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Fig. 1. Inhibition of viral-induced cytopathic effect by ammonium
humate. O— O, at the 3rd day after infection with Coxsackie virus
A9. @—@, at the 6th day after infection with Coxsackie virus A9.
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Fig. 2. The effect of ammonium humate on the multiplication of Cox-
sackie virus A9. TCID;, after treatment (72 h) with different quanti-
ties of ammonium humate. TCIDg, of control cultures without hu-
mate is 108,

The Use of Mitochondrial Mutants of Yeast in the

For the detection of new antimetabolites produced by
microorganisms, synthetic nutrient media containing
mineral nitrogen are used, and as tests are employed bac-
teria capable of growing in a simple synthetic environ-
ment, such as Escherichia coli, Bacillus subtilis and some
others® 2. In the rich nutrient media, antimetabolites syn-
thesized by microorganisms cannot be detected at all,
since their action is neutralized by the metabolites present
in the medium. It is clear that cells of malignant tumors,
multiplying in vitro in the rich nutrient media, cannot be
used in screening of antimetabolites.

It would be of great interest to use eukaryotic cells for
screening of antimetabolites produced by microorganisims.
Such cells possess typical nuclei and mitochondrial sys-
tems. The latter are particularly important, since tumor
mitochondria exhibit reduced activities and deficiencies
compared to mitochondria from normal cells3. We there-
fore used for this purpose cultures of 2 species of yeast,
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(37.5-1200 pg/ml), ammonium sulphate (at concentra-
tions of NH,* equimolar to those of ammonium humate),
infected with Coxsackie virus A9 (Griggs-Baylor; inocu-
lum to give final concentration/culture log,¢4.0 TCID,,/
ml), or simultaneously infected by virus and treated with
ammonium humate or ammonium sulphate. The cultures
were incubated at 35°C for 3 or 6 days and the results were
recorded either by estimating the percent reduction of
virus-induced cytophathic effect (Tamm et al4) or by
measuring the yield of virus/ml culture.

Ammonium humate alone was not cytotoxic but pos-
sessed marked antiviral activity. At 3 days 224 pg/ml re-
sulted in 75% inhibition of viral-induced cytopathic ef-
fects, but in order to achieve the same level of inhibition
at 6 days 562 ug/ml were required ; the dose-response re-
lationship was linear (Figure 1). With regard to the effect
on yield of virus there was again a linear relationship be-
tween dose and response (Figure 2). At 100 pg/ml ammo-
nium humate the yield of virus was about 100-fold less
than in untreated infected control cultures. Equivalent
concentrations of ammonium sulphate had no effect on
viral inhibition, nor were they cytotoxic, thus ruling out
that the inhibitory factor was associated with NH,* ions.
The active chemical constituent of ammonium humate
has not been characterized and our observations do little
to elucidate the observations of Scrurrz!, which pre-
sumably resulted from the direct action of the humic acids
on a certain step of virus multiplication system.

Zusammenfassung. Es wird ein antiviraler Effekt von
Ammoniumhumat gegeniiber Coxsackievirus A9 in FL-
Zellkulturen nachgewiesen. Die antivirale Wirkung ist auf
den Humatanteil des Molekiils zuriickzufiihren.

R. Kr6ckinGg and M. SPROSSIG

Institut fir Medizinische Mikvobiologie der
Medizinischen Akademie Evfurt,

Novdhduser Stvasse 74, DD R-50 Evfurt, DDR
19 May 71971.

4 I.Tamm, H. J. EcERs, R. BABLANIAN, A, F. WAGNER and K, For-
KERS, Nature, Lond. 223, 765 (1969).

Screening for New Antimetabolites

Candida utilis strain 766, and Torulopsis globosa strain
697, which grow well on synthetic nutrient media contain-
ing mineral nitrogen. In both species we induced mito-
chondrial mutants with small colonies, impaired respira-
tion and enhanced glycolysis, which are capable of grow-
ing on synthetic nutrient media. As is known, such mu-
tants show gross alteration of their mitochondrial DN A4,

The induction of mitochondrial mutants with small co-
lonies in the yeast Candida wutilis and Torulopsis globosa

1 1..J. Hanka, Proc. 5th Intern. Congr. Chemoth. Vienna (1967),
p. 351.

2 T.P. KoroBgova, L. P. TEREkHOVA and T. S. MAksIMovA, Anti-
biotiki 75, 936 (1970).

3 L. A. SorpAHL and A. SCHWARTS, in Methods in Cancer Research -
(Academic Press, New York 1971), vol. 6, p. 159.

¢ D. H. WiLL1AMSON, in Conirol of Organelle Development (Cambridge
University Press 1970), p. 247.
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Table I. Respiration and aerobic glycosis in C. utilis and T. globosa,
as well as in the mitochondrial mutants of these species with small
colonies
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Table IT. Detection of antimetabolites synthesized by actinomycetes
with the aid of C. wtilis, T. globosa and their mitochondrial mutants

