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Background

Sulfated polysaccharides have specific antiviral activities, which biological mechanism is assumed to
the electrostatic interaction between (+)-charged virus surface glycoproteins and (-)-charged sulfate
groups.

Objective

For the elucidation of the mechanism, several oligopeptides referenced by the sequence of Human
Immunodeficiency Virus glycoprotein 120 (HIV gp120) and hemagglutinin (HA) of influenza A and
B were synthesized by a peptide synthesizer and the interaction with structurally distinct sulfated
polysaccharides such as curdlan sulfate and dextran sulfate was analyzed by SPR.

Method

In this study, six oligopeptides were synthesized from the sequence of the V3 loop, C-terminus, and
CD4 binding domain in the HIV gp120. Oligopeptide A from the V3 loop comprises 20 amino acids with
seven positively charged lysine and arginine in the sequence. The basic amino acids were relatively
dispersed along the sequence compared with that of oligopeptide B. Likewise, oligopeptide B from
the C—terminus comprises seven lysine and arginine, also oligopeptide of Influenza A/Yamagata
HA and Influenza A/Brisbane HA comprises 23 amino acids with eight positively charged lysine and
arginine in the sequence. Oligopeptide C from the CD4 binding domain and Influenza B /Hong Kong
from the HA comprises one lysine and next to the biotin. The biotinylated peptides were synthesized
by a microwave assisted solid phase peptide synthesizer using Fmoc protected amino acids. The
peptides were purified by RP-HPLC and identified the structure by using MALDI TOF MS.

Result

Peptides A and B from HIV gp120 were found to have interacted strongly with dextran and curdlan
sulfates, however, the peptide C without positively charged amino acids showed no interaction.
These results suggest that the interaction was due to the electrostatic interaction between negatively
charged sulfate groups and positively charged amino groups of the peptides. The results of influenza
HAs, influenza A (Yamagata and Brisbane) and B (Hong Kong) viruses, are also presented.

Conclusion:

Curdlan and dextran sulfates were found to increase the interaction with increasing the molecular
weights and degree of sulfation (DS), which were found to be important factors for the antiviral activity
of sulfated polysaccharides. Based on the above, suggesting the antivirus mechanism of sulfated
polysaccharides to be the electrostatic interaction of negatively charged sulfated polysaccharides
and virus surface glycoprotein at the positively charged amino acid regions.
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YoupTran

