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Research Interest

Human Milk Oligosaccharides &
Tumor-Associated Carbohydrate Antigen

Chemoenzymatic Synthesis of Carbohydrate

Directed Evolution
of Carbohydrate-
active Enzymes
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Exploring the
Interactions between
HMOs and Human
Gut Microbiota
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Enzymatic Glycan Synthesis
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Solid Phase Peptide Synthesis
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/ ] Human milk Metabolized a b Intemalize, then degrade External degradation .
Stimulate growth oligosaccharides I 2\‘. e Secretor . . Cross-feeding of
: products Linka ti .
of good bacteria ) thab ROk A Y 6“‘ g€ position HMO . bac;ena
the gut l 43:_‘ .[3—. Monosaccharides () . @)
Bifidobacteria \ ?"' —* 3 2 ’
- | Pathoaens { /{"\_, Monosaccharide symbols Sus hormologue
, & oasls 10 A ® Glucose (Glc) ABC
Intestinal N\ = v 7 A - [ o . —» Galactose (Gal) transporter
lumen - b s N )’_' _./-\_. /;{ / W N-Acetylglucosamine (GlcNAc) Glycoside
Good bacteria  © Act as decoy S 4 . & Fucose (Fuc) hydralase
outcompete receptors, AN P # NAcetyIneuraminic
Lactc pathogens binding pathogens ;’// - _;./ acid (NeubAc
Mucus —— Y Bifidobacterium Bacteroides
layer Non-secretor
Bl HMOs and Human Gut Microbiota ~ Ve#re, 2016, 535, 43-55

‘ Enter the circulatory system,
Bind to dendritic cells, potentially affecting other
blocking virus attachment parts of body

v" Prebiotics

v Antiadhesive Antimicrobials

v" Intestinal Epithelial Cell Modulators

v Immune Modulator

v' Modulators of Leukocyte Rolling and
Adhesion

v’ Brain Development Nutrients
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Why nature produces
those HMOs with large
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Type-2 LacNAc

1,6-linked
.?oﬁw } P Simplified

OHO
AcHN

Type -1 LacNAc
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AcHN structure
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Current stage...and the Future

Iﬁ Analysis & Separation
SFC-Assisted HMO isomer separation © —
SERS-based Glycan Characterization

@/ 2021

Site-Selective Fucosylation

—@ 1\ "
Substrate-Engineering Strategy @ Super
021 O Infant
/ Formula?
Expanding the Fuc Tool Box o
Bf13FT, FucTIIl, FucTA, FutB,
FutC, WbsJ and WbgL — @
'}1{ 2019 @ @
HMOs Backbone Construction ] Probiotics Sialylated
LNT, LNnT, pLNH, pLNnH,
@ Growth HMOs
pLNNnO and pLNnO Sulfated 2029
2018 HMOs

Branched HMOs 2022
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Chemical Synthesis + Enzymatic Strategy: from disaccharide to oligosaccharide

NahK + GImU
HO HP1105 ¢
og OH | HO _oH OH ‘ HO °"' HO o|.|
fo) (0} (o] Sequential OH
oH HO HO One-pot Synthesis AcHN (0]
AcHN | OH oR AcHN on MO
Type-2 LacNAc T HP0826 Type-2 LacNAc
n=0,Lac m =0, Lc3
= —MtG IK + AtUSP ’
® =C¢N; or SF; n=1,LNnT _ m = 1, Type Il pentasaccharide
n =2, pLNnH m = 2, Type Il heptasaccharide
n =3, pLNNO
WhbgO | ( MtGalK + AtUSP
Y
MtGalK + AtUSP | | WbgO HO _oH OH HO_oH OH HO _OH
o o
How&og& g : é I
OH AcHN HO
HO _oH OH HO__oH OH HO _OH AchN
HO%&H/O&/ % % g \ % 1% ol P
HO ﬁ gw
OH AcHN OH AcHN oH HO /&/.
PLNO

“"Sequential One-pot Synthesis of para-Human Milk Oligosaccharides”
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Adv. Synth. Catal. 2018, 360, 3213-3219
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Initial Attempt toward a1,4-Fucosyl HMO Synthesis!?

