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ABSTRACT

Factors controlling urease levels in sterile cultures of jackbean
cotyledons were investigated. Urease levels were determined over a
period of time by successive measurements of urease activity from
extracts of the cotyledons. Urease activity was measured in micro-
Conway dishes by reacting aliquot portions of the enzyme solutions with
an excess of standard urea solution. Units of urease activity refer to
the ml of HC1l equivalent to (lLie ammonia that would be evolved in the
volume of extract per gram fresh weight of the cotyledon.

Cotyledons in cultures behaved the same as cotyledons harvested
from seedlings at different ages. In 4 to 5 weeks, the levels of
urease fell to 17 of the initial units in soaked seeds. High tempera-
tures, low pH, and the presence of ethylenediaminetetraacetic acid,
hydroxyurea, or actinomycin D in Miller's medium led to a decrease in
urease units.

Urea, thiourea, and increased growth favored higher urease levels
in cultures of jackbean cotyledons. It is known that ammonium ions
inhibit urease activity and possibly repress it. A continuous flow
of sterile medium with and without ureas was maintained to avoid
excessive accumulation of ammonia. In the control, compared to the
urea-treated set, urease levels fell. A 60-707% increase in the urease
levels in the urea-treated set was observed within 12 days. Thus, an
increase in urease in relation to the control was attributed to sub-
strate protection. Urea has also been shown to induce urease

formation in higher plants. In experiments with thiourea added to the



culture medium, an equivalent amount of nitrogen as nitrate was sub-
stituted for ammonium salts. An increase in urease levels ranging
from 155 - 199% was noted in thiourea-treated cotyledons. Thiourea
inhibits nitrate reductase. Lower urease levels in the set with no
thiourea may have been due to inhibition by metabolically produced
ammonia. Induction of urease by thiourea has been shown in bacteria.
Extracts of cotyledons in cultures with low éhiourea concentrations
contained 307 more ammonia than ones in high concentrations of
thiourea within 5 days. 1In experiments with cell-free extracts, there
was no ihdication of protective action of thiourea on urease against
proteolytic activity. When cotyledons are grown on agar with thiourea,
the metabolic utilization of ammonia in protein synthesis, lower pro-
tease activity and possible induction of urease may sustain higher
urease levels.

A central role for ammonia as a regulator for changes in urease
levels is hypothesized. Such a hypothesis explains earlier work on
the phylogenetic and ontogenetic occurrence of urease as well as data
presenited here. Amides or compounds of the ornithine-urea cycle are
abundantly present in urease rich seeds such as soybeans, jackbeans,
and watermelon. Maximum synthesis of urease in cotyledons of ripening
seeds may be stimulated through the incorporation of free ammonia into
these compounds. Conversely, in cotyledons of germinating seeds
reactions favoring breakdown and/or utilization of amides and other
nitrogen reserves are predominant. Proteolytic activity rather than
synthesis dominates the metabolism of cotyledons in germinating

seedlings. Under these conditions an excess of ammonium ions may



inhibit urease or repress the enzyme synthesis.
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INTRODUCTION

Only in a few cases are factors controlling enzyme levels in tissue
cultures of cotyledons completely understood. There has been no
systematic study of the mechanisms involved in regulating urease levels
at the time of maturation and germination. Urease has been considered
as a growth-bound enzyme, but there is no firm evidence for this
assumption. Attempts to correlate it with growth and development of
the seedling have been unsuccessful. Urease has been regarded by some
as a storage protein utilized at germination. More recently it has
been suggested that in jackbeans the urease content and the total
protein may be an indirect reflection of prevailing proteolytic activity.

As conditions for urease synthesis become known, it will con-
tribute to a better understanding of the mechanisms involved in
regulating the levels of enzyme in cotyledons at the time of germination
and maturation. Knowledge of the effect of differentiation and growth
on enzyme levels will be valuable in understanding the role of urease.
Effect of proteolytic enzymes on urease levels during germination
remains unclear. If calli from germinating seeds can be made to
synthesize urease like ripening seeds, it will be evidence for the
totipotency of cells at the physiological level. When the optimum con-
ditions regarding regulatory mechanisms and biosynthetic potential of
the cotyledon are understood, it may be feasible to undertake large
scéle, specific synthesis of the enzyme.

Urease is known universally as an enzyme which catalyzes the break-

down of urea into ammonia and carbon dioxide.



»NH2 + e
0 = C\ + 2H + 2H 0 --> 2NH + CO
NH, 2 4 2

AF° = -7.8K cal
It is also known that urease activity can be altered by ammonia inhi-
bition, and possibly by ammonia repression of urease synthesis. Similar
inhibitory effects of ammonia have been recorded with glutamine synthetase.
It appears that ammonia may be important in both plant nutrition and
metabolic regulation. There have been no studies of the ontogenetic
and phylogenetic distribution of urease with regard to ammonia as its
regulator.

In the present study, jackbean cotyledons were cultured in sterile
media under different conditions. Urease levels were determined over a
period of time by successive determinations of urease activity. Factors
controlling urecase levels were investigated. A hypothesis is proposed
concerning the distribution of urease in plants and reasons for change

in urease levels in the cotyledon.



THE REVIEW OF LITERATURE

Advances in Plant Tissue Culture: The first significant advances

in tissue culture of higher plants were studies of nutrient requirements
of isolated organs of the plant. White (1933) maintained tomato root
tips in sterile culture through numerous transfers. Loo (1945) and
Ball (1946) were first to successfully culture apical portions of the
stem. Van Overbeek et al. (1942) discovered that coconut milk used in
culture medium permitted growth of embryos younger than had previously
been grown. Dawson (1942) was among the first to employ culture
technique as means for investigating metabolic pathways. He observed
that tobacco root callus synthesizes nicotine and anabasine. Increasing
role of plant tissue cultures in studies of enzymes and cellular
metabolism was reviewed by Gautheret (i955). Staba (1963) discussed
the biosynthetic potential of plant tissue cultures. His review
stressed the importance of plant culture systems for answering many
basic problems in plant metabolism and growth. Mention was made of
future applications of plant tissue cultures in the study of plant
herbicides and growth regulators, as a food source, for testing drugs,
and as a source of economically or biochemically useful compounds.
Becuase of the importance of enzymes in biosynthetic processes and
in the production of compounds of commercial and medicinal importance,
more attention is being given to their synthesis in plant tissue
cultures. Higher plants may soon contribute to such product biosynthesis
in a manner already accomplished by molds and bacteria on a commercial

scale.



Enzymatic Studies During Seed Germination: Considerable attention
has been directed towérds enzyme activation in seed germination. Young
and Varner (1959) demonstrated an increase in amylase and ATP phoépha—
tase in germinating pea cotyledons after several days. When the germinating
seeds were supplied with potent inhibitors of protein synthesis such
as chloramphenicol, the activities of the enzymes were curtailed. This
observation led to one of two explanations: either de novo synthesis
of protein from amino acids yields additional enzymes, or enzyme pro-
duction in cotyledons is due to an activation of latentprotein by
partial hydrolysis. More evidence is accumulating in favor of activa-
tion of enzymes from preformed macromolecules. Presley and Fowden (1965)
found that treatment of germinating pea seeds with azetidine-2-
carboxylic acid, an inhibitor df protein synthesis, did not decrease the
levels of isocitratase and acid phosphatase.

