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SUMMARY 

Yeast cells (Saccharomyces carlsbergensis) were grown under conditions of glucose 
repression in a medium containing ~4C-labeled amino acids and also under derepressing 
conditions in a medium containing 3H-labeled amino acids. The mitochondria were 
isolated, mixed and the mitochondrial membrane proteins fractionated. The distri- 
bution of all- and a4C-labeled amino acids indicated that there were no qualitative 
differences in membrane proteins. However, the amount of one component was greatly 
increased relative to all others upon derepression. The distribution of label during 
protein fractionation suggests that membrane solubilization with eholate and deoxv- 
cholate proceeds by solubilization of discrete membrane units containing all of the 
membrane proteins. 

INTRODUCTION 

It  has been demonstrated that both morphological as well as enzymatic changes 
occur in mitochondria accompanying the transition from the glucose repressed to the 
derepressed (aerobically adapted) state in Saccharomyces l, 2 

There have been no reports describing the changes that may occur in the in- 
soluble mitochondrial membrane protein fraction as a result of derepression. It  has 
been reported that a cytoplasmic petite mutant of yeast lacks one specific component 
of the insoluble mitochondrial membrane protein fraction 3. This was determined pri- 
marily from the absence of a zone on acrylamide gels and was further investigated 
using immunological techniques. Unfortunately the methods employed did not allow 
investigation of quantitative differences among membrane proteins from the petite 
and the wild-type cells. However, in addition, it has been suggested that the com- 
ponent reported missing from the petite was lost during mitochondrial preparation 
and does not truly reflect a protein absent from petite mitochondria 4. Moreover, the 
lack of appropriate controls makes it impossible to determine whether the gel pattern 
observed was characteristic of a primary genetic effect of petite mutation or a secon- 
dary physiological effect characteristic of anaerobic growth. In this communication 
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an ini t ia l  approach  to the  resolut ion of this  problem is presented.  A comparison is 
made  between the d i s t r ibu t ion  of components  in the insoluble mi tochondr ia l  men> 
brane  prote in  f ract ions from glucose repressed and derepressed cells of Saccharomvces 
carlsbergensis. Prote ins  of the  repressed and derepressed cells were labeled with ~C- 
and a l l - labe led  amino acids respect ively.  This procedure  faci l i ta tes  a de te rmina t ion  
of q u a n t i t a t i v e  as well as qua l i t a t ive  differences between the two different s ta tes  and 
overcomes the difficulties previously  encountered  in de te rmin ing  differences e i ther  
by  mass  or by  s ta in ing dens i ty  on gels. 

METHODS AND MATERIALS 

Isolation of milochondria from aerobic yeast 
Yeast  cells (S. carlsbergensis) were grown on I °'o glucose, 1 %  peptone  and i % 

