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3-Amino- I ,2,4-triazole may exert its effects in several ways. Its metal-chelating proper- 
ties may contribute to reduction in activity of many enzymes. Failure of treated plants 
to develop certain proteins appears to occur typically. Glycine utilization and histidine 
metabolism have been shown to be interfered with. A relatively stable glycine-3- 
amino- 1,2,4-triazole derivative has been demonstrated, and the naturally produced 
derivative aminotriazolylalanine has been identified and characterized. Interference 
with normal amino acid metabolism can account for the failure of synthesis of plastid 
proteins that iiormally occur in green portions of plants. Without the enzymatic and 
structural protein framework associated with chloroplasts, pigment synthesis cannot occur. 
Although a glu~ose-3-amino- 1,2,4-triazole adduct has been reported, its importance as a 
limiting factor in metabolism i s  questionable. A strong possibility exists that a common 
precursor of nucleic acid and protein synthesis i s  interfered with by 3-amino-l,2,4- 
triazole. 

Theory and Findings 
[ ' r .  'icrr .:tudic., ii.inq .3-aiiiino-l .2.4- 

triazolr and auroradioqi,aph) indicatc 
[hat thi, substancr  i \  abwrbed throuqh 

ma ti!- pia 11 t  p. rile ra. 'I 1.a n,lcica t ion hot h 
up\\,ard and do\\ t i \ \  a i d  ilia! o c c ~ i r  quite 
rapidl!. .\iidrt-wn (21 found that radio- 
act ivi t! fro ni i -a ni i  no- 1 ,?. 4 - t 1. i a zo le- 5 - 

\\.a\ diqtribitrcd throiighoiii n u t  yr't-s 
planti 2' hoiiry a1tc.t. application o:i a 
,in%lr lraf. ' l 'ht ,  ra t?  of inovrii1rrit o f  i- 
amino-1 .2.4-1riamlr has brrti \'{id t o  fat' 
r\ ;cwd that of radioactivr 2.A-D. I n  
IcIs  than a da \  aftrt. apli1icatio:i to lravr.. 
radioacti\-i t). i, dr tee table throughou t 
bran. tomato. four  o 'c loch.  and n1air.r 
( 2  i i .  Root s ro \v th  of f'obidiii / t t r m i / !  
i, noticeably affrctrd \\.ithiti 74 hour. 
after application of .3-;iiniiio-l ,2,4-tt.i- 
azole to mature lr,ive, V I .  

Since 193-. i i  ha.; been kno\vn t h d t  
radioactive i-atni:io-l.2.4-ti.iazole i \  
rapidly metabolized ( , 3 / ) .  Ka 
found in  the hean thdt only 
total radioactivit!. \vas in 3-amino-1 .2.+ 
triazolr a t  the v,id of hi; sarnplin% period. 
I'he only radioactivt- i-ainino-l.2.4- 

triazolr found \\a,< in the rrratrd l e a v e  
and in the root.: though largr aiiiount\ 
of radioactivit)- \\.ere prehent in the steiii 
and bud. nonr of i t  \vas in i-amino- 
1.2.4-rriazole. 

' lhe  fact that metabolic trandormation 
of 3-amino-1.2.4-rriazole i.q quite rapid 
and estrncivr cau\es con4derable diffi- 

the' l ?a \ -~ ,  atid root\ by til<'tiibrr.. of' 

cult) hcn  t rying to account 101. th r  011- 

\ervc.d svinptoin~. 'l'he po.wibilit! e\i,t. 
[hat inetabolic transformation product. 
pia) itnportant IQICZ in  the ph! tocidal 
action of thc chemical. Eut i t  inishi 
cquall! \\-ell b r  that .3-aniii:o-l.2.3-tri- 
azole t r a c t \  \vith crrtain plant con.titu- 
ent. t o  foot-m to>-ic coinporind~ thai prr- 
. i \ t  and producr thr  >ytnptotn\ a\*oci- 
atc,d \\ it11 3-amino-1 .2.4Ltriazolt, ti 'eat- 
inr t i  t 

