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FORAREEN L ENSAE C AR B

Nitrogen

Biomass

Cost per unit

) Adenosine Cordycepin ~ D-mannitol
of biomass
Source (g/L) ($ /) (mg/gD.W) (mg/gD.W) (mg/g D.W)
Control 4.987+0.032 21.98 0.848+0.125  0.57810.052 176.05%£17.98
Yeast powder  6.193%0.287 17.78 0.820+0.134  0.551+0.073  170.65%12.55
Yeast extract  6.603%0.339 16.98 1.09910.123  0.812%0.037 178.64%16.35
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416 BE RGERZEE
R Bk IR R PR AR 2 F R A2 £ 2 Adenosine £ Cordycepin

D-mannitol 2 £ 2. §2 5 - F o E % 4Bl 4.6 404 4.6 4 Bl 4687 0 F F‘*«,”J‘ 193

REF RO :}Wﬁ?%;‘;’]:h chirdlie > HiEp & 0 ok feH b @ FHEA £ 5
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Carbon & . Cost per unit ) ) .
. Biomass . Adenosine Cordycepin D-mannitol
Nitrogen of biomass
(g/L) (mg/g D.W)  (mg/g D.W) (mg/g D.W)
Source ($/g)
Control 4.98710.032 21.98 0.848%0.125  0.578+0.052 176.05£17.98
Sucrose+YP  6.34310.454 17.16 0.92710.045  0.660%0.023  191.65%7.98
Sucrose+YE  6.48010.340 17.69 0.86610.078  0.599+0.030  186.20%12.55
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4.1.7 ‘}fltﬁ‘l i AREDSRPF2ZEE
I Fﬂg,_giq fv A b eng FAL T SR d $0T AR 4 £ 2 Adenosine &2
Cordycepin ~ D-mannitol 2 £ 2 3> ek A325 1 g/l 13495 % frag & > i 4
PRE AREAT ARSRPETLE AR FENUAY AHATR(ZE S
2012) > F]+ $¢:E Adenosine ~ Adenine ~ Aspartic ~ Alanine ~ Glycine &7 8 1% &
PRI SR o R R R AT E L AT T 49 J R ATAKT o
Btk gj;x % 0 B HicAne Er]pq 17 EARE ,T}U,T Seinfisgm 3 0 1Y B;Tg
Wop Affra /4t f ek g B Y RS F A 19 2 e Reng BE
7 £ 3] 996.846ug/g D.W > @ Sieked 22 § phiii sk B 3 PAT o
d Bl47BETT  PHRFEEFARS X Z 72488 0 oS BRFREISBE,
AFFNE SRR BT LT b g fBiEa S 0 MR [ AR A A
%k iz > H Py ;\ﬁ urlu-} ¥ 19 = 1k BB B3 # > v i ] 384.359ug/g
DW> £ A G Sedpdl 0e 1.9 o 7 Sohod frd £ L% Ao /82 57 ke o
BRI NG RRERS A AT T AUATRAAR AT A 23 F

o LRHHSE TS LR
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d B 47.C H1 0 BPRABARE > § 5 AAF B DF S i vfEEE S S

AR R RBEME A% 193 F Bt B5T75gL Rardlies 12 )

S AR R R OB AR B R S 0 (e e i
R AT 1096 0 Pty AP S L L B § o

d R 47D ET o B ABRE > P AR EARG 0 B 7t fEE kg
MU TRk RE &% 233 7 B ad 214422 mg/g DW 0 B 5 4 £ o
4 A A 200.544 mg/g D.W 4+ 188.299 mg/g DLW » & [® * & fercs B £ 0 iR
PO AR S il HHRIT L R PR g Pl

WREBR R S (220 2012) 4pr o T R S BN R E A0
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ARiet B 19 AR FML £ 2 BRI L CFMEE2 P

Cost per
Types of Biomass unit of Adenosine Cordycepin D-mannitol
additives (g/L) biomass (mg/g D.W) (mg/g D.W) (mg/g D.W)
($/g)
Control 4.820+0.060 22.74 0.284+0.006  0.203+0.018  118.37+2.62
Glycine 5.017+0.078 22.47 0.382+0.012  0.255+0.015  154.29+8.65
Alanine 5.073+0.136 22.24 0.436+0.005  0.338+0.026  168.98+4.11
Aspartic 5.750+0.066 19.79 0.464+0.007  0.343+0.016 72.45+4.64
Adenine 5.240+0.046 23.40 0.352+0.008  0.254+0.023  158.98+9.18
Adenosine = 5.520+0.102 21.21 0.997+0.017  0.384+0.063  166.36+5.71
248 A Rihd ¥ 20 ABRHFANL £ B L CFMEE 2 R

