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Phytochrome-mediated accumulation of free amino acids in
radicles of germinating watermelon seeds

Costas A. Thanos

Introduction

Thanos, C. A. 1984. Phytochrome-mediated accumulation of free amino acids in
radicles of germinating watermelon seeds. —~ Physiol. Plant. 60: 422-426.

The total free amino acid pools in radicles of watermelon seeds, investigated during
imbibition of water at 25°C, were higher under the most (darkness) than under the least
(continuous broad spectrum far-red light) favourable light regime for germination.
When seeds were imbibed in an appropriate osmotic solution of PEG-6000 (fully
suppressing germination), in darkness or under continuous red or far-red light, the
biochemical analyses of the radicles after 1, 2, 3 and 4 days from the onset of imbibition
show that while the total soluble sugar content remains rather constant in all treat-
ments, significant changes are observed in the total free amino acid pools. After the
first day, a considerable increase characterizes the “darkness” pool in contrast to a
moderate one under red, while the “far-red” pool remains constant. Ultimately, at 4
days, the three pools are 190, 142 and 123% of the 0 day radicle one. The qualitative free
amino acid determination of the 4 day darkness and far-red pools shows a considerably
increased percentage contribution of glutamic acid, arginine and citrulline in the
“darkness” pool. The free amino acid increase in non-illuminated radicles may be
correlated to germinability; moreover, it is evidently a phytochrome-mediated, pre-
germinatory event, probably due to the hydrolysis of proteins (known to be rich in
glutamic acid and arginine), stored in the radicle.
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increased enzymatic hydrolysis of storage materials,
which in turn would lead to accumulation of osmotically

In some cases control of seed germination and dormancy
lies in the balance between the restrictive external seed
layers and the expansive force of the embryonic axis (and
especially of the radicle). In their pioneering work,
Scheibe and Lang (1965) reported that red (R) irradia-
tion given to light-sensitive Grand Rapids lettuce
achenes increased the growth potential of the embryonic
axes. This growth increase was afterwards attributed to
the water potential decrease of R-treated embryos
(Nabors and Lang 1971a,b). Nabors and Lang (1971b)
suggested that germination of Grand Rapids achenes
could be the result of R- (and phytochrome-) mediated
lowering of osmotic potential in the embryonic axis. The
osmotic potential decrease should take place through an
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active substances, such as amino acids, soluble sugars
and organic acids. This suggestion was reinforced by the
microscopical observation of R-induced degradation of
protein bodies in Grand Rapids radicles incubated in
mannitol solution (Nabors et al. 1974)

Detailed biochemical analyses in embryonic axes of R-
and far-red (FR)-treated Grand Rapids did not reveal
any significant differences in the osmotic compounds
(Carpita et al. 1979b), although a considerable water
potential difference was obtained (Carpita et al. 1979a).
It was assumed that osmotic and pressure potential
changes in the embryonic axes of R-treated achenes are
the result of a phytochrome-stimulated proton pump.
However, work done in parallel by Takeba (1980a-d)
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with the New York 515 improved cultivar of lettuce gave
contradictory results. Takeba (1980a, b) was able to dis-
cover a considerable accumulation of free amino acids in
the embryonic axis of germinating, non-dormant
achenes. He showed that this accumulation is a phy-
tochrome-mediated, pre-germinatory event, also influ-
enced by temperature and hormones (Takeba 1980c, d).
Furthermore, by estimating the volume of the radicle tip,
Takeba (1980b) suggested that the accumulation of free
amino acids can account for the growth potential in-
crease of germinating New York lettuce achenes.

