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ABSTRACT 

Viscometric cons tan ts  of smal l  carbohydra tes  a r e  d e t e r m i n e d  a n d  
in te rpre ted  in te rms  of specific hydration. Water ac t iv i ty  of t h e i r  
s a t u r a t e d  solutions is measured. Their  effect on w a t e r  s t ruc ture  is  
deduced f r o m  t h e  deconvolution of t h e  R a m a n  bands in t h e  OH region. 
The  inf luence of water  act ivi ty  lowering of D-fructose,  D-gluccse a n d  
sucrose on  in i t ia l  lysozyme ac t iv i ty  is  studied. The  e f f e c t  of t h e s e  
sugars  on t h e  preservat ion of e n z y m e  s tab i l i ty  during t h e  t i m e  is  
invest igated for  y e a s t  a lcohol  dehydrogenase  (YADH). Half-l ife t i m e  of 
YADH is  cont ro l led  a f t e r  t h e  s t o r a g e  of t h e  e n z y m e  in d i f f e r e n t  sugar  
and  polyol solutions. Enzymatic  resu l t s  a r e  in good a g r e e m e n t  with t h e  
solute-solvent in te rac t ions  of sugars  and  polyols in t h e  aqueous medium. 
The sugar  which provokes t h e  most not iceable  per turba t ion  of water  
s t ructure ,  i.e., D-fructose, causes  t h e  dena tura t ion  of t h e  e n z y m e s  a n d  
acts as a destabl izer .  
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2 34 MATHLOUTHI ET AL. 

INTRODUCTION 
Solute-Solvent i n t e r a c t i o n s  of s m a l l  c a r b o h y d r a t e s  in  t h e  aqueous  

medium t o g e t h e r  with t h e  knowledge of t h e i r  s t r u c t u r e  he lp  in 
i n t e r p r e t i n g  t h e i r  propert ies .  W e  r ecen t ly '  based t h e  e x p l a n a t i o n  of 

d i f f e r e n c e s  in  swee tness  of mono- a n d  d i saccha r ides  on t h e i r  solut ion 

propert ies ,  especial ly  t h e i r  effect on  w a t e r  s t ruc tu re .  Although t h e  
s t ab i l i z ing  effect of c o n c e n t r a t e d  (with low w a t e r  ac t iv i t i e s )  suga r  a n d  

polyol solut ions aga ins t  t h e r m a l  inac t iva t ion  of e n z y m e s  is known, t h e  
mechanism by which w a t e r  ac t iv i ty  inf luences e n z y m e  ac t iv i ty  a n d  

s t ab i l i t y  h a s  n o t  y e t  b e e n  elucidated.  Because of t h e  p reponderance  of 
hydrat ion in aqueous suga r  solutions,  t h e  ac t iv i ty  of w a t e r  (Aw) dev ia t e s  
f rom idea l i t y3  (Raou l t ' s  law). T h e  m o r e  i m p o r t a n t  t h e  deviat ion,  
r ega rd le s s  of whe the r  i t  is posit ive o r  nega t ive ,  t h e  m o r e  i t  affects 
e n z y m e  activity.  I t  was no ted5  t h a t  f o r  r e a c t i o n s  occuring in  polyol 
solutions,  t h e  e n z y m a t i c  r eac t ion  p roceeds  m o r e  r ead i ly  t h e  less t h e  

w a t e r  s t r u c t u r e  is pe r tu rbed  by t h e  solute .  Having on ly  knowledge of 

t h e  w a t e r  ac t iv i ty  p a r a m e t e r  is  n o t  su f f i c i en t  to p red ic t  t h e  behavior  of 

t h e  enzyme.  I t  is  also necessary t o  precisely know t h e  n a t u r e  of t h e  
add i t ive  (sugar o r  polyol) used to  lower t h e  va lue  of Aw. T h e  way Aw is 
con t ro l l ed  is e v e n  m o r e  i m p o r t a n t  t h a n  i t s  value.  Th i s  m e a n s  t h a t  one 
should b e  in fo rmed  of t h e  spac ia l  a r a n g e m e n t  of OH groups a round  t h e  
suga r  o r  polyol molecu le  t o  i n t e r p r e t  i t s  spec i f i c  hydrat ion.  T h e  
long-range e f f e c t  of t h e  add i t ive  on  w a t e r  s t r u c t u r e  is  also i m p o r t a n t  
to know if i t  is desired to e v a l u a t e  t h e  mobil i ty  of t h e  solvent.  Such 
p rope r t i e s  m a y  b e  der ived f r o m  t h e  v i scomet r i c  p a r a m e t e r s  f o r  t h e  size 