Ypioy, Eowwmpa HapbiH cyanaadug — aHx
cynbdamkcaH HUMNar nonucaxapuabiH XOXB-niH
3CPar YUNANUINH MA3BXTINT M3A33MCHI3C Xomw [1],
9H3 TOPNWIH cyganraa ynam eprexwk banranvmnH
OONMOH HMIAN3NKYYNC3H nonucaxapuabiH  XOXB-
WAH 3Cpar MaaBXTanr TogopxonncoH [2, 3]. Ypioy
©onoH Eowmnaa HapblH cyanaadmz BUPYCUNH 3Cpar
YUNASMAH MEeXaHU3MbIr BUPYCUH ragapryyrmmnH
TMUKONPOTEMHBbI HAM3X LJHIITAN aMuH XYYnyy4
©0noH cynbgamkcaH nonucaxapuabiH CynbUTUIH
OYNrMnH xacax L3H3MMIAH XOOPOHAbIH XapuriuaH
YUNYNSNUAH MexaHu3amaap TannGapnagar.
Cyanaaumay XOOPOHAbIH XapunuaH YWAnyYnanuimr
LI®MUAH COPOH30H PE30HAHCHIH BaraXkuir alumrnaH
TOOOPXOMIOH y3CaH [4]. MeH cynbgarmkcaH
BanranunH nonucaxapug Hb OynaH xannyynax
WO3BXTAN, 3HS Hb AHTUTPOMOWH Ill-Talh MOHBI
XapunuaH ynnunang opx Oarraatam xonbooTom
rax y3gar [5]. XOXB-1H XYHUIN aC pyy OPOX 3XHUI
anxamMm Hb XOXB-uiH ragapryyrminH rivmkonpoTenH
XYHUIM 3CUIAH ragapryyrunH membpaHbl peuentopT
xonborgox oM [6]. TB meH agun ragapryyruiH
FMUKOMPOTENHOOPOO XYHWA SCUAH ragjapryyruiH
cnanblH  Xy4unTalm  XonborgoX XyHUW  3CURH
potop opgor [7]. Ko3bop HapblH cygnaady Hap
kapanaH cynbdgar 6onoH XOXB-WiH ragapryyruit
FAMKOMPOTENHbI  XapumnuaH YUANYNanuMnur  y3caH.
Topaap XOXB-uiH ragapryyruiH rnnkONpoTENHbI
B3 OOM3VHbI HOM3X UJHIITAN aMuH  Xyudnyyg
R304, K305, R306, R308, R311, R315 Hb
KapgnaH cynbdaTtTan XapunuaH YUnYnIanTanr
nMnpyyncaH[8]. MNagapryyrminH nnasmblH pPe3oHaHC
Daraxx Hb GUOMONEKyYNyYAbIH XOOPOHABIH XapuriLaH
YUNUNNUAT  X3aMXKO3r CYYIWMAH  YEeUAH  Wwmngar
apryyablH Har 1om [9]. QH3 apraap cynbdarxkyyncaH
BariranuninH 6onoH HUNAr ranakToMaHHaH Hb XA XB-
WINH 3Cpar ynnaanTanr TogopxownncoH [10,11]. MeH
yr apraap naktocdeppviH, aHTUTpoMObuH Ill, aBuauH,
TPOMOUH  33par  renapuH-yyprunH xonbonTbiH
xonboor TogopxonncoH 6anHa [12]. MNagapryyrmiH
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nnasMblH  Pe30HaHC  BaraXXumr  XpOMOTreHUNH
LUMHXWUINTI3TOM XapbLyyImDK y33x34 XWUWX yungan
Hb xsnbap, uar xyrauaa 6ara 3apuyyngar, 3apgan
Oara 33par gasyy Tantam 6anHa [13]. MeH GugHun
cydanraa Hb cynbdarmkcaH nonvcaxapug ©6onoH
XOXB, TB-wiH ragapryyruiH rmMKONPOTENHBI
3areap OnUronenTUAMAH XOOPOHAbIH XapuruaH
YANUNaNUAr ragapryyrmiH  nnasmbliH - pe3oHaHC
Daraxxunr awmrnax cygarncaH.

X3aparnarpaxyyH, apra 3y

OnuronenTnaumr xaxyyrmiH xamraanard 6ynar
Oyxunm Fmoc aryyncaH aMumH XYuYrunr Xx3aparnax,
Onunn 4ONrMoHbI TycnamKTam xatyy dasag nentung
HUWMANKYYN3X apraap nenTua HUNA3NKYYnard
Oarakaap HUANANKYYINaH aBcaH. HuinankyyncaH
nenTUAMAr eHOep AIBXT LWMHIAHMI XpomaTtorpadu
(RP-HPLC) awwrnan uaBaprax, Morekyn maccbir
Macc cnektpogotomeTrpasp (MALDI TOF MS)
TooopXxonmK GatanraaxyyncaH.

CynbdamkcaH nonvcaxapuibiH MOMEKYN Macchbir
ycaH pasaj rernb HIBYYYMaX XpomatorpaduinH
(GPC) bGaraxaap ctaHgapT 6oauc nynnynaHTan
XapbLyynaH Mofiekyn Maccbir 6atanraaxyyncaH.

HuninnamkyyncaH onuronenTuanmr Magpary
yan A93p 63XN9H, CTaHgapT onuronenTua’ap
MONUAN3UHBLIT  alIWIMaH  XapwunuaH YAnYnanMnr
XOMXKMX ragapryyruiH nnasmblH pesoHaHc /SPR/
GaraxvHg opyynaH XaMXUNTUIAT XUAC3H.

