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Abstract: Objective: This study focused on the Lactiplantibacillus plantarum WCFSI1 strain to investigate the
structure—function relationship of its exopolysaccharide (EPS) biosynthesis gene clusters (cps), thereby laying the

foundation for further research into strain-specific characteristics of lactic acid bacteria EPS. Methods: Mutant strains
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WCFS1AcpsI-3 and WCFS1Acps4 were constructed using Cre-loxP homologous recombination and CRISPR/Cas9
techniques. The growth characteristics, EPS yield, and monosaccharide composition of the mutant strains were analyzed
using the wild-type strain as a control. Transcriptomic analysis was performed to examine the functional roles of
differentially expressed genes in the WCFS1Acpsi-3 mutant under three distinct culture conditions. Results: The
WCFS1Acps4 mutant exhibited a greater reduction in EPS yield, dropping to 62.2% of the wild-type level. This was
accompanied by slow growth, with the time to reach the stationary phase delayed from 12 h to 32 h. However, biomass
remained unaffected. The monosaccharide composition of EPS showed significant changes in the WCFS1AcpsI-3 mutant,
with mannose content increasing markedly to 32.68% and galactose content decreasing significantly to 3.83%, while
rhamnose was undetectable. The number of significantly differentially expressed genes in the WCFS1Acpsi-3 mutant
compared to that in the wild-type strain under varying culture conditions accounted for only 5.1% (upregulated) and 6.8%
(downregulated) of those observed under MRS culture conditions, with GO and KEGG analyses revealing substantial
functional differences. Conclusion: The structure—function relationships of the cps clusters in the WCFSI strain varied. The
highly conserved cps4 cluster might regulate EPS yield to ensure normal bacterial growth. However, the c¢psi-3 cluster
likely modulated the monosaccharide composition of EPS, conferring greater environmental adaptability to the strain.
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HLHI B 5E 2 FLIR I 5 45, 2 RGEHT ™ EPS
PRIV Z2 R M A E DR 2R i DGR 012

FLERTE EPS MW 4 2 2, gfi% EPS 19
FE R FEAE BB HER, DR BAARASTR], AS [R) B AR 3L PR 401
HE S 1~4 1~ EPS AR (cps #)1, Hopri—
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HATT A TR A AT R R SRR 30 °C; 519 i
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Taq. DNA Marker., FIE BT & =AY TR
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Table 1 Strains and plasmids
PRRRAN T L Eiiipuy B3V E = BN
HEYIFURFT B
WCFSI WA R faf 22 NIZOBF 5% I g% 1201
WCFS1Acpsi-3 Fi| F Cre-loxPy: i EN N
WCFSIAcps4  FIFCRISPR/Cas9 5 i ENIE
KIGFF
DH10B SERERE 3 7S A
KL
PNZ5319 G Te=EN AR S A
PNZ5319AWeps1-3 WCF;;%?{” -3 BN
pLHO1 %A RecTH: 51 TR R
pHS02 A Cas9FE[H P51 U TR Y
pSHO2Acps2  YZHS1 i Fkeps 2Rk Tk AR ST
pSHO2AWeps4 ~ WCFS1H Bkeps4miib BTkL ENTE
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Table 2 Primer sequences
Eit7] 5°~3 S5 30k
CPS1UP-F ggagtatgttaatcaatttgecg AHFTE
CPS1UP-R agtctcaacgcccaacc AHFFE
CPS3DOWN-F gacccatttttaacg AHFTE
CPS3DOWN-R cttgegtatctcatcatccgage AHFTE
CPS1UP-F2 gaggeggctttgegtggtaaac ABSE
CPS3DOWN-R2 geatgctaaagttaccttgttgee AHFFE
CmF tcaaatacagcttttagaactgg AHFFE
CmR accatcaaaaattgtataaagtggc ABIFFE
1p2099-F agatctatcatcaggacggc [28]
1p2099-R gtgcgaaaaccaatctageeg [28]
1p2108-F tattacttgctccattccacacg [28]
Ip2108-R tgatgaagctgcatcgacee [28]
sgRNA-F cccactagtctcaaaaaaagcac [28]
tgctctagatgagatgctcgaacaaacgce .
sgRNA-R gttttagagctagaaatage A5
CPS4S-F2 ccggtaatcacgacttga [28]
CPS4X-R2 ggcttttgaccactctcat [28]
BE=70%) IR AR PR RS W] HAb A1l

