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Metabolic Engineering of Escherichia coli for 2’ -fucosyllactose Synthesis
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(1. School of Biotechnology, Jiangnan University, Wuxi 214122, China; 2. Johns Hopkins University School of
Medicine, Baltimore 21205, USA)

Abstract: Human milk oligosaccharides play a crucial role in promoting infant health, safeguarding newborns
against infection and inflammation, and serving as the optimal natural source of nutrition for infants. Among
these oligosaccharides, 2’ -fucosylactose (2’ -FL) stands out as a prominent constituent with the highest content.
Due to its significant application potential in medicine and infant formula production, 2’ -FL has rapidly emerged
as a focal point of research interest. Natural product extraction and chemical synthesis are the main methods of
traditional synthesis of 2”-FL, but these two methods are difficult to extract 2’ -FL in large quantities, and there is
serious pollution. Consequently, there is growing attention towards employing whole cell fermentation as an
environmentally friendly approach that offers mild reaction conditions for efficient 2’ -FL production. By
heterologously expressing polyphosphate-dependent mannose kinase AsPPGMK and a-1,2-fucosyltransferase in
Escherichia coli while co-expressing key enzymes involved in the synthesis pathway and knocking out the gene
encoding UDP-glucose lipid carrier transferase wcaJ to prevent intermediate metabolite degradation, we
successfully enhanced the yield of 2’ -FL. Ultimately, through optimization of catalytic transformation conditions,
the addition of 200 mmol/L substrate to the 100 mL system further enhanced the yield of 2’ -FL to 79 g/L in a
yield of 81% in 8 h.
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Tablel List of primers in this study

514 J7HI(57-31)
manCB-F CGCGGATCCGAATTCATGGCGCAGTCGAAA
manCB-R TTGTCGACGGAGCTCTTACTCGTTCAGCAA
gmd-wcaG-F GGAGATATACATATGATGTCAAAAGTCGCT
gmd-wcaG-R TTGTCGACGGAGCTCTTACCCCCGAAAGCG
gRNA GTCAGCACATTGATAAACTG
gRNA-F CTGCGTTATCCCCTGATTCTG
gRNA-R TCGATGACGCCAACTACCTCT
F-AwcaJ-F GTCAGCACATTGATAAACTGGTTTTAGAGCTAGAAATAGC
F-AwcaJ-R CAGTTTATCAATGTGCTGACACTAGTATTATACCTAGGACTGAG

F-AwcaJ-test
weaJ-up-F
wcaJ-up-R
wcaJ-down-F

wcaJ-down-R

GTCAGCACATTGATAAACTG

GCCAGAAATGGGCGCTAACCA
GGGCTAATAACAGGAACAACGTATGAGCTTACGTGAAAAAAC
GTTTTTTCACGTAAGCTCATACGTTGTTCCTGTTATTAGCCC
CCGGACACGCCTTTATTAAAG

1.2 RWFE
1.2.1 BHRAfiE4

LB B % : & AR 10 g, B R Ky 5 g, NaCl
10 g, ZA 187K 1.0 L LB [H & 55 77 5« 55 ¥ 0 20 g
B

Bl 7 55 9%« B AK P A b Pk B B, O AE
37 °C.200 r/min ¥ 7 8 h.

S8 IR G 15 R T 37 °C . 200 r/min 35 5F
1.5~2.0 h, £ ODg N 0.6~0.8 B, [i] B ¥ i\ &
= IPTG i S &1, T 25 °C.200 r/min i 7 15 7%
122 MEEEZRGLE

E. coli BL21 (DE3) 4= % [K 41 DNA % 1 $2 HL
WA SR AU AT IR, Sl YR 4E NCBLE
W A A ) manBmanC gmd Fl weaG % [H J7 %1 it

17, B S AT 51 A ORI R . DL 9 1Y
E. coli BL21(DE3) 4> 5 [ 41 N B i) , PCR = . %%
f£:98 °C 305,98 °C 30's,55°C 305,72 °C 90 s,
30 MEFR ;72 °C 10 min, 4 °CHREHR . A 2 A B JF
5 A &R VAL R U ) O 1 T
LA A S N R i i e S B NG 7 S
IM109. DNA il 7 i 2h Je i3t 47 ¥ A il 56, #) i =
HFIEH K E. coli BL21/pET-CBGWF .
1.2.3 ik &4k F K B B RS B A 69 HE
AR E. coli BL21 3E K 41, FI H 51 ¥ wead-
up-F/R il weaJ-down-F/R ¥ 34 tH wacJ % K % 1] L
N B EEE R A B B AR . K DNA
FEMR & LA wead bR R BEOAEEAR , 3@ it 51 % wead-
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Fig. 2 Preparation of DNA fragment used for gene knockout
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E. coli BL21-A K5 3% , I i ade BH 1% 74K . # J5 A1 H
& pCas JFUKL 1) E. coli BL21-A ] & o % A0 Jf A2 26
Y B, JFE R A R 1 7k LR 1.8 KV, B[R]
5 ms) ¥ IR gl Ty i A IR A R R S B AL
HERZ S M h, 295 1.5 h, T 30 °CR & A4 KR
A JE IR B0 IR IR AT T & A PR B I LB XU
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B Ak o X 2H TR iR O AT BT 7R O B UL T R D AR
Fi A8 &1 St wead FE KB TE 0 5 E PCR 514 F-

