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2.2 Lipase-Catalysed Polyesterification

L ipases or triacylglycerol acylhydrolases (EC  3 .1 .1 .3) are enzym es 
that catalyze the hydro lysis o f  long-chain fatty acid triacy lg lycero ls to  free 
fatty acids and glycerols (Schem e 2.1). The m ost com m on sources o f  lipases 
are m icroo rg an ism s (e.g., fungus, yeast, bacteria) fo llow ed by m am m alian  
cells (e.g ., p ig  pancreases, horse pancreases) and plants (e.g ., w heat germ , 
rice bran). L ipases can be categorized into th ree groups, i.e., nonspecific  
lipases, 1 ,3-specific  lipases, and fatty acid-specific  lipases, based  on their 
specific ity  (M ukherjee  and H ills, 1994). N onspecific  lipases break dow n 
trig lyceride  m olecu les at random  positions, g iv ing free fatty acids and 
glycerol w ith  m onoglycero ls and diacylg lyderols as products. 1,3-specific 
lipases catalyse the hydro lysis o f  fatty acids at positions 1 and 3 o f  glycerol 
backbone. W ith fatty acid-specific lipases, only particu la r type o f  fatty acids 
is re leased  from  trig lyceride m olecules (M acrae, 1983).

In addition  to  hydrolysis, som e lipases are stable in organic  so lvents 
and can be used as b iocatalyst for esterification , transesterification  and 
po lyesterification . L ipase-catalysed synthesis has becom e a p rom ising  
m ethodology  for po lyester synthesis (O kum ura, 1984) since it offers m any 
poten tia l advantages in term s o f  stereoselectiv ity , high cataly tic  activ ity , lack 
o f  undesirab le  side-reactions and operations under m ild  conditions.

L ipase-cata lysed  polyester synthesis w as first reported  in 1984, w hen 
O kum ura  e t  a l. found that A s p e r g i l lu s  n ig e r  can be a catalyst for various 
d iacids and diols to  give o ligoester w ith  m olecu lar w eight about 5 000. 
W allace  e t  a l. (1989) is the first group to obtain  h igh m olecu lar w eight 
po lyeste r o f  10 000-12 000 from  using porcine pancreatic  lipase in 
transeste rifica tion  o f  b is(2 ,2 ,2 -trich lo toethyl) adipate w ith  l,4 -b u taned io l. 
T he reaction  w as reported  to be dependent w ith exclusion o f  the w ater in the 
system . L inko  e t  a l. (1995) presented that the rem oval o f  by-product leads to
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Scheme 2.1 T rig lyceride  hydro lysis by lipase at the position  o f  
a) nonspecific , b) 1,3-specific, and c) fatty acid-specific
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h ig h  m o le c u la r  w e ig h t p o ly e s te r  (46  4 0 0 ) o b ta in e d  fro m  p o ly e s te r if ic a tio n  o f  
s e b a c ic  a c id  a n d  1 ,4 -b u tan ed io l, h a v in g  R hiom acor m iehe i l ip a se  as a 
c a ta ly s t. In  a d d itio n  to  p o ly tra n se s te r if ic a tio n  an d  re m o v a l o f  b y -p ro d u c t, 
h ig h  m o le c u la r  w e ig h t p o ly e s te r  is a lso  o b ta in e d  by  u s in g  ir re v e rs ib le  acyl 
d o n o r  as m o n o m e r. U y a m a  an d  K o b a y a sh i (1 9 9 3 ) u se d  d iv in y l a d ip a te  to  
re a c t w ith  1 ,4 -b u ta n ed io l u n d e r  P seudonom as f lu o r escens  l ip a se  ca ta ly tic  
sy s te m  to  o b ta in  p o ly e s te r  w ith  th e  m o le c u la r  w e ig h t 12 000 .

