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Effect of serine and alanine on degeneration and rejuvenation of
Pleurotus pulmonarius spawn

YE Liyun', FENG Haiying’, WU Xiaoping

(1. College of Horticulture Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. College of Life
Science, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China)

Abstract: [Objective] This study aimed to investigate the effects of serine (Ser) and alanine (Ala) on strain
degeneration and rejuvenation in Pleurotus pulmonarius, providing theoretical insights for mitigating the
industrial bottleneck of strain stability and degeneration. [Method] Using the P. pulmonarius strain JX-2, a
degeneration model was established through 10 successive subcultures on potato dextrose agar (PDA) medium.
Comparative cultivation experiments were performed with Ser- or Ala-supplemented media. Mycelial growth
rate, biomass, and biochemical parameters (crude polysaccharides, total protein content) were systematically
quantified. Changes in superoxide anion production rate, hydrogen peroxide (H,0O,) content, and antioxidant
enzyme activities were analyzed. The rejuvenation efficacy of hyphal tip purification was evaluated across
different media (PDA, Ser-PDA, Ala-PDA). [Result] Continuous subculturing induced strain degeneration.

The 10th-generation strain exhibited a 15.45% reduction in growth rate and 28.67% biomass decrease compared
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to initial generations. Ser or Ala supplementation effectively delayed degeneration and maintained mycelial
vitality. Hyphal tip purification significantly reversed degenerative traits. In PDA medium, this method
increased biomass by 17.17%, elevated crude polysaccharides and total protein content by 30.66% and 30.50%,
respectively, and enhanced antioxidant capacity [peroxidase (POD) activity, +84.20%; superoxide dismutase
(SOD) activity, +20.07%]. Ser-PDA medium demonstrated superior rejuvenation effects, achieving 57.77%
biomass increase and 63.70% SOD activity enhancement. Ala-PDA medium specifically boosted total protein
content by 32.01%. [Conclusion] Subculturing frequency critically drives P. pulmonarius strain degeneration.
Media supplementation with 2 g-L™" Ser or Ala substantially mitigates this process. Hyphal tip purification
synergized with amino acid-enriched media achieves targeted rejuvenation efficiency: Ser-PDA preferentially
enhances antioxidant defenses, while Ala-PDA specifically promotes protein biosynthesis. [Ch, 5 fig. 33 ref.]

Key words: subculturing; hyphal tip purification; nutritional components; reactive oxygen species (ROS);

antioxidant enzymes

75248 Pleurotus pulmonarius %2 J M H-, X4 /N V45 . wh2as . WiFas, REH-FET
Basidiomycota <P V. 44 Agaricomycetidae <> H Agaricales | H-F} Pleurotaceae | H-J& Pleurotus. 7521
B ANELR N EERR . A, 20, METREZHEREEY Y, BA R Hiigt
PrAEALW . FRMBEIMARS SE0h . A6 T ARIERT, Z2RY KRS FEF MR, B30k
P A, B A YRR A TR KR TR, C kA BILINTER, D&t B 5 A fedk
AT, E RIS AR AR AR AR S R S A O,

ARSI MR EN AN EGY, S 50URYIETA . 53 E AR BE & T 55 A= i
el e, ZIEMATE A A R E RN AR, WalfE R DiRe Y Bl LA aris shP. B
USRI FEREIRIE PN — R MR A R R, REMS IR LR K 2R B iR AL . FLEE
AU i ANBIR N2 B R, A SR T K Volvariella volvacea (B AL BRI TH 22 851 . H fEsfes 4020 i
TN & R (Ala), KA T Mz (Asn) Fl 22 5 2 (Ser) 55 0 & 5L 2 1% 32 3k, W A 20 A2 3 5 4% Lentinus
edodes 224 SR, G HERRAE F5 20 B AL AN S Ho b A/ R DUAH DCHR I8 o 2 T 2 SR AE A W A
SyuitE i A EEAE A, SN IR LR T A8 T DASESE B AR AL sl s R ROR . Ao b
AR E IR SRR AR G R bR, R AR F s A e, B A TR AR
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1.1

75 08 IR IX-2 AR SRR 24 T o8 o 44t o IX-2 TRIBRTE 90 mm P-4l | 25 C 557, itk
Jei B AT 90 mm TARHEATES 2 AAHE SR, DAL HE, HERiSE 1048, AR IX-2 55 10 fR R BE (1X-2-
10th), 7E W65 T PRIBGR AL PR TX-2-10th T8 22500 2T R 3E S kb, 7331 1X-2 55 10 ARSDH TR (0X-2-
10th-TP).

