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Table IV. Effect of KC1 and AMP on the inhibition of the citrate 
synthase from Rhodospirillum rubrum by NADH 

Concentration of KCI (mM) (I)0. 5 (~M) Apparent n 

0 4.7 --  2.25 d: 0.07 
35 6.1 --  2.37 • 0.24 

105 9.6 --  1.79 ~ 0.19 
210 23.0 -- 1.70 + 0.04 

Concentration of AMP ([zM) 

0 6.1 --  2.37 • 0.24 
2.5 16.8 --  2.03 ~_ 0.13 
5.0 21.5 --  2.34 • 0.20 
7.5 31.0 --  2.22 ~ 0.10 

10.0 36.0 --  2.14 -4- 0.17 

The assay conditions were as previously described 11, except for the 
concentrations of AMP and IKC1 which were as stated in the Table, 
and that  of NADH, which was varied from 0 to 70/zM. The concen- 
tration of KCI in the experiments related to the effect of AMP was 
kept constant at 35 raM. 0.3 [xg of purified enzyme were used per 
assay. The apparent n values (q-: probable EM; n ~ 5) and (I)e.5 
values for NADH (NADH concentration for half-maximal inhibition) 
were calculated as previously described 19. 

Table V, Deinhibition of the citrate synthase from Rhodospirillum 
rubrum by AMP 

Concentration of NADH (~xM) (A)0.5 ([zM) Apparent n 

6.4 1.6 1.66 =t: 0.05 
16.1 4.3 1.84 q- 0.26 
32.0 10.4 2.17 q- 0.07 
64.0 17.5 2.79 • 0.11 

The experimental conditions were similar to those given in the 
legend to Table IV, except for the fixed NADH concentrations stated, 
the concentrations of AMP, which were varied between 0 and 20 p.M, 
and that  of KCI, which was kept constant at 105 mM. The apparent 
n values (~2 probable E M ; n  -- 5) and (A)0.~ values for AMP (AMP 
concentration for half-maximal stimulation of enzyme activity) 
were calculated from Hill plots considering only the portion of the 
enzyme activity due to the AMP effect, as previously described ~9. 

s y n t h a s e  f r o m  t?. spheroides h a s  a lso  b e e n  r e p o r t e d  to  be  
i n h i b i t e d  b y  A T P ,  a l t h o u g h  in  t h e  l a t t e r  c a se  t h e  i n h i b i -  
t i o n  w a s  n o n - c o m p e t i t i v e  t o w a r d s  b o t h  s u b s t r a t e s  4. 
T h e  e n z y m e  f r o m  R. capsulate w a s  r e p o r t e d  n o t  to  be  
i n h i b i t e d  b y  A T P  ~. 

