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ROLE OF BORON IN NUCLEIC ACID METABOLISM OF GERMINATING
WHEAT SEEDLINGS
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Department of Biochemistry, Paniab University, Chandigarh

ABSTRACT

Wheat seeds soaked for four hours in distilled. water (control), 0:125¢, 0:25% and
0-50% solutions of botic acid and borax were transferred to polythene dishes for germi-

pation., ‘Treatments with 0:125%

boric acid and borax were found to be optimum for

accelerating seed germination process and seedling growth. Boron seems to help in mobilis-

ing nitrogenous hydrolysates from germinating seeds to young shoots.

Both boric acid and

borax increased ribonuclease activity in young shoots and isolated germinating seeds ac all
levels of concentration as compared to control. Ribonuclease, therefore, seems to be assoct-

ated with the biosynthesis of RNA in actively growing tissues.

There is also an increase in

ribonucleotide concentration both in shoots and seeds with an increase in the concentrations

of these compounds.

INTRODUCTION

CRITICAL survey of literature reveals

that out of all the hypotheses put forward
by different investigators to explain the role of
boron in plant metabolism, the recent sug-
gestionsi-3 gbout its role in nucleic acid
metabaolism desgerve detailed studies. These
suggestions seem to be quite plausible in view
of the higher concentrations of nucleic acids
and their intervention in wvital activities of
meristematic fissues coupled with the obser-
vations that boron is localised in meristematic
regions of plants, Boron has also been ascribed
to play an important role in profein meta-
bolism.4% Its deficiency often decreases the
protein content of plant tissues. QOur observa-
tions® have already indicated that boron parti-
cipates in protein biosynthesis through its
control on RNA content.

The present investigation was undertaken
to understand the role of boron, both in the
form of boric acid and borax, in nitrogen
mobilisation and polyribonucleotide metabolism
during seed germination and seedling growth.
QOur major aim was to interpret the effects of
boron oh the above phenomenon in the light
of the alterations brought about, if any, in the
levels of total nitrogen, RNA, ribonucleotides
and ribonuclease activity.

MATERIALS AND METHODS

Wheat seeds (Triticum ovulgare) of Mexican
variety (Lerma 7r0j0) were soaked for four
hours in distilled water (control), 0-+125%,
0-250% and 0°50% solutions of boric acid and
borax. Seedlings were raised in polythene
dishes on a double layer of Whatman No, 44

filter-paper. Twenty healthy seeds were kept
for germination in each dish and four such
dishes were put under each treatment Distilled
water was applied to the germinating seeds at
regular intervals of six hours. The experi-
ment was conducted in a dark room at 28° C.
Percentage germination and heights of the
shoots in centimeters were recorded after every
24 hours inferval.

Total nitrogen in young roots and shoots
was separately determined in each sample by
Microkjeldahl method.?

Plant tissues (germinating seeds and shoot
tips) under similar treatments were pooled to-
gether for the preparation of acetone powter
according to the method cited in Colowick and
Kaplan.® RNA was estimated by the method
of Schneider?® The changes in ribonuclease
activity in the acetone powder were measured
by a method described by Pardee and Kunkee,19
Ribonucieotides were estimated by Ceriotti
method. 11

RESULTS AND DISCUSSION

Effect on Seed Germination—Qur observa-
tions (Fig. 1) clearly showed that 0-125% boric
acid treatment was optimum for bringing about
hundred percent seed germination in 48 hours.
Even though higher concentrations of boric
acid and borax were found to delay the pro.
cess, yet the control seeds required the muxi-
mum time (192 hours). At 0:1256% and 0°28%
concentrations boric acld was found to be more
effective as compared to borax., Hastening of
seed germination by boroan has alse been
reporfedi? in the case of pineapple, ash and
yellow accacia,
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Effect on Nitrogen Mobilisation.~—~Maximum
promotive effect on shoot growth was shown
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Fi1G. 2. Effect of various c¢oncentrations of boric acid
and borax on the sho t growith of wheat seedlings.
Each value represes ts a mean of 80 seedlings.

by 0-125% boric acid treatment (Fig 2). An
explicit biochemical reasoning for this accele-
rated shoot growth due to boron treatments
could be gathered by siudying the nitrogen
status of the yvoung shoots for which the only
source of nitrogen is the germinating seed.
Our investigations (Table I) showed that there
was a statistically highly significant increase
in the total nitrogen content of shoots treated
with 0-1259% and 0-25% boric acid. With an
increase in the concentrations of boric acid
and borax, the rate of shoot growth was
retarded and in the case of 8:-5% treaiments
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there was a negligible shoot growth after seed
germination. Borax treatments had a less
pronounced effect on shoot growth and its
nitrogen status as compared to borie acid.
Control roots contained higher concentrations of
total nitrogen as compared to those treated
with boric acid and borax. Boron thus helps
in hydrolysing the seed proteins and directing
their mobilisation more towards shoots than
to the roots.