§5.6 11| I =S N g S W [ E S RN
Nano-300 #f&53CCEET  BU B R A IR
453 HE-90 B KA . HE-120 7K-FEL 3k Al i
KAERHE A BRS 7l ; AG 4309 #55 1E Jk np e 5% 4k
1% . Personal PCR 1% . CL-22M 7 # 33 ¥& 15 B 0 AL
1% Eppendorf 23]
1.2 ZEWHE
1.2.1 FHIEIRELHZAYE WCFS1Acps1-3 578K
T WCFS1Acps -3 58 AE MRS 25X 55 2520 Jr ik,
VEIE 2B, LA WCFS1 FEARIERZH DNA I,
FIH 514 CPSIUP-F/CPS1UP-R #1 CPS3DOWN-F/
CPS3DOWN-R, 435|314 WCFS1 BRI cpsl 55 I
WERN cps3 72 FUESS 1 kb 2245 W TRV o BE, Pt 4%
14:24: 94 °C THASYE 5 min, 94 °C 281 30 s, 1B K 60 °C
455,72 °C 90 s, 30 MEFF, 72 °C FEfH 10 min, _L¥iF
[F] R A Xhol A1 Swal, T WE[F R Sacl 1 Bgll
Sy D RIS R, B S AR AR PR 4R AR pNZ5319
Pz, ¥4k DH10B FER, A AR EMEAEED
TERY LB 1% 37307358 H BH M va b, SR EUSCkE, &5k
it R/ IN IV S e, R AP 228 1) e % SR i 44 R
PNZ5319AWepsi1-3. i w5 ik 45 a5 74 1k 31
WCFS1 FBSZ A4, 37 °C S%F 16 h, IAE AN
LB EMAT ZHiMEN MRS B3R =E- 17 . X
KT A < H 4 BH A 5 [ Se Js 8 FH CPS1UP-F2/
CmR. CmF/CPS3DOWN-R2 fI CPS1UP-F2/CPS3
DOWN-R2 5|#3t4T PCR 5:3E, H Y BES K 1 kb,
B KARAFERIR eps1-3 5N WCFS1 845Kk, fix 44 M
WCFS1Acpsi-3.
1.2.2 H] A CRISPR/Cas9 $ AR 4 # WCFS1Acps4
AR Ky WCFS1Acps4 Z825kZ7% Huang &0
B SIS 7 v, FEIE ME 2. DL pSHO2Acps 2P SR #5i

e, FHS 18 1p2099-F/1p2108-RY 4 cps4 He PRI FE 11
R UERRLS A B, LUTOR: pSHO2 AR, RIS 14
sgRNA-F/R §"14 sgRNA F B, KEZN 130 bp, ¥
WAL 94 °C TRASME: 5 min, 94 °C 281 30 s, IB ok
60 °C 30 s, 72 °C 45 s, 30 MEEF, 72 °C #EfH 10 min,
Y= e g eRGRFF) &k, A ClonExpress®
Ultra One Step Cloning Kitf4 = T liF @l & F BLiZE A
sgRNA H B rif = pSHO2 #4014 Apal Fil Xbal
YINL A, B AL KA FF B DH10B JESZ A5 41 i,
AT & Ery PUrEmy LB “PAr . PR 0 BHAA: s e
PRPRE TS PCR ISUEHEAHR AT, S0 Fid AR B IE
W 2R A 44 A pSHO2AWeps4 . ¥ pSHO2AWcps4
OB HEL 75 A6 3 & pLHO18Y WCFES1 8% 52 75 4 Jig
WCFS1:pLHO1 "), I S L8 1 AN EE 2R 10 MRS
KPUTEEAR T T . X BHAH: FE R CPS4S-F2/
CPS4X-R2 5[4 PCR $iiE, HiH BHLE LY 2 kb, &
M F RN SEHE B A cps4 KL R WCFS1 S8 48 £k,
45 WCFS1Acps4.

