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Suspension cells of kidney bean were grown for 42 d in MS medium supplemented with growth regulators (2.0 mgL -1 
2,4-D and 0.5 mgL -1 kinetin) or withouL At the stationary growth phase (42 d), the sugars were fractionated into the 
symplastic (ethanol and starch) and apoplastic [low-molecular pectin (Im-pectin), high-molecular pectin (hm-pectin), 
hemicellulose, and cellulose] sugars. The neutral sugars (NS) of hm-pectin and hemicellulose fractions were analyzed 
by GLC. The growth of the suspension cells in the liquid MS media, in terms of settled cell volume (SCV), remained 
similar, to the end of the experiment, irrespective of the presence or absence of growth regulators, indicating the non- 
necessity of the exogenous growth regulators for the subculture. Total sugar (TS) of the ethanol fraction and NS of the 
Im-pectin of the suspension cells grown in the medium with growth regulators were higher than in the medium with- 
out growth regulators. However, starch content in the starch fraction and uronic acid (UA) content of the Im-pectin 
fraction did not exhibit any differences. From these results, it was suggested that the growth regulators modulated the 
structure of the cell wall polysaccharide. Analysis of the NS composition of the hm-pectin fractions revealed that the 
Rha, Arb, and Gal contents in the presence of growth regulators were higher than in the absence, while the Xyl, Man, 
and GIc contents in the presence of growth regulators were higher than in the absence, indicating the turnovers of 
rhamnogalacturonan and/or arabinogalactan. On the other hand, analysis of NS composition of hemicellulose frac- 
tions revealed that the Ara and GIc contents in the presence of growth regulators was higher than in the absence, 
whereas Xyl and GIc contents were nearly consistent, indicating the turnovers of arabinaogalactan I or II. The cellu- 
lose contents remained similar, irrespective of the presence (19.1%) or absence (18.7%) of growth regulators. 
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The cell wall is a major structural element of plant 
cells and plays an important role in protection of pro- 
toplasts from mechanical forces and in the mechanical 
support of plant tissues and organs. Cell wall polysac- 
charides turn-over extensively during plant growth 
and development (Labavitch, 1982; Taiz, 1984; Masuda, 
1990; Sakurai, 1991, 1998; Hoson, 1993). The crys- 
talline cellulose polysaccharide in the matrix is a major 
factor in regulation of cell shape and rigidity. But cel- 
lulose synthesis and its regulation mechanisms remain 
unclear (Delmer et al., 1993; Delmer, 1999). Kokubo 
et al. (1991) had reported that three isogenic barley 
mutants that developed fragile culms produced lower 
amount of cellulose than corresponding normal strains. 
According to Yeo et al. (1995), the cellulose contents 
of normal barley strains under in vitro culture condi- 
tions were close to those of their corresponding 
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mutant strains. Albersheim et al. (I 997) suggested that 
the structure of cell-wall polysaccharides might define 
their mode of synthesis. Nishitani and Masuda (I 980) 
have reported that auxin stimulates the turnover of 
galactose (Gal)-containing polysaccharides during cell 
elongation. However, detailed information on long- 
term effects of growth regulators on the cell-wall 
polysaccharides in the subculture of suspension cells 
of kidney bean is not available. Therefore, the present 
work was undertaken to investigate the long-term 
effects of growth regulators on the turnover of sym- 
plastic and apoplastic (cell-wall) sugars in the subcul- 
ture of suspension cells of kidney bean. 

