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Construction and Optimization of the Pathway from Mannose to2'-Fucosyllactose

in Escherichia coli

LI Sha, HU Yawen, LI Junzhong, SUN Xue, LI Yu, LI Qinggang
(College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: 2'-fucosyllactose (2'-FL) is a kind of fucosyl-modified human milk oligosaccharides, which plays an important
role in the infants’ growth.2'-FL could be synthesized by microorganism with high production. However, the carbon
sourceutilization efficiency is low in this method, limiting the improvement of 2'-FL production continuously. In this paper,
a new strategy was constructed to enable the strain to use glycerol for self-growth, and the cell growth and production of
mannose for 2'-FL concentration did not interfere with each other, and the phosphomannose isomerase (ManA) in
Escherichia coli strain was deleted in this study, and the obtained strain could use glycerol for cell growth and use mannose
for 2'-FL synthesis, and the conversion rate of 2'-FL was improved, from the original 10.77% to 58.3%. Furthermore, by
knocking out the branching pathway of the precursor GDP-fucose, optimizing the expression levels of key enzymes a-1,2-
fucosyltransferase and mannose-1-phosphate guanyloyltransferase, the production of 2'-FL was increased. This strategy was
verified by measuring the growth of the strain and the conversion rate of mannose, and this method will be applied in the
existing 2'-FL high-producers in the laboratory to further improve the conversion rate of mannose to 2'-FL, and provide a
reference for the construction of industrial strains with efficient synthesis of 2'-FL.
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ANFLFERE Chuman milk oligosaccharides, HMOs)
RIS EOOR T ARG, F77E 200 R Fh
AFI 52, HMOs R #1 E0073 i A8 470 i 2 s
MFLPAE, HIBCA S BEmAK, ARTE2ILG
WKk E B, 2w R L LR 2-
fucosyllactose, 2'-FL) J& 75 ¥ HEFAZMi ) HMOs,
£ HMOs (52, 22 31%C. HAaf, 2'-FL
SR AT LA I 2 B 40 LI 7 Wk, BT
(T SRR 5, AR = IR S BT T2 (R ORTE
[71

2-FL WA= RS A B WA BORIAE
W& Rk, o, SAEE BROE R KRR A
FRAAR . PR AU 25y s B, AR R B A
FHIRE, R T EY A R 2'-FL KSR
HAT, KZ LUK #ETE E Wk T 2-FL 1)
A A R, R N KR B 38 AL 1 S I
AKIREE, HHBEFEGAE 2-FL iRy S
5- TFER-B-L- T E (GDP-HikE) M58 %Kiz,
P RE R o-1,2 FHERERERRE S, RIATE
p7 2-FLIA, 2FL RAE A g R E 1 R,
PASHE-6-TEBR AT AR, AR YOS BEBR H 28 i v H il
(ManA) . TR H s b EE (ManB)  H #%#-
1-W 8 S BE#E 2B (ManC) . GDP-H & HE 4,6-
it /K (Gmd) F1 GDP-4-fifi-6-iit S H #& b 3,5-4F Jig
B /4-10 )5 (WeaG) HIMEAAE A R GDP-2 i .
GDP-# B FIFLHEAE o-1,2- 7 BB IL R0l (FutC)
FERR, B pg 2-FLI,

H AW 7 B4R FXF 2-FL &g Rt
W, KRS 2-FL PEMMET 5 o/l REEL
121 /LIS, FHSCHE 7t LARRES I B v 1 A T 2
FL &g R, REEE Rmr=ioh 22 g/LP% |
F 2-FL & RO R EHE & 5 PRI A L
X, REBRIFV PSR R 2 T Al A, R
BIRA ) 2-FL IR EUIK, 2-FL A= IR RIL 2
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REHEAT 2-FL WM& RN, KB s aER HH
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o X AR A [R5 23 73] B8 B B R AR KR 2'-FL
A BRSNS, P T BRI H SR AR 2-FL
AL . Rbk 2-FL #TAY) GDP-& b o Ris s
(1) UDP-#i & W5 5 G #A H  Bip L R wead, 4% o-
1,2- AL AL R Bl FutC AIH SRR -1-RE 2 1 HF It i
el ManC [RIE/KF, $&a T KA B LR B ik
o 2-FL 4R 2K

