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ABSTRACT

-

EFFECT OF AMITROLE ON GROWTH AND ORGANIC

NITROGEN METABOLISM IN SOYBEAN CELL CULTURE

Roger .Shu Kong Suen

The effect of amitrole on growth and organic nitrogen
metabolism has been stuéied in soybean cell culture. At
a subletha; concentratign (10H4M);.it caused a decrease in
fresh-weight,fdfy-weight,-cell number and bhoth soluble and
total proteins with a corresponding increase iﬁ free amino
acids.

Amitrole inhibited thelactivitigs of both nitrate ,
reductase (].0_4 to lOHZM)'and glutématé dehydrpgenase (10—3
to loﬂlM)‘of the cultured cells,lthodgh the nature of its
noncompetitive inhibition remaiﬁs +to be determined. On the

other hand, amitrole (10_4M) stimpulated the.upﬁake of 14C-

[ ]
leucine and its incorporation into TCA-precipitable protein

of the treated cells.‘ This stimulégion has been shown to
" be due to de EgzglsfnthQSis of protein which may not be a
continuing proceés. There were slight quantitative, but
no qualitative diFferences in the acrylamide -gel protein
patterns of control and_3AT~t;eated cells.

The results obtained in this investigation were discusséd.
in relation to the effect of amitrole on nitrogen metabolism.

L

To the author's knowledge, the effect of amitrole on the

-

enzymes of organic ,nitrogen metabolism has not been reported

before in either intact or in wvitro cultured tissues,

i
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Section A N ' ' ‘ ' 1.
INTRODUCTION

-

The compound, 3—amin6}lH-l,2,thriazoIe or 'Amitrole’
(3AT, Figufe—la) has been introduced in agriculture sipce
1954 by Amchem Products, Inc. (U.S. Patent No.2,670,282)
as a plant gf;ch inhibitor and defoliant (Hérbicide
hénabook of thé Weed Science chiety‘of'America, 1974).

Absorbed and é;sily t;anslpéated by both roots and

leaves, 3AT has proved effective as a pre- and post-—

émergence spray and as a selective herbicide (Behrens, 1953) .,
: " ‘

3AT was originally introduced as a defoliant of cotton °

‘(Hallfet al., 1953). In 1959 after the "Cranberry'Inqident"

whichf led to the seizure and prohibition of sale of certain

Y

contéminatéd%béifléé;‘BAT was registered with the U.S.
bepartmént of Agricﬁlfhre as an economic poison and its
application on food'c&bps was totally piohibitéd (DuShane,
1959).

r .

3AT is considered to be positively carcinogenic
(Dalgaard-Mikkelsen .and Poﬁlsen, 1962; NIOSH, 1977) causing-
thyroid adenoma'énd sdenocarcinomas in rats (Hodge éE al.,
1966; Innes et al., 1969;. However, ingesfion of 3aT -(20
mg/kg) by a 39;§eari§ld woman caﬁged no signs of intoxi-
cation andi}AT was excrgted-unéhanged soﬁe hoﬁrs later
‘Geldmacher —r Mallincﬁrodt and Schmidt, 1I970). Curréntly

3AT is being used for weed control in non-crop areas and

is most efficient against weeds such as Cdnada thistle

(Cirsium arvense) and‘quackgrass (Agropyron repens) and R



2.
some other perennial broadleaf weeds (Herrett and Linck;' |
1961} Kinél 1966; Crafts; 19755; 3AT cannot be iegally
used on crobs or éa;tﬁre'land where food for man or animals
may become dontaminated:

The effect of 3AT on blant metabolism has déawn a large
number of bublications conéerning mainly with proteiné,
nucleic acid ‘'and borphyrin mefébolism. Itgs ultimate
effect is the pronounced absence of chlorophyll in new
growth, .which was related to the blockage of the formation
of 708 chloroplastic-ribosomes and the 185 fraction I ‘
protein {Bartels EE‘EE" 1967). There are conflicting
reports aé éo the effect of 3AT on protein synthesis in
_plants (Carter, 1969; Ashton and Crafts, 1973). Some workers
reported the inhibitiéﬁ of glycine incorporation into
proteins of wheat seedlings (Bartels and Wolf, 1965) ;

Hilton {(1966) reported that 3AT inhibited incorporation of
14C from adenine—2-14C into nucleic acids of yeast. Other
workers, on the other hand, were unable to find a direct
effect of 3AT on protein synthesis (Mann et al., 1965;
Brown and Carter, 1968; Moreland et al., 1969).

In view of these contradicting results and due to the
laék of information on the effect of 3AT on the enzymes of
organic nitrogen assimilation, it was considered important,
therefore; to undertake this study using soybean suséension
culture.

The objectives of the present study will be an attempt

to determine:- a) the effect of 3AT on the growth of



soybean cell suspension cilture, b)'the effecE'éfJBAT on’

organic nitrogen metaﬁolism espec1ally on. the enzymes
1

nitrate reductase (NR) and glutamate dehydrogenase (GDH), v

- and c)_the correlation between “the herb1c1dal action Of.
3AT and protein synthesis. : A ’

Previous studies ef the effects'oﬁ 3AT‘have mostly
egployed intact plants br‘excised plant tissues which made‘
. it difficult to assess the herbicidal effects on the cell- .
ular 1evel; Although plant cell suspension culture have
been in existence fof.many ?ears, they have not been
widely used in metabolic‘studies'of phytotoxicity. One
may ask the queation whether cell cultures actually
represent the whole plant in terms of physioiogieal and
biochemical responses.

Cell cultures have many poﬁential uses in the study
of phytotoxic compounds:— a} they have the advantage of
being a homogeneous cutlcle-free systems, thus ellmlnatlng
the problems of uptake,.translocatlop and_tlssue different-
iaion which are ueually encountered with antact or excised
plant tissues, b) they offer an aXenic system Qhere most of
the cells are metabolically active andeof uniform growth,
c) all growth is on liquid medium, enabling easy addition
and removal of compounds at‘all stages of growth, aad d)
growth cycle is relatively short (12-14 days) and offer

ample cell yield.



HC—NH

I” ]
- N* 2N
. /
\?/
NH,
(.a) 3AT
H(ﬂ?-——lI\JH ,Hi——N——CHz——CH;COOH
|
N N N N NH
/ 2
\C CH,OH \c/
| Ho- 4
HN NH
OH 2
OH |
/e
(b) GAT o (c) 3ATAL
Figure 1. Structure of amitrole and its metabolites



&

Section B

- .

LITERATURE REVIEW

B. l Propertles of Amltrole

| 3AT.(C2H4N4) ‘is a heterocycllc nltrogen compound composed'
of a 5~-membered ring having three nitrogen and two carbon
atoms, as well as an amino group on the 3-position of the
ring (Potts, 1961}). The acute oral LD50 {albino rats) was
found to. be approximately 25 mg/kg.[Sutherland, 1964).

3AT reacts with bases and acids to form salts; with
aldehydee and ketones‘to form aldimines and ketimines; and
with di- and trivalent metals such as iron, copper, nickel,
magnesium, manganese and cobalt to form metal complexes
(Naylor, 1964, Sutherland 1964). f
_ 3AT was reported to form a number of conjugates Wlth

some endogenous plant constituents, which may be con51dered
as a detoxificatidn mechanism. Rogers (1957f first feported
a D- glucose adducE)of 3AT. This amine-glucoside was'later
jdentified as N-(1H-1,2,4-triazol-3-yl} glucopyranosylamlne .
(GAT, Fignre_lb): GAT can’act as a substrate for aldolase
and also can be phosphorylated b§ nexokinase in the presence
of ATP, forming'phosphorylated—GAT (Fredrick and Gentile,
»1962). The latter conjugate resembles AMP in structure and
. may interfere with adenine metabolism in plants (Fredrick,
1964) Further studies showed that the inhibition of phos-—
phorylase by 3AT (Fredrick and Gentile, 1960) was not due to

the chelating effect of 3AT on the Mn2t of the enzyme, but

nather to a competitive inhibition of phosphorylated~GAT with
N ,



AMP, in the conversion of active phosphorxlase from its
inactive form (Fredrick and Gentile; 1967); Tha blocking
of the pposphorylatiné reaction would result inkthe accumul—
ation of carbohfdfates in the.BAT-treatéd tissue and thus
affected carbohydrate metabolism in the treated plants
\TFredrick aad Gentile, 1967).
Another derlvatlve of 3AT frequently reported is the 3~
(3- amlno—l 2 4- trlazole— —yl) 2—-aminopropionic acmd or the‘
amlnotrlazolylalanlne (BATAL, Figure lc} (Massini, 1963)
3ATAL appears to be a complex between 3AT and serine or
phosphoseriné andlis synthesized epzymatically~ia plants
{(Massini, 1959; Murakoshi et al., 1974). It is nontoxic to
.plants andl like B—pyrazol—l—ylalanine‘(Dunnill and Fowden,
‘1963), s con51dered to be an analogue of hlStldlne 3ATAL
may be incorporated into cellular protein by E. COll (Wllllams
et al., 1965), whicp implies the formation of nonfunctional
proteins.’
Krollex (1966).reported +hat 3AT also conjugates with
tannins forming a‘3AT—tannin'%omplax.
B.2. Effects of Amitrale on Plant Metabolism
‘There haﬁe been numer;us puhlications on the effect of
herbicides on plant metabélism with a- view to establish a
mode of action of these compéﬁnds on tpe different metabolic
processes (Hllton ‘et al., 1963; Audus, 1976; Moreland, 1977).
Despite the voluminous research that has been done, in né-
~case has the mode of action of one particular|compound been

worked out. No singlé hypothesis may explain adequately the
. - 0 b ! A :
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action of one hérbicide'under all conditions (Ashton et _;.,
1977).. |

