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Electrophoretic Comparisons of Soluble Optical Shoot
Proteins in Pinus Thunbergii Trees having Different
Resin Exudation Amounts

(Preliminary report)
By

. Akira SAITOW

Summary: Electrophorelic properties of the soluble protein complements extracted
from the optical shoots of Pinus Thunbergii trees having different resin exudation
amounts were compared.

The 4 planting individuals with non-resected root system consist of 2 of the 1st class
(+++) and 2 of the 3rd class (+) in resin exudation, and 2 of the 1lst (+++) or
the 2nd class (4++) in resin exudation 2 days after the artificial resection to root
system were chosen as test materials Lo identify the physiological condition.

A zone of highly charged and low molecular weight protein components was found
to be more oppressive in the protein complements of one material of the 3rd class in
resin exudation and one resected root system among all Lthose in the test.

The eclectrophoretic patterns of soluble optical shoot protein complements may be
useful for identifying the physiological condition of the standing trees.

Introduction

In the plant growing in condition, green leaves synthesize not only proteins for their
own growth, but in addition break them down catalytically into peptides and amino acids?.
The breakdown continues to ammonia or other N-rich compounds. The end products have
low molecular weight and are therefore casily transported into the site of active growth or
the downwardly directed stream.

While green leaves are subjected continuously to the hydrolysis and synthesis of con-
stitutive protein, they are preserved to be very much of a constant concentration in protein
extending over a long time, because there is a balance between hydrolysis and synthesis of
protein in the living cell. The balance between anabolic and catabolic processes of protein
in green leaves is closely connected with not only available N+«P:K macro- and other micro-
nutrient supplies but also the respiratory and photosynthetic metabolism of the plant. It is
influenced by such environmental factors as light, photoperiodism, temperature, ground water
level, permeability of soil and so on surrounding the plant. Mrtrz et al.® observed changes

in electrophoretic patterns of soluble proteins of alfalfa plants when subjected to nutrient
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deficiencies. In the studies on the electrophoretic and immunological comparisons of soluble
root proteins of Medicage sativa L. Genotypes in cold hardened and non-hardened condition,
CoLEmAN et al.’ found a zone of highly charged and/or low molecular weight protein com-
ponents that proved to be more prevalent in the protein complements of the cold hardened
material than the non-hardened.

From these facts, it is presumed that the information on the qualitative and quantitative
analysis in the soluble proteins from plants reflect significantly the current physiological
conditions of the plants. It is accordingly possible that electrophoretic properties in soluble
proteins from the tissues of Pinus Thunbergii trees serve for identifying the vigor class of
the trees.

From among the standing trees of Pinus Thunbergii afflicted with insect damage caused
by pine bark beetles, the percentage of dead trees among them in the current year seems
to be quite correctly estimated with the classifications of resin exudation amounts produced
by circular perforation reaching to the sapwood of the butt in August. This paper reports
the comparative gel electrophoretic properties of soluble protein complements from the
optical shoots of the standing trees of Pinus Thunbergii having different amounts of resin
exudation in August 1969 and mechanically resected root system except tap root, unrelated
directly with the insect damage.

Materials and methods

A. Experimental plot and estimation of resin exudation amount

Experimental plot was established in the middle of June 1969 on 14-year-old planted
forest located in the north-western part of Uranouchi Bay, Suzaki City, Kochi Pref. in Japan.
Soils under the plot had fair to good internal drainage but were low in natural fertility.

The estimation on resin exudation amounts of standing trees within the plot were made
according to the procedure outlined by NitTo et al.h at late in August 1969.

One circular hole of 2cm in diameter reaching the bast zone of butt was perforated on
every tree. The aspects of resin exudation were observed about 3 hrs after the working.
The resin exudation amounts in every tree were classified into 6 classes, namely, 4,
+, 4+, *, — and 0 in plentiful order. The individuals having such better flow as cor-
respond to the former 2 class were judged as normal condition, but the others were regarded
as abnormal. The perforation workings were carried out newly as the investigation pro-
gressed.

B. Artificial interference to root system

To investigate the electrophoretic properties of soluble protein after artificial interference
to root system, the following workings were practised about the 9 individuals within the
same plot ranked to the lst class in resin exudation in the middle of June 1959.

Soils around the trees were dug down to reach the underlyving rock or about 50cm deep,
and then the root system except tap root was cut down vertically at the place of 15cm long
from the butt of trees. The dug soils were put back again. Some trees showed a decreasing
amount of resin exudation just after the resection of root system, but all trees except 2

windfalls were restored to the lst class in resin exudation by the middle of July 1969.
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C. Collection of optical shoots

The sampling of material optical shoots was made in late August 1969 individually from
4 trees with non-resected root system consisting of 2 of the 1st class, and 2 of the 3rd class
in resin exudation, and 2 with resected root system still judged as the lst class in resin
exudation 2 days after the resection of root system. The sampling trees were chosen so as

to be in those having leaves judged as normal by externals.