Abbreviations: Arb, arabinose; Fuc, fucose; Gal, galactose; 
GIc, glucose; hm-pectin, high molecular pectin; Im-pectin, 
low molecular pectin; Man, mannose; MOPS, 3-(N-mor- 
pholino)propanesulfonic acid; NS, neutral sugar; Rha, 
rhamnose; SCV, settled cell volume; TFA, trifluoroacetic 
acid; TS, total sugar; UA, uronic acid; Xyl, xylose 
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MATERIALS AND METHODS 

Suspension Culture 

The seeds of kidney bean (Phaseolus vulgaris L. cv. 
Kangnangkong 1) were soaked in running tap water 
for 1 d and germinated in a mixture of sand and ver- 
miculite (1:1, v/v). The epicotyl segments of the 7 d 
old seedlings were sterilized with 70% ethanol for 30 
s and with 1% sodium hypochlorite solution for 10 
min. The epicotyl segments of 2 x 3 mm were trans- 
ferred into a 100-mL flask containing 25 mL of liquid 
MS (Murashige and Skoog, 1962) medium supple- 
mented with 2.0 mg L -1 2,4-D and 0.5 mg L -1 kinetin, 
3% sucrose, and 1.1% agar. pH of the medium was 
adjusted to 5.8 with 1 M KOH and it was autoclaved 
at 121~ for 20 min. Culture conditions included a 
white fluorescent light (15 I~E m-~s -1) in a shaking 
incubator (25 _+ 1~ with rotation of 120 rpm. After 
30 d of culture, the suspension cells (clusters) were in 
vitro sedimented by standing for 10 rain. The 3 mL of 
settled cell volume (SCV), ca 0.3 g fresh weight of the 
suspension cells were transferred into a 100-mL flask 
containing 25 mL of the medium supplemented with 
the growth regulators (2.0 mg L -~ 2,4-D and 0.5 mg L -~ 
kinetin) or without. Cell homogeneity was maintained 
by sub-culturing at the 2 weeks-intervals. The homo- 
geneous cells (0.3 g) were cultured for 42 d (stationary 
phase) in the media supplemented with the growth 
regulators or without. The SCV was measured for 6 
weeks. The flasks were placed into a shaking incubator 
with a completely randomized design. After 42 d of 
culture, the suspension cells were centrifuged at 1,000g 
for 10 min with Beckman J2-MC Centrifuge (USA) and 
washed twice with distilled water and the fresh weight 
was measured and fixed with 80% ethanol at 80~ 
for 15 min and stored in a refrigerator (4~ until use. 

Fractionation of Symplastic and Apoplastic Sugars 

The fractionation was performed with a modified 
method of Sakurai et al. (1987). The ethanol samples 
were centrifuged at 1,000g for 10 min. The supernatant 
was designated the ethanol fraction. This ethanol or 
methanol fraction contains mono- and oligosaccharides 
such as glucose, fructose, and sucrose (Wakabayashi 
et al., 1991). The pellet was hydrated in deionized 
water for 10 min and homogenized with a mortar 
and pestle and centrifuged. The residue was washed 
twice with 10 mL of 50 mM MOPS/KOH buffer (pH 
7.0). The pellet was resuspended in 10 mL of 50 mM 
MOPS/KOH buffer (pH 7.0) and boiled for 1 min. 

After cooling at room temperature, the suspension 
was treated with 4 pL (20 units) of porcine pancreatic 
(z-amylase (Type I-A, Sigma, USA) in 50 mM MOPS/KOH 
buffer (pH 7.0) for 2 h at 37~ to remove starch and 
was subsequently centrifuged at 1,000g for 10 min. 
The supernatant was designated the starch fraction. The 
pellet was washed twice with deionized water. The 
supernatant was combined to the starch fraction. The 
ethanol and starch fractions were named the symplastic 
fractions. The homogenate was boiled for 10 min and 
centrifuged at 1,000g for 10 min and this step was 
repeated three times. The pooled supernatant was 
designated the low-molecular pectin (Im-pectin) frac- 
tion. Pectin substances (high-molecular pectin) from 
cell wall were extracted with 50 mM EDTA in 50 mM 
sodium phosphate buffer (pH 6.8) at 100 for 15 min 
and centrifuged at 1,000g for 10 min. This step was 
repeated three times. The pooled supernatant was des- 
ignated the high-molecular pectin (hm-pectin) frac- 
tion. Next, hemicellulose substances were extracted 
three times with 17.5% NaOH containing 0.02% NaBH4 
for 18 h at 25~ and centrifuged at 1,000g for 10 min. 
The supernatant was designated the hemicellulose 
fraction. The residue was washed twice, each time with 
0.03 M acetic acid and a mixture of ethanol and diethyl 
ether (1:1, v/v) to remove any phenolic compounds. 
The washed residue was dried for 48 h at 40~ The 
dried material was designated the cellulose fraction. 