.-\tteinpt\ to t%lucidatt. the t o h i e  action 
of .~-atiiino-l.2.4-triazolr havr centrrrd 
upon rnpiration rtudirc includiiig 4111- 

eo' r add iic t fo r ma t io I 1 . iiic I al - bi nd i n~ 
propcrtir, 01' thr compound. porphyriti 
metabolism. and the nieraboliwi of 
coinpounds contain in^ an imidaiol) 1 
qroLlj1. 

rigator, Iiavr niea\ured rr.;piratioii 0 1  
3-aniiIio-l.2.4-triazole~ trrared ti..;sue, ( 12. 
20. ? T i .  i-.A1nino-l.2.1--tt iazole a r d  it. 
\alt\ generally cause an initial ~ i i n i i 1 1 ~ ~ -  
tion ol  rehpiration of A i  wii aectiori\ a11d 
Irafdi.;k.;. Rut. d t e r  about 26 hours. t h r  
(I! uptakt. of treatrd leaf di.ks i. appi'osi- 
mately the sanic a h  the co i i r i~ol~ .  'I'hu., 
far. respiration \riidies p e r  ' e  h a v r  rr- 
vrwlrd very little that i, of po.itivc 
interpretive value. 

(;luco.e mr tabol i~m may.  hot\ ever.  be 
affected. .A glucose adduct Ivith a m i ~ o -  
triazolr has been dewri bed by Rogers 
(.30) and by Frederick a r d  Gentile ( 7 7 1 .  
Infrared absorption spectral anal) 
indicate that the ~-gluco.;e adduct of 
3-amino-l.2.4--triazole i.; an amine gluco- 
,id? (,Figure 1 ) .  .As such. i t  could partici- 
pate in phosphorylating reactions and 
offrr borne re,istance to phosphorylation 
by hrxokinase. If this \ \ e re  i t ,  only 
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CHzOH OH 0 
O H 0  '{ 

I FH2 
G l y c i n e  FH2 y 2  

Figure 1. Glucose adduct of 3 amino- 
1,2,4-triazole as deduced by  Fred- 
erick and Gentile ( I  0) 

a B 

Figure 2.  Trivalent (ferric) chelate 
of amino triazole ( I  0) 

effect on metabolism: ho\vever. it Lvould 
be difficult to account for the typical 
symptoms. 

In  test-tube experiments \vith phos- 
phorylase from Oscilliforia princeps. 
Frederick and Gentile (70) have been 
able to demonstrate thar 3-amino-l.2.4- 
triazole acts as an inhibitor. But very 
strong 3-amino-1.2.4-triazole solutions 
are required to block all activity. 

Metal Binding. 3-Amino-1.2.4 tri- 
azole could exert some of its effects 
through its abi1it)- to form salts upon 
reaction Lvith many acids and bases. 
It also reacts with aldehydes and ketones 
through the amino group and forms 
stable complexes \vith several metals 
such as iron. copper. nickel. and mag- 
nesium. O n  the other hand: 3-amino- 
1.2.4--triazole treatment is known to re- 
sult in an accumulation of manganese 

.A ferric chelate can be readily formed, 
and the author has confirmed Frederick 
and Gentile's statement that a 3 : 1 ferric 
chelate ivith 3-amino-l,2.4-triazole is 
produced (Figure 2).  Other metallic 
chelates are also produced (8). In  none 
of the author's extensive experiments 
ivith local application to leaves, buds. 
and roots have iron compounds been 
able to prevent the development of 
poiconing symptoms folloiving the appli- 
cation of standard amounts of 3-amino- 
1.2.4-triazole. Some slight relief has 
been obtained in a few instances. But 
the 3-amino-1.2,4-triazole-Fe complex 
itself is effective as a chlorosis-inducing 
agent. In  experiments ivith corn, Mc- 
It'horter (2Oj  could find no difference in 
the amount of iron in the leaves of control 
and 3-amino-l,2,4-triazole-Fe-treated 
plants. Some of the iron he measured. 
of course: may have been in complexes. 

