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Fluctuation of ATP Conieni in Syybean and Mungkean
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ABSTRACT

ATP contents of soybean(Glycine max Merrill) and mungbean (Phaseolus radialus

L.) seeds being germinated with Hoagland solution at $1°C for 6 days wcere determ-

ined. In pregerminated seed, ATF contents in soybean and mumgbean were 11.4 and

63.0 pg/g [resh seed respectively. During germination. the highest ATP

contcnt  of

soybean seeds was 550% of initial content on 2nd day and that of munghean was

480% on lst day after germination. ATP content in cotyledon of soybean and mung-

bean were increased up o 4th and Ist day after germination respectively, thereafter

both were decrcasecd, but those in the root. including the hyrocotyl,

cf hoth seeds

were continuously increased wilth germination progress.

INTRODUCTION

Secd germination requires ihe synihesis of enzy-
mes and organelles for catabolic degradation of
reserve food in the storage tissue and for anarobic
building up of cellular comstituents in the seedling
(Ching, 1972). Because the synthesis of protein
and nucleic acids is the major eveni in embryenic
tissue, ATP i3 in great
mination (Ching, 1972; Marcus, 1969). Onc of the

earliest detactable metabolic processes in germina-

demand during seed ger-

ting ceed is the rapid and dramatic increase of
ATP content (Ching, 1975; Moreland ef al., 1974;
Obendory and Marcus, 1974; Walbot, 1972). ATP
was found to increase very rapidly upon imbibi-
tion of lettuce seeds under optimum iemperature
and oxygen conditions (Pradet et al., 1962).

Anderson (1977a) regported that dering the first

three hours in the germinalion of soybcan axces

the net increase in adenine nucleotide was partly
due to their synthesis from adeninc and adenosine.
He zlso reported ihat the ATP content in soybean
axes incuhated for three hours in ImM zolution of
adenine and adenosine was increased by 100% and
7584, over axes incubated 1n water
(Anderson, 1977b). These

that adenine phosphoribosyl transferase and ade-

respectively,
conversions suggest
nosine kinase act to increase the adenine nucleo-

tide content of germinating seeds. Loth of these

enzymes belong to the salvage pathway which
converts purine and pyrimidine bases and nucleosi-
des to nucleotides (Flartman, 1970).

Sobczyk and Kacrerska-Palacz (1978) reported
the marked increase of ATP content in the leaves
of winter rape plants during the #frst stage of
fruit hardening. he aiso pointed ott that the incre-

azed ATP ccentent in c¢cld treated lcaves were due
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1o light and dark processes.

The purpose of present study was to determine
the fluctuation of ATP contents in root and cotyle-
don in germinating soykean and mungbecan seeds.

MATERIALS AND METHODS

Plant Materials Soytean(Glycine max Merrill)
and mungtean (Phascolus radialus L.) cecCs were
germinatcd in darkness at 3(°C in plastic dishpans
containing vermiculate satvrated with Heagland
solution. Germinating seeds znd seedlings were
collected daily and seperated into cotyledon and
root inclusive of hypocotyl. Each organ was washed
with distilled water and weighed after blotted
with paper towel. Before weighing, seed ccats cof
cotyledons were remcved. ATP content was meas-
ured with 3g of each sample at intervals ¢f 24hr
from the timre of cfeed :scaking dcsignated as (-
germination day.

ATP Content Mezsurement FEach samgle (3g)
was boiled with 3! of tris buffer ¢f rH 7,4 for
three minutes to kill the cells rapidly and ipacti-
vate the ATFasc centained in the cells themselves.
‘The Foiled soliticn ccntaining samrle was rerlern-
ished [or evapcrated moicly to 30m/ ty adding
Eiffer and tken tromsferred

into ice-jacket homcgenizer vesiel. After Lemcge-

some preccoled tris

nizing the g¢clution at 450 rrm, 6°C, for 10 min.,
the homcgenate was filtered throvgh two layers of
gauge, ATP ccntent cf filirate was determined by
using a SAI Tecknolcgy Ce. 2000 ATP Photometer
¢f 560~5E0 nm

wavelength, emitted from the photoreter cuvette

which measvres the flicrescence

by hydrolysis ¢f ATP cempcnent cf reaction mix-
ture. The reacticn mixture was rrepared by adding
0.5 ml of enzyme solution to the photometer cuvette
containing C(.5m!{ sample filtrate. After mixing

the contents for three <econds, the rphotometer
cuvette was settled in the chamber of ATP-Photo-
meter a8 rapid as possible to mweasure the fluore-
scence, T he counting was started within 10 secends
after the enzyme was added to the hotometer
ATP
from the peak reading of ATF-Fhctometer

cuvette. content of filtrate was comgputed
by re-

ferring it to the stapdard cvrve graphed with the
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chemical ATP. All operations after boiling were
carried out at (°C.