12 BEHEE

XF BRAL Ry Th S A A IR 5 95 3L (PDA, k), AbFRAIETFRILN Ser-PDA. Ala-PDA, ZHPRK
AW, Ser 5 Ala IR 2g- L7,

1.3 Ha4EKEESEWMENE

PR 22 15 R B I 5 228 e W AU 10k o RS RN B RS AL S B ELAR 8 mm FTHLARITAL, #Efh 2
90 mm “F-Hi, 7EREEET 25 C IR VA TEA, [RIBIC SRR 22 09 W & i 1R) , 38 o - R 2 I £ 7
AR, FHATSLAREL 8 N B 8 mm WHUE A =M, MAREIR, 25 °C. 120 r-min' 3558 7 d,
PR R A, FUEAUR TR 22 ERKSr, BT TAUARR 60 CHET 2d, SRR AET R, W
KA HE
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B 1 Ser Ala 5 FH 3 %AERHLAKRE L AT P
Figure | Effects of Ser and Ala on mycelial growth rate and biomass of P. pulmonarius during subculturmg

2.2 Ser.Ala XtRuhgil S EHRE £ £ KA

X} IX-2-10th #4740 4l Ak 345 52 H bk IX-2-10th-TP., H1I&] 2 A H1. 7E PDA 35333 (ck) rhafifb i
WR T 22 R A K 3 R i RS T 6.12% . 17.17%; {E Ser+PDA R 57 Kerb i 22 /L Wi B ol Ak R 42 75
T 57.77% (P<0.01); 7F Ala-PDA K5 3% 3 v 4l fb P Mk P 22 28 Kl B8 2 A W B 45 JX-2-10th ¥ g 25 4
(P<0.05), 73513 E T 10.98% . 63.26%. 7E Ser-PDA Fll Ala-PDA }iFe 5, 1822148 K 435l 2 ck Ay
118, 1.23 f%, AEWERE ck 19 1.69, 1.57 fif. Hutnl UL, JRunalifbpens i — g LIk R R IL k2
AR EMA YR, W0 Ser 8 Ala Y35 FE MG HCRIE T ck, HAE Ala-PDA $55 5 PR B AE
23 SerAla NFEHEEHFAKELEEZERTH SN

W 3 FrR: 76 PDA 55373 (ck) W, &S B AR TX-2-10th-TP B 224 22 b8 i 1 40 %5 b 50 H A 7 Ak
JX-2-10th $25 30.66% (P<<0.05); 7£ Ser+PDA E53E3Lr, TX-2-10th-TP 18 22 B kL 2 0 o i 70 B0 2oH
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Figure 2 Effects of Ser or Ala on growth rate and biomass of mycelia after tip-purified
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B3 Ser 3 Ala R bl 240 2 B R H5H. BERARMTREG YA
Figure 3 Effects of Ser or Ala on crude polysaccharide and total protein contents of mycelia after tip-purified

WA 3 frzR . JX-2-10th-TP 78 PDA 557 M0 Pa 22 S B 1 i i ok B 2 JX-2-10th /9 1.31 1% (P<<0.05); #£
Ala-PDA ¥5 355, JX-2-10th-TP Fi4 5 28 1 5 5 Uk J 2 0H BT 1.32 4% (P<<0.05). Ser-PDA 1533 krh
JX-2-10th-TP 2K B i IR B WA T Al b M s ik, (ER IR B Ko UiiAR 4L mT MK H iR (L 52
T R B F BRI Ala JE2iAb ORI
2.4 Ser.Ala WHFEBHFEE R EKEESR (ROS) B9

WK 4 7R . 16 PDA B 353E (ck) /Y, TX-2-10th-TP B 2Z (B S I 8 172 A R PR T 9.90%, W%
IR T 24T (P<<0.05). TR £2 11 HyO, T i BE R ¥ B 4 JX-2-10th F#{IK T 6.51%; 7E Ser-PDA 5{ Ala-PDA
R FRFEH IX-2-10th-TP B 22 (18 480 9 2 777 A R 1X-2-10th 418 E FEAIK (P<<0.05), 43 HIFEAIK 18.26% .
15.80%. H,O, JFi &t FE JR Mk E A% TX-2-10th 43 HIREAIG 7.56% . 14.89%. i 4l b AENS A Sk 5B 1L 5
Bk m R E P TR H,0, LR, H Ser. Ala ZbFRERURT4E.,
2.5 Ser.Ala X FBRHFEEHEKRA SN BTN

