
C H A P T E R  I I I

M A T E R I A L  A N D  M E T H O D S

1. Microbiological techniques
1.1. Strains

T h e  d i f f e r e n t  s t r a i n s  a n d  p l a s m i d s  a n d  t h e i r  u s e  i n  t h i s  s t u d y  a r e  p r e s e n t e d  i n  

T a b l e  II-1.

T a b l e  II- 1 .  S t r a i n s  a n d  p l a s m i d s  u s e d  i n  t h i s  s t u d y

Strain Genotype Use Reference
E. coli 
D H 5 a

Y. lipolytica 
J M Y 1 1 6 5

F <E>80d/acZAM  15 A (/n c Z Y  A - n r g F ) U  ! 6 9  reck I 
endA\ /ฆฟR 1 7 ( r k~, m k+) phoA supE44-thi-\ 
gyrA96 relA 1 X

MATA ura3-302 leu2-270 xpr2-322 lip2::LEU2 
Alip7 AIip8, L e u + , U r a - ,

P la s m id  
a m p lif ic a t io n  
P r o d u c t io n  o f  
L ip a s e ,  in te g ra t io n  
a t r a n d o m

In v itro g e n

F ic k e r s  et ai, 
2 0 0 5

Y. lipolytica 
J M  Y 1212

MatA n r a 3 - 3 0 2 ,  leu2-210~\J3AJi2-zeta, xpr2-322,
lip2 ::LEU2, Alip2, Alip7, Alip8
S tra in  d e le te d  fo r  e x tra c e l lu la r  l ip a s e s  L e u +, U ra

P ro d u c t io n  o f  
L ip a s e , in te g ra t io n  
a t  a  ta rg e te d  lo c u s

B o rd e s  et al., 
2 0 0 9

Plasmid Characteristics Reference

J M P 6 2  p P O X 2
P O X  p ro m o te r  in d u c ib le  b y  o le ic  a c id  
S e le c tio n  m a rk e r  in  y e a s t:  u ra 3 d  1 
S e le c t io n  m a rk e r  in  b a c te r ia :  k a n R

N ic a u d  et al., 
2 0 0 2

U s e d  fo r  e x p re s s io n  o f  lip a se

J M P 6 2  p T E F  
Ura Ex

T E F  c o n s t i tu t iv e  p ro m o te r  
C re  L o x  r e c o m b in a s e  s y s te m  
S e le c t io n  m a rk e r  in  y e a s t:  u ra 3 d  1 
S e le c t io n  m a rk e r  in  b a c te r ia :  k a n R

J .M . N ic a u d ,  n o t  
p u b l is h e d

U s e d  fo r  e x p re s s io n  o f  l ip a se

1.2 Culture media
T h e  c u l t u r e  m e d i a  a r e  s t e r i l i z e d  f o r  2 0  m i n u t e s  a t  121°c. T h e  d e s c r i b e d  

m e d i u m s  a r e  l i q u i d  m e d i u m .  T o  o b t a i n  s o l i d  m e d i a ,  1 5  g / L  o f  a g a r  i s  a d d e d .

1.2.1. Culture media for E.coli
Luria Bertani medium (LB) used for growth and glycerol stocks:
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-  1 0  g / L  B a c t e r i o t r y p t o n e .

-  5  g / L  Y e a s t  E x t r a c t .

- 1 0  g / L  N a C l .

4 0  p g / m L  k a n a m y c i n e  w e r e  u s e d  f o r  s e l e c t i o n  o f  p o s i t i v e  t r a n s f o r m a n t s ,  

so c  medium used for tranformation
-  0 . 2  g / L  B a c t o t r y p t o n e

-  0 . 0 5 5  g / L  Y e a s t  E x t r a c t

-  1  %  ( v / v )  1  M  N a C l

-  1  %  ( v / v )  1  M  K C 1

-  d i s t i l l e d  H 2O

A f t e r  s t e r i l i z a t i o n  a r e  a d d e d :

-  1  %  ( v / v )  o f  2 M  M g + +  ( 1 M  M g C L 2 + l M  M g S 0 4 )

-  1  %  ( v / v )  o f  2  M  G l u c o s e

A d j u s t  p H  7 . 0

1.2.2. Culture media for Y. lipolytica
•  Y N B c a s a  m e d i u m  u s e d  f o r  t h e  s e l e c t i o n  o f  U ra+  t r a n s f o r m a n t s

-  Y e a s t  N i t r o g e n  B a s e s  w i t h o u t  a m i n o - a c i d s  o r  a m m o n i u m  s u l p h a t e :  1 . 7  g / L  

( s t e r i l i z e d  b y  f i l t r a t i o n )

-  G l u c o s e :  1 0  g / L

-  N H 4 C 1 :  5  g / L

-  5 0  m M  P h o s p h a t e s  B u f f e r  N a / K  p H  6 . 8 :  1 0  %  ( v / v )

-  C a s a m i n o  a c i d s :  2  g / L  ( s t e r i l i z e d  b y  f i l t r a t i o n )

•  R i c h  m e d i u m  u s e d  f o r  o v e r n i g h t  p r e - c u l t u r e  a n d  g l y c e r o l  s t o c k s

Y P D

-  1 0  g / L  o f  B a c t o p e p t o n e

-  1 0  g / L  o f  Y e a s t  E x t r a c t s

-  1 0  g / L  g l u c o s e

•  R i c h  m e d i u m  u s e d  f o r  g r o w t h  a n d  p r o d u c t i o n  i n  E r l e n m e y e r  f l a s k s

Y T O  m e d i u m :

-  Y e a s t  e x t r a c t :  1 0  g / L

-  T r y p t o n e :  2 0  g / L
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-  5 0  m M  p h o s p h a t e s  b u f f e r  N a / K  p H  6 . 8

-  O l e i c  a c i d :  3 0  g / L .  T h e  s t o c k  s o l u t i o n  ( 2 0 0  g / L )  w a s  e m u l s i f i e d  b y  

s o n i c a t i o n  ( t h r e e  t i m e s  o n e  m i n u t e )  w i t h  0 . 5  %  o f  T w e e n  4 0 .

Y T D  m e d i u m :

-  Y e a s t  e x t r a c t :  1 0  g / L

-  T r y p t o n e :  2 0  g / L

-  5 0  m M  p h o s p h a t e s  b u f f e r  N a / K  p H  6 . 8

-  G l u c o s e :  5 0  g / L .

