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B E. R IE A EFLEHE (human milk oligosaccharides, HMOs) ¥ A& i ¥ § #9 =& & BR ALK
Rz —, BRI EREATAERZEA, RLLATHZ . RN ESTL, 425z F
B, AFRESLT ZEMAT RS ANERERBRIES %K. H—FME 2 KIEE, XOHFH
JM109(DE3)/pET28a-BT0453 #= IM109(DE3)/pET28a-nanA, Jf F#84-4- & F 8] =4 N- LBbAY 2 2L,
E2WRIEAR@MICAENTILA 11, RELEE A 32 h 6954 T, 3269 N-TEBEAMMZ AR R G
FEH 204 gL, F P LR LBE TR KHATE IMI09(DE3)/pET28a-neuA. JM109(DE3)/
pET28a-nst #= & ﬁ#ﬁ’, 81T = B ARAR S A B R 3'-HE R B FUAE (3'-sialyllactose, 3'-SL). E&A
N-ZBERAEF E4E. FUIEIRE 354 200 mmol/L, & @BEmieAMmEH 150 g/L, #HEF Mgk
JE A 20 mmol/L e HALFAF T, KB 24 h, KERT 3-ERBIABG RS ELE 5504 gL, &
M N-TEERIL T HAE AR A 43.47%., PR ER A MARAL F 3R B IABRAEE T — 53749
BAIA,.
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Multicellular coupling fermentation for 3'-sialyllactose
conversion using N-acetyl-glucosamine and lactose

ZHOU Wen', YOU Xing', ZHANG Hongtao'", LI Zhongxia’, DENG Chaoming’, XU Chun',
LI Yu'

1 Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, School of Biotechnology,
Jiangnan University, Wuxi 214122, Jiangsu, China
2 BYHEALTH Institute of Nutrition & Health, Guangzhou 510623, Guangdong, China

Abstract: Sialyllactose is one of the most abundant sialylated oligosaccharides in human milk
oligosaccharides (HMOs), which plays an important role in the healthy development of infants
and young children. However, its efficient and cheap production technology is still lacking
presently. This study developed a two-step process employing multiple-strains for the
production of sialyllactose. In the first step, two engineered strains, E. coli JM109(DE3)/
pET28a-BT0453 and JM109(DE3)/pET28a-nanA, were constructed to synthesize the
intermediate N-acetylneuraminic acid. When the ratio of the biomass of the two engineered
strains was 1:1 and the reaction time was 32 hours, the maximum yield of N-acetylneuraminic
acid was 20.4 g/L. In the second step, E. coli JM109(DE3)/ pET28a-neuA, IM109(DE3)/
pET28a-nst and Baker’s yeast were added to the above fermentation broth to synthesize
3’'-sialyllactose (3'-SL). Using optimal conditions including 200 mmol/L N-acetyl-glucosamine
and lactose, 150 g/L Baker’s yeast, 20 mmol/L Mg”", the maximum yield of 3’-SL in the
fermentation broth reached 55.04 g/L after 24 hours of fermentation and the conversion rate of
the substrate N-acetyl-glucosamine was 43.47%. This research provides an alternative technical
route for economical production of 3'-SL.

Keywords: 3'-sialyllactose; N-acetyl-glucosamine; coupled fermentation; two-step synthesis;
human milk oligosaccharides
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2, HETRHIER L AT AR T 2 B
TR ARG,

Az W SRR VR TR L N 5 T e YA R T
1k 0 M = B R -N- 2 Bt A & & R (cytidine
5’-monophosphate ~ N-acetylneuraminic  acid,
CMP-NeuSAc)"™, Zid 2 75 B #E K i = B R
Jf11F (cytidine triphosphate, CTP)HI N-Z, it 2528
P2 (N-acetylneuraminic acid, Neu5Ac). FHF CTP
Fl NeuSAc i 4 5t , {545 B4 H] CTP I NeuSAc
KB IR 3R IR LR 22T (e T
Xt B BkEG, Endo SFUEIST T HI B AIRIG AT
(Escherichia coli)F1 7= Z #% # B (Corynebacterium
ammoniagenes)fi & & i, CMP-NeuSAc I R 4t ,
ZAIg T C. ammoniagenes F) ] = @i g IR 1
(uridine triphosphate, UTP)SZ B 1}y W4 e 2% 1 iR
(cytidylic acid, CMP)#| CTP Ay, {HABSR LA
NeuSAc YEN R, 4G 7 A & Y (] AR AR
f7E™"), Drouillard %"'7E CMP-NeuSAc 5
A 8 R ol P DR W TR -N- £ T A 4 B It
(uridine 5'-diphospho-N-acetyl-glucosamine sodium,
UDP-GIcNAc) il NeuSAc BE 4 5 il NeuSAc,
WL neuA. neuB. neuC JE[A YR KK,
KE = CMP-NeuSAc /=&, {HilHF
UDP-GlIcNAc AR &5, M7 RAKIA Gk
SN Y IR SR O RS A T R, e
) FH R TG DA Sk ot 005 RS0 M T PR 2L sy mik
it AR R ) R

