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Protein water binding ability correlates with cellular osmolarity 
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Summary. W a t e r  adsorp t ion  i so therms  were de t e rmined  for soluble pro te ins  of organisms differing widely  in in t ra -  
cellular osmolar i ty .  A posi t ive  correlat ion was observed  be tween  p ro t e in -wa te r  a f f in i ty  and  to ta l  cellular osmot ic  
concent ra t ion .  

The packaging  of several  100 types  of enzymic  reac t ions  
in to  a smal l  vo lume of in t racel lular  wa te r  has  c rea ted  
w h a t  Atk inson  a t e rms  a ' so lvent  capac i ty  p rob lem' .  
Reducing  the  n u m b e r  of solute species in compe t i t ion  for 
this  l imi ted  wa te r  supp ly  in the  cell has  been achieved by  
several  modif ica t ions  in b o t h  enzymes  and subs t ra tes ,  
including h igh  enzyme-subs t r a t e  affinities, h igh-energy  
(activated) metabol ic  in te rmedia tes ,  and the  organizat ion 
of m a n y  enyzmes  in to  membranes~.  
1 aspec t  of the  so lvent  capac i ty  p rob lem which  has  no t  
been explored concerns  the  in t racel lular  solubili t ies of 
p ro te ins  which  m u s t  r emain  soluble to funct ion.  This 
p rob lem seems especial ly in teres t ing  when species wi th  
widely  differing in t racel lu lar  osmolari t ies  are considered,  
e.g., halophi l ic  bac te r ia  wi th  up to 8000 mosmoles/1 
sal t  in the i r  cells * and f reshwate r  inver tebra tes ,  wi th  to ta l  
osmot ic  concen t ra t ions  of app rox ima te ly  130 mosmoles/15. 
These marked  differences in in t racel lular  osmot ic  
concen t ra t ions  have  led us to ask whe the r  soluble pro te ins  
f rom cells w i th  h igh  sal t  concen t ra t ions  have  increased 
the i r  aff ini t ies for wa te r  in order  to compe te  more  
f avorab ly  for the  l imi ted  solvent  supply  of the  cell. Our 
da t a  let  us suggest  t h a t  th is  is the  case. 

Materials and methods. The wa te r  b inding  s tudies  uti l ized 
soluble macromolecu la r  f rac t ions  ob ta ined  e i ther  f rom 
whole cells (bacteria) or f rom skeletal  muscle  (trout,  
lobster,  crayfish).  The choice of skeletal  muscle was 
based upon the  following reasons :  a) muscle  t issue is 
p resen t  in large quant i t ies ,  t hus  al lowing us to ob ta in  
adequa te  amo u n t s  of mater ia l  for the  adsorp t ion  s tudies ;  
b) in t racel lular  sal t  con ten t s  of muscle,  liver, brain  etc.,  
are v i r tua l ly  the  same,  and  thus  any  wa te r  b ind ing  
' p rob lems '  exis t ing in 1 t issue can be expec ted  to exis t  
in o ther  t issues;  and c) tile use of l iver or hepa topanc rea s  
(crayfish and lobster) could pose p rob lems  due to the  
act ivi t ies  of the  pro teo ly t ie  enzymes  wi th in  these tissues. 
We felt  t h a t  muscle t issue would be much  less suscept ible  
to  pro teo ly t ic  degrada t ion  than ,  for example ,  hepa to -  
pancreas  tissue. Bovine  se rum a lbumin  and  egg a lbumin  
were purchased  f rom Sigma Chemical  Co., St.  Louis, Mo. 
Bacter ia l  cells were sonica ted  and animal  t issues were 
homogenized  in dist i l led water .  The son ica tes /homo-  
genates  were cen t r i fuged  at  14,000 x g  for 1 h. The super-  
n a t a n t s  were exhaus t ive ly  d ia lyzed against  dist i l led wa te r  
to  r emove  all c o m p o n e n t s  hav ing  m o l . w t  less t h a n  
app rox ima te ly  12,000 dal tons .  The dialyzed fract ions 
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Water adsorption isotherms for dialyzed macromolecular fractions 
from organisms differing in cellular osmotic concentration. 
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Organism Cellular Water adsorption 
osmolarity at 50% relative 
(mosmoles/1) humidity (gH20 / 

