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Abstract: Sea cucumber, an important marine food and medicinal resource, contains polysaccharides, which are one of the
most important active substances in it. Sulfate groups play an important role in the biological activity of polysaccharides,
and sea cucumber sulfated polysaccharides may specifically affect the growth of certain intestinal microorganisms and the
production of related metabolites due to their different chemical structures, which contribute to the variable health promoting
effects. As a complex ecosystem of the human body, the intestinal flora plays an irreplaceable role in life activities such
as nutritional metabolism. Sea cucumber sulfated polysaccharides can be used as prebiotics to alleviate diseases caused by
intestinal flora disorder by regulating its composition. This review article summarizes the structures of sea cucumber sulfated

polysaccharides, with a focus on the latest progress in research on their influence on glycolipid metabolism through the gut
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microbiota. These studies will contribute to a better understanding of the health promoting mechanism of sea cucumber
sulfated polysaccharides and provide a scientific basis for their application in functional foods.
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Structural characteristics and major biological activities of sulfated polysaccharides from sea cucumber
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Table1  Sources of sea cucumber sulfated polysaccharides and their structures, molecular masses and sulfate contents
R BaH 44t chn, e o2
TR (Acauding molpadioides) ~3)Fuca(1—>3)Fuc2S4Sa(1->3)Fuca(1—3)Fuca(1 - 1614.1 263 [5]
SC-FUC IS (Pearsonothuria graeffei) —3)Fuc2S4Sa(1->3)Fuca(1->3)FucdSa(1->3)Fuca(1~> 310.0 304 [6]
KEWS (sostichopus badionotus) —3)Fuc284Sa(1-3)Fuc2Sa(1—3)Fuc2Sa(1-3)Fuca(1— 450.0 329 [7]
G1% (Stichopus chloronotus) —3)-g-L-Fuc2$-(1- 7187 357 8]
H&#% (Stichopus horrens) ~3)-LFuc2S-(2~ 4879 402
%8% (Holothuria fuscopunctata) —>4)-0-L-Fuc3S-(1~ 36.8 451 [9]
1§15 (Thelenota ananas) —=>4)-0-L-Fuc2S-(1~ 612 412
(il (Apostichopus japonicus) -g-L-Fuc2S-1-3,-a-L-Fuc-1-4-a-L-Fuc-1)4-0-L-Fuc2S-1-3-g-L-Fuc2S-1- 1970.0 264 [10]
[§i5 (Holothuria albiventer) Fuc[;g]é?-lL f; ?%ﬁ);%())sl& ?ff;s?%ﬁgi%%;z%ﬁ;1# >2000.0 156 [11]
KEG5 (Holothuria coluber) —0-L-Fucp3(080; )-1=a-L-Fuep3(0S0; )-1= a-L-Fuep3(0S0; -1 a-L-Fucp3(a-L-Fucp4(0S0; )-1)-1- 64.6 320 [12]
[HEES (Holothuria polii) —3-a-L-Fucp-1->3-a-L-Fucp2(0S0; )- 1> 3-a-L-Fucp2(0S0; )- 1= 3-a-L-Fucp2.4(0S0; )- 1~ 103.1 395 [13]
KEI 5 (Holothuria tubulosa) =3-0-L-Fucp2(0S0; )-1-3-0-L-Fuep2 4(0SO; )-1->3-0-L-Fucp-1—3-0-L-Fucp2(0S 05 )- 1~ 1567.6 312 [14]
% (Holothuria scabra Jaeger) / 11940 134 [15]
EFES (Ludwigothurea grisea) = 3-g-L-Fucp2,4(0S0; )-1->3-a-L-Fucp-1-3-a-L-Fucp2(0SO; )-1->3-a-L-Fucp 2(0S0; )- 1~ / / [16]
HEshK (Acauding molpadioides) = 4)GlcAf(1->3)GalNAc4S6SA(1->with branch Fuc(254S, 384S or 4S)p(1->3)GlcAp 215 278 [17
SC-FCS FIREEALS: (Actinopyga mauritiana) —3)--D-GalNAc-(1->4)-f-D-GleA-(1~ 2.5 3.0 (18]
~>4)GlcAB(1->3)GaINAc4S6SA(1—>with branch Fuc(284S, 354S or 4S)p(1->3)GlcAS 270 330
{ifllZ (Apostichopus japonicus) (19]
= 4)GlcAf(1->3)GalNAc4S6SA(1—~ 764 /
K&IR% (Holothuria tubulosa) / 540 293 [20]
NGRS (Holothuria stellati) / 464 3.6
W42 (Holothuria scabra) ~>4)GleAf(1->3)GalNAc6SA(1—with branch Fuc(254S, 4S)p(1->3)GlcAf 69.1 218 [12]
8% (Eupentacta fraudatriv) ~4)GlcAf(1->3)GaINAc(4S6S or 4S)f(1~ with branch Fuc3S4S-(1= or Fuca(1—2)Fuc3S4Sa(1->3)GlcAp / 255 [21]

