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Abstract: Breast milk is the ideal food for infants. As the third most abundant solid ingredients in
breast milk, human milk oligosaccharides (HMOs) have an important impact on the growth,
development and health of infants. A few HMOs have been used in infant formulas. Among them,
2'-fucosyllactose (2'-FL) has the highest content and comprises 30% of the total HMOs in secretor milk.
With high nutritional and medical values, 2'-FL is regarded as a new type of food nutrition fortifier, and
it boasts multiple functions such as growth promotion, cognition benefits, immune enhancement,
anti-allergic activity, anti-viral activity, and intestinal flora regulation. However, originating from
breast milk, 2'-FL is unlikely to be obtained by separation. Thus, it is urgent to synthesize 2'-FL in
artificial manners, which include chemical and enzymatic synthesis and whole-cell biosynthesis.
Cost-effective and easy to scale up, whole-cell biosynthesis of 2'-FL has received worldwide attention.
At present many foreign multinational companies have begun the industrial production and commercial
application of 2'-FL, whereas the relevant work in China remains in research. Therefore, it is of great
significance for China to master the synthesis method of 2'-FL. This paper aimed to review the
functional characteristics of 2'-FL and systematically describe the key technologies and the latest
progress in whole-cell biosynthesis. The strategies of rate-limiting steps to increase production were
also discussed. We sought to provide a biological basis for the synthesis and commercial production of
2'-FL. Further, the paper facilitated the development of infant formulas close to human milk.

Keywords: 2'-fucosyllactose; human milk oligosaccharides; whole-cell biosynthesis; application
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Figure 1 The chemical structure of 2’-FL!
The alpha-1,2-glycosidic bond is noted in red.
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JRF AR, MRS 2-FL =75,
T2 NE AR E. coli Wit Rk zwf Al gsk iX
2 A, e IR F NADPH Fl GTP 1Y
TEINELE, TFF GDP-L-45 ol 09 7= i 48
T 8.11%.
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—— The pathway of cofactor regeneration

The key enzyme in cofactor regeneration systems

Cofactor

4 NADPH Hi%iR'!
Figure 4 Source pathway of NADPH!®",

BEAh, PR SR AL I D I s 025 8 Y B A
(ArcA)& E. coli 1 —FhE B Ay 42 Ry R 15 [ 5~
arcA FEH W @BEAFIT TCA FEF, MMide s
2-FL W& MAET ). BIFERM, arcd BRI TR
B S50 BEEERRAR G, 2/-FL PR in 1 38.8%72,
2.1.3 FUEHVERENANFR R

FUBHE A AL 2'-FL MIZWEY), sEEmE
B2 B R A M 2-FL SRRl . FLBE
LacY (B-2-ZLWHH5 5 M W) E A 4 i 9 J5 & 57
BPBE LacZ (B-F- LM 11 B ) 7K ik B 7 24 M >
LA BRI, R 40 P L R R Y R s =

WA, —. WK lacy VIIREIBEA
o BB BEIRNE AR lacz, DABH ik FLBE ) HE
— 3K,
2.1.4 o-1,2-FT B985 EKiE

o-1,2-FT fEW% 1) GDP-L-‘ 0 A FL B Ny
JEW G R 2'-FL, & 2'-FL & i AY ¢ g R i 4
RZ—o R2EL TAFREM a-1,2-FT, H
i Wbs]. WbwK., WbiQ. WbgL ZkJET
E. coli, fH3X L[ 3L R 3 3K K OF- 3 5 Eb 3
K. BEMEHRZH o-1,2-FT J&RIET H. pylori
) FutC I FucT2, {HJ& FutC Fl FucT2 &35
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x2 D a-12-BREEEBE

Table 2 Some members of a-1,2-fucosyltransferase

A-1,2-FT Strains References
FutC H. pylori [69]
FucT2 H. pylori [67]
Whbs] E. coli 0128 [84]
WbwK E. coli O86:B7 [85]
WbiQ E. coli O127:K63(B8) [86]
WhbgL E. coli 0126 [87]
WcfB B. fragilis [68]
Te2FT T. elongatus [64]

