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Differential expression of AMPK in different stages of growth and devel-

opment of Pleurotus ostreatus and under abiotic stress

LI Huihui, CHEN Zhaoyang, ZHENG Xiukun, WEN Qing, LIU Qing, QI Yuancheng, WANG Fengqin,
HU Yanru, SHEN Jinwen

(College of Life Sciences, Henan Agricultural University, Zhengzhou 450002, Henan, China)

Abstract: To explore the expression characteristics of the three subunits o, 3, and y of AMPK (AMP-activated protein ki-
nase) during different stages of the growth and development of Pleurotus ostreatus and under various abiotic stresses, this
study first obtained the sequences of the three subunits of AMPK in P. ostreatus through homology alignment. Then, qP-
CR was used to investigate the relative expression levels of the three subunits of AMPK during different stages of growth
and development, as well as under nutritional stress, temperature stress, heavy metal stress, oxidative stress, and salt
stress. The results showed that the AMPKo subunit was highly expressed during the initial stage of fruiting body develop-
ment, the primordium stage, the fruiting body stage of P. ostreatus, as well as under temperature stress, heavy metal stress,
and oxidative stress. The AMPKJ subunit was highly expressed during the initial stage of fruiting body development, un-
der nutritional stress, heavy metal stress, and salt stress. The expression level of the AMPKy subunit only increased during
the initial stage of fruiting body development and under heat stress within temperature stress. The above results indicate
that the three subunits of AMPK respond to different environmental stresses and may have different regulatory functions.
Among them, the AMPKo subunit plays a key role in the regulatory function of AMPK. This study lays a foundation for
further in-depth exploration of the functions of the three subunits of AMPK during the growth and development of P. os-
treatus and under different stresses, and also provides innovative ideas for the study of the stress resistance of P. ostreatus.
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Table 1 Trace element formulation

71 % FK Reagent name

s I Additive amount

IR Citric acid S5g

MgSO. - 7TH.O 5g

Fe(NH.),(SO.),-6H.0 lg

CuSO;-5H.O 025g

MnSO, 50 mg

H;BO, 50 mg

NaMoO,-2H.0 50 mg

ddH,0 #MEZE 100 mL Add to 100 mL

1.2 753k
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#%H .
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% H .

1.2.5 RNA RRERAEAZZ PCR 547 80 °C
UKAR DRAF IR ot BT W b, R S 2 ROIR
SR 5 A% FH B 5T U 4E %% FreeZol Reagent A7 & AT
RNA $2HL. 4B THl e RNA WREE, s 5%
A% FH B 5% U PE % HiScript 111 RT SuperMix for gPCR
(+gDNA wiper) J #5170 . SN 52t € & PCR
SRR F2 M 20 uL, qPCR F2J7 % E N 95 °C,30 s(f&
FEBTBE) 95 °C, 10 5560 °C, 30 s(EFRF B , 40 AN
. e BT PCR 519k 2.

F2 WHEEPCR3IY

Table 2 Primers used for fluorescence quantitative PCR
51 il

Primer Sequence
f actin-F CGACCCATCCTACGAGC
f actin-R TAGGCTGCGTCACTTGC
AMPKo-F TCCTTTCTTCACCACCGAGC
AMPKo-R TGGGAGGAGATACCAGCGAA
AMPKp-F TACAAAATGCAGGCAGGACC
AMPKB-R AATATTGGGTGCTGCGATAA
AMPKy-F TCACGCAATATCGCCTCCTC
AMPKy-R GTGGCGATAGGGTGGTATGG
1.3 RS

¥H] GraphPad Prism 9.0 %% )& BHIEHET AT
AT e Gt A B . REGZH S50 R 2H ) 22 5 i 3
P B 25 20T (One-way ANOVA)HISE .
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Fig. 1 Gene structure of AMPKa, AMPKf, and AMPKy
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Fig. 2 Relative expression level of AMPKa, AMPKf, and AMPKy at different growth and development stages
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AMPKf, and AMPKy under temperature stress
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Fig. 6 Changes in relative expression levels of AMPKa,
AMPKP, and AMPKy under oxidative stress
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Fig. 7 Changes in relative expression levels of AMPKa,
AMPKS, and AMPKy under salt stress

- 50 -

Fi 7 » AMPKP E3ETE 2% NaCl 4B R R ik &
i, AMPKa F1 AMPKy V.3 1) 335 /K F 76 &
1k, 1 AMPKB EFEMN 2% NaCl ALEEF LA 5 S: .