1.2.4
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AwcaJ-test Xf #5447 HEAT B0 AUE , 0 328 H K I i ok 2k
DAL () T A » FE8 PCR 36U 5% I B8 ¥k iy %4 N E. coli
BL21-AwcaJ. #Ja M A 0.5 mmol/L IPTG i T I
1E 42 °CH5 37 1L 1% , %t pTargetF Fl pCas Jii $i Pt M i3
17 94 B% . CRISPR-Cas9 £ A @ B & K i 2
JIREK

125 A&tk

DpH: #F 5 A A pH(6.5.7.0.7.5.8.0.8.5) %
HALH BREAE TR 2 -FLEAL R MW . AR R
N1 mL, % 10 mmol/L H & # . 10 mmol/L FL#E
10 mmol/L 75 f B B &4 . 2 mmol/L MgCl,.
40 umol/L NADP.2 mmol/L NADPH A1 20 mg/mL
WA M, /N ZE PR 8 100 mmol/L Tris-HCI
(pH 6.5~8.5).

2) i B < I 5T AN [\ e R R BE (20025304 35,
40 °COXF FEALH F BE AL 7= 27 -FL AL R . X
MK N1 mL, 5 10 mmol/L H # ## .10 mmol/L
FL W« 10 mmol/L 7N i % B2 44 « 2 mmol/L MgCl,.
40 umol/L NADP.2 mmol/L NADPH # 30 mg/mL
A . S B ZE ph W 9 100 mmol/L Tris-HCl
(pH 7.5),

3R FE - W FEAS [F] R 9K 2 (10,2030,
40,50 mmol/L) X} % 4k T &% BE 4 7 27 -FL #4011
B, RMNAK RN 1 mL, @5 10~50 mmol/L H #&
P . 10~50 mmol/L F, Kl . 10 mmol/L 7~ s i B2 44
2 mmol/L MgCl,~ 40 umol/L NADP. 2 mmol/L
NADPH Al 30 mg/mL ¥ 40 g , /e N 2% /M
100 mmol/L Tris-HCI (pH 7.5)

4) 4 Y1 P LA TR O B P AR AL < F A [
4 20 i A A 700 5 UK EE (100202304050 g/L) X #%
PO # A 77 27 -FL # AL R B e . R MR RO
1 mL, £ & 10 mmol/L H # ¥¥ . 10 mmol/L . ¥¥ .
10 mmol/L 7~ i i B2 £} « 2 mmol/L MgCl,~ 40 umol/L
NADP.2 mmol/L NADPH #l 10~50 mg/mL ¥ 4l i ,
SN2 N 100 mmol/L Tris-HCI (pH 7.5) &

12.6 4l 7 &

D H 88 B8 27 -FL 190 5E = FH s R0 AH 1 32
(HPLCOWI & H & b it & B2 DA R etk % . AR
ZEE R M, €3 A 3% [ 19 AR A HLIR A Aminex
(Hercules, 3£ [E ) HPX-87H. 5 mmol/L #% /& 1E N IR
A, = 0.6 mL/min, 3 65 °C.

2)GDP-L-75 M (P 5 < R I AE Wb K rh 2R v
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Fig. 3 Schematic diagram of knockout gene with CRISPR-Cas9 technique

J& T 12 000 r/min &5 0> 10 min, i 3§ 5 F) F§ HPLC #
ATARTI o KW 2% < IR B MLRE AL, UV A I 25 , 3
22 AN K 254 nm, K2R 30 °C, 1 F 20 mmol/L ) %
B = Z AR AR 20 $ 14 %) 2 155 34T 86 FE e B I
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SR I R M B H R R (WP _028275864. 1) (1)

IR T B ARHE K o FF 18 14 %5 8 1 4 P, % 2
BR324 % 05 - e AL, i) % 19 21 2 5% 0 IR 3k 4K gt 2Y
H 75 B 4 S kL pET28-AsPPGMK .
22 EFEBBREKRNRIE

15 A6 T 41 (1 R B AR R AR DNA HL 5 31 45 47
pCas UKL [ K AT B BL21 H, 3 33 47 56 IR i o 3k
5. JRIAA VA PCRY™ 1Y 45 RAE B MEX IR . @
it GeneBank A 1, weaJ 3 KK B4 1 395 bp, i B
# 41 N CRISPR/Cas9, bl f5 i ik [A] Y5 = 21 I dk 47
PCR 5 1iF 753 3] 1F B fi 5% B8 Ak , 32 30 25 K1 20 DNA
F£H| H A N 5] % wead-up-F/weaJ-down-R 5 4IE , 40
Bl S BT, PR A 98 78 k5 TR vl B B 2 5 wead 56 TR K
JEE N B2 A K 22, P JE G PCRO T A DA 48
A B VAT P X 2 g o3k TR R BT 5 R 38 I R S B 2 E
F% T R 18 wead K2R IR E. coli BL21-AW cal T bk #)
H#5E R
23 BEHEAKBITFEMIFSRIE
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Fig. 4 Design and reconstruction of GDP-fucose biosynthesis pathway from mannose by a five-enzyme system
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Fig. 5 PCR identification of wcaJ gene after knockout
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Fig. 6 Recombinant strain protein verification
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Fig. 7 Effect of gene knockout on GDP-fucose production

