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Abstract

The second-derivative mode of the Fourier transform L.R. spectra of dried algal material has been applied to distin-
guish the carrageenans-producing Stenogramme interrupta from the isomorphous species Rhodymenia howeana.
Spectra of the tetrasporophyte S. interrupta showed bands assigned to a A-carrageenan type polysaccharide, while
the gametophytic and cystocarpic plants showed the characteristic absorptions of x-and ¢-carrageenans. Results
were confirmed by hot water extraction of samples of the three nuclear phases of S. interrupta and characterization

of the extracts by chemical analysis.

Introduction

Stenogramme interrupta (C. Ag.) Mont., 1846 (Phyl-
lophoraceae, Gigartinales) and Rhodymenia howeana
Dawson, 1941 (Rhodymeniaceae, Rhodymeniales) are
two Rhodophyta species with few phylogenetic rela-
tionships. However, both species are morphologically
identical. Taxonomic identification is impossible with-
out the presence of reproductive structures. S. inferrup-
ta presents an isomorphic trifasic reproductive strategy.
The three reproductive phases occur simultaneously in
nature. Both species are common in coastal sheltered
areas and have a complete overlap in shallow subtidal
habitats of Perd and northern Chile (Ramirez & Rojas,
1986; Santelices 1989).

Carrageenans are cell-wall polysaccharides extract-
ed from members of the order Gigartinales; they
have a repeating backbone unit of alternating 3-
O-linked g-D-galactopyranosyl and 4-O-linked a-D-
galactopyranosylresidues. Members of this family dif-
fer in the content and position of hemi-ester sulfate
and in the content of 3,6-anhydro-D-galactopyranose
(Painter, 1983).

Infrared spectroscopy has been applied for many
years in the characterization of sulfated polysaccha-

rides from seaweeds (e.g. Anderson et al., 1968; Stan-
cioff & Stanley, 1969; Whyte et al., 1985). With the
advent of Fourier transform infrared spectroscopy (FT-
IR) new applications were developed. For example,
FT-IR in the second derivative mode was applied to
differentiate between agar- and carrageenan-types sea-
weed galactans (Matsuhiro & Rivas, 1993) and Chopin
& Whalen (1993) identified carrageenans by FT-IR dif-
fuse reflectance spectroscopy directly on dried algal
material. The second-derivative mode of FT-IR spec-
tra is useful in distinguishing agar-producing from
carrageenan-producing algal material (Matsuhiro, in
press).

McCandless et al. (1982) analysed by IR
spectroscopy and immunochemical reactivity the
polysaccharides obtained by extraction with 0.5 M
NaHCO; of members of the Phyllophoraceae. Game-
tophytes of Stenogramme interrupta yielded k-t
hybrid carrageenan while tetrasporophytes yielded -
carrageenan. On the other hand, Furneaux and Miller
(1985) reported that the aqueous extract from car-
posporic S. interrupta was 75% floridean starch and
the remaining polysaccharide after enzymic hydroly-
sis did not show a carrageenan structure.
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Some members of the Rhodophyta produce xylans
as the major polysaccharides (Painter, 1983; Percival
& McDowell, 1967). In many cases, fractionation of
the aqueous extracts also affords sulfated polysaccha-
rides. Usov et al. (1978) isolated a sulfated galactan
and a family of 8-D-xylans with variable proportions
of 123 and 14 linkages from Rhodymenia stenog-
ona (Palmaria stenogona). By extractions in differ-
ent conditions, Galaxaura squalida yielded a sulfated
xylogalactomannan and several neutral xylan fractions
(Usov & Shashkov, 1985). Matulewicz et al. (1994)
reported that Nothogenia fastigiata synthesizes neutral
xylans as well as sulfated xylogalactans. Fractiona-
tion with cetrimide of the aqueous extract of Palmaria
decipiens (Leptosomia simplex) yields a neutral xylan
and a sulfated xylogalactan (Jerez et al., in press; Mat-
suhiro & Urzia, in press).

In this work, the application of the second-
derivative FT-IR spectroscopy to directly identify a
carrageenan producing seaweed is presented.

