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SUMMARY 

The manner in which enzymes are associated with the plasma membrane of 
Micrococcus lysodeikticus can be modified in certain instances by the action of an 
aldehyde cross-linking agent. Enzymes such as ATPase (EC 3.6.1.3), NADH dehydro- 
genase (EC 1.6.99.3 ) and polynueleotide phosphorylase (EC 2.7.7.8) can normally be 
selectively released from the lnembrane by controlled washing with buffers. This 
release phenomenon is prevented when membranes are first treated with o.5 % (v/v) 
glutaraldehyde. Under these conditions the enzymes become more strongly attached 
to the membrane while retaining activity. In the case of NADH dehydrogenase it can 
be shown that  the total activity is unchanged after its association with the membrane 
has been strengthened by this treatment.  The inhibition of enzyme release is supported 
by  the results of polyacrylamide gel electrophoresis and by the fact that  glutaral- 
debvde treated membranes constitute a larger fraction of total cell protein than un- 
treated cell membranes. Electron microscopy reveals that  the selective release of 
enzymes from untreated membranes is associated with a progressive reduction in 
granular substructure on the meinbrane surface. The smooth surfaced residue which 
relnains, contains cytocbron3es and succinate dehydrogenase andis resistant to further 
release by washing. Membranes treated with glutaraldehyde retain the granular sub- 
structure despite the washing procedures. 

INTRODUCTION 

A large number of enzymes have been shown to be associated in some way with 
cellular membranes. The widely different teclmiques required to "solubilize" a number 
of these enzymes are believed to reflect differences in tile strength and manner of tbeii 
binding to the membrane. Previous reports from tiffs laboratory have described a 
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Ca~+-dependent ATPase (EC 3.6.1.3) associated with the nlembrane of Microccocl,s 
lysodeikticl, s which can be selectively released by two well defined steps 1 a. Preliminary 
experiments indicated that NADH dehydrogenase (EC 1.6.99.3) activity could also be 
detached from the membrane complex under controlled conditions. In view of this 
"solubilization" of membrane components it was of interest to determine if the nature 
of the binding of these detachable proteins could be modified in the membrane prior 
to isolation, to the extent that  their selective release would be prevented, without 
imparing their enzymatic function. Fixed in this way, the membrane might hopefully 
be isolated in a form more closely resembling the complex structural and functional 
system wihch is believed to characterize its in vivo activity. Such a membrane would 
be of use in imnmnological, biochemical and structural studies directed towards 
locating the functional site of membrane components. 

MATERIALS AND METHODS 

ATP (disodium salt) andADP (sodium salt) were purchased from Pabst Labora- 
tories Biochemicals. 

Disodium succinate, phenazine methosulphate and NADH were obtained from 
the California Corporation for Biochemical Research. 2,6-Dichlorophenolindophenol 
was obtained from the Sigma Chemical Co. All other reagents were commercial products. 

Membra~ze preparalio,z 
3licrococcus h,sodeikticus (NCTC 2665) was grown and harvested as previously 

described 1, 2, 4. Protoplasts were prepared and burst as described by Mufqoz et al. 1 with 
the exceptions that 0.005 M MgCI,2 was added to the bnrsting mixture and deoxvribo- 
nuclease was omitted at this stage. Glutaraldehyde treatment of membranes was 
carried out by including various concentrations (o.I % to 0.5 % (v/v)) of redistilled 
glutaraldehyde ill the bursting buffer. This concentration of glutaraldehyde was based 
on the total volume of the bursting buffer plus the volume of the added protoplasts. 
The protoplasts were added as a thick suspension to the buffer with slow stirring. After 
bursting had occurred, the viscosity of the suspension was reduced by the addition of 
deoxyribonuclease (20 #g/ml). The resulting lysate was immediately centrifuged 
(3o rain, 3000o × g), the cytoplasm and membrane separated and the pellets washed 
witl~ various buffers adjusted to pH 7.5- The first 4 membrane washes were carried out 
on the same day and tile pellets stored at 4 ° overnight. The remaining washes were 
completed on the second day. Membranes were recovered after each wash by centrifu- 
gation at 3oooo × g for 3o rain. 