yeas t  ex t rac t .  Genera l ly  labeled amino acids (all, New Eng land  Nuclear) were added  
to the  growth  med ium at a level of IOO/,C/I a t  the  t ime of inoculat ion.  The cul tures  
were grown to ear ly  s t a t i ona ry  phase (3.5 generat ions)  at  room t empera tu re  on a 
ro t a ry  shaker.  The cells were ha rves ted  by  cent r i fugat ion  and resuspended in a 0.25 M 
sucrose, o.oi  M Tris  buffer (pH 7.4), o .oo i  M EDTA,  I °.o casein hydro lysa te  solut ion 
in a ra t io  of I vol. of buffer to 4 par t s  of wet  yeas t  by  wt. I5-ml  a l iquots  of suspended  
cells were mixed  with 2o ml glass beads  (o.45-o.5o ram) and homogenized for 45 sec 
i n  a CO2-eooled Braun  homogenizer.  The glass beads  were washed 3 t imes  with buffer 
and  the to ta l  cell suspension was centr i fuged at  IOOO x g for IO rain to remove the 
h e a v y  debris  of cell walls, nuclei  and  unbroken  cells. The supe rna t an t  f ract ion from 
this eent r i fugat ion  was recentr i fuged at  77oo x g for 2o min to sediment  the mito-  
chondria .  The mi tochondr ia l  pellet  was resuspended in the homogenizing buffer and  
centr i fuged a t  IOOO × g for IO min. The supe rna t an t  fract ion was centr i fuged at  
27oo0 x g for 2o rain to obta in  the final mi tochondr ia l  pellet.  The mi tochondr ia  were 
then suspended in und i lu ted  Renografin solut ion (obtained from E. R. Squibb,  N.Y.),  
using approx.  I vol. of mi tochondr ia l  pel let  to 1.5 vol. of Renografin.  4.4 nil of this  
suspension were p laced into the  bo t t om of each of three  Spinco SW-25 cellulose n i t r a t e  
tubes.  Linear  g rad ien t s  of Renografin in o.oi  M Tris o .ooi  M E D T A  buffer (pH 7.4) 
ranging from I . i  to 1.2 g/ml,  were layered  over the  suspension. The mi tochondr ia  
were f loa ta ted  by  cent r i fugat ion  for 6 h at  25 ooo rev . /min  in a Spineo Model L ul t ra-  
centrifuge. The red-brown mi tochondr ia l  band  was collected using a side collecting 
No. 13 hypodermic  needle. The pooled mi toehondr ia  were d i lu ted  with the pH-7. 4 
buffer abou t  1.5 t imes  and centr i fuged 3 ° rain at  3oooo rev. /min in a Spinco No. 30 
rotor  in the Model L centrifuge.  The pel lets  were suspended in a solut ion of I pa r t  
o. 9 °o KC1 and 2 par t s  pH-7.  4 buffer a t  a concent ra t ion  of io  2o mg/ml  and the 
suspensions were frozen. 

Isolation of milochondria from repressed yeast 
For  the repressed cul ture  of yeast ,  IO 0 6 glucose, I °o pep tone  and I °o yeas t  

ex t rac t  was used as the  medium.  5 ° / , C  of uni formly  14C-labeled amino acids (Amhers- 
ham/Sear le)  were added  to each l i ter  of media  at  the t ime of inoculat ion.  The cul tures  
were grown at  room t empera tu r e  on a ro t a ry  shaker  to ear ly  s t a t i ona ry  phase and 
the cells ha rves ted  and broken as descr ibed for the  aerobic yeast .  Af ter  the cells were 
broken,  the suspension was centr i fuged at  IOOO × g for IO rain and the supe rna t an t  
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f rac t ion  removed  and  centr i fuged again  at  IOOO × g for IO rain. The supe rna t an t  
f rac t ion  from this  cen t r i fuga t ion  was then centr i fuged for 45 rain at  30o00 rev. /min 
in a No. 3 ° ro tor  in the  Model L centr i fuge and the pellets  ob ta ined  were resuspended 
in und i lu t ed  Renografin (I g pellet  per  ml Renografin) and  banded  by  dens i ty  g rad ien t  
cent r i fugat ion  as above.  The mi tochondr ia l  bands  were collected, repel leted,  sus- 
pended  and frozen as descr ibed for the  aerobic mi tochondr ia .  

Isolation of membrane proteins 
The t r i t ium- labe led  "derepressed" and a4C-labeled " repressed"  mi tochondr ia l  

suspensions were thawed  and combined.  These were then centr i fuged at  40000 
rev . /min  in the  Spinco No. 40 ro tor  for 4 ° rain. The resul t ing pellet  was resuspended  
and  washed twice with a 0.6 °!o KC1 solut ion (2 par t s  0. 9 °o KC1 plus I pa r t  Tris buffer 
(pH 7.4)) using I ml of this  solut ion for every  lO-2O nag of protein.  After  the  last  
wash, the  residue was suspended in pH-7. 4 buffer and  the pro te in  de te rmined  using 
the procedure  of LowRY et al. 5. A io  °, o sodium deoxychola te ,  5 °o sodimn cholate  
solut ion in wate r  was added  to the  suspension to yield a final concent ra t ion  of 2 mg 
of deoxycho la te  and  I mg of cholate  per  mg of protein.  This was s t i r red  for I h at  
room t e m p e r a t u r e  and then centr i fuged at  480o0 x g for 20 min. The supe rna t an t  
f ract ion was removed  from the pellet ,  and both kept  for fur ther  t r ea tmen t .  The super-  
n a t a n t  f ract ion is referred to as the deoxvchola te  supe rna t an t  and  the pellet  as the  
deoxvcho la te  pellet .  

