s AT b ffiiy 2 % I
N-CIRz A bl ok

OR, O BER, A AT FIA2 BER 2, A £
(1. VLR K2 R SRR Al TEI8 o4 214122, 2. TLEG K2 AW TR 24 B 1195 08 214122)

FEE . ) AL LR (FMMs) 7T AR A AR M2 1] X RAT A B & E AR % FMMs £ R
B BLAE B R4 AR E, R m st FMMs 347 & ik )5 | e & K e = 4 o & 39 %
B Aph), ERALAAT AT T oG Ak b A g R BE AT 2R M Bt L 2R #E FMMs i i A 4 B
# R Fom, B LB adat & & PlsX, PlsY #» PlsC & £ 20 J R B | Z )5 | VA 46 32 o J04T 1 A N-
TR H E 48 (GleNAc) A 4], R IR R 2% 69 H 4 F GleNAc /* # ik 2] (5.18+0.16) g/L, 55 5
B ARAR G = F AR T 41.9%, B B, 2 B R BE ik L B B Ak FMMs it 4546 st o Ak A K
AW RA Ha
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Engineering Plasma Membrane to Promote Enzyme Assembly and
N-Acetylglucosamine Synthesis

ZHANG Cheng'?, LYU Xueqin'?, JIN Ke'?, LI Jianghua'*, DU Guocheng'?, LIU Long™?
(1. Science Center for Future Foods, Jiangnan University, Wuxi 214122, China; 2. School of Biotechnology,
Jiangnan University, Wuxi 214122, China)

Abstract: Functional membrane microdomains (FMMs) can be used as the endogenous spatial
scaffolds for pathway enzyme assembly. Moderately increasing the proportion of FMMs in plasma
membrane can significantly increase the synthesized product yield. However, the cell growth and
product synthesis were both inhibited after further modification of FMMs. Based on the previous
research of our group, the rational modification of plasma membrane was carried out to alleviate the
effects of excessive FMMs modification on cells. First, the plasma membrane was rationally
engineered by overexpression of PlsX, PIsY and PIsC. Then, taking the synthesis of
N-acetylglucosamine (GIcNAc) by Bacillus subtilis as an example, it was found that GIcNAc titer in
the plasma lemma-modified strains was (5.18+0.16) g/L, which was almost 41.9% higher than that
of the control strain. In addition, cell membrane modification also reduced the adverse effect of
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FMMs over modification on the growth of the strain.
Keywords: functional membrane microdomains, cytoplasmic membrane, N-acetylglucosamine,

Bacillus subtilis

S AE H AR UE AL R, 32 B o P £ Tl
ARk A U R E | By 1k A T A L
TN, LA ok B v AR g R o S &2 45 N O A
e R Wl A 22 i A2 A A B A
AR SRR SS UE AT s R A%, B AT E B AR i
ARG ) — DR RN AR IR E K
TR R T8 ok N AL Y A BT AR DNA B
RNA SZHE {3 3 G5 40 5 23 W] SR F A7 4 4%, ] DAk
> RN ) A A 2o BE A2 | DT S 3 R R S LR
ST b AR AR R S B A0 1 s ) AR A e R
RLH AT R T — ZR 50 P U T A ] S AR ATE 5 T
VE, B 2R DA B 25 J6 AT PR v ) g S A3k (FMMEs )
HLA A 1 23 Ta) U (R A2 1 mTAE S 9 R 65 7
B KF AR Z PR, 4 0 E S 7Y
M)A RS, HE— 20 b R, Sl R i3 A4 il
HEAT I FRIRET TR A 5 FMMs 20t A7 B, G
AR R 5 10 A (R R IR AR i 2 R I AT R
WROR TOTE HE— P 32, BT L3R R R Bt 5T 3
1% FMMs #4738 el i $2 8 7 R L FMMs (1)
di kb, LA GleNAc & R, & 38 FMMs 1% B 1 o i
Al GleNAc W= i85 17 2929, SR, ik — 20
Wil FMMs B, R HRE 28 & AR 4 il )F H i pRA: K a2
FHE, H GleNAc =it R IS Oz MR m £
FLE R & BB - FMMs X fiTdE FMMs [X 75 22 4k 35
— 0 1A 2 3K Tl P AR A AT B A A Y AR K
Uy B S 1