Glycerol Mannose
i '

GalP ==

7

v
FBP— —~>| 1Ca
F6P

ManA Mannose

Man6p2? Gl

ManB ﬂ

ManlP

GTP
ManC ﬂg)
Pi

GDP-Man
Gmd
Colanic GDP-4-keto-6- Glucose
acid  deoxymamnose &

: NADPH  Galactose

WeaJ¥ WeaG
h “GDP-F NADET
e LacZ

2'-FL.
SetA LacY 7
2'-FIL: ! Lactose

& 12-FL MIREIE RIRE
Fig.1 2'-FL synthesis pathway in microbial

FutC ﬂ
‘\—-Lact:se

1 RS T3

1.1 #t
111 B Fx53H
AW AT E AR LR 1, SIUEER

FRAR K P22, 2.
AR KA A e 2'-FL AR 2 34T
7 1 ERRAIBRL
Tab.1 Strains and plasmids

gl 4FR Rt SRR

e . F ¢80d lacZ AM15A(lacZYA" argF) U169 endAl recAl N

P E.coliDHSa scRL7(rkmkc) sup(E44 i g)yrA96 relAL phoA SRR E R
L MG1655AlaclZ::Pic-wcaG-gmd-lacY SIG 2 PR
L1 LAmanA FIN G
L2 L1Awcal EN T
L3 L1 (pTrc99a-manB-manA, pSB4KS5-futC-manC) ENTIS
L4 L1 (pTrc99a-manB, pSB4K5-futC-manC) NG
L5 L2 (pTrc99a-manB-manA, pSB4K5-futC-manC) AT
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L6 L2 (pTrc99a-manB, pSB4KS5-futC-manC) RIFF
L7 L2 (pTrc99a-manB, pSB4K5-Pjaios-futC-manC) ENGIE
L8 L2 (pTrc99a-manB, pSB4K5-Ps110-futC-manC) AT
L9 L2 (pTrc99a-manB, pSB4K5-Pjzz100-futC-manC) NG
JL
pCAGO ApR, containing Cas9 and gRNA S 28 R
pTrc99a ApR, GenBank accession no.: U13872 SO 2 AR 5K
R H .

DSBAKS KmR, pSB4K5-152002 (Cb;:gk%%r:wt accession no.: EU496099) S ARk
pTrc99a-manB pTrc99a derivative, using promoter Py to overexpress manB ARIFF
pTrc99a-manB- pTrc99a derivative, using promoter Puc to Overexpress K5