Watermelon [Citrullus lanatus (Thunb.) Matsu. et
Nakai] seeds are dark-germinating, like seeds from most
cultivated species of Cucurbitaceae. Their dark germina-
tion is nearly 100% in the temperature range 20-40°C.
Throughout this range, continuous far-red (cFR) light is
inhibitory and germination is 0% at 20-30°C. Continu-
ous red (cR) illumination at 25°C, though not inhibitory
to final germination in water, results in lowered germina-
tion potential, i.e. in decreased germinability when im-
bibition occurs in osmotica (C. A. Thanos, 1980. Ph.D.
Thesis, Univ. of Athens, Greece). Germination of wa-
termelon seeds has been shown to be under phytochrome
control (Loy and Evensen 1979, C. A. Thanos 1980. The-
sis). Only continuous or intermittent (but not a brief) FR
irradiation can prevent germination and this fact has
been attributed to a slow dark transformation of phy-
tochrome intermediates to the active form, P, (Loy and
Evensen 1979, C. A. Thanos 1980. Thesis). Therefore,
watermelon seeds were given darkness, cFR and cR (i.e.
the best, worst and intermediate light regime for ger-
mination, respectively). It was also decided that bio-
chemical analyses would be carried out on radicles (and
not on whole embryonic axes), since it was considered
more probable for any biochemical changes during ger-
mination to be larger there. The location of ninhydrin-
positive substances in the radicle tip of New York lettuce
(Takeba 1980b) justifies this decision.

Abbreviations - ¢, continuous; D, darkness; €q., equivalents;
FR, far-red; PEG-6000, polyethylene glycol with average mo-
lecular weight 6 000 dalton; R, red.

Materials and methods

Seeds and experimental conditions

Watermelon (Citrullus lanatus [Thunb.] Matsu. et
Nakai, cv. Sugar Baby) seeds, 1975 harvest, were pur-
chased from KYAEII, Greece. The experiments pre-
sented here were carried out in 1979. Imbibition and
germination tests were performed with 25 seeds per petri
dish (diam. 9 cm), each lined with two layers of filter
paper moistened with 6 ml of either deionised water or
osmotic solution. Throughout the experimentation, tem-
perature was kept constant at 25 + 1°C. The light sources
used have been described previously (Georghiou and
Thanos 1983). The criterion of germination was radicle
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protrusion; germination values (Fig. 3) are means of 8
replicates. Vertical lines in figures represent SE.

Biochemical procedure

Seeds were imbibed, under different light regimes and
for various periods of time, in water or PEG-6000 (30%
w/w) purchased from BDH Chemical Ltd (Poole, Eng-
land). Afterwards, seeds were washed immediately with
water and surface-dried. After an additional 24-h-period
of air-drying in darkness, seeds were decoated and radi-
cle tips (about 1 mm long) were cut off with a razor blade.
The radicles were grouped in 6 samples of 30 tips, and
each sample was weighed and extracted five times with
boiling ethanol (80, 80, 50, 50 and 80% v/v, respec-
tively). Final volumes of extracts were adjusted to 15 ml.

Free amino acids and soluble sugars were determined
with ninhydrin and orcinol reagents (Kessler 1967), re-
spectively, using a Technicon Auto-Analyser. Since the
quantities of the total free amino acids in the 6 samples of
each treatment did not differ significantly, the final de-
termination of the individual amino acids was carried out
on the combined extracts (mixture of 6 extracts).

Results

Total free amino acids in water imbibition

The average dry weight per radicle was 0.29 mg in all
treatments presented in this work, with the only excep-
tion of 24 h dark imbibition in water, where it amounted
to 0.35 mg. This increase is attributed to transport of
materials from the hypocotyl and less probably the
cotyledons, and can be explained by both imbibition and
germination data (C. A. Thanos, 1980, Ph.D. Thesis,
Univ. of Athens, Greece). The second, stationary phase
of imbibition kinetics takes place between 20 and 30 h
after sowing, while germination starts at around 20 h and
is about 5% at 24 h (96% at 41 h). It is therefore clear that
the increase in free amino acid concentration in dark-
treated radicles presented in Fig. 1 was very rapid. There
are statistically significant differences as early as 12 h
after onset of imbibition and while free amino acids
increased steadily in darkness, they seemed to level off
after 18 h under cFR.