of t h e  hydra t ed  c a r b o h y d r a t e s  a n d  f r o m  R a m a n  S p e c t r a  f o r  t h e  effect 
of t h e  so lu t e  on  w a t e r  s t ructure .  

2 

4 

6 

Dif fe ren t  i n t e r p r e t a t i o n s  of enhanced  s t a b i l i t i e s  of e n z y m e s  in 
suga r  o r  polyol solut ions w e r e  proposed. T h e  p ro tec t ive  effect of suga r s  
was c o r r e l a t e d  with t h e  number  of equa to r i a l  hydroxyl  groups.' I t  was 
shown t h a t  t h e  s t ab i l i t y  of inve r t a se  was  inc reased  when t h e  molecu la r  

weight  of po lye thy lene  glycol  (PEG) i nc reased  a n d  t h a t  d e x t r a n  showed 
a maximum s t ab i l i z ing  effect f o r  a molecu la r  we igh t  of 18 000. This  
work is a p a r t  of a s y s t e m a t i c  s tudy9  of e n z y m e  s t ab i l i za t ion  as a 
funct ion of t h e  s t r u c t u r e  of t h e  s t ab i l i z ing  suga r  o r  polyol  a d d i t i v e  a n d  
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SOLUTE-SOLVENT AND WATER ACTIVITY 23 5 

t h e  modif icat ion of t h e  protein microenvironment.  Egg-white lysozyme 
a n d  yeas t  alcohol dehydrogenase were  s tored  in t h e  presence  of 

d i f fe ren t  addi t ives  and  the i r  s tab i l i ty  s tudied with re ference  t o  
physico-chemical propet ies  of t h e  s t o r a g e  media. 

RESULTS AND DISCUSSION 
Solu te-Solvent  In te rac t ions  in Aqueous S u g a r  Solut ions : Intr insic  

v i scos i ty  [o] a n d  Huggins c o n s t a n t  k' a r e  l i s t e d  in  T a b l e  1 for t h e  
s u g a r s  a n d  polyols  invest igated.  T h e  m e t h o d  of d e t e r m i n i n g  [n] in- 

volved a test of ver i f ica t ion  of t h e  r e s u l t s  b a s e d  on  t h e  fol lowing 
r e l a t i o n  . 
An e x a m p l e  of t h e  t r i p l e  e x t r a p o l a t i o n  p r o c e d u r e  of d e t e r m i n a t i o n  
[q] is g i v e n  in  Fig. 1. 

In t r ins ic  viscosi ty  [n] is g e n e r a l l y  cons idered  as a s h a p e  f a c t o r  accoun- 

t i n g  for t h e  hydrodynamic  d i a m e t e r  of t h e  s o l v a t e d  molecule .  Because  

of  t h e  quasi-spherical  s h a p e  of s u g a r  m o l e c u l e s  a n d  t h e  hydroph il ic 
n a t u r e  of t h e i r  hydrat ion,  t h e  va lues  of [q] are c o m p a r a b l e  ( s e e  
Table 1). T h e  lowes t  va lue  of ['I is o b s e r v e d  f o r  D-fructose,  probably 

because of a m a r k e d .  d i f fe rence  between i t s  hydrophobic and 

hydrophilic sides. The Huggins cons tan t  k' i s  t a k e n  as a n  in te rac t ion  
fac tor  account ing f o r  t h e  mobili ty of water  around t h e  solute.  T h e  
higher t h e  compatibi l i ty  of t h e  hydrat ion of t h e  s o l u t e  with water  
s t ructure ,  t h e  higher is t h e  value of k' as observed for D-glucose. 

