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CHAPTER 1

INTRODUCT ION

" The radiation effects on growth inhibifion,
morpho!ogicai‘variétions, and cytological changes in plants
have been-investfgated.thbfoughly fn the past half a century.
Recently, the macromolecular altefations in irradiated plants
have become_anvinterestfng subject because the macromolecules
may be the key substances in interpreting the morpho-physio-
logical expression of radiation, | v
| | Essentially,‘deoxyribonuéleic acid (DNA) stores
thevinformation which regulatgs growth and reproduction.but
ribonucleic acid (RNA) participates directly in the protein-
synthesizing machinery. Therefore, nucleic.acids constitute
the principal target fdr searching for molecular factors in
radiation damages. Several investigators.defermined the
content for nucleic acids in irradiated plants (Van Huystee
and Cherry, 19673 Joshiland Ledoux, 1970;.Shigemitsu, 1971;
Chou et al., 1971), but little work has been done concerning
the distribution of nucleic acids among different components
of irradiated plants. Possibly, the distribution of nucleic
acids might be correlated to the rate 6f growfh of different
components since they are the substances which control the

metabolic processes.
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Shaw (1971) found that radiation did modify the
content of nucleic acids in mung bean seedlings, as did
environmental effects. Looper and Aboul-E1a (l97l) reported
that the dry weight of‘cotyledoné was significantly higher
- in irradiated (30 KR) groupé than in the controls;v Possibly,
there is differential activity in the various seedlingvcom-
ponents as a result of irradiation and the post-irradiéted
environment. On the other hand, translocation factors may_
be involved.

Temperature has been found to influence the growth
rate of-fenugreek seedlings (Lboper and Aboul-Ela, 1971).

A corfelationvwas always obtained between temperature and
growth rates, providing other environmental factors were
held constant. In addition, temperature affects the in-
ternal biochemical system in plants more than any other
environmental factor. Therefore, temperature was chosen as
the post-irradiation factor in the studyof irradiation in-
fluence on nucleic acid disfribution.

The purpose of this study was to investigate the
nucleic acid distribution in fenugreek seedlings as affeéted
by radiation and post-irradiatioh temperature. The methods
of nucleic acidlseparation involve the separation of various
phosphorous compounds, the findings of which were also

included in this study.



CHAPTER 11

L ITERATURE REVIEW

Historically, the effects of ionfzing radiation
on living systéms wefe largély‘intefpreted on a biophysical
basié during the early stages of‘radiation biology. For-
insfance{ the "hit theory" of Blau and Altenburger (1922)
and the "target theory" of Crowther (1924%) were developed
on the basis of the statistical relationships between dose
and damage of irradiation. The target theory theorized that
the cell contains a critical site or "targetﬁ and a single
jonizing event or "hit" with this "targef’wfll‘inactivate
thebcell. All hits outside the crftical-sife.wefe unim-
portant with regard to the observed effecf.

As agéinst the purely biophysical explanation of
radiation eFFect; the involvement of bchhemical pathways
in radiation damage became appafent. In all the probable
pathways of radiation action both_directvand.indirect re-
actions were taken into consideration (Lea, 1955).

With the introduction of microwave spectroscopy
came an improvement both in bibphysicalband biochemicél
techniques. Zimmer (1960) has pointed out how microwave
spectroscopy has brought to light interesting new informa-
tion in radiobiology. With the help of microwave speétroscopy.

3 .



n

 mény data (Ehernberg,,l96i; Zimmer and MulTer, 1965; Snipeév
and Gordy, 1963) have been collected on the production of
free radicals within the irradiated cells. ThQs, the role
of free radicals in initiating physicbchemica1 reactions
after the absorption of’radiant energy by CompOnents of an

irradiated cefl was discovered. Since electron spin

resonance techniques and equipment have become availablé,
many workers (Gordy and Miyagawa, 1960; Randolph and Haber,
- 1961; Ehrenberg et al., 1969; Bidzilya and Zezina, 1970;
Ahhstrom and Sénner, 1971) haVe reported that free radicals
are a link in the chain of reactions leading from the
absorpfion:of the radiation to the biologically manifested
effects. v | |

Various possible e;planations of'inhibition of

growth on plants after irradiation have been suggested by‘
many workers. Gunckel.and-Sparrow (1954, 1957, 1961, 1965)
contributed most of the studies on morphological irregulari-
| ties; Neary et al. (1959) and Van't Hof (1963) emphasized

the fact that mitotic delay caused the inhibition in growth.

RADIATION EFFECTS ON PHYSIOLOGICAL PROCESSES:

Recently, the study of ionizing radiatién effects
has focused on biochemical and physiological changes. Plants
that have been exposed to ionizing radiation will have a

disruption in the efficiencies or rates of various



pHysiological processes. For example, the reduction in the
total photosynthétic capacity of an irradiated plant.has been
reported. Using Chlorella, Zill and Tolbert (1958) found
that the ionizing rédiation did not affect‘the rate of oxygen
evolutibn but’decreased COglfixation, suggesting an indepen-
dent action of radiation on the carbbn,cycle and on the
photolytic system. Roy and Clark (1970) found somewhat
similar results and explained that the reduction of the total
photosynthetic éapacity was due to'the‘irradiation effect on
fhe CO0; fixation and translocation of photoassimilates.
Furthermore, Gailey and Tolbert .(1958) reported that 50 and
150 Krad of ionizing~radiation delayed chlofophy]l synthesis
in etiolated plants. Kohn et al. (1967) reported a greater
radiosensitivity of chlorophyll a synthesié over that of
chlorophyll b, Simonis and Von Fuchtbauer (1965) found the
non-cyclic photophosphorylation was the Ieast}sensitive to
radiation, the cyclic type with flavin monohucleotide (FMN)
of intermediate sensitivity, and the cyclic syétem with
phenazin methosul fate (PMS) the most susceptible to radiation
damage.

The other metabolic processes, like glycolysi;,
oxidative phosphbrylation, cytochrome oxidase and catalase
activities were reported to be stimulated by growth-inhibit-

ing doses of radiation (Gordon and Weber, 1955; Gordon,
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1957). Respiration, which .is stimulated by radiation and
increases with dose, has been reported by Romani and Bowers

(1963), Romani (1964), and Clarke and Lang (1965).

RAD AT |ON_EFFECTS ON' PHYTOHORMONES :

Anothek factor which must be taken into consider-~
ation when interpreting the radiation effects is hormones.
For examp]e, the radiation sensitivity of the hormone auxin
was first reported by Skoog (1935) and has been reaffirmed
by King and Galstdni(l960); Weber and Gordon (1953) reported
the extreme radiosensitivity of auxin biosynthesis, and dem-
onstrated that the magnitude'of the radiation effect implied
an interferenée at some vefy ihitial étep in auxin biosyn-
thesis. On the ofher hand, Fan and Maclachlan (1967) found
that synthesis of the enzyme cellulase by pea seedlings
increases dramatically in the présence of auxin, Adams et al.
-(1970) reported that the synthésis of RNA was necessary for
auxin to promote cell enlargement in peas. Thus, it is
possible that auxin méy selectively activate some of the
genes of maturing cells, enabling them to synthesize ceftain
kinds of RNA and, eventually, the enzymes for which these
RNA's code. |

In barley seeds, gibberellin has‘a role in stimu-
lating the synthesis of amylase, protease, and ribonuclease

in the aleurone layer surrounding the food-storage cell of
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the endosperm (Vén Overbeek, 1966). It also activates
‘ceilulase and»pectinasé, which act on the cellulbse and
pecfin on the seed coat'cell wall, enabling the embryb to
break thfough the softened coat during*germinatidn. Bonner
(1965) hasfdiscovered that in potato tubers the gibbere]lic'
acid may éhemicélly bind to the histones and, in some hanner,
act to prevent the histones from supfesang the aétivify of
the gene for mRNA synthesis. Thus, the dormancy of the
freshly hérvested potatoés might be‘broken; enabling them to
commence growth. vSubseqdently,‘Chrispeels and Varner (1967)
concluded that gibberéllié acid may exert its control at the
gene level. |

Several investigations have demonstrated that
treatment with gibberellic acid decreases the severity of
damage induced by ionizing radiation in a variety of seeds.
These findings and the apparent importance of gibberellines
as inducers during the germination of seeds for the synthesis
of hydrolytic enzymes (Jacobsen and Varner, 1967) led tov
more interest in the effect of gamma radiatibn on gibberellic
acids., Sideris et al. (1971) studied the biological activity
of gibberellic acid by measuring alpha-amylase activity and
found that the relationship between irradiation dose and
gibberellic acid inactivation is an exponential one. They

postulated that the gibberellic acid inactivation by
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radiation may be attributed}either to a direct'effect of
gamma-rays photons oh the gibbereliic acid molecules, or to
an fndirect effect through free radicals formed in the
irradiated medium, - | |

| Ethylene has been hypothesized to function,through‘
interaction witﬁ auxin. Some evidence supports the idea
that ethylene inhibits the movement of auxin in pea seedlings
(Galéfon_and Davies, 1970). Ethylene has also been fOund to
induce‘the activfty of 1AA oxidase, an enzyme that catalyzes
‘the destruction of indoleacetic acid (Vah Overbeek, 1968).
Increases in the activity of this enzyme would result in a
decrease in the amount of auxin in the plant (Adams et al.,
1970). Recently, Ogawa and Uritani (1971) found that a low
concentration of ethylene significantly stimulates the in-
érease in overall enzyme activities %n sweet potato roots.
On the other hand, gamma irradiation of sweet potato tubers
also results in the induction of overall enzyme activities.
To determine the relationship between the fwo'treatments
would be of particular inferest, because gamma irradiation
induces ethylene production in lemon fruits also (Maxie

et al., 1965; Maxie and Abdel-Kader, 1966).