WiE s frs: POD il st AL AL P it S Ak Ak AR S AR SR N, 1E BRI N H,0,. JX-2-10th-TP 7
PDA (ck). Ser-PDA Fil Ala-PDA H 535 1 22 1Y POD 3 PE 3 B 345 /5 (P<<0.05), 439 He 4l AL iiE &
84.20% . 78.09% . 29.41%. SOD = ELif ixf b S B B 7 & A Ak S g, I PR ALAAR Py B 3R 1% e 4201
F. JX-2-10th-TP 7 ck AYTE 22 SOD I 148 JX-2-10th #2755 T 20.07%, {E PDA+Ser F1 PDA+Ala 1557 3k
H1, JX-2-10th-TP () SOD i P44 i F # 5 (P<0.05), 430l E T 63.70% . 15.41%. CAT J& £ Z &ML
NI B E RS, I R S AR . TX-2-10th-TP 7F ck IR IR 22110 CAT i PEEE 1X-2-10th A5
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Figure 4 Effects of Ser or Ala on superoxide anion generation rate and hydrogen peroxide content of mycelia after tip-purified
fiF 4% %5 3 7E Ser-PDA 85 3% 2 rp | JX-2-10th-TP (1) SOD i ¥ & 2 2 5 (P<<0.05), & JX-2-10th 42
34.56%; TMi{E Ala-PDA $535 e, JX-2-10th-TP ) SOD & 4L JX-2-10th 425 T 12.56%, {HAIA B #E 2%
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B 5 Ser 3% Ala 3+ 5% ShAL T L3 BB E 6 %R

Figure 5 Effocts of Ser or Ala on antioxidant enzyme activity of mycelia after tip-purified
TN

B FP R AR KRR Fyee T BB A . 78 1) aRasnt, BIbRFh R m LM, Ak
HORFEAL . PO R R R MR ERFHEE, PEEMEHE AR ARER:
BIE AR IX-2 S R, BB, Wt KEERE, IFHESARERSREEE
AR AL, BRI T B T, Bl R SRR T SN AR, R A — e R | SR
RS R E BRIk . VB R R, FERSSE R RIS B IR — S . 4K B(VB). i
TR A5 IR 5 ] A SR il K E Auricularia auricula TH22 5 0ING s TEED R HAMRIR NGRS
AR AR B AR T R R A B 22 A KR ROS T BRAE 75 Ik JLLT 4509 8. AN 22 2R v R iR Ak
RIS R RE ST, IR S A KR S B IR & . ASHIF S 38 2o iy 300 0 52 6 e % o 3B Ak 5 B8 0 v vk A
MR S R B B 1Y Ser. Ala VEMANBEIRINYII, KIMZWREICR B LR IEA Frgft, mWet
K BE . AR IR B R e, H Ser MR EACRTE NI, UFHA Ser. Ala BY¥S N AT AAELE 7522 45 R
A MR AR Ak . I AMBL & IR ALK RS AT AR AR AL 5 2 0 TR R 1 AR A A, HL AR RS R IR
Ser. Ala J& 7520k 0 H: B AR 1) A K TR S A W i (R B2 AR B A, Al Ak R B

THET A FEENERY R, WARMAE—ERE RmHERy RS, 2. EHEFE
T EEUE SRSy, I o LR WIS P AR 5 T AR AP RO £ FH B B 22 AR R R A ]
H5RKEE, AREEEAELE - EE S L0 es D ReT, AR . Rmaifb e E F 2 uk
PR AR IR M S R Y, FL7E Ser-PDA R5 3R 5k, JRum4lifb b 22 ) KL 2 i S AR B . Ser AT Wb
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HRREFT LML, LA R R BT A T2, [RINE,  Ala AR AE 0 Rl A ) P2 4 v Sk R 1 Rt
PR AL AE A I S

ROS HEFUR 18 o FP R AL SC N 2R 2 —, B PP R AL FREERG N, ROS ZERR N R T, Xt
PR A PR, B AN R AEIR AL, (ERMEIRER . LD BB 2R E R, mAhZ R4kt
BRI Eepifk b ROS BUER, i il a5 2 PR AR IR AL L R 2 — . PR LR ROS TEFR R G MY &
B4y, 4 ROS A TR SH A AT, P LBEG R &, PR RN LRI ROS, [FIFH#EfLA B
Yo i, BRARMLIR Z 20 S L 31050 ARBFFE A . Rimaifh)a, #3038 & WAk SOD, POD Al
CAT i&PE, ROS %Wl FRE; HTE Ser-PDA i S alifb U R B N BI . Ser Al Ala H S HA —EM
AL, BT L) B 02 5 40 o A S AR SRS N o Ser B FRFE TN Ala (S LS AT L
ROS % H LA, 5 HEE L AR e A, DO 2 B A I oo 4 M e B 5 0 TRIERE, 2 ATTA
ARGt T 82 5 B AN BT A LB I 4 i, TR S P AR B R TG PR . T, 2 R
SR A mAE SR LA, 25 ROS VEBR RAMIEBRECE, 4ERpAN ROS 4 FAUKF- . sh&F
HRRAS

