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BINDING OF ANTIBODY TO THE ACTIVE SITE OF THE ADENOSINE 
TRIPHOSPHATASE OF SARCOPLASMIC RETICULUM 
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Bzochemtstry Dwtslon, National Institute for Medical Research, Mdl Hdl, London (U K ) 

(Rece ived  A u g u s t  25 th ,  1975)  

Summary 

1 The thlol group of fragmented sarcoplasmm retmulum that is protected 
from reachon with N-ethylmaleimlde by 1 mM ATP was labelled with N-ethyl- 
[2,3-14C2] male:mlde. Autoradlography after electrophoresls of this material on 
dodecylsulphate/polyacrylamlde gels showed that this group is located on the 
polypephde chain of the ATPase. 

2 The ATP-protected thlol group of fragmented sarcoplasmlc retmulum has 
been labelled by treatment with e:ther 1-(2,4-dmltrophenylammo), 6-(N-malel- 
mldo)hexane or N, N'-bis(2,4-dlmtrophenyl)-L-cystme. The total dlmtrophenyl 
contents of the dinitrophenyl-vesmle conjugates found by spectrophotometry 
were m good agreement with the ATP-protected thlol content, especially in the 
case of the N, N'-bis(2,4-dmltrophenyl)-L -cystme-treated vesicles. Fluorescence- 
quenchmg titratlons of antl-dInitrophenyl-anhbody tryptophyl fluorescence 
with the dImtrophenyl-vesmle conjugates showed that not all the dmltrophenyl 
groups were avmlable for combination with antibody. 

3. Phosphohpase C(EC 3.1.4.3) digestion of ATP-protected, N-ethylmalel- 
mide-treated vesicles, labelled with dmitrophenyl groups using N2/'-bls(2,4- 
dinltrophenyl)-L-cystme, caused the dlmtrophenyl groups to become complete- 
ly Inaccessible to anh-dmItrophenyl-antlbody, although no dlnitrophenyl groups 
were lost during the incubation. This indicates a possible crowding together of 
the ATPase molecules as the effective membrane area was reduced 

Introduchon 

The thlol groups of the sarcoplasmm retlculum were ftrst examined in detail 
by Hasselbach and Seraydarmn [1], who reported that one of the ten thlol 
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groups per 10 ~ g total membrane protein of intact sarcoplasmlc retlculum ves- 
icles whmh are alkylated by N-ethylmalelmlde could be protected from reac- 
tion with the reagent by either ATP or ADP, that  this thml belonged to a class 
of  thml group (four per 10 s g total protein) which when alkylated led to  loss of  
the Ca2+-actwated ATPase activity and Ca-'÷-transportmg ability of  the vesicles, 
and that when the integrity of  this thlol group alone was preserved, the sarco- 
plasmlc retmulum vesicles retamed Ca2÷-ATPase actwlty and the ability to 
transport Ca 2÷. Hasselbach and Elfvm [2] further demonstrated that  this sub- 
strate-protected thml group was located on the outer  surface of  the sarcoplas- 
mlc retmulum vesmles by using mercury-phenylazo-ferntm to label the group 
for exammatmn m the electron microscope Panet and Sehnger [3] confirmed 
the previous work, using 5,5'-dlthio-bls(2-mtrobenzom acid) instead of  N-ethyl- 
malelmlde and showed that an extra four thml groups per 105 g membrane pro- 
tern became available for reactmn with 5,5'-dlthm-bls(2-mtrobenzom acid) m the 
presence of  dodecyl  sulphate and that only one band was heawly labelled with N- 
ethyl [ 1-~"C ] malelmlde when gel electrophoresls of  vesmles treated with N-ethyl- 
maleumde in the presence of  ATP followed by N-ethyl[14C] malelmlde in the 
absence of  ATP was carrmd out  by  a modlfmatlon of  the procedure of  Taka- 
yama [4] Mlgala et al [5] have shown that the major protein component  of  
the vesmles is labelled with N-ethyl [ ~4C ] malelmlde 

