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INTRODUCTION

The growth-regulating effects of the herbicide S-amino-1,2,4-trlazole
(8-AT) have attracted considerable interest in recent years.l.lI.I' This
hetero-cycllc compound, which is an elongated white crystal with the
emplrlca1 formula CaH.N.,1I was fint reported in 19M (Hall, Johnson, and
Leinweber) to cauae leat ab8cluton, chlorosis, and growth inhibition in
cotton.Sf Subsequent studies have shown that green plants treated with
.ublethal dOles of this chemical manifest toxic effects in three ways:
growth ot merlstematlc tluues is inhibited;I•.11 leaves developed after treat­
ment are devoid of chlorophyll ;•.•.11•••11 and carbohydrate metabolism and
re.plratlon are affected.11•••".11

In 1966 Helm, Appleman, and Pytrom found that the catalase activity
in the llver and kidneys of rats injected with S-AT was reduced, but the
blood catalase and hemoglobin of the treated animals remained nor­
mal."· I•.• Both ot these effects on catalase activity are similar to those
caused by a malignancy anywhere in the animal's body.lI Then in 1959
data obtained from further experimentation indicated that S-AT caused
thyroid cancer in rats when it was added to their diets at levels as low
as 10 ppm.' This finding resulted in the removal from the market of the
1969 cranberry crops of Oregon and Washington. These crops had been
contaminated by the careless use of S-AT to kill weeds in the growing
area.··'

The foregoing information concerning S-AT prompted a stUdy to de­
termine through experimentation whether or not the herbicide S-amino­
1,2,4-trtazole affects the growth of a one-eelled organism, and then on
the baais ot any findings to conduct further experimentation that might
Hem warranted.

To determine the effects of S-AT on cell growth, the one-celled homo­
thalllc organism Bch'*oaGCclaGromllC68 octoapoT'MB was chosen. 8. octospoTUS
is & haplOid yeast that reproduces by fission and produces eight &Seo­
spores.s• ,n,lI It groW8 beat at SO C and under sllght acidic conditions
(pH 8).'

ExPDUMENTAL PRocEDURE-PART 1

The BcAUoaacclulf"Omllcea octoaponaa culture was obtained from the
mycology atack cultures. University of Oklahoma. For the growing of
thla yeast throughout the experimental study, two media based on the
work of Northam and Norris (1951) were used. These media contained
the folloW1nB lnpedienta:M

•••". A (tor B. oct~ growth in llquld medium)
Dextroee 10.00 g Aneurin BC!
lra8para&ine 1.00 g Pyridoxin BC!
Cueln hydrolyaate 1.00 g ca D-pantothenate
(NH.).BO. 1.00 g NicoUnic acid
KBtPO. 0.76 g KI
caa.-e BaO 0.25 g Adenine
M8S0.·7 IIsO 0.25 g Inosltol

D-bloUn

DJatUled ~ter. made up to. volume of GOO ml.
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.Medium B (for 8. octosporu8 growth on a soUd medium)

2X concentration of Medium A

Equal amount of 80% water-agar

Both Medium A and the 2X concentration ot Medium A were steri­
lized with a Type HA 0.45 p-millipore filter under vacuum. The water­
agar was autoclaved at 19 lb pressure for 20 min. The media was checked
at pH 6 with a Beckman zeromatic pH meter.

To determine the effects of 3-amino-l,2,4-triazole on the growth of
8. octoBp0f'U8, the following steps were taken:

1. One loop of cells from a 6-day-old slant was added to 10 ml of
sterile disWled water.

2. One ml of 8. octosporus and water suspension was added to a 250
ml flask containing 50 ml of Medium A.

3. The culture was incubated for 6 days at 30 C.

4. This culture (colorimetric reading, 31% transmittance) was used
to inoculate 24 125-ml flasks. (Per cent transmittance was meas­
ured by a Bausch and Lomb Spectronic-20 Colorimeter at 525
Mp). Inoculum consisting of 0.5 ml ot the culture was pipetted
into each sterile flask containing 20 ml of Medium A.