Viscometric cons tan ts  [n]  and  k '  may b e  used as a n  ind ica tor  of t h e  
e x t e n t  and  s tab i l i ty  of hydrat ion of t h e  invest igated carbohydrates .  

However, in t h e  case of enzyme stabi l izat ion,  water  ac t iv i ty  (Aw) 

s e e m s  to b e  t h e  preponderant  parameter .  T o  c o m p a r e  Aw of t h e  
d i f f e r e n t  sugars,  i t  was most convenient  to c o m p a r e  s a t u r a t e d  sugar  
solutions. Aw a n d  s a t u r a t i o n  solubi l i t ies  at 25°C a r e  given in  T a b l e  2. I t  

may b e  observed t h a t  t h e  higher  t h e  sugar  solubi l i ty  t h e  lower t h e  

water  activity.  D-fructose could t h a n  b e  t a k e n  as t h e  bes t  Aw depressor.  
However, t h e  s a t u r a t i o n  concent ra t ion  i s  t h e  s tandard  state to t a k e  i n t o  

account  f o r  comparing t h e  behavior of enzymes  in  c o n c e n t r a t e d  aqueous 
solutions. 

10 
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1 I I 
f I 

2 3 4 5 0 I 
g . dL-1 

Fig.1. Determina t ion  of intrinsic viscosity [n l  o f  D - g l u c o s e  b y  

ex t rapola t ion  of q /c ( 0 1 : ( lnq /no) /c  ( *  1 and qdiff/c ( m ) .  
SP 

Table 1 : Intrinsic viscosity [Q] and Huggins cons t an t  k' of t h e  sugars 
and polyols used in enzyme s t ab i l i t y  experiments .  

sugar ~ ~ l l x l O ~ d L . g - ~  k' 