2 B O 3 F W U A G, W B R (PtdOH) J2
WG A B T AR ) Bt 2 400 5 ) o 2 45 4
3100 PRI I T PrAOH A 12 2 240 5T FEE 7 A 4K
Femg, PtdOH TEAY B 27 fAT I P i G g A2 an T
e, PlsX AL B IE-ACP A BB -RE R, )5 i
PISY 1ok 5L 55 7 20 H b —#E R 10 1 78 Bl 1t 2
Hh-BER , o PlsC W MR B 2] 1k 3 H b -
BERRAY 2 T8 A PrdOH!" 281 At PIsX PIsY \PlsY
S 2 AT T 0 6 R S A Y R L T AR
DL R 2H i 499 2K B R Ak BSGN6-Y1 hy th & T
PR, B S o i 3R IR PlsX (PlsY F1 PlsC X 4 i it g

HEATHE ; Z 05, ARG E ZE AT I G B GleNAce i
B, ¥ GNA1 Fl YqaB P54~ 5 I % 12 Bl 4 f SPFH
i 3 ) FMMs, KBS R 7R, GleNAc 77 &
P30 d 25 ) I 3 kT 0 I I 3 i 0 A A1
FMMs [ B 3 B 48 1 0) 8RR P 28 F1 A= 7 A= 1 A |
SEIN X 2 BL R I i 20 o A B A% 055 FMMs
P IS Bl 2H 26 | B 3N GleNAe W= i,

1 wasze

1.1 Ewsrel

L11 @b
K 1, BSGY 1 ARFFTHY K B ¥k , BT BSGN6 (24 7
B bk B, subilis 168 i BBk )R 0 0 5 3 FF
Escherichia coli JM109 (E. coli JM109). H T-HH
DNA S5 T R A BORL 4 8 ORI 92 8 %

ABIETE F A A PR TR UL

1.1.2 34 A 5% Luria—Bertani (LB) &5 7 3 .
E AR 10 /L, EEEER 5 ¢/L,NaCl 10 g/L,

KRR . O 6 oL, BERRB 12 ¢/L,
(NH,),80, 6¢/L.,KH,PO, 2.5¢/L,K,HPO, -3H,0 12.5
g/L, Hi%EHE 60 /L, T & @MW 10 mL/L(CaCl,
4.0 g/L,MnSO,+5H,0 1.0 g/L,CoCl,-6H,0 0.4 g/L,
FeS0,+7TH,0 4.0 g/L,ZnS0,-7H,0 0.2 g/L, CuCl,- H,0
0.1 g/L.,AlCl;-6H,0 0.1 g/L.,NaMoO,-2H,0 0.2 g/L,
H;BO, 0.05 g/L).,

BfR R mbt A R A AR E &
% 100 pg/mL, KIREE 50 pg/mL, A E 5 wg/mL
HMEEZE 100 we/mL,

TaqDNA % 4 i} Prime STAR (max)DNA R &
it . DNA marker: g H TaKaRa 2 ] ;3870 Ft 5 &5
B A g T A TRABRAA
1.2 EWHE
121 RBEBAHERFREBG RS A
19 F—yisP Fl R—yisP, M B. subtilis 168 5K 41 I
Py yisP BRI Rl T 51 9 % F-PHTO1 #1 R—
PHTO1 ¥4 Jii ki pHTO1 Ze 4k , e )5 A H Gibosen 4
yis P JE IRURTZ VAL JTORT T4 4125 0 20235 I ook i
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2R