Analytical  methods 
Protein content was determined bv the method of LOWRY et al. 5. RNA -/ DNA 

content was determined by the orcinol reaction s with appropriate controls as described 
by SALTON AND FREER 4. Control and treated membranes were examined after centri- 
fugation for 2 h in an SW25 rotor at 24ooo rev./min on discontinuous sucrose gradients 
as described by SALTON 6. Sonicated membranes and membrane washes were also 
examined in double diffusion tests against antisermn to freshly prepared membrane 6. 
Polyacrylamide disc gel electropboresis of the membrane washes was carried out as 
described by SALTO~ '6. 

Biochim. I~iophys. Acta, 225 (197I) 14o 15o 
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E n z y m e  assays 
ATPase activity was measured by the liberation of inorganic phosphorous (Pi) 

from ATP as described by MtTRoz et al. ~, ~. One unit of ATPase activity is defined as the 
amount of enzyme able to liberate I Fmole of Pi per IO rain under tim assay conditions. 

Polynucleotide phosphorylase (EC 2.7.7.8) activity was also measured by Pi 
liberation as described by Mu:~-oz etal. '2. One unit of activity in this case is defined as 
the amount of enzyme liberating I Fmole Pi per h. 

NADH dehydrogenase activity was followed spectrophotometrically at 25 and 
6oo nm in a Cary model 15 spectrophotometer by a modification of the method of 
ELLSL The test system contained o.o2 ml of 2.5 lnM 2,6-dicldorophenolindophenol 
(DCIP), o.1 ml of 8 . Io  a M NADH, o.o 5 ml of o.oi M KCN and from O.Ol ml to o.I ml 
of sample containing the enzyme. The volume was made up to I.O ml in the cuvette 
(I-cm light path) by the addition of o.o5 M Tris buffer (pH 7.5) and the reaction 
initiated by the addition of NADH. One unit of enzyme activity is defined as the 
amount of enzyme dehydrogenating I Fmole of NaDH per rain under the assay con- 
ditions. 

Succinate dehydrogenase (EC 1.3.99.1) activity was assayed in a test systexn 
based on that of ELLSL The decrease in absorbance at 600 mn and 25 ~' was followed in 
an assay system containing 0.2 ml of 0.o2 M disodium succinate, 0.o2 ml of 2.5 mM 
DCIP, 0.o5 ml of o.oi M KCN, 15o #g of phenazine methosulphate (PMS) and from 
0.05 ml to o.I ml of sample containing the enzyme. The volume was made up to I.o ml 
by the addition of o.05 M Tris buffer (pH 7.5). The reaction was initiated by the 
addition of PMS in the form of a freshly prepared solution containing 3 mg/ml, which 
was stored in the dark during all assays. In all assays of membrane preparations the 
fractions were activated by preincubation for 20 rain at 25 • in 40 mM succinate. No 
additional activation was obtained by the use of phosphate buffer. One unit of succi- 
nate dehydrogenase activity is the amount of enzyme dehydrogenating I Fmole of 
succinate per rain under the assay conditions. Correction was made for any nonenzymic 
reduction of DCIP. 

Electron microscopy 
Membranes were examined after negative staining with amnmnimn molybdate 

essentially as described by Mv.~oz el al. ' .  

RESULTS 

The effect of different treatments on the partition of protein and enzyme activi- 
ties in a series of experiments is shown in Table I. The results indicate a wide variation 
in the relative amounts of cytoplasm and pellet material in the treated and untreated 
protoplasts. Membranes isolated from untreated protoplasts comprised 65 % of the 
total cellular protein, whereas when the protoplasts were exposed to o.5 % glutaral- 
dehyde, 8o % of the protoplast protein was isolated in the membrane pellet. Although 
in the course of washing both treated and untreated membranes lost protein into the 
supernatants, the final amount of protein in the treated and untreated membranes 
differed. Washed glutaraldehyde treated membranes as seen in Table I represented 
12. 7 °o of the total cell protein, whereas untreated washed membranes comprised only 
8.8 % of this total. Chemical analyses of these membrane fractions revealed that there 
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T A B L E  I 

PARTITION OF PROTEIN, ATPAsE, NA])}-I DEHYDROGENASE AND POLYNUCLEOTIDE PHOSPHORYLASE IN 
FRACTIONS OBTAINED FROM UNTREATED PROTOPLASTS AND PROTOPLASTS TREATED WITH GLUTARALDEHYDI~ 