2 .3  L ip a s e  I m m o b i l iz a t io n

T h e  p ra c tic a l a p p lic a tio n s  o f  l ip a se s  in  in d u s tr ia l sca le  can  b e  ra ise d  as 
d e te rg e n t, c o s m e tic , tex tile , an d  fo o d  m a n u fa c tu r in g . H o w e v e r, o n e  o f  the  
m a in  h in d ra n c e s  fo r  in d u s tr ia l a p p lic a tio n  o f  b io c a ta ly s is  is th e  e a se  o f  lip a se  
d e a c tiv a tio n  w h e n  th e y  are  ex p o se d  to  h e a t a n d /o r  e x tre m e  a c id  o r b ase  
c o n d itio n . In c re a s in g  lip ase  th e rm a l s ta b ility  a llo w s  e n z y m a tic  re a c tio n s  to  
be c a rr ie d  o u t a t h ig h e r  te m p e ra tu re s , w h ic h  h e lp s  in c re a s in g  c o n v e rs io n  ra te , 
su b s tra te  so lu b il i ty  an d  re d u c in g  th e  p o ss ib ili ty  o f  m ic ro b ia l g ro w th  an d  the  
v isc o s ity  o f  th e  re a c tio n  m ed iu m . M an y  re se a rc h e s  h a v e  b ee n  fo c u se d  on  the  
e n h a n c e m e n t o f  lip a se  s ta b ility  at h ig h  te m p e ra tu re s  by  v a r io u s  s tra teg ie s , 
e .g .. th e  u se  o f  so lu b le  a d d itiv e  in p ro te in  e n g in e e rin g , c h e m ic a l m o d if ic a tio n  
an d  im m o b iliz a tio n .

L ip a se s  a re  im m o b iliz e d  by  m an y  p ro c e d u re s  th a t can  b e  c a te g o riz e d  
to  th re e  m a jo r  m e th o d s , i.e ., b in d in g  o f  th e  e n z y m e  w ith  a so lid  c a rr ie r  by  
p h y s is o rp tio n  (v a n  d e r  พ aa ls , h y d ro p h o b ic  in te ra c tio n  o r io n ic  b o n d )  and 
c h e m iso rp tio n  o r c o v a le n t b o n d , c ro s s - lin k in g  w ith  th e  h e lp  o f  b ifu n c tio n a l 
a g e n ts , an d  e n tra p m e n t o f  th e  e n z y m e  in gel, c a p su le  o r m e m b ra n e  re a c to rs .

Im m o b iliz a tio n  o f  lip ases  b y  b in d in g  o n to  so lid  c a rrie rs  o ffe rs  sev era l 
a d v a n ta g e s , in c lu d in g  th e  s im p le  re c o v e ry  w h ic h  a llo w s  th e  re u se  o f  the  
c a ta ly s t, th e  e a sy  se p a ra tio n  o f  e n z y m e  fro m  p ro d u c t, th e  p o ss ib ili ty  o f



7

c o n tin u o u s  o p e ra tio n  in a  p a c k e d -b e d  re a c to r, and  th e  im p ro v e m e n t o f  
e n z y m e  a c tiv ity  an d  s tab ility .

P h y s iso rp tio n  is th e  m o s t c o m m o n  im m o b iliz a tio n  p ro c e d u re  b ec a u se  
o f  its  s im p lic ity  an d  low  cost. H o w ev e r, its  m a jo r  d ra w b a c k  is th a t  the  
im m o b iliz e d  e n z y m e s  a re  e a s ily  d eso rb e d  fro m  th e  c a rr ie r  d u r in g  the  
u til iz a tio n . D u e  to  th is  p ro b le m , c h e m iso rp tio n  o r c o v a le n t b o n d in g  is 
p ro p o se d  as an  a lte rn a tiv e  w ay . C o v a le n t a tta c h m e n t is the  p o p u la r  o n e  o f  
im m o b iliz a tio n  s tra teg ie s  b e c a u se  o f  the  s tro n g ly  b o u n d  o n to  c a rr ie rs  an d  the  
v a re ity  o f  im m o b iliz a tio n . A lth o u g h  c o v a le n tly  im m o b iliz e d  e n z y m e s  
p ro v id e  lo w e r a c tiv ity  b u t its s ta b ility  is im p ro v e d  w h e n  c o m p a re d  to  th a t 
fro m  p h y s iso rp tio n  (A rro y o , 1999). B ra d y  et al. (1 9 8 8 ) se a rc h e d  fo r 
a d so rb e n ts  to  b e  su ita b le  su p p o rts  fo r lip ase . A d so rb e n ts , su ch  as ce lite , 
c e llu lo se , e th y l ce llu lo se , s il ic a  gel, k ie se lg u h r, c lay , a lu m in a , accu re l, 
c e lg a rd  2 5 0 0 , C P G -1 0 0 , ca rb o n , p ro fa x  p p , an d  m ic ro te n e  H D P E , e tc ., w ere  
c h o se n  as p o ss ib le  im m o b iliz a tio n  su p p o rts  fo r C andida rugosa  lip a se . M o st 
o f  th e se  su p p o rts  w ere  fo u n d  to  d e c re a se  th e  lip ase  a c tiv ity  s ig n if ic a n tly  u po n  
im m o b iliz a tio n . T h e  h y d ro p h o b ic  m ic ro p o ro u s  m a te r ia ls , su ch  as a c cu re l and  
c e lg a rd  2 5 0 0 , a re  k n o w n  to  g iv e  g o o d  p e rfo rm a n c e s . C o a  et al. (1 9 9 8 ) 
s tu d ie d  th e  im m o b iliz e d  lip ase  from  C andida antarctica  B  o n to  v a rio u s  
su p p o rts , su ch  as ce lite , H y flo  S u p e r C el, A m b e rlite  X A D -7  and 
p o ly p ro ly le n e  (E P  100), to  fin d  th a t p o ly p ro p y le n e  (E P  100) sh o w e d  the  
h ig h e s t  h y d ro ly tic  ac tiv ity  w ith  th e  th e rm a l s ta b ility  im p ro v e m e n t.

