Vol. 24 No. 3

101 HoE ' om  ilk
A Mar. 2 0 2 4

Journal of Chinese Institute of Food Science and Technology

ETEFRAZSMERERED PY01 5% B 7 S4B R Z 1§

kA, ARET, REF, AETA, AEE
CTFRRXFRERESHFFER T 315211
CWE R K F RS EATEEE LT 100083)

WE BN A A PYOl & % 35 A A2 b o B AL Wit 6 AL < BRGE B2 PYO1 Al 4 %2 (6 mmol/L H,0,)2 h &
AT R M S5 RA K 393 AN £ R A KB (DEGs); AT GO 245 KEGG § & 447, X % 09 DEGs %
5 T R (e BRI B S K Ao BRI E ) AR5 8 A it AR (B Bk ) S B L RAL MRS T B
B 1 i 3% 4 3% — 2R A ALEE 4o SOD2 SRX1 4 & i ROS; B4 18 38 313 38 3 4B B WA= TCA A5 = £ £ S 446 3 0L iE
B RAC A M A B0 R G AR DNA B EH 28 B TehiiE 5 wR o, & Ll T 5 — M 8 3R 8 48 X 69 o F 448 Fe
B G K MBS AU LB B PYOL 0 8 A AR a9 AR R — AN HJe 00 R AR AR A % LGB BEEF PYOL A3 R Ak B AL )
AT, AR B Y HAEAOEN RS REERO R ER AR AREEEL BT LA T AN A= ¢4 A%

MEEH LT Rk,
KA
NEHS

PR T R N R L0 R B R, TERRI A
sty 2 T P BRI T AT B80T A 1 Dy s A 1]
B BERERE AR SR N A 22 0 T R R GE it
Tobv B A REE D07 PR AR A e, AT T T 9 J8E A%
TP NS HE PO AR B2 R A
WK A D7 TS A AR B R
P T 2 M RS 7 i S5 ) S PR RO, BN
Sl Tl s TR BB PR PRGE S Y B R | R
PR 7 T R AR FSCAS 14 018 Jo T B of A )™ ]
SR T R R B SR R AR A B e R Wy e, BT
B 1R R T CRATS ) RO, ARAT AR R 850 g B9 7™ i ™
IR i i oA R g 22—,

R PR e T AV 288 e i A I — U
WZ RN el e, dEm SRS Y
MBS AE AL, e B R AR I B R IR R
XF B 8L 22 Ao A 4 B IRV B e A T 169700 R
M, BERFRETE AR KREUE R b 22 SR Z R
(14 B, [ S T i 22 A 30 6 4 9B W aE |
e LA pH ra A4 A 0 25 GX S il ia

1009-7848(2024)03-0027-09

WiE B
EgWA:

2023-03-28

T S TR H (20222176) 5 B K A K
Bh2E 5L 4w 1 H (31471709)

WAL, 35 m0 A

FJGF  E-mail: wzfwpf@163.com

F—1EE.
BIREE:

B E B4 PYO1 ; iﬁ#, ihﬂﬁﬂj}*ﬁ, kg s Bk
DOI: 10.16429/5.1009-7848.2024.03.003

PIZ i, A 38 A o 2 52 M) & 5 12 i die )™
A PR 221151 AR A 6 2 6 TR R 40 L PN 1) DNA
g J5T R, 1 0 45 24 3 R AR Ak — 3 T A
R E, B F LR A AR FEAUE BRACHT . I,
ROS 38 3xf 1= 4t DX 1) 1 A7 oA £ G B ity 2R 0% 1
el ok 2E B A5 o T 0 Dfe, 25 e R B
P2 T B SO 15181 o TR ) S A R A Tl
R B TRT A T A1 70 A 9 35 DL R TR R e 7 R R
W, TR BT 22 S0k ik 3e LA R B 5 5 R N
T G M SR T H A OC 8 BE B A7 Ak 1 3a
W SEAT SR B D B A e 3 o I B AR 1 2 L)
KL | S 2 AR AL 22 S 2 H R 1Y
PR R, i AT B RE TR A SR R AT T IR
AT i, A WIS R B 16 200 76 A B ) A 4R 4L
THZETFE, M40 TN A YsEc
1, 487 40 ML A2 ZURY S5 a3 A RO K R
A B B LA AR I,

A SC B I i 5 S 3 HT, Dk mRNA 7K
8 75 B B2 1 PYO1 (S. cerevisiae PYO1) [ 48 1k
36 10 25 HIL AR