E x p t .  I : Un t r ea t ed  pro top las t s .  Exp t s .  I I  and  l i I :  P ro top l a s t s  t reated  w i t h  o.2 % and  o. 5 % of g lu ta ra l -  
dehyde ,  respect ive ly .  Washes  i 6 comprise  the  s u p e r n a t a n t  obta ined  af ter  the  m e m b r a n e s  had  been 
suspended  in the  approp r i a t e  wash ing  buffer and  subsequen t ly  s ed imen ted  by  cen t r i fuga t ion  as described 
in MATERIALS AND METHODS. For washes  i to 4 the  m e m b r a n e  pel let  was resuspended  in 125 ml  of Tris -  
E D T A .  P'or washes  5 anti  6, the  m e m b r a n e s  were  resuspended  in tw ice  this  vo lume  of 3 mM Tris. The 
figures for t o t a l  a c t i v i t y  for each  of the  three  e n z y m e s  represent  the  sum of the  ac t iv i t i e s  recovered  in each  
of the washmg s teps  t oge the r  wi th  the  ac t iv i t i e s  in the  res idual  m e m b r a n e  and c y t o p l a s m i c  fract ion.  

Cytoplasm Pellet 30 ~,M Tris ~ 3 m3I  Tris Residual Total 
membrane I m3I  E D T A  membrane ,4ctivi@ 

Ist 2rid 3rd 4th 5th 6th 
wash wash wash wash wash wash 

Prote in  (nIg) 
E x p t .  1 353 647 256 8o 53 64 53 53 88 
E x p t .  I I  3oi 699 198 94 69 83 87 87 8i 
E x p t .  I I I  I96 8o 4 Si 8I 65 93 I93 I64 127 

ATPase  (units) 
E x p t .  [ 63 + q- @ * IS I8 77 I I  3 462 315 * IO66 
Exp t .  I I  o O 36 84 134 334 268 + ÷ * 857 
E x p t .  I l l  o 6 8 I8 36 59 59 + @ *  186 

N A D H d e h y d r o g e n a s e  (units) 
E x p t .  I 38 55 25 5 ° 206 44 ° 441 80 i335 
E x p t .  i I  io  3 ° 59 3 o i i ~  47 ° 378 96 i i 9 ~  
Exp t .  I I I  4 2 5 7 i6  47 67 12oo i348 

Po lvnuc leo t ide  phosphory la se  (units) 
E x p t .  1 I57 204 155 I76 I49 252 lO93 
lLxpt. I f  90 2o4 I91 I87 191 252 I I I  5 
E x p t .  l I I  36 29 48 57 79 I58 4o7 

* Indicates  ( +  + + + + )  re la t ive  a m o u n t  present  or (--) absence of t ryps in  a c t i v a t e d  ATPase;  
e x a c t  units  not  g iven  because  of c o m p l e x i t y  of t ryps in  a c t i v a t i o n  k inet ics .  

was a slight increase in the amount of nucleic acids associated with the glutaraldehyde 
treated membranes. Membranes treated with o. 5 % glutaraldehyde contained 3 % 
nucleic acid compared with 2.5 % for the untreated membranes. 

The measured activity of NADH dehydrogenase activity in the various fractions 
shown in Table I confirms the findings of MITCHELL 8, GELMAN 9 and others, that this 
enzyme is located in the membrane fraction. Approx. 97 % of the total NADH dehv- 
drogenase is detectable in the membrane pellet obtained from untreated protoplasts. 
Of this membrane associated activity, 94 % is released under these defined washing 
conditions leaving only 6 °o of the original membrane associated activity in the 
residual pellet. This situation is reversed in membranes obtained from protoplasts 
treated with 0. 5 % glutaraldehyde. In this instance less than I Oo of the total NADH 
dehydrogenase activity is measurable in the cytoplasm and only Io %, of the total 
activity is released upon washing. However almost 9 ° % of the NADH dehydrogenase 
activity remains in the residual membrane pellet. This distribution of NADH dehydro- 
genase activity is summarised in Table II. The total measurable NADH dehydroge- 
nase activities in Experiments I and III are seen to be approximately the same in- 
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dicating tha t  the glutaraldehyde is in fact s trengthening the association between 
enzynle and membrane  without  inhibiting it selectively in either the free or bound 
state. 

