
776 Speeialia 15. 7. 1969 

L a c k  of  Amino Acid Incorporation by Isolated Mitochondria from Respiratory-Deficient Cytoplas- 
mic Yeast Mutants 

Isolated mi tochondr ia  are capable  of incorpora t ing  
amino acids into mi tochondr ia l  proteins.  This  abi l i ty  
probably  reflects the  existence of a funct ioning prote in  
synthet iz ing sys tem wi th in  mi tochondr ia  (for review see 
ref. 1). A role of mi tochondr ia l  D N A  in this process has 
been impl ica ted  2-4. 

A muta t ion  of mi tochondr ia l  D N A  in yeas t  results in 
heredi ta ry  respi ra tory  deficiency 5. This  mu ta t i on  is 
accompanied  by  morphological  changes of the  mi to-  
chondr ia  6,7, loss of cy tochromes  a, %, b, c 1 (ref. s), 
insensi t iv i ty  of mi tochondr ia l  ATPase  towards  oligo- 
mycin  9, ~0 and changes in the  propert ies  of mi tochondr ia l  
' s t ruc tura l  pro te in '  n,  ~. The  same modif icat ions  of yeas t  
mi tochondr ia  have  been found to occur in wi ld- type  yeas t  
cells grown in the  presence of ant ibiot ics  7, ~0-~ known as 
a po ten t  inhibi tor  of prote in  synthesis  in isolated mi to-  
chondria  : chloramphenicol~,  ~5, l incomycine  and anti-  
biotics of the  macrol ide  group ~5. 

Analogies in the  propert ies  of mi tochondr ia  of the  cyto-  
plasmic respi ra tory  deficient  mu tan t s  and the  wi ld- type  
yeas t  cells grown in the  presence of the  above-ment ioned  
drugs suggests t h a t  the  cytoplasmic  muta t ion  to respira- 
to ry  deficiency in yeas t  could al ter  the  prote in  synthet i -  
zing ac t iv i ty  of the  mi tochondr iaL  Moreover,  such a 
possibi l i ty  m a y  be ~considered on the  basis of the  f inding 
of WII~TERSB~RGER 1~, who observed t h a t  mi tochondr ia  
of cy toplasmic  respira tory-def ic ient  yeas t  mu tan t s  lack 
the  R N A  components  typ ica l  of wi ld- type  mi tochondr ia .  
The  present  paper  invest igates  the  possibi l i ty  of the  
al tered prote in  synthet iz ing  ac t iv i ty  of mi tochondr ia  of 
cytoplasmic  respira tory-def ic ient  yeas t  mu tan t s  by  com- 
par ing the  incorpora t ion  of 14C-1eucine by  isolated mito-  
chondr ia  f rom these mu tan t s  and f rom wi ld- type  yeas t  
cells. 

The  Saccharomyces cerevisiae Hansen  D T X I I  (~+), 
diploid, was obta ined  f rom brewery  Tren61n. The  cor- 
responding respira tory-def ic ient  m u t a n t  D T X I I  A (~-), 
diploid was prepared in our  ins t i tu te  f rom D T X I I  by  
acrif lavine t rea tment .  St ra in  D-243-2B-116 (0-), h igh ly  
suppressible haploid,  was k indly  provided  by  Dr .H.  JAKOB, 
Centre de G6n6tique Mol6culaire, Gif -sur -Yvet te  (France). 
Cul t iva t ion  of the  cells, p repara t ion  of spheroplasts  and 
mi tochondr ia  were per fo rmed  according to Kovs  et 
al. 9, ~7. I n  every  single exper iment  all s trains were tes ted 
s imultaneously.  Equ i l ib r ium cent r i fugat ion  is revealed 
ident ical  posit ions of mi tochondr ia  f rom the  wi ld- type  
and respira tory-def ic ient  mu tan t s  in sucrose gradient .  
Sterile solutions were used for p repara t ion  of mi to-  
chondria.  The  mi tochondr i a  were suspended in 0 .65M 
manni tol-1  m M  E D T A ,  p i t  7.6 and centr i fuged twice  for 
10 min  at  1500 g. They  were then  sedimented  by  15 rain 
cent r i fugat ion  a t  28,000g,  washed once wi th  0 .65M 
m a n n i t o l - l m M  E D T A ,  p H  7.6 and suspended in t he  
same solution to the  concent ra t ion  of 10 mg  prote in /ml .  
Al iquots  (0.1 ml) of this  suspension were added to 20 ml  
E r l enmaye r  flasks conta in ing the  following components  
(cf. ref. 15) in a vo lume  of 0.8 ml :  40 ~moles Tris-HC1 
(pH 7.4), 5 tzmoles KH~PO~, 100 ~moles KC1, 8 ~moles 
MgCI~, 1 ~mole ATP,  10 ~moles phosphoenolpyruva te ,  
30 I• p y r u v a t e  kinase and ch loramphenicol  or cyclo- 
heximide  in concent ra t ions  indicated in the  Table.  Af te r  
3 rain incuba t ion  a t  30 ~ 0.4 ~C of xaC-leucine (24 ~C per  
~mole) in 0.1 mI was added.  Af ter  20 rain incubat ion  
wi th  shaking at  30 ~ the  incorporat ion was s topped and 
proteins  prec ip i ta ted  by  the  dropwise addi t ion  of 5 m 
10% tr ichloroacet ic  acid conta in ing 1 mg  ~2C-leucine/ml. 

