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Introduction

In the previous report (Wu, 1967), it was found that the infection of mung
bean by Rhizoctonia solani caused a rise in amino acid fraction during the
early stage of disease development. The ninhydrin positive materials in the
infected plants rose to 1.4 times over that in the control plants followed by
an appearance of characteristic symptoms one day later (Wu, 1967). An
increase in the contents of certain amino acids is often accompanied by a
decrease of number of others (van Andel, 1966).

The effect of fungal infection on the free amino ‘acid and amide contents
has been studied (Andal and Subba Rao, 1956; Burton and de Zeeuw, 1961; Farkas
and Kiraly, 1961; Hrushovetz, 1954; Jones, 1963 McCombs and Winstead, 1961,
1964; Robringer, 1957; Rohringer et al., 1958; Stretch and Cappellini, 1965).
However, there is little light on the exact role played by these amino acids
in the establishment of infection. Nevertheless, in some cases, susceptibility
or resistance of the host plants seems to correlate with the content of one
of a few amino acids (van Andel, 1966), Changes in amino acid content may
be due to pathological aberrations in the fate of host proteins,

Proteins, peptides, and amino acids are the most importannt constituents of
living matter. Studies of protein metabolism in both healthy and diseased
plants indicate that the metabolic relationship between proteins and free amino
acids is hardly separated. Protein and enzyme changes in infected plants
have'been studied with obligate parasites (Andreev and Shaw, 1965; Barret
and McLaughlin, 1954; Johnson et al., 1966; Staples and Stahmann, 1964) as
well as facultative parasites (Akazawa et al., 1957; Heitefuss et al., 1960;
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Kawashima ef al., 1964; Shishiyama et al., 1968; Uritani and Stahmann, 1961;
Weber and Stahmann, 1964). Stahmann (1963) suggests that the patterns for
many proteins are similar to abnormal hemoglobins which have been shown
to differ in their amino acids in their polypeptide chains. Perhaps similar
changes occur in the proteins and enzymes of infected plant tissues.

To ascertain the effect of Rhizoctonia infection on the nitrogen metabolism
in mung bean seedling, the compositions of free amino acids and soluble pro-
teins ‘are studied by means of chromatography and electrophoresis in the
present paper. “An ahstract of part-of the work has been published previously
(Wu, 1968).

Materials and Methods

An isolate of Rhizoctonia solani (ReCS5) and mung bean (Phaseolus aureus)
of large grain variety were used throughout the experiments. Briefly, mung
bean ‘seeds were disinfected, placed on 1% water agar, and allowed to germinate
and grow for a given period of time at 25°C in a Freas photosynthesis incub-
ator. (Model 806) as previously described (Wu, 1967). Plant inoculation was
made by pouring onto seeds a fragmented mycelial suspension of R, solani
grown on potato-dextrose agar for 2 days at 25°C. ‘ ,

Seeds or seedlings of the same size were harvested at intervals of 24 hours
weighed, and dissected either into cotyledon and axial part or into cotyledon,
hyppcoty1 and epicotyl prior to storage in a freezer at -15°C. Essentially,
initial seed samples were dissected into embryo and cot’yledon with seed coat.
In order to obtain an adequate amounts of individual tissues for extraction
and ‘analysis, 50 seeds were selected for each initial seed sémple of which
fresh weight ranged from 4 to 5gm. “The seedlings of ‘diffe‘rent age consisted
of 50,30, 25, or 20 seedlings Welghmg within ‘the range of 7 to 15gm of fresh
weights for -each sample.

Samples of seed or seedling were fractionated in the followmg manner as
already mentmned prekusly (Wu, 1967).. The frozen samples Were blended
with chilled 80/ (v/v) ethanol solution (100ml) for 1 minute to extract free
amino acids. The extract combined with 20 ml washing from a blender jar was
placed ona hot plate to boil for 10 mmutes, cooled, and centrlfuged at 10,000 x g
for 10 minutes. The supernatant was collected by decantation and the residue
was suspended in 20 ml of 80/ ethanol and centrlfuged The supernatants were
combined and diluted to 100 ml with 80% ethanol. " An aliquot portion of the
alcohol extract was taken-for amino acid analysis and 80ml of alcohol-extract -
were concentrated for further analyses The residue after the alcohol extrac-
tion were suspended in 100ml of 0.225 sodium hydroxide, heated for 10 minutes
at 90°C with occasional stirring, and centrifuged at 10,000xg for 10 minuates.
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The supernatant was saved for the analysis of protein. Free amino acids
were determined by the colorimetric method of Rosen {(1957) with 32 ninhydr-
in solution and proteins were determined by the Folin-Ciocalteu method
(Lowry et al., 1951) as already described (Wu, 1967).