D-Glucose 
D-Galactose 
D-Fructose 
Sorb i to l  
Mannitol  
Sucrose 
Maltose 

20.15 
19.80 
19.00 
20.70 
21.35 
20.35 
22.50 

1 S O  
1.04 
1.14 
I .04 
1.51 
1.19 
1.01 

Table 2 : Water Activity (Aw) and concentrat ion C(g"/,g) of Sa tura ted  
Aqueous Solutions at 25°C. 

~~~ ~~ 

Sugar Aw C(g"/,g) 

D-Glucose 0.89 50.6 

D-Galactose 0.93 40.0 

D-Fructose 0.63 79.8 

Sorbitol 0.77 70.1 

Mannitol 0.98 18.0 

Sucrose 0.86 67.5 

maltose 0.95 45.7 
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SOLUTE-SOLVENT AND WATER ACTIVITY 237 

I t  was demonst ra ted  from laser-Raman'  and  X-ray'' resu l t s  
t h a t  water-sugar in te rac t ions  in aqueous solut ions of D-fructose, 
D-glucose a n d  sucrose show discont inui t ies  at  a b o u t  1/3 and 2/3 of 
sa tura t ion  concentrat ions.  These discont inui t ies  were  assigned to t h e  
preponderance of water-water,  water-sugar  a n d  sugar-sugar in te rac t ions  
respectively.  In d i l u t e  solut ions t h e  intr insic  effect of t h e  s o l u t e  o n  the 

so lvent  m a y  b e  der ived f r o m  t h e  R a m a n  Spectra .  In o r d e r  to  minimize  
t h e  e f f e c t  of t h e  OH s t r e t c h i n g  f r o m  t h e  s u g a r s  o n  t h e  R a m a n  S p e c t r u m  
of water ,  o n l y  t h e  laser -Raman S p e c t r a  of t h e  so lu t ions  c o n t a i n i n g  less  
t h a n  1 96 of  D-fructose,  D-glucose or sucrose  w e r e  analysed.  I t  was  
shown t h a t  low c o n c e n t a t i o n s  of D-glucose a n d  sucrose do n o t  provoke 
a n o t i c e a b l e  c h a n g e  in  t h e  R a m a n  spec t rum of water ,  w h e r e a s  a n  
i m p o r t a n t  modif icat ion of t h e  R a m a n  in tens i ty  is observed for t h e  

s p e c t r a  of D-fructose solutions.  This  is  i n t e r p r e t e d  as a "s t ruc ture  
breaking" e f f e c t  of traces of D-fructose o n  water .  T h e  c h a o t r o p i c  e f f e c t  
of D-fructose on  t h e  s t r u c t u r e  of w a t e r  may b e  der ived  f r o m  t h e  
deconvolut ion of t h e  e x p e r i m e n t a l  R a m a n  band of w a t e r  on  t h e  o n e  
hand a n d  t h a t  of D-fructose,  D-glucose a n d  sucrose so lu t ions  o n  t h e  

13 other .  T h e  resu l t s  a r e  shown in  fig. 2. Applicat ion of a s e m i  empir ica l  
m e t h o d  of deconvolut ion of t h e  R a m a n  bands  l e a d s  to  f ind  f o u r  
Gaussian components  n o t e d  a, b, c a n d  d on  t h e  spec t ra .  

I 

l IaO 
FIU 1 2  C k l %  

. .  . .  . .  .. 
. .  

c.: : .. . .  . ,. . .. . .. 

.. . 
. .  .* : ' . . .  . . 

... 
3600 5400 3200 3600 3400 3200 3 0  3400 3200 cm -1 

Fig. 2 : Exper imenta l  p l o t  (-1 a n d  ca lcu la ted  Gaussian c o m p o n e n t s  (....I 
of t h e  R a m a n  s p e c t r u m  of  w a t e r  a n d  I % aqueous  so lu t ion  of 
D-fructose a n d  D-glucose. 
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An increase  of (d)  Component,  ass igned to unassociated H20 molecules  

t o g e t h e r  with a d e c r e a s e  in (c) component ,  t h e  l iquid-like amorphous  
f rac t ion  of w a t e r  (see T a b l e  3 and 4), i s  i n t e r p r e t e d  as evidence  of t h e  

c h a o t r o p i c  e f f e c t  of D-fructose. D-glucose a n d  sucrose  d o  n o t  
c o n t r i b u t e  to  increase t h e  mobil i ty  of w a t e r  as no  modi f ica t ion  is 
observed in t h e  v ibra t iona l  e n e r g y  of unassociated molecules  [compo- 

nent (d) l  for  bo th  sugars  ( s e e  T a b l e  5 f o r  D-glucose). T h e  most  sens i t ive  

