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Abstract: Alginate is a group of polyuronic saccharides that are widely used in pharmaceutical and
food industry due to its unique physicochemical properties and beneficial health effects. However, the
low water solubility and high viscosity of alginate hampered its application. Alginate oligosaccharide
(AOS) is a decomposition product of alginate and has received increasing attention due to its low
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molecular weight, high water solubility, safety, and non-toxicity. The wide-ranging biological functions

of AOS are closely related to its structural diversity. AOS with distinct structures and biological

functions can be obtained by different methods of preparation. This review summarized the biological

functions of AOS reported to date, including anti-tumor, immunomodulatory, anti-inflammatory,

antioxidant, prebiotic, and anti-diabetes. The preparation of AOS, as well as the relationship between the

structure and biological functions of AOS were discussed, with the aim to provide a reference for further

development and application of AOS.
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Figure 1
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Molecular structure of alginate. M: p-D-mannuronate; G: a-L-guluronate'®’.

<: cjb@im.ac.cn

105




106

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

A

100 -

90

80
£ 70+
5 60}
ERR()
2 40t
= 30

20 +

10

& | | A & I | 1 | | |
1968 1972 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020
B Year
__1o0r
£
£ sof
=
8
2 _
Z 60}
5
53
@ 40}
L]
&
5 20r H H
2
L’y
(=W
NINENERERANANES Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl—lﬂﬁmmmm
e A L. Hud. & F.» & & & o &

\\‘5"% @-\o@@*y@@ @v"?&‘é\o“‘\\ S %*Qd’? & Q%@Q@Q@UJ\\Q@@ e"’bx@q@g@%&\‘@ < v
& T E W @ ST Fols S
) W2 W O e > ] S SO

<& & £ O = > LR &
. %\_\A} A;}Q 0O6 & \6-&\ \Q,& Q,\\;,\\@ -0@
\,\\@é\\ 0\0% O & @QQ . (9.50 » é;o\.
R & & AN &
& & > 5 B
& s
v

2 RIS HNIE S0 FREAK AOS HHEXXE A
AOS HH K3 BB FT sk
Figure 2 An overview of AOS related articles published in the past 50 years. (A) The number of annual

publication of AOS during 1968-2020. (B) Distribution of research areas associated with AOS-related
publications.
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Figure 3 Mechanisms for enzymatic degradation of alginates”.
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Table 1 Different sources of alginate lyases and the corresponding AOS products

Alginate sources AOS products References
AGG, AMM, AMG, AGGG, AMMG, [34]
AMGM, AMGG, AGMG, and AMMM

Average MW=1.2 kDa, DP 2-6 M/G=1/2.6 [35]

Enzyme sources
Vibrio sp. 510

Laminaria japonica
(M/G=2.28 MW=300 kDa)

Laminaria japonica (M/G=1.86)  Pseudomonas sp. HZJ216

Alginate Streptomyces violaceoruber DP2-6 [36]
Alginate Gracilibacillus A7 Average DP 3.3 [37]
Alginate Vibrio sp. 510 2202 and 2 324 Da [38]
Sodium alginate Microbulbifer sp. ALW1 DP 2 and 3 [39]
Sodium alginate Cellulophaga sp. NJ-1 DP2-6 [40]
(Macrocystis pyrifera, M/G=77/23)

Sodium alginate Flavobacterium sp. LXA DP 6 [8]
Sodium alginate (M/G=2.28) Pseudomonas sp. HZJ 216 DP2-3 [41]
Sodium alginate Pseudoalteromonas sp. strain No. DP 2—4 [42]

272

Sodium alginate Alteromonas sp. No. 1786 DP2-9 [43]
Sodium alginate (M/G=60/4) Sphingobacterium DP2-4 [4]

Sodium alginate Pseudoalteromonas elyakovii IAM DP 4 and 5 (12.6%), DP 6 (35.2%), DP 7 [44]

