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Color formation in artificially cultivated Ophiocordyceps sinensis
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Abstract [Objectives] Color formation in artificially cultivated Ophiocordyceps sinensis was investigated in order to
improve the quality of this economically important product. [Methods] The sclerotium of wild and artificially cultivated O.
sinensis were observed before stroma development with HE staining, and tested to determine its malondialdehyde (MDA) and
hydrogen peroxide (H,O,) content. In addition, polyphenol oxidase (PPO), peroxidase (POD), catalase (CAT), superoxide
dismutase (SOD), trypsin (TRY), amylase (AMY), invertase (INV), lipase (LIP) and attacin (ATT) activity levels, were
assessed using ELISA-based methods. [Results] Before the stroma development stage, sclerotium cell size and cell density
were highest in Chonggqing artificially cultivated O. sinensis (CQ), followed by carrot fed O. sinensis (H), and lowest in wild
type O. sinensis (WT). In artificially cultivated O. sinensis, significant differences were observed in the activity of enzymes
involved in the reactive oxygen metabolism, immune tolerance metabolism and MDA and H,0O, content regulation. Compared
to the WT, PPO, SOD and POD activities were higher in the CQ and H treatment groups, whereas CAT activity was lower.
However, of these changes, only the increase in SOD activity was significant. The activities of enzymes involved in reactive

oxygen metabolism in the H group underwent significant changes, especially PPO and SOD activity, which increased by
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37.19%, and 23.98%, respectively. MDA and H,O, content in the CQ and H groups decreased significantly, whereas the TRY,

AMY, INV, LIP, and ATT activity increased, although only the increases in AMY and LIP were significant. [Conclusion]

Color formation in artificially-cultivated O. sinensis is related to the reactive oxygen metabolism and immune tolerance

metabolism. These findings provide information that can improve the quality of artificially cultivated O. sinensis.

Key words Ophiocordyceps sinensis; sclerotium before stroma development; reactive oxygen species; immunity;

pigmentation; browning
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i, SR ZPEERGY, IR 20, S
F A IR (Zhao et al., 2014; £RIERH
4, 2016 ), M A M E B BA MR 25 HME,
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PPO ). %ALY ( Peroxidase, POD ). it%
L S # ( Catalase, CAT ) FlE & 1k ¥y B Ak
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1 AIFEHEEHADMEEST
Fig. 1 Histological analysis of the artificially-cultivated Ophiocordyceps sinensis
at the sclerotium before stroma development stage

A NTHH IR MR ; B WT U] HE Zeta; C. WT RURERRZAA S HE Jeh; D. CQ HA]
HE J¢f4; E. CQ HUAMRRZANMEAL HE Y ; F. H AL HE 4t ; G H HUATRRIZAEAL HE Jefa
WT: BpA: A U RO AL CQ: B R M TR A A R R B e H: PN T A I R 2 A R fi e R[]
A. Phenotypic analysis of the artificially-cultivated Ophiocordyceps sinensis at the sclerotium before stroma development
stage; B. Longitudinal sections (HE staining) of WT; C. The HE staining of body wall surface of WT; D. Longitudinal
sections (HE staining) of CQ; E. The HE staining of body wall surface of CQ; F. Longitudinal sections (HE staining) of H;
G. The HE staining of body wall surface of H.
WT: The sclerotium before stroma development of wild Ophiocordyceps sinensis; CQ: The sclerotium before stroma
development of Chongging artificially cultivated Ophiocordyceps sinensis; H: The sclerotium before stroma development of
carrot fed Chongqing artificially cultivated Ophiocordyceps sinensis. The same below.
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AR, N T8 P B ) S e E P SR B i 52
JIA B

3 itig

2 MU RUJR —Fh e B 200 IR FNE M
TR E 25 LR, A T 55 A & B S
SRR, HLE AR R ) SR AR . A
R R FE AR, HE AR A AT g A7 R A
[FJ44 (Moon etal., 2020; &=, 2020), H
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B2 ANIFEREERFEEAGHEXEETETN
Fig. 2 Changes of the enzyme activity related to reactive active oxygen metabolism of the
artificially cultivated Ophiocordyceps sinensis at the sclerotium before stroma development stage
A. ZWH%ALEE (PPO); B. il %ALY (POD ); C. H4ALYEALHE (SOD);
D. EMER (CAT), **REERMEE (P<0.01),

A. Polyphenol oxidase (PPO); B. Peroxidase (POD); C. Superoxide dismutase (SOD);
D. Catalase (CAT). ** stands for extremely significant difference (P < 0.01).
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B3 ANIZFEHEEHA_BMEdELSS=ETK
Fig. 3 MDA and H,0, content of the artificially-cultivated Ophiocordyceps sinensis
at the sclerotium before stroma development stage