manA manB&manA
pSB4K5-futC- pSB4KS5 derivative, using promoter Pucto overexpress A5
manC futC&manC
pSB4K5-P23105- pSB4KS5 derivative, using promoter Pi2310st0 overexpress A5
futC-manC futC&manC
pSB4K5-Pazs110- pSB4KS5 derivative, using promoter Pi23110t0 overexpress K5
futC-manC futC&manC
pSB4K5-Pj23100- pSB4KS5 derivative, using promoter Pi23100t0 Overexpress K5
futC-manC futC&manC
2514
Table 2 Primers
EIL/EZR S il
manA-up-F ggaacgcctgaccgtgctcattcee
manA-up-R attaattaatgatcaatccctgttttaatgtggaa
manA-cat-F gggattgatcattaattaatctcgagtgtgacgga
manA-cat-R tgttttaatgtggaaattaatcccactattccttacttcggttcgatggactatt
manA-down-F ttaatttccacattaaaacagggattgatcgagcttactgaaaaaattaacatct
manA-down-R aaagtcagcttgccgetgeccagat
wecal-up-F tcaccactttgtcgttctccatcactttc
wecal-up-R aacgatgacaaatctaaaaaagcgcg
wecal-cat-F tttttagatttgtcatcgttattaattaatctcgagtgtgacg
wecal-cat-R gcgccataaggtgaaaccggcecttacttcggttcgatggactattacgeccegecectgecac
wcal-down-F ccggtttcaccttatggcgcagcatgtagecttcaatgaggttcctgttattagecccttacce
wecal-down-R aacgcggtcgctatcagcaaatcaacctg
ZTB-F gaacgagtaagtacccggggatcctctagagtcga
ZTB-R tctecttcttaaagttaaacaaacacaattccacacattatacgage
B-F tttgtttaactttaagaaggagatatacatatgaaaaaattaacctgctttaaagc
B-R cccegggtacttactcgttcagcaacgtcagcaga
ZTBA-F gtacccggggatcctctagagtcga
ZTBA-R tctecttcttaaagttaaacaaattactegttcagcaacgtca
BA-F gtttaactttaagaaggagatatacatatgcaaaaactcattaactcagty
BA-R tctagaggatcccecgggtacttacagcttgttgtaaacacge
pSB4K5-ZT-F acgggtgtaagaggcactggctgaaattggttttg
pSB4K5-ZT-R cttcttaaagttaaacaaaggtctgtttcctgtgtgagattgttat
futC-trc-F ctttgtttaactttaagaaggagatataccatggcttttaaagtggtgcaaattt
futC-trc-R ggtatatctccttcttaaagttaaacaaattaagcgttatacttttgggatttt
manC-F ctttaagaaggagatataccatggcgcagtcgaaactctatccag
manC-R ccagtgcctcttacaccegteegtagegatecgeg
105-F gtcctaggtactatgctagcecctttgtttaactttaagaaggagatataccatggctttt
105-R gctagcatagtacctaggactgagctagccgtaaaaacgtaaatgcatgeegcettcaggt
110-F gtcctaggtacaatgcetagecctttgtttaactttaagaaggagatataccatggcetttt
110-R gctagcattgtacctaggactgagctagccgtaaaaacgtaaatgcatgccgettcaggt
100-F gtcctaggtacagtgctagccctttgtttaactttaagaaggagatataccatggctttt
100-R gctagcactgtacctaggactgagctagccgtcaaaacgtaaatgcatgccgettcaggt

112 F 2350

113 PMEHLE

DNA 4lifbil &, R aA), RIRAELE
ol wE)) ARAA; 4w kEAa
(ClonExpress® CE I1) , FgRiifiMER AR A F];
DNA &1, Thermo Fisher Scientific A &]; HAth
WA A 4t

F B B PCR &894 (FEER K /KA
AT , KA (Baygene) , A% HE B OHL
CBEER RAM/RBHE AR , HELC (EE BTX A
A, RBGRA G CRERRBHERATD
EOERGIRIR (RS ARARD , otk



JEiE (BEBR KRB AR .
1.1.4 3EHAE

LB K57%3E: AR 10 g/L, BEREM 5 g/L,
NaCl 10 g/L.

KRR IR Hih 15 g/L, BEREEY 5 glL,
KH,POs 8 g/L, NH.CI2 g/L, /B8 1.7 g/L,
MgSO4 7H.01.4 g/L, Fil&% 4.5 mg/L, 10 ml/L il
LR (FeSO47H,0 10 g/L, ZnSO47H,0 2.2 g/L,
CuSO4 5H,O0 1.0 g¢g/L, MnSOsHO 0.38 ¢/L ,
NayB;0740H,0 0.02 g/L, (NHs)sM07024 0.1 glL,
CaCl; 2.0 g/L) , AFEEWKRELH B (OnkE

0. 1. 5. 10 g/L) , FLHES g/L, P75 pH KN 7.0,

1.2 753
121 FamE

F%E pTrc99a-manB: LAFURL pTrc99a AR,
5% ZTB-FIR ¥ 38k H Bt LAEFA AL E.coli
MG1655 JE[KZH DNA AftR, L5 B-FIR 34T
manB it [A 88, ffF A G 4% v FE BB K manB .
pTrc99a Lk M4k ik v Briddz, @=L E] E.coli
DH5a /&2 2540, 046747 PCR BAE. Wl
FFJE, 3R1GFRL pTre99a-manB.