c o m p o n e n t  t o  t h e  s t r u c t u r e  breaker  e f f e c t  i s  t h e  o n e  which r e v e a l s  t h e  

ex is tence  of f r e e  H20 molecules  local ized a t  3638 cm-l .  T h e  d i f f e r e n c e  
in chaot ropic  ac t ion  between D-fructose on  t h e  o n e  hand a n d  sucrose 
a n d  D-glucose on  t h e  o t h e r  is more impor tan t  when t h e  c o n c e n t r a t i o n  is 

lowered to (w/w) (1). 

These  resu l t s  a g r e e  with previous work14 on t h e  depolar i sa t ion  r a t i o s  of 
R a m a n  bands  of H20 a n d  d i l u t e  so lu t ions  of D-fructose,  D-glucose a n d  
sucrose. They  lead  t o  t h e  conclusion t h a t  D-glucose a n d  sucrose have a 
s t r u c t u r e  making  effect on water ,  whereas  D-fructose acts as a 
s t r u c t u r e  breaker .  

The  e f f e c t  of sugars  on w a t e r  s t r u c t u r e  should b e  considered 
when o t h e r  proper t ies  l ike  w a t e r  ac t iv i ty  (Aw) depression a r e  
in te rpre ted .  I t  is e x p e c t e d  from t h e  Aw values,  t h a t  D-fructose which 
c o n t r i b u t e s  to  t h e  la rges t  Aw depression should b e  a good enzyme 
pro tec tor  during t h e  s torage.  However, t h e  effect of th i s  sugar  on  water  
s t r u c t u r e  expla ins  why Aw depression c a n n o t  b e  t a k e n  as t h e  sole  
p a r a m e t e r  f o r  enzyme preservation. 

Enzyme Stab i l i ty  in  Sugar Solutions.- T h e  rnuramidase ac t iv i ty  of 
egg-white  lysozyme was measured  in aqueous  so lu t ions  of c a r b o h y d r a t e s  
with d i f f e r e n t  Aw values. The  resul ts  a r e  r e p r e s e n t e d  in Fig. 3. I t  may 
b e  observed t h a t  t h e  in i t ia l  e n z y m e  ac t iv i ty  increases  with Aw. A 
hyperbol ic  re la t ion  be tween e n z y m e  ac t iv i ty  a n d  w a t e r  ac t iv i ty  is 
o b t a i n e d  when t h e  reac t ion  medium is composed  of buf fer ,  o r  
aqueous solut ions of D-glucose, sucrose or sorbitol .  However, when Aw 
depressing resul ts  f rom t h e  addi t ion  of D-fructose in  t h e  medium, 
in i t ia l  e n z y m e  act ivi ty  is lowered (see  Fig. 3). This  spec ia l  behavior  in  
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SOLUTE-SOLVENT AND WATER ACTIVITY 239 

T a b l e  3 : Position of maximum (v), in tens i ty  ( I ) ,  width,  a r e a  a n d  
assignments  of t h e  Gaussian components  of t h e  R a m a n  band 

of water .  

Component  v/cm'' I width a r e a  t o t a l  ass ignments  

a rea(%)  

( a )  3223 268 188 50384 48.18 quasi-cr is ta l l ine 
(b) 3413 248 159 39432 37.70 solid-like 

amorphous  
(C) 3547 94 140 I 3  I60 12.58 liquid-like 

amorphous  
(d)  3638 27 59 1593 1.59 unassociated 

H 2 0 ,  f r e e  OH 

total area 104569 100 

T a b l e  4 : Posi t ion of maximum (v), in tens i ty  (I) ,  width, area, sh i f t s  in  

f requencies  (Av) and  var ia t ion  of a r e a  ( A a % )  f o r  t h e  
Gaussian components  of w a t e r  with I % D-fructose.  

Component  v/cm-' I width a r e a  t o t a l  Av/cm-l Aa(%) 

a r e a  (%) 

( a )  3228.3 259 193 49968 49.90 +5.3 -0.78 
(b) 3417.4 228 162 36936 36.57 +4.4 -6.30 
( C )  3547 84 138 11592 11.57 0 -1 1.90 
(d) 3638 28 59 1652 1.64 0 + 3.70 

T o t a l  area 100148 - 4.20 
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6- 

>. - o k t- > 4 -  

< 2 -  

T a b l e  5 : Posi t ion of maximum (u), i n t e n s i t y  (I) ,  width,  a r e a ,  sh i f t s  in 