Yp AYH

BupycutiH 2adapayyauliH 21IUKOrnpomeuHbl 3azeap
onuzonenmuadutia HUUIa2XKyyrax

Yr cypanraaHg XOXB-viH rypBaH  X3CrUWH
onuronenTtug A, B, C 60noH TB-uiiH rypBaH OMrnH
ragapryyrumH  rmvMKONpoTEUHbl  ONUIONEenTUaNnAr
3areap OONMOH HUMMANKYYN3H aBcaH. XYCHarT
1-T  HWANAPKYYNAH rapraH aBcaH 3areap
ONUronNenTUAYYAMNH aMWH  XYYNuH Adapaanan
D©ONOH MOMeKyn MacchIr XapyyricaH.

Table 1. Biotinylated oligopeptides from HIV gp 120 and influenza virus HA

Name Position Sequence? AAP Molecular weight® Remark
Calcd  Obsd
Oligopeptide A V3 loop [Biotin]-*"TRPNNNTRKRIRIQRGPGRA®' 20 2587.35 2586.75 Lys/Arg rich
Oligopeptide B C-terminus  [Biotin]-*PLGVAPTKAKRRVVQREKR®"! 19 241534 2414.95 Lys/Arg rich
Oligopeptide C CD4 binding ~ [Biotin]-**KQSSGGDPEIVTHSFNCGG*? 19 214585 214525  Lys/Arg poor
domain
Influenza AlYamagata  HA [Biotin}- 2'SHYSRRFTPEIAKRPKVRGQEGR™ 23 298174 298173  Lys/Argrich
Influenza A/Brisbane HA [Biotin]- 2'SHYSRKFTPEIAKRPKVRDQEGR*® 23 3012.03 3011.28 Lys/Arg rich
Influenza B/Hong Kong  HA [Biotin]-*'SNPQKFTSSANGVTTHYVSQIGG*® 23 2606.37 2606.03 Lys/Arg poor

a) Positively charged amino acid was marked by
undetrline.
b) Number of amino acid.

¢) The structure of oligopeptides was confirmed by
using MALDI TOF MS.
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XOXB-uniH ragapryyrumH rMUKONpoTEenH
onuronentng A, B 6ornoH TB-unH A oOMruimH
BUPYCUAH  ONUrONEenTUAMMH  aMUH  XYYSIUIAH

Aapaanang HaMax L3HAITa aMuH Xydmn 6onox
apruHuH GONOH NM3MH ONOH aryynargax OariHa.
YnaceH Xxo€p 3areap ONUronenTUMaunH amuH
XYYMAH  Oapaanang apruHuH  GOMnoH  NM3uH
ueexeH aryynargax ©6OawHa. CynbgamkcaH
nonvcaxapuabiH XapunuaH YRNUIanmnr XaMxmx

CynbdaTtxcaH nonvcaxapvabiH BUPYCUIAH

3Cpar  yMNANUAH  MeXaHuW3MbIr  ragapryyruit
NnasMblH pe3oHaHC BaraXkunr awmrna, 4eKCTpaH
bonoH kapgnaH cCynbdartbir X3P3rMaXx 3arsap
onvronenTuayyaTan xapunuaH YURYnanunr
XOMXKCIH. XYCHAarT  2-T  cynb@aTXcaH
nonvcaxapuabiH xapunuaH yAn4nanunH yp OyHr
Xapyynas.