The deoxvchola te  supe rna t an t  was brought  to 15 °~o sa tu ra t ion  by  add i t i on  of 
s a tu r a t ed  (at room tempera tu re )  (NH4)2SO 4 and s t i r red  at  4 ° for I h. The tu rb id  
suspension was centr i fuged at  48ooo × g for 20 rain. The pellet  from this centr ifu-  
ga t ion  was homogenized with  a small  volume of buffer and  ex t r ac t ed  3 t imes with 
25 vol. of a m ix tu r e  of 95 °~o e thanol  and  d ie thv l  e ther  (3:1, v/v). The ex t r ac t ed  
p rec ip i t a t e  was washed 3 t imes  with  o.oI M Tris buffer (pH 8.5) and  f inal ly resus- 
pended  in the pH-8.5 buffer a t  a final concent ra t ion  of 20 mg/ml.  The deoxycho la t e  
pellet  f ract ion was t r ea ted  in an analogous manner ,  however,  wi thou t  the  (NH4)2SO4 
f rac t iona t ion  step. 

Solubilization of the membrane protei~z 
The pro te in  concent ra t ion  of the  above  suspension was ad jus t ed  to between 

5 and IO mg/ml.  This suspension was made  I ° o in sodium dodecyl  sulfate  and  af ter  
N2 had  been blown over the  surface of the  r ap id ly  s t i r red  solut ion for IO rain to 
remove 02, a Ioo-fold  excess (assuming one su l fhydry l  per  25 ooo tool. wt.) of d i th io-  
th re i to l  was added.  The  reac t ion  vessel was sealed and the reduct ion  al lowed to 
proceed for approx.  4 h at  room tempera tu re .  At  the  end of this  t ime a Io-fold 
(relat ive to the  d i th io thre i to l )  excess of recrys ta l l ized  sodium iodoace ta te  in I lX'[ 
Tr is  HC1 buffer (pH 8) was added  to the  reduced  pro te in  solut ion and allowed to 
reac t  in the  da rk  for IO rain. The resul t ing  solut ion was then d ia lyzed  I8 h using 
three  changes of Tris  buffer (pH 8.5) in 5oo-fold volume excess. 

Fraetionation of the solubilized protein on gels 
The solubil ized pro te in  was f rac t iona ted  on 8 % ac ry lamide  gels using the dis- 

con t inuous  me thod  of ORNSTEIN AND DAVIS 6 modif ied to contain  0.03 o~, dodecyl  sul- 
fa te  in the  upper  buffer. The migra t ing  dye fronts were marked  by  insert ion of a 
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small  piece of copper  wire and the gels s ta ined  in a o. 5 °o ainido schwartz  solut ion 
in 4 ° % ethanol ,  15 °.o acetic acid. Gels were des ta ined  af ter  3o min in the  dye with 
io  % acetic acid to remove most  of the dye and then t ransfer red  to a solut ion of 
5o % ethanol ,  5 % acetic acid for color deve lopment  of the prote in  bands.  The s ta ined  
protein  bands  were cut  out  and  placed into scint i l la t ion count ing vials and hea ted  
at  8o IOO (' unt i l  t hey  were s l ight ly  opaque.  Then,  o.2 ml of 30 % He()2 was added  
to each vial conta in ing approx,  ten gel slices (of the 5-ram d iamete r  gel size), and 
the vials were sealed and placed into wate r  ba th  at  approx.  8o ° unt i l  the gels were 
comple te ly  solubilized. Af ter  cooling, I ml of NCS solubil izing fluid was added  to 
each vial and  then IO ml of toluene scint i l la t ion fluid. ~4(- and  aH levels were counted  
s imul taneous ly  in a Packa rd  Tr i - ( ' a rb  l iquid-scint i l la t ion counter.  