~4)GlcAB(1->3)GaINAc4S6SH(1—>with branch

EEMNS sostichopus badionotus) Fuc2S4Sp(1=3)CloA 109.0 3.1 22]
IS (Pearsonothuria graeffei) ~4CleAf 11;:1 z;gilSNp?f;é(‘?lé Z;Wi[h branch 73.0 310 23]
RIS (Stichopus tremulu) / 100.0 /
% (Stichopus japonicus) —~4)GlcAf(1->3)GalNAc(4S6S or 4S)5(1~> with branch Fuc(254S; 354S or 4S)p(1-3)GIcAf 242 25.8 [24]
4% (Stichopus chloronotus) ~3)GaNAc4S6S(1>4) Fuc2S4Sa(1-3)GleAB(1~ 632 / 25]
SRS (Cucumaria syracusana) / 36.3 315 [26]
EIEEE TS (Hemioedema spectabilis) 3 f-D-GalNAc-(1~4)-p-D-GleAB-0-o-L-Fuc (1~ 41 83 [
7S (Massinium magnum) —4)-[a-L-Fuc384S-(1=3)]--D-GleA-(1~3)--D-GalNAc4S65-(1~ 27.0 255 28]
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Table 2  Effects of sulfated polysaccharides from sea cucumber on gut microbiota and metabolites
HBLIRE i A&, R, Tk WEMRRE S HI SR i SEH

~EEE, 2R IUTETT (Bacteroidetes) I (Proteobacteria) + i EE T
[T (Deferribacteres) + ¥ EJE (Bacteroides) . EAZHEHFINK4AI36]E (Lachnospiraceae_

NK4A136_group) + EAZHEERUGC_014/8 (Lachnospiraceae_UGC_014)  Bidobacterium.
KRB (Clostridium sensu_stricto 1) « FiF{ 8 (Alistipes) . ST EE (Allobaculum)

AR T

| 6% §E (lipopolysaccharide,

FUC CSTBLIGIM, loﬁ%mgl/\kg?@w B | BEEHIT (Firmicutes)  FEBFRE (Rikenellaceae_RCY_gut_group) « # BEK B TZ%ZES)W:@E [42]
S FARAT o . (Ruminococcus_1)  SUEHIE (Oscillibacter) . REJFIEIE (Anaeroplasma) . M TH Y SCF/‘\
F-UCG_002/8 (Coriobacteriaceae_UCG-002) + Mtk RIZHF i (Helicobacter rodentium) VLS
EI/MEE (Mucispirillum schaedleri) 7RIV (Bacteroides acidifaciens)  HHIFF i
(Lactobacillus animalis)  FHENEHE (Parabacteroides distasonis)
SERE SR REUES: BT (Actinobacteria) « RAFHIE, BERIK
FERERRE  RREREAREE 80 mg/kg my & (Olsenella) ; EEA%: ZET] WEEEE (Desulfovibrio) ; MRAHEER | LPS 43
[i¥ 3] CSTBL/GIN IR 6. F—RuF (Acetatifactor)  FUEFEIE; ~FEEE] . WFFETT. JERIETT (Verrucomicrobia) +
HEHEIT EERS) ¢ VEREN RERES) |« AHEE
SEEE > ZFE P OUTATT BT RERITRIT. SRS (Bacteroidia) | FHEZH
e $0 mokem 4 (Erysipelotrichia) ML EJE (Bifidobacteriales) \ FLFHE. LHHRHE (Faecalibacterium | LPS;
CSBUGAEEE 10 %Eﬁhm prausnitzii)  ESREAFINKAALSORE , BUTHE: | BT, KMEHTH (Escherichia coli) | P LR T (7
A h : AHEE (Lactococcus) ; ~AWETT. EAE (Cyanobacteria) « ¥R (Tenericutes) TH. HSCFAs
FCS PR BB (Saccharibacteria) « SUERFTEH (Lactobacillales)
ARRAESEE dken, PEER ~HRE: VAR, CERSTKE (Bamnesiella) | %EHIEF
C5TBLIGIM, 6 —F%,%;‘th% (Porphyromonadaceae) ; | FEEER ], HARFMNEH (Clostridia)  #REH (Clostridiales) / 44
e A " BAZHEERL (Lachnospiraceae) + i HFHiJR
1 L 3 PP, RG] (SC-SPs) « FBRANEE. ) \ RERE. EERKHE LPS;
ﬁ‘gﬁéﬁ‘jﬁﬁ t 63J'(L]J0 mﬁf—/gg%ﬁ (Alloprevotella) %' [KHJ& (Roseburia)  HHAFFENE (Turicibacter) t B ESCFAs; [39]
SCh MR G i | EEERTT, BIGHTT (0-SCSP) | FLKFHIE. WEkEIE (Enterococcus) « H3KH & ~RE. TR
f(ﬂﬁ %}imﬁﬁgd (Streptococcus) B4 K-S IKHE (Escherichia-Shigella)
epolymerize
SC-SP, d-SCSP) ~FEE PR VORED. SEER. FERE. P2 KERE (Abkermansia) | | LPS;
FIRARIA S 300 mgkg m,, 8 . WEERKER. BERER Ruminiclostridum9) . TERKER (Butyricicoccus) ; P 2B R TR (3]
BALB/c/) iR il VBRI, BEN REIER, BAR-EHKER (SC-SP) \ BN JHSCFAs;