Based on current knowledge; 3AT seems to be involved in
a wide spectrum of phytotoxlc reactions in different
organlsms and ' 3AT has been cla551f1ed as inhibitor of more
than a single proqess (Andreae, 1963). On the basis Pf_-
structural an&logy, it.isﬂnot surééising that 3AT haé

inhibitory actions and interféreg with some of the natural
'biochemical compounds with an imidazole. ring structure. .3AT
acts as an aza—inﬁib;tor to compounds such as hqstidine,
4-aminoimidazole<'purines and pyrimidines (Balis, 1968).

The target site(s) of 3AT toxicity can be focuésqg on
nitfogen metabolism, mainly amino acids metabolism; protein

metabolism; enzyme inhibition and some other metebolisms

such as that of purines and porphyiins. N

B.3. Effects of Amitrole on ‘Amino Acid and Protein Metabolism
3AT was reported to block‘histidiﬁe biosynthesis'in
bacteria (Bpng aﬁd Akers, 1961; Hilton et al., 1965), yeast
{Hilton, 1960; Klopotowski and Wiater, 1965) , algae (Siegel

-and Gentile, 1966), fungi (Carsiotis et al., 1974) and some

higher plants (Davies, 1971; .Wlater et al., 1971), by
inhibiting imidazole glycerol phosphate (IGP) dehydratase
(E.Cc.4.2.1.19) competltlvely and resulting in the
accunulation of. IGP and imidazole glycerol. As a résult of

histifdsne deficiency, the biosynthesis of proteins and nucleic

acids may be inhibited (Hilton and Kearney, 1965) .

-



3AT may also affect glycine metabolism by depleting the
endogenous serine-glycine ﬁeol as a result of its‘eomﬁlexing
w1th serine or phosphoserlne (Carter and Naylor, 1961;
McWhorter and Hllton, 1967; Burt and Muzlk 1970). Overbeek‘
(1964) suggested that the lnterferenqe with glycine metebolism
may block-the synthesis of purines and teereby aiter the
‘synthesis of'RNAﬂ‘ ‘ ‘ |

Treatment By 3AT useally induced a decrease in protein
content with a correqupding increase in free amino acid
content and free ammonia'(Bartels and Wolf, 1965 McWhorter
_ and Hilton; 1967). The iﬁcrease-in amino acid content, in 3AT-'
treated plants, appeared to be in stored form of nltrogen
rather than that available for proteln synthe81s This can
be 1nterpreted,as a decrease in protein synthesis and/or
an 1ncrease in proteln hydroly51s, where the protelns may be
-the major source ot re5p1ratory energy of the 3AT- treated
plants (McWhorter, 1963} . Furthermore, the 1ncrease in free
ammonra-would enhance'the toxic effect in the 3AT-treated -

j plants- (Baumann and Gunther, 1976).

There 1s a conSLderable controversy in the llterature as
to the effect of 3AT on.protein synthesis.,’ Bartels and Wolf
(1965) reported_that‘3AT inhibited the incorporation of l4c.
glycine 4into proteins of wheat seedlings; while Mann et gl.
(1965)‘reported a stimulatory effect on the incorporation of
l4c_leucine into proteins of barley tut an inhibitory effect
withithat of Sesbania sp. H}lton‘(1966) reported that 3AT

inhibited l4c-adenine incorporation into the nucleic acids of
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yeast. Brown and Carter (1968), on the other hand, reported
an increase in the incoréoration'of l4c-serine into the
soluble protgiﬁsrof bean hyéécotyl.sectioué, whereas the
.incorgoraﬁion of- 14c-alanine and l4C-—-h.‘i.stidine was not h
affected. Similarly, Moreland et al. (1969) found that 3AT
had a sgimu%atory"effect on -l4c-leucine incofpgration into‘s
proteins oflsoybean hypocotyl seétions.

Herbicidés are believed to affect also the proteolytic
enzymes f{(Ashton et al., 1968). 3AT was found to inhibit both
the dipeptidase‘and proteinase activities of squash éotylgdons
i(Tsay and Ashton; 1971). These authors concluded that 3AT
did not inhibitprotgin synthesis.

In view of these conflicting reports, the results seem to
indicate that éAT did not inhibit the p#q;é ) syntﬁesis
reaction per se, but rather inhibited the formation of a
critical component necessary for protein SyRthesis (Ashton
and Crafts, 1973). Hence the reduced proteiP content in 3AT-
treated plants may have been derived from a'disruption in the

amino acid or nucleic acid metabolism.

B.4. ﬁffééts of Amitrole on Enzyme Activity

In addition to phosphorylase and IGP dehydratase, 3AT has
been found to inhibit many enzymes, esbecially the metallo-
protein enzymes and those with a porphyrin prosthetic group
- (Wort, 1964). B

Enzymes such as tryptophan peroxidase-oxidase {Auerbach

et al., 1959); ascorbic acid oxidase, catalase, peroxidase
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and catecholase (Palmer and Porter, 1959); fructoaldolase
{(McWhorter and Porter, 1960); fatty acid peréxidase; tyrosinase
and DOPA-~oxidase (Casfelfranco, 196ﬁ); xanthine oxidase ' |
(Castelfranco et al., 1963) and isocitric dehydrogenase
(DeKock et al., 1966) werelall found to be inhibited by 3AT.
These observations led castelfrancé and Brown l1963)uto éuggest
that 3AT may underge a one-electron oxidation to form-#ree, -
radical which attacked various énzyﬁes causing irreversgible
inhibition. Other workers thought thqt'BAT may ac£ priﬁarilg
as a metal chelator which, by locking up eséential miérof
nutrients, might lead to a reduction in the activiﬁy.of manf
different'enzymes (Wort, 1964; Luckwill, lQGBTfk

The éffect of 3AT on catalase has beenveitensively
investigafed as early as 1955 (Heim gt al., 1955; Pyfrom et
al., 1957; Price, 1962). All the results indicated that the
catalase activiﬁg was irreversibly inhibited by 3AT and the
inhibition reaction Gas betwéen catalase-H,0,-complex I and
3AT, and thatlthe essential binding of 3AT was with the protein
part of catalase (Margoliash et al., 1960). Close examination
éf the amino acid sequence of catalase reveéled that 3AT bound
covalently to a specific histidyi rgsidue, the hist#74; which
is implicated in the catalytic mechanism of the énzyme (Agrawal
et al., 1970). Similar/results were obtained by Chang and
Schroeder (1972) with catalasg and lactoﬁeroxidase {Chang and
Schroeder, 1973). A reduced catalase activi%y would mean a
high H,0, level ih plént cells and since Hzoé is involved in'

chromosome.breakage and IAA destruction, 3AT may indirectly



-
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affect:normai plant growth_(Russeil, 1957; Racusen,l195$).

B 5 Effects of Amltrole on Purlne Metabollsm

The release from 3AT tox1cmty by purlnes in treated .

