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ZWBE FG 5 FS, MR A5 H R R BOA [R] o A 5
W, BRAT T 2 B AR, T TR i i
PEAT TR, DUONERZS 1Y e B B 5 0T K 4R 11
Bhe A o

I BB

1.1 Ak A

BRS = HENREJEVE IR, W H 5 ZRFI, Sepha-
rose DEAE- Fast Flow #Ell . Sephadex G100 &I H 3¢
= GE A F], D-H#&H(Man) . D-HATHEIERA(GlcA) . Z Ik
HRPPEERIRER(GIeN) | I ZUHER R ER(GaIN) . N-2, 7t
D FILVFLE(GalNAc) . D-Hi%iHE(Gle) . D--FLb%
(Gal). L-7¥%05(Fuc). D-EZHERib)IIA H E[E Sigma 2%
A, HAth A= 2 5 S5i5a4 h airat.
1.2 RAZHEHHEL 5B it

it i P 6 FH P 7 AR Ok = 2 0, BT
kS HABE TR ES R, BNIE, 215, A
1% AN LT 60 CARIEH Bt PR 6 h, Bl
R A NaOH % 2 24 & 4 0.25 mol/L, 60 CHig ¥
A 2 h, I HCLYE W AT IR, 4 000 r/min
20 20 min, WCE FIHWR, A 95% LB R ARF -4
K 60%, 4 CHEHE L7, 4 000 r/min 20> 20 min, # I
H, DIER S &BE N (BE rF &R 3.5 kDa) 8
Wan . TR S L.

HIZ B2 Sepharose DEAE Fast Flow [ F3c
O3 FE(2.6x100 cm))ZHT 534, K 0~2 mol/L NaCl #%
WO BEVEI, FRUEER) 4N 5%, At e e I ok
0.4 mol/L. 1.1 mol/L. 1.4 mol/L. 2.0 mol/L NaCl. ¥
VRV 3 A T AT (BB 4310 3.5 kDa). WR4HFI
BT HATE] 4 Do sy, FLEZHEA 74 Sephadex
G-100 BEFATJZ M — 2L 4lifk
1.3 ST ESFHERSMH

KB IO 2 BIOR FH R 9 - B R v B2 A T 5, DA
L7 BEMEAE A s il T i 0 B0k R b i
ERTRER PSR T I A T S R TR SO £ KR P R s
oA k2SI Tl s 2 i B PR BE A BCA i
AN ;B R B I a0 H0G Ao P e S A4 b e
2 B M43 d R FH R ASORRE (B 5 R T E ;
A BR ] PMP-HERTAT A i 2 1,
1.4 % 4E%R%

FIERE LRy FG RA B-TH I b A i

'h@Ammw

fi#, B 800 mg FG, ¥ T 12 mL /K, RSN SR
VRIR BN 62.5 mg/mL, 4 CHEHE 1L, 4 000 r/min
B0 15 min, 37 B3, DOEH LB KGR, Bk 4 CHi
B 4h, B 3K, DUETEES T 40 CHETR FG-
ZERUTRE, 10 mL DMF $H#(200 mg/mL), filA
AR 043 mL, FREEAS R, 35 CllA e
JR 25 h, RV SERURRRIRZ 25 °C, IIALEEN- B
WEZHRIE 0.02 mol/L, AREAitF iy 30 min, S 5E,
JE A ZEARBUR A NaCl % M TGk LB B AR B4
80%, & 6 h, 4 000 r/min 5.0 15 min, 5+ Fif, B R
PL3 IR, DLTENN 120 mL ZK¥Ef#, fill 4 mol/L NaOH iF =
2L 0.05 mol/L, S 30 min, HIA NaBH, ZEZHRE Ky
0.1 mol/L, 4kZ2/2)% 30 min, JNZ5HEH HCl e
pH P Z 4 f# ] Sephadex G10 EEICFERER, FREM4 |
T EVS B-IHBR ™) dFG.

