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%5ERE, KR “bottomup” TEMSHCA AU IBE G (high-performance gel permeation chromatography, HPGPC). 1-ZK3-3-
FF - 5- itk M R A3 A= A0 2 RORAE 3% (1-phenyl-3-methyl-5-pyrazolone derivatization high-performance liquid chromatography,
PMP-HPLC). ZL4M%i (infrared spectroscopy, IR) M —4k/ 4R Hi3tIR (one-dimensional/two-dimensional nuclear magnetic
resonance, 1D/2DNMR) #ATEEMIRAE; LAEALIR 7 Bt M5 BGIS [ (activated partial thromboplastin time, APTT). &t Ifil f i}
] (thrombin time, TT )+ #E LB 7 B 7] (prothrombin time, PT) PEAMARSMITEESG M, A= ERPEIN E A YRR F X B (intrinsic
factor Xase, iFXase) liEtE. &R #4415 B S — BB UHE KRN LLGAG (Mw==38 000D, JH HUBEZH Ay AL bE
@?E?i (iduronic acid, IdoA) @ ZBEEFLF-FPE (N-acetylgalactosamine, GalNAc) : F-F.¥# (galactose, Gal) ~34.4 :59.7:
5.9. ZEMEZ O H L-1doAssis-a-1,3-D-GalNAcases (2S3S4S68) F:J7 1) M PR ICHI R, FEH 3S4S6S K 283868 %557, NH
ﬁis?%tlﬂ VLT RO I B ik R AR IR . RS SEEG . LLGAG REFREK APTT 5 TT, 315 I PRPUHEE SR 4 T 5
HIAE . ] iFXase FEHEMHKE (median inhibition concentration, ICso) A (17.75%+1.12) ng/mL, BAK#EFRNHEL
2.8 %, £5I0 KILT | Fhah M ORI W T SR TR MR G S b, HEWT tH DI 4649, RO BB 3K iFXase $HE 14,
NFE RGPV IR T 2 8 A SR LB R AR I 5 %1% 0 T
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Abstract: Objective To identify novel glycosaminoglycans from Linckia laevigata, elucidate their fine structures, and evaluate their
anticoagulant potential as inhibitors of the intrinsic coagulation pathway. Methods Total polysaccharides were extracted from the
starfish L. laevigata using a combination of enzymatic and alkaline hydrolysis, and then purified by strong anion-exchange
chromatography. Oligosaccharides were prepared through deacetylation-deamination depolymerization. A “bottom-up” strategy
integrating  high-performance gel permeation chromatography (HPGPC), 1-phenyl-3-methyl-5-pyrazolone derivatization
high-performance liquid chromatography (PMP-HPLC), infrared spectroscopy (IR), and one-dimensional/two-dimensional nuclear
magnetic resonance (1D/2D NMR) was employed for structural characterization. /n vitro anticoagulant activity was assessed by
activated partial thromboplastin time (APTT), thrombin time (TT), and prothrombin time (PT) assays, while inhibition of intrinsic
factor Xase (iFXase) was measured via a chromogenic substrate assay. Results A homogeneous sulfated glycosaminoglycan,
designated LLGAG (molecular weight, Mw =~ 38 000), was obtained with a monosaccharide composition of iduronic acid
(IdoA):N-acetylgalactosamine (GalNAc):galactose (Gal) =~ 34.4 [ 59.7 1 5.9. The polymer core comprised disaccharide units
featuring the L-IdoAzs3s-0-1,3-D-GalNAcases (2S3S5456S) motif, together with 3S4S6S and 2S53S6S motifs, representing a rare and
novel dermatan sulfate-like glycosaminoglycan. In vitro, LLGAG significantly prolonged APTT and TT, showing activity comparable
to that of the clinical gold-standard enoxaparin sodium. Its half-maximal inhibitory concentration (ICso) for iFXase inhibition was
(17.75 + 1.12) ng/mL, approximately 2.8-fold more potent than that of enoxaparin sodium. Conclusion This study identified a
structurally unique glycosaminoglycan from L. laevigata, elucidated its precise structure, and demonstrated its potent iF Xase inhibitory
activity, thus providing both a theoretical foundation and a candidate molecule for the development of marine-derived heparin
alternatives.
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EZGHENED) ChEEEEARL) (h2iRRE) &
HEE A LM . JEREL PRI, 30, B
Kz, BEMEHss. SR, S 2,
FE BT AR TV J LA K O A 2K 6 45 7 T B A 24 e
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P, BIEEAFEME GAG M ZERHE . Fl,
& B Wy 2= F M Lysastrosoma anthosticta Fl
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TRRHIE, I RGP HAR ST RS 1 S0 iFXase 1
IR, BIEAF R A YIARIEH Y HP &
A K m fE AN SR BE B AR IR S5 0 5 66 7% -
1 #R
1.1 AR5