T h e  R. rubeum c i t r a t e  s y n t h a s e ,  l ike  t h e  e n z y m e s  f r o m  
R. capsulata 3 a n d  R. spheroides 4, w a s  s t r o n g l y  i n h i b i t e d  
b y  N A D H  (Tab l e  IV) ;  t h e  k i n e t i c s  of  i n h i b i t i o n  w a s  
s i g m o i d a l .  T h e  e f f ec t  of  N A D H  w a s  c o u n t e r a c t e d  b y  
KC1, w h i c h  i n c r e a s e d  t h e  (I)0..5 for  N A D H  w i t h  s o m e  
d e c r e a s e  in  t h e  a p p a r e n t  n,  a n d  b y  A M P ,  w h i c h  a l so  
c a u s e d  a n  i n c r e a s e  in  t h e  (I)0.5 w i t h o u t  s i g n i f i c a n t  v a r i a -  
t i o n  in  t h e  a p p a r e n t  n ( T a b l e  IV) .  T h e  c u r v e s  o f  e n z y m e  
d e - i n h i b i t i o n  b y  A M P  were  a lso  s i g m o i d a l ;  b o t h  t h e  
(A)0. 5 for  A M P  a n d  t h e  a p p a r e n t  n i n c r e a s e d  w i t h  t h e  
c o n c e n t r a t i o n  of  N A D H  ( T a b l e  V). T h e  i n h i b i t i o n  b y  
N A D H  w a s  n o n - c o m p e t i t i v e  t o w a r d s  o x a l o a c e t a t e ;  t h e  
k i n e t i c  p a t t e r n  for  a c e t y l - C o A  b e c a m e  s i g m o i d a l  in  t h e  
p r e s e n c e  o f  t h e  i n h i b i t o r .  T h e  a p p a r e n t  n v a l u e  fo r  a c e t y l -  
CoA i n c r e a s e d  f r o m  1.08 :k 0.01 in  t h e  a b s e n c e  of  N A D H  
to  1.73 + 0.04 in  t h e  p r e s e n c e  o f  6 ~zM N A D H ;  t h e  cor -  
r e s p o n d i n g  (S)0.5 v a l u e s  ( c o n c e n t r a t i o n  o f  a c e t y l - C o A  
r e q u i r e d  for  h a l f - m a x i m a l  ve loc i t y )  we re  0.6 a n d  1.1 raM, 
r e s p e c t i v e l y .  T h e  e n z y m e  w a s  n o t  i n h i b i t e d  b y  ~-oxo-  
g l u t a r a t e  a t  c o n c e n t r a t i o n s  u p  to  10 r a M ,  e i t h e r  in  t h e  
a b s e n c e  o r  in  t h e  p r e s e n c e  o f  KC1. T h e r e f o r e ,  t h e  c i t r a t e  
s y n t h a s e  f r o m  R. rubrum s h o w s  t h e  p r o p e r t i e s  to  be  
e x p e c t e d  f r o m  s i m i l a r  e n z y m e s  f r o m  G r a m  n e g a t i v e  
b a c t e r i a  w h i c h  do  n o t  f e r m e n t  g l u c o s e  3,16, b e i n g  d i s -  
t i n c t l y  d i f f e r e n t  f r o m  t h o s e  o f  G r a m  p o s i t i v e  b a c t e r i a .  
T h e  e f f ec t s  of  N A D t t  a n d  A M P  a r e  s i m i l a r  to  t h o s e  de -  
s c r i b e d  for  t h e  e n z y m e s  f r o m  R. capsulata3 a n d  R. sphe- 
voides 4. T h e r e  a r e  s o m e  d i f f e r e n c e s ,  h o w e v e r ,  in  t h e  e f f ec t  
of  A T P ;  t h e  a c t i v a t i o n  b y  KC1 h a s  n o t  b e e n  r e p o r t e d  for  
t h e  Rhodopseudomonas e n z y m e s  3, 4. 

T h e  i n h i b i t o r y  r e s p o n s e  of the R. rubrum e n z y m e  to  
N A D H  a n d  A T P  s u g g e s t s  t h a t  i t  wi l l  be  s t r o n g l y  i n h i b i t e d  
u n d e r  p h o t o s y n t h e t i c  c o n d i t i o n s ,  w h e r e  b o t h  t h e  con -  
c e n t r a t i o n  of  N A D H  a n d  t h e  a d e n y l a t e  e n e r g y  c h a r g e  c a n  
be  e x p e c t e d  to  be  h igh3 ,  4. A l t h o u g h  t h e  e f f e c t s  r e p o r t e d  
h a v e  b e e n  s t u d i e d  in  v i t r o ,  i t  is p o s s i b l e  t h a t  t h e y  a r e  
i n v o l v e d  in  t h e  e n z y m e  r e g u l a t i o n  in  v ivo ,  s i nce  t h e y  we re  
e v i d e n t  a t  r a t h e r  h i g h  c o n c e n t r a t i o n s  of  KC1, w h i c h  
m i g h t  be  p r e s e n t  i n s ide  l i v i n g  b a c t e r i a l  cel ls .  

16 p. ~D. J. WEITZMAN and P. DUNMORE, FEBS Lett. 3, 265 (1969). 
17 W. W. CLELAN"D, The Enzymes (Ed. P. D. BOYER; Academic Press, 

New York 1970), vol. 2, p. 1. 

18 G. N. WILKINSON, Biocheln. J. 80, 324 (1961). 
19 j .  j .  CAZZULO and A. O. M. STOPPANI, Arch. Biochem. Biophys. 

727, 563 (1968). 

Effect of Heat T r e a t m e n t  on the A T P a s e  Act iv i ty  of Various  S a r c o p l a s m i c  Ret i cu lum Preparat ions  

C. A. M. CARVALHO a n d  M. S. V. SANTOS 1 

Department of Zoology, University of Coimbra, Coimbfa (Portugal), 23 October 1975. 