In order to further elucidate the nature of  the "essentml" thml group, the 
work reported here examines the identity of  the protein with which it ~s asso- 
crated using the now standard dodecyl  sulphate/polyacrylamlde gel electro- 
phoresls system The thml content  of  the purffmd ATPase is estimated The 
binding of  ant~-dmltrophenyl-antlbody to a dmltrophenyl  momty coupled to 
the "essential" thml group by two different methods is investigated by the 
fluorescence quenching techmque 

Materials and Methods 

N-ethyl[2,3-14C~] maleumde (2 C1/mol) was obtained from the Radlocheml- 
cal Centre (Amersham, Bucks ,  England) Bls-dmltrophenyl-cystme was from 
B D H All other  reagents were of  analytical grade Phosphohpase C (EC 3 1 4 
3) was from Koch-Light Ltd 

Synthests of dmltrophenyl-malelm~de This was prepared according to C.G 
Kmght and N M Green (unpubhshed results) 

Preparatzon of ant~-dmltrophenyl-antlbody Punfmatlon was by the method 
of  N M. Green and E J Toms (unpubhshed results) 

Fragmented sarcoplasmw rettculum This was prepared essentially accord- 
mg to the methods of  Hasselbach and Makmose [6] and Holland and Perry 
[7] Before centrlfugatlon on a hnear sucrose gradient (0 32--1 3 M) for 1 h at 
75 000 × g (average), the preparation was washed with 0 6 M KC1 according to 
Martonosl [8] The dodecyl  sulphate gel electrophoresls pattern was very sim- 
ilar to those pubhshed by other  workers (e g see Mlgala et al [5] and MacLem 
n a n e t a l  [9])  

Purzfzed A TPase of the sarcoplasmlc rettculum This was prepared according 
to the method of  MacLennan [ ! 0 ] ,  and stored as described previously [11] 

A TP-protected, N-ethylmalezmzde-treated sarcoplasmzc rettculum vesicles 
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Alkylatlon of vesmles with N-ethylmalelmlde m the presence of ATP was car- 
ned  out  as described by Panet and Sehnger [3].  Unreacted N-ethylmalelmlde 
was then removed by adding excess 100 mM mercaptoethylamme to 4 mM con- 
centratlon The mixture was left for 5 mln at room temperature The reaction 
product  of N-ethylmalelmlde with mercaptoethylamme and excess mercapto- 
e thylamme were then removed by slowly passing the mixture through a short 
column of  Dowex 50-X8 eqmhbrated against 10 mM Tns HC1, pH 8 5 ATP 
and ADP were then removed by slowly running the suspension through two 
volumes of  Dowex 2-X8 eqmhbrated against 10 mM Tns HC1, pH 8 5 

N-ethyl[14C]maletm~de-labelled vesicles These were prepared essentially ac- 
cording to the method of  Panet and Sehnger [3].  

Reactmn of ATP-protected, N-ethylmale~m~de-treated veszcles w~th dm~tro- 
phenyl-malezmlde 40 mM dmltrophenyl-malelmlde, dissolved m dry dlmethyl- 
formamlde, was added to give a 4--5 molar excess over the theoretmally avail- 
able thlol groups of ATP-protected, N-ethylmalelmlde treated vesmles m 10 
mM Tns HC1, pH 8.5 The mixture was left for 10 mm at room temperature. 
Mercaptoethylamme was then added m a 2--4-fold excess over the dmltro- 
phenyl-maleumde and the mixture was left for 5 mm at room temperature be- 
fore being passed through Dowex 50-X8 eqmhbrated against 10 mM Trls HC1, 
pH 8 5, to remove the reactmn product of  dmltrophenyl-malelmlde and mer- 
captoethylamme and excess mercaptoethylamme Apart from reactmn of the 
reagent with thlol groups, couphng to very reactive hlstldme and lysme residues 
has to be antmlpated [12] 

Reactmn of ATP-protected, N-ethylmale~m~de-treated vesicles w~th bls-dt- 
nltrophenyl-cystme 100 mM Tns HC1, pH 8 5, was added to the treated 
vesmles m unbuffered 0.3 M sucrose to a fmal concentratmn of 10 mM 32 mM 
bls-dlmtrophenyl dissolved 100 mM Trls HC1, pH 8 5, was added to give a 
10-fold molar excess over the theoretmal thml content  of  the ATP-protected, 
N-ethylmalelmlde-treated, vesmles and the mixture left for 1 h at room temper- 
ature Excess bls-dmltrophenyl-cystme and dmltrophenyl-cysteme formed dur- 
ing the reactmn were then removed on a short column of Dowex 2X-8 eqm- 
hbrated against 10 mM Tns • HC1, pH 8.5 