4

plaats may suggest - that 3AT had "an 1nh1b1tory effect on
Purine hlosynthe51s (Carter, 1969) RabanW1tz and Prlcer~
(1956) reported that 3AT affected purine catabollsm by
‘ 1nh1blt1ng the enzymatlc (4- am1n01m1dazole hydrolase act1v1ty)
conver51on of 4- am1n01m1dazole to form;m1noglyc1ne; Hulanicka a
'ét al. (1969) reported that 3AT 1nh1b1ted purlne biosynthesis
at the cycllzatlon of . formylglyclneﬂamldlne ribotide to .
'am1n01m1dazole rlbotlde and had a dlrect effect on phospho—'
r1bosylam1n01m1dazole synthetase. All‘these ev1dences supportéed
- the idea that 3AT 1nterferes with purlne metabollsm. The
1mpa1rment of purine syhthe51s by 3AT-treatment may lead to
the 1nh1b1tlon of 5105ynthe51s of cytoklnln and other purlne -
derlvatlves (Ashraf et al 1976) This’ lmplled that 3AT
treatment ‘may result: 1n a change 1n the . growth hormone balance
in plants. '

In higher plants, processes requlrrng purlne precursors
suoh'as histidine, r1bof1av1n and nuolelc ac1d syntheSLS,
appegared’ to’ be most sen51t1ve to 3AT treatment (Hllton and
fKearney, 1965 Henderson, 1972) . 3AT is known to block
rlboflav1n productlon (Sund and thtle, 1960, Suzukl et al
‘1978), and moreover 3AT elicited dlsruptlon in nuclelc acid

metabollsm as shown by the. 1nh1b1tlon of the lncorporatlon

of labelled precursors into RNA, DNZ and acid soluble

- f . - . |
. - .
-~

L
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nucleotides (Schweizer'and‘RQgers, 1964}).

.

’BeG Other EffectS'of.Amitrole Treatment.

BAT dlsrupted porohyrln metabollsm by interfering with
the- conver51on of pyrroles into porphyrlns (Aaronson; 1960).
- inhibition of S-amlnolevullnlc e01d dehydrase activity
(Tschudy and Collins; 1957) ; accemulation of coéroporphyrin-.
(Dorfling gﬁ gi.; 1970} and the éroduction ef a modified form
of ehlbpqphyli a (Inoue g&"éi.; 1972);‘

Pefhaps the most obvious effect of 3AT upon higher‘plants
is tee pronounced aﬁsence of thqrophyll in newlgrowthr
_(éruihsma,-1965):' Extensive research indicated that 3AT
affected chloroplaet struceure quite differently from'tﬁe'
Hill-reaction inhibitors (HlIton et al., 1969; Vlvekanandhan.'
and Gnanam, 1972; Anderson and Thomson, 197§§j‘ The most
cenvincing evidence was thet 3AT blocked fhe formation of
. 708 chloroplastic ribosome and 18S fractien;I protein (Bartels
et al., 1967). The study by Ayanian and Block kSpecial study,
1974) showed thatr3AT exhibited a direct‘effeee‘on the 165

chloroplastic ribosomal RNA, whereas the cytoplasmic ribosomal

RNA and the 23S -chloroplastic ribosomal RNA were not affected.

-

The lack of the léS RNA would undouﬁtedly resulﬁ in the .
_inhibition of the assembly of the 705 ribosomes. - '
Ultraétrucﬁeral examihatien revealed that 3AT affected
plastld development and resulted in the formation of abnormal
grana~-fret membrane system and chloroplast rlbosomes (Bartels

and-weier,.1969). On the other hand, the m;tochondrla, golgi

¥



'apparatus and endoplasmic reticulum were morphologically

)

N

13,

unaffecteé (Bartels and Weier: 1965) .. Similarly; Vivekanand— -
han ‘and Gnanam (1975) 'showed that thel form-at.ion of chloroplas};
membrane was specifically inhibitéd.

' éurns et al. (1971) reéorted that 3AT inhibited normal
carotenogaenesis, Other workers believed thaf the inter—
ference wiph carotenoid synthesis alone would be sufficient

i

to explain the phytotoxibity of 3AT; sincé in the absence of
t
carotenoids, the chlorophyll is susceptible to photodestruct-
ion resulting in the oxidation-and disruption of 70S ribosomes
and internal membranes (Bartels and Hyde, 1970; Cérbett, 1974).
Other secondary herbicidal effects of 3AT were also
reported 'such as :- chromosomal'aberrations (Epstein and

Legator, 1971; Mohandas and Grant, 1972); accumulation of.

starch (DeKock and Innes, ‘1970) and anthocyanins {Bartels

and Wolf, 1967); and inhibition of the development of

microhodies (Feieyabend and Beevers, 1972).

.



14,

Section C

MATERIALS AND METHODS ) <

o

C.1l. Soybean Cell Suspension culture

Soybean culture (Glycine max, variety Kanrich), previously

lnltlated from root callus by Dr., D.T. Nash (Lady Davis

Instltue, Montreal), was brought into cell suspension in our

laboratory. This culture had the advantage of the lack of

chlorophyll synthesis, even whenrgroﬁn under light condition.
.ﬁ_h~NEE§Agrowth was mainrained on MS salt nutrient medium (Murashige

and Skoog , 1962; Appendix 1) that was supplemented with 3%

sucrose 1 g/l casein hydrolysate (Slgma Chemical Company),

2 ppm 2 -2 dlchlorophenoxyacetlc ac1ﬁ and 0.5 ppm klnetln.

The pH of the medium was adjusted to 5.7 and 50-ml aliquots
0of the liquid medium were transferred to 250;ml Erlenmeyer

‘ﬂ . - .
\\\\ilasks before being autoclaved at 15 p.s.i. for 20 min. Batch

/

cultures were agitated on a gyrotary shaker (Model G-10, ° Jg/]

o

pd
New Brunswick Scientific, N.J.) at 150 r.p.m. and 24+1°C in
the dark. _Suboulturing was doné at bi—weekly intervals using
a 10% inoculum. Except where stated otherW1se, BAT was added
%

as an agueous solutlon to the culture medlum before autoclav1ng

and in a' final concentration of 10~ %M.

C.2. Determination of Growth Parameters
Growth of the culture was determined by measuring the
fresh weight, dry weight and oelr number at regular intervals

during the‘growthlcycle.
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C.2.1. Fresh and dry weight

For fresh weight determination; the cell cultures were .
filﬁered through fritted glass funnel (coarse porosity) using
suction and air was %llowed tolbass through the filter for
30 ségonds before the fresﬁ weight of the cellé was determined.
The cells were thek dried in an oven at 60°C for 24 kr or
until constant wéight. Both the fresh and ‘dry weight Qaiues‘
were determined on triplicate samples and were expressed in

g/l of the culture medium.

C.2.2. Cell number

Cell numbers wéré determined on freshly filtered cells.
A known weight of cells was incubatgd with 5 ml of a mixture
of 10% HCl and 10% chromic acid (1:1, v/v) for 2 hr. Cell
aggregates were mechahically separated by drawing tﬁem into a
syringe through a #2l—gauge hypodermic needle, several times,
until a homogeneous suspension of free cells was obtained.

The cells were counted on a Fuchs-Rosenthal ruled hemocytometer

and the counts wére expressed in 10%/1 of the culture medium.
)

C.3. ﬁetermination of Soluble Protein Content

Soluble protein Qaé extracted by homogenizing weighed
samples of—freéh cells with ice-cold, 0.2 M Tris-HC1l buffer,
pH 7.5 in a-1:10 (w/v) ratio. The homogenate was centrifuged
at 15,000 g for 15 min and the supernatant was used for protein

S

assay using the method of Lowry et al. (1951).

.

One ml of the sample sclution was mixed with 5 ml of 0.5%

Cuso4-5H20 in 1% sodium citrate:2% Na2C03 in 0.1 N NaOH
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(1:50, v/v) and was allowed to stand for 10 min at room

tembefature; . 'Then 0;5 ml of 1 N Foliﬁ-Ciocalteu reagent was
added and the mixture was ailowed.to sﬁand for 30 min: .The
absorbance of the color develoéed was read at 750 nm in a
spectro?hotometer (Spectronic 700, Bausch and Lomb): Bovine
éerum albumin (BSA) was used as a standard for the éreéaration
of a calibration curve and the results were expressed in mg/g

fresh weight of cells. -

C.4. Determination of Total Nitrogen Content“

Total nitrogen content of the cells was determined on
freeze~dried tissue using the micro-Kjeldahl digestion-
distillation method (Bailey, 1967). A weighéd sample of dry
cells (ca. 2 g) was mixed with 1 g of a éatalyst mixture
« 5H

consisting of KZSO4:CUSO O:sodium selenate (40:10:0.17,

4 772
w/w/w) and was digested in the presence of 2 ml of
concentrated H2504 overnight (micro-Kjeldahl digestor,
Labcénco, Kansas City, Missouri). The mixture was allowed
to cool and was diluted to a constant volume (ca. 10 ml) .-
One-ml samples of the hydrolysate was added to 5 ml of
45% NaOH in the micro-Kjeldahl distillation unit (Labconco,
Kansas City,-MisSouri)‘and_the disti;late was collected in
10 ﬁl of 2% boric acid containing few drops of the indicator.
The latter consisted of a mixture of 0.2% methyl red and 0.1%
methylene blue (l:l: v/v) ia absolute ethanol. About 20 ml

of the distillate was collected and titrated against standard-

ized 0.01 N HCl to a neutral grey end point. Analyses were
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carried out on duplicate samples and the results were

expressed in mg nitrogen/g dry weight of cells, on the basis

that 1 ml of 0.01 N HCl was equivalent to 0.14 mg'of nitrogen.