OH UL I U_,,LL._

HO v
| { I
HO HoZo -] s gg{g
gogHo E gOH OH OH =3 L I Gal1 | 3 GlelvAct
- o 1 X » Glcl - ]
HO 0 N3 &/ ﬁ/ &/ (o] N _*3.,_} » ] Cc-3 y = ~ Fucl (C-2)
OH H NHAc HG : “"j a0 GleNACl Fucl < @==cal2(c4)
) : (élcal = Gal1 (¢-4)
Lacto-N-tetraose Lacto-N-fucopentaose II o e s e Fucl (C-3)
(LNT) (LNFP I) = o Glel
T\ %] GlcNAc1 :
c1 Fucl (C-5)
HO _oH OH HO _OoH
5.24

GDP-fucose o) Hoé g ﬁo
- N ]
FucTIll LA Fuct 1H-13C HSQC
"-;0‘5"“10’0‘i--9‘5->-'9'0.VA.G-S--‘-8-0'-‘.7-5.-“7-0"-'
OH

Fl1 (ppm)
HO

Lacto-N-fucopentaose V

(LNFP V) : - ey

—
'H NMR 5 1
= & 3] . GIcNAc (C-1)/ Gall (H-3) =
— O Fucl (C-1)/ Glel (H-3) = © g i
—a 1 A ¥ Gall (C-1)/ Glcl (H-4) :
= o]

1 Gal2 (C-1)/ GIcNAC1 (H-3)

Glcl (C-4)/ Gall (H-1)
e 4.4 - o
= | GIcGI\IaAlgl('fﬁ)/ e ~d/ Glcl (H-1)
‘k \I # W = s.e] Gal1 (c-3)/ * ©
' \ : GlcNAcl (H-1)

|

: . . I — . T — T ———] 5.2 Glc1 (C-3)/ Fucl (H-1)
5.5 5.0 3.0 2.5 2.0 1.5 1.0 0.5 PpPmM — 1H-13C HMBC
N —
(gﬁ rsj rgwwghg(rg ( 7 rgw "aozr g rgw 105 100 ss so 85 80 75 70 65
o o =l (o] | [ o o | o (e

Tsai and Yu et al. ACS Catal. 2019, 9, 10712
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O EELEHRE_RPOUPIZIEREEEINEEal,3/4- 5 EEREE (FucTII) Teng-Wei Tsai
© BERHIEAML MRl ¢ SR EABSLERAAEES TR Master's progran
® [ER “Substrate-Assisted Catalysis” 2R IEERZ S zog%iggj({%zg
From Enzyme Kinetics... —————-----—- Good ACS Catal. 2019, 9, 10712-10720

to Activity Enhancement.
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HO HO OH

I OH OH OH
CATALYTIC EFFICIENCY ol o | % g:‘o “Oé:, §§ ;
“ﬁﬂo X Q0 N i “Ho AcHN AYAE
NHAc OH HO NHAc\(\% :
Y
i
- |
on HO _on 535 fold |
é& %: ﬁ/ N mcerease GlcNAc or Lac |
AcHN oH HO s Ba O—‘OE 03 |
O . _> B3 [33 |
OH HO__oH OH O then :
Hoﬁ OHQ % o FucTIll + |
HO 0N O O , Glycan !
Ho NHAc c Sequential One-Pot B3 03 B3 23 2 [33 = ) |
- Eog . °g o —~ Enzyma.tic Glycan '3 Libr ary .
on MO e e e Preparation
65-fold ‘c‘? ‘i‘? s
39-fold increase @ Gl
increase O Gal
. GICNAC B3 o3
HO _oH OH A Fuc ‘O? ‘O?
o} o} @ sia
HO&H/%&/OHNS
OH NHAc ' ‘6
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FoRILFHER  —WEBRRSHEBREREERNER - KH-1 antigen  (##715250)
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© IR 7FE—HRRBREEIEEN«L,3/4-5ZEEZ0E (Bfl3FT)(i1ﬁ5'?~H'_H§)
@ FEBERENNEBEASABIAIFTEICISYE - BRIER “Substrate-Assisted

Hsin-Hui Huang
(Z2EE (2019)

