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INTRODUCTION
'JEarly.Wérk by Schoene and Hoffman (28) and others has
' shown that maleic hydraszide (MH);has_anmeffe@@ on plant gr@wthgr
development, and flowering. 'mﬁiéhough many Workers have stude
'tlgd the effects of MH on the mornaology of plants, the mecha-
nism of its action 13 not well understQQd@
| Leopold and Klein (16 1"7),, cmzla@h and Haesleop (10},
and others suggest that MH a@ts as an antlaux1n in»plantsé
Isenberg et al, (11) and’ Naylor and Davis (25) assert it
affects dehydr@genases@ Phouphas (26) suggests 1t disturbs
the enzyme balanceo Greulach and At@hlson (9) Greulach (8),
'and Darllngtan and McLeish (h) reporﬁ that MH ls ant1m1t©t1@
in actlon and daes not effect @ell elongatlen@ 'Work of Cur=
rier et al@ (3;9 Greula@h (7)5 Moore ((20}8 Naylor (2323 Nay-
lor and Dav1s (2&)9 Zukel (33)9 ‘and others established the ‘4
fact that MH @auses the accumulatlan of_carbohydrates and the
appearan@@ of anthocyanlns@ .
’ Resplratlen 1s generally con81dered to be .one of the pro=

‘;@@sses assoclated with growth {2) altheugh the prepertlon of
N resplratory energy used ' in gr@wth is Small (6 31) Sinee MH

- inhibits growth ox plants Naylor and Dav1s (25) perfewmed B
k@xperlments %0 demonstrate that MH 1nh1b1ts resplratlong and
therefore growth, - The MH pr@v1d@d inhibition of aerobiec res-
piration and they-sﬁe@uléted~al@ﬁg_withlathérs {11, 26$,29)

that MH prevents dehydrogenases frém fumctieniné normallyeﬁ



- If such is the case MH will prevent the activity of dehydre-
genases evolved in'thé farmatiﬂn‘@f malie acid and certain
other essential respiratory metabolites. Addition of these
“ m@taboliﬁes'might‘restcﬁe respiratienrand»thereEOré,gfgwtha
The @erflments reported hers @on@ern the m@@hanlsm @?
th@ effect of MH on plant resplratiano The results indicate
that MH, a derlvatlve @f,malelc acid (5)» the'ciS®is@mer of -
fumarié a@id9 inhibits plaﬁt respiratiéﬁ by.camp@ting_for the
engymes fumarase and aconitase (Figurevljg Fumarase normally
acts upon fumaric a@ld %o form mallc aeldg and aconitase a@ts
upon cis-aconitic acid to form isocitrie aeid (12, 14}. Imn
the presence of Krebs cycle intermediates, individualiy of
in combination, MH iﬁdﬁced inhibition is net completely cire
@uMV@nted; Partial restoration is achieved, however, by the
' addition @f malieuand isacitric.agids@A MH appears to inhibit
respiration by compétitive inhibition, aithoﬁgh this is not
conclusively proved. 'Aisaa the data suggest that MH inhibits
respiration through some cher_mechanisms.pessiblyjby AON=
c@mpeti@ivg inhibitian'@f the thiol groups of certain dehydro-
genases of the Krebs eycles This conclusion is in agreement
with M@Raé and_B@nner (22)"whélshowed that MI is not a strict
@om@eéiéiv@ inhi?itér of growth according to kineti@ treat=

ment of MH growth inhibition data,
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METHODS AND MATERIAL

Mung bean, Phaseolus aureus, was used because prelimis
naxry éxp@riment5:Shdwéd'éhat.ME-inhibitg r@spiraéion of this
plant, and because Millerd, Bonner, Axelrod, and Bandurski
(19) isolated mitochondria ffqm_mung“b@an seedlings which
Were capable of carrying oub all reactions of the Krebs cyele
(Figure 1), Seeds for all the experiments werevfrém a unie
form st@@% supply of field grown mung beans obtained from
the Department of Agronomy of the University of Arizona,

‘Mﬁng bean seeds were washed a@d soaked in tap water for
two hours., During this period the seeds were rinsed three ér
four times uﬁtil the rinse water was clear. WNo difference in
quality or quantity of seedlings‘was.observed between unstefiw
liéed seeds and seeds sterilized in a Ooogé‘p@r cent soluti@ﬁ
of R@@@all as recommended by Addiceott eb al. (1), or with
various eoncentrations of Purex. Theréf@fé sterilization was
omitted., At the end of two hours the seaked seeds were placed
on one thickness of. absorbent cheesecloth., A Petri dish cover
was placed over the seeds, the cheesecloth was fastened tight=
ly to the @éverg and the whole was placed over a deep=well
Petri dish filled with distilled water. The seeds were germi-
nated in a dark cabinet for 48 h@mrso At the end of 2L to 30

hours the distilled water was discarded, the Petri dish washed,

-1/ Supplied by Sterwin Chemicals, Inc., New York, New York.



and a fresh supply of distilled water added, After L8 hours
the roots had gféwn 2 to 3 em, straight down in the water,
They wexre then removed from the cabinet, again rinsed in«diSa
tilled water, and the terminal 1 em, section of root tip re-=
moved. OCutting of root tips.was faeilitated by a special scis-
sors which hgd a 1 cm. piece of wire fastened at a right angle
to a blade 1 ecm. from the tip of the blade. The eut sesctions
were placed im distilled water in a covered Petri dish.

This cheesecloth-water culture methcéfwas used because
it prévided a dependable supply of straight roots S£-uniform
thickness and length in a minimum of time., A minimum of hand-
ling reduced injury to the roots. Another advantage was that
the medium surrounding the roots was always aqueous sinee the
roots were cultured in wabter and root respiration wés measured
while the roots were in water $@1utién8§

