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Table 1 Summary of enzymes related to sucrose utilization
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Sucrose + [ fructofuranosyl ], glucopyrano-
Levansucrase 2.4.1.10 side= glucose+ [fructofuranosyl], | -glu- Rahnella aquatilis 054435 [2]
copyranoside
Sucrose synthase 2.4.1.13 Sucrose+ UDP=UDP-glucose+ fructose fnr;zbzdopsz.\‘ thali- P49040 [3]
Sucrose - phosphate syn- UDP-glucose+fructose 6-phosphate= I
thase 2.4.1.14 UDP+ sucrose 6-phosphate Oryza sativa A2ZWYE9 (4]
Alternansucrase 2.4.1.140 Lele-gle], + 2sucrose = [gle~gle],., + L”fmnn‘gt(‘]c ) QIREO0S [5]
2fructofuranose mesenteroides
Th bacte-
Sucrose 6-phosphate 2 4.1.329 Sucrose 6-phosphate—+ phosphate=glucosel- HMLZTZ::ZZ(ZZ%C ¢ DYTT09 [6]
phosphorylase phosphate—+fructose 6-phosphate X L
charolyticum
. . Sucrose+ phosphate = fructose + glucose 1-  Bi fidobacterium
Sucrose phosphorylase 2.4.1.7 phosphate adolescentis Q84HQ2 [7]
Sucrose+[ (1-4)-glucosyl], = fructose+ Neisseria polysac-
Amylosucrase 2.4.1.4 [(1-D-glucosyl], | charea QYZEU2 [8]
_ Sucrose-+[ (1-6)-glucosyl ], = fructose+ Neisseria polysac-
Dextransucrase 2.4.1.5 [(1-6)-glucosyl ], ., charea [9]
Raffinose synthase 2.4.1.82 Sucrose -+ galactinol = raffinose+inositol j;]r;bzdopxz.\‘ thali- QIFND9 [10]
Inulosucrase 9.4.1.9 Sucrose+ [ fructosyl ], = glucose + [ fructo- Lactobacillus Q8GP32 (1]
syll, 14 reuteri
Sucrose: Sucrose fructo- 2 4.1.99 ZSucrosefglucoseJr frpctofuranosyl*fructof Festua‘g - QIFSV7 [12]
syltransferase furanosyl-glucopyranoside arundinacea
Loliose synthase 2.4.1.B1 UDP-galactose+sucrose= UDP+loliose Lolium perenne — [13]
Sucrose-phosphate phos- Sucrose 6 - phosphate + H,O = sucrose + ) )
phatase 3.1.3.24 phosphate Zea mays QIFQ11 [14]
Isomaltulose synthase 5.4.99.11 Sucrose=isomaltulose synthase Enterobacter sp. B5ABDS [15]
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Table 2 Utilization of sugarcane-based sucrose through biocatalytic conversion

i i/ 7k /A AR SCHK
Enzyme Products Production/ Yield Reference
Fractoms! trimsfrase Fos 7% [16]
Fractoms trnserase tos 224 /1 C18]
Sheront thophorsase Ehicout dyeero 203 /1 [19]
St Shophorslse Kofibos 10415 /1 C20]
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Continued table 2
it /] PR R Sk
Enzyme Products Production/ Yield Reference
R 2 L 86 356 B 32 o 3 1 0 5 T B (1]
Sucrose phosphorylase, tagatose 3-epimerase Glucosyl-alluloside
TE A A g
Amylosucrase Turanose 13.4% [24]
Amylosucrase Trehalose 81% [24]
W P b 2 G _ o5
Lipase Cinnamate sucrose ester
el T TR 44 R TR
Protease Sucrose acrylate esters 90% [28]
g JHE M PR TR 0 R T -
Proteinase N Sucrose metharylate 22,157 [29]
4 R XU RT _— o
Inulosucrase,inulin fructotransferase Difructose dianhydride g
TR & WU . UDP-Wl 555 75 i
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raffinose synthase and stachyose synthase

3 HEEEENMEDEZERR

V2 RARAE W B A 1R RE W A B 18 . IR B
iz 7 2 A E 4y R W A B IR 0 T X TR R - A 1 1R
¥ B X (PEP-PTS) MlAE B M % % B X (JF
PTS) % & PEP-PTS A 2 v , B 1 I3 1 74 ) 15 £
S 9 TR 6 (A O TT LK TRE B 1R Ak R 4R A Al BT AR
P10 TR B 6~ T 445 Bl /K At Sk BT 4 0 - 6 - R R SR 7
3 PTS & Z o, R by PR 355 2o 10 5 A 14 B 5
TR 7K S R ik S0 250 0 A SR L k3 ok R T I UK
fiff PR - LW R R B . M L2 LA PTS R R
FRAE 4L B8 /0, L [k PEP-PTS B8, HARR
e, IR TG I A ) B e S R A TRE L Y
PRI R B 28 5 4 AN RE R TRE R , 33X 2 DR A A 1) TR R VAT
TR e A2 Tl L IR G I e A M Y A ST 5 R 3 3
FE Tl B AR R 51 A RERE #5328 26 (1 L R RERE 5 LR 32
Bl 7 R R (PH A,