WESE B, P 4= A0 A Ak T LS B R IR
B N- k2 2 # %5 B (N-acetyl-glucosamine,
GIeNAc)E] NeuSAc H A HUBEA 1), BEEEF
FI B B R BB A R0 CMP AL S i CTPRY,
I HEERE ARz A A R DL S AN BE
AW IIEN DDt /B i AU S S s N N 1
B GleNAc FE9 kA7 3-SL iR, A
MRS CMP 3] CTP RIIRER A, (5%
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A5 B 0 A AR, 4R T 3T S BIBRAY
WIS R A 3-SL B 5 (K 1)o(1) LA
E. coli IM109(DE3)/pET28a-BT0453 F/1 IM109(DE3)/
pET28a-nanA Wi FRKIER N- £ FE-D-H %5 4
i -2-22 1] SR T (BT0453) il N-Z Bt 48 24 iR 2
B (NanA YHEILSZEE GleNAc 1] NeuSAc Y =34
Ak (2) BB TR K E. coli IM109(DE3)/
pET28a-neuA, JM109(DE3)/pET28a-nst FlTfi {1
Wtk LSS — 10 724 NeuSAc MY AR SLIR T
O ke, SZEL3'-SL B R RS M .

1 #eE5FiE

1.1 SRIeM#
1.1.1  EHRFARHRL
A S v I R A R RN BORC TR L3R 1

R FFRIL 38
Jo b B O A G Bet R R A ] s
£, AMFEIENA DNA EEGAHF &, WFAT
AW TR (W) B A BRA S BN D)
fitf . Taq M. T4 DNA &£, WTRXAEYE
()M AR AR ; CMP. CTP. GleNAc
M ManNAc, W FH0M e8I E Y R B RS
7] ; NeuSAc, ASLIGEG N ; CMP-NeuSAc.
3-SL, W FRIBBEE 25 A BRA R HAthh
] 7= 43 B 2 5

PCR Y. A HIKIL, T Bio-Rad 23] ;
FAOBRARETEAL, TS EA R SRR
LML, MF Sigma 23 H] .
1.1.3 EFEREFREH

LB ¥577(g/L): EE MM 10, NaCl 10,
MEEESR I 5, pH 7.0, 121 °CK T 20 min, LB
BiE PR (g/L): BEE PR 10, NaCl 10, MRk
WY 5, Bilg 20, pH 7.0, HEFREM: #
TR A B R 2 LB BUIE A |, 37 °Chs
3% 12 h,

1.1.2
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A . coli IM109 E. coli IM109 B & coli IM109 AL
o, OH </ \:
OH Tyt N
- i Nans HO 3 = 0 COOH NeuA P on O,P\O & =<0
HO = ‘7_'(, AcHN I‘IU‘A:‘wLCOOH
HO OH )\ln‘/ HO ek HO HO OH
ManNAc Pyruvic acid NeuSAc CMP-Neu5SAc

BT0453 \TP E. coli IM109

[o3
HO P ”
| | Lactose on
o o on du "Q} Nst 7
HO OH OH
HO OH %UH
NHAe
GlecNAc : :

Baker’s yeast

1 RIS HER S EZME S NIERBRIERE A 2L GleNAc JIEY), FIH E. coli
JM109(DE3)/pET28a-BT0453 F1 IM109(DE3)/pET28a-nanA XL FE#HE G551k NeuSAc K B2 (LB (0K R).
B: 5 ALIHE*Y) NeuSAc NIEY), A E. coli IM109(DE3)/pET28a-neuA, JM109(DE3)/pET28a-nst
A AL B = R A e Ak 37-SL (1 R iR 12 (LUK (3R

Figure 1 Designed strategy for sialyllactose synthesis. A: In the first step, GIcNAc is used as the substrate,
and the fermentation pathway for the coupled transformation of Neu5Ac by E. coli IM109(DE3)/
pET28a-BT0453 and IM109(DE3)/pET28a-nanA is shown in orange. B: In the second step, the intermediate

product NeuS5Ac is used as the substrate, and the fermentation pathway for the coupled transformation of
3’-SL by E. coli IM109(DE3)/pET28a-neuA, IM109(DE3)/pET28a-nst and Baker’s yeast is shown in gray.

