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Comparative analysis of storage characteristics and proteomics of two

Lentinula edodes varieties
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(1. Institute of Edible Fungi, Henan Academy of Agricultural Sciences/Key Laboratory of Evaluation and Ultilization of Germplasm Re-
sources of Edible Fungi in Huang-Huai-Hai Region, Ministry of Agriculture and Rural Affairs, Zhengzhou 450002, Henan, China;
2. College of Food Science and Technology, Henan Agricultural University/Henan Engineering Technology Research Center of Food
Processing and Circulation Safety Control, Zhengzhou 450002, Henan, China)

Abstract: To explore the biological mechanisms underlying the storability of Lentinula edodes and screen key proteins as-
sociated with storability, this study employed the storage-tolerant variety Yuxiang 1 (YX)and the storage-intolerant vari-
ety 9608 (JL)as test materials. A systematic comparison was conducted on their physiological indicators including storage
characteristics, cell membrane stability, antioxidant capacity, cell wall components, and sugar metabolism, combined with
proteomic techniques for differential analysis. The results showed that during storage, YX consistently maintained low wa-
ter loss rate, browning degree, and respiratory rate, with a slow decrease in firmness. Moreover, its relative electrical con-
ductivity and malondialdehyde (MDA) content were significantly lower than those of JL, while the activity of superoxide
dismutase (SOD) and catalase (CAT )remained at a high level. Regarding cell wall components, YX had higher content of
cellulose and chitin which degraded slowly, whereas the activity of cellulase and chitinase were significantly lower than
those of JL. In terms of sugar metabolism, the total soluble sugar content of YX decreased less significantly, and the con-
tent of key components such as trehalose were significantly higher than those of JL. Proteomic analysis identified a total
of 5474 proteins, and the number of differentially expressed proteins (DEPs) in YX before and after storage (95) was

much fewer than that in JL(789), indicating stronger stability of protein expression in the storage-tolerant variety. Further
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screening revealed that glucanase (LENED 012880) and agmatinase (LENED_003685) were key storability-related pro-

teins, both of which were significantly up-regulated during the storage of YX. GO and KEGG enrichment analysis demon-

strated that these key proteins were mainly involved in pathways such as cell wall organization, glycerophospholipid me-

tabolism, and starch and sucrose metabolism. In conclusion, YX achieves excellent storability through the synergistic ef-

fects of maintaining a low metabolic level, enhancing the antioxidant defense system, and stabilizing cell wall structure.

The key storability-related proteins screened in this study provide core targets for the molecular breeding of storage-toler-

ant L. edodes varieties, and the relevant results also offer theoretical support for deciphering the regulatory mechanisms of

postharvest senescence in L. edodes and optimizing preservation technologies.
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Fig. 1 Appearance changes of two Lentinula edodes varieties during storage
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Fig. 2 Changes in water loss(A), degree of browning(B), firmness(C), and respiration rate(D)of two Lentinula edodes
varieties during storage
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Fig. 3 Changes in relative electrolyte leakage (A)and MDA content(B)of two Lentinula edodes varieties during storage

6], AN 2 b Bl A G L 3 6 3 B &S B
JL 7E A 58U (] 45 28 3 T YXo i 40 d )5 s
YX A JL AT LS 2 53 N 13.46%H1 16.04%
BREER. N BN A AR
AR R T A R AR I e s P g T
DU B S B O A R . IR 3-B AT, 75
AR, F 4% MDA & & 258 IS BT RuE 1)
b . Hd YX P 20 d, MDA £ & (b)) M
] 1.82 nmol-g"' 34 %] 3.28 nmol-g' £ AH [F] I i,

—a—JL —e—YX

>
N}
G

CATIE
CAT activity/ (U-mg!)