Root tips were selected at random and carefully placed
into Warburg vessels containing the test solutions. Respira-
tion was measured in standard, single-sidearm Warburg vessels
of approximately 16 ml, capacity provided with a central well,
These vessels were attached to manometers, pla@ed in a con-
stant 30.,09C, water bath, and allowed %o equilibrate for 1.5
hours before r@spirétion measurements were begun. M@&Sure;
ments were then méde once an hour until the limits of the
manometers were reached, usually 4 to 6 hours later, The
machine used %as of the ecircular type and had a shaking rate
of approximately 120 oscillations per minute. Total volume

of liqmid in each vessel in every experiment was 2.3 ml, This



iﬁ@luded 0.2 ml, of 20 per cent KOH in the center well for
the absorption of respiratory'agé;_ 411 measurements of oxygen
consumption were mad@‘usingvthé"direét method of Warburg aé
deseribed by Umbreit, Burris, and Stauffer (32), and all ree
sults are expressed aslﬁlo 02 @ensﬁmpti@ﬁ/lé roots/unit time.
To malntain constant pﬂg phosphate buffer (KHQPO&mK HPO ) was
used in all experlmentsg Expeflments to be dlscussed in dem
tail later showed that 10 root tips and pH 7.0 were most
sa@iéfaetoryél _ i
MH? was‘used in-the experiments rather than its commer©i=
al sodimm-gf‘diethaﬂolamine salts (which are 40 and 30 per
- cent active MH, respe@tively} in order that all results @bm:.
taimed‘@ouldwbe attributed d%reétly to MH. The nearly pure
MH as supplled was further purified by r@crystallzzatlon from
water (5) ‘The purifled MH was white and had no apparent 1m=
purltles er‘f@relgn mattero. It was found that MH thus puri-
flgg gave greateralnh;bltlon éﬁan the ﬁearly pufé:MHa
,‘MH‘S@lutiens weré_prépared to proVidé MH concentrations
of 0,05 and 0,075 melafitﬁo, This;was done by dissélvingkcrysa
talline MH in hot buff@f of a“m@larity greater than the MH
belng preparedo Because MH is so»strongly a@id angd the buffer
is weak by @@mparlson9 ‘the solution was cooled’ and adjusted _
to the desired pH @f 7,0 with KOHQ Buffer was'agaln}added to
bring the soiuﬁién @é volumeo‘fiﬁ shbuld be emphaéized'that
more buffer was added after the pH had been adjusted with KOH

- g] Malelc hydrazide used in-this werk was g@nefously N :
supplied in the nearly pure form by the Naugatuck Chemlcal Dives
sion, U, S. Rubber Cos, Naugatuck, Conmnecticut, v . :



7

in order t@ provide a reserve of buffer to maintéih the pH of
the solution at 7§@§ If this step was @mitted thé final ﬁH_
of sdiu@i@ns after 5 télé hours in the Warburg veésels varied
between 5 and 7.0, Solutions éf other compounds were prepéred
in a similar mannére‘_Although the addition of KOH to selutioms
of MH, and to other compounds not available as a potassium
salt, increased the total molarity of the solution to an un-
known degree, these salutionslwere:used @niforﬁly3in.any”one
'experimént so that the effect,of the.in@reasedim@lafityfwould
‘not alter the.respiratory'measurémentso ATotal'mgiarity of |
the éolutign.b@ing tested varied siightly‘émong‘eXpérimenESQ
"but in any one éxperiment test solutions had uﬁiform molarity.
Before the actual study of MH inhibiti@n in the presen@é
ef Krébs eycle intefmediatesgigefﬁain preliminaryﬂexperiments :
wéré made to determine the number of roots to be used per vess
‘sel, the optimal pH, molarity limits,.concentration of MH,
'lengthbof time to make measurementsg and length,cf timewt@'
QQuilibraté»the vessels and roots befefejbeginnimg,axygén up-
take measurements. These will be‘diécussed individually 1atero
Occasional expefiments'which.for unknewn reasons yielded

data of a precision less than desirable were discarded.



EXPERIMENTAL RESULTS

~ .

| .1 Mahcmetfi@ Procedure o

It was ne@essary'té‘&éééfélne the number of rcets to be
used’ per vessel, equllibratlon period requlredg'and nmmber of
r@pli@atians of tests necessary for accuraey, fhig‘wag d@ne
by adding 10, 15, or 20_mmng bean root tips toiéeparaﬁe_manem
meter vessels containing 0.05 M buffer at pH 6 0. F@ll@wing
a 5 minute equlllbratien perlod resplratlen measurements were
made every 30 minutes, Eight vessels centalned 10 roots, four
vessels held 15 roots, and four vessels rece;vsd 20 roots.
It was desired to”use‘as manyvrbots'as.possible in order té
ﬁinimize variation between samples of roots and t@'gbtain‘
maximum>respirationo H@wevérﬁhwithin three hours the flasks _
.Wlbh 20 roots and Wlthln five hours flasks with 15 roots had
80 greatly f@splred that measurements @ould no l@n ger be madeg
- Because MH usually requlres a 2 to 3 hour perwod to attain 7
‘maX1mum inh¢b1$1on9 ané because roots in the presence of manyv
~of the Krebs cycle intermediates resplre mach more rapidly
than‘d@‘r@@ts in pléin.buffer;ra L to 5 hour measurement of
respiratlen was deszredo .?herefareg l@ root tips. were @sed
in all @xperlments@ Measufemenﬁs’fﬁomnflésk to flask were
not canslotgnt f®r~the first 9@ minutes sa»éﬂ,e@uilibraﬁign
period of 90 minutes was establishede

From this and subsequent experiments it seemed cbvious



that replication of treatments in each experiment was reguired.
Averages of measurements of flasks in groups of three provided
values which did not deviate significantly from the mean estabe
lished by eight flasks. Therefore experiments were designed
te provide three repliéations of treatments. However, because
only 17 manometers were avallable for experimentation, one
treatment eccasionally received only two replications., Measure-
ments of three flasks receiving the same treatment provided
measurement of oxygen absorption of 30 root tips. These
three sets of 10 roots provided measurements which, when tote
aled, averaged, and expressed on a 10 root basis, eliminated
most of the variation single mea%ureﬁents furnished,

An attempt was made to express oxygen uptake on a dry
root weight basis, but the dry weight of the roots was small
and rather large variation of root weights existed‘between
samplesg Bxpression of oxygen consumption omn a mg. nitrogen
basis, as often recommended, was discarded because of the ni-
trogen added to thé roots in the form of MH. For these reasons,
@xygén uptake was expressed on the number of fé@ts usedo

Hydrogen Ion Concentration (pH): To determine the opti-

mum pﬁ‘for‘mﬁngjﬁeéﬁ'féét fes@iré%iéng oxygen upbake was
measured in 0,10 M solutions of buffer at ?H 5, 68 7, 8, and
9, Results (Table I} show that respivation is highest at pH
7 aﬁd that it rapiéiy declines at pH 8 and 9. Although pH
values of 5 and ékwere alm©st,as-sa@isfactorybfor r@spiration
as pH 7, they were not used since (a) more M Will”ga into

solution at a high rather than a low pH, (b) mung bean
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‘Table I, Effect of pH on respiration of mung bean root t ps |
in 0.10 M phosphate buffer. Experiment 3.

