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I n t e r a c t i o n  o f  1 - A n i l i n o - 8 - N a p h t h a l e n e  S u l f o n a t e  
g e n a s e  

I n  o rde r  to  e v a l u a t e  t h e  n a t u r e  of i n t e r a c t i o n s  i nvo lved  
in t h e  b i n d i n g  of N A D  + t o  g l y c e r a l d e h y d e - 3 - p h o s p h a t e  
d e h y d r o g e n a s e  (GAPD)  d i f f e ren t  c o e n z y m e - c o m p e t i t i v e  
i n h i b i t o r s  were  s t ud i ed  1, % T he  i m p o r t a n c e / ) f  t h e  adeno-  
s i n e - 5 - p h o s p h a t e  in  t he  b i n d i n g  of N A D  + was  es tab l i shed ,  
whereas  n i c o t i n a m i d e  m o n o n u c l e o t i d e  was  found  to  b i n d  
r a t h e r  weakly .  To get  more  i n f o r m a t i o n  a b o u t  t h e  pro-  
pe r t i es  of t h e  N A D +  b i n d i n g  s i te  on  t h e  p r o t e i n  surface,  
i t  seems of i n t e r e s t  to  i n v e s t i g a t e  t h e  degree  of p o l a r i t y  of 
t h i s  s i te  a n d  t h e  poss ib le  p a r t i c i p a t i o n  of h y d r o p h o b i c  
regions  of t he  p r o t e i n  in c o e n z y m e  b ind ing .  F o r  t h i s  a im 
we h a v e  used a ' h y d r o p h o b i c  p robe ' ,  1 - a n i l i n o - 8 - n a p h t h a -  
lene su l fona te  (ANS),  w h i c h  e x h i b i t s  low f luorescence  in 
water ,  b u t  becomes  h i g h l y  f luorescen t  w i t h  a b lue  sh i f t  
in  emiss ion  m a x i m u m  in n o n - p o l a r  so lven t s  or  on  b i n d i n g  
to  h y d r o p h o b i c  reg ions  of p r o t e i n s  ~-5. As  is s h o w n  below, 
y e a s t  G A P D  b i n d s - A N S  c o m p e t i t i v e l y  w i t h  respec t  to  
N A D + ;  t h e  b i n d i n g  b e i n g  a c c o m p a n i e d  b y  changes  in  t h e  
emiss ion  s p e c t r u m  a n d  q u a n t u m  y ie ld  of t h e  dye  f luores-  
cence,  sugges t ing  t h e  ex i s t ence  of a h y d r o p h o b i e  reg ion  in  
t h e  ac t ive  s i te  of t h i s  enzyme .  

Materials and methods. G A P D  was  c rys ta l l i zed  f rom 
b a k e r ' s  y e a s t  acco rd ing  to  t h e  m e t h o d  of Krebs% Fluores-  
cence m e a s u r e m e n t s  were  p e r f o r m e d  a t  r o o m  t e m p e r a t u r e  
in  a spec t ro f luo rome t r i c  a t t a c h m e n t  G-3 for  a H i t a c h i  
S p e c t r o p h o t o m e t e r  E P S - 3 ;  e x c i t a t i o n  was  a t  a wave-  
l e n g t h  of 350 nm.  F luorescence  was  m e a s u r e d  w i t h  r i g h t  
angle  opt ics  in  1 c m  l i gh t  p a t h  q u a r t z  cuve t t e s .  All  fluo- 
rescence  e x p e r i m e n t s  were  co r rec ted  for f luorescence  of 
dye  a n d  enzyme.  Q u a n t u m  yie lds  were  d e t e r m i n e d  rela-  
t i v e  to  a s t a n d a r d  ch in i ne  su l fa te  so lu t ion% 