1.2.3 72 EPS Btk KL A=K ih gy
RE 225 R EI AR PN SL0G Oy vk, IR RS s .
—80 °C VK% L& 98K i) B Bk WCFS1. WCFS1Acpsi-3
1 WCFS1Acps4 53 A Xl & FTo Bt £ . Ery F1 Cm XX
$t. Ery A1 Cm XHTAY MRS AR, PEECEAETE 2= iR
FARPTPE MRS 5535345 81 g BP0, B e AP
W IR 1% 5425 MRS WARERFRIL 557, IR 2
J& , FE L@ 1 mL BB 5E H ODgyq 0 THL
VENWIAEZERT (A 5B, B85 5 2 h I — F ODgoo num
{H, B 4 h E— F RN pH, 255 36 h 4550
5o LARTIE] A A AR B, ODggg o FUME 1% B2 pH
SN AR REE I PR A R R

1.2.4 # EPS AU HI5E  EPS AY$2HZ I
CERNING 452 Fi1ii FH FIF A5 5256777k . WCFS1 .
WCFS1Acpsi-3 Fll WCFS1Acps4 £ MG AL, B2
AP T 1% F44225) 100 mL MRS #AAR R 57 35
B5 3%, 76 37 °C A FE53% 32 ho £ 10000xg, 4 °C
FAFTF, B0 15 min, WH HIEW . TEAS I HIER
I 80% G LR, i L2 Bl 4% (w/v) ,
4 °C VKFATHCE 8 ho FE 10000xg, 4 °C 554 F, &
> 15 min J&, 158 LGSR RE AR, BEF LE
o ACH: 3 AR B, 7E 4 °C vKAE TPt R .
10000xg, 4 °C, &5.0> 20 min &, = 3, JHIE YA
EBS T IOKIEMUIHE, 76 4 °C £ R348 h s,
T, R4S EPS RS . RS- TA I 2k EPS
%) o e i3

1.2.5 A EPS SEMHZH AT EPS AYRANEZH AT
Z:7 T AR BHAECY (288 vk, IS ek sl . FRER
PR ZBEEE SR 45 4 mg TRERI T, £ IAGE 580
LAY 2 mol/L =% Z. 1% (Trifluoroacetic acid, TFA)A
W, T 85 C /KU /KSF 3 he [HIBH53 BIFKEL 4 mg
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AZAE (Rib) . ABE(XyD) . IR (Ara) | 5 BEHE
(Fuc) . & (Rha) . HEEHE(Man) . #iZ58H (Gle) Fil
ELVE(GaD FRdfE S, 433 A 1 mL MEEEFT 10 mg
ERWRILNE, IRHEIR AT, T 80 °C /KU 2 h, RNV &5 R &
BHI IR, A 1 mL ZBREF, F 80 °C /KA 2 he
SR EE ARG, W E S, R T)5, 2% T 1 mL HEE
H, gk L ARYE A BOEAT A A 1 T 5 455
TR BE FNREAEAT 22 o IR N M 4R T 5 T,
28 0.22 pm PEIELEIES GC-MS 4347,