“pH - . : 1/m1e 05/10 rocts/S ‘hours ™ "~ -
. ample :
1 T 3 . Mean
5 172 0 1550 163 163
6 169 175 189 178
7 201 195 211 - 203 .
8 140 7 12 .53
9 135 - 95 70 100

Table 11, Effect of molarity on respiration of mung bean
: root tips. Roots in phosphate buffer, pH 7.0,
Experiment 6. . :

‘Molarity ‘ leo 02/10 roets/ﬁ ‘hours
o Samgle . :
_ i 2 -3 b - 77 Mean
0,05 263 ¢ 234 256 24300 - 249
0,10 245 - 274 276 263 265
0,15 229 239 238 e 235
0,20 215 228 218 217 220

Table III, Effect of MH (nearly pure) concentration on res-
. piration of mung bean root tips. Experiment 7.

‘Molarity M@lgpﬁty, T@Eal"' '¢u1@-Oz/lolroets/h~houF57 .
. MH _buffer molarity pH- Sample e ©
- ' - 1. 2,-A3 Mean control
0,00 " 0,125 0,125 7.0 225 230 175 210 - 100% |
0,025 0,10 0,125 7,0 153 197 140 163 78
0,05 - 0,075 0.125 7.0 26 16 39 27 13
0,075% 0.05 0.125 7. 6 6 5
7o 8 -2 41 3 1

0,10% 0,025 0.125

% 2 Some MH precipitate.
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mitochondria respire rapidly at pH 7.1 (19); and’(e).it will
be shown that mung bean roob réspiratioﬁ ié @ff@@ﬁi%ely inhi-
bited by MH at pH 7.0, | o

, Melaritzz To determine the effect of total molarity of
the tésé.ééiﬁtioﬁ on respiraﬂi@np root tips were exposed to-
0,05, 0,10, 0.15, and 0,20 M solutions of buffer at pH 7.0.
Rééults (Table 1I) show that most rapid respirati@n oécurs at
0, 10 M. However9 be@@use of the hlgh ceﬁ@emtratlon of MH res=
guired for 1nhlb1tlng r@splratleng and th@ref@re the con@@nm
tratlon of buffer needed to maintain cen@rall@d pH the molars
ity used was generally 0,20, '

Ma1@1@ Hvdrazld@

Md Comcentrations: Be@ause most pf@Vlous work with MH

has bééﬁ limited'ég.its commercial prepara@10n89 the.1nh1b1a}V
tory @onéentratiQns of'pure MH had to be determined. To do
this MH solutions, in water rather than bufferngf 0,20,
00159‘66109>anﬁ 0.05 M were prepared. Th@serwere‘dilmted

half and half with 0.05, 0,10, 0,15, and 0020 M buffér,(pn

- 7.0) résp@@tiVQlyo Each resulting SOIuti@n had a totalfmblari@
@y'éf 0,125, .Becausé-inAthe presence othigh concentrationg
of MH»law‘malaf buffer can not‘maintain‘the’pH9 some MH preci-
pitated out of the 0,15 and 0,20 M MH solutions. The%éforeé
actual M concentration and pH of these two treatments are

not known, This experiment was peffcrmed before the need for
a @oncentraﬁion of buffer equal te that of the M had been
recognized, otherwise precautions would have beeh-used‘to

avoid the concentration and pH changes. However, the'experiment
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as 1t was conducted provided the neceésary information
(Table I11). Some;of the inhibition at the 0.15 and 0,20
M cencentratlons ‘must be attrlbuted to a low pH, howeverg at
these @oncentratl®ns,MH 1nh1b1@10n might have been considers
ably greéter if all of the MH. had. been inhseiutione The res
sults indiCaﬁe;O9©5 M M to be the minimuM‘@oncentratién for
,.significanﬁ inhibitibngw | A

Effect of MH Purity: - The MH used'in'the previoﬁs eXPeT=
1ment-ﬁédwﬁot been.?ﬁfifled by recrysta171zat10n from water
(5) ThePeEOfe a cgmparlson was made b@tween 1nh1b1tory ef-
fe@t of the neafly pure MH as used above and purlfled MH, In
this experlmenb O 10 M MH was dle@lved 1n 0 20 M buffer2 pH
7.0, rather than water@ _One mle of the MH was plpetted into
a Warburg vessel and one ml, of 0,10 M buffer added. The re=
sultlng 5®lut10n contalned O, 05 M MH and O 15 M buiﬁher’}7 total
‘melarlty in the vessel being O@,,?,O0 It ls readlly seen (Table
V) that _the” purlfied MH both alone and 1n combination with
& Krebs cycTe 1ntermed1ate (@1trate)9 lnhlblts resplzation o
-a greater degree than does nenpurwfxed or stock MH und@r the
same @@ndltlansav Purlfled MH was therefofe msed in all OMher

exp@rimentsa

Varlatzan of Resultse' It should be n@ted tnat throughm.
  »©ut thls study MH does not always 1nh1b1t respifatlcn to th@.
same,degreeo Variable inhibition Wlth MH may - be explalﬂed

on the basis @f‘Varying<permeablllty of tlssue to MH, dife
 ferent tissue susceptlblllty to MH due to varlatlan in enzyme

gontent, aad different S&S@eptlmlllty due to variation in
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auxin eontent (16, 29). However, since each experiment de-

viates with the same‘éeneéal respiﬁatory trénd the variable

lmhlbltlon with MH was not considered further, 4 |
Effect of Krebs Gycle Intermedlates on MH Inhlbitlon

Gltrateo In Order t@ determlme the'effeet-of MH on

roo%s in the présgnce ofvcitrate;.a conqentration of‘gitrate
was determined which»stimulated.TOQt re&piration® This was
determined by twe experlmentsg The flrst ‘compared a control
against comcentrations of 0,05, O 10 and Gs15 M pota551um

@1trate@ These were seb up in the fbllow1ng manner$

Molarity of Molarity of Tatal. - 7

potassium phoesphate . molarity

citrate ‘buffer of solutlen
0,00 . @al5v ‘ 0s15
0,05 ' - 0,10 C 0,15
Ogl@ 0010 h 0920
0,15 0,05 0,20

This experiment (Table Iv, EXperimem@ 8) indicates that low
_ @oncentratlans are ‘nov very 1nh1b1t@ry to respiration,

- The second @f these concentrati@n experlments used O, 01,
0o 0059 0,001, and 0, 0005 M potass1um citrates These were set
up in the following manner@ &

Molarity of ‘Melarity of : Total

potassium phosphate molarity

cltrate buffe? , @f solutlan
O 00 : @ 1@- . @ 10
0,0005 0,10 . 0,1005
0,001 S - 0,10 0,101
0,005 - 0,10 0,105
0,01 0,10 : 0.11

Resulﬁs of this experimgnt‘(Table 1V, Experiment 9)~Show that f

potassium eitrate solutions less than 0,005 M stimulate mung
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Table IV; Effect of various concentrations of potassium
: citrate on respiration of mung bean root tips.

