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Research Progress on Preparation of Marine Oligosaccharides by
Enzymatic Method

YANG Zixiang, LI Jinmeng, SONG Kunyan, GE Fengru, YAN Feng, HUANG Bingbing,
ZHANG Mengyan, WU Xiaodan, LIU Yuhuan, ZHENG Hongli"

(College of Food Science and Technology, Nanchang University, Nanchang 330047, China)

Abstract: Marine oligosaccharides, which are prepared by degradation of marine polysaccharides, are carbohydrate com-
pounds composed of two to ten monosaccharide residues. Compared with marine polysaccharides, marine oligosac-
charides have several advantages, such as higher water solubility, stronger biological activity, and easier absorption by the
body. Marine oligosaccharides have a series of physiological activities, such as anti-tumor, antioxidation, lowering cho-
lesterol, and immunomodulation. They can be widely used in food, medicine, and other fields. This paper summaries marine
polysaccharides, preparation of marine oligosaccharides from marine polysaccharides by enzymatic methods, and the
catalytic mechanism of the enzymes. Furthermore, three major marine polysaccharides (alginate, chitosan, and xanthan) and
the catalytic mechanism of the three enzymes (f-elimination mechanism of alginate lyase, replacement mechanism of
chitosanase, and degradation mechanism of xanthan enzyme) are introduced. It is expected to provide a theoretical reference
for preparation and application of marine oligosaccharides, deficiencies and potential for future research of preparation of

marine oligosaccharides from marine polysaccharides by enzymatic methods are discussed.
Key words: marine polysaccharides; marine oligosaccharides; enzymatic method; catalytic mechanism; physiological

activities
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Table 1 Marine polysaccharides

G ey P M RS [14]
TR MR, RATE [15]
Yilg AL TLEE S [15]
R RE N VP [15]
M) 2 SR LI N SN 3 [16]
RS % e SEAE [5.7]
SO B R R e S [5,17]
MY 20 fsH 2 H TR TS [18]
H i bk T AL G TR [18]
Bl [CEi] [19]

1.1 15

M PEIE AR BEIR, 43T 2= AT 20~250 kDa =2
[P0 M el AR Ty . B DA
BRI RE FN AR R (1 — P 20, FE SRR T
FEELIFE IR . — i M EhIE AT e . B-D-
HEEPHEERR (M) AT a-L- 1 EBHERR (G) LA 1—4 P
B R 2 BE RN A B P, LA gt A
R HEEPERENR (PM) | 35ty BRI IR (PG) FNA4 R YY)
(PMG) =FpHEZ 7 =0PUE 1), X PHFFERE IR AY E
) RAB PFPIS ISR A AR 2257, IXFhas A I 4%
PR AT BB St 48 ) I B 5l A B A 1 T BB IS NV
PEP, FLZE 1881 4F, BeE M 1k2% 5K Stanford 1 IKTE
e & BRI ) 43 B AR B e . H AT B A
PREIRAEN (LY iR e ) 2 LAY S5 M UKL, SR FHFG D
AR B A9 2] . AR IR AN A P E . B
PR Poie L RO R A AR BEE A, AR B S
Tl BR2E ST ST R AR BB R AT
) T PR RS 1) B v T AR TR T EE Y 40%78,
MBI R KRSy, M IR S04 T B 2 i e
MRk, s T7K. MBEIRIGEAESZ PM. PG 1 PMG
MIHEF 7= M/G GBI 80T | pH 25105
M PLS AR B R IR AN TR, £ pH LT 3 B, 554
AR SR BEIR T AT HE 23T
1.2 FEHE

FERMHE—Fh) I AFAE TR g | DI SR
B R 52 A RO S i S B R
PR 20, Si RIRE PR T, B2 R1 Bk o
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Fig.1 Structural formula of alginate™”

E: a: HPRH EEIENR (PM); b: KB B HERERL (PG); c: 24 (PMG)

FEESR B-1,4-WF1T5E . FERBEN ARy p-(1—4)-2-
2 FE-2- A b-d-F SRBEHAT B-(1—54) -2- 2 P24 F-2-
P4 -b-d- T ERE, S TR T 10~1 000 kDa 22 [d]; 5
TBHE TR, AN TR LS SRV E R iR
HH R R S I 2L T SR EAH DGR, BRI
BRENEIL ., BT, 0T DR A e dkfb
Ffl | RIS 2R 2A R N, RE SR KA A4 %5
BB 5 43 T S B A AR RE 1Y 72 SR b
Ry, FERBEA G H Y | A )RR S
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WA o
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HO 0
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Fig.2 Structural formula of chitosan”
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Fig.3 Structural formula of xanthan gum
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Table 2 The preparation methods of marine oligosaccharides