C.S: Determination of Free Amino Acid Content

The determination of free amino acids was carried out
on the ethanol-soluble extracts of frésh cells using the
method of Moore and Stein (1954). Cells were ground with
hot 80% etﬁanol (1:5, w/y) and the hoﬁogenate was centrifuged.
Measured aliqﬁots of the ethanol extract were mixed with the
borate-KOH reagent, at a ratio of 2:1 {v/v}) and 2 ml of the
ninhydrin reagent. The mixture was incubated for 15 min in
a boiling water bath. After cooling, the reaction mixture
was diduted with absolute ethanol (1:5, v/v}) and the absorb-
ance of .the color déveloped was measured at 560 nm. A

calibration curve was prepared using ¢{~alanine as standard

"and the amount of free amino acids was calculated in mmol /g

fresh weight of cells.

C.6. Thin-Layer Chromatography of Alcohol-Soluble Amino Acids
Six days old control and 3AT~treéted cells were ground
with hot 80% ethanol {1:5, w/v3. The éfﬁgnol extract was
centrifuged and reduced to a small volume by flash evaporat-
ion ﬁnder redhced pressure. Two—directiOnal; ascending; thin-
layer chromatogrqphy (TLC) on cellulose plates Qas carried
out for each sam?le- The chromatograbhic plates were coated
with 250(pm-thick layer of cellulose MN300C (Macherey and

Nagel Comppny). The solvent systems used for developing the
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plates consisted of gabutanol:acetone:NH40H:HZO (10:10:5:2,

v/v/v/v) for thé first direcdtion and isoéroéanol&formic
acid:HZO (20:1:5: v/v/v) for the second (Pillay and Mehdi;
1970); The develoﬁed chromatograms were eVenly'S§rayed ﬁith
0.5% ninhydrin in 95% ethanol and heated in the oven ét iOOfC
for 10 min. The amino acid.5pot5 were identified‘by comparing
their Rf values and their colors with those of reference
éqm?oundsi 3AT was identified using the H-acid réagent of
Racusen (1958) és shown in Appendix 2. 3AT appeared as a
bright red spot with Rf values of 0.65 and 0.56 in both

solvents, respectively.

C.7. Extraction and Assay of Nitrate Reductase (NR) and
élutamate Dehydrogenase (GDH)
The éctivities of both NR (E.C.1.6.6.1) and GDH
(E.C.1.4.1.2) were determined during the 2-week growth cycle
of the cell culture. This was done by préparing a buffer

extract of washed, filtered gells at 48 hr intervals

according to the following procedure.

.C.7.1. Determination of NR activity

A weighed amount of fresh cells (ca. 2 q) grown in the
presence or abéence of 3AT (lofdM) was homogenized in a
chilled mortar with 5 volumes of ice~cold, 0.1 M Tris-HCl
buffer, pH 7.5 (Sanderson and Cocking, 1964). The homogenate
was centrifuged at 15,000 g for 15 min and the supernatant
was used directly as the enzyme source. The assay condition

for NR was similar to that reported by Filner (1966),



19.

corizisted of:-—
0.5 ml of 0.1 M KHZPO4,

pH 7.5,
0.1 ml of 0.1 M KNO |

37
0.1 ml of 1 mM NADH and
0.3 ml of crude enzyme e;traet'in a total volume of 1.0 ml;
The reaction was started by the addition of the enzyme
proteln and the mixture was 1ncubated at 30 C for 30 min
in a constant temperature water bath. At .the end of the
incubation period; l‘ml of 1% sulfanilamide in 3 M HC1 and
:l ml of 0.02% N~naphthyleth¥lene~diamine diHcl were added
and .allowed to stand at room temperature for 10 min. The
optical density of the color developed was measured at 540
nm_againet a blank solution containing all of the above
mentioned reagents except the_NgDH. The concentration of
nitrite prodﬁced was calculated from a calibratioﬁ curve
which was prepared by using known amounts of sod;\h\nitrite.
Assays were carried out in duplicates. One unit of HNR
ac;ivity was defined as the amount required to produce 1 pmol
of NOZ_/g fresh weight/hr under the assay conditions.
Specific‘activity was calculated after determining the
soluhie protein content using the Lowry method, and was

defined as mUnits/mg protein/hr.

c.7.2. Determination of GDH activity

A known amount of freshfceils, grown in the presence OI
absence of 3AT (10_4M), were ground with ice-cold 50 mM
Tricine (N~Tris;hydroxy methylémethylglycine) buffer; pH 7.5

containing 1 li}—mercaptoethanol. The homogenate was
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centrifuged at 15,000 g for 15 min and the supernatant was

used directly asg thg enzfme’souﬁce. The enzyme ;ssay
mixture was .similar to that of Gamborg and Shyluk'(1970);
consistedlof:— *

1 ml of 20 mM ammonium sulfate;

1 ml of 10 mM ™~ketoglutarate,
0.1 ml of 0.1 mM NADH and

1 ml of crude enéYmé extract.

The reaction mixture was incubated at 30°C in a water bath
and the decrease in the absorbance of the pyfidine nucleotide
was measured every min for 10 min at 340 nm during which
the reaction rate was linear with respect to time. One
unit of GDH activity was defined as the amount required to
produce 1 mmol NAD+/g fresh weight/hr under the éssay
conditions. The specific activity was defined as mUnits/mg

#

protein/hr. g

C.8. Partial Purification of Nitrate Reductase (NR) and
Glutamat% Dehydrogenase (GDH)
The kinetics of NR and GDH were studied using partially
pugified enzymes. All purification procedures were carried

out at 0-4°C.

C.8.1. Nitrate reductase

Control cellé, six days old, were homogenized with 5
volumes of ice-cold 0.1M phosbhate buffer; pH 7.8
containing 0.5 M EDTA and 1 mM]}-mercaptoetﬁanol {(schloemer

and Garrett, 1973). The homogenate was centrifuged at
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15,000 g for 15 min. The supefhataﬁt was fractionated’by

the gradual addltaon of solid ammonlum sulfate and the
protein whiéh predipitaﬂed between 10 and 40% saturation
was collected by centrlfugatlon. This frection which was
found to contain approx1mately s4% of fhe total enzyme (NR)
activity Was-dissolved in the minimal amount of 0,1 M
phosphate buffer, pH 7.8 and was desalted on Sephadex G~25\
'(medlum grade) column using the same buffer. The protein
eluate was continuously monltored at 280 nm u51ng a UV—
absorbance monitor (Model 100, Pharma01a Fine Chemlcals,
Uppsala, Sweden). This treatment yielded a 3-fold increase
in specific activity of the enzyme as compaged with thaﬁ of
the crude extract. o -

Aceording to Hageman and Hucklesﬁj (1971), the assay
mixture of the partially purified NR ceheiSted-ef:—
1 ml of 0.1 M KNO, (33 M) ,

0.5 ml of 1L mM NADH (0.166 mM),

-4 {6 1.66x10"2 M) and

0.5 ml of H,0/3AT (L.66x10
1 ml of enzyme (0.6 mg protein/ml) in a total volume of
3.0 ml. The assay conditions and ‘the determination of

enzyme activity were similar to those described previously

in section C.7.1.

c.8.2. Glutamate dehydrogenase
Control cells, eight days old, were homogenlzed with
S volumes of ice-cold 0.2 M Tris-HCL buffer, pH 8 0

containing 1 mM (}-mercaptoethanol {King and Wu, 1971).

;rziﬁy%gvf
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The Homogehate was centrifuged and protein fractionation
was carried. out using solid ammonium sulfaté: The ﬁrofein
which_precibitated 5etween.40 énd 60%.saturation‘ﬁas
collected by centrifugation: This fraction was found to
contain abbroximately 65% of the gotéi enzyme activfty.
Tﬁg érotein pelleﬁ-was dissolved in a small volume of‘TFis—
HCl buffer and desalted oﬁ‘a‘éephadex 6-25 column using
the same buffer.’ This treatment yielded a 2-fold increase
in the gpedific activity.of the énzyme as cgmpared with.fhat_
of the érudg,extract.

