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Several model compounds containing thiol and/or amino groups (mercaptoethanol, glutathione, 
cysteine, ethanolamine, glycine) were studied with respect to their reactivity towards fluorescein 
isothiocyanate (followed spectrophotometrically at 504 and 412 nm), stability of product and long­
wave absorption maximum of the fluorescein residue attached. Thiol groups reacted by far more 
readily than amino groups. A specific effect was observed with cysteine, indicating an intramolec­
ular transfer of the fluorescein residue from SH to NH2.

With sarcoplasmic vesicles both types of reactions were observed. The ratio of products, which 
can be distinguished by their different stabilities and absorption spectra, depended on the absence 
or presence of detergents. While with native vesicles the NH2 reaction predominated, with vesi­
cles solubilized with sodium dodecylsulfate, octaethyleneglycol mono-n-dodecyl ether or 1-0- 
tetradecyl-propanediol-(l,3)-3-phosphorylcholine the SH reaction became prevailing. Already 
0.35 mg sodium dodecylsulfate per mg protein were sufficient to give rise to dithiourethane 
formation exclusively. Excess fluorescein isothiocyanate reacted with several thiol groups of 
dodecylsulfate-solubilized vesicles. In the presence of ATP binding of fluorescein isothiocyanate 
to native vesicles was significantly reduced.

Total blockage of the vesicular SH groups with N-ethyl-maleimide led to preparations that 
reacted with fluorescein isothiocyanate much more slowly, compared to native vesicles. Octaethy­
leneglycol mono-n-dodecyl ether or l-0-tetradecyl-propanediol-(l,3)-3-phosphorylcholine in the 
assay accelerated the thioureide formation from N-ethylmaleimide modified vesicles, whereas 
sodium dodecylsulfate prevented it almost completely.

Our results support the suggestion that one or several thiol groups in vicinity of the highly 
reactive lysyl residue might play a role in the fast specific reaction, which is only observed with 
intact native vesicles.

Introduction

Fluorescein isothiocyanate (FITC ) has been dem ­
onstra ted  to  act as a potent inhibitor of the C a2+ 
transport A TPase [1—3]. O ne mol of FITC bound 
per mol of A TPase protein already caused a com ­
plete inhibition of Ca2+ uptake, Ca2+-dependent 
A T Pase activity and phosphorylation from A T P , while 
phosphoenzym e form ation from  inorganic phosphate 
was not im paired. ATP had a specific protective ef­
fect, although relatively high concentrations of A TP 
w ere requ ired . It has been postulated that FITC 
selectively blocks the ATP binding site w ithout af­
fecting the phosphorylation site [3—5].

Abbreviations: FITC, fluorescein isothiocyanate; SDS, 
sodium dodecylsulfate; C12E8, octaethyleneglycol mono-n- 
dodecyl ether; DTE, dithioerythritol; NEM, N-ethyl­
maleimide; DTNB, 5,5'-dithiobis (2-nitrobenzoate). En­
zyme: Ca2+-ATPase (EC 3.6.1.3).
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It has been generally assum ed tha t isothiocyanates 
react prim arily with am ino groups of proteins [6 , 7]. 
In fact, a single small peptide containing a FITC- 
labelled lysyl residue could be isolated from m odified 
sarcoplasm ic vesicles [8 ]. Y et, there are indications 
that thiol groups, as well, could be involved in the 
reaction. Thus d ith ioerythrito l (D T E ) prevents b ind­
ing of and inhibition by FITC  (unpublished observa­
tions). D ith io threito l has been used to  stop the reac­
tion betw een FITC  and sarcoplasm ic vesicles [4]. 
Furtherm ore , the titra tion  of F ITC  with m ercap to­
ethanol was reported  [9]. The kinetics of the reaction 
of sim ple thiols w ith some isothiocyanates, e.g. 
phenylisothiocyanate, has been studied in detail [10], 
dem onstrating  that SH com pounds are by several 
orders of m agnitude m ore reactive than the N H 2 
group of am ino acids.

In sarcoplasm ic A T Pase, although the final a ttach ­
m ent of the fluorescein residue on a lysine has been 
dem onstrated , a thiol-isothiocyanate binding m ight 
still play a transitory  role. W e w ere interested in the
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question w hether possibly SH groups were involved 
in the prim ary interaction betw een FITC  and the 
A TPase p ro te in , or at least, w hether vesicular thiol 
groups could be shown to react w ith FITC under 
certain conditions. In o rder to test this possibility we 
were looking for a simple way of distinguishing be­
tween a fluorescein residue bound to  SH and N H 2, 
respectively. O ur approach was: a) com parison with 
model com pounds, especially those containing both 
SH and N H 2, like glutath ione and cysteine. — b) 
Following the reaction of sarcoplasm ic vesicles with 
FITC under m odified conditions, e.g. in the presence 
of detergents. — c) Studying the effect of blockage of 
the SH groups of vesicles on the FITC  reaction.

Materials and Methods

Sarcoplasm ic vesicles from  rabbit skeletal muscle 
were p repared  according to  H asselbach and Maki- 
nose [11] as m odified by de Meis and Hasselbach 
[12].

FITC (isom er I), N EM , SDS and Dowex (type 
2 x 4 ,  20—50 m esh, C l- form ) were obtained from 
Serva (H eidelberg , F R G ). F IT C  was dissolved in di- 
m ethylform am ide (to 10 m M )  shortly before use and 
stored at —20 °C. The reagent, which was reported  
to contain about 70—85% of active m aterial [9], was 
used directly. L(-l-)-Cysteine hydrochloride, D T E  
and dim ethylform am ide (spectroscopical grade) 
were from  M erck (D arm stad t, F R G ), A T P  was from 
Pharm a W aldhof G m bH  (D üsseldorf, F R G ), DTNB 
from E G A -C hem ie (S teinheim , F R G ), reduced 
glutathione from  B oehringer M annheim  (M ann­
heim , F R G ) and glycine from  R oth KG (K arlsruhe, 
F R G ). M ercaptoethanol and ethanolam ine (both 
p.a. grade) w ere obtained from  Fluka A G  (Buchs, 
Switzerland). C 12E 8 was purchased from  N ikko 
Chemicals (Tokyo, Japan). It is im portan t to use 
fresh aqueous solutions of C 12E 8, otherw ise the 
num ber of vesicular SH groups, titra ted  with D TN B , 
is drastically decreased, presum ably due to peroxide 
form ation. l-0 -T etradecyl-propanedio l-(l ,3)-3-phos- 
phorylcholine was synthesized in our laboratories 
according to refs. [13, 14].

Protein concentration  was determ ined  by the 
B iuret m ethod, standardized by K jeldahl, o r from 
the absorbance at 280 nm in 1% SDS [15]. Since the 
fluorescein residue contributes to the absorbance at 
280 nm , usually a control w ithout FITC was included 
in every set o f experim ents to  check the protein  con­

centration after Dowex trea tm en t or o ther p roce­
dures.

