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Сhemical composition of polysaccharides from wheat cell culture

Abstract: Polysaccharides were extracted from wheat suspension culture and cultivated cells. Gaz-liquid 
chromatography of wheat suspension culture allowed identifying the composition of polysaccharides that 
were found to contain arabinose, xylose, galactose, glucose, and a little amount of mannose and rhamnose. 
In dried cultivated cells the polysaccharide structure consisted mainly from arabinose, xylose, and galactose. 
It was found that the percentage of the amount of monosaccharides was positively correlated with the 
concentration of 2,4-D at the suspension media.
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Introduction

Plant polysaccharides are famous for their impor-
tant technical and physiologic traits. Currently, poly-
saccharides attract researchers with their high biolog-
ical activity in regulating the growth, development 
and protection processes and are of a great interest in 
the search for and the production of new biologically 
active compounds [1, 2, 3]. 

Like a native plant, cell culture is capable for 
synthesis of a wide range of polysaccharides such as 
pectin, arabinogalactan, galactans, arabinans, xylo-
glucans, etc. [4, 5]. Studies of plant polysaccharides 
conducted mainly on various organs of the intact 
plants [6]. The polysaccharides derived from cell 
cultures of plant organs and plant cell lines, are much 
less become the objects of studies and are of a par-
ticular research interest.

Plant cell cultures serves as a convenient model 
system for studying the structure and biosynthesis of 
polysaccharides. Cell cultures have several advan-
tages over the traditional raw materials: no organis-
mic control, absence of dependency from the weather 
conditions, the ability to influence trophic, hormonal 
and physical factors, the possibility of streamlining 
and standardizing processes, the homogeneity of the 
system, the ability to identify the genes responsible 
for the synthesis of biologically active substances [7]. 

Our earlier investigations have shown that the 
ability to maintain embryogenic potential of the long-
term cultivated embryogenic tissues of wheat and bar-
ley accompanied by the appearance of extracellular 

polysaccharides [8]. In addition, we have determined 
high level of biological activity of polysaccharides 
obtained from embryogenic suspension culture [9]. 
The purpose of this study is to determine chemical 
composition of polysaccharides obtained from wheat 
suspension culture and dried cultivated cells. 

Materials and methods

The study object was an embryogenic suspen-
sion cell culture of wheat (Triticum aestivum). Sus-
pension culture was grown in the Murashige and 
Scoog [10] liquid nutritious media with the addition 
of 1.0 and 5.0 mg/l of 2,4-D. The suspension liquid 
was filtered from suspension culture and was evapo-
rated on rotary evaporator under 45-50°C. Extracel-
lular polysaccharides from suspension liquid were 
extracted according to Gunter [11]. Polysaccharides 
inside the cells were extracted by water (I fraction) 
and by solution of ammonium oxalate (II fraction) 
from suspension cells. After that, solutions contain-
ing polysaccharides were evaporated and dried. The 
percentage output of monosaccharide composition 
was estimated on and compared with their initial 
dry biomass. 

Protein composition in polysaccharide fractions 
was estimated by Louri methodology [12]. Overall 
polysaccharides presence and quantity was deter-
mined by phenol – sulfuric acid method by Dubious 
[13]. Spectrometric investigation was undertaken on 
the Ultraspec 3000 equipment. Monomers compo-
sition of polysaccharides was detected by Hewlett-
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Packard 4890A gaz-liquid chromatography with 
plasma-ionization detector. 

Results and their discussion

Polysaccharides were extracted from wheat liq-
uid suspensions and wheat cells. Extracellular poly-
saccharide containing liquid suspension was purified 
from low molecular weight compounds and other un-
necessary compounds by dialysis. Obtained polysac-

charide samples were tested by phenol-sulfuric acid 
method [13].

Monosaccharide composition of extracellular poly-
saccharides from wheat liquid suspension was detected 
by gas liquid chromatography (GLC). GLC allowed to 
identify that the quantity of monosaccharaides obtained 
from media with 5.0 mg/l  2,4-D is considerably higher 
than those that growth on media with 1.0 mg/l  2,4-D 
(Figure 1 a, b). However, the chromatographic profiles 
of both concentrations were similar. 

