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Elucidation of unresolved anti-HIV mechanism of sulfated polysaccharides
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Electrostatic interactions of oligopeptides from virus envelope
glycoproteins with sulfated polysaccharides were investigated using SPR and DLS measurements.
Sulfated polysaccharides interacted ionically with clustered and concentrated regions of basic amino

acids on the envelope glycoproteins to prevent the infections to cells. Acidic and bulky amino
acids inhibit in the electrostatic interactions.

Sulfated 1-alkyl-triazole-maltoheptaosides having potent anti-HIV activity were synthesized and
subjected to SPR with liposomes to elucidate the cytotoxic mechanism. Nonsulfated and sulfated
1-alkyl-triazole-maltoheptaosides bearing a C18 alkyl chain showed the highest apparent
association-rate constant and lowest dissociation-rate constant a?ainst liposomes, indicating that
the alkyl groups bearing longer-chains interact tightly with the liposomes. The results suggest that

the longer-chain alkyl groups penetrate into the lipid bilayer of MT-4 cells to induce
cytotoxicity.
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1. HRFABREDOER

TR LB O HTT A VAV TSy F B PR b EE 1T R & < BIFR L (Choi, Yoshida, Uryu fifi, Carbohydr. Res., 282,
113-123 (1996))., A iEL LA VAR EE ThHHZ L% FLH L 7=(Han, Yoshida ft1, J. Polym. Sci. Part A:
Polym. Chem., 47, 913-924 (2009)). At IEIZ H1 32 (-) B fif & HIVEpl20 O EEMET I/ BRICH K35 (+) B L D
AR BAEH & T RILT- DS RIBIARRE Ch D, SHIZHVTHEBH OB A VAR, BT /LS L8 %8 A
L7 b7 v LA VTS Cllm Ot HIV 273288 B L (Uryu, Yoshida fit1, Biochem. Pharmacol., 43,
2385-2392 (1992)). o R RETE MR L CE AN LBUKME LD AT A TR HIV A FE BT 50 THEe
FRILT=3E TERRIARE T D,

D 2 DO R Z FT LW AR AL s TR T HZEN AR D B TH 5, Wil LHEH. filikb
TV NAYTHERGTHIV MR BT AEH I S EETHY, TR E ThRBIEHEHEE A VT T FREDFH A
YERZ AT L HIVgp120 @ V3 loop X° C K& O AH AA/FEHAHEE L 7-(Tungalag, Yoshida i, Int. J. Biol. Macromol.,
125, 909-914 (2019)), ZAILHDHFZEE FNOARMF A TITRWSTFREC HIV 7 VIR —AEOM BE/ER %
SPR. DLS. i3 fi#E NMR HIE 7R E DDA URRER L HESH ., fle b /L =% /LAY THESH 0O K Mg B R E A i35,

2. IRDOBEM

AHFFEIEHT HIV IEPERER, R im 77 A€ L8 (SPR) | BIRYILHGEL (DLS) R0 43 fi#RE NMR 2 HWW TRV
JEERCSN O AR E AT 52D B THY | BRIV TUA N RZW G bR B R DI 570 = M BRI AL |
NEADRERE AABAEICE AT DR AL 2 L& S SE BRE L35, 55181 T, HIVEpl20 DR ELZ L /7 E D
W50 7RSS loop IR L ONE SR T T RO T/ BEELY 2 X7 T REMHE R CERL, XTTFRDL
DOERALHE AAERNZE DX B D)% SPR IZED LT O 48 B BT (ky) 5 K OVRBfEE B % (ky) . DLS
(ZEDRL TR0 — 4 (Q) AL, 0 fRHE NMR (2 LA AAEH ONLE R E 72 E T E RN DR 582179, &
ROy A L TR KO RRER LS O A= BRIV E MRS A iR PR 95, BH2L L CL ML 7 v 4=
FEBH O OHL HIV HEICB T2 B8 T7 VX VSO ENC S\ T, FRBRL 7 VX L4 TR & T 7212 & L B D
HIV 7 AL 2% T HIV I T A0 5230 VR Y — A A AEA% SPR, DLS 708 % FWCE BT fgbT
Do

3. MRDFi%k

FWANIT T FR (K 44 73155 55) DA AL SPR, DLS (S XA BAFE A & B0 CHENT UT-, BRERIL T L L
FVDPEEE AR L FLTA VAN E MTT HBICEDHEIE LT, 50%HE FE T 2 (ECso) 35 O8N 50%:M it 71 2
(CCsp) IZ XD HRER L FESH, ARER(LT VXA VT PESH OB HIV M52 E ERNCHIE, FHIL7=,

4. HRAER
(1) YANRA)IRTFRO AR EREELEEEOBEERD?

PLo AV ATEMECHUER ML 72 & ORRER /LS O A BRIE M 1 I HESH P O FRER FE AR T ANV AL L G O FarE
TUMBEOFENIMREIEREE 2L TWA, M ASERZFEFBIZTHASTWRIT D720, UANVRIIFR L2 X7
B LG ORI DL &7 2 — 2 RTE DU a L FRHERSCIRIE T W 8 e A A BT AAE AL TR

Table 1. Biotinylated viral oligopeptides and model peptides of DI/III site in dengue virus

Virus Position Sequence” AA" Molecular weight* Remark
name Caled Obsd

AfYamagata HA [Biotin]-**'SHYSRRFTPEIAKRPK VRGQEGR*" 23 2982.42 2981.73 Lys/Arg/His rich
A/Brisbane HA [Biotin]-*'SHY SRKFTPEIAKR PK VRDQEGR*? 23 3012.45 3011.28 Lys/Argrich

B/Hong Kong HA [Biotin]-**'SNPQKFTSSANGVTTHY VSQIGG** 23 2606.85 2606.03 Lys/His poor

Dengue DIII-1  [Biotin]-*KCRLRMDKLQLKGMSYSMCTGKFKIVK™® 27 342031 3416.01 Lys/Arg/ rich
Dengue DUIIR2  [Biotin]-**QLKLDWFKKGSSIGQMFETTMRGAKR""! 26 3270.88 3298.64 Lys/Arg/ rich

Model peptide-9 [Biotin]-' KGRGRGGKGGGKGGGGGGGGGKGKGGK” 27 240850 2410.41 Model of DVIII-1

Model peptide-10 [Bio‘rin]-lGGQGGGGGGMGGGGGG@GG24 24 2266.43 2263.33 Continuous basic
Amino acids

HIV gp120 V3 long V3 region [Biotin]- **NCTRPNNNTRKRIRIQRGPGRA
FVTIGKIGNMRQAHCNISRAKW™® 44 531823 5204.54 Long peptide

HIV gp120 C ter long € terminus [Biotin]- “*FRPGGGDMRDNWRSELYKYKVVKIE
PLGVAPTKAKRRVVQREKR®' 44 544240 545237 Long peptide
HIV gp120 V3 short® V3 region [Biotin]- " TRPNNNTRKRIRIQRGPGRA®' 20 2587.35 2586.75 Short peptide

493

HIVgpi:LOCtershorl‘J Cterminus [Biotin]- **PLGVAPTKAKRRVVQREKR’" 19 2415.34 2414.95 Short peptide

a) Positively charged amino acid was marked by underline.

b) Number of amino acid.

¢) The molecular weight of biotinylated peptides was confirmed by using MALDI-TOF-MS.
d) Tungalag et al., Int. J. Biol. Macromol., 125, 909-914 (2019).
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