FITC binding was determ ined in 1% SDS and 
0.1 n  N aO H  according to refs. [4, 8], using emax =  
80000 [8 , 16]. Because of varying absorption m axim a 
generally a spectrum  was run in the range betw een 
485 and 500 nm. The £ max values of free F ITC  and 
differently bound FITC were approxim ately the 
same.

DTNB reactions were perform ed according to  Ell- 
man [17] with a high excess of reagent. 1% SDS was 
included when vesicles were reacted.

Reaction o f  SH and NH2 m odel compounds (mercap­
toethanol, glutathione, cysteine; ethanolamine, g ly­
cine) with FITC

The reaction was followed spectrophotom etrically  
at 504 or 412 nm. The standard  medium consisted of 
50 mM sodium  borate (final pH  8 .8), 5 mM E G T A , 
0.15 m  NaCl and 0.3 m  sucrose. The concentrations 
o f SH /N H 2 com pound and FITC  were varied depend ­
ing on the com pound and wavelength used.

W hen following the reaction of FITC with thiols at 
504 nm an excess of SH com pound (m ercap to ­
ethanol, glutathione, cysteine; 2 0 —200 |j,m) was add ­
ed directly in the cuvette to  FITC  (11.3 (xm ~  Em  ~  
0.9 with £494 =  80000) in the standard m edium  and 
the decrease of absorbance was recorded during 
about 10—30 min. The reference cuvette contained 
the same am ount of thiol (no FITC ), so that on addi­
tion of D TNB (1—2 mM) to both cuvettes the con­
tribution  of the th iophenolate anion to E504 was 
approxim ately com pensated. F or following the reac­
tion of FITC  with thiols at 412 nm higher F ITC  con­
centrations (40—360 |xm) could be used.

For the modification of amino com pounds 
(ethanolam ine, glycine, Tris base) 0.5 mM FITC  and 
2 mM N H 2 com pound were incubated in the m edium  
given above for 3 —4 hours or over night in the dark 
and diluted 40-fold for spectrophotom etrical evalua­
tion (at 504 nm and at the m aximum).

Modification o f  sarcoplasmic vesicles with FITC

The standard  reaction m edium  contained 0.3 m  

sucrose, 0.15 m  NaCl, generally E G TA  (1 or 5 m M ,  

som etim es om itted , no significant effect noticeable) 
and 50 m M  buffer (usually sodium  borate, pH  8.8  or
8.0. in som e experim ents imidazole, pH  7, or
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Tris.C l, pH  7 .2 —9.5; the free N H 2 of Tris buffer did 
not in terfere with the vesicle / FITC reaction within 
the norm al reaction tim e). Sarcoplasmic vesicles 
(4 mg/ml) w ere incubated in this medium (total vol­
um e 2 ml) with 0 .1 -8  mol of FITC/105 g protein 
(corresponding to 4 -3 2 0  [xm FITC) for 2 0 -3 0  min 
(at pH  7 for 1—2 hrs) in the dark. In some experi­
m ents A T P  (1—20 m M )  and/or MgCl2 (1—2 m M )  or 
CaC l2 (0.1 m M )  were included. Several series of ex­
perim ents w ere perform ed in the presence of de ter­
gents (SD S, C 12E 8 or 1-0-tetradecyl-propanediol-
(l,3)-3-phosphorylcholine) in different concentra­
tions as given in the Tables and Figs. Excess reagent 
was usually rem oved by gentle stirring with Dowex 
2 x 4  [8 ] (0 .1 —0.15 g/ml) for 30—50 min and filtering 
after dilution to  3.6 ml with w ater or buffer. A  con­
trol w ithout FITC  was included in each set of experi­
m ents. The filtrates were used for the determ ination 
of p ro tein  concentration and bound FITC or of free 
SH groups with DTNB (about 0.5 mg protein/m l,
1.3 m M  D T N B , 1% SDS, pH  adjusted to 7 .2—7.3 by 
addition of 0.5 m imidazole buffer, pH  7).

A n o th er m ethod employed for the rem oval of ex­
cess F ITC  consisted of passing 1 ml of the reaction 
m ixture through a small colum n of Sephadex G-15 
(1 x  6 —7 cm ), equilibrated with the same buffer. 
W hen up to 2 equivalents of FITC had been added, 
separation  of vesicle-bound FITC from unreacted 
FITC  was practically com plete within a few min. Y et 
the pro tein  concentration of SDS-solubilized eluates 
had to  be estim ated indirectly, as varying contents of 
fluorescein gave different contributions to  the 
280 nm absorbance. O ther m ethods of protein d e ter­
m ination , e.g. of Bradford [18], did not work either 
in the presence of detergents.

For the isolation of th ioureides from m ixtures of 
SH and N H 2/FITC  products samples were dialysed 
against solutions containing the com ponents of the 
standard  m edium  (buffer generally Tris.C l, pH  8 ) +  
1 m M  D T E  and 0.04% SDS for at least 15 up to 
40 hours in the dark (change of solutions after the 
first 2 —4 hours).

For following the tim e course separate assays of
1 ml each, containing all com ponents of the reaction 
m ixture given above except FITC, were prepared. 
The reactions were started  with FITC (1 equiv.) and 
stopped  afte r the desired tim e by addition of 200 fxl 
o f 0.1 m D T E  + 5% SDS. If the Sephadex column 
m ethod  was em ployed for fu rther analysis the sam ­
ples had to  be put on the column im m ediately after

stopping, in o rder to  avoid partial dissociation of the 
d ith iourethane fraction.

Spetrophotometrical methods fo r  following the reac­
tion between sarcoplasmic vesicles and FITC

a) A t 412 nm in the presence of SDS with excess 
FITC. 3 ml of standard  m edium  (buffer: sodium 
borate , pH  8 .8 , o r im idazole, pH  7) containing 
additionally 1% SDS w ere reacted with FITC 
(0 .5—8 mol/103 g p ro tein , 20—320 |.im) in a cuvette 
(ves. protein  concentration 4 mg/ml). The increase of 
absorbance at 412 nm was recorded and evaluated 
afte r subtraction of f 412 of free FITC.

b) A t 494 nm with or w ithout SDS at a low degree 
of FITC  labelling. To avoid turbidity  problem s with 
native vesicles lower protein  concentrations 
(1 — 1.5 mg/ml) had to  be em ployed. Only 0 .3—0.5 
equivalents of FITC  w ere added to the vesicles in the 
standard  m edium  (buffer: sodium  borate, pH  8 .8 , or 
T ris.C l, pH  8 , or im idazole, sodium  phosphate, resp. 
M O PS, pH  7). The reference cuvette contained the 
same am ount of p rotein . The addition of FITC  to the 
vesicle suspension and the progress of the reaction 
were not accom panied by significant changes of tu r­
bidity, m easured at 550 nm. The change of absorb­
ance at 494 nm during the reaction was quite small, 
therefore the incubation was continued until the 
position of the long-wave maxim um  of the fluores­
cein residue was found constant. Then SDS was 
added (to 1% ) and the position of the maximum 
recorded. Finally N aO H  was added (to 0.1 n )  and 
the procedure repeated .