Experiments 8, 9.

- ale 02/10 roots/k hours

Molgrity Total Sample e of
citrate molarity 1 -2 - 3 Mean @Zntr@1
""""" "ExPePiment 8
0.00 0.15 160 241 211 20L  100%
0,05 0,15 182 172 122 159 78
0910 Oo 2@ 8@ 78 78 79 ’ 39
0,15 0,20 82 60 b7 63 32
_ Experiment 9
0,00 - 0,10 226 256 253 24,5 100
0,0005 00,1005 270 243 294 269 110
0,001 . 0,101 289 286 310 295 120
- 0,005 0,105 265 297 299 287 117
0,01 0,11 245 253 234 24 100

Table V. Effect of nearly pure stock MH (S MH) and purified
A . MH (P MH) and citrate on respiration of mung bean

root. tipss Experiment 10,

Veéssel combents  Total ~ ml. 02/10 voots/k hours

molarity Saumple

PEEEE

inhibition
Mean due to MH

1528 3
Buffer (Contrel) 0,20 83 120 112
0,05 M S MH . 0.20 58 85 97
0,05 M. P MH - 0.20 58 76 55
0,005 M citrate 0,205 95 97 110
Twif 0,05 M S MH 0,205 7L 67 e
@7, 0,05 MOPMH 0,205 73 29 69

..105«

73
63

100

69 .

59

31
LO

31
L1
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_,beaﬁ root respiration,

The effect of MH on resplratlon in the presence of CLtrate
was determlmed u51ng 0,005 M @1trat@¢ Solutlons of higher
total molarity resulted upon the introduction of MH énd its
accempanylng buffere M@larltles of the varl@us-solutlﬁns used
are_shown in Table_vg ' The results from this experlment (Table
V) indicate MH-inhibited respiration is ﬁot restored~wiﬁﬁin L
' héurs§ Therefore there is ﬁa action of MH in the Krebs @y@le'
on the enzyme immediately preceding citrate. These results,
in conjunction with the results of isocitrate (Table:XI) and
ciSuaéanitate (Table XII) experiments, indi@até”that:ﬁhis
MH action is on Ghe @ﬁéyﬁe aconitase, which maintains the
citrate, ciSaa@oni@ateg_and iSOQiﬁrateA@quilibriumg

| «,Mélateg Prévious expe?imeﬁts with malié acid indi@ated
thatiégédﬁtm malate was stimﬁla@dryAﬁé respiration;‘ATherea» 
B fereyexperiﬁeﬁts to measure malate effect on oxygen. uptake wére-
set up using this&c@n@@nprati@no Results from these experi@/
ment s (Tablé VI indicate that malate partially TQSﬁéres MH
inhibiééd reSﬁi}atieno ‘The resbiratery inhibition due to MH B
has beeﬁ"calculated as tﬁe_per'@@nt de@reas@ in respiréﬁign"‘
between a test solution without MH ané a similar tesé solu=
tion With MH, Inhibition as thué-@ai@ulated shows that.malate.
: partially féstcfés MH reduced respiration. These experimeﬁts
show that one a@tioﬁfdf MH in réspiration isuen an enzyme
whlch pre@eded the f@rmatlon of malat@ in the Krebs @ycle@
Results from the fumarate expefwments (Table VII) show thls

enzyme to be fumarase, Whlch yields malate as a reac$l®n
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Table VI, Effect of MH and malate on resplratlon of mung bean
root tips. Exp@riments 11, 15 23 . :

Vessel contents Total /uloOg/lOroots/hhrso % inhi- %
' molarity Sample _ bition rest-
1 2 3 Mean due to MH oration

. Experiment 11

Buffer (Gontrol) 0.20 141 152 150 148

0,05 M MH 0.20 93 ik 102 113 - 2
0.005 M malate = 0.205 257 24,0 =  2L9 |
‘» 7. 0,05 M MH 0.205 207 182 180 180 - 24, 0
' Experiment 15
Buffer (Control} ~0.20 154 147 <= 151 |
0.075 M MH 0.2125 82 96 74 8L - Lb
0,005 M malate 0,205 231 220 206 219 :
w5 0,075 M MH 0.2175 168 156 156 160 27 17

Experimemﬁ 23

Buffer (Control) 0.20 197 206 -- 201 :
0.075 M MH ©0.20 98 147 144 130 35

0.005 M malate 0,205 277 248 267 264 ~
“wel, 0,075 M MH 0,205 199 182 209 196 26 9
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produsct. It may also be inferred that MH action is not on
malic dehydrogenas@@ _ "

FPumarate: The effect of fumarate (0.005 and 0,05 M} on
restcﬁatign éf MH- inhibited réspirationlwas studied with 0,05
and 0@075 M M, Results {Table VII) show Ghat fumarate does
not restore MI inhibition. In Experiment 12, 0,05 M fumarate
in the presehée of 0,05 M MH after 4 hours had appafently
restored respiration 7 pérméentg but if @ne_ébnormally high
semple is discarded, th@ inhibition caused by MH is 33 per

‘cent, or no apparent restoration., In this saméhexp@rimen@

'9505 M fumarate in 5 hours did not restors respiration. It
can be coneluded from this and the malate experiments tha%

one action of MH is Lo inhibit the enzyme fumarase,

Succinate: Concentrations of 0,005 and 0.05 M succinate
do not reshsre resplratlon retarded with MH (Table VIII).
Suceinic dehydrogenase oxidatively convefts suce$ﬁane to
fumarate9 Therefore the addition of succinate to mung bean
roots stimulates respiration, However, in the presence of
MH this increase in'respirati®nndid not ocecur and it may be
assumed that MI inhibits succinic dehydrogenase.

alphaﬂKeﬁ@glutafateﬁ This Krebs cycle intermediate, ab

@@n@@ntratlons of 0,005 and 0, 05 My, did not restore MH=©aused
1nh1b1tl©n WLthln 4 hours (Table IX}. Because alphaqket@m
glutarate is oxidatively de@arboxylated‘by alpha=ketoglutarie
oxidase to succinate, an addition of alpha=ketoglutarate to

mung bean root tips stimulates respiration. However, in tThe



Table VII.

