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Effect of a calcium-binding gluten fraction on 
the superprecipitation of actomyosin
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T he Ca2+-b ind ing  g lu te n  fra c tio n  iso la ted  b y  th e  a u th o r s  [34] has 
b een  show n to  p ro lo n g  th e  c lea rin g  phase  a n d  to  sh o rten  th e  physio log ica l 
c o n trac tio n  p h ase  o f  A T P  a c tiv a te d  n a tu ra l  actom yosin  su sp en sio n  in  th e  
p resence o f physio log ical p o ta ss iu m  ch lo ride  in  a  dose d e p e n d e n t m an n e r . 
T he  m ean  A T P ase  a c tiv ity  o f  m yosin  a n d  ac tom yosin  w as c a lc u la te d  for 
each  phase  from  th e  a c tu a l A T P  co n cen tra tio n s , m easu red  a t  30 sec in te rv a ls , 
a n d  from  th e  p h ase  len g th s . T he  p re p a ra tio n  w as found  m a rk e d ly  to  in h ib it 
th e  A T Pase a c tiv ity  d u rin g  th e  c lea ring  a n d  physiological c o n tra c tio n  phase . 
Since b o th  m yosin  a n d  ac to m y o sin  A T P ase  is Ca2 + -dependen t, i t  is assum ed  
th a t  th e  in h ib ito ry  e ffec t o f  th e  g lu ten  frac tio n  on A T Pase a c t iv i ty  m a y  be 
m ed ia ted  b y  i ts  free  C a2+-b in d in g  cap ac ity , resu lting  in  m o d ified  phase  
len g th s  o f ac tom yosin  su p e rp rec ip ita tio n .

O n th e  basis o f  th e s e  ex p e rim en ta l re su lts  a  hy p o th es is  is p u t  fo rw ard  
of th e  p a r t  o f  th e  Ca2 +-b in d in g  g lu ten  fra c tio n  p layed  in  th e  p a th o m ech a - 
n ism  o f  coeliac d isease.

mal permeability of the intestinal 
mucosa [1, 2, 3] and to the unique 
amino acid composition of gluten, 
rendering this protein resistant to 
proteases [30]. It is known that cer­
tain peptide bindings, e. g. glycyl- 
glycine, prolyl-peptides (we have 
found 17 — 20% proline in gluten on a 
molecular basis) are resistant, while 
other bindings like lysyl-glutaminic 
acid, arginyl-glutaminic acid, etc., 
are partly resistant to pancreatic and 
intestinal proteases [24].

We have recently isolated some 
gluten fragments that possess the 
capacity of altering the concentration 
of certain compounds acting under 
physiological conditions [32, 33, 34]. 
These gluten components may play a
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Since Dicke’s observation made in 
1950 [11] the causal role of wheat and 
rye gluten in the aetiology of coeliac 
disease has been accepted, although 
the exact pathomechanism has not 
been clarified. There are strong argu­
ments for a biochemical [5, 6, 7, 8, 
21, 27, 28, 31, 32, 33, 34] and an im­
munological mechanism [4, 10, 13, 
14, 15, 17, 18, 19, 20, 23, 30, 31] alike. 
In either concept the initial step in 
gluten toxicity is binding of this 
protein to the mucosa. This binding 
either acts directly on the enterocytes 
perhaps by gluten endocytosis into 
the lysosome [27, 28], or provokes an 
immunological reaction to gluten or 
its fragments [10, 23, 30]. Such a 
reaction might be ascribed to abnor­
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secondary or even a primary role in 
the pathomechanism of coeliac dis­
ease.

In a previous paper [34] we report­
ed on a gluten fraction capable of 
binding calcium; we termed this 
compound as gluten ES. This prepara­
tion may influence the level of 
free Ca2+ ; thereby, it may be anti­
cipated that it can inhibit biological 
processes needing the regulatory ef­
fect of free Ca2+. In fact, we have 
demonstrated that gluten ES in­
hibited the Ca2+ -|- Mg2+-dependent 
ATP-ase activity and Ca2+ uptake of 
the fragmented sarcoplasmatic reti­
culum isolated from rabbit striated 
muscle. More recently, we have stud­
ied the quantitative effect of gluten 
ES on another Ca2+ -mediated system 
regulating the length of individual 
phases and the Ca2+ -j- Mg2 +-depend­
ent ATP-ase activity during these 
phases of actomyosin superprecipita­
tion. In the experiments we used the 
model of phasic superprecitation of 
natural actomyosin induced by ATP 
in the presence of 140 mm 1/1 potas­
sium chloride [9, 16, 36].