Table 2. Interaction between sulfated polysaccharides and synthesized oligopetides *°

Apperent kinetic constant

No M. M M, [aF S DSe® ka kq Ko

x10% % 1/Ms 1ls nM
Dextran sulfate
1 1.31 115 +87.0 186 059 PepA 5.48%10* 6.24x10°  1.14x107
2 Pep B 1.43x10° 6.90x10* 4.84x10°
3 Pep C - - -
4 Inf AfYama/ 1.29x10°  4.56x10* 3.53x10°
5 Inf A/Bris/ 1.02x10° 3.44x10* 3.36x10°
6 Inf B/HK/ - - -
7 165 1.31 +79.9 208 069 PepA 2.92x10°  1.27x10° 4.35x10°
8 Pep B 3.73x10°  3.84x10* 1.03x10°
9 Pep C - - -
10 Inf A/Yama/ 2.43x10° 3.38x10% 1.39x10°
11 Inf A/Bris/ 2.39x10°  2.75x10* 1.15x10°
12 Inf B/HK/ - - -
13 230 120 +86.3 206 069 PepA 2.39x10°  2.52x10* 1.06x10°
14 Pep B 8.69x10° 2.72x10* 3.13x101°
15 Pep C - - -
16 Inf AfYama/ 5.39%x10°  2.41x10* 4.47x101°
17 Inf A/Bris/ 5.36x10° 2.06x10* 3.85x101°
18 Inf B/HK/ - - -
Curdlan sulfate
19 6.84 141 -05 305 129 PepA 5.69x105 2.25x10% 3.95x101°
20 Pep B 2.96x108 1.74x10* 5.90x10™
21 Pep C - - -
22 Inf AfYama/ 1.81x10° 2.06x10* 1.14x10"°
23 Inf A/Bris/  1.59x10%®  1.53x10* 9.62x10""
24 Inf B/HK/ - - -

a) Oligopeptides were synthesized by sequences of HIV gp 120 and Influenza virus HA, respectively.
Oligopeptide A: [Biotin]-297 TRPNNNTRKRIRIQRGPGRA316,
Oligopeptide B: [Biotin]-493PLGVAPTKAKRRVVQREKR511,
Oligopeptide C: [Biotin]-362KQSSGGDPEIVTHSFNCGG380.
InfluenzaA/Yamagata:[Biotin] - 221SHYSRRFTPEIAKRPKVRGQEGR243,
InfluenzaA /Brisbane/: [Biotin] - 221SHYSRKFTPEIAKRPKVRDQEGR243,
InfluenzaB/HongKong/:[Biotin] - 221SNPQKFTSSANGVTTHYVSQIGG243

The underline shows basic amino acid.

b) Dextran and curdlan sulfates were synthesized by sulfation of dextran and curdlan, respectively, with

piperidine-N-sulfuric acid.
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Apparent association-rate (ka), dissociation-rate (kd), and dissociation (KD) constants were measured

bya Biacore X100 SPR apparatus and used 1:1 binding fitting model for the calculation.

d)
e)

Yp ayHraac xapaxag XOXB-uiH onuronentung A,
B 6onoH TB A Hb cynbdarmkcaH nonucaxapvaramn
XapurnuaH yununan edHgep Y3yyncaH ©Oonosy,
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Number average molecular weight M n was determined by GPC.
Degree of sulfation (DS) was calculated from the elementary analysis.

onuvronenTtug C 6onoH TB B Hb xapunuaH ynnynan
y3yynaaryw 6ariHa.
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(A) Relationship of association- (ka) and dissociation rate (kd) constants of curdlan sulfate and dextran sulfates with

oligopeptides.

(B) Relationship of the DS of sulfated polysaccharides and ka and kd.were kinetic constants,

The oligopeptides is as follows; /\ A: Oligopeptide A,L1M: Oligopeptide B and O®: Poly-L-lysine, respectively.

Figure 1. Interaction between curdlan sulfate and dextran sulfates
with oligopeptides of HIV gp120

Bypar 1-T cynbhamkcaH nonucaxapugbiH MOMeKyn
XVH BOMNOH CyNbaTKUNTbIH 39PTUAH XOOPOHAbIH
XamaapnbIr xapyyncaH 6arHa.

