
ELSEVIER Carbohydrate Research 304 (1997) 53-60 

CARBOHYDRATE 
RESEARCH 

The system of sulfated a-( 1 > 3)-linked 
D-mannans from the red seaweed Nothogenia 

fastigiata: Structures, antiherpetic and 
anticoagulant properties 

Adriana A. Kolender a, Carlos A. Pujol b, Elsa B. Damonte b,l, 
Maria C. Matulewicz ~,1 Alberto S. Cerezo a,*,l 

Departamento de Qulmica Org6nica ( CIHIDECAR-CONICET), Facultad de Ciencias Exactas y 
Naturales, Universidad de Buenos Aires, Pabell6n 2, Ciudad Universitaria, 1428 Buenos Aires, 

Argentina 
b Laboratorio de Virologla, Departamento de Qulmica Biologica, Facultad de Ciencias Exactas y 
Naturales, Universidad de Buenos Aires, Pabell6n 2, Ciudad Universitaria, 1428 Buenos Aires, 

Argentina 

Received 6 August 1996; accepted 30 June 1997 

Abstract 

Structural analysis of two xylomannans extracted from Nothogenia fastigiata was carried 
out. The results are consistent with the general pattern previously reported for other 
xylo-mannans of the same system, a-(1 ---> 3)-linked o-mannans 2- and 6-sulfated and having 
single stubs of /3-(1 ~ 2)-linked O-xylose, but one of the new samples contains a significant 
amount of 2,6-disulfated units. Both xylomannans studied are obtained as complexes with a 
/3-D-(I ---> 3)-, a-L-(1 ~ 4)-galactan and a /3-o-(1 ---> 3)-, /3-D-(1 ---> 4)- 'mixed linkage' xylan 
co-existing in the seaweed, a fact that limits the accuracy of the data determined. The 
structures of the galactan and the xylan are similar to those previously informed for this 
seaweed. The antiviral activity against four different herpes simplex viral strains and the 
anticoagulant properties of all the xy/o-mannans of the system are reported. © 1997 Elsevier 
Science Ltd. 
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1. Introduction 

The red seaweed Nothogenia fastigiata (Bory) 
Parkinson [1] synthesizes a complex system of poly- 
saccharides comprising neutral xylans of the /3-D-(1 

3)-, /3-D-(1 ~ 4)- 'mixed linkage' type [2-4], sul- 
fated xylo-galactans of the agaroid type [5,6], and a 
family of sulfated xylo-mannans [7,8]. The sulfated 
polysaccharides were precipitated with Cetrimide, and 
the insoluble complexes were subjected to fractional 
solubilization in solutions of increasing sodium chlo- 
ride concentration [7]. Two sulfated xylogalactan 
fractions were isolated in association with xylans and 
xylomannan sulfates; these complexes showed com- 
positional dispersion and important molecular associ- 
ations [5,6]. The same procedure yielded five xylo- 
mannan fractions with erratic solubility behaviour [7], 
three of which were structurally studied [7,8]. 

Herein we report the structures of the two remain- 
ing xylomannan sulfates, together with the antiviral 
activity against four different herpes simplex virus 
strains and the anticoagulant properties of the five 
xylo-mannans. 

2. Experimental 

Isolation and fractionation of the sulfated poly- 
saccha- rides.--A sample of Nothogenia fastigiata, 
previously collected [7], was extracted with boiling 
water, and the water-soluble polysaccharides were 
fractionated by precipitation with Cetrimide and frac- 
tional solubilization in solutions of increasing NaC1 
conch as described previously [7,8]. More homoge- 
neous samples were obtained from fractions 2 and 4 
by redissolution in 1.0 and 2.0 M NaCI, respectively; 
these solutions were centrifuged, extracted with 1- 
pentanol, dialyzed (molecular weight cutoff of 3500), 
concentrated, and freeze-dried, yielding fractions 2' 
and 4'. 

General methods.--Hydrolyses of polysaccharides 
were carried out with 2 M CF3COOH for 90 min at 
121 °C. The sugar mixtures were derivatized to the 
alditol acetates and aldononitrile acetates, as previ- 
ously described [8], for analysis by GLC and G L C -  
MS. Sulfate (expressed as NaSO 3) was analyzed by 
the turbidimetric method of Dodgson and Pryce [9]. 
Molecular weights were determined by the colorimet- 
ric method of Park and Johnson [10]. Nitrogen was 
determined by the method of Dumas and Pregl [11], 
and the protein content was calculated by multiplying 
the nitrogen content by 6.25. 