GC-MS ) TAESA: ik HP-5 B4IE A
(30 mmx0.25 mm, 0.25 um); ZF s R RE
24 1 mL/min; $FFEER 2 pl; Sribbsh 1:20; B35+
M HERILE R E 160 °C, A 6 °C/min J}Z 200 °C, £4
FF 6 min; ALEIESE N 250 °C; KRHEEE N 240 °C.
1.2.6 HLsEHMTPARE S HI S o s dliMTRE S
I 6 52586 4H: A1, WCFS1Acpsi-3 7£ MRS 15 3#
FECRIE N I A0, & & 2%) P AE K A2, WCFSIT 7E
MRS 15 3% 5t b A= K5 A3, WCFES1AcpsI-3 7ELL 2%
fIRER - FLBE (GOS) AR T i Z5 ki MRS Br 3Rk h
A A4, WCFS1 TER 2% TREBFZIMH(GOS) AL T
AP MRS 533 A K AS, WCFS1Acpsi-
3HEEA 0.07%(W/V) IHEL 1 MRS #5373 AR K
A6, WCFS1 TES A 0.07%(W/V) IBER ) MRS 1% 3%
Ferp ARG LR BEFRIRBEYS SRy 37 °C, 1537 32 h, B4
3 AT
1.2.7 HSEAMY SR F AR A T T
R () By A BR 2N 5] Hlumina S & 0 )5 ; ¢
llog,(Fold Change)|=1 Fll P<<0.05 1} Mt 2557 i
FHHRL (DEGs) iR iE; GO 3 IS 22 (https:/
geneontology.org/), KEGG 43#7 ] KEGG ¥z )%
(hyyp://www.kegg.jp) ; K LLI &£ il {3 Ff SangerBox
TH,
1.3 HELIE

BHIIERE 3 IR, JLIEE R 3 IREE 1T
¥MH, >R SPSS 22.0 FrAFFATSL 8BRS T 5 51
o KK #E K 0.05, 38 JH B /) 35 7% 5 (Least
significant difference, LSD) ¥ L%, LI P<0.05 Ny 2=
SA G X . f#iH Microsoft Excel 2021 #47
Geitsar, SCERAVEEIR A Graphpad Prime 8.0 Fl
%54’k Snapgene 2l
2 R
2.1 FIARNRELRZEMIZE WCFS1Acps]-3 IR

B JBRE pNZ5319AcpsI-3( B 1A) £ Ha 5% 4k,
WCFS1 B2 S 4iM, PrrEsre B H T 15~20 4~
H7%, B 1B J& PCR U IE/R 2R, E 1C & 4 4~
PH 7% 1 PCR 22 458, HAA B 7% 4 1 PCR &5
i 7R F A CPS1UP-F2/CmR #1 CmF/CPS3DOWN-
R2 PHXT 5 | 3454 58 W AR R Y eps -3 FE DR 22 A7)
JFA Sl A A& R R R 22 G M)A, 251K

1 kb /9 H Y R Be(UkiE 7 F1 8), S#HFTPR-FIFH CPS1UP-
F2/CPS3DOWN-R2 5| ¥4~ #4 t4 1) H #5 2 kb v Bz
(VKB 9)MF, 455 B, eps1-3 55 Bese sk Je, 1
IR WCFS1Acps1-3.

w-cps3down

PNZ5319AWepsi-3
(5307 bp)

B CPS1UP-F2
cpslup

CmR CmF CPS3DOWN-R2

Cm [cps3down

e
Ip_1175

B N

1 WCFS1Acpsi-3 87 BRAYAEE K PCR 4534

Fig.1 Results of WCFS1Acps!-3 mutant strain construction
protocol and PCR validation
e AL R UKL pNZ5319Acpsi-3 Kl ik 5 B. cpsi-3 58 45 &
PCR B UE7R B C. UKGHE 1~8 ARUTEAS 4 AR P 2 R 43
S48 F 514 CPS1UP-F2/CmR . CmF/CPS3DOWN-R2 ffJ PCR
BN B UE 25 R 5 VKGE 9 J2 i ] CPS1UP-F2/CPS3DOWN-R2
5|4 PCR ¥ 3445 5, DL2000 Marker: 2000, 1000, 750, 500,
250, 100 bp.