RADIATION EFFECTS ON NUCLEIC ACIDS:
The ultimate expression of radiation damage to

seeds is likely to involve genetic alterations. During the
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synthesis of DNA,_mRNA,.and'enzymes'tempiate molecules are
required, Therefore, the radiation damaged templates might
transmit their damage to the newly synthesized molecules,
and then perhaps in the form of biological activity. For
example, Weiss and Wﬁeeler (1967)_sh6wed thét RNA synthesized
from irradiated DNAvhéd a Siight, Eut significant, difference
in base ratio and neighboring base sequénée from that syﬁ-
‘thesized from non-irradiafed DNA. Another effect of radiation
~was indicated by the decreased rate of DNA and RNA synthesis.
If such decreased rates were attributéd to unavailability
(or loss) oi somé tempiates, thisvwouid have serious conse-
quences on the cell, |

The mechanism of DNA structure disruption by
irradiation has been reported by Scholes and Weiss (1962),
who found that the ffee radical attack occurs mainly in the
composition of the purine and pyrimidine bases. It has been
estimated that about 75% of the OH-radicals react in attack-
ing the nitrogen bases. The pyrimidine bases were found to
be more radiosensitive than those ofvfhe purines, and
_thymine was destroyed to the greatest extent. HudnikAPlevﬁik
et al, (1962) found that DNA synthesized after irradiatioﬁ
contains less thymine and‘more cytosine and guanine than the
normally synthesized DNA, They concluded that the nuéleic

acids synthesized after irradiation were altered in structure.
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Such an alteration may be feflected in the loss of some
biological function characferistic‘of these cell conﬁtituents.
When a breakage‘of a strand in the DNA helix occurs, it is
mainiy due to an attack of the radicals on the éugar moiety,
which leads to a»splitting of the phosphate ester lihkages
along the chain and thus, to the production of phosphomono-
ester groups (Scholes and Weiss, 1962). A maih chain double
break, with separation of the sections will occur only if
there is}a break in each}of the two strands which are less
than about five.nUclgotide units apart (Casarett, 1968).
Kruglykova (1968) has studied the action of ionizing and
UV-irradiation on DNA structure. He found that the obvious
change in viscoSipy was probably due td'the rupture of
H-bonds. Considerébly much less information is avai lable
regarding radiation effects on RNA structure. It is likely
that the changes produced afe similar to thdse in DNA.
Weissberger and Okada (1961) have reported that, at the
same dosage, single-stranded RNA seemed to be more sensitive
to radiation than the double-stranded DNA structure.

In vitro studies have shown thét_appreciable
amounts of DNA were synthesized when the deoxynucleotide
triphosphates of adenine, thymine, guanine, and cytosine,
magnesium ions, and a portion of a DNA molecule serving as

a template were mixed with DNA-polymerase jUst before
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mitosis, during interphase and early prophase. HoweVer, a
decrease in the rate of sYntheéis of DNA following radiation
has been reported. Casarette (1968) postulated that this
effect may be the results of radiation_de;reasing the con-
centratidn or,actiVity levels of the enzymes regulating DNA
synthesis. Moreover, since it is well known that radiation
exposure‘delays mitotic activity, decreased DNA synthesis
may be the result rather than the cause of the delay. Lajtha
et al. (1958) and Yoshikura (1971) repbrted a radiosensitive
period during mitosis., Gamma-rays were mofe inhibitory when
applied prior to the onset rather than during the process of
DNA synthesis. .

All types of RNA are synthesized using 4 kinds of
nucleotide triphosphates (édenoéine triphosphate, uridine
triphosphate, cytidine triphosphate, and guanosine triphos-
phate), a segment of DNA template, magnesium ions, and
- DNA-dependent RNA polymérase. Most of the RNA synthesis
occurring at these instants is of the messenger variety.

The synthesis of RNA may be delayed or depressed by irradi-
ation, Stone (referred by Casarett, 1968) reported that the
incorporation of '*C-uracil by irradiated lettuce seeds
showed that RNA syhthesis was delayed by radiation. Higher
doses of irradiation depressed RNA synthesis and delayed

protein synthesis.
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Other inveétigators have contributed further
information concerning the effects of radiation on nucleic
acid synthésis.. Van Huystee and Chérry (1967) fdund that
nucleic acid synthesis in cotyledons of peanuts was'stihu~
lated immediately after X-irradiation, but may be inhibited
after 4 weeks of stbrage. Studies by Tokarskaya (1969)'
indicated that gamma-irradiation of pea seeds altered thé
genome, as shown by a decreased synthesis of mRNA and in—‘
creased production of rRNA pfecusors. Joshi and Ledoux
(1970) and Shigemitsu (1971) repdrted that thefe was ho
significant alteration in the content of DNA and RNA in
barley seeds fbllowing ionizing radiation. Chou et al. (1971)

found that the RNA content in X—rayé_irradiated Penicillum

expansum, L. was greater than in the control up to the
fourth day, and then decreased to the same level as the
control by the fifth day of incubation.

According to Casarett (1968), the enzymes of
living systems have shown a variety of responses to moderate
doses of radiation, even though the radiation doses required
are considerably higher than those which producé mutations,
chromosomal damage, or which prevent cell growth or cell
division. Investigation of the effects of gamma-rays on
the enzyme system of maize seeds have shown that radiation

caused the decrease in most arylesterases of the first
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internode after 5 days of germination, the decrease in the
pH 7.5 esterases of the shoot after 6 dayé; and the increase
in some‘peroxidases.' Endo (1967) postuléted that the effects
of radiation may be on the enzyme.molecules themselves, on
the protein synthesizing system, or on the level of gene

activity.

TEMPERATURE EFFECTS ON_GROWTH:

Plant growth is controlled by the interaction of
genetic and environménta1 factors. The biophysiological
activities of plants are subject to the influences of their
external and ihternal environments. In genérai, an increase
in temperature results fnvan accelération of the metabolic
activities up fo a maximum temperature. ‘Growth of higher
plants occurs in the range of 0 to 50 C. 'Within most (but
not all) of this range, raising the temperature 10 C in-
creases the growth rate to 2 to 3 times (Léyitt, 1969).

Under natural conditions, the déy temperatures are
higher than the night temperatures so that there is a regular
diurnal temperature cycle. These diurnal Changes in temper-
ature are important in their influence on plant growth.

Went (1944) pointed that the night temperature of 20 C was
best for early vegetative growth, but it decreased to 15 C
as the tomato reached maturity. Using a day temperature

of 18 C, Bora (1970) studied the effects of 4 night
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temperatures (10, 14, 18, and 22 'C) on tomato plants. It
was found that a greater increase in the dry weight of the
stem and root occurred with the 10 C night temperatufe. The
maximum increase in dfy,weight of leaf resu]téd at 18,C;
while the maximum incfease.in the leaf area was obtained at
14 C. Bora (1970) concluded that stem elongation in tomato
is confined to the nocturpal hours, and that the elongafion
process itself may be an‘important element of the night
temperature-sensitive growth system. Decker (1944) stated
that the highér the night temperature, the larger the loss
of the day's photosynthetic gain. Since the night tempera-
tures lead to a diminishing of the respiratory loss, the
thermoperibdic response may be the result of a favorable
balance between the photosynthetic production of-piant
.material during the day and the respiratory loss at night.

Since the biological reactions are under the con-
trol of enzymes, the temperature range in which they may
occur is quite narrow. Thus, the existance of minimum
temperatures for all plant processes is related to an
enzymatically controlled condition. As the tehperature
rises, so does the rate of reactions until a temperature
inhibitory level for enzyme activity is reached. Apparently,
factors leading to the denaturation of enzymes involved in

photosynthesis, respiration, absorption, transpiration, and
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even cell division are active at temperatures above 30 C.
Wolken and Mellon (1957) showed that‘fhe phbtochemical |
aspect of photosynthesis is independent of temperature, but
that the biochemical acti?ity, which is controlled by enzymes,
is strictly temperature-dependent. Decker (1944) found that
in his sfudies of pine, the}respiration rate is more than
twice as rapid at 30 C as at 20 C. Similarly, Osman (1971)
reported that the respiration rate during the day was about
50% higher than dﬁring'the night, that a ma rked increase in
root respiration was evident within 12 minuteé of exposing
the shoot to photosynthetically active radiation, and that
the decrease in respiration after excluding photosynthetically
active radiation was equally sharp. It was suggested that
this is a direct consequence of the translocation of‘photo-
synthetic products from the leaves to the root. Furthermore,
both passive and active absorﬁtion processes are affected by
temperature changes. Devlin (1969) postulated that the rate
of free diffusion depends upon the kinetic energy of the
di ffusing molecules or ions which, in turn; is dependent
upon temperature, Therefore, lowering of temperature will
lower the rate of any process dependent upon free diffusion.
Also lower temperatures will.decrease the speed of the bio~

chemical reactions found in the active transport.
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Transpiration, another temperature-dependent
action, is a necessary process in the normal groth of
plants. ,For,instancé; amino acids and protein metabolism
in plant is related to the water stress condition. If all
factors are constant, an increase in.temperature'will almost
always.increase the rate of transpiration. ‘Devlin'(1969)
attributed'this‘to the‘effeqt of temperature_bn stomatal
movements and vapor pressure gradients between the internal
atmosphere of the leéf and the surrouhding étmosphere.
Hofstra (1969) found that two_coé? climate species, pea and
brbad bean, had'the Widest apertures at 17 to 30 C. In most
of the species the apertures increased with air temperatures
up to 30 C.