GLC was carried out using a fused-silica capillary 
column (0.25 mm i.d. × 30 m) WCOT-coated with a 
0.20-1xm film of SP-2230. Chromatography was per- 
formed (a) isothermally at 220 °C for the alditol 
acetates; (b) isothermally at 210 °C for the meth- 
ylated alditol acetates and methylated aldononitrile 
acetates, and (c) programmed from 180 to 200 °C at 2 
°C min-~, 2-min hold, then from 200 to 230 °C at 4 
°C min-~, and 30-rain hold, for methylated alditol 
acetates and methylated aldononitrile acetates. N 2 
was used as carrier at a flow rate of 1 mL min-~, and 
the split ratio was 100:1. The injector and detector 
temperature was 240 °C. 

Conversion of GLC peak areas to molar basis was 
calculated for the alditol acetates according to the 
weight-response theory [ 12]. 

GLC-MS of the methylated alditol acetates and 
methylated aldononitrile acetates was carried out as 
previously described [8]. 

The 500-MHz 1H NMR spectra were recorded at 
room temperature, in O20 solutions, with internal 
reference to sodium 3-(trimethylsilyl)-l-propane- 
sulfonate (DSS). The parameters were as follows: 
pulse angle, 90°; acquisition time, 4.391 s; without 
relaxation delay; spectral width, 7.5 KHz; and scans, 
120. 

The 50-MHz ~3C NMR I H-decoupled spectra were 
recorded at room temperature and as described previ- 
ously [8] on a Bruker AC 200 spectrometer (number 
of scans 591, 501-603, 299 for fractions 4' and 2', 
respectively). 

The Fourier-transform infrared spectra were 
recorded with a 510P Nicolet FTIR spectrophotom- 
eter, using a KBr pellet, at 4000-250 cm-~, 32-64 
scans were taken with a resolution of 2 -4  cm-1 [8]. 
Derivation was performed using the Omnic software 
package incorporated into the hardware of the instru- 
ment. 

Desulfation of xylomannans 2' and 4' .--Fractions 
2' (21.4 mg) and fraction 4' (90.1 mg) were desul- 
fated in 0.1 M methanolic HC1 for 72 h, as described 
previously [7]; dialyses were carried out with tubing 
of molecular weight cutoff of 1,000. Yields: fraction 
2', 14.3 mg; fraction 4', 52.8 mg. Sulfate contents: 
desulfated fraction 2', 4.4%; desulfated fraction 4', 
5.8%. 

Methylation analysis.--Fraction 2' (20.5 mg), 
desulfated fraction 2' (5.2 rag), and fraction 4' (20.3 
mg) were methylated by the Haworth method [aq 
NaOH-(CH30)2SO 2] as described by Cerezo [13] 
and further fully methylated by the Hakomori proce- 
dure (sodium methylsulfinylmethanide-iodomethane 
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in Me2SO) [14]; desulfated fraction 4' (9.4 rag) was 
methylated by the Hakomori procedure. The meth- 
ylated derivatives were recovered by dialysis (molec- 
ular weight cutoff 3500 for fractions 2' and 4' and 
1000 for the desulfated derivatives) and freeze-dry- 
ing. Yields: fraction 2', 19.0 mg; desulfated fraction 
2', 6.3 mg; fraction 4', 17.0 mg; desulfated fraction 
4', 16.8 mg (hygroscopic). 