PR RRRRAL 5> FS T 10 mmol/L =R
(TFA) AT, B 200 mg FS, HILA 20 mL 10 mmol/L
TFA %, 100 CIuIgi iy, WEEERRE 1 h B30 pL b
W&, J10.1 mol/L NaOH 4 pH Z i, {iif] HPLC Wil
HA i, B0 T8 2.0 kDa, i 4 mol/L NaOH %
WelE pH e, {#iH] Sephadex G10 BERCA:NiEE, FH4
Wi . VR T RIISRESR 4 dFS.

1.5 IR K47

43 BIEL 10 mg FG 5 FS, RBACHEN K R, (I
AL MG (Nicolet iS 10)7E 4 000~500 cm™!
PRGN T /34T
1.6 RSNk iE M

A3 FHHEE J9 5 ug/mL . 10 pg/mL 5 50 pg/mL
) FG. FS & dFG. dFS #7E 455055, 78 96 FLARH
I 10 pL &k BEER 2 ZHERE L S 40 pL 13K,
P 20s, BT 37 CHAGHIEIRIEE 10 min, SR/
A R 50 umol/L i CaCl % 50 uL, %3h%30s
e P K AE 650 nm Ab AW RE, FFEEE 30 min,

¥ 5dE ] APTT. PT. TT 5 FIB i &% 52 4552
IZE AT FG 5 dFG 44 THUBE ME P 52
TEBEMARFANA 10 uL AS[RIH FE 145 BR S 2 WHEE A,
BEJSINAARFRL A 12 1 A% 55 APTT/PT/TT/ FIB i,
N, ZARFN 100 pL, AT, B A il s e i s
B, LAZKRas FO R, DR 7 & 2 (LMWH) A BH
PEXTE . R S M [ YR A )8 /], APTT ., PT.
TT XH Gk A RARAEY A, FIB X &kH iR
FHAE ]
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1.7 %itaW

A BE 34 R B EAbR 22 (SD), i ¢ K5
()7 a0 45 EEE Z [ AR 22 5, 24 P<0.05 B,
INHAE G 25
2 ZER5W®
2.1 BEACKF ST

BRS MR RHRRFIF 0  aA THE R, A A
FIFS5R 2.86%. B 1 g HlZHEZ: Sepharose DEAE Fast
Flow FEJZHT#EA TEBEEBERL, {31 0~100%1% 2 mol/L NaCl
VTR, ARPEE R )3T Rk 4351 Ry
04 mol/L. 1.1 mol/L. 1.4mol/L. 2.0 mol/L NaCl JU{~43
Py ST EMETT RIS, AT R BRR
SETTR T W T e P S 1 T A B3NSR 1 o, I
H1 1.1 mol/L NaCl Pt /r Sl BT 080l 46.63%, 7+
PRI ECN 13.77%, TRIREETE S ECh 24.36%, B

% 1 Sepharose DEAE-Fast Flow i tH 5 (L F4A AL
Tab. 1

) H@ART/CLE

PSR S 2 Bt 8 oA 8.07% . 3.41%; 2.0 mol/L
NaCl VA 53 EWE T8 78R 62.37%, A it BT /4L
h 25.32%, BRBREETTRITECH 14.47%, WERETR MR A
BTN 2.90% ., 2.20%.

L5

— —
W -~

—
(=]
—_
[\

<

n
—
S

WSGEE (490 nm)
= =
2 =
NaCl B (mol - L)

005550 600 650 700 750
Bl AF/mL
¥l 1 Sepharose DEAE-Fast Flow #f 35t i 1 il il £&
Fig. 1 Curve of Sepharose DEAE Fast Flow gradient elution

Chemical composition of elution fractions of Sepharose DEAE Fast Flow distribution

PR 0.4 mol/L 1.1 mol/L 1.4 mol/L 2.0 mol/L
SHTHR AR ' ' ‘ '

