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S U M M A R Y  

For the esterification of 2- (4-e thylphenoxy)propionic  acid catalyzed 
by lipase MY (Candida rugosa) in isopropyl ether containing a suitable 
amount of water,  the enantioselectivity for the reaction has become higher 
a s t h e  reaction temperature increasing.  In contrast ,  the reverse trend of 
the temperature effect  has been observed for lipase AY (Candida rugosa). 
A model for these temperature  dependence  has been proposed. 

I N T R O D U C T I O N  

The demand for the enantiomeric purity of chemical compounds 

is enlarged,  and lipases have been proven to be powerful catalysts for 

enantioselective t ransformations such as esterif ications in organic solvent 

(Klibanov, 1989; Chen and Sih, 1989; Parida and Dordick, 1991). For 

these enzymic reactions,  it has become apparent that l ipase's enantio- 

selectivity is largely affected by the reaction conditions such as the nature 

of solvents used (Fitzpatrick and Klibanov, 1991; Ueji et al., 1992). 

The effect of reaction temperature on the enantioselect ivi ty,  however,  is 

usually not reported. 

Here, we wish to report two types of the temperature dependence of 

the l ipase's  enantioselect ivi ty,  high temperature- and low temperature- 

induced high enantioselect ivi t ies ,  and also to discuss their features of the 

temperature dependence on the basis of a possible model derived from the 

results of the initial rates obtained for each enantiomer of the substrate.  

2- (4-e thylphenoxy)propionic  acid, being studied here. 
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M A T E R I A L S  A N D  M E T H O D S  

Materials:  Racemic  2 - ( 4 - e t h y l p h e n o x y ) p r o p i o n i c  acid [1] was  prepared  
f rom 4 -e thy lpheno l  and 2 - b r o m o p r o p i o n i c  acid ethyl es ter  accord ing  to 
the known method  (Wit iak  et al . ,  1968).  l s o p r o p y l  e ther  and n-bu ty l  
a lcohol  in this  s tudy  were  of  analyt ical  grade ,  and n-bu ty l  a lcohol  was  
d is t i l led  pr ior  to use.  Lipase  MY (Candida rugosa) and l ipase AY 
(Candida rugosa) were  suppl ied  f rom Meito  S a n g y o  Co. ,  Ltd . ,  and Amano  
P h a r m a c e u t i c a l  Co . ,L td . ,  r e s p e c t i v e l y .  
L ipas¢-ca ta lyzed  es te r i f i ca t ion  and de te rmina t ion  of  the enant iomer ic  
ratio: In a typical  exper imenta l  p r o c e d u r e ,  the racemic  [1] (70 mg, 0 .36  
mmole )  and a 3 - fo ld  molar  exces s  of  n -bu ty l  a lcohol  (80 mg, 1.08 mmole)  
were  d i s s o l v e d  in 2 ml of  i s o p r o p y l  ether .  To the so lu t ion ,  a small 
amount  of  wa te r  was  added ,  f o l l o w e d  by the u l t rasonic  d i spe r s ion ,  and 
then the p o w d e r e d  l ipase  (30 rag) was  added .  The s u s p e n s i o n  was  
shaken at the se t t led  t empera tu re ,  and the r eac t ion  was mon i to red  by HPLC 
for  the c o n v e r s i o n .  The enan t iomer ic  ratio (E value)  was  calcula ted 
f rom the enan t iomer ic  excess  (e .e . )  for  the buty l  es te r  p roduced ,  accord ing  
to the l i terature (Chen  et al., 1982).  The e .e .  value was  de te rmined  
wi th  H P L C  on a chiral co lumn (Chira lcel  OK f rom Daicel Chemical  
Indus t r i e s  L td . , ) .  The initial rates fo r  the es te r i f i ca t ions  under  va r ious  
react ion  cond i t i ons  were  inves t iga ted  by the use  of  enant iomer ica l ly  pure 
(R)-  and (S) - [1 ] ,  the e .e .  va lues  o f  wh ich  were  95% and 9 6 % ,  
r e spec t i ve ly .  