4 #Eip

ABFIEUE LTS 2 RIS TR S5 R F R F R, Bk IX-2 a4k 57 255 10 AT,
SRMCTEMA L, HH 224 K B2 R 15.45%, YK 28.67%., Ser. Ala figff— & T4 4 5%
FFRAL, TEASIN 2 g+ L' Ser 8¢ Ala A3 FRIE P AR CIE IR AR, A LLTXIIR, B 22 2 R B 43 il 4 v
7.14%. 4.76%, "W 37.50% ., 22.50%. BLAb, ASHIFFTUE 5L b 4l A e 6% VK 2 AR b TR ik A LR
br. 7E PDA iR rh it Rumaifb)s , WA T 17.17%, MW S 1 55 51350 30.66% .
30.50%, PiAALFE bR R B E s, Hb POD i PE 1R 5 84.20%, SOD & Tt 20.07%. 7E Ser-
PDA s, BB E AR, AW ERTHIREE &Ik 57.77%, SOD i&HiEE 63.70%; IMifE Ala-
PDA 5, BN 32.01%.

5 5F Xk

[1] WANG Qiao, MENG Li, WANG Xiangfeng, et al. The yield, nutritional value, umami components and mineral contents of
the first-flush and second-flush Pleurotus pulmonarius mushrooms grown on three forestry wastes[J]. Food Chemistry,
2022, 397: 133714. DOI: 10.1016/j.foodchem.2022.133714.

[2] SHARIKA R, MONGKOLPOBSIN K, RANGSINTH P, et al. Experimental models in unraveling the biological
mechanisms of mushroom-derived bioactives against aging- and lifestyle-related diseases: a review[J]. Nutrients, 2024,
16(16): 2682. DOI: 10.3390/nul6162682.

[3] CHEN Jing, PENG Yong, ZHUANG Bingbo, et al. Pleurotus pulmonarius polysaccharides inhibit glioma growth through
the Hippo signaling pathway and regulate the structure of gut microbiota[J]. Food Bioscience, 2024, 59: 104214. DOI:
10.1016/.fbi0.2024.104214.

[4] AKYUZ M, INCI S, KIRBAG S. Evaluation of antimicrobial, antioxidant, cytotoxic and DNA protective effects of oyster
mushroom: Pleurotus pulmonarius (Fr.) Quel.[J]. Arabian Journal for Science and Engineering, 2023, 48(6): 7273-7283.
DOI: 10.1007/s13369-022-07418-9.

[5] SUN Yujun, HE Huaqgi, WANG Qian, et al. A review of development and utilization for edible fungal polysaccharides:
extraction, chemical characteristics, and bioactivities [J]. Polymers, 2022, 14(20): 4454. DOI: 10.3390/polym 14204454,


https://doi.org/10.1016/j.foodchem.2022.133714
https://doi.org/10.3390/nu16162682
https://doi.org/10.1016/j.fbio.2024.104214
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.1007/s13369-022-07418-9
https://doi.org/10.3390/polym14204454

542 WroIL R R K A R 2026 4E 6 F 20 H

(6] E X5, FLFEIE, 58K, 55, B4 2100 s AR AQ s A R A0S AR SCBEE 1 52 (1], £ 5 5 B2 Tl 2021, 47(8):
1-5. WANG Qiaoli, KONG Zixuan, TAN Qiangfei, et al. Effects of strain degradation on the activities of related enzymes
in tissue separation and subculture of Volvariella volvacealJ]. Food and Fermentation Industries, 2021, 47(8): 1-5. DOL:
10.13995/j.cnki.11-1802/ts.025758.

(7] 3KFF, ARBKEE, B, . J5AE BUARTE A BOR B0 4 5 8 iR AL TR MR B 5T (7). il 24 4f, 2023, 39(3): 10-16.
ZHANG Dan, ZHU Qiujin, TAN Qi, ef al. Study on rejuvenating degenerated strain of Flammulina filiformis by protoplast
regeneration technology [J]. Acta Agriculturae Shanghai, 2023, 39(3): 10—16. DOI: 10.15955/j.issn1000-3924.2023.03.02.