Phosphol~pase C treatment ATP-protected, N-ethylmalelmlde-treated yes- 
lcles were reacted with bls-dm~trophenyl-cystlne as descmbed above The treated 
suspension was then digested m 10 mM CaC12, 0 1 M KC1 and 10 mM hlstldme, 
pH 7.0, with 0 I mg phosphohpase C per mg of  vesmle protein for 30 mm be- 
fore washing off  the enzyme by ultracentrffugatlon and resuspensmn m 0 3 M 
sucrose 

Analytical methods The thml content  of the varmus preparatmns was mea- 
sured by the method of Ellman [13] It was found that  the presence of  0 34 or 
1.0 mM sodmm deoxycholate together with 0 5 M sucrose allowed the thml de- 
termmatmns on the solubillsed ATPase to be carrmd out  without  any slgmfl- 
cant aggregatmn of the materml, as judged by turbidi ty 

Dodecyl sulphate gel electrophoresls was carrmd out  according to Weber and 
Osborn [14].  The gels contained 7.5% total acrylamlde, and were cahbrated as 
described prewously [11] and stained for protein with Coomassm brilhant 
blue When autoradmgraphy was carried out N-ethyl [14C2 ] malelmlde-labelled 
vesmle samples containing 250 and 350 pg of protem (with 5 000 and 7 000 



360 

cpm, respechvely) were denatured m sodmm dodecyl sulphate m the absence 
of 2-mercaptoethanol Duphcate gels for each loading were run 

Protein was determined by the method of Lowry et al [15],  or spectropho- 
% 

tometrlcally m 1 or 2% (w/v) sodmm dodecyl sulphate, using an E28 o ~m. 1¢m value 
of 10 for whole vesmles based on Lowry determmatmns with bowne serum al- 
bumm as standard An E2s0% nm, 1¢m of 12 was used for punfmd ATPase [11] 

In spectrophotometnc measurements, scattering at 280 nm was corrected for 
by a hnear extrapolatmn from 330 to 360 nm Spectrophotometrm eshmahons 
of  dmltrophenyl  content  were based on a value of  e = 17 800 M -J cm -J at the 
absorptmn maximum (359 7 nm for the dmltrophenyl-malelmlde and 354 6 
nm for the bls-dmltrophenyl-cystme conjugates, respechvely) 

Fluorescence quenching htra tmns were carned out  m an apparatus described 
elsewhere [16],  thermostated at 25°C 1 pM N-acetyltryptophanamlde m 
water was used as the reference The e x o t a h o n  wavelength was 266 nm All 
fluorescence values were corrected for volume changes, and for tnvml quenching 
from dmltrophenyl  present (using a correctmn curve from the t l t ratmn of  N- 
acetyl t ryptophanamlde with dm~trophenyl-e-ammocarpoate) Anh-dm~tro- 
phenyl-anhbody was stored frozen m small ahquots and clarffmd by centrffuga- 
tmn when reqmred for use Prior to use its bmdmg capacity was eshmated by 
f luonmetrm h t r ahon  with 25 pM dmltrophenyl-e-ammocaproate The medmm 
for h t r ahon  was either 50 mM borate, pH 8 5, or 0 1 M KC1, 50 mM borate, pH 
8 5 (clarffmd by ffl trahon through a No. 4 smter) A blank experiment was car- 
ned  out  with the dmltrophenyl-vesmle conjugate added to the buffer alone m 
ldentmal quantltms to those added when the ant ibody was present to enable a 
correchon to be made for the fluorescence of the dmltrophenyl-vesmle conju- 
gate The ratm of  the ant ibody fluorescence (F) to the mltml anhbody  fluores- 
cence (F0) was then plotted against dmltrophenyl  or protein added 