. oot tlpS@,

Effect of MH and fumarate on resplratlon ef mung bean
Experiments 12, lha

Total

pl 02/1@ rooks

% inhibition

W, 0,075 M MH

-

0.,2175 159

32

* g Mean of ééﬁpieé 2 and 3.

Vessel econtents A Peg L _hours 5 i 5 hours due to MH
: molarity Samplée : - Sample . . . g
1 T2 3 Mean . 1 -2 3 Mean  Per 4 hours Per 5 ‘hours
‘ | | Ekﬁefim@nﬁ'lz -------------
Buffer (Control) 0,20 198 209 171 193 269 260 213 247 -
0,05 M MH . 0,20 122 140 131 131 192 216 195 201 32 19
0.05 M fumarate 0,20 219 194 228 214 . 349 323 347 340 |
® . 5.0.05 M MH - 0520 193 150 137 ”16@(1L3)255 243 212 237 25(33) 30
0.005 M fumarate 0,205 219 263 e= 241 == == == ao T
" 0,05 M MH 0,205. 153 150 1Lk 19 38
C : | | Experiment 1k
Buffer (G@n‘tral), 0,30 209 188 -~ 199
0,075 M. MH . 0.2125 150 169 141 153 23
0,05 M fumarate 0,18 271 270 267 269
203 188 183

8T
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. Table VIIL, BEffect of MH and succinate on respiration of
o . mung bean root btips, Experiments 13, li.

Vessel comtents  Total 1an1y192/10 fé@ts/z hours* v_%r»,.

molarity Sample = inhibitien

i .2 . 3 Mean - due to MH

''''' _-". ; A'Expefiment 13 ‘
Buffer (Gontrol) 0,20 89 .95° 114 . 99

0,05 MMH . 0,20 87 &L 79 82 17
0,05 i sugeinate 0,20 118 113 98 i10

wf, 0,05 MMH 0,20 92 9k 9% 93 16
0.005 M succipate 0,205 124 115 o= 120

H?Vﬂjj 0.05 M MH 0,205 99 06 110 10z 15
S ul, @9/10 TO@tS/& h@@r@

Experlmen@ 1@

. Buffer {Control 0,20 209 188 e=- 199
i,Q 075 M.MH o 0.2125 150 169 l&l - 153 23
| 0@005 M su@clnate 0,18 292 277 271‘ 28@‘ , '
o5, 0,075 M MH  0.2175 194 201 198 198 29

* 8 Tquillbratlon per1©d of 3 5 heurs used¢



20

preséncs of MH this alpha=ketoglutarate stimulation is re-
duced (Table'IX)d Therefore it may be assumed that MH inhi-
L}blts the normal functlon of alpha=ketoglutarle ox1dase@

0xalosucelnabe° This compoumd was in limited supply and

only one experlment was eonducted uszng a concentratlen of
0,0125 M, This coneentratlon was ‘not able to restore MH=lnm
.hibitedﬁresplratlonV(Tgble X)s Ne oxidation is involved in
“the conversion of oxalosuceinic acid to alpha=ketoglutarate,
Therefore the manometric techniques employed could not meas—
ure this feactiono Howeverg‘because bxalosuécinate is com=
verted to alphamketoglutarate Whlch is further oxidatively
.converted to suCCLnatea an 1ncrease in resplratlon should be
noted unless MH 1nh1b1ts {a) oxalosuccinic carboxylase which
éonVerts oxalbéucciﬁaﬁe %o éinha=ketcglutafateg or (b) alphas
ket@glutarlc ox1dase whlch convercs alphaaketoglutarate t@
sueclnate@ The latter ef f£fect has been noted prev10uslyg
Whii@»thevféémer action needs further_;nvestlgatlon¢

Iseeitwate° Measurements of oxygen consumption indicate

Vthat O, 0125 M 130@1trate will paftlally restore respvratlon
reduced w;th 99075 M MH (Table XI). Therefore, MH does not
act upon isocitrie deh&dédgenaséféecaﬁse an in@réése in rese
pi?étion’did @é@ur@‘ This and a previous experiment with

citrate indicate that MH imhibi@s aconitase (Figure 1).

GiS=a@oﬁit&te; TﬁiS’intermediate at 0.0125 MAdi§,nét
‘ restofe,MHffedUCed'reépiratidn (Table XII). .Only one experis
ment wasuéondugted.be@ause of the limi%éé supp1y of eis-

- aconitate. This experiment, in conjunction with the fact
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Table IX, Effeect of MH and alpha-ketoglutarate (a-KG) on |
. respiration of mung bean root tips., Experiment 16,

Vessel contents ~ Total ple 02/10 roots/k hours %
. molarity Samgl@ A - inhibition
1 .2 3 - Mean due to MH

"Buffer (G@ntrol} OQ26>“ '260>2Q3‘ @% o 201"-
0,075 M_MH . 0,2125 179 lkk 156 159 21

0,05 M a=KG 0,20 297 258 295 28l

0@059 0,075 M M 0.2375 179 145 203 B 175 : 38
o, 005 M askG - 0,205 272 275 306 284,

L 0,075 M MH 0.2175 148 149 130 L2 50

- Table X, Effect of MH and oxal@Succlnate {OS} on resplratlgn
‘ of mung bean root tips. Experlment 19@

Vessel contenmts  Total Ml@ 02/10 r@ets/& ‘hours
) o molarity © Sample inhibitien
C 1 .2 -31" hrrvMean due to MH
Buffer (Combrol) 0,20 231 247 = 239
0,075 M. .MH . QGQQ ‘ 211 178 200 196 18
10,0125 M 0S 0,20 239 250 249 246

w7 0,075 MMI 0,20 179 178 197 185 25
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Table XI. Effect of MH and isocitrate on respiration of
: mung bean root tips. Experiments 19, 20.