100 g sample) f 

Halobacterium halobium 4000-8000 �9 14.3 
Marine Mn++-oxidizing 
bacterium 4000 ~ 14.2 
Lobster (Homarus americanus) 1080 ~ 12.1 
Escherichia coli 335/410 e 11.9 
Brine shrimp (Artemia salina) 200-500 a I0.7 
Bovine serum albumin 310 e 10.8 
Egg albumin 310~ 10.3 
Rainbow trout (Salmo 
gairdneri) 285 ~ 11.0 
Crayfish (Cambarus vulgaris) 130 ~ 9.7 

�9 Value will vary with concentration of culture medium4; bunknown 
species from Dr Kenneth Nealson, Scripps Institution of Oceano- 
graphy; cultures grown in medium containing 2.0 M NaC1; ~ 
centrations given ill ProsserS; aeoncentrations given by Croghann; 
values vary with concentration of culture medium; evalues given in 
Altman and Dittmerl2; ~values were obtained from the curvilinear 
plots of water adsorption versus relative humidity (e.g. see figure); 
when sufficient protein was available the adsorption isotherms were 
repeated and these replicates yielded identical results. 
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were t h e n  lyophi l i zed  a n d  t he  r e su l t ing  powder s  used in 
t he  a d s o r p t i o n  i s o t h e r m  expe r imen t s .  
W a t e r  b i n d i n g  abi l i t ies  were m e a s u r e d  as descr ibed  b y  
Bul l  s. A 0.1 to  0.5 g sample  of lyophi l ized m a t e r i a l  was  
p laced  in to  a v a c u u m  dess ica to r  a b o v e  a p p r o x i m a t e l y  
100 ml  of a s a t u r a t e d  sa l t  so lu t ion  wh ich  gave  a k n o w n  
re la t ive  h u m i d i t y  a t  t he  equ i l ib ra t ion  t e m p e r a t u r e  (20 ~ 
The  sal ts  (humidi t ies)  were:  Lie1 (12.5%), MgC12 (33.0%),  
K2CO a (44.0%),  Ca (NOa) 2 (50.5%),  N a N O  2 (65.5%),  
N a N O  3 (76.0%),  KCI (85.0%) a n d  Na2CO a (92.0%)7. The  
dess ica tors  were e v a c u a t e d  a n d  held  a t  20 ~ Af te r  3 days  
t h e  v a c u u m  was re leased a n d  t he  samples  qu ick ly  
weighed.  The  samples  were t h e n  dr ied  a t  I05~ d r y  
we igh t s  were measured ,  and  the  e x t e n t  of h y d r a t i o n  
(g H20 /100  g sample)  was o b t a i n e d  b y  s u b s t r a c t i n g  t he  
d r y  f rom the  wet  weight .  
Results. The  adso rp t ion  i so the rms  for severa l  samples  are 
shown  in t he  figure. The  shapes  of all  curves  were s imi la r  
a n d  r e sembled  closely t he  i so the rms  p u b l i s h e d  b y  o t h e r  
workers  on pur i f ied  p ro t e in s  6, s. W a t e r  a d s o r p t i o n  va lues  
for egg a lbumin ,  bov ine  s e rum a l b u m i n  and  b r ine  s h r i m p  
agree v e r y  closely w i t h  pub l i shed  va lues  7,9. Accord ing  
to K u n t z  a n d  K a u z m a n n  s the  region of the  a d s o r p t i o n  
cu rve  be low a p p r o x i m a t e l y  30% re la t ive  h u m i d i t y  is 
due  largely  to the  p e n e t r a t i o n  of w a t e r  in to  the  void spaces  
in  the  p ro t e in  crysta ls ,  and  t h u s  does n o t  r e f l e e t a c c m a t e l y  
p ro t e in  w a t e r  affini t ies.  A t  h igh  h u m i d i t i e s  (above  
a p p r o x i m a t e l y  80%) smal l  changes  in h u m i d i t y  lead 
to large changes  in w a t e r  adsorp t ion ,  m a k i n g  accu ra t e  
compar i sons  in th i s  r ange  difficult .  For  these  reasons  t he  
re la t ive  w a t e r  b ind i ng  abi l i t ies  of the  samples  are b e t t e r  
c o m p a r e d  us ing  d a t a  a t  i n t e r m e d i a t e  re la t ive  humid i t i e s ,  
nea r  50% (table),  where  the  adso rp t ion  i so the rms  are 
para l le l  (figure). These  d a t a  revea l  t h a t  the  w a t e r  b ind ing  
abi l i t ies  of the  samples  co r respond  pos i t ive ly  w i th  t he  
osmolar i t i es  of t he  f luids in which  the  p ro t e in s  occur. B y  
far  the  s t ronges t  w a t e r  b i nd i ng  ab i l i ty  is found  in t he  
case of samples  f rom t he  2 s a l t - t o l e r a n t  bac t e r i a ;  lowest  
w a t e r  b ind ing  ab i l i ty  is b y  the  sample  f rom the  fresh-  
w a t e r  crayf ish .  