The  prec ip i ta te  was washed once wi th  the  same solution 
of t r ichloroacet ic  acid and t rea ted  fur ther  according to 
LAMB et al. 15. Rad ioac t iv i t y  was de termined  in a Packa rd  
Tri  Carb scint i l lat ion counter  wi th  a count ing efficiency 
of 25-30%.  

The condit ions described above  were found to be op t imal  
for the  incorpora t ion  of x4C-leucine into mi tochondr ia  
isolated f rom wi ld- type  yeas t  cells. Unde r  these con- 
di t ions mi t0chondr ia  f rom wi ld- type  yeas t  incorpora ted  
about  70 pmoles of ~*C-leucine/mg prote in  per  20 min  
into t r ichloroacet ic  acid-insoluble fraction.  In  the  absence 
of exogenous A T P  or A D P  plus oxidizable  substra te  
incorporat ion was a t  the  l imi t  of detection.  Ol igomycin  
s t imula ted  the  incorpora t ion  dr iven by  exogenous ATP.  
Incorpora t ion  was severely inhibi ted by  chloramphenicol  
and a lmost  unaffected by  cycloheximide.  This  observa-  
t ion shows t h a t  under  our  condit ions the  cont r ibut ion  of 
con tamina t ing  cytoplasmic  microsomes to the  to ta l  
incorporat ion was negligible. All these findings are in 
agreement  wi th  those described by  LAMB et al. ~5. 

Incorporation of 14C-leucine into mitochondria isolated from wild- 
type and cytoplasmic respiratory-deficient mutant yeast cells 

Strain Inhibitor pmoles of l~C-leucine Inhi- 
incorporated per mg bition 
protein in 20 min (%) 

DTXII none 77 - 

0.5 mM 4.5 94.3 
Chloramphenicol 

3 • 10-5% 73.5 4.6 
Cyeloheximide 

DTXII A none 0 

D-243-2B-116 none 0 

Results of a typical experiment are presented. 
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U n d e r  cond i t ions  o p t i m a l  for  t h e  i n c o r p o r a t i o n  of ~4C- 
leucine in to  wi ld - type  m i t o c h o n d r i a ,  m i t o c h o n d r i a  f rom 
cy top la smic  r e sp i r a to ry -de f i c i en t  m u t a n t s  d id  no t  incor-  
p o r a t e  d e t e c t a b l e  a m o u n t s  of r ad ioac t iv i ty .  