Porphyrin Metabolism. t \ s  pointed 
out earlier, lack of chlorophyll in new 
growth folloivs application of 3-amino- 
1,2,4-triazole. One  could theorize that 
lack of chlorophyll leads to death. But 
it must be remembered that it is only the 
tissue that develops after treatment thar 
shows chlorosis. Is photosynthesis in 
the old tissue affected? I n  several ex- 
periments with radioactive carbon diox- 
ide, neither the amounts of CI4 fixed nor 
the alcohol extractable products receiv- 
ing label appeared to be altered by the 
introduction of 3-amino-l.2,4-triazole 
into the tissue. 

Since several steps in the synthesis of 

(20) .  

chlorophyll are knoivn. it has been rela- 
tively easy to learn if 3-amino-1.2.4- 
triazole blocks any one of them. The  
scheme shown in Figure 3 has: accord- 
ingly. been tested a t  several points to 
obtain critical data .  

In  experiments designed to determine 
if 3-amino-1.2.4-triazole interferes ivith 
the conversion of protochlorophyll to 
chlorophyll, a technique developed by 
Smith et d. (.32) \vas employed. Leaves 
of dark-grown plants isere ground in the 
dark. and the holochrome \vas obtained 
by centrifuging a t  105.000 x G .  Con- 
veriion of protochlorophyll to chlorophyll 
\vas observed by means of the Beckman 
DU spectrophotometer. I t  occurred 
equally readily in the presence and 
absence of 3-amino-1.2.4-triazole. 

In a parallel experiment, dark-gro\vn 
bean plants \vex  subjected to 3-amino- 
1.2.4-triazole jurt before bringing them 
into the light. Treated plants developed 
some chlorophyll. but so03 stopped. 
whereas the controls produced chloro- 
phyll steadily for 48 hours. These tivo 
experiments \Yere interpreted to mean 
that 3-amino-1.2.4-triazole \\-auld not 
prevent the formation of chlorophyll from 
preformed protochlorophyll but \vould 
stop synrhesis of ne\< protochlorophyll. 
In  a further experiment. some light- 
gro\vn plants irere treated ivith 3-amino- 
1.2.4-triazole and allo\ved to remain in 
the dark until several ne\v leaves had 
developed. Upon being placed in the 
light. the leaves turned green. Similar 
results have been obtained in a repetition 
of the experiment. .%pparently there is 
an interaction of light and 3-amino- 
1.2.4-triazole that results in failure to 
develop nelv protochlorophyll. Bogorad 
(3: 4)  found, additionally: no inhibition 
of porphyrin synthesis by 3-amino- 
1.2,4-triazole. 

Even though chlorophyll was formed. 
one might question ivhether the chloro- 
plast was functional in photosynthesis. 
An experiment \vas accordingly designed 
to give some evidence on this point. At 
intervals of 0, 1 .  4. 8. 15. and 20 hours 
during the greening process! untreated 
and 3-amino-1.2.4-triazole-treated etio- 
lated bean plants Lvere supplied \vith 
CI1O? for 30 minutes. Paper chromato- 
graphic analysis of the C*'O, fixation 
products showed that photosynthesis be- 
gan soonest (after 4 hours of illumina- 
tion) in the untreated leaves, and,  for 
the duration of the experiment. fixed 

Figure 3. Hypothetical scheme show- 
ing the route of synthesis of some of 
the best known porphyrins 

the largest quantity of label into sucrose. 
An excess of \\.hat \vas tentatively identi- 
fied as C"-glycolic acid occurred in the 
3-amino-1.2.4-triazole-treated plants, 
T\vo addiiional compounds. not found 
in the controls. became \\-ell labeled 
and are discussed later. 