Discussion. These  resu l t s  are cons i s t en t  w i t h  t h e  hypo-  
thes i s  t h a t  d i f ferences  in p r o t e i n - w a t e r  a f f in i ty  are 
cor re la ted  w i t h  differences  in  ce l lu lar  osmola r i ty .  T h u s  
se lect ion m a y  lead to mod i f i ca t ion  of p ro t e in  surfaces  such  
t h a t  t h e i r  w a t e r  b i n d i n g  abi l i t ies  are a lways  a d e q u a t e  to  
p e r m i t  t he  p ro t e in s  to  r e m a i n  a d e q u a t e l y  h y d r a t e d  
wi th in  t he  cell. In  v iew of t he  v e r y  h i g h  osmot ic  concen-  
t r a t i o n s  of ha lophi l i c  b a c t e r i a  th i s  r e q u i r e m e n t  is p e r h a p s  
no t  surpr is ing.  I t  is surpr is ing,  however ,  t h a t  a p p a r e n t  
differences  ex i s t  a m o n g  a n i m a l  species. E v e n  t he  app rox i -  
m a t e l y  8fold differences  in t o t a l  osmot ic  c o n c e n t r a t i o n  
b e t w e e n  t i s sues  of m a r i n e  a n d  f r e shwa te r  c r u s t a c e a n s  5 
a p p e a r  to  be  a d e q u a t e  to  f avor  modi f i ca t ion  in p r o t e i n  
w a t e r  b i n d i n g  abil i t ies.  
Whi le  these  d a t a  are cons i s t en t  w i t h  so lub i l i ty - re la ted  
a d a p t a t i o n s  of soluble  pro te ins ,  t h e y  are c lear ly  b u t  a 
t e n t a t i v e  f i rs t  s tep  in the  ana lys i s  of th i s  ques t ion .  
Di f fe ren t ia l  c o n t r i b u t i o n s  of nucleic  acid w a t e r  a d s o r p t i o n  
and  p ro t e in  d e n a t u r a t i o n  a m o n g  the  samples  m a y  h a v e  
affected our  results .  S tudies  of pur i f ied,  wel l -def ined 
soluble  p ro t e in s  are a n  obv ious  n e x t  s tep  in reso lv ing  t h i s  
ques t ion .  U l t i m a t e  reso lu t ion  of the  ques t ion  m a y  en ta i l  
a ccu ra t e  a m i n o  acid compos i t ion  ana lyses  of soluble  
pro te ins ,  s ince the  wa te r  b ind ing  abi l i t ies  of a m i n o  acids 
differ  m a r k e d l y  10. I n  th i s  r ega rd  i t  is i n t e r e s t i ng  t h a t  
ha loph i l i c  bac t e r i a l  p ro te ins  c o n t a i n  e x t r e m e l y  h i g h  
a m o u n t s  of a s p a r t a i e  and  g l u t a m a t e %  the  2 a m i n o  acids  
h a v i n g  t he  h ighes t  w a t e r  b i n d i n g  abi l i t ies  10. 
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Effec t  of  v a s e c t o m y  on  h e p a t i c  d r u g  m e t a b o l i s m  1 
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Summary. 2 m o n t h s  a f te r  b i l a t e ra l  v a s e c t o m y  the  m e t a b o l i s m  of an i l ine  b u t  no t  a m i n o p y r i n e  was increased  in r a t  l iver  
homogena te s ,  whereas  v a s e c t o m y  did no t  affect  the  m e t a b o l i s m  of e i t he r  c o m p o u n d  in gu inea-p ig  l iver  homogena t e s .  