f requencies  (Av) and  va r i a t ion  of area ( A a % )  f o r  t h e  
Gaussian componen t s  of w a t e r  with 1 % D-Glucose. 

1 

1 
/,./// 

C o m p o n e n t  v/crn-l I width a r e a  t o t a l  Av/cm-' Aa(%) 
a r e a  (%) 

(a) 3229 256 188 48128 48.72 +6 -4.48 

(b)  3418 233 162 37746 38.21 + 5  -4.27 

(C) 3547 82 138 11316 11.45 0 -14.0 

(d) 3638 27 59 1593 1.61 0 0 

98783 -5.53 

A, 
Fig. 3 : In i t i a l  lysosyme ac t iv i ty  as a func t ion  of w a t e r  a c t i v i t y  (Aw) 

of t h e  r eac t ion  medium ad jus t ed  w i t h  suc rose  (o), so rb i to l  (.I, 
D-glucose ( 0 )  or D-fructose ( A  1, a n d  in  t h e  b u f f e r  ( A  ). 

D-fructose solut ions s e e m s  to b e  in r e l a t i o n  wi th  t h e  e f f e c t  of t h e  
s o l u t e  on w a t e r  s t ructure .  Moreover, t h e  r o l e  of w a t e r  mob i l i t y  induced 
by t h e  suga r  add i t ive  o n  e n z y m e  ac t iv i ty  is n o t  o n l y  observed when  t h i s  
ac t iv i ty  is measu red  in t h e  r eac t ion  med ium c o n t a i n i n g  t h e  addi t ive,  

15 b u t  a l so  a f t e r  a s t o r a g e  of t h e  e n z y m e  in a c a r b o h y d r a t e  solution. 
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SOLUTE-SOLVENT AND WATER ACTIVITY 241 

Fig. 4 : Residual  ac t iv i ty  of YADH as a func t ion  of incubat ion  t i m e  in  

), D-fructose (0) a n d  sucrose ( 12 ) buffer  ( 0  1, D-glucose ( 

so lu t ions  with 0.9 A4 concent ra t ion .  

Carbohydra tes  w e r e  a l so  used to preserve  YADH ac t iv i ty  a g a i n s t  
t i m e  denatura t ion .  D-fructose, D-glucose a n d  sucrose  w e r e  a d d e d  to  t h e  

e n z y m e  s t o r a g e  medium a n d  e n z y m e  s t a b i l i t y  measured.  Evolution of 
e n z y m e  act ivi ty ,  a f t e r  a s t o r a g e  a t  25OC in  t h e  buf fer  o r  in  presence  of  

e a c h  of t h e  t h r e e  sugars,  is r e p r e s e n t e d  in Fig. 4. 

I t  may b e  observed t h a t  while  D-glucose a n d  sucrose  e x h i b i t  a 
p r o t e c t i v e  e f f e c t ,  D-fructose shows a des tab i l iz ing  a c t i o n  on  t h e  
enzyme.  F o r  sugars  ac t ing  as e n z y m e  pro tec tors ,  i n i t i a l  a c t i v i t y  of 
YADH is increased  by 10 Om. 

Compar ison  of t h e  ac t ion  of D-glucose a n d  sucrose  o n  t h e  o n e  
hand, a n d  D-fructose on  t h e  o t h e r ,  o n  e n z y m e  s t a b i l i t y  may b e  
c o r r e l a t e d  with t h e i r  solute-solvent i n t e r a c t i o n s  i n  t h e  aqueous  medium. 
Indeed, t h e  low intr insic  viscosity [q] of D-fructose,  its h igh  solubi- 
l i ty  a n d  i ts  c h a o t r o p i c  e f f e c t  on w a t e r  s t r u c t u r e  der ived  f r o m  R a m a n  
s p e c t r a  deconvolut ion,  show t h a t  a l t h o u g h  w a t e r  a c t i v i t y  depression is 
achieved  wi th  t h i s  sugar ,  t h e  modi f ica t ion  of h y d r a t i o n  a n d  confor-  
mat ion  of t h e  e n z y m e  in t h e  presence  of t h i s  a d d i t i v e  d o  n o t  f i t  with a n  
improved e n z y m e  act ivi ty .  T h e  s t r u c t u r e  m a k i n g  e f f e c t  of t h e  o t h e r  

9 
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T a b l e  6 : Half-l ife t i m e  ( t  1 of YADH in p r e s e n c e  of d i f f e r e n t  112 
ca rbohydra t e  add i t ives  with 0.9 M c o n c e n t r a t i o n  in  t h e  
s t o r a g e  medium 

~ ~ ~ _ _  

t (min.) 112 S t o r a g e  Medium 

buffer  320 
D-Glucose 660 
D-Galactose 612 
D-Fructose 2 7 3  
