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ABSTRACT

The anti-HIV effects of mannopyranan sulfate (1) were investigated by using MT-4 cells, namely, an
HTLV-1-carrying CD-4 positive cell-line, in vitro. Stereoregular (1 —6)-2-D-mannopyranan, which had been
synthesized by ring-opening polymerization of a 1,6-anhydromannose derivative, was sulfated with pipe-
ridine-N-sulfonic acid to provide 1. N.m.r. analysis of 1 indicated that the reactivity of hydroxyl groups was
in the order, 3-OH > 2-OH > > 4-OH. Mannopyranan sulfate having degree of substitution (d.s.) of
1.19-1.83 effectively inhibited HIV-induced cytopathic effects at a concentration of >3.3 ug/mL. The
anticoagulant activity and the adsorption on concanavalin A of 1 indicated the possibility of selective
binding of 1 having d.s. of 1.19-1.83 to HIV-protein.

INTRODUCTION

Such natural sulfated polysaccharides as heparin and heparan sulfate, and such
synthetic heparinoids as dextran sulfate show anticoagulant activity. We reported that
sulfation of linear glycans, been synthesized by ring-opening polymerization of anhydro
sugar derivatives, gave new heparinoids having high anticoagulant activity'. Tt was
relatively easy to synthesize heparinoids with various proportions of sulfate groups™?,

Recently, it was reported that sulfated polysaccharides showed anti-HIV (human
immunodeficiency virus = AIDS virus) effects. Lentinan sulfate** and curdlan sul-
fate™®, prepared by sulfation of the natural polysaccharides, strongly inhibited HIV-
induced cytopathic effects in vitro. Such sulfated synthetic linear pentofuranans as
ribofuranan sulfate™’ and xylofuranan sulfate’, also had anti-HIV activity. These
sulfated polysaccharides showed a very low toxicity against MT-4 cell growth,

* Presented at the 15th International Carbohydrate Symposium, Yokohama, Japan, August 12-17, 1990.
' Present address: Department of Biomolecular Engineering, Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology, Midori-ku, Yokohama 227, Japan.
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In this paper, we report the sulfation of stereoregular lincar {1 —6)-x-D-mannopy-
ranan® prepared by ring-opening polymerization of 1.6-anhydro-2.3 4-tri-(O-benzyl-f-
p-mannopyranose followed by deprotection of the product. The effect of the degree of
sulfation on anti-HIV activity of mannopyranan sulfate was investigated in virro. The in
vitro anticoagulant activity of mannopyranan sulfate. and the binding of mannopyra-
nan sulfate to concanavalin A--Sepharose are also reported.

RESULTS AND DISCUSSION

A stereoregular (1 -—6)-2-D-mannopyranan was prepared by ring-opening poly-
merization of i.6-anhydro-2.3.4-tri-O-benzyl-f-p-mannopyranose with phosphorus
pentafluoride as a catalyst at - 60" followed by debenzylation™. The mannopyranan.
having [«], + 1027 and number-average molecular weight of 7.5 x 10" was sulfated with
piperidine- N-sulfonic acid (23 in dimethyl sulfoxide’ (Scheme 11 The results are summa-
rized in Table 1.

Sulfation of mannopyranan was carried outat 75 85 for L husing 2ol 1 -3 times
the molar quantity of hydroxyl groups in the mannopyranan. Mannopyranan sulfates
(1) having sulfur content of 10 16% were obtained. In the range of 75-85 | the degree of
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Scheme I

TABLE |

No. Mannan 2 Me SO Temp Yield Secontent D3, M,
oy (g pil. (! iy " i

| 0.1 (.31 30 361 0.13 0.9 9.3
2 0.1 0.46 0 Y G.16 Pls 120
3 0.1 (.46 K 35 0.14 .22 101
4 0.2 092 el R 0.33 i36 164
by 0.15 0.64 45 h (h.30) P43 Hix
6 0.1 0.61 A 75 (.22 ; 197 N
7 0.1 0.61 30 80 0.18 i5.65 [oy 107
8 0.1 0.92 30 30 0.21 16.06 R O 4.7

“ Reaction time. I h, * Piperidine-N-sulfonic acid. * Number of sulfate groups per sugar wnd



ANTI-HIV EFFECTS OF MANNOPYRANAN SULFATE 149

C5 2

c-3

c1 \[/c_

4

Fig. 1. BC-N.m.r. spectra of (A): (1 »6)-a-D-mannopyranan, (B): I (d.s. 1.19), and (C): 1 (d.s. 1.97).

sulfation of the 1 obtained was not much affected by reaction temperature but was
governed by the amount of 2. When 2 of 1-2 times the molar quantity of the hydroxyl
groups was used, main-chain scission in the mannopyranan scarcely occurred, whereas
the number-average molecular weight was decreased when 3 times as much 2 was used
(no. 8 in Table I). The number of sulfate groups per sugar unit (= d.s.) as calculated
from elemental analysis data was 0.98-2.12, as shown in Table I, indicating that
30-70% of the hydroxyl groups of the mannopyranan had been sulfated under these
conditions.

