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Plant growth regulators promote cordycepin production
by liquid surface fermentation of Cordyceps militaris
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Abstract ; To further improve the cordycepin production, the effects of three plant growth regulators, triacontanol, gibberellin

and 6—benzylaminopurine ,and their combinations on mycelial growth of Cordyceps militaris and cordycepin accumulation were

investigated in the surface liquid fermentation. Through central composite design and response surface method,a mathematical

model was developed to identify the optimal value of plant growth regulators combination for high cordycepin production. The

results showed that the three plant growth regulators can promote the growth of Cordyceps militaris and cordycepin accumulation

to different degrees. When the three were used respectively, gibberellin exhibited the best growth promoting effect and the

optimum concentration was 10 mg/L. The triacontanol exhibited the best cordycepin—producing effect and the optimum addition

was 0.6 mg/L.The optimal combination of 0.55 mg/L triacontanol ,22.64 mg/L gibberellin and 1.69 mg/L 6—benzylaminopurine

was the most favorable to cordycepin accumulation. Under the optimal conditions, the maximum cordycepin yield reached

7.31 g/L. Therefore ,the combination of the plant growth regulators was favourable for cordycepin accumulation
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INE] 14.3 g/L, O £ % S KB i o 8 R I Y 3=
WMo ASSTES 2SR WA 20 Tl 5% 3% , 3 a3 o1k & g 57
FRIE, B R PERLAF] 6.5 g/ L1 R A I T K T8
AR R, H BB R = a5 H A KPHIG, B4
I Ay i) 24 R ] i e e T el e 3 i — 25 T SR T & R
BRI

4 2 B A Y5 7R DA R R g A B E AL, BE
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2T R P 5 L R DR T T A W — 6 — W TR N A
IRBEFR P [ B TH IR IR, A TR
FHAEE A8 F B ;6 - BA, Bl 6— 5 Sk i n2ins 2
FhBRIZIS RO AT A8, AR 5T 1 R 2 =4 i B K
MRS AT Y . A, X =Rk A IR E R
R KT (R TR ROV ) I EE

AR SCHG A [R) R BE 1) = Fh A 4 A= A R 7 = T
B ( TRIA) IREE 2 (GA) Fl 6K ILARIERS (6-BA) il
A FI i B AR 1 B IR R IR S b IR AR A A A
=7 TR i R B 22 A A AN R SRR R R L A, I
SET U E A S2 T (CCD) FRn R 5 s e Ak s
. /JAER S IR | RN ) VL RS DRV = e E A 3 7 By <
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Wi 48 % ( Cordyceps militaris CICC 14014)  # [ T
MV B A P AR s s AR B RS 4R 2T 200 g/ L A
7 oBE 20 g/L. B AS 15 g/L. KH,PO, 3 g/L.
MgSO, -7H,0 1.5 g/L V,, fil it ; & P9 3% 3% 5k . 4 % WF
42 o/L % 1R 10 g/L. W% B} 6 g/L. KH,PO,
0.5 g/L MgSO0, -7H,0 0.5 g/L K,HPO, 0.5 g/L fijin
4.0 o/L 46459 4% (V/V) , 5 mol/L HCl J&75
pH % 5.80;TRIA |- ¥f 27 sa MRAE LB A BRA A 5
GA F16-BA  BifHr TR ( i) AR ; B 5
T i e PR S

LDZX-75KBS s7 4 A3 Ky HilgH L BE
Jranti)  ; GNP-9080 F/K fERIEFRAE LigE =&
BB E RN T ;SW-CI-1BU #&% TAES R
WIS ARG RN F ;PHS-3E B KRl
TEHEANAS) s LC-20AD 55 30 AH 151 (SPD-20A
AR ) HAS R E,
1.2 XZWH*E
12,1 2 il A% i B T Ak T B 3R 4
25 ClEEIEFE 7~10 d J5, HICH KK #8785 T, &
PEIEERPR % 30 min J5 , H 4 EICE LA LUk, WL
TR, A FH IR RO I R A I AT
B ERFER] 1.0 x 10°4~/mL,
1.22 SRR FIAARRIEEFE DL 10% (V/V) B3R
AT B W AR S A 50 mL kBRI A W
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28 d, BRLH ST =K,
1.23 AR SR E R IR SR — e B
& BEUE , 10000 r/min B5.0> 10 min, [{EWLIE Y
i FE S ) v ROROFH (i v A T T B B R R
£ 03354 4 Ultimate AQ—C,, (4.6 mm x 250 mm,
5 pm) , FLshAH A JC/K B EE: 10 mmol/L. KH, PO, &K
=15:85, k75 40 °C, Wi 1 mL/min, #FFEH 20 L,
R 1 2k 260 nm,  HLELZR R BE Y HPLC AR ph 4%
FRER Y =4.8 x10"X-129340 (Y, Wi FH ; X, H BE 22
WP /L) M E R B R 4 09997, LB & &R
bR AEN L BRI SMR s T . R R - iR
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Table 1  The final concentration of