1 AW ET A E AR R

Table 1  Strains and plasmids used in this study

Strains and plasmids Features Sources
E. coli IM109(DE3) Expressed strain In this lab
Baker’s yeast (CICIM Y7123) CTP donor strain In this lab
Beer yeast (CICIM Y7124) CTP donor strain In this lab
pET28a-neuA Express CMP-Neu5Ac synthetase In this lab
pET28a-nst Express a-2,3-sialyltransferase In this lab

pET28a-BT0453
pET28a-nanA

Express N-acetyl-D-glucosamine-2-epimerase

Express N-acetylneuraminate lyase

Constructed in this study
Constructed in this study

YEPD M85 77 3 (g/L): REE FIIE 20, #
ZiBE 20, BEREREUY) 10, pH 5.5, 115 °CKE
20 min, IS HEEEEAEIEF R YEPD
Brgegerp, 30°C. 150 r/min 2514 F 8555 24 h,
8 000 r/min Z5.[> 5 min WAL IR, ZRIB/KHE
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R I RS N g H
1.2 FHiE
121 T#2H E. coli JM109(DE3)/pET282a-BT0453
5 E. coli JM109(DE3)/pET28a-nanA 89453
L) Z 4D 4T i (Bacteroides thetaiotamicron)
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Hh BT0453 # [Fl(GenBank & 558 AAO75560.1)
J¥#IH1 E. coli str. K-12 H nanA 3 [Hl(GenBank
S5 NC_000913.3) 51 AR AR, 5140 I
Ik 2 s, e 54T PCR & 1S (K
[N X PCR =4 alifb In i, K 4lifbJe 1)
PCR =¥ pET28a 25 Gk 44 H 7] R il 4
WUIBEIHAL JG 4, IR %47 ) o3 ) 55 A )
E. coli IM109(DE3). 2 ¥ 4b i 45 B 150 pL LA
Kan N i EbR iC#E- 4T F-Rik A, 37 *Cil iH: 5%
7% PCR B0 UFIEAA S , PRIBCRIAVE BRI . 32
B 2 JFokE pET28a-BT0453 Al pET28a-nanA #E47
FEUIRIE, JFHX 2 FhEE 4 ORGE 2R AEY)
B TCB AT BR 2 wIE— 200 5 4 0
1.2.2 EHEBAWRIEEEE
BRI TR KR 25 20 mg/L Kan
) 10 mL LB ARG, 37 °C. 200 r/min
PRI 12 h, FH%E 3% (B0 R0 5%
B ZE & 20 mg/L Kan i 200 mL LB ¥ A8 35 5
H1, 37 °C., 200 r/min #EH 3% 5% 2 ODgoo 294 0.6
Jo . IMAZHSE S 0.1 mmol/L #)5 N £5-B-D-Hi
2 ZUMHF (isopropyl-B-D-thiogalactoside, IPTG)
PEATES, 16 °C. 200 r/min FEHEE 35 20 h, 15
SLER T, 4°C, 8000 r/min B> 5 min WAE
. WIESE. ERERSED S M RIR
7, 100 °C/K ¥ 10 min, 533205507, JEFEM,
SDS-PAGE il 1335, Wik i Fn T
PR AR AR 28R OK BRI S . B0 .

*2 BATEEMREHSIYFT

Table 2 Primer sequences for cloning and expression

1.2.3 MERBRFLFERIS AL

FRIRERS AW 3-SL b & U
100 mmol/L GleNAc, 80 mmol/L FL¥E MK,
£ 500 mmol/L NHdER#H . 70 mmol/L CMP
300 mmol/L %5 % #¥% . 20 mmol/L MgCl, . 20 g/L
. 250 mmol/L KH,PO,. 4 g/L LK L%
1 mmol/L 4% 75 B i (dithiothreitol, DTT) .
150 mmolV/L = ¥ W J& 40 J B k¢
(trishydroxymethylaminomethane, Tris), 100 g/L
M EEEE2E). 50 g/L E. coli IM109(DE3)/
pET28a-BT0453 . 50 g/L E. coli JM109(DE3)/
pET28a-nanA, 50 g/L E. coli IM109(DE3)/pET28a-
neuA 1 50 g/L E. coli IM109(DE3)/pET28a-nst
(VA K A T A o 1 O 0 ) P
30 °C. 200 r/min JZ ¥ 32 h.