1.3. Transformation techniques
1.3.1. Transformation to#. coli
P l a s m i d s  o r  l i g a t i o n  p r o d u c t s  w e r e  t r a n s f o r m e d  t o  E. c o li  D H 5 a  c o m p e t e n t  

c e l l s  b y  h e a t  s h o c k  t e c h n i q u e .  1 - 1 0  p L  o f  D N A  w a s  a d d e d  t o  5 0 - 1 0 0  p L  o f  b a c t e r i a l  

s u s p e n s i o n .  T h e  s u s p e n s i o n  w a s  i n c u b a t e d  a t  4 ° c  f o r  3 0  m i n u t e s ,  h e a t  s h o c k e d  f o r  4 5  

s e c o n d  a t  4 2  ๐ c  a n d  r e t u r n e d  t o  i n c u b a t i o n  a t  4 ° c  f o r  2  m i n u t e s .  A f t e r  t h a t ,  9 0 0  p L  o f  

s o c  m e d i u m  w a s  a d d e d  a n d  t h e  s u s p e n s i o n  w a s  i n c u b a t e d  a t  3 7  ° c  w i t h  h o r i z o n t a l  

s h a k i n g  f o r  1  h .  T h e  s u s p e n s i o n  w a s  f i n a l l y  s p r e a d  o n  s e l e c t i v e  m e d i a  ( L B  

s u p p l e m e n t e d  w i t h  k a n a m y c i n ) .

1.3.2. Transformation to Yarrowia lipolytica
1.3.2.1. Preparation of Y. lipolytica competent cells
6  h  p r e - c u l t u r e  o f  Y. lip o ly tica  s t r a i n  i n  Y P D  s u p p l e m e n t e d  w i t h  1 0 %  c i t r a t e  

b u f f e r  ( 5 0 0  m M  C i t r a t e ,  p H  4 . 0 )  w e r e  u s e d  t o  i n o c u l a t e  2  f l a s k s  ( l x i o 5  a n d  5 x 1 0 s  

c e l l s / m L )  c o n t a i n i n g  2 0  m L  o f  t h e  s a m e  m e d i u m .  C e l l s  w e r e  c u l t i v a t e d  u n t i l  a  c e l l  

d e n s i t y  r a n g i n g  f r o m  8 x l 0 7  t o  1 . 5 x l 0 8  c e l l s / m L  ( 1 2 - 1 6  h ) .  C e l l s  w e r e  h a r v e s t e d  5  

m i n u t e s  a t  5 0 0 0  r p m ,  w a s h e d  w i t h  2 0  m L  b u f f e r  ( T r i s  5 0  m M ,  E D T A  5  m M ,  p H  8 )  

a n d  f u r t h e r  i n c u b a t e d  i n  2 0  m L  o f  0 . 1  M  L i t i u m  a c e t a t e ,  p H  6 . 0  ( L i A c )  f o r  1  h  a t  2 8  

๐ c  w i t h o u t  a g i t a t i o n .  C e l l s  w e r e  h a r v e s t e d  f o r  2  m i n u t e s  a t  2 0 0 0  r p m  a n d  f i n a l l y  

g e n t l y  r e - s u s p e n d e d  i n  2  m L  c h i l l e d  L i A c  ( 5 x l 0 8  c e l l s / m L ) .

1.3.2.2. Transformation to Y. lipolytica
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5  p L  o f  c a r r i e r  D N A  ( 5  m g / m L  o f  S a l m o n  D N A  i n  T E  b u f f e r )  w e r e  m i x e d  

w i t h  1 - 1 0  p L  o f  D N A  t o  t r a n s f o r m  ( 1  p g )  a n d  1 0 0  ( j L  o f  c o m p e t e n t  c e l l s .  T h e  

s u s p e n s i o n  w a s  i n c u b a t e d  a t  2 8  ๐c  f o r  1 5  m i n u t e s  w i t h o u t  s h a k i n g .  7 0 0  p L  o f  P E G  

4 0 0 0  ( 4 0 %  o f  P E G 4 0 0 0  i n  0 . 1  M  L i A C ,  p H  6 . 0 )  w a s  a d d e d  a n d  t h e  s u s p e n s i o n  w a s  

i n c u b a t e d  a t  2 8  ° c  w i t h  s h a k i n g  f o r  1  h .  H e a t  s h o c k  w a s  d o n e  f o r  1 0  m i n u t e s  a t  3 9  ๐c .  

F i n a l l y ,  1 . 2  m L  o f  L i A c  w e r e  a d d e d  a n d  t h e  s u s p e n s i o n  w a s  s p r e a d  o n  s e l e c t i v e  m e d i a  

( Y N B c a s a ) .

2. Molecular biology techniques
2.1. Preparation of nucleic acids

2.1.1. Synthesis of c .  rugosa synthetic genes
C R L  g e n e s  w e r e  s y n t h e s i z e d  b y  G e n e  A r t  A G . ,  G e r m a n y ,  b y  u s i n g  C o d o n  

o p t i m e z e r ( T M )  m e t h o d .  A l l  n o n - u n i v e r s a l  c o d o n s  e n c o d i n g  s e r i n e  ( C T G )  w e r e  r e p l a c e d  

b y  u n i v e r s a l  s e r i n e  t r i p l e t s  T C T ,  a n d  t h e  n u c l e i c  s e q u e n c e  w a s  o p t i m i z e d  f o r  

e x p r e s s i o n  i n  Y. lip o ly tica .  T h e  n u c l e i c  s e q u e n c e  o f  t h e  s y n t h e t i c  g e n e s  e n c o d i n g  t h e  

m a t u r e  p r o t e i n s  a r e  s h o w n  i n  F i g u r e  I I - 1 .

2.1.2. DNA extraction
a )  B a c t e r i a l  p l a s m i d i c  D N A  e x t r a c t i o n

E. co li  s t r a i n  c o n t a i n i n g  t h e  g e n e  o f  i n t e r e s t  w a s  g r o w n  i n  l i q u i d  s e l e c t i v e  

m e d i a  ( L B  k a n a m y c i n e ) .  E x t r a c t i o n  a n d  p u r i f i c a t i o n  o f  t h e  p l a s m i d s  f r o m  o v e r n i g h t  

c u l t i v a t e d  s t r a i n s  w e r e  c a r r i e d  o u t  b y  u s i n g  t h e  Q I A p r e p  k i t  f o l l o w i n g  t h e  p r o t o c o l  

p r o v i d e d  b y  Q i a g e n .  T h e  m e t h o d  i s  b a s e d  o n  t h e  m e t h o d  o f  a l k a l i n e  l y s i s  ( S a m b r o o k  

et a i ,  1 9 8 9 ) .

b )  Y e a s t  g e n o m i c  D N A  e x t r a c t i o n

Y e a s t  c e l l s  f r o m  2 4  t o  4 8  h o u r s  c u l t u r e  i n  3  m l  Y P D  w e r e  r e s u s p e n d e d  i n  5 0 0  

p L  o f  s o r b i t o l  b u f f e r  ( 1  M  S o r b i t o l ,  0 . 1  M  H C 1  p H  8 ,  a n d  0 . 1  M  E D T A ) .  5 0  p i  o f  

z y m o l y a s e  1 0 0  T  ( 3  m g / m L )  a n d  5 0  p i  o f  ( 3 - m e r c a p t o e t h a n o l  0 . 2 8  M  w e r e  a d d e d .  T h e  

m i x t u r e  w a s  i n c u b a t e d  1  h  a t  3 7 ° c .  A f t e r  5  m i n u t e s  c e n t r i f u g a t i o n  a t  1 3  0 0 0  r p m ,  

c e l l s  w e r e  r e s u s p e n d e d  i n  5 0 0  p L  o f  T E  b u f f e r  ( 5 0  m M  T r i s - H C l  p H  8 , 0 ,  2 0  m M  

