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Large Hydration Structure Changes on Hydrolysing ATP 

The  hydro lys i s  of Mg0.sK~.sH0.sATP, Mgo.~KI.sH1.2ATP 
a n d  Mgo.~KI.~HI.~ATP in h y d r o u s  so lu t ions  (0.3 M) was 
i nves t i ga t ed  w i t h  t h e  a id  of I R  spect roscopy.  The  samples  
were loca ted  in ceils descr ibed in ~ d u r i n g  spec t r a  p lo t t ing .  
W i t h  these  cells, t h e  l ayer  t h i ckness  of t h e  sample  was 
reproduc ib le  to  4- 0.05 ~zm. 

The  so lu t ions  were s to red  a t  40~ in bo t t l e s  wh ich  
were comple t e ly  sealed b y  a m e m b r a n e .  The  s p o n t a n e o u s  
hydro lys i s  occur r ing  t h e r e b y  was i n t e r r u p t e d  eve ry  24 h, 
a sample  r e m o v e d  a n d  a s p e c t r u m  of th i s  p l o t t ed  a t  5 ~ 
D u r i n g  t he  I R  m e a s u r e m e n t ,  t he  hydro lys i s  degree of a 
para l le l  s ample  was  d e t e r m i n e d  e n z y m a t i c a l l y  ( test  
facil i t ies suppl ied  b y  Boehr inger ,  M a n n h e i m ,  G e r m a n y  3). 
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Fig. 1. H20 scissor vibration for various degrees of hydrolysis for 
aqueous Mg0.sK2.sH0.sATP solutions at 5 ~ 
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Fig. 2. H~O torsional vibration for various degrees of hydrolysis for 
aqueous Mg0.sK2.~H0.aATP solutions at 5~ The same with pure 
H20 with equal sample thickness for purposes of comparison. 

E x t r e m e l y  large changes  in the  w a t e r  b a n d s  occur  
w i t h i n  smal l  r anges  as hydro lys i s  proceeds.  F igure  1 
shows t he  H 2 0  scissor v i b r a t i o n  a t  a b o u t  1640 cm -1 and  
F igure  2 t he  b r o a d  in t ense  b a n d  of t he  to r s iona l  v i b r a t i o n  
of t he  w a t e r  molecules  a t  a b o u t  700 cm -1. This  i s  a n  
i n t e rmo lecu l a r  v i b r a t i o n  w h e r e b y  t h e  w a t e r  molecules  
execu te  h i n d e r e d  l i b r a t i ona l  mo t ions  re la t ive  to  one 
ano the r .  A t  a b o u t  2160 cm -1, a less i n t ense  c o m b i n a t i o n  
v i b r a t i o n  (scissor + to r s iona l  v ib ra t i on )  3 occurs  (for 
de ta i l s  on  t he  v i b r a t i o n s  of w a t e r  molecules  see 4 p. 28 If.) 
The  smal l  b a n d s  of the  r ing  s t r e t c h i n g  v i b r a t i o n s  of t he  
aden ine  base  res idues  are  obse rved  in F igure  1 - bes ides  
t he  H 2 0  scissor v i b r a t i o n  - and  in F igure  2 t h e  b a n d s  of 
t he  PO s t r e t c h i n g  v i b r a t i o n s  of t he  p h o s p h a t e  groups.  

