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D i s c - e l e c t r o p h o r e s i s  o f  E .  coZi envelope p r o t e i n s  on S D S  ac ry lam ide  
g e l s  r e p r o d u c i b l y  revealed up t o  50 d i s t i n c t  p o l y p e p t i d e  bands. Cor- 
responding mo lecu la r  weights  ranged f rom 105,000 t o  20,000 da l tons  
o r  l e s s .  Major  bands corresponded t o  mo lecu la r  weights  o f  73,000, 
4 8 , 0 0 0 ,  36,000 and 30,000 w i t h  t h e  l a t t e r  c o n s t i t u t i n g  up t o  20% o f  
t h e  t o t a l  envelope p r o t e i n  depending upon t h e  method o f  i s o l a t i o n .  
Minimum l e v e l s  o f  d e t e c t i o n  u s i n g  s t a i n e d  g e l s  equaled 0.25 pg p ro -  
t e i n  o r  1 %  o f  t o t a l  sample analyzed; f o r  a p o l y p e p t i d e  o f  mo lecu la r  
we igh t  40,000 d a l t o n s  t h i s  was c a l c u l a t e d  t o  be e q u i v a l e n t  t o  1,200 
molecules pe r  c e l l  envelope. I n  envelopes f rom a cetB- mutant s t r a i n  
( r e f r a c t o r y  t o  c o l i c i n  E2), an a d d i t i o n a l  band, c o n s t i t u t i n g  up t o  
5% o f  t h e  t o t a l  envelope p r o t e i n  was p resen t .  The mo lecu la r  we igh t  
o f  t h i s  p r o t e i n ,  which was maximal ly  p resen t  i n  w i l d  t ype  envelopes 
i n  o n l y  t r a c e  amounts, i s  44,000 d a l t o n s ,  i n d i c a t i n g  a c e l l u l a r  con- 
c e n t r a t i o n  o f  approx imate ly  6 x l o 3  molecules per  envelope.  
new band was n o t  a f f e c t e d  by h e a t i n g  envelope p r e p a r a t i o n s  t o  100" 
p r i o r  t o  e l e c t r o p h o r e s i s ,  b u t  was l a r g e l y  e l i m i n a t e d  by washing 
i s o l a t e d  envelopes i n  low i o n i c  s t r e n g t h  b u f f e r ,  o r  by p re - incu -  
b a t i n g  c e l l s  w i t h  t r y p s i n  p r i o r  t o  p r e p a r a t i o n  o f  envelopes. T r e a t -  
ment o f  i s o l a t e d  envelopes w i t h  T r i t o n  X-100, which p r e f e r e n t i a l l y  
re leases  i n n e r  membrane p r o t e i n s  f rom t h e  envelope ( 1 8 ) ,  r e s u l t e d  
i n  the  e x t r a c t i o n  o f  a preponderance o f  t h e  h i g h  mo lecu la r  we igh t  
p o l y p e p t i d e s ,  i n c l u d i n g  the  44,000 d a l t o n  p r o t e i n  f rom envelopes o f  
t h e  mutant. The major  po l ypep t ides  o f  the envelope and the low 
mo lecu la r  we igh t  components were n o t  e x t r a c t e d  by T r i t o n  X-100. 
p r o p e r t i e s  o f  t h e  44,000 d a l t o n  p r o t e i n  i n d i c a t e d  t h a t  i t  i s  r e l a -  
t i v e l y  l o o s e l y  assoc ia ted  w i t h  t h e  s u r f a c e  envelope and may be ex- 
posed on t h e  e x t e r n a l  su r face  o f  t h e  cy top lasmic  membrane. P o s s i b l e  
e x p l a n a t i o n s  f o r  t h e  appearance o f  t h i s  p r o t e i n  i n  mutant s t r a i n s  
and i t s  r e l a t i o n s h i p  t o  t h e  i n a b i l i t y  o f  these t o  respond, s p e c i -  
f i c a l l y  t o  s u r f a c e  bound c o l i c i n  E2, w i l l  be d iscussed.  Ex tens i ve  
a n a l y s i s  o f  envelopes f rom r e d -  mutants was a l s o  c a r r i e d  o u t  and 
revealed an unusual amount o f  v a r i a t i o n  i n  p o l y p e p t i d e  p r o f i l e s  ob- 
t a i n e d  f rom d i f f e r e n t  p r e p a r a t i o n s .  However, no c o n s i s t e n t  q u a n t i -  
t a t i v e  o r  q u a l i t a t i v e  d i f f e r e n c e  between recA and rec+ s t r a i n s  was 
ob ta ined .  I n  recA,cetB double mutants ,  t he  increased l e v e l  o f  
t h e  44,000 d a l t o n  p o l y p e p t i d e  was i d e n t i c a l  t o  t h a t  found i n  t h e  
rec+,cetB mutant .  
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1, I NTRODKT ION 

Prev ious s t u d i e s  o f  t h e  p o l y p e p t i d e  con ten t  o f  Escherichia coZi envelopes and 
membrane f r a c t i o n s  (1-5) have been based upon t h e  sodium dodecyl s u l p h a t e  (SDS) 
po lyac ry lam ide  g e l  systems f i r s t  desc r ibed  by Shapr io ,  VinOela and Maize1 (6) 
and Webber and Osborn ( 7 ) .  Recent ly  Laemmli (8) has desc r ibed  a method o f  d i s c -  
e l e c t r o p h o r e s i s  w i t h  SDS-acrylamide g e l s  i n  which g r e a t l y  improved r e s o l u t i o n  
o f  bac te r iophage  T4 p r o t e i n s  was observed. 
t h a t  g r e a t l y  increased r e s o l u t i o n  o f  E.  coZi envelope p r o t e i n s  can a l s o  be ob- 
t a i n e d .  I n  a d d i t i o n ,  i n  an a t tempt  t o  maximize r e p r o d u c i b i l i t y  o f  p r o f i l e s  and 
t o  e s t a b l i s h  some phys ico-chemical  c h a r a c t e r s  o f  t h e  major  p o l y p e p t i d e s  p resen t ,  
seve ra l  f a c t o r s  i n v o l v e d  i n  p r e p a r a t i o n s  o r  d i s a g g r e g a t i o n  o f  t he  envelope were 
examined. W i th  these techniques we have i n i t i a t e d  a s tudy  o f  t h e  f u n c t i o n a l  
o r g a n i z a t i o n  o f  the p r o t e i n s  of t h e  E .  coZi envelope by examin ing mutant s t r a i n s  
thought  t o  have a l t e r e d  membranes. We have p r e v i o u s l y  i s o l a t e d  a s e r i e s  o f  
p l e i o t r o p i c  mutants o f  t h i s  t y p e  (9) which adsorb c o l i c i n  E2, b u t  f a i l  t o  show 
t h e  r a p i d  deg rada t ion  o f  DNA found i n  w i l d  t ype  s t r a i n s ,  and t h e  c e l l s  s u r v i v e .  
I n  a p r e l i m i n a r y  s tudy  we have shown t h a t  envelopes i s o l a t e d  f rom these ce t -  
mutants have increased l e v e l s  o f  a s p e c i f i c  p o l y p e p t i d e  compared t o  t h e  w i l d  
t ype .  We have now conf i rmed t h e  presence o f  t h i s  p o l y p e p t i d e  i n  t h e  c e l l  su r -  
face o f  one such mutant in v i v o  and i n  i s o l a t e d  envelopes prepared under a 
v a r i e t y  o f  c o n d i t i o n s .  T h i s  p r o t e i n ,  mo lecu la r  we igh t  44,000, appears t o  be 
r e l a t i v e l y  l o o s e l y  assoc ia ted  w i t h  the c e l l  envelope and i s  p robab ly  l oca ted  
c l o s e  t o  t h e  e x t e r n a l  s u r f a c e  o f  t h e  cy top lasmic  membrane. A p rev ious  r e p o r t  
by lnouye (10) has i n d i c a t e d  t h a t  recA mutants may a l s o  have a l t e r e d  c e l l  mem- 
branes. 'Extens ive a n a l y s i s  o f  a r e d  mutant was t h e r e f o r e  c a r r i e d  o u t  and r e -  
vealed c o n s i d e r a b l e  v a r i a t i o n  i n  envelope p r o t e i n s  ob ta ined  f rom d i f f e r e n t  
p r e p a r a t i o n s  b u t  no c o n s i s t e n t  d i f f e r e n c e  between envelopes f rom rec' and r e d  
s t r a i n s  was observed. 

Using t h i s  technique we now show 

2 ,  METHODS 

(a ) Organisms 

ASH102 (cetB3) i s  a c o l i c i n  E2 r e f r a c t o r y  mutant d e r i v e d  f rom t h e  E2-sen- 
s i t i v e  s t r a i n  A S H l O  (cet' t h i  met thyA Zeu Zac strrX', F- )  and has been de- 
s c r i b e d  p r e v i o u s l y  ( 9 ) .  
as recombinants a f t e r  c r o s s i n g  w i t h  t h e  reeAZ s t r a i n  H f r  KL16 and were k i n d l y  
p r o v i d e d  by R.S.  Buxton. Organisms were grown i n  N u t r i e n t  b r o t h  (Oxoid No. 2 )  
o r  min imal  g lucose  medium (M9) supplemented w i t h  thymine (80 pg p e r  m l )  and 
amino a c i d s  as desc r ibed  p r e v i o u s l y  (11) .  

