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Probing the nucleotide-binding site of sarcoplasmic reticulum 
(Ca2+-Mg 2÷)-ATPase with anti-fluorescein antibodies 
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Antibodies raised against fluoresccin were unable to bind to the fluorophore when bound at the nucleotide-binding site 
of native (Ca2+-Mg2+)-ATPase, as judged by fluorescence quenching assays or competitive ELISAs, but were able to 
bind when the ATPase was denatured. Indirect ELISAs, in which native and denatured FITC-ATPase were used to coat 
ELISA plates, were unable to detect the difference in accessibility of the fluorescein bound to the native and denatured 
ATPase. These results indicate that the nuclcotide-binding site is relatively inaccessible in the native structure, even 
though fluorescence energy transfer studies [(1987) Biochim. Biophys. Acta 897, 207-216] indicate that this site must be 
close to the surface of the ATPase. In addition the results suggest that the indirect ELISA method may be of limited 

value in probing the accessibility of epitopes using antibodies. 
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1. I N T R O D U C T I O N  

(Ca2+-Mg2+)-ATPase ,  the  ca lc ium p u m p  o f  sar-  
cop l a smic  re t icu lum,  be longs  to  a class o f  ca t ion  
A T P a s e s  which share  sequence h o m o l o g y  [1]. Al l  
m e m b e r s  o f  this  class a re  bel ieved to  p u m p  ca t ions  
b y  a s imi lar  mechan i sm involving two c o n f o r m a -  
t iona l  ext remes o f  the enzyme,  des igna ted  E1 and  
E2. In  the  case o f  (Ca2+-Mg2+)-ATPase  it is the  
p h o s p h o r y l a t i o n  o f  the  E1 fo rm o f  the  A T P a s e  
(with its 2 high a f f in i ty  o u t w a r d  fac ing  ca lc ium-  
b ind ing  sites) by  A T P  to give Ca2E1-P and  the con-  
f o r m a t i o n a l  change  to  give Ca2E2-P (with its 2 low 
a f f in i ty  o u t w a r d  fac ing ca lc ium-b ind ing  sites) 
which  const i tu tes  the t r a n s p o r t  event  [2-4] .  

O n  the basis  o f  the  sequence and  label l ing 
s tudies ,  a schemat ic  s t ruc tura l  m o d e l  has  been p ro -  
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posed  for  the  A T P a s e  [1]. H o w e v e r  the  comple te  
3 -d imens iona l  s t ruc ture  o f  this p ro t e in  remains  to  
be  e luc ida ted .  One  p r o b e  which  has  been  used ex- 
tens ively  in s t ud i e s  o f  the  A T P a s e  is f luorescein  
i so th iocyana t e  ( F I T C )  which  cova len t ly  labels the  
A T P a s e  at  or  c lose to  the  nuc leo t ide -b ind ing  site 
[5]. This  p r o b e  has been used in energy t ransfe r  
s tudies  to  locate  the  pos i t i on  o f  sites on  the 
A T P a s e  re la t ive  to  the  nuc leo t ide -b ind ing  site 
[6,7]. In  this s tudy  we have examined  the b ind ing  
o f  an t i - f luoresce in  an t ibod ies  to f luorescein  at-  
t a ched  to  the  nuc leo t ide -b ind ing  site o f  the  
A T P a s e  to  ga in  i n f o r m a t i o n  a b o u t  the  accessibi l i ty  
and  the re fo re  the  poss ible  loca t ion  o f  this site. 