Total free amino acids in osmotic imbibition

For separating the final event of germination (radicle
protrusion) from the underlying biochemical processes,
seeds were imbibed in a solution of PEG-6000 with an
estimated water potential around —1.1 MPa (Michel and
Kaufmann 1973). This solution was just inhibitory for
germination and its water potential value is comparable
to the one of inhibitory mannitol solution (—1.25 MPa,
Fig. 3). Figure 2 reveals a considerable free amino acid
accumulation in dark-treated radicles and a rather weak
one under cR. The total free amino acid concentration
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Fig. 1. Time course of free amino acid concentration (Tyr equiv-
alents) in radicles of seeds imbibing in water at 25°C, under D (@
or cFR (0). Bars show SE.

under cFR did not change after the first day, while all

differences from 2 days and onwards are statistically,

significant. The total quantities of free amino acids
reached their maximal values at the 4th day, being 190,
142 and 123% of the values for 0 day radicle under dark-
ness, cR and cFR respectively.

The curves presented in Fig. 3 show that the germina-
tion potential of watermelon seeds illuminated with cR is

~ L] Al LS 1
ot /{ 7
i
[y
z
a
@
£
<
2 2l J
"
a
I
<
-3
z
3 L 4
<« ]
-
®
[
s e
L L 1 1 p— |
o 1 2 3 .

TIME, days

Fig. 2. Time course of free amino acid concentration (Tyr equiv-
alents) in radicles of seeds imbibing in PEG-6000 at 25°C, under
D (@), cR (O, or cFR (0O). Bars show sE.
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Fig. 3. Germination after 96 h in D (@) or under cR (O) as a
function of the molar concentration of the imbibition medium
(mannitol solution at 25°C). Bars show SE.

decreased by about 0.30 M or 0.75 MPa, in comparison
with those in darkness.

Composition of free amino acid pools

Table 1 presents the molar profiles of free amino acids in
the three most extreme treatments of Fig. 2. Ammonia is
also included because of its close interrelationship with
the amino acids. In the largest fraction of Thr + Ser +
Asn + Gln, the amino acid 3-pyrazol-1-ylalanine should
also be included (Noe and Fowden 1960, Murakoshi et al.
1972). With the exception of glutamic acid, the free
amino acid profiles of osmotically treated seeds (D and
¢FR) share several common characteristics. Thus in com-
parison with 0 day radicle free amino acids, and apart
from the increase of ammonia (especially under cFR),
there is a decrease of aspartic acid and increases in ar-
ginine and citrulline in cFR and D.

Soluble sugars

The total soluble sugar concentration in the same ex-
tracts used in Fig. 1 followed similar kinetics for both
treatments, with a slight decrease of 10% (from the 0 h
value) at 12 h and a gradual increase afterwards up to a
level 10% higher than 0 h. The data presented in Tab. 2
are quite similar to the above mentioned, with fluctua-
tions amounting to approximately 10% of the 0 day
value. Nevertheless, it must be noted that the sensitivity
of the method shows large variation towards various
sugars (Kessler 1967).
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Tab. 1. Contribution of individual free amino acids (% on a
molar basis) to the total free amino acid pool, in radicles from
“dry” seeds and from seeds imbibed for 4 days in PEG-6000
at 25°C under D (darkness) of CcFR. (+:trace).
*Thr+Ser+Asn+GIn fraction is expressed in Thr eq., Cit in
Glu eq., a-NH;But in Ala eq., and X in Lys eq.

Amino acid “Dry” cFR D
Asp 25.5 10.5 9.9
Thr+Ser+Asn+Gln* 38.2 41.6 36.8
Glu 13.0 10.3 18.6
Cit* 0.8 1.6 3.7
Gly 1.5 + 0.6
Ala 3.6 4.1 4.4
a-NH;But* 0.5 0.4 0.3
Val 1.9 23 2.6
Met + + -
Ile 0.5 0.8 0.8
Leu 0.6 0.6 82

0.7 0.3 .
m 0.7 0.7 1.1
y-NH;But 1.5 - -
NH, 5.2 21.1 9.9
Orm 1.0 0.7 0.7
Lys 0.7 0.2 0.4
X* 0.9 0.9 0.4
His 0.8 0.6 1.2
Arg 24 33 7.4
Pro - - -
Discussion