Sorbi tol  040 

Mannitol  874 

Sucrose 010 
Maltose 6 8 3  

s u g a r s  on  w a t e r  s t r u c t u r e ,  s e e m s  to  f i t  w i t h  t h e  m o r e  a c t i v e  
c o n f o r m a t i o n  a n d  with t h e  s t ab i l i z ing  t y p e  of h y d r a t i o n  of t h e  enzyme.  

Specif ic  effect of s m a l l  c a r b o h y d r a t e s  on  e n z y m e  s t a b i l i t y  m a y  
a l s o  b e  der ived from half- l i fe  t i m e  (t ). R e s u l t s  a r e  given in T a b l e  6 .  112 
Comparison of t h e  effect of monosaccharides  on half- l i fe  t i m e  of YADH 

show a destabi l iz ing effect of D-fructose,  wh i l e  D-glucose a n d  

D-galactose c o n t r i b u t e  to d o u b l e  t as c o m p a r e d  to a storage in t h e  112 
b u f f e r  medium. Although disaccharides  m a l t o s e  a n d  sucrose m a y  b e  

considered as s tabi l izers ,  t h e i r  effects on  t a r e  d i f f e r e n t  probably 
because of t h e i r  d i f f e r e n t  i n t e rac t ions  with wa te r .  T h e  m o r e  s t r ik ing  
r e su l t  is t h a t  of t h e  l a r g e  d i f f e r e n c e  i n  t va lues  when hex i to l s  a r e  
a d d e d  with t h e  s a m e  concen t r a t ion  to t h e  s t o r a g e  med ium of YADH. 
T h e  hex i to l  which depres ses  Aw to lower values,  i.e., sorbi tol ,  d o e s  n o t  
show t h e  b e t t e r  e n h a n c e m e n t  of half- l i fe  t i m e  fo r  YADH. R e t e n t i o n  of 
w a t e r  around t h e  suga r  or polyol molecules ,  which is a t  t h e  o r ig in  of 
w a t e r  ac t iv i ty  lowering, d o e s  not occur  with t h e  same procedure.  

112 

I12 
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SOLUTE-SOLVENT AND WATER ACTIVITY 243 

Depend ing  o n  whether ,  t h e  s o l u t e  p r e s e n t s  to t h e  so lven t  i t s  
hydrophobic  o r  i t s  hydrophi l ic  s ide,  r e t e n t i o n  of w a t e r  occurs  
d i f f e ren t ly .  This i s  m o r e  c r i t i ca l  f o r  a ld i to l s  as t h e y  m a y  h a v e  d i f f e r e n t  
confo rma t ions16  depend ing  on t h e  a x e s  a n d  c e n t e r s  of s y m m e t r y  of t h e  
molecule .  

CONCLUSION 
D i l u t e  so lu t ion  cond i t ions  a r e  n o t  n e e d e d  f o r  lysozyme ac t iv i ty  

t o  occur. I t  is on ly  necessary to a s su re  a hydra t ion  l eve l  of a b o u t  0.2 

w a t e r / g  protein.  This hydra t ion  l eve l  a l lows f l ex ib i l i t y  i n  t h e  he l i ca l  
region,  which c o n t r i b u t e s  to  r e s to r ing  t h e  a c t i v e  conformation!-/ When 
Aw is o b t a i n e d  with a sugar ,  l i k e  D-fructose,  which i n c r e a s e s  w a t e r  
mob i l i t y  , t h e  n a t u r e  of t h e  hydra t ion  of t h e  e n z y m e  is pe r tu rbed ,  
h e n c e  its c o n f o r m a t i o n  a n d  t h i s  m a y  c o n t r i b u t e  to a d e c r e a s e  of i n i t i a l  
act ivi ty .  

S t o r a g e  s t a b i l i t y  of YADH i s  also in f luenced  by t h e  mob i l i t y  of 
wa te r .  When t h i s  e n z y m e  is s t o r e d  in d i f f e r e n t  c a r b o h y d r a t e s  a n d  
polyols, t h e  e f f e c t  of D-fructose o n  half- l i fe  t i m e  is nega t ive ,  probably 
because  of t h e  pe r tu rba t ion  of w a t e r  s t ruc tu re .  Moreover,  f o r  polyols, 
o n e  shou ld  also consider  t h e  confo rma t ion  of t h e  a d d i t i v e  i tself  if i t  is 

des i r ed  to  exp la in  t h e  e f f e c t  of t h e  polyol  on s t o r a g e  s t a b i l i t y  of t h e  
enzyme.  