Summary. C a 3 + - s t i m u l a t e d  A T P a s e  a c t i v i t y  of  s a r c o p l a s m i c  r e t i c u l u m  (SR) p r e p a r a t i o n s  is a c t i v a t e d  a f t e r  a s h o r t  
p e r i o d  of  p r e i n c u b a t i o n  a t  t e m p e r a t u r e s  b e t w e e n  40 a n d  45 ~ b u t  for  t e m p e r a t u r e s  h i g h e r  t h a n  48 ~ p r o n o u n c e d  
d e n a t u r a t i o n  is o b s e r v e d .  H e a t  d e n a t u r a t i o n  is d e c r e a s e d  if M g  3+ or  K +  a r e  p r e s e n t  d u r i n g  h e a t  t r e a t m e n t .  

L e a k y  s a r c o p l a s m i c  r e t i c u l u m  (SR)  ve s i c l e s  c a n  be  
p r e p a r e d  b y  t r e a t m e n t  w i t h  v a r i o u s  a g e n t s  s u c h  as  
p h o s p h o l i p a s e  A 2, d i e t h y l e t h e r  ~, E D T A  4 a n d  X - 5 3 7 A  5, 
a Ca 3+ i o n o p h o r e .  A f t e r  e a c h  of  t h e s e  t r e a t m e n t s ,  t h e  
m e m b r a n e  ves i c l e s  lose  t h e  a b i l i t y  to  a c c u m u l a t e  Ca 3+, 
a l t h o u g h  t h e y  r e t a i n  t h e  A T P a s e  a c t i v i t y  in  s o m e  f o r m ,  
a n d  h a v e  b e e n  u t i l i z e d  b y  s e v e r a l  i n v e s t i g a t o r s  to  s t u d y  
p h e n o m e n a  r e l a t e d  to  t i le  e n z y m e  2-7. 

In this work we studied the behaviour of SR prepara- 
tions previously treated with diethylether, EDTA and 
X-537A with respect to heat denaturation of the ATPase 
enzyme and its stabilization by cations. 

Materials and methods. Sarcoplasmic reticulum mem- 
branes were isolated from rabbit skeletal muscle as 
described previously s. Immediatly after isolation, sam- 
ples of SR were treated with 8% (v/v) diethylether ac- 
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Fig. 1. Effect of temperature of preincubation on the Ca~+-ATPase 
activity of SR preparations. �9 SR treated with X-537A; &, SR 
treated with diethylether; ~, SR washed with EDTA. Samples of 
1.5 mg of SR protein suspended in 0.6 ml media containing 5 mM 
Tris-C1 pH 6.9, 50 mM KC1 and 5 mM MgC12, were incubated for 4 
min at the temperatures indicated, and then were cooled down to 
room temperature (20 ~ Samples of these suspensions containing 
0.5 mg oI protein were withdrawn and used to measure the ATPase 
activity. In the ease of SR treated with X-537A 100 nmoles of the 
ionophore were added per mg of protein. 
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Fig. 2. Efficiency of Mg 2+ and K + in preserving the ATPase activity 
against heat denaturation. Samples of SR protein were preincubated 
for 4 rain at 45 ~ at a concentration of 5 mg/inl, in a medium con- 
raining 5 mM Tris-C1 pH 7.0, sucrose 0.125 M and Mg ~+ or I( +. 
Samples were cooled to 20 ~ and the ATPase activity was measured 
with X-537A (100 nmoles/mg SR protein) always present in the assay 
medium. The data obtained in 2 separate experiments are shown 
(closed and open symbois). 

cord ing  to  t he  m e t h o d  descr ibed  b y  INESI e t  al. a, or 
w a s h e d  w i t h  1 m M  E D T A  a t  p H  8.5 as  descr ibed  b y  
DUGGAN a nd  MARTONOSI 4. 