Materials and methods

Samples of Stenogramme interrupta and Rhodymenia
howeana were collected seasonally at L.a Herradura
Bay (29° 71'S, 71° 21'W) using SCUBA. In the labo-
ratory the samples were sorted by species and nuclear
phases. Specimens with different phenologies were
deposited in Sala de Sistematica y Colecciones of Uni-
versidad Catélica del Norte, Coquimbo, Chile.

FT-IR spectroscopy

Samples of seaweeds were ground in a Moulinex
Moulinette Chopper 320 and dried at 65 °C for 8 h
in vacuo. The polysaccharides were powdered under
liquid nitrogen and also dried for 8 h at 65 °C in vacuo.
The FT-IR spectra of the algal samples and polysaccha-
rides in KBr pellets (10% w/w) were recorded in the
4000400 cm ™! region using a Bruker IFS 66 v instru-
ment; 32 scans were taken with a resolution of 2 cm ™.
Derivation, including Savitzky-Golay algorithm (Mad-
dam & Mead, 1982) with 23 smoothing points was
performed using the OPUS/I.R. version 1.44 software
incorporated into the hardware of the instrument.

Sulfate content

Sulfate content was determined by microanalysis in
Facultad de Quimica y Farmacia, Universidad de Chile.

Extraction

Samples of S. interrupta collected in December were
extracted with water at 95 °C (Matsuhiro & Urzia,
1992).

Double hydrolysis-reduction

Samples of polysaccharides were hydrolysed accord-
ing to Stevenson and Furneaux (1991). The
constituent-sugars were analysed by gas-liquid chro-
matography (GLC) and gas-liquid chromatography-
mass spectrometry. GLC was carried out in a Shimadzu
GC-14B gas chromatographed equipped with a flame
ionization detector using a fused silica gel capillary
column (15 m x 0.25 mm) coated with SP-2330 and
performed with an initial 5 min hold at 150 °C and
then at 5 °C min~! to 210 °C for 10 min. The helium
flow was 20 mL min~!. The identities of the acetyl
alditols were determined by GLC-mass spectra in a
Hewlett-Packard 5890 gas-liquid chromatograph cou-
pled to a Trio-2 VG Masslab mass spectrometer.

Results and discussion

Representatives samples of normal and second-
derivative FT-IR spectra of seaweed samples are shown
in Figures 1-3.

The normal spectrum (Figure 1A) of cystocarpic
S. interrupta shows a peak at 932.1 cm~! assigned to
the presence of the 3,6-anhydrogalactopyranosyl ring
and a weak signal at 874.4 cm™!. Its second deriva-
tive spectrum (Figure 1B) shows in the same region
more bands, at 965.6 cm™! assigned to the vibrational
motion of the glycosidic linkage, at 931.8 cm™! due
to the 3,6-anhydro ring, at 900.8 cm 1 assigned to -
D-galactopyranosyl units and the band at 871.5 cm™!
attributed to equatorial C-H deformation other than
anomeric ones (Mathlouthi & Koenig, 1986). The
absorptions at 841.2 and 803.5 cm™! are assigned to
axial hemi-ester sulfate on C-4 of galactopyranosyl
residues and to sulfate groups on C-2 of 3,6-anhydro-
D-galactopyranosyl residues, respectively. The bands
at 777.6 and 739.7 cm™! are assigned to the skeletal
bending of the pyranose ring and those at 615.2 and
578.3 cm™! to the S-O stretching vibration (Matsuhi-
ro, in press). The normal FT-IR spectrum (Figure 2A)
of tetrasporic S. interrupta showed a shoulder around
930 cm~! and a broad band centered at 843.2 cm™!
assigned to 4-sulfate group. This band, in the sec-
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Figure 1. FT-IR spectra of cystocarpic Stenogramme interrupta. A:
normal. B: second-derivative

ond derivative mode (Figure 2B) is resolved into two
bands at 860.7 cm~! and at 815.8 cm~!. The latter
was assigned to equatorial primary sulfate group. The
second-derivative spectra of both samples exhibited in
the region 1160-1000cm ™! the characteristic bands of
carrageenans (Matsuhiro & Rivas, 1993).