14594 (51.0%), DP>8 (1.2%)

Sodium alginate Vibrio sp. QY102 DP 3 (77.8%), DP 4 (16.5%), DP 5 [6]
(3.6%), and DP 6 (2.1%)

Sodium alginate Isoptericola halotolerans CGMCC DP 2—4 [45]

5336

Sodium alginate, polyM/polyG Vibrio weizhoudaoensis M0101 ~ DP 2-9 [46]

Sodium alginate, polyM (99%) Serratia marcescens NJ-07 DP 1-5 [47]

Sodium alginate Vibrio sp. NJU-03 DP2-4 [48]

(Macrosystis pyrifera, M/G=77/23),

polyM/polyG (99%)

Sodium alginate, polyM/polyG Wenyingzhuangia fucanilytica DP 2-6 (sodium alginate) [49]
DP 24 (polyM/polyG)

Sodium alginate (Macrosystis Flammeovirga sp. NJ-04 DP 24 [50]

pyrifera, M/G=77/23), polyM and

polyG (95%; M/G=97/3, 3/97; DP

39; MW=7 200 Da)

Sodium alginate, polyM Bacillus sp. Alg07 DP 24 (sodium alginate) [51]
DP 2-3 (polyM)

PolyG containing 79% L-guluronic Flavobacterium multivolum DP 2-7 [14]

acid prepared from sodium alginate

(M/G=0.2)

PM, PG Marinimicrobium sp. H1 DP2-4 [52]

PM, PG Cellulophaga algicola AGG, AGGG, and AGGGG [53]

R AE T B e B AR S 0 A R AR BUMR .
HF5EIEN], AOS Al# I i Hippo/YAP/c-Jun
15 5 3 B e 55 N TGS IR 2 I A 35 5 . RS
TRZED, BB AME Pseudoalteromonas
sp. # W BE 2L i Tl ) A5 00 ZOME R TR 5 b

(B. litoralis) M3BY | AT (Flavobacterium sp.)
LXAPY B Eihe {5 A2 s B Ml 14 (Pseudoalteromonas
agarovorans) CHO-124% |

2 BEEENERAMEY

2.1 AR
AOS T 38 1o 4170 1] Aebr S 240 Bp 34 5 A RS, LA

B: 010-64807509

(a-L-guluronic acid AOS, GAOS) FlH #& #H [ iR
F B (B-D-mannuronicacid AOS, MAOS) i i
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VRN EAZ AN RS A B R R A R, 3R
ANEMEAIAE U937 B HLEI, 3 Se4E FH
I JEE PRFE K 7 (tumor necrosis factor-o, TNF-or)
FFAR BRI, 50 mg/kg GAOS BEA R i
JIF T2 210 6 X 24 A A7 5 B ARG L 0 e A A
TEAE A R, 8/ far I8 /) BRUAAS PN Ho 92
O 40 L R i A 4 B R, R, AOS Y
PR A A S 5 R S AR o3 1. W
B (Agarivorans sp.) L11 7 I8 24 £ it il
# 19 AOS (DP 2-5) Al B I MG-63 4l
B A RKPYs ZICEEAL B MAOS 7 i 20 21 b ke
FEVE LS S TNF-20 M5 I+, 2k 1 % /s B
MH134 JIHEA REIRITERE, Besh, %Lk 2
4EAEH CR 10 mg AOS AT 2 /5 & KR S PR
MPTRIIEE, WU MR AR, BRI R ER
52 kPO AL, AOS HEEHLIA R B E AL A BT
RAESI AT HESZ AOS HUMIEE i o —Fh EEAEH] .
22 GRIEZIFTITNEE