E D T A )  a n d  5 0  p L  o f  S D S  1 0 %  w a s  a d d e d .  A f t e r  2 0  m i n  i n c u b a t i o n  a t  6 5 ° c ,  2 0 0  p L  

o f  5  M  p o t a s s i u m  a c e t a t e  w e r e  a d d e d  a n d  t h e  m i x t u r e  w a s  l e f t  3 0  m i n u t e  i n  i c e .
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S u p e r n a t a n t  w a s  r e c o v e r e d  a n d  7 0 0  p L  i s o - p r o p a n o l  w a s  a d d e d ;  c e l l s  w e r e  t h e n  

h a r v e s t e d ,  w a s h e d  w i t h  5 0 0  p L  o f  e t h a n o l  7 0 % ,  a n d  p a r t i a l l y  d r i e d .  4 0 0  p L  o f  T E -  

R N A s e  ( 1 0 0  p g / m L )  w a s  t h e n  a d d e d  t h e  m i x t u r e  w a s  i n c u b a t e d  1  h  a t  3 7 ° c .  F i n a l l y ,  

a d d i t i o n  o f  4 0  p L  s o d i u m  a c e t a t e  2 . 5  M  p H  5 . 2  a n d  1  m l  o f  a b s o l u t e  e t h a n o l  a l l o w e d  

D N A  t o  p r e c i p i t a t e .  D N A  w a s  w a s h e d  w i t h  7 0 0  p L  o f  e t h a n o l  7 0 %  a n d  r e s u s p e n d e d  

i n  1 0 0  p L  w a t e r .

10 20  30 40  50 60 70 80

L i p l  GCCCCCACCGCTACCCTGGCTAACGGCGACACCATCACCGGCCTGAACGCCATCATCAACGAGGCCTTTCTGGGCATCCC 
L ip 2  GCCCCCACCGCCACCCTGGCCAACGGCGACACCATCACCGGCCTGAA.CGCCATCGTGAACGAGAAGTTTCTGGGCATCCC 
L ip 3  GCCCCCACCGCCAAGCTGGCCAACGGCGACACCATCACCGGCCTGAACGCCATCATCAACGAGGCCTTTCTGGGCATCCC 
L ip 4  GCCCCCACCGCCACCCTGGCCAACGGCGACACCATCACTGGCCTGAACGCCATCATCAACGAGGCCTTTCTGGGCATCCC
L ip 5  g c c c c c a c c g c c a c c c t g g c c a a c g g c g a c a c c a t c a c c g g c c t g a a c g c t a t c a t c a a c g a g g c c t t t c t g g g c a t c c c

90 100 110 120 130 140 150 160

ะ ร ฺ ร ร ะ ssggjggggggะ ^ ะ ะ ะ ร ร
L ip 3  CTTCGCCGAGCCCCCCGTGGGCAACCTGCGATTCAA.GGA.CCCCGTGCCCTACTCTGGCTCTCTGAACGGCCAGAAGTTCA. 
L ip 4  CTTCGCCCAGCCTCCCGTGGGCAACCTGCGATTCAAGCCCCCCGTGCCCTACTCTGCCTCTCTGAACGGCCAGAAGTTCA 
L ip 5  CTTCGCCGAGCCCCCCGTGGGCAACCTGCGATTCAAGGACCCCGTGCCCTACCGAGGCTCTCTGAACGGCCAGTCTTTCA

170 180 190 2 00  2 10  2 20  230  240
L i p l  CCTCTTACGGCCCCTCTTGTATGCAGCAGAACCCCGAGGGCACCTACGAGGAGAACCTGCCCAAGGCCGCCCTGGACCTG 
L ip 2  CCTCTTACGGCCCCTCTTGTATGCAGATGAACCCCATGGGATCTTTCGAGGACACCCTGCCCAAGAACGCCCGACACCTG 
L ip 3  CCTCTTACGGCCCCTCTTGTATGCAGCAGAACCCCGAGGGCACCTTCGAGGAGAACCTGGGCAAGACCGCCCTGGACCTG 
L ip 4  CCTCTTACGGCCCCTCTTGTATGCAGATGAACCCCCTGGGCAACTGGGACTCTTCGCTGCCCAAGGCCGCCATCAACTCC 
L ip 5  CCGCCTACGGCCCCTCTTGTATGCAGCAGAACCCCGAGGGCACCTACGAGGAAAACCTGCCCAAGGTCGCCCTGGACCTG

250  260  270  2 80  2 90  300  310 320
L i p l  GTGATGCAGTCTAAGGTGTTCGAGGCCGTGTCTCCCTCGTCTGAGGACTGTCTGACCATCAACGTGGTGCGACCCCCCGG 
L ip 2  GTGCTGCAGTCTAAGATCTTCCAGGTGGTGCTGCCCAACGACGAGGACTGTCTGACCATCAACGTGATCCGACCCCCCGG 
L ip 3  GTGATGCAGTCTAAGGTGTTCCAGGCCGTGCTGCCCCAGTCTGAGGACTGTCTGACCATCAACGTGGTGCGACCCCCCGG 
L ip 4  CTGATGCAGTCTAAGCTGTTCCAGGCCGTGCTGCCCAACGGCGAGGACTGTCTGACCATCAACGTGGTGCGACCCTCTGG 
L ip 5  GTGATGCAGTCTAAGGTGTTCCAGGCCGTGCTGCCCAACTCTGAGGACTGTCTGACCATCAACGTGGTGCGACCCCCTGG

330 340 350 360 370 380 390 400
L i p l  AACCAAGGCCGGTGCCAACCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGGTGGGCGGCACCTCTACCTTCC 
L ip 2  AACCCGAGCCTCTGCCGGCCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGCTGGGCGGATCTTCTCTGTTCC 
L ip 3  AACCAAGGCCGGTGCCAACCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGATCGGCTCTCCCACCATCTTCC 
L ip 4  CACCAAGCCCGGTGCCAACCTGCCCGTGATGGTGTGGATCTTCGGCGGAGGCTTCGAGGTGGGCGGATCTTCTCTGTTCC 
L ip 5  CACCAAGGCCGGTGCCAACCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGATCGGCTCTCCCACCATCTTCC

410  420 430 440 450 460  470 480
L i p l  CACCTGCCCAGATGATCACCAAGTCTATCGCCATGGGCAAGCCCATCATCCACGTGTCTGTGAACTACCGAGTGTCCTCT 
L ip 2  CCGGCGACCAGATGGTGGCCAAGTCTGTGCTGATGGGGAAGCCCGTGATCCACGTGTCTATGAACTACCGAGTGGCCTCT 
L ip 3  CCCCTGCCCAAATGGTGACCAAGTCTGTGCTCATGGGAAAGCCTATTATCCACGTGGCCGTGAACTACCGAGTGGCCTCT 
L ip 4  CCCCTGCCCAAATGATCACCGCCTCTGTGCTGATGGGCAAGCCCATTATCCACGTGTCTATGAACTACCGAGTGGCCTCT 
L ip 5  CCCCTGCCCAAATGGTGTCTAAGTCTGTGCTGATGGGCAAGCCCATTATCCACGTGGCCGTGAACTACCGACTGGCCTCT