EXPERIMENTAL 
T h e  suga r s  and polyols s tud ied  are S i g m a  products.  Dist i l led 

w a t e r  was  used f o r  t h e  p r e p a r a t i o n  of t h e  so lu t ions  used  in  viscosity 
measu remen t s .  Viscosity r e su l t s  w e r e  der ived f r o m  t h e  t i m e  necessa ry  
f o r  a given vo lume  t o  f low th rough  a cap i l l a ry  a t  c o n s t a n t  t e m p e r a t u r e  
of 2 5  0.02"C in a semi -au tomat i c  Scho t t  AVS 400 viscometer .  T h e  
in t r in s i c  viscosity [n]  is o b t a i n e d  f r o m  t h e  t r i p l e  e x t r a p o l a t i o n  of t h e  

r e d u c e d  s p e c i f i c  viscosi ty  ( n  /c = (n-no/noc) ,  t h e  i n h e r e n t  viscosity 
[In (n/n,>/c] a n d  t h e  r educed  d i f f e r e n t i a l  viscosi ty  [ n d i f f  = (q-qJ/nc] 

t o w a r d s  c=o, w h e r e  rl a n d  no a r e ,  r e spec t ive ly  t h e  viscosi t ies  of t h e  
s o l u t i o n  a n d  t h e  s o l v e n t  a n d  c t h e  c o n c e n t r a t i o n  in  g . ~ m - ~ .  T h e  Huggins 
c o n s t a n t  k' was  de r ived  f r o m  Huggins '  r e l a t i o n  : 

2 

SP 

n / C  = [n] + k' [TI] c + ... 
SP 
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R a m a n  s ectra w e r e  recorded  accord ing  to  a m e t h o d  previously 
descr ibed,  and the  procedure of deconvolution of Raman bands of 
w a t e r  was publ ished '  e lsewhere.  
Egg-white lysozyme (Sigma, L6876) was used as a m o d e l  hydrolase.  A 
c o n c e n t r a t e d  solut ion (25 mg. mL- l )  was p r e p a r e d  in c i t ra te -phosphate  
b u f f e r  pH = 6.2. Sugars  and  polyols w e r e  solubi l ized in t h e  buffer.  
W a t e r  a c t i v i t y  was measured  with a Novasina u n i t  equipped  wi th  a n  En 
BS4 Sensor.  Microcus lysodeikt icus  suspensions c o n t a i n i n g  0.5 g dried 
c e l l s  p e r  mL. w e r e  p r e p a r e d  in  t h e  buf fer  o r - t h e  c a r b o h y d r a t e  solution. 
20 pL of t h e  e n z y m e  solut ion was a d d e d  to 2.5 mL of t h e  b a c t e r i a l  
suspension a n d  t h e  muramidase  ac t iv i ty  of lysosyme m e a s u r e d  by 
fol lowing t h e  O.D. d e c r e a s e  a t  450 nm. T h e  r e a c t i o n  was c a r r i e d  o u t  a t  
20°C a n d  e n z y m e  ac t iv i ty  expressed  in mg. min-l .  of hydrolyzed ce l l s  
p e r  m g  of lysozyme. 
Y e a s t  a lcohol  dehydrogenase  (E.C.l.1.1.1., S i g m a )  0.1 mg.rn1-l was 
s t o r e d  at 25 o r  40°C in  veronal  buf fer  (0.04 i\/I sodium phenolbarb i ta l ,  
pH 8.5)  o r  in t h e  buf fer  with 0.9 M c o n c e n t r a t i o n  of sugar  or polyol. T h e  
res idua l  ac t iv i ty  i n  a n  a l iquote  (25 pL) of e n z y m e  so lu t ion  was 
m e a s u r e d  in 3 mL of r e a c t i o n  medium as a func t ion  of incubat ion  t ime.  
T h e  medium c o n t a i n e d  e t h a n o l  (0.1 M) a n d  NAD (3.6 mM) in 
pyrophosphate  buf fer  (0.06 M, pH = 8.5). S e m i c a r b a z i d e  hydrochlor ide 
(0.06 M) a n d  glycine (0.02 M) w e r e  used to d r a w  t h e  r e a c t i o n  t o  t h e  
d i rec t ion  of e t h a n o l  ox ida t ion  a n d  NAD reduct ion.  T h e  k ine t ics  of 
YADH was  measured  through t h e  s p e c t r o p h o t o m e t r i c  a b s o r b a n c e  of t h e  

produced NADH at 340 nm using E~~~ = 5.8 pmole .cm . Stabi l i ty  
was expressed f rom half-l ife t i m e  (t ) obta ined  when t h e  enzyme 

112 
exhibi ts  t h e  half of its in i t ia l  activity.  
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