1 MR 5RFE
1.1 B EFEMKH
FR 37 2 B PYOL (S. cerevisiae PYOL, & F



28 hoE B

M

2024 455 3 #

PYO1), T K58 A EOR 5250 %= 43 25 TR
S 114 SR 25 2 T FH R R

P BE 92 K3 R A5 6 B8 (yeast extract peptone
dextrose, YPD) 55 37 3 (g/L) « #5520, B BF = K
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data) , KM Hisat2 #8545 )5 15 20 0 15 Bt i D
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PEAT HE X, TH 5w B B A A L R Y reads™ SR FH &
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Ak PR 2 5 X6 R4 Y 22 5 3% 8 3 A (differentially
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mIIRE, 23 3 HH Goatools Fl KOBAS #£47 T GO
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mmol/L f H,0, Wil 7] §8 2175 5 40 i W 3458 | i A
S E UM IE T
22 MEFEHBEBRETESSH

S BESE PYO1 78 Ak 38 T 0% AH 5C 25 K 3R 3k
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Table 1 Primers list used in this study

HEZ] 551 (5 10 37)
ACT1-F AACCGCTGCTCAATCTTCTTC
ACTI-R GGACATCGACATCACACTTCAT
NQMI1-F AAGAAGGCTCTCCACATCATCA
NQM1-R ACAGGCTACTGCTTGCGTAA
HSP26-F AGTGTCGCAGTTCCAGTTGA
HSP26-R CTCTCCTTGACCTTGACCTTGT
AGX1-F TCAAGATAGGCGAATCAGTTCC
AGX1-R GAGCATACAGCATCGACTACG
GND2-F CTAATGTGGAGAGGTGGCTGTA
GND2-R GCTGGAGTTGGAATACCGTAAG
ALD3-F GCTACTGGCGAACCGATAAC
ALD3-R TGTGTCTTGCTCCTCCTCAAT
ZWF1-F GAGGCTTACGAGGTGTTGATAA
ZWF1-R GGACGCTCTATGTGCTTCAG
RAD51-F TTGGTGGCGGTGAAGGTAA
RADS51-R GCAGCAGCATCCAGAAGTC
VHT1-F CGCATCGCCTTGTCTATGG
VHTI-R GCTCACGGTGTAACCAGTCT

20

i [R]
Time/h

B 1 FERE HO, BT PYO! BAEKIKR
Fig.1 The growth status of PYOl under different

concentrations of H,0, stress
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AT 289 A BIRER (5 B2 ARG 7354%
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Table 2 Statistical table of transcriptional group sequencing data

# JR ¥ 7 T %77 T4 57 &t AR F % Q30/% GC Z/%
SPY-A1 113 950 658 109 300 628 95.92 0.0224 94.76 42.42
SPY-A2 71978 336 68 081 184 94.59 0.0215 95.87 42.24
SPY-A3 86 089 820 83 508 066 97.00 0.023 94.85 42.18
SPY-B1 67 744 852 63 773 434 94.14 0.0226 95.08 42.32
SPY-B2 71 461 966 67 777 936 94.84 0.0222 95.44 42.03
SPY-B3 70216 258 67 742 890 96.47 0.0223 95.43 42.17
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Fig.2 Scatter map of differential genes (a) and volcano plot of differential genes (b)
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(GO :0065007) Xt il #4195 Wz (GO :0050896) 45 5
4y I B8 (Molecular Function, MF)#& 10 4~ 3 iiE
WS, R O AL S P (GO :0003824) (45 &
(GO :0005488) . bt A fL 16 P (GO :0016209) 55 ; 4
fedd 53 (Cellular Component,CC) A 3 IIHEY
Ze, FETER AN N (GO:0005622 ) Fl 4 il fi &1
SR (GO:0110165), M ER 5] 1, PYO1 i A
AL A R — AR LA I T R AR
25 ZREFEN KEGG &A1