Results and Dmcussmn 

Th~ol contents The data are presented m Table I. When denaturation of 
both the whole vesmles and ATP-protected, N-ethylmalelmlde-treated vesmles 
was carried out  m 5 25 M guamdmmm chloride, the number of extra thlol 
groups appearmg was shghtly greater than with dodecyl sulphate as the dena- 
turant  

1 mM ATP markedly reduces the rate of reachon of 5,5'-dlthlo-bls(2-mtro- 
benzoin acid) with the punhed  ATPase 

Autoradtography o f  sodmm dodecyl sulphate gels The N-ethyl[14C:] malel- 
mlde label attached to the substrate-protected thlol group of  the sarcoplasmm 
retmulum vesicles was found to be associated only with the major band of 
105 000 molecular weight and Its dlmer, 1 e with the ATPase polypephde 
chain 

Treatment o f  A TP-protected, N-ethylmalezm,de-treated vesicles wtth dm,tro- 
phenyl-male~m~de and bzs-dm~trophenyl-cystme The dmltrophenyl  contents of  
the vesmle preparahons as determined by spectrophotometry and f luonmetrm 
titration with ants-dmltrophenyl-anhbody are shown m Table II Tltratmn 
curves of antl-dlmtrophenyl-antlbody w~th the two kinds of dmltrophenyl-ves- 
role conjugate and dmltrophenyl-e-ammocaproate are illustrated m Fig 1 A1- 



361 

T A B L E  I 

T H I O L  G R O U P  C O N T E N T  U S I N G  5 , 5 ' - D I T H I O - B I S ( 2 - N I T R O B E N Z O I C  A C I D )  

T h e  r e a c t i o n s  w e r e  ca r r i ed  o u t  as  d e s c r i b e d  in Ma te rml s  a n d  M e t h o d s  S o d m m  d o d e c y l  su lpha t e  was  

a d d e d  to  0 67 or  1 0% (w/v ) ,  and  g u a m d l m u m  ch lo r ide  to  5 25  M T h e  th lo l  c o n t e n t s  o f  t he  p u r l h e d  

A T P a s e  m t h e  p r e s e n c e  of  A T P  are  based  on  the  A 4 1 2 n  m va lues  a f t e r  10 m m  reac t ion ,  by  w h i c h  t i m e  the  

r a t e  of  increase  of  t he  A 4 1 2 n  m was  e x t r e m e l y  low Average  value  m the  absence  o f  A T P  8 4 a n d  11 5 
tool  th to l  pe r  10 s g p r o t e i n  m the  absence  and  p r e s e n c e  of  s o d m m  d o d e c y l  su lpha te ,  r e spec t ive ly  Average  

va lue  m the  p r e s e n c e  of  A T P  5 9 and  11 5 tool thlol  per  10 s g p r o t e i n  m the  a bse nc e  and  p re sence  of  
s o d m m  d o d e c y l  su lpha te ,  r e spec t ive ly  

P r e p a r a t i o n  Mol 5 . 5 ' - d l t h l o - b i s ( 2 - m t r o b e n z o m  acld)- react -  

able g r o u p s  per  10 s g p r o t e i n  

No s o d i u m  + S o d i u m  + G u a n l d m l u m  

d o d e e y l  d o d e c y l  ch lo r ide  

su lpha te  su lpha te  

S a r c o p l a s m m  r e t l c u l u m  vesicles  

P r e p a r a t m n  1 10 9 14 I 15 6 

P r e p a r a t m n  2 9 8 13 1 - -  

Average  10 35 13 6 

A T P - p r o t e c t e d ,  N - e t h y l m a l e t m l d e - t r e a t e d  vesic les  I 1 4 6 5 7 

P u n h e d  A T P a s e  

(1) Wi th  1 m M  d e o x y c h o l a t e  + 0 5 M sucrose  

(a) No A T P  8 4 11 5 - -  
(b) Wi th  1 m M  A T P  5 6 11 7 - -  

(2) With  0 34 m M  d e o x y c h o l a t e  + 0 5 M sucrose  

(a) No  A T P  8 4 11 4 - -  
(b) w i t h  1 m M  A T P  6 1 11 2 - -  

10 ; ; ¢ ¢ ; ¢ ¢  

O9 

©8 

O7 

O3 

© 0'1 0'2 0'3 0'4 0'5 0'6 0"7 0 [ 8 ~ 9  
nmoL d,mtrophenyL added i, 

F l u o r t m e t n e  t l t r a h o n s  These  w e r e  ca r r i ed  o u t  as desc r ibed  m Mate r ia l s  and  M t h o d s  10 #l o f  Fig  1 

a n t l d t m t r o p h e n y l - a n t l b o d y  (3 53 m g / m l ,  0 262  n m o l  b i n d i n g  s i tes)  w e r e  fLrst a d d e d  to  2 ml  0 1 M KC1, 

