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Fig. 1. Inhibition of Viral-induced cytopathic effect by ammonium 
humate. �9169 at the 3rd day after infection with Coxsackie virus 
A9. O--O, 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- 
saekie virus A9. TCIDs0 after treatment (72 h) with different quanti- 
ties of ammonium humate. TCIDs0 of control cultures without hu- 
mate is 10 s. 

(37.5-1200 [zg/ml), a m m o n i u m  s u l p h a t e  (at  concen t r a -  
t ions  of NH4+ equ imola r  to  those  of a m m o n i u m  h u m a t e ) ,  
in fec ted  w i t h  Coxsackie  v i rus  A 9 (Griggs-]3aylor;  inocu-  
l u m  to  give f ina l  c o n c e n t r a t i o n / c u l t u r e  logt04.0 TCIDs0 / 
ml), or s i m u l t a n e o u s l y  in fec ted  b y  v i rus  and  t r e a t e d  w i t h  
a m m o n i u m  h u m a t e  or  a m m o n i u m  su lpha te .  The  cu l tu res  
were i n c u b a t e d  a t  35 ~ for 3 or 6 days  a n d  the  resu l t s  were 
r e c o r d e d  e i the r  b y  e s t i m a t i n g  t he  p e r c e n t  r educ t i on  of 
v i ru s - induced  c y t o p h a t h i c  effect  (TAYIM et  al. 4) or b y  
m e a s u r i n g  t h e  yie ld  of v i r u s / m l  cul ture .  

A m m o n i u m  h u m a t e  a lone  was no t  cy to tox ic  b u t  pos-  
sessed m a r k e d  a n t i v i r a l  ac t iv i ty .  A t  3 days  224 vg /ml  re- 
su l t ed  in 75% i n h i b i t i o n  of v i r a l - i nduced  c y t o p a t h i c  ef- 
fects,  b u t  in  order  to  ach ieve  t he  same level  of i n h i b i t i o n  
a t  6 days  562 Fg/ml  were r equ i r ed ;  t h e  dose-response  re= 
l a t i onsh ip  was l inear  (Figure  1). W i t h  r ega rd  to t he  effect  
on  yield of v i rus  t he re  was aga in  a l inea r  r e l a t ionsh ip  be- 
t w e e n  dose a n d  response  (Figure  2). A t  100 vg /ml  a m m o -  
n i u m  h u m a t e  t he  yie ld  of v i rus  was a b o u t  100-fold less 
t h a n  in u n t r e a t e d  in fec ted  con t ro l  cul tures .  E q u i v a l e n t  
c o n c e n t r a t i o n s  of a m m o n i u m  su lpha t e  h a d  no effect  on  
v i ra l  inh ib i t ion ,  no r  were t h e y  cyto toxic ,  t hus  ru l ing  ou t  
t h a t  t he  i n h i b i t o r y  fac to r  was  associa ted  w i t h  NH4+ ions. 
The  ac t ive  chemica l  c o n s t i t u e n t  of a m m o n i u m  h u m a t e  
has  n o t  been  cha rac t e r i zed  a n d  our  obse rva t i ons  do  l i t t le  
to  e luc ida te  t he  o b s e r v a t i o n s  of SCHULTZ 1, which  pre-  
s u m a b l y  resu l ted  f rom the  d i rec t  ac t ion  of the  h u m i c  acids 
on  a ce r t a in  s tep  of v i rus  m u l t i p l i c a t i o n  system.  

Zusammen/assung. Es wi rd  ein an t i v i r a l e r  E f f ek t  v o n  
A m m o n i u m h u m a t  gegeni iber  Coxsackiev i rus  A9 in FL-  
Ze l lku l tu r en  nachgewiesen.  Die an t iv i r a l e  W i r k u n g i s t  auf  
den  H u m a t a n t e i l  des Molekiils zur t ickzuf i ihren.  
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T h e  U s e  of  M i t o c h o n d r i a l  M u t a n t s  of  Y e a s t  in  t h e  

For  t h e  de t ec t i on  of new a n t i m e t a b o l i t e s  p roduced  b y  
microorgan isms ,  s y n t h e t i c  n u t r i e n t  m e d i a  c o n t a i n i n g  
m i n e r a l  n i t r ogen  are used, a n d  as t e s t s  are e m p l o y e d  bac-  
t e r i a  capab le  of growing  in a s i m p l e  s y n t h e t i c  env i ron-  
men t ,  such  as Escherichia coli, Bacillus subtilis a n d  some 
o the r s  1, 2. In  t he  r ich  n u t r i e n t  media ,  a n t i m e t a b o l i t e s  syn-  
thes ized  b y  mic roo rg an i s m s  c a n n o t  be  de t ec t ed  a t  all, 
s ince t h e i r  ac t ion  is neu t r a l i z ed  b y  t he  m e t abo l i t e s  p r e sen t  
in  t he  med ium.  I t  is c lear  t h a t  cells of m a l i g n a n t  t umors ,  
m u l t i p l y i n g  in v i t r o  in  t he  r i ch  n u t r i e n t  media ,  c a n n o t  be  
used in screening  of a n t i m e t a b o l i t e s .  

