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Abstract: Water solubility, stability, and bioavailability, can be substantially improved after glycosylation. Glycosylation of
bioactive compounds catalyzed by glycoside hydrolases (GHs) and glycosyltransferases (GTs) has become a research hotspot.
Thanks to their rich sources and use of cheap glycosyl donors, GHs are advantageous in terms of scaled catalysis compared to GTs.
Among GHs, sucrose phosphorylase has attracted extensive attentions in chemica engineering due to its prominent glycosylation
activity as well as its acceptor promiscuity. This paper reviews the structure, catalytic characteristics, and directional redesign of
sucrose phosphorylase. Meanwhile, glycosylation of diverse chemicals with sucrose phosphorylase and its coupling applications with
other biocatalysts are summarized. Future research directions were also discussed based on the current research progress combined
with our working experience.
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Fig. 1 Reactions catalyzed by (A) GTs and (B) GHs. X:
the activating group of a donor substrate including
pyrophosphate, phospholipid and nucleoside
diphosphate.
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Fig. 2 Three types of reactions catalyzed by sucrose phosphorylases including hydrolysis, phosphorylysis and

transglycosylation. A: acceptors.
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B. adolescentis 504 129.0 dimeric
L. mesenteroides 492 56.1 monomeric
P. saccharophila 498 78.0 dimeric
S mutans 480 55.7 monomeric

A,B,B’, C (Blu)s-barrel Asp™?, Glu™? Asp®™® [32]

ASplgG, G|U237, Asp295 [33]
ASpZOO, G|U240, ASp298 [34]
Asp193, G|U234, Asp292 [35]
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Fig. 3 The three-dimensional structure of BaSPase™®®. (A) Monomeric structure of BaSPase. (B) Catalytic triad of

BaSPase. (C) Structure of BaSPase as a homodimer.
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Fig. 4 The catalytic scheme of SPase®".
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PEMT SmSPase 1 T 2. 4 Y 1-O- 2,18 -a-D-
Nk Mg % %5 B%  (1-O-acetyl-a-D-glucopyranose) [
PR R (B2 R ) 100 %, 7 H IR AT 80T 1 i
%[11 ]Q

mo AR LA R K B AR TS A, REREAE M
it B Al it s I 300 TR0 R ) %7 A2 8 Lk i
P Fa @AY R . BISPase fEAEL Suc AR
£ IR B RO A R
3.2 SPase 5HhEGHYEX & KL F

SPase i R i 42 55 H A i (14 3 5 10 FH & 45
AEYEYE B U BERS G RG F B MU 326
(1) SPase figffitfk Suc 5 TEHLBEMR L Glc-1-P,
Shy A g B AR, S B v B IMEL 7 0 B B
(181 5). 4 LmSPase fE {5 i Glc-1-P i FEIk H]
AW SSAE (Xyloseisomerase, EC 5.3.1.5), £F4k
— BEBE R 1L i (Cellobiose phosphorylase, EC
2.4.1.20) RESEBLE ah JEURET 4E By R e A
A I B Y ¥ a3 SE R b A A YA
(Cellodextrin phosphorylase, EC 2.4.1.49) #E =54
£ AT R SR 2 R Y SR R L
(Glucan phosphorylase, EC 2.4.1.1) 88 1 H T
SmSPase 74 Glc-1-P &l i BBk BEps 12412
SPase A= 1] Glc-1-P 55 22 2 DU 3 [R5 4 i SRk
BERR AL B ICY), M T ELEE RIS AR BLAS B B
ARl SPase, AMERANEE. EAT AR (L
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fitf (L aminaribiose phosphorylase, EC 2.4.1.31) HJ
WA IO FH S B T B AT B0 A 2T S RE
B-1,3- 7 FEMH 1 R ML il 75 JE- i 1 SPase MR A —
AR LAY 6 5 B S BAT2S e D-A 28
- DA 3 MR A 5 Bt B, SPase. D-B5 g HE-3-
% h) A B (D-Tagatose-3- epimerase) F{3: [/
FHREWS DB A A2 Nishimoto 2551 T SPase
TEN IR & AL IR R, G Rl T ZLHE-N-—4 |
(LactoN- biosel , LNB )™ >k [ i -N- — g
(Galacto-N-biose, GNB)™Y | > i Jk-p1—4-L-
Bl 2= BF  (Galatosyl-pl—4-L- rhamnose ,
GalRha)!™*? . i SPase . i % bk B B2 75 7 §G
(Phosphoglucomutase, EC 5.4.2.2) . ILEE-1-TER -4 i
(Inositol 1-phosphate synthase, EC 5.5.1.4). Lk
%1k (Inositol monophosphatase, EC 3.1.3.25) 4
B 22 Tl 1A 2R i DA IR DAt AL ) 5 s sl
JR L

(2) SPase 71+ Suc iy it BE & . Myung
i1t T LmSPase 76N AL 15 FAE P i fk 51
MRG58, LmSPase fEHF Suc MESAEY
£ B R R K A R T TR

(3) ZHHkHReFE F1EFEBR SPase 13EHIAH
PR, 3RS SO ) R TERE R I AT, PR
B TELA4E A R R, WA R AR
g4 SPase 1)) D-Fru ¥4 21 4 iR 1k
B Gle, P aH IR iR, EEAm
G, BB A MR RE 0% 2Bk SPase
74 Gle, 48 RORE ) B ARz s

4 Hh5RE

2 b iR, SPase J& AT F B L4 1 &
EIWEIL LRI, HLA T 12 MR 32 (R ) 4 1k
RS s FZ TR AT Z N .
BT E NANEHIT TR BESE 2, SPase 1R8I
WAFFJRATNLLT 44516 %« (1) ik SPase
) B A TR e T M DR PR, SR R R IR R R R R
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F 2 SPase 7E¥EE L 5 B H B KL A
Table2 Applications of SPasein glycosylation