A nalogous experim ents w ere perform ed with 
SDS-solubilized vesicles (1%  SDS at 1.5 mg protein/ 
ml, as well as 0 .1 —0.5 mg SDS/mg protein) and with 
free F ITC  (with and w ithout SDS; no protein).

Modification o f  sarcoplasmic vesicles with NEM

The vesicles (4 —5 mg/ml) w ere incubated for 2 —3 
hours in a m edium  consisting of 0.3 m sucrose, 
0.15 m N aCl, 1 m M  E G T A , 0.1 m Tris.C l or sodium 
bo rate , pH  8—8.1, usually SDS (0.5 — 1% ) and NEM  
(dissolved in ethanol, added to 1 — 1.5 m M ) .  U n ­
reacted  N EM  was rem oved by dialysis w hereby the 
buffer was adap ted  to  the subsequently required  con­
ditions. A  control (vesicles w ithout N EM ) was in­
cluded in most p reparations. In one experim ent SDS 
and  N EM  w ere rem oved by first passing the reaction 
m ixture through a Dowex 2 x 4  column and p re­
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cipitating the elu ted  protein in the ultracentrifuge 
after dilution with 0.1 m NaCl (30 min at 
40000 rpm ). The pellet was then hom ogenized in the 
m edium  used for FITC m odification. In o ther experi­
m ents the centrifugation step was om itted  w ithout 
any effect on the FITC binding results. Instead of 
SDS in some cases C 12E 8 or 1-0-tetradecyl-pro- 
panediol-(l,3)-3-phosphorylcholine was used (1% ). 
If no detergent was added precip itation occurred.

Treatment o f  NEM -m odified vesicles with FITC

For direct spectrophotom etrical m easurem ents at 
412 nm the dialysates (N EM -m odified and control 
vesicles containing 1% SDS) w ere used directly (ves. 
protein concentration 3 .5—4 mg/ml, determ ined at 
280 nm; 2 equiv. of FITC added).

For the determ ination of FITC  binding the condi­
tions were as described with native vesicles. In some 
assays SDS, C 12E 8 or 1-0-tetradecyl-propanediol-
(l,3)-3-phosphorylcholine w ere included. The con­
centrations of the detergents w ere not very critical in 
the range em ployed. P reparations that contained
2 mg detergent per mg protein  during N EM  m odifi­
cation and w ere dialysed for 1—3 hours to  rem ove 
excess NEM  could be reacted with FITC  directly or 
after addition of m ore detergent (+ 1  mg/mg protein) 
w ithout any significant change of the results.

In the absence of detergent N EM - and FITC-m od- 
ified vesicles tended  to  precip ita te , especially after 
Dowex trea tm en t, so that care had to be taken  when 
rem oving the Dowex by filtration. G lasswool was 
then  used instead of filter paper and the pro tein  con­
centration  in the filtrate was controlled. For studying 
the time course aliquots of the N EM -m odified p repa­
rations were trea ted  with FITC  (1 equiv.) and stop­
ped as described for unm odified vesicles.

Results

Reaction o f  SH and NH2 m odel com pounds with 
FITC

In search of a quick m ethod to  distinguish between 
a fluorescein residue attached to  a thiol group and an 
am ino group, respectively, we studied the reaction of 
FITC with several simple com pounds containing SH 
(m ercaptoethanol) o r N H 2 (ethanolam ine, glycine) 
or both (reduced glutathione, cysteine). The condi­
tions were chosen similar to those required  for the 
modification of sarcoplasm ic vesicles. The titration

of FITC (and some other isothiocyanates) with m er­
captoethanol has been reported  by W ilderspin and 
G reen [9], m aking use of the decrease of the fluores­
cein absorbance at 504 nm. W e em ployed a sim ilar 
m ethod also to glutathione and cysteine. As can be 
seen from Fig. 1 the thiol reaction was com plete 
within 1—2 min. Thereby the long-wave absorption 
maximum of fluorescein (494.5 nm) was slightly 
shifted tow ards shorter wavelengths (492 and 491.5 
for m ercaptoethanol and glutathione, respectively). 
On addition of excess DTNB the dithiourethanes 
were cleaved again, free FITC being regenerated , as 
shown by a rise of Em  and Xmax to their original 
values. Thus reduced glutathione behaves like m er­
cap toethanol, as the amino group does not react 
under norm al conditions (cf. legend to Fig. 1 and 
M aterials and M ethods). E thanolam ine and glycine 
did not show any reaction either within 30 m inutes to 
1 hour.

^504

Time (min )

Fig. 1. Reaction of FITC with excess SH compound (mer­
captoethanol. glutathione, cysteine). 0.2 mM SH com­
pound were added to 11.3 îm  FITC in 0.3 m  sucrose, 
0.15 m  NaCl. 5 m M  EGTA and 50 m M  sodium borate, 
pH 8.8, in a cuvette and the absorbance at 504 nm was 
recorded. DTNB was added to 1.25 m M . The reference 
cuvette contained the same concentrations of DTNB and 
thiol in the above medium (no FITC). ( • )  Mercapto­
ethanol, (O) glutathione. (^ )  cysteine.
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Cysteine, on the o ther hand, behaved differently. 
The initial steep  drop of the 504 nm absorbance, co r­
responding to  the fast reaction of FITC with SH, was 
followed by a slower decline, which presum ably cor­
responds to  an intram olecular transfer of the fluores­
cein residue from  SH to N H 2 (com pare also ref. 
[19]). C oncom itantly  Xmax was shifted to  490 nm. 
D TN B  had  only a m inor effect on the product (see 
Fig. 1), indicating that m ost of the FITC was bound 
to N H 2. Sim ilar observations were described by Wil- 
derspin and G reen [9] with m ercaptoethylam ine and 
FIT C , on addition of N EM . It seems plausible that 
such a transfer could be facilitated by the special 
sterical arrangem ents of SH and N H 2 in cysteine and 
cysteam ine. In both molecules a transfer of the 
fluorescein m oiety can proceed via a five-m em bered 
ring.