V a s e c t o m y  is a widely used p rocedure  for fe r t i l i ty  con t ro l  
in man .  The re  is, however ,  a pauc i t y  of i n f o r m a t i o n  con-  
cern ing  possible  me tabo l i c  consequences  of va sec tomy .  
In  one r ecen t  s tudy ,  increased  d rug  m e t a b o l i s m  was ob- 
se rved  in l iver  h o m o g e n a t e s  p r e p a r e d  f rom vasec tomized  
c o m p a r e d  to con t ro l  rats~. I n  v iew of the  i m p o r t a n c e  of 
an  effect  of v a s e c t o m y  on hepa t i c  d rug  me tabo l i sm,  t he  
p r e s e n t  s t u d y  was c o n d u c t e d  in order  to  i n d e p e n d e n t l y  
examine  t h i s  p h e n o m e n o n .  
Materials and methods. A d u l t  r a t s  ( a p p r o x i m a t e l y  350 g) ob- 
t a i n e d  f rom SASCO, O m a h a  (NE) and  a d u l t  Eng l i sh  S h o r t  
H a i r  guinea-pigs  ( a p p r o x i m a t e l y  600 g) o b t a i n e d  f rom 
CAMM Resea rch  I n s t i t u t e ,  W a y n e  (N J) were housed  indi-  
v idua l ly  and  m a i n t a i n e d  on commerc ia l  l a b o r a t o r y  die ts  ad 
l i b i t u m  e x c e p t  t h a t  the  an i m a l s  were fas ted  24 h pr ior  to  
surgery .  U n d e r  p e n t o b a r b i t a l  (Nembuta l )  anes thes i a  r a t s  

were b i l a t e r a l l y  vasec tomized  b y  l iga t ion  a n d  r e m o v a l  of 
a po r t i on  of each  vas  deferens  essen t i a l ly  as p r ev ious ly  
descr ibed  2. Guinea-p igs  were s imi la r ly  vasec tomized  ex- 
cep t  t h a t  the  va sa  de fe ren t i a  were exposed  v ia  a lower  
a b d o m i n a l  incision. Cont ro l  an ima l s  of b o t h  species were 
t r e a t e d  t he  same as t he  vasec tomized  a n i m a l s  e x c e p t  t h a t  
the  v a s a  de fe ren t i a  were n e i t h e r  l iga ted  no r  cut .  2 m o n t h s  
a f te r  v a s e c t o m y  the  an ima l s  were weighed,  i m m e d i a t e l y  
sacrif iced b y  d e c a p i t a t i o n  and  the  l ivers  r e m o v e d  for 
o rgan  we igh t  d e t e r m i n a t i o n  and  ana lys i s  of in v i t ro  d rug  
me tabo l i sm.  A m i n o p y r i n e  a n d  an i l ine  were used as sub-  

1 Supported by a grartt from the University of Nebraska Medical 
Center. 

2 J. L. Esterday, M. D. NiekelI, Z. Fahim and M. S. Fahim, Res. 
Commun. Chem. Path. Pharmae. 6, 301 (1973). 