According to Bulen'-{1956), the reaction mixture for
the assay bf.GDH consisted ofi- | |
0.2 ml of 1.5 M amfonium sulfate, pH 8.0 (100 mM),
0.2 ml of 0.2 M<X%ke£oglutaraté (13,33 mM) ,
0.5 ml.of 1 md NADH (0.166 mM),
‘0.5 ml of H,0/3AT (1.66x1073 to 1.66x1071 M),
1.5 ml qf 0.2 M Tris-HC1 buffer, pH 8.0 qnd
0.1 ml of enzyme (1.6 mg protein/ml) in a total volume oﬁ‘
3.0 ml. The assay conditions and the aete:minatioﬁ of
enzyme~activity'were similar‘to thosgidescribed previocusly

.

in section C.7.2. = - T .

C.9. Incorporationréf }4C—Leucine into Protein

Four .days old soybean cells growing in the presencé or
absence of‘3AT.(lO*4M), were adminiqféred 0.2 pCi of L-leucine
[14C(Uﬂ (325 mCi/mmo;; New England‘Nﬁclear, Boston, Mass.)

for different periods of time. This was carried out in 50-
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ml Erlenmeyer flasks containing 1:3 (w/y) of cells in )

culture medium under aséectic cohditions; At the 'end of thé
labelling ﬁeriod;‘the cells were thoroughlg rinsed with.
distilled water: filtered and then hdmogenized with 0.2 M
ice—cold Tris-HC1 buffer: pH.7.5. The homogenate was
centrifuged (15,000 g, 15 min) and the supernatant was
madé up to a coﬁstant volume (ca. 5 ml) with the same buffer.
Measured aliguots (in duplicate) were withdrawn from -

“the buffer extract for the determination of radiocactivity.
-by_iiquid;écintiilation.. The radiocactivity of these samples
was used as a measuré of amino acid uptake, referréd to as
'act?vity‘of buffer—extract fraction'. The amount of
sélubie pfoteiﬁé in the supernatant was also determined
using the LQWry method. The remaining supernatant was mixed
with 1:1 (v/v) ice-cold 10% trichloroacetic acid (TCd) and
was left to stand.fof 20 min at 0-4°C. The protein which
precipitated Qas collected by centrifugation, then washed
twice with 5% TCA and twice with ethanol-ether-chloroform
(2:2:1, v/v/v). The protein pellet was solubilized with

0.2 ml of Protosol (New England Nuclear, Boston, Mass.)

at 50°C dfér a'period of 1 hr and then counted for radio-
acﬁivity by liguid scintillation, referred to as 'activity
of TCA-precipitated fraction'.

Radiocactivity was determined by adding 10 ml of a

scimti;lation liquid consisting of 0;4% 2;5—diphenyloxazole
(PPO} in toluene, and counting.in a.Unilux IT ligquid

scintillation spectrometer (Nuclear Chicago, Chicago,



Illinois). . Counts per ﬁin (cpm) were traﬁsformed to
disintegrations ﬁer min‘(dbm) using the ¢hanﬁel—ratio
method and a quénéﬂ correction curve, The radioactivity
was defined as dém/ﬁg éfotein:

In another -set of simila? exﬁeriment; the culéured
cells were first incubated for 3 hr in a culture medium
containing lb_SM.non—labelled L~leucine, in order;té
saturate their endogenous leucine pool. The cellslwere
then administered 0.5 pCi of 14C-ieucine and processed as'
described above.

Samples from the buffer-extract and TCA-precipitated

fractions were hydrolyzed with 10 N HCl at 120°C for 18 hr

and.the hydrolfsis products were chromatographed on thin-

layer plates as described in section .C.6. The developed
chromatograms were autoradiographéd*USing;Kodak no-sereen
X-ray film in order to study the distribution of label of

the administered 14C—leudine.

.C.1l0. Disgontiﬁuous Polyacrylamidé Gel Electrophoresis of
Soluble Proteins |
Polyacrylamide gel elecﬁrophoresié'Of the buffer-
soluble‘proteins-was carried out at'0—4fc according to
the method of Davis (1964), using a 7.5% (w/v) acrylémide,
but without a sample gel. -
Alllessential stock solutions were stored in brOWH‘
glass bottles at 2—4?c; except for thé.ammonium’persulfate

ﬁwhiqh was freshly prepared before use. The glass tubes

24,
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were 7 cm long with an inner diameter of G'mm. Prior to

use they were soaked in cleanlng solutlon, ri

nsed with

0.5% Photo—flo (Kodak) solution and allOWed to dry.

For a run of 12 gels, 18 ml.of the separatlng gel

solutlon was used. Each tube was filled wrth l 5 ml of

. the solutlon. Onto the gel solutlon, a.layer of dlstllled

water was placed carefully by means of a micr

gels were allowed to polymerize under a day-

oplpet. The

light.

fluorescent tube for about 20 min. After the gelsbhad‘

solidified, 200 pl of the stacking gel (3.1%)
and allowed to polymerlze on top of the separ

The gel tubeg were plaCed in the electrophore

(Buchler Instruments, N.J.) and the electrode

reservoirs were filled with tris—glycine buff

Cells grown in the presence Or absence of

Qas added
atlng gel.
tic chamber
buffer =~ - %-
er, bH 8.3.

3aT (10~ 4M)

were harvested at 4, 8 and 12-day period and were ground

with ice—cola 0;01 M Tris-HC1l buffer, éH 7.5.
was centrifuged at.15,000 g for 15 min and th
was concentrated by freeze-drying. The prote
the sample wae determined by the Lowry method

Samples containing approximately 2.0 mg p
mixed with 40% sucrose (4 l §/v) and layered
onto the stacking gel. A few drops o; 0.001%

blue was added to the sample protein and serv

dye. A constant current of 2 mid per gel was

The homogenate -
e supernatant
in content of
rotein were
directly
bromophenol
ed as tracking

applied

initially and then increased to 5 mA per gel with the

cathode (-) being connected to the upper rese

rvoir and the
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anode (4).to the lower one. Immediately at the end of .
electroéhoresis, the gels were removed from the glaSS.tubes
'5y usiqg a géﬂtle stream of water: The.géls wéfe'étained
for 1 hr in 1% (w/v) naphthol blue black '(Amido—-black’)“ in
7% glaciallacetic aqid; The gels were destained by..
eiectroPhoresis in 7% acetic acid and stored in the same
solution. Gel scanning was performed ﬁéihg an ISCO gel
scanner (Model 659) with a model UA-4 absorbance monitor.

The proteiﬂ p:ofiies of the gels were also recorded by

photography. ;

2
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Section D

RESULTS

D;l; .Tolerance of Soybean Cells to Different Amitrole
éoncentrations

Table I shows the res?lts of the effect of different
concentration; of 3AT on growth parameters of soybean
culture. Low concentrafioaé.of 3AT treatment (1075 to 10-7
M) resulted in an increase in fresh weight and a corres—
ponding decrease in botﬁldry weight and solﬁble protein
content. This appafent increase in fresh weight was probably

due to high water content which does not really lead to

increased growth. This response misled some workers to

report on the stimulatory effect of low 3AT concentralion on
ﬁlanf érowxhr(Homes, 1966; Brown and Carter, 1968;'MeF alf,
1971). - | : | g
At a sublethal concentration {10_4M), 3AT trea£menﬁ_f

resulted in a 20-25% drop in’ fresh weight, dry weight and.
soluble protein as compéred with the controlé. In contrast,
cells grown in 10-3M of‘BAT exhibited no visible growth and
turned brown after a fe% days £rom subculﬁufé of the

" inoculum. Therefore, 3AT at a final concentration of 10-4M

. was considered to be the optimum concentration for growth
inhibition and unless otherwise stated, this concentration
wa% uged in thﬁ;ftudy.

]

‘\\'D.2r' Effects of Amitrole on Growth Parameters of Soybean

Cell Culture
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Table I \)

Effect of different amitrole concentrations on growth

parameters of soybean cells

Growth Amitrole qoncentration (M)
parameter* = 0 1077 1078 107° 1074 1073
Fresh 240+4% " 292 282 . 268 194453 50
weight. _ A " '
(g/1) (100%) (122%) (117%) (112%) (81%) (21%)
Dry 16.1+3% 15.2. . 14.7 13.8  13.11i6% 2.5
. weight o - - :
{g/1) (100%) {94%) {(91%) (86%) (81%) - (16%)
Soluble 16.4+1% 15.7 14.2 13.0 12.1+3% -
protein , :
(mg/g . (L00%)  (96%)  (87%) (79%) (74%) ~
fresh ‘
weight)

* yalues in between parentheses are percentage of controls.