5. The 24 cultures were incubated at 30 C for 2 days to establish
active growth. At the end of the 2-day period, each of the 24
flasks had a colorimetric reading of 54% transmittance.

6. Solutions of 3-AT ranging from 101 M through 10-' M, were pre­
pared and filter-sterilized.

7. The 24 flasks were divided into eight treatment groups of three
each and treated as shown in Table I.

TABLE L PABT I, TREATMENT GROUPS OF 8chizoaacclwlromyce8 OCt08pOTUl.

Treatment
Group No.

1
(Control)

2
3
4
5
6
7
8

Amount ot 3-amlno-l.2.4­
trlazole added per flask

None
0.5 ml ot 101 M solution
0.5 ml of 10.1 M solution
0.5 ml ot 10-' M solution
0.5 ml ot 10-' M solution
0.5 ml ot 10-· M solution
0.5 ml of 10-' M solution
0.5 ml of 10-' M solution

Concentration

None
0.25 X 10.1 M
0.25 X 10" M
0.25 X 10-' M
0.25 X 10-' M
0.25 X 10" M
0.25 X 10" M
0.25 X 10" M

8. The cultures were incubated for 6 days at 30 C.

9. Colorimetric determinations ot each culture were made tor data.

10. From each culture 0.5 ml was removed and diluted with 10 ml of
dI8t1lled water; 1 m1 ot th18 dilution was U8ed to inoculate a 8terile
petri dish containing 20 m1 ot Medium B.

lL 'l'be 24 petri dt8hef1 were incubated for 6 day. at 30 C.

12. Macroscopic examlnatlona of the culture- were made tor data.
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The complete experiment for tht8 part of the study was ron in tripli­
cate.

EXPERIMENTAL REsULTS-PART 1 (See Table U)

ExPDlIMENTAL PRoCEDURE-PART 2

The findings from Part 1 concerning the growth-inhibiting effects ot
8-AT on Bc1l.izONCc1uJromllCea oct06pOf'UlJ brought out the need for further
study. An experiment to learn whether or not the growth-inhibiting ef­
fecta of 8-AT on thia yeast could be reversed seemed warranted and was
undertaken.

For the further experimentation, a hypothesi8 was devised based on
the 1960 findings of Bund and IJttle. They found that corn and pea leaf
tluues which were albinistic as a consequence ot treatment with 3-AT
had a greatly lowered riboflavin content.1O The hypothesis, consequently,
was worded as tollows: 3-amino-l,2,4-trtazole aftects the synthesis of
riboflavin; thus through the use of riboflavin, reversal of the growth­
inhibiting effects of S-AT on 8. OCt08pOT1Ul might be possible. On the basis
ot this hypothesis, riboflavin was selected as the experimental compound
tor this part of the study. Riboflavin (CnH.N.O.) is an orange-yellow
crystalllne powder commonly known as Vitamin B I .··II.II..... This compound
Is Involved In a cell's release of energy as an essential part of the co­
enzymes In the respiratory process."·n

In order to test the hypothesis, a concentration of 3-AT which does
not completely inhibit the growth of 8. oCt08porus was necessary. In
Part 1, It was found that at a 0.25 X 10-' M concentration of S-AT there
WU little growth of the yeast; at higher concentrations there was no
growth, but at lower concentrations there was good growth. Consequent­
ly, a 0.26 X 10-' M concentration of 3-AT was chosen for the reversal
experiments with riboflavin.

To determine Whether or not the growth-inhibiting effects of S-AT
on 8. octoBpOf'UlJ can be reversed by the addition of riboflavin, the follow­
ing steps were taken:

1. The first five steps of the experimental procedure in Part 1 were
followed to prepare SS 125-ml flasks.

2. A 10'· M solution of S-AT was prepared and filter-sterilized.

S. Solutions of riboflaVin, ranging from 10-1 M through 10- 10 M,
were prepared and fUter-sterilized.

4. The SS flasks were divided into 11 treatment groups of three each
and treated as shown in Table m.

6. The cultures were incubated for 6 days at SO C.

6. Colorimetric determinations of each culture were made for data.

7. From each culture 0.6 ml was removed and diluted with 10 m1
of d18tilled water; 1 m1 of thls dilution was used to inoculate a
sterne petri dish contalning 20 m1 of Medium B.