(b) Preparation o f  enveZopes 

A S H l O  (thy' r e d )  and ASH102 (thy' r e d )  were i s o l a t e d  

S t r a i n s  grown i n  n u t r i e n t  b r o t h  t o  s t a t i o n a r y  phase, o r  i n  M9-glucose me- 
dium, t o  l a t e  e x p o n e n t i a l  phase (3 x l o 8  c e l l s  p e r  m l ) ,  were washed t w i c e  i n  
40 m l  M potass ium phosphate b u f f e r ,  pH 7 .1  (K -bu f fe r )  and resuspended i n  
K -bu f fe r  t o  app rox ima te l y  l O l o  c e l l s  p e r  m l .  Samples, 5 t o  10 r n l ,  were s o n i -  
ca ted  a t  4" w i t h  a Branson S o n i f i e r  a t  f u l l  d e f l e c t i o n  f o r  f o u r  30 sec p e r i o d s ,  
w i t h  60 sec r e s t  i n t e r v a l s .  Sonicated samples were then  c e n t r i f u g e d  a t  40,000 
rpm (110,OO x g) i n  a Model L Spinco f o r  30 min a t  4" .  The p e l l e t  was resus- 
pended i n  K - b u f f e r  and again c e n t r i f u g e d  a t  110,000 x g. Th is  washing proce-  
dure was repeated t w i c e  more and the  f i n a l  p e l l e t  (envelope) suspended i n  a 
smal l  volume o f  sodium phosphate b u f f e r ,  pH 7 .1  (Na-bu f fe r )  t o  a f i n a l  concen- 
t r a t i o n  o f  2 t o  7 mg p r o t e i n  pe r  m l .  I t  i s  e s s e n t i a l  t o  use a sodium based 
b u f f e r  i n  o r d e r  t o  a v o i d  subsequent p r e c i p i t a t i o n  o f  sodium dodecyl s u l p h a t e  
(SDS) and f o r  t h e  same reason SDS must be used a f t e r  r e c r y s t a l l i z a t i o n  f rom 
a b s o l u t e  e t h a n o l .  Envelope m a t e r i a l  was then d i s s o l v e d  by t h e  a d d i t i o n  o f  
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SDS and 2-mercaptoethanol, each t o  a f i n a l  c o n c e n t r a t i o n  o f  1 % .  
lo1' c e l l s  t h i s  procedure u s u a l l y  y i e l d e d  2 mg p r o t e i n  i n  t h e  f i n a l  envelope 
p e l l e t .  Th i s  represents  8% of t h e  t o t a l  p r o t e i n  o f  t he  c l a r i f i e d  s o n i c a t e  as 
determined by t h e  Lowry method, o r  5% as determined by r a d i o a c t i v e  con ten t  when 
envelopes were i s o l a t e d  f rom c e l l s  p r e v i o u s l y  l abe led  w i t h  [14C]amino ac ids .  
Envelope f r a c t i o n s  con ta ined  less  than 0.03% s o n i c a t e  RNA and less  than  0.5% 
s o n i c a t e  6 -ga lac tos idase .  
a t  -20" and were q u i t e  s t a b l e .  For T r i t o n  X-100 t rea tmen t  o f  envelopes, samples 
suspended i n  Na-bu f fe r  were a d j u s t e d  t o  2% (w/v) w i t h  respect  t o  the  d e t e r g e n t ,  
incubated 30 min a t  20" and c e n t r i f u g e d  30 min a t  160,000 x g. 
supernatants  a f t e r  a d d i t i o n  o f  SDS and mercaptoethanol were then s t o r e d  a t  -20" 
as above. I n  c o n t r o l  experiments comparable analyses o f  envelope and c y t o p l a s -  
mic p r o t e i n s  f rom a c e l l  s o n i c a t e  showed no major  con tamina t ion  o f  t h e  envelope 
w i t h  cy top lasmic  p r o t e i n s .  

S t a r t i n g  f rom 

D isso lved  envelopes were s t o r e d ,  p r i o r  t o  a n a l y s i s ,  

P e l l e t s  and 

(c )  Gel eZectrophoresis 

The b a s i c  e l e c t r o p h o r e t i c  procedure and g e l  c o n s t i t u e n t s  f o l l o w e d  t h a t  o f  
Laemmli ( 8 ) .  To g lass  tubes ( 1 4  cm x 0.6 cm), p r e v i o u s l y  r i n s e d  w i t h  0.5% 
Pho to f l ow  (Kodak), was added 9 cm (2.6 m l )  o f  t h e  s e p a r a t i n g  ge l  c o n t a i n i n g  10 
o r  8.0% ac ry lam ide ,  0.1% SDS and 0.3 M T r i s - H C I ,  pH 8.8. 
l a y e r  o f  s t a c k i n g  g e l ,  c o n t a i n i n g  3% ac ry lam ide ,  0.1% SDS and 0.125 M Tris.HC1, 
pH 6.8,  was then  added. 
0.192 M g l y c i n e  and 0.1% SDS.  E l e c t r o p h o r e s i s  was c a r r i e d  o u t  w i t h  a Canalco 
e l e c t r o p h o r e s i s  apparatus a t  room temperature a t  4 mA per ge l  f o r  app rox ima te l y  
6 h r .  
app rox ima te l y  5 mm f rom t h e  end o f  t h e  tube.  Gels were removed f rom tubes,  
r i n s e d  i n  d i s t i l l e d  w a t e r  and f i x e d  and s t a i n e d  w i t h  Coomassie b l u e  as desc r ibed  
p r e v i o u s l y  (2) .  
a c e t i c  a c i d  i n  a Canalco Des ta ine r .  The r e l a t i v e  p r o t e i n  con ten t  o f  d i f f e r e n t  
bands was es t ima ted  f rom t h e  areas under t h e  peaks. 

A 2 . 3  cm (0.7 m l )  

The e l e c t r o d e  b u f f e r ,  pH 8 .3 ,  con ta ined  0.025 M T r i s ,  

E l e c t r o p h o r e s i s  was te rm ina ted  when t h e  bromophenol b l u e  marker reached 

F i n a l l y  g e l s  were des ta ined  by cont inuous washing w i t h  7 .5% 

(d)  Sample application 

The envelope samples d i s s o c i a t e d  i n  1% SDS and c o n t a i n i n g  50 t o  400 pg 
o f  p r o t e i n  (1.3 x l o 9  t o  1 x IO'O c e l l  e q u i v a l e n t s )  were u s u a l l y  d i l u t e d  w i t h  
an approx ima te l y  equal  volume o f  b u f f e r - [ ) ,  c o n t a i n i n g  0.025 M T r i s - H C I ,  pH 6.8;  
4% S D S ;  20% g l y c e r o l ;  10% 2-mercaptoethanol and 0.001% bromophenol b l u e .  Samples 
were then  heated t o  70" f o r  2 min o r  as i n d i c a t e d  i n  t h e  t e x t ,  cooled and 0.2 
t o  0.4 m l  (25 t o  200 pg p r o t e i n )  c a r e f u l l y  l aye red  o n t o  t h e  g e l s .  W i th  l abe led  
p r e p a r a t i o n s  samples c o n t a i n i n g  20 t o  40,000 cpm were a p p l i e d  t o  g e l s .  
d i l u t e  samples p r o t e i n  was f i r s t  concen t ra ted  by p l a c i n g  i n  d i a l y s i s  t u b i n g  
and immersing i n  p o l y e t h y l e n e  g l y c o l  f o r  about 30 min a t  room temperature.  

W i th  

(e) Autoradiography and geZ scanning 

For a u t o r a d i o g r a p h i c  s t u d i e s ,  c u l t u r e s  (50 t o  100 m l )  growing e x p o n e n t i a l l y  
(3 x l o 7  c e l l s )  i n  M9-glucose medium were l a b e l e d  f o r  3 t o  4 genera t i ons  w i t h  
[14C]amino a c i d  m i x t u r e s  (Amersham, C F B l O 4  S.A. 50 m C i  pe r  mmole). F i n a l  con- 
c e n t r a t i o n  o f  i s o t o p e  was 0.05 pCi pe r  m l .  I n c o r p o r a t i o n  o f  r a d i o a c t i v e  l a b e l  
i n t o  h o t  TCA i n s o l u b l e  m a t e r i a l  was determined as desc r ibed  p r e v i o u s l y  ( 1 1 ) .  
S ta ined g e l s  were scanned d i r e c t l y  u s i n g  a Canalco microdensi tometer .  W i th  
l a b e l e d  p r e p a r a t i o n s  g e l s  were f i r s t  f i x e d  and s t a i n e d  i n  the  usual way and 
then s l i c e d  l o n g i t u d i n a l l y  i n t o  4 s l i c e s  f o r  autoradiography as desc r ibed  by 
McCorquodale and Buchanan (12 ) .  These s l i c e s  were mounted on Whatman # I  f i l t e r  
paper and then d r i e d  down t o  i n f i n i t e  th inness  under vacuum w i t h  an i n f r a r e d  
lamp. D r i e d  s l i c e s  were p laced  ove r  x - ray  f i l m  (B lue s e n s i t i v e  SB54) t i g h t l y  
clamped and exposed f o r  2 t o  4 weeks b e f o r e  develop ing.  
f i l m s  were scanned w i t h  a Joyce-Loebel m ic rodens i tomete r .  

F i n a l l y  t h e  developed 
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( f ) Materials 

Components f o r  p r e p a r a t i o n  o f  ac ry lam ide  g e l s  were ob ta ined  f rom Canalco 
(Rockvi 1 l e ,  Md.); SDS (Eastman) was r e - c r y s t a l  1 i zed  f rom e t h a n o l ,  SDS (Schwarz/ 
Mann) was used w i t h o u t  r e - c r y s t a l l i z a t i o n .  C r y s t a l l i n e  Coomassie b l u e  was ob- 
t a i n e d  f rom Colab L a b o r a t o r i e s ,  I nc . ,  1 1 1 .  Bovine pancreas t r y p s i n  ( t y p e  I l l )  
and soybean t r y p s i n  i n h i b i t o r  ( t y p e  1-5) were ob ta ined  f rom Sigma; lysozyme 
( s a l t  f r e e )  f rom Worth ington Biochemical  Corp.; BSA (bov ine  serum albumin, f r a c -  
t i o n  V )  f rom Armour; egg a lbumin (ovalbumin, 1 x c r y s t a l l i z e d ,  s a l t  f r e e ,  grade 
V )  f r om Sigma; 6 - l a c t o g l o b u l i n  (3 x c r y s t a l l i z e d )  and f i b r i n o g e n  (bov ine ,  f r a c -  
t i o n  I )  f rom Pentex Inc . ,  1 1 1 .  

