
390 BIOCHIMICA ET BIOPHYSICA ACTA 

BBA 66447 

EFFECTS OF SOLUTES ON T H E  T E M P E R A T U R E  D E P E N D E N C E  OF 
CHYMOTRYPTIC HYDROLYSIS  

DAVID M GLICK 

B,ochemtstry Department, Med*cal College of Wzsconszn, Mdwauk,  e, lV~sc 53233 (U S A ) 

(Received May 24th, 197 t) 

SUMMARY 

Contrary to published reports, chymotrypsln is sensitive to the nature of the 
solute accompanying it in solution This IS seen in the temperature dependence of its 
hydrolysis of N-acetyl-L-tyrosxne ethyl ester in 9 different solutions Despite the 
variation in temperature dependence as a function of the solute, there exists a tem- 
perature, near 25 °, where the rate ms insensitive to the solute This constitutes an 
example of linear entroplc compensation for enthalpy in the rate determining step of 
catalysis The results are considered in relation to the known thermally-Induced 
conformatlonal change that  chymotrypsm undergoes at 25 ° 

INTRODUCTION 

Some salts are known to enhance the stability oi globular proteins, others to 
denature them 1 Previous studies with chymotrypsm (EC 3 4 4 5), mainly at 25 °, 
showed little difference among salts In their effect on catalytic activity 2-v However, 
the present work shows that  solutes, when they are studied over a range of tempera- 
tures, have profoundly different effects on the maximal rate of chymotryptm h?cdro- 
lysls 

MATERIALS AND METHODS 

a-Chymotrypsm (three times crystallized) was purchased from Worthington 
Biochemical Corp (Freehold, N J ) I ts  concentration was deterlmned spectrophoto- 
metrically using emM at 281 nm 52 05 (ref 8) N-Acetyl-L-t) roslne ethyl ester (ATEE) 
was purchased from Aldrich Chemical Co (Milwaukee, Wlsc ), pectin (grade II)  from 
Sigma Chemical Co (St Louis, Mo),  and polyvlnylpyrrohdone (PVP) (4 ° ooo av 
tool wt ) from GAF Corp (New York, N Y ) 

Chymotryptlc activity was assayed at pH 8 by measuring the rate of uptake ot 
standard o 05 M NaOH (Helhge, Garden City, N Y ) by  5 o m l  of a solution containing 
1- 5 #g of chymotrypsln, 2 5-5 ° #moles of ATEE, and 50 #1 of acetonatnle (the 

Abbrevmtlons ATEE, _~'-aeetyl-L-tvrosme ethyl ester, PVP, polyvlnylpyrrolldone 
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T A B L E  I 

THE TEMPERATURE DEPENDENCE OF CHYMOTRYPTIC HYDROLYSIS OF A T E E  IN VARIOUS SOLUTIONS 

S o l u t w n  T u r n o v e r  n u m b e r  (sec - t )  

so  ° 55 ° 20 ° 25 ° 3 °0 4 °°  

o 5 M CaC12 112 4"  132 2 176 9 225 7 261 8 420  6 
o 5 M g l y c e r o l  7 ° 9 81 2 92  2 236  o 230  o** 925  5** 
3 %  (w/v)  p e c t i n  52 8 9 0  i i i i  o** 167 I** 172 o 258  7 
3 %  (w/v)  P V P  38 4 65 3 121 i 1 4 °  7 182 I 238  8 
o 5 M N a C 1 0 4  67  I** 75 5** I I 2  I** 151 2 186  2 265 3 
o 5 M N a 2 S O  ~ 66  o 87 3 133 2 179  8 198 3 312 2 
I o M N a 2 S O  t 64  6 9 6  8 149 3 178 2 222 4 316  6"** 
o 5 M s u c r o s e  62 5 85 6 114 2 176  6 179 6 356  3 
W a t e r  58 2 81 9 97  o 1 4 °  4 197 5 492  i 

* N u m b e r  i o r  I I  ° 
** A~ e r a g e  o f  2 d e t e r m i n a t i o n s  

*** N u m b e r  f o r  37 ° 

solvent for the ~ubstrate) Other solutes were present as indicated The pH and 
temperature were held constant by a recordmg pH-s ta t  (E H Sargent and Co,  
Chicago, Ill ) The Vmax for a series of assays at increasing ATEE concentrations was 
calculated by the method of LINEWEAVER AND BURK 9 The enthalples (AH*) and 
entropies (AS*) of activation were calculated according to LAIDLER 1° 

R E S U L T S  A N D  D I S C U S S I O N  

The temperature dependence of chymotryptic  hydrolysis of ATEE was deter- 
tamed in water and 8 aqueous solutions (Table I) chosen to represent extremes of the 
lyotroplc series 1 a polyanlon (pectin), non-ionic polar compounds (glycerol and 
sucrose), and a non-ionic polymer (PVP) Arrhenlus plots of some of the data are 
presented in Fig i As has been found before n, there is a bending (change in slope) m 

i e 

@ 
O q ,  
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F i g  I A r r h e m u s  p l o t s  i n  3 s o l u t i o n s  ( C 0 - - Q ) ,  w a t e r ,  / k - - / k ,  o 5 M N a 2 S O  4, a n d  / k - - A ,  I o M 
N a 2 S O  4 T h e  n a t u r a l  l o g a r l t h m  o f  t h e  t u r n o v e r  n u m b e r  (sec -1) is p l o t t e d  a g a i n s t  t h e  r e c i p r o c a l  
o f  t h e  a b s o l u t e  t e m p e r a t u r e  
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Fig 2 C o m p e n s a t i o n  plot  tor t h e  ch)  m o t r y p t m  hydro lys i s  o f  A T E E  in var ious  so lu t ions  belo~ 
a b o u t  2o ° AH* (cal mole -1) is p lo t ted  aga ins t  A S *  (cal mole -1 degree -1) (I) o 5 M CaC12, 
(2) o 5 M glycerol, (3) 3°o (w/x) pect in,  (4) 3°o (w/~) PVP,  (5) o 5 M NaC104, (6) o 5 M Na2SO4, 
(7) I O ~I Na2SO4, (8) o 5 M sucrose,  (9) wate l  T~ is 29 I °K  