D e p e n d i n g  on  t he  degree of h y d r a t i o n ,  t h e  fol lowing 
changes  in t h e  b a n d s  of t he  w a t e r  molecules  are observed  : 
1. The  in t eg ra l  a b s o r b a n c e  of t he  to r s iona l  v i b r a t i o n  of 
t he  w a t e r  (at  700 cm -~) changes ,  for i n s t ance  w i t h  
Mg0.sK~.sH0.sATP in t h e  r a n g e  of 2 0 - 2 6 %  degree of 
hydro lys i s ,  b y  a b o u t  2 orders  of m a g n i t u d e  (see F igure  2, 
l oga r i t hmic  scale). 2. I n  t he  case of s l igh t  abso rbance ,  
t he  b a n d  possesses a s t r u c t u r e  a n d  i ts  m a x i m u m  lies a t  
710 c m 4 ;  w i t h  s t rong  a b s o r b a n c e  i t  lies a t  650 cm-1;  
b o t h  va lues  for so lu t ions  a t  5 ~ 3. A s imi la r  b u t  less 
p r o n o u n c e d  i n t e n s i t y  change  is obse rved  w i t h  t he  scissor 
v i b r a t i o n  a t  1640 cm -~ (see F igure  1). 4. The  H~O com- 
b i n a t i o n  v i b r a t i o n  shif ts  para l le l  to  t he  to r s iona l  v i b r a t i o n  
f rom 2160 cm -1 a b o u t  12 cm 4 t o w a r d  la rger  wave  
number s .  5. The  changes  in t he  background ,  w h i c h  are  
obse rved  w i t h  t he  spec t r a  in  F igure  1 in t he  region 1600-  
1300 cm -~, are caused  b y  t he  f o r m a t i o n  of easi ly polar iz-  
able  H - b o n d s  4-s. These  b o n d s  are fo rmed  be tween  t he  
base  res idues  as well  as be tween  h y d r o g e n  p h o s p h a t e  
ions. 6. The  change  in t he  i n t eg ra l  a b s o r b a n c e  of t he  HzO 
scissor v i b r a t i o n  follows t h a t  of t he  to r s iona l  v ib ra t ion ,  
excep t  in t h e  hydro lys i s  r anges  in w h i c h  t he  f o r m a t i o n  of 
po la r i zab le  h y d r o g e n  b o n d s  is i nd ica t ed  b y  t he  rise of t h e  
background ,  i.e., b y  t he  occur rence  of t he  c o n t i n u o u s  
absorp t ion .  

I n  t h e  l a t t e r  case t he  a b s o r b a n c e  change  is exp la ined  b y  
a coupl ing  of t he  to r s iona l  v i b r a t i o n  w i t h  t r an s i t i ons  in  
h y d r o g e n  b o n d s  in wh ich  the  p r o t o n  f l uc tua t e s  a n d  w h i c h  
are t h u s  easi ly po la r izab le  ~-s. 

The  b a n d  sh i f t  of t he  to r s iona l  v ib ra t i on ,  and  t h a t  of 
t he  c o m b i n a t i o n  v i b r a t i o n  t o w a r d  larger  wave  number s ,  
signifies t h e  f o r m a t i o n  of a h y d r a t e  s t r u c t u r e  w i t h  
s t ronger  h y d r o g e n  bonds .  F o x  a n d  MARTIN" s tud ied  
t h i s  w i t h  pu re  w a t e r  a t  t he  b a n d  a t  2160 cm -~, i nves t iga t -  
ing i ts  t e m p e r a t u r e  sens i t iv i ty .  The  m a g n i t u d e  of t he  
change  of t he  t r a n s i t i o n  m o m e n t  of t h e  to r s iona l  v i b r a t i o n  
in t he  A T P  so lu t ions  shows t h a t  large r anges  of t he  
h y d r a t i o n  s t r u c t u r e  are a f fec ted  b y  s l igh t  a l t e r a t i ons  of 

1 K. P. HOFMANN and G. ZUNDEL, Z. Naturforsch. Ser. C, in press. 
2 Test]ibel (Boehringer, Mannheim 1971). 
3 G. ]~. WALRAFEN, J. chem. Phys. 40, 3249 (1964); J. chem. Phys. 

4d, 1546 (1966). 
4 G. ZUNDEL, Hydration and Intermolecular Interaction (Academic 

Press, New York 1969 and Mir, Moscow 1972). 
5 E .  G .  W E I D E M A N N  a n d  G.  ZUNDEL,  Z.  Naturforschung 25a, 627  

(1970). 
6 R. JANOSCHEK, E. G. W~IDEMANN, H. P~EIFFER and G. ZU~D~L, 

J. Am. chem. Soc. 94/, 2387 (1972). 
R. JANOSCHEK, E. G. W~IDEMXNN and G. ZUND~L, J.C.S. 
Faraday II 69, 505 (1973). 

s W. SESSLER and G. ZU~DEL, Chem. Phys. Letters 74, 356 (1972). 
9 j .  j .  Fox and A. E. MARTIN, Proc. R. Soc. London Ser. A 174, 234 

(1940). 