For actual data see Appendix 3.

R~
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D.Z;l. Fresh welght, dry welght and cell number

Soybean culture, grown under control condltlons;
apbeared as a homogenous sﬁspension of mostly free cells
with some cell aggregates (Flgure 2)

The grow!h pattsgns of soybean cultures grown in the
presence or absence of 3AT (0™ M) are illustrated in Figure
3. Both fresh and dry weight values exhibited normal S-
shaped growth curves with a short lag period, which are
characteristic of most in gi;rg grown cultures. The mid-
exponential phase was. reached at about 6 days of culture
growth The response of cultured celis to 3AT was.character—
1zed by a decline of about 20% in both fresh and dry cell
weights and a 40% decrease in cell number as compared with =
the controls. Regardless of the inhibiting effeet of 3AT

on culture growth; howevex, there was no change in the- pattern

of the growth curv

D.2.2. Soluble protein
BATntreated cells also exhibited lower leveis'of soluble

protein than those of the control over the entire growth

cycle (Figure 4). . This drop was more'pronounced during

early and mid-exponential phases (about 30%) than at later

growth stage (about 20%). However, the maximum yield of

soluble protein was reached during the early exponential
ﬁ\_gbasef—about 4 days from subculture— for both treated and

control. cultures.

D.2.3. Total nitrogen and free amino acids
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For actual data see Appendix 3.
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The effect of 3AT on the tqtal nitrogen cohtent of
soybean cells (Fiéure 5) showed a small droé (10%) at
mid-éxﬁQnential bhase; as combared with a significant
decrease (44%) at the end of the exponential growth; The
levels of free amino acids; on the other hand; exhibited
a different pattern (Figure 5). 3AT-treated cells showed
increases of abbroximately 82% and 71% above the control
during early and mid-exponential bhases and . another increase
(30%) during later érowth‘stage. Tt may be difficult to -
suggest, at this point, whether the increase in free amind
acid contenf Was'the result of protein hydrolysis or a
slowdown in protein syn£he;is in .the 3AT-treated cells.

.Comparsion of the free amino acid patterns by TLC

(Figure 6), showed no qualitative difference between the

control and 3AT-treated cells. _ '

D.3. Effects of Amitrole on the Activities of Nitrate
Reductase and Glutaméﬁe Dehydrogenase During Growth
The specific activities of NR and GDH of both control
and 3AT-treated cultures are shown in Figure 7. This
pattern, which was reproducible, ipdicated’that‘maximum
aétivity of NR wés reached at mid-exponential phase and
then declined sharply thereafter, possibly due to the
depletion of nitrate ion in the culture medium. The,

=

activity of GDH, on the other hand, continued to increase

A

steadily from early exponential until stationary phase.

3AT~treated cells exhibited the same patterns of enzyme
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activities as those of the controls, except for a marked
drop of -about 20% for both NR and GDH activities especially

during the exponential phase.

D.4. Effects of Amitrole on the Kinetics of Nitrate Reductase

and Glutamate Dehydrogenase

D.4.1. Nitrate reductase

‘The effect of different concentrations of 3AT on the
kinetics of partially purified NR (Figure 8) was studied
at different substratel(N03f and NADH) concenfrations.
The apparent Km values for NO,~ and NADH, using the
Linewgaver—Burk double reciprocal plbts (Lineweaver and
Burk, 1934), were found to be 66.6 and 11,7 nM, respective;y;
These values are within tﬁe same order of magnitude as those
reportéd for soybean leaf tissue (Beevers et al., 1964;"
Campbell, 1976}. ‘Increasing concentration of 3AT resulted
in a corresponding increased inhibition of the specific
activity of ﬁR against different substrate concentrations
(NOBf and NADH) as shown in Figures 9 and 10, respectively.
These results indicated a noncompetitive'inhibition of NR
by 3AT. |
K véiuesléhown in Table II were calculated according

I
to the following egquation:i-

Vmax
K.+ I

I
Vmi K

-

I



38.

u

£

N

5 140}

o©

6

N 34

24 .

o 120}

£

T

1)}

6]

o

o]

5 100}

B o T

:‘

™~

O

=

4 8oF

2

> sol

. 14

H

|5

@)
= 40

0 : 1 .

Fy / . -} 0-91
H ! . . [
U

=

TRy

w - 20

0-33
CRUDE . 0-10% 10-40% 40-60% 6N-80%
EXTRACT ¥ (NH,),80,. SATURATION
Figure 8. Partial purification of soybean nitrate

reductase by ammonium sulfate Precipitation

(Values at top of columns represent the
purification—fold, The protein which
precipitated between 10-40% saturation
was used.) »



39;"

so} A
°
o B
a0k .
~
a ecC
of  f .
‘a »_ 4D
o YT 5 T 5 = Yy
Eﬂ MM NO4
3AT conc. (M)
P
B= 1. ssxlo‘g.
C= 1.66X10~
D= 1.66X10"
- =
= <
—
zlﬂ 'l:J ) 1] 1’0 2‘0 3‘0 4‘0
' 1 /{s] mM  NO5”
Figure 9. Lineweaver—Burk double reciprocal plot

of nitrate reductase for different
concentrations of 3AT usmng NO3 as substrate



i A
a0
o
B
C
>
D
40}
[ )
o o Py pn o
[s] mM  NADH
3AT conc. (M)
A= 0 4
B= 1.66x10"3
CcC= 1l.66X10™
D= 1.66X107%
S
1 ) 1 1 1
~i00 - -50 o ‘80 100
1/s] mM wapH
Figure 10. '  Lineweaver-Burk double reciprocal plot

of nitrate reductase for different-
concentrations of 3AT using NADH as substrate



Table II¢

Inhibition of soybean nitrate reductase by different
. - N r

concentrations of amitrole

3AT Relative - KI
Substrate concentration ‘
{1} © activity (@) (M)
0 100 -
) 1.66x107% . 81 0.85
fo,~ ; : -
. 1.66x10 - 46 0.64
1.66x107 2 c:f’// 26 0.49
0 100 -
( 1.66x10"4 66 0.81
nape (¢} - g
1.66x10™ 62 0.76
1.66x10"2 - 48 0.68

a !

(a} & of control (in the absence of BAT)!

. "the basis of specific activity.

(b) NO;” concentration ranged between 0.066~0.33 mM, while

»

[NAD@ remained constant at 0.166 mM.

{c) NADH concentration ranged between 0.01—0.04 mM, while

[NOBH]remained constant at 33 mM.

.

- .

‘calculated o



A = maximum velocity
max
Vﬁi = maxlmum velocxty in the presence of
=
K 1nh1b1tor
KI = dlSSOClatlon constant of the enzyme—

inhibitor complex
I = concentration of inhibitox
This data indicatesgthat the extent of inhibition of NR
by different concentrations of 3AT was almost compereble with

both substrates. N -

-D.Q.Z. Glutamate dehydrogenase .
Kinetic studies <xfpar%1ally purlfled GDH (Flgure ll)
were carried out u51ng different substrate concentratlons of
u?keteglutarate and NADH. The Km values for both substrates
were found to be.l.667 mM and 25.0 pM, respectively. These

“values are éuite similar to those reported for several
intact tissues (Fawole and Boulter, 1977). Increasing
concentratlon of ‘3AT ‘also resulted in a corresponding
1nd?z§§ed 1nh1b1tlon of the spec1f1c actmvxtles of GDH

against dlfferent substrate concentrations, as shaWn in

Figures 12 and 13 respectlvely These results also
indicated a noncompetltlve inhibition of GDH by 3AT.