Fig. 2 shows the dependence of the extent of the 
FITC  reaction  on the concentration of the SH com ­
pound, dem onstrating  that the reaction is incom plete 
in this concentration range ( ~  20—200 jiM SH, 11 [am

0 40 80 120 160 200
p M SH compound

Fig. 2. Titration of FITC with thiol compounds. The proce­
dure was the same as for Fig. 1. The points at the curves 
represent separate experiments at different concentrations 
of thiols. The A £J04 values were obtained by subtracting 
the absorbance of free FITC from the final absorbance at 
504 nm after completion of the reaction. — Inset: The same 
procedure was performed with 42 îm FITC and the in­
crease of the absorbance at 412 nm was recorded.
( • ------ • )  Mercaptoethanol, (O ------ O) glutathione,
(A —A) cysteine (SH reaction ~  break in the curve £ 5(l4 vs. 
time, cf. Fig. 1); (A —A) cysteine (total reaction).

FIT C ). This is in line with dissociation constants in 
the range of 5 to  10 |j,m as repo rted  in ref. [9]. The 
A £504 values for the cysteine SH reaction were esti­
m ated from the sharp break in the time curves like 
the exam ple shown in Fig. 1. All SH com pounds 
tested  gave essentially the sam e curve, w hereas the 
N H 2 reaction of cysteine was practically independent 
of its concentration .

F or the m odification of am ino groups m ore drasti- 
cal conditions w ere required  (higher concentrations 
and several hours). W hen 0.5 mM FITC  were reacted 
with 2 m M  ethanolam ine or glycine for 3—4 hours, 
after 40-fold dilution a decrease of the 504 nm ab­
sorbance and a slight shift of ^max (to 492 nm) similar 
to the effect of the SH reaction could be seen. The 
th iourea  derivatives form ed w ere stable, while on 
em ploying the sam e high concentrations to a thiol 
com pound, dilution caused partial dissociation (re ­
increase of £ 504). T ris.C l, which is widely used as 
buffer for sarcoplasm ic vesicle reactions even with 
FITC , also show ed som e reaction  at pH  8 .8 , while 
the am ino group of A T P did not.

Since the change in the fluorescein absorbance at 
504 nm (very close to  the m axim um  in the steep part 
of the absorption  spectrum  of FITC) appeared not 
well suitable for following the reaction of sarcoplas­
mic vesicles spectrophotom etrically , we also tested 
the range around 400 nm , w here free FITC has only 
a very low absorbance which is som ew hat raised d u r­
ing the reaction with a thiol (cf. Fig. 1 of ref. [9]). 
Besides in this range higher FITC  concentrations can 
be used and m easured directly in the cuvette. The 
corresponding “titra tion  curve” of FITC with m er­
cap toethanol, g lu tath ione and cysteine, followed at 
412 nm , is shown in Fig. 2 — inset. The absorbance 
of the N-cysteine derivative was about 2 —3 tim es 
higher com pared to the SH products. D uring the 
reaction of FITC  with ethanolam ine or glycine, as 
well, the 412 nm absorbance was slightly increased 
(not shown). Since the E 412 values of free FITC , SH- 
bound and N H 2-bound FITC  show different depend­
encies on the pH , care has to  be taken to m aintain 
the sam e pH  value in the experim ents com pared. 
G enerally  the absorbancc at 412 nm increases with 
decreasing pH .

Finally g lu tath ione (0.2 m M )  was titra ted  with ex­
cess FITC  at 412 nm. A t the equivalence point the 
deviation of the titra tion  curve (A -E 412 vs. FITC con­
cen tration , not shown) from  linearity corresponded 
to  approxim ately 80% com pletion of the reaction.

-0.05-

150 jjM
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Binding o f  FITC to sarcoplasmic vesicles

The binding curve ob ta ined  when sarcoplasm ic 
vesicles w ere modified by increasing concentrations 
of FITC at pH  8 to 9, and excess reagent was re ­
m oved by trea tm en t with Dowex 2 x 4 ,  is shown in 
Fig. 3. The am ount of FITC  that rem ained  bound to 
native vesicles becam e quasi constant w hen about 
0.5 mol of fluorescein were attached  to 1 mol of p ro ­
tein , which corresponds to  approxim ately 0.7 mol 
per mol A T Pase, assuming 75%  A TPase in the sar­
coplasmic vesicles. This num ber is in line with the 
results of A ndersen , M 0ller and j0 rgensen  [5]. The 
small fu rther increase at h igher F IT C /pro te in  ratios 
probably reflects nonspecific labelling. The product 
had a long-wave absorption m axim um  at 494 nm, 
when m easured in 0.1 n  N aO H  +  1% SDS, the con­
ditions of determ ining FITC  binding [8], The posi­
tion of the maximum corresponds to  F ITC  mainly 
bound to  N H 2, as will be shown below.

In the presence of C a2+ions (0.1 mM C aC l2, pH  7 
or 9) FITC binding was not affected, which is in con­
trast to  the report of Pick {cf. Fig. 7 of ref. [3]).

If A TP was present in the reaction  m ixture 
(5 — 10 mM A T P at a protein  concentra tion  of 4 mg/ 
ml, pH  not higher than about 8.2) F ITC  binding was 
drastically reduced and the binding curve becam e 
linear. No saturation  was observed in the range

FITC added ( m o l/  10s g p ro te in  )

Fig. 3. Binding of FITC to native sarcoplasmic vesicles. 
The vesicles (4 mg/ml) were reacted for 20 — 30 min with 
different FITC concentrations in a medium containing 
0.3 m  sucrose, 0.15 m  NaCl and 50 m M  sodium borate (final 
pH of the solution 8.8 or 8.0). Excess FITC was removed 
by Dowex treatment. The amount of vesicle-bound fluores­
cein was determined in 0.1 n  NaOH + 1% SDS. (O) No 
addition, ( • )  with 10 mM ATP at pH 8.

tested  (Fig. 3). The presence of Mg2+ (1 — 5 m M )  and 
E G T A  or Ca2* (0.1 m M )  in addition to A TP did not 
significantly alter the ATP effect. C om petition b e­
tw een FITC  and A TP was already reported  by Pick 
and Bassilian [2].

A ddition of 5 m M  D TE to the reaction m ixture 
prevented  the m odification of vesicles almost com ­
pletely (0.06 equivalents of FITC bound of 1 added). 
O bviously the reaction of FITC with excess thiol is 
very fast com pared to the specific m odification of 
sarcoplasm ic vesicles. In some experim ents D T E  or 
A TP (15—20 m M )  were used to stop the vesicle m od­
ification by FITC  after different tim e intervals (3 sec­
onds to  10 m inutes, 2 equivalents of F ITC  added). It 
tu rned  out tha t the FITC reaction was almost com ­
plete within 5 m inutes at pH  8 (half-life approxi­
m ately 1 m in). The rate of reaction under different 
conditions will be discussed below.

