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ABSTRACT. Both qualitative and quantitative representation of monossccharides of suto-
trophically and heterotrophicsily cultivated aiga Chlorslic kessleri was determined. Polysso.
charides obtained after separation of lipids from the alga were subjected to amylolynia and
hydrolysis. Individual monossoccharides were determined in the form of per-O.acetylalditols using
the method of gas chromstogrephy — maes specteometry.

Green fresh-water algae do not contain as many various polysaccharides as
do marine algae (Percival and McDowell 1981), This fact is reflected in the
low number of studies concerned with the structure of polysaccharides of
green algee; one of them is the paper by Olaiten and Northcote (1962) con-
cerned with the structure of polysaccharides of C. pyrenoidosa. For instanoe,
a trisaccharide consisting of galactose, arabinose and rhamnose was isolated
from them. Papers, in which the representation of monosaccharides wasdetermi-
ned after hydrogniaof polysaccharides, are more frequent. Thus, in the genera
CMorella and Scenedesmus, glucose, mannose, galactose, arabinose, xylose,
rh:lmnose and fucose were found by Northcote ef al. (1958) and by Shamala
et al. (1082).

As far ss methods are concerned, paper chromatography (Olaitan and
Northcote 1962; Northcote e al. 1958) or thin-layer chromatography (Becker
and Shefner 1964) are most frequently used. Recently, gas chromatography
(Dutton 1973, 1974) and mainly gas chromatography —mass spectrometry
(GC—~MB8), when monosaccharides can be identified by their retention
characteristics and mass spectra {(Ldnngren and Svensson 19874), predominate.

Chlorella kesslers appears to be most interesting as s source of unusual
secondary metabolites (Rezanka et al. 1983). The representation of mono-
saccharides in polysaccharides of this alga was studied by the GC—MS
method.

MATERIALS AND METHODS

The alga Chlorella keaslers was provided b{ the Depariment of Awtoirophsc
Microorganisms of the Institute of Microbiology, Czechoslovak Academy of
Sciences (TFeboii, Crechoslovakia). From 10g of algal material 52 mg of
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polysaccharides I (autotrophic cultivation) and 65 mg of polysaccharides II
(heterotrophic cultivation) were prepared according to Olaitan and North-
cote (1962). 47 mg of polysaccharides I or 51 mg of polysaccharides 11 was
dissolved in 10 mL acetate buffer (0.2 M, pH 7) and 10 mg of exo-1,4-a-D-
-glucosidase (EC 3.2.1.3) (S8igma, GFR) was added. After 20 h at 36 ‘C the
mixture was heated to 100 °C, the denatured enzyme was centrifuged (30 min,
2 500 g) and the mixture was desalted on the cationic ion exchanger Dowex
50 in a H+ eycle. The resulting solution was evaporated to dryness (in order
to remove acetic acid), dissolved in 5 mL water and precipitated with 50 mL
ethanol. After centrifugation 9.8 mg polysaccharides 111 (from polysaccharides
I) or 6.8 mg polysaccharides IV (from polysaccharides I1) was obtained. The
polysaccharides were hydrol according to Olaitan and Northcote (1962)
and reduced according to Oades (1968). The yield of per-O-acetylalditols from
polysaccharides I1I was 12.3 mg, from polysaccharides IV it was 7.1 mg.

The GC—MC measurements were performed in a Hewlett-Packard 5985B
(USA) equipped with a glass WOO'Fecapillary column ID 0.256 mm x 30 m
(Nett/m = 2120) with the stationary phase SP-2330 (Supelco, USA), split
ratio 100 : 1, sample size 1 ul.. Working regime: ionization energy 11 aJ
(70 V), scan speed 690 my/s, maas range 4-600 m,, programmed temperature
from 210 to 230 °C at a rate of 1 K/min and further isothermically, injector
temperature 250 °C, helium flow 1.1 mL/min.

Standards of per-O-acetylalditols were prepared from the corresponding
sugars (glucoee, mannose, galactose, arabinose, xylose, rhamnose, Lachema
Czechoslovakia; fucoee, 2-deoxyriboee, glucuronic and galacturonic acids,
Sigma GFR) according to Oades (1967).