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

Sarcoplasmic reticulum (Ca2+-Mg2+)-ATPase was prepared 
as outlined previously [8]. Fluorescein-labelled ATPase (FITC- 
ATPase) was prepared by incubating 9.0 nmol of ATPase for 
1 h in 50 #1 buffer (0.3 M sucrose, 1 mM Hepes, pH 7.5) with 
4.5nmol FITC (added as a 1.0mg.ml -I solution in 
dimethylformamide). Any unreacted FITC was removed from 
the sample by passing the incubate through a Sephadex G50 col- 
umn equilibrated with PBS (0.137 mM NaC1, 2.7 mM KCI, 
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8.1 m M  Na2HPO4 and 1.5 m M  KH2PO4). The amount  of  
F1TC bound to the ATPase  was estimated by spec- 
t rophotometry  as outl ined previously [8] and  was typically 
0.3 mol F I T C / m o l  ATPase.  Denatured FITC-ATPase  was 
prepared as above except that the incubation was terminated by 
the addition of  5//I of  a 10070 sodium dodecyl sulphate solution 
before passing down the Sephadex column. FITC-labelled BSA 
was prepared by adding 5 mg FITC in 50/zl dimethyl for- 
mamide  to 10 mg BSA in 1 ml of  0.1 M NaHCOa buffer,  pH 
9.0. Unreacted FITC was removed by passing the incubate 
through a Sephadex G50 column and collecting the FITC-BSA 
in the void volume. 

Anti-FITC antibodies were prepared by injecting a New 
Zealand White rabbit intramuscularly with 100/zg of FITC- 
BSA in Freund 's  complete adjuvant  followed by an identical 
booster injection 8 weeks later. Serum was collected 7 days after 
the boost .  

Fluorescence studies were carried out using a Perkin Elmer 
fluorescence spectrometer model LS-3B. The excitation and 
emission wavelengths were 495 nm and 525 nm, reslbectively. 

ELISAs were performed using the method outlined by Hud- 
son and Hay [9] with ELISA plates coated with 1/~g o f  the ap- 
propriate antigen in PBS. The competitive ELISA was 
performed with native and denatured ATPase.  A range of  con- 
centrations of  the native and denatured ATPase  (0-20/zg) were 
incubated overnight with a 1:50000 dilution o f  the anti- 
fluorescein antiserum in PBS plus 0.0507o Tween. The incubates 
were then transferred to an ELISA plate coated with native 
FITC-ATPase  and the unbound  anti-fluorescein estimated by 
the ELISA method outlined above. 

3.  RESULTS AND DISCUSSION 

Fig.l shows the effect of  anti-fluorescein an- 
tibodies on fluorescein fluorescence. As observed 
previously [10] addition of  the anti-fluorescein an- 
tibodies markedly reduces the fluorescence of  free 
fluorescein with a maximum quenching of  60°70 be- 
ing achieved in this study on addition o f  20/zl of  
antiserum. Addition of  the antiserum to the 
denatured fluorescein-labelled ATPase resulted in 
a maximum fluorescence quenching of  40°70. 
However, only a 6070 reduction in fluorescence was 
achieved when 20/zl of  t h e  anti-fluorescein an- 
tiserum was added to the native form of  the 
fluorescein-labelled ATPase. Half-maximal quen- 
ching was achieved with - 1 . 4  and 1.7/~l of  an- 
tiserum for free fluorescein and fluorescein bound 
to the denatured ATPase, respectively. Preimmune 
serum was without effect on fluorescein 
fluorescence. 

These results indicate that fluorescein bound to 
the native form of the ATPase is located in a site 
inaccessible to anti-fluorescein antibodies and sup- 
ports the view that the fluorescein is occupying an 
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Fig.1. The effect of  anti-fluorescein antibodies on the 
fluorescence emission of  fluorescein. Native FITC-ATPase  
(o), denatured ATPase  (e) or free fluorescein (o )  (equivalent 
to 0.06 nmol  of  fluorescein) were dispersed in 3 ml PBS. Anti- 
fluorescein antibodies were added sequentially and the 

fluorescence intensity of  the fluorescein was measured.  