Measurement of Sugar Content of Each Fraction 

The total sugar (TS) content of the symplastic (ethanol 
and starch) fractions and apoplastic (Im-pectin, hm-pec- 
tin, hemicellulose, and cellulose) fractions were deter- 
mined by a phenol-sulfuric acid method (Dubois et al., 
1956). Before determination, the cellulose fraction was 
hydrolyzed with 7.5 M H2SO4 over ice bath and with 
1 M H2SO4 for 1 h at 100. The neutral sugar (NS) and 
uronic acid (UA) contents in Im-pectin, hm-pectin, and 
hemicellulose fractions were determined by a phenol- 
sulfuric acid method (Dubois et al., 1956) and an m- 
hydroxydiphenyl method (Blumenkrantz and Asboe- 
Hansen, 1973). 

Total sugar (TS, ~g mL -1) = 91 x A4~0 
Neutral sugar (NS, ~tg mL -1) = 92.2 (A4~0 - 0.464As2o) 
Uronic acid (UA, ~g mL -1) 

= 112.4 x (A520- 0.0272 A49~) 

Analysis of NS Composition in Hm-Pectin and 
Hemicelluiose Fractions 

The alditol acetate derivatives of hm-pectin and 
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hemicellulose fractions were analyzed by GLC. The 
hemicellulose fraction was neutralized with a half vol- 
ume of glacial acetic acid. The hm-pectin and neu- 
tralized hemicellulose fractions were dialyzed against 
deionized water with seamless cellulose tubing (18/ 
32) for 2 d. Three mL of each fraction was taken in a 
screw-capped tube and dried with a stream of filtered 
air at 50~ The dried polysaccharides were hydro- 
lyzed by 2 mL of 2 M TFA containing 300 pg of myo- 
inositol as an internal standard in a screw-capped test 
tube for 1 h at 121~ and then, dried by air flow at 50~ 
The hydrolyzed monosaccharides were reduced by 
NaBH4 and acetylated with acetic anhydride in the 
presence of 1-methylimidazole as a catalyst (Bleckeney 
et al., 1983). The acetylated monosaccharides were 
dissolved in 100 FLL of acetone and 1 ~L was intro- 
duced into a GLC system (M600D, Young-Lin Instru- 
ment Co. Ltd, Korea) equipped with a flame ionization 
detector and a capillary column (SP-2380, Supelco, 
USA). The oven temperature was raised from 180~ 
to 230~ at a rate of 4~ The sugar content (%) 
was determined by the ratio of peaked area. 

Statistics 

Using t-test, 
lyzed. 

data of three replications were ana- 

RESULTS 

Growth of the Suspension Cells 

Growth in the subcultures of suspension cells of 
kidney bean was investigated, in terms of SCV. During 
the whole culture duration/period, the growth response 
did not exhibit any difference between media with 
growth regulator (2.0 mg L -1 2,4-D and 0.5 mg L -1 
kinetin) or without. The growth rate was high, to 14 d 
(logistic phase). However, this increase did not continue 
onto 21 d. Thereafter, the growth rate started to decrease 
and remained similar, onto 42 d (stationary phase) 
(Fig. 1 ), indicating the non-necessity of the exogenous 
growth regulators for the subculture. 

Comparison of TS Contents in Symplastic, Ethanol 
and Starch Fractions 

TS contents of the symplastic, ethanol and starch 
fractions of the suspension cells grown in the medium 
with the growth regulators or without were measured 
at the 42 d of culture, stationary phases. TS content 

Figure 1. Growth response (SCV, mL) of kidney bean sus- 
pension cells in the liquid MS media supplemented with the 
growth regulators (2.0 mg L -1 2,4-D and 0.5 mg L -1 kinetin) 
or without. Bars represent SE, n =3. *Significant difference at 
P=0.05. 