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

The es te r i f i ca t ion  of  racemic  [1] with n -bu ty l  a lcohol  ca ta lyzed by 

l ipase  in i s o p r o p y l  e ther  was chosen  as a model  react ion for  our  s tudy  on 

the combined  e f fec t s  of  the reac t ion  tempera ture  and a small amount  of  

wa te r  added to the reac t ion  m e d i u m  ( S c h e m e ) .  In this es te r i f i ca t ion ,  the 

R enan t iomer  o f  the buty l  es ter  was  p roduced  in p re fe rence .  

S c h e m e  

I[]-] 3 
I 

O'aHs-"('~~/')'- O -  CHCOOH -.I- G4HgOH 

[ 1 ]  

CH 3 
lipase ~ I 

~-- 02Hs-~\ /~- O- CHOOC)C;4H 9 + 1-120 
isopropyl 
ehter 

As shown  in Figs .1  and 2, fo r  no wate r  added  to i sop ropy l  ether  

in the model  reac t ion ,  the enan t iose lec t iv i t i e s  o b s e r v e d  for  both  l ipases ,  

l ipase MY (Candida rugosa) and l ipase  AY (Candida rugosa), decreased  

with an increase  of  the react ion tempera ture  f rom 1 0 ° C  to 5 7 ° C ,  thus 

resul t ing  in a loss  of  the e n a n t i o s e l e c t i v i t y  (E ~ 1) at 57°C.  It is logica l  

to suppose  that  some of  the essen t ia l  waters ,  ma in ta in ing  the l ipase ' s  na t ive  

s t ruc tu re ,  are s t r ipped  out  by the d i s rup t ion  of  the l i pase -wa te r  molecule  

a s soc i a t i ons  caused  by the high t empera tu re .  
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Fig .  1. The E va lue  obse rved  for  c a .  40% of  c o n v e r s i o n ,  
depending  on the combined  ef fec ts  of  react ion tempera ture  
and water  added (vol%) in l ipase MY-ca ta lyzed  es ter i f ica t ion:  
m ,  no water  added  ; I-q, 0.25vo1% wate r  ; 
O ,  0.75vo1% wate r  ; ~ ,  1 .00vol% w a t e r .  
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F ig .  2. The E va lue  obse rved  for  c a .  40% of  conve r s ion ,  
depending  on the combined  ef fec ts  of  react ion tempera ture  
and water  added (vol%) in l ipase AY-ca ta lyzed  es ter i f icat ion:  
I ,  no water  added  ; [ ] ,  0 .15vol% water  ; 
O ,  0.75vo1% wate r  ; ~ ,  1 .00vol% w a t e r .  

An addi t ion  of  a sui table amount  of  water ,  however ,  can alter 

dramat ica l ly  the behav iour  of  their  enant iose lec t iv i t i es  as a func t ion  of  the 

tempera ture .  As shown in Fig.  1, for  the es ter i f icat ion cata lyzed by 

lipase MY in i sopropyl  ether conta in ing  a suitable amount  of  water  
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(0.75 vo l%) ,  increas ing  the temperature  led to an increase of  its enant io-  

se lec t iv i ty ,  cont ra ry  to our expec ta t ion .  Thus ,  the excel lent  enant io-  

se lect ivi ty  (E = 49) for  l ipase MY was f o u n d  to emerge even at h igh 

temperature  ( 5 7 ° C ) .  

On the other  hand ,  us ing l ipase AY in the same es te r i f i ca t ion ,  the 

reverse trend of  the temperature  ef fec t  was observed  (Fig.  2). Thus ,  

when  a sui table amount  of  water  (0.15 vol%) was added,  l ipase AY 

produced  the h ighes t  enan t iose lec t iv i ty  (E = 80) in this s tudy  at low 

temperature  ( 10°C) ;  the enan t iose lec t iv i ty  was decreased with an increase 

of  the t empe ra tu r e ,  as shown in Fig.  2. 

In order  to gain an ins ight  into a mechan i sm of  the temperature  

dependence ,  we inves t iga ted  the init ial  rates fo r  the es te r i f ica t ions  of  each 

enan t iomer  of  [1] ca ta lyzed  by the l ipases .  As to an op t imum amount  of  

water  added to the react ion sys t em,  we selected 0.75vo1% for  l ipase MY 

and 0.15vo1% for  l ipase AY. The Table summar ized  the resul ts  of  the 

ini t ial  rates a f fec ted  by the reac t ion  tempera tures .  