Alcohol extracts were concentrated with aid of a rotating vacuum evapor-
ator at 45°C. The concentrated extract and washing of the evaporator flask
were combined, usually 10 to 15ml. Then, they were transferred in a he-
matocrit tube which was sustained in a test tube with side arm to evaporate
the extracts less than 5ml under partial vacuum and heating at 65°C. All the
samples were brought to 5ml and centrifuged at 25,000xXg for 20 minutes to
obtain clear extracts. The supernatants were saved in screw tubes and stored
at —15°C until used for paper chromatography. For the automatic method,
1ml concentrated extract was diluted to 2ml, added 10ml 125 picric acid, and
centrifuged to clarify the extract. The supernatant was passed through Dowex
2-X%8 column, washed with 0.02 N HCI for 3 times, each time 5ml, and all
eluents were collected. The eluent was concentrated to 1ml under vacuum
and then adjusted pH value to 2.2 with 1 N NaOH.

A method for the quantitative determination of amino acids and amides
described by Potor et al. (1957) was applied with a slight modification for
paper chromatography. One-dimensional - descending chromatography was
carried out on 28.0X46.0 cm Whatman No. 1 paper using aqueous phenol. Two-
dimensional descending chromatography was also on 46.0x46.0 cm Whatman
No. 1 paper using aqueous phenol in the first direction and n-butanol: acetic
acid: water in the second direction. All chromatograms were run in a ¢abinet
at 26°C. The solvents employed were Mallinkrodt liquefied phenol with deion-
ized water in 4:1 (v/v), adjusted to an pH of 5.5 to 5.8 with N NaOH and a
Beckman Zeromatic II pH meter, and n-butanol: acetic acid: water (90:10:29,
v/v/v) which were made up fresh before use. For the detection of the amino
acids, the paper were sprayed with 12 ninhydrin (Sigma Chemical Co;) in
absolute ethanol containing 0.1% 8-hydroxyquinoline (Wako Pure Chemical
Ind. Ltd.) and kept in an ethanol-saturated atmosphere approximately 60°C for
30 minutes. The Technicon automatic analyzer was used for automatic record-
ing chromatography and the method of Spackman ef al. (1958) was adopted.

Preparation of sample for electrophoresis was done by the method of
Steward and Barber (1964). The frozen tissues were homogenized with a
minimum amount (approximately 1gm tissue to 1ml 0.1 M tris-glycine buffer,
pH 8.3) and centrifuged for 30 minutes in a MSE ‘Highspeed 18’ refrigerator
centrifuge at 25,000Xg. The clear pale yellow extract was used immediately
for the electrophoresis. Disc electrophoresis was carried out at 26°C using
simplified procedure described by Clarke (1964). The equal amounts of buffer-
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soluble proteins were applied in 294 sucrose solution without use of sample
gel. Gel tubes containing protein extracts from healthy -and diseased tissues
were run simultaneously in the direction of the anode. Bromophenol blue
{British Drug Houses Ltd.) was added as a front marker to obtain a uniform
running distance of proteins in the gels. The current was initially 2m Amp/
column and increased to 5m Amp/column  upon the appearance of the dye
front reached 1cm below the gel surface. Proteins were stained in a solution
of 0.7gm of amidoschwarz 10 B (Schmid & Co.) in 100 ml of 7.0% acetic acid
and destained the gel background in 7.0%% ‘acetic acid.

