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SUMMARY 

\Vhen chloramphenicol (IOO #g/ml) was added to cultures of Micrococcus lyso- 
dciklicus for about half a mean generation time, total protein was 74--78 ° o of the 
control (no chloramphenicol) cultures and the levels of the cytoplasmic enzymes, 
polynucleotide phosphorylase (EC 2.7.7.8), adenosine deaminase (EC 3.5.4.4) and 
glucose-6-phosphate dehydrogenase (EC I.I. 1.49), were 74, 72-75 and 7 o 75 %, respec- 
tively, of the amounts found in the untreated cultures. The formation of membrane- 
bound, Ca2~-dependent ATPase (EC 3.6.1.3) of Mv~oz et al.'~, ~ under these conditions 
was unaffected by chloramphenicol. Longer periods of exposure to chloramphenicol 
eventually resulted in some inhibition of the formation of ATPase (85 9 ° °o of control 
levels) but a significant differential inhibitory effect on the synthesis of cytoplasmic 
enzymes persisted. The distribution of the ATPase activity between the membrane 
and cytoplasmic fractions was markedly affected by the protein concentration of the 
tysate, much of the enzyme being released into the cytoplasmic fraction at low levels 
()f protein (o. 4 2.6 mg/ml). Chloramphenieol and puromycin were without effect on 
the active enzyme under conditions of assay', in cultures of Micrococcus ly,sodeikticus 
exposed to puromycin (5/~g/ml) total protein and ATPase synthesis were affected to 
the same extent, being 84 and 85 %, respectively, of that found for the control (no 
puromycin) cultures at the end of the incubation period. 

INTRODUCTION 

In our preceding paper 1 we observed that in tile presence of chloramphenicol, 
growing cultures of Micrococcus lvsodeikticus incorporated '~4Ciglycine into a specific 
fraction of the membrane proteins. From these observations and those of other in- 
vestigators 2,a, indicating differential sensitivities to tile inhibitory effects of chlor- 
amphenicol on the synthesis of certain proteins, we thought it would be worthwhile 
determining tile influence of chloramphenicol on the formation of some of the known 
enzymes of M. @sodeikticus of both cytoplasmic and membrane origins. The enzymatic 
activities selected included adenosine deanfinase (EC 3.5.4.4) which had previously 
been shown to be a cytoplasmic enzyme in the closely related organism, Sarcina lutea 4, 
glucose-6-phosphate dehydrogenase (EC I.I. 1.49), polynucleotide phosphorylase (EC 
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2.7.7.8 ) and the membrane-bound, Ca2*-dependent ATPase (EC 3.6.1.3) of M .  h,so- 
deikt icus previously characterized in this laboratory by MuSoz et al.5, 6. The levels of 
the enzymes were determined after growing M. lysodeikt icus for about half a mean 
generation time (i. 5 h at 3 o°) in the presence and absence of chloramphenicol. The 
results presented in this paper show that tlle formation of the Ca2+-dependent ATPase 
was unaffected by chloramphenicol under conditions where the activities of all the 
other enzymes measured and cytoplasmic protein were significantly decreased. 