T a b l e .  Tempera ture  D e p e n d e n c e  on  the I n i t i a l  Rates" for  L i p a s e  

MY- and A Y - c a t a l y z e d  E s t e r i f i c a t i o n s  u s i n g  the E n a n t i o m e r  o f  [1 ]  

Enant iomer  Tempera ture  
of  [ 1 ] [°C] 

Lipase MY-cata lyzed 

water  (0 .75vo1%) 

initial relat ive ra t ios  b 
rates of  the initial 

rates 

L ipase AY-cata lyzed 

water (0.15vo1%) 

initial relative ra t ios  b 
rates of  the initial 

rates 

R 10 0 .35  1 0 .080  1 

R 37 0.91 2 .6  0 .19  2 .4  

R 57 2 .38 6 .8  0 .15 1.9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S 10 0 .0051 1 0 .00068  I 

S 37 0 .018  3 .5  0 .0022  3 .2  

S 57 0 .037  7.3 0 .0045  6.6 
. . . . . . . . . .  ~ [  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . .  

The umt  of  ini t ia l  rates : pmole  / (hours  " m g  of  protein)  

bDefined as the rat ios of  the initial rates at 3 7 ° c  and 5 7 ° c  to the initial rate 

at 10°c .  
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As shown in the Table,  for  lipase MY-catalyzed esterification in 

isopropyl ether containing water (0.75vo1%), an increase of the initial rate 

for the R enantiomer (V R) was remarkable by an increase of the reaction 

temperature; thus, the largest values for V R and relative ratio of V R were 

observed at 57°C.  For lipase AY-catalyzed esterification in isopropyl 

ether containing water (0.15vo1%), however,  V R did not vary smoothly with 

the reaction temperature.  At high temperature (57°C) ,  the values of V R 

and relative ratio of V~ became smaller than those at 37°C ,  which was 

distinct from the behavior of lipase MY. On the other hand, for both 

lipases, there was a constant increase of the initial rates for the S 

enantiomer (V s) with increasing the reaction temperature.  

These results suggested that, for lipase MY-catalyzed esterif icat ion,  

the accommodation of the R enantiomer to lipase MY's active site and 

the stabilization of the complex between the lipase and the substrate would 

be accelerated by the combined effects  of the temperature and water added,  

probably because the conformational  flexibility of the lipase molecule 

binding water in isopropyl ether may be enhanced by the higher 

temperature.  In other words,  the active site of lipase MY is found to 

maintain nearly the native structure even at 57°C.  The presence of a 

small amount of water in organic solvent is known to enhance the l ipase 's  

conformational  f lexibil i ty,  arising from hydrogen bonding effects of water,  

and to produce an improvement of l ipase's  enantioselectivity (Kitaguchi 

et a l . ,  1990; Zaks and Klibanov, t988). 

For lipase AY-catalyzed esterification containing water  (0.15vo1%), 

we speculate that the R enantiomer,  just  fitting substrate,  may not bind 

correctly to the lipase AY's active site deformed by high temperature 

(57 ° C ) ,  although the S enantiomer,  loose fitting substrate,  is much less 

affected by the change in the lipase structure.  Indeed, the loss of the 

enantioselectivity was observed at 57°C ( F i g .  2 ) .  

Lipase AY-catatyzed esterification at lO°C displays the largest E 

value (Fig. 2), which may be ascribed to the largest value (118) for the 

ratio of VR/V s, calculated from the data in the Table. This enhancement 

of the enantioselectivity at 10°C can be explained by assuming that the 

relatively rigid structure of lipase AY arising from lowing the temperature 

may prevent mainly the S enantiomer from the active site. This is 

probably because the phenoxy group of the S enantiomer is liable to be 

excluded from the smaller pocket of the active site by the l ipase 's  

conformat ional  r igidity (Fig. 3). 
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Fig.  3. A possible  model  of the l ipase  b inding  each enant iomer .  
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