(8] HEE, A, TP JA BUAC AR 15 S0 75 22 4l AR W0 48 (7], £ T, 2021, 43(2): 21-23, 26. CUI Xiao, CONG
Qiangian, WANG Qingwu. Preliminary study on rejuvenation of Pleurotus vulgaris strain by protoplast regeneration[J].
Edible Fungi, 2021, 43(2): 21-23, 26. DOIL: 10.3969/j.issn.1000-8357.2021.02.007.

[9] SZABADOS L, SAVOURE A. Proline: a multifunctional amino acid [J]. Trends in Plant Science, 2010, 15(2): 89—97. DOL:
10.1016/j.tplants.2009.11.009.

(10] Hhonff, Eo%, moi, . SMIRE SRR A A I 2 sl 9105 2R EC R AL BB SE (1], A" 2%, 2017, 34(2): 108-111.
MA Yuanwei, WANG Rong, GAO Qiang, et al. Rejuvenation and preventing degradation of filamentous fungi by adding
exogenous amino acids[J]. Journal of Biology, 2017, 34(2): 108—111. DOI: 10.3969/j.issn.2095-1736.2017.02.108.

(117 fUAESIE, XA, e T, 4%, IR GURE M 0] B g 1B 1h T b A p 52 [0 8 5 2 9 Tk, 2021, 47(20): 30-36.
KONG Zixuan, WANG Qiaoli, CHENG Zhihong, et al. Effect of exogenous amino acids on the rejuvenation of degraded
strains of Volvariella volvacealJ]. Food and Fermentation Industries, 2021, 47(20): 30-36. DOI: 10.13995/j.cnki.11-1802/
ts.026788.

(12] Hlhsles, QY WM ae, 2. 7 i 52 W0 28 SRR 4 % S0 Al B HNS 7 208 T 22 A A AR B S ) (0] R 2y 4, 2022,
49(2): 545-555. CHANG Tingting, ZHAO Yan, YANG Huanling, et al. Optimization of compound amino acid medium for
Lentinula edodes and the effect on mycelial growth and physiology [J]. Microbiology China, 2022, 49(2): 545-555. DOI:
10.13344/j.microbiol.china.210779.

(13] BRI 22, da e e, P, 55, /AN ] b 2 Uk I 0 g He T 22 (R A 1 A R 38 3 B2 (0], B Bk, 2012, 33(23):
236—239. CHEN Changlan, MENG Chengcheng, TONG Li, et al. Effects of different kinds of amino acids on mycelial
growth and cordycepin content in Cordyceps militaris[J]. Food Science, 2012, 33(23): 236-239.

(14] 2220, R, XU/NER, 45 B AR AR 75 v R Rl R AT 7 SEHE 35 10 52 e (0], 9241, 2020, 39(2): 390-397.
AN Xueming, CHEN Chao, LIU Xiaoxia, et al. Effects of degeneration of cultivated strains on fruiting body nutrients of
Volvariella volvacea during subculture [J]. Mycosystema, 2020, 39(2): 390—-397. DOIL: 10.13346/j.mycosystema.190298.

(15 WhiH 2=, AR, XA, 55, 5585 T FUKAG IR S 5 % 2 20 =i 15 i (0] R4k, 2017, 36(2): 220-228. YE Liyun,
LIN Qiang, LIU Mei, et al. The synthesis of polysaccharides and triterpenoids of Ganoderma lingzhi induced by calcium ion
and salicylic acid[J]. Mycosystema, 2017, 36(2): 220—228. DOI: 10.13346/j.mycosystema.160022.

[16] 5K)II, E SR, 5158, 5. MEER5 5 2ERF MR Lk B i e P RS 2 SRR R ], et R4y,
2016, 39(4): 534-542. ZHANG Chuan, WANG Yachen, CUI Shouyao, et al. The relationship between fruit tissue
senescence and fruit cracking in cracking-resistant and susceptible tomato during fruit ripening[J]. Journal of Nanjing
Agricultural University, 2016, 39(4): 534—542. DOI: 10.7685/jnau.201601035.

(170 XK, 5L 2%, S 45 B, A5 1 R 10 B8 AR XA B ot A it 7200 1) 48 72 22 S UL AF 5 (0. B A, 2024, 49(9): 19-26.
LIU Xingian, NI Yan, WU lJieyi, ef al. Difference mechanism of postharvest browning between Macrocybe gigantea and
Agaricus bisporus[J]. Food Science and Technology, 2024, 49(9): 19-26. DOI: 10.13684/j.cnki.spkj.2024.09.010.

