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In Vitro Synthesis of GDP-L-fucose by Multi-enzyme Cascade Catalysis
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Abstract: GDP-L-fucose is recognized as an important nucleotide sugar and a critical glycosyl donor in fucosylation
modification. To establish a new method to synthesize GDP-L-fucose, in this study, a biosynthetic pathway from starch to GDP-
L-fucose was designed. The pathway is catalyzed by eight enzymes. After these eight enzymes were screened and identified, they
were expressed in Escherichia coli and subsequently purified. Based on this, a multi-enzyme cascade system was constructed in
vitro to synthesize GDP-L-fucose and the reaction conditions were optimized to enhance its synthesis. The eight enzymes, all derived from
thermophilic bacteria, include alpha-glucan phosphorylase (¢GP), phosphoglucosamine mutase (PGM), glucose-6-phosphate isomerase (PGI),
class I mannose-6-phosphate isomerase (ManA), phosphomannomutase (ManB), mannose-1-phosphate guanylyltransferase (ManC), GDP-
mannose 4,6-dehydratase (Gmd), and GDP-L-fucose synthetase (WcaG). After optimizing the reaction temperature, pH, enzyme ratio, Mg™",
NADPH concentrations, and phosphate buffer concentration, the reaction was conducted with 1 g/L starch in one vessel, resulting in a GDP-
L-fucose yield of 53.23% and 0.53 g/L. This study is the first to report the biosynthesis of GDP-L-fucose from starch in vitro, providing a new
method for the synthesis of GDP-L-fucose from starch-based renewable resources in vitro.
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Fig.1 GDP-L-fucose production from starch via a multi-enzymatic biosystem
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Fig.2 The thermodynamic analysis of the pathway
®1 BREHNERER
Table 1 The information of the enzymes
ey By 4 % AR RERFLRSE /T DA IR BN
aGP alpha-glucan phosphorylase 70 Thermotoga maritima MSB8 [22]
PGM phosphoglucosamine mutase 70 Thermococcus kodakarensis [19]
PGI Glucose,6-phosphate isomerase 70 Thermus thermophilus HB27 [23]
ManA ClassImannose-6-phosphateisomerase 80 Thermus thermophilus [24]
ManB phosphomannomutase 70 Pyrococcus horikoshii [25]
ManC  mannose-1-phosphateguanylyltransferase 80 Pyrococcus horikoshii [26]
Gmd GDP-mannose 4,6-dehydratase — Jhaorihella thermophila —
WcaG GDP-L-fucose synthase — Jhaorihella thermophila —
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Fig.5 Analysis of the synthesis system
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o5& [ N pH B TE 5.0, {H 4.5~6.0 2 [A] % A7 & 2
ZEPH. fE pHAH <7.0 B, BEER ERGE MR = 2 B 2 i
T Tris-HCl 22003, 1% 7] 68 5 R 2R 2% i v R 4 it
NP R RRAR B8 4 OC; {E pHIE>7.0 I, ERRER
2 PO IR 77 R R PR AR HAK T Tris-HCL 22 00, 5%
WA] e 5 IR #h 22 i B R BR TE I 2 VB AT Ok, 4
pHAE>7.0 I}, BEPR SR 2 Ml K 2 i 71 55T Tris-HCl
LR, HEEPR pH WA fdE OB pH 80K, FEH T
FEYIFERET RS, g2, A pH A 5.0 FIBERR £52%
MBAE N R N PR G2 R o

100
80|
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40}

20

Relative yield of GDP-L-fucose / %

Temperature / C

6 IREEXT GDP-L- &R HES A AR
Fig.6 Effect of temperature on GDP-L-fucose production
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Fig.7 Effect of pH value on GDP-L-fucose production
223 @REEELHATGDP-L-8 B AES AR A

TRGEEILE KB 8 N igiely, XA E
IR ERC EE XS GDP-L- 0l & I S BEAT IR U, %6
I IEAZ SRR TT 1 & AN EEXT GDP-L-5 Bk & B AN
[FISZ, HSei s 45 RE 2 R T7 Z 0 i AR 22 4y
Pras AR 2 fidk 3.

m& 2 AL\ ANigielEt, HA Gmd KK
&2 X GDP-L-5 30 5 ™ £ R Ve, HoR-Bp
BRGNS GDP-L-4 0 & B AN 27 2E 8 25 MRS,
A FAEN Gmd S5 B R R 2 R GDP-L- 5 35 0 (14 R 1
PERRIER .