Antiviral activity.--The origin of the viruses 
[herpes simplex type 1 (HSV-1) strain F, herpes 
simplex type 2 (HSV-2) strain G, and the thymidine 
kinase-deficient (TK- )  HSV-1 strains B2006 and 
Field] has been previously described [15]. All virus 
strains were propagated and titrated on Vero cells. 
Antiviral activity was evaluated by a plaque-reduc- 
tion assay. Vero cell monolayers grown in 24-well 
plates were infected with 80 PFU/we l l  in the ab- 
sence or presence of varying concentrations of the 
polysaccharides, and then overlaid with culture 
medium containing the corresponding dose of the 
compound. After 2 days of incubation, plaques were 
counted. The cytotoxicity of the polysaccharides was 
evaluated in parallel with the antiviral activity by 
determining viability of mock-infected cells by the 
trypan blue exclusion method. The 50% cytotoxic 
concentration (CC50) was defined as the concentra- 
tion of compound that reduced the number of viable 
cells by 50%. The 50% inhibitory concentration (ICs0) 
was calculated as the compound concentration re- 

quired to reduce virus plaques by 50%. The data 
shown in Table 5 are the mean values of two experi- 
ments. 

Anticoagulant activity.--The thrombin time (TT) 
was measured using human plasma and various con- 
centrations of the xvlo-mannans. Human plasma (170 
ixL) and test solution (30 lxL) were mixed and the 
mixture was incubated at 37 °C for 2 min. Bovine 
thrombin (Sigma Chemical Co., 7.5 U mL -~, 100 
o~L) was added to the mixture and the time to clot 
formation was recorded. 

3. Results 

Fractions of the xylo-mannan sulfate system were 
newly prepared according to the procedure previously 
reported [7]. Data from the new fractionation, which 
showed the same pattern as the previous one [7], are 
given in Table 1. Fractions 2 and 4 were purified, as 
already reported for fractions 5 and 6 [8] (see Experi- 
mental), yielding fractions 2' and 4', respectively. 
The sugar compositions of the starting and purified 
products were similar, in spite of the incomplete 
recovery of material obtained in fraction 2' (69.7%) 
and fraction 4' (59.9%). It is noteworthy that, after 
purification, galactose was maintained in both frac- 
tions. Table 1 suggests that the solubilization of the 
Cetrimide salts of the sulfated xvlo-mannans in 
sodium chloride solutions depends mainly on the 

Table l 
Composition and molecular weight of the sulfated xy/o-mannans ~ 

Xylo-mannan Range of Yield Sugar composition (mol%) Sulfate Xyl:S:Man b Protein Molecular 
redissolution (%) Mannose Xylose Galactose (%NaSO3) (molar ratio) (%) weight 
(M NaC1) 

2 0.5-1.0 5.8 c 60.8 23.4 15.8 n.d. o n.d. l 1,000 
2' 0.5-1.0 69.7 e 62.3 21.5 16.2 17.6(~ 14) t- 34:59:!00 10.1 12,000 
3 1.0-1.5 10.8 73.8 20.4 5.8 26.1 (~  29) 28:84:100 10.6 39,100 
4 1.5-2.0 8.7 78.4 17.5 4.1 n.d. n .d .  35,500 
4' 1.5-2.0 59.9 81.6 16.4 2.0 26.0 ( ~ 32) 20:72:100 4.8 21,900 
5 2.0-3.0 18.2 n.d. n.d. n.d. n.d. n .d .  14,300 
5' 2.0-3.0 32.2 97.5 2.5 - 15.3 (~  16) 2:31:100 5.9 6,400 
6 3.0-4.0 14.9 n.d. n.d. n.d. 31.3 n.d. n.d. 
6' 3.0-4.0 39.8 97.9 2.1 - 31.7 (~  33) 2:82:100 6.6 30,000 

" All data correspond to the new fractionation. 
b Xylose: sulfate:mannose. 
c Yields are given as percentages of the recovered (52.7% of the water-soluble polysaccharides), 
d n.d. = not determined. 
e Yields for 2'-6' are given as percentages of the recovered after treatment with NaC1 solutions of the corresponding 
concentration. 
f In parentheses percentage calculated from methylation analysis. 



56 A.A. Kolender et al . /  Carbohydrate Research 304 (1997) 53-60 

amount of the single stubs of D-xylose and that only 
fractions with similar quantities of side chains are 
separated according to their percentage of sulfate 
(i.e., fractions 2' and 3; fractions 3 and 4'; fractions 5' 
and 6'). 

Treatment of fractions 2' and 4' with 0.1 M 
methanolic hydrogen chloride led to the elimination 
of 75.0% and 77.7% of the sulfate content, respec- 
tively, and produced the corresponding desulfated 
derivatives (desulfated fraction 2': Xyl 29.3 mol%, 
Man 57.3%, Gal 13.4%; desulfated fraction 4': Xyl 
22.2%, Man 76.1%, Gal 1.7%). 