The efféct of temperéture Qn the.course of mitosis
and the mitotic cycle was studied in bean root tips by Murin
(1967). These studieé showed that é temperature increase
from 3 to 25 C shortened the duration of the individual
mitotic stages. The duration of the mitot}c cycle decreased
from 3 to 25 C, but further temperature increases to 30 and
35 C resulted in lengthening of the mitotic cycle.‘ Above
35 C mitotic activity was either decreased or terminafed.

The interaction between temperature and ionizing
radiation has been studied in fenugreek beans (Fang, 1969;

Looper and Aboul-Ela, 1971). Principally, the damage
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induced by radiation is greater at lower than at higher
temperatﬁres; Lachance (1961) has-explained.that Tow
temperatures may increase the solubility‘of oxygen which
enhanceé thevfadiation damage, and may<decrease the molecular
movement which decreases the posSibi]ity,of'reorientatjon for
recovery from the damage. Thus, either pre- or post-irradf-
ation heat may alter the radiation damage because, (a) heat
may modify the membranes to become impermeable to oxygen,
(b) thermél‘enérgy hay enhance the rate of radiation energy
to divert away from the site Qf primary absorptjon, and (c)-
the high temperatures may facilitate movement of broken ends
of chromosomes to restore their original pésition (Caldecott,
1961). Cé]decott and Smith (1952) found théf a sublethal
heat treatment signifiCantly reduced the radiation injury in
barley root-tips. Caldecott (1961) demonstrated thét pre-
irradiation heat protects the seedlings of barley against
injury and eliminates the increased injury in stored seeds,
On the other hand, studfes of post—irradiation heat resulted
in a progressive increase in injury as a function of time
stored, Berezina and Narimanov (1969) reported that the
post-irradiation heat of cotton seeds eliminated the
damaging effect of the radiation (40 KR) and promoted the
recovery and the viability of the seeds. The plants which

developed from the heat irradiated seeds had a retarded
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rate of growth in the initial_étages of development with
: resultanf deformed leaves, altered coloration, and abnormal

branching. By the time budding occurred, the morphological

changes were almost completely restored.



CHAPTER 111 |
MATERIALS AND METHODS |

MATERIALS:

The fenugreek bean (Triqonélla foenum-qraecum, 5.)

is a fast‘gérminating and rapid growing winter herbaceous
anndal legume with trifoliate compqund leaVes;’except for
the first leaf which hés a single blade. It is an ideal
experimental material for laboratory work under the desir-
able setting of a controlled environment.

Previous work with fénugfeek demonstrated that
21-day-old seedlings were mature enough to showvfhe develop-
" mental differences between control and treated groupS'ét any
parameter.of comparison. J. R. Freeman (1970) has reported
that the maximum amount of mineral absorption, especially
phosphorus, by fenugreek seedlings is at the 21-day age.
Thus, the 2l-day-old fenugreek seedlings were chosen for

this study.

TREATMENTS:

Co-60 (U. S. Nuclear Corporation Model Gr-9) was
used as the source of gamma radiation at 600 R per minute.
The dormant seeds of fenugreek, with appfoximately T% mois-
ture content, were irradiated at room temperature (20 C) for

19
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17 minutes for a 10 KR exposure dose. ln.preyious studies
Fang (1969) observed that 10 KR was a low dose for fenugreek
seeds and resufted in morphological changes without great
~loss in weight. .Uniformity of fresh weights between irradi-
ated and.contrblvseedlings is convenient for biochemical
isolations and separatfons. Therefore, the comparisons
between the isolated components on a fresh weight basis |
would be sound. |

| Following-irradiatfon, both treated and control
seeds were immediately hydrated under aerbbic'conditions,
énd the seeds weré planted in diSpo gfowth pouches. (DiSpo
pouches, purchaséd from SCienfific Products; were 6 inches-
square plastic bags which opened along the top side contain-
ing folded paper wicks on which the seeds were placed.)
Immediately after planting, the pouches were then set into
the different pre-set controlled growth chambers. Light
intensity was set at 20 KLux, and humidity was maintained
between 50—70%, The gfowth conditions and the radiation
were programmed as indicated in Table 1, Thus, the radia-
tion and the day tempefathre.wefe the only two variables

which were appliéd to alter the growth of the seediings.
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TABLE 1. TREATMENT CONDITIONS OF FENUGREEK SEEDLINGS.

Growth Condition
Radiation : - : - =l
Day (16 hr) Night (8 hr)
None 0 C 15 C
l0,000R . | 3¢ | 15 ¢
(Treated) i 20 C R 15 C

'PREPARAT [ON OF P-32 LABELED NUTRIENT SOLUT ION:

'Phosphqrus; an extremely important element for
plant gerth, exists in cell constituents as phospholipids,
in energy transfer compounds as NAD, NADP, and ATP, and in
core materials as nucleic acids, For this reason, the
phosphorus isotope (Pf32) was chosen as the radioactive

‘tracer for determihing the content of nuc]eié acids, as well
as the other phosbhorus'fréctions. Labeled NaH232P04 was
purchased from the New England Nuclear Company (10 mCi/0.5 ml
carrier free). The originé} O.S'ml of 99%'pur1ty 6f;rédio—
active monosodium phosphate}was dildted with 100 mg of
non-radioactive monosodium phosphate pjus water to make a‘3.§
mCi/ml of stock solution. A 0.5 ml of the stock solution was
transferred to 20 liters of regubar nutrient (after Hewitt

reported in Devlin 1969) to make a labeled nutrient with
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specific activity of 0.5 mCi/mg phosphofus. The labeled
nutrient solution was then used to feed the seedlings in
the pouches. Equal aliquots of 20-25 ml were added to each
pouch every 2 to 3 days,.dépending upon fhé age of the seed-
lings. The rémaining hutrients in eééhbpouch were disposed |
of befofé each réplécement. Each-subtreatment was replfcated
5 timés (5 pOucheS). “Within two months; the incorporated |
radioactivity was sufficient to be détected by the Wide-Beta

I,

MEASUREMENTS :

The 21-day-old séedlings'were harQested and
Fréctionated into their compohent'léaves,‘cotyledons, stems,
and roots. Each component was collected from each of the
10 seedlings in one pouch as a unit. The fresh weight of
each component was measured right after fractionation. The.
dfy weight was measured after each componenf has been dried

in an oven for 24 hours at 70°C and cooled in a desiccator.

EXTRACT [ON:

Two gram.samples of fresh leaves, cotyledons,
stems, and roots from each subtreatment were collected
separately and frozen instantly in dry ice to inhibit the
activity of enzymes (Tsinger andéPetrovsaya—BaranoVa, 1970).
Five determinations were made on the five replicates in each

subtreatment. The extraction procedure as adapted from



BroughtOn‘(l969) is presented in Figure 1.
Each fwo grams of frozen component were homogenized
~at 5 C by a Sorvail grinder for 3 minutes on the 3-4 éetting.
The speed of the cold centrifugation. in each subsequent stepv
was at 12,000 X g fof 10 minutes, except forvthe acid-extrac-
tion which was centrifuged at 14,000 X g for 10 minutes.
There were six fractions.in each extractidn:v
'FRACTION I was methanol-soluble phosphorus cbmpounds,'mostly
inorganic; FRACT ION 11 was acidesoluble'phosphorus compouhds
‘which represented energy transfer compounds; FRACTIQN 11 was
ether-soluble phosphorus Compounds which included mainly
phospholipids; FRACTION IV was predominantly RNA; FRACTION V
was DNA; and FRACTION VI was residue which consisted of
proteins, cell wall, and KC10s (Broughton, 1969). Each
fraction was made into a sbecified volume of which certain

amounts of aliquots were taken for assay.

ASSAY OF PHOSPHORUS UPTAKE:

The phosphorus uptake in each fraction was deter-
mined by radioactive counts because the P-32 count is
proportional to the amount of total absorbed phosphorus in
each component.

A series of P-32 standards prepared from the
labeled nutrient were used as references as indicated in

Table 2. 0One ml samples of each fraction were transferred



FIGURE 1.

OUTLINE ‘OF PROCEDURE FOR THE EXTRACT ION
OF DIFFERENT COMPONENTS.OF 21-DAY-0LD
SEEDL INGS OF FENUGREEK. (Adapted from
Broughton, 1369 ) |
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FROZEN TISSUE (2 g)

Homogenized with 20 ml- of methanol

" Extract residue twice with methanol
containing 0.05 M formic acid (25 ml each)
Centrifuge ?j 12,000 x g for 10 min. at 4 C

Extract residue 3 times with .~ Supernatant
0.2 N HC104 (25 ml each) : I
14,000 x g, 10 m;n., 4y ¢ , FRACT ION_|
Wash residue with the Supernatant FRACTION 11
following solvents
(25 ml each)

12,000 x g, 10 min., 4 C
Ethanol sat, with Na-acetate

l S
Twice in Ethanol:chloroform (3:1 v/v)
| ' :

Then Eth?r
Store at -20 C until required - Combined supernatant
Incubate residue in 20 ml of FRACTION |11

0.3 N KOH‘at 37 C for 3 hrs.

Stop incubation by acudlfylng to 0. 2 N
with 12 NIHCIO4 and cool to

Wash residue twice with 0.2 N
HC104 (10 ml each)
|

12,000 x g, 10 min., 4 C
’ .

