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A B S T R A C T

A sulfated polysaccharide, designated MAP2, was isolated from Monostroma angicava by water extraction, anion-
exchange and size-exclusion chromatography. The structural characteristics of MAP2 were investigated by
chemical and spectroscopic methods, including methylation analysis, one- and two-dimensional nuclear mag-
netic resonance and electrospray mass spectrometry with collision-induced dissociation spectroscopic analyses.
The results showed that MAP2 was primarily composed of rhamnose with small amounts of xylose, glucuronic
acid and glucose. The molecular weight of MAP2 was estimated to be about 671 kDa. The backbone of MAP2 was
mainly constituted by 3-linked, 2-linked-á-L-rhamnose residues. Sulfate substitutions were at C-2/C-4 of 3-
linked-á-L-rhamnose and C-3/C-4 of 2-linked-á-L-rhamnose residues. The branches consisted of 3-linked and 2-
linked-á-L-rhamnose with monosulfate/unsulfate, as well as small amounts of β-D-GlcA-(1→ and β-D-GlcA
(2SO4)-(1→ . Minor amounts of →4)-D-Glcp-(1→ and β-D-Xylp (4SO4)-(1→ might also be existent in MAP2. The
investigation demonstrated that MAP2 was a novel sulfated rhamnan distinguishing from other algal sulfated
rhamnans.

1. Introduction

Algae have been used widely for centuries in the world as food and
the production of valuable chemicals, and polysaccharides are the
major chemical compound [1,2]. So far, many sulfated polysaccharides
from red and brown algae have been isolated and characterized [3–7].
However, a few limited reports on structure of the sulfated poly-
saccharides from green algae have been demonstrated. It is worthy to
note that some green algae produce specific sulfated polysaccharides
which are mainly composed of α-L-rhamnose moiety. A α-L-rhamnose is
a rare monosaccharide in human and animals, whereas it is widely
distributed in plants and microorganism as component of glycosides or
polysaccharides [8,9]. However, distribution of a polymer composed of
large amounts of α-L-rhamnose, so-called “rhamnan” is quite limited in

the nature [10]. Some investigations demonstrated that the sulfated
rhamnans from green algae had high anticoagulant, antiviral, antic-
ancer and immunomodulatory activities [11–18]. With today's interest
in new sources of chemicals and polymers, the sulfated rhamnans from
green algae represent a potential source to be explored.

The green alga M. angicava, a major species of the genus
Monostroma, grows in upper part intertidal zone and is broadly dis-
tributed through the World's seas. In the present work, a sulfated het-
erorhamnan with novel structure from M. angicava was extracted using
boiling distilled water and subsequently purified using ion-exchange
and gel filtration chromatography. The detailed structure of the sulfated
rhamnan was characterized by a combination of chemical and spec-
troscopic methods.
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2. Results and discussion

2.1. Composition of the sulfated polysaccharide MAP2

The crude polysaccharide was extracted from M. angicava using
boiling water, and further fractionated using a Q Sepharose Fast Flow
column and Sephacryl S-400/HR column. A polysaccharide fraction,
designed MAP2, was obtained. The yield of MAP2 from crude poly-
saccharide (w/w) was about 20.92%. As showed in Fig. 1a, MAP2 ap-
peared as a single and symmetrical peak in the high performance gel
permeation chromatography (HPGPC), indicating its purity and corre-
sponding to an average molecular weight of about 671 kDa. MAP2
contained 29.35% sulfate ester, 8.77% uronic acid, and no protein was
detected. High performance liquid chromatography (HPLC) analysis
showed that MAP2 was mainly composed of rhamnose (82.79%) with

small amounts of xylose (6.09%), glucose (2.38%) and glucuronic acid
(8.74%). Thus, MAP2 was a sulfated heterorhamnan. Absolute config-
uration analysis by HPLC showed that the rhamnose (29.44min) in
MAP2 was L-configuration, whereas glucuronic acid (19.12 min), xylose
(19.88 min) and glucose (16.95 min) were D-configuration, because
their retention times were in agreement with retention times of the
derivatives of the response standards, but differences from retention
times of the corresponding derivatives of the opposite enantiomers
(Supplemental Fig.1).

Fourier-transform infrared (FTIR) spectrum of MAP2 demonstrated
several bands corresponding to sulfate ester (Fig. 1b): the peaks at
855 cm−1 and 1241 cm−1 derived from stretching vibration of C–O–S
of sulfate in axial position and stretching vibration of S–O of sulfate,
respectively. The intense and broad band at 3443 cm−1 was due to the
stretch vibration of hydroxyl groups, and the signal at 2937 cm−1 was

Fig. 1. HPGPC chromatogram and IR spectrum of MAP2. (a) HPGPC chromatogram of MAP2 on a Shodex OHpak SB-804 HQ column (A) and the standard curve of
molecular weight (B); (b) IR spectrum of MAP2.
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