P& pTrc99a-manB-manA: Ll Jii i pTrc99a-
manB N, FISIY ZTBA-FIR 3 H 344 B
PABF A= 7 E.coli MG1655 £ [F1ZH DNA AR, LL5|
Y BA-F/IR 34T manA LR 3G, [ IC5E v bR
¥ manA. pTrc99a-manB NZEMEHM F BUER:, &
REre 4k 3| E.coli DH5a 24, X4k
F 4T PCR BuE. WP 5, KA FARL pTrc99a-
manB-manA.

Fy7d pSBAKS5-futC-manC: LA ki pSB4KS Ayt
W, {85149 pSB4K5-ZT-F/IR, PCR #1815 3k 1
pSBAKS #ifk B, EFER H M IR R a-(1,2)-
LR B ILIA futC, (514 futC-tre-FIR,
PAA LR & R futC BERCABERR, PCR #4445 2
futC R B A 519 manC-F/IR, LLEf A7
E.coli MG1655 £ [XI4H DNA A#itk, PCR 3 #4755

manC J& KB, (RS e FERERE futC PR B

manC JER fr B S48k pSBAKS v Bk, &
B4k 3 E.coli DHSa B2, XL
FHEAT PCR k. MF )5, K15 MR pSBAKS-
futC-manC.

7]‘@ @ pSB4K5-P323105-futC-manC N pSB4K5-
P2z110-futC-manC 1 pSB4K5-Pj3100-futC-manC: LA
JiUkL pSB4K5-futC-manC AR, HI 514 105-F/R.
110-F/R FI 100-F/R 435l 414 2tk i Bt pSB4KS5-

ARBELEEHR

Piosios-futC-manC . pSB4K5-Pys110-futC-manC Al
PSB4KS5-P23100-futC-manC, i FH Jc 4% v [ s 73 7l K
PLE 3 AN BoZ e, ERESMLE] Ecoli
DH50 &3z, 413847 PCR ik, U
FFIa, 75 m3R13 B kL pSB4AKS5-Pj2si0s-futC-manC .
pSB4K5-P j23110-futC-manC A pPSB4K5-Pj23100-futC-
manC.

122 Bkt

AT R R ARSI = DA Wk L 2
filth BAKSEA M. Bk L 2UKBTE K12
MG1655 it K PR, Rk lacl A1 lacZ JE 1A,
IHEIR lacZ ZEFIAE A Py JE 3 1-1d %35 weaG. gmd
A lacY MR, B H AR CRISPR/Cas9 4
Rl gm 24, TRk L mibk manA RS, SRR L1.
PR L1 2k SEmibr wead JER G, $R153 Bk L2.

B L1 . ok, M R DR o i 7
FRE A B, B8 B RUERRE . SRk
cat F @ M M N2 7l
(TAGTCCATCGAACCGAAGTAAGG) , LISkl
RAFI) MG1655 B AE R HRONIEMR, 70 IR R 2
HH 5 #%F manA-up-F/R il manA-down-F/R 4514,
PCR # i3 2 RIYEHE A T FPEE . Dodd
PCR FRAFHIB ML L A cat-N20 41 ) v By
W, A 5IY% manA-cat-F/IR N5I##E4T PCR
T, SREHEAE cat-N20 JFHl A B, BAETF
WElRYRES, ¥rpUdd cat-N20 FAIM A B, X 3 A4
FrBONBERR, FIH 514) manA-up-F F1 manA-down-R
HATHES PCR, 1H2|FVEEA B HRIUREL
Bolid b NS pCAGO FRifEfk L H,
AT P RVRE A . PRk IEHf e B R AT 2 IR A
PRE A PGS R FIRE A S B IR, R4
22k pCAGO JFikL, MIMERTFrR manA ZEE ) L1
£/ 38