SRR /% 25.37 46.63 62.68 62.37
MR % 0.25 13.77 23.01 25.32
WHIE R TR B /% 1.45 8.07 5.58 2.90
TRIR IR /% 0.00 24.36 19.27 14.47

BEWE/% 30.61 3.41 1.93 2.20

SR E 45 R (8 2) @78, 1.1 mol/L NaCl ik
Ay B F R (Mw) N 67.1 kDa, 2.0 mol/L NaCl %
i i 53 B4 F 5 (Mw) A 137.8 kDa.,

0.4 mol/L

1.1 mol/L

1.4 mol/L

2.0 mol/L

N

I 6] /min

€l 2 Sepharose DEAE-Fast Flow P/t 2H 43 i 350 AR 6 3% 4]
Fig. 2 HPLC results of elution fractions of Sepharose DEAE
Fast Flow distribution

XIAREIN) 4 AUy HEAT T SO a2, 45
7R (F 3), 1.1 mol/L NaCl Pkt 41 73 3 2 bl i hy

1

R
)04 mol/L JAN

1.1 mol/L}
—

1.4 mol/L}
2.0 mol/L j\

0 5 10 15 20 25 30 35 40 45
Hsf ] /min

3 DEAE-Fast Flow 43 fii &l 41 43 (il 2
Fig. 3 Monosaccharide composition of elution fractions of
Sepharose DEAE Fast Flow distribution
7: 1. Man; 2. GlcN; 3. GlcA; 4. GalN; 5. Glc; 6. GalNAc; 7. Gal;
8. Fuc; 9. Rib

N
w
I\

AN
N
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GalNAc. GIcA. Fuc, 2.0 mol/L NaCl ¥zl sy F %
FAREZL N Fuc.

X} 1.1 mol/L A1 2.0 mol/L M4l AL o
e, 1.1 mol/L NaCl PR 41432401k 25 5 (K]
4a)fiR, 3366, 1024 con™! 73 B AR BERE 3L O—H
FUERR N C—O—C M4k 201, 2 940 em™' 5 50
L C—H M 4iRsh, 1 218, 850, 583 cm ' Wik
W W AR AFAE R IR FL 1Y S=—0O ARXI AR M4 PR 5, C—O0—S
FRIS 4R B A SR R 3 S—O BYM4a RSN, 1 640 cm!

) H@ART/CLE

h RS UM S5 A BRI R L C=0 XU ) fh
YR, 1426 con ! A FIE TR B [ C—O HUEEY
4Rz .

2.0 mol/L NaCl y¢ i 41 7321 4N i 45 5 (8] 4b) i
7N, 3385, 1025 cm ! A3l A M PR B R L O—H Ak
N C—O—C BRI 4 IR 3N, 2 943 cm ! Sy 75 e A Y 3
C—H M4 PR3h, 1212, 840, 572 cm ! Wi /R
FEFER IR IR S=0 JEXF PR 4R 8, C—O0—S
4% 35 A K B R 3 S—O A 45 R 3

583
4000 3500 3000 2500 2000 1500 1000 500
WeEyem™!
(a) 1.1 mol/L

4000 3500 3000 2500 2000 1500 1 000 500
WE/em™
(b) 2.0 mol/L

¥l 4 Sepharose DEAE-Fast Flow 434 Y il 21 43 21 /M ik

Fig. 4

DI SR 1.1 mol/L NaCl ¥l 2Bl hy &
FEMEGRIR FH 2 FG, 2.0 mol/L NaCl Y4153 4 5
RPEGLRRMR FS.