Results

Dry weight changes.—Temperature effect on the growth of mung bean was
studied (Wu, 1965), However, changes in the dry weight of individual tissues
in the mung bean associated with R. solani at various periods of ontogenesis
were not known. Healthy and diseased mung beans grown on water agar
were harvested at 0, 1, 2, 3, 4, and 5 days after inoculation. The harvested
samples were dissected into cotyledons and root-shoot axes. Dry weights were
determined on comparable material oven-dried at 105°C for 20 hours.

As shown in Fig. 1, there was slight change in dry weight of cotyledons
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Fig. 1.” Dry weight of cotyledons and axial parts of healthy
(H) and diseased (D) mung bean seedlings determined
at various intervals following inoculatiqn. —@—-@—
H-cotyledons,—Bl—B—H-axial parts,—(O—(—D-cotyle-
dons,—[ [ ]—D-axial parts. Each point represents 20
to 50 seedlings.
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between day 0 and day 2, and an extremely rapid decline occurred between
day 2 and day 5. By day 3 the dry weight of the cotyledons accounted for
nearly half of the initial dry weight. On the other hand, the dry weights of
the axial parts gradually increased through day 5, i.e. from 0.07gm to
2.22gm/100 plants. The patterns of the dry weight changes in healthy and
diseased plants grown on water agar were essentially the same through day
5, though there was a very slight fluctuation between them.

Similar experiments were also carried out with the mung bean plants

- dissected into cotyledons, hypocotyls, and epicotyls. The same trend of dry

weight patterns of different individual tissues was obtained, namely from
527gm at day 0 to 0.76 gm at day 5 in healthy cotyledons; .from 0.07gm at
day 1 to 2.09 gm -at day 5 in healthy hypocotyls; from 0.27 gm at day 3 to
0.53 gm at day 5 in healthy epicotyls. No difference between healthy and dis-
eased plants was observed. Although the dry weight increase was observed in
both hypocotyls and epicotyls during the lapse of time, but the rate of increase
was much higher in hypocotyls than that in epicotyls (Table 1).

Table 1. Dry weight of cotyledons, hypocotyls, and epicotyls of healthy
and diseased mung bean seedlings (gm/100 plants).

Healthy. Diseased
Time (Day) . ;

‘Cotyledon | Hypocotyl | Epicotyl -| Cotyledon ; Hypocotyl [ Epicotyl
0 5.274 0.065 — —_ — -
1 5.278 + 0.240 —_ 4.898 0.228 —
2 4.545 0.764 L 4.024 0.886 —
3 2.110 1.450 0.268 2580 | 1.320 0.268
4 - 1.546 : 2.052 0.420 1.282 1.929 0434
5 0.763 2.088 0.526 0.549 2.051 0.672

Calculation of moisture content indicated that it was increased rapidly
between day 0 and day 1 and the rate of increase was much less thereafter.
The range' of moisture contents was from 38% to 952 and there was no differ-
ence in moisture contents between healthy and diseased mung bean grown on
water agar., .

Protein changes.—~Pronounced decrease was observed when the protein
contents of healthy and diseased cotyledons were compared at day 1. (Fig. 2).
However, this apparent difference was simply due to the increased amount of
cotyledon protein in healthy plant since amount of protein in healthy cotyledon
was increased from 705mg at day 0 to 916 mg/100 plants at day 1 whereas
the protein content of diseased cotyledon was more or less the same between
day 0 and day 1. 4 N
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Fig. 2. Proteins in cotyledons and axial parts of -healthy (H)
and-diseased (D) murig bean  seedlings determined at
various intervals- following - inoculation. —@—@— H-
cotyledons, —l—B— H-axial parts, —~O—(O— D-cotyle-
dons,~[_]—[]—D-axial parts.. Each’ point represent 20
to 50 seedlings. : : g

It is worthy to note that the protein content of the axial parts from
diseased plants-started to ‘increase at day 3 ‘when the typical lesions were
observed on hypocotyls (Fig. 2). The protein content in the axial parts from
healthy plants was essentially constant from day 2 to dayy 5. Furthermore,
the protein content in diseased cotyledons was found to be higher than that
in healthy cotyledons from day 2 and thereafter. However, the patterns of
protein changes in these comparable ‘tissues were modiﬁed when - the protein

Table 2. Proteins in cotyledons, hypocotyls, and épz'cotyls of healthy
and discased mung bean seedlings (mg/100 plants).