VAR R TRl R R KA
AF FE R XUHT B 1 L3R %5 %€ N Linckia laevigata
(Linnaeus); HUREARHES H B2 6% (mannose, Man, #
5 F1815046). £ Mt% M % % ( N-acetylgluco-
samine, GlcNAc, b5 E2308212). - FLbH ISR
(galacturonic acid, GalA, flt*5 BCBK3704V). i
% ME B BR  ( glucuronic acid , GleA , #t 5
SLCR0286V ). M2z (N-acetylgalacto-
samine , GalNAc, fit'5 BCCD6801 ). 7 & #E
(glucose, Glc, #t5 071M0145V) ., - L (galactose,
Gal, flt'5 SLBKO175V). 1-ZKFE-3-F3E-5- ML mg Nk
( 1-phenyl-3-methyl-5-pyrazolone , PMP , {it =5
BCBP1308V). HIf (fit5 WXBD4397V). FilF]H
% 8GX (Hik'5 3540111001). CS (35 C17550308 ).
FAIT (deuterium oxide, D.0, #it5 E2417179) %
J&JH Sigma-Aldrich A F]; 4 iebElt (#'5 140637-
646-201203) & H H [E € i 2 ke e i e b s kL
PERERS (L-iduronic acid, IdoA, fit'5 ZG-31380) Iy
H AR A R AR 5% (L-fucose,
Fuc, fit5 F1924062). =% LR (TFA, #it'5
12425434). DS ({it5 E2305580). L4 (Hits
20181022) W EigRhr T A RHE R A R 2
Ay AJNEAR (S 1S236057) WE _EigEH A4
MRHAA R AR Bk (5 093B-P108A)
H{&E TECO GmbH; AL (k5 2206060, &
b &8 4> & I 7% E§ KPRl C activated partial
thromboplastin time, APTT) & & (5 2312200,
HE MY (/] (thrombin time, TT) iR5Ff& (ftS
240823) #E ML AT [A] (prothrombin time, PT) iR
Al (5 240823) 0 F Ak 5T 25 BRI 25 bk
HIRAF]; Tris-HCl 2 (k'S C12696867) i)
H Amresco A 7 ; FVIIL:C {57 & (it FD0262HZ)
IS IS HYPHEN BioMed ; & 5 (it 5
0134241003D). HIEE (45 0234251203D) W H |
HBETEABENERAA,: RIUEH (M5
C18033381). HP. 1k i# i 25N (low molecular weight
heparin, LMWH, #it’5 C16140040) W4 H i3 7
WA EHE A RAH .