Table 1. Long-term effects of growth regulators (2.0 mg L -1 
2,4-D and 0.5 mg L -1 kinetin) on total sugar contents in the 
symplastic, ethanol and starch fractions of kidney bean 
suspension cells at the stationary phases. Data show mean 
- SE, n=3. **Significant difference at P=0.01. 

Ethanol fraction Starch fraction 
Treatment (mg/FW) (mg/FW) 

With growth regulators 2.01 +-- 0.07** 5.97 + 0.11 
Without growth regulators 0.83 -+ 0.01 5.47 _+ 0.09 

(2.91 + 0.07) of the ethanol fractions of the suspen- 
sion cells grown in the medium with the growth regu- 
lators was higher than that (0.83 -+ 0.01) of suspension 
cells grown in the medium without. TS content of the 
starch fractions did not exhibit any difference between 
the media with growth regulators (5.97 ___ 0.11 ) or with- 
out (5.47 + 0.09) (Table 1). 

Comparison of Total Sugar Contents of Apoplastic 
Fractions 

NS and UA contents of the apoplastic, Im-pectin, hm- 
pectin, and hemicellulose fractions and TS content of 
cellulose fraction of the suspension cells grown in the 
media with growth regulators or without were mea- 
sured. NS content (2.65 + 0.02) of the Im-pectin frac- 
tion of the suspension cells grown in the medium 
with the growth regulators was higher than that (1.62 
__+ 0.02) of the suspension cells grown in the medium 
without (P<0.05). However, the UA content did not 
exhibit any difference between the media with the 
growth regulators or without. And also, NS and UA 
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Table 2. Long-term effects of growth regulators (2.0 mg k -12,4-D and 0.5 mg L -1 kinetin) on sugar contents in the apoplastic 
(Im-pectin, hm-pectin, hemicellulose, and cellulose) fractions of kidney bean suspension cells at the stationary growth phases 
(42d). NS - neutral sugar, UA uronic acid. Data show mean + SE, n=3. *Significant difference at P=O.05. 

Apoplastic fractions (mg/FW) 

Treatment Im-pectin hm-pectin Hemicellulose Cellulose Total 
NS UA NS UA NS UA 

With growth 2.65 + 0.02' 0.22 + 0.01 3.23 _+ 0.08 1.00 _+ 0.02 
regulator 

Without growth 1.62 _+ 0.04 0.20 _+ 0.00 2.94 _+ 0.14 0.97 _+ 0.02 
regulator 

7.44 _+ 0.14 1.05 -4- 0.01 

7.74 _+ 0.13 1.12 +- 0.02 

3.68 _+ 0.06 19.27 _+ 0.20* 
(19.1%) 

3.35 + 0.09 17.94 _+ 0.22 
(18.7%) 

Number percentages in parenthesis represent the cellulose content to the total amount. 

contents of the remaining apoplastic, hm-pectin and 
hemicellulose fractions of the suspension cells did not 
exhibit any differences between the media with the 
growth regulators or without. Similarly, the cellulose 
contents remained similar, irrespective of the pres- 
ence (19.1%) or absence (18.7%) of growth regulators 
(Table 2). 

Comparison of NS Composition in Non-Cellulosic, 
Hm-pectin and Hemicellulose Fractions 

To analyze the structural turnover of the non-cellu- 
losic polysaccharides of the suspension cells between 
the media with growth regulators or without, the 
acetylated monosaccharides of the hm-pectin and 
hemicellulose fractions of them were analyzed by 
GLC. In the hm-pectin fractions, the Rha (10.1%), Arb 
(30.3%), and Gal (18,2%) contents in the presence of 
growth regulators were lower than those (20.3, 42.7, 
and 27.7%, respectively) in the absence, while the Xyl 
(13.8%), Man (13.5%), and GIc (14.0%) contents in 
the presence of growth regulators were higher than 
those (0.0, 2.0, and 8.0%, respectively) in the absence. 
In the hemicellulose fractions, the Arb (58.4%) and 
GIc (32.2%) contents in the presence of growth regu- 
lators was higher than those (Arb, 50.2% and GIc, 
26.4%) in the absence, whereas the Xyl (10%) and 
GIc (8%) contents were nearly consistent, irrespective 
of the presence or absence of the growth regulators. 