Healthy Diseased
Time (Day) :
Cotyledon |~Hypocotyl | - Epicotyl | Cotyledon i Hypocotyl i Epicotyl
0 680 - — e o t a
1 600 38 - - 620 52 =
) 520 84 e 553120 e
3 517 | 158 94 - 468 175 133
4 ©.-356 180 169 264 227 133
5 223 200 228 187 oo 231
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contents:in cotyledons, hypocotyls, and epicotyls from both-healthy and diseased
plants were compared - (Table 2). - Nevertheless; the Rhizoctonia infection
seemed to induce an increase of the protein contents in both hypocotyls and
‘epicotyls obtained from diseased mung bean plants. » '

Amino acid analysis.—Changes in free amino acid content -and distribution
were very striking during the course of germination (Fig. 3). In the initial
seed samples, free amino acids accounted for very low level in both cotyledons
" and axial parts and only slight increase was observed in healthy and diseased
murig bean at day 1. However, the free amino acid contents in the axial parts
began to increase between day 1 and day 2 and then a striking increase was
observed through day 5. By -day 2, a "day before the appearance of typical
lesions. on hypocotyls, . the free amino acid content in the axial parts from
the diseased mung bean was 1.6 times over that in the control plants, but the
rate of increase in free amino acids was much less than that of the axial
parts from healthy plants after day 3.. Free amino -acid contents in cotyledons
was. only slightly increased regardless of the Rhizoctonia infection. The
- similar trend of the amino acid changes in the axial parts was also observed
in the further experiments of which tested plants were dissected into cotyled-
ons, hypocotyls, and epicotyls (Table 3). k
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Fig. 3. Free amino acids in cotyledons and axial parts of
heéalthy: (H) and diseased (D) mung bean seedlings
determined at various intervals following inoculation.
—Q—?Q-—H-cotyledons,——.——~I—I-axial parts,—QO—O
—D-cotyledons,—[J—[J—D-axial parts.  Each point re-
presents. 20°to 50 seedlings. . :
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- Table 3. Free amino acids in cotyledons, hypocotyls, and epicotyls of healthy
and- dzseased‘ mung bean seedlings (,u mole/100 Dlants):

Gl Healthy - el S Diseased
Time (Day) - S - AT
: Cotyledon ,Hypocotyl Epicotyl | Cotyledon | ‘Hypocotyl | -Epicotyl
0 178 T L e -
1 a7z s |~ | uss | oam -
2 361 | 203 — | 383 374 o
3 200 | o7 17 601 467 39
4 4o | 76 | 82 | 125 | 80 | 80
5 S0 | 1,083 62 125 o813 | 108

Table 4. Alcohol extmctable ammo acids of healthy zmd dzseased :
= mung bean seedlings grown on watev* agar for 2 days in
the dark (o mole/ml extmct) * :

Healthy . Sk L Dlseased

~ Amino acid
L L Coty]edon : ! Axial part : Cotyledon [ Axial part
CLysine | o122 (18) | osez (13 | 0200 (50) | 1380 (17.0)
Histidine | 0414 (62) | 0324 (80) | 0.447 (93) | 0864 (10.7)
Arginine | 0660 (99) | 0312 (7.7) | 0061 (L3) | 0984 (121)
Aspartic acid | 0480 (7.2) | 1082 (266) | 0447 (9.3) | 1.098 (13.5)
Glutamic acid | 1300 (19.4) | 0210 (52) 0508 (10.6) | 0276 (3.4)
Proline | 0508 (7.6) | 0702 (17.2) | 0649 (135) | 1162 (14.3)
Glycine 0080 (12) | 0024 (0.6) | 0797 (166) | 0072 (0.9)
Alanine | 2664 (398) | 0150 (37) | 0155 (32) | 0276 (3.4)
Valine 0068 (L0) | 023 (57) | 01z (27) | o420 (52)
Methionine | 0064 (10) | 003 (09) | 0038 (07) 0264 (3.3)
Isoleucine | 0120 (18) | 0168 (41) | 0045 (09) | 0444 (55)
Leucine | 0084 (10) | 0186 (46) | 0113 (2.4) =
Tyrosine | 0048 (07) | 0048 (L2) | 0066 (L4) | 0120 (15)
~ Phenylalanine 10108 (16) | 0132 (3.2) 1108 (23.1) | 0744 (9.2)
'Total S| 6700 (100.0) 4070 (100.0) 479 ;{i(moo) 8.104 (100.0}