140 Specialia EXPERIENTIA 30/2 

t h e  degree of hydrolys is .  This  suppor t s  t he  suppos i t i on  of 
GEORGE et  el. to t h a t  changes  in  t he  so lva t ion  e n t h a l p y  
are  p r i m a r i l y  of s ignif icance as regards  t he  change  in t h e  
free e n t h a l p y  on  A T P  hydrolys is .  These  changes  in t he  
h y d r a t e  s t r u c t u r e  m u s t  be  c o n n e c t e d  w i t h  a cor respond-  
ingly  large  change  in t he  die lect r ic  p roper t i e s  of t he  
sys tems.  The  hydro lys i s  of t h e  A T P  hence  cont ro l s  t he  
i n t e rmo lecu l a r  i n t e r ac t i ons  in  t h e  s y s t e m  inves t iga ted .  
Since h y d r o l y s i n g  A T P  is p r e s en t  in  m o s t  biological  

sys tems,  i t  is c lear  t h a t  t h e  effect  obse rved  is of b iological  
s ignif icance.  

Zusammen/assung. Es  wurde  die H y d r o l y s e  yon A T P  
in  w/~ssrigen L 6 s u n g e n  I R - s p e k t r o s k o p i s c h  u n t e r s u c h t .  
I n n e r h a l b  k le iner  H y d r o l y s e g r a d - B e r e i c h e  t r e t e n  enorme  
Ver~Lnderungen a n  den  B a n d e n  der  Wassermoleki i le ,  
i n sbesondere  an  der  To r s ions schwingung  auf. Die Be- 
d e u t u n g  dieses Ef fek t s  wi rd  d i sku t ie r t .  
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Comparison of Preparations of Erythrocyte Membranes and Membrane Proteins 
by SDS-Gel Electrophoresis 

I n  t h e  p a s t  decade  a large n u m b e r  of p rocedures  for 
p r e p a r a t i o n  of red cell m e m b r a n e s  a n d  red cell m e m b r a n e  
p ro t e in  f r ac t ions  h a v e  appeared .  T he  re su l t ing  a r r a y  of 
p r o t e i n  f r ac t ions  a n d  p roper t i e s  ha s  r ecen t ly  been  
descr ibed  as ' bewi lder ing '  1. I f  a t t e n t i o n  is conf ined  on ly  
to  p ro t e in  p r e p a r a t i o n s  m a d e  b y  p e r t u r b a t i o n  of ionic 
s t r eng th ,  t he re  are ra re ly  two  p r e p a r a t i o n s  of wa te r - so lub le  
p ro t e in  t h a t  are m a d e  in  exac t ly  t he  same  w ay  w h e t h e r  
t h e  s t a r t i n g  ghos ts  are t he  same or not .  These  v a r i a t i o n s  
m a k e  i t  e x t r e m e l y  d i f f icul t  to  c o m p a r e  t h e  resu l t s  of 
d i f fe ren t  l abora tor ies ,  or even  of t he  same l a b o r a t o r y  a t  
d i f fe ren t  t imes.  Ye t  i t  seems p r o b a b l e  t h a t  m a n y  m e t h o d s  
should  yield p r e p a r a t i o n s  w i t h  s imi la r  proper t ies ,  s ince 
t he  p r e p a r a t i o n  m e t h o d s  are s imi la r  in  pr inc ip le  if no t  
iden t i ca l  in  detai l .  

I n  t h e  course of s tud ies  of t h e  p r inc ipa l  wa te r -ex-  
t r a c t a b l e  p ro t e in s  we h a v e  c o m p a r e d  t he  p r o t e i n  compo-  
s i t ion  of a n u m b e r  of p r e p a r a t i o n s  of ghosts  and  of 
wa te r - so lub le  ghos t  p ro t e in s  b y  gel e lec t rophores is ,  to  
fac i l i ta te  compar i son  of our  resul t s  w i t h  t he  l i t e ra tu re .  

Materials and methods. Blood  was o b t a i n e d  as f resh 
un i t s  u n s u i t a b l e  for t r an s f u s i on  a n d  used w i t h i n  a week. 
Cells w a s h e d  3 t imes  w i t h  0.16 M NaC1 were used for 
m o s t  ghos t  p r e p a r a t i o n s ;  for  p r e p a r a t i o n s  r equ i r ing  low 
ionic s t r e n g t h  media ,  NaCl -washed  ceils were washed  
twice  in large vo lumes  of 0.32 M glucose, wh ich  p roduced  
d u m p i n g .  