RESULTS AND DISCUSSION 

A pho tograph  of the  gel pa t t e rns  der ived from the deoxychola te  supe rna tan t  
and deoxyehola te  pellet  is presented  in Fig.  I. The bands  are des ignated  by nmnbers  
for subsequent  discussion. The respect ive  d is t r ibu t ions  of aH and 14C in the  solubilized 
gel bands  are presented  in Tables  I and  II  for the deoxvchola te  supe rna t an t  and  
deoxycho la te  pellet ,  respect ively.  

The to ta l  absence of any  component  in e i ther  the  repressed or derepressed s ta te  
would be ind ica ted  by  a ra t io  of aH/~4C of e i ther  inf in i ty  or zero for the respect ive  
s tates .  However ,  as is clearly demons t r a t ed  by  the da t a  in Tables  I and  II  a s ignif icaut  
amoun t  of each component  is found in bo th  s tates ,  indica t ing  tha t  there  is no such 
qua l i t a t ive  difference de tec tab le  between the prote ins  of the  two states.  Quan t i t a -  
t ively ,  however,  gel conlponent  4 shows a very high increase in i ts concent ra t ion  in 
the derepressed membrane  fraction re la t ive  to the  other  components .  This is best  

tZig. I. (;el-clcctrophoresis patterns of dcoxycholate-soluble (a) and deoxycholatc-insolublc (b) 
lnitochondrial membrane proteins. 
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illustrated in Fig. 2 by the abrupt increase in 3H/1~C ratio for this component. As a 
similar distribution of membrane proteins of the repressed and derepressed states 
should be reflected in a constant ratio of 3H/a4C throughout the component in the gel, 
it is apparent that  the distribution of proteins in the insoluble mitochondrial mem- 
brane fractions differs markedly for the repressed and derepressed states onh" in the 
concentration of this single conlponent. 

It may be noted that the ratio of 3H/HC is lower for the deoxycholate pellet 
than for the deoxvcholate supernatant. This is consistent with previous observations 
in this laboratory that repressed yeast yield higher proportions of deoxycholate- 
insoluble material (approx. 6o %) than derepressed cells (approx. Io %)v In lieu of 
other evidence it could be suggested that this is a reflection of gross differences in 
the protein composition of these membranes. However, the data show that there is 
a definite and constant relationship in the distributions of the proteins from these 
tw() fractions, i.e. the overall gel patterns of the two preparations are nearly identical. 
A d()ubling of the ratios observed for each component in the deoxycholate pellet 
presents strikingly similar ratios for the comparable components in the deoxycholate 
supernatant. While the particular factor of z may be fortuitous, the overall impli- 
cations of the constant doubling ratio should remain valid regardless of the particular 
factor used. In addition the similar distributions of proteins in the two fractions 
suggest that all the components from the repressed and the derepressed yeast are 
being acted upon by deoxycholate as a group of proteins rather than as separate 
components. It might therefore be concluded from this observation that the individual 
coinponents of each fraction are actualh' being isolated as "complexes" which are 
only resolved into separate components by the treatlnent after the deoxycholate step 
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3 1 4  Fig. 2. Distribution of H/ C ratios in membrane protein fractions. Upper curvc, data from deoxy- 
cholate-soluble protein (Table I) and lower curve, data from deoxycholate-insoluble protein 
(Table II). 
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of the isolation procedures. I t  appears therefore that  the characteristics peculiar to 
each of the complexes that  facilitate their differential solubilization and resolution 
from one another must  result from structural differences within the protein complexes 
or from constituents other than the proteins themselves. Such differences could result 
from association with lipid, carbohydrate,  etc. 

These studies have demonstrated that  there are quanti tat ive but no apparent 
qualitative differences between the insoluble mitochondrial membrane proteins from 
glucose repressed and derepressed yeast and that  there is a similar (if not identical) 
distribution of protein components in both the deoxycholate pellet and deoxycholate 
supernatant fractions. Therefore, there appear to be definite complexes or units of 
membrane with common protein components in the deoxycholate pellet and deoxy- 
cholate supernatant fractions with solubility determined by some other membrane 
constituent or state of membrane structure. I t  cannot be ruled out that  these may 
even represent separate classes of mitochondria. In addition this suggests that  these 
complexes may  be a reflection of a basic structural unit of the mitochondrial mem- 
brane. 
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