* The Afigures in the parentheses are per cent of total n moles of listed amino acids,

Paper chromatographlc analys1s of the alcohol extracts “indicated that no
quahtatlve differences were 1nduced in the compos1t1ons of free amino -acids’
by Rhizoctonia 1nfect1on However, leucine was not detected with an automatic

recording apparatus in the ‘axial parts from the diseased mung been (Table 4),

When the aleohol extractable ammo acids of healthy and diseased mung
bean were: compared a ﬂow of ‘the amino. ac1d from cotyledons to the axial
‘parts seemed to be affected by Rhlzoctoma infection, i.e. histidine, argmme,
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alanine, and methionine were stimulated while leucine and phenylalanine were
lessened (Table 4). The similar trend was only found in arginine and me-

thionine by comparing the relative amounts of amino acids.

Fig. 4.

Electrophoretic patterns of soluble cotyledon proteins
on acrylamide gels. Extracts from heaithy seedlings
at 0 time (A), 1l-day (B), 2-day
seedlings at l-day (D), 2-day (E).

(C) and diseased

s

Fig. 5.

Electrophoretic patterns of soluble hypocotyl and
acrylamide gels. Extracts from healthy hypocotyls at 0 time (A),

1-day (B), 3-day (C), and epicotyls at 3-day (F): diseased hypocotyls
at 1-day (D), 3-day (E), and epicotyls at 3-day (G).

epicotyl proteins on
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Fourteen amino acids were detected in the present experiments. They
were lysine, histidine, arginine;" aspartic acid, glutamic acid, proline, glycine,
alanine, valine, methionine, isoleucine, leucine, tyrosine, and phenylalanine
(Table 4). Among 14 amino acids listed, lysine, histidine, glycine, tyrosine,
and phenylalanine were increased in both cotyledons and axial parts of the
diseased plants whereas glutamic acid and alanine were decreased by Rhizoct-
onia infection when relative amounts of amino acids in the comparable
individual tissues of healthy and diseased plants were compared.

Disc electrophoresis.—The electrophoretic patterns of response to the
Rhizoctonia infection were different in the comparable individual tissues
during the process of seed germination (Fig. 4 and Fig.5). And the difference
in electrophoretic patterns between the healthy and diseased plants was found
considerably significant in the buffer-soluble proteins from hypocotyls (Fig. 5).

The effect of the fungal infection might reflect an interference with the
early development of young seedlings. Before symptoms were evident in the
inoculated plants, a new band appeared in the slow moving protein profiles
of the cotyledons from inoculated mung beans at day 1 whereas 2 bands were
disappeared in the soluble protein fraction from the inoculated plant at day
2. Brown colored substances were also found to move downward to the direc-
tion of anodé soon. These two colored bands were always darker in the gels
with infected tissues (Fig. 4). '

On the other hand, a slow movih‘g protein band disappeared and two fast
mobilizing bands were found to be intensified in the soluble hypocotyl proteins
from inoculated plants at day 1. In the later stages of disease development
the deleterious effect of infection on the comparable individual tissues was
no longer discernible under the experimental conditions (Fig. 5).

Diséussion

Nitrogen metabolism plays an important part in host-parasite interaction
(van Andel, 1966). Changes in free amino acids, amides, and proteins of
diseased plants are known in many diseases (Wu, 1967, 1968). There is,
however, little light on the exact role played by these nitrogen compounds
in establishment of Rhizoctonia infection. The studies on the nitrogen
mobilization in mung bean infected with R. solani are attempted in the present
investigation.