When fraction 2' was converted into the trieth- 
ylammonium salt [16] and subjected to methylation 
by the Hakomori procedure using sodium methyl- 
sulfinylmethanide-iodomethane in dimethyl sulfox- 
ide [14], a high degree of undermethylation was 
achieved. Methylation of fraction 2' using MMNO 
monohydrate-dimethyl sulfoxide [17] and lithium 
chloride-dimethyl sulfoxide [18] as solvents, with the 
same base and methylating agent as above, again 
gave in both cases a high degree of undermethylation. 
Methylation of fraction 2' and of its desulfated 
derivative was accomplished when the samples were 
first treated by the Haworth method [13] and then 
fully methylated according to Hakomori [14]. At- 
tempts at interpretation of the data (Table 2) on the 

basis of a xylogalactomannan sulfate were unsuccess- 
ful, but analysis was straightforward when the sam- 
ples were considered as complexes of a xylan (7-8 
mol% and 9-10%, for fraction 2' and its desulfated 
derivative, respectively), a galactan (10-11% and 
15-16%, respectively) and a xylomannan (81-83% 
and 74-76%, respectively) (Table 2) [6]. According 
to that model, the dimethylated xyloses are derived 
from the 'mixed linkage' xylan, the methylated galac- 
toses from the agaroid galactan with very little, if 
any, xylose and sulfate substitution, and the mannose 
derivatives together with the trimethylated xylose 
from the xylomannan. 

When fraction 4' was converted into the trieth- 
ylammonium salt and methylated according to the 
Hakomori procedure, undermethylation was observed 
again; but methylation was achieved when the afore- 
mentioned two-step method was used (Table 3); for 
desulfated fraction 4', permethylation was accom- 
plished in one step with the Hakomori procedure. No 
xylan and only a small amount of galactan (1-3%) 
was observed in the methylated derivatives of frac- 
tion 4' and desulfated fraction 4' (Table 3). In the 
four cases a small undermethylation (Tables 2 and 3) 
precluded a rigorous balance of substituents. 

FTIR spectra of fractions 2' and 4' showed broad 
bands with a maximum at 843 cm-~ and a shoulder 

Table 2 
Composition (mol%) of permethylated fraction 2', permethylated xylomannan 2', permethylated desulfated fraction 2', and 
permethylated desulfated xylomannan 2' a,b 

Monosaccharide Fraction 2' Xylomannan 2' Desulfated Desulfated 
fraction 2' xylomannan 2' 

2,3,4-Me 3 Xyl 24.8 29. l 17.6 23.4 
2,3,4,6-Me 4 Gal - - 1.4 - 
2,4-Me 2 Xyl 1.2 - 2.0 - 
2,3-Me 2 Xyl 6.7 - 7.3 - 
2,4,6-Me 3 Man 7.8 9.8 32.2 42.9 
2,4,6-Me 3 Gal 6.6 - 6.9 - 
2,3,6-Me 3 Man 1.3 1.6 - - 
2,3,6-Me 3 Gal 1.6 - 5.3 - 
4,6-M% Man 29.3 36.8 18.2 24.2 
2,6-Me 2 Gal 1.0 - 2.0 - 
2,4-Me 2 Man 4.1 5.1 2.3 3.1 
6-Me Man 1.2 1.5 1.4 1.9 
2-Me Gal 1.6 - - - 
4-Me Man 10.9 13.7 2.1 2.8 
Man 1.9 2.4 1.3 1.7 

a When fraction 2' and its desulfated derivative were analyzed on the basis of the xylan-galactan-xylomannan complex 
model, 2,4- and 2,3-di-O-methylxylose were assigned to the xylan, and 2,3,4,6-tetra-O-methylgalactose, 2,4,6- and 
2,3,6-tri-O-metbylgalactose, 2,6-di-O-methylgalactose and 2-O-methylgalactose to the galactan. The rest of the partially 
methylated monosaccharides were derived from the xylomannan. 
b Percentages lower than 1% are not considered. 
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Table 3 
Composition (mol%) of permethylated fraction 4', permethylated xylomannan 4', permethylated desulfated fraction 4', and 
permethylated desulfated xylomannan 4' a,b 