50 m M  b o r a t e ,  p H  8 5 u, a d d i t i o n  o f  1-#1 a h q u o t s  of  A T P - p r o t e c t e d ,  N - e t h y l m a l e L m l d e - t r e a t e d  vemcles  
a f t e r  t r e a t m e n t  w i t h  d m l t r o p h e n y l - m a l e l m l d e  (7 98  m g / m l ,  1 48  tool  d m l t r o p h e n y l  pe r  105 g p r o t e i n  by  
s p e c t r o p h o t o m e t r y ) ,  o,  a d d i t i o n  of  2-#I a h q u o t s  o f  A T P - p r o t e c t e d .  N - e t h y l m a l e t m l d e - t r e a t e d  vesicles  af- 
t e r  t r e a t m e n t  w i t h  h l s - d l m t r o p h e n y l - c y s t m e  (2 28 m g / m ] ,  1 13 tool  d l m t r o p h e n y l  pe r  105 g p r o t e i n  by  
s p e c t r o p h o t o m e t r y ) ,  e ,  adcht lon  o f  2-#1 a h q u o t s  o f  p h o s p h o h p a s e  C-chgested,  b l s - ehmt ropheny l - cys t lne -  
t r e a t e d ,  vesicles  (2 08  m g / m l ,  1 13 tool  d l m t r o p h e n y l  per  105 g p r o t e i n  by  s p e c t r o p h o t o m e t r y ) ,  A, addi-  
t i o n  o f  2-/~1 a h q u o t s  o f  25 #M d m l t r o p h e n y l - e - a m m o c a p r o a t e  
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T A B L E  II 

C O M P A R I S O N  O F  T H E  D I N I T R O P H E N Y L  C O N T E N T S  O F  A T P - P R O T F C T E D ,  N - E T H Y L M A L E I -  

M I D E - T R E A T E D  S A C R O P L A S M I C  R E T I C U L U M  V L S I C L E S  T R E A T E D  W I T H  D I N I T R O P H E N Y L  

M A L E I M I D E  A N D  B I S - D I N I T R O P H E N Y L - C Y S T I N E  

S p e c t r o p h o t o m e t r y  was  car r ied  ou t  as desc r ibed  m Mate rml s  and  M e t h o d s  Severa l  o f  the  t l u o r m : e t r i c  

t : t r a t m n s  are  desc r ibed  m the  l egend  to  Fig 1 T h e  deta i l s  o f  t he  r e m a i n d e r  are as fo l lows  The  concen-  

t r a t : o n  o f  d e o x y c h o l a t e  w h e n  a d d e d  to the  d l m t r o p h e n y l - m a l e l m i d e  t r e a t e d  vesmles  m a 1 1 w e i g h t  ra t io  

to  t he  p r o t e i n  was  21 5 m M ,  the  p r o t e i n  c o n c e n t r a t i o n  be ing  9 28 m g / m l  T h e  c o n c e n t r a t i o n  of  deox:y- 

cho l a t e  m the  b l s - & m t r o p h e n y l - c v s t m e - t r e a t e d  vesicles  was  6 6 m M ,  the  p r o t e i n  c o n c e n t r a t i o n  be ing  2 22 

m g / m l  T h e  d e o x y c h o l a t e  m c u b a t m n  was  for  30 m m  on  ice Lmmedla te ly  p r m r  to  the  t i t r a t m n  