P=

various plant growth regulators added

LR/

P e (mg/LL)
TRIA 0 0.20 0.40 0.60 0.80 1.00
GA 0 10.00 20.00 30.00 40.00 50.00
6-BA 0 0.40 0.80 1.20 1.60 2.00

125 PRI R HLE S0 IR R
PR R IPT R B, SR 3 PR ER L A2 S BT UL AR
RO AR T R R A A R R AH S
PR 2R S50 1 e U 45 SRAE S b BB G B A i
HRUC SRS R B 6 UK, RIEUKAF IR 2
K2 WA IR R P S BTSN R S KR
Table 2 Coded and actual values of independent factors

for the CCD of plant growth regulators

K-
SES
R -1.68 -1 0 1 1.68

A TRIA(mg/L) 0.26 0.40 0.60 0.80 0.94
B GA(mg/L) 3.18 10.00  20.00 30.00 36.82
C6-BA(mg/L) 093 1.20 1.60 2.00 2.27

1.2.6 H¥ssbFE  H Design— Expert v8.0.6 Xif 3L UG i3
AT S EE U 58T . R 7 22 5 VAL S 08 5K
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21 TRIAREIMNEHRERGAERKMHAEEREYN
#m

FHE 1 ATHN, R EERIGE ) 0~8 d B A4 K g,
A MR B P AR AR R A IS N I . T RN R TR B g ik
R LS N ST 00 A IR R, TR I I B B TR AR S AR
R A S Sy D TR A R A A o TRIA 4 i ALK i e
A K Y IE N BT S R, K HE 8 d s, B AR
A AP A K, R 12 d, %) IR 2H ) B 4
R AR EE A 0376 d7',0.2 mg/L TRIA fnA
fHB AR, K R F] 0459 d7' (8 d), X JiE
HIEE T 221% , K EEE 28 d B, B3R Ehoin A
0.2 mg/L TRIA [ {A&A: Y8k F] 37.56 g/L, tbXT if
ZH Y 130% S TRIA ¥ )& 88, s ik 4= 9 &
BT M. BRI, Sy T AR 2 R R AR Y A2 S, TRIA
MRAEII AR 0.2 mg/L, TRIA J& M VEFIERAL AT
AR AN 1 3 2L v BF 19 TRIA RE %3 /i 20 Jfa
PRIz e, R 2 SeC R T YL 1 T WAL L e Ak, P B 22 A4
Koo AHR U E I i i, 40 M S R Vel 55, 5 3R R 52
FI AT, 24 B A B i & .

401 —m—xipRal
354 —o—(0.20 mg/L TRIA

= —4—(0.40 mg/L TRIA
301  ——0.60 mg/L TRIA
1 254 ——0.80 mg/L TRIA
S —¢1.00 mg/L TRIA
w20
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Fig.1 Effect of TRIA on myclial growth of Cordyceps militaris

FH Rl 2 wT T, BEAE AR5 3R Bk v TRIA A B (Y
O, B R R W B WG n . 24 TRIA in A4 2k
0.6 mg/L i, HAR JE L 7 205 iSO fiefE, 1557 28 d
HREE IR F] 5.24 o/L, X B T 173%
24 TRIA TG 4R S04 I, B w3877 B SO 8 T~
. TRIA BE IS WA N B9 3 49 B — 6 — 8 iR I =
FifE 1 22l R R SRR (A AR R (L FE i PR L
IRAR BAZ AT R G LA ) 00 DS Bl , PRI kAl 2 e 2 11
TRIA BEfE e HE AR A5 .
22 CAREXNWHRERGFAKMHAEZREN
=21

AL 3 AT, X FEZH B A g 3 2 380 2 8 d, T GA
JMAGAETR WA VI Sy 4 do 3X BEHT GA By n
AL T IR R A T R S N . TR, GA B
AR DA AR HE A A I, X AT RS2 T GA X4
WA A A o S ELAT SR A T . RS 8 d, Xt
WA ZH 1) TR R B A K 38k B R K (0.367 A7) L i
10 mg/L GA B9 I ACKS B 4K LE AR K i =3 4R & 3]
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Fig.2 Effect of TRIA on cordycepin

accumulation of Cordyceps militaris
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Ay f i 3 o
1 —— A
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Fig.3 Effect of GA on myclial growth of Cordyceps militaris

rE 4 w0, B T e A2 AE 2 48, GA dufEfe Bt
WMERIE M. 4 GA #JE Ny 0~20 mg/L i, i
GA HPERYHG R, R 2 i 5t BTS2 GA WRE
AT 20 mg/ L), BERE GA WREERYBE N, HL 7038 7 4
BETRRE#S, B 20 mg/T. GA X i Ht 55 3¢ T AR &
Mo B R B e BEAE T B Wl ik . iz 28 d, e
FLER AP HRIA R 3.16 o/ L, FEXF AR S T 65% .