Shain and Mayer (1965) demonstrated seed germination in the presence
of inhibitors of protein synthesis. Presence of an endogenous trypsin
inhibitor and three distinct types of proteolytic activity was shown in
germinating lettuce seeds. Neumann (1964) demonstrated germination of
lettuce seeds in the presence of inhibitors of nucleic acid synthesis.
Swain and Dekker (1966a and 1966b) studied the properties of some of the
enzymes involved in germination of the pea. They proved that amylase in
the cotyledon was similar to other known plant amylases, and that amylase
was responsible for the starch hydrolysing activity in the axis of pea
seedlings. Shain and Mayer (1968) observed the activation of amylopectin-
1, 6-glucosidase under conditions in which protein synthesis was inhibited

and amylase failed to increase in activity. They regarded this as



further proof of enzyme activation in germination by liberation and

activation of percursor forms.

Physiological and Ultrastructural Studies in Cotyledons:
Cotyledons are major organs of seed, and play a vital role in supplying
the growing embryo with nutrients. Mayer and Poljakoff-Mayber (1963)
studied changes in protease activity in soybeans during germination.
The protease activity was low initially, and then increased for about
6 days. They suggested that proteins are broken down to amino acids
and that part of these are deaminated. Ammonia formed from deamination
is detoxicated by amide formation, predominantly asparagine and glutamine.
They demonstrated that asparagine concentration decreases in the
cotyledon and increases in the hypocotyl and plumule. Wiley and Ashton
(1967) studied the hydrolysis of storage protein in germinating Cucurbita
seeds. The storage protein was hydrolyzed at a uniform rate from 1 to 5
days and decreased from 5 to 7 days. Most hydrolytic products were
transferred to axial tissue. In initial stages, seed storage protein
decreased while free amino acids and amides increased. They proposed
that these compounds were used as substrates for synthesis of new
seedling protein or were oxidized. Penner and Ashton (1966) showed by
use of protein and messenger RNA inhibitors that there is a possible
de novo synthesis of proteolytic enzymes occurring in squash cotyledons
during seed germination.

Changes in fats, carbohydrates and minerals have also been recorded
in cotyledons. Hacker and Mohr (1966) reported that reserve fat is

homogenously distributed in dormant seeds of Sinapis alba. During’

germination, fat was broken down in a complicated pattern. They concluded



that phytochrome did not change the pattern of fat degradation, but that
it exerts a strong regulatory influence on the rate of degradation.
Mayer and Poljakoff-Mayber (1963) found that in soybeans and castor beans
the disapperance of fats is accompanied by the appearance of carbohy-
drates. Acetyl coenzyme A formed from B-oxidation of fatty acids is
involved in malate production via the glyoxylate cycle. Malate is then
converted to carbohydrates by a number of reactions. The presence of
magnesium oxalate, calcium phosphate, and calcium carbonate inside or
outside the protoplast and in the cell walls of cotyledons was confirmed
by Sutcliffe (1962). During the early stages of development of seed
these salts are redistributed to radicle and plumule.

Only recently has attention been devoted to ultrastructural changes
in cells of cotyledons during germination. Opik (1964 and 1966)

investigated the form of nuclei in storage cells and fine structural

changes in germinating cotyledons of Phaseolus vulgaris. Israel and
Steward (1966) étudied aseptically-cultured carrot cells under conditions
in which growth and morphogenesis could occur. They were the first to
correlate structural changes in cells of callus with the physiological
and biochemical state. Engelbrecht and Weier (1967) studied the

plastids of safflower cotyledon mesophyll cells. Membranes of the plastid
envelope moved to quasi crystalline prolamellar bodies by the 2nd day

of germination. These new membranes separate from the plastid envelope
and become connected to the prolamellar body. Butler (1967) followed
changes in the fine structure of mesophyll cells in attached and detached
cucumber cotyledons. The pattern of change in excised cotyledon is

similar to that of intact except that chloroplast breakdown is more rapid



and ribosome loss is less rapid and less complete. Breakdown of
tonoplast was delayed for 40 days.

Studies on subcellular changes in cotyledons as a function of the
nitrogen, changes in ribosomes and other organelles in relation to
specific protein synthesis, the relative distribution of the organelles
of the cell in relation to rates of growth, and structural differences
in the cells of callus and the original explant (cotyledon) remain to be
undertaken. Such data would contribute to a better understanding of the
function of cotyledons and morphogenesis and organization in plants.

Hormones in Relation to Enzyme Activity: The effects of hormones

on enzymes in tissue and organ cultures have been widely investigated.
Bonner and Bandurski (1952) reviewed early work on the effect of auxins
on enzyme levels. The first reported work in this area was by Burger
and Avery (1941) on the elevation of alcohol and malic dehydrogenases

in Avena coleoptile tissue. Gall (1948) cultured bean stem sections on
starch agar medium. He found that 2,4-dichlorophenoxyacetic acid-treated
tissue exhibited a greater capacity to degrade the starch, presumably
due to increased soluble amylase and phosphorylase activity. Newcomb
(1951) demonstrated an increase in ascorbic acid oxidase in cultured
tobacco pith cells treated with indoleacetic acid. He mentioned that
ascorbic acid oxidase may causélly relate to growth because the increase
precedes respiratory changes induced by TAA. Later Bryan and Newcomb
(1954) demonstrated that pectin mefhylestefase activity is affected in a
similar manner by IAA in the same tissue. Black and Humphrays (1962)
investigated the effect of 2,4-D on the enzymes of the pentose phosphate

cycle. Their conclusion was that treatment increased glucose catabolism



through the cycle. The increased ability of pea stems to synthesize
benzoylaspartate by pretreatment with IAA was demonstrated by Venis (1964).
The inducing effect was found to be suppressed by actinomycin D and by
puromycin. Venis (1966) further elaborated his work by studying the
‘effect of testosterone, hydrocortisone, and thyroxine on the synthesis

of benzoylaspartate. It is noteworthy that puromycin did not reverse

the inducing effect of thyroxine and that pretreatment with puromycin
actually increased the induction.

Miller (1963) utilized callus of soybeans for the bioassay of
kinetin and related compounds. Mann et al. (1963) demonstrated that
kinetin caused a delayed and prolonged increase of tyramine methylpherase
in barley embryos. They concluded that kinetin causes a marked
stimulation of enzyme synthesis rather than a retardation of its inacti-
vation. Varner and Chandra (1964) demonstrated the inductive effects‘of
gibberellic acid on the de novo synthesis of amylase in the barley
endosperm. Scott et al. (1964) investigated the effects of IAA and
kinetin on the pentose phosphate cycle in tissue cultures of tobacco.
They found that activity of the enzymes decreased with increasing growth
rate of the plant. Galston (1951) had done earlier studies on the
catalase levels of normal and crown gall tissue in several plants. He
similarly concluded that catalase activity depends upon the rate of
proliferation rather than on the nature of the tissue. \Kinetin has béen
shown to decrease oxygen uptake and increase protein synthesis in
toBacco tissue (Bergmann, 1965). Digby and Skoog (1966) studiednthe
effect of kinetin on thiamine synthesis in tobacco callus culture. High

concentrations (500-1000 ug/l) of kinetin activates its biosynthesis



whereas low concentrations (30-100 ug/l) causes a reduction in thiamine.