490 500  510  520 530  540  550  560
L i p l  TGGGGCTTCCTGGCCGGCGACGAGATCAAGGCCGAGGGCTCTGCCAACGCCGGCCTGAAGGACCAGCGACTGGGAATGCA 
L ip 2  TGGGGCTTCCTGGCCGGACCCGACATCCAGAACGAGGGCTCTGGCAACGCCGGCCTGCACGACCAGAGACTGGCCATGCA 
L ip 3  TGGGGCTTCCTGGCCGGCGACGACATCAAGGCCGAGGGCTCTGGCAACGCCGGCCTGAAGGACCAGCGACTGGGAATGCA 
L ip 4  TGGGGCTTCCTGGCCGGACCCGACATCAAGGCCGAGGGCTCTGGCAACGCCGGCCTCCACGACCAGCGACTGGGCCTGCA 
L ip 5  TTCGGCTTCCTGGCCGGACCCGACATCAAGGCCGAGGGATCTTCTAACGCCGGCCTGAAGGACCAGCGACTGGGAA'TGCA
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570  580 590 600 610 620 630 640
L i p l  GTGGGTGGCCGACAACATTGCCGCCTTCGGCGGCGACCCCACCAAGGTGACCATCTTCGGCGAGTCTGCCGGCTCTATGT 
L ip 2  GTGGGTGGCCGACAACATTGCCGGCTTCGGCGGCGACCCCTCTAAGGTGACCATCTACGGCGAGTCTGCCGGCTCTATGT
L ip 3  g t g g g t g g c c g a c a a c a t t g c c g g c t t c g g c g g c g a c c c c t c t a a g g t g a c c a t c t t c g g c g a g t c t g c c g g c t c t a t g t
L ip 4  GTGGGTGGCCGACAACATTGCCGGCTTCGGCGGCGACCCCTCTAAGGTGACCATCTTCGGCGAGTCTGCCGGCTCTATGT
L ip 5  g t g g g t g g c c g a c a a c a t t g c c g g c t t t g g c g g c g a c c c c t c t a a g g t g a c c a t c t t c g g c g a g t c t g c c g g c t c t a t g t

650 660 670 680  690 7 00  7 10  7 20
L i p l  CTGTGATGTGTCACATCCTGTGGAACGACGGCGACAACACCTACAAGGGCAAGCCCCTGTTCCGAGCCGGCATCATGCAG 
L ip 2  CTACCTTCGTGCACCTGGTGTGGAACGACGGCGACAACACCTACAACGGCAAGCCCCTGTTCCGAGCCGCCATCATGCAG 
L ip 3  CTGTGCTGTGTCACCTGATCTGGAACGACGGCGACAACACCTACAAGGGTAAGCCCCTGTTCCGAGCCGGCATCATGCAG 
L ip 4  CTGTGATGTGTCAGCTGCTGTGGAACGACGGCGACAACACCTACAACGGCAAGCCCCTGTTCCGAGCCGCCATCATGCAG 
L ip 5  CTGTGCTGTGTCACCTGCTGTGGAACGGCGGCGACAACACCTACAAGGGCAAGCCCCTGTTCCGAGCCGGCATCATGCAG

7 30  7 40  750  7 60  770  7 80  790  800
L i p l  TCTGGCGCCATGGTGCCCTCTGACGCCGTGGACGGCATCTACGGCAACGAGATCTTCGACCTGCTGGCCTCTAACGCCGG 
L ip 2  TCTGGCTGTATGGTGCCCTCTGACCCCGTGGACGGCACCTACGGCACCGAGATCTACAACCAGGTGGTGGCCTCTGCCGG 
L ip 3  TCTGGCGCCATGGTGCCCTCTGACCCCGTGGACGGCACCTACGGCAACGAGATCTACGACCTGTTCGTGTCCTCTGCCGG 
L ip 4  TCTGGCGCCATGGTGCCCTCTGACCCCGTGGACGGCCCCTACGGCACCCAGATCTACGACCAGGTGGTGGCCTCTGCCGG 
L ip 5  TCTGGCGCCATGGTGCCCTCTGACCCCGTGGACGGCACCTACGGCACCCAGATCTACGACACCCTGGTGGCCTCTACCGG

810  820  830  840  850  860  870  880
L i p l  CTGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGAGGCGTGTCCTCTGACACCCTGGAGGACGCCACCAACAACACCC 
L ip 2  ATGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGAGGCCTGTCTCAGGACACCCTGTACCAGGCCACCTCTGACACCC 
L ip 3  CTGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGATCTGCCTCTTGTGACACCCTGCTGGACGCCACCAACAACACCC 
L ip 4  CTGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGATCTATCTCTAACGACAAGCTGTTTCAGGCCACCTCTGACACCC 
L ip 5  CTGTTCTTCTGCCTCTAACAAGCTGGCCTGTCTGCGAGGCCTGTCTACCCAGGCCCTGCTGGACGCCACCAACGACACCC

890  900 910  920 930 940  950 960
L i p l  CCGGCTTTCTGGCCTACTCTTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCGTGAACATCACCGACGACATGTAC 
L ip 2  CCGGTGTGCTGGCCTACCCCTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCACCTTCATCACCGACGACATGTAC 
L ip 3  CCGGCTTTCTGGCCTACTCTTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCAA.GAACATCACCGACGACATGTAC 
L ip 4  CCGGTGCCCTGGCCTACCCCTCTCTGCGACTGTCTTTCCTGCCCCGACCCGACGGCACCTTCATCACCGACGACATGTTC 
L ip 5  CCGGCTTTCTGTCTTACACCTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCGCCAACATCACCGACGACATGTAC

970  980 990  1 00 0  1 010  1 02 0  1 030  1040
L i p l  GCCCTGGTGCGAGAGGGCAAGTACGCCAACATCCCCGTGATCATCGGCGACCAGAACGACGAGGGCACCTTCTTCGGCAC 
L ip 2  GCCCTGGTGCGAGACGGCAAGTACGCCCACGTGCCCGTGATCATCGGCGACCAGAACGACGAGGGCACCCTGTTCGGCCT 
L ip 3  AAGCTGGTGCGAGACGGCAAGTACGCCTCTGTGCCCGTGATCATCGGCGACCAGAACGACGAGGGCACCATCTTCGGACT 
L ip 4  AAGCTGGTGCGAGACGGCAAGTGTGCCAACGTCCCCGTGATCATCGGCGPiCCAGAACGACGAGGGCACCGTGTTCGCCCT 
L ip 5  AAGCTGGTGCGAGACGGCAAGTACGCCTCTGTGCCCGTGATCATCGGCGACCAGAACGACGAGGGCTTCCTGTTCGGCCT