Due to small amounts of Fuc in the hm-pectin and 
Rha, Fuc, and Man in the hemicellulose fractions, 
they were not detected (Table 3). 

DISCUSSION 

In the present research, the growth response of the 
suspension cells in the media with growth regulators 
(2.0 mg L -1 2,4-D and 0.5 mg L -1 kinetin) or without 
remained similar, in terms of SCV, onto the end (42 d) 
of subculture), irrespective of the presence or absence 
of growth regulators (Fig. 1). The results indicated that 
exogenous growth regulators were not necessary for 
the subculture, meaning that the suspension cells will 
synthesize the endogenous growth regulators for growth. 
Further, it needs to quantify the in situ synthesis of 
growth regulators. 

The TS content of the symplastic, ethanol fraction of 
suspension cells grown in the medium with the growth 
regulators was higher than in the medium without 
(Table 1 ). This result indicates that the exogenous growth 
regulators modulate not only the symplastic sugar 
metabolism but also the apoplastic (cell-wall) sugar 
metabolism. 

NS content of the Im-pectin fraction of the suspension 
ceils grown in the medium with the growth regulators 
was higher than in the medium without. However, 
NS content of the hm-pectin fraction of the suspension 

Table 3. Long-term effects of growth regulators (2.0 mg U ~ 2,4-D and 0.5 mg L -~ kinetin) on the composition of NS in the non- 
cellulosic (hm-pectin and hemicellulose) fractions of kidney bean suspension cells at stationary growth phases (42 d). Arb, 
arabinose; Fuc, fucose; Gal, galactose; GIc, Glucose; Man, mannose; Rha, rhamnose; Xyl, xylose. ** Significant difference at 
P=0.01. 

Treatment 
Hm-pectin fraction (%) Hemicellulose fraction (%) 

Rha Fuc Ara Xyl Man Gal GIc Rha Fuc Ara Xyl Man Gal GIc 

With growth 10.1 
regulators 

Without growth 20.3** 
regulators 

0.0 30.3 13.8"* 13.5"* 18.2 14,0'* 0.0 0.0 58.4** 9.9 0.0 7.7 32,2*" 