3, RESULTS 

(a) Separation of envelope proteins by disc-electrophoresis 

I n  our  e a r l i e r  s t u d i e s  u s i n g  t h e  procedure o f  Webber and Osborn f o r  t he  
f r a c t i o n a t i o n  o f  envelope p r o t e i n s ,  we u s u a l l y  ob ta ined  13 t o  15 d i s t i n c t  bands 
on 10% SDS-acrylamide g e l s  ( 2 ) .  When s i m i l a r  p r e p a r a t i o n s  were analyzed on 10% 
g e l s  w i t h  a 3% s t a c k i n g  g e l  u s i n g  t h e  Laemmli procedure,  up t o  50 d i s t i n c t  
bands can be r e g u l a r l y  ob ta ined  ( F i g .  I ) .  F i g .  2 shows a d i s t r i b u t i o n  o f  some 
standard p r o t e i n s  on 10% g e l s  and w i t h  t h i s  data and on the  b a s i s  o f  15 t o  20 
repeated analyses o f  d i f f e r e n t  envelope p r e p a r a t i o n s ,  mo lecu la r  weights  (? 5%) 
have been ass igned t o  v a r i o u s  i n d i v i d u a l  o r  groups o f  bands which r o u t i n e l y  
appear. Group A ,  c o n s t i t u t e s  4 t o  5 u s u a l l y  minor  bands co r respond ing  t o  p o l y -  
p e p t i d e  mo lecu la r  we igh ts  o f  90,000 t o  105,000 d a l t o n s .  Groups B and D a r e  
q u i t e  major  bands, each c o n t a i n i n g  ons predominant p o l y p e p t i d e  w i t h  correspond- 
i n g  mo lecu la r  we igh ts  o f  76,000 and 87,000 d a l t o n s  r e s p e c t i v e l y .  
a r e  u s u a l l y  w e l l  d e f i n e d  as shown here,  w i t h  the  s i z e  o f  band B g r e a t l y  ex- 
panded i n  a few p r e p a r a t i o n s .  Group C ,  c o n s t i t u t e s  a t  l e a s t  3 minor  bands ap- 
p e a r i n g  between group B and D and w i t h  mo lecu la r  we igh ts  around 80,000. 
c o n t a i n s  between 20 and 24 i n t e r m e d i a t e - s i z e d  and minor  bands w i t h  mo lecu la r  
weights  between 52,000 t o  75,000 d a l t o n s .  Envelope p r e p a r a t i o n  d i f f e r e n c e s  a r e  
most o f t e n  seen i n  t h i s  l a t t e r  group i n  which somewhat v a r i a b l e  i n d i v i d u a l  peak 
maxima appear i n  d i f f e r e n t  samples. Group F, i s  a complex o f  a t  l e a s t  3 p o l y -  
pep t ides  w i t h  t h e  most d i s t i n c t  band corresponding t o  a mo lecu la r  we igh t  o f  
48,000. Th is  band i s  a major  c h a t a c t e r i s t i c  o f  v i r t u a l l y  a l l  p r e p a r a t i o n s  ex- 
amined. Group G ,  c o n s t i t u t e s  about 3 minor  p o l y p e p t i d e s ,  mo lecu la r  we igh ts  
around 45,000 d a l t o n s  which i n  ce t  mutants (see below) i s  dominated by an ap- 
p a r e n t l y  homogeneous band w i t h  a mo lecu la r  weight  e q u i v a l e n t  t o  44,000 d a l t o n s .  
Group H, i s  a complex o f  a t  l e a s t  3 major  p o l y p e p t i d e s  (36,000 t o  38,000 d a l t o n s )  
which a r e  c h a r a c t e r i s t i c  o f  a l l  p r e p a r a t i o n s  a l though  n o t  always as w e l l  re -  
so l ved  as shown i n  F i g .  1 .  Group I ,  i s  a major  almost i n v a r i a b l e  f e a t u r e  o f  
envelope p r e p a r a t i o n s  and has a mo lecu la r  we igh t  e q u i v a l e n t  t o  30,000 d a l t o n s .  
I n  occas iona l  p r e p a r a t i o n s  t h i s  band was seen t o  be reso lved  i n t o  2 d i s t i n c t  
peaks. Group J, v a r i o u s l y  c o n t a i n s  3 t o  6 i n t e r m e d i a t e  s i z e d  bands w i t h  moiec- 
u l a r  we igh ts  rang ing  f rom 21,000 t o  29,000 d a l t o n s .  Group K, c o n s t i t u t e s  a 
minimum o f  3 major  po l ypep t ides  v a r i a b l y  reso lved  f rom the  dye f r o n t  and hav ing  
mo lecu la r  we igh ts  o f  20,000 d a l t o n s  o r  l e s s .  F i n a l l y  i t  may be noted t h a t  oc- 
c a s i o n a l  p r e p a r a t i o n s  may show v e r y  reduced l e v e l s  o f  e i t h e r  Group F or I and 
t h a t  t h i s  i s  assoc ia ted  w i t h  l a r g e  amounts o f  p o o r l y  reso lved  p o l y p e p t i d e  i n  
t h e  reg ions  o f  Groups B and D (e.g. F i g .  3 ) .  T h i s  e f f e c t  i s  p robab ly  due, a t  
l e a s t  i n  p a r t ,  t o  incomplete d i s a g g r e g a t i o n  o f  t h e  envelope p r e p a r a t i o n s  s i n c e  
the  same e f f e c t  can be reproduced by omiss ion o f  mercaptoethanol f rom t h e  sus- 
pending med i um. 

As i n d i c a t e d  above, some v a r i a t i o n  between the p r o f i l e s  ob ta ined  f rom 
i n d i v i d u a l  p r e p a r a t i o n s  o f  t he  same s t r a i n  i s  observed, a l t hough  repeated 
a n a l y s i s  o f  t he  same m a t e r i a l  i s  p e r f e c t l y  r e p r o d u c i b l e .  The b a s i c  p a t t e r n  
shown i n  F i g .  1 i s  neve r the less  observed i n  most p r e p a r a t i o n s  which have i n -  

These bands 

Group E, 
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87000 I!. 
F i g .  1 .  Separat ion o f  envelope po lypep t ides  on 10% ac ry lam ide  

g e l s .  S t r a i n  ASH 102 was grown i n  n u t r i e n t  b r o t h  t o  s t a t i o n a r y  
phase and envelopes i s o l a t e d  as desc r ibed  i n  Methods. Envelope p r o -  
t e i n s  d i s s o l v e d  i n  2% SDS and 5% mercaptoethanol were heated t o  70" 
f o r  2 min; app rox ima te l y  100 pg p r o t e i n  was then a p p l i e d  t o  t h e  t o p  
o f  t h e  s t a c k i n g  g e l  and e lec t rophoresed  as desc r ibed  i n  Methods. 
The f i g u r e  shows Canalco microdensi tometer  t r a c i n g  o f  g e l s  s t a i n e d  
w i t h  Coomassie b lue .  The f i r s t  peak on the  p r o f i l e  marks the  t o p  
o f  t h e  g e l  and i s  n o t  s t a i n e d  m a t e r i a l .  The mo lecu la r  weights  o f  
t h e  major  p o l y p e p t i d e s  a r e  averages o f  analyses o f  a t  l e a s t  15 
separate p r e p a r a t i o n s .  

c luded those i s o l a t e d  f rom seve ra l  d i f f e r e n t  K12 s t r a i n s  o r  those f rom the  
same s t r a i n  grown i n  M 9  g lucose medium o r  n u t r i e n t  b r o t h .  Moreover, as shown 
i n  F ig .  3,  ve ry  s i m i l a r  p r o f i l e s  a re  ob ta ined  whether s t a i n e d  bands o r  amino 
a c i d  l a b e l e d  bands a f t e r  autoradiography a r e  scanned. 

(b) Analysis of envelopes from Cet+ and CetB strains  

Cet mutants adsorb c o l i c i n  E2 t o  t h e  c e l l  s u r f a c e ,  b u t  t h e  subsequent r a p i d  
deg rada t ion  o f  DNA observed i n  w i l d  t ype  s t r a i n s  i s  b locked ( 9 ) .  Previous 
s t u d i e s  ( 2 )  have shown t h a t  envelopes i s o l a t e d  f rom ce t -  mutants d i s p l a y  a p ro -  
minent band on ac ry lam ide  ge ls  which i s  e i t h e r  absent o r  presen t  i n  o n l y  minor  
amounts i n  the  w i l d  t ype .  From t h e  e l e c t r o p h o r e t i c  m o b i l i t y  o f  t he  band t h e  
mo lecu la r  we igh t  was es t ima ted  t o  be about 40,000 d a l t o n s .  Envelopes ob ta ined  
f rom cetB mutants have now been r e - i n v e s t i g a t e d  u s i n g  t h e  d i sc -con t inuous  gel  
e l e c t r o p h o r e s i s  system. Cet+ and c e t B  b a c t e r i a  were f i r s t  grown i n  t h e  presence 
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F i g .  2. R e l a t i o n s h i p  o f  p o l y p e p t i d e  mo lecu la r  we igh t  t o  r e l a -  
t i v e  m o b i l i t y  on 10% SDS ac ry lam ide  g e l s .  Standard p r o t e i n s  i n  2% 
SDS and 5% mercaptoethanol were heated t o  T O " ,  e lec t rophoresed  and 
g e l s  s t a i n e d  as i n  F i g .  1 and i n  Methods. 