M A T E R I A L S  A N D  M E T H O D S  

31. lysodeikt icus (NCTC 2665) was grown essentially as described in tlle earlier 
paperh Two cultures having identical, initial AT00 m#, were grown until the AT00 m/~ 
had approximately doubled. Chloramphenicol was added to one, to give a final concen- 
tration of IOO/~g/ml, and both cultures were incubated on the New Brunswick shaker 
for a further 1.5 h at 3 o°. Experiments were terminated by rapidly chilling the cul- 
tures, harvesting the cells quantitatively by centrifugation at 5 ° and washing the 
cells with cold distilled water. The cell pellets were stored overnight at 2 ~ and the 
next day, cells were suspended in 25 mM Tris-HC1 buffer (pH 7.5) and incubated 
at 37 ° with 500/~g lysozyme in each 8-ml sample of cell suspension, for IO 20 rain 
or until the cells were completely lysed. Lysates were then held for an additional 
15 30 min or until the viscosity visibly decreased following the addition of 25o/,g 
deoxyribonuclease. The preparations were then centrifuged in a Model L2 Spinco 
centrifuge for 4 ° min at 67ooo x g. The supernatant fluids (cytoplasmic fractions) 
were carefully decanted and held for enzyme assays, and the pellets were washed in 
25 mM Tris-HC1 buffer (pH 7-5) and again centrifuged as before. The supernatant, 
membrane-wash fractions and the cytoplasmic fractions were immediately assayed 
for the various enzymes. Ttle membrane pellets were suspended in cold 5o mM Tris 
HC1 buffers (pH 7.5) and extracted for 2o min at o ° with o.5 vol. of cold n-butanol, 
the aqueous and solvent phases being maintained as an emulsion by mixing with 
a pasteur pipette. The aqueous and solvent phases were separated by centrifugation 
for 2o rain at 2o ooo × ~ and the yellow, ~z-butanol laver containing lipids and 
carotenoids was discarded. The clear aqueous phase (Membrane protein 1) was re- 
moved for dialysis. The yellow, interracial materials were suspended in buffer and 
subjected to a further extraction with n-butanol and the solvent phase discarded 
after centrifugation, as before. This second aqueous phase, together with the inter- 
facial protein constituted "Membrane protein I I " .  Both fractions (I and I I) were 
dialysed overnight against 5o mM Tris HC1 buffer (pH 7-5) and then assayed fl)r 
both ATPase and polynueleotide phosphorylase activities. 

~H~IHt~ aSSa~S 

ATPase and polynucleotide phosphorylase were assayed as described by ~Iv~-oz 
ct al.~, 6, except that the reactions were stopped by the addition of trichloroacetic acid, 
Io °o (w/v) final concentration, and that the precipitated protein was removed by 
centrifugation.  Pi was determined by the method of LOHMANN AND JENDRASSIK 7. 
Adenosine deaminase was assaved as described bv ROBRISH AND MARR s. Glucose- 
6-t)host)hate dehydrogenase was determined spectrophotometrically". 

Proteins were determined by the method of LOWRY t't a[. 1° using bovine serum 
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albumin as a s t andard .  Prote ins  in the  cy top lasmic  and membrane-wash  fract ions 
were usual ly  first p rec ip i t a ted  with Io  % tr ichloroacet ic  acid (final concentrat ion)  and  
dissolved in 0.25 M NaOH and o.2 % sodium dodecvlsul fa te  when needed. 

Chloramphenicol ,  Sigma Chenlical Co., St. l.~mis, Mo., was used th roughout  
these studies.  

P,I'2 S U I.TS 

In order  to de te rmine  the effect of chloramphenicol  on the  synthesis of 3I. lvso- 
dcikticus membrane  and cy toplasmic  enzymes,  two cul tures  were prepared  and grown 
under  condit ions which were, as far as possible, identical .  Chloramphenicol  was added  
to one of the  two as descr ibed in MATI~I~,IALS AND METHODS. Al though care was taken  
to keep the growth rate  of both cul tures  as similar  as possible, it  should be noted 
t ha t  upon add i t ion  of the  chloramphenicol ,  the  AT00mtt of the  cul ture  conta in ing the 
drug  inva r i ab ly  increased more rap id ly  than tha t  of the control  (no chloramphenicol)  
as shown in Fi x. I. The precise reasons for this  fa i r ly  r ap id  increase in -Iv.0 m/~ are 
unit.now1] but  may  conceivably  be re la ted  t()( 'ell swelling, increased wall thickness or 
even increased menabrane synthesis .  