Monosaccharide Fraction 4' Xylomannan 4' Desulfated fraction 4' c Desulfated xylomannan 4' 

2,3,4-Me 3 Xyl 11.6 12.1 19.2 19.7 
2,4,6-Me 3 Man 5.0 5.2 47.1 48.5 
2,4,6-Me 3 Gal 2.6 - 1.3 - 
2,3,6-Me 3 Gal 1.6 - - - 
4,6-Me 2 Man 42.7 44.7 22.9 23.5 
2,4-Me 2 Man 9.7 10.1 - - 
6-Me Man 2.5 2.6 1.4 1.4 
2-Me Man 1.1 1.1 - - 
4-Me Man 20.7 21.6 - - 
Xyl - - 1.4 - 
Man 2.5 2.6 6.7 6.9 

When fraction 4' was analyzed on the basis of the xylan-galactan-xylomannan complex model, no 2,4- and 2,3-di-O- 
methylxylose corresponding to the xylan were detected; 2,4,6- and 2,3,6-tri-O-methylgalactose were derived from the 
galactan and the rest of the partially methylated monosaccharides from the xylomannan. For desulfated fraction 4', only 
2,4,6-tri-O-methylgalactose (1.3%) was detected. 
b Percentages lower than 1% are not considered. 
c Glc (1.1%) was also detected in permethylated desulfated fraction 4'. 

at 8 2 0 - 8 2 4  cm-~  due to axial and pr imary  sulfate 
groups, respect ively [8]. These results are in agree- 

ment  with the pattern of  sulfation observed by the 
other methods.  

The anomeric  signals at 5.52, 5.21, and 5.12 ppm, 

observed in the ~H N M R  spectra of  fractions 2' and 

4', were assigned to mannose  2-sulfate, mannose  with 

single stubs of  /3-(1 ~ 2)-l inked D-xylose, and man- 

nose a n d / o r  mannose  6-sulfate, respectively.  This 

ass ignment  was made using xylo-mannans 3, 5', and 
6' as model  compounds  [7,8,19]. 

The ~3C N M R  spectrum of  fraction 2' (Table 4) 

showed, in the anomeric  region, five strong signals at 

104.6, 104.1, 102.6, 101.9, and 100.5 ppm. The 
resonance at 104.6 p p m  was assigned to the single 

stubs of  /3-(1 ~ 2)-linked D-xylose [20] while the 

peak at 101.9 p p m  (broad) was mainly due to 3-1in- 

ked a-D-mannose  or a -D-mannose  6-sulfate units, 

Table 4 
~3C NMR spectral assignment of xylomannans 2' and 4' 

Unit C- 1 C-2 C-3 C-4 C-5 C-6 

Xylomannan 2' a 
/3-D-Xyl 104.6 73.7 76.3 70.1 65.9 
a-D-Man 103.2 70.6 79.3 67.2 74.2 61.6 
C~-D-Man 6-sulfate 103.2 70.6 79.3 67.2 72.2 68.2 
c~-o-Man 6-sulfate b t01.9 79.3 79.3 68.2 72.2 68.2 
C~-D-Man b 101.9 79.3 79.3 68.2 74.2 61.6 
ce-D-Man 2-sulfate 100.5 77.3 77.3 67.2 74.2 61.6 

Xylomannan 4' 
/3-D-Xyl 104.7 73.6 76.3 70.1 65.9 
Ce-D-Man 103.2 70.6 79.1 67.2 74.2 61.8 
a-D-Man 6-sulfate 103.2 70.6 79.1 67.2 72.2 68.2 
a-D-Man 6-sulfate b 102.0 79.1 79.1 68.2 72.2 68.2 
~x-D-Man b 102.0 79.1 79.1 68.2 74.2 61.6 
c~-D-Man 2-sulfate 100.4 77.4 77.4 67.2 74.2 61.8 

Resonances at 102.6 (C-l), 73.7 (C-2), 74.7 (C-3), 77.7 (C-4), and 63.9 (C-5) were assigned to the 4-1inked 
/3-D-xylopyranosyl units. The anomeric signal of the galactan at 6 104.1 (3-1inked /3-o-galactose) was also observed; the 
anomeric signal corresponding to the 4-1inked Ce-L-galactose unit is included in the peak at 6 101.9 [6]. 
b With single stubs of /3-(1 ~ 2)-linked D-xylose. 
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Table 5 
Antiviral activity of xy/o-mannans isolated from Nothogenia fastigiata 