Ve Y TR L AR 11 T R 200 5 T LT A
A NeuSAc BIEALAIH(ES% Gao 4 17):
PA 100 mmol/L GlcNAc., 500 mmol/L PN il iR £
NIEY), 7E 20 mmol/L MgCl,, 1 mmol/L DTT,
250 mmol/L KH,PO,, 20 g/L H i . 150 mmol/L
Tris .4 g/L Jo/K 1% .50 g/L E. coli IM109(DE3)/
pET28a-BT0453 #11 50 g/L E. coli JM109(DE3)/
pET28a-nanA B H, 30 °C. 200 r/min JZ
I 24 h,

ARG A 3-SL MEAL A B EIR
W FEFRS VI 2 mL, 8 000 r/min %[> 5 min,
R A ARSI 80 mmol/L FLKE . 70 mmol/L

Primer name Sequences (5'—3") Size (bp)
BT0453-F ACGCGTCGACTTACAGCGGCTCCAGGACTTTC 32
BT0453-R CATGCCATGGACTTCAAGAAACTGGCTAACCAGTACC 37
nanA-F CATGCCATGGCTAGCGCTACTTTTACGGGTGTTATTCC 38
nanA-R CGCCATATGTTACGCGGTATACAGGAATTCATCAACAATC 40

The underlined sequences are restriction enzyme cutting sites.

&: 010-64807509 B<: cjb@im.ac.cn
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CMP, 20 g/L Hil. 6 g/L Z . 300 mmol/L %
ZBE . 100 g/L ARG E). 50 g/L E. coli
JM109(DE3)/pET28a-neuA #1 50 g/L E. coli
IM109(DE3)/pET28a-nst (LA _F AT i B {4 i ot
BN E), WA 30 °C. 200 r/min S 28 h,
1.2.4 HEFH) NeuSAc FaME 7K EL 7L HE B £ 4
)

(1) NeuSAc 43 A ke

)2 )27 (thin-layer chromatography, TLC)
R < J T 00 I N 2K s 25%247K=7.5:3:2 (I
BR300 Sy 28 e - — O e - 1 2 £ 5%
(8 mL K fi% . 8 g AN . 40 mL 85%MEMR I T
400 mL P EdH)R4, 105 °CHM# 10 min &€,

155 AW A 2 33 (high performance liquid
chromatography, HPLC)Killl . 2% Sabine 21>
TSNS, G5 Aminex HPX-87H Ion
Exclusion Column (7.8 mmx300 mm), ¥izhAHk
5 mmol/L H,SO,, Jii# N 0.6 mL/min, #FFEE N
10 pL, ZEHMGIIHEA N 210 nm, HEY 60 °C.

(2) MR LW B 43 A A i LA Bz 43 15 4l Ak

TLC #: . HPLC #&: . 28 (1) NeuSAc
9 43 B ARG

e aifb ik i HyperSep Hypercarb
& AHZE B/ M (solid phase extraction column), 4l
e RNk 3 pon.

#*3 SPE/NENSBHEUERRABELR
Table 3 Steps of separation and purification of
sialyllactose by SPE column

Step Column passing solution ~ Volume (mL)
Activation Carbinol 3.0

Balance ddH,0 3.0

Sample loading Catalytic supernatant 0.5

Washing ddH,0 1.0x3

Elution 80% acetonitrile (volume 0.5

fraction)

http://journals.im.ac.cn/cjben

B 5T A B WO W/ H B R AT I TR] BT 3
(matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry, MALDI-TOF-MS)%}

Bre B 1 pL 2iAbfE A RRIAE S AL 1 pl s R
2,5- B FIEH PR (dihydroxybenzoic acid, DHB)
T Na', S0l SFEEREAR R — &, TREH
S 0a TR BB, BT s A SR B
T T HEERE : 0-2 000 Da.