Secretion of Enzymes in Culture Media: There are several reports

of enzymes in culture media in higher plants. Brakke and Nickell (1951)
demonstrated the secretion of a-amylase from Rumex tumors in vitro.
Lipetz and Galston (1959) studied the release of IAA oxidase and pero-

xidase in normal and crown gall tissue of Parthenocisscus tricuspidata.

Karstens and De Messter-Manger Cats (1960) grew tobacco crown gall

callus on a starch medium. The presence of starch degrading activity in
the medium was mentioned. Jaspars and Veldstra (1965a) measured the
release of amylase by the tissue grown on a starch medium. They isolated
two isoenzymes from the tissue using gel electrophoresis (1965b). The
éctivities of the two enzymes were dependent upon the organ of the plant

and the nature of the tissue. Straus (1962) proved the presence of

invertase in the cell walls of Libocedrus, Cupressus, Ephedra, Rosa, and
Pyrus tissue cultures. Straus and Campbell (1963) presented data on the
release of enzymes by 10 higher plants. The presence of phosphatase,
peroxidase and IAA oxidase was investigated. Indoleacetic acid oxidase
was released by all 10 tissues when treated with 0.05 M CaCly. They
suggested that enzymes released by the tissue may serve to modify the
medium.

Enzymatic Differences in Tissue: Other metabolic studies

involving enzymes in tissue cultures have been investigated. Enzymatic
differences between carrot taproot secondary phloem and tissue cultures
déri&ed from secondary phloem were studies by Wiesner and Guttman (1966).
Peroxidase, acid phosphatase, and malic dehydrogenase were present in

both preparations but the cultured material contained more peroxidase
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and less malic dehydrogenase. Gaino? and Crisley (1961) studied the
proteolytic activity of crude stem extracts in normal and tumorous
tissues in plants. They discovered that the proteolytic activity in
tobacco stem segments, tomato and Phaseolus is greater in tumorous
tissue than in normal tissue. They demonstrated an increase in pro-
teolytic activity in tumor stem tissue from Nicotiana treated with
such sulfhydryl activators as cysteine hydroéhloride (1962). Becker
et al. (1964) studied the synthesis of extracellular polysaccharides

in Acer pseudoplatanus. Such polysaccharides were of slightly

different composition than that obtained in cambial tissue of the
intact sycamore tree.

Regulation of Enzymes in Plant Tissues: Although induction of

enzyme synthesis has been thoroughly investigated in microbial systems
recently, extensive investigations with higher plants have not been
undertaken. Hageman and Flesher (1960) studied the effect of an
anaerobic environment on the development of alcohol dehydrogenase in
maize seedlings. Tolbert and Cohan (1953) studied the activation of
glycolic acid oxidase in plants. The adaptive formation and physidlogical
significance of indoleacetic acid oxidase was investigated by Galston
and Dalberg (1954). Product repression by glucose and its derivatives
on acid invertase levels in sugar cane was demonstrated by Galsziou

and Waldron (1964). Evans and Nason (1953) were the first to study
nitrate reductase in higher plants. Their attempts to demonstrate in-
duction of the enzyme activity were inconclusive. Beevers et al. (1965)
showed that both nitrate and light play a role in the induction of

nitrate reductase in radish cotyledons and maize seedlings. Inhibition
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of the enzyme by actinomycin D, chloramphenicol, and puromycin provided

evidence supporting de novo synthesis. Ferrari and Varner (1969)

studied the substrate induction of nitrate reductase in barley aleurone

layer. Recently Filner et al. (1969) reviewed enzyme induction in

higher plants. They suggested that specific control of enzyme degrada-

tion will be significant in the control of metabolism in higher organisms.
In microorganisms, Eckert et al. (1964) studied the effect of

different nitrogen sources, including urea, on enzymes of the ornithine-

urea cycle in Endomycopsis and Torulopsis. Bollard et al. (1968) have

observed that urea increases urease activity in Spirodela oligorrhiza.

Matsumato et al. (1968) showed that urea (1.5 x 10—1M) induces the
QE.EQXQ synthesis of urease in leaves of jackbean. They suggested that
ammonia represses urease activity in vivo by product inhibition and
possibly repression of new urease synthesis. Hoare and Laidler (1953),
Kénig et al. (1966), and Mehta et al. (1967) also have shown that
ammonia can inhibit urease activity. Heilmeyer et al. (1967) found that
glutamine synthetase can be repressed by ammonium ions.: .Adenylation of
the enzyme glutamine synthetase can be influenced by the substrate and
product from glutamine metabolism (Kingdon et al., 1967). Enzymes
leading to ammonia formation and utilization are widely prevalent in
higher plants (Cohen and Brown, 1960). Egami et al. (1957) investigated
the nitrate reducing systems in cotyledons and seedling embryos of
soybeans during germination.

Compounds of the Ornithine-Urea Cycle and Their Analogues: The

biosynthesis of urea represents a unique biological system which involves

the primary fixation of both carbon dioxide and ammonia. In higher
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'plants, incorporation of C1402 into citrulline via carbamyl phosphate
in Phaseolus was among the earlier data supporting presence of the
ornithine-urea cycle (Bone, 1959). Several reactions of the ornithine-
urea cycle have since been demonstrated in plants. The presence of
urea in higher plants is still controversial, due to insufficient assay
techniques. It appears that urea may not necessarily be synthesized.
Arginine can be used directly in plants as a nitrogen source (Bollard,
1959). The arginine analogue, canavanine, acts as a substrate for
arginase and occurs in high concentrations in jackbeans and other
leguminous plants. The metabolic role of canavanine is unclear, although
it is known to cause an array of effects in higher and lower plants
(Table I). The urea analogue, thiourea and other substituted Thiourea
compounds are commonly used as herbicides. Thiourea exhibits a variety
of physiological and biochemical effects, including the Iuhibition of
nitrate reductase and induction of urease synthesis (Table II). Hydro-
xyurea is an effective inhibitor of urease and is employed as an
antitumor agent. .

There have been numerous investigations of hydroxyurea as an anti-
tumor agent. Gale (1964) reported that hydroxyurea inhibits the growth

of Pseudomonas aeruginosa, while the growth of fungi, yeast, and other

bacteria were unaffected. It was suggested that the drug interferes with
nucleic acid metabolism by reducing the DNA/RNA ratio. Hydroxyurea has

been shown to reduce the rate of incorporation of thymidine in Ehrlich
ascites tumor cells (Gale et al., 1964). Hydroxyurea has been effective

in treating mouse leukemia. It reduces white blood cell count and

spleen size upon oral and intravenous administration, with little or no
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A.

B.

Category

Biochemical Effects

Physiological Rela-

tions:

Lower Plants

S e 0L S L 0 B o i W s

Table 1

Effects of Canavanine

It is incorporated into soluble RNA
fraction of liver

Increases rate of DNA synthesis of
normal Hela cells; blocks incorpo-
ration of arginine cl% into histones.

Represses ornithine transcarbamylase
in E coli.

Inhibits yeast alcohol dehydrogenase
activity.

Decomposes into canaline in jackbean
leaves during germination.

At 0.8 mM will inhibit proliferation
of human cells cultured in vitro.

Represses synthesis of alkaline
phosphatase in E coli.

Inhibits gametogenesis in
Chlamydomonas (0.1mM).

Reference

Allende et al., 1965.