RESULTS AND DISCUSSION

For the GC of saccharides their per-O-trimethylsilyl derivatives are most
commonly used. As their cyclic form remains preserved anomerization
occurs at C(1) and monosaccharides thus yield two peaks (anomers « and g),
which, due to a high number of components, make the identification more
difficult. It is hence more useful to reduce the monosaccharides to alditols and
chromatograph these compounds after their derivatization. Per-O-acetyl-
alditols are separated both on packed columns with highly polar phases
ECNSS-M (Oades 1967), EGSS-X and HiEFF-1BP (Lehngardt and Winzler
1968) and on capillary columns with phases OV-275 (Klok et al. 1981), Silar
10C (Shibuya 1981) and chemically bound stationary phase BP-75 (Blakeney
et al. 1982). We were satisfied with the phase SP-2330 which corresponds to
the above phases on capillary columns according to its parameters (McRey-
nolds’ constants). For instance on the WCOT capillary column with the
phase 8P-2330 all components of the mixture were remarkably well separated
(Fig. 1).

'Iggble I presents the results of both qualitative and quantitative analysis
of monosaccharides in polysaccharides produced by C. kessleri. It is known
from the literature (Olaitan and Northcote 1962; Takeda and Hirokawa 1978)
that green algae contain starch as the major polysaccharide.

Therefore, samples for analysis were first treated by amylolysis as a selective
method leading to the removal of starch. The generally used «-amylase
(EC 3.2.1.1) is not particularly useful as it does not degrade 1- 6 bonds, and,
thus, oligosaccharides that are difficult to remove remain in the solution.
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This disadvantage is avoided when using exo-1,4-a-D-glucosidase which
degrades starch all the way to glucose (it degrades both 1 » 4 and 1 6
bonds).

Monosaccharides corresponding to peaks 3 and 5—9 are commonly de-
tected in green algae (Northoote et al. 1058; Becker and Shefner 1964),
whereas fucose was found only in the genus Scenedesmus (Shamala ef al. 1982).
Deoxypentoses as components of natural polysaccharides have not yet been
described. When 2-deoxyribose is not considered only the antibiotically active
1-deoxy-p-threo-pentulose was detected as a natural deoxypentose (Hoeksema
and Baczynakyj 1976). Ite structure was verified by maas, IR and 'H-HMR
spectra. The preliminary structure of two deoxypentoses detected by .us
(5-deoxy- and 2- or 4-deoxypentoses) is based on mass spectra, the 2(4)-deoxy-
pentose not being identical with 2-deoxyribose (Table I). On the basis of
mass spectra it cannot be determined whether 2- or 4-deoxypentose is involved
as a primary alcohol group is formed by reduction even at the other end of
the molecule.

Tamrx 1. Content. of monosancharides in polysascharidos of (. keasleri

Peak No. Monosaccharides RRT® Polysaocharides III = Polysaccharides IV
% % )
1 S-deoxypentose 0.57 2.2 2.7
1 2{4)-dooxypentoss 0.58¢ 0.7 0.3
3 rhamnoss 0.7 18.12 18.2
4 fucose 0.77 0.8 1.8
5 -arabinown 1.00 3.3 128
6 xylowe 1.18 5.1 4.1
7 MANTN0Ne 1.67 3.4 38.7
8 galactose L79 4.5 13.1
] glucove 1.89 33.4 3.0
10 galseturonic acid 2.08 0.4 0.3

* Chromatographed as per-O-acetylalditols on the WCOT column with the phase 8P-2320.
? Rolative retention Lime as related to penta-O-acetylarabinitol (retention time 16.5 min).
¢ RRT of 2.deoxyribose 0.60. .
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The presence of galacturonic acid is also remarkable as its ocouttence is
common only in polysaccharides of marine algae (Percival and McDowell
1981). In C. ellipsoides and C. vulgaris only glucuronic acid was detected
to be a component of the extracellular polysaccharide (Moore and Tischer
1864). On the other hand, we could not demonstrate glucosamine detected
in high amounts by Takeda and Hirokawa (1979).