If 3-amino-l.2.4--triazole exerts its 
effect prior to the production of proto- 
porphyrin 9 (Figure 31. suppression of 
synthesis of porphyrins other than 
chlorophyll might occur. Thus heme. 
catalase. cytochrome. peroxidase. and 
chlorophyll should all be affected. 

Experiments on heme svnrhesis \vex  
carried out with duck blood. Ducks 
were used because of their availabilitl- 
and the fact that bird erythrocytes re- 
tain their nuclei. In these experiments. 
heme synthesis was actuall!- stimulated 
by 3-amino-1.2.4-triazole. .A< yet. these 
experiments must be regarded as tenta- 
tive though they have proved to be re- 
peatable. Reports of no similar experi- 
ments have come to the author's atten- 
tion. 

Sumerous experiments on catalase 
activity of 3-amino-1.2.4-triazole-treated 
plants have been carried out. Follo\ving 
application of 3-amino-1.2.4-triazole. 
catalase activit!- is sharply reduced in the 
ne\\-ly formed leaves. The  same is true 
for cytochrome c. Several reports are 
1 1 0 ~ '  in the literature (7.3. 27. 26. 27. .?ci) 
that rho\\. inhibition of catalase activity 
by 3-amino-I .2.4-triazole. Most of 
these are based on in vitro experimentr. 
Possibly the effect is achieved through 
chelation of 3-amino-1 >I.l-triazole with 
the iron component of the enzyme. 
Experiments of Sicholls (26) .  as \vel1 as 
hlargoliash and Schejter (271, have 
shoivn that an irreveriible complex is 
formed. Indeed, this fact has been 
made use of by Price et  n i .  (27) in studies 
on catalase synthesis. 

In the production of the pyrrole 
nucleus. glycine and succinic acid are 
of key importance. Considerable signifi- 
cance may. therefore. be attached to 
the discovery that chromatograms de- 
tecting free amino acid< in 3-amino- 
1.2.4-triazole-treated plants have much 
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1 Figure 4. 

I C  14-labeled glycine, and (6) aminotriazole-5-C14 alone 

Autoradiograms of chromatographed extracts 
from plants treated with (A) amino triazole and randomly 

, t h e  whole glycine molecule or a deriva- 
tive of i t  is involved. When 3-amino- 
1,2,4-triazole and each af the labeled 
amino acids were added simultaneously 
to normal bean tips, radioactivity from 
serine and both carbon atoms af  glycine 
appeared in compounds 1 and '2 (Figure 
4B). As the 3-amino-l,2,4-triazole con- 
centration increased, the label in both 
compounds increased while that  in 
malic acid, citric acid, glyceric acid, 
wcrosc, fructose, and alantoin decreased. 

Feeding experiments with radioactive 

b 
Figure 5. Autoradiograms of two-dimensional chromato- 
grams showing (A) radiopurity of stock solution of ATA- 
5-C14; (6) radioactive compounds in extract of bean stem 
8 hours after application of ATA-5-C" to one primary leaf; 
(C) chromatographic map with approximate location of 
various unidentified compounds formed from ATA-5-C14 by 
plants; ( D )  radioactive compounds in extract of stem tips of 
beon plants 2 4  hours after application of ATA-5-CI4 to 
one primary leaf; ( E )  radioactive compounds in alfalfa 
stems after exposure to ATA-5-C14 for 2 4  hours in light; 
( E )  radioactive compounds in silver maple stems after 
exposure to ATA-5-CI4 for 2 4  hours in light (5) 

3-amino-l,2,4-triazole have yielded valu- 
able supplementary information. A ma- 
jor portion of the 3-amino-l,2,4-triazole- 
5-C14 label went into compounds 1 and 
2.  But label from 3-amino-l,2,4 tria- 
~ole-5-C'~ went into 12 other compounds 
as well (Figure 5C). Compounds 1, 2, 
and 8 were the most highly labeled. 