W hen excess FITC was rem oved by passing the 
reaction m ixture through a Sephadex colum n, som e­
w hat m ore FITC  rem ained bound (0.74 equiv. of 2 
added , com pared to 0.56 after stirring with Dowex, 
see Table I). A t the same time the absorption 
maxim um  was slightly shifted tow ards shorter 
w avelengths (492.5—493 nm ), la ter assigned to  a 
m ixture of N H 2 and SH product. T reatm ent with 
D owex probably had rem oved part of the FITC  re- 
versibly bound to  vesicular SH groups, so that the 
p roportion  of N H 2-bound fluorescein in the m ixture 
was raised.

Effect o f  detergents on the modification o f  sarcoplas­
mic vesicles by FITC

W hen solubilizing am ounts of SDS were included 
in the F ITC  reaction m ixture, no th ioureide was o b ­
tained. Instead , only d ithiourethanes w ere form ed. 
A fter D ow ex or Sephadex treatm ent the residual 
vesicle-bound fluorescein, dissolved in N aO H /SD S, 
show ed an absorption maximum at 491 nm, which 
was assigned to  the FITC-SH  product. W ithin about 
30—40 min at alkaline pH  the maximum was further 
shifted to 490 nm, reflecting dissociation of the 
d ith ioure thane(s), followed by alkaline hydrolysis 
(c/. [20]). The same 490 nm maximum was m easured 
w ith free FITC  after some m inutes in 0.1 n  N aO H  
with or w ithout SDS. ATP had no effect on the FITC 
reaction in the presence of SDS.

A t low SD S/protein ratios mixtures of both types 
of com pounds were form ed. A ttem pts to separate



G. Swoboda and W. Hasselbach • Reaction of Fluorescein Isothiocyanate with Sarcoplasmic ATPase 869

Table I. Comparison of FITC binding under different conditions.
Sarcoplasmic vesicles (4 mg/ml) were reacted for 30 min with FITC (1 or 2 equivalents) in a medium containing 0.3 m  

sucrose, 0.15 m  NaCl, 5 m M  EGTA and 50 m M  sodium borate (final pH of the mixture 8.0—8.1) without detergent or with 
the amounts of different detergents as given in the Table. Excess FITC was removed by either stirring with Dowex 2 x 4 o r  
on a Sephadex G-15 column, equilibrated with the reaction buffer including the corresponding detergent concentration. 
Dialysis was performed for about 15—40 hrs in the dark against a solution containing 0.3 m  sucrose, 0.15 m  NaCl, 1 m M  

EGTA, 50 m M  Tris.Cl, pH 8, 0.04% SDS and 1 m M  DTE. FITC binding was determined in 1% SDS + 0.1 N  NaOH. Xmax 
was measured after at least 30 min in the alkaline solution. The accuracy of the Xmax values was approximately ± 0.5 nm. 
Mean values are given ± S.E. (n in parentheses).

FITC
added
(equiv.)

Addition to FITC reaction Bound fluorescein [mol/105g protein] after further treatment

Detergent [mg/mg protein] Dowex stirring >̂max Sephadex col. Xmax
[nm] [nm]

Dialysis3

2 — ( - ) 0.56 ±  0.01 (12) 494 0.74 ± 0.02 (10) 493 0.43 ±  0.02 (8)
SDS (0.2) 0.59 ±  0.04 (7) 492.5 0.91 ± 0.06 (6) 491 0.29 ±  0.01 (12)

(0.3) 0.50 ±  0.07 (4) 491 - 0.08 ±  0.01 (4)
(0.5) 0.45 ±  0.07 (4) 490.5 0.92 ± 0.05 (2) 490 0.025
(2.5) 1.0 ± 0 .1 5  (6) 490 1.1 ± 0 .0 6  (3) 490 0.02

1 _ ( - ) 0.47 494 0.54 493.5 0.39
Ci2E8 (2.0) 0.15 -  0.30b 491.5 0.56 490.5 0.12
1-0-Tetradecyl-propanediol- 0.16 -  0.26b 490.5 - - 0.05
(1,3)-3-phosphorylcholine

(2.0)

a All X.max values 494 — 494.5 nm. 
b Depending on the time with Dowex.

these m ixtures by incubation with either excess D TE 
or N aO H , follow ed by precipitation of the protein by 
perchloric acid and m easurem ent of the proportions 
of fluorescein absorbance in the supernatant and in 
the redissolved pellet, did not lead to reproducible 
results.

Satisfactory results were finally obtained from  
dialysis experim ents. It tu rned  ou t, that SH-bound

FITC could be quantitatively rem oved by prolonged 
dialysis (15—40 hours in the dark  at room  tem pera­
ture) in the presence of 1 m M  D T E . Thioureides, on 
the o ther hand, w ere stable tow ards dialysis. This 
could be expected and was also confirm ed by dialysis 
experim ents with F ITC -m odified SH-blocked vesi­
cles (see below ), which could only represen t a 
th ioureide.

FITC 
bound to

Addition Xmax
[nm]

Type of product

— 494.5 _
1% SDS 494.5 -

1% SDS + 0.1 n  NaOH 490a monothiocarbamate 
(hydrolysis product)

Native - 500 thioureide
vesicles 1% SDSb

1% SDS + 0.1 n  NaOH
495
494.5

SDS- - 494-494.5 dithiourethane
solubilized 0.1 n  NaOHb 491 dithiourethane —*
vesicles (1% SDS) 490c monothiocarbamate

a Measured at least 5 min after addition of NaOH. 
b Added after completion of the reaction. 
c Complete hydrolysis took about 30—40 min.

Table II. Dependence of the long­
wave absorption maximum of the 
fluorescein residue on the state of 
binding.
The FITC reaction was performed 
directly in a cuvette: 0.3 equiva­
lents of FITC were added to sarco­
plasmic vesicles (1.5 mg/ml) in 
0.3 m  sucrose, 0.15 m  NaCl, 5 m M  

EGTA and 50 mM sodium borate 
(pH 8.8). The reference cuvette 
contained all components except 
FITC. The ^max values listed in the 
Table (± 0 .5  nm) refer to a com­
plete reaction under the condi­
tions. The corresponding £ max val­
ues remained more or less con­
stant under all conditions tested.
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Table II sum m arizes the assignm ents of the vari­
ous long-wave absorption maxim a of the fluorescein 
residue to different states of binding. Spectro- 
photom etric titration at a low FITC /protein  ratio  
(0.3 equivalents of F ITC ) was chosen, since accord­
ing to Fig. 3 in this range a relatively high percentage 
of the FITC  added is bound. D uring the reaction 
with native vesicles a long-wave shift was observed 
(Xmax =  500 nm at pFI 8.8, mainly N H 2-bound FITC ). 
FITC binding was usually m easured at alkaline pH , 
how ever, to m ake sure the fluorescein carboxyl 
group was com pletely dissociated. Besides the dif­
ferent types of products can be well distinguished 
under these conditions.