PR L2 M. w i R L1 i
P, AH R AL g [mUs s 2 BT 51 AN |] . FLA
SIPERITR: HEE 2 F519%F weal-up-F/R Fl
weal-down-F/R, PCR #3445 2] [7] Y 5 240 /) b T Vit
[EYEEE . I 514%) weal-cat-F/IR A5 ##E47 PCR ¥
W, FEFEEA cat-N20 FAIH A B, H 51
weal-up-F Fl wecal-down-R ¥§3R1F 1) 3 A Bl AT
#HE PCR, 193|FHEH .

Bk L3, L4 M. ik pTrc99a-manB-
manA il pSB4K5-futC-manC JL:FI#44k EHE#k L1 1,
R R L3 HH [FFE 0 77 750 KL pTre99a-
manB il pSB46K5-futC-manC JL [E#1k £ Hkk L1 1,
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W, S RN B A R H R A ™ 2 R PR R iR A A e R AL -5

192k L4,

Ptk L5, L6 MIMEE: ik pTrc99a-manB-
manA il pSB4K5-futC-manC J:[FI#44k £ H#k L2 1,
R B L5. FIH FFE I 7 1508 iR pTre99a-
manB il pSB4K5-futC-manC J:[FI#44k £ H#k L2 1,
13 E P L6,

BbE L7, L8 MM L9 MM g H ik
pTrc99a-manB Al pSB4K5-Pjasi0s-futC-manC H[F] 4%
teZ MR L2 F, BRI L7. AR5
Uk pTrc99a-manB I pSB4K5-Pjos110-futC-manC 3%
MR Rk L2 b, BB WK L8, ik
pTrc99a-manB Al pSB4K5-Pjasi00-futC-manC H[F] 4%
R L2 1, 32 E K L9.

123 HHEHR

W E R P LB 3383, 37°C (F
1 pCAGO Jii br 1) B vk 5 7R IR FE A 30°C) 220
rimin Z&0F R, KB 2-FL I, BUOCH L3 £ L9
BRI H M 10 uL B2 E) 5 mL () LB kR 373
Hi, 37T 220 r/min SREEFE, I 2% MM R
BRI KRB R (G 24 RALBGHHT R B 3R,
RN 2 mL, 37<C. 600 r/min &M FHFE. F
F 4 66 BETHIE B AR 1 AR AR (Asoo) o
1.24 2-FL == 6ynE

2-FL 7= & W s BT A M OVRA S R N
Carbohydrate ES (5 um, 250 mm>4.6 mm) , £
M E A ZER AT S, WA CHESK (R
N 70: 30) , JiFEAN 0.8 mL/min, F:EA 30°C,
BERE RN 10 nLP2. R ASRIR B 1 2'-FL bsvfe dh il
PEbRAEMZE, THEFESF 2-FL & &,

1.25 HEEER 2-FL #FE 0T HE
HEEFEA A 2-FL LR (R)Z IR (1) 15 .

P,—P; (1)

Mrq
—=Xm
Mr,

A PR 2-FL SEFRr=iE, g; P AREFREEH H ik
WA 0 g B RRE S 2'-FL (P75, g5 Mrioh 2-FL #
X FRUE: M N H ERHEARR s m o H
BRI AR, g.

R =

2 BZRE S

2.1 FRPRIAER H TR AEEEE manA
HEmEBRE AL (PTS) AN
A RCH B BE-6-TEIR,  AEH RS ManA [1fE{L
TEH T & R BE-6-BEIR 2 5 BRI iR iz 12, T T-4H
MEA. BT 2-FL & R Ae A QA IE AR TR

fifR AT, SRR U B R A 4 F T 4t AR
K, 2-FL & B R IR A A 2R e . mc B 2 (A
manA &, T ERHE-6-BE IR TCVEAE M N B A T AR
MITRFA I 2-FL & igs. I HImER
B U (A S 20 R AT AR AR, ERBEREAT 2-FL
AR AT RE S B R A K S AR PR I AR I A S s
17, PREBIEFI SR 2-FL HAL R H K.