T h e  i nab i l i t y  of i so la ted  m i t o c h o n d r i a  f rom cyto-  
p la smic  r e sp i r a to ry -de f i c i en t  m u t a n t s  to  i nco r po r a t e  14C- 
leucine in to  t r i ch lo roace t i c  ac id- inso luble  f r ac t ion  u n d e r  
cond i t ions  where  wi ld - type  m i t o c h o n d r i a  were ac t ive  
could be  m o s t  s imp ly  exp la ined  as a d i rec t  resu l t  of t he  
m u t a t i o n  of m i t o c h o n d r i a l  DNA.  E v e n  t h o u g h  o the r  
possibi l i t ies ,  e.g. g rea te r  suscep t ib i l i t y  of m u t a n t  mi to -  
c h o n d r i a  to  d a m a g e  or a loss of some aux i l i a ry  com- 
p o n e n t s  d u r i n g  i so la t ion  h a v e  no t  been  comple t e ly  
excluded,  i t  seems to  be  v e r y  l ikely t h a t  m i t o c h o n d r i a  of 
cy to p l a smic  r e sp i r a to ry -de f i c i en t  m u t a n t s  l ack  t h e  pro-  
t e i n  s y n t h e t i z i n g  a c t i v i t y  in  s i tu  as well. T h e  f ind ing  
t h u s  underscores  t he  i m p o r t a n c e  of t he  p r o d u c t  of mi to -  

chondr i a l  p ro t e in  syn thes i s  for s t r u c t u r a l  a n d  func t iona l  
s t a t e  of m i t o c h o n d r i a  19. 

Zusammen/assung. Die M u t a t i o n  de r  m i t o c h o n d r i a l e n  
DNA, die in den  a t m u n g s d e f e k t e n  Hefen  resul t ier t ,  f f ihr t  
zu d e m  Ver lus t  de r  FS, h igke i t  de r  i so l ier ten  M u t a n t e n -  
m i tochond r i en ,  14C-Leuzin in die T E S - u n l 6 s b a r e  F r a k t i o n  
zu inkorpor ie ren .  

S. KU~ELA a n d  E. GRESNX 
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19 The authors wish to thank Dr. KovA6 for critical reading of the 
manuscript and valuable discussions. Thanks are also due to 
Dr. KOLAROVA for help in some experiments. 

E f f e c t  of  D i c h l o r o  D i p h e n y l  T r i c h l o r o - E t h a n e  ( D D T )  o n  L e g h e m o g l o b i n  C o n t e n t  o f  R o o t  N o d u l e s  o f  

P h a s e o l u s  a u r e u s  ( G r e e n  G r a m )  

Pes t i c ida l  chemica l s  in increas ing  q u a n t i t i e s  are f ind ing  
the i r  way  i n to  soil. Some pes t ic ides  are k n o w n  for  t h e i r  
long pers i s t ence  in  soiP,  be ing  inh ib i t o r s  of biological  
s y s t e m  of one  sor t  t h e y  m a y  also exe r t  de le te r ious  effect  
on  soil mic rob ia l  p o p u l a t i o n  a n d  the i r  ac t iv i t i es  wh ich  are  
of i m p o r t a n c e  for  soil fer t i l i ty .  

T h e  f o r m a t i o n  of nodu les  on  t h e  roo ts  of l egumes  is 
due  to  symbios i s  b e t w e e n  Rhizobium a n d  t h e  h o s t  p l an t .  
The re  are  r epo r t s  t h a t  t h e r e  is a r e l a t ionsh ip  b e t w e e n  
l eghemog lob in  c o n t e n t  of nodules  a n d  n i t r ogen  f ixa t ion  2-~. 
This  c o m m u n i c a t i o n  deals  w i t h  t h e  effect  of D D T  on  t he  
l eghemoglob in  c o n t e n t  of roo t  nodules  of green  g r a m  
p l a n t s  ( Phaseolus aureus). 

Materials and methods. Dif fe ren t  levels  of t he  insect i -  
cides-0, 1, 5, 10, 40, 100 and  1000 p p m  were mixed  w i t h  
a n  a l luv ia l  soil (2.5 kg  each),  s a n d y  l oam in na tu re ,  in  
pots .  Organ ic  ca rbon ,  t o t a l  n i t r ogen  a n d  p H  of t h e  soil 
were 0.53, 0 .053% a n d  7.8 respect ively .  Ef fec t  of o rgan ic  