FT-IR spectra of Rhodymenia howeana do not
exhibit significant absorption bands between 1100-
900 cm™!. The FT-IR spectrum in the second derivative
mode of the cystocarpic plants (Figure 3B) presents a
band at 872 cm™! assigned to the deformation of o
anomeric C-H and two bands in the region 860-840
which may be assigned to sulfate groups.

Hot water extraction of gametophytic, cystocarpic
and tetrasporophytic samples of S. interrupta yielded
polysaccharides representing 20.7%, 18.9% and 18.1%
dry weight, respectively. The sulfate contents for the
polysaccharides from gametophytic, cystocarpic and
tetrasporic plants were 20.85, 21.40, and 22.60%,
respectively. These values are in accord with those
for the carrageenans from S. interrupta in California
(McCandless et al., 1982). Figure 4 shows the FI-IR
spectrum of the polysaccharide from cystocarpic plants
and the second derivative spectrum. Both spectra are
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Figure 2. FT-IR spectra of tetrasporic Stenogramme interrupta. A:
normal. B: second-derivative.

very similar to those of Figure 1, which correspond to
the algae. Table 1 shows the characteristic bands of the
second derivative FT-IR spectra of dried, ground sam-
ples of S. interrupta and R. howeana collected in sum-
mer, and those of the polysaccharides extracted from
S. interrupta. No significant variations were found for
the absorption values in the spectra (not shown) of the
samples of S. interrupta and R. howeana collected in
the other three seasons.

The IR absorptions of the polysaccharide extract-
ed from gametophytic S. interrupta are very simi-
lar to those of the polysaccharide from cystocarpic
plants ard also to the values for the algal sam-
ples. They show the characteristic absorptions bands
(peaks at around 930, 840 and 805 cm™!) of k-u
carrageenan structures. The results obtained by FI-
IR spectroscopy were confirmed by chemical char-
acterization of the extracts from S. interrupta. Dou-
ble hydrolysis followed by GLC analysis showed that
the galactose:3,6-anhydrogalactose molar ratio was
1.00:0.77 for the polysaccharide from gametophytic
plants and 1.00:0.50 for the polysaccharide from cys-
tocarpic plants. These results are well with the val-
ues reported for k-¢ carrageenan type polysaccharides
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Tuble 1. Second-derivative FT-IR frequencies (cm™!) of seaweeds and polysaccharides in the 1000500 cm !

region

1*

00 N N p W

967.0
965.6
970.3
964.5
963.2
971.4

932.1
931.8
934.7
933.6
933.8
934.8

901.2
900.8
902.0
902.4
902.1

874.7
871.1
860.7
886.0
886.3

872.9
873.3

843.5
841.2
818.3
853.6
852.5
850.2
858.8
859.7

803.9
803.5

835.2
836.0

844.6
843.2

778.0
776.6
777.8
807.3
806.5
776.6
777.9
815.8

746.4
739.7
761.1
774.9
774.7
764.0
761.2
768.5

716.4
723.8
741.0
721.6
726.4
702.4
7141
743.5

618.3
615.2
615.8

688.0
617.6
658.4
699.2

582.0
5783
579.4
584.3
574.6
580.4
643.7
617.1

*]1 = gametophytic Stenogramme interrupta, 2 = cystocarpic S. interrupta, 3 = tetrasporic S. interrupta,
4 = polysaccharide from gametophytic S. interrupta, 5 = polysaccharide from cystocarpic S. interrupta, 6
= polysaccharide from tetrasporic S. interrupta, 7 = cystocarpic Rhodymenia howeana, 8 = tetrasporic R.
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Figure 3. FT-IR spectra of cystocarpic Rhodymenia howeana. A:
normal. B: second derivative.

(Anderson et al., 1973; Lawson et al,, 1973). The
molar ratio (1.00:0.16) found for the polysaccharide
from tetrasporophytes indicates the presence of a A-
carrageenan type structure.

On the other hand, total hydrolysis of the sequential
extraction products from tetrasporic and cystocarpic
R. howeana indicated that both phenotypes produce
complex mixtures of sulfated xylogalactans, floridean
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Figure 4. FT-IR spectra of the polysaccharide from cystocarpic
Stenogramme interrupta. A: normal. B: second-derivative.

starch and xylans (C. A. Faindez, B. Matsuhiro &
J. A. Visquez, unpublished data).
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