4 i s et SH R
LY/EIINR # Wﬁg&,}ﬁu RRff A% [34-36]
fe2ed: BRI AR WA ERRE [37-39]

g R i O BRI BRI 4, )
B R, AACKE . BEENE, ERT

Wi it 7 f AT [44-46]

2.1 AR RN
i 25 Tl Tl A VA P S I DATRR P 2208 KL S
WRFE ZZWERP AR 22, Wl AL AT v B L — Pk, e
BT PSRRI BRSO 22 s GG — 2SR 1Y)
V2 WE WA T e LRI . S TRMHT | 2 DS OO i 1t
KRB . BRI, O3 —JSREM AR R TR
B, a0: VERITE . SRR G . RACHE . RIEBERG . H R
PHERSE, DL BRIk A . B A Ve S
BT Fitge 50 AR, L E TR T ST
WFPESENE I B5H SAROE &R LI R 25 A aet: il
iho G ZARERY KRR, BRI B Ve s T &
BUAS T S B e R AR B R B WSS AL | PRI
SoIRerIAT . BRI | ML AS A P A S T T
T R AP R4
AR AR P AN R g5 22 0, JF R 0 254 i
FEMIANTE] . Falkeborg S5P7 FIFH p-4e v I8 S M il

1B 5% ¥ BERREM, SOV 251 T 5% IREE 35 C,

pH7.0. FEfABTE] 48 h, P2 R-EGEAKT 4 WS
Wi ZEATEENS DS IR BERGE 1L 1% FE RN, P 5%
1 B FH & 120 U/g, I&)E 50 °C. pH6.0. BfffiFHs[E]

4 h, HIEEBNNSEFEREGEARKT 4. FE2255W)
LB I I KA fr AL 2 mg/mL PR3 JEUE, TR S5 20
BfEFHE 1 mg/mL. 27 45 °C . pH8.0., BE#AIE] 2 min,
138 T SR TR IR G N 7~18, A, {HAN[H]
AR, AR . B-HE e RS AL it Tt R I e
) RS AT AlySY 08 il #5515 21 i SERE IR A A
[F)o Li 2600 ] FH XU HE e i e 24 e 1ilg AlySY 08
1k 0.3% 8B ie, Bgfi 2544 g FHE 21.5 U/mg., E)E
40 °C . pH7.6. EH#HFE] 8 h, Friil 45 a0 SEEER & A
KF 5, SEMS R 80%.

U 25 s SRR Ao . Al AR S 5 1y
VR, (AAEAERR TCIR EE R . 55 J0E DL e
AL P 5 R/ e A 43S A s, S
JILAS PR v, o S T ) A Ve S Tl A ™
HAZ B R0+,

22 [ElEWEEEH G EERE

[ 22 AR ARS8 (e T4 B el A4 7 ke Ui s
it RIS 50 FE— 2 45 6] PN B3 56 4 R A A SRR 19 A
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B AAL M 25 A1k (3R 3) o WL R B4 T
[ d S 415 = Wt E N 1Y i v/ N R A A ra = e N ST
AT S5 B0 3 5 A P4 9 s W S e AR AR L B T 1,
(R ESERCRARD . A AR il T L B AE 3R
PAABA R} HR T SR 2 A A 1k, H DATRRBE RN . B

BAE R R il A i T | BT e AR
ACHRERAAR, W5 5 [ 28 A i 5 IR R A STk, 381k
TR 5 W IR, B e Tl 1A [0 52 s S s o,
{RAAEASHL AR T S N R Z, AR IR PRI, T2
PT AR 2% T A AR ) 1 2 A T 25 A Ul D il 45 A T
M G5 A G 5T T A AR D T e L AT (203
FRILNFILE) SR P T REIL ] (RE L | 23,
PRI ) i S A, G, (ST [ AR AR Y
Jrikbel,

S B EEAH L, 38 i S A AR R ZE G, PR
T FEE e R e TE, B2 SR S, KT
it P14 B 5, AR HBREALS T A = i, PRI, [k
1525 e & BN | 22 EX s RV VA £ 1159 A e YN T A A ES 1 o
B2 35Xk 2R f it [ 2 A ) . Jiang 4507
PUSE b ARG KB 2, e T e e e 2
fili AlgL17, thl# a2 Al E 52 (0 S Wi, A Re LR