KR ZWE TN SEREEA A A S g8 8 77 500 A 0
J1o AOS TESREI T TP O BE Z — 15 4
R F TG RS TE SR h 2 B, AOS ]
P& w5 W 05 AF % 3 A A & (interleukin,
IL)-6. IL-10, % ¥R (immunoglobulin, Ig)
M IgA PWREE, FFE&wm 1 /g 3 WY G e ik
EE A MEEDY, JFmE A0S TR
BRAEE AR -, 3R W AT R i S DI RE
1E RAW264.7 BREAM A, HAE R 1A
M/G FAE B4 S AT 175 5 TNF-o0 (19431, T
Pseudoalteromonas sp. No. 272 3 st S f# Tk il
Y AOS  HUARE S )45 B I S REHS 5 TNF-a
(5 3 15 O ARy E i 45 1 AOS i 24
L DRI 530 A 55 /) 5 I e 22 T80 A 5 TR R DG A2k o
HAl, Bk iR 58T A0S A FIUK vy
50 5 HAG M Z R K &R o Pseudoalteromonas
sp. e i e 2L A Wl A5 AOS AN AN ZE A TE
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RAW264.7 B EAHIH5 T TNF-o (0 HR T 26
BRI, H GAOS(GS) 1 MAOS(M7) % TNF-a.
IL-1a. IL-1B #1 IL-6 A9 TAE R . X Pl fE
T MAOS 2 W IR EMWREY, W
GAOS “HFH:k. Hitk, G8 Fl M7 FEHEA-14
% X R 25 5 ] A R BUR A AL GAOS H
MAOS £ — kAL, 9K 11T R i 15 i) 25 19 SAOS
B AT A I I o DR il A A v 1 5 1 AOS
HFEAE AN R R AR it 245 40 2% 93T Ik 4 A g o 22
SN peAh, Xu FHPHLIEW T GOS nIHR e
RAW264.7 E W 4ff g b 5 5 1 — S AL A A i
(inducible nitric oxide synthase, iNOS) Rk,
feik—4% 4L A (nitric oxide, NO) M4, FFHfi
B k4 (reactive oxygen species, ROS) #l
TNF-a 774, {H Yamamoto 2% 3RfF5% & 30
MAOS(M3-M6) i RAW264.7 F W40 F= 4
2 R 7 (R 76 PE Y 5 T GAOS(G3-G6), Hi,
M3 5 G3 Z R E . R, B A
T 48 MOS 1 GOS % RAW264.7 E W4 s - i)
AR IR AR 1= R ) i O L P e Y T et
WEB, AOS 4> FHI G4 T i K/ AT fig 2
A SN TS EE RN R, HUEH
T AOS WG E AR R 2 M EE
G ETE M AR 7, SR SR TE R RS
(16

5 3% 240 160 3 o TR 51 AR BILAAR 7 45 2880 T
A I, I DA Oy 2Ok L A R
B, SEI R DML S 52 05 S A 0 Sk g B
BTE B VRN AT P2 A4 ROS IS RN IR 1, A
AL 3 40 INOS AL L-AS 20 7= 1E NO. g
fi# vk £ 19 AOS(DP 2-5) i i3 RAW264.7
EL W4 g b iINOS AR5k 755 NO A9 A %,
It NO ] 1R SAE A Jo A S P G e 8 1 7510104
DGR R e N N I R NSV o ol S TN

Pseudoalteromonas sp. strain 272 & i J 24 fifk i
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il &) GAOS(DP 2-8) /-5 RAW264.7 H 4
JL A TR TIRE AT 20 W LU LS BB (K 4):
(1) %M Toll F£3ZIK 4 (toll like receptor 4,

TLR4) iR CAOS; (2) TLR4 ¥4I 5Bt L
i -3- 3 i} (phosphatidylinositol-3-kinase, PI3K)
155 1 B (protein kinase B, Akt or PKB)
BEERAL; (3) BRERILY Akt fEUERZHE SRR F «B
& F (inhibitory protein, IkB) Wifgfk; (4)
HE T B i ¥ 5k I kB (nuclear factor-kB,
NF-kB) FH A AN 5 (5) [R)I 9
9 Akt i R 1 BRIk T I 4 7R A o R AR
F1 (mechanistic target of rapamycin, mTOR) &
iR s6 E A (70 S6K); (6) WG T
55 sk 7, {2k iNOS 1 TNF-a mRNA )