Extract residue 3 time (10 m) each) Save combined
with O.1 N KOH at room temperature ' supernatant

|
12,000 x g, 10 min.,, 4 C
1

Residue | | Combined washings

FRACTION VI FRACTION V ‘FRACTION v
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TABLE 2. A SERIES OF.szP-STANDARD FOR P-UPTAKE IN

FENUGREEK SEEDLINGS.

Series No. 'vNufrient*/Qlahchét' Total;phosghorug*
| | ml g

I o 0
2 0.1 ¥.69
3 0.2 19.38

o 0.3 14,07
5 0.4 18.76

6

0.5

23.45

*Nutrient refers to 22P-labeled nutrient used for

seedlings.

**Total phosphorus in the aliquot including, both

the labeled and unlabeled, was calculated from

the salt added to the stock-nutriént as follows:

NaH2P04/20 liters (1) of nutrient
NaH232P04/20 1 of nutrient |
Total monosodium thsphate/QO ]

P % in.NaH2P04 = P/NaHz2P0. x 100%

Total P-content/20 1 of nutrient

Il

4,16 g

0.01687 g

4. 17687 g

22, U6%

4.17687 x 0,2246
0.938125 g/20 1
46.9 g/m1l
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into a | in. diameter planchets for counting. Both the
standards and the'samples were oven-dried at 40 C for 6-12
hr counted by a Beékman Widé-Beta Il planchet system set'af
2,000 counts,wath'S% error level, |

A standard curve was pfepéred to relate thé count
to the amount of total phosphorus frdmvthe étandérd series
and to estimate the total phosphoruskin aliquots of the
various extracts each time they were assayed. Thus, the
total P-uptake was obtained’by multiplying the total volume

of each fraction extraction by the total P-content of the

aliquot.

ASSAY OF NUCLEIC ACIDS:

The concentrations of nucleic acids in FRACTION 1|V
and FRACTION V were determined by.three methods: (a) Radio-
active counts of 32P-incorporated, (b) UV absorbance at 260
m , and (c) Colorimetric reactions.

(a) Rédioactive count to assay the phosphorus portion of
nucleic acids was carried out‘as previously described.
The amount of nucleic acids in thebgrowing Seedlingv
assayed by this method represents the fraction incor-
porated from the absorbed phosphorus of the nutrient
solution.

The phosphorus portion of nucleic acids is reported

to account for about 9.22% or a 1:]0.8,ratio of the DNA
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(Chargaff, 1955). Magasanid (1955) indicated that the
P-portion of RNA is about 9%, or é 1:11.1 ratio. Thus
the nuclefc acid content can be calculated from P-con-
tent asvindicafed by the following:
RNA-content = P-content x 11.1 x vol of FRACTION 1V,
DNA-content = P-content x 10.8 x vol of FRACTION V.
The ultravioTet absorbance technique is mainly an assay
for the nftrogen~bases,portion of nucleic acids. |Its
determination is based-oh the fact that purine and
pyrimidine bases absbrb light at 260 m in proportion
to the concentration ofanCleic acid (Bradshaw, 1966).

Yeast RNA (Nutritional.Biochemiéals Corporation)
was used‘asvthe RNA-standard reference. Four miliigfams
of yeast RNA were dissolved in 24 ml of the solution |
which was the same extraCting‘medium of FRACTION IV, at
pH 1.1 £ 0.2 to méke a 0,166 mg/m] concehtration of RNA
stock solution. From the stbck, a series of RNA-standard
dilutions were made as indicated 'in Table 3.

Highly poTymerized DNA-disodium salt (Nutritional
Biochemicals Corporation) was used as the DNA-standard

reference. Ten milligrams of the DNA were dissolved in

20 ml of the same extraction medium of FRACTION V at pH

12.5 £ 0.2 to make a 0.5 mg/ml concentration of DNA
stock solution, A series of DNA-standards were pre-

pared from the stock solution as shown in Table &,
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TABLE 3. RNA-STANDARD DILUTIONS USED FOR UV-ASSAY.

Series No. 1 o 3 P 5

RNA in ‘
mg/m] 0.166 0,083 0,042 0.021 0.0105

TABLE 4. DNA-STANDARD DILUTIONS USED FOR UV-ASSAY.

Series No. ] | 2 3 4 5

DNA in

mg/ml 0.5 0.125 0,031 0.0078 0.00195
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An ambient Hitachi Perkin-Elmer model 139 UV-Vis-
spectfophotometer‘was used with a slit openfng of 0.5
mm. The nucleic acid content of each unknown aliquot
was evaluated from the standard curve‘which was ‘con-
structéd accordihg fo Ass0 m;(Of the stéhdérd,series.
Colorimetric reactions are used to assay the sugar por-
tion;of nucleic‘acids. The series of standard RNA and
DNA for_col@r reactioné were prepared as mentioned in
the UV-determinations (Tables 3 and 4).

The Orcinol prdcedure'as described by Bradéhaw |
(1966) was used for asséying RNA content.v Three milli-
liter aliquots of the standard, as well as the unknown
RNA samplés, were pipetted info test tubes and 6 ml of
the Orcinol-acid reagent and 0.4 ml of the OrCinbl—
alcohol reagent were édded_to each. (Orcinol-acid
reagent was prepared by slowly adding.O.S.ml of 10%
FeCla*H20 to 100 ml of conc. HCl, The Orcfnol—alcohol
reagent was made by dissolving 6 mg Orcinol in 100 ml
of 95% ethanol. This solution must be freshly prepared
prior to usé.) The prepared tubes wére put in a boiling
water bath for 20.min} to allow the greeh color to de-
velop. At this time, all the tubes were cboled by
immersion in a cold-water bath. The absorbance at 660
mu was determined against a blank reagent which was

prepared in the same way with 3 ml of the extracting
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medium, Corfectiqns‘were'madé for the light absorbancy
due tb'the reagent and the medium. Finally, the amount
of RNA in FRACTION IV was determined from a RNA-standard
curve in mg/ml, and then multiplied by the total volume
of FRACTION |V .to obtain the actual RNA conteht in2g
of fresh tiésue.

The modi fied indoie protedﬁre'described by Schmid
et al. (1963) was used for assaying the DNA content from
the deoxyribose portion. One ml ofbthe standard, as
well as the unknown,DNA extracts, was heated with 1 ml
of 10% (w/v) monochloroacetic acid (Fina]‘pH 2.5) at
90 C for 80 min, Subseqdently, 1 ml of 0,06% (w/v) '
indole and 1 ml of 10 M HCl were added to each tube énd
the yellow-brown colér was allowed to develop for 60
min at 80 c. All the tubes were rapidly chilled in a
cold-water bath between each peribd of heating. Since
hexoses give a pihk color reactihg with indole, the
pink color must be completely extracted by the chloro-
form. These extractions were repeated on each tube 3’
times with 4 ml of chloroform. The remaining aqueous
solution contained the brown color compound which was
formed mainly by deoxyribose. This was poured into a
3 ml capacity Pyrex cuvetfe to determine the light
absorbancy against a modified blank reagent at #90 mu by

the same spectrophotometer as used in UV-determination.
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The conversion into DNA-content was then calculated by

the previously described method.

ANALYSIS OF DATA:

The experimental data were analyzed by IBM 1620
computer at Texas Woman's University using a program of
simple analysis of variance (Harris, 1963, modified by

Patterson, 1965).



CHAPTER 1V
RESULTS

FRESH WEIGHTS:

. The average weights of various components of
21-day-old fenugreek seedlings followihg treatments of
radiétion.andhtemperature are presented in Table 5 and
Figure 2. The analyses of variance are ih the Appendixes
no. 1, 2, 3, and}4. The least significant difference be-
tween each two means is calculated from the value of
studentized range at Ka,1e (Goldstein, 1964). |

‘Although, doses'of 10 KR radiation slightly stimu-
lated the growth at the 30 C day-temperature and inhibited
the growth at the 20 C‘day-temperature as cbmpared to the
nonirradiated controls, such differences were not satisti-
cally significant., The temperature effect results indicated
that 20 € was more favorable for growth than 30 C, by a wide

significant margin, in most structures.:

DRY WEIGHTS:

The average dry weights.of various components of
seedlings treated by radiation and temperature are shown in
Table 6 and Figure 3. The analyses of variance of the four
components are presented fn Appehdixes no. 5, 6, 7, and 8.

32
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FRESH WEIGHTS OF COMPONENTS OF 21-DAY-OLD

TABLE 5. |
FENUGREEK SEEDLINGS (Figures are means of
5 replicates with 10 seedlings each).
: Treatments* | L, S, D **
Seedling ' '
Components 20 ¢ _ 2Q : 5% 1%
Control Irrad, Control Irrad.. :
g g 9‘ g
Leaves 1.0557  1.1901 1,525  1.2281 0.3363 0,4333
Cotyledons 11,0510 1.0996 1.3072 1.2334 0,2020 0,2600
Stems 0.8322 0.8774 1.2223 0.985% 0.5339 0.6880
Roots 0.9509  1,2046 2.6779 2,509% 0.4659 0.6000
Whole | ‘ |
ceedling >-8898  A.3TIT 6.7330 5f9563 1.5381 1.9813

*Night temperatures were maintained at 15 C for all groups.