A. NTRE (MDA ); B. i fLE (H0,), **UREFWEE (P<0.01),

A. Malondialdehyde, (MDA); B. Hydrogen peroxide, (H,O,).
** stands for extremely significant difference (P < 0.01).
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B4 ANTIFEREERGRENZAEXEEETN
Fig. 4 Changes of the enzyme activity related to immune tolerance of the artificially-cultivated
Ophiocordyceps sinensis at the sclerotium before stroma development stage

A. BEHEE (TRY ); B. JEMEE (AMY ); C. iEREES (INV); D. JEH5EF (LIP);
E. LK (ATT ), **REZFWEFE (P<0.01),

A. Trypsin, (TRY); B. Amylase, (AMY); C. Ivertase, (INV); D. Lipase, (LIP); E. Attacin, (ATT).
** stands for extremely significant difference (P < 0.01).

TG T B U GBI S8 AL 174 i R Ay T A 1 2
548 H % %= Bombyx mori. ZZAAE N H B A
MR, CAZANROEERG UG SRR )
REREARE , W TH (B2 R 21k ). DDC (£
RN ). yellow/laccase2 (%M ). AA-NAT (7%
Fe e FE i -N- L F2 W ) %6 ( Hiruma and
Riddiford, 2009; Liu et al., 2010; /& =%, 2020 ),
X EZGHE (AN EE g | &8s . ek ik 55
W) W AR R R B AR, B AR A R
IR ZEYSAE PPO ROAE T T AALTE MBS
MR 25 R A ks B9 i i 3 B 248 (1
(Moon et al., 2020), PPO J& T&F 2 4 -Hi)R
T EAR R, 485 TAETERT, EAERIRY)
LB b &9, PPO AL 2 FIORIRI B BN, —
Tl B R Al S o A AR 1y, oy — T 2l
IR I AR AE AR, TR BRR ( BA £ 1) £

% (Marusek et al., 2006; Gawlik-Dziki et al.,

2007 ). MRAEATABFFE LI, TIe IR G
A R E R DI, 2R R S A S G
AL K TR S | X Se 5 TE PR A 1)
FH5& ( Marusek et al., 2006; Cunha etal., 2012;
Jenkins and Grossman, 2013 ), A ffF55 | ] ELISA
T3 WA DU N T 5 5 A% o B R A v M A A
SRR T . MDA J Hy0, i, 587 A iR
HUOAH T, B PR Es A B A R R MR B | oy
FAR AU PPO. SOD. POD G PEMS N, 1fif CAT
PR, Hrpb SOD B ) B, ik
AP N 05 7 o e ol f e 2 R e T B A o
fEH, SOD I fE& N T355H 4 d 5T B f s An
[ 5CHENE ; MDA F HyO, &8 W [ AIK, ek
i DN 4 By T IR R BT E =R C AR S VAl
55, S 0 IR AR 4540 AN 2L 5 K TR
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b 7 By R A A, B e 37 A
KTl Al ] BE S 4 U FEAE ( Zhan et al.,
2010; Wei et al., 2019). AHF5ELLUBEE
(TRY ). €M (AMY ), FEBERE (INV). fi5
il (LIP ). HUERE (ATT) VE R ITH e gty
it 52 Ve e o T AR B 2R UK i, B T 222
R 2R B2, IRAR 1 i & —1E ) TAS 2 R i 24
TR ) PR JIT T %) JOCtE , P 5 2 T R 8, 1 il o) 288
B (BT ) I 6R B R ERE T HI S5 VE
Al e 25 5 A AR SCAE Wi PR R S (XA
W, 2012 ), E R B A RH X SR R 2 R o1
W L R 5 TR A A /N TE A T
JREHH TG 11 28 A i A 5 07 AR 3803 ( P ST
S5, 2019). JRIBGEZ ML H I BE A A 1 — 25 il
(YRR, KR g o Tl £ 36 P R A 2 — A~ 2 ]
iR . — AR A — A KA R 1) 5% 3 ( Ser-His-
Asp )Y “fEfL =547 (Houde et al., 2004 ),
PO K T AE S S BE R0 43k Ja 2l L P85 1 £ e
REBHIMAR R, BIEREETIRE, LA AKRRIEHEHTA
fLRe I RGEAR 2 . HUR IK & # LV E F R 2 i
2 FhigAs, —FE MBS EVE R, TE B LI,
W TR A BB ) e e 5 5y — PR b R IR B A
M, YER TR AR E A (Chenetal.,
2006; FEGERSE, 2021 ), M ELISA J7 il
N TG 58 4 H 2 AR 2 T 52 7 A OC il
PE, DRI, N % N 55 R R A R i A7
JIAE Bl RS R 0, b AMY 5 LIP il
TG BN, RPN TR NG R
T AR R R T A2 0 BT A v, T 5 e il S
RIRCR, MU R LA, N TG4
M S R AR R AR S TR R L e e 57 J AR g
X
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