After  the cells were harxes ted ,  lvsed and the lvsates  f rae t ionated ,  the fract ions 
were assayed for Ca '~ ' -dependent  ATPase,  polynucleot ide  t)host)horylase, adenosine 
dealuinase and glucose-0-phosphate  dehydrogenase  act ivi t ies  and  for thei r  protein  
contents .  Pre l iminary  exper iments  had  es tabl ished t ha t  v i r tua l ly  all of the adenosine 
deaminase  and glucose-0-phosphate  dehydrogenase  act ivi t ies  were in the  cy top lasmic  
fractions.  The results  presented  in Table i show tha t  chloramphenic()l  had no inhi- 
b i to ry  effect on the format ion of ATPase  as de te rmined  by  the to ta l  activit \" in all 
fractions,  whereas the  synthesis  of o ther  enzymes was inhib i ted  and the levels ()f the 
enzymes were 7 ° 74 % of those observed for control  (no chloramt)henicol ) cultures.  
As shown in Table  I to ta l  protein  under  these condit i(ms of growth for 1.5 h at  3 o° 
in ti le presence of ch loramphenicol  ( Ioo / ,g /ml )  was 78 °o (Expt .  I) and 74 °'o (Expt .  1I) 
of the control  levels. However ,  it should be noted  tha t  in earl ier  p re l iminary  experi-  
ments,  exposure  to chloramt)henicol  (Ioo #g/mI) for 3 h (about a mean genera t ion  
t ime based on Av00.~/t increase) resul ted in approx.  Io 15 % lmvering of the ATPase  
level (relat ive to control  e n z \ m e  assays) compared  to a 35 4 ° % decrease in tile 
amoun t s  of cy toplasmic  enzymes present  in the t r ea ted  cultures.  As the ATPase  assays 
in the pre l iminary  exper iments  were per formed before we had discovered the influence 
of lvsa te  protein concent ra t ion  on release of act ive enzyme,  it is l ikely tha t  the real 
inh ib i tory  eftcots of chloramt)henicol  would be less. 

Tha t  the differential  inh ib i to ry  effects of chloran~phenicol observed on the for- 
mat ion of ATPase  and cytot~lasmic enzx'mes were not due to the cessation of synthesis  
of certain enzvnles dur ing  this phase of growth of 31. Ivsodeikticus was confirmed by 
assaying  ATPase  and polynucleot ide  phosphory lase  act ivi t ies  over  the 1.5-11 growth 
period.  Uni ts  of ATPase  ac t iv i ty  rose from an init ial  value of 34.7 to a final level of 
52.8 units  in the control  cul tures  with a final level of 47.~) in the chloramphenicol-  
t r ea ted  culture.  On the other  hand polynucleot ide  t)hosphorylase had an init ial  ac- 
t i v i t y  of I I  5 units  and a final level of 15o units  and  the cul ture  conta in ing chlor- 
amt)henicol (Ioo/~g/ml)  showed c()mplete inhibi t ion of enzyme forination ( i i  5 units). 

Alth(mgh MuS,-oz c! al.a, ~ found tha t  the " l a t e n t "  ATPase  was bound  to the  
membrane  of 3I. lvso,tcikticlts grown and isolated under  " s t a n d a r d "  condit ions de- 
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veloped in this  l abo ra to ry  n,  ATPase  ac t i v i t y  could be released to a grea t  ex ten t  by  
reducing the ionic s t rength  of the  wash buffer ~. The influence of such factors as 
different media  and growth condi t ions on the d i s t r ibu t ion  and release of m e m b r a n e  
enzymes of M.  lysodc.iktictts has not  been inves t iga ted .  I t  is, however,  appa ren t  from 
a compar ison of ttle resul ts  ob ta ined  with cells grown under  " s t a n d a r d "  conditionsS, ~ 
with those from the d i lu ted  peptone  w a t e r - y e a s t  ex t rac t  medium, used in the  present  
s tudies  and the preceding paper  1, tha t  differences in the  pa t t e rn  of release of ATPas~ 
result.  This difference in growth condit ions,  toge ther  with the absence of Mg 2~ in the 
ini t ia l  lvsis medium,  p robab ly  affects the s t ab i l i ty  of the membranes  and accounts  for 
the appearance  of so much of the  ATPase  ac t i v i t y  in the  cy top lasmic  and meinbrane-  
wash fract ions as shown in Table  I. I t  has also been observed with the isolated 
]I .  lvso:t~iktic~ts ATPase  tha t  upon s torage or upon passage th rough  Sephadex  it in- 
creased in ac t iv i ty .  This behavior  was somewhat  s imilar  to the la ten t  prop: ' r t ies  ex- 
h ib i ted  by  spinach chloroplas t  ATPase  repor ted  by  Va~tBtTTAS AND RACKER r'. I t  was 
conceivable,  therefore,  t ha t  the appa ren t  lack of inhibi t ion of synthesis  by  ehlor- 
amphenicol  could be due to the  ch loran lphenico l - t rea ted  cul ture  of ~¢. lysodciktic~ts 
conta in ing  more of the ac t iva t ed  form of ATPase  and less l a t en t  enzyme than  the 
control  culture.  Fo r  this  reason the ATPase  in all f ract ions was assayed af ter  s torage 
at  - 2 o  '~ for 7 days  in Exp t .  I I  and  15 davs  in Exp t .  I. The results  given in Table  l 
(h) not  indicate  t ha t  there  is less to ta l  ATPase,  ei ther  l a ten t  or act ive form, in the  
fract ions from the cells grown in the  presence of ehloramphenicol .  However ,  the d a t a  
do suggest t ha t  on prolonged s torage (15 days) ATPase  act ivi t ies  of the fract ions 
from the ch loramphenico l - t rea ted  cells decreased more slowly than  those of the  un- 
t r ea ted  controls.  