0 10 20 30 40
58 7] Storage time/d

I E A, JL /) MDA &% &= T YX, H A e 10 A
20d ), “HRREER,
23 MEKEEMERS

I8 55 B ) e K, A 3 ot B ) P AR AL e
J1#B 5B AW T B R 3, o JL SRR
FRUR 9 5 B 2 . CAT Al SOD 22 1S4k b ) i
Pk, W LUE B H.0, A1 O57e o AT U820 %o S 1)
B, BB ERMMEZMH . HE 4T LE
s, R 40 d, YX ORI JL 9 CAT 36 M 4 0 B T

* *

—8— L —e—YX
B 12

*
*

o

SODiF
N

SOD activity/ (U-mg!)

w

(=]

0 10 20 30 40
8K 8] Storage time/d

B4 MFHEEIELE CAT(A)F SOD(B)EMAIZEL
Fig. 4 Changes in activity of CAT(A)and SOD(B)of two Lentinula edodes varieties during storage

44.98%7F11 52.75% ; SOD i 4G I 285 F 7w , Wil f5
W TL ()l s M T B B A, e 40 d, HE 1A
N YX 1 67.36%
2.4 {HEREEIERRE RO

RYEE LT 0T S5 2 B R Sy ko FH R ) 5
BAHEZZW, Wl S s, 4425/ TRE=
AR R AR . B T A R) ZE 4K, Y XA TL £
UERFILT & ERFE T, 5 LM, YX 1
AAERMLT R G B8R H N EEREE. 1
i, 40 d,JL PIAF4ER AL T & & G, 5D 2 5108
7.88.18.23 g-kg', 1M YX 43524 9.72.23.59 g-kg'»

ST i B [ AR TG R S ARG R LT RSN
. 52 .

BESCBE R 0 & s B AH G, R 4E R A0 L T g
2 T T 4 0 B B AR A% OB, & S BUR T RE T
Bo P S B, s e YX R IL fIF4E L
TRBERE Y R TS AH JL EE VLR R S
20.30.40 d B =T YX. W75 40 d, JL [ £F4E
REGALT BTEEIE I3 0 14.98 F119.26 U -mg';
M YX LT 4 2 B AL T 5 B s M 43 08 9.50 Al
13.36 U-mg". BEiGMEMITE i 5 A s A0 5 BE 40
B BRI R (AR AR AR S o 7 Tk A P 2T 4 2T
JUT 5 Bl 375 P T, 2 (R A B 22 22 0 AR B e SR 2
ff R R, T S SO A R BRI . T Y X TR
BT, AT U KB AN LT T S A, R T e RE
A A, SER TR A



> iy [T S, chhe w S T TS [~]
6 441 XU e TN PR K R AL 1 EL R AT X BT B FT
A B 40
= 2 30
~ 2 ok
i 2 g
@ 8 E 5
<8 =g ¥
e = 2
Z S5t Z 10 t
= 5
@)
0 1 1 1 ) 0 1 1 1 )
0 10 20 30 40 0 10 20 30 40
It 580N 8] Storage time/d J 8N (8] Storage time/d
15 =
¢ —=—JL —e—YX —a—JL ——YX

AU R BRIE
Cellulase activity/ (U-mg™!)

5

*

—
(=]

W

Chitinase activity/ (U-mg!)

0 10 20 30 40 0 10 20 30 40
JE 58 ET 7] Storage time/d JE T 7] Storage time/d

A E SRR AR (AFMLT BI(B) S EURAHEREB(CORMILT R (D) BN

(=]

Fig. 5 Changes in content of cellulose (A)and chitin(B)and activity of cellulase(C)and chitinase(D)of two Lentinula

edodes varieties during storage

2.5 PERBILESH 24d 5, YX AlVEPERE S S B 86.10 g kg FIEE

T 7 I AT S PR RIS R, A L 4435 g-kg! L JL M 75.96 g-kg! FIEE 35.96 g-kg'.
BRI EORVE . PEARMA DT ERE O BR, 1 EEEN 24 Pl VEPEpE b, W50 L B Sz 1 A
AN g it PP R MR RE S S RN R AE YY) BTN R B, R 24 d B YXOIX 3 FRBE S E
SR TRBES E YX B NEREMT JL. B8 2508 35.94.4.11.2.05 g~ kg, 73 7l 2 JL 1) 1.40,

wCHE)
Sugar content/(g-kg")