2 BRS04

21 ITEEKRHNUEFMERNESRIE
21.1 I# & E. coli JM109(DE3)/pET28a-
BT0453 BY#93E & BT0453 BIiF SR

Pl B. thetaiotamicron JL[H4H JAith , 2

PCR ¥"3¥ 51554 A Sal 15 Nco I BV A Y
BT0453 LA, Mixdt N i Bt 5 pET28a #hifki%
E(® 2A), T4 Ok pET28a-BT0453 £ il 1) 1
ik, 7E 1100 bp Z247A W 4540 (8] 2B), SR
K/ 1172 bp Y BT0453 AH—5, E—A 20 7
WE )5 , 5 41 Bk pET28a-BT0453 %; A E. coli
JM109(DE3)H 153 T.# 5 E. coli IM109(DE3)/
pET28a-BT0453, | IPTG S N-Z [t-D-#i%i
W ie-2-2% 1] S M il (BTO0453) I F21k, BRIEH
AE 42 kDa AAA LB ME A RB KW
(# 2C), X/h5 HFREH(41.8 kDa)—2, i
BT0453 7£ T.F2H# E. coli IM109(DE3)/pET28a-
BT0453 H il ik .

212 I 7#HE E. coli JM109(DE3)/pET28a-

nanA BIHE & NanA RIS RIE
DL E. coli str.K-12 FER4 AHitk, 2 PCR

P 151532034 Neo 1 F1 Nde I BEUI A nanA
LD, #iZ 5L - BE 5 pET28a 2% H:(1& 3A).
Y TR pET28a-nanA A I UE , 7 1 000 bp
LA W B4 (B 3B), 53R/ 947 bp
1 nanA MY)& . SW)PEEE, AR
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A 1 origin Sal 1 B M1 C  kDa M 2
—Nco |
: 245

Kan

pET28a lacl
BT0453 5369 bp
Sall | Ncol 75
ori
f1 origin 45
35
25

pET28a-BT0453

6541 bp

2 EYHRAL pET28a-BT0453 R RIZE AN KE A B4 JF K pET28a-BT0453 ¥4 & i F2 .
B: 4 Fiki pET28a-BT0453 ALHEI K. M: 10 000 DNA 4> T-HbnifE; 1. WEEHI G EAF R, C. #HA
JiUki pET28a-BT0453 SDS-PAGE . M: &[4 FiatbnifE; 1. BRAT240ME; 2. 55 20 h 241
Figure 2 Construction flow chart and electrophoresis map of recombinant plasmid pET28a-BT0453. A:
Flow chart of construction of recombinant plasmid pET28a-BT0453. B: Double-enzyme digestion diagram of
recombinant plasmid pET28a-BT0453. M: 10 000 DNA marker; 1: Recombinant plasmid after double
enzyme digestion. C: SDS-PAGE diagram of recombinant plasmid pET28a-BT0453. M: Protein marker; 1:
Whole cells before induction; 2: Induce whole cells for 20 hours.

igin Nde |
A f1 origin /Vde ] B bp M 1 € kDa

Kan
lacl 75
nanA
Ndel | Neol .
ori
Ndel | Neo1 45
f1 origin 35
25

pET28a-nanA

6316 bp

3 EYHFN pET28a-nanA BIHERIZEFIEIKE A B0 pET28a-nanA f i #2&l. B: &
25k pET28a-nanA MWEFVIE. M: 10 000 DNA 4 FEbrifE; 1. WEEVIFEA R, C: B4R
pET28a-nanA SDS-PAGE . M: s FabrifE; 1. WBRATE4M; 2. 55 20 h 2414

Figure 3 Construction flow chart and electrophoresis map of recombinant plasmid pET28a-nanA. A: Flow
chart of construction of recombinant plasmid pET28a-nanA. B: Double-enzyme digestion diagram of
recombinant plasmid pET28a-nanA. M: 10 000 DNA marker; 1: Recombinant plasmid after double enzyme
digestion. C: SDS-PAGE diagram of recombinant plasmid pET28a-nanA. M: Protein marker; 1: Whole cells
before induction; 2: Induce whole cells for 20 hours.