A T P a s e  ac t iv i t ies  were m e a s u r e d  b y  m o n i t o r i n g  con- 
t i n u o u s l y  t he  p r o d u c t i o n  of H + d u r i n g  t h e  A T P  h y d r o l y s i s  
b y  t he  m e t h o d  descr ibed p r e v i o u s l y  b y  DEAMER 9 a n d  
MADEIRA et  al. 1~ The  reac t ions  were p e r f o r m e d  in a 
t h e r m o s t a t e d  vessel  c o n t a i n i n g  5 ml  of r eac t ion  m e d i u m  
(5 m M  Tris-C1 p H  6.9, 50 m M  KC1, 5 m M  MgCle, 2 m M  
A T P ,  1 m M  E G T A  or 1 m M  E G T A  a n d  0.9 m M  CaC12, 
a n d  a b o u t  0.5 m g  of p ro te in  per  e x p e r i m e n t .  A t  t he  p H  
of t he  a s s a y  (6.9), 0.7 nmo le s  of H + were p r o d u c e d  per  
n m o l e  of A T P  hydro l ized .  P ro t e in  was  d e t e r m i n e d  by  t he  
b iu r e t  m e t h o d  11. All t he  r e a g e n t s  were of a n a l y t i c a l  
grade.  X-537A was  supp l ied  b y  Dr. JULIUS BERGER, 
H o f f m a n n - L a  R o c h e  Inc. ,  N u t l e y ,  N e w  Jersey,  07110, 
USA.  

Results and discussion. Figu re  1 show s  t he  Ca ~+- 
A T P a s e  ac t iv i t ies  of t he  3 t y p e s  of l eaky  SR  p r e p a r a t i o n s  
d e t e r m i n e d  a f te r  a s h o r t  per iod of i n c u b a t i o n  (4 min) of 
t he  m e m b r a n e s  a t  v a r i o u s  t e m p e r a t u r e s  (25-55~ 
Af te r  the  p r e inc uba t i ons ,  t he  m e m b r a n e s  were cooled 
dow n  to  r o o m  t e m p e r a t u r e  (20~ a nd  t he  A T P a s e  
a c t i v i t y  was  m e a s u r e d  a t  t h i s  t e m p e r a t u r e .  T h e  resu l t s  
show t h a t  t he  Ca2+-s t imula ted  A T P a s e  a c t i v i t y  decreases  
for t h e  3 p r e p a r a t i o n s  i n c u b a t e d  a t  t e m p e r a t u r e s  h ighe r  
t h a n  45~ a n d  is ne a r l y  zero if t he  i n c u b a t i o n  is per-  
f o rme d  a t  50~ However ,  p r e i n c u b a t i o n  a t  35 to  45~ 
causes  a s t i m u l a t i o n  of t h e  A T P a s e  a c t i v i t y  w h ic h  in- 
d ica tes  t h a t  t he  e n z y m e  acqu i re s  a more  I avourab l e  con-  
f o r m a t i o n  due  to t he  h e a t  t r e a t m e n t .  Th i s  effect  was  
obse rved  in t he  3 t y p e s  of m e m b r a n e s  s tud ied ,  b u t  was  
more  e v i d e n t  for t he  e t h e r - t r e a t e d  p r e p a r a t i o n  which ,  
below 35 ~ ha s  a low A T P a s e  a c t i v i t y  of a b o u t  100 nmoles  
of A T P  h y d r o l i z e d / m i n / m g  of pro te in ,  w he re a s  t he  con-  
trols,  t r e a t e d  w i t h  X-537A or E D T A ,  show ac t iv i t ies  of 
350 a n d  400 nmo le s  of A T P h y d r o l i z e d / m i n / m g  of pro te in ,  
respec t ive ly ,  in t he  s a m e  r a nge  of t e m p e r a t u r e  (Figure  1). 

I t  is of i n t e r e s t  t h a t  t he  increase  in r a t e  of A T P  
h y d r o l y s i s  was  obse rved  af te r  t he  e n z y m e  h a d  been  pre-  
i n c u b a t e d  a t  t e m p e r a t u r e s  j u s t  below those  w h i c h  in- 
duce  p r o n o u n c e d  d e n a t u r a t i o n  of t h e  A T P a s e ,  as  de ter -  
m i n e d  f rom the  loss of ac t iv i ty .  Th i s  sugge s t s  t h a t  as t he  
e n z y m e  begins  to unfo ld  w i th  increase  in t e m p e r a t u r e ,  i t  
a p p a r e n t l y  passes  t h r o u g h  a c o n f o r m a t i o n  w h ic h  is more  
ac t ive  t h a n  t he  n a t i v e  f o r m  of t he  e nz yme .  T h e  s t i m u l a -  
t i on  of t h e  e n z y m e  a c t i v i t y  due  to h e a t  t r e a t m e n t  c a n n o t  
be a t t r i b u t e d  to an  effect  of h e a t  inc reas ing  t he  m e m b r a n e  
p e r m e a b i l i t y  w h ic h  would  cause  u n c o u p l i n g  of t he  A T P a s e  
to t he  Ca 2+ t r a n s p o r t ,  because  t he  p r e p a r a t i o n s  used  were 
in a l eaky  s t a t e  as a c onse que nc e  of t r e a t m e n t  w i t h  