BSGN6-Y1

BSGN6-Y1SY

BSGN6-Y1IM
BSGN6-Y1IMY

BSGN6-Y1TS

BSGN6-Y1PS

BSGN6-Y1MPS

BSGN6-Y1SYTA

BSGN6-Y1SYPA

BSGN6-Y1IMYPA

pP43NMK

pHTO1

pP43NMK-SPFH

pP43NMK-SPFH-GNA1

pHTO1-YISP

F1 AHRETABEKR
Table 1 Strains and plasmids used in this study

Bk

BSGNG6 derivate, expressing a copy of yisP gene under the control of P43

BSGN6-Y1 derivate, expressing the SPFH—yqaB under the control of Pveg by genome integration

BSGN6-Y1 derivate, co—overexppression of plsX, plsY and plsC genes under the control of P43 by

genome integration
BSGN6-Y 1M derivate, expressing the SPFH—ygaB under the control of Pveg by genome integration

BSGN6-Y1 derivate, transfer an empty plasmid pHTO1, and overexpression of SPFH under the
control of P43 promoter via the plasmid pP43NMK

BSGN6-Y1 derivate, overexpressing yisP gene under the control of lytR promoter via the plasmid
pHTO1, and overexpression of SPFH under the control of P43 promoter via the plasmid pP43NMK

BSGN6-Y 1M derivate, overexpressing yisP gene under the control of lytR promoter via the plasmid
pHTO1, and overexpression of SPFH under the control of P43 promoter via the plasmid pP43NMK

BSGN6-Y1SY derivate, transfer an empty plasmid pHTO1, and overexpression of SPFH —-GNA I
under the control of P43 promoter via the plasmid pP43NMK

BSGN6 —Y1SY derivate, overexpressing yisP gene under the control of lytR promoter via the
plasmid pHTO1, and overexpression of SPFH-GNA 1 under the control of P43 promoter via the
plasmid pP43NMK

BSGN6 —YIMY derivate, overexpressing yisP gene under the control of IytR promoter via the
plasmid pHTO1, and overexpression of SPFH-GNA 1 under the control of P43 promoter via the
plasmid pP43NMK

S

AMP, Kana, E. coli-B. subtilis shuttle vector

AMP, Kana, E. coli-B. subtilis shuttle vector

pP43NMK derivate with SPFH gene under the control of P43 promoter

pP43NMK —SPFH derivate by inserting GNAI gene fragment into the C —terminal of SPFH
(removing TAA)

pHTO1 derivate with yisP gene under the control of lytR promoter

Ve AR5
6 % { i

Ve e S
56 25 DR

ABIE 5T 1
ASHIE 5T A 1
AT SR 4

AT SR 1

AT G 1

ASHIE A Al

AT SR 4

AT SR

YR T e 5%
56 % (R

l(E-piyies
56 % (R

Ve A 5
6 % R

Ve e 5%
5 = fR

AHIE ST Al

& E.coli IM109, %X H i FH 514 F—yisP 1 R—yisP it
FTHVEPCR B 454 K/NZ Sl 1200 bp (1 52 B 7l
Fe A, £33 5 41 OB pHTO1-YISP, BF H 51 9 L
2,

SR SE PR ) F8R s G 2h T P43, HE i
K PASNMK & 34 1fi & . 38 2 fil & R G B 6E S
(PCR) #3& A0S My 1 R IEF 451 (800~1 000
bp) .lox71-Spec—lox66 & P43 Ji 3l Fl H (1) 3 K i
i B ai b5 iRl & PCR P24 7 AL Al w5 28 AT
PZ AN, I B S fb 7 A T e 2 BT
PEFRIC R, 7 F ek a Rik 2 mr, H Cre/
lox R GEKPLHERRICTH R, IS W% 2,

1.2.2  GleNAc ## A B R o7 i 5% 1b i B v 12
FhEIZEA 5 mL LB 8538509 50 mL B0+, F 37
°C.220 r/min 5537 10 h; BRI 1 mL 250 2128 H
25 mL & BERE FRILAY 250 mL FE M, F 37 °C.220
r/min ¥ 3% 48 h,