1 – rhamnose, 2 – arabinose, 3- xylose, 4 – inosit, 5 – mannose, 6 – glucose, 7 – galactose

Figure 1 (a) – Analysis of monosaccharide composition of polysaccharides  
from 1,0 mg/ml  2, 4 D media, using GLC

1 – rhamnose, 2 – arabinose, 3- xylose, 4 – inosit, 5 – mannose, 6 – glucose, 7 – galactose

Figure 1 (b) – Analysis of monosaccharide composition of polysaccharides from 5.0 mg/ml 
2,4 D media, using GLC
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Figure 2 – Percentage ratio of monosaccharides in polysaccharides obtained from 
suspension culture grown on different 2,4 D concentrations

Analysis of chromatographic profile for mono-
saccharide composition of polysaccharides obtained 
from wheat liquid suspension revealed that the quan-
tity of arabinose, xylose, galactose, and glucose 

monosaccharaides were considerably higher than the 
quantity of ramnose and mannose. Figure 2 presents 
percentage of each monosaccharide in polysaccha-
rides obtained from suspension culture. 

1 – proteins, 2 – uronic acids, 3 – ramnose, 4 – arabinose,  
5 – xylose, 6 – mannose, 7 – glucose, 8 – galactose

Figure 3 – Monosaccharide composition of extracellular 
polysaccharides from wheat liquid suspension (%)

It was determined that the quantity of all mono-
saccharaides of extracellular polysaccharides ob-
tained from suspension culture grown on Murashige 
and Schoog media containing 5.0mg/l 2,4-D is con-
siderably higher than those grown on media with 
1,0mg/l 2,4-D, except glucose. There were no signifi-
cant difference in the quantity of uronic acid (9.16%, 
9.64%) and proteins (5.85%, 6.08%) between poly-
saccharide samples of 1.0 mg/l and 5.0 mg/l  2,4-D 
concentrations (Figure 3). 

In order to characterize biosynthetical activity of 
cultivated cells, wheat cell suspension culture grown 
on Murashige and Skoog media was filtered and two 
fractions of polysaccharides were obtained. The first 
fraction (I fraction) was obtained from dried cells 

water exctract, whilst the second fraction (II fraction) 
was extracted by the solution of ammonium oxalate.

The analysis of the first fraction of cell polysac-
charides revealed the increase of polysaccharides, 
protein, and uronic acid quantity with the escala-
tion of 2,4-D enzyme concentration in culture media  
(Table 1). The quantity of the same compounds in the 
second fraction was found to have a similar depen-
dence pattern with 2,4-D concentration increase, es-
pecially significant increase was found in uronic acid 
percentage (Table 1). 

Table 1 – The percentage of polysaccharides, protein and 
uronic acid in extract from dried wheat cells

Fractions
2,4-D con-

centration in 
media, mg/l

Polysac-
charides,% Protein,% Uronic 

acid,%

I 1.0 0.93 4.06 14.72

5.0 1.95 5.98 17.00

II
1.0 0.59 5.02 27.77

5.0 0.77 6.45 66.40
 

Analysis of monosaccharide composition the I 
and II fractions obtained from wheat dried cultivated 
cells revealed that the quantity of arabinose, xylose, 
galactose were considerably higher rather than the 
quantity of neutral monosaccharaides ramnose and 
mannose (Figure 4). It is important to point out that 
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the percentage of monosaccharides were higher in 
fraction I, which means that extraction method for 
the first fraction was more effective than the second 
one for both 2,4 D concentrations. Also, it was de-
termined that, similar to polysaccharides from sus-
pension culture, percentage of monosaccharides from 
dried callus cells showed the same dependency pat-

tern from the 2,4 D concentration increase. In other 
words, the percentage of monosaccharides increases 
with the escalation of 2,4–D in media. Thus, the 
quantity of arabinose, xylose and galactose (except 
galactose fraction I) is two times higher in polysac-
charides from callus cells grown on 5.0 mg/ml 2,4 D, 
compared to 1.0 mg/ml 2,4 D (Figure 4). 

Figure 4 – Monosaccharide composition of extracellular  
polysaccharides from wheat dried cultivated cells

The study has shown that extracellular polysac-
charides obtained from wheat liquid suspension cul-
ture consist of arabinogalactans, arabinoxylans, and 
xyloglucans. Polysaccharides extracted from wheat 
dried cultivated cells were found to contain of arabi-
nogalactans and arabinoxylans. These findings cor-
respond to earlier scientific investigation results on 
arabinogalactans [14] and xyloglucans [15] obtained 
from plant culturing in vitro described in literature. 
In addition, wide range of data in literature suggests 
that arabinogalactans and xyloglucans are capable to 
provide high biological activity. Considering earlier 
positive results of bioassays conducted in our labora-
tory [9], we assume that the high biological activity of 
substances obtained and extracted from liquid suspen-
sions and dried cultivated cells explained by presence 
of these polysaccharides. Therefore, investigation of 
high biological activity of identified polysaccharides 
is the issue for our future research. 
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