A coinparison of Expts .  I and  II  in Table  I indicates  tha t  a l though the to ta l  
protein  was higher in the  l a t t e r  exper iment ,  the  to ta l  number  of ini t ial  units  of ATPase  
ac t i v i t y  was ra the r  less. This suggested the  poss ib i l i ty  t ha t  lvsate  prote in  concen- 
t r a t ion  m a y  influence the  release of ATPase  ac t iv i ty  and accordingly  M. lysodeiktic~s 
cells were lysed under  "d i lu t e "  and " c o n c e n t r a t e d "  condit ions.  The results  summa-  
rized in Table  I I  show tha t  more act ive ATPase,  wi th  a higher specific ac t iv i ty  was 
ob ta ined  when the same cells were lvsed under  di lute  condit ions.  In view of this  
m a r k e d  effect of lysa te  prote in  concentra t ion  upon the levels of ATPase  released from 
the membranes ,  the  effect of chloranlphenicol  t r e a t m e n t  was de te rmined  for cells lvsed 
under  d i lu te  condit ions.  The results  summar ized  in Table  I I I  show tha t  near ly  all of 
the ATPase  was released under  such condi t ions of lvsis and  t ha t  a subs tan t i a l ly  larger  
amoun t  was in the  act ive form al though some la ten t  enzyme was still  present .  After  
s torage for I day,  ATPase  ac t iv i ty  increased subs tan t i a l ly  (i.e. 2nd d a y  assay,  Table  
I l i )  bu t  upon fur ther  storage,  enzyme inac t iva t ion  occurred. 

Both on the I s t  and  2nd d a y  assays under  di lute  lysis condit ions,  the  fract ions 
from the ch loran lphenico l - t rea ted  cells showed ATPase  act ivi t ies  I I  15 0 o higher than  
those of the  cells grown in the absence of the  ant ibiot ic .  Tha t  this  s t imula t ion  of 
ac t i v i t y  was not  due to a direct  effect on the  enzyme was shown by  assaying the 
fract ions in the  presence of chloramphenicol  as presented  in Table  IX.'. Chloramphenicol  
ne i ther  s t imula ted  nor  inhib i ted  the  ac t iv i ty  under  condi t ions  of the  assay.  As the  
level of a c t i v i t y  in the  absence of added  (;a 2+ was abou t  the  same for l)oth control  
and  ch lo ramphenico l - t rea ted  fractions,  it  appea red  unl ike ly  t ha t  the  higher ac t i v i t y  
r epor t ed  in Table  I l I  could be due to format ion  of a nonspecific phosphatase .  
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P u r o m y c i n  h a d  b e e n  f o u n d  to  be  a n  i n h i b i t o r  of  !14Clglycine i n c o r p o r a t i o n  i n t o  

b o t h  c y t o p l a s m i c  a n d  m e m b r a n e  p r o t e i n  f r a c t i o n s  in o u r  ea r l i e r  s t u d y  1. I t  w a s ,  

t h e r e f o r e ,  of  i n t e r e s t  t o  d e t e r m i n e  i t s  e f fec t  o n  t h e  s y n t h e s i s  of  A T P a s e  b y  M .  lvso-  

de ik l i cus .  T h e  d a t a  s u m m a r i z e d  in T a b l e  V s h o w  t h a t  p u r o m y c i n  i n h i b i t e d  t o t a l  

p r o t e i n  s y n t h e s i s ,  m e m b r a n e  p r o t e i n  s y n t h e s i s  a n d  A T P a s e  a c t i v i t y  to  a b o u t  t h e  

s a m e  e x t e n t .  U p o n  s t o r a g e  of  t h e  f r a c t i o n s  f r o m  t h e  p u r o m y c i n - i n h i b i t e d  cel ls ,  t h e  