1.2 {4=F

LC 2030C 3D Plus /= 80AH A (bRt
SEEHIVERT); EvoLution 350 Y5 A4ha] W4y e E
it (EEZEER KA F]D; L1600400 Spectrum TWO Y
{# BLIH- AR {7 AM X (PerkinElmer); EYELAN-
1300-WB /N5 728 KA (b % AR A IR &
F]); YDF-20L BIFjEUZHaE R Bz (Rl Tie
X2 HBR AT ): RCT Basic 18I 51 i HE
& (7 IKA wEAARAFD; 5810R BUKAEA
R E5LHL (Eppendorf H1 B FRAF]); LyoQuest-85
plus A5 TEHL (RFIAFHLAF]D; FiveEasy Plus
PH it (R 8-FER 2R AR A A5 Advance 1T
600MHz {8 FAZREILIRIGIEAL. i AT B 38 A F]D;
Milli-Q®1Q7000 % 5 & i 4l KA CBR v %5 B A0
#]); VICTOR Nivo £ IhRERFIRY (G HIE /R
BRAES A PR AT D s MC-4000 704 11 75 5 [ 8 43 Hr 4 (48
TICO GmbH A7),
2 7k
2.1 LLGAG HIHIZRIBUL 1T
2.1.1  ZHEMHIS SHEOCER AN OISGE, B 3.8
kg TR T B RBERE, N 19 L KK 24 g AR
HER (0.1%) T 55 CHgf# 16 h, /5 H 0.5 mol/L
NaOH 7£ 60 ‘CHifi# 2 ho &5:0» (4700 r/min. 15 min)
B LM, WpHE3 T4 CHE 6 hIligEA, 1§
YEL G FNE pH ZE i, DAIRFERN 75%H) 17
DU UTIEZ 3% H20, (pH 10, 50 C) i 2h J&5
HE, KEHEIFGETE . HEER L
Amberlite FPA98 (CI) M Fac i, KKK K
0.5+ 1. 2 mol/L NaCl ¥R EEVEME CREy-Bi By
WD, W 2 mol/L Pefidl sy, FF. BEDL FEAT.
TR —1E LLGAG.
2.1.2 MXATFREMNE LLGAG (2.0mg) LAl
mL A K IV EIC K 2.0 mg/mL AR, 0.22 um JEE
JEI FEEN 20 uL BERE, SR S REE R B i Chigh-
performance gel permeation chromatography ,
HPGPC) Wl AHX 7 i &1, DL 5.9X10°~1.07 X
10 7 Ji@ B T A 71 ot 22 Wi £ B BT ) -1ig M, B it 2%
PR A i W LR B B R) TH B AR R > T . Al g%
{4+ B3 LC-2030C 3D HPLC Fic RID £l 2§, Shodex
OHpak SB-804 HQ ¥ (300 mmX 8 mm), #izhHH 0.1
mol/L NaCl, AFfi& 0.5 mL/min, #Eif 35 C.
2.1.3 WRESENE  RHSAH- BREN E
BRIRFE SN, B 0.3 mg/mL KaSO4 FRUEIAWR 0+
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0.2. 0.4, 0.6, 0.8, 1.0mL, 45I#M/KZ 1.0 mL,
TN 700 pL 8% =5 LB 500 uL 0.5%5AL40-1H
BB, 1BA)EE 15 min J5T 360 nm M EWRCE
(A, iR EE-WOCEE bRt 2. HX 2 mg LLGAG
%T 1mL 1 mol/LHCI, 100 ‘C/Kfi# 6h, ¥, I8
FERAEZET 5 1 mL KIEf#. HL 200 pL KK 2
B, B2 1.0mL, F3 0N SACEL- BRI Gl
AD A 0.5% B (Il A2 DAAIBREE AN T8,
REAERIbREM 27 B4 — ) RNIRAE 21t
5 LLGAG Hi s .

2.1.4 FEEAEHT ZHERREARCK A 1R -
3- -5 - bk P 3 A A 5 RGO €43 (1-phenyl-3-
methyl-5-pyrazolone derivatization high-performance
liquid chromatography, PMP-HPLC) 43#!8l, FREX
LLGAG & 9 MHsiESRPE 2 mg FLEK 5 mg/mL ¥
. HL 100 pL i 100 puL 4 mol/L TFA, 120 C/Kfi#
2h, AHJEHFEE 200 uL T 50 CRREKSF LR 3
R, 100 pL 7KV fRERIE, HIIIA 100 uL 0.6 mol/L
NaOH #1100 pL 0.5 mol/L PMP-H EE#7, 70 CJx
M 100 min, 50 pL 0.3 mol/L HCI H Al 4 21
1 mLKERE, 1 mL &7 3 KBRETE
PMP, 7/KAHZ: 0.45 pum JEMEJE 5 HPLC Aill. 4
2% Agilent ZORBAX Eclipse Plus Cis £ (250
mmX4.6mm, 5um); iR 30 C; s 4ME-0.1
mol/L MR ERZZ M (17 2 83, pH 6.7); AR E
1.0 mL/min; PDA £ &%, Al 245 nm.