LacNACBCgN, LacBCG
then

One-Pot Synthesis

: =5 | Undergraduate
Catalys1s” ’ E‘ﬁ%é%'lﬁﬁ ﬂﬁl KH‘].]:TLEE,J ﬁﬂ1tﬁ$§§&l£ ]l,a i Fang L : Hung-Kai Wang
(=) " ((2020) E#hEN)
e 1 HO B
' From Enzyme OH éOi\VHO - OH HO on y ACS Catal. 2019, 9, 11794-11800
| e s S ::?5
i Kinetics... HOS— é&m & L é&
| Catalytic 0-@
l Efficiency: Lac .
: KH-1 antigen
| HO —oH @ Glc
| HO _oH HO O Gal Programmable
| Hogvvo HOA—=\ Oy Hog 0 o/é& !EOH B GIcNAC Sequential One-pot
| WOH on 1O AcHN . HO é& N3 A Fuc Synthesis (pSOS)
| OH
i
|
|
|
|
|

_

|
|
| o—ﬁ oy o—{)f.
2 & > + +
to Activity | [GDP-Fuc], time

Enhancement... pLNnH 37°C IFLNH 11l DF-pLNnH TF-pLNnH
Bf13FT
> + + +
[GDP-Fuc], time
37°C

F-pLNnH I KH-1 antigen LeY-Lex-3FL
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A Sulfo-Fluorous Tagging Approach for Site-Selective Glycosylation

HO __OH HO _OH

Hog&,o&/ go: /é.;og

o 0
HO X Auxiliary tags
OH NHAc oH HO y tag

OH

G G @/Substrate-Controlled

55-fold increase in
a1,4-fucosyltransfer activity

Bf13FT: +++
FucTa: +++

HO o|-|
gOZHo&

HO o|-|

Fucosylation HO

HO o|.|

1) Fucosyltransferase

2) cleavage

HO _oOH
OH
Ho&gﬂogg oézo ! Q w
OH HO A NN N CsFq7
; NHAc OH on © HJ\[ \cl(\/
) SO,

Bf13FT: +++++

Bf1 3FT +++ N-methyl oxyamine + SOFA tag = SF,; tag
FucTa: +++ FucTa: -
oH HO_oH Yu-Ting Huang
g& é \ (BTE)
NHAc HO o/\/\ \|/\/C8F17 Master’s program
20191EBEE(@AK) |
RRIERAERENE

Bf13FT: al,3/4-fucosyltransferase from Bacteroides fragilis
FucTa: al,3/4-fucosyltransferase from Helicobacter pylori

Huang and Yu et al. ACS Catal. 2021, 11, 2631-2643
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Substrate-Engineering Strategy - /:-o/\/\N I HY\’C"FW ACS Catal. 2021, 11, 2631-2643 SynthESlS &

Adv. Synth. Catal. 2018, 360, 2313-2323

~ Catalysis

SFq7

f LNFP | LNFP I tnepit @ \epy w W
LNDFH” L NDEH | O{)f‘ IFLNH IV DFpLNHII TF-pLNH |

Non-tagged glycan Tagged glycan

DF-pLNnH

Sequential One-Pot O{)ﬁ fﬁ
Enzymatic SynthESiS TE-pLNnH TE-pLNH II
HO _OH HO
g: ﬂ/ OH °H TetraF-pLNO
y HO Auxiliary tag
e ¢ ;Glc B GlcNAC
Pd265T (PDB ID: 4R84) ﬁ S”bétl;"ct:;;‘;:;‘;s"ed o ® Neusc

15




=]

EA 3R ERERYE

LY

ik
o

ZRREZERAK?

KA N EIRE BN

IEE XS 1E vs.
o=t 3| B2

=l

[ —

xECASRYEE D]
I A Ol 1R AL B AU

% .

ﬂ
’
fto
i
i,
(=)

1TakE - HEEBEC

BfTEM ?

—FABKRE
BISER - QTR

—RXE

_I

2R

16



BEMALEENEE - T1AEEE - THI2IE .

- BELH . FEaasBEHEAT EEEIN ?
RE - BEEmAZ - GRETER - EARIBRE -

W —(EEERAVRFEAT

e e A

>

» MESE - ZRE - DEE - Dbk
(E2E R/ Y

17



EEES  REEE

B

B

-

BRIk Yahra

Collaboration with Prof. Guor-Tzo Wei (FiEl %)
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F 1B Y)(regio- and linkage- isomer) - ,J

SFC x HMOs

g i Green Solvent

HPLC

LA

UV-vis

i

. -Liquefied
Cco,

ELSD

v Simple silica column
v' Fast separation & high R,
v’ preparative-scale purification
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Linkage-isomer separation
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CHEMISTRY

AN ASIAN JOURNAL

Chem. Asian J. 2021, 16, 492-497
(Invited Article)

Regio-isomer separation
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