T h e  e ffe c t o f  p o re  s ize  on  lip ase  im m o b iliz a tio n  w a s  a lso  th e  fa c to r  to  
b e  d isc u sse d . S h aw  et al. (1 9 8 9 ) u sed  c ro ss -lin k e d  se p h a ro se  w ith  d if fe re n t 
p o re  s iz e s  as su p p o rts  fo r C andida rugosa  lip ase . It w as  fo u n d  th a t the  
sm a lle r  p o re  s iz e  p ro v id e d  th e  p o o re r  a c c e ss ib ili ty  o f  th e  su b s tra te  in to , 
le a d in g  to  lo w  ac tiv ity .

T h e  re a c tio n  m e d ia  is k n o w n  to  a ffe c t b o th  th e  c o n fo rm a tio n  and  the  
re la tiv e  re a c tiv ity  o f  the  fu n c tio n a l g ro u p s  o f  p ro te in . A s a re su lt, it
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in flu e n c e s  th e  im m o b iliz a tio n  p a tte rn . D u e  to  m o re  in te ra c tio n s  b e tw ee n  
e n z y m e  an d  su p p o rt o r ch em ica l fu n c tio n a l g ro u p , w h ic h  can  lead  to  the  
n eg a tiv e  e ffe c t on  e n z y m e  p e rfo rm a n c e , th e  sp a c e r is p ro p o se d  as a m e th o d  to  
av o id  th e  p ro b le m . S tark  an d  H o lm b e rg  (1 9 8 9 ) fo u n d  th a t th e  a c tiv ity  o f  the  
im m o b iliz e d  lip a se  fro m  R hizopus  p re p a re d  in h e x a n e  w a s  h ig h e r  th a n  th a t in 
b u ffe r  w h ile  lo n g e r h y d ro p h ilic  sp a c e r h ad  a la rg e r  e ffe c t on  a c tiv ity  in 
h y d ro ly s is  re a c tio n , b u t n o  e ffe c t on  a c tiv ity  in tra n se s te r if ic a tio n .

P re tre a tm e n t o f  th e  su p p o rt w ith  o rg a n ic  so lv e n ts  a lso  a ffec ts  
s ig n if ic a n tly  to  th e  im m o b ilize d  lip ase  ac tiv ity . M o n te ro  et al. (1 9 9 3 ) 
p re tre a te d  p o ly p ro p y le n e  c a rr ie r  w ith  p u re  o rg a n ic  so lv e n ts , su c h  as e th a n o l, 
a c e to n e , a c e to n itr ile , 2 -p ro p a n o l o r m e th a n o l, an d  fo u n d  th a t it led  to  h ig h  
a d so rp tio n  an d  im m o b iliz e d  ac tiv ity .