2.1.5  HLUKAIHT TR AT o VI L VK o B 2 BE Al
W, CS. DS HP #ifE 5 LLGAG F Sl 5L ik
5mg/mL ¥ . TR 50% F BRI i, EANIR
FJ5, T 0.1 mol/L ZFRMZZ MR 30 min.
FHABZINFESS L EZ) 10 uL BEd, 7EFERAM 1.5 cm
b RFEZ 0.5 uL CRETH M) R« mUREAR S 61RO, vk
FEAEE 10 min J5 T 61 VAEARHIK 1 h 55 min, £
ARG 15 min. 2%BEER G €2 10 min 5 H AR
2.1.6 24N Cinfrared spectroscopy, IR) 43#ft
R FH R AR 24 22 R T IR 2L AR B
B0 2 mg LLGAG Ff it 5T B R R 51 )5
JEFr, 1E 11600400 Spectrum TWO {4 HLIH AR 2T 41
PEAC BT, Pk 4 000~400 cm !, A HER 4em !,
R IEL 32 IR

2.2 ET “bottom up” FREZHY LLGAG L5174
221 ZHMETDNR S SBRAREHES
B 2Tk Mot 2 5 i SR T VE RS AR Lk 8200, 1 g LLGAG

5250 mg FERIIFA T 25 mL K&, BAGRPT
90 CHEFERIL 120, LEEUIHEE &L, AUKIERE,
FA R AT 43 F 8N 500 FEHTASIENT, R4 T
BRAF R 2. TR T 5 mL K, 0 2 54K
P pH 4. 5.5 mol/L WAHMRVA, =il /M 15 min
JE pH 7 Zab, WAHES LRI IYE, RS
Sephadex G-25 #EFRER, W4T R T iiE T 5mL
47K, I 0.25 mol/L BN 50 ‘C/ 2h, #H
J5 1 pH 3 Zr i AL SN, R E A, WR4E
J54 Sephadex G-10 FEFR#E, s RT3 Mt SEE
AR Y ALLGAG .

222 FEFEB Bl dALLGAG 400 mg 4
Bio-Gel P-10 1 P-6 &b AT 40 B 5608, 3 mL/ B ISEE,
AN 210 nm WISy, SR EA
Superdex™ 30 Increase 10/300 GL 3 HTAEAM, R
H Bio-Gel P-2 BEEATFRER . WURIRAR . 5T
2.2.3  HEILREGE (NMR) 7047 BES (10~20
mg) 4 2 IR D20 ¥ if-th TE¥ 5, BLE 0.05% TSP
WHFRE 0.5mL DO HiF. 7£ 298K, pH 7.0 %14 F,
F Bruker Avance 600/800 MHz 3% %4 1D % 2D
NMR i ('H. '3C. DEPT-135. COSY. TOCSY.
ROESY. HSQC. HMBC. HSQC-TOCSY). Z¥i%
BSWEOCHRIRIERT: 13C 1E5ME T 32 k, ShIRIER
2s, FHIE 4096; HMBC A 1024 X 160 E 35,
R R 64 IR

2.3 HUEIN K iFXase HPHIFE MM

2.3.1 i 3 TR SR P R AR S E A v
NI APTT.PT F1 TTR2, %5 (1 5% HE 4 0.02 mol/L
Tris-HCl 221 (pH 7.4), FAYEXTHE N HP I
LMWH. ZHEkEMIET Tris-HCl ZE0REL R 1.28
mg/mL BER, FRREAS RAIREE . NI 4% 1 LA
| mL BAUKE I, HEEE 30 min 5.