3.5 ] —m— X4
—
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Fig4 Effect of GA on cordycepin

accumulation of Cordyceps militaris
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BA [F] GA —FF , 1A 4y Ja i o 560 5 Wi A2 38 17 400 i
fEM . X ATRE et TrEd TR A Kad # v ,6-BA i
HE T TR AR A IR RN R 11 A A R T (2 A
THIEREE .. fE—EWEJLHE N ,6-BA GEWS e it
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FARAEAE ] e o 2 . R IR 28 d, I B e A= 3k
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] == Ea
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Fig.5 Effect of 6-BA on myclial
growth of Cordyceps militaris

Hoh, & 6 T, 6-BA WL REGS L B th 25 2E 1
MR, ML FREET S A 0~1.6 mg/L 6-BA I,
FEXE 6—BA Il A &= 0BG, He 50 2R 10 B 2R 0 7 1Y
Jie 4 6-BA [ ERLINE] 2.0 mg/L B, o H 2R
ERIMA T F R ik, o T3 m B R A7 &,
PGS 6-BA B} ,6-BA (YR E N 1.6 mg/L, 1L
B, & 28 d iy RS GA F 4.36 o/L, LEXT IR
=l 127%

37—l

1 ——0.40 mg/L 6-BA
—— (.80 mg/L 6-BA
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Fig.6 Effect of 6—~BA on cordycepin

accumulation of Cordyceps militaris
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TEARA K S BB R RAETH, (B AR K X
SRS e g rE R IR 2R . M R PR
LG K BAE A K YR R S 8O T AR A K AR
W R B, M E R EE L., R ES
B AT, ) BN A TRIA (GA (6—BA B, In A&k
0.60 .20.00 1 1.60 mg/L B, ¥ BEFR A4 i 1) L #5232
FeEar . Ek, DLk gd AR RO B A BT D A,
F]F Design—Expert v8.0.6 B {511 .0 &2 -5 M [Nz THI
S, SEEGTEIT AR 3,

LA H1 8 22 7= 2 oA A B {H, 32 F Design — Expert
v8.0.6 R XT3 3 A AU SIG 45 ik F T R [ = 434,
B HFFEN Y =7.21-0.25A +0.40B +0.29C—-0.13AB

Vo0l.39,N0.10,2018

#£3 hLEESLmIRI G
Table 3 The results of the

central composite experimental design

SRE A B C YE%%F%(#})
SePrE e
1 -1 -1 -1 3.57 +0.15 3.55
2 1 -1 -1 431 +0.21 4.36
3 -1 1 -1 4.72 £0.12 4.67
4 1 1 -1 5.14 £0.08 4.96
5 -1 -1 1 5.10 £0.13 5.24
6 1 -1 1 3.95+0.17 3.96
7 -1 1 1 6.31 £0.12 6.22
8 1 1 1 4.44 +£0.09 443
9 -1.68 0 0 5.11 £0.23 5.05
10 1.68 0 0 4.22 +0.20 4.28
11 0 -1.68 0 442 +0.18 4.30
12 0 1.68 0 5.45 +£0.20 5.63
13 0 0 -1.68 4.21 £0.15 4.12
14 0 0 1.68 5.33 £0.19 5.28
15 0 0 0 7.21 £0.10 7.21
16 0 0 0 727 £0.12 7.21
17 0 0 0 7.13 £0.17 7.21
18 0 0 0 7.09 £0.21 7.21
19 0 0 0 725 +0.14 7.21
20 0 0 0 7.29 £0.16 7.21

