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B E [B®] AU FEESEE S0 B4 5 O b R, IR A R
Ophiocordyceps sinensis F & i & i 2 P FRMAL G KB 2288028k, [ A& ] R REd AR (5
o, fARR S1) | BIARIE (P22 RUARSKTER, WiIAR S2) MDAk (BT, FHE<I em, fAjFR S3)
SABTBIAA R R RAEERINZE . 20, HEREARE 4 FY RS, 8 s som i Gk
AR &, JERHBRE T BB W = B ER. [HR] KHFEFEH LG 3
MBI 2IE A ZER B, RICHFEMTT RN ZH GG, R AIE W LmmgK, ¥k w
AN S HETIIMIE, 16 ST B, £W (56.633+2.312) mg/g MIRZE (13.580+1.112) mg/g & ki,
HEZEST S2 M S3 BBt (P<0.05) , WSt (22.045+1.341 ) mg/g, HBEET S2 F1 S3 ( P<0.05)
MrBE; 76 S2 1S3 BB, ZEy&E0MN (39.608+2.145) mg/g Fl (37.365+1.972) mg/g, HILWEELER
(P>0.05) ; FRESEMNN (1.892+0.345) mg/g Al (2.322+0.423 ) mg/g, TREESF (P<0.05) ; S2
WrBeH 8B & i (42.099+2.986 ) mg/g, H W& T S1 M S3 Birlk (P<0.05) , 5 S3 BrEeAfitt, S1 B
BEZ PR H B & m I BA%, (B2 RERALE (P<0.05) ; BRH & ENIBEE 4 0 w7 R & i
. [4ig)] XMEEFEHANERLESEZFTRE, HARMBEZE . RE. 2. HRELIRH
oAbz R R E,

XER LhER; LNERE; WEY; R2ES

Changes of five compoundsin the germination stage
of Chinese cordyceps

XIE Fang ZHOU Gang ZHANG Rong-Rong CHEN Zhao-He
XIAYing-Xia SUN Qiang-Jun

(School of Biological and Pharmaceutical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract [Objectives] In this study, Chinese cordyceps at different stages of stroma initiation were used as the research
materials to explore the changes in content of representative compounds and morphology of hyphae during the germination of
Ophiocordyceps sinensis. [Methods] Chinese cordyceps at three stages before germination (muscardine worm cadaver S1),
early germination (mycelium breaking through the head of the worm S2) and after germination (forming stroma S3) were
selected. The changes of the contents of polyphenols, polysaccharides, mannitol and urea were detected by ultraviolet
chromatometry and adenosine by ultra-high performance liquid chromatography. The morphological differences of the hyphae
in three stages were observed by scanning electron microscopy. [Results] The morphological differences of the hyphae in the
three stages during germination of Chinese cordyceps were significant. It was manifested that the hyphae began to fuse before
germination (S1). After breaking through the head of the worm (S2) the hyphae were loose and slender. The hyphae are
uniform in thickness and have micro warts on the surface after germination (S3). The content of polyphenols[(56.633+
2.312) mg/g Jand urea[(13.580+1.112) mg/g] was the highest in the S1 stage, which was significantly higher than that in the S2
and S3 stages(P<0.05), but the polysaccharide content was ( 22.045+1.341) mg/g lower than that in the S2 and S3 stages
significantly(P<0.05). There no significant difference in content of polyphenols(39.608+2.145) mg/g, (37.365+1.972) mg/g
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and urea (1.892+0.345) mg/g, (2.322+0.423) mg/g between the stage of S2 and S3(P<0.05). The mannitol content in the S2
stage (42.099+2.986) mg/g was significantly higher than in S1 (33.660+3.473) mg/g and S3 (36.113+1.453) mg/g stages

(P<0.05). The content of polysaccharide and mannitol in S1 lower than that S3 stages but the difference was not significant

(P<0.05). The content of adenosine increased with the germination of stroma in Chinese cordyceps. [Conclusion] The

morphological changes of mycelium and the contents of representative compounds were significantly different before and after

the germination of stroma in Chinese cordyceps.