APTT ¥%: ELEBARHIIN 5 ul FF i 302 Fit R
545 uL 1fi3%, 37 CHEE 2 min, A 50 uL T
APTT 5 & 3 min, Fh0 50 pL FLELA) 0.02 mol/L
CaCl VI F I .

PT ¥%: 5 uL BEfLS 45 uL I 37 CHEH 2
min, 11 100 pL T PT R THE o

TT #%: 10 uL FE5h 5 90 uL M3k 37 CHEA 2
min, JI1 50 uL T TT 7). SR EPAT
WE 3 KECEIE, LS AR RIRIE, £k
0N i 2%, R AR A TR L (R ZE K 1 A5 BT 75
[RIRE IR B
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2.3.2  iFXase #IfVE RN 4% FVIILC W55 &k
M iFXase #HITEYE: 96 FLARFAIIA 30 uL R
FEREAL (Tris-HCL 2PN XD, MM 30 ul
FVIIZA# (2 TU/mL). 30 uL R2 %7K (60 nmol/L
IXa, ¥ Ila. CaZ*. PC/PS), BEbrIRAI)G 37 CH
H 2 min; F00 30 uL R1 %9 (50 nmol/L FX, &
Ha $AHIF)D, WAIJE 37 CHEE 1 min; HJEMA 30
ulL T R3 ¥ (8.4 nmol/L FXa A f0JEY) SXa-
11), 4 30s $2H 405 nm WG (Asos), LAEESTBh
Aaos 1B R RIR iFXase 75 P,
3 ZR55H
3.1 LLGAG M7 B IR R

T 3 - e W R A B, R R VA R 2 W ) 4
SN 1.40%. 22 Amberliter FPA 98 CI-[
BT A AR O AE Sr B AL, ARSI AN R
FE$R15 0. 0.54 1.0, 2.0 mol/L 4 MH 4y, Hrd 2 mol/L
POy Ja b EF R Z M LLGAG, f3%H
31.5% (A2 E ).

R BB s TR R, LLGAG i
TEB—XRR, AN F A —, 219 38000

A
0 5 10 15 20 25
#'min
©
Man
GleNAc — tritkh
—LLGAG

TdoA GalNAc Gal

(B 1-AD; BETRAT 24 25 W kot — P E SEH O L
Taf S5 AN 73 i B — (B — 2k, HITRALE A
F DS A HP 2] (& 1-B). SN i e
FrRUEIZE R FE N Y=5.871 1 X+0.030 2 (R*=
0.996 8), 73 LLGAG MIBERES &N (42.56+
0.17) %, &y T H A RPN U Anthenoides laevigatus
SRR IR 2 0E (38.53%) U131, Fupldl il i %
B (B 1-C), LLGAG FZHH IdoA. GalNAc FIf
/DB Gal #RL, PRI ELE N 34.4 2 59.7 £ 5.9,
IR £ E/R (K 1-D), LLGAG 1E 3494 cm ' b &
PRI B2 1 O-H 5 N-H ff4a#iR300%, 2 969 cm! 4t
N C-H H4afkshik, 1648 cm™' 5 1 425 e 4L
WIS 06 473 S %o J7 R R AR 1) AN X6 AR 5 X R A i 41 311,
1 249 ecm™ A HIRHIEIE SRR BRIERSE S=0 fh4ik
31, 1000 cm ! AL R FIR SIS JE T C- O-C
Ml C-OH HZE#R%), 808 cm™ Al 588 cm™! AL MHIWL UL
a3 HIXRE C-O-S 4tz Fl S-O 14 ih¥ikal, LAk
FRIERIFF SR GAG IS AL EE )

3.2 “bottom up” FKEEHEHT LLGAG HIZEH
321 FEHER BB AR “bottom-

CS
Ds LLGAG
HP

1000
1249

10 20 30 40 50
min

4000 3000 2000 1000 500

viem !