Compound IC5o (Ixg mL-J ) 

HSV-1 F HSV-2G HSV-l TK-  B2006 HSV-1 TK Field 
CC50 
Vero cells 
(Ixg mL-i  ) 

2' 7.1 7.1 2.6 2.0 
3 14.4 6.1 19.6 9.5 
4' 28.2 27.6 12.9 7.3 
5' > 100 96.3 > 100 73.0 
6' 0.7 0.7 1.3 0.6 
ds 8000 2.1 1.0 1.7 2.7 
Heparin 1.3 2.1 3.6 5.0 

> 1000 
300 

> 1000 
250 
120 

> 1000 
> 1000 

both with single stubs of  /3-(1 ~ 2)-linked D-xylose 
[21-23].  It is noteworthy that even though 3-1inked 
o~-o-mannose and Ce-D-mannose 6-sulfate total ~ 12% 
in this fraction, only a small broad signal was ob- 

served at 103.2 ppm [21,22]. The absorption at 100.5 
ppm corresponds to 3-1inked c~-D-mannose 2-sulfate 
units. The signals at 104.1 and 101.9 ppm are consis- 
tent with the presence of  the galactan sulfate previ- 
ously studied [6]. The peak at 102.6 ppm could be 
due to the C-1 of  a xylose linked to the 4-position of  
another residue, in the 'mixed  linkage' xylan also 
associated to the xylomannan [4]. 

The 13C NMR spectrum of  fraction 4' (Table 4) 

gave, in the anomeric region, four absorptions at 
104.7, 103.2. 102.0, and 100.4 ppm that were as- 
signed as described above. It is important to note that 
all the peaks of  the ce-D-mannose 2,6-disulfate 
residues are overlapped with the signals of  the a-D- 
mannose 2-sulfate and 6-sulfate units. No peaks asso- 
ciated with the galactan were observed in agreement 

with the small amount of  this product detected in the 
fraction. 

Optical rotations of  fractions 2' and 4' were mea- 
sured in water and in 0.5 M NaC1. Fraction 4' showed 
similar values in both solvents ( + 2 1 . 7  ° and +23 .3  °, 
respectively); for fraction 2' a considerably lower 
negative optical rotation was obtained in 0.5 M NaC1 
( -  13.0 ° against - 1.3 ° in water). 

When the xylo-mannans were evaluated for antivi- 
ral activity against herpesviruses, mannan 6' was 
found to be the most active compound with ICs0 
values in the range 0 .6-1 .3  p~g mL-~ ,  whereas the 
activities of  xylomannans 2' and 3 were slightly 
lower. In contrast, mannan 5' showed a very weak or 
no inhibitory effect  against herpesvirus replication. 
Dextran sulfate with molecular weight of  8000 (ds 
8000) and heparin were tested as reference com- 
pounds in order to compare with the xylo-mannans. 
As shown in Table 5, the antiherpetic activities of  the 
most active sample, mannan 6', were comparable to 

Table 6 
The compositions (mol%) in structural units of the c~-(1 --* 3)-linked xy/o-mannans a 

Xylo-mannan 3-1inked mannose sulfated at the position indicated 3-1inked mannose with single 
stubs of xylose at the 
2-position 

None 2 6 2,4 2,6 4,6 6-sulfate 2-Xyl 2-Xyl 

Xylose 

Single 
stubs 

2 ' b  10 22 5 1 - - 14 16 30 
3 c 5 32 12 3 - - 22 2 24 
4' 5 46 10 3 10 1 12 - 12 
5' 61 - 29 - - 2 - 3 5 
6' 9 52 31 1 l - 3 - 3 

a The complexity of the samples only permits a semiquantitative approximation. Xylose was supposed to be mainly linked 
to mannose 6-sulfate units. The remaining xylose was assigned to the 2-position of nonsulfated mannose units. 
b Fraction 2' has 2% of 4-1inked D-mannose units. The presence of 3-1inked mannose 2,6-disulfate units cannot be ruled out 
from data in Table 2. 
c The composition was calculated from data reported previously [7]. 
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those of ds 8000 and heparin, with a similar wide 
spectrum of action against both serotypes of HSV 
and TK-  variants resistant to acyclovir. Furthermore, 
the compounds were nontoxic for Vero cells at con- 
centrations up to 120-300 ~g mL-~ or higher (Table 
5). 