Vessel contents = Total pl; 0,/10 roots/khrs % inhie 4%
. ' molarity Samg%e v . bition reste
1 ..2. 3 - Mean due to MH oration

| Experimeﬁt-19

Buffer (Control) 0,20 231 247 o= 239 .
0,075 M MH - 0,20 211 178 200 196 i8

0.0125 M isocitrate 0,20 217 245 195 219
" 0,075 M MH 0,20 218 183 177 193 12 6

EN

Bxperiment 20

Buffer {(Gontrol) 0,20 = 216 220 == 218

0.075 M-MH . 0,20 134 1hk 143 140 36
0.0125 M isocitrate 0.20 172 165 178 172
W 0,075 M MH 0,20 143 120 12k 132 23 13

o

Table X¥IX. Effect of MH and cis-aconitate (CA) on respiration
. ‘ of mung bean root tipsg_ Experiment 20,

Vessel combent  Total  mle 02/10 rooss/b hours % inhi-
‘ molarity Sample bition
SR 1 .2 3 Mean due %o MH
Buffer (Combrol) 0,20 216 222 = 218 o
0,075 M.MH T 0020 134 140 143 140 36
0.0125 M CA 0,20 183 194 210 196

N

o, 0,075 M MH 0,20 87 114 128 110 b
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that @itréte did not restore respifabion while isocitrate

was able to, indicates that MH inhibits aconitase.

QOxaloacetate: One experiment with this intermediate
. indicétés.(Tébié.XIII) that oxal@acétate probably does not
: festcre reé?irﬁtiéﬁ;.<This is not pfoved'eonclusivelyg howe
ever, since there was one very low value of MH imhibition
(Experiment 23), If ogaleaeetate does not restore respiraw
tlon MH does nat 1nhlb1t maliec dehydrogenase., MH may ine-
activate the conden31ng or soluble enzyme 1nvalvéd in the

«VCOndensation of acetate and oxal@écetateé but this cannot be
determined since when citrate is added no restoration of res-
piration occurs because aconitase is inhibited.

‘Isoeitrate and Malate: Action of MHAhas been 1e@ated

betweem clswaconltate and 1sac1trateg and fumarate and malate.

Since the addition separately of malate or isocitrate partim '
ally resﬁgred reSpiratién» this experiment was to éétermine
the.éffe@ﬁrof isécitra@e'and malate in combination., This

. was done with 0,005 M malate, 0,0125 M isocitrate, and 0,075
"M MH. Results (Table XIV) show that MH reduced fesplratlon

| is partﬂally restored but “this rest@ratlon is not greater ‘
thanrelther malate (Table VI) or isccitrate {Table XIE is
able to produce alame@ ‘

,Effe@t of MH on Glyéolfsis and. Pyruvate Oxidation

' Yeést° S1nce MH may also 1nfluence growth ef plants by
the 1nh1b1t&on of enzymes elsewhere than 1n the aeroblc rege=
piratory @y@leg the effect of MH on yeast fermentation was’

studied; Yeast is_strictiy;anéérobie and does not carry oub



2h

Table XIII, Effect of MH and oxaloacetate {OA)} on réspira; o
: . tion of mung bean root tips. Experiment 23, =

Vééééij@ontént' Total-» _nla 02/10 roets/@ hours % 1nh1a=-i
. : molarity Samgle bition
' 1 -2 3 Mean due to MH

Buffer {(Control) 0,20 197 206 -

0,075 M.MH L0620 98 147 144 13@(lh6)* 35(27}
0,0125 M OA 0,20 197 193 156 183 SR
mT 0,075 M MH 0,20 - 132 156 124 137 28

%Aé'Méén:éf-éémple 2 éﬁd-Be

TableiXIVQI Effect of MH malateﬂ and isecitfate on respira- '
. .- tion of mung "bean root tips. Experiment 22,

-'Vessel @ontent " 7lT@téi' pla 02/10 r@@ts/& h?s@ % in- - % res
o o molarity Samgl& - hibition tora=
- 1 -2 -3 Mean ~due to MHtiom,
. Buffer {Gontr@l) | O;éé".-zO@-ié5 - 195. o
0,075 M.MH - 0,20 130 116 125 124 7 36
0,005 M malate - 0,205 242 228 213 228

0,0125 M isoeitrate 0,20 170 151 161

OOOOSVM'malateb and : '
0,0125 M isocitrate 0205 203 187 200 197 . '
o, 0,075 M MH 0@295 140 34 162 149 b, - 12
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any’Krebs cycle reactibns@ 'ieast-was.grbwn:in the‘@resen@e
bf’sﬁérose,as a substfate; and carboﬁ dioxide evolution was
measured for: (a) yeést in‘a'phosphate'bufferasuérese'ccnm
trol, (b)’yeés@min the presénce,of‘bufferp'sucr®se»iand 0,05
M'Mﬁp,éné (@}»yeast“in buffef”and,suérose to which 0,05 M MH
%aé.addédféfﬁer QS,minﬁbes of meaSured respiration. The lat=
- ter treatment was accomplished by tlpplng MH from the sidearm
of a Warburg vessel 1nt® the main chamber after L5 minutes.
Yeast fermentation was rapld 80 onlywa 20 minute equlllbratlen
period was used. All selutions comtained 0,10 M buffer at a
pH of 5.0, and 0,30 M sucrose, MH used was 0,05 M, Solutions
-héd a total molarity of 0.40 without MH present, and 0,45 with
MH present. The}amount of yeastiaddeéito each solution was
0,73 mg;.@f dfyg»granulatedsFléiSChmann?s Ractive dry“‘yeast;
Carbon dioxide evolution is éipréssed as ule 602/0a73ﬁmgo
yeast/@5 minutese | A' | | | mﬂ» '

As 1s shown in Table £V, MH did not exert an 1nh1b1t0?y
effect up@n yeas@ resplratlom9 Sln@e yeast d@es not have an
aer@blc @y@leg it is likely that inbhibition of resPiragjen by
MH in mung bean roots is also llmlted to the aercbic respira=

ﬁéry‘@yCleg

Pyruvate and Acebates }Expériments té furthér loecate MH
inhibition as ﬁéjaéfébié;réspiratian'were initiated.using py=
ruvete and aé@tate'as substrates. If MH imhibits the Krebs
eyele the addition of pyruvate to réabé‘treated with MH

should partly restore oxygen uptake because pyruvate will form:’
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Table XV, Effect of MH on respiration (anaeroblc) of yeastg
. Experiment 30, :

...... T Buffer " 0,05 M MH tipped
1.C00/ 0173 écongmal) 0.05 M MH in at 45 minutes
J mg, Lample Sample . Sample

yeast% 1 .2 Mean

time L. 2. HMean 1 2 Mean

1st 45 ﬁinﬁtes 38 40 39. bk A2 L3 42 43 k2
2nd 45 minutes 33 34 33 32 30 31 33 31 32
3rd L5 minubes 24 29 26 19 26 22 27 25 26

Table XVI. Effect of MH and pyruvate on resplratleq of mung
. . bean root tips. Experiments 17, 18,