(18] EA, Faty, XIE, 55, 5T 2% 24 P2 PR ST R 8 A9 P A 4 (0] it B, 2025, 46(2): 126-137. WANG Jie,
WANG Jinmei, LIU Hui, et al. Exploring the hepatoprotective effect of Agaricus bisporus based on network pharmacology
[J]. Food Science, 2025, 46(2): 126—137. DOI: 10.7506/spkx1002-6630-20240614-096.

(19] ARPEAE, AR, SEFTT, 45, OB [l G BT 11 R 2l 9 PR R (], AU b RHEE, 2024, 40(4): 133-141. ZOU
Youhua, ZHAI Mengjie, LIAN Lingdan, et al. Comparison of the preservation effects of different packaging films on white
mushroom[J]. Modern Food Science and Technology, 2024, 40(4): 133—141. DOI: 10.13982/j.mfst.1673-9078.2024.4.0495.

[20] HEF, BhiE, EACT, 5. 4 5o 1B 10 i 22 (4 4= 3R A (LR AE [T]. S 92438 41z, 2021, 48(10): 3603-3611. TIAN Tian,

YAO Lan, FAN Dongyu, et al. Physiological and biochemical characteristics of degenerate mycelium of Flammulina


https://doi.org/10.13995/j.cnki.11-1802/ts.025758
https://doi.org/10.13995/j.cnki.11-1802/ts.025758
https://doi.org/10.13995/j.cnki.11-1802/ts.025758
https://doi.org/10.13995/j.cnki.11-1802/ts.025758
https://doi.org/10.13995/j.cnki.11-1802/ts.025758
https://doi.org/10.15955/j.issn1000-3924.2023.03.02
https://doi.org/10.15955/j.issn1000-3924.2023.03.02
https://doi.org/10.15955/j.issn1000-3924.2023.03.02
https://doi.org/10.15955/j.issn1000-3924.2023.03.02
https://doi.org/10.15955/j.issn1000-3924.2023.03.02
https://doi.org/10.3969/j.issn.1000-8357.2021.02.007
https://doi.org/10.3969/j.issn.1000-8357.2021.02.007
https://doi.org/10.3969/j.issn.1000-8357.2021.02.007
https://doi.org/10.3969/j.issn.1000-8357.2021.02.007
https://doi.org/10.3969/j.issn.1000-8357.2021.02.007
https://doi.org/10.1016/j.tplants.2009.11.009
https://doi.org/10.1016/j.tplants.2009.11.009
https://doi.org/10.3969/j.issn.2095-1736.2017.02.108
https://doi.org/10.3969/j.issn.2095-1736.2017.02.108
https://doi.org/10.3969/j.issn.2095-1736.2017.02.108
https://doi.org/10.3969/j.issn.2095-1736.2017.02.108
https://doi.org/10.3969/j.issn.2095-1736.2017.02.108
https://doi.org/10.13995/j.cnki.11-1802/ts.026788
https://doi.org/10.13995/j.cnki.11-1802/ts.026788
https://doi.org/10.13995/j.cnki.11-1802/ts.026788
https://doi.org/10.13995/j.cnki.11-1802/ts.026788
https://doi.org/10.13995/j.cnki.11-1802/ts.026788
https://doi.org/10.13995/j.cnki.11-1802/ts.026788
https://doi.org/10.13344/j.microbiol.china.210779
https://doi.org/10.13344/j.microbiol.china.210779
https://doi.org/10.13344/j.microbiol.china.210779
https://doi.org/10.13346/j.mycosystema.190298
https://doi.org/10.13346/j.mycosystema.190298
https://doi.org/10.13346/j.mycosystema.190298
https://doi.org/10.13346/j.mycosystema.160022
https://doi.org/10.13346/j.mycosystema.160022
https://doi.org/10.13346/j.mycosystema.160022
https://doi.org/10.7685/jnau.201601035
https://doi.org/10.7685/jnau.201601035
https://doi.org/10.7685/jnau.201601035
https://doi.org/10.7685/jnau.201601035
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.7506/spkx1002-6630-20240614-096
https://doi.org/10.13982/j.mfst.1673-9078.2024.4.0495
https://doi.org/10.13982/j.mfst.1673-9078.2024.4.0495
https://doi.org/10.13982/j.mfst.1673-9078.2024.4.0495
https://doi.org/10.13982/j.mfst.1673-9078.2024.4.0495
https://doi.org/10.13982/j.mfst.1673-9078.2024.4.0495
https://doi.org/10.13344/j.microbiol.china.201166

55 43 B4 3 4] MRl ZE MRS NARRN 75 2k B AR A 5 2 m 543

»

Sfiliformis[J]. Microbiology China, 2021, 48(10): 3603—3611. DOI: 10.13344/j.microbiol.china.201166.