I t  would  be  of g r ea t  i n t e r e s t  to  use euka ryo t i c  cells for 
screening of a n t i m e t a b o l i t e s  p roduced  b y  mic roorgan i sms .  
Such  cells possess t yp i ca l  nucle i  and  m i t o c h o n d r i a l  sys- 
t ems .  The  l a t t e r  are  p a r t i c u l a r l y  i m p o r t a n t ,  s ince t u m o r  
m i t o c h o n d r i a  e x h i b i t  r educed  ac t iv i t i e s  and  deficiencies 
c o m p a r e d  to  m i t o c h o n d r i a  f rom n o r m a l  cells 3. W e  the re -  
fore used  for t h i s  purpose  cu l tu res  of 2 species of yeas t ,  

S c r e e n i n g  for  N e w  A n t i m e t a b o l i t e s  

Candida utilis s t r a i n  766, a n d  Torulopsis globosa s t r a i n  
697, wh ich  grow well  on  s y n t h e t i c  n u t r i e n t  med ia  con ta in -  
ing m i n e r a l  n i t rogen .  I n  b o t h  species we induced  mi to -  
chondr i a l  m u t a n t s  w i t h  smal l  colonies, impa i r ed  respira-  
t i on  and  e n h a n c e d  glycolysis,  wh ich  are  capab le  of grow- 
ing on  s y n t h e t i c  n u t r i e n t  media .  As is known,  such  mu-  
t a n t s  show gross a l t e r a t i o n  of t he i r  m i t o c h o n d r i a l  D N A  4. 

The  i n d u c t i o n  of m i t o c h o n d r i a l  m u t a n t s  w i t h  smal l  co- 
lonies in  t he  yeas t  Candida utilis a n d  Torulopsis globosa 

1 L. J. HANKA, Proc. 5th Intern. Congr. Chemoth. Vienna (1967), 
p. 351. 
T. P. KOROBKOVA, L. P. TEREKHOVA and T. S. MAKSlMOVA, Anti- 
biotiki 15, 936 (1970). 

8 L. A. SORDA•L and A. SCHWARTS, in Methods in Cancer Research 
(Academic Press, New York 1971), voI. 6, p. 159. 

4 D. H. WILLIAMSON, in Control o/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 mitoehondrial mutants of these species with small 
colonies 

Table II. Detection of antimetabolites synthesized by actinomycetes 
with the aid of C. utilis, T. globosa and their mitoehondrial mutants 

Strain Qoa Qco 2 Inhibition of growth Frequency (%) 

Candida utilis 766 40.9 
Mutant 12-3 1.9 
Torulopsis globosa 697 15.4 
Mutant 11-3 0.7 

2.7 Candida utilis 766 and its mutant 12-3 0.04 
131.3 Only mutant 12-3 0.09 

15.1 Torulopsis globosa 697 and its mutant 11-3 1.60 
161.1 Only mutant 11-3 5.00 

was  m u c h  more  diff icul t  as compa red  w i t h  the  induc t ion  
of such m u t a n t s  in t he  classical species Saccharomyces ce- 
revisiae. Nevertheless ,  by  using t rypa f l av ine  in t he  con- 
cen t r a t i on  5 ~g/ml as a mutagen ,  which  was d i lu ted  in the  
nu t r i en t  m ed ium con ta in ing  10% of beer  wor t  and  0.6% 
of glucose, and  p la t ing  suspensions  of yeas t  cells a f ter  24, 
48, and  72 h of the  exposure  to  t he  m u t a g e n  at  28 ~ a few 
s t ra ins  of mi tochondr ia l  m u t a n t s  were isolated in Candida 
and  Torulopsis. In  p la t ing  suspensions  of yeas t  cells, we 
used  diagnost ic  colour d i f fe ren t ia t ion  m e d i u m  of NAGAI 5, 
con ta in ing  a mix tu re  of eosin w i th  t r y p a n  blue. The colo- 
nies of m u t a n t s  on th is  m e d i u m  were br i l l iant  purple,  and  
con t ra s t ed  wi th  t he  normal  ones, which  t i n t ed  grayish  
violet .  

Table  I gives d a t a  on resp i ra t ion  and  aerobic glycolysis 
in C. utilis and  T. globosa, as well as in the  mi tochondr ia l  
m u t a n t s  of these  species. All these  cul tures  grow well  on  
minera l  agar  of t he  following compos i t ion  (medium M-9) : 
NI-IaC1 - 1 g, KH2PO 4 - 3 g, Na~HPO 4 - 6 g, MgSO 4 - 0.13 g, 
glucose - 4 g, agar-15 g, H~O - 1 L; p H  7.0-7.2. 