o f  [ I 4 C ]  l abe led  amino a c i d s  and envelopes i s o l a t e d  by t h e  usual  procedure.  
These p r e p a r a t i o n s  were then analyzed by ge l  autoradiography and the  r e s u l t s  
a re  shown i n  F i g .  4 .  Envelopes ob ta ined  f rom cetB s t r a i n s  c l e a r l y  con ta ined  
an e x t r a  band whose corresponding mo lecu la r  we igh t  was c a l c u l a t e d  t o  be 44,000 
d a l t o n s .  A band w i t h  an a p p a r e n t l y  i d e n t i c a l  e l e c t r o p h o r e t i c  m o b i l i t y  was 
p resen t  i n  t h e  w i l d  t y p e  p r o f i l e  (see a l s o  F i g .  1 1 )  bu t  c o n s t i t u t e d  o n l y  about 
20% the amount found i n  t h e  mutant p r o f i l e .  The p r o p e r t i e s  o f  t h e  e x t r a  p o l y -  
p e p t i d e  p resen t  i n  mutant s t r a i n s  was now i n v e s t i g a t e d  i n  seve ra l  ways. 
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F i g .  3 .  Comparison o f  r a d i o a c t i v e  and s t a i n e d  p o l y p e p t i d e  
p r o f i l e s .  S t r a i n  ASH 102 was grown i n  M9-glucose medium fo r  4 
genera t i ons  a t  37" i n  t h e  presence o f  [14C]amino a c i d s ;  envelopes 
were prepared and analyzed as i n  F ig .  1 .  About 25 ug p r o t e i n  and 
20,000 cpm were a p p l i e d  t o  t h e  g e l s .  The lower  p r o f i l e  was ob ta ined  
by scanning Coomassie b l u e  s t a i n e d  g e l s .  The same ge l  was then  
autoradiographed as desc r ibed  i n  Methods and the  upper p r o f i l e  was 
ob ta ined  by scanning t h e  exposed f i l m  w i t h  a Joyce-Loebel m ic ro -  
dens i tome t e  r . 

(c ) Influence of preparation conditions and disaggregation 
methods on envelope protein pro f i les  

Ef fect  of heating envelope preparations prior  t o  analysis. 
emphasized h e a t i n g  p r e p a r a t i o n s  t o  d i f f e r e n t  temperatures, i n  the  mercapto- 
ethanol-SDS m i x t u r e ,  i n  o r d e r  t o  o b t a i n  complete d i saggrega t ion  o f  t he  envelope 
p r o t e i n s .  We have, t h e r e f o r e ,  compared g e l  p r o t e i n s  ob ta ined  f rom unheated 
envelope p r e p a r a t i o n s  i n  2.5% SDS w i t h  s i m i l a r  p r e p a r a t i o n s  heated t o  70" or  
t o  100". The r e s u l t s  a r e  shown i n  F i g .  5.  Some l o s s  of minor  h i g h  mo lecu la r  
we igh t  components was o c c a s i o n a l l y  observed i n  p r e p a r a t i o n s  heated t o  70" com- 
pared t o  t h e  unheated samples, b u t  t h e  d i f f e r e n c e s  were s m a l l .  I n  b o t h  cases 
d i s a g g r e g a t i o n  o f  t h e  envelope appeared t o  be complete s ince  a l l  t he  p r o t e i n  
en te red  the  g e l .  Hea t ing  p r e p a r a t i o n s  t o  100" under these c o n d i t i o n s  had l i t t l e  
e f f e c t  upon the  genera l  p r o f i l e  b u t  d i d  l ead  t o  a g r e a t  r e d u c t i o n  i n  t h e  30,000 
d a l t o n  band w i t h  a co r respond ing ly  l a r g e  i nc rease  i n  m a t e r i a l  banding around 
34,000 d a l t o n s  i n d i c a t i n g  aggrega t ion  o f  breakdown p roduc ts  (F ig .  5 ( d ) ) .  Heat- 
i n g  t o  70" was t h e r e f o r e  chosen as a convenient  s tandard procedure f o r  a l l  
subsequent analyses.  

P r i o r  workers have 
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F i g .  4. Gel a u t o r a d i o g r a p h i c  p r o f i l e s  o f  ASH 10 (cet+) and 
ASH 102 (ce tB)  envelope p r o t e i n s .  Both s t r a i n s  were grown i n  t h e  
presence o f  [14C]amino ac ids  and envelopes (100 pg, 40,000 cpm) 
were analyzed on 10% g e l s  as i n  F i g .  3. Autoradiograms were p r e -  
pared and t h e  exposed f i l m  scanned w i t h  a Joyce-Loebel microdensi  
tometer. (a) Upper p r o f i l e ,  ASH 102 envelope p r o t e i n s  w i t h  t h e  
arrow i n d i c a t i n g  t h e  44,000 d a l t o n  band. Lower p r o f i l e ,  envelope 
f rom t h e  w i l d  t y p e  ASH 10. (b) Appearance o f  g e l s  scanned i n  (a) 
ASH 10 p r o f i l e  i s  t h e  r i g h t  hand g e l .  
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F i g .  4 (b). 

I n  some s t u d i e s  (2,13) membrane p r e p a r a t i o n s  were d i a l i z e d  o v e r n i g h t  a t  
37"  a g a i n s t  0.1% SDS t o  prevent  p r e c i p i t a t i o n  o f  SDS d u r i n g  subsequent e l e c t r o -  
pho res i s .  When such samples were analyzed a f t e r  h e a t i n g  t o  70" and IOO", iden- 
t i c a l  r e s u l t s  t o  those shown i n  F i g .  5 were ob ta ined .  I n  any even t ,  i n  t h e  
c u r r e n t  s tudy r e - c r y s t a l l i z a t i o n  o f  t he  SDS was found t o  p reven t  subsequent 
p r e c i p i t a t i o n  and hence d i a l y s i s  was no l onger  necessary. 

The cetB mutant Ash 102 was used i n  these analyses and as shown i n  F ig .  5 
t he  44,000 d a l t o n  band i s  n o t  d i spe rsed  by h i g h  temperature,  i n d i c a t i n g  t h a t  
t he  enhanced peak does n o t  a r i s e  f rom poor d i saggrega t ion  o f  some s m a l l e r  mo- 
l e c u l a r  we igh t  spec ies i n  t h e  mutant envelope. Such an e f f e c t  has p r e v i o u s l y  
been observed f o r  DnaB- mutants ( 1 4 ) .  

Effect  of ionic  strength of wash buf fer  used for puri f icat ion of envelopes. 
Sa l ton  and co-workers (15) demonstrated t h a t  t h e  r e t e n t i o n  o f  membrane-bound 
enzymes i n  Micrococcus lysodeicticus membrane p a r t i c l e s  i s  v e r y  dependent on 
t h e  i o n i c  s t r e n g t h  o f  t h e  wash b u f f e r  and a l s o  the  p a r t i c u l a r  regime o f  washing 
procedures used. 
u s i n g  lo - '  M, l o p 2  M or  5 x 
t e r n a t i v e l y ,  envelopes prepared by t h e  usual procedure u s i n g  M phosphate 
b u f f e r ,  were subsequent ly  sub jec ted  t o  3 a d d i t i o n a l  washes w i t h  5 x lo-+ M b u f -  
f e r .  The r e s u l t s  o f  t h e  l a t t e r  exper iment  a r e  shown i n  F i g .  6. The a d d i t i o n a l  
washing procedure i n  t h e  case o f  e i t h e r  s t r a i n  c l e a r l y  leads t o  the  p r e f e r e n t i a l  
loss o f  a few s p e c i f i c  p r o t e i n s  i n t o  the  wash f l u i d .  Po lypep t ides  f rom group D 
(76,000 d a l t o n s )  and group F (50,000 d a l t o n s )  i n  p a r t i c u l a r  a r e  a f f e c t e d ,  where- 
as t h e  b u l k  o f  t he  p r o t e i n  remains i n  the  p a r t i c u l a t e  f r a c t i o n .  P r o t e i n  e s t i -  
mations showed t h a t  about 25% o f  the i n i t i a l  envelope m a t e r i a l  i s  e l u t e d  by t h i s  

Envelopes f rom cet' and cetB s t r a i n s  were t h e r e f o r e  i s o l a t e d  
M phosphate b u f f e r  as t h e  washing agent. A l -  
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procedure. Reference t o  F ig .  68 shows t h a t  t h e  44,000 band p resen t  i n  mutant 
envelopes i s  a l s o  e l u t e d  by t h e  low i o n i c  s t r e n g t h  b u f f e r .  F i g .  7 shows the  
r e s u l t  ob ta ined  when envelopes were p u r i f i e d  u s i n g  a s i n g l e  b u f f e r  o f  e i t h e r  
low o r  h i g h  i o n i c  s t r e n g t h .  Independent ly  o f  t h e  wash b u f f e r  t h e  genera l  ge l  
p a t t e r n  was again s i m i l a r ,  b u t  some s i g n i f i c a n t  d i f f e r e n c e s  a r e  e v i d e n t .  I n  
p a r t i c u l a r ,  p u r i f i c a t i o n  o f  envelopes u s i n g  0.1 M b u f f e r  r e s u l t e d  i n  reduced 
l e v e l s  o f  t h e  30,000 d a l t o n  band i n  g e l  p r o f i l e s ,  whereas seve ra l  p r o t e i n s  f rom 
groups A and E a r e  absent o r  reduced i n  envelopes prepared by washing w i t h  low 
i o n i c  s t r e n g t h  b u f f e r .  Comparison w i t h  F i g .  6 shows t h a t  t h e  m i s s i n g  polypep-  
t i d e s  do n o t ,  i n  most cases, c o i n c i d e  w i t h  those ob ta ined  by success ive washing 
w i t h  and 5 x M b u f f e r .  Never the less ,  most o f  t he  m a t e r i a l  banding 
a t  t he  44,000 d a l t o n  p o s i t i o n  was aga in  l o s t  f rom mutant envelopes a t  low i o n i c  
s t r e n g t h  i n d i c a t i n g  t h a t  t h i s  p r o t e i n  i s  i n  a r e l a t i v e l y  loose a s s o c i a t i o n  w i t h  
t h e  envelope. I n  c o n t r a s t ,  the minor  p o l y p e p t i d e  o f  corresponding mo lecu la r  
weight  i n  w i l d  t y p e  envelopes was n o t ,  a p p a r e n t l y ,  e l u t e d  a t  low i o n i c  s t r e n g t h .  