BEsk, MRS NO K& TNF-o H)7=H:. {3
Ji 15 AL & 1 B (mitogen-activated protein
kinases, MAPKs) {i - TLR4 {5 5@ %, &
BIUIA [ A LS P G2 2R 48 ot 2 21 B 3 4y
YERPY,

GAOS T #iE RAW264.7 [ I 4 g
MAPK {55 53 #% F p38. c-Jun N 3id#§ (c-Jun
N-terminal kinase, JNK) Fl40EsME 5745 1)
FE P4 (extracellular signal-regulated kinase,
ERK), GAOS i1 iR 5] TLR4 415 MAPK/INK
BERR ALK, SRS T s+ (AP-1)
WA A OGRS A GAOS Bl 19 p38
1 ERK HIBEIRAE WS 5 T BN B A o 28
X RS 75 A —E 2k TLR4 Frdr 1y

Guluronate oligosaccharide
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Figure 4 AOS activates the immunomodulatory signaling pathway of RAW264.7 macrophages
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S gty HI, TLR4 A2 GAOS i E
W0 M ME— 2k ., HEABAMR A, 1 mg/mL
GAOS if Al 75 5 W A1 i A MACSZ R ek, 3
X285 TgG R FE ) 4 B0 €00 ) 260 K TR R R A 77 7 i
PR ETEFIATERE S, KAk, GAOS tLRES
SEWGAI "4 ROS, ROS B RMERGEN
F R JERLN T, AT 2 A 9 B A )
511, GAOS IRREILG RAW264.7 41 it 5 1
TLR2 2R, B T {5538 B & 4, GAOS
WAL SHUAALIE T . B . AN AR
TR TR TR 135 S o} 256 A O 174 308 i 07
23 ImEMNHENE

AOS EA MR A MEEMIER, n/ERBE
) . R R ZE R (Microbulbifer sp.)
ALW 1 5 3 e 5L it i 25 1) AOS i 28 — Bi
R RL, L HAT I BR B 3t (DPPH.,
ABTS+HI¥EIE) FIRJEAE /1P, Soo R AIE
WML, A0S HA B2 A th 3L iE R BE
F1, ABXF Fe* (I bR J1 Fg st S Ak A4 il
e S 257 B E AT (Sphingobacterium)
o T LA it A 45 19 AOS (DP 2—4)RE 52 241
Bk T LW R A kil f2 b TBARS (B
B, AR FHORMER . X v REJE T AOS 3t
BOMR RR 25 AT B 5 bR A i AT

AOS P EAIEYES AOS H G I M A
X R IEEY, C5 BRI IR G Fl M Z [H]
ME— S5 225, BT HESR 2 5
AOS bt g I M, (R ik B Moy
S Al AOS BT A TG M. BFR &L, (K
AFi (MF 10kDa) i GAOS 1 MAOS fgf
K TR PR A R K Ak
) SAOS FHT AL T AN AR FALER 5 o4 [ i Y
B IREARALL, SR T8 2o il % A 325 i) 25 1) AOS [
AR IR A M, JF 1 B 5 AF i A Ak g
PEo PRI, I B R AR A5 1 AOS B Mk
e 5 e T R KA 1 T 1) B Bl S
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AOS BT EALHLIE AT BEJE M h HE LA, &
5 8 BN A B R IR A A, AR
PRRE M=, PR A T fEsh
PIHLIR, AOS HA HLHL E Ak I AN B 11 1k
B o R A 45 1 AOS R BHIT i
H,0, 175 5 19 S Ak 17 30 HP P9 J5i 099 N 2ok A 7= A= 1y
e b K A WESCEE B, A0S AT A a1 A
GP91(phox) il 4-2 I IR ik, Pk e
O IR SRR R 8, AT 348 o BT 2 2 405/ B A
AR HE IR AL, UAOS A 5 R/
S 2 A & AT % (malondialdehyde,
MDA) 7K, I =575 519 ROS AYTE A,
SR SAOS X HTA ML RE I A 0 . AOS Al 42
o TS A T3 L3 Hh AR AL Y A . AR R
FifHE PE LT (total antioxidation capability,
T-AOC) BENH LN IHIEH L T-AOC BEJ1, IF
FEAR IS F a4 MDA Ry D270 i
Ah, FERE H AR HEI MAOS AT $2 /& I i Al
g UL HR R 23 e R A I W B, IR RRAIR
FEREFIM LR MDA & &, dEm$e s RS Ht
AALREHT, R, AOS AT i B A0l B
P AL 7 G0k 2 = sh W B LR B S AL B AR R
71, I 1k S PIHLAR L S A S AL
2.4 IMRIEEME