Strain Qo, Qco, Inhibition of growth Frequency (%)
Candida utilis 766 40.9 2.7  Candida wtilis 766 and its mutant 12-3 0.04
Mutant 12-3 1.9 131.3  Only mutant 12-3 0.09
Torulopsis globosa 697 15.4 15.1 Torulopsis globosa 697 and its mutant 11-3 1.60
Mutant 11-3 0.7 161.1 Only mutant 11-3 5.00

was much more difficult as compared with the induction
of such mutants in the classical species Saccharomyces ce-
revisiae. Nevertheless, by using trypaflavine in the con-
centration 5 pg/ml as a mutagen, which was diluted in the
nutrient medium containing 109, of beer wort and 0.6%,
of glucose, and plating suspensions of yeast cells after 24,
48, and 72 h of the exposure to the mutagen at 28 °C, a few
strains of mitochondrial mutants were isolated in Candida
and Torulopsis. In plating suspensions of yeast cells, we
used diagnostic colour differentiation medium of Naga1®,
containing a mixture of eosin with trypan blue. The colo-
nies of mutants on this medium were brilliant purple, and
contrasted with the normal ones, which tinted grayish
violet.

Table I gives data on respiration and aerobic glycolysis
in C. utilis and T. globosa, as well as in the mitochondrial
mutants of these species. All these cultures grow well on
mineral agar of the following composition (medium M-9):
NH,Cl-1g, KH,PO,-3g, Na,HPO, -6 g, MgS0O,-0.13 g,
glucose — 4 g, agar-15g, H,O-1L; pH 7.0-7.2.

In the screening of new antimetabolites synthesized by
microorganisms, we used the method of agar blocks. Cul-
tures of actinomycetes were grown on agar plates in Petri
dishes containing medium No. 2 (tryptone broth —30 ml,
peptone 5 g, glucose 4 g, agar15g, H,O-1L; pH 7.0-7.2).
After 7 days of growth at 28°C, agar blocks (diameter
8 mm) were cut from agar plates, and placed on the sur-
face of new agar plates in Petri dishes, containing medium
M-9 as well as medium No. 2. On the surface of these plates
were spread suspensions of the test microbes (cultures of
yeasts as well as of their mitochondrial mutants). In case
the growth of the test microbe was inhibited by the agar
block on synthetic medium M-9, but not inhibited on the
rich nutrient medium No. 2, one could infer the presence
of an antimetabolite in the agar block, which was syn-
thesized by the culture of the actinomycete under study.

2160 cultures of actinomycetes freshly isolated from
various soil samples were investigated, and Table 1T gives
information concerning synthesis of antimetabolites by

these cultures, which were active against test microor-
ganisms used by us. In accordance with the data of Table
11, the employment of mitochondrial mutant of T glo-
bosa 11-3 produces most interesting results. In 59, of cul-
tures of actinomycetes used in our work, the synthesis of
antimetabolites was detected with the aid of this mutant,
which could not be detected with the aid of other tests used
by us. Further studies have shown that cultures of actino-
mycetes which were active against mitochondrial mutant
T. globosa 11-3, were inactive against Escherichia coli B as
well as its mutant 19-8. The latter was induced by us with
the aid of N-methyl-N’-nitro-N-nitrosoguanidine, and
possessed increased permeability to a number of inhibi-
tors, including actinomycin D. It is therefore possible to
conclude that mitochondrial mutant of Torulopsis globo-
sa 11-3 represents considerable interest in the screening
for new antimetabolites synthesized by microorganisms,
since it can detect products which remain unnoticed with
the aid of many other tests.

BbIBOIBI. ¥ apoxoreii Candida utilis u Torulopsis globosa,
XOPOILO PAacTyIMX Ha CHHTETHYECKHUX IMUTATEIbHBIX CPefax ¢
MUHEPAJIBHBIM a30TOM, OBUIM MOJIy4YeHbl MHTOXOHAPHAJILHEIE
MyTaHTBI C MEJIKEMH KOJ10HUsIMH. Haubosee uHTEpPECHBIM OKa-
sancs1 mytaHnT T. globosa 11-3, KOTOpHIit y 5%, 06CIeR0BAHHBIX
KYJIbTYp aKTHHOMULIETOB [I03BOJIMIT 00HAPY)KHTL 00pa3oBaHue
aHTHMETa00JIMTOB, KOTOPHIE HE MOIJIM OBITL BBLISIBJIEHHI € IIO-
MOULIBIO APYTHX TECTOB.

G. F. Gausg, A. V. Laiko, L. I. KUSOVKOVA,
T. I. SELESNEVA

Institute of New Antibiotics,

Academy of Medical Sciences,

Bolshaia Pivogowskaia 11, Moskwa (USSR),
22 October 1971.

5 S, Nacar, J. Bact. 86, 299 (1963).

Chromosome Studies and Chromatographic Analysis of Free Amino Acids in Two Species of

Coleoptera

In spite of the contributions of DuTT?! and others, the
chromosome studies of Indian Coleoptera remains in-
complete. This paper reports the chromosome studies and
free amino acid analysis of 2 beetles, Gownocephalum
depressum and Sclevon Sp., beetles belonging to family
Tenebrionidae.

Matevials and methods. The specimens were collected
from the suburbs of Bangalore, S. India. They are found

in large numbers all through the year. The chromosome
studies were made on the testes material. Lacto-Aceto-
orcein and Feulgen squashes were made.

For the study of free amino ocids, each of the species
were starved, but allowed to take water for 48 h, in order

1 M. K. Durr, Curr. Sci. 22, 278, (1955).