1.2.3 mpe % egen i E 600 nm &b 5%
W WS AE (ODggo ) A Kz 10 441 i %% B . ODio 4% 23 52X
1 ODg=0.35 o/L 4532 40l il + 57 2 (DCW)

124 #REEHFDOHE  SCHERBSE 5%1%
(0.1 mol/L BEFR L Z2 M, pH 7.2) 4T T [ R
FEH 0.1 mol/L R +h 2% th il I Uk , B 5 AR B4 2K
198 (0.1 mol/L B 2 +5 28 h i ,pH 7.2) J& [ & .
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xR2 EAHRFAASY
Table 2 Primers used in this study

514 % 5

B2 731 (5'-3")

F-yisP AGGTGAAATGTACACGTGATACATAGGAGTGAGAAAATGAAAG
R-yisP ACTCCTATGTATCACGTGTACATTTCACCTCCTTTA
F-PHTO1 CTGTCTGATATCTAATCTAGAGTCGACGTCCCCGG
R-PHTO1 GACGTCGACTCTAGATTAGATATCAGACAGAATCTGCTTCACTTC
F-pyisP TTTTGACTATTAACCCCGCAAC
R-pyisP TAAGCCGATATTAGCCTCGTATG

plsX—up-F TTATGGTGCCGCTTGCTCTGATT

plsX—up-R AAATTGTTATCCGCTCTCTTGACACTCCTTATTTGATTTTTTGAAGACTTACT
plsX—spec—F CTTCAAAAAATCAAATAAGGAGTGTCAAGAGAGCGGATAACAATTTCACACAGG
plsX—spec—R TGCATCTACAGCTATTCTCATGTGTACATTCCTCTCTTACCTATAATGGTACCG
plsX—-plsX-F CATTATAGGTAAGAGAGGAATGTACACATGAGAATAGCTGTAGATGCAATGGG
plsX-plsX-R CTGAACGAGAAGCCTACTCATCTGTTTTTTCTTCTTTCACTTCTTCC
plsX—down-F GTGAAAGAAGAAAAAACAGATGAGTAGGCTTCTCGTTCAGGCAGTACG
plsX—down-R CAGGCAGCGTCAGCGTGTAA

plsY—up-F CGCATTGTGGCAGTTCAGACAGA

plsY-up-R TGTGTGAAATTGTTATCCGCTCATTCTCCTCCTTGTTCTCTTAGCCC
plsY —spec—F GAACAAGGAGGAGAATGAGCGGATAACAATTTCACACAGG
plsY—spec—R AGGCCAAAATAATCAATAAAGCAATTAACATGTGTACATTCCTCTCTTACCTATAATGG
plsY—plsY-F GAGAGGAATGTACACATGTTAATTGCTTTATTGATTATTTTGGCCTACTTG
plsY-plsY-R ACGTATGGCTCCAAAAAGGTTATAACCATTTTACTTTAGGTTCTGTTTTATTGATAAT
plsY—down—-F AAACAGAACCTAAAGTAAAATGGTTATAACCTTTTTGGAGCCATACGTTCAAT
plsY—-down-R ATGCCATCCGCCTGTGTATGTTAAG

plsC—up-F AACAAGGACTTAATGGCTGTGTACGG

plsC—up-R TTATCCGCTCTAGCTCCAACCGTTCCCTTCTACA
plsC—spec—F AGGGAACGGTTGGAGCTAGAGCGGATAACAATTTCACACAGG
plsC—spec—R AAGCATTTGCACAAAACTTATACATGTGTACATTCCTCTCTTACCTATAATGGTACCG
plsC—plsC-F GGTAAGAGAGGAATGTACACATGTATAAGTTTTGTGCAAATGCTTTAAAAGTTATTCTT
plsC—plsC-R CTTCATTGCGCACGATTATAGCTGATCAAGTTTATTCTCTAGTTCTTTAATCCGC
plsC—down-F ACTAGAGAATAAACTTGATCAGCTATAATCGTGCGCAATGAAGTGATTGAAAAT
plsC—down-R GCGTCTCTTGTCAGCACTTCATAA