-

Vessel contents T@tai—‘ ml @g/leraet /@hrse %'iéhig ',%"'

molarity  Sample - bitien reste
o 1

c2- -3 Mean due to MH oration

""""  Experiment 17
Buffer {Control) 0,20 192 219 o= 206

0.075 MMH . 0,20 190 129 15, 158 23
0,025 i pyruvate 0,20 265 270 289 275 .

", 0,075 M MH 0,20 219 272 256  2kD 9 Lk
0,005 M pyruvate 0,20 233 312 253 266 o

W 0,075 M MH - 0,20 218 177 283 226 15 g

’ | Experiment 18
Buffer (Control) 0,20 226 232 == 229
0,075 M MH © 0,20 203 178 193 191 17

0,0125 M pyruvate 0.20 271 247 235 251 S
mo ) 0,075 M MH 0,20 228 219 211 219 13 L

..................................
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acetate with the loss of one molecule of @arEQn dioxide and
the uptéke of one atom of oxygen. Further, addition of ace-
tate to an Mi=inhibited system should not restore respira-
tion (Figure 1), | |

As shown in Table XVI, pyruvate partially restored MH
inhibited respiration, Whigh indicates that MH does not inhie
bit the oxidation of pyruvate., When acetate was added to MH
inhibited respiration no increase in oxygen uptake occurred
(Table XVII). These results, in conjunction with the results
of the effects of oxaloacetate, citrabe, cis-aconitate, and |
isocitrate on MH-inhibited respiration, and the effect of MH
on yeast fermehtation9 indicate that MH partly inhibits aerobic
respiration by inhibition of aconitase,

Gompetitive Inhibition of Fumarase by MH

The prévi@us experimen‘ts indi@até)wthat fUitt imﬁibz‘i‘bs the
aerobic Krebs cycle by specifically inhibitiﬁg the enzymes
fumarase and aconitase., Inhibitors of @nzymati@ reactions

are traditionally elassified as competitive or noncompetitive.

~ In competitive inhibition the inhibitor is regarded as coms

_ ﬁ@ting with the substrate for specific sites on the enzyme so
that the decrease im activity éf the enzyme deﬁends on the
relative concentratvion of both the substrate and inhibiters
In'n@m©@mpetitive inhibiti@n,the‘inhibitor inactivates the
}énzyme by combining directly with @néymati@ groups. Hence
inactivation dependsbonly on concentration of inhibitérs
Because of the s@r&@turallsimilarities of MH, fumarate, and

éiS&a@onitateg it is probable that MH @ompéﬁitively inhibits
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Table XVII, Effect of MH and acetate on respiration of mung

bean root tipse.

Experiment 18.

Vessel @@ntent -‘Tatﬁl
‘ molarity Sample
1.2,

pl Og/lOr@@ts/éhrso % inhi %

bition rest=
Mean due to MH oration

vBuff@r (G@ntrol) 0620

0,075 M. MH 0,20

0,0125 M.acetaﬁe 0,20
2

") 0,075 M MH 0,20

226 232 -
203 178 193

- 288 317 310

164 150 165

229

191

- 305

159

17

48 &35
{none)
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fumarase and aconitase o 3

T@;test thé'hyp@thesis that MH is a competitive imhibie
tefg Lineweaver and Burk's (183'305 kinetic treatment of in-
hibition was appliedqté ﬁh@“inhibiéien @f.fumarasé by MH~(Tabm'
le IVIIT), The inhibition of respiration at 0,00, 0,005,
0,01, and 0,05 M MH was studied in thevpresen@e of 0,00,
0,0005, 0,001, 0,005, and 0,0L M fumarate,

It is apparent ‘that MH 1nh1b1ts fumarate=1nduced respifam”‘ﬁ

'tl@l and that 1nh1b1tlan inecreases w1th hlghef con@@ntratlcns
of MH, Furtherg at most cencentratlans of MH the 1mhlb1t1@n'
de@%éaseS'thnﬁ1ncr6351ng-@on@entratlonuef fumarates . E-Imn,fevez“_g
>MH is'not ghown concluSively to be a competitive inhibiter of
f@mératei(Table XVIII) as éhown by the deuble reciprocal plot

(1/v agéiiét 1/(8)) of tb@se'data-(Figur@ 2). The requlrem
_ment89 as descrlbed by Lln@weaver and Burk. (18) for competi~
'tlve~1nh1b1tlen9 are not fully met because ‘the resultant |
curves are not straight, do not possess increasing slopes,
and do not have a @QMM@nNGrdi@&te interceptes

It should be noted that more repli@atigns of the MHs

fmméréte}experimeﬁt might yet prove MH to be a @ompetiﬁive
inhibiter of the enzyme fumarase. That is, if four poSitiens '
on the graph (Figure 2} ave ign@réd'becausé they do not fit
the general trénds? thé curves thenibecome almost straight.

-and nearly pass through a single origing
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Table XVIILI., Effect of different MH eoncentrations on ,

. .. various concentrations of fumarate on respiras-
tion of mung bean roob tlps@ Experiments 24
through 279 :

: Mglarlty - Samples S Molarlty of fumara@@
-of MH B ‘
) (Expo Noe?) 0.00 000005 - 0,001 0,005 0,01

ml, 02 uptake,/10 rogts/5 hours

0.00 Cah 185 228 221 262 - 265

25 213 202 243 306 288

26 155 180 209 218 251

27 178 222 - .-252- 253 249

Mean 183 208 231 260 - 263

0,005 26 , 197 223 194 188

25 155 261 301 252

26 164 174 282 243

27 . 200 212 211 2L

Mean ‘ 179 218 249 232

0.0 o 213 161 182 - 233
25 | 213 208 267 268

26 | - 185 217 231 196

27 174 214 202 242

Mean 196 200 220 234

0,05 o , 3 183 202 159 208

: 25 ‘ ' 176 204, 259 275

26 . 147 200 219 187

27 - 167 - 181 210 189

Mean o 168 197 212 215




1/pl. Oy uptake/10 roots/5 hours
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No MH

S .

200 1000 2000
1/Molarity Fumarate

Inhibition of fumarate stimulated mung bean
root tip respiration by MH. Means from Table
XVIIT plotted according to the Lineweaver-
Burk treatment as a test of competitive inhi-
bition.

Figure 2
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DISCUSSION AND CONCLUSIONS

Because MH was thoﬁght_to inhibit aerobic or Krebs ecycle
r@spifaﬁigna ihbermediates in this cycle were added to MH in-
hibited roots. If MH inhibiticon occurs in the Krebs @y@ieg
the addition of intermediates directly following the site of
inhibition should at least partially restore respiration. It
was found that low concentrations of malate and isocitrate .
were able ta'partiaily restore MH-inhibited respiration, where-
as the addition of other intermééia@es of the Krebs eyele did
not restore respiration. MH may therefore a@t-upan the enzymes:
fumarase and aconitases ‘ .