90

80

70

60

50

40

30

20

uD-FPEZ-1,4- N fi§ D-Ribono-1,4-lactone

YX JL m1,5-fli K A & BB 1,5-Anhydroglucitol
uD-A B D-Xylose

]| m4f- 4 —Hk Cellobiose
- uD-H & FE-6- R AN k. D-Mannose-6-phosphate sodium salt
uD-FiHi{fH# D-Arabinose

D-#% & D-Ribose
D HE-5-Tf B D-Ribose-5-phosphate barium

e A Levoglucosan

D-4ij %] BEB4 R D-Glucuronicacid

HEHE Sucrose
FACHEEE Xylitol
B[R Z5HE L-Rhamnose
D H FE R D-Mannose
HpD- - HE D-Galactose
BD-AHiH# D-Xylulose
WA NE L-Fucose
BN- 7 [ HEH HE N-Acetyl-D-glucosamine
mfJLEE Inositol
lD—}E?} 16l};ﬁliructose

D-111ZLHEEE D-Sorbitol
0 12 24 0 12 2 WiE % BE Glucose

N . D-PUHi{F§E B D-Arabinitol
I 5sE B 18] Storage time/d Wi B0 Trehalose

6 MMEFEIEAETAEES ENEN

Fig. 6 Changes in content of soluble sugar of two Lentinula edodes varieties during storage

« 53 .



X ISR 5T th

K

e

oK

39 %

0.87 11 0.75 1.

2.6 EERBAFES
261 EOXRETHEMBIE JRIEENILEE
£ 48 699 K MEL, 5474 NMEH. EEERTER
RS RN, B K FE R E A AE 7~20 MR IR

A

Q

2 6000

5y

Q.

B

8 Charge
g 4000 2

=} 3
Z 4
m

=&

8% 2000

=

10 15 20 25 30
kBt Peptide length/aa

PC2(22.96%)

FIP (B 7-A) R WIREE TS 70, IR B E S R AT 5
T 73 M (PCA) s , AR B EY) 2 H R
FEARE RIF(E 7-B) , FEANER RIS BRI
(& 7-C) o, AR TR A5 18] S A= 49 2 H 2 [6) ) Pear-
son AR R R . Bk g5 RILRNIE U] & A BRI

<
40
A5 Group
°* YX0
of e, < YX10
° JLO
°JL10
—40 .

-4 0
PC1(48.89%)

40

1.0
0.9
0.8
0.7
0.6
+0.5
0.4
0.3
0.2
0.1

0.0

AL KRB EE ST s B R 41 CAHOGHERA L
Note: A. Distribution of peptide lengths; B. Principal component analysis; C. Correlation heatmap.

E7 HABIEFIESH
Fig. 7 Quality control of data in samples

R AR EE VT, A AR e AT S

262 EFEAZFAOZESN ARSI
()8 H R0 272 kAT 7 B R W, YX10-vs - YXO F
JL10-vs-JLO 43 545 95 A1 789 NMEARAEERF
i i A T R YX B 2 R A AR AN
JK i Bl L k2D 87.96% » % BH TR T 8K ity Folt 76 LG R It
oL R E A REREEE R, A, YX
1.06% (58/5474) 25 1 L1/ . 0.68%(37/5474) & A
W CE 8-A) s JL H & [ AT T 3 b A5 U] 4
7.44%(407/5474) F1 6.98%(382/5474) (& 8-B) . ik
— B AT R I PR TR o A IR 4.62%(39/845)
()22 R RIEEHNIA ZREH,6.63%(56/845) K

- 54 -

YX F5f 2 5 E A, 88.76% (750/845) M JL ¢4 %
e H (B 8-C) , 3 B 7 i 1) 5 M B 7] I A7 7E B
PR SV ORSF YRR o

263 EREABRZOGOEHREENN YX&
5 5, Ho DEPs ££ GO H(#s F Hh v f 2 A= it 72
(biological process) 9 /™ WV 2 | 4l ffd 2H 43 (cellular
component)2 M 43T T fig (molecular function)
5N, Lk 16 M. A 9-A AT AT, IGIR I
G YX ' DEPs 7EAE ) 5k #2 AR ik 72 (meta-
bolic process) 73 i % , (.46 18 A~ Ll 5 4~ F
W8 s H O it 72 (cellular process) , & 13 4™
AR S AR RS . AHHO A 20 A Sk