Key words Chinese cordyceps; Ophiocordyceps sinensis; compounds; hyphal morphology

A% BT R R R T T G e M DX DA R R
VR L DXREAT AR Th 2584, Foh Z R ik & 48
HAEFEMZGIETE, FEULH . 1. R
%5 HEREEA SRR S RIS T R Js 2
XA S YITEIE R R | BrE Ak . IR iRy 2
THRIERGE I HA BEYR (Lo e al.,
2013; FHL%, 2016) o HAT, KTAHRE R
AR FEERTE: (1) (LBEWFIZEN
GBI (2) BpARAME RS A THRIEA
HERAAGY S RNZESR; (3) XAREREE
e EWEE R R A 7 ( Yang et al.,
2009; VRIESE, 2014; &I, 20165 5 2R
EF, 2018) o HXTAREHARKAF SRS
JEIE Y & A HLBR AN B A1 A8 fb e A5 G

FEXT 245 BRI ST Hh R 30, 220 B (0 39
A B8 5 7 4 7 SR W A % ( Zhou et al,
2016 ) o RZF IR Mt B A PE 2 i
AEIRIER B T ARG I N % ( Zhou et al.,
2018) , X—#54 5 Nakagawa 55 (2018 ) KT
REARK B E WS 22 RFFEAHE o XT
7 B TR AR 5T & B, TR I B 22 b -5
TWER-3'- IR T Bz = T 4 R B R
22, HARHE A -5 - AR -3 - B FR X e
I BB 22 R iy AR K B R EVE R (300 5%
2017 ) o “E Ak % B B2 AT A Gluconobacter
oxydans 7£ 5% Wit 554 T BEfE r= A FIF R H #&
B, K E QAR BB T AR, BEERE
i 1 32 P ( Zahid and Deppenmeier, 2016) .
Wyatt 5¢ (2014 ) &30 H #5 BEAE 0% A 8 576
Neosartorya fischeri 451 & & FlF 211 1%,
AR R EEEH . ERR, 2P A
ZL PR AT TERG N DNA F20E M 0 [R] i T Bk 11 7
firfiE K 70% ( Howitz et al., 2003) . £k

Gk 0 A K B A e #E/E T ( Cabrera
etal., 2018 ) o AN U XoF I VG 28 4 1A 2 2F K
5T 25 R 3R A PR R R A 0 B AR K 1 R
AJE ( Mantovani et al., 2007) . JRELEMNILE
TR SR 2EAE, fFEHARY G B
AREKPFIRE , TERE R B BURE KT
B, B SRR B B PR 3R K PR IR 3
( Wagemaker et al., 2006 ) .

L5 TR, TEE R AR A G YA
AEYIRA R SRR T R AR, AT LME
TR IR BT o 4 B B S B 22 K5 5+
WEH) 2RI, TEERIGYT BT O A5 T
ROR B3 o (B T4 d 7 R P AR Mo HAE K
KRB, DA AR R T R A Rg s
N

TREH R A MU B B SR AR K N A
ARCHAERT HZ—, Hitk, A4 R
SRR AT (R, fAifR S1) . w1

( TR 22 GE AR SRR, @R S2) . B4k (B
BT HE, FHE<] em, fAJFR S3) = ABrBAE AT
SEABE, JE AN A R T B B B R L 20
PRE . 28 AT & &, Z5a R4
B BT 22 A K OB SRR AE , A 4 R
AR R B LR LA B IR R

1 #REFH*E
1.1 #REE

2 R B B A R AT RN R 4R
fit, B (S1) & FMERFRME, 0 °CF 30 d
AGTHEWT w03 (S2) MRl #E—4 S2 4k

ZEREE 25 d RIBE LKL (S3) FESL, BURERD
SrtnE 1 s
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12 B, . HEENRESENUE

Xt AN [ 2B A B BE A 2 HL Sk 3 AT
B, BT AR 1 B o B REA LT 50 °CHE
FErPRET, DR, BT 4 COKRE T IRAT,
#H o

Z W& BRI R AR AR L (3 (Bt

FA, 20205 RBEHESE, 2021) , A AT
FE SRR -Bi iR 1 (PRt %, 2009; Wang
etal., 2009; XIFRPFH, 2016 ) , HE&EES &K
B R R R AN Lt (RS, 20095 5L
4, 2021a) , FRESHIMIERH PDAB % (4%
JINTAE, 20105 fEKSE, 2017) , FHAKKBNE
3447,

B1 ZHEREFEHLZZ=AMEREERRL
Fig. 1 Sampling partsof the three stages of Chinese cordyceps

A, THEWIRAET; B, THEEBH AN ; C. TR,
A. Before the germination of the stroma; B. At the beginning of the germination of the stroma;
C. After the germination of the stroma.