Results and discussion. I n t e r a c t i o n  of y e a s t  G A P D  w i t h  
A N S  r e su l t s  in  a m a r k e d  e n h a n c e m e n t  of t h e  f luorescence  
i n t e n s i t y  of t h e  dye  a n d  a 30 n m  b lue  sh i f t  in  i t s  emiss ion  
m a x i m u m  (for A N S  in  g lycine  buf fe r  t h e  m a x i m u m  was  
o b s e r v e d  a t  520 nm,  a n d  for  A N S - G A P D  c o m p l e x  i t  
sh i f t ed  to  490 nm) .  O n  b i n d i n g  to  G A P D  A N S  is, t he re -  
fore, t r a n s f e r r e d  to  a m e d i u m  of lower  p o l a r i t y  t h a n  0 . 1 M  
glycine.  Q u a n t u m  yie ld  of ANS,  fu l ly  a b s o r b e d  b y  G A P D  
was d e t e r m i n e d  a n d  was  f o u n d  to  be  0.05 .Thus,  i t  appea r s  
t h a t  t h e r e  are some w e a k l y  n o n - p o l a r  regions  on  G A P D  
molecule  c a p a b l e  of b i n d i n g  ANS.  T he  n u m b e r  of dye  
b i n d i n g  s i tes  (n) a n d  t h e  d i s soc ia t ion  c o n s t a n t  for  t h e  
complex  (K) were  d e t e r m i n e d  for  t h e  A N S - e n z y m e  in te r -  
ac t ion  acco rd ing  to  t h e  f l uo rome t r i c  m e t h o d  of WEBER 
a n d  YOUNG s u s ing  t h e  e q u a t i o n :  

(2) P / X D  ~ 1/n (1 + K/(1-x)D), where  

P = t h e  t o t a l  p r o t e i n  c o n c e n t r a t i o n ,  D = d y e  c o n c e n t r a -  
t ion ,  n = t h e  n u m b e r  of s i tes  pe r  p r o t e i n  molecule ,  1< = 
d i s soc ia t ion  c o n s t a n t  a n d  x is t h e  f r a c t i o n  of dye  b o u n d .  
A p lo t  of P/xD a g a i n s t  1/(1-x)D yie lds  va lues  for  n a n d  K.  
The  f r a c t i o n  of A N S  bound ,  x, is de r i ved  f rom t h e  r a t i o  
x = F/F0,  whe re  F is t h e  a c t u a l  o b s e r v e d  f luorescence 
eff ic iency a n d  F 0 - t h e  s ame  w h e n  a l l  t h e  dye  in so lu t ion  
ha s  b e e n  adsorbed .  F 0 was  d e t e r m i n e d  b y  m e a s u r i n g  t h e  
f luorescence  of a c o n s t a n t  a m o u n t  of A N S  (which  r a n g e d  
f rom 0.7 × 10 -5 to  1.05 X 10-SM in d i f f e ren t  expe r i m en t s )  
in t h e  p resence  of v a r y i n g  levels  of p r o t e i n  a n d  ca l cu l a t i ng  
t he  f luorescence  on  e x t r a p o l a t i o n  to  in f in i t e  p r o t e i n  con- 
c en t r a t i on .  The  m o l a r  r a t io  [ A N S l / [ p r o t e i n  j was  k e p t  be-  
low 10:1 in  o rde r  tO e l i m i n a t e  d e v i a t i o n s  f rom l i n e a r i t y  in  
t he  p lo t s  due  t o  nonspec i f ic  A N S  b ind ing .  

T h e  r e su l t s  of such  a n  e x p e r i m e n t  a re  p r e s e n t e d  on  t h e  
double - rec ip rocM p lo t  (Figure  1), f r o m  w h i c h  t h e  m a x i -  
m u m  e n h a n c e m e n t  of A N S  f luorescence  was  ob t a ined .  
T h e  va lues  n a n d  K could  n o w  be  d e t e r m i n e d  f rom t h e  

w i t h  Y e a s t  G l y c e r a l d e h y d e - 3 - P h o s p h a t e  D e h y d r o -  