1 LLGAG i) HPGPC &Il (A). BRERLTHEREIRAEIKE (B). BEEAMSTEIEE (C) RAIIEE (D)
Fig.1 HPGPC chromatogram (A), cellulose acetate film electrophoresis (B), monosaccharide composition chromatogram
(C), and infrared spectrum (D) of LLGAG
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up” WK, EVIE IS EE AR BN TR R SR SR R
a7 TGV B R R ARAR R 43 7 0 & B o A
W He S M CAHET S5 06 = 7 F 20, 1R T8
FIR SRR, BRI S, I R AR A AT AR ST
(PRSP B BEVE e I S B R SRR, ¥ 1 g Ay
T LLGAG P&, K3 870 mg fICAHXS 7> i &=
5 P24 ALLGAG, 3% 71.3%. 4 Bio-Gel P10 ¥
JEMT B ALLGAG 133 5 NSEhE K ZFE 5y, i 4
A dLL-1~5. Superdex™ 30 Increase 10/300 GL %
I EE R BN (B 2-A), dLLGAG L&A FIFRT 2>
TIRESCR GRS B, RO T S A Sk
PEVEHONTL | 2T S S B S T i b e, A

BT H GAG ZHESSH ST IS A B (=,
VUL 75 J\BESS); iz tai Ay 2 JIRHEREFR 9 7 000,
XHRR A BRGS0 #82, M dLL-1 f1 dLL-2
EIL 3 AR A B i, 1 dLL-3~5 Hma
TSR BT HER AN R 3 R i (il . SRR B
FURELE R BT o P WL P 2-B, dLL-2~~5 FRISRREZE AR
5 LLGAG #4A—2, F % IdoA. GalNAc FlfR/>
1) Gal 4. dLL-1 SHEZH R kil 2] IdoA,
XSEHT GalNAc 7EE £ k-t 2 FE A 2% S S
AR 2,5-Bi/K-B5 B BERE (anTal-oD, TZATAEMITE
W T L R A AT T R R R A R . B
M, dLL-1 /2 IdoA F1 anTal-ol ZH 3 H) —HEEEF .

B

Man

—— il
——dLL-5
~———dLL-4

dLL-3
——dLL-2
IdoA GalNAc Gal gy

GleNAc

0 10

B2 dLLGAG REEREHEA HPGPC BILE (A) REBEARSHTEILE (B)
Fig.2 HPGPC chromatograms (A) and monosaccharide composition analysis chromatograms (B) of dLLGAG and its

oligosaccharide fragments

3.2.2  ARAHNE 4 5T 5 SERE 4H 0 1Y NMR 3 g Ay
NMR SR 24 S SERERE AMEE AR IAZ O i T B4
A TR 2DNMR HR (E 3, 4) P 1
dLL-1 1 dLL-2 S5 S5 M, HAL AR 1
JB IR 1. 2,