The "C-n.m.r. spectra of 1 and OH-free mannopyranan are shown in Fig. 1.
Assignments were performed by the '"H-"3C COSY method. In the spectrum of 1 of d.s.
1.19 (Fig. 1B), the resonance assignable to substituted C-4 carbon was almost negligible.
On the other hand, in a polymer of higher d.s. (1.97), 11% of C-4 was substituted with
sulfate groups, as shown in the *C-n.m.r. spectrum (Fig. 1C). The distribution of sulfate

TABLE 11

Distribution of sulfate groups in the mannopyranan sulfate

No. D.s? Monosuifated Monosulfated Disulfated at Sulfated
at C-2 at C-3 C-2 and C-3 at C-4

2 1.19 0.04 0.34 0.40 0

6 1.97 0.09 0.15 0.76 0.11

“ Calculated based on elemental analysis.
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groups on C-2. C-3. and C-4 15 shown in Table 1. A sample of 1 of higher d.s. (no. 6)
consisting mainly of disubstituted (C-2 and C-2) product, whereas b of lower dos. was
relatively rich in residucs monosubstituted at C-3. The reactivity of hydrosy! groups
was in the order, 3-OH = 2-OH > = 4-OH.

The anti-HIV effects of T were based on the inhibttion of HIV-1nduced cvtopathic
effects (CPE) and the expression of HIV-specific antigen in MT-d cells, which are® &
human CD4-positive cell-line carrying HTLV-T. The decresse in the number of viable
cells and the percentage of viral antigen-positive cells were determined by the Trypan
Blue dye-exclusion method and indirect immunofluorescence method. respectively. on
the 3rd and 6th day after HIV infection

Avany concentrations < 3000 pg/mL. 1 did not inhibit cell growth (Fig. 2. open
bars), revealing that the toxuity of o cell growth s very low, Compound T of d.s. 0,98

(no. Iin Table I), did not show anti-HIV effect (Fig. 24y, whereas sumples of 1 having

discof 119 183 (no. 2 31 effectively protected MT-4 cells Trom destrucnon by HIV
infection at a concentration of 23 gaomb {Fig 2B However, more-substituted 1 (no,
6-8.ds. = 119 212 protected MT-4 cells at higher concentrations (big. 2Oy The
effect of the degree of sulfution on anti-HIV activity of § s showe o Fig & and
compared with the activity of riboluranan sulfate (3y The moderateh substituted |
showed the highest anti-H!V activity, even though it was reported’ that more-sub-
stituted 3 had higher activity than fess-substituted 3

L et s S Y

Fig. 2. Effects of T oncell growth. HIV nduced eytopathic effects. and perventage of immunofluorescence-
positive cells, Ards D08 Bods 102 s 109
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Fig. 3. Effect of degree of sulfation of 1 (e) and ribofuranan sulfate (3)° ( x ) on the anti-HIV activity.

It is well-known that such sulfated polysaccharides as heparin binds to blood
proteins such as antithrombin III to inhibit coagulation of the blood. The effect of
degree of sulfation on the anticoagulant activity of 1is shown in Fig. 4. By analogy’ with
3, 1 of higher d.s. showed higher anticoagulant activity. As may be seen from Table I1I,
1 having degrees of sulfation of 1.19-1.83 showed the highest anti-HIV activity and
relatively low anticoagulant activity, suggesting that 1 having certain levels of sulfation
might slightly favor binding to AIDS virus protein over reacting with other plasma
proteins.

Adsorption of 1 on concanavalin A (conA)-Sepharose was also investigated.
More than 70% of 1 applied onto a conA—Sepharose column was not adsorbed and was
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Fig. 4. Relationship between deree of sulfation on 1 and the anticoagulant activity.
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TABLE 1t

Biological activities of mannopyranan sullate

No S-content D M, Anei-HIF® ACAC
(i s IO Cpgomi 1 g

| 1G.13 (.98 9.3 > HO0G '

2 11.50 1.19 121 3 A 12

3 1179 P22 10.1 LR i

4 13.X] 136 16.4 23

S 15.07 [.x3 10.8 33 .

[§ 1520 147 9.2 1 3%

7 [5.65 [.29 0.7 e b

8 16.06 2

il 4.7 1 S3

“ Number of sulfate groups per mannose unit. * Minimum concentration {or protection of HIV-induced
cytopathic effects. © Anticoagulant activity.

eluted by water. The adsorbed 1 could not be eluted off with 0.3y methyl x-p-
mannopyranoside but was eluted with 0.5 NaCl. indicating that the mteraction
between 1 and conA-Sepharose was of 1onic character.