Ackermann et al., 1965.

Faanes and Rogers, 1968.

Tschiersch, 1966.

Nakatsu et a2l., 1964.

Miedema, 1966.

Gallant and Stapleton, 1964.

Hipkiss, 1967.
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Table I cont.

C.

Category

Physiological Rela-

tions:

Higher Plants

Canavanine killed E coli unable to
support reproduction of T-even
bacteriophage.

Lethal effect may be due to incor-
poration into membrane bound
proteins; interrupts normal
organization.

Interfers with biosynthesis of
arginine and its uptake in Neurospora
and Saccharomyces.

Amino acid content of mutant resis-
tant yeast reduced to 1/2; secrete’3
times as much into medium.

Inhibits Peronospora sporulation;
can be reversed by arginine.

Occurs in wide variety of plants
especially in Papilionaceae.

Is synthesized in pods and trans-

located to the seed.

Tissues suspended in it may develop
a negative water balance.

Reference

Schachtele and Rogers, 1968.

Schachtele et al., 1968.

Konobu and Suzuki, 1963.
Grenson et al., 1966.

Morfaux and Dupuy, 1966.

Shepherd and Mandryk, 1964.

Tschiersch, 1963.

Tschiersch, 1961.
Williams and Hunt, 1967.

Mueller, 1963.
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Table I cont.

Category

Causes necrotic changes in the
petioles and veins of leaves when
fed to bean plants.

Amount in cotyledon, plumule,
hypocotyl, root and seed coat
decreases during germination.

Inhibits germination of pollen tube
growth in members of Papilionacea,
stimulates some at low concentra-
tion.

Inhibits germination and seedling
growth in Cattleya.

Tschiersch, 1963.

Nakatsu et al., 1964,
Ho and Shen, 1966.

Simola, 1967.

Raghavan, 1964.
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A.

B.

Category

Biochemical Effects

Physiological Rela-

tions:

Lower Plants

Table II

Effects of Thiourea

Inhibits the activities of polyphenol
oxides, ascorbic acid, oxidase and
nitrate reductase. :

It activates uricase.

a. Does not inhibit urease even at
10~ 3M.

b. Causes reversible inhibition
depending upon pH and concentra-

tion.

Induced urease synthesis in

Azotobacter.

Increased protein synthesis in bacteria.

Oxidation of ammonia to hydroxylamine
is sensitive to thiourea.

Antibacterial action on Staphylococcus.

Inhibits nitrosomanas in pure culture.

Inhibits soil nitrification at low
concentrations.

Reference

Nason and Evans, 1955.

Leone, 1955.

Kisiakowski and Shaw, 1953.

Mehta et al., 1967.

Ruban and Lobyreva, 1966.

Hoffman and Lees, 1953.
De Ritis and Scalfi, 1946.

Jensen and Sorenson, 1952.

Quastel and Scholefield,
1949.
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Table II.cont.

Category

C. Physiological rela- .
tions: Higher Plants

TS~ N e R e e o e e

Supports growth of fungi.
Penicillium breaks thiourea.

Botrytis, Phythium and Vertﬁc1lllum
form thiourea in culture.

Chlorella do not grow on either urea
or nitrate in the presence of thiourea
(0.002).

Greater inhibition of growth in
Aspergillus in media with nitrate.
Reduced toxicity in the presence of
ammonium salts.

Fixation of iodine in thallus of
Laminaria is inhibited.

Used as a fungicide.

Thiourea isolated from seeds of
Laburnumn.

Large amount of thiourea occurs in
rust-infected leaves of Alchemilla,
Rhamnus, and Rubus. Only traces
occur in healthy plants.

Increase chlorophyll breakdown.

Reference
Jensen, 1957.

Lashen and Starkey, 1964.

Ovcharov, 1937.
Zelenin, 1939.

Hodson, 1966.

Fluey, 1948.

Roche and Yagi, 1952.

Anderson, 1962.

Klein and Farkas, 1930.

Ovcharov, 1937.

Ovcharov, 1937.
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Table II cont.

Category

10.

Arrests growth or toxic to higher
plants at a concentration of
0.2-5 parts/1000.

Protects against radiation-induced
chromosome aberation in Tradescantia.

Removes apical dominance in potato
shoots; stimulates formation of
thick shoots in potato tubers at 2%
level.

It is active in lettuce seed germi-
nation bioassay for cytokinin
activity.

It breaks secondary dormancy induced
by high temperatures.

It may substitute for low tempera-
ture treatment in the promotion of
after-ripening in many seeds.

It depresses catalase activity but
stimulates peroxidase activity in
vivo in germinating lettus seeds.

Reference

Nicolas and Nicolas, 1925.

Mikaelson, 1955.

Satarova, 1953.
Pallidina and Pervosa,
1965.

Kefford et al., 1965.

Johnson, 1946.

Johnson, 1946.

Poljakoff-Mayber, 1953.
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gastrointestinal toxcity (Fishbein and Carbone, 1965). Frenkel et al.
(1964) showed that hydroxyurea inhibits conversion of cytidine
monophosphate to deoxycytidine monophosphate in bone marrow.

Davidson and Winter (1963) hydrolyzed urea and hydroxyurea in
serum with urease in tris-phosphate buffer at pH 7.4. They reported that
hydroxyurea acted as a substrate, but only at a rate 10'-3 that of urea.
Hydroxyurea has been shown to be a potent inhibitor of urease, causing
50% inhibition of urease at 5 x IC—SM. A tentative mechanism of inhi-
bition involving hydrolysis of hydroxyurea by urease to form the actual
inhibitor has been proposed (Gale, 1965). Fishbein and Carbone (1965)
postulated that hydroxyurea probably acts simultanecusly as substrate
and as an irreversible inhibitor of urease.

Some Studies on Urease: The occurrence of urease in plants, and

its molecular and physical properties, has been reviewed by Bollard (1959)
and Varner (1960). The enzyme does not occur universally in higher
plants (Takeuchi, 1909; Kiesel, 1911). Urease is present in high con-

centrations in many legumes of the sub-family papilionatae. Its

presence, however, in Cicer arietinum, Vigna catiang, Phaseolus mungo
Lgé§_9§glgggg.could not be detected by Nandi (1958). Damodaran aid
Sivaramakrishnan (1937) found jackbean, watermelon, and squash to be
better sources of urease than soybeans. The presence of urease in wheat
was demonstrated by Gupta and Das (1959). Annet (1914) tested Oryza

sativa and Setaria italica for urease activity without success. Tai

(1953) was also unsuccessful in tests for urease with Zea mays,

Triticum vulgare, Hordeum vulgare, Brassica napus and Cucumis melo.