TABLE [1 

ATPase A C T I V I T Y  O F  D I L U T E  A N D  C O N C E N T R A T E D  ~]/r. [l:$t:dt:~]t[/ctts L Y S A T E S  

An exponentially growing culture was divided into two equal portions. One-half of washed bacteria 
w a s  s u s p e n d e d  in 2,5 m M  Tris  buffer (pH 7.5) to  g ive  a f inal AV00m/~ of a p p r o x .  ~o .o .  T h e  o t h e r  
half  of the  cu l ture  was  s u s p e u d e d  in 4 t i m e s  as m u c h  buffer, to  g ive  an a p p r o x i m a t e  final A 7oo ill// 
of  2.5 o. B o t h  were  l y sed ,  centr i fuged  and  a s s a y e d  for A T P a s e  a c t i v i t y  as descr ibed  in MATERIAL,q 
A N D  M E T H O D S .  

(':ll fracli(m Proh zn A TPasc 

(mg/ml) I "nils/m/ ('mls/j)'aclion ,Specific aclei,itv 

Cytoplasmic (5.41 (5.95 ,3 o. 4 2.3 
Cytoplasmic ~. 7" -. 13 r 7.° i. 2 

TAI3LI: 111 

ATPasc A C F I \ I T Y  O F  C O N T R O L  A N D  C H L O R A M P H E N 1 C O L - T I { E A T E D  C U L T U R E S  OF 3I. @sodeiklicu,s 
L Y S E D  U N D E R  D I L U T E  C O N D I T I O N S  

Initial A v00 ~ ~ of each z4o-ml culture was o.I8O. ChloramphenicoI was added to one when both 
had reached -~/700m,n = 0.400; both wet:  grown for I. 5 h longer (fired AToom/,: control, o .5io ; 
!. chloramphenicol,  o.592 ). Cells harvested from each culture were suspended in 4 ° m l  of z 5 in M 

Tris buffer (pH 7.5) lysed and fractionated as described in 5*ATERIALS AND METHODS. 

C('ll j)'acliolz lb'oh'in _4 TPas¢ activity 
(m<*/fraclio ) 

] :! day 2~d day ,gpcc~fic 
(unils/j>acleon) (l~ z:ls/fraclion) aclivi O, 

Control 
(? ytopl asm i c * ~ 9-94 29.7 4 o . 6 2. o 
Melnl.)rane wash o.34 l.a 1.8 
~ Butanol extracted 

l l l e n l b r a l l e  protein o.8i 0.8 o.8 2.o 
Tota Is -' 1 .o9 3 -'.3 43. ' 

Chloi-an:phenicol 
Cytoplasmic* * :3"78 33.4 4 &6 
M embraue wash o.39 1.9 [.0 
• / |3utunol extracted 

meinlwanc protein I. 33 o. 7 o. 7 
Totals 15.5 (5 ,30.o 5 I. 2 

o' of control , .  74 i i i * * *  115"** 

• Fract ion contained o.5o mg/ml. 
• * Fraction contained o.35 mg/ml. 

• * * i . .  " s t imu la t i on"  of activity.  