=W e A, e AL AR X &R 4%, T
H. pylori =R, XATREZ AN 2'-FL
TE4% B A LA EERS . A, Chin ZE108% 3R
B. fragilis H1{%) WcfB FRik/K-F-w&5 H G ™ ¥4
B, AHER T2 R AR R U T I A
RN A ZE 4, Seydametova 254 JA A= )4z
E—RHAMEHEET 104 0-1,2-FT A, ik
THkAT hermosynechococcus elongatu i Te2FT,
HAE E. coli AL M15 33k Te2FT, HEI LB
72 h A[4K1E 0.49 g/L 2'-FL, % 55GRiHGE 1
H. pylori 1 B. fragilis 1) a-1,2-FTs {EAH 244,
2.1.5 2'-FL B94MHE

HT E. coli MNIUIIE AR, MRS RK
e E s oy SRR MERE , k| A 2'-FL 1
ShHERGE, K 2'-FL MRS HEZ Mok, T LIS
IR E AR, BRARAE T A, Parschat
SO T — R AR O ME—BR TR . HASK A
B 2-FL W TR, JFEizmtkh sl AT RA
Y. bercovieri ATCC 43970 ) TP Y.bFL[H, TP
Y.b. RE I g ith 3 L Uy [ 5% 12 28 11 B8 2 R (major
facilitator superfamily, MFS)FJHiAMERL iz 1A,
WA RLAESE 2'-FL (940 HE, & B2 84 h )5, W]
HAGHT 60 g/L 1 2-FL. IKAM, ®EHFEEEN
a-1,2-FT WATB T st 2-FL & &, f
, FA FutC A i 2'-FL i, 49%F) 2'-FL 7£

<l actamicro@im.ac.cn, & 010-64807516

HaPs A Te2FT & B9 2-FL, 247 12.3%
(¥ 2'-FL fF7E T 1
2.2 HiE

FIET, 2-FL MAYE R EZAE E. coli
AT, SR T E. coli M ENTER, HAEN
B AR A i TR A A= 7 TR AR A AE — 2 1R
K. MERETE Saccharomyces cerevisiae J&— Fli
GRAS (2iN&am)iAaY, Hakdh &4+
= H GDP-D-H §x Bl , X O i B o ok 4 2R )™
2-FL 24t T Al BB, SR, 1E S. cerevisiae
SEPL 2-FL A7, TSR OCHEFT A . FLA
1l GDP-L-#bl, 1 RER S. cerevisiae BEASBEAL
AR ATLIE . 8 T T IA LR RE A RS TR 2
i AR, TR A Kluyveromyces
lactis WYFL B ENEEE(Lac12)8i2k B Neurospora
crassa WL HERINE FE 21K 5| A S. cerevisiae ',
TR SIS LR e 2 i i g 00 S5 — ik
GDP-L-5 30k, WW L GDP-D-H #H h iky
MB B, BERL L SR R I 0 e 20 A P )
salvage pathway 5ZHH

Liu Z5P%E S. cerevisiae 15| AN T FUHE
fii(Lac12). GDP-L-A#Hi) de novo pathway
MRIEH gmd. weaG . fucT2, %W K& B
AENE 74k 0.51 g/L B9 2'-FL, X2 S. cerevisiae
i 1d de novo pathway 47 2'-FL B8 IR #icdh
Yu EE S. cerevisiae HVE | G i FL M 1k
1) lac12, VX fkp. fucT2 % GDP-L- BEHERY
salvage pathway FHIOCEEE, DL ZBERGRIE, 4
HEAMEEA B 120 h 5 AT 35453 0.503 g/L 19 2'-FL.
Lee SEPRAIAMER G HZE, MR A i
FEPEHE BRI FEI%T 2'-FL & a9l J-ZEAniE
YT Lacl2. Gmd. WcaG fl WbgL 5 4H
A s AR, H% 2-FL = R R # 25.5 /L,
(7] Fof 3 o 9080 A 4% 5 HE 4 43 A e Bk 7 2 2'-FL
M ELAE, [ 72%09 2'-FL REMEHYE 7 Wb 51
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4h. Hollands 25| ASEIRT N. crassa (4T 4
WiXE a1k CDT2 A4 fith 55 D5 1 RE 05 A 200
FEBE TR R 27-FL 40k