There has been no systematic study of regulatory mechanisms for

B e —
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urease at the time of seed germination and maturation. Granick (1938)
studied the distribution of urease in different parts of jackbeans and
soybeans. He considered urease as a growth-bound enzyme and that

changes in urease levels were related to changes in protoplasmic
activity. No firm evidence was presented for this assumption. Williams
(1950) proposed the possibility that urease may be functioning as reserve
protein., Williams and Sharma (1954), however, could not correlate the
breakdown of total protein with the degradation of urease. They observed
that watermelon seedlings pass through a 'urease stage' before an abrupt
fall after the sixth or seventh day. Detached cotyledons smeared with
.vaseline maintained urease activity over a longer period, indicating

that urease levels may be connected with respiration and water content.
‘Bollard (1959) postulated that urease may be functioning as only part of
the reserve protein during germination, but a part which is used
immediately after germination. It has been shown that urease and
arginase variations are almost parallel in soybeans during germination,
and an involvement in arginine metabolism has been suggested (Suzuki,
1952). Sehgal and Naylor (1966) clarified earlier work by Granick on

the changes in urease levels in different parts of the jackbean plant

throughout its life cycle.
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METHODS AND MATERIALS

The experiments conducted involved (1) the extraction of urease
from the jackbean (soaked and cultured cotyledons) (2) determination of
enzymatic activity in the extract, and (3) protein determination of the
extract.

Jackbeans used for the present investigations were obtained from
Mr. Ernest Nelson of Route #1, Waldron, Arkansas. Seeds selected for
experiments were of uniform size and age (1968 harvest).

Culture and Extraction Techniques: All transfers and treatments

were conducted under a sterile hood pre-exposed to 15 minutes of
vgermicidal ultraviolet light. The jackbean seeds were initially
sterilized by soaking for 30 minutes in 0.05% (vol./vol.) sodium hypo-
chlorite. Sodium hypochlorite is a strong oxidant and does not
inactivate urease. The seeds were rinsed thoroughly by three washings
of sterile distilled water, and allowed to soak 6 to 8 hours. The seed
coat was removed by hand from fully swollen seeds, and naked seeds were
retreated for 5 minutes in 0.025% (vol./vol.) sodium h&pochlorite. They
were then rinsed again by three washings of sterile distilled water.
One-fourth of the embryo end of each seed was chopped using s sterile
scalpel and forceps. The cotyledons were transferred to the appropriate
culture media. All cultures except the urea  set were incubated in a
growth chamber in the dark at 27°C; one set was incubated at 33°C. A
coﬁtinuous flow system was devised for the urea experiment. It consisted
of a sterile enclosed and inclined plate, and a 1 liter reservoir of

culture medium. The cotyledons were placed on the plate and the culture
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medium was regulated to drain over them at a constant rate.

Nutrient conditions for the culture medium were basically those
described by Miller (1963)*, unless stated otherwise. Modications of
Miller's medium involved changes in the proportion of NH,NO5 to KNO,,
deletion of ammonium salts, changes in pH, and the addition of Cleland's
reagent (10—5M), urea (1.66 x 10—2M), thiourea (1.66 x 10—2M), hydroxyurea
(1.66 x 10*2M), ethylenediaminetetraacetic acid (1.34 x 10—3M), and
actinomycin D (10—3M). In experiments involving ammonia deletion, an
equivalent amount of nitrogen was substituted as nitrate. In the urea
experiments, sterile distilled water containing Cleland's reagent was
used as the control medium to avoid possible infection in the continuous
- flow system. All culture media were sterilized 30 minutes in an auto-
clave. Both urea and actinomycin D were sterilized with ultraviolet
light and then added to the cooled culture medium. These compounds
decompose at high temperatures.

In some experiments large samples of cotyledons (3 to 4 gm, in

*Stock cultures of the jackbean tissue have been maintained on a medium
containing (mg/liter): Ki,P0,,300; KNO5,1000; NH4N03,1000; Ca(NOB)Z-
4H20,500; MgSO4'7H20,71.5; KC1,65; MnSO4'4H20,14; Fe citrate, 18.0;
ZnS04°7H0,3.8; H3B03,1.6; Cu(NO3)2-3H20,O.35; (NH4) gMo7094* 4190,0.1;

KI, 0.8; i—inositol,lOO; nicotinic acid, 0.5; pyridoxine.HC1l, 0.1;
tiamin-HC1l, 0.1; a-naphtaleneacetic acid, 2; kinetin,0.5; sucrose, 30,000;

and Bacto-agar, 10,000. The pH was adjusted to 5.8(NaOH).
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Tables III and IV, and 10 gm in Table V) were used for each analysis.
In other experiments (Tables VI, VII, and VIII), matched cotyledons
from each seed were used; one as an experimental and the other as a con-
trol. In such cases, individual variations among seeds were reduced to
a minimum. Each sample of cotyledons was weighed and homogenized in a
pestle and mortar with acid-washed sand. Fifteen ml of 0.05 M K, HPOy,

SM Cleland's reagent were used

and KHyPO4, pH 7 buffer containing 10”
per gram fresh weight during extraction. The homogenate was centri-
fuged at 27,000 x g for 15 minutes. The residue was extracted a
second time with the buffer and centrifuged again. Both extracts were

combined and enzyme activity and protein were determined.

Determination of Urease Activity: Enzyme activity was determined

in micro-Conway dishes (Conway, 1962). The procedure was described by
Sehgal and Naylor (1966). The dishes were routinely cleaned with a
dilute solution of alconox, followed By a thorough washing with running
water. They were next treated with dilute HC1 for 2 to 3 hours and
rinsed thoroughly with running tap water. They were autoclaved for 30
minutes, rinsed with distilled water, and dried at 1056C.1 Treatment with
1% siliclad solution (Clay - Adams, New York) provided a water repellent
layer that prevented the substrate and enzyme drops from spreading and
mixing. The dishes were retreated with siliclad every 5 to 6 cycles of
cleaning.

A 0.57% boric acid in 20% alcohol solution containing an indicator
waé used to absorb the liberated ammonia. The indicator consisted of
bromocresol green (0.033%) and methyl red (0.066%) in 95% alcohol.
Indicator was used at 10.0 ml per 990 ml of the alcohol-boric acid

solution. A saturated solution of K,CO3 was used to stop the enzyme-

- e ——————— RS T8 ok S
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substrate reaction after 5 minutes, and to promote the libcratiqn of
ammonia from the reaction mixture. Diffusion was allowed to occur at
room temperature for 2 to 3 hours. 100X of 0.05 M urea in phosphate
buffer, pH 7.0 (2.8% anhydrous KH, PO, and 6.87% anhydrous NaZHP04) and
501 of urease solution (diluted in 0.05 M phosphate buffer, pH 7.0
containing Cleland's reagent) were placed side by side. The céntral
well contained 2 ml of boric acid and indicator solution, and the

lower end of the outer well contined 1 ml of saturated K,C03. Micro-
Conway dishes were sealed air tight by glass covers that had been
smeared on the edges with green surgical soap. Each dish was lifted
and tapped lightly to mix the enzyme solution and substrate. Great
care was taken not to mix the saturated K,CO3 with the reaction mixture
in the outer well. The reaction was stopped after 5 minutes by tilting
each dish to mix the K,CO03 with the reaction mixture. The mixture was
swirled around the central well to assure uniform diffusion. Jackbean
urease has a value of .003 M for Ky in buffer at pH 7.0 (Varner, 1960).
The concentration of the substrate used in the experiments was 17

times the K for urease. There is a linear increase in the reaction up
to 207 hydrolysis of the substrate within 5 minutes. All experiments
involved hydrolysis of less than 27 of the substrate.

The amount of ammoﬁia liberated was measured by titrating the
solution in the central well with standard 0.002 N HCl. The end point
was sharp and easily reproducible. Each determination was replicated
3 to 4 times.

