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Incorporat ion  of ~H-UTP into Mitochondria  Isolated f r o m  Cytop lasmic  and Nuclear  Resp ira tory -  
Deficient Yeast  Mutants  

I n  yeast ,  a mod i f i ca t ion  of m i t o c h o n d r i a l  D N A  
(M-DNA) leading  to r e s p i r a t o r y  def ic iency ~ (~+-+-0-) or 
pheno typ i ca l l y  iden t ica l  c h r o m o s o m a l  m u t a t i o n s  ~ (P-->p)  
resu l t  in  t h e  i m p a i r m e n t  of p ro t e in  syn thes i s  b y  i so la ted  
m i t o c h o n d r i a  a-s. T h e  exis tence  a n d  f u n d a m e n t a l  p roper -  
t ies of D N A - d e p e n d e n t  R N A  syn thes i s  in  i sola ted wild- 
t y p e  yeas t  m i t o c h o n d r i a  h a v e  been  well  e s t ab l i shed  ~ 8. 
Therefore,  an  a t t e m p t  was m a d e  to  elucide w h e t h e r  t he  
absence  of p ro t e in  syn thes i s  in  i so la ted  m u t a n t  mi to -  
c h o n d r i a  is due  to t he  b lock  a t  t he  t r a n s c r i p t i o n a l  or 
t ra .ns la t ional  level., b y  t e s t i ng  t h e  i nco rpo ra t i on  of a t l -  
U T P  in to  a t r i ch loroace t ic  ac id- insoluble  f rac t ion  of 
i sola ted m u t a n t  m i t o c h o n d r i a .  

Mater ia l  and methods. St ra ins  of Saccharomyces cere- 
visiae used in t he  s t u d y  are  l i s ted  in t he  Table .  Nuc lea r  
gen t  (p) m u t a n t s  S 19, Z 5 a n d  S 9 •  9 were p r epa red  
a n d  k ind ly  suppl ied  b y  Dr.  T. M. L a c H o w m z ,  Pol i sh  
A c a d e m y  of Sciences, Wr 6c l aw  (Poland).  T he  f r ac t ion  of 
doub le  (p&)  m u t a n t s  in hap lo id  cu l tu res  d id  no t  exceed 
40% (ref. s). O t h e r  s t r a in s  were  k ind ly  p r o v i d e d  b y  Dr. 
H. JAI:OB, Cent re  de G4n4t ique  Mol6culaire,  Gif-sur-  
Y v e t t e  (France) .  All cu l tu res  excep t  S 9 • 9 were haplo id .  
Cu l t i va t i on  of t he  cells and  t he  p r e p a r a t i o n  of sphero-  
p la s t s  a n d  m i t o c h o n d r i a  were pe r fo rmed  accord ing  • 
K o v s  et  al. ~,~~ Mi t ochond r i a  were f u r t h e r  pur i f ied  as 
descr ibed p rev ious ly  a. Steri le  solut ions  a n d  vessels were 
used for t he  p r e p a r a t i o n  of spherop las t s  and  mi to -  
chondr ia .  The  m i t o c h o n d r i a  (0.1 ml  suspens ion  of mi to -  
c h o n d r i a  in  0 . 6 5 M  i n a n n i t o l  or sucrose-1 m M  E D T A ,  
p H  7.6, c o n t a i n i n g  a b o u t  2 m g  pro te in )  were a d d e d  to  
a 30~ w a r m  m e d i u m  c o n t a i n i n g  in  0 . 9 m l :  40 ~xmoles 
Tris-HC1 (pH 7.4), 100 ~moles KC1, 100 ~moles sorbi tol ,  
5 ~moles KH~POa, 10 ~moles  MgCI~, 0.5 ~mole MnCle, 
CTP,  G T P  (50 ~moles each), 5 ~moles phosphoeno l -  
py~uvate ,  1 ~mole ATP,  50 ~g p y r u v a t e  k inase  and  
7.5 ~C of ~ H - U T P  (specific a c t i v i t y  1.5 C per  mmole) .  
D u r i n g  i n c u b a t i o n  a t  30~ samples  (0.1 ml) were t a k e n  
a t  0, 5, 10, 30 and  60 m i n  and  f u r t h e r  t r e a t e d  as descr ibed 
b y  WINTERS~ERG~RL R a d i o a c t i v i t y  was d e t e r m i n e d  in 
a P a c k a r d  Tr i  Curb sc in t i l la t ion  coun te r  w i t h  a c o u n t i n g  
eff iciency of 10%. As de tec ted  b y  p l a t i ng  samples  of the  
i n c u b a t i n g  m e d i u m  w i t h  m i t o c h o n d r i a  on  n u t r i e n t  aga r  
pla tes ,  n u m b e r  of v iab le  bac t e r i~  p re sen t  in 1 ml  ~f ~che 
m i x t u r e  was usua l ly  a b o u t  1000. D N A  c o n t e n t  in  mi to -  
c h o n d r i a  was  d e t e r m i n e d  in ho t  HC10~ e x t r a c t  n b y  t h e  
m e t h o d  of BURTON 1~. 