0.0 42.0** 0.0 2.0 27.7"* 8.0 0.0 0.0 50.2 9.8 0.0 5.4 26.4 
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cells did not exhibit any difference between the media 
with the growth regulators or without (Table 2). On 
the contrary, analysis of the changes in the structure of 
pectic polysaccharides in the NS of the hm-pectin frac- 
tion, using GLC analysis of the acetylated monosac- 
charides, revealed that the Rha, Arb, and Gal contents 
in the presence of growth regulators were lower than 
in the absence, while the Xyl, Man, and GIc contents 
were higher than in the absence. The Fuc content was 
immeasurable by GLC, due to its small quantity (Table 3). 
In support of our findings, Kato and Nevins (1982) have 
reported that Rha, Ara, Gal, and UA are the compo- 
nents of the rhamnogalacturonan I or II. From our results 
we suggest that among pectic polysaccharides, rham- 
nogalacturonans and/or arabinogalactans are synthe- 
sized natively in the medium without the growth 
regulators and their structure is modulated in the 
medium with the growth regulators. On the other hand, 
NS and UA contents of the hemicellulose fraction of 
the suspension cells also did not exhibit any differ- 
ences between the media with growth regulators or 
without (Table 2). But, for analysis of the changes in 
the structure of hemicellulosic polysaccharides, GLC 
analysis of the acetylated monosaccharides in the 
hemicellulose fractions revealed that the Ara and GIc 
contents in the presence of growth regulators was higher 
than those in the absence, whereas the Xyl (10%) and 
Gal (> 10%) contents were nearly consistent, irrespec- 
tive of the presence or absence. The Fuc content was 
immeasurable by GLC (Table 3). In agreement to our 
results, in the suspension cells of kidney bean, Chai et 
al. (1998) were also unable to detect Fuc, due to the 
small quantity of xyloglucan. The amount of Xyl was 
reported to be 65 to 78% of the total amount of 
hemicelluloses in intact barley culms of three isogenic 
lines (Kokubo et al., 1991). According to Basic et al. 
(1988), xyloglucans usually have the Gal and Fuc resi- 
dues in in vivo dicot plants. This is in contrast to our 
findings where hm-pectin contained more Gal, as 
compared to the hemicellulose fraction. It might due 
to either modification or turnover of the Gal-containing 
polysaccharides, i.e., arabinaogalactan I or II into other 
polysaccharides by stimulation of the growth regulators. 
In support to our results, Labavitch and Ray (1974) 
reported that auxin causes modification of xyloglucan 
in dicot plants. Similarly, Nishitani and Masuda (1980) 
have reported that auxin stimulates the turnover of 
Gal-containing potysaccharides during cell elongation. 
A quantitative analysis of hemicellulosic polysaccharides 
revealed that active changes of Gal and Xyl in the cell 
wall during in vivo cell extension and maturation, sug- 
gesting that xyloglucan is synthesized (Nishitani and 

Masuda, 1979; Terry et al., 1981). In Contrast tothe 
findings of Basic et al. (1988), we were unable to 
detect Fuc residue in the apoplastic, hm-pectin and/ 
or hemicellulose fractions. 

Pectin and hemicellulose synthesis during differenti- 
ation of vascular tissue in Phaseolus vulgaris callus and 
in the hypocotyls were regulated by arabinan synthetase 
during division and extension growth, leading to xylan 
synthetase during the period of secondary thickening 
of the cell wall (Bolwell and Northcote, 1981). Hor- 
monal regulation of these enzymes might be responsible 
for the modulation in the amount of hm-pectin and 
hemicellulose polysaccharides. 

The cellulose contents remained similar, irrespective 
of the presence (19.1%) or absence (18.7%) of growth 
regulators (Table 2). In agreement to our results, Yeo 
et al. (1995) reported that cells oriented towards cell 
division, such as calli and suspension cells of barley, 
produce more non-cellulosic polysaccharides and less 
cellulose (16-17%) than differentiated cells do. And 
also, Yeo et al. (1999) reported that the non-embryo- 
genic and embryogenic calli of celery produce less 
cellulose (12-13%). According to Takeuchi and Komamine 
(1978), the suspension cells of Vinca rosea contained 
a less amount (25%, w/w) of cellulose during cell division, 
expansion and stationary phase. Therefore, the possible 
reason for the lower content of cellulose in the sus- 
pension cells is the reduced rate of its synthesis. Growth 
regulators could not modulate its rate of synthesis. 
However, the low level of cellulose biosynthesis of the 
in vitro cultured cells, the callus and suspension cells 
of barley was affected by several biochemical factors 
such as carbon sources (sucrose, maltose, and UDPG), 
reduced reagents (ascorbic acid and glutathione) and 
physical factors such as artificial pressure and high 
gravity (Yeo et al., 1998) and the low level of kidney 
bean suspension cells was also affected by CaCI2 (Yeo 
and Kim, 2002) 

From the our observements we conclude that the 
exogenous growth regulators have no effect on the growth 
in the subculture of suspension cells of kidney bean 
and the exogenous growth regulators have modulated 
the structural turnover of the symplastic and apoplastic 
sugars during the growth of suspension cells, oriented 
to cell division. These results support the suggestion of 
Albersheim et al. (1997), that the structure of cell-wall 
polysaccharides might define their mode of synthesis. 
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