TEWPE L 2L E, FIH CRISPR/Cas9 & X4
B 7 e B R TR T R B S M e 5 2L R manA.
FIH CA M FIR R A BARGET S — 5. £
WRPREH G, AT FRRIL 0 B R w g, Phikh
EEH 100 mg/L A RE RN LB ik BAK, (HEE
&4 25 mg/ll AE RN LB PR EAA K Bk,
HATH ¥ PCR 30ilE, BV PCR WiER; v BaR/NA
1863 bp. Kl 2 KM, K PCR IUFIRTS I VKK
WR/NZ) R 1800 bp, SEERR/N—8. HH AT
AN E T RIG, R T P RIEEHEE. &
B P RIEEME, fE 37 CKM T TR,
ERILHM pCAGO ki, MIMiskfFmls manA 1)
Wk, 4N Ll

M. DNA marke; 1. BEi#k L1 ¥) PCR £t
2 WEEHK L1 BYE% PCR BiKE
Fig.2 Electrophoresis diagram of PCR product for strain L1
validation
2.2 @ikx GDP-&E#E D XiRREEERE weal
BE— bR 2'-FL & agie ) UDP-7 & s IR
JREAAE NG Wead, (8 H Eabl & R GDP-4 Bk
ANBEHEN GDP-& 80 7 ST ig 4 (] $i R & Bk
12, AT DA v AR B RO T R RO A R,
T4 iy H EehE G B 2-FL I A 2R
HMH CRISPR/Cas9 % [Xl 4 1) J7 k% GDP-
HERE D SO AL wead. A C A EERIF
VR AP BURIREAT SR — 0. % DR EA S,
BEAT PRI 2 7 B LA S, PR HHAE S 100 mo/L
HRERM LB FAREAEK, HAESH 25 mo/ll &



HERM LB “FAR EAAKM R, HATHETE PCR
Bk, W% PCR Wik fy BoR/hy 1290 bp. Kl 3
FW, WK PCR I&UFIRAF M HL VK 261 KN H
1200 bp, HEWGK/N—3. BT FHI0E TR
Ja, RETE SRBEEARK. KBE PREE
PP, £ 37TCHAM NIATHRREETR, ERILPH
PCAGO Jiifi, MR rbREER wead IIBEIE,
%R L2,

M. DNA marker; 1. Btk L2 (1) PCR 5
3 EE¥K L2 BIEE%E PCR EBKE
Fig.3 Electrophoresis diagram of PCR product for strain L2
validation

2.3 FIRHERE 2-FL EHka9E

MH RS R 2-FL & 4eh e dE 5 AN,
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o, 1FBIER L3 IR LS. FIHRIFER 772044 5
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A: JTUKE pTrc99a-manB JilE; B: JfukL pTrc99a-manB-manA %iE; C:
KL pSB4K5-futC-manC ¥ilF
M. DNA marker; 1.PCR ¥}
4 WHFFEPREIEE PCR BLIKE
Fig. 4 Electrophoresis diagram of PCR product for
strainvalidation
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FL AR, SR nlEl 5 A1 6 .

5 T EEWKE 2-FL =8
Fig. 5 2'-FL production of different strains
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Fig. 6 The residual mannose in different strains and the

conversion rates of mannose to 2'-FL
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Table 3 The relative strengths of promoters

JA BT A4 FR FHX 5
Pa23100 2547
Pa2s110 844
Pa23105 623
Ptrc 146

& 7 FEREIFRIL FutC #1 ManC B, BEHE 2-FL =2
Fig. 7 2'-FL production of strains with different expression
strengths of FutC and ManC
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