P r e p a r a t : o n  Dmttrophen:~ 1 g r o u p s  per  10 ~ g p r o t e i n  

D m l t r o p h e n y l - m a l e : m l d e  c o n j u g a t e  1 48 

B : s - d m l t r o p h e n y l - c y s t m e  c o n j u g a t e  

(a) Be fo re  p h o s p h o h p a s e  C t r e a t m e n t  1 13 

(b) A f t e r  p h o s p h o h p a s e  C t r e a t m e n t  1 13 

By spec t ro-  

p h o t o m e t r y  

By a n t i b o d y  t i t r a t i o n  

No With  

d e o x y c h o l a t e  d e o x y c h o l a t e  

p r e m c u b a t i o n  p r e m c u b a t l o n  

0 62 0 69 

0 6 8  0 63 

0 

though short, the initial portions of the quenching curves obtamed with the 
dmltrophenyl-vesmle conjugates were suffmmntly hnear to allow extrapolation 
to be made to fmd an eqmvalence pomt 

Tltratlons of  both types of  dmltrophenyl-vesmle conjugate with antl-dmltro- 
phenyl-antlbody were also carrmd out after premcubatlon of the dmltrophenyl 
vesicles with a I 1 we:ght ratio of sodmm deoxycholate on me for 30 mm be- 
fore the titration. This quanti ty of deoxycholate is suffmmnt to dissolve the 
sarcoplasmm retmulum membrane [10],  the dmltrophenyl momty now being 
present mainly on the solubfllsed ATPase, at least m the case of the bls-dmltro- 
phenyl-cystme-treated material (see below) A blank titration where deoxy- 
cholate was present in dlmtrophenyl-e-ammocaproate added to antl-dmltro- 
phenyl-antlbody showed that  this detergent had no slgmfmant effect on the 
binding of  dmltrophenyl  to antibody 

The total percentage quenching of the antibody fluorescence by the dmltro- 
phenyl-vesmle conjugates was always less than that  found m tl tratmns of the 
ant ibody with dmltrophenyl-e-ammocaproate (see Table III) Thus, not all of 
the ant ibody bmdmg sites were able to combine with dmltrophenyl groups on 
the vesmles This behawour is possibly a consequence of  the bl-functlonal na- 
ture of ant ibody molecules Thus, the effective antibody bmdmg s:te concen- 
t ratmn present was less than that  based on the dm:trophenyl-e-ammocaproate 
t~tratlon In the calculatmn of  the eqmvalence points this was corrected for by 
comparmg the maximum quenching of ant :body fluorescence produced by the 
dmltrophenyl-vesmle conjugate with that  produced by dmltrophenyl-e-amlno- 
caproate and reducing the assumed value for the available binding site concen- 
t ra tmn accordingly 

Detailed mterpretatmn of the res'Jlts is dfffmult, but it is possible to make 
the following observations 
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T A B L E  III 

T H E  D E G R E E  O F  Q U E N C H I N G  O F  A N T I B O D Y  F L U O R E S C E N C E  BY D I N I T R O P H E N Y L - V E S I C L E  
C O N J U G A T E S ,  A N D  T H E  F R A C T I O N  O F  V E S I C L E - B O U N D  D I N I T R O P H E N Y L  G R O U P S  C O M B I N -  
I N G  WITH A N T I B O D Y  

T h e  e x p e r i m e n t a l  de ta i l s  axe given in  t h e  l egends  t o  Fig  1 a n d  T a b l e  II T h e  f r a c t i o n  of  v e s m l e - b o u n d  
d l m t r o p h e n y l  g r o u p s  c o m b l m n g  w i t h  a n t i b o d y  h a s  b e e n  t a k e n  as  t h e  r a t i o  o f  t h e  a n t l b o d v - t l t r a t a b l e  
d m l t r o p h e n y l  c o n t e n t  to  t h a t  o b t a i n e d  b y  s p e c t r o p h o t o m e t r y ,  u s ing  t h e  d a t a  o f  T a b l e  II 

P r e p a r a t i o n  M a x i m u m  q u e n e h l n g  M a x i m u m  q u e n c h i n g  F r a c t i o n  o f  
o f  a n t i b o d y  of  a n t i b o d y  s a m p l e  d m : t r o p h e n y l  g r o u p s  
f l u o r e s c e n c e  (%) b y  d : m t r o p h e n y l -  c o m b i n i n g  w i t h  

a m m o c a p r o a t e  (%) a n t i b o d y  (%) 