All  chemica ls  were o b t a i n e d  f rom commerc ia l  sources 
a n d  used w i t h o u t  f u r t h e r  pur i f ica t ion .  Dis t i l led  w a t e r  
was  deionized and  redis t i l led  f rom glass. 

A l iquo t s  of ghos t  p r e p a r a t i o n s  a n d  of p r e p a r a t i o n s  of 
wa te r - so lub le  p ro t e i n  were ana lyzed  b y  sod ium dodecy l  
su l fa te  gel e lec t rophores is  accord ing  to  t h e  m e t h o d  of 
FAIRBANKS et  el. 2. T he  m o n o m e r  c o n c e n t r a t i o n  was 
r educed  to 4%,  a t  c o n s t a n t  a c r y l am i de :  bisacrylamide 
rat io.  Af te r  s t a in ing  for p ro t e in  w i t h  Coomassie  b lue  2, 
gels were p h o t o g r a p h e d .  P r o t e i n  b a n d s  are  n u m b e r e d  
accord ing  to CARRAWAY a n d  SHIN ~. 

Results. Ten  p r e p a r a t i o n s  of ghos ts  were made,  accord-  
ing to  each  a u t h o r ' s  d i rect ions .  SDS-gel  e lec t rophore t i c  
p a t t e r n s  of these  p r e p a r a t i o n s  are shown  in F igure  1. The  
p r e p a r a t i o n s  m a d e  b y  low ionic s t r e n g t h  hemolys i s  a t  
n e u t r a l  to  a lkMine p H  (A~;-) are  qu i t e  s imi la r  in  compo-  

si t ion,  w i t h  t he  p r inc ipa l  v a r i a t i o n s  be ing  in t he  low 
molecu la r  we igh t  b a n d s  8-10 a n d  hemoglob in .  B a n d  10 
is no t  r e t a ined  b y  ghosts  be low 20 i m o s M  (note t h a t  t he  
p r e p a r a t i o n s  in  F a n d  G are m a d e  a t  a b o u t  10 imosM)  
whi le  b a n d  8 appea r s  to  be m i n i m a l l y  r e t a i n e d  a t  20 
imosM.  The  presence  of E D T A  in t he  lysis m i x t u r e  does 
no t  affect  these  results ,  s ince A a n d  F (p repared  w i t h  
E D T A )  are respec t ive ly  e q u i v a l e n t  to  C a n d  G (p repared  
wi thou t ) .  The  deple t ion  of b a n d  10 be low 20 i m o s M  
corre la tes  w i t h  loss of t he  p e r m e a b i l i t y  ba r r i e r  to  A T P  s 
a n d  w i t h  des t ab i l i za t ion  of m e m b r a n e  p ro t e in  confor-  
m a t i o n  19. Ghos t s  p r e p a r e d  a t  p H  4.6 (H) gave  b lu r r ed  
pa t t e rns ,  a n d  show dep le t ion  in b a n d  8 a n d  a p p a r e n t  
e n r i c h m e n t  in  b a n d s  1, 9, a n d  10. The  p r e p a r a t i o n s  m a d e  
w i t h  T r i t o n  X-100  a t  zero ionic s t r e n g t h  (I) are also 
c o m p a r a b l e  to  t h e  o the r  ghos t  p repa ra t ions ,  w i t h  loss of 
b a n d  10 a n d  poss ible  loss of b a n d s  5 a n d  6. P r e p a r a t i o n s  
in T r i t o n  X-100  a t  non-zero  ionic s t r e n g t h  are dep le ted  
in b a n d s  4, 5, 6, 8, a n d  10. I t  shou ld  be  n o t e d  t h a t  t he  
a p p a r e n t  v a r i a t i o n s  in  b a n d s  1-4  in t he  gels shown  in 
F igure  1 are p r i m a r i l y  due  to over loading,  as can  be  seen 
b y  compar i son  of gels w i t h  less p r o t e i n  (not  shown).  
Over load ing  was del ibera te ,  to  increase  t he  i n t e n s i t y  of 
t h e  m i n o r  bands .  

Nine  p r e p a r a t i o n s  of w a t e r  soluble  p ro te ins  f rom 
ghos ts  m a d e  b y  e x t r a c t i o n  a t  low ionic s t r e n g t h  are 
shown  in F igure  2. These  were also m a d e  accord ing  to t h e  
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