Definition of the Urease Unit: One urease unit was defined as the

amount of ammonia required to neutralize 1 m10.002 HCl. The standard
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HC1 used in titrations is directly proportional to the quantity of
ammonia produced from 100X of 0.05 M urea solution in pH 7.0 phosphate
buffer in the micro-Conway dish at room temperature. The reaction time
was 5 minutes and the amount of enzyme solution used was 50\. Total
enzyme units in the extract were based upon the amount of HC1l (in ml)
required to titrate the total extract as calculated from 50X diluted
aliquots of the extract. Units per gram fresh weight were equal to the
total units divided by the weight of the sample:

1000A

ml HC1 x 50)\ x Vol. Extract x Dilution Factor = Units/gm F. W.
Fresh Weight Sample

Protein Determination: Protein determinations were made with Biuret

reagent. Procedures and composition of reagent were according to Gornall
et al. (1949).% Protein was precipitated from solution by adding 5 ml

of 20% trichloracetic acid to 5 ml of each test sample. The mixture was
allowed to stand at room temperature for 10 minutes, after which it was
centrifuged at 27,000 x g for 15 minutes. The precipitate was dissolved
in 5 ml 1.0 N NaOH.

One ml of the dissolved precipitaté was added to 4.0 ml of Biuret
reagent and mixed by swirling. The solution was allowed to stand 30
minutes af room temperature. Optical densities were read on a Spectronic
20 spectrophotometer at 560 mu. One ml of 1.0 N NaOH was added to 4 ml
of Biuret reagent as a blank. The amount of protein in unknown solutions
was calculated from a standard curve for bovine serum albumin (1-10 mg)

measured at 560 mp.

*Biuret reagent: 1.50 g CUSO,5H,0 (cupric sulfate and 6.0 g NaKC,H,04"
4H90 (sodium potassium tartrate) were dissolved in 500 ml of H20. 300 ml

of 10% sodium hydroxide was added and the solution was diluted to 1 liter.

The reagent was stored in a dark colored bottle.
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RESULTS AND DISCUSSION

Sehgal and Naylor (1966) studied the urease content of cotyledons
harvested from seedlings at different ages. They found that the urease
content of both light and dark grown cotyledons goes through three
phases over a period of 4 to 5 weeks. During the first few days of
germination, the urease remained uniform. The second phase was charac-—
terized by a gradual declining urease content, and the last phase by a
marked decline in urease. They suggested that in jackbean cotyledons
the total protein, including urease, may be an indirect reflection of
prevailing proteolytic activity.

In the present investigation, jackbean cotyledons were cultured
in a complete medium over a period of 35 days (Table III). The
urease content of the cotyledons also exhibited decrease in units.
Units decreased from 100% in the control, 1 day soaked seeds, to 1%
after 35 days. Decrease in units was not linear. Individual differences
among seeds may cause minor variations in urease content. It is
feasible, however, that the relatively constant levels gf urease from
day 4 to 11 represent a phase in cultured cotyledons in which proteaseé
are breaking down other proteins faster than urease. In both harvested
and cultured cotyledons, there seems to be some mechanism contributing
to decline in urease units. Urease content of fresh callus removed
from cultured cotyledons over 30 days old was very low (less than 1% of
thé initial units present in the explant). Modifications of Miller's
medium involving a chénge in the proportion KNO3 to NH4N03 caused no
significant change in the rate of decline of urease over a period of

14 days, as compared to the control (Table IV).



TABLE III

Changes in Urease Content of Cotyledons* at 27°C

Time in days on

Miller's medium

Control (soaked 1
day) zero time in

Miller's medium

11
14
15
19
24

35

Urease units

per g Fresh Weight

2400

1490
1150
935
1170
915
566
479
334
100

27

Percentage

units

100

62
48
39
49
38
24
20

14

*For each analysis about 3 to 4 g of cotyledons were used.

27
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Low pH (4.5) and high temperatures led to a faster decrease in
urease levels. The addition of urea or Cleland's reagent (dithiothreitol)
to the medium, or greater aeration of the medium by shaking seems to
preserve urease activity in relation ot the control (Table V).

Tanis (1968) demonstrated that the polymeric state of jackbean
urease is dependent upon pH. Urease was separated into different
polymers by ultracentrifugation and sedimentation rates were determined.
He found that the 18s urease fraction could be converted to the 12s form
by lowering the pH from 5.3 to 4.8 and vice versa. In the present
experiments, pH of the medium was lowered from control, pH 5.8, to 4.5.
Urease activity of cotyledons cultured at pH 4.5 was 207 lower than in
those cultured at 5.8. It appears doubtful that any shift in the
polymeric state of urease accounted for the change in activity of the
extract, because both the control and lower pH set are assayed at pH 7.
It may be that shifts to a smaller polymeric state of urease in vivo,
caused by lowering the pH, rendefs the molecule more susceptible to
action of proteases. Higher.temperatures (33°C) than control (27°C)
caused a 32% reduction in urease activity. One would expect less
favorable conditions for growth at higher temperatures, increased protein
denaturation and probably increased protease activity.

The urease molecule is rich in sulfhydryl groups--40 to 75 SH groups
per molecule (Varner, 1960). Oxidation of these groups by compounds
such as iodosobenzoate, p-mercuribenzoate and heavy metals causes com-
piete enzymic inactivation. Urease activity can be protected by various
activators (protein, amino acids and gum arabic), which function by

binding heavy metals and thus protecting the SH groups. When Cleland's
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TABLE IV

Changes in Urease Acitvity®* on Modified Miller's Medium at 27°C

Urease Units per g Fresh Weight

Complete Modified
Time in days Miller's Miller's Percent
on medium medium® medium® change
Soaked seeds
(zero time) 2400 2400
2 1490 1390 -7.0
4 1150 1160 +1.0
6 935 950 +1.5
8 1170 1115 -4.6
11 915 985 +7.0
14 566 570 +0.5

*For each analysis 3 to 4 g of cotyledons were used.
Complete Miller's medium contained 1.0 g NH4N03/1 and 1.0 g KN03/1.

Modified Miller's medium contained 1.5 g NH,NO3/1 and 0.5 g KNO3/1.



TABLE V

Factors Affecting Urease Content in Jackbean Cotyledons®

Experimental

Conditions

Control in Miller's medium
(no shaking, 27°C,
pH 5.8, no agar)

Aerated on shaker

Miller's medium plus Cleland
reagent (10—5M)

Miller's medium plus urea
(1.66 x 10™2)

Miller's medium at pH 4.5

Miller's medium at 33°C

*Before putting cotyledons in flasks, sterilized seeds were soaked in

Urease units per g
Fresh Weight after

2 days in solution

1645

1770

2097

2222

1309

1110

Percentage

Units

100

107

127

134

80

68

water for 1 day. For each analysis about 10 g of cotyledons were

used.

30
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reagent (Table V) was added to the medium, a 277 increase in activity
was observed over the control. This compound is rich in SH groﬁps, and
probably prevents oxidation of urease - SH groups, similarl& as other
known activators. Aeration of the medium by continuous shaking gave

a slight increase in urease activity (7%) over the control. The
greatef abundance of oxygen in the culture medium may promote an
increase in respiration, which in turn may facilitate increased protein
syﬁthesis, including'urease. Addition of urea to the medium caused the
greatest increase in urease activity within 2 days. However, determi-
nations of enzyme activity on later days revealed a decrease in units
in the urea—-treated-set compared to the control, and an increase in
ammonia in the culture medium.