2.2 FS & FG 44k

fii F Sephadex G-100 #¢ A 2 #7235+ FG 5
FS #4744k 15 3] FG-G-100 5 FS-G-100, ¥t i 2k
mE s Frs, SR BRGEE 2), 40 Sephadex G-100
BERAL LS, FG MA BB 0 80l 13.77%

2.0

n

=

W SERE (490 nm)

<
[

A

=
=}

4 8 12
&
(a) I BRIFG

16 20 24 28 32

Infrared spectra of elution fractions of Sepharose DEAE Fast Flow distribution

FFE 14.48%, R M EH 24.63% 2
28.04%; FS (¥ BbE BTt - B0l 25.32% =
32.56%, iR oy B 14.48% LT & 24.05%.
X Sl Ak I A5 2 0 AL 5 HE AT = 2800 A €0 3 R OB 41
sk, g5 BRI 6. K 7), difbis dl o dak
LT IR B, 43 H5ORE BE R I S 21 A 45 2R o
i AL JE A A 24 B />, FG 5 FS 19 3220 Bl ol
J it A B0 B

2.0

WESEEE (490 nm)

0.5

0.0

5 10 15 20 25 30
(b) R PHRERTRFS

& 5 FG(a)5 FS(b)Sephadex G-100 HEKH: EHr el 2k
Fig. 5 Elution curves of FG (a) and FS (b) purified through a Sephadex G-100 column
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. A

FG-G100
~—————

0 3 3 9 12 I5 18
I} [E] /min
(@) Frhi L BEIG R BHPG

) H@ART/CLE

FS-G100
~——

0 3 6 9 12 15 18
15} [ /min
(b) 7 RBHRFRTRES

¥l 6 Sephadex G100 ZEfL AT FG(a)5 FS(b) s ABAR (A1 4]
Fig. 6 HPLC results of FG (a) and FS (b) purified through a Sephadex G100 column

Standard

oo N,

DL NSNS |V, UV W N | N ) SRR, WU i S

m‘ FS-G100 \ i

0 5 100 15 20 25 30 35 40 45

H &) /min
(a) 7B M LA I B PG

0 5 10 15 20 25 30 35 40 45
Hi) &) /min
(b) HEERFERERNEFS

& 7 FG-G100(a)5 FS-G100(b)Fa4H ik
Fig. 7 Monosaccharide composition of FG (a) and FS (b) purified through a Sephadex G100 column
7E: 1. Man; 2. GIcN; 3. GlcA; 4. GalN; 5. Glc; 6. GalNAc; 7. Gal; 8. Fuc; 9. Rib

xR 2 EERBUBRKRREFGSERERBHREIEFS 4L
BIE L FE R
Tab. 2 Chemical composition of FG and FS before and
after purification

SAIEL N FG FG-G100 FS FS-G100
Y% 1377 14.48 25.32 32.56
WRE/%  24.63 28.04 14.48 24.05

2.3 AL FEN

N T RICERS Z B PUBE LG P, B4 i L
10 pg/mL FEATEF5508, 76 L4558 T RIPTEEm I o,
HOBINA TS B ARG B T, MR A AR A, i
KR IABA BUEETE PR R 25, 1 I [F B0 3 E t
SWG, i M il 2 A AR AR A B TR B )

SR, AHEE i h Lk 27 & W B ) E R o 2551
R(E 8)FG 5 dFG HIREME HER I 3 ) B [ of 7], B
V5 O 1 R 0, LA B R P LTS P, 1 FS
Y5 dF'S Xof i 2% 1) Bk [ % BH 5 04 2

XA A5 ST RE I ACRES1Y FG 5 dFG A
oyt T F—H RO RIE, SR BR(E 9), FG
TE 5 pg/mL BV B AU BTEE N TG 1, VREE 50 pg/mL
A 0 Sy R ) P — L6 I 2 R R A EDIRES, R B
43 BEBUER M IE 2, dFG 76 5 pg/mL 5 10 pg/mL
A A B HUE LG 1, FLREE VR BE ) T = T PR

APTT &My PN U5 P 388 a4 A2 97 30 M e T8 b,
PT PEAG AMBEPESE MR 42, TT AAFH WA EE MR AL .
il APTT. PT. TT il FIB i # &1Ffk FG & dFG
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I 6 HE (650 nm)

I SEHE (650 nm)

0GR (650 nm)