Ma ter ia l  and  M e t h o d s

A c to m y o s in  w as is o la te d  f ro m  ra b b it 
s t r ia t e d  m uscle  a cco rd in g  to  E b a s h i’s 
m e th o d  [12]. G lu ten  E S  w a s  p re p a re d  as 
d e sc r ib e d  in  a p rev ious p a p e r  [34].

F o llo w -u p  o f th e  s u p e rp re c ip ita tio n  w as 
c a r r ie d  o u t  a s  follows.

C o m p o sitio n  o f th e  r e a c t io n  m ix tu re  o f 
3 m l: 140 m m ol/1 KC1, 20 m m o l/1  T R IS - 
HC1, p H  =  7.0, 0.77 m m ol/1  M gC l2, 0.077 
m m ol/1  C aC l2, 1 g/1 ac to m y o s in , 1 mmol/1 
A T P .

T h e  re a c t io n  w as in itia te d  b y  a d d it io n  
o f  A T P . C h an g es in  tu rb id i ty  w ere  c o n tin ­
u o u sly  re g is te re d  a t  660 n m  w av e -len g th  
b y  a  c o m p e n so g ra p h  OH-814/1 (R adelk isz) 
c o n n e c te d  w ith  a  sp e c tro p h o to m e te r Spek- 
tro m o m  196 (MOM, B u d ap est); th e  re ac tio n  
m ix tu re  w as con tinuously  m ix ed  b y  a  m ag ­
n e tic  m ix e r  in  a  c u v e tte  o f  1 cm  d e p th , i ts  
te m p e ra tu re  w as k e p t a t  25°C.

T h e  tim e  course  o f A T P  co n c e n tra tio n s  
d u rin g  su p e rp re c ip ita tio n  w as s tu d ie d  as  
fo llow s.

20 /Л sam p le s  o f  th e  re a c tio n  m ix tu re  
w ere  re m o v e d  a t  30 sec in te rv a ls  a n d  a d ­
ded  to  180 p i 100 g/1 tr ich lo ro ace tic  ac id  
in  o rd e r  to  s to p  th e  reac tio n . T h e  sam ples 
w ere  n e u tra liz e d  by  0.2 mol/1 T R IS , th e n  
b u ffe re d  in  0.1 mol/1 T R IS -ace ta te -E D T A  
b u ffe r (p H  =  7.75), luc iferin  luc iferase  
(L K B ) w as a d d e d  an d  th e  b io lu m in escen t 
lig h t in te n s i ty  (I) d ep en d en t o f  th e  co n ­
c e n tr a tio n  o f  A T P  w as m e a su re d  in  a  
P a c k a rd  T R I-C A R B  3320 liq u id  sc in til­
la t io n  sp e c tro m e te r . T he sy s tem  w as c a ­
l ib ra te d  fo r  th e  co n cen tra tio n  ra n g e  10 ~5—  
— 10 ~8 mol/1 A T P  [26]. T he  c a lib ra tio n  
line w as  f i t t e d  to  a  func tion  o f  lg(A T P) =  
=  a 0 +  a ,( lg  I ) + a 2(lg I) ty p e . P ro te in  
w as m e a s u re d  b y  th e  m e th o d  o f  L o w ry  e t  
a l [22], b o v in e  se rum  a lb u m in  (8E R V A ) 
w as u se d  a s  th e  s ta n d a rd .

R esults

Gluten ES prolonged the clearing 
phase of actomyosin superprecipita­
tion in a dose-dependent manner 
(Figure I). For better understanding 
tangential lines were drawn to each 
section of the registrate and their 
section points were projected to the 
abscissa representing the time axis. 
Thereby we obtained the time span 
of each period. The approximately 
horizontal phases showing no appreci­
able change in the turbidity of the
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F ig . 1. E ffe c t o f  bov ine  se rum  a lb u m in  (BSA) a n d  v a rio u s  q u an titie s  o f g lu te n  E S  o n  th e  
su p e rp re c ip ita tio n  o f  ac to m y o sin . C hanges in  l ig h t tra n sm itta n c e  o f a c to m y o s in  in 
con tro ls  ( 1 ), a f te r  a d d it io n  o f  100 f i g  BSA  (2), 30 /иg g lu te n  E S  (3) resp. 80 f i g  g lu te n  E S  (4). 
A: A ssoc ia ted  s ta te  o f  ac to m y o sin ; B : clearing  p h a s e ;  C: phase  o f physio log ical c o n tra c ­