It follows from the percent representation of individual monosaccharides
(Table I) that the content of 5-deoxypentose, rhamnose and galacturonic acid
remains the same, irrespective of the type of cultivation. On the other hand,
during autotrophic cuttivation the content of 2(4)-deoxypentose and glucose
increases, that of the latter compound by more than 11 times. On the con-
trary, the content of fucose, arabinose, xylose and galactose is higher dur-
i.lg heterotrophic cultivation, roughly 2-4-fold in any of the sugars. The
effect of cultivation conditions on the content of monosaccharides, glucose in
particular, is explained by the course of photosynthesis in autotrophy-
g{gcose is first synthesized and other monosaccharides are then produced

m it whereas under heterotrophic conditions it is degraded and sugars are
synthesized from simple precursors, although glucose served as & varbon
source. ‘

REFERENCES

Bucxmz M.J., BumrnNEr A.M.: Thin-layer and paper chromsatographic énalysos of thé carbo-
. hydrates in the cell wall of Chlorella pyrencidoss 7.11-05. Nature 4934, 803 (1964).
Braxenzy A.B., Harnis P.J., Haxay R.J., Svonz B.C.. Nonnis T.: Gas chrom#bography of
. #lditol acetates on & high-polarity bonded-phase vitreous-silica oolumn. J.Chromatogr. 249,
180 (1982). .
Durrox G.G.8.: Applications of gas-liquid chromatography to carbohydrates: Part I. Ady.
Carbokyd.Chem. Biochem. 28, 12 (1973). S
Durron G.G.8.: Applications of gas-liquid chromatography to carbohydrates: Part 1. Ade.
Carbohyd.Chem.Biochem. 30, 10 (1974). . ‘ o
Hozxaxua H., BAozYNsKYJ L.: A new metabolite from Streplomyces Mygroecopicus. 11. Identifi-
cation as 1.deoxy-D-threo-pentulose. J. Antibiot. 29, 688 (1976). o
Kwox E.H., Nizsxro-vaN Verzex E.H., ps Lasuw J.W., ScaxNox P.A.: Capillaey gie chro-
matographic separation of monoesccharides as their alditol acetates, J.Chromatogr. 207, 273
(1981).

Leanuarpr W.F., WinzLer R.J.: Determination of neutral sugars in glycoproteins by gae-
liquid chromatography. J.Chromatogr. 34, 471 (1968). o
Loxxares J., SVENSsON B.: Mass speotrometry in structural analysis of natural carbohydrates.

' Ade.Carbokydr.Chem. Biochem. 29, 42 (1974). ' ‘
Moonk B.G., TiscuEr R.G.: Extracellular polyssocharides of algeo: Effects on lifa-support systeina,
Svience 145, 586 (1964).
Noatuoors D.H., Gourping K.J., Honnz R.W.: The chemical composition and structure of bhe
ocdll wall of Chlorella pyrencidosa. Biochkem.J. 70, 391 (1058). ‘
Oapns J.M.: Gaa-liquid chromatography of alditol acetates and its applioation to the analysis
of sugars in complex hydrolysates. J.CAromatogr. 28, 246 (1967). :
Otdrran 8.A., Nontucorn D.H.: Polysaccharides od CMlorella pyrenoidosa. Biochem.J. 88, 809
(1962). .
PxactvaL E., MoDowzLs R.H.: Algal walls — composition and biosynthesis p. 277 in W. Tanner,
F.A. Loowus (Eds.): Encyclopedia of Plant Physiology, Vol. 13B, Plant Carbohydrates II,
. Eitracellular Carbohydrates. Springer, Berlin 1981,
Raxawxa T., Voxoun J., S8tavieex J., Poposin M.: Determination of fatty scids in algeo by
chpillary gas chromatography and mass spectroscopy. J. CAromatogr. in press (1983). .
S8uANALA T. R., DRawnrt F., LavroLd G.: Studies on Scenedsemus acwbus growth. II. Bffect of
&utdtrophic and mixotrophic growth on the amino acid and the carbohydrate compodition of
‘ us acuiue. Bistechnol. Bioeng. 24, 1301 (1982).



1983 MONOSACCHARIDES OF C. kesslori 2%

Bmmura N.: Gas-liquid chromatographic analysis of partially methylated alditol acetates on
a glass capillary column. J.Chromatogr. 388, 98 (1981).

Taxmpa H., Hmmoxawa T.: Studies on the ocell wall of Chlorella. I. Quantitative changes in cell
wall polyssoccharides during the cell oyvle of Ohlorelia ellipecidea. Plant Cell Phyeiol. 19, 591
(1978).

Taxmpa H., Hmoxawa T.: Studies on the cell wall of Chiorella. 1. Mode of inorease of gluco-
samine in the cell wall during the synchronous growth of CAhiorella ellipecides. Plant Cell
Physiol. 20, 989 (1979).