*~ L., S. D. refers to Léast‘Significant Difference between
two means,



FIGURE 2. EFFECTS OF RADIATION AND TEMPERATURE ON FRESH
WEIGHTS OF 21-DAY-OLD SEEDLING COMPONENTS OF
FENUGREEK BEANS. (Each column represents the

mean of 5 replicates with 10 seedlings each).
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Control, 30°C
lrradiated,:30°c
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Irradiated, 20°C
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TABLE 6. DRY WEIGHT OF COMPONENTS-OF_2]4DAY¥OLD.FENUGREEK
SEEDLINGS (Figures are means of 5 replicates with
10 seedlings each). v

. DL*x

fréatmenfs% L. S
Seedling 20 ¢ 20¢C ‘ | 5% 1%
Components Control [|lrrad. Control lrrad.
g g g g
Leaves 0.1403 0.1483 0.1731 0.1457 0.0400 0.0520
Cotyledons 0.0954  0.0999 0.0942 0.1099 0.0157 0.0200
Stems 0.0959 0.09%1 0.1002 0.0879 0.0160 10,0200
Roots 0.1016 0.1059 0,1613 0.1686 0.0400 0.0520
Whole 4 usan g yu82 0.5288  0.5121 0.1117 0.1440
seedling

*Night temperatures were maintained at 15 C for all groups.

**L, S. D. refers to Least Significant~Difference between

two means.



FIGURE 3. EFFECTS OF RADIATION AND TEMPERATURE ON DRY
WEIGHTS OF 21-DAY-OLD SEEDLING COMPONENTS
OF FENUGREEK BEANS. (Each column represents

the mean of 5 replicates with 10 seedlings

each)
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The dry weights'of leaveSQWere*neither affected by
irradiation nor by temperature. The'temperature factdr did
not cause a signiFiCapt change in cotyledon:drvaeights but
irradiation did. Cotyledpp dry weights were sighfficantly
greater in irradiated groups as compared to theicpntrols,
especially when they were grown at 20 C. | |

The dry weights of stems were reddced as a result”
of irradiation but the reductidn was not,significant. In
roots, apparentl}\the 20 C day‘temperatUre provided the most
suitable temperature for'growth The dry weights of roots
increased significantly in the groups grown at 20 C, as com-
pared to those at 30 C, Irradiation dqd not result in | |

significant variations in root dry weights. =

PHOSPHORUS UPTAKE:

The average amounts of phosphorus uptake by seed—v

lings and their components during a three week post-irradia-
tion period are recorded in Table 7 and‘Figure 4, The
analyses of variance of the six fractions are presented in
Appendixes no. 9, 10, 11, 12, 13, and 14,

The total phosphorus taken up_by seedlings during
21 days was significantly decreased as a result of irradia—
tion. On the other hand, the high temperature stimulated the
total P-uptake significantly as seen in Table 7.

The amounts of lnorganlc P- compounds represented by



TABLE 7. - THE P-UPTAKE IN mg/g FRESH WEIGHT IN 21-DAY-OLD
' FENUGREEK SEEDLINGS (Flgures are the means of 5
replicates). _
Treatments* L. S, D.x*
Fractions 20 ¢ A , 5% 1%
Control Irrad. Control Irrad. '
Mg M9 Mg Ag
1. Methanol- " : - '
coluble 120 102 118 98 12 15
Il. Acid- » ' ‘o o |
<oluble 283 190 162 129 39 50
I11. Ether- - , |
LA 19 17 18 20 2 3
IV. RNA 37 27 55 4y 8 10
V. DNA 11 9 15 12 ] 2
VI. Residue 1.35  1.01 1.13  1.11 0,19 0.25
Total 471 34T 370 305  62.19 80.25

*A 15 C night temperature was maintained for all groups.

**L, S. D.

means.

refers to Least Significant Difference between two



FIGURE 4. PHOSPHORUS UPTAKE IN ug/g OF FRESH WEIGHT IN
21-DAY-OLD FENUGREEK SEEDLINGS (Each column

is the mean of 5 replicates).
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FRACTION | were decreésed in the frrédiéted_gn:ups;at highly
signifiéant level (Table T). Growing tempefaturé conditions
did not result in significant variations amoﬁg the various
treatments. | |

Energy transfer compounds extréctéd in FRACTION 11
were significantly reduced by radiation. The‘same'fraétion
was accumulated to a significantly higher level in seedlings‘
grown under high temperature conditions (30 C).

FRACTION 11 content,_which_included the phoépho_
lipid compounds was, almost the $ameuin all groups exCept in
the irradiated groups grown at 30 C. They were significantly
lower than the resf of the groups. | v |

FRACTIONS IV and V which represent RNA and DNA,
respectively, were significantly reduced either as a result
of irradiation, raising temperature, or both. The lower
temperature provided bettervqonditions for phosphorus inc?r—

poration into nucleic acids (Table 7).

The residue-P indicated in FRACTION VI did not
show significant variability among the various treatments.
It also constituted a minor part of the total uptake (less
than 0.3%), indicating the efficienty of the extraction

scheme,
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NUCLEIC Aclos;

RNA content:

The RNA contents ofithe vériousAcomponents of
fenugreek seedlings expoéed to_treatments'of radiation and
temperature were assayed by three dffferent methodsvand:are
presented in Table 8 and Figure 5. The last two columns .in
Table 8 represent the least sfgnificant di fference between
any two means in the same row. The column of coefficient of
variation provides fhe relative‘variabilfty among the three
methods of RNA—determination. The analyses of vafiahces are
presented in Appendixes No, 15 to 26, |

Data in Table 8 and Figure 5 indicated'that: (a)-
the distribution of RNA in the various seedling components
followed the same pattern among the treétments, regardless
of the method of assay; (b) the varied methods of determin-

ations yielded varied absolute amounté of RNAjl(c) irrédiation
resulted in RNA decrease in all the séedling componénts except
the stems of the groups grown at 20 C; (d) although radiation
effects were consistent, they were not statfstically signjfi-
cant; (e) the groups grown at 20 C contained significantly
higher RNA in their leaves, cotyledons, and stems but a lower
content in their roots, as compared to the groups grown at
%6 C; (f) the most RNA on a per gram basis was found in
leaves, followed by roots, stems, and then cotyledons, re-

Spectively.



TABLE 8,

RNA CONTENT

(The figures are means of 5 replicates)

IN mg/g OF FRESH COMPONENT OF FENUGREEK SEEDL INGS,

Treatments* L. S, D ***
Methods Components 0 C 20 C CV wx* 5% 17
Control Irrad. Control Irrad.

Leaves 0.66 0.56 1.59 1.19 14,5 0.26 0.34

s Cotyledons 0.07 0.05 0.08 0,08 20.3 0.02 0.03
P-counts 5. .ms 0.17 0.15 0.27 0.27 15.3 0.06 - 0,08
Roots 0.72 0.46 0.51 0,43 15.6 0.15 0.19

Leaves 1.67  1.63  2.34 2.31 3.4 0.12 0.16

Cotyledons  0.36 0.32 = 0.44%  o.42 15,9  0.11 0,14

UV-absor-  Stems 0.55 0'5? 0,65 0.71 - 13.8 0.15 0.19
bance Roots 1.65 1.17 1.04 0.96 11.5  0.25 0.32
smediing  M.32 . 3.63  BAT bk 0.63  0.81
| Leaves 3.3 3,16 421 372 11,8 0.77 0,99

~ Color Cotyledons 1.68 ~  1.60 .84 1,75  10.2 0.32 0.41
~reaction - g oo 3,09 2.82 2.85 2,93 . 13.4 o0.70 = 0.91
| ‘Roots 3.32 2.79 ~ 2.18 2.13 0.41

*Njight temperatures were maintained at .15 C’for:all»groups.

**CV % refers to coefficient of variation.

*x»xL, S, D. refers to LeastASignificant Difference between two means.

8.8

0.53



FIGURE 5. RNA-CONTENT IN mg/g OF FRESH COMPONENTS .OF
21-DAY-OLD FENUGREEK SEEDLINGS. (Each

column is the mean of 5 replicates.)
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TABLE 9. THE MEAN PERCENTAGES OF RNA INCORPORATED BY
ABSORBED-P in FENUGREEK SEEDL INGS.

% RNA incorporated

Seed IS e 20 0 20 ¢
Control lrrad. Control Irrad.
% N o o
Leaves 39.5 34;3 67.9 ' 51.6
Cotyledons 19.9 15.1 7.7 19.0
Stems 31.3  29.h 41.9 38.2°
Roots 43,8 39.5 ho. 1 45.2

*Njight temperatures were maintained at 15 C for all

groups.



FIGURE 6. THE MEAN PERCENTAGES OF RNA INCORPORATED BY
ABSORBED-P IN FENUGREEK SEEDLINGS.
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The coeffucnents of varlatlon in Table 8 and 10
indicated that the total nucleic acid content determtned by
' UV-method was more precise when-compared_to the colorimetric
method, since the coefffcients were smailer., Furthermore,
in the color reactiens (colorimetric) presence of free
sugars in the extracts usealiy results .in higher readings
(Broughton,.l970), since the reectionsfere epecific‘for
pentoses and deoxypentoses. 'The UV-determination, however,
would be more realistic since it is more specific for the
nitrogen bases. By this reasoning, it is appropriate to.
consider data on nucleic acids determined by the UV—method
~as representing the total content. Thesevdata were conse-
guently used in calculatihg the precentage ef fncorporated
RNA and DNA in the various seedling organs by the upfakenv
phosphorus (Tables 9 and 11). The dara of radioactive counts
is assayed to represenf the incorporated part of the nucleic
acids.