tio n ; D : su p e rco n trac tio n  phase

min

F ig . 2. E ffe c t o f  v arious q u a n ti tie s  o f g lu ten  E S  o n  th e  leng th  o f  phases o f  ac to m y o sin
su p e rp re c ip ita tio n . □ -------□ :  c learing  p h ase ; О — О : o n se t o f physio logical c o n tra c tio n ;
X —  x : e n d  o f  physio log ical co n trac tio n  p h ase ; . — .: o n se t o f su p e rco n trac tio n

actomyosin suspension were labelled 
А, В, C and D; A: actomyosin in the 
state of association; B: clearing phase 
(actomyosin is dissociated); C: phase 
of physiological contraction; D; phase 
of supercontraction.

Further, we studied the effect of 
increasing concentrations of gluten

ES on the phase lengths w ithin su­
perprecipitation. Figure 2 demon­
strates that the higher gluten ES 
content in the reaction m ixture pro­
longs the clearing phase (B). On the 
other hand, the period extending 
between the beginning and the end of 
the physiological contraction shortens
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T% 6 6 0 nm

F i g . 3. C h an g es  in  A TP c o n c e n tra tio n  a n d  ligh t tr a n s m itta n c e  in  th e  course o f  a c to m y o s in  
s u rp e rp re c ip ita tio n . C ontro ls (1); 80 /x,g g lu ten  E S  (2). — : change in  tr a n s m itta n c e ;

c h a n g e  in  A T P  c o n c e n tra tio n

with increasing gluten ES concentra­
tions (phase C).

To have a better insight into the 
effect of gluten ES on superprecipita­
tion, we also studied the actual ATP 
concentrations during the individual 
phases. It is known from the litera­
ture [35] that actomyosin is in the 
state of association before starting 
the reaction by addition of ATP (Fig­

ure 3, A). In the moment of initia­
tion of the reaction by ATP 1 mmol/1, 
this compound splits actomyosin to act- 
in and myosin (clearing phase, in Fig­
ure 3: B). The changes in the actual ATP 
level observed from the beginning 
of the clearing phase are illustrated in 
Figure 3. In the control experiment 
this value is 0.576 mmol/1 at the end 
of the clearing phase (Figure 3, 1), i.e.

T a b l e  I

M ean  A T P -a se  ac tiv ity  d u rin g  e a c h  p h ase  o f  su p e rp re c ip ita tio n  versus g lu ten  E S  q u a n t i ty

ATP-ase activity, nmol ATP • protein m g-1 • min-1

Water Gluten ES Transition from Transition from
added to the reaction Phase B Phase B  to  Phase 0  phase C to phase 

mixture, [Л Phase 0  D
(phase length, min /activ ity  (actual ATP concentration at 

the end of the phase, /unol ATP/1)

500 - (2.30)
184

(0.70)
411

(1.50)
133

(0.35)
114

(576) (288) ( 88) ( 48)
200 300 (2.80)

174
(0.70)

360
(1.25)
115

(0.47)
162

(512) (260) (116) ( 40)

— 500 (9.9)
76

(0.90)
100

(0.75)
80

(0.45)
124

(242) (162) ( 92) ( 36)
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the decrease is 0.424 mmol/1. In the 
presence of 500 /d (80 fig) gluten ES, 
0.758 mmol/1 ATP is consumed dur­
ing a clearing phase 4.3 times longer 
than in the control experiment. From 
the phase length and the serial ATP 
measurements we calculated the mean 
ATP-ase activity of myosin and acto- 
myosin during the individual phase. 
In the presence of gluten ES ATP­
ase activity had markedly changed 
during the clearing phase and in 
the transitional period between the 
end of the clearing phase and the be­
ginning of the physiological contrac­
tion phase (Table I). Since actomyosin 
dissociated at the starting point of the 
clearing phase and myosin ATP-ase 
is Ca2+-dependent and actomyosin 
ATP-ase is Ca2+ +  Mg2 +-dependent, 
it seems likely that gluten ES in­
hibits ATP-ase activity by reducing 
the free Ca2+ level.