[21] WANG Xin, LI Xiu’e, QIU Wenxu, et al. Effects of mating-type ratio imbalance on the degeneration of Cordyceps militaris
subculture and preventative measures [J]. Peer.J, 2024, 12: ¢17648. DOI: 10.7717/peerj.17648.

[22] VMBS, BEIB L, ARV, 25 VR 000k ARHE A B Al 22 AL i B2 (0] AR B ARl =72 412, 2019, 50(9): 19-27. XU
Xiuhong, SHENG Siyuan, ZHU Haifeng, et al. Effect of additives on aging of liquid spawn of Auricularia auriculalJ].
Journal of Northeast Agricultural University, 2019, 50(9): 19-27. DOI: 10.3969/].issn.1005-9369.2019.09.003.

(23] E &, KILLL, PN, 55 5 Bl 5T 0 28 00 B0 i 1 22 A5 ARG M 4800 R BE 0 2 i) L0 SR W2 41, 2023, 50(9):
4010—4020. WANG lJing, ZHANG Fanhong, SUN Wanbhe, et al. Effects of five mineral elements on mycelial growth and
active oxygen scavenging ability of Volvariella volvacea[J]. Microbiology China, 2023, 50(9): 4010-4020. DOI: 10.13344/
j-microbiol.china.221249.

[24] Sk JLLT, &, P07 6, 55, SNR L Z TR FE IR A T R A = MR AN SR g [T, &5 5 2 B Tk, 2023, 49(22):
71-77. ZHANG Fanhong, WANG Jing, SUN Wanhe, et al. Effect of exogenous serine on the productive traits and
nutritional composition of degenerated strains of Volvariella volvacealJ]. Food and Fermentation Industries, 2023, 49(22):
71-=77. DOIL: 10.13995/j.cnki.11-1802/t5.034763.

[25] CHEN Xiao, ZHANG Zheng, LIU Xiaoxia, et al. Characteristics analysis reveals the progress of Volvariella volvacea
mycelium subculture degeneration [J]. Frontiers in Microbiology, 2019, 10: 2045. DOI: 10.3389/fimicb.2019.02045.

[26] SONG Xinling, LIU Zhonghai, ZHANG Jianjun, et al. Antioxidative and hepatoprotective effects of enzymatic and acidic-
hydrolysis of Pleurotus geesteranus mycelium polysaccharides on alcoholic liver diseases[J]. Carbohydrate Polymers,
2018, 201: 75-86. DOLI: 10.1016/j.carbpol.2018.08.058.

(27] FML, VUL, BT, 5. B R R 22 PR 5 3R it BB AR PR R B LT (0] et 22 A St 27 412, 2023, 14(12):
80—90. WANG Jian, JIANG Quanjin, HUANG Zhenyu, et al. Nutritional quality of mycelium of edible mushrooms and its
application in meat products [J]. Journal of Food Safety & Quality, 2023, 14(12): 80—90. DOI: 10.19812/;.cnki.jfsq11-5956/
t$.2023.12.008.

[28] LUO Li, WU Xingyun, FAN Jiawu, et al. FBXO7 ubiquitinates PRMT1 to suppress serine synthesis and tumor growth in
hepatocellular carcinomalJ]. Nature Communications, 2024, 15: 4790. DOI: 10.1038/s41467-024-49087-2.

[29] LI Lin, PISCHETSRIEDER M, ST LEGER R J, et al. Associated links among mtDNA glycation, oxidative stress and colony
sectorization in Metarhizium anisopliaelJ]. Fungal Genetics and Biology, 2008, 45(9): 1300—1306. DOI: 10.1016/j.fgb.
2008.06.003.

[30] BRICR, BRATH, XURGES, 45 Ik Sl il xof XA 4 46 742 5 P08 A RE 1 12 mi) (1], ol TRE“#41, 2021, 37(17): 258-265.
CHEN Dailiang, CHEN Hangjun, LIU Ruiling, et al. Effects of vibration stress on the browning and antioxidant capacity of
Agaricus bisporus[J]. Transactions of the Chinese Society of Agricultural Engineering, 2021, 37(17): 258-265. DOI: 10.
11975/.issn.1002-6819.2021.17.030.

[31] CHEN H Y, JANG S, JINN T R, et al. Oxygen radical-mediated oxidation reactions of an alanine peptide motif-density
functional theory and transition state theory study [J]. Chemistry Central Journal, 2012, 6(1): 33. DOI: 10.1186/1752-153X-
6-33.