The TT was measured to assay the anticoagulant 
activity of the xv/o-mannans. The TT value of the 
untreated plasma was 15.6 s. Treatment of the plasma 
with any of the five sulfated xylomannans (5-200 txg 
mL t) did not significantly change the control TT 
value (data not shown). 

4. Discussion 

The red seaweed Nothogenia fastigiata synthe- 
sizes a system of a a-(1 ~ 3)-linked D-mannans 2- 
and 6-sulfated and having single stubs of /3-(1 --* 2)- 
linked D-xylose [7,8]. The xylo-mannans 2' and 4' 
follow this general pattern but differ in the quantita- 
tive distribution of the different structural units. Xy- 
lomannan 4' has a lesser amount of D-xylose side 
chains but a higher sulfate content than xylomannan 
2' and also shows an unusual disulfation on C-2 and 
C-6 (Table 6). Both xylomannans were obtained as 
complexes with a 'mixed linkage' xylan and an 
agaroid galactan co-existing in the seaweed [2-6]. 
Similar complexes in which a xylogalactan sulfate 
predominates were previously isolated from the same 
crude extract [5,6]. 

The fact that the fractionation of the Cetrimide 
salts does not depend on the sulfate percentage (Ta- 
ble 1), suggests that the major factor of insolubiliza- 
tion is the formation of packed aggregates of 
molecules, being this process facilitated by the forma- 
tion of the insoluble Cetrimide salts [24]. Previous 
work [5,6] showed that the sulfated xylo-galactans, 
xvlo-mannans and the 'mixed linkage' xylans pro- 
duced by this seaweed form insoluble aggregates, and 
possibly soluble ones. The aggregation properties of 
these compounds could be explained by the 'sugar 
zipper' model of carbohydrate-carbohydrate interac- 
tions [25]. The /3-D-(1 --~ 3)-, /3-D-(1 ---) 4)-'mixed 
linkage' xylan could interact with a regular array of 
xylose branches or with an elongated sulfated galac- 
tan and /o r  mannan backbone. 

The present evaluation of the antiherpetic proper- 
ties of these sulfated a-D-( 1 ---)3)-linked xy/o-man- 
nans revealed a selective inhibitory activity against 
several strains of HSV-1 and HSV-2 replication in 
vitro. Mannan 6' was the most active with ICso 

values of 0.6-1.3 i~g mL -~. The xylomannan 2', 
although less efficient, could be considered an effec- 
tive antiherpetic compound since its ICs0 values are 
in the range 2.0-7.1 I~g m L -  

The conformation of the a-D-(1 ~ 3)-linked man- 
nan backbone as well as the molecular size and 
amount of sulfate groups of the samples fulfill the 
requirements for antiviral activity [8,26]. 

The most adequate distribution of the sulfate groups 
for the mannan antiviral activity could be visualized 
considering the strong interactions between the cell 
surface heparan sulfate receptors and the viral glyco- 
proteins [28]. Moreover, the N-sulfation and the 6- 
O-sulfation of the a-D-glucosamine residues of hep- 
aran sulfate play a key role for viral binding [27]. 
Those polysaccharides with a sulfate distribution 
structurally resembling the negative charge distribu- 
tion of the binding sites of heparan sulfate will 
competitively inhibit viral binding. The presence of 
2- and 6-sulfate groups seems to be important, but 
their appropriate distribution into domains, which 
would mimic the negative binding site of heparan 
sulfate, might be necessary in order to achieve antivi- 
ral activity. 

Although sulfated polysaccharides are generally 
endowed with anticoagulant properties, the evaluation 
of the antithrombin activity of the xv/o-mannans 
showed that they were inactive. As determined for 
chemically modified heparin [28,29] and carra- 
geenans [30], data obtained for the xv/o-mannans 
confirm that there is no correlation between the an- 
tiviral and anticoagulant properties. 
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