Effect on Nucleic Acid Metabolism.—Protein
synthesis is known to be turned off in all parts
of the resting seed. One reason for this might
be the unavailability of the mRNA which is
considered to be activated during imbibition.13
Our observations (Table II) also showed a
significent rise in the RNA content of wheat
seeds after imbibition.

TABLE 1
Statistical evaluation of percentage nitrogen in
germinating wheat seedlings treated with

Treatments

L ll il il —l

Control Boric acid Borax

0:125% 0-230% O0+1235% 023 %

— K

——

Germing- 0828 1+)064 0-989 0.-014

0-830
ng
shoots
S.D. . 01258 0-0681 0-182¢ (0-17223
¢ value .o 3253 4080 0-759 0+55%6
Germina- (548 (0-504 (=434 0:462 0499
ltng
ruis
S D, .o 0.-0855 0-0843 Q-0731 00714
¢ value .o 0-7G0 3-010 1-988 2-814

1. Each value represents a mean of six repicatinns,

2 Si nificant at 5% level when 7 as compared to
contro =2 2-%23. Highly.signifi~ant at 1% leve! when
¢1n 28 compared to contral = 3-17,

Maximum ribonuclease activity was exhi-
bited by 0-125% boric acid-treated wheat seeds.
Both boric acid and borax were found to
activate ribonuclease at all concentrations.
Simultaneocusly, there was an increase in the
RNA content of wheat seeds with increasing
boron concentrations. At 0:125% concentration,
both boric acid and borax were found to
depolymerise RNA to the maximum, probably
to be transported as nucleotides to meriste-
matic tissues. Therefore, the reeds treated with
0-1259 boric acid and borax were found to
contain the minimum amount of RNA.

Studies in the shoot tips of the germinating
seedlings (Table 1I) showed that both boric
acid and borax enhanced the ribonuclease acti-
vity as compared to that in the control plants,
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Changes in RNA, ribonuclease activity and ribonucleotides in germinating wheat seeds and

shoot tips treated with varying concentrations of boric acid and borax

i

Treatments
Sced's Khoot tips
Coniral (—B; Kor ¢ acid Borax Contr | fEurif: a:i:i-_—_—_E;ax o
— s ———e — — - (—=B) — e L
Drx. Ge., 0:1235% 0:25% 0:128% 0+25% 0-125% 0:23% 0-123% 0-2:%
Ribc:nuckic 240-00 (82-66 256-00 30100 229:33 239-33 22533 203+73 83436 31436 50704
aci | (g, [mg,
of acctn.e
powder)
Unit Rdase 0«00 500 20+00 15-07 17.:00 12-( 25:00 3).00 3800 2000 2400
acrivity
Fr-e Ribo 2833 24-14 2166 22-14 20-75 22-14 10.00 15-23 16:42 13-81 1761
nucleatides
(ug./mg. of
acctons
POWUEY )
Dor. ¢ Dormant, Ger, 1 Germinating,

The activity of this enzyme was found {o in-
crease with increasing concentrations of boron
compounds. A simultaneous increase in the
RNA content and ribonuclease activity with all
the concentrations of these compounds was
very intriguing. On the basis of these obser-
vations, the present authors support the sug-
gestion put forward by Barker and Douglas!?
that the ribonuclease of the growing tissues 1S
involved in the synthesis of RNA.

The values of ribonucleotides were found to
increase with increasing concentrations of boric
acid and borax in the case of young shoot
tips. An increase in ribonuclease activity due
to boron treatments could not be responsible
for an increase in ribonucleotide concentration
because of a simultaneous rice in RNA levels
in shoot tips. Boron, therefore, seems to play
come role in ribonucleotide biosynthesis.

A decline in ribonucleotide concentration in
boron-treated seeds as compared to the control
seeds showed that more ribonucleotides were
probably transported from ceeds to actively
growing tissues for RNA synthesis,

CONCLUSION

Wheat seeds soaked in 0-125% boric acid for
four hours take one-fourth time to reach 100%
germination as compared to the control seeds.
This treatment is also optimum for significantly
mobilising nitrogenous hydrolysates from ger-
m'nating ceeds to young shoots as well as for
promoting maximum shoot growth,

Boron treatments also increase ribonucleasc
activity which seems to help in the biosynthe-

sis of RNA in young shoois. An accumulation:
of ribonucleotidzs in boron-treated shoot tips
shows that the element might be Involved in
ribonucleotide biosynthesis.
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