F2#5 % Gmd Jit UK BE XS GDP-L- 4 B0 & 1 1)

LM HEAT T A AR R R LA, SRR E 1 Gmd
J5 B R P 9 B 0.05~0.6 /L. 45 R & 8 Fiow,
£ 0.05~0.4 /L 3t [l W, B & Gmd Fi & K JE 1 52
Jt, GDP-L-& M= 2l it m, HH KT 04 gL
i, GDP-L-& #0H™ & JF 0 0 28 ME i vy, LBl )
LB AR 0.4 g/L. Z5E 3% 3 TN A e 1) e A8
IRFEHC L, 15 HY S RAA FR0g A2 i Y fi AR o Bk R T L
A aGP:PGM:PGI:ManA:ManB:ManC:Gmd:WcaG=
3:2:2:3:3:2:8:2,
R2 XWERFESN
Table 2 Analysis of variance of experimental result
75w df H7 F P
AJE  103895.308 1 103895308 1109.192 <0.01

aGP 243.250 2 121.675 1.299 0.315
PGM 278.988 2 139.494 1.489 0.272
PGI 298.093 2 149.046 1.591 0.251
ManA 318.644 2 159.322 1.701 0.231
ManB 44.359 2 22.170 0.237 0.793
ManC 87.461 2 43.730 0.467 0.640
Gmd 10167356 2  5083.678 54.274 <0.01

WeaG  164.289 2 82.145 0.877 0.446
%A 936676 10 93.668
7 P<0.05Rf, RThBE TRERFIE WA,
R*=0.925.
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kksk n.s
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Fig.8 Effect of Gmd on GDP-L-fucose production
Eins RBEMHEF (P>005), ** £FMEFE (P<0.0001).
224 Mg HE3FGDP-L-% A8 A R 4 %k
SEIG VB K A AL TE Y 0.5~20 mmol/L. SE5:
S5 9 s EBARHIK G 0.5~2 mmol/L K,
P Mg™ IRFEEG T GDP-L-& 3R (& i, 430K
JE AT 2 mmol/L i, #7 Mg™ WK%, GDP-L-#i#
Bl RS, HROE W AE 2 mmol/L, WUtk
5 2 mmol/L 1F N5 82 S B Mg™ W .
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R 3 XKWL RIREDN

Table 3 Analysis of range of experimental result

] K oGP PGM PGI ManA ManB ManC Gmd WcaG
1 520.68 544.92 518.55 564.49 550.81 535.38 328.63 541.05
K18 2 571.23 598.46 590.70 517.70 549.47 569.83 594.40 589.63
3 582.95 531.48 565.62 592.67 574.58 569.65 751.84 544.18
1 57.85 60.55 57.62 62.72 61.20 59.49 36.51 60.12
Kavg & 2 63.47 66.50 65.63 57.52 61.05 63.31 66.04 65.51
3 64.77 59.05 62.85 65.85 63.29 63.29 83.54 60.46
RAERF 3 2 2 3 3 2 3 2
R 6.92 7.44 8.02 8.33 2.79 3.83 47.02 5.40
K SF 3 3 3 3 3 3 3 3
HRFE LA 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0

E AR E G ER TEIRE R A 0.1, 02, 03 g/L.

*

100 1=
80 =]
60
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20
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Fig.9 Effect of Mg’ on GDP-L-fucose production

A ZFERFE (P<0.05),

2.2.5 NADPHRE*f GDP-L-% B 456 .89 % )
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w10 PR, FESEE FT R SRR EEIE A, NADPH
WK JE XS GDP-L- & ¥ # & BJF 6 91 2 3 m,  Jdh,
GDP-L- 4 i 55 77 S U BLTE 3 mmol/L 3K A5, ik
164% 3 mmol/L Ay H il s Bk FE T I B0 7

< r n.s *

S0F = = ] =
g

2 80
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& 6or

o

ks

S 40t
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5 20f
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Fig.10 Effect of NADPH on GDP-L-fucose production
Eins REFHEF (P>0.05), * £2F2F (P<0.05).
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2.2.6 BRER L% A HOR BT GDP-L-2 A A R A
S B B AR AR ALE A 5~100 mmol/L. 5K
52k R 1 Fion, 7EBAR R G 5~20 mmol/L
P, B B R R % M OR B A R T GDP-L- A b
&, MR EE KT 20 mmol/L I, #w HKk &
ANH| T GDP-L- % #: B 1) & B, 1E 5~100 mmol/L
I B Rl L ROE WS N 20 mmol/L, f BLik
£ 20 mmol/L 1 K 5 2= & I I 1) B 1% 6 2% i v
W
120
100 =