13 ABESREREZNERTNSERE

FERATAL P FRIBUAS [ A 4 B B A o R 45
0.05g, 4rlIA 2 mL #B4liK, B 100 W,
60 °CAbFHE 90 min, 12 000 r/min &5.0> 10 min, HX
W, EEER WK, FEAI 0.22 pm P
Je AT R 1R ASOBORE s B A ( BRI 4, 2017 ) o

X HECVA VR TE A : RS B BR IBORR T AR T
1.2 mg, HBAUKERBBIFCEZE S mL K&
SR, B R B MR R 240 mg/L XS R
W, FRBAK R 2 5. 4 5. 8 1%
F1 16 A5 45 BB BT aD R BE 43418 240, 120, 60,
30 il 15 mg/L ARiE TR, BT 4 CUKH
P, 25 (TR 4SS, 20155 BRIEWISE, 2016 ) .

% &k %k Waters ACQUITY
YPLC BEH C18 #f (2.1 mmx100 mm, 1.7 pm) ,
UM 0.25 mL/min, i 30 °C, #FFE 10 uL,
TLIAHN 0.05% H R /KA S F I, 6 VR A
FPULEE 1 CRABTESE, 2017) o

x1 BREUAGHEHBEHELHER
Table1l Ultra-high performanceliquid
chromatography gradient elution procedure

AR EC HE ( % )Flow matching ratio (%)

TR Cmin )0, o500 -k i —_—
Time (min) 0.05% Formic
. . Methanol
acid-aqueous solution
0.00 95 5
0.30 95 5
3.50 85 15
4.00 75 25
4.01 10 90
4.50 95 5
5.00 95 5

14 ZHEEFEHEZ=-IHEAKESENE

A 5% K FH I H o 7 3 A e W28 =N B B
LA o BUREAL ST L7 PN HUEE, S2 Bz
PR 2248, S3 BT JRE 2F BE i 2.5%I ik 4 °C
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5% 12 h; 0.1 mol-L ™" AR ZE MR I YE 3 1K,
R 15 ming 2B EOE B CBE (30% . 50% .
70%. 90%. 95% ) /K 1 ¥ F 100% 2 BE K
2 K, BHK 20 min, AR5 E TR GBI A
15 h; AbFHJE P RBR A A G L aE w4 b
M, OB THMBE TS, i,

15 HESH
K SPSS (20.0 Fit ) B4 X4 H 7 RS

ARV B B & & mailb A7 B 207 2250 W0T
IR ] Origin 2018 27 [#14.,

2 FRESH

21 ZHBHETEHELZ 3 MHENAERELZ
RS

211 ZHEEFEBAAEMBENEENE
AR R R AT AR R LA (RRICE
22, AR R HEA G (1.
A) s THEEH R HRIRE KA RRTH 24,

KRR | TR 2B RS T A AR (]
1: B) ; FHECLEMEA, RAKEKREE, (K
RJRT0E TR 2288 55, kAT 22408 11 e
H(H1: C) .,

212 ZHEEFEHAEA=ITHEELZEES
FFEEWE S B2 . T EEEAR.
W22 AIAH B ARk g SE , HEP O . W2 RTmA
A, WL AR AR K, M2 i K
(K2 A)

S2 BBt 22 0 e S AR AR, T ik Sk
RIFEE, WK, SMhEEE . WLHIH .
KEOCH R (K 2: B) o

S3 BBt Ji it — 2 Rk B T I IR A
PR BOWEEI PR, F R T R 22 H 40345,
HEF B 4L o MARieA B ] BH i B B P 22 3%
e Bk (K 2. C) .

T = AB B B AT DUE B, AN
[ B B TR 22 3R 10T . TR 22 PR . Sl B L R
53 BRI 228 O R R ZE 57+

B2 ZHEREFEHLZ=Z/IHMEAMBRE
Fig. 2 Hyphal morphology of the Chinese cordycepsin the three stages
by using scanning electron microscopy

A, THEWIRET; B, T AW ; C. THEBHER.
1, 2: W2ZRERG 3: WM, 4, 5. WLZREBIEHR .
A. Before the germination of the stroma; B. At the beginning of the germination of the stroma;
C. After the germination of the stroma.
1, 2: Fusion of hyphae; 3: Slender and curved hyphae; 4, 5: Microscopic particles on hyphal surface.

