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Abstract: Fruiting bodies of Volvariella volvacea were treated with ubiquitin binding enzyme E2
(UBEV2) inhibitor for improving the preservation quality at low temperature of 15 °C, and
related physiological indexes and gene expression were detected. The 100 umol/L UBEV2
inhibitor treatment maintained better quality of V. volvacea and increased the soluble sugar
content of V. volvacea. Low temperature significantly increased alkaline protease activities and
neutral protease activities under inhibitor treatment. It was confirmed that cold pressure
significantly increased the expression of peptidyl-lysine metalloendopeptidase, a type of protease,
under inhibitor treatment. This study demonstrated that the soluble sugar and high activities of
cold-induced metalloendopeptidase were necessary for prolonging the storage time of V. volvacea
at low-temperature.

Keywords: Volvariella volvacea; ubiquitin-binding enzyme E2; protease; metalloendopeptidases;
low-temperature preservation
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Table 1 The primers used for qPCR analysis

k7B 51975 i

Primer name Primer sequence (5'—3’) Application

VVO 05291-F TCGTCCAGCAACCATACA 7€ & Quantitative
VVO _05291-2R TCCTCTTCAAATCCCTCTCA 7€ it Quantitative
VVO _03220-F AGTGGTCGTCTCGCTGTT 7E 12 Quantitative
VVO 03220-R AGTAGCAGTGGTGTGAGTGTTC 7E 12 Quantitative
GAPDH-F CCTCTGGCCAAAGTCATCCA € & Quantitative
GAPDH-R AGGGCCCATCGACAGTCTT 7 & Quantitative
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1 100 pmol/L L345-0044 & /&AL IRE T F LRI 15 CIUiE

Fig. 1
treatment. CK: Aqueous solution treatment.
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aHE(E 2C, 2D). VI LA RN 1345-0044 %
TR BB 8 38 Ao B2 5 B 1 SR AR R A BT
2 PRI I D ek Ef ]
2.3 BRIERIER

PPO P& A5 735 7RI 58 Hh L345-0044
A B S () TS A R TR IR B, NP il

CK: /KEwAbH

Fruiting bodies of Volvariella volvacea preserved at 15 °C under 100 pmol/L L345-0044 solution
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Fig. 2 Measurement of physiological indexes of fruiting bodies of Volvariella volvacea preserved at 15 °C. A:
Changes in soluble protein content; B: Changes in soluble sugar content; C: Changes in free amino acid

content; D: Changes in MDA content. Multiple comparisons were performed using one way analysis of
variance (ANOVA) combined with the Tukey test to assess significant differences between mean values

between groups (P<0.05).

TERGI 7S L345-0044 A B A1~ S04 ) it 15 A%
FXTHEALBR(E 3A). L345-0044 LbFRAYF-SLIA M)
NP P VEAE AR 6 2 B E T #Y(& 3B),

ANOVA 7381 B /s 28 A0 S A 8 2 DXl (P<0.001).
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54k D: ACP %7254k, SR FHBA R % )7 22301 (one way ANOVA)SE 4 Tukey ¥ 36 LA T 2 5 s, LA

A 4L 18] -2 2 8] () I 35 22 5 (P<0.05)

Fig. 3 Determination of enzyme activity indexes of fruiting bodies of Volvariella volvacea at 15 °C. A:
Changes of PPO enzyme activity; B: Changes of NP enzyme activity; C: Changes of AKP enzyme activity; D:
Changes of ACP enzyme activity. Multiple comparisons were performed using one way analysis of variance
(ANOVA) combined with the Tukey test to assess significant differences between mean values between groups

(P<0.05).
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The expression of proteases
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4 VVO_03220 HRIASIHEEERAH A (RIEMHALLH T @ COMRMERIEME ST B: A
PR QPCR 5 7087 5 C: VVO_03220 ) = HEL5FI I, N AR P51 N i, CfR3R ¥4 C i s D: VVO_03220
B RS L G M. PLMP AR £ K IE-Lys 4 )& K (peptidyl-Lys metalloendopeptidase); NP 11 183 i 25 [ i
2 (neutral protease 2); EPRA1 {{&HU4ME 1/ (extracellular protease); M X34 J& K (metallo peptidases)
Fiti; S ACRL AR IKM (serine peptidases) KK ; HAthZ I MEROPS %54 P2 13

Fig. 4 Expression and functional annotation analysis of VVO_03220. A: Heatmap analysis of peptidase
expression under cold stress treatment (4 °C); B: qPCR expression analysis of representative peptidase; C: 3D
structure diagram of VVO_03220. N represents the N-end of the sequence, and C represents the C-end of the
sequence; D: Phylogenetic analysis of VVO_03220. PLMP stands for peptidyl-Lys metalloendoptidase; NP II

stands for neutral protease 2; EPRA1 stands for extracellular protease; M stands for metallo peptidases family;
S stands for serine peptidases family; For more information, see MEROPS database annotations.