dLL-1 2 EZH 3 Fh R &4 . 1doA
A (E 3-A~C) MIRHEMESAEES (H-1:
55.00~5.27; H-5:04.70~4.78) fdi H.A5 LW #fs 15
IN[25-261, anTal-ol HICAE NI £ 15 - I 28 S A 5 e
A R SR B A, G R T AR R R A AT I
2 FG W FE1816200, 5k U227 R B AL X
RV AR B LU IR B, TdoA FEBRIE A A1 B
E 02 Fl 0-3 FifAE. W5 T3 2 EE AL
%, UESEHON 2,3-Z-O-TFRAL 454 s BEvREE C AX O-
3 AL AR AL RE, RO 3-O-BRFR A HUAR .
anTal-ol #¥5%3E D A1 F 1) 0-4 fl 0-6 i1 kA4 B EK
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&1 dLL-1 LR BB KGR EEE X R
Table 1 Chemical shift assignments and glycosyl linkage patterns of dLL-1
W R P - M
A (0-L-1doAzsss) H 5.27 4.55 4.66 4.23 4.78 Al-D3
C 101.4 735 76.4 69.3 71.2 178.3
B (a-L-1doAzsss) H 5.25 4.53 4.68 4.22 4.70 B1-E3
C 102.6 735 76.4 69.3 71.2 178.3
C (o-L-1doAss) H 5.00 3.88 441 4.22 4.70 C1-F3
C 103.4 70.8 81.3 69.3 71.2 178.3
D (Tal-0lsses) H 3.73/3.82 4.17 4.44 5.07 4.57 4.23/4.41
C 63.7 83.9 78.9 79.1 80.6 71.3
E (Tal-oles) H 3.71/3.80 414 4.28 4.40 4.33 4.17/4.30
Cc 63.7 82.1 815 74.0 82.0 70.6
F (Tal-olssss) H 3.75/3.85 417 4.49 5.04 4.55 4.20/4.41
C 63.7 83.2 80.2 79.7 80.2 70.6
DR R PR BB s RV R IR R R A AL
Bold indicates glycosidic linkage sites; italics indicate sulfate ester substitution sites.
&2 dLL-2 LFNUBAB KGR EEREXR
Table 2 Chemical shift assignments and glycosyl linkage patterns of dLL-2
BRI It d SN
1 2 3 4 5 6 7 8
12 (a-1,4-1doAasss) H 5.28 432 461 422 471 121-T°3
C 99.1 741 76.3 789 717 178.3
1° (a-1,4-1d0A2s3s) H 5.24 451 496 427 4.92 1°1-T23
C 101.9 73.7 755 78.7 70.0 176.1
tl (t-a-1doAzsss) H 5.21 438 461 422 497 t11-A¥03
C 104.4 744 765 69.4 712 178.3
1°(0-1,4-1doAss) H 5.05 393 484 432 492 1°1-T23
C 103.4 689 76.3 79.0 70.0
A?B-1,3-GalNAcases H 4.70 405 4.02 481 4.07 4.15/4.28 2.07 As-]34
C 105.9 544 815 784 753 70.9 178.7 25.6
AP B-1,3-GalNAcssss H 4.62 4.03 4.00 487 4.03 4.13/4.28 2.04 Ab-1°4
C 106.6 544 815 784 754 70.6 178.4 25.6
T2 (Tal-0lsses) H 3.69/3.79 414 441 5.02 453 4.20/4.36
C 63.9 839 796 79.3 80.6 71.3
TP (Tal-oles) H 3.71/3.82 4.08 4.25 439 4.30 4.17/4.30
C 63.9 828 816 742 821 70.6

IR IR R s RUASORR IR BRI

Bold indicates glycosidic linkage sites; italics indicate sulfate ester substitution sites.

TN 4,6- —-O-ti BRI HUL, H anTal-ol #H 6-0-
B, EHCARFE S dLL-1 — 8. Wik
AL I Iy 1€ f) H-4/C-4 DL Rz A2 AbL Ta, TP )
H-3/C-3 &AM F5 15 AHRIE. HMBC #HRf5 5 (K
4-B) 7R tHIERET AYAP 1) 0-3 i1, AYAP 5 1/1°
1) O-4 FiAHE, ' 5 T° 1) O-3 friEss, s T
O-3 PR, HUbMIEH dLL-2 AT & DUkE A B

ghikt) (K 5-b)s

JTF dLL-1 55 dLL-2 215 7 SE 0 Fr B A 45 1
fiE, ATHEF H LLGAG BS54 (B 5-¢). LLGAG
MR EF K DS B GAG, H#EZOH L-
IdoAss3s-a-1,3-D-GalNAcases (2S3S4S6S) 271 —
WERICHI K, RIS 3S4S6S Al 283S6S 455t
J¥ o 1doAssss BRIEAE HAR TR BN/ W . Hpd
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Fig. 5 Chemical structures of dLL-1 (a), dLL-2 (b), and LLGAG (c)
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Fig. 6 Anticoagulant activity and iFXase inhibitory activity of LLGAG and its oligosaccharide fragments dLL-1~5
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