TABLE I[ 
I ' A R T 1 T I O N  O F  N A [ ) [ - I  D E H ~ g D I e . O G E N A S E  A C T I V I T Y  I N  I ; I , ' A C T I O N S  F R O M  U N T R E A T E D  PROTOI~LASTS.  

A N D  P R O T O P L A S T S  T R E A T E D  \ V I T H  G L U T A R A L I ) E H Y D t ~  

Trealme~zl % Total . \ :ADH dehydrogenase activity 

C3,Ioplasm ll'ashi~zgs Residual mcmbram' 

None (Expt. 1) 3 9r 6 
o. 5 % glutaraldehyde (Expt. I11) o. 3 io S9 

Table I also shows tha t  0 % of the total nuinber of ATPase units from untrea ted  
protoplasts  were detectable in the cytoplasmic fraction. No ATPase act ivi ty  was found 
in the cytoplasm from protoplasts  t reated with either o.2 % or o. 5 % glutaraldehyde. 
The total  number  of ATPase units in the washes from each experiment decreases 
markedly,  suggesting tha t  this enzyme m a y  also be bound lnore strongly to the men> 
brahe complex after glutaraldehyde treatment,  in support  of this possibility, the 
selective release of ATPase in Exper iment  I is partially inhibited in Expt .  I I  and com- 
pletely absent in Expt .  i l I. The relative amount  of ATPase remaining in the membralle 
residues after tiffs washing procedure can be estilnated by means of trypsin activation 
as described by  Mu~oz e ta l .  a. While it is not  t~'ossible to obtain quant i ta t ive  totals of 
tiffs residual ATPase activity" owing to the complexity of the kinetics of t rypsin acti- 
vation, experiments indicate tha t  a substantial  amount  of trypsin act ivatable ATPase 
remains associated with the o.5 % glutaraldehyde treated membranes after washing. 
Because of this difficulty in quant i ta t ing  residual ATPase activity, it is not possible to 
determine to what  extent  the ATPase is inhibited by these concentrat ions of glutaral- 
dehyde as is tile case with NADH dehydrogenase.  

As shown in Table 1 there is a substantial  reduction in the amount  of poly- 
nucleotide phosphorylase detectable in the cytoplasm of protoplasts t reated with 
o.5 % glutaraldehyde compared to tha t  of unt rea ted  protoplasts. This reduction was 
also marked in washes I through 5, al though the actual amount  released did increase 
significantly with each wash. Once again, because of the difficulty of lneasuring 
residual polynucleotide phosphorylase act ivi ty  in the washed membrane  it is not  
possible to distingmish clearly between an inhibition of the release process and an in- 
hibition of activity. Although there was a substantial  reduction in the total poly- 
nucleotide phosphorylase act ivi ty  released in Expts.  I f  and I I I  COlnpared to Expt .  I, 
the fraction of the total act ivi ty  detectable in the cytoplasm in each case was not cor- 
respondingly reduced. 

The results of the polyacrylamide disc gel electrophoresis seen in I:igs. IA and IB  
support  to some extent  the suggestion tha t  the glutaraldehyde is preventing the release 
of membrane  protein upon washing. The characteristic banding pat terns obtained 
from the washes of unt rea ted  membranes are similar to those already reported by 
3IuSoz et al. 2 and include the prominent  band identified as ATPase by these workers. 
These bands are seen to be absent from the corresponding wast~es ~f membranes  

Hio~:him. 13iopkys. Acta, 225 (r97 l) I4o-15o 
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Vi~, i, Disc e lec t rophores is  of s u p e r n a t a n t s  f rom m e m b r a n e  washes .  S ta in ing  was  wi th  ani l ine 
black ; mig ra t ion  was  towards  the  anode  (bo t tom of the  gels). (A) Gels (i t h r o u g h  6) showing  elec- 
t rophores i s  of the  six consecut ive  washes  of u n t r e a t e d  m e m b r a n e  (Expt ,  I). (B) Gels ( i '  t h r o u g h  6') 
s h o w i n g  e lect rophores is  of the  six consecut ive  washes  of m e m b r a n e  t r ea ted  wi th  o.5 °o g lu tara l -  
dehwle  (Expt .  lII) ,  ATPase  ac t iv i ty  is located  in b a n d s  label led a. 