UniProt Conditions . o
Enzyme number Donor Acceptor (pH, T) Product Yield (%) Reference
LmSP Q54495  Glc-1-P  Xylitol 6.9 OH CH,OH 5.1 [49]
(20%)  (20%) 37°C o
HO CHOH
HO ?HOH
OH O—CH
CH-OH
LmSP Q03z66 Suc Glycerol 7.0 CH 90 [56]
(0.8 (2.0 mol/L) 30°C O
mol/L) HO
HO CH,OH
OH 0—cH
CH,0H
BISP V6XTV6 Suc L-ascorbic acid 5.2 OH ~50 [94]
(0.8 (1.2 mol/L) 40°C HO O
mol/L) HO OH  —oH
OH b,
o ‘OH
O
O
LmSP Q54495  Suc Kojic acid 7.5 Otl_q 7.5/12.2 [51]
(40%)  (2%) 42°C ”Om
1O O
OFI 0
| |
0~ Cl,0t
OH
HO 2
HO H,
OH
O
LmSP Q54495  Suc EHMF/HDMF 7.2 OH 48/45 [99]
(50 mg) (5.0 mg) 32°C Hofé;()
HO
OH
0/ O
T 07 “CH.UH,
OH
Ho’koz
HO
OH o
H;CH C’z/j
3 22 o CH:,
TtSP(R134A) DITT09  Suc 3-hydroxy-p-lac 55 °C OH 3-17 [100]
(34%) tams HO 0
(15 mmol/L) HO
OH a
o) R,
It
Q R,

&
o

http://journals.im.ac.cn/cjbcn
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)
UniProt Conditions : 0
Enzyme number Donor Acceptor (oH, T) Product Yield (%) Reference
LmSP Q54495 Suc Hydroquinone 6.5 OH 60 [50]
o HO
(50%)  (1%) 37-42°C oo
R
Q OH
BaSP Q84HQ2 Suc Pyrogallol 7.5 HO 72.3 [106]
(68%) (10%) 50 °C HO o
HO OF
Ol 0@
HO
TtSP(R134A) DOTT09  Suc Resveratrol 6.5 OH 100 [70]
(34%)  (1%) 55 °C HO 4
HO on OH
0
HO
LmSP Q54495  Suc EGCG 6.0 OH 30.4/39.8 [48]
(30%)  (1%) 42°C HONRD
OH
OH
HO_ o]
@vf\ OH OH
OH ‘o—lcl‘—@Z—()H
0O OH
OIf
HO U
HEX
Ll ol
TH R
HO ,< %() Ql
Q\U/r‘ oi_oit (o]
Ol ‘U-ﬁ-(fé/
Q QI
LmSP Q54495  Suc Catechin 7.5 OH 81 [114]
(30%)  (1%) 42°C Hon QHO,
OH @ 7
6] OH
HG
HG
SmSP P10249 Suc Benzoicacid 3.9 OH 55 [117]
(30%) (0.8%) 40°C Hes (0]
HO
OH O ?0
SmSP P10249  Suc Acetic acid 4.2 HO >90 [118]
(40%) (1%) 37°C 1o 0
HO
o1l
O —ai,
O
BISP VB6XTV6 Suc Caffeicacid 6.8 OH £ [120]

(30%)  (1%) 42°C HO % oM
e
OH

a Ry=iPr, Pr, Pr; R,=Bn, iPr. b: — Not reported.
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Amylodextrin

Laminaribiose

Amylose 4 . .
Maltotetraose B-1,3-oligoglucoside
OH 3
HO O OH
HO SPase 3
OH0 Fru Cellobiose =~ ———= Cellodextrin
HO O '
Sucrose 0_ PO,> LNB
7
10
D-Glucosyl-D-alluloside
UDP-Gle UDP-Gal —2» Gal-1-P GNB
Myo-inositol «<— Inositol-3-P <—— Glc-6-P
12
GalRha

El5 SPase 5—RIIEBBHKELSHEZMHILEY

Fig. 5 Applications of SPase combined with other biocatalysts by supplying Glc-1-P. 1: xylose isomerase;
2: cellobiose phosphorylase; 3: cellodextrin phosphorylase; 4: glucan phosphorylase; 5: laminaribiose phosphorylase;

6: D-tagatose-3-epimerase; 7:

UDP-glucose-1-phosphate

uridylyltransferase; 8:

UDP-glucose-4-epimerase;

9: UDP-glucose-1-phosphate uridylyltransferase; 10: lacto-N-biose phosphorylase; 11: galacto-N-biose phosphorylase;

12: D-gaactosyl-p1—4-L-rhamnose phosphorylase; 13: phosphoglucomutase; 14:

15: inositol monophosphatase.

P TR T B4 i SPase R AE 8 Fm
%ﬁoefﬁgﬁaﬁ%MﬁﬁﬁﬁﬂT%@@E
R A T X R T B g o S O
?ﬁﬂwu&&ﬁH%iﬁﬁ*¥ﬂﬁ PLITEN
ﬁf%ﬂi% S5G e i B O7 E v S SPase (1€ 1]
Ak, $Em L W 1. (3) AR R s
Bl 7 75 B 05 10 ) A0 38 /K P I 2 IR A AL AR R
g AR R, S % 8 SPase YA
B DL B g K M 2 AR AL ) BV A R ) R, R
FAR B 2 R 5 LA S SPase v FH TG L (4) i
B TR B (B E b4 AR) S8l SPase ()
S, FRAR AR Tl R A A A RAR
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