If excess FITC was em ployed in the presence of 
SDS several vesicular SH groups could be shown to 
react. Fig. 4 dem onstrates the results of spectro- 
photom etric titrations at 412 nm. The reactions were 
com plete within a few m inutes at pH  8.8 and took 
about 5 tim es as long at pH  7. The corresponding 
absorbance increase observed was higher at lower 
pH , reflecting the dependence of the absorption 
spectrum  of FITC (free and bound) on the pH . As 
under these conditions (2.5 mg SDS per mg vesicular 
protein) only SH groups are reacting, the absorbance 
increase, which is linear up to about 4 —6 equivalents 
of FITC  added , corresponds to  the form ation of

FITC added ( m o l/ 10s g p ro te in  )

Fig. 4. Spectrophotometric titration of SH groups of SDS- 
solubilized sarcoplasmic vesicles with FITC. The FITC 
reactions were performed as described in Materials and 
Methods directly in cuvettes with 4 mg protein per ml and 
2.5 mg SDS per mg protein. Each symbol represents the 
final absorbance at 412 nm after completion of the reaction 
and subtraction of the contribution of free FITC added. 
(O) pH 8.8 (sodium borate). (A) pH 7 (imidazole).

a)

-----1-----1--------------- 1
0 0.1 0.2 0.5

mg SD S / mg protein

Fig. 5. Effect of SDS on the amount of thioureides formed 
during FITC modification of sarcoplasmic vesicles. The 
vesicles (4 mg/ml) were reacted for 30 min at pH 8 (sodium 
borate) with 2 equiv. of FITC in the presence of varying 
concentrations of SDS, as described in Materials and 
Methods (Dowex method). SH-bound fluorescein was re­
moved by dialysis and the residual vesicle-bound fluores­
cein determined as described.

dith iourethanes. Assuming tha t the linear portion  of 
the curve reflects com plete binding of the F ITC  add ­
ed, 1 equivalent of FITC bound would correspond to 
A £ 412 values of about 0.06 at pH  8.8 and 0.1 at pH  7. 
A ttem pts to  determ ine the num ber of FITC-m od- 
ified SH groups indirectly by measuring the free thiol 
content with DTNB were not successful, as could 
already be expected from the behaviour of simple 
thiol com pounds. W ith m ercaptoethanol and 
glutathione DTNB had been shown to displace the 
reversibly bound FITC (cf. Fig. 1).

In a series of assays containing varying SDS con­
centrations and  2 equivalents of FITC, the products 
were analysed by dialysis, as described above. The 
values listed in Table I and the curve shown in Fig. 5 
dem onstrate that already very low SDS/protein ratios 
have a drastic effect on the course of the reaction. A t 
concentrations around 0.3 mg SDS per mg protein  a 
very steep decline of the curve, representing the re ­
sidual =  N H 2-bound fluorescein, was observed. This 
is just the range where the viscosity of vesicle — SDS 
m ixtures passes through a transient maximum [21]. 
No differences were observed w hether the sam ples 
had been trea ted  with D owex, Sephadex or not at all 
before dialysis.
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A ccording to  Table I the am ount of FITC bound 
by SD S-containing vesicles is som ewhat higher com ­
pared  to  native vesicles, when a Sephadex colum n, 
equilib rated  with the reaction buffer (SDS in the cor­
responding concentration) has been em ployed for 
product isolation. T reatm ent with Dowex, on the 
o ther hand , usually led to  lower values, which is 
plausible, considering the prolonged contact with the 
anion exchange resin, in view of the reversibility of 
the F ITC -SH  reaction. F urtherm ore, Dowex 2 x 4  
binds the dodecylsulfate anion as well. In fact, the 
value of bound  fluorescein found after Dowex tre a t­
m ent is significantly dependent on the am ount of 
D owex m aterial employed and on the tim e of con­
tact.

The variety  of results so far can be best explained 
by assum ing the form ation of mixtures of th ioureides 
and d ith iourethanes, the ratio  of which depends on 
the concentra tion  of the detergent during FITC  m od­
ification. The fast procedure of passing the reaction 
m ixture th rough  a Sephadex column rem oves essen­
tially free F ITC  and low m olecular fluorescein de­
rivatives, but leaves the com position of the m odified 
vesicle p roducts virtually unchanged. D uring the 
pro longed  contact with D owex, however, F ITC  is 
continuously rem oved from  equilibrium , thus p ro ­
m oting partial dissociation of the d ithiourethanes. 
The differences between the values found by the two 
procedures will therefore concern the SH -bound 
fluorescein solely.

Sim ilar to  SDS the non-ionic detergent C 12E 8 
caused a p referential reaction of FITC with vesicular 
SH groups. The differences between the reaction of 
native and detergent-solubilized vesicles with FITC 
are dem onstra ted  in Fig. 6 A , which illustrates the 
rates o f the reactions under various conditions. The 
upper curves (broken lines) represent the total 
am ounts of products form ed, as determ ined by stop­
ping the F IT C  reaction after different tim e intervals 
(with D T E  +  SDS) and im m ediately afterw ards 
passing the reaction m ixture through a Sephadex 
colum n. The lower curves (full lines) were obtained 
after dialysis of the column eluates and represen t the 
proportions of thioureides. If Dowex stirring was 
em ployed, values in betw een the two sets of curves 
w ere ob ta ined , which is plausible, as has been dis­
cussed above.

As can be seen from Fig. 6A  and Table I, after 
30 m inutes of incubation with 1 equivalent of FITC 
native vesicles contain about 0.54 equivalents of

fluorescein, 73% of which are N H 2-bound, while 
with C 12E 8-solubilized vesicles only 20% of the to ta l­
ly attached  fluorescein (0.56 equiv .) are a thioureide. 
In the presence of the lysolecithin-related com pound 
l-0-tetradecyl-propanediol-(l,3)-3-phosphoryl- 
choline the p roportion  of N H 2 product was even low­
er (Fig. 6 A , bo ttom  curve) and with SDS only 0.02 
equivalents w ere found after incubation with 2 
equivalents of F ITC  for 30 m inutes and subsequent 
dialysis (Table I).

The detergents tested  obviously act by increasing 
the reactivity of the vesicular SH groups towards 
FITC. In addition to  the exposure of m em brane- 
buried thiol groups by detergent solubilization 
charge effects appear to have an influence on the 
relative reactivities S H /N H 2. This would explain the 
increasing effects of the detergents in the o rder C 12E 8 
(non-ionic) — l-0-tetradecyl-propanedio l-(l,3 )-3- 
phosphorylcholine, an e th e r — deoxy lysolecithin 
(zw itterionic) — dodecylsulfate (charged). The fast 
specific reaction of native vesicles with FITC  will be 
discussed in the following chapter.