(b) ASH 102 cet- 

F i g .  6. E l u t i o n  o f  s p e c i f i c  po l ypep t ides  f rom envelopes by 
washing a t  low i o n i c  s t r e n g t h  b u f f e r .  Envelopes were f i r s t  p re -  
pared f rom ASH 102 and ASH 10 grown i n  n u t r i e n t  b r o t h  and then  
washed, i n  t h e  absence o f  S D S ,  an 
M K - b u f f e r  and t h e  f i n a l  p e l l e t  d i s s o l v e d  i n  SDS and mercaptoethanol 
i n  t h e  usual  way. Supernatant f r a c t i o n s  were combined, concen t ra ted  
and mixed w i t h  b u f f e r  D. A l l  samples were then heated t o  70" and 
analyzed on t h e  10% g e l s  p r i o r  t o  s t a i n i n g  and scanning as i n  F i g .  
1 .  (a) Upper p r o f i l e ,  ASH 10 envelopes prepared by s tandard p r o -  
cedure by washing i n  M K-bu f fe r ;  m idd le  p r o f i l e ,  p e l l e t  re -  
main ing a f t e r  a d d i t i o n a l  wash a t  low i o n i c  s t r e n g t h ;  lower  p r o f i l e ,  
supernatant  f rom t h e  low i o n i c  s t r e n g t h  wash. (b) Upper p r o f i l e ,  
ASH 102 envelopes prepared by s tandard procedure; lower  p r o f  i l e ,  
p e l l e t  f rom ASH 102 remain ing a f t e r  low i o n i c  s t r e n g t h  wash. A r -  
rows mark t h e  po lypep t ides  p r e f e r e n t i a l l y  e l u t e d .  

a d d i t i o n a l  3 t imes w i t h  5 x l o m 4  
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(b’ ASH 102 Cet- 

v 
I 

F i g .  7.  P r e p a r a t i o n  o f  envelopes u s i n g  K - b u f f e r  o f  d i f f e r e n t  
i o n i c  s t r e n g t h s .  (a) ASH 10 envelopes. Upper p r o f i l e ,  envelopes 
prepared w i t h  10-1 M K - b u f f e r ;  m idd le  p r o f i l e ,  envelopes prepared 
w i t h  M K-bu f fe r ;  lower  p r o f i l e ,  envelopes prepared w i t h  5 x 
l o m 4  M K -bu f fe r .  (b)  P r o f i l e s  as i n  (a)  b u t  u s i n g  s t r a i n  ASH 102 
as source o f  envelopes. 
P r o f i l e s  a re  m ic rodens i tomete r  scans o f  Coomassie b l u e  s t a i n e d  
g e l s .  Other exper imenta l  d e t a i l s  as i n  F i g .  1 .  

Arrow marks t h e  44,000 d a l t o n  p o l y p e p t i d e .  

EnveZopes isoZated from ce l l s  pre-treated w i t h  t ryps in .  
ba ted  w i t h  up t o  200 pg per  m l  o f  t r y p s i n  do n o t  l ose  co lony - fo rm ing  a b i l i t y  
and growth i s  n o t ,  a p p a r e n t l y ,  i n h i b i t e d .  
(molecular  weight  7,500 d a l t o n s )  o f  t h e  c e l l  w a l l  (murein l a y e r )  i s  removed 
by i n c u b a t i o n  o f  c e l l  envelopes w i t h  t r y p s i n  (16) and surface-bound c o l i c i n  
can a l s o  be r e a d i l y  d i g e s t e d  by a d d i t i o n  of  t h e  enzyme t o  t r e a t e d  c e l l s  ( 1 7 ) .  
T r y p s i n  t rea tmen t ,  t h e r e f o r e ,  may be used as a t o o l  t o  d e t e c t  p r o t e i n  i n  t h e  
outermost  l a y e r s  o f  t h e  c e l l  s u r f a c e  or  p r o t e i n s  exposed on the  s u r f a c e  o f  
membranes. La te  l o g a r i t h m i c  phase c u l t u r e s  o f  s t r a i n  Ash 102 (cetB)  were i n -  
cubated w i t h  t r y p s i n ,  t ho rough ly  washed, and t r y p s i n - i n h i b i t o r  added p r i o r  t o  

B a c t e r i a l  c e l l s  incu-  

However, a ma jo r  p r o t e i n  c o n s t i t u e n t  
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breakage and i s o l a t i o n  o f  c e l l  envelopes. Envelopes were p u r i f i e d  and analyzed 
on 10% ac ry lam ide  g e l s  by the  s tandard procedure. 
demonstrate t h a t  seve ra l  po l ypep t ides  p resen t  i n  envelopes f rom c o n t r o l  c e l l s  
a r e  absent o r  reduced i n  amount i n  envelopes f rom t r y p s i n - t r e a t e d  c e l l s ;  i n  
p a r t i c u l a r ,  t h e  44,000 d a l t o n  p r o t e i n  i s  l a r g e l y  e l i m i n a t e d  as i s  a c o n s t i t u e n t  
o f  group H (37,000 d a l t o n s ) .  M a t e r i a l  banding a t  30,000 d a l t o n s  (group I )  s 
a l s o  g r e a t l y  reduced and a new band, presumably a t r y p s i n  induced breakdown 
f ragment ,  i s  observed hav ing  a mo lecu la r  we igh t  of app rox ima te l y  28,000. 
l y ,  a major  peak co r respond ing  t o  group B appears t o  be absent ,  t o g e t h e r  w i  h 

The r e s u l t s  shown i n  F ig .  8 

F n a l -  

D 

F i g .  8. Envelopes f rom t r y p s i n  p r e t r e a t e d  c e l l s .  S t a t i o n a r y  
phase c u l t u r e s  o f  ASH 102 ( c e t B )  washed and suspended i n  Na-bu f fe r  
pH 8.0 were f i r s t  p r e t r e a t e d  w i t h  t r y p s i n  100 vg per  m l  pe r  l O l o  
c e l l s  f o r  30 min a t  3 7 " .  T r y p s i n  was removed by washing 3 t imes 
w i t h  K - b u f f e r  and t r y p s i n  i n h i b i t o r  (50 p g  per  ml)  was then added 
and envelopes i s o l a t e d  and analyzed as i n  F i g .  1 .  P r o f i l e s  a r e  
f rom 10% ac ry lam ide  g e l s  s t a i n e d  w i t h  Coomassie b lue .  Upper p r o -  
f i l e ,  envelopes f rom normal c e l l s ;  lower p r o f i l e ,  envelopes i s o -  
l a t e d  f rom t r y p s i n  p r e t r e a t e d  c e l l s .  Arrows mark major  po lypep-  
t i d e s  removed or reduced by t r y p s i n  t rea tmen t .  
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2 o r  more bands f rom group J. The loss o f  these l a t t e r  low mo lecu la r  we igh t  
p o l y p e p t i d e s  i s  p a r t i c u l a r l y  i n t e r e s t i n g  s i n c e  Schnaitman ( 4 )  has produced 
ev idence t h a t  s i m i l a r  p r o t e i n s  a r e  p redominan t l y  p resen t  i n  t h e  o u t e r ,  r a t h e r  
than  t h e  i n n e r  membrane o f  t he  envelope. The f i n d i n g  t h a t  t h e  mutant band i s  
l o s t  under these c o n d i t i o n s  suggests t h a t  t h i s  p r o t e i n  i s  s p e c i f i c a l l y  p resen t  
i n  the envelope i n  vivo and i s  l o c a t e d  e i t h e r  i n  t h e  outermost  l a y e r s  o f  t he  
c e l l  s u r f a c e  o r  i s  exposed on t h e  e x t e r n a l  s u r f a c e  o f  t he  cy top lasmic  membrane. 