1 0 5 0  1 060  1 07 0  1 08 0  1 09 0  1 1 0 0  1 11 0  1 120
L i p l  CTCTTCTCTGAACGTGACCACCGACGCCCAGGCCCGAGAGTACTTCAAGCAGTCTTTCGTGCACGCCTCCGACGCCGAGA 
L ip 2  GTCCTCCCTGAACGTGACGACCGACGCCCAGGCCCGAGCCTACTTCAAGCAGTCTTTCATCCACGCCTCTGACGCCGAGA 
L ip 3  GTCCTCCCTGAACGTGACCACCAACGCCCAGGCCCGAGCCTACTTCAAGCAGTCTTTCATCCA.CGCCTCTGACGCCGAGA 
L ip 4  GTCCTCCCTGAACGTGACCACCGACGCCCAGGCCCGACAGTACTTCAAGGAATCTTTCATCCACGCCTCTGACGCCGAGA 
L ip 5  GTCCTCTCTGAACACCACCACCGAGGCCGACGCCGAGGCCTACCTGCGAAAGTCTTTCATCCACGCCACCGACGCTGACA

1 13 0  1 140  1 150  1 16 0  1 17 0  1 18 0  1 19 0  1200
L i p l  TCGACACCCTGATGACCGCCTACCCCGGCGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCCTGAACGCCCTGACC 
L ip 2  TCGACACCCTGATGGCCGCCTACACCTCTGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCTTCAACGCCATCACC 
L ip 3  TCGACACCCTGATGGCCGCCTACCCCCAGGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCTTCAACGCCATCACC 
L ip 4  TCGACACCCTGATGGCCGCCTACCCCTCCGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCTTCAACGCCATCACC 
L ip 5  TCACCGCCCTGAAGGCCGCCTACCCCTCTGACGTGACCCAGGGCTCTCCCTTCGACACCGGCATCCTGAACGCCCTGACC

1 21 0  1 22 0  1 230  1 24 0  1 250  1 260  1 270  1 280
L i p l  CCCCAGTTCAAGCGAATCTCTGCCGTGCTGGGCGACCTGGGCTTCACCCTGGCCCGACGATACTTCCTGAACCACTACAC 
L ip 2  CCCCAGTTCAAGCGAATCTCTGCCCTGCTGGGCGACCTGGCCTTCACCCTGGCCCGACGATACTTCCTGAACTACTACGA 
L ip 3  CCCCAGTTCAAGCGAATCTCTGCCGTGCTGGGCGACCTGGCCTTCATTCACGCCCGACGATACTTTCTGAACCACTTCCA 
L ip 4  CCCCAGTTCAAGCGAATCGCCGCCGTGCTGGGCGACCTGGCCTTCACCCTGCCCCGACGATACTTCCTGAACCACTTCCA 
L ip 5  CCCCAGCTGAAGCGAATCAACGCCGTGCTGGGCGACCTGACCTTCACCCTGTCTCGACGATACTTCCTGAACCACTACAC
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1 290  1 300  1 310  1 32 0  1 33 0  1 340  1 35 0  1 360
L i p l  CGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGCCTGCCCGTGCTGGGAACCTTCCÀCTCTAACGACATCG 
L ip 2  GGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGACTGCCCGTGCTGGGAACCTTCCACGGCAACGACATCA 
L ip 3  GGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGCCTCCCTATCATGGGAACCTTCCACGCCAACGACATCG 
L ip 4  GGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGACTGCCCGTGATCGGCACCCACCACGCCAACGACATCG 
L ip 5  CGGCGGACCCAAGTACTCGTTCCTGTCTAAGCAGCTGTCTGGCCTGCCCATCCTGGGCACCTTTCACGCCAACGACATCG

1 370  1 380  1390  1 400  1410  1 42 0  1 430  1 440
TGTTCCAGGACTACCTGCTGGGCTCTGGATCTCTGATCTACAACAACGCCTTCATTGCCTTCGCCACCGACCTGGACCCC
TCTGGCAGGACTACCTGGTGGGCTCTGGCTCTGTGATCTACAACAACGCCTTCATTGCCTTCGCCAACGACCTGGACCCC
TGTGGCAGGACTACCTGCTGGGCTCTGGCTCTGTGATCTACAACAACGCCTTCATTGCCTTCGCCACCGACCTGGACCCC
TGTGGCAGGACTTTCTGGTGTCTCACTCTTCTGCCGTGTACAACAACGCCTTCATTGCCTTCGCCAACGACCTGGACCCC
TGTGGCAGCACTTTCTGCTGGGCTCTGGCTCTGTGATCTACAACAACGCCTTCATTGCCTTCGCCACCGACCTGGACCCC

1 450  1 460  1 470  1480  1 490  1 500  1 510  1520
AACACCGCCGGACTGCTGGTGAAGTGGCCCGAGTACACCTCTTCGTCCCAGTCTGGCAACAACCTGATGATGATCAACGC
AACAAGGCCGGACTGTGGACCAACTGGCCCACCTACACCTCTTCGTCCCAGTCTGGCAACAACCTGATGCAGATCAACGG
AACACCGCCGGACTGCTGGTGAACTGGCCCAAGTACACCTCTTCGTCCCAGTCTGGCAACAACCTGATGATGATCAACGC
AACAAGGCCGGACTGCTGGTGAACTGGCCCAAGTACACCTCTTCGTCCCAGTCTGGCAACAACCTGCTGCAGATCAACGC
AACACCGCCGGACTGTCTGTGCAGTGGCCCAAGTCTACCTCTTCGTCCCAGGCCGGCGACAACCTGATGCAGATCTCTGC

1 530  1 540  1 550  1 560  1 57 0  1 58 0  1 590  1 600
CCTGGGCCTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACGACGCCCTGTTCTCTAACCCCCCCTCGTTCTTCG 
CCTGGGCCTGTACACCGGCAAGGACAACTTCCGACCCGACGCCTACTCTGCCCTGTTCTCTAACCCCCCCAGCTTCTTCG 
CCTGGGCCTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACGACGCCCTGATGACCAACCCCTCTAGCTTCTTCG 
CCTGGGACTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACGACGCCCTGTTCACCAACCCCTCTTCGTTCTTCG 
CCTGGGCCTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACAACGCCCTGTTCGCCGACCCCTCTCACTTCTTCG

------ I
L i p l  TGTAA 
L ip 2  TGTAA 
L ip 3  TGTAA 
L ip 4  TGTAA 
L ip 5  TGTAA

F i g u r e  I I - 1 .  A l i g n m e n t  o f  t h e  g e n e s  s y n t h e s i z e d  b y  G e n e A r t  a n d  e n c o d i n g  m a t u r e  

p r o t e i n s  L i p l ,  L i p 2 ,  L i p 3 ,  L i p 4  a n d  L i p 5  f r o m  c. Rugosa