X ISR 5T

#e RO A PSR I PO SR R L R 2 S R LU
« B Up:58 - 11 Up:407
A * I Down:37 B . _Fi)ﬁggwn:382
AN 2 No significant: 5315 W% No significant: 4640
i
I I
1 I
Lo
e 6
‘ o .
E e 2 :
=1 <
: ¥ Pt 4
$ - 5B =
= i % .
:o“ 2 . }" T e 3
| ¥ Iﬁ. o ! .
—————————————————— B 2 _"_ 13
. ' AN -y Wt Sl S e
.
O
0 i 0
-4 -2 0 2 4 -4 0
Log.(Fold change) Log.(Fold change)
C JL10-vs-JLO  yX10-vs-YX0

JL10-vs-YX10

Q 0 JLO-vs-YX0

B8 YX(AFJILBIEAIEERERRXLEMYEREC)
Fig. 8 Volcano plots of differential proteins before and after storage in YX(A)and JL(B)and Venn diagram(C)

(cellular anatomical entity)y3 R £ 24 /> _F A1 6 4
&, & H 45 S 5 5 1 (protein-containing com-
ple)ERES] 1| NN RER. T Ihaed i
£ Ccatalytic activity) #H 5% DEPs % & £ % (33 /> I
W, 9 AN T, KA 45 & (binding) #H 9% DEPs (22
A4 A TID . L &R A S , 3 DEPs i+
FEEIH) GO MR R 2, AWl 11 M
K VAMEA T 2 AWK T IIRE 13 AN, it
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cess, GO: 0005975) \ & [ Jii 7K fif (proteolysis, GO:
0006508) - flig iz A i ik F% (lipid metabolic process.,
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Fig. 9 (Continued)
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(cell wall organization, GO:0071555) . % ¥ /3 it X
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0000272) « 4fl fig 4k [X 48 (extracellular region, GO:
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ko01212) 154X ¥} (carbon metabolism, ko01200) . V.
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(ABC transporters , ko02010) « P Jsi I 5 1 85 (1 53 0
I. (protein processing in endoplasmic reticulum,
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YX10-vs-YXO0 ' DEPs & % & #[f) KEGG @
EEIEAT 6 2 (& 10-C), JL10-vs-JLO 1 DEPs & % &
1) KEGG Mt AT 15 25 (8 10-D) o H i Al
JEREACUT (ko00500) 7 I R AX i (ko00591) I %
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TR R RO AE R . I s YX 2R R
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resistance , ko01501) « [ 11 2] B 4 % 1) 1) AH L5
ft. (pentose and glucuronate interconversions,
ko00040)  H i % JIg 18 #f (glycerophospholipid me-
tabolism, ko00564) « AN 1 fii i TR 11 A= 46 B (bio-
synthesis of unsaturated fatty acids, ko01040) ; 1fij A
R I 4 g JL 9 22 5 R 08 B B U 4 T A4 R N
(quorum sensing , k002020)  X{ £ 73 & 4t (two-com-
ponent system, k002020) . ABC #; iz & H (ABC
transporters , ko02010) I [ ¥ A ¥ % 42 (non-homol -

=1

ogous end-joining, ko03450) - # i 21X, 1} (sphingo-
lipid metabolism, ko00600) « ¥ & B2 4= ¥ & FX. (argi-
nine biosynthesis, k000220) - - 7, #% 18 ] (galactose
metabolism, ko00052) - H fth 5 4 [ fif Cother glycan
degradation, ko00511) \ i [z 2 L ¥ (thiamine metab-
olism, ko00730) 4 & 5 A= & F-BR 2 51 AN 57 2R
%1 (glycosphingolipid biosynthesis-globo and isoglo-
bo series, ko00603) ¥ fi 25 1k, & ) B fi# (degrada-
tion of flavonoids, ko00946) £ F L 4= K A=W & Ak
(biosynthesis of various antibiotics, ko00998) . i Ji#
T WE F% fift (glycosaminoglycan degradation, ko00531)
SRR, HE— IR T PN B R e A 2
(131 B o