Effect o f  SH modification by N EM  on the 
FITC reaction

A dditional inform ation about the pathway of the 
FITC  reaction could be expected if sarcoplasm ic ves­
icles, totally blocked with N EM , were incubated with 
FITC . F luorescein binding should be com pletely 
abolished, if F ITC  reacted  only with SH or if the SH 
reaction were a requisite in term ediate step to a N H 2 
product. F luorescein bound com parable to  the value 
ob ta ined  with native vesicles should be expected, 
how ever, if F IT C  reacted  directly with N H 2.

In fact, both possibilities could be verified, de­
pending on the conditions of the subsequent FITC 
reaction . If the N EM  and F ITC  m odification assays 
contained SDS ( 1 - 2  mg per mg protein) no m ore 
reaction with F IT C  occurred. Practically no fluores­
cein was bound  after 20 m inutes (cf. Fig. 6B and 
Table III). O nly prolonged trea tm en t (15 hrs) led to 
som e nonspecific binding to  N H 2 (0.6 equiv. of FITC 
of 4 added), under conditions com parable to those 
required  for the reaction  of ethanolam ine or glycine 
with FITC. As expected, spectrophotom etric titra ­
tion of SH -blocked vesicles with FITC in the presence 
of SDS gave practically no increase of the absorb­
ance at 412 nm within 30 m inutes, in contrast to the
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Time w ith  FITC ( m in ) Time w ith  FITC ( min )

Fig. 6. Time course of the reaction of FITC with sarcoplasmic vesicles, (A) unmodified, (B) after SH modification by 
NEM. For the conditions of the NEM modification see Materials and Methods. Detergents were included or omitted as 
indicated below. The unmodified vesicles were incubated in the same medium without NEM. The FITC reactions 
(1 equiv.) were stopped after different time intervals by addition of 200 (j.1 0.1 m  DTE -I- 5% SDS to 1 ml assay. Low 
molecular FITC products were removed by either a Sephadex G-15 column or stirring with Dowex 2 x 4 . SH-bound 
fluorescein in the controls was removed by dialysis. (A) ( • ,  O) Native vesicles, (A , A) C12E8-solubilized vesicles (2 mg 
C12E8/mg protein); (□ ) vesicles, solubilized with l-0-tetradecyl-propanediol-(l,3)-3-phosphorylcholine (2 mg/mg protein); 
filled symbols with broken line: total amount of FITC bound to NH2 and SH (Sephadex column method); empty symbols 
with full line: FITC bound to NH2 (after dialysis). — (B) NEM and FITC reaction (O) without detergent, (A) with C 12E8 
(2 mg/mg protein), (□ ) as in (A ), (<C>) with SDS (1 — 2 mg/mg protein).

corresponding control w ithout N EM . F urtherm ore 
D TN B , added before or after F ITC  trea tm en t of the 
NEM -m odified vesicles did not produce any signifi­
cant change of the 412 nm absorbance.

On the o ther hand, if no detergent was added or if 
N EM  poisoning was perform ed in the presence of 
SDS, followed by its rem oval on a D ow ex anion ex­
change colum n, FITC  reacted  readily with vesicular 
N H 2 groups according to  the corresponding curve 
shown in Fig. 6B . A fter 30 m inutes alm ost the same

am ount of fluorescein was bound to N H 2 as with 
native vesicles, but the initial rate  of the reaction was 
significantly low er (cf. Figs. 6A  and B).

G enerally  the FITC  reactions were stopped after 
30 m inutes. W hen 2 resp. 4 equivalents of FITC  
w ere added , even some m ore fluorescein was bound , 
com pared to  native vesicles (cf. Table III with Table 
I and Fig. 3). This could be explained by a som ew hat 
higher FITC  concentration  available for N H 2 groups 
as no SH groups are present.
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Table III. FITC binding of totally NEM-modified sarcoplasmic vesicles. NEM modifi­
cation was performed as described in Materials and Methods in a medium containing 
0.3 m sucrose, 0.15 m NaCl, 1 mM EGTA, 100 mM sodium borate (pH of the mixture 
8.1), 0.5% SDS (if not otherwise stated) and 1.5 mM NEM (ves. concn. 5 mg/ml). 
Subsequently SDS was removed on a Dowex column. FITC modification, removal of 
FITC (Dowex, dialysis) and measurement of bound fluorescein were done as described 
for Table I. All Xmax values were about 494.5—495 nm (±  0.5 nm) in NaOH/SDS. Mean 
values are given ±  S.E. (n in parentheses).

Addition to FITC reaction Bound fluorescein [mol/105g protein]
Equivalents of FITC added (reaction time)

Detergent [mg/mg protein] 1 (30 min) 2 (30 min) 4 (30 min) 4 (15 hrs)

( - ) 0.33 0.68 ± 0.03 (2) i i  3 i dialys*s 3 i
0.35a

SDS (2.5) 0.03 0.04 ± 0.01 (2) 0.06 0.6
C12E8h (2.0) 0.52 0.92
1-0-Tetradecyl-propanediol-
(1,3)-3-phosphorylcholineb

(2.0) 0.57

a In this experiment the NEM modification assay contained no detergent and precipita­
tion occurred.

b This detergent was also included in the NEM reaction instead of SDS.

Prolonged reaction tim es (15 hrs, w ithout d e ter­
gent) led to a very high binding (3 equivalents out of
4 added) which rem ained unchanged after 15 hours 
of dialysis (Table III). All FITC products of N EM - 
m odified vesicles showed a long-wave absorption 
m axim um  at 494.5—495 nm in N aO H /SDS. This con­
firm s the previously m entioned assignment of the 
494 nm m axim um  to mainly N H 2-bound fluorescein.

R eaddition  of SDS (2.5 mg/mg protein) to  the 
F IT C  assay yielded again only a negligible am ount of 
F ITC  bound (0.04 of 2 equivalents added), while ad­
dition of C 12E 8 (2 mg/mg protein) led to even ele­
vated  values (Table III). The detergent effects on 
the tim e course of the FITC reaction of SH-blocked 
vesicles (Fig. 6B ) are in agreem ent with these obser­
vations. C 12E 8 and the lysolecithin-like com pound 
enhance the reactivity of the vesicular am ino groups, 
com pared to  the assay w ithout detergent, while SDS 
abolishes it com pletely. The finding that SDS sup­
presses the reaction of vesicular amino groups with 
F IT C  can only be explained by charge effects. P re­
sum ably the dodecylsulfate anion prevents the in­
teraction  of N H 2 with the fluorescein m oiety, con­
taining a carboxyl group tha t is also negatively 
charged at pH  8—9.