Types of . Adenosine Cordycepin D-mannitol
. Biomass (g/L)
additives (mg/g D.W) (mg/g D.W) (mg/g D.W)
Control 4.593+0.085 0.242+0.009 0.129+0.025 144.76+7.48
Glycine 4.633+0.078 0.313£0.012 0.166+0.015 171.97+6.94
Alanine 4.720+0.128 0.382+0.017 0.286+0.009 194.29+3.30
Aspartic 5.387+0.074 0.272+0.004 0.257+0.019 78.71+2.49
Adenine 4.923+0.191 0.361+0.016 0.195+0.019  144.29+17.90
Adenosine 5.457+0.050 0.691£0.017 0.307+0.044 184.49+3.68
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249 FARGhPFE2BAFREAML L2 EEILE 2 FME 2 PF
Types of ) Adenosine Cordycepin D-mannitol
. Biomass (g/L)

additives (mg/g D.W) (mg/g D.W) (mg/g D.W)
Control 4. 193+£0. 091 0.192+0.009 0.108+0.015 148.84+6.16
Glycine 4.583+0. 075  0.288+0.011 0.140+0.015 200.54+2.94
Alanine 4.480+0. 089  0.353+0.015 0.223+0.013 214.4245.35
Aspartic 5. 037+£0.082  0.262+0.017 0.229+0.022 90.68+1.63
Adenine 4,857£0. 072 0.338+0.008 0.201+0.016 158.42+7.79

Adenosine 5. 030£0. 047 . 0.645+0.016 0.287+0.011 188.30+£10.80
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418 ket kR 2ZHF

PR ERGHF FRAR SRR FM A K 2 Adenosine £ Cordycepin
D-mannitol & & 2 #8417 F %P FR o FhRA R R B L
SR P AR R %0 AL R 2 R LR R T S R
Flot Wi S ket R R R R BRSSO R A A M S 0.5g/L~ 1O gL~ 1.5 g/l ~
209/ 7ok EFAH 48 fod 4100 B 48 T 4k 5 0.5L~ 1.0 g/L
POMF AT A DI G RA A izl e 27 FoA §ORAH eI 15 gL
20 gL P> F R AT F0E =g Z8F T 91990 0 7 LT 5 A5 ek
BA L ok A ME 0 FEARE I LS gL o RP R o L
ARG BB R L BT A F A £ XL Banigd o

1.5 g/l ek R e Fsat B 7 E 5] 524 g/L o
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2410 CRERAREHFEEEZ FEI LT CFHEE L2 PF
) . Cost per unit ) ) .
Adenine Biomass i Adenosine Cordycepin D-mannitol
of biomass
(g/L) (g/L) ($/e) (mg/g D.W) (mg/g D.W) (mg/g D.W)
0 4.613+0.136 23.76 0.432+0.053  0.266+0.015 202.10+£29.42
0.5 4.880+0.229 23.80 0.439+0.022  0.270+0.041 207.27£15.43
1.0 4.513+0.422 27.17 0.443+0.023  0.274+0.035 207.46+14.73
1.5 5.240+0.191 24.65 0.519+0.042  0.410+0.014 207.24+11.41
2.0 5.030+0.361 26.97 0.520+0.027  0.411+0.037 216.11£13.37
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£ 411 H# SOrpm HEFM L £ 2 Rl 0 H AR

Incubation Biomass Cordycepin Adenosine D-mannitol
time (day) pH (g/L) (mg/g D.W) (mg/gD.W) (mg/g D.W)
0 6.43 0 0 0 0

7 7.42 2.68 0.973 1.021 283.27

9 7.71 3.32 0.895 0.865 261.22
11 7.77 3.52 0.757 0.762 219.59
13 7.77 3.71 0.629 0.693 183.67
15 7.77 4.01 0.569 0.667 162.45
17 7.72 3.67 0.563 0.538 120.00
19 7.74 3.62 0.544 0.457 135.51
21 7.76 3.27 0.530 0.441 193.47
23 7.71 1.64 0.275 0.352 223.67
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S B A R R

Culture
i N Biomass | Cordycepin | Adenosine | D-mannitol
Organism | conditions Reference
(9/L) (mg/g) (mg/g) (mg/g)
Sucrose
. . YE )
H. sinensis 207 6.603 0.812 1.099 178.64 This study
120rpm
Glucose
O. sinensis | NH4NOs 4.690 - — 33.05 £1(2006)
18°C
_ . 20°C
H. sinensis 7.890 — = 35.40 3 (2011)
150rpm
Glucose
YE
H. sinensi 20. — k- — + (2013
sinensis 18°C 0.800 % ( )
180rpm
oA
by wm — 0.280 0.920 — F£(2012)
iy
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