1 Acknowledgments. This work was supported by research grants 
from Instituto de Alta Cultura (Grant No. CB/2) and the Calouste 
Gulbenkian Foundation. We are grateful to Drs. A. P. CARVALHO 
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X-537A ionophore ,  w i t h  e the r  or  w i th  E D T A .  All these  
agen ts  d iss ipa te  t he  Ca 2+ g r a d i e n t  across t he  m e m b r a n e  
which  loses t he  c a p a c i t y  to  a c c u m u l a t e  Ca 2+ ~-~ 

The  p r e i n c u b a t i o n  of t h e  S R  m e m b r a n e s  whose  A T P a s e  
ac t iv i t ies  are shown  in F igure  I was  pe r fo rmed  in ionic 
m e d i a  (5 m M  MgCI~, 50 m M  KC1) wh ich  we p rev ious ly  
found  to preserve  o p t i m a l l y  t he  A T P a s e  ac t iv i ty  du r ing  
p r e i n c u b a t i o n  a t  t e m p e r a t u r e s  wh ich  in ion free med ia  
cause comple te  d e n a t u r a t i o n  of t he  enzyme.  F igure  2 
shows t he  re la t ive  eff ic iency of Mg 2+ a n d  K+ in s tab i l iz ing  
t he  e n z y m e  a c t i v i t y  of S R  d u r i n g  p r e i n c u b a t i o n  a t  45 ~ 
I t  is ev iden t  f rom these  resu l t s  t h a t  whereas  a b o u t  5 to  
10 m M  Mg z+ a l r eady  gives m a x i m a l  s t ab i l i za t ion  of t he  
enzyme,  a b o u t  100 m M  K + are necessa ry  for o b t a i n i n g  
t he  same effect. The  c o n c e n t r a t i o n s  for ha l f  m a x i m a l  
effect  of Mg 2+ a n d  K+ were e s t i m a t e d  to be  1.0 a n d  25 raM, 
respect ively .  

The  S-shape  curves  shown  in F igure  2 ind ica te  t h a t  
t he  d i rec t  p lo ts  of ion c o n c e n t r a t i o n  aga i n s t  A T P a s e  

a c t i v i t y  are classical s a t u r a t i o n  curves.  The  p r o t e c t i v e  
effect  of these  ions is p r o b a b l y  due  to t h e  b i n d i n g  of 
Mg 2+ or K + to  t he  m e m b r a n e s  wh ich  also exh ib i t s  
s a t u r a t i o n  ~2. The  fac t  t h a t  Mg "+ is m u c h  more  effect ive  
t h a n  K+ in p r o t e c t i n g  SR A T P a s e  f rom h e a t  i n a c t i v a t i o n  
is c o m p a t i b l e  w i t h  t he  b i n d i n g  resu l t s  of these  ca t ions  to  
t h e  m e m b r a n e s  ~a, w h i c h  show t h a t  t he  a f f in i ty  of t he  
b ind ing  s i tes  in t he  m e m b r a n e s  for  Mg 2+ (pK~r = 4.2) is 
m u c h  h igher  t h a t  t he  a f f in i ty  for K+ (pK~r = 1.3). 

The  h e a t  a c t i v a t i o n  of t he  A T P a s e  of S R  m e m b r a n e s  
wh ich  occurs  b e t w e e n  40 and  45 ~ as well  as t he  effect  
of d i v a l e n t  ca t ions  on t h e  s t ab i l i t y  of t he  enzyme,  shou ld  
be  t a k e n  in to  cons ide ra t ion  w h e n  Ar rhen ius  p lo ts  of t h e  
a c t i v i t y  of t he  e n z y m e  are  c o n s t r u c t e d  to o b t a i n  infor-  
m a t i o n  a b o u t  t he  va r ious  t h e r m o d y n a m i c  p a r a m e t e r s  of 
the enzyme.  