[e]
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Relative yield of GDP-L-fucose / %
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Fig.11 Effect of the concentration of PBS on GDP-L-fucose
production

Er e Z BB E (P<0.0001). FHEFR.
22.7 GTPREATGDP-L-% BAEE M4 %0
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i, Segegf Rk 12 Prox, 7E/0NT 3 mmol/L iK%
W, $E % GTP LK B H) T GDP-L- & #EFE I &
W MHEIKRE KT 3 mmol/L B, #5E GTP x M ik
FEAH]T GDP-L- & 5 0 1) & B, fi il S NI B
£ 3 mmol/L. FTLAZEHE 3 mmol/L Ay f5 i Sz B ik f
ENEEL
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Fig.12 Effect of GTP on GDP-L-fucose production
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Fig.13 Effect of the concentration of starch on GDP-L-fucose

production
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e A BULE S AR AU S L SRR L 5 R B o e
B FURIRFE BT, MBCT MR, JeR A, R
BE SEDLARTE B o7 IR R I BRIEFE AL T DA il i
S BE S MR EE, Kl GDP-L- 5 Ml & i A2k, Bl
A AU A B AR A F 7 A S A A — NI
SR PEAE GDP-L- b 5 AR R R I 2R . N T
SCIL GDP-L-5 BEHE & I REIS B — Mg 77 4, 3

1 /L AE N H G SR T BTE ¥y S RL T R B, A2 I L
ZME R, GDP-L- iR 77 %8 19.34%, 7284 0.19 g/L.
229 % EEBIRIK RS R GDP-L- % 4% R
AT

FEXT DL B R 2R 5E Ak )G, #E4T GDP-L- 45 bk
(K] — 85 G U N o 7E 2 mL 85008 3 200 pl 2 Nk
Z ;20 mmol/L (IR ERZEME (pH {E 5.0), 2 mmol/L
1) MgCl,, 3 mmol/L ff] GTP, 3 mmol/L [ NADPH,
1 gL 13EH, oGP. PGM. PGI. ManA. ManB. ManC.
Gmd. WeaG [ BB FES 728 0154 0.14 0.14 0.15,
0.15. 0.1. 0.4. 0.1 g/L. T 55 “C. 800 r/min 1 i /&
SN, AN R SR R EURE #E4T HPLC 437 o

S S5 AN 14 BTk, GDP-L- 75 FE b 7= A
3h)g EFHREEME, 755 hik B EME 53.23%, 7=
5 0.53 g/L, fE/7% I 5 Mahour R DL H 7 9% i
W%+ — 0 IS HEAL A B GDP-L- & R B 72 A —
SE Y ZE R, H PP R A N 48 h IAE] 72.00%. 52 A EL,
ZHE I AAE T I BB TR, S NI TR B S 4
TERY AL H BB TN B AT 2545 . Hoh, RMAE Sh
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e e VX GDP-L-5 05 & s 52
60 -
50 -
40 -
30 F

20 |

Yield of GDP-L-fucose / %

Time /h
B 14 R REMHRT GDP-L-35 S 0E & B I 18] i 2%
Fig.14 Catalytic reaction curves of GDP-L-fucose after system

optimization
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GDP-L-*5 FEHE A BRI RS o F53d s W 3 B2 A pHL A 43
B2 55 °C. pHAE 5.0, 315 M I A A5 o3 & vk 3 i L
N aGP:PGM:PGI:ManA:ManB:ManC:Gmd:WcaG
=3:2:2:3:3:2:8:2, Mg Hi&E W E N 2 mmol/L, NADPH
BOEWREN 3 mmol/L, R #h 5% i il I i & K
20 mmol/L. fE&E &M T, Lh1 /L VM KA,
—BNERNL 5 h, GDP-L-#5 ik 15 3 53.23%, 7~
N 0.53 g/L. Ja S 70T Al L 2 AT R 5T LAk
— AL 1H GDP-L-4 bl A& BRI R0, g my g )ik 2
PALR A R R N, RN, BTSRRI, EEENT4l
A TAE SR Il 8, AT 240 ao Ak B A 1 AT Al
b, BEE R AP B EAT & U R .
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