FES 0.1 mol/L B IR £E 28 m Pk 3 Ik, 7 Bl & fk
TR0 B 20% 40% .60% 80% .100% .100% .100% .
100%%6 B L BEGE L, #F al 7E s 5 55 (LEICA CPD-
300) M+, B 7k 5 (LEICA , ACE—-600) 4 i 5 A i
RS G L, B TR R S R (HITACHI
SU8220) Fhilfis

1.2.5 PR AR = egml 2 B AL S Ry B
WV ER B A 5 mL LB 32 5419 50 mL 5504
T 37 °C.220 r/min 55% 8~10 h, 8854 1 mL Ff
FRAEF RN REA 25 mL L BERT IR 3110 250 mL #25H
W, 7E 37 °CF1 220 min R 1537, I T 12,24 36 48 h

Iy 3 mL A B, T 4 CEOILRHE L, 5k
WL ART A 1.2 mL 2O (V ViV o =4:42) | T
4 CTFH#BULR ., 10 000 g B> 15 min 5, B LW
W VR T . AR S TP A 100 L B8 4K,
1 000 g B5.0> 15 min J5 B35 0 2 40 7 9 AR5
B R PO €% — T 35 1 (LC—MS) A6 i £ 183
a7/

1.2.6 GlecNAc #9 & 7 & i FH v S00ROM (03 12
(HPLC) I % A& T H GleNAe B ik &, HPLC &
DU 45 A0 G o A 285 SR 78 22 4 A T 4% 5 6 A Sy
Bio—Rad Aminex HPX-87H ; i ol A1 A B iR 7K I i
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RO, F . BRI R AT BE R R B LR A N- T BER A H & AR

(5 mmol/L) ; ¥it & 0.6 mL/min, & FF 40 °C, JEFEK
U0 pL. 5 BRAF . KB 2 10 000 g B
O 5 min, BT 8 40K R R 31— 2 A5 5, T
0.22 pm U8 BT JEFR BRI .

LR

21 BRMEEARMERE
FLI J5T A i S s AR P AR R — A UL
A~ B AT BE A% 52 0 o JIE 2 2 B A S PR T A

FASII

Acyl-ACP
PO;"
PlsX
ACP
Acyl-PO,

G3P
PIsY

Acyl-G3P

Acyl-ACP
PlsC

-

PtdOH

(a) Fli B ZE AU B P PtdOH & g 12

yegB

ganQ

T ARG 5 e T A2 45 Oy T 3 2o 3k 2 i B A5
A% I S ) RSO 5 R 114 A LR AR R B R A2
I B 2 5 S R | A A Kt e R R AR
WRCRAEE W, PO 2 40 A 5 5 ) 3 22 41 AR
43 M ZEHLAT B PdOH A s 12 WLIE 1(a) ., PlsX |
PIsY F1 PlsC J&1Z iR 12 1 i , M 4 plsX plsY AN
plsC Rk G WA 1(b), Jelaf Bik 3 EAH R B
5 Ak BSGN6-Y 1 T #k 45 & i A 20 o8 A bk
FRIC T B , e A5 IS A i T vk BSGN6-Y 1M,