(Pseudomonas) (d-SCSP)  H/R#k/E (Yersinia) (d-SCSP)

- TH (d-SCSP)
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RONET R B 9%h, T PP BT | RRERT RHATEY [46]
WL | _— VRN, St | RRET. FRAATH (Lacobailis gaser) o T
PN U N 104, %fﬂﬁﬁ BRRIFIFE (Lactobacillus reuteri) i HIKEEH m}ﬁ@%‘ﬁ"SCF‘As; A [47

FnZBZieEE (unidentified Lachnospiraceae) 5 | AlFF ]
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FE . S hnBacteroides()FE, KB B SPs 1A 1 iz B HE
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Proteobacteria &L 3G 11 2 O A0 AI N KW i 4, b
[TIRWE (Salmonella) . YNE (Vibrio) FIZ%HAF B
(Pseudomonas aeruginosa) , SC-SPs¥fProteobacteriaf]
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/I B [fProteobacteria == £ i, 7E i R B MEFR IV /N B
A FESC-SPR PRI F L, SUL[FEN, fE4h7E 1 SC-SP
H1d-SCSPHY s i T B MEFR B/ W dkkermansia 3 5 1
AR A EERSRRKE % (fucosylated
chondroitin sulfate from Isostichopus badionotus, FCS-Ib)
FZEE RS MR E &= M (fucosylated chondroitin
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2.1

| BB, T2DM. 225 [R5 (diabetes mellitus type 2, T2DM) .

AR, B B TR o A 4h, Hofth — e = B
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DA i 22 0] i I I B /) B 3 Hh Escherichia-Shigellaff) 3=
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ORI R R, /N RAR A A SC-SPs
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Fig.2  Pathogenesis of obesity

Z A R SR — AN 2B ML AT RE 2 AR R
ZRE P AESCFAR S 218 0, IR SCFA (FE
AR . NIRIEM TERE) S E b, 7R

TR ERANTYTR & T T R I 6 T i RO, s
T3 2 IR R 52483 (free fatty acid receptor 3, FFAR3)
AR PE R T s R AR A RS R L
WRREL . TR G LUE i SR GE A A%
& (G protein-coupled receptors, GPR) 43FIGPR41[]3&
ERTRG R E FIIRERE: AAEFFRH, SCFAW#IT
TN i GPRAVR G %, B SIRY Y40k,
T 308 3 398 o A T 57 A PR SPs T3 3o 38 fin A 5%
HISCFAFZ A B Sk M il AR Ak, Horbod s O k2 55 3 SR
FHIZIFUC. 4 & H 3% E W2 IFCS LA LI 2111 SC-SP
B[ SCFAF=E B I B3 I, 5l andlloprevotella.
Bacteroidesf Allobaculum® ™, X &5 30 /N 5 i AT
K. PO HIVE 2 43018 i 45 ) 7 38 b AR R
B FLERY, A 2 R AR AR ZE g
20 RT3 B R v S R B TR R R DA K SR RE
BRET, FRAHE R R, 254 HE TS IR LK
JEJHE AR DG R 5 v B SRR 551, Bl i Bifidobacterium Al
Lactobacillus. X7, HHIIE T SPsXf AL 52 1038 1738 B
FEZREME. 8 B UL K ad Az b L3R 5 1E A R A %
o B, AT B — D S I TE AR ) R E
TR BE, JUHZSC-SPIRAESE F AL o

32 BRS8N

T2DM & — M Z AU I e, A T 5L & b3 2l
TAAET . WA [ Brb RO A 2 OB, T 2112045444
i£306.9312, HAHT2DMED90%, BAh, 201744 ER
294750075 NFETHE IR, ik, T2DME k214
NRARRR W =B 2 —