Thus, bean plants have the ability to 
lorm a complex between 3-amina-l,2,4- 
triazole and either glycine or serine or 
a common derivative. Evidently, pres- 
ence of 3-amino-l,2,4-triazale puts a 
considerable drain on the glycine and 
serine pools since nearly half of the total 
glycine and serine transformed in the 
presence of those quantities o i  0.1M 
5-amino-1,2,4-triazole taken up by the 
transpiration stream during the 24 
hours following application was in 3- 
arnina-l,2,4-triazole complexes. 

Comparisons of the ability of normal 
and 3-amina-l,2,4-triazole-induced 
chlorotic leaves to use radioactive gly- 
cine, succinate, and glucose were under- 
taken as a final Lest of the hypothesis 
that  3-amino-l,2,4-triazole affects pyr- 
tole synthesis. Some differences were 
noted, hut, on the whole, they were not 
striking. Only a small amount of label 
appeared in compound 1.  Much of 
compound 1 was there as was shown by 
chromatography, but very little label 
went into it. I n  the glucose and suc- 

cinate feedings, the organic acids, partic- 
ularly malic and citric acids, tended to 
accumulate label in the chlorotic leaves. 
Glucose-U-CL4 supplied some label to 
both glycine and serine in feeding tests 
with normal bean tips, but none in the 
chlorotic leaves. Evidently the com- 
pound 1 present was formed before the 
start of the experiment, and no active 
synthesis occurred during the time that 
glycine-U-C" was present in the tissues. 
Apparently either the tips from the 
treated plants had lost the ability to 
make compound 1 or there was little or 
no 3-amino-l,2,4-triazole present with 
which to form a complex. 

To test the first of the two suggested 
possibilities, two treated tips were sup- 
plied with 3-amino-l,2,4-tria~ole-5-C'~ for 
4 hours in the light. Tips from treated 
plants readily produce compound 1 from 
radioactive 3-amino-l,2,4-triazole. To 
determine if tips from 3-amino-l,2,4- 
triazole-treated beans contained unal- 
tered herbicide, several such tips were 
extracted and chramatographed. No 
3-amino-1,2,4-triazole was detected. 

Therefore, i t  may be concluded that  
treated tips did not transfer label from 
glycine-U-C'4 into compound 1 because 
no 3-amino-1,2,4-triazale was present to 
form the complex. This conclusion is 
supported by the results of a transloca- 
tion study which indicated that unaltered 
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H-N-N 
I ! I  

€1-C C--N-CH&HCOOH 

Figure 6. The presumed structure of 
Massini's (22) compound ATX (3- 
amino-! ,2,4-trlozolyl alanine) 

NHo 

Adenine 

H-N-N 

H-C C - N H z  
I I1 
\h,/ 

3-Arn;no 1,?..4,Triozole 
Histidine 

Figure 7. Biologically important com- 
pounds containing imidazolyl groups 

3-amino-1,2,4-triazole does not reach 
bean tips following application to a pri- 
mary leaf. 

Since i t  appeared that chlorotic tips 
from 3 - amino - 1,2:4 - triazole-treated 
plants did not contain 3-amino-l-2,4-tri- 
azole, tips from 14-day-old, untreated 
bean plants were supplied with glurose- 
L--C"I succinate-2,3;-C14, and 0.01M 
3-amino-l,2,4-triazole simultaneously to 
sce if 3-amino-1,2,4-triazole did affect 
their use. Succinate utilizatiun was 
practically the same in the presrncz of 
the phytocide as in its absence. But 
the bean tips receiving 3-amino-l,2,4- 
triazole and labeled glucose had morc 
activity in phosphorylated sugars and 
1ruc.tose and less in sucrose than did the 
tips receiving radioactive glucose alone. 
Perhaps 3-arnino-1,2,4-triazole inhibits 
the incorporation of glucose and fructose 
into sucrase. No radioactive compound 
1 or other 3-amino-1,2,4-tridzole cam- 
plex was detected in these tips, indicating 
that the metabolic intermediates which 
complex with 3-amino-1:2,4-triazole are 
not abundantly labeled h m  glucose-U- 
C" and s~ccinatc-2,3-C~~.  