25 Y FLASHREE

M NCBI # 3R Bk EH Helicobacter pylori HJ 1, 2-
TR L R B (WP 000874818.1) HI & 1R 5 41
R4 R o F TRT 1100 5 R 1 i 4 1, Xof 6 ] AT 2
itk , 18 H SD-ASUF 41128 : GAAGGAGATATACC) 1
4 linker, K F: 4 A Jii ki pET21a-CBGW 1 DA ¥ % =&
41 B kL pET21a-CBGWF, 3t 5 Jii ki pET28a-
AsPPGMK It [ #: 4k & E. coli BL21-AW cal 21 s 5 #4)
# 27 -FL 4E 77 B bk E03. AF & % FH & B0 AH (4 i
(HPLC) % K i #F B T2 18 Ak A= e 1) 27 -FL #E 47 58
=0T, LA E R I FE ) H bR 27 -FL AR AE
27 -FL b5 £ A1 R 43 0l £E Ok B I8 1] 8.04 min A1
8.09 min Ak £ 7E — AN B I, BB PR b A
2°-FL. g, 0 B 7= 4 i3k 47 b 21, 40 4k 48
NMR 25 ¥4 % 58 J7 ¥ K i3k — 20 56 UE A0 43 B S R R
12’ -FL /& 3 5 A5 1 5 #H 77 . "C-NMR (151 MHz,
D,O) AL 2 A2 F% 0 N £ 100.30(26-C) + 99.36(8-C)
95.92(3-C) + 91.85(25-C) . 76.31(4-C), 75.97 (1-C),
75.33(23-C) , 74.32(5-C), 73.96(9-C) , 73.63(12-C),
71.70 (10-C) , 71.32 (6-C) , 70.41 (28-C) , 69.69
(11-C) , 69.20(24-C) , 68.20(29-C) , 66.96 (20-C) +
15.30017-C) , 1% 45 SLAF B 25 B #0522 -FL.
26 2HEBMBAUD-HEREET2 FLIRNEH

otk

PRI 7R BL 5% At R % 4k e BB 52 ) e 3o 1

BE23 82024 £ 8 B | RMEEVEARER

B pH . SN R A R R RN AL R R = R R AR
b D-H B WL 2 -FL I R 2 1 - K pH 43 3
PN 6.5.7.0.7.5.8.0.8.5, ik 5 45 KW, 7F pH
7.5, 27 -FL B 77 2k B ey, W 8 (a) , X
P A= T2 PRt T B BRI o A B il R X
T M A R N A R 3 R, TR 7 A A A
b B B, 43 B AE 20.25.30.35.40 °C T i AT i
A, il B2 v BRI IR B T BRSO O TS L 30 °C
SR BT IR B S5 A, 27 -FL IR 77 R RN Ak 3R 4% i) Ny
3.3 g/LFI71%, WLE 8(b). FEJEMIRE 7, MK
Yk B A 10 mmol/L B, 746 0] LA B 72% , 1]
J&E P ¥ B A 20 mmol/L i, # 46 4 70%, W F
8Cc), “HE EMAK . X F Tl A=k i, 75 &
TIE 5% 4k % 1) [ B 22 R AT e 42 = 7 =, BT DA R
N JE W) R 3% B 20 mmol/L. M4, B H#E7R T A [F
A Y0 A AR AL TR VS I B 6 20 -FL = R R . 45
F WY, 2 A Gl N Ak R BRI K T 30 g/L B,
27 -FL /™= & i A5 07 5 9K B 1 38 n i 9 v, F — 2D 4R
e A 2 R R R R R RO IR A, R
I, 3% 3% 30 g/L 2y fe A 4 20 4 A0 750 R B UK T, L
K 8(d)s

27 ARR#KR

N T UE YK 27 -FL AR P2 MUAR 1) AT AT IR A
H 55 W U B 48 0 1) 200 mmol/L, 2 B AR 3K 5
100 mL. £ &AL 5% AF T X H 8 M kA 27 -FL
(I () AR R AT 7 A, 45 SR LI 9. FETT 6 h P
s H R AL N 27 -FL, R W 1R % ) N 4 F T A
ARG AR E . fERAVIN 6 h A 30 Fik 2
78% Fidi , R A AR VI LR . 27-FL
TE N 8 h G #54LR N 81%, P2 EIAH] T 79 g/L.
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