2.2 F F CRISPR/Cas9 #7 AR #J & WCFS1Acps4 &
THk

i B BB pSHO2AWeps4(El 2A) L = &
pLHO1 A WCFS1 232 & 41 i WCFS1::pLHO1
LI AE R A R MRS P EEH BT
SAFATEE, X IR FHPE s d H CPS4S-F2/CPS4S-
R2 5|4 PCR %k (E 2B), B9 82| HAR 2 kb 2247
B bR, e 2R A SE B R eps4 T
WCFS1 ZE45kk WCFS1Acps4 (& 2C),
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Apal (14042)
A 2108down
repD
repE pSHO2AWcps4

(14048 bp)

Cas9

CPS4S-F2 CPS4S-R2

B cps4up+down

—_—

2 WCFS1Acps4 282 M 7 %8 X PCR B iiFZ5 5
Fig.2 Results of WCFS1Acps4 mutant strain construction
scheme and PCR verification
e AL RIBRTURL pSHO2AWeps4 [El3%; B. PCR KIE Rk 2828 #k
JFHURERE; C. ¥k 1~5 £ CPS4S-F2/CPS4S-R2 5| ¥k
WRF 5 A~ BH M 50 [ PCR 56 3iF 45 3 ; DL2000 Marker: 2000,

1000, 750, 500, 250, 100 bp.

2.3 HKHRZHINE

MRS Ik 1.2.3, 454 WCFS1. WCFS1Acpsi-3
Il WCFS1Acps4 TEARAHTZL, UL 3. M ODgg nm
BB K FH, #H L WCFS1, WCFS1Acpsi-3 Fil WCE-
S1Acps4 BRRRINAE 52 B i i SE LR EA 34, iAo 1Y)
FY B [E] WCFS1 & 12 h, WCFS1Acps1-325 22 h,
WCFS1Acps4 £ 32 h A #lakFa e 0, ANk =tk
AR R DL R 3 22 51, ODy g oy WA LFAELE 6.0 22
io R pH T FERFLRR B A R4 2, nT i
T SRR S DL . AN pH IUEERE, — Rtk
KWW pH T B a5 ODgy pm 1 ZE AL AH XT N,
WCFS1 A&l pH T B, WCFS1Acpsi-3 IRZ,

WCFS1Acps4 fx 818 . LA L85 R UL T Acpsi-3
F Acps4 55 53 A8 A5 B bk A= K A8 2%, Horh Acps4
GEALXT TRIARAE A T AR A5 ) B, (R B A 1 s
MAAN K

= 8.0
129 o WeFSI 0D
- WCFS1AcpsI-3 ODggq 7.5
104 — WCFS1Acps4 Dy
—— WCFS1AcpsI-3 pH 7.0
—+ WCFSI pH
8 & WCESI Acpsd pH 65
g psd p -
z
g
a
o

0 4 8 12 16 20 24 28 32 36 40
IRFA] (h)
P 3 WCFS1 & WCFS1Acps4 I K I ZE I pH i 5 45
Fig.3 Results of growth curves and pH measurements for
WCFS1 and WCFS1Acps4

2.4 EPSHI=ENEBEARK

WCFS1. WCFS1AcpsI-3 F1 WCFS1Acps4 Btk
FHZh 2 ILE 4. Xtk WCFS1 4 EPS 77 48.20+
0.84 mg/L, WCFS1AcpsI-3 Fl WCFS1Acps4 I EPS
FEEST AT R P AE BRI 78.4%(37.80+1.15 mg/L)
Ml 62.2%( 30+£0.99 mg/L) , 1% 45 & U4 BH Acps4 75
Xt WCFS1 Btk EPS P& sz sE .,

