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Abstract: Industrialized cultivated strain A15 assigned as experimental control and thermotolerant
strain A15-TH screened from A15 were used to study the effects of high temperature stress on
the growth of mycelia of Agaricus bisporus, and the response to heat and thermotolerant
mechanism were explored on the basis of oxidative damage repair and basic carbon
metabolism-glycolysis. It was found that under high temperature stress, the growth rate of
mycelia of A15 decreased, and hyphal bifurcation increased. However, the growth rate of mycelia
of A15-TH was higher than that of A15 and the hyphal morphology was normal and superior to
that of A15, manifesting A15-TH was tolerant to high temperature stress. The oxidative damage
and antioxidant enzyme system of the two strains were compared under high temperature stress.
The results showed that the ATP content reduced by 54.4%-59.6%, the activities of
mitochondrial complex I, Il and lll increased and the superoxide anion (O,’) content increased by
34.9%-71.3% under 30-90min heat stress for A15. In addition, high-temperature stress reduced
the superoxide dismutase activity, thus affected the clearance efficiency of O,  of A15. A15-TH
showed low energy metabolism and high O, synthesis under normal conditions and the
expressions of sod1, sod2, and catl genes were up-regulated as compared with the control strain
A15 under high temperature stress. Moreover, the activities of superoxide dismutase and
catalase enhanced, which could remove excess O, more effectively and reduced the oxidative
damage to mycelia. Under 120min heat stress, the mitochondrial function and antioxidant
system of A1l5 were severely damaged and the activities of mitochondrial complex |, Il, lll and
CAT decreased significantly. On the contrary, under such a heat stress, A15-TH showed normal
mitochondrial function and efficient removal of excess O,, manifesting that mitochondrial
complex | and Il activities increased to 1.4 and 8.9 times respectively as compared with the
normal state while CAT activity was 128% higher than that of A15. Under high temperature stress,
the activity of hexokinase and pyruvate kinase increased, and the glycolytic pathway accelerated.
In comparison with A15, A15-TH showed higher activity of hexokinase and pyruvate kinase under
both normal condition and high temperature stress, indicating more active carbon metabolism.
Key words: Agaricus bisporus, high temperature stress, mitochondria, oxidative damage repair,
glycolysis
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Fig. 1 Effects of heat stress on the growth and morphology of mycelia of Agaricus bisporus. Different

A: PDA

lowercase letters indicate a significant difference at P<0.05. A: Morphology of colony on PDA plate; B:
Morphology of mycelia under fluorescence microscope (40x); C: Mycelial growth rate.
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Fig. 3 Effects of heat stress on the superoxide
dismutase activity and on the relative expression of
sod genes of Agaricus bisporus. Different lowercase
letters indicate a significant difference at P<0.05. A:
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Fig. 5 Effects of heat stress on the hexokinase and
pyruvate kinase enzyme activities of Agaricus
bisporus. Different lowercase letters indicate a
significant difference at P<0.05. A: HK activity; B: PK
activity.
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SR b, F XA 1 TR 22 A i P E T AR
Heaiifn B A BT TP IR R