Ant-HIV activity, anticoagulant activity. and the adsorption on conA-Sepha-
rose of 1 were compared with those of 3' and lentinan sulfate (4) in Table IV. These data
also indicate the possibility of a slightly selective reaction of T having d.s. of 1.22 wuh
HIV.

TABLE 1V

Kind n.x Anti-HIT Anticoagulan! Sedsorpticai on Ret.
dCHIET activity conA Sepharose
fpugimk funil niy ! “

1 22 3.3 18
Lo ey (=) i)

i 1.99 1 5K 20
(4 + {4 4 ) {

¥y 1.41 100 14 P i
(+1 (+} { b

3 171 33 24 RS 3
{4 -+ {+ +1 [REEE

3 180 W Rit} 26004 3
(+ + ) (s ) fomoe )

4 1.69 3 54 g 5
(‘,A e e} { -+ ,4_) { e b )

4 1.95 33 21 2403 2
(+ 4+ ) (++) [ -

“ The number of plus marks shows relative strength of the activity or the adsorption " Riboluranan sulfate.
Lentinan sulfate.
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Further investigations on conformational analysis between 1 and viral protein,
and the effect of homogeneity and molecular weight of 1 should be done to clarify the
interaction between sulfated polysaccharides and HIV-protein.

EXPERIMENTAL

Mannopyranan sulfate (1). — 1,6-Anhydro-2,3 4-tri-O-benzyl-f-D-mannopyra-
nose was polymerized with PF, as catalyst to give a stereoregular benzylated (1 —6)-a-D-
mannopyranan according to the precedure of Fréchet and Schuerch®. The linear
mannopyranan derivative was debenzylated with Na in liquid NH, and the OH-f{ree
mannopyranan obtained was sulfated’ with piperidine-N-sulfonic acid (2) in Me,SO
under various conditions, as shown in Table 1. The mixture was made neutral by
saturated NaHCO,; solution in an ice bath, and poured into acetone. Then crude
mannopyranan sulfate was separated by centrifugation, washed with acetone, and
dialyzed overnight with running distilled water. The product 1 was freeze-dried from
water, it was moisture sensitive and was stored at —20°.

Anti-HIV assay. — The anti-HIV activity of 1 was analyzed by measuring the
number of viable cells and the percentage of viral antigen-positive cells'’. The anti-HIV
activity of 1 was assayed in terms of the inhibition of HIV-induced cytopathic effects in
MT-4 cells, a human CD4-positive cell-line carrying HTLV-1. MT-4 cells and MT-4
cells infected with HIV at a multiplicity of infection of 0.002 were adjusted to 3 x 10°
cells/mL and cultured in the presence of various concentrations of the compounds. The
effects of the compounds were monitored by counting the viable cells (identified by the
Trypan Blue dye exclusion method) 3 and 6 days after infection. The inhibitory effect of
1 was also investigated in an assay of the HIV-specific antigens. MT-4 cells infected with
HIV at a multiplicity of infection of 0.002 were cultured in the presence of various
concentration of 1. The inhibitory effect of 1 on the expression of HIV-specific antigen
was determined by the indirect immunofiuorescence (1F) method, using a seropositive
anti-HIV human serum and an anti-human IgG conjugated with a fluorescent sub-
stance. More than 500 celles were counted under a fluorescence microscope and the
percentage of IF-positive cells was calculated 3 and 6 days after infection.

Anticoagulant activity. — The anticoagulant activity of 1 was measured by use of
bovine serum according to a modification of the United States Pharmacopoeia method
as described previously'. Dextran sulfate (Meito Sangyo NC-1032) was used as a
control.

Adsorption on concanavalin A-Sepharose. — An aqueous solution of 1 (0.2
mg/mL, 2 mL) was applied to the concanavalin A-Sepharose (Sigma) column (1 mL).
After washing with water (1 mL, twice), 1 was eluted by 0.5 NaCl (I mL, twice).
Washings and eluates were mixted with 1 mL of Toluidine Blue solution and the
absorbance was measured at 516 nm.

Measurements. — N.m.r. spectra of 1 were recorded on a JEOL GX-270 spec-
trometer in D,0 using sodium 4,4-dimethyl-4-silapentane-1-sulfonate as internal stan-
dard. The number-average molecular weight of 1 was determined by gel-permeation
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chromatography (columns, Tosoh TSK gel: cluant. 66.7mv phosphate buffer, pll 6.86)
using standard dextran as reference. Absorptions were measured by o Juseo Uvideo- 305

digital spectrophotometer. Elemental analyses were performed by Toroy Roesearch
Center. Inc.
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