[32] DIEHL F F, LEWIS C A, FISKE B P, ef al. Cellular redox state constrains serine synthesis and nucleotide production to
impact cell proliferation [J]. Nature Metabolism, 2019, 1(9): 861-867. DOIL: 10.1038/542255-019-0108-x.

[33] WANG Kui, LUO Li, FU Shuyue, ef al. PHGDH arginine methylation by PRMT1 promotes serine synthesis and represents
a therapeutic vulnerability in hepatocellular carcinoma[J]. Nature Communications, 2023, 14: 1011. DOI: 10.1038/s41467-
023-36708-5.


https://doi.org/10.13344/j.microbiol.china.201166
https://doi.org/10.13344/j.microbiol.china.201166
https://doi.org/10.7717/peerj.17648
https://doi.org/10.3969/j.issn.1005-9369.2019.09.003
https://doi.org/10.3969/j.issn.1005-9369.2019.09.003
https://doi.org/10.3969/j.issn.1005-9369.2019.09.003
https://doi.org/10.3969/j.issn.1005-9369.2019.09.003
https://doi.org/10.3969/j.issn.1005-9369.2019.09.003
https://doi.org/10.13344/j.microbiol.china.221249
https://doi.org/10.13344/j.microbiol.china.221249
https://doi.org/10.13344/j.microbiol.china.221249
https://doi.org/10.13344/j.microbiol.china.221249
https://doi.org/10.13995/j.cnki.11-1802/ts.034763
https://doi.org/10.13995/j.cnki.11-1802/ts.034763
https://doi.org/10.13995/j.cnki.11-1802/ts.034763
https://doi.org/10.13995/j.cnki.11-1802/ts.034763
https://doi.org/10.13995/j.cnki.11-1802/ts.034763
https://doi.org/10.3389/fmicb.2019.02045
https://doi.org/10.1016/j.carbpol.2018.08.058
https://doi.org/10.1016/j.carbpol.2018.08.058
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.12.008
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.12.008
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.12.008
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.12.008
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.12.008
https://doi.org/10.19812/j.cnki.jfsq11-5956/ts.2023.12.008
https://doi.org/10.1038/s41467-024-49087-2
https://doi.org/10.1038/s41467-024-49087-2
https://doi.org/10.1038/s41467-024-49087-2
https://doi.org/10.1038/s41467-024-49087-2
https://doi.org/10.1038/s41467-024-49087-2
https://doi.org/10.1038/s41467-024-49087-2
https://doi.org/10.1038/s41467-024-49087-2
https://doi.org/10.1016/j.fgb.2008.06.003
https://doi.org/10.1016/j.fgb.2008.06.003
https://doi.org/10.1016/j.fgb.2008.06.003
https://doi.org/10.11975/j.issn.1002-6819.2021.17.030
https://doi.org/10.11975/j.issn.1002-6819.2021.17.030
https://doi.org/10.11975/j.issn.1002-6819.2021.17.030
https://doi.org/10.11975/j.issn.1002-6819.2021.17.030
https://doi.org/10.11975/j.issn.1002-6819.2021.17.030
https://doi.org/10.11975/j.issn.1002-6819.2021.17.030
https://doi.org/10.1186/1752-153X-6-33
https://doi.org/10.1186/1752-153X-6-33
https://doi.org/10.1186/1752-153X-6-33
https://doi.org/10.1186/1752-153X-6-33
https://doi.org/10.1186/1752-153X-6-33
https://doi.org/10.1186/1752-153X-6-33
https://doi.org/10.1186/1752-153X-6-33
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s42255-019-0108-x
https://doi.org/10.1038/s41467-023-36708-5
https://doi.org/10.1038/s41467-023-36708-5
https://doi.org/10.1038/s41467-023-36708-5
https://doi.org/10.1038/s41467-023-36708-5
https://doi.org/10.1038/s41467-023-36708-5
https://doi.org/10.1038/s41467-023-36708-5
https://doi.org/10.1038/s41467-023-36708-5

	1 材料与方法
	1.1 菌株
	1.2 培养基
	1.3 菌丝生长速度与生物量测定
	1.4 菌丝主要营养成分测定
	1.5 氧化应激指标测定
	1.6 数据处理

	2 结果与分析
	2.1 Ser、Ala对秀珍菇继代培养菌丝退化的影响
	2.2 Ser、Ala对尖端纯化复壮菌株菌丝生长的影响
	2.3 Ser、Ala对秀珍菇复壮菌株菌丝主要营养成分的影响
	2.4 Ser、Ala对秀珍菇复壮菌株活性氧(ROS)的影响
	2.5 Ser、Ala对秀珍菇复壮菌株抗氧化酶活性的影响

	3 讨论
	4 结论
	参考文献