P43

lox71-spc-lox66 plsX H
P43

lox71-spc-lox66 pisY gand
P43

lox71-spc-lox66 plsC thrB

(b) plsX. plsYRIplsCFik

1 $%Ri% PtdOH &R E R
Fig. 1 Overexpression of PtdOH synthetic gene

22 [REEME E R E KA RIT

200t S5 P 2 200 S R 440 B A1 B B 43 I A AR
PrbEDE RS B RENS AR R AN N IR A AR, 2 5
TR T ER T A B A A E 4 i
PE AR W R T 20 TR A AN 22446 M e 3 T RE R
TR AR L FRATT /0BT T 5T A5 et Xof 1A iR A= K
FISEI o A T 5% 0 B X FMMs o 3846 i 1 Ak
KBy R ATFE T pHTO1-YISP Bk , 745 H:
Y5 pP43NMK-SPFH [ 4 43 M 4k BSGN6-Y1 FiI
BSGN6-Y 1M, 75 %] BSGN6-Y 1PS il BSGN6-Y IMPS,
It A1 K pHTO1 A1 pP43NMK —SPFH Ji 7 3t %% 1k
BSGN6-YI, 15 %] BSGN6-YITS, W& 2(a), K 2
(b) P, FEWMREEFEMET 12 h, 5% B B
BSGN6 -YITS #H b, 41 & ¥k BSGN6 -Y1PS,
BSGN6-Y1MPS [ ODgy &A1 B .25 4k, HZ 12 h
J& ,BSGN6-Y1PS BSGN6-Y1MPS ) ODgy, W i I

T BSGN6-YITS, #F — A 3 $i 1 Bz W 55 & 9,
BSGN6-Y1PS .BSGN6-YIMPS M4 fl 2 & & = T
A5 Ak, B e K B2 L BSGN6-Y1TS A9 (2.11+0.21)
wm 3 1 F BSGN6-Y1PS Y (3.29+0.33) wm Al
BSGN6-YIMPS 11 (2.58+0.28) wm, WK 2(c),
BSGN6-Y1PS T #k 88 7 B & i 40 e 25 il R 42, I
Bl 2(d) 3 — 45 R S FRATHTI R B yisP R ik fE
% 5% ) 240 g A K ok 4 A T A A R, SR BSGN6—
YIMPS W #k 12 h J5 B ODg B i & T BSGN6 -
Y1PS, & B 40 il K B AIK T BSGN6-Y 1PS - H 41 ffl 1%
AR HE T A S 3k 3 W T REE S B 8 AT R IR
yisP 185 3¢ 35 % 4 M Az 4K B 4 R A 7 AR 1A )
5
2.3 JREESUE X A AR R R

ity B ZF FELAT TR LA 4G B ik U5 8 GleNAce 77
B W LA AP R . A R A O -6 - T TR
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4k pP43NMK-SPFH
FIpHTO1-Y 1SPJFAL

P BSGN6-Y1PS

#4kpP43NMK-SPFH
FIpHTO1 FTk:

BSGN6-Y1TS ( BSGN6-Y1 25

SERA S

plsX. plsYHiplsCHER _

Y g
o

BSGN6-Y1IM 10

4k pP43NMK-SPFH
FIpHTO1-Y 1SPJFi AL 0

—=— BSGN6-Y1FS
—=— BSGN6-Y1PS
—=— BSGN6-YIMPS

w EN

A /um
8]

0

0 10

Y
BSGN6-Y1MPS

(a) MMDBAS . AN A AL T BT FH S A2 A Ry e

20

3.0 4.0 5.0 6.0 7.0 G;{\ﬁ:

t/h BSG‘{ asc,‘é

(b) ELEHBSGN6-YITS, BSGN6-YIPS (¢) FZHHHKBSGN6-YITS, BSGN6-Y1PS
FIBSGN6-Y IMPS[ 4= K- i1 £k

S )
AW
soﬁ(”\(

FIBSGN6-Y 1 MPSH Ao K

(d) AL HHKBSGN6-Y1TS. BSGN6-Y IPSHIBSGN6-Y IMPS [ 1 i 4]