8. The SS petri dishes were incubated for 6 days at SO C.

9. Macroscopic examinaUODB of the cultures were made for data.

The complete experiment tor thla part of the study was nm in tripli-
cate.
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TABLB m PA&T 2, TlBATMENT GROUPS OF Bcla.u03accharomYC63 ocfottpOr1UJ.

Treatment Concentration of 3-amino- Cone. of nbo-
Group 1,2.4-trIazole used eM) flavin used (X)

A none none
(Control)

B none 2 X 10'·
(Control)

C 0.26 X 10'· none
(Control)

D 0.25 X 10'· 2 X 10"
E 0.25 X 10'· 2 X 10"
F 0.25 X 10'· 2 X 10"
G 0.26 X 10" 2 X 10-'
R 0.26 X 10" 2 X 10.1

I 0.26 X 10-· 2 X 10.•1

J 0.25 X 10'· 2 X 10-n

K 0.25 X 10'· 2 X 10-.'

ExPEIUMENTAL REsuLTS-PART 2 (See Table IV)

DISCUSSION

The data obtained in Part 1 (Table II) Indicate that 3-amlno-1.2.4­
tr1uole affects the growth of 8. oct08Porua. In high concentrations rang­
ing from 0.25 X 10'· M to 0.25 X 10-4 M. this herbicide kills the yeast; at
lower concentrations, the yeast growth Is Inhibited. The 0.25 X 10" M
concentration seems to be the highest concentration of 3-AT which in­
hibits the growth of 8. octOBpO'nUJ without killing the yeast cells. The
degree ot yeast-growth inhibition tends to decrease progressively as the
concentration of S·AT administered to the yeast decreases.

Consideration of the data from Part 2 (Table IV) Indicates that ribo­
tlavin can reverse the growth inhibition caused by the addition of 3-amino­
l,2.4·triuole. The reversal occurred only with concentrations of riboflavin
between 2 X 10'· M and 2 X 10·n M. The concentrations ot riboflavin
ranging from 2 X 10'· M to 2 X 10" M failed to reverse the growth inhi­
bition. Moreover, reversal did not occur with a concentration lower than
2 X 10·n M. It would appear that the low concentration of riboflavin
(2 X 10.•1 M) was inautficient to cause reversal. However, the faUure to
cause reversal with high concentrations (2 X 10" M to 2 X 10" M) may
have reaulted from an interaction between the vitamin and the herbicide.
The results seem to continn the hypothesis that the synthesis of riboflavin
tn the yeut cell 18 being affected by S-amino-1,2.4-triazole.

CONCLUSIONS

1. Concentratiol18 of 3-amiDo-l,2.4-triuole between 0.25 X 10" M to 0.25
X 10-' kU1 B. ocfo..tpOnla.

J. A 0.26 X 10-' II concentratton of S-am1no-l,2.4-trlazole 18 the highest
concentration which tnhlbits the growth of 8. octoaporu without kW­
iDI the yeast.

a. OoDcentrattou of riboflavin ranging from 2 X 10" II to 2 X lo-n II
revened the growth-1nhlbitory etfecta of a 0.26 X 10-' II concentra­
tion of 8-amlno-l.2,4-triuole on 8. octo.9pOf'U.

.. JUbofJaviD aloue &eem8 to have no lDhlbitory activity on B. octoaporu.
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FuRTHER STUDY

Experimental lItudiee should be conducted to determine whether or
not there Is a difference in the cellular structure of 3-amlno-1,2,4-triazole­
lnhlbtted cells before and after the addition of riboflavin; to determine
whether or not the optimum concentration of 3-AT for the inhibition of
8ch~oa4CcMromyce8 oCtoBp0TU8 would also be the optimum concentra­
tion tor the inhibition of the growth of other fungi; and to determine
whether or not the optimum concentration of riboflavin for reversal Is
caused by metabol1sm of 8. octOBp0TU8, by chemical reactions between 3­
amino-1,2,4-trtazole and high concentrations of riboflavin or by other fac­
tors.
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