D m l t r o p h e n y l - m a l e : m : d e  
c o n j u g a t e  

(a) No d e o x y c h o l a t e  56 70  4 2  
(b)  Wi th  d e o x y c h o l a t e  57 71 47  

Bl s -dml t r  o p h e n y l - c  y s t m e  
c o n j u g a t e  

(a) No  d e o x y c h o l a t e  41 70  61 
(b)  Wi th  d e o x y c h o l a t e  53 7 0  56 

A f t e r  p h o s p h o h p a s e  C 
t r e a t m e n t ,  no  
d e o x y c h o l a t e  0 7 0  0 

Firstly, the bls-d:mtrophenyl-cystme procedure produced a conjugate having, 
by  spect rophotometry ,  a dmltrophenyl  content  the same as that  expected from 
the 5,5'-dlthlo-bls(2-mtrobenzom acld)-reactable thlol content  of  ATP-pro- 
tected,  N-ethylmalelmlde-treated vesmles (1 1 mol per l 0  s g protean m both  
cases) The closeness of  the dm:trophenyl  content  of  this conjugate to the un- 
reacted th:ol group content  mdmates that  the dmltrophenyl  label was probably 
at tached to the unreacted th:ol group, especmlly as this reagent is unhkely to 
react with residues other than cysteme or cystme. As antmlpated, the dm:tro- 
phenyl-malelmlde conjugate had a higher d:mtrophenyl  content  (1.5 mol per 
l 0  s g protem) than the theoretmal ATP-protected thlol content,  poss:bly due 
to non-speclfm react:on of  the reagent with hlstldme or lysme residues [12] 

Secondly, m the case of both  the conjugates, some of the ant ibody dmltro- 
phenyl bmdmg sites remam uncombined at the end of  the t:tratmn, particularly 
m the case of  the bls-dmltrophenyl-cystme conjugate Presumably some of the 
ant ibody molecules have only one Fab arm combmed with d:mtrophenyl,  the 
other remaining unattached because of  the distance between the membrane- 
bound dmltrophenyl  groups, or because of sterm hmdrance This effect  was 
further investigated by  digesting the dm:trophenyl-vesmle conjugate with phos- 
phohpase C, as descr:bed below 

Thirdly, the fractmn of the total  dmltrophenyl  groups of  the dmltrophenyl- 
vesmle conjugates able to combine with ant ibody binding sites was higher m the 
case of  the b:s-dmltrophenyl-cystme conjugate (61%) than with the dm~tro- 
phenyl-malelmlde conjugate (42%) 

Effect  o f  phosphohpase C treatment on the binding o f  antg-dmltrophenyl- 
antibody by A TP-protected, N-ethylmale~mzde-treated veszcles treated with bts- 
dtnztrophenyl-cyst~ne When the effect of phosphohpase C d:gestmn on the b:s- 
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dlmtrophenyl-cystme-treated preparation of Table II was examined, it was 
found that  after 30 mm digestion none of the dm~trophenyl groups on the ves- 
Icles were now accessible to the antibody, 1 e the vesicles no longer quenched 
the ant ibody fluorescence (see Fig 1), although spectrophotometry m 2~ 
(w/v) sodmm dodecyl sulphate showed that  no dmltrophenyl had been lost 
from the preparatmn during the digestion 

Adding phosphollpase C (under the usual digestion condltmns 0 1 M KC1, 
10 mM CaCl:, 10 mM hlstldme, pH 7 0) directly to either the intact vesicles or 
to the dmltrophenyl-cystme conjugate, m the f luonmeter  cuvette, showed httle 
or no change m the t ryptophyl  fluorescence of the sarcoplasmm retlculum 
membranes occurred durmg the digestion process 

Phosphohpase C treatment of sarcoplasmm retlculum vesmles leads to a de- 
crease m the surface area of the membranes [17] Thus, the explanation of the 
effect of phosphohpase C treatment  on the binding of antibody to the dmltro- 
phenyl groups attached to the active site thlol groups of the vesmles is probably 
a sterm one as the surface area of the membrane is reduced by the action of 
the enzyme, the ATPase molecules embedded m it [9,18],  become crowded to- 
gether, and the dmltrophenyl  momtles are no longer accessible to the antibody 
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