p lo t  g iven  in  F i g u r e  2. I n  t h i s  p lo t  t h e  y i n t e r c e p t  is t h e  
rec iproca l  n,  a n d  t h e  x i n t e r c e p t  is equa l  to  - I / K .  I n  t h i s  
e x p e r i m e n t  4 A N S  b i n d i n g  s i tes  pe r  p r o t e i n  molecule  
(mol. wt .  140,000) were  found  w i t h  a n  ave rage  d i s soc ia t ion  
c o n s t a n t  (K) of 5 × 10-SM. S imi la r  resu l t s  were  o b t a i n e d  
w i t h  2 d i f f e ren t  p r e p a r a t i o n s  of G A P D  (n va r i ed  b e t w e e n  
2 a n d  4, K - b e t w e e n  4 × 10 -s and  6 × 10-~M). 
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Fig. 1. Double-reciprocal plot of ANS fluorescence against GAPD 
concentration. 0.1M glycine buffer pH 8.5. A N S -  1.05 × 10-~M. 
G A P D -  0.56× 10 -a - -6 .16× 10-eM. F, fluorescence intensity at 
490 nm. 
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Fig. 2, Determination of N and K according to Eq. 2 (see text). The 
data of Figure 1 were used for the plot. 
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This  f inding p r o m p t s  the  sugges t ion  t h a t  A N S  b ind ing  
si tes m i g h t  be re la ted  to  the  act ive  si te regions of t he  en- 
zyme  molecule.  Yeas t  G A P D  is k n o w n  to  consis t  of 4 
ident ica l  subuni t s  ~ and  to  b ind  4 equ iva len t s  of S A D  + 
per  mole of p ro te in  z0. In  order  to  de t e rmine  w h e t h e r  A S S  
is capable  of b ind ing  a t  the  act ive  si te of G A P D ,  the  dye  
was t e s t e d  as an inh ib i to r  of the  enzyme  act iv i ty .  The 
effect  of A S S  was  s tud ied  w i t h  va ry ing  concen t r a t ions  of 
NAD+. The  d a t a  in F igure  3 show t h a t  A S S  is a compe-  
t i t ive  inh ib i to r  w i th  respec t  to  the  coenzyme,  suggest ing 
an in t e rac t ion  a t  a c o m m o n  site. The inh ib i to r  dissocia- 
t ion  c o n s t a n t  i ound  in these  s tudies  r anged  f rom 5 × 10-~M 
to 6 × 10-~M. These  resul ts  are in good a g r e e m e n t  wi th  t h e  
f luorescence t i t r a t i on  da ta .  

A conclusion m a y  be d r a w n  f rom these  resul ts  t h a t  A N S  
b o u n d  to  G A P D  is loca ted  a t  or ve ry  near  the coenzym e  
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Fig. 3. Inhibition of GAPD activity by ANS with respect to varying 
NAD concentrations. The reaction mixture (3 ml) contained 0.1 M 
glycine-NaOH buffer pH 8.2, 5 mM EDTA, 5 mM disodium arsenate, 
3 × 10-4M glyceraldehyde-3-phosphate, 1.2 × 10-SM GAPD and 
0.38 × 10 -4 -- 2.66 × 10-4M NAD. 1 -- no ANS, 2 and 3 -- 9.Oxl0-SM 
and 15.6 × 10-SM ASS respectively, 20 °C. Velocity is expressed in 
arbitrary units. 

b ind ing  site, suggest ing the  ex is tence  of some nonpo la r  
region in th is  site. However ,  since A N S  is an  anion the  
possible  role of ionic in te rac t ions  b e t w e e n  A N S  and  pro-  
t e in  molecule  m u s t  also be considered.  We found,  in fact ,  
t h a t  inorganic  p h o s p h a t e  was r a t h e r  effect ive in d isplacing 
A S S  f rom its  complex  wi th  GAPD,  p r e s u m a b l y  due to  a 
compe t i t i on  for a c o m m o n  pos i t ive ly  charged  group on the  
p ro t e in  surface.  Such a group m u s t  be located  in close 
p r o x i m i t y  w i t h  t he  non-po la r  region in the  ac t ive  si te of 
G A P D  which  also pa r t i c ipa tes  in ANS binding.  