T2DM [ R GE A28 B AL T v RS A 855
P Bt AN R R B2 1R RORE , LR 02 Wi 8 Ak B 3%
Tt m, HEGRR LT R E" ., T2DMPHA N 2 ik
A AT EAE AR, HORAEMNMUE NRIEF A K %
G ey AN TR I B e b= (O R R S B O i B J177p (S
PR FIT2DM A % e 2 1) [Pk R OB e 4R 7« itk
B, ZhPAN N b i R T 0 A2 46 RT B & T2DM 3
T 22— . T2DM & I RHIE & o B2 i 18 T A 2k 10
A5, T2DMEF KB (Bifidobacterium
longum) KPALT IEH N — I T2DM & 3 i 1 B
AT AR AR ORI, —& TR AERNFEER
FTIRAG, HraPads 2 Wikf s G (Roseburia intestinalis)
MR AR E (Faecalibacterium prausnitzii) ®, I
A, FIT2DMIPJE FIADR S — A e, ©5h
T8 BB ) Z AR A G

SN N SN Wi N AN 7S N 7B L

LactobacillusFBifidobacterium it # )%/, Larsen% ™



328 2023, Vol.44, No.17

il = XABRR

A RR Y, SXF AL, B R4 Firmicutes
FClostridium ) M X} = ¥ & & [k, Bacteroidetes/
Firmicutes (] Lt # 5 %K~ R IEAH K. Tk, S
Z WEAE g B 1 0% Th 25 R 138 W 32 BT R0 . BE9E R
WY, 36 15 P2 A0 T 0 2 8 SRO6 BB 08 o 38 JB ) R 4K
i BAAERNL AT EREACE, A RET2DM K&
HIFRIED RS (Cusumaria frondosa) TRIRHE &
A BE R S B U, PR A B NHLPIBE IR
993 R BRI DA IE I 38 A A A ) = R R R 2 5% AR B0 B
(UnAnaerobiospirillum. ColinsellaF Treponema) 45 %A
WhnIETAEFE IR, LactobacillusF Bifidobacterium (1]
18/D 5 RN B SZ BV VIS, B8R KBRS ANHLP J5 X} 1X
PR 2 A B A AR KR AT VR FR Y™, SCFA s pi il 1 B
FPHERREE ST, MABSZHEE, SCFAs™ AR
Clostridium. Turicibacter. Allobaculum Jx Ruminococcus
GRERERN, AT R, @ ik AR
SCFAs 77 A= n] LUK 5 AC DR, 1745 460 60 481 i A
PLARIEEST, Ik, SC-SPsHfE 3 1 i B B AR 1
WAEER, JRae A mpARE, Mmx T2DMA — &
HIZZfAEH . SRT, SC-SPsX Mg iE 2k ¥R s 1E
SORETRLIIAY 7 2 — D E .

Jif T8 B TR B T2DM P WL Wi B3 Fr s . SCFAs
KPS 2 SR T2DMIM B B[R %, SCFAsH] DL B %
TER T pam i . (2t FFREREACHE, JF 9 BT BEAC I 52
BE30% e Bk ] AR kS g b R B i AR,
il LR, BRI SR AERE ™. Bacteroides.
Bifidobacterium. StreptococcusFlClostridium & & W, 1)
SCFA= A4 ™, 3 8 i 1 4 (¥ ik = 2= 5] i2 SCFAs ) 57
i, MKZKP I SCFAs 2 8 #2100 55 5 4 A R0 T 40 B AH
KIS T ERRALHE 2E R 7 IR, 3 Bl RO,
T 51 A e £ 200 0 T 52 45 R0 i 2 2R 4K e i 1 R
2 3G B n, LPSHI L5 CD14/TLR4
ity SIS — R AN JRE RN s i T I8 3% T 1 2
A2, (RBLPSHEN MR, SIEACACSE A8 58, Ff 18
i 5 25 3 A AN SR 1. T T A R 23 8 I BAS R B M RE IR
TR FE, Horb g E @ B T LLE ABASIH R 1 &8, 52m
BAsHI# A MU . (ENES DT, BAsZE T REEMNM
MRS, FEMEI T E A B 0 B . W TE RS
LBASHANIREBAs, E#GHE AHIKZAS (G protein
coupled receptor 5, TGR5) Fli%EJelsX324& (farnesoid X
receptor, FXR) FUBGE™, FF7EBAsE WU A EAQ M
hEAEZEEM. il MR R T BB A IE BRI
HZ ARG 2 fH, FF 5] K T2DM.

BB o = = S
) i/l = o V- ®__Z
o
LPS..
CD14/TLR4 (' SCFAs ‘
7 / \
/ WA T [ {
BEEEES (Z0-D i O FXR/TGRS "
[ n o )y o Oc
[ Ve l TNF. b AR
JeiE ILZ)S;:’I%-IO o |
: Py A B LDL
YQ} T mamm AT /
~__ _ o® TG
- & -

B3 A RE S R S SR T2D M PL
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