2 .4  I m m o b i l iz e d  L ip a s e - C a t a ly s e d  P o ly e s t é r i f ic a t io n

Im m o b iliz e d  e n z y m e s  a re  u sed  in o rg a n ic  sy n th e s is  to  fu lly  e x p lo it  the  
te c h n ic a l an d  e c o n o m ic a l a d v a n ta g e s  o f  b io c a ta ly s t. Im m o b iliz e d  e n z y m e s  
b rin g  a m o re  c o n v e n ie n t h an d lin g  o f  c a ta ly s t re a c tio n , w h ic h  a re  th e  easy  
se p a ra tio n  o f  th e  e n z y m e  o u t o f  the  p ro d u c t, an d  th e  re u se  o f  th e  e n zy m e . 
T h e  e a sy  se p a ra tio n  o f  th e  e n z y m e  fro m  th e  p ro d u c t s im p lif ie s  en z y m e  
a p p lic a tio n s  an d  o ffe rs  th e  p u r ity  o f  p ro d u c t. O n  th e  o th e r  h an d , th e  a b ility  to  
b e  re u se d  o f  e n z y m e s  p ro v id e s  co s t a d v a n ta g e s . In  so m e  ca ses , en zy m e  
im m o b iliz a tio n  o ffe rs  the  im p ro v e m e n t o f  en z y m e  a c tiv ity  an d  s tab ility .

A c c o rd in g  to  th ese  a d v a n ta g e s , im m o b iliz e d  lip ase  is an a lte rn a tiv e  
w a y  to  im p ro v e  th e  e n z y m e -c a ta ly se d  p o ly e s te r  sy n th es is . U y a m a  et al. 
(1 9 9 7 ) a p p lie d  im m o b iliz e d  lip ase  d e r iv e d  fro m  C andida an tarctica  in the  
r in g -o p e n in g  p o ly m e riz a tio n  o f  lac to n e s , s -c a p ro la c to n e , 1 1 -u n d ecan o lid e , 
1 2 -d o d e c a n lid e . O n ly  sm all a m o u n t o f  th e  im m o b iliz e d  lip a se  (1 %  w e ig h t o f  
m o n o m e r)  sh o w e d  th e  e x tre m e ly  e ff ic ie n t c a ta ly s is  in th e  lac to n e
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p o ly m e riz a tio n , c o m p a rin g  to  th o se  by  p o w d e ry  lip ase  (2 0 -5 0 %  w e ig h t o f  
m o n o m e r) . T h e  m o le c u la r  w e ig h t o f  th e  o b ta in e d  p o ly e s te r  fro m  th e  r in g ­
o p e n in g  p o ly m e r iz a tio n  o f  lac to n e s , ธ-c a p ro la c to n e , 1 1 -u n d e c a n o lid e , 12- 
d o d e c a n lid e  a re  5 2 0 0 , 5 500 , and  3 4 0 0 , re sp e c tiv e ly . M e z o u l et al. (1 9 9 5 ) 
re p o r te d  e n z y m e -c a ta ly s e d  sy n th es is  o f  a lip h a tic  p o ly e s te r  fro m  m e th y l 
d ie s te rs  an d  d io ls  in  the  p re se n c e  o f  l ip o z y m e  (.M ucor m iehe i lip a se  
im m o b iliz e d  on  a m a c ro p o ro u s  an io n  e x c h a n g e  re s in )  a n d  n o v o z y m e  
('C andida A n tarc tica  lip a se  im m o b iliz e d  on  m a c ro p o ro u s  a c ry lic  re s in ). 
P e n c re a c h  et al. (1 9 9 7 ) fo u n d  th a t th e  fa tty  ac id  sp e c if ic ity  o f  the  
im m o b iliz e d  lip a se  w as  c h a n g e d  c o m p a rin g  to  free  lip ase . T h e  c a rb o n  ch a in  
le n g th  w a s  v a r ie d  from  2 to  18. A fte r  im m o b iliz a tio n  o f  P seudo m onas  
cepacia  l ip a se  o n  m ic ro p o ro u s  p o ly p ro p y le n e  (A c cu re l E P -1 0 0 ) , th e  lip ase  
w a s  m a in ly  sp e c if ic  fo r sh o rt c h a in  fa tty  ac id  e s te rs  (c a rb o n  c h a in  le n g th  <  8), 
w h e re a s  th e  free  e n z y m e  w as  m a in ly  sp e c ific  fo r  lo n g  c h a in  e s te rs  (c a rb o n  
c h a in  le n g th  >  8). T h e  th e rm al s ta b ility  o f  im m o b iliz e d  lip a se  a t 8 0 ° c  w as 
tw ic e  as m u c h  as free  lipase .