HRNE S WU HCAEN I [ A4 A AR 1) Z 22 Bl AL
i, TR LR A s . SR, 1
a3k B RAE T] H BRI B i R, SR e
W . KIBHEZ IR . SR . BERAE . O
P g A 2B AT PR IR Y . AOS AT 3 4o 17 i
TLR4/NF-«kB Fl NOD1/NF-kB 15 5 i i, 7#F 142
FWT PR R BT A T RET 8 A [ 4 R A
Jr A AOS BT R BRI B A . A AkkE
fifRrk il & 1 AOS s A 614519 AOS AH
Fo, HA SR SAEMIRIVER . A SRRk
il %5 19 AOS W] #1111l fig 2 W /B- V€ ¥ A 2R 1
(lipopolysaccharide, LPS/B-amyloid, AP) #HlJ3#
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AN AN ST, TR HE AR /NS 5T 41 L )
HUERE S, SRR AR T 45 (4 AOS 3 o) BEL It
NF-«kB Il MAPKSs {555 18 #% (4 305 R il LPS
HALE) RAW264.7 F WA A9 RAE SN, T
1t Pseudoalteromonas sp. strain No. 272 # 3 %
LT FNR I f 1 5 1) AOS A BT RTE
P, AOS 3 4o 2 /1N 4% 2 4 A 114 L g3
B, WsR/NpAIMERhRERI LT, HE SR
EREES 7S RN 7E - 1 KK TS e
IPEC-12 4ii g it — 58 & B AOS W5 i
TR AT S e R FEAERUO . EAh, GAOS
M MAOS [FIFE R A B PR E M, WAE A
RMBTR 259 . WH5ERM, 30 mg/kg GAOS 7E
PSR CAT R . SR A B e M I B
R BIREEEMERNE NEKRE R S5 2 A I gAY
dh A GBI T, GAOS F1 MAOS i
RIEVES RAEL R H TLRA 5 5@ B AH A
%[78-80]0
2.5 mAETThRMNEEE

gt A 0 A — SEN B A T A RS {H AT e
P2 AR N QBB B Bifidobacterium FIE,
FRTA Lactobacillus %54 15 i MACIH RIS FE , FF
PR A A A, AT R S AR R A
ML Sl RS IR & B, AOS A HIl%
Bifidobacterium F Lactobacillus {4 K, 7E
/NERCH AR PRI 2.5% AOS I, AT 3 % Hb
/28 {E 0 Bifidobacterium F1 Lactobacillus
M &L, I B AR % FF 7 B (Enterobacteriaceae)
1% BR B (Enterococci) 9 & 197, 24 AOS ¥
£ 0.625 g/L-1.25 g/L i, ] LIBH & b 45 4
Bifidobacterium A A N, i HA R AR KB
AOS A2 & Wi 3% B i b Bifidobacterium F
Lactobacillus 40, FEAKE WHMEE K
WikF & (Escherichia coli, E. coli) HIETRP, 3f
W T HhERER . NIRRT B L
el TRRAHE . Nt, AOS Z&—HMrA sk
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(%) Bifidobacterium W¥GFEH+, HHIF K H 4
A e T R AR