TR B M2 W AR PN R A A K T T A i
ATP Fiep ] 4R 7= 4, 5 5% 16 IR B AR =9
UEAE R B AW TR AR B A B & 8 L 24 3 T % 1

T A G A R AR AT F A GRS Bl RO Sh IR
1o U AR A T B T i B 2 — RSN A T
Y LA e 5 K M e A Z RS A0 B (3R 3) .
3.1 KEmR

AT AF R SCHIE ST i 2R FH B A 0 OB L 3l i
PREA H , A B TR O OB AR R TR R ks
i SRR Xin 5 LU AN PO N R B bR 24t
FHAGATHE H b AR BEFIRERE 4 Fh BRI S R 2. 3-
T B BRSO BUR R A L 2, 35T R
Bemnik® 119.4 g/L, @& K 2.18 g+ L'« h',
3.2 REBREEGTEY

T A BT AR OE R 2 A TR SO 1A A
PR AEFT A Corynebacterium glutamicum KEETERE S
B R A4 E R . A0 Kiefer 255% Hb 4 4 % 0% |
SROWE IR A T 0T A0 2 1R 5 1S 1) 52 W) R P D 2
% (14 51 42 19 7 15 2R (C-mol /C-moD) He BEA 5 8 %0 s
L2 76 BA B o e i SR 1, 6- W R W Y KA 5
Jo o BREME A W AR A 2 R R R A R R RO 3
T TE SR 1, 6- Wi R I 70 R W R T 2K 7 i R
MA@ R PR AN . BRI kAR



%5 & G ML - http: //gxkx. ijournal. cn/gxkx/ch

BRAEEAE R T 8 FLAT B Lactobacillus sakei W5
A TR A AR Al A VR IR L AT 1200 A E R 4
TR AL v- BT MR W IR F 68. 1 g/ L. AL Rk
#1100 %, IS 5 000 L #Y % Ak 52N, HLAT B8 1) i
FWE A
3.3 IheERMERMERE

TREME 22 HEWE B /K A 2 J5 AR R 4 R L S
T 25 4 A0 A L e A G 2l RE BB SOBE B . Yang
OIS I T TR R 05 A 32 1) S A I 1Y
AL 2k L 0 8 ok YR T R B Bk Thermotoga mariti-
ma B FEME IS RIS ZE DG )8 Paenibacillus senegalen-
sis PR AR 3-22 o] S AL G A AR B R R IB IR R
SR FH 4 40 0 461 7 Ak 7 125 5 03 0 Al 2 IR REARE B A A
Bo] 8% DA, A PP Rk 8 18.6 g« L o h 'L BRI
AN TR T K S W S A A AR OB S L H BRI
ST TR SRR B Ak O H BRI L ORH O AT 5T SR Ok R
FHEYFLFFH Lactobacillus plantarum F) JE A B A0
1 IG FLAF B Lactobacillus buchneri Y H &% B i &
Tity , ) S XSt e 3 T TR R L DA K T R A T R I
iKF] 45.19 g/ L 540N 37.66 % , SRR A B L
P REAE AR 7 AR L P AR 6 £
3.4 IIREEME

REME & v ] Tk W5 n B RE SEHE S AT A=W
Yun "% Aureobasidium pullulans I E E 4L
SR FH 2 8 5 R T 4 O v TEWRE 2 A Ol AR R L O B
2 E P 60 WG AT A 52 i 5% AL R s Roenneke
AU Ao X A R TR AT TR A AR K L B kR
G ST I A A Y T I A L TR BR ) S
M AR (GO R TR 2 g/L,
3.5 ZiE

WF 5% % B 2 40 FF B0 ) Rk mE R A
Levan JREWE, Levan I HAT UM A 4% |
OB SFEAE T 3 7T LAAE O Ifi 5 85 AX . ok
AU 8 3R AS — B A UE A 2F AT B PB6 L 1T K e
Wl SN A 22 W e g B DAL 3% R o 7 T S 56 G A S
FAk R EE = BA B 104 g/ L B BF 58 3 %F BT 4K
o SR RO AT £ Tk A | R TR 1k N B R AR B M L e &
2B I o 7 W 0BT A P AT R 1 M S ok 2B
WA SR RBEAR L W S . BRAR OB, R AT R R
Agrobacterium & ] DL K& P RENE G BB e 20 . 77 1
ikF] 60 g/L, B &8 K E FDA T 1996 4F V744

PE £ e 7 BB R T & R TR, Le-
tisse  ZUST i H Xanthomonas
ATCCL3951 LA Ay e — fi I ik A7 2 1 7 2 DI
AR AT A 600, BEIE FE i D-# A D- 1 88
BRI D 4 7 T R AG R, Pl T EL AT AR 98 Y 2 K A
PRI C 8 Z 0 T B2 8 S5 S