(d)  Analysis of Tri ton X-100 soluble enveZope proteins 

Schnaitman ( 4 )  r e p o r t e d  t h a t  f r a c t i o n a t i o n  o f  t h e  t o t a l  envelope i n t o  w a l l -  
e n r i c h e d  ( i n c l u d i n g  o u t e r  membrane) and a cy top lasmic  membrane e n r i c h e d  f r a c -  
t i o n  cou ld  be ob ta ined  by sucrose g r a d i e n t  c e n t r i f u g a t i o n .  Th is  procedure 
was c a r r i e d  o u t  i n  an a t tempt  t o  l o c a t e  t h e  s u r f a c e  l a y e r  c o n t a i n i n g  the  mu- 
t a n t  p r o t e i n ,  bu t  t h e  2 f r a c t i o n s  ob ta ined  by sucrose g r a d i e n t  c e n t r i f u g a t i o n  
f a i l e d  t o  show any s i g n i f i c a n t  d i f f e r e n c e s  when t h e  p r o t e i n  con ten t  o f  each 
was analyzed on 10% ac ry lam ide  g e l s  (A.C.R.  Samson, personal  communication). 
More r e c e n t l y  Schnaitman (18) has shown t h a t  many cy top lasmic  membrane p r o -  
t e i n s  can a p p a r e n t l y  be s o l u b i l i z e d  f rom whole envelope p r e p a r a t i o n s  by ex- 
t r a c t i o n  w i t h  T r i t o n  X-100. C u l t u r e s  o f  t h e  ce t -  mutant ,  A S H  102, were 
t h e r e f o r e  son ica ted  i n  t h e  presence o f  20% sucrose t o  m in im ize  h y b r i d i z a t i o n  
o f  l i p o p r o t e i n  fragments d e r i v e d  f rom d i f f e r e n t  s u r f a c e  membranes (19) .  En- 
velopes were i s o l a t e d  i n  the  usual way and T r i t o n  X-100 s o l u b l e  and i n s o l u b l e  
p r o t e i n s  were then analyzed on 10% ac ry lam ide  g e l s .  T r i t o n  X-100 t reatment  
re leased  about  30% o f  t h e  envelope p r o t e i n  and as shown i n  F i g .  9 many h i g h  
mo lecu la r  we igh t  po l ypep t ides  were s e l e c t i v e l y  s o l u b i l i z e d  i n  p re fe rence  t o  
s m a l l e r  po l ypep t ides  by t h i s  procedure. Thus, po l ypep t ides  f rom groups A ,  C, 
D and E appear i n  the  s o l u b l e  f r a c t i o n  whereas the major  envelope p r o t e i n s  o f  
groups F, H and I l a r g e l y  remain i n  t h e  T r i t o n  X-100 i n s o l u b l e  p a r t i c l e s .  F i g .  
9 c l e a r l y  shows t h a t  t h e  "mutant" p r o t e i n  i s  r e a d i l y  s o l u b i l i z e d  by T r i t o n  X-100 
a l though  t h e  co r respond ing  band i n  p r o f i l e s  o f  envelopes f rom the  w i l d  t ype  
s t r a i n  ASH 10 was n o t ,  a p p a r e n t l y ,  re leased (see a l s o  F i g .  1 1 ) .  These r e s u l t s  
i n d i c a t e  t h a t  the 44,000 d a l t o n  p o l y p e p t i d e  may be c l o s e l y  assoc ia ted  w i t h  t h e  
cy top lasmic  membrane i n  t h e  envelope o f  mutant s t r a i n s .  

(e) Analysis of envelope preparations from recA mutants 

lnouye and Pardee ( I )  r e p o r t e d  t h a t  i n h i b i t i o n  o f  c e l l  d i v i s i o n  i n  E. c o l i ,  
f o r  example by thymine s t a r v a t i o n ,  was accompanied by t h e  appearance o f  i n -  
creased amounts o f  a s p e c i f i c  p o l y p e p t i d e  (55,000 d a l t o n s )  i n  c e l l  envelope 
p r e p a r a t i o n s .  Mutants c a r r y i n g  a recA a l l e l e ,  however, f a i l e d  t o  show t h i s  
i nc rease  and moreover, under c o n d i t i o n s  o f  thymine s t a r v a t i o n ,  t h e  c e l l s  con- 
t i n u e d  t o  d i v i d e  (10 ) .  Th i s  i n d i c a t e d  t h a t  the p roduc t  o f  the recA+ gene may 
p a r t i c i p a t e  i n  some way i n  the  r e g u l a t i o n  o f  DNA metabol ism and c e l l  d i v i s i o n  
a t  t h e  membrane l e v e l .  Envelopes were t h e r e f o r e  i s o l a t e d  f rom rec+ and recAl 
d e r i v a t i v e s  o f  ASH 10 and analyzed i n  t h e  usual  way. I n  a d d i t i o n ,  s i n c e  cetB, 
recA double mutants have reduced r e f r a c t i v i t y  t o  c o l i c i n  E 2  (Buxton and Ho l l and ,  
unpubl ished r e s u l t s ) ,  envelopes were a l s o  prepared f rom a recAl d e r i v a t i v e  o f  
ASH 102 and analyzed on 10% and 8% SDS-acrylamide g e l s .  A s  shown i n  F i g .  10 
t h e  l e v e l s  o f  t h e  44,000 d a l t o n  band were v i r t u a l l y  i d e n t i c a l  i n  b o t h  recA 
and rec' d e r i v a t i v e s  o f  A S H  102. 
n o t  t h e r e f o r e  suppressed i n  the  presence o f  t h e  recA muta t ion .  F u r t h e r  exami- 
n a t i o n  o f  F i g .  10 shows t h a t  a p o l y p e p t i d e ,  mo lecu la r  we igh t  o f  about 40,000 
d a l t o n s ,  f rom group H i s  g r e a t l y  reduced i n  envelopes f rom s t r a i n s  c a r r y i n g  
the  recAl m u t a t i o n  whether o r  n o t  t he  cetB a l l e l e  i s  p resen t .  Other d i f f e r e n c e s  
between the  envelopes o f  rec+ and recA s t r a i n s  were a l s o  e v i d e n t ,  p a r t i c u l a r l y  
t h e  decrease o f  t h e  76,000 and 48,000 d a l t o n  bands. 
d i f f e r e n c e s ,  i n c l u d i n g  t h e  r e d u c t i o n  o f  t h e  40,000 band shown i n  F i g .  10 was 

Increased l e v e l s  o f  t h i s  p o l y p e p t i d e  were 

However, none o f  these 
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F i g .  9 .  A n a l y s i s  o f  T r i t o n  X-100 s o l u b l e  envelope p r o t e i n .  
Envelopes were i s o l a t e d  f rom s t r a i n  ASH 102 (cetB) by t h e  s tandard 
procedure. The f i n a l  p e l l e t s ,  b e f o r e  d i s s o l v i n g  i n  SDS, were ex- 
t r a c t e d  w i t h  T r i t o n  X-100 as desc r ibed  i n  Methods. T r i t o n  X-100 
n o n - e x t r a c t a b l e  p r o t e i n s  and T r i t o n  X-100 e x t r a c t a b l e  p r o t e i n s  
were then  d i s s o l v e d  i n  SDS and analyzed on 10% g e l s  as i n  F ig .  1 .  
Upper p r o f i l e  shows normal ASH 102 envelopes; m idd le  p r o f i l e ,  en- 
ve lope p r o t e i n  remain ing a f t e r  T r i t o n  X-100 e x t r a c t i o n ;  lower p ro -  
f i l e ,  p r o t e i n  i n  T r i t o n  X-100 e x t r a c t .  Arrows mark t h e  44,000 
d a l t o n  p o l y p e p t i d e .  
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F i g .  10. Comparison o f  envelope p r o t e i n s  f rom A S H  102, cetB 
and A S H  102, cetB,reeAI s t r a i n s  on 10% SDS g e l s .  (a) Upper p r o -  
f i l e ,  envelopes f rom A S H  102 cetB,reeAl; lower p r o f i l e ,  A S H  102 
cetB,rec+. (b) Upper p r o f i l e ,  A S H  10, r e d ;  lower p r o f i l e ,  A S H  10 
ree'. Arrows mark t h e  p o s i t i o n  o f  44,000 d a l t o n  p r o t e i n .  Exper i -  
mental d e t a i l s  as i n  F i g .  I .  

ob ta ined  c o n s i s t e n t l y .  T h i s  i s  i l l u s t r a t e d  i n  F i g .  1 1  where o t h e r  p r e p a r a t i o n s  
were analyzed on 8% ac ry lam ide  g e l s  i n  o r d e r  t o  i nc rease  the  r e s o l u t i o n  o f  
t h e  h i g h e r  mo lecu la r  we igh t  po l ypep t ides .  I n  t h i s  case no s i g n i f i c a n t  d i f -  
ferences between rec' and r e d  s t r a i n s  were seen. Th is  f i g u r e  con f i rms  t h e  
presence o f  h i g h  l e v e l s  o f  t h e  44,000 d a l t o n  p r o t e i n  i n  envelopes f rom b o t h  
re& and r e d  d e r i v a t i v e s  o f  t h e  cetB s t r a i n  A S H  102 and a l s o  c l e a r l y  shows 
the  presence o f  a minor  band o f  s i m i l a r  m o b i l i t y  i n  t h e  w i l d  t y p e  A S H  10 pro-  
f i l e  (F ig .  I l a ) .  

4 ,  DISCUSSION 
There i s  now a growing i n t e r e s t  i n  de te rm in ing  how t h e  m u l t i p l i c i t y  o f  

f unc t i ons  known t o  be assoc ia ted  w i t h  t h e  b a c t e r i a l  membrane, a r e  o rgan ized  
and assembled. The method desc r ibed  here p rov ides  an e f f i c i e n t  method f o r  
a n a l y z i n g  t h e  p o l y p e p t i d e  c o n t e n t  o f  b a c t e r i a l  envelopes and membranes. No 
s i g n i f i c a n t  v a r i a t i o n  i n  ge l  p r o f i l e s ,  i n h e r e n t  t o  t h e  e l e c t r o p h o r e s i s  system, 
was de tec ted .  Considerable q u a n t i t a t i v e  v a r i a t i o n  i n  some p o l y p e p t i d e  peaks 
was, however, a t t r i b u t e d  t o  the  method o f  i s o l a t i o n  o f  envelopes and the  p r e -  
p a r a t i o n  o f  t h e  sample p r i o r  t o  e l e c t r o p h o r e s i s .  A s  found by Fai rbanks e t  aZ. 
(20) w i t h  e r y t h r o c y t e  ghos ts ,  p a r t i c u l a r  po l ypep t ides  were e l u t e d  f rom envelopes 
by washing w i t h  e i t h e r  h i g h  o r  low i o n i c  s t r e n g t h  b u f f e r  and M phosphate 
b u f f e r  was chosen q u i t e  a r b i t r a r i l y  as t h e  s tandard  washing agent. A s  a l s o  
found by' Fa i rbanks et a Z . ,  h e a t i n g  d i s s o c i a t e d  envelopes t o  h i g h  temperature 
i n  t h e  presence o f  SDS induced some aggrega t ion  o f  s p e c i f i c  p o l y p e p t i d e s ;  i n  
t h i s  s tudy  the  major  envelope p o l y p e p t i d e ,  mo lecu la r  we igh t  30,000 d a l t o n s ,  
appeared t o  r e a d i l y  undergo aggrega t ion  under these c o n d i t i o n s .  T h i s  polypep- 
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t i d e  was a l s o  t h e  major  p r o t e i n  l o s t  f rom envelope p r e p a r a t i o n s  washed w i t h  
h i g h  i o n i c  s t r e n g t h  b u f f e r s ,  c o n d i t i o n s  corresponding t o  those used by seve ra l  
workers t o  prepare membranes f rom Kaback v e s i c l e s  ( 2 1 ) .  Another l i k e l y  source 
o f  v a r i a t i o n  i n  these analyses i s  t h e  p o s s i b i l i t y  t h a t  proteases a r e  p resen t  
i n  t h e  envelope p r e p a r a t i o n s  and t h a t  t hese  s e r i o u s l y  d i s t o r t  t h e  p o l y p e p t i d e  
p r o f i l e .  T h i s  p o s s i b i l i t y  was n o t  exc luded b u t  was min imized by immediate ly  
d i s s o l v i n g  i s o l a t e d  envelopes i n  SDS and s t o r i n g  a t  -20" u n t i l  analyzed. Samples 
s t o r e d  f o r  seve ra l  weeks i n  t h i s  way gave p e r f e c t l y  r e p r o d u c i b l e  p r o f i l e s  where- 
as samples kep t  a t  4"  even i n  t h e  presence o f  SOS showed accumulat ion o f  sma l l  
mo lecu la r  we igh t  m a t e r i a l  a f t e r  a few days. To f u r t h e r  reduce o r  e l i m i n a t e  
v a r i a b l e  f a c t o r s ,  we a r e  now i n v e s t i g a t i n g  d i f f e r e n t  methods o f  c e l l  breakage 
and t h e  p o s s i b l e  e f f e c t s  o f  c e l l  age on envelope p r o f i l e s .  