22 ZREETEHEZ=Z/IHEPUEUNS
BEH

221 5 MUAMREBKZNESR [MAJ7
FEUNGE 2 Bz, 5 AN [0 UE D7 R 24 2 o s v ot
B9 AMNHTEREE BTN, HICRBIIRT 0.99,

XU S G AT ISR e I 2R M6 R R UT, ¥fiE N
TR . DABR TR (y;) S50
PRAF FER B (%) VEARMERNSE, 3T H LIRS
TN y=23 629x+33 081 ( R°=0.999), FHAJRF
Bt it T ViR B 7E 15-240 mg/L 5 [BI N LR G &
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R (£2) .

x2 sHUAEMHEIEARE
Table2 Regression equations of the five compounds

s [ 175 A P (nm)

Compound Regressionequation Crest (nm)
Z 1 Polyphenols y=2.846x+0.100 0.996 760
£ Polysaccharidey=9.305x— 0.028 5 0.994 620
H & B Mannitol y=11.9358x—0.0108 0.996 413
JRZ Urea
&4 Adenosine

y=0.976 67x—0.063 3 0.995 435
y=23 629x+33 081 0.999 760

222 5 ML EMESENESER
B &Y oAb 3 B

AR A K B

60
2
g% 2
g
£ 40 bf*|b
8 1
~ 30
&0
=
E 20 .
b b
O 1 ]
A
Fe K
@‘b

A&7 Different compounds

B3 4MILEYHEE
Fig. 3 Contents of four compoundsin the three stages
before and after the germination of the stroma

Sl: THEBIRHET; S2: THEWIARWI; S3: THEHIAG.
HEEARAAR/NG FRRR 22 5 B35 (P<0.05, TR ).
S1: Before the emergence of the stroma;

S2: At the beginning of the emergence of the stroma;
S3: After the emergence of the stroma. Histograms with

different lowercase letters indicate significant
differences (P<0.05, T-test).

2l ARERKPBEA M A RS 82
B (P<0.05) , Hrf S1 MEZmHEaA
(56.633+2.312 )mg/g, & H T S2 HrEL(39.608+
2.145) mg/g F1 S3 FrEt (37.365+1.972 ) mg/g,
M S2 BB (39.608+2.145) mg/g 5 S3 Bk

(37.365+1.972 ) mg/g Z [AI2ZZ5HF A B3 ( P<0.05 ),

2. MEARERFEENERER, 20
e AwAE, S1 BB, S2 MrBifn S3 BBt
2SR (22.045+1.341) . (29.245+
1.267 ) A1 (27.175+1.526 ) mg/g, H S1 BBt
55 S2 BBt J S3 B B i 2 Wi i 1 HA o
Z=5 (P<0.05) , 1M S2 BrBey S3 FrEcZ [a] 2= 5
AE (P<0.05) , 7l S1 BrE & wm)
1.3 f5 M1 1.2 %5,

HEEEE: ST HrBL. S2 BBl S3 Bty H #&
e B 43 ok (33.660+3.473 ) . (42.099+2.986 )
A1 (36.113+1.453 ) mg/g, Hb S2 BrBEH B R &
i H S SIHB N S B HBESRER D
F (P<0.05)

PRZ: S1BERE S =R (13.580+1.112)
mg/g, S2 BrERER &N (1.89240.345) mg/g,
S3 BrBUR RSN (2.32240.423 ) mg/g, H
S1 BBt (13.580+1.112) mg/g MIRE S & EH
(P<0.05) =T S2 BBt S S3 BB IR &= & it

S1 BrBURE &80 S2 BrBOR S3 BrBeny 7.2 1%
5.8 f5, S2 BrBe& S3 BBz Ia A nE
(P<0.05) .
223 BESENTWL HE4TUEH, BT
T 5 A& R R AR R IEASC, ANF
B SEEME . S1 BRI SN
119.720 mg/L, S2 B BE g & 4 133.073 mg/L,
S3 BB /o 152.816 mg/L.