- - -CK2

Wz SEHE (650 nm)

W YGHE (650 nm)

—dFG
0.35 - .. CK-1
- - -CK=2
0.28
0.21
0.14
0.07
0.00 I 1 1 I |
0 1000 2 000 3000 4000 5000
i) /s
(b) FEM IS R L SR AP G
— dFS
0.4 - ... CK-1
-~ CK=2

0.0 I 1 1 1 |
0 1000 2000 3000 4000 5000

s i)/
(d) FEfig o () 7 e B ME R BR TSR AF'S

Kl 8 ¥ FG(a). dFG(b). FS(c)M dFS(d)% 555545
Fig. 8 Recalcification experiments of FG (a), dFG (b), FS (c), and dFS (d)
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I
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035 —FS
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[ /s
() 7 AR MR BRTTHES
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025 FG-5
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0 1 000 2000 3000 4000

Hif /s
(a) FHIEbE LG R PG

WG YEHE (650 nm)

0.4
dFG-5
0.3
dFG-10
K-2
0.2 ¢
CK-1
0.1
0 1 000 2000 3000 4000

G
(b) B I 1) B L MR e R R AP G

B9 FG(a)5 dFG(b)E LBtk &
Fig. 9 Quantitative-effect relationship of FG (a) and dFG (b)
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FIPTEEEYE, 15 LMWH #H17HuE. 255(& 10, 35 3)
B/R, FG EATIEH W8 0 PusE m g vk, vl oK
APTT. PT. TT #l FIB {¥EIfFfa], fff APTT, PTTT
H1FIB B s 09 BTt Wk P2 4051 Ry 2,77, 10.85., 8.03
#1336 ug/mL, FG ffi APTT. PT. TT FI FIB #4Em)
RGN 1 F5 T AL IR, RIHEAT
A B A PTEE M TS . TMiff APTT. PT. TT I FIB
IF ) B I () dFG Bk B2 23R 9.54. 192.88,
17.40 F1 33.45 pg/mL, dFG B EHEK T APTT., TT £l
FIB (%R ML), (EXF PT (938 I i a] Y56 A 8 25 5
XUEZE RN, AFG AT LASE M A 5 858 1l a4 28 L AL
B AR, (HRRESS I AN ESE 812, LT Je R
R Holothuria nobilis IR dFGLES,

Wu SEBSE W7ok H 2 Pearsonothuria graeffei
(1 FG DL KB As B R S0 i B R e
Tk, FERSHH B IERK APTT 5 TT, {H2MME KT

300 ¢FG A dFG e LMWH

250 1
200 r
150 |

100 |

AR 3B I TG T [/

501

0 9 18 27 36 45 54
JEAEHR I /(ug-mL ™)
(a) WEALER A EE MG B IR ] APTT

120 1 ¢ FG o dFG & LMWH

!

90

G I IR 1) /5

0 9 8 27 36 45 54
FIR I (ug mL ™)
(c) BE ML ) TT

) H@ART/CLE

i B AR APTT Fl TT Wffa], RUIHTEESHERE
%o Bk, AT EA S SR R R AR FG, RS
IS BT e ELAT TR AT A XU o LAY
YR, Isostichopus badionotus FRI) FG 43Fia (A
2RI AR 3 B AL ik S [R] (APTT) R I ST 6] (T'T)
BERR, PEEMEE IATID AT R4 T HHCI)RT
E N AG(FILa) ARV AR, DL F X 1Py
TVEFHERIRAR, 2550 Wkt i BBt e LA 3
BRI 1 1) () sl S M R FH o AR SCRIFSE &5
FW, dFG W EK T APTT TT FI FIB fUBEIML ], {H
XF PT %A EF20, B dFG R LA YR EE &A%
UL [EEE MLIRAR, (AAREMINETEEE MiRTE, X Lesh
JERRVENY FG B4 mT LUIssx e e g 42 ik
BEMEER, DTIAE DA A8 0 375 4 1 [ o AP
DA (5 B T R 1z | R ol a1 [N A SR N S R N
W, LT IR AR

