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This thosis 1s not, to ry knowledge, the sanc as any
thosis subnitted at this or &t any other univorsity.

The refeorenocs in the text will show spooifically the
extont to whioh I have avalled cywelf of the work of other
euthors.
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Seed Germinitien

The starting process in seod germination is comaonly
considered to be imbibition of water. Thie 1s followed by
eabryo rrowth with the generation of suffioient foroe to
rurture the seed coat with the conmequent emergence of the
rodicle (Koller et 21., 1962 j Mayer and Poljakoff-Mayber,
1963) .

In this etudy, it would be of interset to give o brief
rocount of the chenionl compoeition of seeds os well as the
chonges in dreakdown and metabolism of storage products and
enzymo activity during germination. The compounds lmown to
be pregent in voarious seeds can be Aivided roughly into 2
groups :

(1) the normnl constituents which are likely to occur
in every plant tissue, and

(2) storage materinls whioh are frequently present in
@seda in larse smounts. .

It is eptimated that lipids form the chief food reserve
in the seeds of a big group of flowering plants while starch
and hemiocellulose form the principel reserve in the sesds of
a smaller group of plants. Seeda containing proteins, which
differ in chemical composition and propérties from those
?mmd in other plant tissues, can belong to either grou-_p
(¥ayer and Poljakoff-Mayber, 1963 ; Crocker ant Barton, 1953 3
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Toole ¢t nl., 1950).

In addition to oarbohydratcs, protuins and 1lipids, sceds
contain rinernls, tamnins, phosphorus conpounds, tricarboxylip
70l1d oyole intormediates, anino ncids, phonolic conpounds,
nucleic acids and vitanins (Mayer and Poljakoff-Mayber, 1963;
Crooker amnd Barton, 1953; Powden, 1660). Purthormore, nany
epooies of scods contaln growth-regulating substancos in
variable quantities (EBvonari, 1949).

Dry seod 1s considered am & well equipped functional
unit oharacterized by & low rate of metabolisn. Very nmarked
changes in the rato of :wtabolisn and in the seced coriposition,
in its various perts, coour as soon os 1t 1is hydrated. One of
the carly phases of the germination procese 1s the activation
of enzyries in the region of the radicle and the increase in
the respiratory rates (Toole et 8l., 1956). The roquirenent
of onergy for the onset of germination is satisficd by the
inoreased rate of respiration. It has been argued that, during
the early stoges of seed germination, there is o grand period
of respiration dvaing which the rate of respiration rises
fron approxinately sero to a mexinua and then falls agaln
(Stiles and leach, 1960).

The chenical‘changes which occour during germimation are
emapl_ax in nature. Thoy comaist of :

(1) the breakdown of certain nnterials in the seed,
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(2) the transport of materinls from ome pnrt of the seaed
to another (especinlly from the endosperm to the embryo or
frou the cotyledons to the growing purta) nnd

(3) the mynthesis of new materinls from the breakdown
products formed

During the enrly stages of gerninntion of 1ipid seeds,

o oonsiderable quantity of the 1ipid content wae found to
disappear (Koller s§ al., 1962 ; Mayer and Poljakoff-Mayber,
1463 ; Moustafr, 1C68). These authora nlso referred to the
work of severanl investigators who showed that in seeds cont-
aining storch, o dietinot foll in the latter is usunlly acco-
mpanied by o marked inoreasge in the soluble sugars.

Protein is often broken down during germination with a
concomitant rise in amino acids and amides folleowed by protein
syntheesis de novo in the growing ports of the embryo (Qote
et al., 1956). Thus an alteration in the retio of protein to
soluble nitrogen is the first observed chaonge during germin-
ation of lettuce seeds; an increase in soluble nitrogen being
observed in germinated seeds (see Loller et 2l., 1962).

Amino acids may be directly utilized for the production
of enzymes, growth regulators, nucleoproteins or indirectly
utiliszed for formation of other intermediztes (Dutcher et al.,
1656). Seluble nitrogen may alse be uiilized during germin-
ation. Egami et 2l.(1957) showed that the small amounts of
nitrates present in Vigna seeds disappear as germination
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proceeds. They proved the exiatence of nitrate reductuse

syoten in Vizno eeedling. However, there i{s little change in
tot2l nitrogen content of the seed during geruination, nlthough
8light losses may eoour sspecinlly due to leaching of nitrogen-
ous substanoces.

The metabolic changes ococcurring in the early stages of
gernination are the result of the activity of various enzymes.
In renercl, enzymes breaking down starch, proteins, hemicell-
ulose, polyphosphates, lipids and other storoge materinls,
riee in the activity frirly rapidly 2s perminction proceeds
(Koller et 8l., 1962 ; Mayer and Poljakoff-Mayber, 1963).

Upe of Inhibitors in Mechanigm Studies

The effect of inhibitors on rlant cells has been studied
extensively and their use has played a central role in the
study of a wide variety of mechanisms. Unravelling of the
pathvays of glycolysis, organic acid oxidation and terminnl
electron transport is closely connected historically with
studies on effects of lodoacetate, malonate and cyanide resp-
ectively (Hackett, 1960).

An ideal specific inhibitor that may act upon a single
enzyme is at present unrealized. The number of substances now
kmown ag inhibitors, in suitable dosages, will react preferen~
tislly with particular groupings in enzyme molecules. Dosages
and conditions may be controlled with a view to limiting their
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response of n given tissus is sometimes morkedly dependent

on the pH of the medium, When an inhiditor is used at one pH
level it aots as an iphibitor and at another as a stimulant.
The extensive atudy of Bimon and Beevers (1952) hns shown
0losaly sinilar pH effeots with certaim respiratory inhibitors
vwhioh inorease respiration when used nt low ooncentration
ranges.