T A B L E  l l I  

A C T I V I T Y  O F  S U C C I N A T E  D E H Y D R O G E N A S E  I N  M E M B R A N E  P R E P A R A T I O N S  

3h'mbrane preparation Succinate dehydrogenase activity 

Units Specific activity 
(nmoles/min) (nmoles/min 

per mg portein) 

U n t r e a t e d  res idue  (Expt .  i) 32oo 
o.2 % g lu t a r a ldehyde  

res idue  (Expt .  lI)  3000 
o. 5 % g lu t a r a ldehyde  

res idue  (Expt .  III)  3400 
F resh ly  isolated pel let  

n l e m b r a n e  3(~oo 

34 ° 

37 ° 

270 

I8O 
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l:igs. 2a alld 2b. l.]Icctron nlicrographs of untrcatc(1 ~11. ll~<o(]c/eilicu.~ mcnll)ran~s prior to washing 
(l".xpt. 1). Preparations are negatively ~t~fincd with ailllllOllilllll mol\ 'bdaie. Marker in all instaimcs 
corresponds to o.1 l t ln  

t r e a t e d  w i t h  0. 5 % g l u t a r a l d e h y d e .  T h e r e  is, h o w e v e r ,  a n  i n d i c a t i o n  of an  i nc r ea se  in t he  

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

l~ioch/m, ktiophys. .4eta,  "-'5 (I07 t ) 14° 15° 
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Fig. 3. Electron micrograph of unt rea ted  .~I. lysodeikticus membrane  after the six consecutive 
washes of Expt .  I. 

Fig. 4' Electron micrograph of 0. 5 % glutaraldehyde treated M. lysodeikticus membranes  after the 
six consecutive washes of F_xpt. I l l .  

Biochim. Biophys.~-Icta, 2,- 5 (197 I) ~4 o ~5 o 
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Table I I I  shows the activity of succinate dehydrogenase in the various mem- 
brane residues after washing, together with the activity in a sample of untreated pellet 
membrane washed six times with o.o5 M Tris buffer (pH 7.5). The results indicate that  
while there is little change in the total succinate dehydrogenase activity after glutaral- 
dehyde treatment,  there is a doubling in the specific activity of the enzyme in the un- 
treated membrane residue in Experiment I compared to that  in pellet membrane 
washed six times in 0.o5 M Tris. Since the protein content of the untreated membrane 
residue comprises only 12 % of the freshly isolated pellet membrane protein, these 
results suggest that  the increase in specific activity of succinate dehydrogenase is 
associated with the removal by washing of other membrane proteins such as ATPase 
and NADH dehydrogenase etc. This suggestion is further supported by the finding 
tha t  there is a correspondingly smaller increase in specific activity of succinate dehy- 
drogenase in the 0.5 % glutaraldehyde treated membrane residue, which contains 
approx. 44 °o more portein than the untreated residue. No significant succinate 
dehydrogenase activity was detectable in the cytoplasm or any of the washes from 
Expts. I, I I  or I I I ,  

The observed loss of membrane protein under these conditions of washing is 
accompanied by well defined changes in the appearance of the various membrane frac- 
tions in the electron microscope. Figs. 2a and 2b illustrate the appearance of the freshly 
isolated membrane pellet prior to any washing. The membrane surface is seen to be 
ahuost coinpletely covered with granule-like structures of varying size. Some of these 
(arrows) appear to consist of a hollow stained core surrounded by a number of sub- 
units, whilst others resemble closely the structures previously reported for the ATPase 
of M. lysodeikticus l. Other larger structures (circles) appear in some instances to be 
composed of aggregates of smaller subunits oriented in different directions. When the 
untreated membranes are washed under the conditions of Experiment i the difference 
in the appearance of the membranes is very marked as shown in Fig. 3. There is ahnost 
a complete dissappearance of granule-like substructure from the membrane surface. 
The membrane fragments are generally smaller in size and less electron dense than the 
starting membrane with a degree of transparency which permits one fragment to be 
seen through a second superimposed fragment. The difference between these untreated 
residues and the residues from membranes treated with o.5 o glutaraldehyde in 
Expt.  I I I  is equally striking. As illustrated in Fig. 4, glutaraldehyde treated mem- 
branes closely resemble freshly isolated membranes in the degree and variety of sur- 
face structure which they possess. 