3 #Fit5itig

Z W) A B FALAHIRE | (R4 S5 A
BIE N (KHESE, 20065 FHEAESE, 2007; Yin
etal., 2020; Guoetal., 2021) ., tHY L
ALY, BA WS, il S E
THAIE TP T LSS A BRI AR RE T, 30
AR (F/NBFXIHLT, 2006 ) , MiiE7fk
FHI RS B E RE, XULPHEYTERL
TN BTN AT L3 22 W 2 0 o ( XAE T, 2004 ) .
R R, E LI E S5 N R4 R RR 22
i TZHMEYR, SEREN
23.8 mg/g (XIFFH, 20165 A%, 2019) . A



- 888 - o B 3244 Chinese Journal of Applied Entomology

> 3.0 " CK

—
W
T T T

W E (mV
Absorbance

0 02 04 06 08 10 12
i/E] (min) Time (min)

- S2

W BE (mV)
cooom ==
oRNraoN A

Absorbance unit (mV)

02 04 06 08 10 12
FJ1A] (min) Time (min)

(=]

60 %:
%12}t
> 1.0+
ESo8t
806}
gEQL
X502t
£ 0 : : . . . )
0 02 04 06 08 10 12
fsf[E] (min) Time (min)
Bl
> 147+
E'g 12+
sl
B8 06l
g 5 04}
202f
< 0 ; ; ; . . )
0 02 04 06 08 10 12

fE] (min) Time (min)

B4 FREEKHRFEFNESEERILIEER
Fig. 4 Ultra-high performanceliquid chromatography peaks of adenosine at different growth stages
Sl: THEWIAHT; S2: TIEBIAW; S3: THEWM A, CK: BREIRER.
S1: Before the emergence of the stromat; S2: At the beginning of the emergence of the stroma;
S3: After the emergence of the stroma; CK: Adenosine standard.

WL B S1 Bt i, HiE &S
T S2 BrBeA S3 B EL, 3X T e R R RE B i
WA B RO 22 R AR AE A UG, 7Rt AR
HH TR 22 A4 Sk FRAE AR B e e AL e A R £
By (T4, 2016) o S1 MYBENTE %
EARY T, 186 E4hBIET- BRI imt ], AR
B Bt 7= A 1) 22 WA R B A o S2 F1 S3 3k AN B B
HFEWIG8 . KEMX, WALRARHTEES R
2 W 259 5 ok X T AR Y S AL ( Genzel
etal., 2021) . L, 7EFREB AR, Hikk
Y Z2 1 B A T LA R K, T SR R
(S2), GIEHLHITHE, 7EFIHEH KFEL (S3),
PRI 1 2 Ty 5 e i T AR 4 I R A A KT
E TR

PRZEAEA Wi b AR % 28 54
FRAGIR , 1ZHGER 0 v 8] 7= T 2 E AL
AL HEEIZ S (RIEER, 1964 ) o 7EXLI4E
(14 FH S 5% T 2 BRPR 3R AE T SR R B W
v, TEREIG R T BB R . i — o R B
XLF0L 7 bR 2 et B T SR & B T A Ak 5 DRt 3
BY=R1A4 K ( Wagemaker et al., 2006 ) , Afiff
59 S1 BT BURE SR & =T S2 Al S3 BiEx,

VLI F I R AT B AR R, G R E S =R
RS FREMRFEARKA X, REMFENFERERE
BWENR, BHTARTELR RN EY .

W, A5 REE RPN ST, Y
B Z T 2 BT B AR T EU0E R R
( Northup, 1999) , XERIHAWKZEH HRE
P ] BBAEAE—E NI R o TEARBIG h 2
T AR 25 % iR A SO 2, et A G
4, 2021a) BIBFSEHINA RIS . FREEAK
MBS T HUk, BEE TIERRrE K, Mk
ST REFRAE 08 FR W Tt R 2 U o DR R AE M it &
RUE, Z2 W W] LS B AL 8 35 3 2k DL
TRME . fET R LT X WAL A Y& =
(AR R AR B, AT N ERR R, 5
E— 25T