The concentrntion of the inhibitor used may be oritical
in determining the qualitative and the quantitative nature of
the response. It 1s not unocommon for a low conceptration of
an inhiditor to stimulate B resction which is inhibited at
higher concentrations. These stimulating effects are generally
atiriduted to the inhibdition of competing reactions (Hackett,
1960). However, two other meohanisms have been put forward to
acoount for the inorease in regpiration rate following treat-
ment with weak inhibitors. Thus Simon (1953) and Syrett (1958)
suggested uncoupling of oxidative vhosphorylation to explain
the increaesed respiration; while phosphorylation is inhibited
there may be‘ no measurable effect on the 0, uptake or it may
bo stimulated due to an inorease in the supply of the phosphate
agoeptors. The gecond possibility 1s that the inoreased respir-
-atich ney be due to inoreased accessibility of subsirates to
enzynos (Ba;-her amd Mapson, 1964 ; Barker and Younis, 1965b ;
Younis, 1969 ; Youmis gt al., 1969s).

Without giving evidence, Boewell (1950) stated that the
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substrntes whioh inhibit respirntory nctivity orn be divided
into 2 groupa. The firet group oontuins malachite green and
lodoncetnte whioh inorense cell permenbility. The gecond group
contains KCN, NePF and NBNB which nre without effect upon the
permenbility in concentration whioch markedly reduce the rrte

of respiretion. In the light of his results with Brngsjos RAapus
he surrested thnat the control of ocell rermenbllity ie loonted
in o partioular part of the respiratory mechunism and only
when that particular asystem is inhibited does inoressed cell
permenbility develop with loss of cell contents.

Lundegardh and Stenlid (1944) considered the excretioh of
micleotides and flavononee from living roote to be the result
of simple lenknge of substonces from the cells. Generally
speaking, it 1s often difficult to say to what extent am exc~
retion is connected with metabolism or not. This applies esp-
ecially to the results obtained in experiments where the eff-
ects of inhibitors are studied (Helder, 1956).

Previous Work With Inhibitors

The literature is full of articles dealing with inhibit-
ions and stimulations of respiration of plant tissues using
different concentrations of respiratory inhiditors (see James,
1953 ; Hackett, 1960). These changes in the rate of respiration
of piant tissues were always accompanied by changes in the
metabalism of the cell anﬂ in the permeability of oell memb-

rangs.

Central Library - Ain Shams University



There 1o no nttenpt in this thesis to survey the volumin-
ous reports dealing with the effeots of regpirntory inhibitore
on plant tissues. We are rather going to give o brief account
of, ond bring intec foous, scme of the work with the respiratory
inhibitors used in the present study.

O vi work wit acetate.

Iodoacetate woa first introduced by Lundsgeard in 1930
as nn inhibitor of muscle glycolysis. The satisfactory applie-
ation of iodoncetate to higher plant tissuss wns firast reported
by Turner (1938) who stnted that iodoocetate hae esaentially
the same effect on fermentztion and respiration but sctes more
8lowly on respiration than on fermentation for any given ext-
ernal ooncentration. Singe that work was published, nany inves-
tigators have corried on work on iodoscetate in order to study
the inhibitory cotion and to investigate possible alternative
pathmys of carbohydrate metabolism.

The respiration of apinach leaves was investigated by
measuring gasebus exchanges of excised leef sections and by an
examination of individual ensymes and enzyme systems in vitro
(Bonner and Wildmen, 1946). Iodoacetate inhibited the respir—
ation of spinach leaves and they stated that it is so nonspec-
ific in its action that no great stress can be laid on its
activity, in the present case, in relation to any particular
enzyme . Latles (1949) showed that the extent to which barley
root respiration was inhibited by iodoacetate was related to
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oHe At pE 5.0, 75% inhibition wnas obtnined wherens nt pH 6.5
no inhidition wos nppirent nnd that led him to state that the
pi affects the penstretion of the inhibitor rather than its
cotion within the cell.

Earlier investigators of iodoacetate poisoning suggested
thnt a phosphorylantion process wns primarily inhibited (Beevers,
1950). Yorking with gymin preparation from yesst he observed
thnt whon iodoacetate wne applied in concentrations grenter
than 1074 fermentation of either gluocose or hexosediphosphate
was arrested nlmost completely. He explained his results on the
gupposition thet some enzyme system in the gynase complex is
susoeptible to iodoccetate. Using iodoacetate, James et al.
(1¢44) hove shown that it inhibited oxidation of triosephospha-
tes; these esters ncoumulating in treated barley seedlings.
Christionsen ot 21.(1949) studied the effoot of iodonoetate
upon pel hypocotyl pieces. They found that iodoacetate, nt the
same time, inhibited respiration and caused & more rapid decr-
ease in sugar content compared to the controls.

' Iodoacetate (0.33 x 107K and C.165 x IO—BH) inoreased
the 002 output and the inorganic phosphate content of ivy
Jeoves while no significant change in sugar content was
obgerved (Contreiras, 1945). Be postuleted that iodoacetste
promotes the hydrolysis of & high-energy~content rhosphate
compound, thus incressimg the respiration but Ainminishing
the energy available for certain cell processes.
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