3 WiE4n

AEIRTE AR KA R B I R 2 i A A
(1 22 Fhol 80, 7E 22 0 LR AT T B AT O A, 4
FrAe RS R A MR A A 1) — A E E % , AMPK
B I AT DALE 2 FiE 5 0 i b R 5 ge AR, A
T O T8 5 Jlp o R R ) o R 3 Bk FH B
Rz — EKEEZINFEARE L mMEK . b HE
MU BARG B 22 4K, i 2R A K &I PR (ROS)
FUZ, BRI i P B AL IR SR R 2, 3 1T 5 504 i
RE AR R A

EFAEAT TR IN, AMPK E 5K afuy T
AT R O 5 RO AR AR A ol a b 2 IR 3 R AR
ILIHREIE . o AR AR O, 7R IR B e L B 4
JaE o3 e SE AL e AR A R BLE 2 A, BB e
R E R, R T aeil il 4E R R g 2RI S
5RE . 1M vy W R W8 ke 5 p
P FEAE 4 R R S R T I O p I T R
S P e N A (B AR R, S IEAH R e T
= IR G 1, B 7 5 o] GEA7 AR T4 i =
BIEE SRS . X — I RAE B AR SF I
W 50 R 3R AR AE , B A P R S o T Y R
PpSnRK 1o 7] A 048U B 255 AT 1R 33 7K1 1 il
T VRV VP AR AU A T S SR R 4, R DA
ShCIGT & M Jit H.1E >k o 35 2 i 11 i 7€ Al i 5
PR il B AMPKS U3 GALS3 w] L Al
Fus3 AH B /F F 795 38 th 5% 1 1 o A AR =
AMPK [ 3 AN m] DLAT 2 b b5 L e 5 1 ok
(1% 8 5 AH AR e L3 S e, B BT T =R
R AW 2 A IS, BT 3 AN T TR A
5] A A AE P i AN [ R aA A =, m] 5l 3 A
W FEAE AR (AR AE P iE B A e T =R AR
BRI IR

BN B IR AMPK o V523 0 B4 o 3 36 %,
(AT 15 , AMPK 38 3 mf DL B 1 K v 4
73 I AR E WP FEARE T, AMPKa
I AMPKB 1 B & J@ 55 R A S T sk P
Th, 1578 AMPKa 1 AMPKP 7] 68 15 ki 5z 0 F-H%
PUE & 8 W a Rk — e EH . 7R RS B I HE A
FH A i 41 4 3R B A0 AR 91 Rk 1B IR s
AMPK V3 ()55 55 7K1 5 2 TH 8 107 o ATy 3 ()

BE
FA



%5 8 1

Forer, 4 AMPKAERE BN H A KA E A R B ARAE a2 3kl

X ISR 5T

B SR KPR B A2 B 25 AR A 28 2 HE DR B N H:

FE RS 2K B BE B LI, B 1 A 5 /K 1Y

R AT S T R 4 A R A E N R

it e O H- AT BE I o V2R PR AR R I 5T (I AR % s

O N BE B AL XA R IR e SRR |

ZWFE B 5 o) KW A2 50, fE AMPK BE R

T e RO S0 S IR D
Zr EJNid s AMPKo 11 SEAA R 40 72 Kl

JEE a6 | B < Ja Joih 3 RN A e v 8 B e 2 AR

%, R Re il et e AU INIE S 5 A KK

BE5MHENE . BTy T HEZR I H B S 00 3 o

P 2 B SV FE R S P 7 B < Je A TR T p MR

IAERBERAE T R Z WG . 3 N EIEAEA [Fra st

N RIS RIARE, H. ply WAETERL, 5244

R B BOARAS I 21 5 25 54 5B, P 7% WA AT g

M ST T 2 g = SR A ST A W I A o TR A A

WIETIRE -

S 3k

[1] &R, T, 27, G AR A R IR &
HAH[I]. 2 R, 2024,32(D < 149,

[21 N, 35 R . T IR K™ T R BLIR
L. o A T, 2024(1) £ 165-167.

[3] FEELE, HHE BRE % IR R TS SR P P
BRSO SEWETE[]. h R REE 2025,38(2) : 184-194.

[4] &5, BUER, RER . R A B B 1 i
DSBS $E TH0 #E )] . B 21, 2024,32(5):281-288..

[5] WIS RE, MY, 55 . A2 T R N R TR ]
£ B 24, 2021,28(1) : 124-134.

[6] BHUTTA M S, GALLO E S, BORENSTEIN R. Multifaceted
role of ampk in viral infections[J]. Cells,2021,10(5):1118.