A5 S2 BrBe A& (29.245 mg/g)
W, Je ST B 2 GE 1345, 55 S3
B a2 AR RE . XS5 (GRS
FE, 2018 ) KT AFA KB Be M & i ry A8 b 2
A—F, (BTE S3 BrBe 2 A L S2 B BeAfs 22
ST TR, FEEA R E R SR A Y E
BLE R | AR AN FURE A SN [ L ]
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201 (Wangetal., 2010; Xiangetal., 2016) ,
XS PRI 2 TR R Y S N RE Y R, FLRT REAE R
A S B R E AR . FEEENE
W], FREFE KRR A S A U R
TeHEIFE AR T, X B W E0T AN
KL TE, WIRIUePe s 55 . AR SRR
oM T B A AR R R YOG R, X AT
RE S E2 A B A RERAHDC, TS5 26 K
B SE R B Rk A O¢ (W%, 2008 ) , bRt —
LRl

HEREE A S2 BBt s, X RER N
HFEEAE S2 BrB AW BEE, K2k
NKFA, Bk K o AR A3 IR, I8 TR ot
HITHFEZEAER (JRIT, 2016) , [RIRFAT LN 5 &2
T K SRR R R . SRR, A
5t S2 BrB 205 & IRk B i RME, BE T
e S2 BT H BB S i, e NRsERK
KB E TR X — UL, o B AT R A
M F AR AR T RIS B £46
IR LR, 1996) , X 5AMFY S2 BrBe il S3
BB H R I o A A — B, FEF %
WS I AL T AR K B, IR Uk
12 4%, HE &8ss, AN 7 JE
RO B, HAA XA R Z AR
H R P A TN A A R U B A AR A AR
o 73h, H BB A U B A P BRI T K
5BEERSN, 28 HA SR YA SRl
AT AERAER (BEMESE, 2011) , 2& ok
W PR BRI E S Y, T i —
HRAGE

A U R IR ) R 2 MU i A
o R i R B AR — (E R 2
Fi4x, 2005, 2010, 2015) , o2 3
SRRV G W o B 2 PR AR PR TEAX 1T i 1L
T SR N 2 B AR I 2 AR AL
T, WU AR RERAZ T B IR AL Bl /R R 4k ik
WIS (HAE, 2016 ) o ABFFEITA HEER
] JAE A B B T B A T I, 45 SRR W
T B 2 Bl AC U B R A R T R R 4
W R Y A B T R R B B RE R Y

RS, X SR SR T R R A G, H
AT (EVKEE, 2015; /M55, 2021 ) HIHF
FPERLBE R FEPRTEEA RS T2
FORRR, LR EEEET PR, Fik, 7
VB I BB AT o i AR A, T DA B S RS
R, R~ T 28 LR TR
(RN RE 25 & 22 FhA% 1T R RN 02 1 A2 Ak — 2 AR
JuEdE, SREA UK.

S1 BB b 22 AR e ik i 58 2 A < H B A, 3X
FREA 22l | FILE5 028 (R A 2548, WG T W22
XPIRBE RGN, T sk . B LGS
TS (Giovannetti et al., 2003) . X5 I
WIRE N M A Z B BEMIER , R IR U4
H B TR 22 R TE B i 0k 4 A R it — 2 R R R
B BE LA S2 BB B 22 (AR A 25 9 i MRS
W2z S BB R, IS T R 454
Gy H BRI G . A FHEAH GRS b, S
H 2 BRI 18 22 & AR L 25 T8 B3, T
R EERE (T4, 2019) o S5 EEH 2232 3L
PR A ) 8 i b R R B K B ORI S T 24 )
LS TS (FAGH S, 2018) o JE&
RS TP KRR, LS B
H B A S SRR A B ik 8 T e,
Wi 0 S3 B Be i A= KA E 2% o S3 BB T 18
CEIE K, thFARN A dU 8 R B I AR K —
BIRRETRE, SEURE . HEEMZR S
FEM R AERI, FrLA S3 BB i & i
PIET S2 BBt 1B 221K b A e ok 75 ok
FE R0 r = A 1 43 AR 96 OISR L 2021b ),
WA R — 2

L5 L RTIR, AW AE R I A U R R
WA KB B A e AR 5 Mk &W&E B
HA WEZES, X 22 5 nl 68 5 3L )
FHIG o BEAD, ASHIFST 25 50 Sy ) BH A% Ht B 5 Je 1
KB BL AL A AR AL AL P2 HE S AR
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