environment partially protected from the aqueous 
phase which makes up part of  the nucleotide- 
binding site [11]. Fluorescence energy transfer 
studies indicate that the nucleotide-binding site is 
approx. 80 A from the plane of the bilayer [7] 
which, from the current dimensional information 
[12], places the nucleotide-binding site on the ex- 
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Fig.2. Determination of  the accessibility of  the FITC-binding 
site by competitive ELISA. Native (o) or denatured (e) FITC- 
ATPase  was incubated overnight in the presence of  anti- 
fluorescein ant iserum (1:50000 dilution). The incubation was 
transferred to ELISA plates coated with 1 itg of  native ATPase  
and the amount  of  free anti-fluorescein antibody estimated by 

ELISA. 
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Fig.3. An examination of the ability of anti-fluorescein 
antibodies to bind to native and denatured ATPase adsorbed to 
ELISA plates. ELISA plates were coated with either native (o) 
or denatured (e) ATPase and incubated for 1 h with a range of 
antiserum concentrations. The amount of bound antibody was 

estimated by ELISA. 

b ind ing  o f  the  a n t i - F I T C  an t ibod ies  was examined ,  
the  an t ibod ie s  showed a s imi lar  d i lu t ion  prof i le  
wi th  a 50o70 reduc t ion  in b ind ing  be ing  ach ieved  at  
an  a n t i b o d y  d i lu t ion  o f  1 :10000  (fig.3).  This is 
surpr i s ing  in view o f  the  f i n d i n g  tha t  the  com-  
pet i t ive  E L I S A  was able  to  d i sc r imina te  be tween 
the na t ive  and  d e n a t u r e d  A T P a s e  (fig.2).  I t  m a y b e  
tha t  the  a d s o r p t i o n  o f  the  A T P a s e  to  the  
po lys ty rene  E L I S A  plates  results  in c o n f o r m a -  
t i ona l  changes  to  the na t ive  F I T C - A T P a s e  which 
increase  the  access ibi l i ty  o f  the  f luorescein  moie ty .  
W h a t e v e r  the  mechan i sm,  there  are obv ious ly  
po ten t i a l  p i t fa l ls  in the  use o f  the  indirect  E L I S A  
assay  for  de tec t ing  changes  in p ro t e in  confor -  
m a t i o n .  
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t r eme  cy top lasmic  sur face  o f  the  A T P a s e .  The  
nuc leo t ide -b ind ing  d o m a i n  canno t ,  however ,  be 
su r face  exposed .  

F ig .2  shows a typica l  compet i t ive  E L I S  prof i le  
showing  the d i f fe rence  in b ind ing  o f  the  an-  
t i f luoresce in  an t ibod ies  to  the  nat ive  and  
d e n a t u r e d  forms  o f  the  f luoresce in- label led  
(Ca2+-Mg2+)-ATPase .  The  nat ive  fo rm o f  the  
f luoresce in- labe l led  A T P a s e  is less eff ic ient  at 
b ind ing  the an t i - f luoresce in  an t ibod ies  than  is the 
d e n a t u r e d  fo rm,  conf i rming  the conc lus ion  tha t  
f luoresce in  is inaccessible  to  an t ibod ies  in the 
na t ive  enzyme.  Typ ica l ly  6 t imes more  o f  the  
na t ive  A T P a s e  (5.4/zg) was requ i red  to  reduce  the  
E L I S A  read ing  by  50°7o c o m p a r e d  with the 
d e n a t u r e d  f luoresce in- labe l led  A T P a s e  (0.92/zg),  
ind ica t ing  tha t  1 in 6 o f  the  b o u n d  f luorescein  
moie t ies  was ava i lab le  for  b ind ing  in the  nat ive  
A T P a s e .  This  m a y  be due to  the  presence o f  some 
d e n a t u r e d  A T P a s e  in the  ' na t ive '  p r e p a r a t i o n .  

W h e n  the na t ive  and  dena tu red  F I T C - A T P a s e  
samples  were used to coa t  E L I S A  plates  and  the 
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