The  labeling experiments indicate 
strongly that i-amino-1,2,4-triazole does 
not exist ion(: as an  intact molecule in a 
highly susceptible plant like the bean. 

Attempts are being made to character- 
ize the presumed 3-amino-1,2,4-iriazole- 
glycine derivative but much remains to 
he done. Compound 1 has been shown 

Figure 8. 
plostid formation in Elodea canadensir Michx 

IA l  Untreated control; 181, typical cells from new, ~ o l o r l e ~ ~  leaves produced 
after transferring the pionfr to c/ dilute nutrient sol~fion contoining 0.1 mg. 
of ATA per400 ml. 

The influence of amino triazole on cell size and 

Table I. Reaction of Compound 1 
and 3-Amino-l,2,4-triazole with 

Various Indicator Sprays 
3-Amino- 
1,2,4- 

Color Reagent Compound 1 triarole 

Ninhydrin Blue grrrn No visiblc 
rraction 

EI,rlich's ($-di- Yriluw Faint 
methyl amino- ycllo\z- 
bcnzaldehydr ) 

p-Anisidinc No visiblc No visibl,: 
reaction reaction 

Phcnol-ITCI. Ycllow Yell",,, 
"I-I-acid" of Rrd RCd 

R"C"SC" 
(8-umino-l- 
naohthol-3.6- 
di&lfonic acid) 

fcrrocyanidc 
Nitropiussidc- Grcm Grcm 

to contain not only the 5-carbon atom 
of 3-amino-1,2,4-triazole but also car- 
bon atoms Cram glycine or srrine (7). 
Massini (22. 23) analyzed a ?-amino- 
1,2,4-triarolc complcx (ATX) and de- 
scribed it as 3-amino-l,2,4-triuzolyalanine 
(Figure 6). 'There is some doubt about 
his compound being the same as the 
author's; however, becausr the color 
developed upon spraying with nitro- 
prusside-f~errocyanide is not the same; 
in addition, the paper dectrophoretic 
behavior pattern is not the same (22). 

Numer- 
ous paper electrophoretograms have been 
made and run over a p H  range from 
3.0 to 9.0. Its mobility is greatest in 
the anionic form. Such data indicate 
that the derivative is a "zwitterion." 
On chromatographic columns, it is held 
by Dowex 50 and can be readily eluted 
with 1.0N NH40H.  The  reaction of 
compound 1 and 3-amino-1,2,4-triazole 
with various indicator sprays have been 
found to be as shown in Table I. Com- 
pound 1 is not hydrolyzed by 1.0!\- 

Compound 1 is not volatile. 

HCI or 1.0R NHIOH after an hour ar 
90' C. Even a k r  24 hours' hydrolysis 
with 6.0.\; HCI in the autoclave, com- 
pound 1 still has up  to 767, of its original 
radioactivity. I t  is also unaltercd aftcr 
24 hours in a bean tip. Apparently, 
it is not readily metabolized (6, 14). 

Metabolism of Compounds Contain- 
ing an Imidazolyl Group. In  another 
approach to thc problcrn of S-amina- 
1,3,4-triazolc toxicity, the antimeta- 
bolite concept was cxploited. Com- 
plexing could be involved. but the cvi- 
dence is not as goad as thc instances 
citccl ahovc. 

Examination of the structural formulas 
in Figure 7 shows that each substance 
has an imidazolyl group. This fact 
may be important in explaining 3- 
amino-1,2,4-triazole toxicity. The  bio- 
chemical origin of the imidazolyl can- 
figuration is siill not known though 
glycine probably contributes to it. 
There can be no doubt, however, about 
the importance of the purines, pyrimi- 
dines, and histidine in plant metabolism. 
Accordingly, the effect of 3-arnino-1;2,4- 
triazok on the formation and utilization 
of each of the compounds deserves syste- 
matic investigation. 