3.5 

O. 5 

l~iockim. Biophys. Acta, eo 3 (197 o) 94 Io3 
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T A B L E  IV 

C H L O R A M P H E N I C O L  E F F E C T  ON T H E  ATPase  ASSAY S Y S T E M  

IOI 

Cell fraction A TPase 

Control ,  cy toplasnl ic  

A ssay systetlq Units~fraction 

Comple te  3 I. o 
: 7o t~g ch lo ramphen ico l  3: .0  

Ca 2 8.2 

Chloraniphenicol ,  cy top lasmic  Comple te  31.4 
+ 7 ° / t g  ch lo ramphen ico l  31.o 

Ca ~ ~ 7.3 

T A B L E  V 

ATPase  A C T I V I T Y  OF C O N T R O L  A N D  P U R O M Y C I N - T R E A T E D  C U L T U R E S  OF .~[. lyxodeikticus L Y S E D  

U N D E R  D I L U T E  C O N D I T I O N S  

Two cul tures ,  15o ml  each,  wi th  initialAv00mt, = o. I6I  were grown to Av00m/~ = o.352. P u r o m y c i n  
(5 I~g/ml, final concent ra t ion)  was added  to one and  bo t h  cul tures  i ncuba t ed  for an  add i t iona l  2 h. 
F ina l  A 700m/ , 'S  w e r e  o.58o for control  and  o.512 for p u r o m y c i n - t r e a t e d  cul tures .  Ceils were har-  
ves ted ,  lysed and  f rac t iona ted  as descr ibed for e x p e r i m e n t  in Table  I I I .  

Cell fraction Protein A TPase activity 
(rag/fraction) 

zst day Specific 4tk day 
(units/fraction) activity (u~dts/fraction) 

Control  
cy top lasmic*  15.15 2S.S 1. 9 i5. 5 
m e m b r a n e  wash  2.57 1.3 0.52 i.[) 
inenlbrane  2.9 8 - -  o. 2.3 o. 7 

Tota l s  20.7 ° 3 o. t 17-8 

Puron lyc in*  * 
cy top la smic  12.4 ° z 3. S i.  9 i o. i 
i n e m b r a n e  wash  2.36 I. 1 0.47 i. i 
n len lbrane  2.74 - -  o. 20 o. 56 

Tota ls  17.5 ° 25.5 i i. 76 

~'o of control  8 4 8 5 7 6 

* F rac t ion  con ta ined  o.51 m g  pro te in  per 1111. 
* *  Frac t ion  con ta ined  0.42 m g  pro te in  per  ml. 

A T P a s e  a c t i v i t y  d e c r e a s e d  e v e n  m o r e  r a p i d l y ,  b u t  t h e  s p e c i f i c  a c t i v i t i e s  o f  f r a c t i o n s  

d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  t h o s e  of  t h e  c u l t u r e s  g r o w n  in  t h e  a b s e n c e  of  p u r o -  

m v c i n .  A s  in  t h e  c a s e  o f  c h l o r a m p h e n i c o l  ( T a b l e  I V ) ,  p u r o m y c i n  a t  a l e v e l  of  6 / ~ g / o . 5  

1111 h a d  n o  e f f e c t  o n  t h e  a c t i v i t y  o f  t h e  A T P a s e  ( # m o l e s  P i  r e l e a s e d / I o  r a i n  w e r e  o .35  

fo r  c o n t r o l  a n d  o . 3 4  f o r  p u r o m y c i n - t r e a t e d  f r a c t i o n s ) ,  t h u s  s u g g e s t i n g  a n  i n h i b i t o r y  

a c t i o n  o n  s y n t h e s i s  r a t h e r  t h a n  a n  e f f e c t  o n  a s s e m b l y  of  p r e e x i s t i n g  e n z v n i e  s u b u n i t s .  

DISCUSSION 

D i f f e r e n c e s  i n  t h e  s e n s i t i v i t y  of  t h e  s y n t h e s i s  o f  c e r t a i n  p r o t e i n s  t o  t h e  i n h i b i t o r y  

e f f e c t s  o f  c h l o r a m p h e n i c o l  h a s  b e e n  r e p o r t e d  fo r  t h e  r e p l i c a t o r  p r o t e i n  b y  LARK AND 

Biochim. Biophys. Acta, 203 (:97 o) 94 lO3 
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LARK 2 and the synthesis of a viral-directed protein by LEVINE AND SINSHEIMER 3, 

both in Esckerichia coll. The investigations presented in this paper extend this chlor- 
ainphenicol-resistant synthesis of protein to the Ca2~-dependent adenosine triphos- 
phatase of i~i. lysodeikticus. I t  is perhaps significant tha t  in all three instances ex- 
hibiting this phenomenon,  proteins having some degree of association with tile mem- 
branes have been involved. The mechanism of this resistance to chloramphenicol is 
obscure but  it is of interest to note tha t  Kt'CAN AND LIPMANN Ia found that  amino 
acid polymerization involving endogenous messenger RNA in E. coil was more resis- 
tant  than that  occurring on a template added in vitro. Whether  these observations 
can be explained by  qualitative or quant i ta t ive  differences in the chloramphenic()l- 
binding site on ribosomes or accessibility of different classes of ribosomes to the 
antibiotic can only be answered by further investigations. 