& 2

B R BE X E R E KB R

Fig. 2 Effects of plasma membrane modification on strain growth

(GOP) , T Hy T 11 ) %5 M 5 4 iff (Pgi ) A1 42 2k 4 4
WE—6-WE IR & WU (GlmS) i Ak & Bl 6 iR 51 A
(FoP) 12 5: 4 A Wi —6- W5 2 (GleN6P), K5,
GleN6P Bl 5 Y5 1) 2 Jk 15 55 Bl —6— Wl 12 £ Tk % 5 1l
(GNA1) %4k N- & T 24 5 i % 0% -6 - % 1R
(GleNAc6P), Hrft GNAT ZH 1 GleNAc [ B!
GleNAc M4 LA 2L uim ik, KIBFTFIH YqaB
Al UL GleNAc6P (1) 2= B 1k27,

& A8 Tl 1) 2 (] 4 255 B A% S N a& 45 i 2 ) 11
HET B Ak IR AR B 0 B IR AR AR D AR T RIS
7 0 T T R v 7 ) S AR R T, Ry T
R 9T T M1 %) GOP \F6P (GleN6P Hll GIeNAc6P )
SR FR AR AT IR B SPFH —yqaB Bl 3L 5
F A& BSGN6-Y 1M 1, 3k15 BSGN6-YIMY T# #% ;
SR pHTO1 JikE Fll pPA3NMK-SPFH-GNA1 Jii ki
I fb i ) A 2 A9 BSGN6-Y1SY, 15 %] BSGN6 -
YISYTA ; it J5 # pHTO1-YISP Fl pP43NMK-SPFH-
GNAL J&i ki 43 #) 3 %% & BSGN6 -Y1SY .BSGN6 —
YIMY, 3 %] BSGN6-Y1SYPA BSGN6-YIMYPA, &L
K 3(a), E 3(b)—(d)"H ,BSGN6-YIMYPA f1 H1[i]
1215 7= 4 G6P . F6P . GleN6P il GleNAc6P [ it 2 43

B BAK T X BB ARBSGN6-Y1SYTA , bk 4h 5%
BH |, o BB o4 et B A 412 0F 22 iy 52 45 Aok b fRl AR = 4
BRI LRI 2 e ] 4 a7 40 o) B S5 P R
24 JRIEBIEXT GleNAc =2/ 0

RS W R O A R T AR
BN T, EF B R A AT GleNAe A 5 RE i 5
AT HE AT B R O X BRI R 7 GleNAe 1
BEMI 2 | FF BSGN6-YISYTA .BSGN6-Y1SYPA
BSGN6-YIMYPA #EATHEIH K %, 401l 4 (a) i, &
% 48 h J5, Wtk BSGN6-YIMYPA A GlcNAc 7= &
1 (5.18+0.16) g/L, XAk BSGN6-Y1SYTA
GleNAc 7= & (3.65+0.12) o/L, Ji I o i& J5
GleNAc P2 2T+ T 41.9%; IRl BSGN6-Y1MYPA
() ODgo 15 T X I8 R ¥k BSGN6-YISYTA, {H2# T
BSGN6-Y1SYPA, VL&l 4(b), FiRZ5 53R, 240 ffd 5t
I AL 3 i AR yis P 8 3% 35 X TR R A K 7 2 1 AN
0, IR GleNAc & A48 &,

| 3 # = [
WESE T A6 52 AT R o 3R IR B IR R A i
WM CHEIEN, DIEREFE | FMMs FlEE FMMs
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Fig. 3 Effects of plasma membrane modification on intermediate metabolites

=== BSGN6-YISYTA
=o— BSGN6-Y1SYPA
4= BSGN6-YIMYPA

[=)}

GleNAc Hhi/(g/L)
W

1

£
0 20 30 50

t/h
(a) AL ERSE ML B GION AT Bt

10 40

H 4

ODGOO

—a— BSGN6-YISYTA

30 -—e— BSGN6-Y1SYPA
—a— BSGN6-Y1MYPA

25
20
15
10
5
0

10 20 30 40 50

th
(b) TLH BRI A TENIOD,

JBR RS B0E 3 E R AE K A E #R 7= GleNAc BE R

Fig. 4 Effects of plasma membrane modification on strain growth and the ability to produce GlcNAc
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