Data from yeast, pyruvate, and acetate experiments indi-
eate éhat MH aéti@n is limited to respiration in the Krebs
aerobic GYCi@m- Data from MH-fumarate inhibition expefiments
indicate that MH inhibits respiration by competing with the
substrate for the ensyme While this inhibition is probably
competitive, data obtained érevnot conclusive. More study is
needed concerning the effect of MH on the enzymé fumarase and
it shouid alse be determined whether MH competitively inhibits
aconitese. ‘

If MH is a competitive inhibitor of fumarase and aconi-
taseg~it’is likely that it is so because of its structural
similarity to the substrates of these enzymes, fumarate and

cis—~aconitate. MH is a derivative of maleic acid, which is
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the cis= form of fumaric acid. The structure of cls=aconitate
is alsé similar to MH.

MH inhibition of fumarase and aconitase may alse be due
te a @én@omitant~non@émpetitive inhibiti@n of thiél (sulfhydryl
or =SH) groups of these enzymes, It}has been shown that iedo=
a@@téﬁég a known thiol acceptor, will cause partial inhibition
lef'fumarase'(15)g'»lt has similarly beeﬁ shown that copper
and mercury i@ngg also thiol competitors, will inhibit aconi=
tase in relatively low concentrations (13}, The presenée of
thiol groups in these enzymes is therefore in&icégedo Al=
though MH has not been shown to be a thiol competitor, it is
known that maleic acideili compete“fOF thiol groups of gly=
cxalase and succinic dehydrogenase (2L). It is a é@ssibilitvg
tberefareg that MH may also noneampetltlvely act upon fumarase
and a@onmtasa for thl@l groups whleh bhey contain. Haweverg,‘
sxnce{the Wﬁzfumarate:competltlye inhibition study 1hdi@ates
that MH is”é structﬁral compétiﬁow thv p0331b111tv of superm
 1mposed noncompetltlve inhibition is not toe llke?jﬁ

MH may also noncompetitively act on oxalosuce;nlc carbox-
ylase;~alphamketggluta:i@ oxidase, and succinic dehydrogenase
(Tables VII, VIII, IX, and XI)., It is seen from the Krebs
éﬁ@le (Figﬁre“l)'thét if Mﬂwiﬁhibits respiration by aétiﬁgt
on isaéit ie acﬂd dehydrogenaseg then 1socltwate added %o th@
Systém should not restore resplratlono If isocitrie acid dew

hydrogenase was 1naet1vated9 the oxzdatmoa of 1soeltﬂate to"
_oxalosuCCLnate could n@t be measured» Because this 1socltrate

ox1datwon has been shown to occur (TabTe Xlﬁg MH must not a@t
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on isocitric acid dehyéfogen&se@ The action of MH on oxalos
suceinic carboxylase was not determined since Qxidatibn’dges
not occur between éxaloéuccinate and alphamketcglutarate@
~ The possibility théreforefexiSﬁs that MH may inactivate oxalo=
 suecinic carb@Xylase@ Sln@e MH may act on this enzyme, ad-
dition of alphaukeboglutarate ‘should restore respiration,
Howeverg restoration Wasrnot,demonstfated (Table VIII) and
MH must therefore block the exidationAofraiﬁhaakeﬁééiataraté-
E& inactivating alphamketgglutéric @XiéaSegl‘Suécinaté is oxie
dlzed to fumarate in the Krebs cycle@ Thereféfe the ad&itﬁbn
of suceinate should measureably restore reSPLratlon to an MH
inhibited systemg since MH acts on alphasketoglutarle oxio
dase and possibly an.0xaiésuccini¢ @grboxyléseo’ However,
this does not occur (Table VII) and it can be assﬁmed that MH
acts on succinic dehydrogenase. It is known that succinic
dehydrogenase contains thiol groubs and is partially ina@tiw -
vated by thiol accepbors {27), including maleic a@id,€21)o
Again one should note the&stéuctural similarities'bet%éeﬁ
maleic acid and Mi. lhhibitors Qf alphamketegluta?i@ oxidase
and oxal@su@cinic‘@arﬁoxylasé are not known, nor has the pres-
ence @r,absencekof thiol groups in the structure of these
enzymes been lndlcatedo ’ _

~ The mechanism of 1nhlb1t1@n of aercbic respiration by
MH therefore is twowfold 51n@@AMH appears %o be aAcompetltlve
irhibitor of fumarase and acomitase and a noncompetitivé ine
hibitor @f.albhamketuglu@aric @Xidase and succinic dehydro=

genase, The effect of MH on the @@ndensAng or soluble enzyme



35

and oxalosucecinic carboxylase can not be devermined from the
,expériments ?éported here., It should beAnGted that this

mechanism of inhibition by MH,ac@oqnts for the usual gross ‘i
-effects of this herbicide, such as accumulation of fructoségf

sucrose, and starch (3, 7, 10, 20, 23, 24, 33),
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SUMMARY ,f

A @ulture te@hnlque for grow1ng stralght and un;form-

:-mung bean reots that were easwly cut and rapldly measured Was

}fdevelepedo Roet tlps @btalned by thls tecnnlque were subgect=¢a 

f“ed t@ resplratlon measurementse Because the resplratlon @f

'th@se mung bean reot tlps is dependeﬁt upon pH of the medlum9

‘f?pH 7 0 was used® Goncentratlﬁns of O 05 and 0 075 M MH were?-**f

_iused to inhlblt r@spiraﬁlon@>_g.s

Data ffom the experlments shew the l@catlons of resplram'ﬁﬁ-:

jtery fesponses of mung bean reet tlps t@ MH@ These locatiens. f
,jappear llmlbed 1arge1y to the Krebs cycle9 and w1th1n thls.;
,@ycle te,spe61f1cAareasg.AThe—mechanlsmf@f lnhlblti@n-may be-

twonfold s1nce MH appears to be a eompetLtlve lnhlbltor @f

v fumarase and aconltase and a noncﬁmpetltlve 1nh1b1t@r of alphaw';?

ketoglutarlc ex1dase and suoclnlc dehydfegenasegr The effect

.. of MH on th@ conden31ng @r seluble enzyme and oxal@aucclnlc

@arboxylase @an net be detevmlned from the experimeﬁts Tew '1,1'5'

'prorted here&,v
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