Fig 3 C o m p e n s a t i o n  plot  for t he  c h y m o t r y p t m  hyd ro lyms  of A T E E  m var ious  so lu tmns  abox 
a b o u t  25" J H *  (cal mole -1) is p lo t t ed  aga i n s t  i S *  (cal mole - t  degree -t) Ident i f ica t ion  of  pomt~ 
as m Fzg 2 T ~ l s  298°K 

the  region corresponding to 29o-295°K Arrhenlus  plots  for all 9 solut ions showed 
l lnear l ty  in the  upper  (above 295 °) and  lower (below 29 o°) t e m p e r a t u r e  ranges and 
these d a t a  were considered sepa ra t e ly  F r o m  the  d a t a  for the  lower t empe ra tu r e  range 
were ca lcu la ted  AH* and AS* These values  are p lo t ted ,  one agains t  the  other,  in 
F ig  2. The d a t a  for the  upper  t e m p e r a t u r e  range were t r e a t e d  s imilar ly,  and  for 
these d a t a  A H* and AS* are presented  m F ig  3 The values  fall on s t ra igh t  lines whose 
slopes, the  compensa t ion  t empera tu re s  (Te), are 29 I °K  (Fig 2) and  298°K (Fig 3) 
In  compar ing  Fig  2 with Fig  3 several  reversals  can be noted  Glycerol,  vvhlch in 
F ig  2 has the  lowest  AH* and dS* values,  has the  highest  value~ in Fig  3 t h e  
converse is t rue  of P V P  W a t e r  and  I o M Na2SO ~ also subs t an t i a l l y  reverse the i r  
posi t ions in going from one t empe ra tu r e  range to the  o ther  

I t  is a p p a r e n t  from Table  I t ha t  solutes m a y  affect ra tes  of c hymot ryp t I c  
hydrolysl~ J H *  m a y  va ry  b y  a factor  of  5, ye t  there  exlst~ a t empe ra tu r e  at  which 
ra tes  in all Q sys tems converge Tha t  this  is so means  there  is l inear  compensa t ion  of  
A H *  by  i S *  Tha t  t e m p e r a t u r e  at  ,~ hlch the  ra tes  converge is the  slope of the compen-  
sa t ion plot,  AAH*/AAS*, or Te The fact  t ha t  ear l ier  s tudies  d id  not  reveal  any  s t r ik ing 
effects of  va ry ing  solutes on c h y m o t r y p t l c  ac t ion is due to the  accident  of thei r  being 
per formed very  near  to Te, where AH* and  , IS*  exac t ly  compensa te  to ma ln ta ln  a 
cons tan t  rate,  unaffected by  changes in the  solut ion 

En t rop lc  compensa t ion  for en tha lpy  in c h y m o t r y p t i c  h}drolys ls  has been de- 
scr ibed for a series of  different  subs t ra tes  12,1a Compensat ion  behav ior  In the  t empera -  
ture region 25o-3 I5 °K is not  only  charac ter i s t ic  of a wide range of  pro te in  phenomena ,  
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but has been seen in non-protem systems as well t3 Although the physical basis of the 
phenomenon is unknown, the factor common to all examples of it is water, which, 
on the basis of such findings is suspected of undergoing some as-yet undiscovered 
thermally-Induced change near 290°K Therefore discussions of compensation behavior 
have revolved around the role water plays in these systems Without attempting to 
unravel the mystery of compensation behavior, but assummg Its basis in water's 
intimate involvement in protein structure, a few comments may be made about the 
case presented here VON HIPPEL AND SCHLEICH 1 analyze the effects of solutes accord- 
ing to three competing, therefore mutually dependent, forces actmg on the shell of 
water surrounding a macromolecule (protein) the non-polar groups of the protein 
that, by extending into the water, organize water around themselves, the solute, 
that imposes its own order on the water, and the unperturbed water lattice If  com- 
pensation behavior is basically a consequence of some property of water, it is not 
surprising that solute effects on chymotrypsln show compensation 

The near coincidence of Te with the temperature at which the Arrhenlus plots 
curve suggests that the thermallv-lnduced conformatlonal change that accounts for 
these bends 14 has a necessary relation to the compensation behavior that is observed 
In this view, although at high and low temperatures the conformations of the enzyme- 
substrate complex may vary from solution to solution, they are most ahke halfway 
through the thermally-induced change The transition state, another ,~ell-defined 
state, is raised above the complex by the same AF*  in each case (the rates at Te are 
all the same) by a process that allows water structure to mtervene 15 The Individual 
differences in solutions do not affect AF*  at Te, but do affect the activation process 
(AH* and AS*), which IS merely to restate the fact that there is compensation Those 
forces in the solution that below Te drive the enzyme toward the most favorable 
conformation for catalysis, drive it away from that conformation above Te, hence 
the reversal in passing through Te from Fig 2 to Fig 3 

I t  is entirely possible that the mld-pomt m the transition is only fortuitously 
close to Te, yet the fact that they do nearly coincide, and that each phenomenon is 
influenced by water structure suggests that  these two processes are linked These data 
presented here show that chymotrypsln is sensitive to the nature of the solution in 
which it acts, and they raise the possibility of using this sensitivity as a probe to 
study the dynamics of chymotryptlc catalysis 
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