12 A. P. CARVALHO, Eur. J. Biochem. 27, 491 (1972). 
13 A. P. CARVALHO, J. Cell. Physiol. 67, 73 (1966). 

Fibrillation of Tropoelast in Induced by Proteoglycan 
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Summary. E l e c t r o s t a t i c  i n t e r a c t i o n  be t w een  t ropoe las t in ,  t he  n a t i v e  p recursor  of elast in ,  a n d  p ro t eog lycan  resu l t s  
in  t ropoe la s t in  f ibr i l la t ion .  The  f ind ing  suggests  a possible  i n v o l v e m e n t  of p ro t eog lycans  in elastogenesis .  

I t  has  been  shown  t h a t  s imple  coace r va t i on  of b o t h  
e-elast in ,  a d e g r a d a t i o n  p r o d u c t  of insoluble  elast in,  a n d  
t ropoe las t in ,  t he  n a t i v e  p recurso r  of e tas t in ,  resu l t s  in  
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Fig. 1. The plot of optical density at 330 nm vs. tropoelastin: 
proteoglyean ratio. The amounts given are in [xg/ml. 

e las t in  f ibri l  format ionmS.  I n  a r ecen t  work  a, we h a v e  
descr ibed  a d i f fe ren t  m e c h a n i s m  of e -e las t in  f ibr i l la t ion,  
t h a t  is ionic i n t e r a c t i o n  w i t h  p ro teog iycan .  I n  t h e  com- 
p lex  coacerva te ,  wh ich  is fo rmed  as a resu l t  of t h i s  
in t e rac t ion ,  f ibr i l la r  s t r u c t u r e s  were c lear ly  observable .  
The  p r e sen t  p a p e r  gives ev idence  t h a t  th i s  m e c h a n i s m  of 
f ibr i l la t ion  appl ies  also for  t h e  n a t i v e  p recurso r  of 
elast in ,  wh ich  suggests  a poss ible  biological  s ignif icance of 
the  t r o p o e l a s t i n - p r o t e o g l y c a n  in t e r ac t i on .  

Materials and methods. Tropoe l a s t i n  was a generous  
gif t  f rom Dr. L. B. S a n d b e r g  (Un ive r s i t y  of U t a h ,  Sa l t  
Lake  City, USA).  I t  was  p r e p a r e d  f rom Cu-def ic ient  p ig  
a o r t a  a n d  i ts  a m i n o  acid compos i t i on  was  in a g r e e m e n t  
w i t h  t h e  c r i t e r i a  of pu r i t y .  P r o t e o g l y c a n  p r e p a r e d  f rom 
bov ine  nasa l  ca r t i l age  b y  t h e  d issoc ia t ive  m e t h o d  5 was  
t he  same  p r e p a r a t i o n  as in  t he  p rev ious  r e p o r t  4. I t  d id  
n o t  con t a in  a n y  c o n t a m i n a t i n g  subs tances .  

Opt ica l  dens i t y  m e a s u r e m e n t  a t  330 or 440 n m  was 
used for  t h e  de t ec t i on  of t h e  i n t e r a c t i o n  b e t w e e n  t h e  
t r o p o e l a s t i n  and  p ro teog lycan .  T h e  m e a s u r e m e n t  was  
car r ied  o u t  a t  va r ious  p H  va lues  a n d  a t  v a r y i n g  we igh t  
ra t ios  of b o t h  c o m p o n e n t s  whi le  t he  t o t a l  c o n c e n t r a t i o n  
r e m a i n e d  c e n s t a n t  a n d  was  120 ~xg/1 ml.  

The  i n t e r a c t i o n  p r o d u c t s  (complex coacervates)  for 
e lec t ron  microscopic  o b s e r v a t i o n  were p r e p a r e d  e i the r  b y  
m i x i n g  t he  c o m p o u n d s  in so lu t ion  d i rec t ly  a t  p H  4.0 a n d  
20~ (see t h e  results)  or b y  dialysis  a t  20~ of mixed  
so lu t ions  p r e p a r e d  a t  p H  7.0-8.0 (no i n t e r a c t i o n  occurs  a t  
these  p H  values)  aga ins t  severa l  changes  of w a t e r  ad-  

1 Research Institute of Food Industry, Na b~lidle 21,150 38 Praha 5, 
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