RI Values were calculated using the same equatiou given
in Section D.é;l. and atefshoun in Tabie ITI. The data

‘also indicated that the extent of inhibition of GDH by /

different concentrations of 3AT was comparable for both



43,

12 ¢
H
e
~
)
-
4]
o
B 2-35
o
E
> y
3. .
E
Mo,
S 8
+
o)
&
4
P’
:
= t\ __._'—‘\-.____‘\
2
. H -
> 116
E
v 4 T
P
@)
H
L -
H
O '
=
n_; o<
w),
O-11
CRUDF. n-40%.  40-60%  £0-80%
EXTRACT & (MHy) 5S04 SATURATION
Figure 1l. Partial purification of soybean glutamate
dehydrogenase by ammonium sulfate -
precipitation

t

(values at top of columns. represent the
purification- fold. The protein which
nrecipitated between 40-60% saturation
was used.) :



3AT conc. (M)

A= 0

B='1.66x10"3 -

- C= 1.66X10™2
D= 1,66x10-1

figure\lZ.

t- Ly

o 4 8 1.2

[SJ- m ol-ketoglutarate

i

v

i L L 5,

~08 =04 Q o an 2 18 20 24

l{ﬂ; mM (x-ketoglutarate

Lineweaver-Burk double reciprocal plot
of’glutamate'dehydrogenase.for different

- Concentrations of 3AT using tl~ketoglutarate

as substrate -

44,



(IT\; 3AT conc., (M)

.- B= 1,66X%X10
C= 1.66X10~2
= 1.66X10" 1L

N

_Figure 13.

al-
A
13 ;
B =
o
> a4l
21
1 i | ! 1 []
o 4 8 12 1. 20 oo
[s) m ~apz -
cLsI-
g
—
1 / 1 1 A 2 3
-008  -004 o 054 ass o012 gl oz0
.. 1,{5] BM  NADH

" Lineweaver-Burk double reciprocal plot

of glutamate dehydrogenase for different

concentrations of 3AT using NADH-as substrate’

45.



Table IIT
e

Inhibition of soybean glutamate dehydrogenase by different

concentrations of amitrole

3AT ~ Relative K
Substrate = concentration (a) x
(M) activity '@ (M)
0 100 -
W-keto- 1.66x10"3 93 0.98
Glutargte(b) l.66x10—2 N 86 ‘ 0.93
- -1
1.66x%10 75 0.78
0 100 R
(e 1.66x10 > 85 . 0.93
NADH : PO
l.66x%x10 79 0.86
1.66x10 % 66 0.73

(a) § of control (in the absence of 3AT), calculated on
the basis of specific activity.

(b) ¥~ketoglutarate concentration ranged between 0.44-
1.33 mM, while [NADH] remained constant at 0.166 mM.

(c) NADH concentration ranged between 5.55-16.66 )M,

while[tx—ketoglutarate] remained constant at 13.33 mM.
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substrates;

D;S; @ffects-df Amitrole on the U?take'oﬁ Heoreucine
and its Incoréoration into Soybean ﬁroteins
The effect of 3AT on'ﬁrotein synthegis,was measured
by ﬁollowinq the ubtake and'incoréorgtion of l4c-leucine

into soluble proteins, as described in section C.9.

DJS.l. 14C-Leuciné u?take

‘ 14C-—-Leucine uptake was measured by deterﬁininggthe
radiocactivity of the buffer extract of the cultured cellé
after incﬁbation for 1-6 hr;_h?he.reSults (Figure 14} show
that, in botb the control‘;nﬁ 3AT~treated cells, the upﬁake
of l4c-leucine was proportionél to the time of incubation,
However, it i; remarkable to nbte that the label uptake by
3AT-treated cells was 30-90% higher than that of . the control
(Table 1IV). o o |

Thé addition of cycloheximide (CH) (50 ng/ml) to the

_incubation medium resulted in a significant drop in label
. uptake, which amounted to approximately 30-50% in both
céntrollaﬁd-3AT—trea£ed cells (Figure 14). ‘This seems to
indicate that the label uptake by the cultured cells was

directed towards protein synthesis (see following section).

D.5.2. lQC—Leucine incorporation into TCA-precipitable
protein i
The results given in Figure 15 show that there was a

significantly higher incorporation of label into proteins
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~ Figure 15. Incorporation of l4c-leucine into
TCA—precipitable protein of control
~and 3AT-treated soybean cells
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Table IV

Effect of amitrole on

14

C-leucine uptake and its

incorporation into TCA-precipitated protein of cultured

soybean cells

Time of 14C—Leucine Activity in TCA-
incubation ubtake (¢ above pptd protein (%
(hr) control) (&) _above control) ®)
1 < +39% +2243
D
2 +89. 8% 43843
\ - -
3 +54.7% +273%
4 +29.6% +121%

{a) values
Figure

(b) valhés

Figure

/

!
J

correspond to points of 3AT treatment in

14.

correspond to points of 3AT treatment in

15.

50.
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of the BAT—treated cells than that of the control This

increase was hlghest during the flrst 4 hr of incubation

and amounEpd to 2-4 times that of the control Furthermore:
the addltlon of cyclohexlmlde resulted in a 30 50% drop in
label 1ncorporatlon of the control cells as compared with

60-70% in 3AT~treated cells.

D,5.3; The effegt 6f saturating the endoéenous‘leuéine pool
In another ex?eriment, the leucine pool of soybean
ceils wés saturated by incubation in iO“SM of non-~labelled
(cold) leucine, prior to label administréfionf The uptake
of label was followed and its incorporation into ﬁrotein .
was determined during a period of 1-6 hr. The results
given in Figufes lé and 17 were similar to those obéerved

in the ahsence of cold leuciné (Figures 14 and 15}, i.e.

r
4

there was a significant increase in label uptake and its
incorporation into protein by the 3AT-treated 52115. How-
ever, saEﬁ%&tion of the leucine pool of the cultured cells
resulted in a 37-55% drop in both label uptake and its

incorporation . into protein of both control and 3AT-treated

cells.

D.5,4. Label‘diSt:ibution into protein hydrolysate
Chromatography of the acid hydrolysates of the labelled

TCA-precipitable proteins, followed by autoradiography, |

indicated that the label was totally confined to-thé-amino

acid, leucine (Figure 18).
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Figure 18.
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Print of an autoradiogram of
the acid hydrolysate of TCA-

precipitated protein of control

or. 3AT-treated cells
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D.§. Electrophoretic Patterns of Soluble Proteins

55,

The acrylamide gel’brotéin ﬁatterns of the control and
3AT—t;eated soybean cells; cultured for 4: 8 and 12 ggys
are shown in Figures 19—21: respeétively. ”There was no.
significant change in the broteiﬁ comﬁlements of 4- and
g-day~old cultures (Figures 19 and 20). However, few more
Protein bants were observed in the 12-day-old cultures
éFigure 20). ‘The latter may appear to be degradapion
’ broducts of .some majorbbroteips, which usually takes place
in stationary-phase cells. | |
Examination of the recor@ings of gel profilgs indicated

slight guantitative, but no gqualitative, differences

between the control and 3pT—~treated cells.
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Section B

DISCUSSION

-The results presented in this investigation show that
phe effects of 3AT on growth paﬁameters of cultured soybean
cells are of quantitative rather than qualitative nature.
3AT seems to affept growth by partially blocking cell -
lelSlon and consequently, resulted in a significant drop ,
in cell number, fresh and dry welghts and both total and
soluble protein contents, The inhibitory effect of 3AT on -

multiplication of cells was observed in photosynthetic

" microorganisms (Aaronsqa and Scher, 1960), in Scenedesmus
sp. (Castelfranco a;d Bisalputra, 1965) and in carrot (Homes,
1966) and fobacco (Barg and Umiel, 1977) callus cultures.

“3AT was reported to 1nduce chromosomal aberratlons and
impair the metabollc activities of cells (Sawamura, 1965°

"Wuu. and Grant, 1967) The decrease in both-soluble protein
and total nitrogen and the corfesponding increase in free
amino ac1ds, whlch were observed in 3AT—treated cells,
appear to be 51mllar to those reported for Zea mays and
wheat seedllngs (McWhorter, 1963; Bartels and Wolf 1965).

On the other hand,. the increase in retention of water by

'cells treated with lowrconcentrations of 31%'1‘.(10"'7 to 10"5M)
may be the consequence of an incfeased osmdtic pressure
resulting from the hyd;olysis of nitrogenous compouads,and

carbohydrates (Wort, 1964). This may provide a explanation

in)fresh weight and the decrease in dry
A

for the increasg




60.

weight and protein content of cells treated with low .