—0.52AC-0.035BC-0.89A% —0.79B* —0.85C*, [H4Jy
FRATT 2253 0T MAR RIS BE ULER 4,

FH 7 2553 BT AT A0 B 1Y) p {E/NF 0.0001 , 3 B
S TSR FH A R A AR A S S Y, FE ST A
AR o JRAUT p {H >0.05 , IR I AL AL 5 SE 46
LA FRRE R v, DY e m] i (a0 0 7 A 380 S 56 10 5K
SEXT SIS S R IEAT M. 53 Ah AR Y A OE R EK
R* =0.9950 , & 11 B 52 %X R, = 0.9906 , 11,3 W 454 774
THUIAE NS R A 4L A R 4, T DLAR G it A e i )i/ {1
IAS fb, AR S R B CV = 2.31% , Ui BH %A B A A
2.31% B AE S ASBE FOIZ B R MR BE, DA L, AR R DL &
PEES . RIS HP, A B.C PL & AC [l 1938
T AE X B B2 = i A M e 2 A 2, B TRIA (GA
Fil 6-BA L% TRIA 5 6-BA [0] 28 1./ B %o 52 0 4% S
s K, [F A TRIA 5 GA s HAEH p /N T
0.05 , X 51256 4% T 14 5 i) th 3 B 4 35 /K -, A B? . CP
ol HUE 22 R 0 9 R ) L 3R 1) T B 3 A KR, B
TRIA (GA Fl1 6-BA ) Y3015 B3 = b B OCHK

R 7 R A4 AT AT, 813 7 R AT AR B e
i af X} [\ )9 J7 B SRS K M {E 43 M1 AT 1, TRIA Sy
0.55 mg/L,GA 4 22.64 mg/L,6-BA 4 1.69 mg/L, I,
SAF R TIAS B R RN 7.32 ¢/L, Ji4h,IE
254 AT (F- 4) A N (& 7)) &SR A,
TRIA — 7 [ 34 0 40 A 50385 4, e §F 1 38 32 9 i ik A
LR, 55— TR VR I A 2 — 6 — Wi R L S I (R U LAk
WH A AL TR AY G R, i GA B 6-BA W i1 3% [+]
AEAVEF S8 Ak T 40 B 1 4324, B4 i B B 2R A Rk Y PR
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Table 4  Analysis of variance( ANOVA) of second—order polynomial model for cordycepin production obtained through CCD

S 7 HHEE ¥15 FAE Pr>F
Y 3221 9 3.58 222.73 <0.0001
A 0.83 1 0.83 51.35 <0.0001
B 2.14 1 2.14 133.48 <0.0001
C 1.14 1 1.14 70.87 <0.0001
AB 0.14 1 0.14 8.41 0.0158
AC 2.18 1 2.18 135.92 <0.0001
BC 9.800 x 10~ 1 9.800 x 10~ 0.61 0.4529
A? 11.37 1 11.37 707.62 <0.0001
B? 9.06 1 9.06 563.70 <0.0001
c? 10.44 1 10.44 649.71 <0.0001
Gk 0.16 10 0.016
= ) 35 0.13 5 0.026 3.97 0.0783
a2 0.032 6.467 x 10~
M 32.37 19

T AR RB(RY) =0.9950; P RAU(R,,;) =0.9906; 57 FE(CV) =231% 3p <0.01 FIR X GBI ,p <0.05 FR 257 0H .

o Y:HUREE i (g/L)

YR (g/L)

Y R R (g/L)

A(”Ig/@ 1.20710.00

BT = Bk OREE RIS 6-FIEfR

X M B 2R B 1 ]

00 ~0.60 \9)
15.00 s o
(mgy %’o;xo 0 rM

IS

Fig.7 Response surface graph of cordycepin production

as a function of TRIA concentration,

GA concentration and 6—BA concentration
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JeT I, GA 5 6-BA I TRIA 77 7E 14K
N, FEH B R G R TRIA fEfE 5 GA B 6-BA /4
PrEISEDEAE . (&, GA 5 6-BA AE L S,
AEHAE A
2.5 IHIEKIE

ARG B W) N TAT 7 35 (B U] Dy R I 445 SR 2 A5 T
2R LR AR SR P T WA SR T 1 R . I,
RGP RAF] 7.31 £0.19 ¢/L(n =5) . 577 FH
{HAH L, AHXT IR 22TE 1% LA o 35X 3R W i o T 5 40L&
P8 [0 U 7 R AT A 7 T80 52 PR 1) HL B 58 7
3 #Hig

ASSC ) = FhAE 4 A A P T ) TRIA L GA 1
6— BAX I i R A 2 T 4% 7 ) AR 0 T A R R B
AT IR, OF 45 S 22 DR E W N7 T S S IE ST T
A 40 2 B YR YT 7R 2H A o i R B e B 2R R B Y R i
M, =AY A KT 5] TRIA (GA Fl1 6-BA HJfE
AN TR R B e 2 i R B B AR R, (EUAS )k BE Y A K
PR HERORAE o S0 52 -G TG BT FIT 1 T
S, =R A TR R i BB S R 0.55 mg/L
TRIA 22.64 mg/L GA 5 1.69 mg/L 6-BA, ¥£i% 514
TNHRAFLR R HREIA ] 7.31 /L $ T WIAE, 7]
TN S PR R
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