4 HEREENSMWMENR

BRI A K o AR S — RS ] Tl #
PR TSR R 2SR R B AR R
FHT 5 5 0 I Bk, b 34 T DL AR & I B R Ok ol
BE E TR T e Ry ) o T T T R I A R
I EY BRIZ AN R R R R R T A
B R S A 2 i (3R 3) o A AR AR R LA . 51
Liu &5 i /1l Actinobacillus succinogenes K8 K W
WA= T /R, KB 60 h, =ik %] 50. 6 g/L; )5
ZRBEAL . T IR 7 A R — D R
Pk 55. 2 g/L;Chen &5 R TR E. coli KJ122
REEIR BRI = i, B4 Lactobacillus del-
brueckii 2258 HMFE L5 BAT BRI W BE 2 i 52 1
AFLER AR 7 Re ), HFLIR Y 7 i 500 4 00 oS 2 %5 1)
HAE B2 W B 190 g/L i, FLER Y 77 ik F
166 g/LU" . RIEZ I T B2 (PHB) J& — 25 1] [ fif 1 1)
BB AE Tl B B2z 0 RS SR H T A& AR
7= PHB Ji kF B A & 4 &l A& 50%, Akaraonye
%‘?ESS]%FH Bacillus cereus SPV % %7 pif i i 25 4y~
PHB, &k 4.0 g/L, S THEA 60%LL F. It
bt A R AR BT RS AR T R

R A TR 2 2 7 RS 2 i s A AR S 5 4l 1
R RE 2 ) 4 Th BEdE s KL & 9. Yang %5 gL )
) FH TR S B T 3 B B L R s E) 61, 2 g/ L
Cazetta %55 LUBE 8 N JE W, B B bk Zymomonas
mobilis KA WL B R, 78 35°C V% R T ol & 4%
F 13,9 g/L Wy, &M TR IR A AR, DA i
P e &, B Ah, Keshlke 255 2238 F1) F 4 9
R TR LR T AN T 2T 4 R G R T T B O L A5
B — MR B AL FE 2T 4 W Bk Acetobacter xylinum 1FO
13772 (EREFR L KB 7 d, AT LAFRAS 173, 7 mg/L
AR, JIAb BRZESETOR B R - A AL B %,
WG T AT YR R A 20 2% Bk T LA A
12.0 g/L ME A 4ER .

cam pestris



R3 EERBENREVEENA

T AERZ,2020 £,27 % ,% 1 ¥ Guangxi Sciences,2020,Vol.27 No. 1

HHAES HEERESWNESN AT RER

Table 3 Utilization of sugarcane-based sucrose and molasses through microbial fermentation

?‘t‘jﬁns E’ﬁucts ligr(;i;uaion I%j?etrence
(g/L)
E.coli W Polyhydroxyalkanoate, PHA 113 [34]
E. coli ?ﬁé?ﬁ acid 1.42 [35]
Clostridium tyrobutyricum Ilégitanol 16 [36]
Klebsiella sp. ;:iliiftanediol 119.4 [37]
Corynebacterium glutamicum ?y%ff 2.66 [38]
Lactobacillus sakei Z:i%jb%yric acid 68.1 [39]
Corynebacterium glutamicum %fﬁfﬂiﬁ 225 [40]
E. coli ﬁfﬁfﬁol 45.2 [41]
Aureobasidium pullulans IR BAE FOS - [42]
Corynebacterium glutamicum Egﬁﬁ%ﬁyceml’a_(}(} 2.0 [43]
Bacillus amyloliquefaciens iigﬁ 104 [46]
Agrobacterium sp. ﬁﬁfﬁ 60 [47]
Xanthomonas cam pestris ATCC13951 %’;—ign gum 25 [48]
Actinobacillus succinogenes ;éfﬁc acid 55.2 [52]
Lactobacillus delbrueckii i&%%c acid 166 [54]
Bacillus cereus SPV Poly (3-hydroxybutyrate) ,PHB 4.0 [55]
Clostridium tyrobutyricum ];Fflric acid 55.2 [56]
Aspergillus niger GCMC-7 gﬁﬁiﬁacid 106. 7 [57]
Zymomonas mobilis gﬂ)ﬁ%ﬂ 13.9 [58]
Acetobacter xylinum 1FO 13772 G R 12.0 [60]

Bacterial cellulose
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Abstract : Sucrose accounts for more than 90% of total sugar consumption in China,and sugarcane is the main

raw material of sucrose. However,the low intensive level of sugarcane production in China has made the sug-

ar costs higher and higher. It is of great significance for China’s sugarcane industry to increase the utilization
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level of sugarcane and its by-products. In this article,the recent advances in biotransformation and utilization
from sugarcane-based sucrose to high value-added products were reviewed and the key enzyme modules relat-
ed to sucrose biocatalysis were summarized. The application of multiple-enzyme cascade catalysis to produce
diverse products from sucrose was also reviewed. The potential of microbial fermentation in utilizing sucrose
and molasses to prepare bulk and fine chemicals was introduced. Furthermore, the future direction in high
value-added utilization of sugarcane-based sucrose was further explored.

Key words: sucrose,sugarcane molasses, biocatalysis, microbial fermentation,high value-added products
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