A=y A AN ) ) i R 3 3k A B 8 A ] &
AR, A T PYOL T 32 A 4L ia iy

FEANLE], FH KEGG B & %t 25 5 3 35 5L N ik
TaEEmtr (B 4), B 4 A b RoR & 4 5
KEGG i [ ity 25 5 3 A 8005 R 22 SR i L
{8, AR AR Fm % KEGG 18 A9 T g | 15 el /T
FEER LI AR 2= I, B A B 24K
FRARBIEW PAE, SXTIRAIA L, 4 B4 DEGs
P K 103 & W% & %M KEGG il i, FEHH
A iU (X PSRRI I UEUN SRS R Y SSUR l
ARG S FkA, KR FENEEERZ S
R ¢, I I 66 S50 E %, A8 17 2538 i
W M FE R A (k000270 , k000220, ko00250 45 ) |
12 55 B ¥ Kok K Ak & W A0 3 (ko00620,
ko00030,ko00010,ko00020 %5 ) .6 Z% i #% ¥ I fig
AR (ko00071,ko00600 %5 ) |5 4538 % ¥ K fE &
R (ko00190,ko00910 %) 55, LAk, Bk £ 1Y)
JUAS 9 v T 1) 3 1% 2 5 35t A% 17 B AH O 19 A2 B 1A
(ko03010) . P4 J5& X 1 1 2 11 53 i T- (ko04141) LA
J A A i 1 5 AR A Tl AR (ko04146) 55
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Fig.3 Bar chart of GO annotation of differentially

expressed genes
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Fig.4 Bubble diagram of KEGG enrichment analysis

of DEGs
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Fig.5 RT-qPCR validations of DEGs
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Jt 228 St B A A B IR ER A A 38 A S A
i AR A S 1 5L B g 1, iX 28 DEGs i@ i 14
1 G il 1 M R R e R AT o, I b2
M sam2 25 bt & 1R Fn B R A i, LA Dys T
Z 5 AR NG D leud 2 55 H
RAEY A NG R, LN gdh2 argd .argl 5K &
FR LW G il N & R KA AR A 2R, &
gdh2 Jifh A 2 IR B E i, K T NAD*(NAD-
GDH;GDH2), ‘& nlK 45 2 R nl i 1) 48 Ak B 22
o[ 1% R A2, Zhao SFUWIEY A B i B
— e S R R LA R R (G 22 R ARG
SAIR ) P LIAE i 210 0 1) S A B AR R G, 44 v G
BERYPTEARE T o DR I B D3 ok — S S R 1Y
TR 55 AR oA e 7 A2 Ak olr a0, L 4 4 0 B 1 O
Uise.

oK ALG A 5 2 B BAR DG, IR E
X 24 B A A RN TR AT — S S I O e R
HAL, Sk YA OG0 5L N 2 H
A Z 5 3L (adhS  hak ] B pyk2) , 5
5 TCA 1§ ¥ 1y (U sdh9,mdhl ,sdhl F
sdh2) . PR, ZETRIP IR PYO1 Hh | 3 ok 438 oi b 1%
fif F1 TCA 1§ 35 = 4= B Z ) ATP >k & # ROS
(H,0,) 75 FR ,DNA FlE A B &, S A0 05 26 1 oL
V1% o6 ik P 463 T8 15 - e im0, e Ah 5 IO B IR iR A2
AH Y 2 ] (zof1 TR gnd2 FN ngml 55 ) M 7E
PR IRE T U SO B R A A RN 6Tl 1 4
Ay S-WERR A EI B, [R1B Az B NADPH f) —F
AR AR . AERE R M B NADPH/
NADPXF 1R 2 i) A= 38 Dy G # A 1) — 2 i AE ),
55 200 B0 PN AR AL 3 T T | B A LR AT B Al
21 ffa JE 309 A0 NADPH J2 B 20 it 17 %o 4204k 17 38K
R Y BT, OBERERR R 2 BE 6% LI NADPH
(4T =X 200 i 48 3 D 1 £ 4 4R 2 6% 19 340 R 2
715 7E NADPH 8 M A i F2 b, GSSG B 45 e 1
JUCIA Ji il S A R UG, i R ik NADPH P A= 1) gk
B (zf 1 55 ) 0T LA $ v 1 B8 200 B 1) 4804k ol 31 T =2
AI~$|17,32—33|O

BEZ AN N E LS R, A B A S
IO PR 30 R AR R, ST IRAEAE [, 2
5 i 5 R M 1% 1 KL IR adhS potd , 25 H b AR AR
(0 FE R geyl 2 5 H w8 i A0 0 3 15 opi3 %

W L, Xia SR8 R BT BRI B EETE R
i 3E R H B R & A2 7E mRNA & s A AR
KPR A R AR ) — S AR, A
JIR B FIELBAE, 98 A Tk < e fe S5 M R 30 Aok 4 < A4 L
AR R P, R U 40 T 1) S A 4 s, O A e e 4
FEREREAAE | e o R B RE A A A7 T 75 1, 0
SETE WA IR T 5 A AR OC Y B W B
F LU AR ATP 5 B e BYFEH timl] |
i h A 24 TR I S B 5L N gdh2 fdhi VL K S iz
Pt — B (5 3R —c IR SR BRI rip 1 A X RN
3 o 9 B A A Dy R 1 B AR PR BT R Y AR
KA 285 1 fE &