80 stk

60—

Bl (mg/L)
S
|

&)
(=]
1

4 EPS fiy- i
Fig.4 Yields of crude EPS
1 #P<0.05, **P<0.01, ***P<0.001

Xt 25 B AR AL EPS BROBH 2H B I 45 SR UL 3R 3,
WCFS1 1 EPS HUBHLH Bl 5 58 M s BIMIRAR YR 5 45
B (Gle, 59.44%) . H E2 B (Man, 23.19%) | 2 FLbE
(Gal, 16.31%) 1 R Z=#E (Rha, 1.04%) . WCFSI1A
cps1-3 1 EPS H M 2H il 5 BY A= Y WCFS1 22 5 58
K, HEEHE(32.68%) iYL /3 & &L 35 LTt ~ZUbkL
Sy FREEAL Y 3.83%, 1M1 B HEZH 43 W) A Hi 5
WCFS1Acps4 19 EPS SApELH B AR LR /DN, 45 kil
I3 K e SR WCFST JCiE 225,
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23 M EPS BEM Y BAEZH Y

Table 3 Monosaccharide composition analysis of crude EPS

AR AR

a4y
WCFS1 WCFS1Acpsi-3 WCFS1Acps4
FZEHE (%) 1.04%1.75 - 4.10£0.91
HEEE(%) 23.19+4.05 32.68+1.04° 27.25+0.73
IR (%) 59.44+2.13% 63.42+3.29" 47.58+11.22°
LFLBE(%) 16.3144.08" 3.83+0.90° 21.08+1.77"

TE: =" RN AR s W47 R/NG TR 22 5 B3, P<0.05,

2.5 EFEZFHIT WCFS1Acps]-3 REMREF RIL
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Fig.5 Volcano map of differential genes
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Fig.6 Venn map of differential genes
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MRS $5 77 Hk 45 5 B 09 55 57 25 10 T 5 AS:AG FR 7E [ 2 &
0.07% ARELAY MRS B FR 3B R 4600 F

2 4 R NIRN, BRI 338 B A il B R
RIYE 5 25 -1 A(Accessory gene regulator protein A) .
S LEREE E I T M2 i BRAH G ATP 454
% H (Lactococcin-G-processing and transport ATP-
binding protein LagD) . ZLERPHE A AR E A
(Lactococcin A secretion protein LenD ), 33X £635L K4
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Table 4 Genes with differential expression in the three culture conditions of WCFS1AcpsI-3 mutant strains