Enzyme Solution For the measurement of ATP
content, luciferin-luciferase was from a crude ex-
tract of 50 mg of firefly lanterns premixed with
buffer and desiccated. The enzyme solution was
prepared for use by adding 15 mi of tris buffer
solution to the firefly extract, storing in refrigerator
to reduce the kackgroind, and filtering prier to

vee. All cnzymes and chemicals used were the

preducts of Sigma Chemical Co.

RESULTS AND DISCUSSION

The ATP ccncentrations in pregerminated seeds
of scytean and mungbean were 11.4 and 63.0 zg/g
Iresh seed respectively(Table 1). The highest ATP
cencentration of whole seedling including both
rcot and cotyleden wes 5509 of the pregerminated
soybean seeds on 2nd day and 180% of the pre-
germinated mungbean seeds on Ist day respectively.
Threreafter, ATP concentration of both scedlings
decreased with the pregress of germination, where
zs the tctal ATP content was increazed(Table 1).

Ching znd Ching(1972) reported that an average
of 540 picomoles of total adenosine phosphaies was
found in the embryo ¢f matire ceeds of ponderosa
pine (Pinwus pendervoza Law.) and 1140 picomoles
in the gamatorhyte. They also reported that, after

stratification, total adenosine phosphates increased

Table 1. ATP concentration of the whole seedling
including both root and cotyledon

Germina- Flant height(cm) ATP(ug/g)
ticn day S. bean M. bean 5. bean M. Lean
0 — — 11-4 63.0
1 0.7 0.2 50.0 308.2
2 2.0 2.0 62.6 258.7
3 4.5 4.1 59.1 202.6
4 11.5 7-4 55,1 153.1
5 12.0 10.5 50.9 119-3
6 15.1 14.3 45.9 95.6
Mean 7.6 6.4 47.9 170.1
Significance P<{1% P<19 P11 P19
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7-Told and 6-fold in embryo and gametophyte res-

1 pectively and, during germination, it .increased to
80-fold and 20-fold peak on the 9th day in gameto-

phytic tissue and embryo, respectively.

Time course experiment for measuring the ATP

Soyhean—cotyleden
content per organ of the germinating plant showed

that the highest ATP concentration of cotyledon

in soybean was 3.4 ng/g {resh wt. on 2Znd day,

and that of root was 49.8 ug/fresh wt.on 3rd day
the highest

n
O
T

Soybean-root
(Fig.1). In the case of mungbean,

ATP concentration of cotyledon was 0.303 mg/g

fresh wt. on first day and that of root was (.13

mg/g fresh wt. on 3rd day (Fig. 2).
In the comparision of the two plants, the highest

measured on 3rd

ATP w0,9 Fresh wl
S

ATP concentration of root was
day for both plants, whereas that of cotyledon was

measured earlier by onc day in mungbean than

in soybean. It was coincided with macroscopic

5«
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Fig. 3. ATP content of cach organ of sovbean
with progressing germination; root inclu-
ding hypocotyl. Significant at 1% level

among periods.

Fig. 2. ATP concentration in in cotyledon and
root including hypocotyl of mungbean with
progressing germination. Significant at 525

level among periods.
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observation in which the germination of munghean
was obviously faster than that of soybean. These
data indicated that the content of adencsine phos-
phates of germinating seeds reflects growth, orga-
nogencsis, and morphogenesis, being in accord with
previous report (Ching and Ching, 1972). Pilet ef
al. (1978) also reported that the ATP level in the
apical end of maize roots including the zone of
maximal growth rate was significantly increased.

The highest total ATP content of soybean cotyl-
edon was 4.85ug per cotyledon on 4th day. The
ATP content of root increased dramatically till 4th
day, although the increasing rate moderated there-
after(Fig.3). The decreasing 'ATP content per
cotyledon approached io the same level as that of
root with about 8.8 mg per c¢otyledon alter 5th
day.

In the case of munghean, the highest ATP con-
7.58 mg per
first day. The high increasing rate of ATP content
per root was maintained till 5tbh day, thereafter the
The ATF

tent of cotyledon was cotyledon on

increasing rate was moderated (Fig.4).
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Fig. 4. ATP content of each organ of mungbean
with progressing germination; root inclu-
ding hypocotyl. Significant at 59 level
among periods.
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content per cotyledon decreased rapidly =fter first
day and approached to the same level as that per
root with about 4 mg per cotyledon after 3rd day.
the ATP

increased so

In the comparision of the twe plants,
content per cotyledon in mungbean
rapidly as to reach to the maximum content earlier
than soybean by 3 days, whereas the tendency
of fluctuation in ATP content per root was very

similar for the two plants.
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