Bacillus subtilis HJ&—FhHLAL ) GRAS TH
PR, BT TR AT B RS
Deng %Nl 13 78 B. subtilis BIA fkp . futC %3
AT 2-FL By GDP-L-A#EME) salvage
pathway, 5| ASMEFUIEETEREEER (lacY . lac2)
PEEUBEIN, mBR N IR B-F LA il e K]
(vesZ) K BH T FURE R A, 3 Rk ¥ iz 5 11 B ]
gleP BE T LA B A, ) I Rl [
GTP FABHIENFRIE, il B. subtilis 5,
2'-FL By =ik % 5.01g/L.

3 2'-FL #4377 i

2-FL A Al A80RM € 2 (HPLC)
HEATRE HER . Christensen %1457 (1) HPLC
i AR EEL, WE BT 19 min, 7E
0.2-12.0 mg/mL 3t Fil P 26 Pk KL 4 (R*>0.999 5),
Hizor ik 2L Wk 2-FL /98 ik
W, B R A s E M . SR, HPLC
Rz ) T YA AN RE S PR = il A . Seydametova
P T — R MALRE X E ' 2-FL 1
By, R 0-(1-2,3,4,6)-L-45 BT
2'-FL Bl LA bE, D2 L-A b i S 4
b LA B e i) NADPH, A i phe e il 2
2'-FL, iz ikl {#i 96 FLIFLARAE 50 min N
P | G I 2-FL (Rl 2'-FL W
Bk 5 g/L). Seydametova ZEPTA K E | T IT
TE E. coli i 33K T2k H Xanthomonas manihotis
A a-1,2-2 A B AN K B Pseudomonas sp. no.
1143 1y LA 30 I U8 , 2'-FL 7 a-1,2-5 30
T EFRIVER B o3 LA sebE A Lps, L-ai
WETE L i I = W A T i — 2044k, JF
J¥ B, NADPH, i 14 11l ¢ NADPH 3 i # % 2'-FL

T, TR DU F LR 7 W5 A
2'-FL My skl , i8] LU F 2'-FL & 7 B ik
PR i 1 . Shin PR & T —A 49t
HWIMEIRES, 1E E. coli AL YA H 4 il A 33K
o-L-75 BT A 21 (0 0GB 1 (RFP), E. coli
AL YA £ 2'-FL W5 RS rh R B H 2 e
FERGSR, HAMMIR9OEREE S 2'-FL 78 1-5 g/L
W E N LR 1 EL A1)

4 2-FL W %2H

W5 R, FEH RPN 2 g/L /%) 2'-FL Xt
AT R G R R, B
B )LE 7 Wk v 8 2/-FL & 2640 . Tt 2R
1y, HMEE S 2-FL AL Wik At T2 LAY S
ﬂ%ﬁ@%[lasz,moqoz]o PhlppS %[103—105];&]— 2'-FL
M OB R FLBE(DFL)IE &4 . 2-FL FIHL
BN+ 38 1B T (LNFP-DIRA W 1E & i i 4z
SRR T IEAL, AT A R R AR . A
S FL B0 0 A A R B AR AR KR 90 d &2 1
RIS, oM 90 d WBFIE R, R H]
AN KRN Mg g #E, IEB] 2'-FL/DFL 1R &
Y. 2'-FL/LNFP-1 J&& Y176 2 LECT7 0k LA )%
1R IS IR R N R e 42 . Parschat 251
WIESE T &4 2-FL. 3-F sl . FLpE-
N-DUBE . 3-MER PR LAY . 6'-MER PR FLIESE 5 Fh
HMO TR A Y7 B L™ b Al — £ i o o
SR