DISCUSSION 

The value of glutaraldehyde treatment  in preserving in vivo enzymatic activity 
is well known. 1° 12 In their work with mitochondria, UTSUMI AND PACKER TM and 
DEAMER et al. 1~ have recently shown that  glutaraldehyde functions to preserve enzy- 
matic activities and also to trap conformational states. I~  vitro, glutaraldehyde has 
been shown to cross-link crystals of carboxypeptidase A to give a product with con- 
siderable enzymic activitylS, TM. With regard to the site of action of glutaraldehyde, 
HABEEB AND HIRAMOTO 17 have recently shown that  with proteins in vitro, glutaral- 
dehyde reacts predominantly with the epsilon amino group of lysine to form mainly 
intermolecular cross linkages. Some reaction also occurs with tyrosine, histidine and 

l~i~wkim, l~iopkyx..4c!a, 223 (~97 I) 14o r5o 
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sulphydril residues. Proteins treated in this way were still capable of reacting with 
antibodies to the native proteins. These results together with those reported in this 
study suggest that the controlled use of glutaraldehyde may indeed be useful in the 
preparation of membranes which retain their in vivo complement of enzymic and anti- 
genic activity in a three dimensional structure closely resembling the native configu- 
ration. 

MIZUSHIMA 18 has recently reported the extraction of a significant amount of 
NADH dehydrogenase from the membrane of Baci l lm megaleri~tm by mild treatment 
with alkali. With this method, 7 ° °o of the total NADH dehydrogenase activity in the 
membrane could be extracted. The activity remaining in the membrane after this 
treatment was nmch more sensitive to acidification than the extractable activity 
suggesting that this enzyme might occur in the membrane in two different forms. Our 
results for M.  A,sodeikticus show that 94 °o of the total NADH dehydrogenase activity 
in the membrane can be extracted by these relatively mild washing treatments. The 
procedure may therefore prove to be a more effective method of solubilising this en- 
zylne. The yield of NADH dehydrogenase after this treatment suggests that only one 
form of this enzyme may exist in M.  lysodeikticz,s. Since 9 ° Oo of the total NADH 
dehydrogenase activity is not extracted from glutaraldehyde treated membranes by 
this procedure, it would seem that while the cross-linking action of glutaraldehyde has 
no effect on the activity of the enzyme, it does result in a marked strengthening of its 
binding to the membrane. From what is now known of the chemistry of glutaraldehyde 
action '7 this may enable us to speculate on the nature of claemical groups at the surface 
of both membrane and enzyme. 

These results also confirm the low level of cytoplasmic ATPase in untreated 
protoplasts reported by Mug'oz etal. 2. However no ATPase was detectable in the cyto- 
plasm of protoplasts treated with glutaraldehyde. This was the case even with o.2 % 
glutaraldehyde treated inembranes which were still capable of releasing substantial 
amounts of ATPase upon washing. These findings might indicate that in vivo all 
ATPase is associated with the membrane and that the slnall amount which is detect- 
able in the cytoplasm in the absence of glutaraldehyde is the inevitable result of the 
mechanical dislocation during protoplasting. Alternatively, only that fraction of 
ATPase which exists in the free state in vivo may be susceptible to inhibition as a 
result of glutaraldehyde treatment. The remaining enzyme although not inhibited, is 
of course bound to the membrane upon exposure to the aldehyde. These alternatives 
are at present being studied. 

Washed membranes from 0. 5 % glutaraldehyde treated protoplasts constitute 
12. 7 % of total cell protein compared to 8.8 %, for the membranes fronl untreated 
protoplasts. This increase can be partly explained by the additional binding of NADH 
dehydrogenase, ATPase or polynucleotide phosphorylase, although once again the 
problem is complicated by the difficulty of assaying the last two of these enzymes 
when they are associated with the membrane. 

Analyses fail to indicate any substantial increase in nucleic acid associated with 
glutaraldehyde treated membranes. Part of this increase in membrane protein may 
reflect the binding of other enzymes wtfich are normally only weakly associated with 
the membrane and which are usually dislodged during protoplasting. A more extensive 
survey of the enzymic activity of glutaraldehyde treated membranes is at present 
being carried out to investigate this possibility. 