2,65 A& aifiz  HR4E DEPs 7£ YX10-vs-YX0
A IL10-vs-YX10 Hr [R]85 2% 72 5 &3k L JL10-vs-JLO
A TLO-vs-Y X0 HRIEA 25 1R e 5, % 4 A4
6] BT A 22 7t VBTSSR A0, L3RS B AN A
PrERIEE R E (R Do #E—35 0L 4 A~41[8 DEPs
FREAA 1.5 #5 LA B0k BE , 45 SRR W, 78 R B0
ELd b 2 BIRRIA M E B 2 A, 70 0l H SR
1 (glucanase, 2[5 ID: LENED_012880) F1JI T fi%
M (agmatinase , & [X] ID: LENED_003685) , #& 7~ iX
Pl A T4 A s T T S ) SRR R

BEMIEXEREH

Table 1 DEPs relative to the storability in Lentinula edodes

k4 Comparison groups

HEF 1D

YX10-vs-YXO0 JL10-vs-JLO JLO-vs-YXO0
Gene ID

i

JL10-vs-YX10 .
Description

£ FC Pvalue £ FC Pvalue FF FC Pvalue

£ FC Pvalue

LENED_000799 o« 0.0097 27314 0.0715 o 0.196 4

0.0051 0.0000 0.4226 0.422 6

8

LENED 001476 o

LENED_002087
LENED_002543
LENED_002803

0.920 6
0.770 7
0.6429

0.024 7
0.034 8
0.010 7

1.062 5
1.164 8
0.237 6

0.608 1
02367
02711

1.3079
1.1256
0.489 4

0.1194
0.148 4
0.170 7

LENED 003575
LENED 003685
LENED 003809
LENED 007053

13738
5.9022
1.4375
1.2292

0.024 7
0.021 0
0.008 7
0.025 3

0.706 9
0.000 0
0.859 6
0.8308

0.099 2
0.209 1
0.089 4
0.054 6

0.8457
4.754 6
1.003 9
09149

0.229 6
0.284 1
0.964 1
0.1611

0.024 0
0.007 7
0.0133
0.000 0

0.840 7
0.8222
1.114 6
1.1632

0.8227 oo

0.2052 1.3100
0.7117 3.967 8
0.576 8 2.766 0

0.1881
0.126 8
0.103 4
0.070 9

LENED_ 008658 o

LENED 011276 1.586 4
LENED 011635 1.6802
LENED 012880 21.4319

1.9954 0.0024 B-PN i ite i Bk aRe 2 1

f-lactamase transpeptidase-like protein
WAL I G 90 B

Glycosyltransferase family 90 protein

60S 1Z 1A 1 L33 60S ribosomal protein L33

FZME A 5 11 L37Ribosomal protein L37
Williams-beuren £i-&AiE S X 2 [ 22
Williams-beuren syndrome critical region protein 22
2N A% 55 1 Nucleus protein

KT el Agmatinase

Ff U-box RING U-box

5 JE 9 il K % A% 51 Transmembrane 9 superfamily
member

It E AW Peroxidase

e BE L5 Wi B [ Capsule structure designer protein
AR IJBERAE M [T Uncharacterized protein

i T WEE Glucanase

0.0000 0.0051

1.509 6
1.701 0
0.1809

0.030 7
0.030 4
0.028 3

0.4352
0.000 0
0.600 3
0.618 4

0.003 0
0.0198
0.004 9
0.008 5

0.163 5
0.678 9
2.6321
0.1501

0.0179
0.002 3
0.007 5
0.000 0

T 0RR T F Ko

Note: oo represents infinity.
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HERPIE RGN ZHEL P RS, BEF 1
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VR I SR . A B AL Bl (SOD) Fl i 4R
W E B (CAT) =2 Wik N AZ O I PTG, — 2 1
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BRI P R LA AR AR A 4 R R HE S B E
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