2080 EIFIR



H5RieX

22 December 2022, 41(12): 2074-2082

Mycosystema ISSN1672-6472 CN11-5180/Q

PLMP_GRIFR
PLMP_ARMME
PLMP_PLEOS
VVO_03220

MFSS....V
MFSLSSRFF

MFSP.IRPI|LLALVLGACHVAAIQSLSLTISGSSSIVDVDNLEKVVZ

MVALVSLAVAVSANPGLSLKVSGPEAVDGVNNLKVV
LYSLCLSAVAVSAAPGLSLSLSGADSVVDVENLNVIAATI

EPRA1_AERHY 1 MMKATPIAL[LLAGVLASPLCAZR

NPIIB_ASPFC 1

PLMP_GRIFR 76
PLMP_ARMME 81
PLMP_PLEOS

VVO_03220 79
EPRAI_AERHY 73
NPIIB_ASPFC 73

. .
PLMP_GRIFR 154 WADAEAHTTAV|SG. .KL[A
PLMP_ARMME 158 NADTQQHTTKISG..TL]A

PLMP_PLEOS 1
VVO_03220 151 YADGEVHTAK|LISG. .RLAVSE
EPRAI_AERHY 147 SNAVTLWVDGV| A

NPIIB_ASPFC 142 YIPYQSNELE]

PLMP_GRIFR 'LOHY TIDMN . SNDF S[E]. . . Y[SF
PLMP_ARMME CIE' S|N[M

PLMP_PLEOS F S[S|I|S . SNTFS|S|. . . Y|TFD
VVO_03220 SHFN|S|T[R . NNNFN|T|. . .
EPRAI_AERHY 227 QA IN[E' S[K|IIKDAIDNKP|. . .
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YA

5 VVO 03220 BIERFFIEE®T  GRIFR 13 Grifola frondosa; ARMME & Armillaria mellea;

PLEOS X% Pleurotus ostreatus; AERHY {03 deromonas hydrophila;

ASPFC {3 Neosartorya fumigata

Fig. 5 Homologous sequence alignment of VVO_03220. GRIFR stands for Grifola frondosa; ARMME stands
for Armillaria mellea; PLEOS stands for Pleurotus ostreatus; AERHY stands for Aeromonas hydrophila;

ASPFC stands for Neosartorya fumigata.

A HE PLMP (VVO_03220)f07535(/& 4A, 4B),
REMEER B RZIEEAMS NP [, DL -g5
RGN T V2155 NPT 24 BT 8 (1) (PR Uk O fif s
[B] SR AT Y .

AT AT L5 R BoR IE P 525 T & A
fitf PLMP (IZ5ik(18 4A, 4B), S5EAMIWFIELE
J—F((Singh et al. 2019)., A W5 B RN MAT
JORTEE XV 1 v 1) A0 7 7 R DL R e o
YL (Yang et al. 2016). ZAM A PepS & —Fh & 82
JIKT , S/ N TR, X/ NI EA i
(Yang et al. 2016), % &% PLMP J& T4 )8 Z ik
MR IR L, X B2 G R T 1815 S PLMP
Z5 T/NK A RVER . C A 25 B IRE
SIS (AR o2 s S 1527 NP 2 ] 5 Y
SEux s RILFRCH “BiIRE AT 1SS HGE
f F& 7 191 7% (Gong et al. 2020), % E%] PLMP
(VVO_03220) M55 ik SPase [ 251, ZZRHAIH
AR A BN, 578 PLMP 7EN i

W R A T o BT A i S 40 I P 5 I 7 38
N, R E R S A R 4E (Nakajima &
Suzuki 2013). M55 1 PLMP A GE/E Hx e
WRirEEN, WA/ NK, SR IE R,
A ER AL R I . T IR ST A 2R UBEV2 41

ABE o

il 350 4b B s TP 5 ) A AR N T AR
(Gong et al. 2022), 175 PLMP 1£ i K 545K
TR AR B[] RO ML BRA A R 0k — ST
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