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Studies on the Carbohydrates of Black Matpe Hypocotyls

Hirozo Kusunose, Takahisa Hayasul, Keiko SaTo

and Takeo OsHIBUCHI
Department of Agricultural Chemistry, Faculty of Agriculture

Abstract : The changes of content of free sugars, starch and cellulose in black matpe
(Phaseolus radiatus Linn. ) hypocotyls during 3, 5, 8 and 10 days after germination and components
of soluble polysaccharides other than starch in the 8th day hypocotyls have been studied.
Glucose, fructose and sucrose were contained in the hypocotyls. Each contents of these sugsrs
increased up to the 8th day, then decreased rapidly on the 10th day. Cellulose contents
increased steadly throughout growth. :

Hot water soluble polysaccharides were fractionated by the DEAE-cellulose column chromato-
graphy to give four fractions, namely H-I, H-II, H-11I and H-1V. H-II, of which the yield was
the most among four fractions, was composed of D-galacturonic acid, L-rhamnose, L-arabinose
and D-galactose on acid hydrolysis. H-III was further fractionated by the DEAE-Sephadex
A-25 column chromatography to give three fractions, namely H-I1la, H-IIIb and H-IIIc.

49 potassium hydroxide soluble polysaccharides were composed of D-galacturonic acid,
D-galactose, D-xylose, L-arabinose and L-rhamnose on acid hydrolysis.

24% potassium hydroxide soluble polysaccharides were fractionated by the DEAE-cellulose
column chromatography to give three fractions, namely K-I, K-II and K-IIIL K-I was further
fractionated by DEAE-Sephadex A-25 to give five fractions, namely K-la, K-Ib, K-I¢c, K-Id
and K-Ie. K-Ia was homogeneous for the ultracentrifugation. The acid hydrolysis of K-Ia
resulted in the following composition : L-rhamnose, D-xylose, D-galactose and D-glucose in
the approximate molar ratio of 0. 23:0.29:1,00:0,13:2.40, respectively, K-III was also
homogeneous for the paper electrophoresis and its molecular weight was presumed to be 22000
from the gel filtration. K-III was found to be xyloglucan which afforded, on acid hydrolysis,
D-xylose and D-glucose in the molar ratio of 1. 00 : 1,65, respectively.
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Black matpe seedlings
(3,5,8 and 10 days seedlings)

Extracted 4 times with 80% ethanol
for 20 min at 80°C

r L
Extract Residue
Concentrated under Homogenized with 30% per-
reduced pressure chloric acid for 20 min at 4°C
Free sugar extract Allowed to stand for 15 min at

room temperature
Added water (1.5 volume)
Centrifuged at 8000 rpm
for 50 min

Supernatant Residue
(starch soln)

Fig. 1. Preparation of free sugars extract and starch
from black matpe seedlings.
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Fig. 2. Changes in content of free sugars, starch, and
cellulose per one seedling material,
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Black matpe seedlings (2.5 kg)
' Homogénized with 80% ethanol for 5 min
| Filtration
Residue
Extratcted 3 times with benzen-ethanol
(2:1) for 3 hr at 50°C

Filtration
Residue
| Extracted 4 times with water for 2 hr at 90°C - '
Extract Residue - .
- | Concentrated to small volume " Extracted 3 times with 4%KOH
and added of methanol solution for 3 hr under N:—gas
Precipitation %
Washed with methanol and ether, Extract X ' N A
and dried in’ vacuo Neutralized with AcOH and dialyzed
Treated by amylase and pronase Precipitated with methanol
Removed protein by Sevags method . . |Treated in the same manner as pre-
Dialyzed for 3 day paration of water soluble poly-
Lyophilized . e saccharide
yoparize R 4% KOH soluble polysaccharide
Water soluble polysaccharide (H) (Yield : 0.83 g)
(Yield :4.45 g) : r led 208 2%
. Residue
Extracted 3 times with 24%KOH
for 3 hr under N:-gas
Extract ) Residue
Neutralized with AcOH and dialyzed Washed with water, acetone
Precipitated with methanol and ether

" |Treated in the same manner as. pre-
paration of water soluble poly-
saccharide