Bh~B0~IhL Cs~asmaHHe l-aHHnm~0-8-Ha~TaanH cynbqb0Ha- 
Ta (AHC) c ~Ip0>k'>I<eB0~ rnmtepanb~lernjl-3-tIaoc~baTAerH~Ipo- 
reHaao~ (FAqb~) IIpHB0~HT I< B03pacTanI410 KBaHTOBOFO 
BblXORa ~:Iy0peclleHIIHH AHC H C~BHry MaKCI4MyMa 9MHC- 
CHH Ha 30  HM B CT0p0Hy K0p0TKHX ~I.rIHH B0YIH. l-[pH M0YlYlp- 
H0M ora0menaH [AHC] : [FAep~] < l0 :  1 aa 140000 r 6eaKa 
CBYI3blBaeTcYl 3 :[: l MO~Yl AHC c KOHCTaHTO~ ~HCCOLII-IaIIHII 
KOMIIneKca 5 × 10-5-M. AHC yrHeTaeT 3H3HMaTHqeCKyIO aK- 
THBHOCTb KOHKypeHTH0 C HA,El, BeJ~HqHHa I~i npH 3TOM 
C00TBeTCTByeT 5 × 10-SM - fi × 10-~M. YIpe]luonaraeTca, qT0 
cs~abmaHae KpacKH np0Hcx0~HT B 06naCTH aKTHBHOF0 
tleHTpa F A ~ ,  
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T h e  A T P a s e s  o f  t h e  S a r c o l e m m a  f r o m  S k e l e t a l  M u s c l e  i n  E x p e r i m e n t a l  M y o t o n i a  

By  t r e a t i n g  ra t s  w i th  20, 25-diazacholesterol  z, ~ or w i t h  
2 ,4 -d ich lo rophenoxyace ta t e  a t he  s y m p t o m s  of m y o t o n i a  
are induced,  i.e. a de layed  re laxa t ion  of muscle  a f te r  a 
con t rac t ion  and  repe t i t ive  fir ings in e l ec t romyogram.  

I t  is in general  accep ted  t h a t  m y o t o n i a  is a p h e n o m e n o n  
of t he  muscle  membranes .  In  earl ier  s tudies  we were able 
to  d e m o n s t r a t e  t h a t  in ra t s  t r e a t ed  wi th  20,25-diaza- 
cholesterol  the  calc ium p u m p  of t he  sarcoplasmic  re t icu-  
lum is m a r k e d l y  affected4.  R a t s  w i t h  induced  m y o t o n i a  
also showed a s igni f icant ly  a l te red  f a t t y  acid p a t t e r n  of 
the  phosphol ip ids  and  of t he  choles terol  es ters  of t he  sar-  
coplasmic  vesicles 5. 
However ,  these  f ind ings  canno t  expla in  t h e  r epe t i t i ve  
f ir ings in e l ec t romyogram,  which  p r e s u m a b l y  are due  to  
changes  in the  ex te rna l  m e m b r a n e  of muscle  fibers,  t h e  
sa rco lemma.  This  m e m b r a n e  is ve ry  i m p o r t a n t  for t he  
t r ansmiss ion  of electr ical  ac t iv i ty  f rom the  neuromuscu la r  
junc t ion  over  t he  ex te r ior  of the  muscle  fibers.  In  t he  sar- 
co lemma,  too, f rom 20,25-diazacholes tero l - t rea ted  ra ts ,  
there  are changes  in t he  f a t t y  acid compos i t ion  of phos-  
phol ip ids  and  cholesterol  es ter  s. 

The sa rco lemma f rom skeleta l  muscle  of ra t s  con ta ins  a 
Mg ++ s t imu la t ed  A T P a se  and  an  ATPase  s t imu la t ed  b y  
Na + and  K + in t he  presence  of Mg~+ 8. We  inves t iga ted  the  
ac t iv i t ies  of these  ATPases  in t he  s a rco lemma f rom t h e  
skeleta l  muscles  of ra t s  w i th  20,25-diazacholes terol  in- 

duced  myoton ia ,  and  we fu r the r  d e t e r m i n e d  the  inh ib i t ion  
of t he  A T Pa s e s  by  2, 4 -d ich lo rophenoxyace ta te .  

Fema le  }Vistar r a t s  were given 10 mg  20, 25-diazachol-  
e s te ro ld ihydroch lor ide  dai ly  for a per iod  of 6 weeks  by  
oesophageal  tube .  T h e i n d u c e d  m y o t o n i a  was d e m o n s t r a t e d  
by  e l ec t romyogram.  The ra t s  - a lways  a my o t o n i c  and  a 
normal  one a t  t he  same t ime  - were decap i t a t ed  and  t h e  
s a rco lemma was  isolated f rom the  muscles  of t he  h ind  
legs according  to  t he  m e t h o d  of McCOLLESTER Ls and  
ROSENTHAL e t  a l )  as modi f ied  by  PETER 6. 
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