&: 010-64807509 B<: cjb@im.ac.cn

4627



4628 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

pET28a-nanA ¥ A E. coli IM109(DE3) {55 T.
L E. coli IM109(DE3)/pET28a-nanA, [l IPTG
'3 N-C B 2 2 R 2% B (NanA) R 3R35 , 5%
J& A 4iiEFE 33 kDa A4 A B A& MFRIA %
(Kl 3C), R/NS HFREE T (33.4 kDa)—2, 156H]
NanA 76 T FH E. coli IM109(DE3)/pET28a-nanA
RIS
22 HHEWEEABES BERER ZLE
ESI A I Rt A TR
KRR —IEG BUORNS, F 4 tR TR
Fi2l8 50 g/L E. coli IM109(DE3)/pET28a-BT0453,
50 g/L E. coli IM109(DE3)/pET28a-nanA. 50 g/L
E. coli IM109(DE3)/pET28a-neuA. 50 g/L E. coli
JM109(DE3)/pET28a-nst 5 a2 8 100 g/L
WS A TIR ARG K, IR AR [A] I [A] B HUR:
AT TLC i, & EER A 5 thAEAE S5 hn i i
3'-SL 1% L # (B (retention factor value, R)AH[F] )
A (K 4A), HF—PiE i HPLC #H7E i, I
] Ay 28 h i, 3-SL P A, 4 4.69 g/L,
IEEHICHT GleNAc WIEE/RAL %R 7.41% (& 4B).

A

&

- T
¥ wgseey
& Seeer

1 2 3 4 5 6 7 8

23 ZMMAPEBE XS K MERE
HEIR R B AL

WFH B PAA R 3-SL P A 4.69 g/L,
NI FIREY GleNAc, & HE LR, %
W06 R R LN . 55—, WG
KA NeuSAc; 58 — &, —HWIE RESK
3'-SL,
231 K N-ZBEEFHERAKPVNERS
B R R R R R B L

1 5ELL GleNAc MJis#), E. coli IM109(DE3)/
pET28a-BT0453 1 IM109(DE3)/pET28a-nanA X
WA A BRI P74 NeuSAc, X & BER I T
HPLC 7341, A LA H 7™ 4 ) H IR ] 5 NeuSAc
Prat AR (B 5A), IR PRGBS A E
R, Rik—4E5E NeuSAc Byr=m, X/
I [60] ARG 4 0 A 0T T e 1 200 o A i 1 A 7
Ak, 7E E. coli IM109(DE3)/pET28a-BT0453 Fil
JM109(DE3)/pET28a-nanA 2 ffl A= ¥y e b 1:1,
B0 32 h i}, 155 NeuSAc f 577 54 20.4 /L,
XY GleNAc #4230 65.98% (&1 5B).

B ¢~

Production of 3'-SL (g/L)

20 24 28 32 36
Time (h)

4 TR ENAE—-FEBEEH 3-SL I A Tk DEMEa 28 Y TLC 73
Bri&l. 1. NeuSAc bpifhs 2: FUBEbRE; 3: 3-SLARdh; 4-8: TLHASS 20, 24, 28, 32, 36 h K™
#.B: 3'-SL =K

Figure 4 Effect of different reaction time on the synthesis of 3’-SL by one-step coupling method of five
strains. A: TLC analysis diagram of the fermentation products of five strains coupled in one-step. 1: NeuSAc

standard; 2: Lactose standard; 3: 3’-SL standard; 4-8: Fermentation products (at 20, 24, 28, 32, 36 h,
respectively) of five strains coupled in one-step. B: Production of 3'-SL.
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Figure 5 Detection and optimization of influencing factors for synthesis of NeuSAc. A: From top to bottom,
HPLC fingerprint spectrums of GlcNAc standard sample, NeuSAc standard sample and two-strain coupled
fermentation product are listed. B: Optimization of Neu5Ac synthesis by two-strain coupled fermentation.
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Figure 6 Detection of 3'-SL. A: TLC analysis diagram of purified fermentation product. 1: Neu5Ac
standard; 2: Lactose standard; 3: 3’-SL standard; 4: Flow through; 5-7: Wash three times; 8: After
purification. B: From top to bottom are HPLC fingerprint spectrums of Neu5Ac standard sample, 3'-SL
standard sample and the fermentation product of five strains coupled in two-step are listed.
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Figure 7 Analysis of 3’-SL by MALDI-TOF-MS.
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Figure 8 Effects of different factors on the coupled synthesis of 3’-SL by five strains in two steps. A: Yeast
species. B: Concentration of substrate GIcNAc. C: Concentration of substrate lactose. D: Biomass of Baker’s
yeast. B: Concentration of Mg*". F: Comparison of 3'-SL yield before and after optimization.
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