2 .5  R ic e  B r a n  L ip a s e - C a t a ly s e d  P o ly e s t e r i f ic a t io n

R ic e  is o n e  o f  th e  w o rld 's  im p o rta n t c e re a ls  s e rv in g  as a fo o d  fo r  a 
la rg e  n u m b e r  o f  p e o p le  in th e  w o rld . F ro m  rice  p ro d u c tio n , r ic e  b ra n  is 
o b ta in e d  as b y -p ro d u c t, w h ic h  is a ric h  so u rc e  o f  lip id s , v ita m in s , m in e ra l, 
p ro te in s , an d  n u m e ro u s  e n z y m e s , in c lu d in g  lip ase . R ice  b ra n  lip a se  is k n o w n  
fo r its h ig h  a c tiv ity  and  th e  s tab ility . R ice  b ran  lip ase  e v e n  d ig e s ts  r ic e  b ra n  
o il, w h ic h  is c o n c e rn e d  to  be  o ne  o f  the  p ro b le m s in th e  s to r in g  o f  r ic e  b ra n  
oil p ro d u c tio n . B y  c o n s id e r in g  th is  b as ic  p ro p e rty , it c an  b e  e x p e c te d  th a t 
r ice  b ra n  lip ase  sh o w s  a p o te n tia l ac tiv ity  on  e s te r fo rm a tio n . F lo w ev er, rice  
b ra n  lip a se  is ra re ly  a p p lie d  as b io c a ta ly s t in e s te r  an d  p o ly e s te r  sy n th es is . 
P h ra e p h re w n g a rm  (1 9 9 9 ) s tu d ie d  th e  p re p a ra tio n  o f  T h a i r ic e  b ra n  lip a se  an d
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its p o ss ib ili ty  to  b e  a c a ta ly s t in p o ly e s te r  sy n th e s is  to  fin d  th a t o lig o e s te r  
w ith  M W  1 0 2 2  w a s  o b ta in e d  from  p o ly e s te rif ic a tio n  o f  a d ip ic  ac id  an d  1,4- 
b u ta n e d io l.

2 .6  T h e  S c o p e  o f  th e  P r e s e n t  W o r k

T h a ila n d  is a w o rld  top  c o u n try  to  p ro d u c e  rice . T h u s , it is o u r in te re s t 
to  s ta n d  on  th e  v ie w p o in t o f  u s in g  the  a b u n d a n t loca l p ro d u c t to  a p p ly  fo r a 
u n iq u e  re se a rc h . M o re o v e r, o u r re c e n t w o rk  c la rif ie d  rice  b ra n  lip a se  fo r its 
a c tiv ity  on  p o ly e s te r  sy n th es is  (P h ra e p h re w n g a rm . 1999). T h e  p re se n t w o rk  
w a s  b ased  on  th e  d e v e lo p m e n t o f  th e  sy s tem  fo r  p ra c tic a l a p p lic a tio n , the  
re a c tiv ity  an d  s ta b ility  o f  th e  T h a i R B L . T h e  s tra teg y  to  o b ta in  th e  p o ly m e r 
c h a in  w a s  d e s ig n e d  by  a p p ly in g  th e  s te p w ise  re a c tio n s  o f  m o n o m e r-m o n o m e r 
an d  m o n o m e r-p o ly m e r  u n d e r T h ai R B L  c a ta ly tic  sy s tem . T h e  u n iq u e  o f  the  
p re se n t w o rk  w a s  to  d em o n s tra te  th e  p o ly m e riz a tio n  o f  p o ly o l an d  d ia c id  by 
T h a i R B L  c a ta ly tic  sy stem . T h e  p re se n t w o rk  a lso  c o n c e rn e d  th e  p ra c tic a l 
a p p lic a tio n  o f  T h a i R B L  b y  s tu d y in g  im m o b iliz a tio n  o n to  c a rr ie r , su ch  as 
fu m e d  s ilic a , a lu m in a , and  ce lite , v ia  p h y s iso rp tio n  an d  c o v a le n t b o n d in g . 
T h e  a c tiv ity  im p ro v e m e n t o f  the  im m o b iliz e d  lip a se  w as  fu rth e r  c o n s id e re d  
b y  e n z y m e  p u r if ic a tio n  ap p ro ach .
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