AEIRTE IE R B DT » RARI ATP & A%
HROS AEfAb T-Bhads P, LRIERFHLAR T
AKKE, ROS = ARG bR R IFE E 1A 2
hfe. TR RARIFIR = A2 1) 0, Al H,0, 2 2E
YA P B K B R ROS A TE 5B SR YR (XA #x
2008). FEAMFCH, X I8Pk 2 3 miR i
30-90min ', ATP % & FF¥ 54.4%-59.6%, %
KRS AL 0. NG REA =, 0, % &
BN EIEF RS T 1.35-1.71 7%, iXibgh
FR U SR e T R LT RERR RS, IX
HEExt /R (Song et al. 2016) i (Banh et
al. 2016). %) (Rikhvanov et al. 2014). fi&
FMHE (FEETF 2020) Sk s ah Re
P BIAH SR FE 45 R — B fERA X 2 HUhia
PR T, WS E ATP &R0 R
) 10%, Oy FI& & Lt IR /R 30.7%, X
T B T v 3 B R 1) e R A T BE T e R AR R
AF, FEIEHERA T 4R K 1 40 i g & AR
A= ROS A . TEREYII 7T Hh R BN,
ROS [ 1Ay A A e iR A4 1A 1T 4
JEELER A o il A 2 4h, 18 mT LR
TS T4 T SAEYINTS B Fh A b A 357 A= oy
AR (Miller et al. 2008) . EAWIFEH, 1E
R N ER E AR = B ROS SRR
G 7 HANAE T d B IR AT WA R 7 4R T
EIEH Fidt— Bt e . ZRIIHE S, &
TR ATP Era i hn, 1% 5] B8 B AR W 2 AH
&, PR i AR R AR ATP A K
FI ROS A= B I~ AL S5 o0 B R AR AN R HL
O, & B A 2R R e 4 e fa
SEARA, RN SR R AR AT O A E 4 T bR
HE /7o

BEyE TR, miEME T, X IR i
P EACEE RS B0, K ILAE R 22 CAT
TETESE N, {2 SOD JE MK, XAIgERm [

O, [P 2 BRI 5 T /= il AT AR 1) SOD i P4
KYEFFER AT, SR RERE BE ZE R
AL, fEHGPRIA 120min IF, X HE BRIP4
WWARGREZEHIN, CAT M T, HEZ
T} e B R T CAT S AN B PR A, T
KR RN, B R AR T R 128%,
VIE BH 7% B PR AT DB A 50T B i & 109
Ao R R L A . ST PUEA
Bl R RIK HEAT W TR B, % R B Ak A s
TR sod1. sod2 FE [R] R AH X 3Rk B 7E )
BB T AT EE LB, sodl Xt
Em A B R AUR, ARRIRE O Bk, i
i AR sod JERIAH G FRak & T 0 HE B
R, (HRAEE, HNHA sod ZHTIHE
FIA RS I v R AR P BEE L R) T —
YER . 0 BB R AN = AR I 3 A cat 2
DRI R X6} 2% 1A 52 il e 38 o 28 B (1] (1) 2B KA AN [
ARk, HA N SR R AR catl X R
HRER T REE, SEES R
UL cat1 PIRETE miRE ORI T EE/EH;
cat2 M cat3 73 B HE L 15 A B BL AL
A TR EAA R AR L, H A15-TH
AL WHREZESR, XAseRENAFRKFE
T.J§ CAT 76k & Fia vh R 5 0/E FANA
X — B AEREY) (Du et al. 2008) L) K 76 Kk Bz Al
H (Wanget al. 2017a) i A S EEHE RIRFIE
I3 BT R T RERH 7T HR # A #R0E

O SR R PR T T 0 A A P A 12 11
SRR PRIER . SR ME TR, X 1
2 [ U AN DA TR BB PR 3, X
B s . HESF (20200 BHFREK
DL, RSB = e R EE AR IS A =R
FRAGIAI KAZ O AR ISR R P, X 534
(IR T &5 R — 2. a2 H i N g 5EpE mT DA
R OB 1 B R R A, AR RO
ARV HE r=RE B -1 b 22 M A4 s e 3R
ATTERTIE 5 H I o U TR AR AE TR RS TR ARy
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BN, ORI RN P B R e R 1 28 T
TR BRI, 10 B v 3 o AR LA R BRI Tk
R AR M Z 2 T JE 40, [H
) A P A AE 3k A FE AT B T 22 B B
IR IR REE o BR T PUEA R GE IR e B
KRB R 45, BEFEESHIRRA
i (Shiraishi et al. 2018). F& 3% KT b
(Cortijo et al. 2017). F &N (Wang et al.
2018) . [ 11 & 9 1 . (Jacob et al. 2017; Wang
et al. 2017b) . 2 i BE A 40 B (1) i N
(Kitichantaropas et al. 2016) %5, T X
R 4 T R A re i 2T e S AT ) 3 75 2 A
[] 14D A BE 0 CARIE 58 FER 2R
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