Effect of DDT on nodulation and leghemoglobin content of Phaseolus 
r162 

m a t t e r  was also s tud ied  in respec t  of r educ t i on  of t ox i c i t y  
of h igher  doses of t he  insect icide.  Mois tu re  was a d j u s t e d  
to  1/3 of the  w a t e r  ho ld ing  capac i t y  of t he  soil;  h e a l t h y  
seeds of t he  crop (va r i e ty  Pusa  basakh i ,  a sho r t  d u r a t i o n  
crop wh ich  m a t u r e s  in 75 days)  were inocu la t ed  w i t h  48 h 
old cu l tu re  of specific Rhizobium a n d  were sown. P l a n t s  
were  u p r o o t e d  a f t e r  4 a n d  7 weeks  of growth ,  nodules  
were sepa ra ted ,  we ighed  a n d  t h e  l eghemog lob in  c o n t e n t  
was  d e t e r m i n e d  b y  ]3enzidine h y d r o g e n  pe rox ide  m e t h o d  7. 

Results. The  resul t s  (Table) showed  t h a t  t he  insect ic ide  
up  to 40 p p m  was no t  toxic  to  t he  l eghemoglob in  c o n t e n t  
of t h e  nodules  of t h e  crop. Moreover ,  D D T  a t  t h e  level  
of 1, 5 a n d  10 p p m  increased  t he  l eghemoglob in  c o n t e n t  
a n d  t h e  increases  ove r  con t ro l  w i t h  t h e  above  concen t r a -  
t ions  were 12.2, 37.2 and  27 .2% in t h e  f i rs t  a n d  59.7, 
57.9 a n d  30.5% in t he  second u p r o o t i n g  respect ive ly .  
W i t h  h i g h e r  c o n c e n t r a t i o n s  (100 a n d  1000 ppm)  i t  could  
no t  be  e s t i m a t e d  due  to t he  absence  of roo t  nodules ,  
excep t  in 100 p p m  D D T +  organic  m a t t e r  t r e a t m e n t .  I t  is 
w o r t h  n o t i n g  t h a t  in  t h e  case of 100 p p m  of t he  insect icide,  
1% organic  m a t t e r  app l i c a t i on  to  soil neu t r a l i zed  ti le 
toxic  effect  of t h e  insect ic ide  r e m a r k a b l y .  

Level of DDT 
(ppm) 

After 4 weeks of growth After 7 weeks of growth 
Wt. of Leg- Wt. of Leg- 
nodules hemoglobin nodules hemoglobin 
(g) mg/g (g) mg/g 

nodules nodules 

Zusammen[assung. Geringe  Mengen  v o n  DDT i m  B o d e n  
f6 rde rn  die B i l dung  yon  Wurzelkn611chen bei  L e g u m i n o -  
sen  u n d  e r h 6 h e n  d e n  G e h a l t  a n  <~ Legh / imoglob in  ~> in den  
Kn611chen. 

A. C. GAUR a n d  R. P. PAREEK 

Control (0) 0.027 
1 0.026 
5 0.031 
10 0.026 
40 0.027 
I00 Nil 
100+1% farm 0.017 
yard manure 
1000 Nil 
1000+ 1% farm Nil 
yard manure 

Significant 0.01 
C.D. at 5% 

20.05 0.295 41.32 
22.50 0.367 66.00 
27.00 0.371 65.23 
25.50 0.244 53.92 
18.00 0.157 42.09 
- Nil - 
15.25 0.056 39.66 

Nil 
Nil 

0.05 3.24 

Division o/Microbiology, I .A  .R.I . ,  
New Delhi (India), 72 March 7969. 

1 L. W. JONES, Soil Sci. 73, 237 (1952). 
z p. W. WILSON, The Biochemistry o/Symbiotic Nitrogen Fixation 

(Univ. Wisconsin, Madison Wisconsin, USA 1940). 
3 A. I. VIRTANEN, Biol. Rev. 22, 239 (1946). 
4 j .  D. SMITH, Biochem. J. 44, 585 (1949). 
5 p. H. GRAHAM and C. A. PARKER, Aust. J. Sci. 23, 231 (1961). 
6 C. L. CHOrRA, Studies on bacteroids and hemoglobin content of 

legume root nodules, M. Sc. Thesis, IARI, New Delhi (1966). 
T M. H. PROCTOR, A note on hemoglobin estimation, N.Z. J1 Sci. 

6, 6O (1963). 