Fourteen amino acids are detected in the present experiments. Among 14
amino acids, the amounts of lysine, histidine, glycine, tyrosine, and phenyla-
lanine are increased in diseased mung bean whereas those of glutamic acid
and alanine are decreased. Apparently, an increase in the contents of certain
amino acids is in company with a decrease in a number of others (van Andel,
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1966). McCombs and Winstead (1961) report an increase in the glutamic acid
and a decrease of glutamine and citrulline contents in the watérmelons -infected
with anthracnose fungus. Glutamine and asparagine are also:found to be
reduced in scab-infected cucumber foliage (Burton and DeZeeuw, 1961) whereas
wheat leaves infected by stem rust exhibit an increase in ammonia, glutamine,
and asparagine (Farkas and Kirély, 1961). - Accumulation of alanine is prominent
in blueberry fruits infected with Glomerella cingulata (Stretch and Cappelini,
1965), cucumber fruits infected with. Pythium- aphanidermatum {McCombs - and
Winstead, 1964), and wheat root infected by Helminthosporium sativum (Hrus-
hovetz, 1954). . ' ; e

A flow of the amino acid from cotyledons to axial parts are affected by
Rhizoctonia infection.. The flow of histidine, arginine, alanine, and:methionine
are enhanced by infection while leucine and phenylalanine are lessened and
the ‘mobilization of arginine and methionine - are significant.  Sempio and
Raggi (1966} also find a strong flow of amino acids freed by hydrolysis: in
rust-infected broad bean from uninfected to infected tissue. These amino acids
and amides may be transported through xylem since, in most cases, glutamine
and - aspargine are predominated in plant ‘exudates (Bollard, 1960). However,
the transformation of amino acids should not be overlooked (Kretovich, 1965).
Contamination of amino acid due to fungal origin (Ogura et al., 1961) - may
affect the flow of the amino acids in diseased plahts since-one amino acid in
high concentration interferes uptake of other amino acids (Jones, 1963).

The Rhizoctonia infection seemingly affect the buffer-soluble proteins - in
diseased mung bean, particularly the germinating seeds, since the amidoschwarz
protein profiles on polYacrylamide gels manifest the host response to the Rhi- )
zoctonia infection. This is not surprising in asmuch as de novo synthesis of
several enzymes is evidenced in germinating seeds (Altschul ef al., 1966). Since
nitrogen metabolism is very active in germinating seeds, which is characteriz-
ed by an intense turnover of Lprotein (Koller et al., 1962), the studiés on  the
detailed picture of the changes in nitrogen pool of the infected seedlings will
be very promising in study of the infection mechanism.

' Summary

Dry weights of healthy and diseased mung beans grown on water agar
were determined. There was a slight change in dry weight of cotyledons
between day 0 and day 2, and an abrupt decline occufred between . days 2.and
5. On the other hand, the dry weight of axial parts gradually increased up
to day 5. Moisture contents of whole pylant:s were increased rapidly between
day 0 'andv day 1 and the rate of increase was slower thereafter. Changes in
the dry weight énd' moisture - content of healthy and ' diseased plants were =
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essentially the same. A marked decrease in cotyledon proteins was observed
in early stage of pathogenesis whereas the protein content of the axial parts
started to increase as soon as the typical lesions appeared. The difference
in elecfrophoretic patterns between the healthy and diseased plants was found
to be greater in the buffer-soluble proteins from hypocotyls.

Changes in free amino acid content and distribution indicated that the
amino acid pool was considerably affected in the early stage of disease develop-
ment. - Fourteen amino acids were identified in the alcohol extracts of healthy
and diseased seedlings by an amino acid autoanalyzer. They were lysine,
histidine, arginine, aspartic acid, glutamic acid, proline, glycine, alanine, valine,
methionine, isoleucine, leucine, tyrosine, and phenylalanine. Among 14 amino
acids, the amounts of lysine, histidine, glycine, tyrosine, and phenylalanine
were increased in diseased mung’ bean whereas those of glutamic acid and
alanine were decreased. - Apparently, an increase in the contents of certain
amino acids is in company with a decrease in a number of others. A flow of
the amino acids from cotyledons to axial parts was affected byV Rhizoctonia
infection. The flows of leucine and phenylalanine were lessened while those
of histidine, arginine, alanine, and methionine were enhanced by infection.
. 'The mobilization of arginine and methionine was particularly remarkable. No
qualitative differences, however, were observed in the compositions of free
amino acids between healthy and diseased plants. '
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