D. Preparation of extracts

Some optical shoots having scaly leaves, removed were washed with ethyl-ether and
frozen by dry ice. The frozen materials were dropped into some cold acetone kept at below
zero, and then immediately broken to pieces for 3 min. by homogenizer cooled with cold
acetone and dry ice. The broken matelials in cold acetone kept at below zero were im-
mediately filtered by a suction filter. The filtrate was deserted. The residue was washed
in cold ethyl-ether using a suction filter. When the ethyl-ether was removed from the
residue by volatilization in the inside of a freezer, the residue was dehydrated on P05 at
0°C for 2 days. The dehydrated residues were screened out using 20 mesh sieve, and then
acetone powders were obtained.

The powders corresponding to 2 g were weighed and added to 50 m/ cold tris-hydrochloric
acid buffer (1 M; pH 7.5) including 0.04 M cystine, 0.002 M EDTA, 12.5% glucose, 1% ascorbic
acid, 0.39 g thioglycol and 0.5 m/ Tween 80, and then homogenized speedily for 5§ min. with
homogenizer. The resulting homogenates were kept for 1hr at 0°C and then centrifuged
at 3,000g for 15 min. to remove cell debris in cold room. The supernatant fraction was
centrifuged again at 10,000 g for 20 min. to remove cell organelles at 0°C. The supernatant
fraction was salted out with ammonium sulfate at a point of 90% saturation and left for 20
min. at 0°C, and centrifuged at 10,000 g for 20 min. The supernatant fraction was deserted.
The residue was dissolved again to 20 m/ cold tris-hydrochloric acid buffer (0.1 M; pH 7.5).
And then both the procedures of the salt out and the centrifugation were repeated again.
The supernatant fraction was deserted. The residue was dissolved to 10 m/ tris-hydrochloric
acid buffer (0.03M; pH 7.5) and then dialyzed 48 hrs at 0°C against cold tris-hydrochloric
acid buffer (0.03 M; pH 7.5) through 3 exchanges of buffer. The dialyzed protein suspension
were preserved in some ampoules and lyophilized, and stored in a freezer kept at 0°C.

Previous to the electrophoretic separations of protein extracts, the lyophilized protein
samples were prepared with deionized water to give a final concentration of approximately
6.0 mg of protein per m/, following the protein content per ampoule estimated by the micro-
Kjeldahl method.

E. Preparation of gel and electrophoresis
Electrophoretic separations were carried out by disc-electrophoresis using polyacrylamide
gel as a supporting medium, according to a few modified froms of the procedure outlined

by Stewarp et al.9 The following solution instead of the stock solution d was prepared.

1 N-Hydrochloric acid : 24,0 m/
Tris 2.9g¢g
TEMED 0.46 m/

Deionized water to 100 m/
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And the electrode buffer was as follows:

Tris 6.0g
Glycine 28.8¢
Deionized water to 10¢

The electrophoretic runs just after the light polymerization of gel were made at 1.67 mA
per column until the tracking dye (front band) by bromophenol blue approached at a distance

10 mm to the lower end of tube.

F. Detection of separated bands

Protein in the gel column were fixed and stained with amido Schwarz 10B (10 g/mixed
solution consists of 400 m/ of deionized water, 500 m/ of methanol and 100 m/ of acetic acid)
for 60 min. after the removal of gels from each tube, and then washed with several ex-
changes of deionized water.

The gels were washed repeatedly with 7% acetic acid solution. When the part of gel
which contained no protein was completely decolorized of dye, the gels having stained bands
were analyzed densitometrically by use of a model DMU-2 Type Densitorol (439 my filter)
designed and manufactured by Toyo Kagakusangyo Co.

The densitometric traces and diagramatic interpretations of each gel column are shown in
Fig. 1~3. As it was very difficult to arrange the runs to a same length from the origin to
the front during the electrophoresis, the diagrammatic interpretations with relative movement
(comparable to the Rf values) to front of individual bands (movement of the front; 100) in
the diagrammatic interpretations (Fig. 1~3) obtained from all the gels were represented again
in Fig. 4 so that the electrophoretic patterns from every sample were compared directly.
The signs marked with arrows mean peaks on the traces. The diagrammatic banding pat-
terns consisting of broad densed (A), narrow densed (B), dotted (C) and linear (D) bands
were used to indicate various standards of the staining portions on gels. The A, B and C
bands mean visible bands on gels, although C band is a less-densed band. The last D band

means not visible, very fine and faint band.

Results

A. Electrophoretic separation of trees with normal resin flow

The electrophoretic separation carried out on 2 individuals wtih non-resected root system
of the 1st class in resin exudation are shown in Fig. 1-1 and 1-2.

In Fig. 1-1, one A band, 7 B bands as well as a similar one which constituted the front
and 6 D bands excluding the front were observed. Other sample in Fig. 1-2 had 1 A band,
8 B bands, 1 C bands and 4 D bands excluding the front.

The variation in the position of each band was found between individuals within the
1st class in resin exudation, but there was not much variation between individuals in the
number of visible bands on gel.