Results  and discussion. U n d e r  t he  cond i t ions  descr ibed  
above  m i t o c h o n d r i a  i sola ted f rom wi ld - type  s t r a in  incor-  
p o r a t e d  a b o u t  20 pmoles  of a H - U T P  per  mg  p ro t e in  
d u r i n g  10 ra in  incuba t ion .  Th i s  va lue  cor responds  to 
t h a t  found  b y  SOUTH a n d  ~/~AHLER s u n d e r  s imi la r  con- 
di t ions.  Mi tochond r i a  f rom all t h e  m u t a n t  s t r a in s  t e s t ed  
i nco rpo ra t ed  also s ign i f ican t  a m o u n t s  of ~ H - U T P  in to  
t he  t r i ch loroaee t ic  ac id- insoluble  f ract ion.  Kine t ics  of 
i nco rpo ra t i on  in to  m i t o c h o n d r i a  f rom all t he  s t r a ins  
t e s t ed  were s imi la r  to  t h a t  descr ibed by  W ~ C ~ S ~ E ~ G E ~  ~ 
for wi ld - type  yeas t  mi tochondr i a ,  e.g. t ime  course of 
~ H - U T P  inco rpo ra t i on  was l inear  w i t h i n  f i rs t  5-10 m i n  
of i ncuba t ion .  The  i nco rpo ra t i on  was i n h i b i t e d  b y  ae t ino-  
m y c i n  C (Table).  No r e l a t i on  be t w een  t h e  degree of 
supress ivness  of t he  9-  s t r a in s  and  t h e  r a t e  of incorpora-  
t ion  was found.  T h e  i nco rpo ra t i ng  a c t i v i t y  of mi to -  
c h o n d r i a  i sola ted f rom t he  same s t r a in  var ied  cons iderab ly  
in d i f fe ren t  exper imen t s ,  so t h a t  a precise q u a n t i t a t i v e  
compar i son  of ac t iv i t i es  has  no t  ye t  been  possible.  Con- 
t r i b u t i o n  b y  c o n t a m i n a t i n g  nucle i  a n d  whole  cells to  t h e  
i nco rpo ra t i on  ac t i v i t y  of m i t o c h 0 n d r i a  does no t  seem to  

be likely, because  f u r t h e r  pur i f i ca t ion  of i m t o c h o n d r i a  
b y  equ i l ib r ium cen t r i f uga t i on  ~ did  no t  resu l t  in a signifi-  
c a n t  decrease  of t he i r  i nco rpo ra t i ng  ac t i v i t y  or in  a 
change  in t h e i r  D N A  con ten t .  I n c o r p o r a t i o n  of z H - U T P  
m e a s u r e d  in the  e x p e r i m e n t s  t h u s  p r o b a b l y  ref lects  t r u e  
m i t o c h o n d r i a l  R N A  synthes is .  

E x i s t e n c e  of R N A  syn thes i s  in  i so la ted  m u t a n t  mi to -  
c h o n d r i a  is in  a g r e e m e n t  w i t h  r ecen t  f ind ings  of FUKU- 
:tARA et  al. 14 who  d e m o n s t r a t e d  in ~-  m u t a n t s  t he  pre-  
sence of R N A  species wh ich  could hybr id i ze  w i t h  M-DNA.  
I n  add i t ion ,  the  f ind ing  t h a t  s e d i m e n t a t i o n  profi le  of 
m i t o c h o n d r i a l  R N A  f rom ~ m u t a n t  differed f rom t h a t  
of wi ld - type  s t r a in  1~ has  also ind ica t ed  the  poss ib i l i ty  
of t he  in v ivo  t r a n s c r i p t i o n  of ~-  M-DNA.  

Incorporation of ~H-UTP into mitochondria isolated from wild-type 
and respiratory-deficient mutant yeast cells 

Strain Respira- Degree of pmoles of % 
tory supressiv- aH-UTP inhibi- 
genotype Hess �9 inter- tion by 

{%) porated 40[xg/ml 
• mg -~ aetino- 
protein myeili C 
x 10 rain -~ 

D 243-2B-R t P0 + - 24.0 80 
D 243-2B-p6 Pp-  0 (neutral) 20.5 76 
D 243-2B-g PT@- 0 (neutral) 27.1 69 
D 243-2B-120 pT@- 51 12.7 73 
D 243-2B-106 pT~)- 78 14.0 72 
D 243-2B-116 PT@- 95 12.5 60 
Z 5 p~@+ 14.1 61 
S 19 p 0 + - 26.8 67 
S 9 x 9 p ~+ - 17.2 63 

Average values from 3 to 5 experiments are presented, a As defined 
by EPHRUSSI and GRANDCHAMP 16. 
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The abi l i ty  of t he  mi tochondr i a  isolated f rom nuclear  
(p), cy top lasmic  (~-) and  double  (pr resp i ra tory-  
def ic ient  yeas t  m u t a n t s  to incorpora te  aH-UTP into tri- 
chloroacet ic  acid-insoluble f rac t ion shows tha t ,  a t  least  
in the  s t ra ins  tes ted,  mi tochondr i a l  p ro te in  synthes is  is 
b locked at  the  level of t r ans la t ion  ~. 