Results shown in Table 9 and Figure 6 indicated
that the radiation treatment caused a decrease iﬁ the rate
of RNA incorporation in all organs»exeept cotyledons of the .
seedlings grown at 20 C. Another.observation’was the higher
percentage incorporation under lowervremperature condition.‘

Again, the leaves showed highest incorporation followed by

roots, then stems, and cotyledons last,
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DNA content:

The DNA cqhtents of‘the vérious~components of bean
seedlings following treatments of radiation and temperature 
were-éssayed by three methods. The results are presented in
Table 10 and Figure 7. ‘Analyses,of'varianCe 6f DNA contents
are recorded in Appendixes no..27 to.38. The least signifi-
cant differences between;any two means of DNA content are
recorded in the last two cdlumné of Table 10.

Table 10 and Figure 7 demonstrate that (a) DNA
distribution, as determined by»both the radioactive and wv
methods, followed the same pattern, but the colorimetric
technique gave incompatible results; (b)}radiation resul ted
in insignificant variations of DNA ¢ontents§ (c} the lower
temperature conditions resulted ih a significant inqrease
in the DNA incorporated in leaves, and sths; (d) the total
DNA showed significant increase only in the leaves but showed
a decreése in the roots (Baéed on the UV data).

The results described in Table 11 and Figure 8
indicated that radiation did reduce the‘percentage of.DNA
incorporation in all components and treatments. The 20 C
growth condition appeared to favor DNA incorporation by the
bean seedlings, except for incorporation in cotyledons,
lLeaves, stems, and roots incorporated,DNA molecules equally,

but the cotyledons had less incorporation,



TABLE 10,

ONA CONTENT

(The figures are means of 5 replicates)

IN mg/g OF FRESH COMPONENT OF FENUGREEK SEEDLINGS.

0.50

Treatments* L. S, D *xx

30 C 20 C Y e o
Methods Components Control Irrad, Control Irrad, 5S¢ 1%
Leaves 0.19 0.18 0.39 0,28 12.0 0.06 0,07

s2p_ Cotyledons 0.03  0.02 0.02 0.02 33,7~ 0.01 0,2
counts Stems 0,06 0.05 0.08 0.09 14,5 0.01 0.02
Roots 0.18 0.14 0.17 0.15 10.9  0.03 0,04
Leaves 1.42 1.41 1.78 1.68 12.5  0.36 0.46
Cotyledons 0.48 0.43 0,46 0.49 14.0 0.12 0,15
UV-ab- Stems 0.4y 0.41 0.39 0.45 1.7 0.09 o0.12

sorbance e e _

Roots 1.24 1.04 0.73 0,76 14,3 0.24 0.31
thlz-zd]ing 3.58 . 3.29 3,37 3.39 0.81 1.0

Leaves 2.03 2.13 3,11 3,28 LT 0.70  0.90
Color Cotyledons 1.13 1.04% 1,44 2,17 2k, 4 0.63 0.82
- reaction Stems 1.32 1.65 2.17 2,17 25.3 0.83 1,07
Roots 0.86 0.86 1.12 1.12 27.4 0.65

*Night temperatures were maintained at 15 C for all groups.

*xCV % refers to coefficient of variation.

**x L, S, D. refers to Least Significant Difference between two means.

8%



FIGURE 7. DNA CONTENT IN mg/g OF FRESH COMPONENTS OF
21-DAY-0OLD FENUGREEK SEEDLINGS. (Each

column is the mean for 5 replicates.)
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TABLE 11, THE MEAN PERCENTAGES OF DNA INCORPORATED BY
ABSORBED-P IN FENUGREEK SEEDL INGS.

Seedling ' = % DNA incorporated
components - 30 Cx 20 Cx
Control - Irrad. Control Irrad.
2 % %
Leaves 13.8 - 12,8 21.8 - 16.8
COtyledonS 6.6 - 5.2 4.3 3.6
Stems 3.1 2.7 1949 18.8

Roots 14.6 13.5 22.5 19.3

*Njght temperatures were maintained at 15 C for all

groups.



FIGURE 8. THE MEAN PERCENTAGES OF DNA INCORPORATED BY
ABSORBED-P IN FENUGREEK SEEDLINGS.
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CHAPTER V

DI1SCUSS ION

FRESH AND DRY WEIGHTS:

The action of ionizing»rédiatioh on seeds is not
confined to the surface of thé seed. Therefore, this
radiation may cause damagé on aﬁy mo]ecule in the seeds.
Alexander and Charlesby (1954) have suggested fhat the
occurrence of energy-transfer processes in organic macro-
molecules may play an important part in the biological
éffécts of ionizing radiations, since such transférs can
result in an upset of the totél biologicai activity by the
preferential decomposition of a particular component. For.
instance, the radiatioh induced radicals may disrupt the
structure of DNA molecule resulting in altered information
(Wefssberger and Okada, 1961; SCholes and Weiss, 1962), énd
may also alter the configuration of'latent enzymes causing
inactivation of their functions (Augenstein and Grist, 1962;
Augenstein and Mason, 1962 ). Fdrtﬁérmore, the de novo
syntheéis of nucleic acids and enzymes can be modified by
the altered molecules ( Cherry et al., 1962b; Van Huystee
and Cherry, 1967; Weiss and Wheeler, 197; Endo, 1967;
Tokarskaya et al., 1969; Revin et al., 1970; and

52
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Ananthaswamy et al., 1971).

Evndence gained from thns study indicates that
10 KR exposure of Fenugreek seeds to Co-60 gamma-rays de- :
creases both fresh and dry seedlsngeweughts of the plants
grown at éO C but increases-beth fresh'ahdvdryfseedling
' weughts of the groups grown at 30 C.. The result of decreas-
ing weights of lrraduated seedllngs is expected, and is in-
.agreement with previous work (Fang, 1969; Freeman, J. E.,
1970; Freeman, J. R., 19705.Looper and Abeul—Ela,v197l).
The reducfion in seedling weight in frrediated seeds might
be due to specific effects on promotive phytphOrmenes,(Weber
and Gordon, 1953;:Sideris‘et alf; 1971), on inhibitory |
phytohormones (Maxie et al.,'1965; Maxie endbAbdel-Kader,
1966), on the photosynthetic_efficfehcy‘(Simenis and Von
Fuchtbauer, 1965; and Kohn et al;, 1967) or on the res-
piratory eﬁzymes (Arslanova; 1970). |

Ten KR is comparatively a low dose level for
dormant seeds of fenugreek. Under certaih favorable envi-
ronmenfal factors, such as 30 C, it is posSibleethat the
damage due to a low irradiafion dose is repaired. Sax end
Enzmaﬁ (1939) pointed out fhet higher,tempefature facilitates
movement of broken chromosomal ends and restofation to their
original positions. Caldecott (1961)‘explained that the
post-irradiation heat produces the thermaltenergy necessary'

to enhance the rate at which the radiation energy is diverted
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away from the site of primary absorptibn;~’lf.is also
possible that higher temperature, within'aCtive range of
enzymes, may enhance all enzymatic activities, resulting in
féster growth of seedlings. Subseqﬁehtly;'a stfmulatory
effect on seedling weight in irradiated groups would be
possible af 30 C. |

lh regérd.to‘the‘dry'weights of various components,
there is an intefesting fiﬁding on cotyledons. The dry
weight of .irradiated cotyledons, growing either at 20 C or
30 C, is heavier than.the,Weight-of non-irradiated, control
cotyledons grown at the same conditfons. Lobper and
Aboul-Ela (1971) have reported simi]arfrésults with the 30 KR
exposure dose. Hill et al. (1967)’$tated,that the cotyledons
of legume éeediings,usué]lyﬁdeve!op‘chlorophyll and thus
carry on photosynthesis for-a perfod of age. The food that
is stored in them is gfadually digested and'tranSFerred to
the growing parts of the seedling. Ledoux (1962) found that
irradiation rapidly inhibits the translocation of labeled
macromolecules in the seed t¢ di fferent organs in germinating
barley. He concluded that the translocation mechanism is
more radiosensitive than the synthetic processes. In
addition, Bostrack and Sparrow (1969) found that the number |

of conducting elements per bundle was reduced in the irradi-

ated leaves of Pinus nigida. Thus, it is possible that the
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reserved nutrient in the cotyledon is blockéd‘by'radiation
effect resulting in heavier dry weight of‘ifradiated

cotyledons,

Phosphorus uptake:

Phosphorus is not only the constltuent of certain
molecules such as nuclelc acuds, ATP, and coenzymes, but it
is also involved in the activation of basic metabolic
molecules such as_monosaccharides and amino acids. The
overall catabo]ic and anabolic processés in plants depend on
thesé activations (Devlin, 1969). Therefore,‘it is reason-
‘able to conclude that phosphorus is one of the most essential
elements for plants.