In  the  screening of new an t ime tabo l i t e s  syn thes ized  by  
microorganisms,  we used the  m e t h o d  of agar  blocks. Cul- 
tu res  of ac t inomyce tes  were grown on agar  p la tes  in Pe t r i  
dishes  con ta in ing  m ed ium No. 2 ( t ryp tone  b r o t h  -30 ml, 
p e p t o n e  5 g, glucose 4 g, agar  15 g, H~O - 1 L;  p H  7.0-7.2). 
Af te r  7 days  of g rowth  at  28 ~ agar  blocks (d iameter  
8 mm)  were cut  f rom agar  plates ,  and  placed on the  sur- 
face of new agar  p la tes  in Pe t r i  dishes, con ta in ing  med i u m 
M-9 as well as med ium No. 2. On the  surface of these  pla tes  
were spread  suspensions  of the  t e s t  microbes  (cultures of 
yeas t s  as well as of the i r  mi tochondr ia l  mutan t s ) .  I n  case 
the  g rowth  of t he  t e s t  microbe  was  inh ib i t ed  by  the  agar  
block on syn the t i c  med ium lV[-9, b u t  no t  inh ib i t ed  on the  
r ich n u t r i e n t  med ium No. 2, one could infer t he  presence  
of an  an t ime tabo l i t e  in the  agar  block, which  was syn- 
thes ized b y  the  cul ture  of the  ac t inomyce te  under  s tudy.  

2160 cul tures  of ac t inomyce tes  f resh ly  isolated f rom 
various soil samples  were inves t iga ted ,  and  Table  I I  gives 
in format ion  concerning syn thes i s  of an t ime tabo l i t e s  b y  

these  cultures,  which  were act ive  aga ins t  t e s t  microOr- 
ganisms used b y  us. In  accordance  w i t h  t he  da t a  of Table  
II,  t he  e m p l o y m e n t  of mi tochondr ia l  m u t a n t  of T. glo- 
bosa 11-3 produces  mos t  in te res t ing  results .  In  5% of cul- 
tu res  of ac t inomyce tes  used in our  work,  the  syn thes i s  of 
an t ime tabo l i t e s  was de tec ted  wi th  t he  aid of th is  mu t an t ,  
which  could no t  be de tec ted  wi th  the  aid of o ther  tes t s  used 
by  us. F u r t h e r  s tudies  have  shown t h a t  cul tures of act ino-  
myce te s  which  were act ive  aga ins t  mi tochondr ia l  m u t a n t  
T. globosa 11-3, were inac t ive  aga ins t  Escherichia coli ]3 as 
well as its m u t a n t  19-8. The la t t e r  was induced  b y  us wi th  
t he  aid of N-methy l -N ' -n i t ro -N-n i t rosoguan id ine ,  and 
possessed increased pe rmeab i l i t y  to  a n u m b e r  of inhibi-  
tors,  including ac t inomyc in  D. I t  is therefore  possible  to  
conclude t h a t  mi tochondr ia l  m u t a n t  of Torulopsis globo- 
sa 11-3 represen ts  considerable  in te res t  in the  screening 
for new an t ime tabo l i t e s  syn thes ized  b y  microorganisms,  
since i t  can de tec t  p roduc t s  wh ich  r ema in  unnot iced  wi th  
t he  aid of m a n y  o the r  tes ts .  

BbIBO~bl .  Y / I p o ~ e f i  Candida utilis H Torulopsis globosa, 
xopomo pacTyIIIHX Ha CI4HTeTHqecKIIX nHTaTeJIbHI,IX cpe~ax c 
MHHepaJIbHbIM a30TOM, 6bIJ1H NoJ]yqeHbI MHT0X0H~IpHaJIbHble 
MyTaHTbI C MeJIKHMH K02IOHHItMH. Han60JIee HHTepecHbIN oKa- 
3aJ1c~l MyTaHT T. g~obosa 11-3, KOT0p~l~ y 5% 05cJIe~oBaSHblX 
Ky~bTyp aKTHHOMHI~eTOB II03BOJIHJI 06Hapy)i(HTb 06paa0BaHge 
3HTHMeTa60JIHTOB, KOT0pbIe He MOFJIH 0bITIa BI,I~IBJIeHbI C II0- 
Mombm ZtpyrHx TeCTOB. 
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C h r o m o s o m e  Studies  and Chromatographic  Analys is  of Free A m i n o  Acids in T w o  Species  of 
Coleoptera 

In  spi te  of the con t r ibu t ions  of DUTT1 and others,  the  
ch romosome  studies  of Ind ian  Coleoptera  remains  in- 
complete .  This  paper  repor ts  the  ch romosome  s tudies  and  
free amino  acid analysis  of 2 beetles,  Gonocephalum 
depressum and  Scleron Sp., beetles belonging to fami ly  
Tenebr ionidae .  

Materials and methods. The spec imens  were collected 
f rom the  suburbs  of Bangalore,  S. India.  They  are found 

in large n u mb er s  all t h ro u g h  the  year .  The chromosome 
s tudies  were made  on the  tes tes  mater ia l .  Lac to-Aceto-  
orcein and Feulgen  squashes  were made .  

Fo r  the  s t u d y  of free amino ocids, each of the  species 
were s ta rved,  bu t  al lowed to t ake  wa te r  for 48 h, in order  

1 M. K. Do'r'r, Curt. Sci. 22, 278, (1955). 