]3iochim. Biophys. ~4cta, 225 (1971) 1 4 o - r 5 o  
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I t  is c lea r  f r o m  t h e  e l e c t r o n  m i c r o g r a p h s  t h a t  t h e  c h a n g e s  in e n z y m i c  c a p a c i t y  

of  t h e  m e m b r a n e s  a re  r e f l ec t ed  in  t h e i r  a p p e a r a n c e .  As e n z y m e s  a re  s e l ec t i ve ly  a n d  

p r o g r e s s i v e l y  r e m o v e d  b y  w a s h i n g ,  t h e  g r a n u l a r  s u b - s t r u c t u r e  on  t h e  m e m b r a n e  su r -  

face  g r a d u a l l y  d i s a p p e a r s .  T h e  s m o o t h - s u r f a c e d  r e s idue  w h i c h  r e m a i n s  is r e s i s t a n t  to  

f u r t h e r  w a s h i n g  a n d  w o u l d  s eem to  d i f fe r  in  some  w a y  f r o m  t h e  ' d e t a c h a b l e '  p r o t e i n s  

w h i c h  were  o r i g i n a l l y  a t t a c h e d  to  it. One  s u c h  d i f f e rence  w h i c h  t h e s e  s t u d i e s  r e v e a l  is 

t h a t  t h e  t o t a l  s u c c i n a t e  d e h y d r o g e n a s e  a c t i v i t y  of t h e  n l e l n b r a n e  is a s s o c i a t e d  w i t h  t h i s  

r e s i d u a l  f r a c t i o n .  A s i m i l a r  l o c a t i o n  of s u c c i n a t e  d e h y d r o g e n a s e  a c t i v i t y  was  f o u n d  in  a 

r e s i d u a l  f r a c t i o n  o b t a i n e d  a f t e r  d e o x y c h o l a t e  t r e a t n l e n t  of i n t a c t  m e m b r a n e  f r o m  

M .  lvsode ik t i cus  1~. T h e  e l e c t r o n  m i c r o g r a p h s  d e m o n s t r a t e  a m a r k e d  s i m i l a r i t y  b e t w e e n  

t h e  d e o x v c h o l a t e  t r e a t e d  r e s i d u e  a n d  t h a t  o b t a i n e d  in  t h i s  w o r k  b y  c o n t r o l l e d  w a s h i n g  

w i t h  buf fe r s .  B o t h  p r e p a r a t i o n s  are  c l ea r ly  e l e c t r o n  t r a n s p a r e n t  w i t h  no  su r f ace  

pa r t i c l e s .  I n  a d d i t i o n ,  t h e  c v t o c h r o m e s  of M .  h'sodei/eticus are  a h n o s t  e x c l u s i v e l y  

loca l i sed  in  t h e  d e o x v c h o l a t e  r e s i d u O  9 a n d  in t h e  r e s idue  f r o m  t h e  w a s h i n g  t r e a t m e n t  

( u n p u b l i s h e d  o b s e r v a t i o n ) .  T h e  e v i d e n c e  t h e r e f o r e  s u g g e s t s  t h a t  c e r t a i n  c o m p o n e n t s  

of t h e  e l e c t r o n  t r a n s p o r t  c h a i n  in  t h i s  o r g a n i s m  are  l o c a t e d  in a r e l a t i v e l y  r ig id  f r a c t i o n  

w h i c h  is r e s i s t a n t  to  v a r i o u s  p r o c e d u r e s  d e s i g n e d  to  r e m o v e  ' d e t a c h a b l e '  p r o t e i n s .  T h e  

f a c t  t h a t  t h i s  f r a c t i o n  c a n  be  o b t a i n e d  f r o m  t h e  m e m b r a n e  b y  t h e  r e l a t i v e l y  m i l d  

w a s h i n g  t r e a t m e n t s  d e s c r i b e d  in t h i s  work ,  l ends  s u p p o r t  to  t h e  i dea  t h a t  i t  r e p r e s e n t s  

a n  i m p o r t a n t  s t r u c t u r a l  a n d  f u n c t i o n a l  c o m p o n e n t  of t h e  n a t i v e  m e m b r a n e .  
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