PR PG PR 3 A A Ao e O A I AR A e
W e I — 26 5 353 A2 A5 5L LA B 40 i 3o 78 R DG 1y 2
PR TE A aE v B8 G5 BORE 1A R G 1 B [
(imgl \mrpll1 55) LA K5 45T W rp 2 50 T AH
KPR E I (ssal ssa2 ssad Fl hsp82 45)
%, XEHREANSEIE R T EE AL ST
YA ¢, HSP82 if A 58 BLAE F o ) T 20 3% S KA
% ,SSA4 5 SRP KB PEIL AL A AL i . 5y (A
Pr& A 5D, 5k S AR OC 1 BE R, 4 g f
I A T WD cord | SR AR W I AL T 1) 3
K it sod2 otk 3 R4 Ak 4 B AL G P K
A B TR A HL0,, SR BT AL SRS A
B A A SR K R a4, DT O 4 A
B A S LSS

AN P AL I T BERE R E T — 2 Bk
B TR (gged Jhmal) AR BT F23 (If1 pic2) Al
i B 5 B 38 (cox 17 \pic2 ) G JE IR, LATIT Y
WETRRB], SRS P F Bk S 7R Y A AL e
tORHEAERT, S AT UAE S 40 i ok A1k A 1B Ak i
(SOD1) Wy K, Ml BH IR A7 AE T & JB e 5
R S L L (R AL S SR O =R f 7/ S ERU RS
R AR S R U (ALD 4 i ) B8 KT 1)
FEP, AN ald2 ald3 AR E T 3 T B R
A BR IERE 20 AR B ROS AR IR T
MISR ARG, i HA e fe R AR AR g
AL FERIRAE ORI b e A ) — SR A AR AR TS 2,
AL 38 55 0 B R 1 AR Ak o i AR R G i R g
PR Z R BT, T A KR AR
WA T NAD(P) 1 il , BEAETE B N I 5 A0 U5 EE | DA
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14;[22,41]0

4 g

BRI B PYO1 78 A K Rk e o A8 rh A T ke
CAN RS B W A SE R L T BE R o D= R ) S E ]
FYMLH A w2 L, BRI R IO R PYOL
T — B WRE H0, =4 393 A4~ 25 S Rk 5
PRI, DT 52 i) 4 360 i 6 55 ik /K A A 0 AR08
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Oxidative Stress Response Mechanism in High Density Culture of Saccharomyces cerevisiae PY01

Based on Transcriptome Analysis

Shen Dongxu', Weng Peifang'”, Wu Zufang', Liu Yanan', Yan Guoliang
('College of Food and Pharmaceutical Sciences, Ningbo Unwersity, Ningbo 315211, Zhejiang
*College of Food Science and Nutritional Engineering, China Agriculture University, Beijing 100083)

Abstract To investigate the mechanism of oxidative stress response during high—density culture of Saccharomyces cere-
visiae PYO1, transcriptomic analysis was performed after 2 h of oxidative treatment (6 mmol/LL H,0,). The results showed
that 393 differentially expressed genes (DEGs) were identified, and based on GO annotation and KEGG enrichment anal-
ysis, the identified DEGs were involved in metabolic (e.g. amino acid metabolism, carbohydrate metabolism and energy
metabolism), genetic information and cellular processes (peroxisomes) and other pathways. Under oxidative stress, yeast
scavenges ROS by enhancing several antioxidant enzymes, including SOD2, SRX1 and so on, yeast also generates more
energy by enhancing glycolysis and the TCA cycle to adapt to oxidative stress, repair damaged proteins, and transport of
DNA or maintain metal ions. Meanwhile, molecular chaperones and proteases associated with general stress responses are
upregulated. It was shown that the response of Saccharomyces cerevisiae PY01 to oxidative stress is a complex, integrated
regulatory network. The discovery and understanding of the mechanism of Saccharomyces cerevisiae PYOl in response to
oxidative stress has laid the theoretical foundation for designing control strategies for efficient cultivation of yeast, improv-
ing the resistance of the strain, and promoting the use of active yeasts in the production of modern fermentation indus-
tries such as fruit wines and other biological products.
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