L i p l
L ip 2
L ip 3
L ip 4
L ip 5

L i p l
L ip 2
L ip 3
L ip 4
L ip 5

L i p l
L ip 2
L ip 3
L ip 4
L ip 5

2.1.3. Polymerase Chain Reaction (PCR) for the construction of specific 
mutants by site directed mutagenesis

P C R  c o n s i s t s  i n  t h e  s y n t h e s i s  o f  a  g i v e n  D N A  f r a g m e n t  f r o m  a  m a t r i x  D N A ,  

b y  m e a n s  o f  t w o  o l i g o n u c l e o t i d i c  p r i m e r s  s u r r o u n d i n g  t h e  D N A  f r a g m e n t  a n d  a  D N A  

p o l y m e r a s e .  P C R  l e a d s  t o  a n  e x p o n e n t i a l  i n c r e a s e  o f  t h e  d e s i r e d  D N A  f r a g m e n t  

q u a n t i t y .  P C R  i s  h e l d  i n  s e v e r a l  s u c c e s s i v e  c y c l e s  ( a p p r o x i m a t e l y  2 5  c y c l e s ) ,  e a c h  

c y c l e  w i l l  e n a b l e  t o  d o u b l e  t h e  q u a n t i t y  o f  t h e  d e s i r e d  D N A  f r a g m e n t .  E a c h  c y c l e  

i n c l u d e s :

-  D é n a t u r a t i o n  s t e p  a t  9 8 ° C :  f o r m a t i o n  o f  s i n g l e  s t r a n d  D N A
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-  H y b r i d i z a t i o n  s t e p :  o l i g o n u c l e o t i d i c  p r i m e r s  w i l l  h y b r i d i z e  t o  m a t r i x  D N A ,  

t h e  t e m p e r a t u r e  o f  t h i s  s t e p  i s  c h o s e n  d e p e n d i n g  o n  t h e  i n t r i n s i c  h y b r i d i z a t i o n  

t e m p e r a t u r e s  o f  t h e  t w o  p r i m e r s  u s e d

-  E l o n g a t i o n  s t e p ,  w h o s e  d u r a t i o n  d e p e n d s  o n  t h e  p o l y m e r a s e  u s e d  a n d  t h e  s i z e  

o f  t h e  f r a g m e n t  t o  b e  a m p l i f i e d .

I n  t h i s  s t u d y ,  P C R  w a s  u s e d  t o  g e n e r a t e  s i n g l e  ( t h e  e x p r e s s i o n  v e c t o r  c a r r y i n g  

t h e  w i l d  t y p e  g e n e  w a s  u s e d  a s  D N A  m a t r i x ,  i . e .  J M P 6 2  p T E F  E ra  Ex)  a n d  d o u b l e  

( t h e  e x p r e s s i o n  v e c t o r  c a r r y i n g  s i n g l e  m u t a t e d  g e n e  w a s  u s e d  a s  D N A  m a t r i x )  

m u t a n t s  o f  t h e  d e s i r e d  l i p a s e  g e n e .  T h e  r e a c t i o n  r e q u i r e s  t h e  u s e  o f  t w o  r e v e r s e  

c o m p l e m e n t a r y  o l i g o n u c l e o t i d i c  p r i m e r s  o f  a p p r o x i m a t e l y  2 0 - 3 0  b p ,  c a r r y i n g  t h e  

m u t a t i o n  t o  b e  i n t r o d u c e d .  T h e s e  o l i g o n u c l e o t i d i c  p r i m e r s  w e r e  s y n t h e s i z e d  b y  

E u r o g e n t e c  C o m p a n y  a n d  a r e  s u m m a r i z e d  i n  T a b l e  I I - 2 .  T h e  p r o t o c o l  i s  s c h e m a t i z e d  

i n  F i g u r e  I I - 2 .

T h e  f i n a l  v o l u m e  o f  r e a c t i o n  m e d i u m  w a s  s e t  t o  5 0  p i  a n d  i n c l u d e d :

-  5  t o  5 0  n g  o f  p a r e n t a l  D N A

-  1 U  P h u s i o n  D N A  p o l y m e r a s e  ( N e w  E n g l a n d  B i o l a b ,  2 - 4  k b / m i n )

-  1 0 0  p m o l  o f  e a c h  o l i g o n u c l e o t i d e  ( l i s t  p r o v i d e d  i n  T a b l e  I I - 2 . )

-  d e o x y r i b o n u c l e o t i d e s  ( d N T P ) :  2 5 0  p M  e a c h

-  P h u s i o n  B u f f e r  H F  I X

T h e  c o n d i t i o n s  u s e d  w e r e :

Temperature Duration

Dénaturation step 98 °c 2  m i n

Amplification cycles: * 2 5

98 °c 1 5  s e c

65 t o  55 °c 3 0  s e c

72 °c 4  m i n

Final elongation step 72 °c 7  m i n

Storage 4 °c 00
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Vector containing 
gene at the desired positic

Dénaturation and 
hybridization with

Amplification by mutated Digestion of vector by D p n l  

oligonucleotides
Transformation to 

E. coli

F i g u r e  I I - 2 .  S c h e m a t i c  m e t h o d  f o r  s i t e  d i r e c t e d  m u t a g e n e s i s  b y  P C R  ( a d a p t e d  f r o m  

B a u e r  et a l ,  2 0 0 7 ,  P a t e n t  N o .  U S 7 1 7 6 0 0 4 ) .

T a b l e  I I - 2 .  L i s t  o f  o l i g o n u c l e o t i d e s  u s e d  f o r  a m p l i f i c a t i o n s  o f  D N A  b y  P C R ;  

S e q u e n c e  a n d  t e m p e r a t u r e  o f  h y b r i d i z a t i o n  a r e  s h o w e d .  T h e  o l i g o n u c l e o t i d i c  p r i m e r s  

a r e  n a m e d  a s  f o l l o w :  C R I ,  C R 3  a n d  C R 4  p r i m e r s  w e r e  u s e d  t o  g e n e r a t e  m u t a n t s  o f  

L i p l ,  L i p 3  a n d  L i p 4  r e s p e c t i v e l y ;  s u f f i x e s  _ d  a n d  _ r  s t a n d s  f o r  d i r e c t  a n d  r e v e r s e  

o l i g o n u c l e o t i d i c  p r i m e r s ,  r e s p e c t i v e l y .  T h e  n u m b e r  c o r r e s p o n d s  t o  t h e  p o s i t i o n  

m u t a t e d  i n  t h e  m a t u r e  p r o t e i n  s e q u e n c e  a n d  t h e  f o l l o w i n g  l e t t e r  i s  t h e  o n e  l e t t e r  c o d e  

f o r  t h e  a m i n o  a c i d  w i t h  w h i c h  t h e  w i l d  t y p e  a m i n o  a c i d  w a s  r e p l a c e d .