) A 1D LD A log,FC P-Value
1 PROKKA_00875 hypothetical protein 16.22 8.82x107°
2 PROKKA 00882 Accessory gene regulator protein A 6.00 0
3 PROKKA_00878 Lactococcin-G-processing and transport ATP-binding protein LagD 5.72 0
4 PROKKA 00877 Lactococcin A secretion protein LenD 5.41 0
5 PROKKA 00876 CAAX amino terminal protease self-immunity 4.42 4.66x107%
6 PROKKA 00880 hypothetical protein 4.36 3.18x10°"
7 PROKKA 00885 hypothetical protein 4.11 2.76x10°%
8 PROKKA 00879 hypothetical protein 3.72 4.68x107%
9 PROKKA_00874 CAAX amino terminal protease self- immunity 3.48 6x10°%
10 PROKKA_00881 CAAX amino terminal protease self- immunity 32 7x1077
11 PROKKA 02517 putative transglycosylase IsaA precursor 2.90 1.97x107'%
12 PROKKA 00873 CAAX amino terminal protease self- immunity 2.84 3x107°
13 PROKKA 02553 hypothetical protein 2.69 4.08x107°
14 PROKKA 00628 Multidrug resistance protein 3 243 1.96x107%
15 PROKKA 02480 ABC transporter ATP-binding protein YxdL 2.42 1.15x107
16 PROKKA 02733 hypothetical protein 2.39 1.73x1077
17 PROKKA 02343 putative acyltransferase 2.27 2.35x107%
18 PROKKA 02732 UDP-Gal:alpha-D-GlcNAc-diphosphoundecaprenol beta-1,3-galactosyltransferase 2.19 1.69x107"
19 PROKKA 03107 hypothetical protein 2.15 2.18x107#
20 PROKKA 00872 CAAX amino terminal protease self- immunity 2.13 7x107
21 PROKKA 03109 Enterocin A Immunity 1.88 1.70x107"**
22 PROKKA 02486 hypothetical protein 1.86 3.92x107%
23 PROKKA_02485 hypothetical protein 1.84 4.52x10°
24 PROKKA_01035 putative ABC transporter ATP-binding protein YheS 1.77 2x107
25 PROKKA_00129 hypothetical protein 1.77 2.65x107"
26 PROKKA 02736 UDP-N-acetylgalactosamine-undecaprenyl-phosphate N-acetylgalactosaminephosphotransferase 1.52 3x10°
27 PROKKA 00871 Toxin HigB-1 1.24 2x10°
28 PROKKA_01293 Bacitracin export ATP-binding protein BceA 1.22 1x1077
29 PROKKA_01591 hypothetical protein 1.16 1.36x107'%”
30 PROKKA_00019 hypothetical protein 1.08 3.22x107°
31 PROKKA 00189 S-aminovalerate aminotransferase DavT -1.09 3.77x10°*
32 PROKKA 01318 Uric acid permease PucK -1.10 2.89x107%
33 PROKKA_00169 Methionine import ATP-binding protein MetN -1.19 7.96x107°
34 PROKKA_00536 60 kDa chaperonin -1.30 0
35 PROKKA 02969 EamA-like transporter family protein -1.41 5.63x107'%
36 PROKKA 02045 Oligopeptide transport ATP-binding protein OppF -1.59 4.20x107%®
37 PROKKA 02369 Glycine betaine transporter BetL -1.59 1.13x107*
38 PROKKA 01578 Aspartokinase 3 -1.63 5.26x1071
39 PROKKA_02043 Dipeptide transport system permease protein DppC -1.68 0
40 PROKKA_02044 Oligopeptide transport ATP-binding protein OppD -1.70 0
41 PROKKA 01674 putative amino acid permease YhdG -1.70 0
42 PROKKA 02041 Dipeptide-binding protein DppE precursor -1.72 0
43 PROKKA 01450 Methionine gamma-lyase -1.72 1.25x107'
44 PROKKA 02042 Oligopeptide transport system permease protein OppB -1.78 11072
45 PROKKA 01509 Branched-chain-amino-acid aminotransferase -2.02 2.95x107'%
46 PROKKA_01224 Oligopeptide-binding protein OppA precursor -2.29 1.01x107%

$t NCBI 18 (NCBI BlastP) 5355l 5 AN AR 5 18
FEUIRe . FLEREE R N ARG is o 7 . AR ZR S0 )
BEA K. T IRIRAYRIEIFE RIS SEINGE S 1 oppa
AR (Oligopeptide-binding protein OppA precursor),
H 2R 5 BRI R Lo A7 G SR B
2 it (Branched-chain-amino-acid aminotransferase),
5 SR A R R A R B RE A O SEINGL iz
R4 R EH OppB(Oligopeptide transport system
permease protein OppB), FZIJHEJE S OppA

PHEWEIH, OppB 1E A IR 1, #x A, T2 AL
B TE B B B G AR Ak, i SE TRREAS 28 L A1 RS AR 4
iR y-24f# fiff (Methionine gamma-lyase), 5 584
PR oA A 2% .

2.5.4 ARFEEEFREM T WCFS1Acpsi-3 5845k
FIRFEP GO Uigesr#r Al GO(Gene Ontology)
SrMT S PR WCFS1 BIRIHE, WCFS1Acpsi-3 %
ARBRAEAS R RE 35 46 0F T 22 5 Rk LW A Th g, I
Bl 7. LEBRUIR A 2% 498 (GLU) i MRS 1595 4%
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Fig.7 GO enrichment analysis of differential expressed genes of WCFS1Acps-3 mutant strains under different culture conditions
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Fig.8 KEGG enrichment analysis of differential expressed
genes of WCFS1Ac¢ps -3 mutant strains under
different culture conditions
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