a s i n g l e  band, c o n s t i t u t i n g  approx ima te l y  0.25 pg o f  p r o t e i n ,  i . e .  1% o f  t h e  
t o t a l  p r o t e i n  analyzed,  can be d e t e c t e d  w i t h  e i t h e r  s t a i n e d  o r  r a d i o a c t i v e l y  
l abe led  p r o f i l e s .  T h i s  amount o f  p r o t e i n  i s  equal t o  3 x l o 9  c e l l  e q u i v a l e n t s  
which, assuming a reasonably  q u a n t i t a t i v e  y i e l d  o f  envelope p r o t e i n  by t h e  i s o -  
l a t i o n  procedure,  corresponds t o  1,200 p o l y p e p t i d e  cha ins  pe r  envelope f o r  a 
40,OO d a l t o n  p r o t e i n .  The lower l i m i t s  o f  d e t e c t i o n  f o r  po l ypep t ides  o f  20,000 
and 105,000 d a l t o n s  i s  500 and 2,500 molecules pe r  c e l l ,  r e s p e c t i v e l y .  From t h e  
data o f  Cox e t  aZ. 
d a l t o n s  (23 ) ,  p resen t  i n  E .  c o l i  i s  app rox ima te l y  600 molecules per  c e l l ,  i .e . ,  
j u s t  below t h e  minimum l e v e l  o f  d e t e c t i o n  when whole envelopes a r e  analyzed. 
However, s i n c e  e x t r a c t i o n  o f  envelopes w i t h  T r i t o n  X-100 appears t o  g i v e  a 
2-  t o  3 - f o l d  enr ichment  f o r  cy top lasmic  membrane p r o t e i n s  (18) and s i n c e  we 
f i n d  t h i s  f r a c t i o n  t o  c o n t a i n  predominant ly  po l ypep t ides  o v e r  50,000 d a l t o n s ,  
t he  minimum l e v e l  o f  d e t e c t i o n  may f a l l  as low as an e q u i v a l e n t  o f  200 t o  300 
molecules p e r  c e l l .  Thus, a t  l e a s t  some t y p i c a l  membrane p r o t e i n s  c o n s t i t u t i n g ,  
f o r  example, p a r t  o f  t h e  e l e c t r o n - t r a n s p o r t  cha in  o r  membrane-bound permeases, 
c o u l d  be de tec ted  as s i n g l e  bands under these c o n d i t i o n s .  Some f u t u r e  s t u d i e s  
w i l l  be d i r e c t e d  toward de te rm in ing  t h i s .  

The da ta  ob ta ined  so f a r  i n  o u r  a n a l y s i s  o f  envelope p r o t e i n s  o f  E. cozi 
do n o t  p e r m i t  any f i r m  conc lus ions  rega rd ing  t h e  presence o f  s t r u c t u r a l  p r o -  
t e i n s  i n  b a c t e r i a l  membranes s i m i l a r  t o  those found i n  e r y t h r o c y t e s  and o t h e r  
euka ryo te  c e l l  membranes (20,24).  A l though major  p o l y p e p t i d e  bands were con- 
s i s t e n t l y  observed i n  envelope p r e p a r a t i o n s  w i t h  mo lecu la r  we igh ts  48,000, 
36,000, 30,000 and 20,000 d a l t o n s  and equal t o  app rox ima te l y  40% o f  t h e  t o t a l  
p r o t e i n ,  we have observed t h a t  w i t h  i n c r e a s i n g  r e s o l u t i o n  o f  e l e c t r o p h o r e t i c  
techniques,  t he  h e t e r o g e n e i t y  o f  membrane p r o t e i n  a l s o  increases.  Thus t h e  
major  bands observed i n  t h e  p resen t  s tudy  may u l t i m a t e l y  prove t o  be complex. 
The presence o f  l a r g e  amounts o f  s t r u c t u r a l  p r o t e i n  may i n  any case r e f l e c t  
f u n c t i o n a l  s p e c i a l i z a t i o n  i n  d i f f e r e n t  membranes and Schnaitman (4) has sug- 
gested t h a t  t h e  o u t e r  membrane i n  t h e  E .  coZi envelope may be composed o f  a 
few major  p o l y p e p t i d e s  whereas t h e  i n n e r  ( cy top lasmic )  membrane i s  ex t reme ly  
complex. 
envelopes,  which l a r g e l y  separates t h e  i n n e r  membrane f rom t h e  o u t e r  membrane- 
w a l l  complex (18) ,  leaves t h e  3 o r  4 major  po l ypep t ides  i n  t h e  i n s o l u b l e  w a l l  
f r a c t i o n ,  whereas a ve ry  heterogeneous m i x t u r e  o f  minor  components was re leased  
w i t h  t h e  cy top lasmic  membrane f r a c t i o n .  I t  i s  o f  cons ide rab le  i n t e r e s t  t h a t  
t h e  l a t t e r  f r a c t i o n  c o n t a i n s  a preponderance o f  h i g h  mo lecu la r  we igh t  p o l y -  
pep t ides  (over  50,000 d a l t o n s ) ,  whereas the  i n s o l u b l e ,  wal I - o u t e r  membrane f r a c -  
t i o n ,  i s  composed o f  ma in l y  l o w  molecu la r  we igh t  m a t e r i a l  ( 2 5 ) .  T h i s  may r e -  
f l e c t  a r e s t r i c t e d  c a p a c i t y  o f  t h e  c e l l  t o  e x p o r t  l a r g e  mo lecu la r  we igh t  p r o -  
t e i n s  f o r  i n c o r p o r a t i o n  i n t o  e x t r a c e l  l u l a r  l aye rs .  

c o n t a i n  a major  p o l y p e p t i d e  c o n s t i t u t i n g  about 5% o f  t h e  t o t a l  p r o t e i n  o r  6,000 
molecules p e r  envelope. The mo lecu la r  we igh t  o f  t h i s  p r o t e i n  was c a l c u l a t e d  
t o  be 44,000 d a l t o n s .  
o f  w i l d  t ype  envelopes, b u t  a t  l e v e l s  o f  1/4 t o  1/5 t h a t  found i n  t h e  mutant .  
The w i l d  t ype  p o l y p e p t i d e ,  i n  c o n t r a s t  t o  t h e  mutant p r o t e i n ,  was n o t ,  however, 

The s e n s i t i v i t y  ob ta ined  by t h i s  e l e c t r o p h o r e t i c  technique i n d i c a t e d  t h a t  

(22), t h e  amount o f  cytochrome-B1, mo lecu la r  we igh t  62,000 

I n  suppor t  o f  t h i s  we f i n d  t h a t  T r i t o n  X-100 e x t r a c t i o n  o f  whole 

I n  t h i s  s tudy  we have con f i rmed  t h a t  i s o l a t e d  envelopes f rom cetB mutants 

A co r respond ing  band was always observed i n  p r o f i l e s  
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re leased  f rom envelopes by T r i t o n  X-100 t rea tmen t  o r  by washing i n  low i o n i c  
s t r e n g t h  b u f f e r s  and i t s  r e l a t i o n s h i p  t o  t h e  mutant p r o t e i n  i s  t h e r e f o r e  n o t  
c l e a r .  The presence o f  t h e  44,000 d a l t o n  p r o t e i n  i n  t h e  c e l l  s u r f a c e  in vivo 
was demonstrated by t h e  f i n d i n g  t h a t  i t  c o u l d  be removed f rom the c e l l  s u r f a c e ,  
t o g e t h e r  w i t h  seve ra l  o t h e r  po l ypep t ides ,  by p r e - i n c u b a t i o n  o f  mutant c e l l s  
w i t h  t r y p s i n .  Th is  procedure, as m igh t  be expected, o n l y  a f f e c t e d  those en- 
ve lope p o l y p e p t i d e s  a p p a r e n t l y  assoc ia ted  w i t h  the  o u t e r  l a y e r s  o f  t he  su r face .  
T h i s  r e s u l t  s t r o n g l y  suggests t h a t  the 44,000 d a l t o n  p r o t e i n ,  a t  l e a s t  i n  t h e  
mutant, i s  n o t  an i n t e g r a l  p a r t  o f  t h e  cy top lasmic  membrane, a l t hough  the  pos- 
s i b i l i t y  t h a t  i t  i s  l o o s e l y  assoc ia ted  w i t h  t h e  e x t e r n a l  s u r f a c e  o f  t h i s  mem- 
brane i s  n o t  excluded. The r e l a t i v e l y  loose a s s o c i a t i o n  o f  t h e  mutant p o l y -  
p e p t i d e  w i t h  the  c e l l  s u r f a c e  was i n  f a c t  v e r i f i e d  by t h e  f i n d i n g  t h a t  i t  cou ld  
be r e a d i l y  removed f rom i s o l a t e d  envelopes by washing w i t h  low i o n i c  s t r e n g t h  
b u f f e r .  P r e p a r a t i o n  o f  envelopes f rom e i t h e r  w i l d  t ype  o r  mutant s t r a i n s  i n  
h i g h  i o n i c  s t r e n g t h  b u f f e r  d i d  n o t ,  however, l ead  t o  g r e a t e r  y i e l d s  o f  t h e  
44,000 d a l t o n  p r o t e i n .  Th i s  i n d i c a t e d  t h a t  t h e  h i g h  l e v e l s  o f  t h i s  p r o t e i n  
i n  t h e  mutant s t r a i n  was n o t  due t o  i t s  g r e a t e r  r e t e n t i o n  i n  i s o l a t e d  envelopes 
compared t o  t h e  w i l d  t ype ,  b u t  r e f l e c t e d  a t r u e  increase i n  amount o f  t h i s  
p o l y p e p t i d e  i n  t h e  c e l l  su r face .  