Ammonium ions inhibit urease activity (Hoare and Laidler, 1953;
Mehta et al., 1967) and repress new enzyme synthesis (Konig et al.,
1966; Matsumato et al., 1968). Anmonia is produced in sterile cultures
of jackbean cotyledons when urea is added to the medium. To avoid
excessive accumulation of ammonium ions, a sterile continuous flow
system was designed. Culture medium (water and Cleland's reagent) with
and without urea flowed at a constant rate over an inclined, enclosed
sterile plate. The results in Table VI show a 60 to 70% increase in
urease units over the control within a period of 12 days. Urea, as a
substrate, enhances urease activity. The ammonia which accumulates in
cotyledons inhibits urease and thus prevents further breakdown of urea.
Exéess amounts of urea suppiied freshly in a continuously flowing system
leads to urea - urease binding. Such a complex may be less likely
broken by proteases than the urease in cotyledons untreated with urea.

Possible induction of urease synthesis cannot be ruled out. There is
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increasing evidence that urea may induce urease formation in higher
plants (Matsumato et al., 1968; Bollard et al., 1968). In microorganisms,
urea also accelerates formation of enzymes of the ornithine-urea cycle
(Eckert and Kating, 1968).

Thiourea is structurally very similar to urea and differs only in
that the carbon-sulfur bond replaces the carbon;oxygen bond. There are
several effects of thiourea on plants that make it suitable for investi-
gations of urease levels in cultured jackbean cotyledons. It inhibits
the activities of several metal-requiring enzymes such as polyphenol
oxidase, ascorbic acid oxidase and nitrate reductase (Nason and Evans,
1955). Kistiakowski and Shaw (1953) demonstfated that thiourea causes
reversible inhibition of urease depending upon pH and concentration of
thiourea. Increased protein synthesis was observed in bacteria treated
with thiourea (Ruban and Lobyreva, 1966). Mehta et al. (1967) induced
urease synthesis in Azotobacter with thiourea. Asparagine and ammonia
inhibited urease synthesis in their system. Thiourea has been isolated
from seeds of higher plants (Klein and Farkas, 1930). It is known to
affect seed germination. Mayer and Evanari (1951) demonstrated that
thiourea stimulates seed germination in conjunction with 2-4D. 1In
gerninating 1ettuce seeds, thiourea depresses catalase bqt stimulates
peroxidase activity (Poljakoff-Mayber, 1953). Kefford et al. (1965)
showed that thiourea enhances lettuce seed germination. In potato,
thiourea removes apical dominance and stimulates formation of thick
shoots from the tubers (Satarova, 1953; Pallidina and Pervosa, 1965).
The effect of thiourea as a growth inhibitor in Aspergillus was shown

by Fluey (1948). There is greater inhibition of growth in media



33

TABLE VI

Changes in Urease Activity Under Continuous Flow of Solutions#*

Units per g Fresh Weight

Control Urea Solution Percent

Time in Days (water) (1.66 X lO-zM) Change
1 1500 1530 +2.0

2 1985 2072 +4.4

5 1270 1390 +9.4

7 1100 1380 +25.5

9 1010 1720 +70.3

12 1025 1670 +63.0

*Matched cotyledons from the same seed were used for analysis. One
ml B-mercaptoethanol/l was added in both solutions. The experiment was

performed at room temperature.
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containing nitrate. Toxicity is reduced in the presence of ammonium

salts.

Ammonium salts are typically present as a nitrogen source in
plant culture media. Experiments were conducted in which an equivalent
amount of nitrogen as nitrate was substituted for ammonium salt in the
culture medium, and urea was replaced with thiourea (Table VII).
Cotyledons in thiourea show enhanced urease activity. An increase
ranging from 155 to 1997 is noted in thiourea-treated cotyledons over
controls. The increase of urease in thiourea-treated cotyledons cannot
be accurately compared to the 60 - 707 increase in urea-treated
cotyledons; both nutrients supplied and conditions of culture were
different. There are several explanations of the results in Table VII.
Ammonia can be produced metabolically from amides in seeds (Cohen and
Brown, 1960). Ammonia can also be produced from nitrate in the medium
by action of nitrate reductase, from glutamic acid by glutamic acid
dehydrogenase and other enzymes in a variety of higher plants. It is
likely that nitrate reductase is present in jackbeans because Egami
et al., (1957) isolated the enzyme from soybeans. Inhibition of nitrate
reductase by thiourea should cause a reduction of urease inhibition and
repression by decreasing the amount of metabolically produced ammonia.
This idea is supported by the fact that when nitrate is the only source
of nitrogen, ammonia is found (5.5 uM/gm fresh weight) in extracts from
cotyledons cultured for 7 days in a medium containing 1.66 x 10 ‘M
thiourea. At lower concentrations of thiourea (1.66 x 10—3M), 7.1 M
ammonia/gm fresh weight is detectable in comparable cotyledons. Induc-

tion of urease and other proteins by thiourea as shown in microorganisms
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Time in

Days

Effect of Thiourea on Urease Activity in Cotyledons*®

Fresh Weight

Control
Modified Miller's
Medium

(no thiourea)

1675
1520
1570

668

512

Urease Units per g

Thiourea

(1.66 X 10™2)

TABLE VII

In Modified Miller's

Medium

1955
1840
2020
1340

1525

Percentage Change in
Total Units on per g

Fresh Weight Basis

+21.8
+21.5
+28.8
+101.0

+198.0

Percentage Change in
Specific Activity
(Total units/Total

proteins)

+23.3
+17.1
+11.2
+105.0

+176.0
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may also be possible in cotyledons.

Assuming that changes in urease levels are an indication of an
imbalance between synthesis and degradation of the enzyme in cells,
effect of thiourea on cell~free extracts was tried (Table VIII). 1In
such clarified extracts, synthesis of urease is most probably lacking,
and protease activity is quite high. Clarified extracts were incu-
bated for 8 to 72 hours at 27°C in the presence of thiourea (1.66 x 10_2M).
The proteolytic acitvity of the extracts at pH 7.0 was increased by
adding chymotrypsin (10 mg/ml) and bacterial protease (5 mg/ml).
Thiourea-treated extracts showed a decrease of 8 to 127 in urease units
in 48 hours when compared to controls. There was no indication of
protective action of thiourea on urease against proteolytic activity.
Thiocurea added to the substrate in the reaction mixture (urea at 0.05 M,
thiourea at 0.025 M and 0.25 M, pH 6.0 to 7.0) did not inhibit urease
activity.

Compared to the cell-free extracts, dividing and growing cells of
cotyledons have increased protein synthesis and relatively low protease
activity. In growing cells one would also expect that free pools of
ammonia are smaller because of increased protein synthesis accompanying
cell division and growth. Growth was increased in cotyledons cultured
on agar nutrient medium containing thiourea as compared to cotyledons in
a liquid nutrient medium also containing thiourea. The changes in fresh
weight were taken as an indication of growth, and this was compared to
total urease units following 12 days of culture (Figure I). Increased
growth in cotyledons cultured on agar accompanies higher levels of urease

in relation to cotyledons in the same nutrient medium lacking agar. The
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TABLE VIII

Effect of Thiourea and Protease on Urease Activity

in Cell Free Extracts

Units per g Fresh Weight

Percent

Time in hours Control#* Thiourea* change
24 1625 1495 -8.0
48 1610 1420 -11.8
72 1665 1270 ~23.2

*The control contained 10 ml extract in 0.05 M phosphate buffer, pH 7.
The extract with thiourea contained 10 ml 0.25 M thiourea in 0.05 M
phosphate buffer, pH 7.0. 0.1 ml of B-mercaptoethanol was added to 10
ml of each extract. 10 mg/ml of chymotrypsin and 5 mg/ml of bacterial

protease were added to the extracts.