D i s c u s s i o n

It is generally accepted that con­
traction of glycerol treated muscle 
fibres, myofibrils and actomyosin 
need not only Mg2+ and ATP but 
also calcium [25, 37]. In other words 
the state of contraction and relaxa­
tion of the contractile system is regu­
lated by the free calcium ion con­
centration of the sarcoplasm. In re­
laxed muscle this has a value of 10~7 
to КГ8 mol/1. An increase of the free 
Ca2+ concentration to 10~5 —10 6 
mol/1 triggers contraction [25, 29, 
37]. The gluten fragment isolated by 
us may influence muscular function

by virtue of its calcium-binding capa­
city, the function of intestinal smooth 
muscles included, resulting in hypo­
tonia of the intestine observed in 
coeliac disease.

To scrutinize this hypothesis we 
studied the effect of gluten ES in de­
tail on a system representing an ele­
mentary process of muscle contrac­
tion. It has been long known that the 
so-called natural actomyosin suspen­
sion prepared from striated muscle 
tissue clears up if a high concentration 
of ATP ( 1 5  mmol/1) is added; the 
protein precipitates again if the ATP 
level decreases to 0.1 mmol/1 as a re­
sult of enzymic cleavage of ATP. 
This phenomenon was termed as su­
perprecipitation [35]. In the presence 
of physiological potassium chloride 
( 140 mmol/1) the superprecipitation of 
actomyosin shows several phases [9, 
16, 36], the clearing phase is followed 
by the physiological contraction phase, 
this in turn by a second phase of 
precipitation, the supercontraction 
phase. This phasic process was used 
in our experiments. In addition to 
the protein of the thick filament, 
myosin, our actomyosin preparation 
also contained actin, tropomyosin 
and the troponin complex, proteins 
of the thin filament. Tropomyosin 
binds the troponin complex to the 
thin filament. The troponin complex 
consists of three components: tro-
ponin-T, a compound responsible for 
binding to tropomyosin; troponin-C, 
a compound showing calcium ion 
binding property; and troponin-I, 
which inhibits the interaction be­
tween action and myosin. The key
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step of contraction in this system is 
hydrolysis of ATP, a process carried 
out by Ca2+ -activated myosin ATP­
ase and/or Ca2+ -j- Mg2+ -activated ac- 
tomyosin ATP-ase.

In our experiments gluten ES pro­
longed. the clearing phase, thus delay­
ing the onset of physiological contrac­
tion, and shortened the latter phase 
(Figures 1 and 2). In our opinion, 
this prolongation of the clearing 
phase induced by the presence of 
gluten ES, cannot be fully explained 
by mere calcium ion detraction caus­
ing inhibition of myosin and actomyo- 
sin ATP-ase activity. It can be seen 
in Table I that in the presence of 
gluten ES markedly larger quantities 
of ATP are broken down by the end 
of the clearing phase than in the 
control; it is true that this more in­
tensive ATP degradation occurs dur­
ing a markedly prolonged phase. It 
may be anticipated that the decreased 
free calcium ion concentration in­
duced by gluten ES not only inhibits 
ATP-ase activity but also leads to a 
delay in saturation of troponin-C 
with Ca2+, an important prerequisite 
of contraction. We think that gluten 
ES probably shortens the phase of

physiological contraction because, as 
it can be seen in Table I, the actual 
ATP concentration at the beginning 
of the physiological contraction is low­
er (260 resp. 152 gmol/1) than in the 
control experiment (288 umol/l).

We have thus shown that the 
fraction of gluten isolated by us is 
capable of influencing muscle func­
tion. Although the experiments were 
carried out on actomyosin prepara­
tions taken from striated muscle tis­
sue, it appears plausible that the 
same mechanism may act in intestinal 
wall hypotonia, a phenomenon char­
acteristic of coeliac disease. In addi­
tion to the decreased muscle tone, 
reduced peristalsis may also result, 
as a consequence of the action of 
purine and pyrimidine dérivâtes 
bound to another fraction of gluten 
[32, 33] and inhibiting cholinergic 
transmission and intestinal peristalsis 
if released.
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