-
e

éonéentrations'ef—BAT; .._l . /
Nitrate is the érinciﬁal source of nitrogen for most
higher blaets. N03" is reduced by the enzyme NAbH:nitrate
reductase (E;C;l;G.G:l) to nitrite (Beevers and ﬂageman;
1969) and ultimately to NH4+ which,.in turn;-is utilized in
the amlnatlon of organlc acids by glutamate dehydrogenase
(E.C.l.4.l.2) (Smith et al., 1975). These are con51dered
two key enzymes in organic nitrogen me abolism. BAmitrole
" inhibited the activities of both NR (lO”l4 to 10”°M) and
GDH‘(lO_3 to loblM) of cultured soybean cells; though the
former was more sensitive to 3AT-inhibition than the latter
enzyme. The noncompetitive inHibition obserﬁed-fof NR and
'JGDH by 3AT. (Flgures 9, 10 and 12, 13 respectlvely) appears
*“ﬁ sxmllar to the effect of chelating agents on both enzyme ’
%Eﬂ‘act1v1t1es as was reported by Yamasaki and Suzuki {1969)
and Garrett and Greenbaum (1973) . |
T+ was rather difficult to elucidate the natﬁre of the
noncompetitive inhibition of 3AT on enzyme activity since
NADH, which .is a reguired cofacter for both. enzymes,
exhibited no sigﬁificant ch;nge in its epectfal;character—
istics when incubated with different concentrations of 3AT
(Figure 22). As far as the author is aware, theée are no
published reports on the effect of amitrole on the enzymes

of organic nitrogen metabolism in either intact or cultured

tissues. However, it is obvious that 3AT-inhibition of NR
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activity may result-in impairing  the nitrogeﬁ metabolism of
the treated cells; Fuﬁthermore; the inhibition of GDH
acﬁiﬁity may also brevent the conversion of ammonia to amino
acids; thus resulting in its accumulation, ﬁecently; Baumanhn
and Gunther (1976) repofted an enhanced 3AT—£oxicity in oat
seedlings as a consequence of Srotein breakdown and ,
accumulation of ammonia. It is,possible, therefore, that _~
3AT-inhibition of both NR and GDH activities may have resulted
in the decrease in protein content and thelcorrespondihg'
increase in amino acids. Furthermore, the accumulation of
a large pool of free amino acids may have caused the
repression of various enzymes, including NR and GDH (Filner,
19648). The mechanisms by which 3AT inhibiféa enzyme activity
may be diverse: ‘it may be the result of covalent modification
(direct binding) of the enzyme protein (Agrawal EE.EE:’A
19705; locking up the metal prosthetic group, thus rendering
the enzyme non-functional; or it may have a direct effect on
enzyme synthesié. Ouf results seem to indicate that.the

effect of 3AT on enzyme inhibition may be due to inhibition

of enzyme activity rather than on enzyme synthesis.

The effect of amitrole on increased uptake of 140-

lepédine and its incorporation into soybean protein is
striking, in spite of the fact that, saturation of the leucine-
pool of the cells resulted in a drop in both label uétake

and its incorboration into proteins; The inhibition;'by

cycloheximide, oﬁ/}éBel incorporation into the protein

£

-
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fraction further indicates de novo .synthesis of protein and

rules out the pOSSlbllltY of belng an artlfact.

A possmble explanatlon may be that the decrease observed
in NR and GDH activities and the significant drop in the
protein content of 3AT-treated cells obviouslylﬁut a stress
on the tissue's metabolic system: causing au increase in_.
respiration and energy outﬁut (McWhorter:‘1963; Wort; 1964;
Kirkwood; 1976); This enefgy outbut may be utilized in a
repair mechanism that resulted in a stimulation of de Eégg
broueih‘synthesis, at least for a short period of time (ca.
4-6 hr) Whereas several workers reported a stimulatory
effect of 3AT on proteln synthesis (Mann et al., 1965; Brown
aud Carter, 1968; Moreland et al., 1969), however, Bartels
and Wolf (1965) found that 3AT inhibited the incorporation
of 14C—glycine into wheat seedling proteins. However, the
results presented here gave no indication that‘3AT was an
inhibitor of protein synthesis, it may have had an indirect
effect on that process. |

The effect of amitrole on green tissues has been reported
to inhibit chlorophyll synthesis in new growth (Bruinsma,-
1965}, by blocking fhe formation of the 708 chloroPIéetic
ribosome and the 185 fraction I protein (Bartels et al.,
1967) and modifying the ultrastructure of chloroplast
deuelopment (Bartels and Welier, 1969); Whereas the use of
a non- chlorophyllous, in vitro cultured system was thought

to.eliminate the effects of 3AT on chlor0phyll SyntheSlS,

however, it did not help establish the direct effect of
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the herbicide on general metéﬁolism; Cherry (19+6) suggested
that the direct effect of amltrole, as well as several other
herbicides, mlght be on nuclelc acid metabollsm, éefticularly

purines.

The mode of action of 3AT remains difficult to éinﬁoiht:

The Prlmary site of action does not appear to be the same
in all organlsms. BAT seems to be metabollcally nonspe01f1c,
instead of having a 51ngle site of actlon, there may be
several.eltes and mechanisms involved in the inhibition

(Barg and Umiel, 1977). leferent sites may vary in thelr
sensitivity to the herbicide and while the prlmary site
would be affected first, this initial response may be
difficult to eingle out and identify. As the ‘concentration
of herbicide builds up inside the cells, additional sites .may
become involved and complicate the problem {(Ashton et al.,
1977); It was stdted by Moreland (1967) that "no investigator
has been able to name a single mechanism through which the .
phytotoxiCLty of amitrole to higher plants can-be explained...”;
unfortunately, the situation has not changed very much since.
The author hopes, however, that the results presented in this
investigation have added to our knowledge of the hitherto
unreported effect of this herbicide on the enzymes of organic

nitrogeg’metabolism in inp vitro cultured cells.
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- APPENDIX 1

Combosition of MS medium (Murashige and Skoog, 1962),
pPH 5.7+0.1

A mg/L
Macro-elements CaC12i2H20 440
MgSO0, - 71{'20 ?70
KNO, 1900
NH4N03 1650
KH2P04 170
Ifon Feso4'7H20 27.8
o NaZEDTA 37.3
Micro-elements MnS0,* 4H,0 22.3
| ZnSO4'4H20 8.6
- H4BO4 6.2
Na,MoO, 2H,0 0.25
éuSO4-5H20 0.025
COClz'GHzO 0.025
KI 0.83
Vitamins Nicoéinic acid 0.5
Pyridoxine HC1 0.5
Thiamine HCl p.}
Glycine 2.0
Myo—inosit;l 100
Casein~hydrolysate 1;000
2;4—D 2
Kinetin ' ' 0.5
Sucroge' 30,000
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APPENDIX 2

Detection of amitrole by the H-acid reagent (Racusen, 1958)

The dry chromatogram was sbrayed first withﬂl% sodiuml
nitrite in 80%‘acetone—water and followed by 20% concentrated
HCl in water. The plate was allowed to stand for 10 min,
then sbrayed with 0.25% monosodium salt of H—aéid {8-amino-
1~naphthol-3,6 disulfonic acid, Eéstman—Kodak Company) .

Amitrole appeared immediately as a bright red spot.

/
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Appendix 3

Growth parameters of soybean cell culture grown in the absence

or presence of 3AT (10?4M) as calculated on dry weight basis

Days of Dry-wt (a) Soluble protel

{b)

(c)

(c)

n Free amino aC1d Total Ny

(¢} see Figure 5

culture Fresh wt. /fresh '/dry /fresh /dry /dry
wt wt wt wt wt
CONTROL b
i 1.4 8.3 83 144 1440.0 8.70 -
0 i3 =0.10 | PDAQ 0)_
2 2.8 . 15.0 117.83 126 989.79.: $2.
59 —0.1273 L ?DAle)
4 6.7 16.4 127.33 70 543.48 4.87
55 =0.1288 ; (05 "3)
12, . 139.02 112 1037. 1.
6 1143—0 1079 -0 9.0 037.99  [dxdls,
- - ‘w 4 114 -7 4-
8 \i284=0.0819 9.8 119.66 9 ) '.7, 4 fnm?lv)
10 2252‘0'0704 8.4 119.32 95 1349.43 6180,
12 16.1 .2 122.21 92 1371.08
3o=t=0.0671 ° 08 By
. . . 84" 1255, )
14 2368=0.0669 g 0 119.58 55’60 fﬁhﬁ‘13)
3AT-TREATED (10'4M)
0 1.4 8.3 8§j 144 1440.0 8.70
ia ——=0.10 DAY 0)
2 2.3 10.7 93.04 230 2000.0  58.715
20 =0.115 . : (DAY 1)
4 5.5 12.1  92.40 104 794.19 67.55
- 3—-—0 1309 _ ‘ . (DAY 3)
6 10.5 11,2 93.88 192 1609.38 65.40
'83 ==2-0,1193 — <. : DAY 5)
8 2.4 8.1 103.21 132 1681.95 - 44.58
155°=0.0785 _ (DAY 7)
10  13.1 6.4 89.90 130 1826.10 37.98
igg ~0:0712 | (DAY 9)
12 13.1 5.6 82.96 120 1777.77 33.19
Tgq —0-0675 "7~ ] CoAY 1)
14  13. 5.3 81.54. 110 692.30 ' 28.62
2000"'0 065 . o2 0 " oAy “13)
{
(a) see Figure 3 “r
() see Figure 4