Primers Sequence 5’ -  3’
Tem perature of 

hybridization
(°C)

Use for
L ip  av a l C G G A T G A C T A A C T C T C C A G A G C G 5 5 .0 S e q u e n c in g
C R _ 2 9 6 _ A M C C G A C A A C A T T G C C G G C T T C G G 7 2 .0
C R 3 _ 2 9 6 A _ d c c A A C A A C A C C C C C G G C G C T C T G G C C T A C T C 6 5 .9

D ire c te d
m u ta g e n e s is

C R 3 l 2 9 6 A l r G A G T  A G G C C  A G  A G C G C C G G G G G T G T T G T T G G 6 5 .9
C R 3 l 2 9 6 G l d C C A A C A A C A C C C C C G G C G G T C T G G C C T A C T C 6 5 .9
C R 3 l 2 9 6 G l r G A G T  A G G C C  A G  A C C G C C G G G G G T G T T G T T G G 6 5 .9
C R 3  2 9 6 L ~ d C C A A C A A C A C C C C C G G C C T G C T G G C C T A C T C 6 5 .9
C R 3 l 2 9 6 L l r G A G T  A G G C C  A G C A G G C C G G G G G T G T T G T T G G 6 5 .9
C R 4 l 2 9 6 F l d C C T C T G A C  A C C C C C G G T T T C C T G G C C T  A C C 6 4 .7
C R 4 l 2 9 6 F l r G G T A G G C C A G G A A A C C G G G G G T G T C A G A G G 6 4 .7
C R 4 l 2 9 6 v l d C C T C T G A C A C C C C C G G T G T C C T G G C C T A C C 6 6 .1
C R 4 l 2 9 6 v I r G G T A G G C C A G G A C A C C G G G G G T G T C A G A G G 6 6 .1
C R 4 J 2 9 6 G ld C C T C T G A C  A C C C C C G G T G G C C T G G C C T  A C C 6 7 .4
C R 4 l 2 9 6 c I r G G T A G G C C  A G G C C  A C C G G G G G T G T C A G A G G 6 7 .4
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2.2. Analysis of nucleic acids
2.2.1. Purification of DNA from agarose gels
A f t e r  m i g r a t i o n  o n  a g a r o s e  g e l ,  f r a g m e n t s  r e s u l t i n g  f r o m  e i t h e r  P C R  o r  

e n z y m a t i c  d i g e s t i o n  w e r e  p u r i f i e d  u s i n g  t h e  Q i a q u i c k  k i t  g e l  e x t r a c t i o n  k i t  ( Q i a g e n )  

f o l l o w i n g  t h e  p r o t o c o l  p r o v i d e d  b y  Q i a g e n .  T h e  v i s u a l i z a t i o n  o f  D N A  f r a g m e n t s  w a s  

d o n e  o n  a  U V - t r a n s i l l u m i n a t o r  l i g h t  ( S a f e  i m a g e  b y  I n v i t r o g e n )  a f t e r  d i r e c t  i n s e r t i o n  

o f  S y b e r  s a f e  ( I n v i t r o g e n )  i n  t h e  a g a r o s e  g e l .

2.2.2. DNA analysis
a )  D N A  e l e c t r o p h o r e s i s

T h e  s e p a r a t i o n  o f  D N A  f r a g m e n t s  w a s  c a r r i e d  o u t  b y  e l e c t r o p h o r e s i s  (25 
m i n u t e s  m i g r a t i o n  a t  135V) o n  a g a r o s e  g e l  (0.8 %  w / v  f o r  a  s e p a r a t i o n  o f  f r a g m e n t s  >  

1 K B )  i n  T A E  b u f f e r  (40 m M  T r i s  a c e t a t e ,  1 r a M  E D T A ,  p H  8.0). T h e  l o a d i n g  b u f f e r  

(5 %  g l y c e r o l ,  0.04 %  b r o m o p h e n o l  b l u e ,  0.04 %  x y l e n e  c y a n o l )  w a s  a d d e d  t o  

s a m p l e s  b e f o r e  t h e i r  d e p o s i t .  T h e  s t a n d a r d  s i z e  m a r k e r  u s e d  w a s  s m a r t  l a d d e r  ( N e w  

E n g l a n d  B i o l a b s ) .  D N A  f r a g m e n t s  w e r e  v i s u a l i z e d  w i t h  uv (A.=254 n m )  a f t e r  a  15 
m i n u t e s  i n c u b a t i o n  i n  e t h i d i u m  b r o m i d e  (0.5 p g / m L ) .

b )  D N A  s e q u e n c i n g

P l a s m i d i c  D N A  o b t a i n e d  a f t e r  t r a n s f o r m a t i o n  t o  E. c o li  o f  P C R  r e a c t i o n  ( s i t e  

d i r e c t e d  m u t a g e n e s i s )  w a s  s e q u e n c e d  b y  B e c k m a n  C o u l t e r  G e n o m i c s  w i t h  

o l i g o n u c l e o t i d e s  C R _ 2 9 6 _ A M  a n d  l i p  a v a l  ( s e q u e n c e s  g i v e n  a b o v e ) .

c )  D N A  q u a n t i f i c a t i o n

T h e  q u a l i t y  a n d  q u a n t i t y  o f  p u r i f i e d  D N A  w a s  c a l c u l a t e d  b y  m e a s u r i n g  t h e  

a b s o r b a n c e  a t  2 6 0  a n d  2 8 0  n m  o n  a  N a n o D r o p  N D - 1 0 0 0  S p e c t r o p h o t o m e t e r  ( T h e r m o  

S c i e n t i f i c ,  U S A ) .  T h e  A 260 nm/ A 280 nm r a t i o  a l l o w s  t h e  e s t i m a t i o n  o f  D N A  q u a l i t y :  

w h e n  t h i s  r a t i o n  i s  i n f e r i o r  t o  1 . 6 5  o r  s u p e r i o r  t o  2 ,  D N A  i s  c o n s i d e r e d  a s  

c o n t a m i n a t e d  b y  p r o t e i n s  o r  R N A ,  r e s p e c t i v e l y .
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2.3. Construction of Expression vectors
a )  D N A  d i g e s t i o n

F o r  c l o n i n g ,  p l a s m i d i c  D N A ,  c o r r e s p o n d i n g  t o  s u b c l o n i n g  v e c t o r  a n d  i n s e r t  

w a s  d o u b l e  d i g e s t e d  b y  r e s t r i c t i o n  e n z y m e  ( B a m H I  a n d  A v r i l )  a c c o r d i n g  t o  t h e  

r e c o m m e n d a t i o n s  o f  t h e  s u p p l i e r s  ( N e w  E n g l a n d  B i o l a b s ) .

F o r  t r a n s f o r m a t i o n  t o  E. co li,  P C R  p r o d u c t s  w e r e  d i g e s t e d  b y  D p n l  a c c o r d i n g  

t o  t h e  r e c o m m e n d a t i o n s  o f  t h e  s u p p l i e r s  ( N e w  E n g l a n d  B i o l a b s ) .  T h i s  e n z y m e  o n l y  

a c t s  o n  t h e  m e t h y l a t e d  D N A  a n d  e n a b l e s  t o  g e t  r i d  o f  t h e  m a t r i x  D N A .