*3 0 [EE R Tk

Table 3 The preparation methods of immobilized enzyme

[ E ATk P B WA EE PN
(ERUIES AEPFIRAN AR, [B15E (LR FRREME2E | HELRRAK TEBERREN . DI, Bl [53]
RS PRARTRIME BARR A Bl R FarEE2E . AT Uz AR [60]
AR il o RE R L AT [l e B FOSIRIZL, (87 AR B 5 FEINE | WEMEFe;0, 28 ARk [55]

PACU RS E RPN R Viyr . R PR AT A SRERIZL W R . BIRER R W JedE, EME [61]
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FHEORIHE I 70%; FFHHAEIL 5 mg/mL A8 B,

B8 T IREEAKT 4 BB AL LUK
TEE-TIERE A T FE SO, [ Ak R A
25 e, VSREIRFF R I 19 40%; Fi| FHiZ [41 %2 FL
1AL 20 mg/mL 52 EbE, 152 IR G E AR
T 2008, FRERFEAZFK O I SCEL T 49K Sio, Akt
[ 52 AL T S, 151 2 Al it P4 30 77 2 A [ 2 A it 1)
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B alifb i 2R WG, FHTFIE e sopin il 25,
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PRI fAREEAC TR . B2 . B0 o3I . B0 25 AA 55
FHZEAR I, WA [R] WK fr B A A Lo 22 57 i 2
TEZHRESARBE TS P s | BRI ST | TR b
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ST, Z RS L LE] B BT R se & i, 7
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3.1 IERRRES R EAE AL

) P el S T S MR R A P e ) — IS T
JAFR, HFpZE2 L2 34 2. H 1984 4F Hensen M
IR P 3 S AR R AT B JBH2 RO
B T R SAFA G ISR, 50 Z2 T4 e s S A il O 221k 47
Bk, BRI TR AR IR S
THALTR . M A R ) e P e S i Tt 3
TR ICT 1000 kDal®®, Wang Z5E7 G276
WA B AR B HEVE YR B Vibrio sp. YWA, 38 L i iR
BRUTDE . AL ENTERL G 7 IR TR & B 41 25 4l
AASFN R TP E KR 1,4-5-D-58 H EEWHBE R 1048 I
ZUf i, Hor T 208 62.5 kDa; Heili pH AR )E S5
A 7.0 F1 25 °C; EDTA Rl Zn® 4 58 2 Filg 14 7% P,
1 Ba> il B G TE . 8 B e 24670 7T L 43 ieAS [R]
A, FE B E DR R 55, n] LAyl —2: 1,4-B-D-
WHBHIENR (Poly M) Z4fi# i (EC 42.2.3); 1,4-0-L-
I B R (Poly G) 24 R lilf (EC 4.2.2.11) A K&
Poly M Fl Poly G ¥4 AJ B g XD RENE . F4BE1E
k&) 3, w1 RAST BN VIR MR, RS o4 ke
FRE i it hy PN DD, BRI A AN 4 R o

ey 1 BSR4 B A AL E RITIA A 32 AR
B-TEBEAVE T, A8 4 i e v i 14 2 4E FH 0B e e
24, A R . B AR ILZ A] 1,4-O-BF 1 ER W
2, [FIEHE C4 F1 C5 Z A XU, e AR R
PEA I AAE AR, 15314 FR A P BE Y 3
HHCH, Gacesal™! A NG B IS R IR it i 43 — 20
AT B, IR R I 1 T R ER A v R H
UK, C5 7 BT F BB, T Bk (a5 B B a)
1% B, C4 Fil C5 ZIRIPEIAS I, IR AL
B, AR 1,4-O-4 11 5 T 224, 52 Wl B T B3 I 7 o
27 I, AR A T I R i T 5 A A R L 12
17T THSE, HH AR YR A8 P s SR I A A P
PIRTLI AN B SENH I SEAGAS W], AT58RA RS na i
FHPLH A 2 e —25 L oE o
3.2 EERUERNHENNS

FEIRMEME LT, R AT
DRFITAH DA 41t v, e A, 78 SROBE B A7 7 — LS A )
#, Sr TS TF 20~60 kDa ZJAl"Y, 1973 4, Monaghan

M G G

Bl 4 s A w A U Ao 1o
Fig4 Cleavage site of alginate lyase!*”
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