W hen com paring the corresponding curves of the 
Figs. 6 A  and B it seems plausible to explain the ef­

fects of C 12E 8 and l-0 -tetradecyl-propanedio l-(l,3 )- 
3-phosphorylcholine just by detergent solubilization 
leading to  increased reaction rates of SH, resp. N H 2 
w here no SH is present. The rapid N H 2 reaction of 
native vesicles, how ever, cannot be explained satis­
factorily with these factors alone. If two independent 
reactions of F IT C  with N H 2 and SH groups of native 
vesicles occurred , it w ould not be understandable 
why the am ino group reactivity, after abolishing the 
thiol groups, should be reduced to such a degree. 
The assum ption tha t the proxim ity of one or several 
thiol groups to  the highly reactive am ino group in the 
native conform ation does play a role in the specific 
F ITC  reaction , appears very plausible.

Discussion

W e have shown that fluorescein isothiocyanate, 
widely referred  to  as an am ino reagent, actually 
reacts with both  am ino and thiol groups of sarcoplas­
mic A TPase. A lthough the reactivity of SH groups is 
much higher com pared to  N H 2 groups in simple 
m odel com pounds, FITC  incubation of native sarco­
plasmic vesicles results in the preferential labelling of 
a single lysine am ino group out of over 40 per mol 
A TPase [22], besides som e reversible thiol m odifica­
tion . A ccording to  M itchinson et al. [8] it is the Lys190
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localized in the tryptic fragm ent B that contains p rac­
tically all of the fluorescein bound. On the basis of 
our results it can be expected that an SH bound frac­
tion is no longer detectable after the com plicated 
procedures applied to isolate the peptides [8]. We 
have tried to explain this high specific N H 2 reactivity 
by suggesting a transient involvem ent of thiol 
groups. Y et, this postulate is very difficult to  prove 
strictly because of the reversibility of the dithio- 
urethane form ation which, on the o ther hand , is the 
prerequisite for the proposed group transfer reac­
tion.

O ur explanation is supported  by the following 
findings: The fast reaction with N H 2 is only observed 
in the presence of intact vesicular SH groups. Thiol 
blockage by N EM  decreases the rate of N H 2 m odifi­
cation by FITC significantly. F urtherm ore , detergent 
solubilization leads to a loss of the specificity in so far 
as the pathway of the reaction is changed. W hen 
sarcoplasm ic vesicles, solubilized with SDS, C 12E 8 or
l-0-tetradecyl-propanediol-(l,3)-3-phosphoryl- 
choline are incubated with FIT C , the SH reaction 
becom es predom inant, producing mainly dithio- 
urethanes. The vesicles under these conditions be­
have like the m odel com pounds: In both cases the 
SH groups are by far m ore reactive than the N H 2 
groups, as long as they react independently . W ith 
cysteine, on the o ther hand, N H 2 m odification by 
FITC occurs quite rapidly; it is preceded though by a 
reversible addition of FITC to SH. This effect can be 
explained by in tram olecular sterical factors. From  
these observations it seems very probable that the 
specific reaction of sarcoplasm ic vesicles, as well, re ­
quires special sterical conditions tha t are only given 
in the native conform ation. The tertiary  structure of 
the A TPase protein  most likely contains one or sev­
eral SH groups in a position favourable for a transfer 
of the fluorescein m oiety from a cysteine to  a lysine 
residue, form ing the stable th ioureide. All p roce­
dures that disturb the tertiary structure of the A T P ­
ase protein would then be expected to abolish the 
specificity. A transfer of fluorescein from  SH to N H 2 
is no longer possible if the two groups have been 
further separated  by a conform ational change.

O f all conditions studied only the FITC reaction 
with native vesicles is accom panied by a long-wave 
shift of the absorption maxim um  from 494 to 
500 nm. This m ust correspond to  energetically 
favourable interactions betw een the FITC molecule 
and the specific binding site at the A TPase protein .

H ydrophobic as well as electrostatic interactions 
could be involved. All o ther FITC reactions investi­
gated  lead to a slight short-wave shift (c f  Table II), 
which would rather be expected in view of the loss of 
a conjugated double bond during the reaction.

SDS is already effective at very low detergent / 
protein ratios that are not assumed to cause unfold­
ing of the A TPase protein yet [21]. U nder these con­
ditions charge effects could already be involved. If 
the polar head groups of the zwitterionic fluorescein 
residue play some role during the incorporation of 
the FITC molecule into the A TPase protein one 
would expect the dodecylsulfate anion to in terfere 
with FITC binding.

The fact that SDS inhibits the FITC m odification 
of SH-blocked sarcoplasmic vesicles is probably also 
due to  charge effects. In contrast, the non-ionic de­
tergent C 12E 8 and the ether-deoxy lysolecithin even 
accelerate the FITC reaction with the am ino groups 
of N EM -m odified vesicles, com pared to p rep a ra ­
tions w ithout detergent. Still the initial rates are con­
siderably lower than of the specific N H 2 labelling of 
native vesicles. W e assume that all reactions of FITC  
with am ino groups of SH-blocked sarcoplasmic vesi­
cles are nonspecific.

The protective effect of A TP regarding FITC  b ind­
ing and inactivation has been explained earlier by a 
com petition of FITC  and A TP for a com mon binding 
site [2], A ccording to ref. [4] and [5] FITC is bound 
to the high-affinity ATP binding site, as with FITC- 
labelled A TPase no high-affinity binding of A TP was 
detected . In view of our model it would also be con­
ceivable that this binding site also contains SH 
groups, since A TP has been shown to counteract 
thiol group labelling by N EM  or DTNB (see e.g. 
[23—25]). Inactivation produced by N EM  is p re­
vented  by A T P at concentrations saturating the high- 
affinity site (cf. [24], p. 160). For the protection  of 
sarcoplasm ic vesicles from FITC modification A TP 
concentrations in the m M  range were required , how ­
ever. This would suggest that also low-affinity A TP 
binding sites are involved in the protection. The ap ­
paren t sim ultaneous involvem ent of high and low- 
affinity sites would be plausible, if high and low-af­
finity binding of A TP occurs at identical sites, the 
binding properties of which are determ ined by the 
enzym e conform ation (see e.g. [26]). If ATP binding 
is accom panied by a conform ational change the 
specific FITC  reaction would be expected to  be 
abolished for the reasons already discussed. O r the
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reduced FITC  binding could simply be a conse­
quence of a decreased accessibility of thiol groups 
essential for the form ation of the specific thioureide 
as well as for the enzymatic functions of the A TPase.

It is interesting to note that o ther “N H 2 reagents” 
obviously preferentially react with d ifferent sarco­
plasmic am ino groups. M urphy [27] described the 
inactivation of sarcoplasmic A TPase by pyridoxal-5'- 
phosphate, leading to the specific m odification of a 
lysyl residue that was located in the A; subfragm ent 
after tryptic digestion. F luorescam ine, on the o ther
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