From the results presented, it is evident that free amino
acid accumulation in the radicles of germinating water-
melon seeds is a pre-germinatory biochemical event. It is
also clear that free amino acid concentration is under
phytochrome control and maximal values are observed
in darkness, where phytochrome is optimally present and
operative (Loy and Evensen 1979, C. A. Thanos, 1980,
Ph.D. Thesis, Univ. of Athens, Greece). In a previous
study on watermelon (dwarf strain WB-2), Evensen and
Loy (1978) did not detect any early differences in free
amino acid concentrations in embryonic axes imbibing in
water, in darkness or under gold light. This should be
principally attributed to the spectral properties of the
light used; the “gold” light slightly decreased only the
mean time for germination. In addition, the biochemical
method used for free amino acid determination is not
very refined, although about 100 nmol per axis (in “dry”
seeds) were detected, a value comparable to the esti-
mated 50 nmol per radicle of the present work.

Tab. 2. Time course (in days) of soluble sugar concentration [ug
(mg DW)-., Glc equivalents] in radicles of seeds imbibing in
PEG-6000 under D, cR and cFR at 25°C. Mean = sE.

0 1 2 3 4
D 84.2+1.0 82.3+1.0 83.9+1.0 90.0+1.7 93.4+0.8
cR 84.2+1.0 74.6+1.0 79.6+1.0 88.4+2.1 93.9%0.8
cFR 84.2+1.0 80.7+0.9 85.0+1.4 87.5+1.1 86.8+0.8
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Free amino acid accumulation may be correlated with
germinability and germination potential although the
data presented here are not statistically sufficient. Nev-
ertheless, they generally agree with the findings of
Takeba, although in New York lettuce considerable ac-
cumulation of free amino acids (in water imbibition) was
observed rather late, when about 50% of the seeds had
already germinated. The soluble sugar concentration in
“dry” lettuce axis is 4-fold of the free amino acid one
(Takeba 1980b), exactly as in 0 day watermelon radicles.
The major point stressed by Takeba (1980b) is that the
free amino acid concentration increase can account alone
for the total water potential decrease (and the con-
sequent growth potential increase). The application of
Takeba’s reasoning to these experiments on watermelon
seeds gives dubious results. Thus in the case of cR, the
free amino acid concentration decrease (in comparison
with darkness) accounts only for 0.15 MPa, while the
germination potential decrease is about 0.75 MPa.
Therefore it might be assumed that either the free amino
acid accumulation is located in the extreme end of the
radicle tip (with the ¥ of the total radicle volume) or an
additional factor is involved (e.g. a lowered pressure
potential, as suggested by Carpita et al. 1979b).

The considerable increase of both arginine and gluta-
mate in the 4 day dark-treated radicles leads to the con-

- clusion that free amino acid accumulation is due to pro-

tein hydrolysis. The storage proteins in the seeds of
Cucurbita moschata (Chou and Splittstoesser 1972) and
Citrullus lanatus cv. Galaxy (S. Vrettou-Vallianatou,
1981. Ph.D. Thesis, Univ. of Athens, Greece) are es-
pecially rich in glutamate + glutamine and arginine
(20.7, 13.3% and 18, 12% respectively). Furthermore,
the marked increase of citrulline could be attributed to
the increased presence of its precursor, arginine
(Beevers 1976). The large decrease of aspartate in both D
and cFR, as well as the decrease of glutamate in ¢FR,
might be due to their deamination and subsequent respi-
ratory utilisation, which could also explain the par-
ticularly high levels of ammonia. Both the rate of ac-
cumulation of amino acids (Fig. 1) and the fact that
arginine is not usually transported (Beevers 1976), lead
to the conclusion that the most probable site of protein
hydrolysis is the radicle itself.

A further and deeper investigation of free amino acid
accumulation during early stages of seed germination is
certainly needed. Such research could offer new and
enlightening information on both phytochrome action
and the mechanism of ‘germination, as well as on the
biochemical processes underlying seed osmocondition-
ing.

Acknowledgements — Part of this work was carried out when
C.A.T. held a scholarship from the National Research Founda-
tion of Greece. .