As the M. h, sodcikticus ATPase is composed elf six peripheral subunits sur- 
rounding a central unit  H, it seemed conceivable tha t  the lack of inhibitory effect of 
chloramphenicol on total act ivi ty in the various fractions could have been due to 
the continued assembly of the enzyme from a hypothet ical  pool of inactive sut)units 
to yield active enzyme molecules. Thus, the assembly of the enzymatical ly active 
ATPase particle 14 could be insensitive to chloramphenicol, but  the synthesis of new 
subunits would be sensitive to the drug. However, the fact that  pur/)mycin inhibits 
the formation of ATPase to the same extent  as total  protein synthesis, argues strongly 
against the above suggestion of the existence of a pool of inactive subunits and con- 
tinued assembly in the presence of chloramphenicol. 

] 'he  evidence thus far available suggests ribosomal involvement in this phe- 
nomenon and the elucidation of the resistance to chloramphenicol may  yield further 
information about  the control and mechanism of synthesis of certain membrane 
proteins. It is likely from our previous s tudy on the incorporation of : ~4CJglycine into 
the membrane  t)roteins l, tha t  proteins other than the ATPase also exhibit this phe- 
nomenon. In their recent studies of .ltvcolSlasma laidlawii membranes KAHANE AND 
RAZlN 15 did not observe any chloramphenicol-resistant incorporation of i laC 'phenyl- 
alanine into membrane  protein but they did note, without  further  comment  or evi- 
dence, tha t  ATPase act ivi ty  was unaffected. There seems little doubt  tha t  there will 
be marked differences between bacterial species in their response to the inhibitory 
effects of chloramphenicol on the synthesis of specific membrane proteins. 

In view of our previous discovery that  the ATPase was largely localized on 
tim membrane  prepared under our s tandard conditionsS, ';,n, we were surprised to 
find that  nmch of the act ivi ty was released into the cytoplasmic fraction from the 
cells grown on the diluted pep tone -wa te r  yeast extract  medium used in the present 
studies. I t  is quite possible tha t  the stability of the membranes  is involved, a suspicion 
that  is reinforced by carrying out the lysis under more dilute conditions as shown in 
Tables II and I I I .  Upon lvsis of dilute suspensions very little ATPase and very little 
proteins is left in the membrane fraction after u-butanol  extraction (Tables I I I  and 
1V). It  therefore appears likely that  the stabili ty of the membrane is increased with 
increasing total protein concentrat ion of the lvsate. Under our s tandard conditions 
of isolating tile membranes  in quantitys,6, n, the protein levels of the lysates were 
about  5 io  times those of the present work (i.e. approx. Io  mg/ml). Tile influence of 
the divalent cation status of the diluted peptone water yeast  extract  medium and 
the effects of cell suspension density and protein concentrat ion during lysis upon the 

]3iockin,t. t3iopkys. Acta, 203 (197 o) 94-1o3 
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stability of the membranes obviously require further investigation. The effects of 
such factors on the stability of the membrane will have to be controlled before we 
can determine what fraction of the chloramphenicol-resistant [HClglycine incorpo- 
ration is due to the continued synthesis of the ATPase. The inhibition of cytoplasmic 
protein synthesis by chloramphenicol, based upon [laC]glycine incorporation was 
9o-97 % (ref. I) and some of this 3-1o % residual synthesis could be due to released 
ATPase. It is worth noting that even if all the membrane ATPase had been released 
into the cytoplasmic fraction it would only account for about 2 °o of the total protein, 
based on our previous calculations that it accounts for approx, io  % of the total 
membrane protein 6. 
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