The f i n d i n g  t h a t  t h e  44,000 d a l t o n  p r o t e i n  was w h o l l y  re leased  f rom en- 
velopes o f  t he  mutant by T r i t o n  X-100 t rea tmen t  i s  d i f f i c u l t  t o  i n t e r p r e t  a t  
the moment. I t  i s  n o t  c l e a r  whether t h i s  r e f l e c t s  separa t i on  o f  t h i s  p r o t e i n  
f rom the  r e s t  o f  t h e  envelope i n  p h y s i c a l  a s s o c i a t i o n  w i t h  the cy top lasmic  mem- 
brane,  o r  whether the  p r o t e i n  i s  s p e c i f i c a l l y  leached f rom t h e  w a l l - o u t e r  mem- 
brane complex independent ly  o f  t h e  re lease  o f  cy top lasmic  membrane p r o t e i n s .  
The p i c t u r e  i s  f u r t h e r  compl icated by t h e  f a c t  t h a t  a t  seve ra l  hundred s i t e s  
i n  the  E. coZi su r face ,  t h e  w a l l  and o u t e r  membrane may be i n  c l o s e  phys ico-  
chemical a s s o c i a t i o n  w i t h  the  i n n e r  membrane ( 2 6 ) .  L o c a t i o n  o f  t he  mutant 
p r o t e i n  i n  such s i t e s  c o u l d  e x p l a i n  i t s  s u s c e p t i b i l i t y  t o  t r y p s i n  and i t s  re-  
lease by T r i t o n  X-100 t rea tmen t .  O f  cons ide rab le  i n t e r e s t  now i s  how increased 
l e v e l s  o f  t h e  mutant p r o t e i n  a r i s e  and how t h i s  r e l a t e s  t o  the  i n s e n s i t i v i t y  
o f  mutant s t r a i n s  t o  c o l i c i n  E2. The most l i k e l y  reason f o r  increased amounts 
o f  t he  p r o t e i n  i s  d e f e c t i v e  r e g u l a t i o n  o f  syn thes i s  o r  assembly i n t o  some su r -  
face s t r u c t u r e ,  i n c l u d i n g  the  m a l f u n c t i o n i n g  o f  a p o l y p e p t i d e  cleavage enzyme 
p o s s i b l y  i n v o l v e d  i n  normal m a t u r a t i o n  o f  membrane p r o t e i n s .  L a b e l i n g  o f  en- 
ve lope p r o t e i n s  i n  w i l d  t ype  and mutant s t r a i n s  i n  p u l s e  chase exper iments 
should t e s t  t he  v a l i d i t y  o f  t h e  l a t t e r  e x p l a n a t i o n .  

We have so  f a r  been unable t o  determine whether the  increased l e v e l s  o f  
t h e  44,000 d a l t o n  p r o t e i n  i n  mutant envelopes i s  a d i r e c t  cause o r  an e f f e c t  
o f  t he  c e l l ' s  i n a b i l i t y  t o  promote DNA degrada t ion  a f t e r  f i x a t i o n  o f  c o l i c i n  
E2. However, t h e  c e t B 3  m u t a t i o n  i s  dominant i n  p a r t i a l  d i p l o i d s  under c e r t a i n  
c o n d i t i o n s  (Buxton and Ho l l and ,  unpubl ished r e s u l t s ) ,  and i t  seems p o s s i b l e  
t h a t  "mutant" p r o t e i n  d i r e c t l y  b locks  i n t e r a c t i o n  o f  c o l i c i n  molecules w i t h  
t h e  cy top lasmic  membrane, subsequent t o  the  i n i t i a l  b i n d i n g  t o  t h e  E2 s u r f a c e  
r e c e p t o r ,  which Sabet and Schnaitman ( 2 7 )  r e p o r t  t o  be p resen t  i n  the  c e l l  
w a l l  (murein) f r a c t i o n .  We have p r e v i o u s l y  shown t h a t  some ce t  mutants d i s p l a y  a 
wide range o f  p l e i o t r o p i c  e f f e c t s  i n c l u d i n g  UV s e n s i t i v i t y ,  recombinat ion de- 
f i c i e n c y ,  abnormal c e l l  d i v i s i o n  and reduced growth o f  bac te r io -phage  X (9), 
i n  v a r y i n g  degrees i n  d i f f e r e n t  i s o l a t e s .  Never the less ,  o f  3 d i f f e r e n t  mutants 
i n i t i a l l y  analyzed,  a l l  showed s i m i l a r  increases i n  t h e  44,000 d a l t o n  p r o t e i n  
i n  t h e  c e l l  envelope ( 2 ) .  C o r r e l a t i o n  between phenotype and t h e  s t r u c t u r a l  
gene changes which g i v e  r i s e  t o  increased amounts o f  t h i s  p o l y p e p t i d e  a r e  thus 
n o t  l i k e l y  t o  be s imp le  i n  t h i s  system. We a n t i c i p a t e  i n  any even t  t h a t  f u r -  
t h e r  c h a r a c t e r i z a t i o n  o f  t he  p r o p e r t i e s  and r e g u l a t i o n  o f  assembly o f  t h i s  p o l y -  
p e p t i d e  i n t o  t h e  c e l l  s u r f a c e  i n  d i f f e r e n t  mutants should f a c i l i t a t e  some un- 
de rs tand ing  o f  t he  f u n c t i o n a l  o r g a n i z a t i o n  o f  t he  c e l l  membranes.. 

lnouye (10) has p r e v i o u s l y  suggested t h a t  t he  reeA+ gene p roduc t  may be 
i n v o l v e d  i n  some way i n  t h e  r e g u l a t i o n  o f  c e l l  d i v i s i o n .  I n  a d d i t i o n ,  Gross 
e t  aZ. (28) repo r ted  t h a t  r e c A , p o Z A  double mutants o f  E.  coZi appear t o  be l e -  
t h a l  and suggested t h a t  t h e  r e d +  gene p roduc t  may somehow be i n v o l v e d  i n  DNA 

95 
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r e p l i c a t i o n ,  i . e . ,  a membrane-associated f u n c t i o n .  An e x t e n s i v e  a n a l y s i s  o f  
envelopes prepared i n  a v a r i e t y  o f  ways f rom recA mutants ,  however, f a i l e d  t o  
revea l  any s i g n i f i c a n t  d i f f e r e n c e s  f rom t h e  w i l d  t ype .  P r o f i l e s  ob ta ined  f rom 
separate p r e p a r a t i o n s  were, however, r a t h e r  more v a r i a b l e  than those  f rom t h e  
w i l d  t y p e  pa ren t .  A s p e c i f i c  p o l y p e p t i d e ,  mo lecu la r  we igh t  about 40,000 d a l -  
t ons ,  was o f t e n  reduced i n  these  p r e p a r a t i o n s ,  but  t h i s  p a r t i c u l a r  band showed 
some v a r i a t i o n  i n  cet  mutants and t h i s  change cou ld  n o t ,  t h e r e f o r e ,  be con- 
s i d e r e d  t o  be s p e c i f i c .  I f  r e d  mutants do have an a l t e r e d  membrane p r o t e i n ,  
t h e  normal c e l l u l a r  c o n c e n t r a t i o n  must be ve ry  smal l  ( l e s s  than a few hundred 
molecules p e r  c e l l )  o r  t h e  change i s  unde tec tab le  by S D S  e l e c t r o p h o r e s i s  which 
w i l l  n o t  d e t e c t  a l t e r e d  p r o t e i n s  i n  membranes un less  the  a l t e r a t i o n  has a rad-  
i c a l  q u a n t i t a t i v e  e f f e c t .  I n  o t h e r  exper iments,  we have a l s o  so  f a r  f a i l e d  t o  
d e t e c t  any d i f f e r e n c e s  i n  envelope p r o t e i n s  f rom i sogen ic  R+ ( r e s i s t a n t  t r a n s -  
f e r  f a c t o r )  and R-  s t r a i n s  o r  i n  m i n i c e l l  envelopes compared t o  normal c e l l s  
(unpubl ished r e s u l t s ) .  These s t u d i e s  a r e  now be ing  extended t o  t h e  a n a l y s i s  
o f  e n r i c h e d  cy top lasmic  membrane f r a c t i o n s  r a t h e r  than whole envelopes i n  a 
con t inued  i n v e s t i g a t i o n  o f  membrane p r o t e i n s  w i t h  p a r t i c u l a r  re fe rence  t o  DNA 
metabol ism. 
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