AOS A i) 55 2% PG BA 4 00 BH 1 240 o ) 2
K, R TIEPURETEM, BA RN HHE
HANBE B9/ AT RE & AOS Jo5 4l i £ 45 4,
WM R I RAT, BRECEYRE, Hmm
A0 s stk BN AR MO I s BT A R Y
PRI, SRR il 25 1) AOS T il 4 3% (4
HERE Staphylococcus aureus . E. coli M
WERTE Micrococcus luteus WA, (HXT EHH %
AIEERAS, Han HFPRARELEBERS,
W T AOS X J& FEME AR MY & B RE ) S
W . KW 24 h J5, AOS W EW M T
Dysgonomonas [WAIXTFJE, I8 35 FEAK TR A
W& Escherichia. S INHJE Shigella FWE
W& Peptoniphilus WARXT B, RIE$HEmE 17T
PR AR MR FE . AOS U8R R VDT ) IR TR
POOXG AR 7 M RE WYt R M, i o e i
Lactobacillus H:A< . 875 2540 i Rl 1 R 35 0
POk, MWD TR B M A
AL, Zhu S PHGER] T MAOS "] FEAR P3G 15
W E. coli W%, JF4m SRRATIRIE .
2.6 fiHEKRFIENE

B PR 2 o WL AR L R 3k [ AT
R VR [ GEME R 1 R SRR AN T R
R, NATX Z R ZRERSEREIEAT 75, JF
UESE T HPURE PR TE 1 . Hd, AOS MR ER
& A0S HATHRKHIREMESE ™. AOS Fiit s
R b -2 52 A W ml TR BE YT T ROR R, I
AT 5 R U, BEE EE R T A R UIR
K77, Yang UTRIF A, AOS TEMRSMFIA
X HepG2 4 L35 Ao A HOBE IR e 1 Pk, H:
M JE T INK-IRS1/PI3K {553 [ 10 1 4 280 4
KB T, B IR AACE S, ] s B R
(R 505, 2 v o 2 AR T

<: cjb@im.ac.cn

113




114

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

2.7 HAEMN

B T Eadk AW AimtEsh, AOS i HA e
FE . PUEERG . PUIERE R 2R T, BEAk,
AOS AT IE T M A S IE [ A, B4 i
LR AT AR,

3 RE5RE

AOS J&—F A T KR R AR AR, 1)
Bl AOS MZEM S5AYEEZ R RA BT
L 1] 1) £ LA R AL RN 25 AL RFAE 1) AOSE®,
AT FH 8 . 24 b RV RDRHER Jon ) 45 4
AOS WEW s M il £ ik . M/G il T
it SRR REmAEYE MR ERE. 5
PR REAR L . AR SR L A AL G A T
Mg 2 i s AT B AR 38 . B0, R 2
Ay, PN RO R B LT R 2 AR 2R
ITER AN Z1E T Hl 4 AOS, AR AR ST .
FER W BE R S iR M ok, il
F B 1) AOS JEANRUFIAE BESEME , RT R I HL
TRz PRI T BE . LTI AR 1k 1 45 19 AOS
HY T AR i A7 AE F2 LA B (BT R DR s BR/K i
i £ 30 2ok T e ot T 2 T A U
i3 AOS TR F T W B Koy T 454, T it
MR, AYaEEAL, ok, AOS it
BRER AL . Ak S5 A ) Ak 45 4 1) 468 A, mT 31
HUARE ALY (B, HRTX AOS BIZEHE
SR W iE vk 2 6] 56 RGBSR AR A, KER
ST TE AOS RGN AYIETE |, IF £
PUARSME R 55 0 32, TR T AOS 1 it —
- FE R AR
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