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Controllable Synthesis of Functional Starch from Sucrose
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(1. National Engineering Center for Industrial Enzymes, Tianjin Institute of Industrial Biotechnology, Chinese
Academy of Sciences, Tianjin 300308, China; 2. National Technology Innovation Center of Synthetic Biology,
Tianjin 300308, China)

Abstract: The development and application of functional starch are one of the hot research areas in
food and medicine industries. Functional starch draws more and more attention from customs. It is an
efficient method for the synthesis of functional starch by enzymatic catalysis. Due to its green
environmental protection, safety and health characteristics, it has received extensive attention from
scholars in many fields. In this paper, the structural regulation principle of artificial synthesis of
amylose and highly branched starch using sucrose is summarized, and the research progress of
amylosucrase and glycogen branching enzyme in the synthesis of functional starch is reviewed. The
research trends and application prospects of starch in the field of functional food and medicine is
illustrated, providing a reference for further development of functional starch.
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Fig. 1 Enzymatic synthesis of functional glucans and
fructosans from sucrose
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Fig. 2 Enzymatic synthesis of amylose from sucrose
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Table 1 Properties of amylomaltases from diverse resources

Genbank | 1%/ R HEERAMR AR | s
e C | pH | WM BU% DP>30 | (U/mg)

Cellulomonas carbonis KGM11272.1 40 7.0 84.0 28 40 32 [5]
Alteromonas machleodii BAG82876.1 45 8.0 = 40 55 5 = [23]
Arthrobacter chlorophenolicus ACL41561.1 45 8.0 78.4 — — — 1.15 [24]
Deinococcus geothermalis ABF44874.1 50 7.0 76.0 35 50 15 5.13 [25]
Deinococcus radiodurans NP_294657 30 7.0 56.9 = = = 4.00 [26]
Deinococcus radiopugnans = 40~45 8.0 82.7 28 42 30 = [27]
Methylobacillus flagellatus ~ ABES50875.1 45 8.5 75.5 35 41 24 = [28]
Neisseria polysaccharea CAA09772.1 30 6.4 80.1 25 40 35 0.72 [29]

EFC51554.1 45 8.0

Neisseria subflava

— — — — 278 [30]
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Fig. 3 Reaction mechanism for hydrolysis and transglycosylation of amylosucrase
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Fig. 4 Crystal structure of amylosucrase (NpAS:1G5A) with multi domains,substrate binding sites,and active site
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Table 2 Catalytic properties of glycogen branching enzymes

GH :
K

GHI13 Escherichia coli EcGBE
GHI13 Petrotoga mobilis PmGBE13
GHI13 Aquabacterium sp. AsGBE
GH13 Aquifex aeolicus AaGBE
GHI13 Bifidobacterium longum BIGBE
GH13 Deinococcus geothermalis DgGBE
GH13 Deinococcus radiodurans DrGBE
GHI13 Geobacillus thermoglucosidans GtGBE
GH13 Mycobacterium tuberculosis MiGBE
GHI13 Rhodothermus marinus RmGBE
GHI13 Thermomonospora curvata TeGBE
GH13 Vibrio vulnificus VvGBE
GHS57 Thermococcus kodakaraensis TkGBE
GHS57 Petrotoga mobilis PmGBES7
GH57 Thermus thermophilus TiGBE
GHS57 Pyrococcus hortkoshii PhGBE

T. thermophilus) , Ho g AL 16 P£ 8 0.29 U/mg, fid i
FEh 65 CPY | B J5 K UR T P. horikoshii () PhGBE
FIP. mobilis 1) PmGBEST #¢ #f¢ Jf , J fe 1 1 JiE 45
H150 °C,HEATE 53518 3.4 Umg 1 0.04 U/mg™,
LA R GBE & 8L, BRiil GBE & h i X
AR VE #5310 149 T 202 1% Tl ) A 1 580 AR HL R E
PE2% ,GHI3 ZK % GBE AL P ¥ = T GH57 K
Jt& GBE, Xt B8 BAT b W ¥ 0
22 WHESZBEMSENXR

LR, X 8 5L 70 S It 45 4 5 T BE Y AIF 9 B ok i
WA, T 545 #4842 (Protein Data Bank ,PDB)
Wesk 7 7 4 GBE RS B (WL 6), Hrh
GH57 K% GBE A1 3 I fh R ZE B f AT , 73 51 oK A
WM B P horikoshii  (SWUT7).T. kodakarensis
(3N8T) F14H A T. thermophilus (WK 6(c))., GH57
KW GBE A A B.C 3 A4, Hf A 451
R E AL S R B, B A Y (Bla), AR S5 5B 45
o 3 b A A 0 A A 55 R S8 P B PR A - SR E 2 4 A
S, DREAS B 5 C S A il o MRS K 2H A, 2 IS
Ygh& s, BT, T GHST %% GBE WHog /b 1K
TSR L N Y Loop X 38052 i) 4 £k 3% 4 , Loop
7l 2R 7K i 3 P B 1O 2 F Loop HP ) % 2 R (Tyr)

fEfRE /| Bl | 77 ) RE X
(U/mg) o3 T
1.1 30 7.5 = = [46]
6.0 50 7.0 500~2 000 122 [53]
= 40 7.0 13~1 130 8.6 [54]
4.9 80 72 = 9.2 [55]
= 30 55~7.0 116~1 390 = [56]
7.2 50 8.0 = 12.3 [47]
4.7 30 8.0 = 11.8 [47]
0.2 60 7.5 = 8.0 [57]
14 25 7.0 = = [58]
7.5 65 7.0 10~100 9.4 [51,59]
= 55 8.5 650~9 360 9.6 [60]
10.24 30 7.5 825~1240  14.1 [48]
49—
0.56 70 7.0 1~100 6.2 [50]
0.04 50 7.0 10 8.4 [53]
0.29 65 6.5 1~100 6.2 [51]
3.4 50 6.5 = — [52]
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Fig. 6 Structural analysis of glycogen branching enzyme
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