Possible complexing of precursors in 
histidine biosynthesis has received at- 
tention because oC the presence of this 
amino acid in numerous enzymatic 
proteins-including catalase (77J. The  
suggestion has been made (28, 33) that 
3-amina-l,2,4-triazole may affect cer- 
tain enzyme systems involving rupture 
of N to N and N to C linkages. Further- 
mare, many proteins do  not contain histi- 
dide. Thus. it would be possible for a 
certain amount of growth to take place 
wi thonlya  minimum amount ofhistidine 
synthesis. Specific prorein deficiencies 
could show up  later. 

In  experiment3 with E&pirnn_ typical 
3-amino-1,2,4-rriazole-bleaching symp- 
toms have been retarded with histidine 
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,iiid ~ i t ic  (JI the p r r ( ' r i i ~ ~ t ~ ~  of hi\tidinc 
hi,ticliiiol. t-li,tiditie applicationu. ho\\- 
rvci.. h a w  not. as yet. prevented 3- 
ninino- I .2.4 - I  r i a ~ o l r  poi.wning in beans. 
I lilton ! / / I  I ha\ b w n  able to Iargel) rc- 
v r i v  .?-ainino-l .2.4-triazolc-inditced in- 
hibition o f  gio\vth u1 .Sm( h / l / o / n ) i ,  5 ( o r e -  
i / s / ( / i '  aiid . S i / / i : o \ i / 1 i  ho/oii /ni~.\  p o m b r  
\virh hi\tidinc. 'l'he inhibition could 
n o t  t)(, revr tscd KJ thc \aiiie ~ x t e n t  \vith 
~ i - h i s ~ i t i i n c ~ .  I -hi~tidinol. urocanic acid. 
othri I -iiitiiiio acid\. puriiic... . or 11) rinii- 
d i tie\. 14 i l  t o i i ' \  at ten1 p t s  t o  dr monstrate 
I -hi\lidiiie 1Jrotrction again\t ?-amino- 
1 .2.4-11 i,izolc toxicity \ \ i l k  w r d l i n y  of 
hiqh(,r plant\  > irlded neeativy results. 

Siitirl t'i i i i .  3 7 )  found t h a t  the eflbcts 
01' .3-diiiiiio-l .2.4-ti,iazole on the qro\vth 
i n  Yizc of toinat0 plants  t a n  b r  sisnifi- 
c.antI! i . cd i i ccd  b!. the sirnrilraneou\ ap- 
~)lic,acion o!' rcliiiinolar ainounts of ad?- 

iianinr. h)poxanthiiir. adeno\ine, 
in?. or ino\ine. .l'ht.'.e cornpounda 
rtlr inflrirnce. ho\\t 

inhibition of chloi.oph\I 
\ \ 'eytrt ,  and Broqui\t ( 37 I found that 
inhibition of groit-th of FI\(hiri!hz(i ioli  
inducrd by, ainirotriazoir could be al- 
most c~oirililetrl~ reversed by ddenine. 
t -1 i a  t id i n~ d1o n r \vat i ne flrc. I ivr . bu I. in 

th  adenine. hroughi 
hat \\as more co~nplete 
in? alone. i--iiiiino- 

1 .2.4-11 iazolr-inhibited 7 { ~ , ~ i i i  (rem/oi .< 
\\'as w t u i  necl to almost i t ,  normal 
gro\vth ratr \ \ i t h  th r  addition of hibridine 
biit n o t  b! adenine. \Yoif #,,XU) \<as able 
t o  obtain coinl)Iete reversal of ?-amino- 
1.2.4-triazolc inhibition 01' p-ro\vth of 
( , 'h / i i /  t ~ l l ~ i  /)I/ i v i o i d i i  i i i  \vith rquivalenr 
\veight, of  adi.ninr. grianitie. hyposan- 
thinr. and xanthinr. 