100 ®FG A dFG e LMWH
. 75
=
B
=
£ 50
25
0 70 140 210
JE B /(ug-mL ™)
(b) EE i i E ] PT
18 ¢
¢ FG A dFG e LMWH
=
=
K|
&
oy

0 9 18 27 36 45 54
VR EE/(ng mL ™)
(d) LFYEFERFIB

% 10 APTT(a). PT(b). TT(c)and FIB(d)S2H4%
Fig. 10 APTT (a), PT (b), TT (c), and FIB (d) of FG and dFG
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#&3 APTT,PT,TT 5 FIB EK—EREETTE FG 5 dFG iKE
Tab.3 Concentrations of FG and dFG required for doubling APTT, PT, TT, and FIB

) H@ART/CLE

FE il 24 FR APTT/(ug-mL™) PT/(ug-mL ) TT/(ug-mL ) FIB/(ug-mL")
FG 2.77 10.85 8.03 3.36
dFG 9.54 >128 17.40 33.45
LMWH 15.21 >128 4.63 112.18

TE: APTT: 3R ALHR /> BEULTE BEMS (6] . PT: BEULARISI B) | TT: BEMLEERTE] . FIB: £F2E8E M5,

3 &

AHIEFE F FH il A 6k i B FH 5 Sepharose DEAE-
Fast Flow #2873 5, J14 Sephadex G-100 BEAFELLE
TR, WERS T IREE] 2 Fh b, A R AR
fit FS 5 5 s bbb B0 FG, BRI Hras i
7, FG A BB R BE, 1 Fuc . GalNAc 5 GlcA
Fa R, BRI BN 28.04%, FS NA i bR
TRHR, 1 H Fuc MR, MR E 050N 24.05%, 1K
SNITER IS PE S B 45 5 B /R FG BA W38 A PUsE L35
Pk, BB B EMEK APTT. PT. TT Hl FIB if[H]. dFG
fiets 4K APTT FI FIB fOEEIMAT ], {HXF PT %
B, B) dFG Rl LASZ M YR PERE Mk 12, HAS
RESZ M MR PESE AR AE, R FG Tl L
TN B I AR R B, N 7R PR R T
AL B I35 1A 1 [ B AT 1S i XU

2% Lk
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Isolation, purification, and anticoagulant analysis of polysac-
charides from sea cucumber Phyllophorus proteus

LIU Jingwen' 23 WU Ning" 3, GENG Lihua® 3, WANG Jing" 3, YUE Yang" 3,
ZHANG Quanbin' 3

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Center for Ocean Mega-Science, Chinese Academy of
Sciences, Qingdao 266071, China)

Received: Feb. 29, 2024
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Abstract: In this study, two sulfated polysaccharides were isolated from Phyllophorus proteus using enzymat-
ic—alkaline coupling and Sepharose DEAE Fast Flow column chromatography, and Sephadex G100 column chro-
matography was used for further purification. Physicochemical property analysis indicated that the two sea cucum-
ber polysaccharides were fucan sulfate (FS) and fucosylated glycosaminoglycan (FG). Two low molecular weight
polysaccharides—dFS and dFG—were obtained through the degradation of FS using 10 mmol/LL TFA and degrada-
tion of FG via the B-elimination method, respectively. The in vitro anticoagulant assay demonstrated that FG
showed good anticoagulant activity and significantly prolonged the clotting times of activated partial thromboplas-
tin time (APTT), prothrombin time (PT), thrombin time (TT), and FIB. dFG significantly prolonged the clotting
times of APTT, TT, and FIB but showed no significant effect on the clotting time of PT. Therefore, adjusting the
molecular weight of FG can enhance the selective effects on specific coagulation pathways, thus reducing the risk
of bleeding while maintaining optimal anticoagulant activities. These results indicated that FG and dFG can be de-

veloped as anticoagulants.
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