[71 STEINBERG G R, HARDIE D G. New insights into activation
and function of the AMPK[J]. Nature Reviews Molecular Cell
Biology,2023,24:255-272.

[8] MENG L, LIU H L, LIN X, et al. Enhanced multi-stress toler-
ance and glucose utilization of Saccharomyces cerevisiae by
overexpression of the SNF/ gene and varied beta isoform of
Snfl dominates in stresses[J]. Microbial Cell Factories,2020, 19
(1):134.

[97] YANY,ZHOU X E, XU H E, et al. Structure and physiological
regulation of AMPK]J]. International Journal of Molecular Sci-
ences,2018,19(11):3534.

[10] EMANUELLE S, HOSSAIN M I, MOLLER I E, et al. SnRK1
from Arabidopsis thaliana is an atypical AMPK[J]. Plant Jour-
nal,2015,82(2):183-92.

[11] KUMAR P, MADHAWAN A, SHARMA A, et al. A sucrose
non-fermenting-1-related protein kinase 1 gene from wheat, 7aS-
nRKIo regulates starch biosynthesis by modulating AGPase
activity[J]. Plant Physiology and Biochemistry, 2024, 207:

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

108407.

HU Y R, XU W Z,HU S, et al. Glsnfl-mediated metabolic rear-
rangement participates in coping with heat stress and influenc-
ing secondary metabolism in Ganoderma lucidum[J]. Free Radi-
cal Biology and Medicine 2020, 147:220-230.

WILLOWS R, NAVARATNAM N, LIMA A, et al. Effect of dif-
ferent y- subunit isoforms on the regulation of AMPK][J]. Bio-
chemical Journal ,2017,474(10):1741-1754.
CHANDRASHEKARAPPA D G, MCCARTNEY R R, ODON-
NELL A F, et al. The f subunit of yeast AMP-activated protein
kinase directs substrate specificity in response to alkaline
stress[J]. Cellular Signalling,2016,28(12):1881-1893.
SHYMANSKY C M, WANG G,BAIDOO E E K, et al. Flux-en-
abled exploration of the role of Sipl in galactose yeast metabo-
lism[J]. Frontiers in Bioengineering and Biotechnology, 2017,
5:31.

ZHOU Q,HAO B, CAO X, et al. Energy sensor AMPK gamma
regulates translation via phosphatase PPP6C independent of
AMPK alpha[J].Molecular Cell,2024,84(9):1816-1816.

KE CL,LEW S Q,HSIEH Y, et al. Convergent and divergent
roles of the glucose-responsive kinase SNF4 in Candida tropica-
lis[J]. Virulence,2023,14(1):2175914.

MARTINEZ- BARAJAS E, COELLO P. Review: How do
SnRK1 protein kinases truly work? [J]. Plant Science, 2020,
291:110330.

LING N X Y,KACZMAREK A, HOQUE A, et al. n”TORCI di-
rectly inhibits AMPK to promote cell proliferation under nutri-
ent stress[J]. Nature Metabolism,2020,2(1):41-49.

QIU ZH, WU XL, GAO W, et al. High temperature induced dis-
ruption of the cell wall integrity and structure in Pleurotus os-
treatus mycelia[J]. Applied Microbiology and Biotechnology,
2018,102(15):6627-6636.

WANG W R, LING J H, WANG G F, et al. Overexpression of
PpSnRKIa in tomato enhanced salt tolerance by regulating ABA
signaling pathway and reactive oxygen metabolism[J]. BMC
Plant Biology,2020,20(1):128.

YU CY,SONG L L,SONG J W, et al.ShCIGT, a trihelix family
gene, mediates cold and drought tolerance by interacting with
SnRK1 in tomato[J].Plant Science,2018,270:140-149.
MALX,MAJN,TIAN Y Y, et al. Fus3 interacts with Gal&3,
revealing the MAPK crosstalk to Snfl/AMPK to regulate sec-
ondary metabolic substrates in Aspergillus flavus[J]. Journal of
Agricultural and Food Chemistry,2024,72(17),10065-10075
LIRY,LUO X,ZHUY J,et al. ATM signals to AMPK to promote
autophagy and positively regulate DNA damage in response to
cadmium-induced ROS in mouse spermatocytes[J]. Environmen-
tal Pollution,2017,231(2):1560-1568.

XUE H T, CAO H B, XING C H, et al. Selenium triggers
Nrf2- AMPK crosstalk to alleviate cadmium-induced autophagy
in rabbit cerebrum[J]. Toxicology,2021,459:152855.

« 51 -