Obviously, the results of phosphorus uptake
(Figure 4) indicated that most of.the phosphorus is distri-
buted bétween acid (high énergy compounds) and methanol
(inorganic -P-compounds) fractions; followed'by.hucleic acid
fractions, and the least in the ether fraction,

Radiation reduction effect on phosphorus uptake
has been reported by Ehrenberg and Faludi-Daniel (1967) in
barley seeds, Kulka and Rejowski (1970) in barley embryos,
and Shaw (1971) in mung beans. Ehrenberg and Faludi-Daniel
(1967 ) explained that the phosphate uptake probably involves
a phosphorylation, since both photophosphorylation and oxi-

dative phosphorylation are quite sensitive to radiation,
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Kulka and'Réjowski (1976) suggestedvthat,the ability to
incorporate P-32 into nucleic acids isvdépehdent on the
growing activity of the seedling component. |If the fresh
and dry weights are taken asva»measuré'of gfowing activity,
then data presented here contradict the above ment i oned
hypothesis. From Tables 5, 6, and 7 it is noted that when
irradiation stimulated both fresh and dry weights of seed-
lings grown at 30 C;‘phosphbrus}uptake was reduced. On the
other hand, when radiation reduced the fresh and dry weights
of those grown at 20 C, phosphorus uptake was also reduced,
Thus, our data do not support fhe proposition of Kulka and
Rejowski (1970). | ‘ | .

If phosphorylations'afe actually inhibited by
irradiation’and phdsphorylation activity is somehow corre-
‘lated with phosphorus uptake, we may have an explanation why
such uptake was inhibited by irradiation and promoted by
high température. The distribution'pattern of the methanol
soluble and acid soluble fraction (Table T) further substan-
tiates th.is idea.

The temperature»induction effects on phosphorus
uptake has not been studied extensuvely, but such effect is
probably correlated WIth the enzymatic actnvnty. Devlin
(1969) stated that salt absorptlon in roots is predomnnantly
an active process, thus involves enzymatic act:c;ty, and a

small amount of salt is absorbed passively. Generally, the



| 57
protein nature of'enzymes~causes them to be pafticularly
sensitive to temperature changes and‘confines their activity
to a range of 0 to 45fC; Within this range the rate of bio-
chemical reactions increases on the average 2.5 times for
every 10 C increase in temperature (Conn and Stumpf, 1967).
Therefore, it is not surprising that the total amount of
P—uptake at 30 C groups is 22%'higher than the 20 C groups,

regardless of radiation treatment.

NUCLEIC ACIDS:

Randolph and Haber (1961) studied free radlcals
produced by X- ray lrradnatlon of lettuce seeds. They found
that the greater portion of the rad:eals are formed in the
embryo rathef fhan in the:cotyledons. Meletti and D'Amato
(1961) transplanted detached wheateand barley embryos on
separated endosperhs. They found that irradiated embryos
did not have any advantage when they Were grown on unirradi-
ated endosperm, nor was there‘any effeet of the irradiated
endosperm on the unirradiated embryos. lt.éppears then that
the morphological damages demonstrated by the embryo or its
components are results of direct hits on the embryo.

Conger and Randolph (1959) observed that exposure
of wheat germ to | KR of Co-60 gamma—fays produced about
101* radicals/mg of dry'matefial. They noted that the decay

of 65% of the radicals occurred over a 3-day period, with an



<58
extremely slow rate of decay thereafter. Therefore, one
might speculate that,'in fénugreek seeds the gamma-rays
produced radicals which has a slow deééy rate and the major
destruction in thé'celiular processes*was'still apparent at
21 days. The.damage_Was;manifesteduin the form of leaf o
variegation, fasciation, wfinkling,iandvgeneral'defdrmation
(Gunckel and Sparrow, 1954). |

The structure of nucleic acids (DNA and RNA) is
sensitive to radiation, Scholes‘andAWeiss (1962) réported
'thét the effects of iﬁnizing radiation on DNA in an aquedus
system showed that radical attack occurs mainly on constitu-
ent purine and pyrimidine bases. Breakége of the strands
in the DNA helix occurs mainly as a result of attack of the
radicals on the hydrogen bonds. The breaking of the back
bone of strands occurs mainly on the sugaf moiety, which
leads to a splitting of the phosphate ester Tinkages along
the cﬁain;'and thus to the production of phosphomonoestér
groups.

The felative irreversibility of DNA synthesis
inhibition after irradiation may be due to impaired syn-
thesis of DNA precursors (Benes and Soska, l96é) or to the
depression of DNA biosynthetic enzymes (Goutier and Bologna,
1962). Pollard (1964) has demonstrated that the DNA-RNA
transcription step is particularly radiosensitive. Thus, in

view of these reports, it was expected that the nucleic
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acid contents of a‘whole7seedling an&yits}compbnenta at the
age of 21 days'be:reduéed és a result of irradiatioh, re-
gérdlessfof tempefature, 'Botﬁ the DNAaand'RNA‘contents of
entire seedlings were not $ignificahtly reduced byfirra—
diation. Temperature‘uhder‘which seedlings were grown was
apparently a major factor in altering RNA but. not DNA con;
tent (Tables 8 and 10). The association of increased RNA
with low temperatufe:probably e*plains the increased fresh
and dry weighfs of seedlings under that cbndition.

After the seeds have imbibed wafer, there are

numerous bfochemiéal changés in the germinating seeds,
-Enzymes hydrolyze‘the stored foods into soluble and dif-
fusible substances which are transloqated and assimilated
by the ehbryo. Ameh (1968) reported that the'hydrolytfc
reactions catalyzed by amy]asés and proteases result in the
formation of monosaccharidés and amino acids necessary for
the respiratory and biosynthetic processes of the embryo.
The ribonucleases may catélyze the breakdown of nucleic
acids prodﬁcing cytokinins necessary for cell division.
The breakdown of proteins by protease results in the forma-
tion of various amino acidé, including tryptophan, a precur-
sor of IAA to stimulate the cell elongation, as well as RNA
synthesis. All these activities certafnly Ieéd to faster

growth which is manifested by heavier seedling weights,
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| Augénstein énd Grist (1962)~repor;ed that the
nature of enzyme.inéétfvationvby radfatidn is by the dis-
ruption of specific $-S and Hfbbnds. Augenstein and Mason
(1962)vpointed out that below 250 K, radiatibnvéensitivity
is essentially temperature independent, whereas atrhigher
temperatures the processés'of charge/mfgration assoéiated'
with enzyme'inactiQation is theAtemperature—dependent step.
If this interaction bétweéh temperaturéAand radiation effect
is similarly applfcablé to RNA disruption, then we have an
interpretation for the reduction bf RNA in irradiated grogps
at 30 C but not at 20 C. Endo‘{1967) found that there were
stricking radfation-induced chénges in enzyme systems in
the maize. CherryAet aj., (1962a, 1962b) calculated a
15-20% reductidn'in ribonuclease activity in irradiated
corn endosperm upon germination. Tollier énd.Gui]bot (197])
found that a 25 Krad dose of irradiation blocked the actions
of alpha-émylase and beta-amylase in both potatoes and corn.
Moreover, Anthaswamy et al., (1971) reported that the de-
creaée in alpha-amylase, ribonuclease, and 3'~nucleotidase
in irradiated wheat seeds could be regarded as a radiation
induced damage. In addition, Arslanova (1970) found that
irradiation impaired the dehydrogenase actiyity in cotton
nuclei and mitochondria. The impairment of orderly bio-
chemical processes appeared to be relaﬁed to disturbance of

electron transport in mitochondrial respiration and in
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carbohydrate oxidation by way of the Kreb's cycle. The
irradiation produced7inhibition of aerobic glucose assimi~
lation resulting-in:the delay of pyruvéte:transfofmations.
Although we do not have data on enzyhé amoﬁnts or enzyme
activity, the fresh and dry weight data indirectly ihdicate
either absence of radiation damage to the enzyme systems in
fenugreek or recovery of these_éystéms by the age of 21 days.

Dealing with the distribution 6f nucleic acid in
plants during germination, Oota and Takata (1959) reported
that large amouhts.of RNA are stored in the cotyledons of
beans. Germination resu]téd in a steady décrease in the
RNA cohtent in the séedling. Cherry and Hageman (1961)
found a.steady'decline’in scutellﬁm RNA and an 7ncrease in
the synthesis of radical RNA during gérmfnation. A possible
explanation for the mode of RNA utilization is that the RNA
is degraded to nucleotides, translocated, and then used for
growth of the embryonic plant; or that a,transportable RNA
is moved to the growing tissue where it is used. Cherry
et al, (1965) found that at the onset of germination RNA
content in the peanut cotyledons doubled in 12 days after
planting. After 12 days there was a reduction in rRNA and
mRNA, and an increase in sRNA, These changes in RNA
appeared to be related to the final stage of senescence in
the cotyledon, In the same year, Ingle and Hageman (1965)

reported that the corn kernel contains little reserve of
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nucleic acid; and that the increase of nucleic acid and
nucleotide materials in‘the growihg axis was due tdvde novo:
synthesis. | |

The'expérimental material and conditions Which
lead to the abovevcbndlusions are different and varied.
However,,in the light of the fdeas presented, an interpre-
tation of the distribution of nuCleic;acids‘in fenugreek
seedl ing components may be posfuléted.' |