2016 4, L E & 5 A 25 B 5 7R (FDA)
fLHE 2'-FL RN INE 4> (GRAS), AIENE
IR 2Rl LBC T ks . FL Ok
gl il 2019 A WO R B 76 25 8 dh bR
HE JR) (FSANZ) Fe VR A6 22 L IC J7 £ b Hh SRS Jon
2'-FL 8 55 FLBE-N-#r Db 2 A st [l 4E
Wi £ i 22 45 R (EFSA)#E i 2'-FL/DFL £ Wy
BRLE S(NF)#EA T 7101101 2 FL AN ]
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P B LBC T Wk vh A I 8 s P By, 3wl A
O T D 70 790 A0 I T i SRR T i L
@ﬁiﬁ[l(ﬁ]o

5 E%

HMOs BEBfEHE 2 ILAERK . & T AIERE,
PRI )32 A T 22 LB 5 W5 83 . HMOs £ 22
JLEC 7 Wk v i i 5 423k HMOs i3 ) —
Pl b 2-FL & o W BB 7L o o d i 1Y
HMO, 7EH0 il 05 Jo 2 e I 19 iz 18 T 1
W G s ) S I R R mEAE AT B
Wi, 7ERRSE—SE[E S 2-FL Al LIRS 5 o
T2 LI D7 W5k o R AR SRR Y &
i FEELLEC T Wik th s m 2'-FL & —Fh 1R
AHENEEE RS, XXFIFEZEERALDY
WLLES Oy Wik g g U ARk, fE
JEW 8 HMOs disg i sE skl , HIHA
Al RN 2 BRI SR, DI
PR R FE R A Gy 4y 62 2'-FL 77,
AT A . mAREXT 2-FL 096 ik 4k
FHEEE, HETAEA I EERSLH 2'-FL
FBAL A, ARRAT T I HE#EXT 2'-FL & )
T LB

A YA LR B ETA A B E Tl
WG I 2-FL AR5k, Bz A 1 £ )
MR R . B5E, TR salvage pathway
AR 2'-FL B A7 20, LA Bl i, i an 4
L-A BRI A2 P AT LA R SR P2 4R Bk 32, Tk
B RREBUSACE, BRI T 2-FL Bk ik &
JRUBI R IE, P& LA SRR AR 19 A 7= ik
s K DA 2w B At B IS W o e U Y
2'-FL A BGER RS TR R MRS m . Hk,
o-1,2-FT Mymskis . S FR A . 2R
BRAFLE LUK 2'-FL (IAMESCR AR AR i
2'-FL 7™ 5 A A 77003 o BRI, 0 e 22 4 R A
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HiGH®N o-1,2-FT, @& AR TREES
a-1,2-FT fEALRCE . AN v H A ik Ae . il
P R 1 BT S 5t ik D) 2 A v ) A3 4 0 e d
i, LA S| 2'-FL AhESG iSRG ms , X
F 2-FL R A L E e m Y, =, BT
E. coli, B iE ¥ S. cerevisiae. B. subtilis
St bl i A 2-FL, (HIX S S kR
PR, Lk = F) R LRI P ) LB 37 1 il
K, SIAZFURE RGO 2'-FL &R
ARORN . B, YR BRI R, KB
WY AR &, DL TR T i AL Ao e P 2
EASF R R . fe ., H Al R e
2'-FL AR & s A i A 222 JLIC 7 95k v
Wik Z AHOCARE . I, 7EHES) 2'-FL & a4
AR SRR, IR LR HES E N 2-FL AF
TR i JRURK B FR R S A AR, R E AR DG )
Aol br e

P
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