I
e
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The results were explained by assuming the inhibition of nitrate
reductase by thiourea, the utilization of metabolically produced
ammonia because of increased protein synthesis, a lower proteése activity
prevailing in growing cells and possibly, induction of urease.

Thiourea effects were not obtained by the addition of EDTA (1.35 x
10--3 M) or hydroxyurea (1.66 x 10—2M) in Miller's medium, modified by
substituting an equivalent amount of nitrogen as KNO3 (Table IX). Both
compounds caused a definite decrease in urease units per gram fresh
weight, compared to the control. It was assumed that EDTA may partially
mimic the effect of thiourea by inhibiting the metal-containing enzyme
nitrate reductase. This proved not to be the case, and a 50.5% reduc-
tion in urease activity was observed after 5 days. EDTA, because of its
potent metal-binding capacity, probably non-selectively inhibits all
metal-containing enzymes and cofactors. Essential metabolic pathways
involved in urease synthesis may therefore be blocked. Hydroxyurea may
bind with urease at the active site (Fishbein and Carbone, 1965). It
was assumed that such a complex would be less susceptible to action by
proteases. However, the effects of hydroxyurea on urease of cotyledons
in culture support earlier in vitro studies (Gale, 1965) that it acts as
an inhibitor. A 797 decrease in urease activity was observed in the
hydroxyurea treated after 4 days. Actinomycin D (10--2 M) in modified
Miller's medium caused a 10.67% decrease in urease levels after 5 days.
Actinomycin D is an effective inhibitor of RNA synthesis. The effects of
this inhibitor indicate that some de novo synthesis of urease may oceur

in the germinating cotyledon.
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TABLE IX

Effect of EDTA, Actinomycin D, and Hydroxyurea

on Urease Activity in Cotyledons#*

Urease Units per g Fresh Weight

Percent
Time in days Treatment Control#* Treated* change
3 EDTA 3
(1.34 x 1077 M) 2720 2260 -20.3
4 1791 1272 -40.8
5 1810 860 -52.5
2 Actinomycin D 2960 : 2850 -3.7
(1 x 1073 1)
5 2720 2430 -10.6
4 Hydroxyurea
(1.66 x 102 M) 2958 230 ~79.0

*Matched cotyledons from the same seed were used for analysis.
Miller's medium was modified in both control and treated. Ammonium
nitrate was deleted, and an equal amount of N as KNO3 was added.

Cleland's reagent was present in all media at 107> M. Incubation was

done at 24°C.
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A central role for ammonia as a regulator is hypothesized for
changes in urease levels. Earlier data of Sehgal and Naylor (1966),
as well as that presented here, can be explained by the above hypo-
thesis. When seeds are being formed in pods, urease synthesis and its
storage is at its maximum (Sehgal and Naylor, 1966). In cotyledons
of ripening seeds the reactions resulting in utilization of ammonia,
for example, the synthesis of amides and/or the compounds of the
ornithine~urea cycle, including their derivatives, must be very active.
This hypothesis is strengthened by the fact that amides and compounds
of the ornithine cycle are abundantly present in soybeans, jackbeans
and watermelon (Meister, 1965). These plants are also known to be the
richest sources of urease. Conversely, in cotyledons of germinating
seeds, reactions favoring breakdown and/or utilization of amides and
other nitrogen reserves like canavanine, ornithine, citrulline and
arginine are predominant. Under these conditions free ammonium ions
inhibit and repress urease synthesis. In growing seedlings of jackbeans
and soybeans, the cotyledons are non-growing tissues. Proteolytic
activity rather than synthetic reactions dominates the metabolism of
cotyledons. The other parts of the germinating seedling may still,
however, show increased amide content and protein synthesis.

Canavanine, an analogue of arginine, occurs in a wide variety of
plants, especially those belonging to the Papilionaceae (Turner and
Harbone, 1967). It is synthesized in pods and translocated to the seeds.

In ripening seeds, the amount of canavanine as a percentage of dry weight

remains constant (Tschiersch, 1961; Williams and Hunt, 1967). During

germination, on the other hand, the levels of canavanine in cotyledon,
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plumule, hypocotyl, root and seed coat decrease (Nakatsu et al., 1964;
Ho and Shen, 1966). These observations on levels of canavanine during
seed germination and ripening further support the hypothesis outlined

in (Figure 2).
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Figure 2

PROPOSED ROLE OF AMMONIA IN REGULATING UREASE LEVELS
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SUMMARY

Factors controlling urease levels in sterile cultures of
jackbean cotyledons were investigated. Urea, thiourea, and increased
growth favor higher urease activity. A continuous flow of sterile
mediua with and without urea was maintained to avoid excessive accumu-
lation of ammonia. Higher urease levels in the urea-treated set were
attributed to substrate protection and/or induction of urease. In the
experiment with thiourea, nitrate was substituted for ammonium salts in
the medium. Lower urease activity in the absence of thiourea may be
due to inhibition of urease by metabolically produced ammonia. Utiliza-
tion of ammonia in protein synthesis, lower protease activity, and
possible induction of urease by thiourea in growing tissues of cotyledons
may lead to higher urease activity. High temperatures, low pH, and the

presence of EDTA, hydroxyurea or actinomycin D cause a faster decrease

in urease units. A central role for ammonia as a regulator for changes
in urease levels is hypothesized. Such an hypothesis explains earlier
work on the phylogenetic and ontogenetic occurrence of urease, as well

as data presented here. Maximum synthesis of urease in cotyledons of
ripening seeds may be facilitated through the storage of free ammonia as
amides or compounds of the ornithine-urea cycle. In cotyledons of germi-
nating seeds, proteolytic activity and reactions favoring breakdown
and/or utilization of amides are predominant. Under these conditions,

ammonium ions inhibit urease or repress new enzyme synthesis.
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Regulation of Urease in Cotyledons

PreM P. Seucar anp JamEes A. Coox
East Carolina University

The factors controlling urease levels in cotyledons of
jack beans were studied under sterile conditions. In
culture, the urcase content declined as rapidly as in coty-
ledons harvestzd from seedlings of different ages. High
temperatures (85°) or low pli (4.5) caused a faster de-
crease in ureasc aciivity as compared to the controls
(75°F, pH 5.8). The addition of dithiothreitol -—— a sulf-
hydryl compound, urca or thiourca lead to increased
ureasc activity on fresh weight and protein basis. In ex-
periments with wiea, a continuous flow of sterile medium
was maintained to avoid excessive accumulation of am-
monium ions in cotyledons. Higher urease activity in
urca is attributed to substrate protection. Thiourea, a
competitive inhibitor of the cnzyme gave best preseiva-
tion of urease in contrast to urea-treated and untreated
cotyledons. Thiourca and other substituted ureas are
used as herbicides.  Possible mechanism of action of
thiourea will be discussed.
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