First, the total DNA, which was hardly affected
by irradiation or temperature in the 21 day old éeedlings,
is probably syntheéized de novo from the inherent phosphorods
in the seed. Thisiis indicated by the high content of total
DNA (UV assay in Table 10) fn leaves and roots as compared
to tHe stems and cotyledons. It is hard to imagiﬁe the
transloéation of large DNA molecules from thé store of
cotyledons into the leaves and roots. These large molecules
apparently are first broken down in the cotyledon then
resynthesized in the other sites. The low percentages of»DNA
content in.the seedling components representing the incor-
porated part (as shown by ®2P assay in Tables 10 and 11)
point to the utilization of the stored phosphorous in the
seed in DNA synthesis. It is interesting to note_that the
cotyledons contain relatively the lowest level of DNA,
particularly the incorporated DNA, as compared to the other

seedling organs. This is in spite of the observation that
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at 21 days they are at a peak of grbwth and aétivity (as
indicatéd'by thejr héalthyAappeafaﬁce, size and green color).
Appafently‘they do not éynthesize much DNA other than that
inherently present sincé they attain their fdll‘size and
activity early during‘the‘seedling development. The stem is
mainly a transport organ, thus contains a low level of DNA,
The relatively high percentage of de novo DNA synthesis in
the stem probabiy repreéents the activity of its apfcal
meristem. | |

Secondfy,_the total RNA seems to be sensitive to
the radiation under high temperature}growing conditions but
less sensitive under low temperature. Meanwhile the RNA
levei in the varibds seedling,components'éorresponds with
their DNA level., This relationship is not surprising in
light of the well known relationship between the two nucleic
acids. The percentages of the incorporated RNA present (as
ﬁeasured by P-32 assay in Tables 8 and 9) are much higher
than the corresponding DNA percentages in all seedling com-
sonents, an indication of additional RNA synthesis in the
21-day old seedlings. The percentage of incorporated RNA
present in cotyledons is similarly lower than in any other
organ, even the stem. Thus, little synthetic actiVify at
the RNA level in the cotyledons, as compared to the other
organs, is indicated, af least at this age of seedling.

Observations from Tables 9 and 11 indicate a consistent
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decrease in RNA and DNA incorpofation as a result of
irradiation and incfease in fncorporationfaS'a result of
lower temperature. The variations in incorporation rates
are hot, however, correlated with the seedling fresh 6r dry
weights.

Data of Tables 5, 6, and 7 show unusually favorable
conditions for root growth undef 20 C as compared to 30 C.
At low temperat@re the root fresh weights inéreased about
100%, and the dry weight about 50%:'yet_the‘total’phosphorus
absorption decreased about 20%, Aithough the total amount
of pﬁosphorus.uptake.is highef under low temperature con-
ditions, the;rate of roots devg]opment is faster than the

rate of their absorbing capacity.
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CHAPTER VI

SUMMARY AND CONCLUSION

The objective of this work was to investigate the
distribution of RNA, DNA, and other phosphorus com-
‘pounds among thé various compdnenfs of fenugreek bean
seedlings‘affected by radiation and post-irradiafion—
température. In addition, the fresh and dry weights
of each component were recorded. The amounts of P-
uptake and its distribution'émonQ the varied tbmponents
in the_differenf‘seedling organs were traced. |
Fenugreek seeds were exposed to 10 KR of Co-60 gamma
réys. BbthICOntrol and irradiated seeds were sub-
treated by growihg them under two différent day
temperatures (20 C and 30 C) separately. The 21-day
old seedlings were harvested for the analyses used in
this study.

The measurements of fresh and.dry weights indfcated that
radiation reduced weights of the groﬁps grown at 20 C
but stimulated the weights of the groups grown at 30 C.
The dry weight of cotyledons were stimulated by irradi-
ation at both temperatures. The lower temperature

favored the seedling growth as compared to the higher

temperature.

65
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Phosphorus uptake was significantly stimulated by the
higher temperature but significantly reduced in
irradiated groups;' The irradiation-inhibiting and
temperatUre—sfimulating effect wa5«obVEou$ in all seed-
lfng organs. Most of the phosphorus was in the
inorganic'and the acid sofublerfraétions. It was

distributed primarly in the leéyes and roots, with

minimal amounts in the cotyledons.

The nucleic acid contents were determined by three
methods. Radioactive cbunts represented 6nly the amount
of phosphofus incorporated-into_nuc]efc acid molecules.
The color reactions gave a comparatively high readjhgs
on nucleic acids; probably because‘of the interference
of some pentoées in the extracts. Thereforé, the con-
tents of nuéleic.acid asSayed by UV-spectrOphotohetry

were considered as the most accurate and were used to

represent the total nucleic acids in the seedling com-

ponents.

Radiation did decrease RNA content consistently in.all
seedling components. Under 20 C post4irradiation
temperature, higher RNA contents were found in leaves,

cotyledons, stems, but lower in roots, as compared to

‘the groups grown at 30 C. Radiation caused the decrease

in the rate of RNA incorporation but a high percentage

of incorporation occurred under the lower temperature
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condition. |
Radiation‘resulted in'insigniffcant variation of DNA
contents. Again, the lowef’temperature condition're-
sulted in a‘signifiéant incféase of the incorporated-
DNA. o

The overall distribution of DNA and RNA was greatest in

 leaves, followed by roots, stems, and then cotyledons.

The increase in fresh and dry Weights.of seedling com-
ponents seemgd to be associated with fheir RNA content
and RNA synthesis.  | ' | |

The rate 6f'P-uptake appeared to be ‘independent of the
fresh and dry weights of the various components 6f the
seedliﬁgs, especially tﬁe roofs;

The DNA synthesis in the various seedlihg components
consumed theAstored'phosphorus and by 21 daYé little
DNA was synthesized from the ébSbrbed\phosphorus. The
rate of RNA synthesis, however, from the absorbed
phosphorus was much.higher than DNA.

The amounts of nucleic acids and fhe'peréentages of
their incorporation from absorbed phosphorus into the
cotyledons indicates some metabolié activity in the
cotyledons. Since they'attain full size and activity
early in the plant life, their activity is probably
confined to providing the seedling pfoper with synthe-

sized food material. Because radiation and temperature
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resulted in slighf'alterations in the nucleic acid
content of the cotyledons, it is reasonable to spécu-
late that the inﬁreased dry weight in irradiated.
seedlings was probably due to sluggish translocation

of the cotyledons photosynthetic products into the

seedlings.
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ANALYSES OF VARIANCE OF FRESH WE IGHT,

DRY WEIGHT, AND P-UPTAKE,

Mean Square

No. Me;:ﬁ;éf Component Be;gs;n wsf :g F-ratio
1 Leaves 0.1962 '0.0349  5,6234x%x
2 Eresh  Cotyledons 0.0698  0.0126  5.5237**
3 weights Stems ' 0.063] 0.0880 0.7172
4 Roots 3.9079 0.0670 58.2783**
5 Leaves 0.0010 0.0005 2.0077
6 Dry Cotyledons 0.0002  0,00006 3,345%*
7 weights Stems 0.0001 0.00007 1.6470
8 | " Roots 0.0063  0.00058 10.7257%*
9 Fraction | 606.0945 43,9578 13.7880%=

10 Fraction 11 21683.8049 465.7320 46.5585%*

1 P-uptake Fraction |11 9.2226 1.5285 6.0333%*

12 ggeg??;g Fraction IV 688.1475 19.0081 36.2027*

13 Fraction V 32.0851 0.5484 58,4962%*

14 Fraction VI 0.1015 0.0118  8.5300%*

@df refers to

degree freedom.

*Significance at the 5% level.

**Sighificance at the 1% level.
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ANALYS|S OF VARIANCE OF RNA CONTENT.

—

Mean Square

Betwgen

 Within

Ng..  ﬂethod ‘Component ' a3 416 F-ratio |
15 Leaves 1.1576  0.02100 55,0588+
16 as Cotyledons  0,0010  0.00020 5,047 T**
17 P-counts  stems 0.0210  0.00117  17.9198+*
18 Roots 0.0863 0.00690 12,398 1%*
19 Leaves = 0.7602 - 0.00477  159,2490%*
20 . ] Cotyledons - 0.0148 0.0038 3.8988*

21 e Stems 0.043%  0.0069 6.291 3%+
22 Roots 0.4780  0.0191 24, 986T7**
23 Leaves 1.0791 0.1835 5.8795**
2k Color Cotyledons  0.0497  0.0307 1.6162

25 reaction Stéms 0.0770 . 0.1546 0.498%4

26 Roots 1.5799  0.0519 30, 4092%

@df refers to degree of Freedom;

*Significance at the 5% level,

xxSignificance at the 1% level.
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ANALYSIS OF VARIANCE OF DNA CONTENT,

Mean Square

: ' ' . Between Within .

No. - Method Component v v _ F-ratio
- _ df®3 af®16_ _

27 Leaves 0.0455  0.001000 45,2472**
28 32p_counts  COtyledons 10,0001 0.000032  3.1368
29 Stems ~0.0013 0.000190  6,8054x**
30 Roots 0.0016  ~0.000340 4 ,8295*
31 Leaves 0.1819 0.0389 4 6668+
32 uv-<ab- Cotyledons  0.0032 0.0043 0.T7450
33 sorbance Stems 0,003k 0.0025 1.3773
34 ~ Roots 0.2850 0.0183  15.5712%*
35 Leaves 2.0712 0.1508 . 13,7340%x
%6 CO]O; Cotyledons 1.3100 0.1244 . 10,5226%%.
37 reaction Stems 0.8776 0.2138 4, 1045%
38 Roots 0.1343 0.5769

0.0775

@df refers to degree of freedom,

=Significance at the 5% level.

**Significance at the 1% level,