Zusammen[assung. Aus versch iedenen  cy top lasmat i -  
schen (~-) und  nuklearen  (p) a t m u n g s d e f e k t e n  Hefe-  
m u t a n t e n  isolierte Mi tochondr ien  weisen eine Akt ino-  
myc in -empf ind l i che  Inkorpora t ion  von  aH-UTP in die 
TCS-unl6sl iche F rak t i on  auI. Die Absenz  der  mi tochon-  

dr ialen P ro t eosyn these  dieser M u t a n t e n  kSnnte  daher  
auf e inen H e m m e r  im Trans l a t ionsmechan i smus  zuriick- 
gefi ihrt  werden.  
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Different ATPase Systems in Glycophytic and Halophytic Plant Species 

In  a recent  review on the  ha lophy te  problem,  JENNINGS 1 
concluded t h a t  wi th  regard  to  the i r  response to  sodium, 
ha lophy te s  differ  f rom mesophy te s  only quan t i t a t i v e l y  
and  no t  qual i ta t ive ly .  Increased  light,  a r id i ty  and  high 
sod ium concen t ra t ions  had  a similar  effect  on p l an t  cells 
of var ious  ecological character is t ics ,  name ly  a change in 
the  A T P  metabol i sm.  

In  general,  there  is l i t t le  in format ion  on the  influence 
of saline media  on enzymat i c  ac t iv i ty  in animal2, a and  
p l an t  t issues ~, 5. P a r t  of t he  in fo rmat ion  regarding ATPase  
ac t iv i ty  concerns  its role in ion t r a n s p o r t  *-9. However ,  
re la t ive ly  l i t t le is known  of t he  presence  of various 
ATPase  sys tems  in p lan t s  of d i f ferent  ecological groups 10, 
and  an inves t iga t ion  in to  th is  p rob lem seemed wor th-  
while. 

Two g lycophy t ic  species, i.e. bean  (Phaseolus vulgaris 
L. c.v. Brittle wax) and  corn (Zea Mays  L. c.v. White 
horse tooth), and  2 ha lophy t i c  species, i.e. Suaeda monoica 
Forsk.  and  A triplex halimus L. were used for the  following 
inves t iga t ion .  P l an t s  were grown in an ae ra ted  Hoag land ' s  
nu t r i en t  solut ion for 10 days  (bean and corn) and  35 days  
(Suaeda and  A triplex) respect ively.  By  t h a t  t ime,  the  
p lan t s  were a t  a more  or less equal  phase  of growth.  
Sodium chloride was t h e n  added  to  the  g rowth  media  
of hal f  of the  p lants ,  so as to give a f inal  concen t ra t ion  
of 30 m M .  Af te r  3 days  the  roots  were harves ted .  Tissue 
f rac t iona t ion  and ATPase  ac t iv i ty  de t e rmina t ions  were 
pe r fo rmed  according to  GRUENER and  NEUMANN and  
~X~EUMANN and  GRUENER 11,12. Homogen iza t ion  of the  

roots  was pe r fo rmed  by  gr inding the  t issue in a cold 
mo r t a r  in a med i u m conta in ing  Tris 0.04 M-sucrose 
0 .5M. The homogena t e  was f i l tered t h ro u g h  a sheet  of 
gauze and  cent r i fuged for 5 min  a t  200 • g to  r emove  
unground  cells and wall  debris.  The mi tochondr i a  were 
separa ted  by  cen t r i fuga t ion  for 20 min  at  20,000 • g and  
the  microsomes  by  cen t r i fuga t ion  for 60 min  a t  120,000 • g. 
The f rac t ions  were  dialyzed for 30 h agains t  Tris 3 • 10 -8 
M - E D T A  5 • 10-4M, p t t .  7.7, a t  5 ~ The solut ion was 
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The effect of NaC1 in the growth media and in the reaction mixture on the ATPase activity of various plants 

Plant species Reactio~ mixture Growth media 

--NaC1 (A) + NaC1 (B) 

% from a % from a % from A 

Phaseolus vulgaris - -  NaC1 a 4.78 7.00 146 
+ NaC1 b 5.06 106 8.04 115 159 

Zea Mays - -  NaCI a 2.67 4.85 182 
+ NaC1 b 5.42 203 11.30 233 208 

Suaeda monoica - -  NaC1 a 4.04 1.87 46 
+ NaC1 b 2.53 63 1.20 64 47 

Atriplex Halimus - -  NaC1 a 7.02 4.33 62 
+ NaC1 b 4.76 68 2.60 60 55 

Data denote wnoles Pi/30 min/mg protein. 