425


Costas A Thanos



References

Beevers, L. 1976. Nitrogen metabolism in plants. — Arnold,
London, pp. 28-41, 236. ISBN 0-7131-2515-2.

Carpita, N. C., Nabors, M. W., Ross, C. W. & Petretic, N. L.
1979a. The growth physics and water relations of red-light-
induced germination in lettuce seeds. III. Changes in the
osmotic and pressure potential in the embryonic axes of red-
and far-red-treated seeds. — Planta 144: 217-224.

— , Nabors, M. W_, Ross, C. W. & Petretic, N. L. 1979b. The
growth physics and water relations of red light-induced ger-
mination in lettuce seeds. IV. Biochemical changes in the
embryonic axes of red- and far-red-treated seeds. —- Planta
144: 225-233.

Chou, K. H. & Splittstoesser, W. E. 1972. Changes in amino
acid content and the metabolism of y-aminobutyrate in
Cucurbita moschata seedlings. — Physiol. Plant. 26: 110-114.

Evensen, K. B. & Loy, J. B. 1978. Effects of gibberellic acid and
gold light on germination, enzyme activities, and amino acid

pool size in a dwarf strain of watermelon. — Plant Physiol. 62: .

Georghiou, K. & Thanos, C. A. 1983. Phytochrome control of
skotodormancy release in Grand Rapids lettuce achenes. —
Physiol. Plant. 57: 352-356.

Kessler, R. B. 1967. Rapid quantitative anion-exchange chro-
matography of carbohydrates. — Anal. Chem. 39: 1416-1422.

Loy, J. B. & Evensen, K. B. Phytochrome regulation of seed
germination in a dwarf strain of watermelon. - J. Am. Soc.
Hortic. Sci. 104: 496-499.

Michel, B. E. & Kaufmann, M. R. 1973. The osmotic potential
of polyethylene glycol 6000. — Plant Physiol. 51: 914-916,
Murakoshi, I., Kuramoto, H., Haginiwa, J. & Fowden, L. 1972.
The enzymic synthesis of f-substituted alanines. — Phy-

tochemistry 12: 177-182.

Edited by L. O. Bjérn and I. F. Bornman

426

Nabors, M. W. & Lang, A. 1971a. The growth physics and water
relations of red-light-induced germination in lettuce seeds. 1.
Embryos germinating in osmoticum. — Planta 101: 1-25.

-~ &Lang, A.1971b. The growth physics and water relations of
red-light-induced germination in lettuce seeds. II. Embryos
germinating in water. — Planta 101: 26-42.

-, Kugrens, P. & Ross, C. 1974. Photodormant lettuce seeds:
phytochrome induced protein and lipid degradation. —
Planta 117: 361-365.

Noe, F. F. & Fowden, L. 1960. -Pyrazol-1-ylalanine, an amino
acid from watermelon seeds (Citrullus vulgaris). — Biochem.
J. 77: 543-546.

Scheibe, J. & Lang, A. 1965. Lettuce seed germination: evi-
dence for a reversible light-induced increase in growth po-
tential and for phytochrome mediation of the low tempera-
ture effect. — Plant Physiol. 40: 485-492.

Takeba, G. 1980a. Changes revealed by a tracer technique in the
amino acid metabolism of thermodormant and non-dormant
New York lettuce seeds. — Plant Cell Physiol. 21: 1627-1638.

— 1980b. Accumulation of free amino acids in the tips of non-
thermodormant embryonic axes accounts for the increase in
the growth potential of New York lettuce seeds. — Plant Cell
Physiol. 21: 1639-1644.

- 1980c. Effects of temperature, red light and hormones on the
accumulation of free amino acids in osmotically growth-
inhibited embryonic axes of New York lettuce seeds. — Plant
Cell Physiol. 21: 1645-1649.

— 1980d. Phytochrome-mediated accumulation of free amino
acids in embryonic axes of New York lettuce seeds. — Plant
Cell Physiol. 21: 1651-1656.

Physiol. Plant. 60, 1984


Costas A Thanos