Both the individuals hold in common relatively many visible bands.

A zone of lowly charged or high molecular weight protein complements was found to
be more prevalent in both the densitometric traces.

Both the 2 individuals continued to support the normal resin flow until the middle of

May 1970. .
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Fig. 1-1 The electrophoretic separations of Fig. 1-2 (Continued)
the soluble protein of individuals of the
1st class in resin exudation. A is a
densitometric trace of the gel; B is a
diagrammatic interpretation of the gel.

B. Electrophoretic separation of trees with resected root system

The electrophoretic separation practised on 2 individuals with resected root system kept
up the normal resin flow 2 days after the resection of root system and are shown in Fig.
2-1 and 2-2.

It could be seen that one individual (Fig. 2-1) had 1 A band, 4 B bands, 1 C band and 3D
bands, and the other individual (Fig. 2-2) had 1 A band, 5 B bands, 1 C band and 5D bands,
excluding the front.

The individuals with resected root system having a number of lower A, B and C visible
bands than ones with non-resected root system, yielded the best flow in resin exudation.

The individual investigated in Fig. 2-1 continued to support normal resin flow until the
middle of May 1970, but the other one in Fig. 2-2 died during the same season in 1970.

The densitometric trace in Fig. 2-1 represented a similar pattern to Fig. 1-1 or 1-2,
while the other trace (Fig. 2-2) of investigated individual that died by the middle of May in
the following year differed from them in having a more lowly concentrated trace amount of

the zone of lowly charged or high molecular weight protein components.

C. Electrophoretic separation of tree with abnormal resin flow

The electrophoretic separation of individuals of the 3rd class in resin exudation are
shown in Fig. 3-1 and 3-2.

From Fig. 3-1, 1 A band, 1 B band, 3 C bands and 8 D bands excluding the front were
obtained on gel. In Fig. 3-2, 1 A band, 9 B bands and 2 D bands excluding the front were
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Fig. 2-1 The electrophoretic separations of Fig. 2-2 (Continued)
the soluble protein of individuals with
resected root system.

represented.

The individual used in TFig. 3-1 was unable to he observed for the relation between
little resin flow and protein metabolic block, because the standing tree had been felled just
after the sampling of optical shoots. The individual used in Fig. 3-2 had been restored to
the best resin flow by the middle of May the next year.

From these separations, it was observed that the number of A, B and C visible bands
varied between individuals. The pattern in Fig. 3-1 had the fewest among test individuals
in the number of A, B and C visible bands, while the other pattern had as many visible
bands similar to the number of bands in individuals having the best resin flow.

The densitometric trace in Fig. 3-1 showed a similar pattern to Fig. 2-2 from between
individuals with resected root system, but the trace in Fig. 3-2 showed a similar pattern to

ones observed in individuals having the best resin flow.

Discussion

It has been shown that disc-electrophoresis technique using polyacrylamide gel as a
supporting medium is sensitive and useful when applied to separate the soluble optical shoot
protein of Pinus Thunbergii.

The densitometric traces showed such general pattern as maintain more quantitatively
predominant in a zone of slowly migrated and high molecular weight protein components,
and oppressive in a zone of rapidly migrated and low molecular weight protein components
in relation to trace amounts.

It seems that a zone of slowly migrated and high molecular weight protein components

was more highly concentrated and definitive when the material optical shoots were in normal
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Fig. 3-1 The electrophoretic separations of Fig. 3-2 (Continuous)
the soluble protein of individuals of the
3rd class in resin exudation.
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Fig. 4 Diagrammatic interpretations by relative movement to
front (movement of the front=100) of each bands in electro-
phoretic separations of soluble protein from individuals of
the 1st class in resin exudation (1-1, 1-2), ones with resected
root system (2-1, 2-2) and ones of the 3rd class in resin
exudation (3-1, 3-2).

physiological condition. On the contrary, both the densitometric traces in individuals with
resected root system led to death by the middle of May the next year (Fig. 2-2) and one
of the 3rd class in resin exudation (Fig. 3-1) were more poorly concentrated and indistinct
in the same zone.
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It seems that the constitutive proteins of green leaves are preserved to be very much
of a constant concentration extending over a long time, because there is a balance between
the anabolic and catabolic processes of proteins in the living cell®, but when once the
photosynthetic activity of green leaves becomes more oppressive owing to the influence of a
certain environmental element and so on, the balance is broken, and then the falling of
protein content occurs.

From these points of view, it appears that both the densitometric traces on an individual
of the 3rd class in resin exudation used in Fig. 3-1 and one with resected root system used
in Fig. 2-2, mean such condition as the hydrolysis of protein is superior in metabolic speed
to synthesis.

The positive correlation was not obtained between the number of A, B and C visible
bands and the amounts of resin exudation, but it brings forward an interesting problem in
relation to the vigor class of standing tree in that some individuals among those of the 3rd
class in resin exudation and those with resected root system showed a peculiar densitometric

trace considered to be relatively abnormal in protein metabolism.
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