. \ l ea~i i i~r i i ie r i t~  are !.rt tc-I be made on 
an!. of' t h r w  org.aniarnr to determine if 
t h r w  i ,  an actual rt-ducrion in syiitheris 
ol an )  01' thcir imidazolyl cornpounds. 
I'rrliminary experiments Tvith f iuq /erx~  
indicatr that Tynthrais of  adrnoqine 
iiionopho\l)hatc and cytosiiic nionophos- 
Iiliatc art- iiiiafftxred by quantities of 
i-ainino-1 .2.4-triazole that inarkzd1)- re- 
duce q o \ v t h  rate\. 'l'tiis p i n t  i \  bring 
i i i v e ~  t igated i 11 I C  n\ively. 

11 purine. p) rirnidine. and amino 
acid rnetaholi\m are a f lw t rd  by i- 
ainirio-l.2.1-tl-iazole. one can readily ac- 
count lor thr failure of ne\\- gro\vih of 
treated  plant^ to  bccoinr grrrii. Chloro- 
l)la\ts art' k n o \ v n  to be ac.lf-r.eplicating 
bodie, that contain large cluantities of 
protein C:hlorophyll is formed in i i t u  and 
i \  drpo..itrd in ~nonornolecula~. films on  
protein la) contained in the plastids. 
' I  11~1s. 3-amino-1.2.4- t r iarole- t reated 
plants \\.auld fail to produce chloro- 
p l a > t h  of normal size 01' perhaps none at  
all. I n  experiments carried out in the 

\vith Llodea plants 
r? \veal< <elution of 

3-ariiiiio-l.2.4-triazole. the ne\v leaves 

did indrrd lack chloroplast\ (I ' iguic X ) .  

inata. ho\ \  evr r .  continued t o  prodiicc 
pIa\ticl~ Cor winr iinii. though the pia+ 
iidr \ \ v r r  I'm\. i n  number and w r y  rrducrd 
i n  .ize. Rogers ( . j I )  and IAin,c.i- and 
Iiirrtnn! CI.  [ I O  1 rrportrd \irnilai. tind- 
ll!T\. 

Onr oi' thr [e\\ stcidieu of the. cllcc~.\  01' 
.?-ainino- 1.2.4-triazolr on cell elongation 
\viis done b) .Jack\on ( / , V i .  \ \ .hrn i- 
amino-l .?.l-ti.iazolr and hi\tidinr err  
 upp plied individually. both 3-aiiiino- 
1.2.4-triazole and hiutidiric \ \  r re  toxic. 
Eut \\-hen they \vew preycnt togrthei, 
the) it-ndrd t o  neutralize one another. 
.Jack\oii'\ r r ~ u l t s  may be in~erpreted in 
a t  l e a ~ t  t i v o  \\.a)\. Perhap.: histidine 
aiitagonizrr the etitrancc% of  i-aniino- 
1 .2 .4- t iko l r  into t'oot hair,; thrn 
again. 3-amino-I .2.4-triazolr inay tilock 
one or inore jtep" in I.-hiatidinr synclic 

Sund i /  01. ( . I / .  ,3Tj and Hiltori ( 
reported that partial i.riief of 3-aniino- 
1.2.4-triazolr-induced cIilorosi\ 11 a\ ob- 
tained in wed plants \ v i t h  ribollavin. 
.-\lthoiigh niembci.\ of thr author's Iabo- 
rator!' h a w  tried era1 times: ivirh d 

variety of plant tnateiials. the!. have 
not been able to duplicate thew authors' 
re~ul tu .  .I, yet. n o  one has been able 
to obtain relief from .3-ainino-l.2.4- 
triazole inhibition in inici oorganistns\vith 
riboflavin additions to thr gro\ving 
medium. I n  thohe ca\es \\-here there 
has apparcntl! been some reduction in 
toxicit) ~ .om? chemical inacrivation of 
3-aniino-l.2.4-triazolc or possibl) pi'o- 
motion 01 complex formation ma!. have 
occurred. 

\ ) i ~ / , d ~ / ! j  \dlick\\ crd 1 and I ~ I O > ~  l i i ~ ~ t o ~ i e -  
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