XOOpOHAbIH XamaapfblH yp [AYHraac Xxapaxag
AeKkcTpaH cynbdar B60noH kapgnaH cynbdarbiH
MOMEKYn >WH OONMOoH CynbaTKUNTbIH  33par
Hb HOMIrgox Tycam BUPYCUWMH rajapryyrmmH
IMWKOMNPOTEWHbI 3arsap OnmronenTuaTan XapunuaH
YMNYNan Hb HaMaraax 6arHa.

Xanuamx

BuaHuin HUANANKYYNC3H onuronenTua Ypoy HapbiH
cyanaaygbiH  XOXB-MAH MWKONPOTEUHbI aMUH
XyununH pgapaanneiH C Tercren 6onoH Kosbop
HapblH cyanaaygbiH XOXB-uiH rmmkonpoTeunHsl
B3 OOMSMHbI onuronenTUaMnH aMmH  Xy4unTan
agmn 6yTauTtan 6ok YagcaH 6anHa [4, 8].

[a3apx yp AyHryya Hb 6ycag cyanaaygblH AekcTpaH
cynbdat 6onoH kapgnaH cynbdatbiH XOXB-niiH
3Cpar YWNAnviH MA3BXTAW MAC3H cypanraaHbl yp
AYHTan Toxupd 6anHa [4, 14].

MeH HOyTuH HapbiH cyanaadung GavranuinH nakHbl
nonucaxapuapIr AnraH ae4, CynbdaTmkyynaH

NOMUIM3NHTIN  XapunuaH YANYNanunr - y3axag
XapunuaH ynnunan He eHgep GancaH 6anHa [15].

[aspx yp AOyHryyoasc xapaxap cynbdarxcaH
nonncaxapuabiH  BUPYCUAH  3CPar  YWANANUAH
MEXaHU3M Hb cynbdamKkcaH nonucaxapuabiH
Xacax USHArtom cynbutblH  Oynar  GonoH
BUPYCUNH radapryyrmmH rMMKONPOTEUHbI HIM3X
LI9HArTaN aMmnH Xy4nyyaumH XOOpOHAbIH LIOHIMMNH
XapunuaH ynnunanTan xondooTton 6ariHa. Minmaac
Laawma cynbdatkcaH nonvcaxapuabiH Kosng-19
BMPYCWIH 3cpar ynngan bGanraa acoxunr cygnax
OONOMXTON rax y3ax banHa.

OyrHanT:

XOXB 60noH TB-uiH ragapryyrminH rmkonpoTenHbl
3argap onuronenTugunr xartyy ¢asag nentug
HUWMANKYYN3X apraap HUMNADKYYIDK aBy Yyagnaa.
Hunnankyyncad XOXB-uiiH onuronentug A, B Hb
cynbamKkcaH nonmcaxapmaran xXy4Tanm xapunuaH
ynnunan yayymx 6arnicad 6on onuronentng C Hb
XapunuaH yrnunan yayynaxryn 6awme. 3arasp
YP AYH cynbdamkcaH nonucaxapugbiH Xxacax
LI9HArTal cynbuTbIH Oynar 60M0H HAIM3X LBHIITaN
aMuH Xy4un aryyncaH onuvronenTuaniH XOOPOHS,
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LUOHArMNH xapunuad yununan 6anraar 6Gartanx
6anHa. OH3 yp ayH TB A GonoH B-g agunxaH
bavicaH.

HekctpaH cynbdaT 60onoH kapanaH cynbdarbiH
MONEKYNn XWH 60MoH cynbamKnNTbiH 33p3ar Hb
H3Margax Tycam XapunuaH YWnynan Hb HAMargax
OanHa. OH® Hb cynbgarmkcaH nonucaxapuabliH
BUPYCbIH 3CPar YUnaaMiH UASBXUAH YyxXarn XYYuH
3YWST HOM.

Tanapxan

OHaxyy eryynanuir 6uunxag Tycnanuaa y3yyncsH
cyganraaHbl  axnblH - yaupgard  6arw  XvMuiH
yxaaHbl [OKTOp, npodeccop Takawm Eowmaa
Barwgaa Tanapxan Unapxumnnse.
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