24%KOH soluble polysaccharide (K)
(Yield : 2.37 g)

Dried in vaéuo
Cellulose
(Yield :9.25 g)

Fig. 3. Preparation of polysaccharides from black matpe seedlings
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Fig. 4. The elution pattern of hot water soluble polysaccharides on DEAE-cellulose

(borate form). .
The elution was carried out under following conditions :
a) Mixer : 200ml of H:z0
b) Second mixer : 200ml of H20 ¢) Fraction volume : 5ml

d) Flow rate : 30ml per hour

¢) Reservoir : 200ml of 0.2M Naz B+ Or  f) Column size : 1. 5Xl4cm
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Fig. 5. The elution pattern of H-III on DEAE-Sephadex (phosphate form).
The elution system was made with 0.0IM phosphate buffer (pH 6),
a linear gradient of 0. 01M phosphate to 0.5M phosphate buffer (pH 6 ).
0. 5M phosphate buffer (pH6) and 0. 5M NaOH.
Flow rate : 30ml per hour Fraction volume : Sml
Column size : 1.5X14cm o
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Fig. 6. The elution pattern of the 24% potassium hydroxide soluble
polysaccharide on DEAE-cellulose {borate form).
A concave gradient was carried out under the same as Fig.
4, conditions. .
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Fig. 7. The elution pattern of fraction K-I on DEAE-Sephadex (phosphate form).
The elution system was made with 0.0IM phosphate buffer (pH 6 ), linear
gradient of 0.01M to 0. 5M phosphate buffer (pH6), 0.5M NaOH and 0.5M
HClL

Flow rate : 30ml per hour Fraction volume : Sml
Column size : 1.5X1l4cm :
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Fig. 8. Sedimentation pattern of fraction K-Ia.

Analysis was performed in a synthetic boundary
cell at 60000 rpm.

The photographs were taken at intervals of 18
minutes after reaching full speed.

Polysaccharide concentration was 1% in water.

Sedimentation proceeds from right to left.
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Fig. 9. Zone electrophoresis of fraction H-Ip, fraction K-Ia -
and fraction K-III.
Electrophoresis was carried out on Toyo GA-100 glass
fiber at 1500V for 40 minutes with 0. 1M borate buffer.
(pH 9. 1). :
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Fig. 10. X-ray diffraction patterns of fraction K-Ia (A);
amylose (B) and cellulose (C).
X-ray : Cu, 30KV, 10mA.
Counter : GMC.
Fullscale : (A) and (B) are 500 cps, and
(C) 1000 cps.
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Fig. 1l. Gel-filtration on sephadex G-100 of fraction H-I1Ip and
fraction K~III, and estimation of molecular weight.
Gel-filtration was carried out under following conditions :
a) Gel : sephadex G-100 (40~120.).
b) Column size : 2.6X170cm.
¢) Fraction volume : 5ml.
d) Eluate : 0. 5M NacCl
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Table 1. Properties of polysaccharides of black matpe seedlings

o b)

de]ysaccha- a) Sugar Composition Todine. [d]“ o
ride Yield : Galac- s

fracti Rhamn- Arabi- : Galac- - |staining b

raction | (mg) ose Fueose | 17" | Xylose |Glucose| == * tu;&rélc

o |H-1I 26| ++ ++ + ++ | ++

S| H-IL |2900 | + trace | + trace | trace | ++ | +++

S| H-Ip | 580 | + + ++ + +20.1

3 | H-Wa | 116 + + ++ |+ 20.8

S| H-Mb| 30 + ++ +

5 | H-II¢ 30 | ++ +

T | gV 6

4% KOH | 826 + + + + |+ 5.5
L e K-la| 870 + trace ++ +++ | + ++ +29.2

S | K-1b |trace ) .

QIK-Ic! 133 + + + +

g K-Id 52 + + + + + + 11.8

| K-Te 80 | trace + +

E_S K-II 284 | + + -+ + + + +

K- 338 + ++ ++ +58.3

Cellulose | 9250 | | | | | I . 61.9

a) Based on 2.5 Kg of black matpe seedlings.
b) Intensity of spots on the chromatogram by thin layer chromatography
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