F o r  t r a n s f o r m a t i o n  t o  Y. lip o ly tica ,  p l a s m i d s  e x t r a c t e d  f r o m  E. co li  w e r e  

l i n e a r i s e d  b y  N o t l  a c c o r d i n g  t o  t h e  r e c o m m e n d a t i o n s  o f  t h e  s u p p l i e r s  ( N e w  E n g l a n d  

B i o l a b s )  t o  g e t  r i d  o f  t h e  b a c t e r i a l  p a r t  o f  t h e  e x p r e s s i o n  v e c t o r .

b )  D N A  L i g a t i o n

T h e  l i g a t i o n  o f  D N A  f r a g m e n t s  w i t h  c o h e s i v e  e n d s  w a s  c a r r i e d  o u t  o v e r  n i g h t  

a t  16°c i n  t h e  p r e s e n c e  o f  4 0 0  u n i t s  o f  T 4  D N A  l i g a s e  ( B i o l a b s )  i n  t h e  b u f f e r  

r e c o m m e n d e d  b y  s u p p l i e r  ( N e w  E n g l a n d  B i o l a b s ) .  T h e  i n s e r t  w a s  a d d e d  i n  m o l a r  

c o n c e n t r a t i o n s  3  t o  5  t i m e s  h i g h e r  t h a n  t h e  v e c t o r .

2.4. Construction of expression plasmid and production of Candida rugosa 
lipases
Strains and plasmids
Escherich ia co li  s t r a i n  D H 5 a  [ ( F ~ < E > 8 0 d / < 2 c Z A M 1 5  A ( / a c Z Y A - a r g F ) U  1 6 9  recA  1  

e n d A l hsdR ll(ry~ ,  m / )  p h o A  su pE 44 -lh i-l gy rA 96  re lA  1  X ) ;  I n v i t r o g e n ]  w a s  u s e d  

f o r  p l a s m i d  a m p l i f i c a t i o n .

Y. lip o ly tica  s t r a i n  J M Y 1 2 1 2 ,  [M A T A  u r a 3 - 3 0 2 ,  leu2-270-LE U 2-zeta , xp r2 -32 2 , 
Up2 ::LEU 2, A lip2, A lip7, A lip8 ]  ( B o r d e s  e t  a l .  2 0 0 7 )  w a s  u s e d  a s  h o s t  f o r  

r e c o m b i n a n t  e x p r e s s i o n .

P l a s m i d s  J M P 6 2 - T E F - t / r a - £ j t  w a s  u s e d  f o r  e x p r e s s i o n  o f  r e c o m b i n a n t  C R L .  I t  

c o n t a i n s  t h e  บ ra 3 d l  m a r k e r  f o r  s e l e c t i o n  o f  U ra + t r a n s f o r m a n t s  i n  Y. lip o ly tica  a n d  

t h e  k a n a m y c i n  g e n e  r e s i s t a n c e  ( K a n R )  f o r  s e l e c t i o n  i n  E. co li.  I n  J M P 6 2 - T E F - [ / r a -  

Ex,  t h e  l i p a s e  g e n e  i s  u n d e r  t h e  c o n t r o l  o f  t h e  c o n s t i t u t i v e  T E F  p r o m o t e r .
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Construction of expression plasmids
T h e  L I P 1 - L I P 5  o p t i m i z e d  c .  rugosa  l i p a s e - e n c o d i n g  g e n e s  w e r e  o b t a i n e d  b y  G e n e  

o p t i m i z e r ®  m e t h o d  f r o m  G e n e A r t ,  A G ,  G e r m a n y ,  f r o m  t h e  a v a i l a b l e  s e q u e n c e d  

s e q u e n c e s  ( S w i s s P r o t  a n d  G e n B a n k  a c c e s s i o n  n u m b e r  o f  p r o t e i c  a n d  n u c l e o t i c  

s e q u e n c e s  o f  C R L :  L IP 1 : P 2 0 2 6 1 ,  X 6 4 7 0 3 . 1 ;  L ip2 :  P 3 2 9 4 6 ,  X 6 4 7 0 4 . 1 ;  L IP 3 : 
P 3 2 9 4 7 ,  X 6 6 0 0 6 . 1 ;  L IP 4 : P 3 2 9 4 ,  X 6 6 0 0 7 . 1 ;  U P 5: P 3 2 9 4 9 ,  X 6 6 0 8 . 1 ) .  T h e y  w e r e  

s y n t h e s i s e d  w i t h  B a m H I  a n d  A v r i l  s u r r o u n d i n g  r e s t r i c t i o n  s i t e s  t o  f a c i l i t a t e  

s u b c l o n i n g .

T h e  G e n e A r t  p l a s m i d s  c o n t a i n i n g  s y n t h e s i s e d  L I P 1 - L I P 5  g e n e s  w e r e  d i g e s t e d  b y  

A v r i l  a n d  B a m H I ,  a c c o r d i n g  t o  t h e  s u p p l i e r s  r e c o m m a n d a t i o n s  ( N e w  E n g l a n d  

B i o l a b s ) ,  a n d  t h e  g e n e  f r a g m e n t s  w e r e  p u r i f i e d  f r o m  a g a r o s e  g e l s  b y  Q i a q u i c k  

e x t r a c t i o n  k i t  ( Q i a g e n )  b e f o r e  s u b c l o n i n g  i n t o  t h e  B a m H I / A v r I I  d o u b l e  d i g e s t e d  

e x p r e s s i o n  p l a s m i d s  J M P 6 2 - T E F - f / r a - E x ,  l e a d i n g  t o  J M P 6 2 - T E F - L i p X  ( w h e r e  L i p X  

r e f e r s  t o  L i p l  t o  L i p 5  o f  C R L ) .  T h e  p l a s m i d s  c o n s t r u c t e d  w e r e  f i n a l l y  d i g e s t e d  b y  

N o t l  t o  l i b e r a t e  t h e  e x p r e s s i o n  c a s s e t t e ,  a n d  d i r e c t l y  u s e d  f o r  t r a n s f o r m a t i o n  t o  Y. 
lip o ly tic a  s t a i n  J M Y 1 2 1 2  b y  t h e  l i t h i u m  a c e t a t e  m e t h o d  a s  p r e v i o u s l y  d e s c r i b e d  ( L e  

D a l i  e t  a l .  1 9 9 4 ) .  S e l e c t i o n  o f  U r a +  t r a n s f o r m a n t s  w a s  p e r f o r m e d  o n  Y N B c a s a D  

p l a t e s  ( Y N B  w i t h  2  g  o f  c a s a m i n o  a c i d s / L  a n d  1  g / L  g l u c o s e ) .

Construction of expression vectors
T h e  d e r i v a t i v e  p l a s m i d s  J M P 6 2 T e f - C R 3 F 2 9 6 A ,  J M P 6 2 T e f - C R 3 F 2 9 6 G ,  

J M P 6 2 T e f - C R 3 F 2 9 6 L ,  J M P 6 2 T e f - C R 4 A 2 9 6 F ,  J M P 6 2 T e f - C R 4 F 2 9 6 V ,  J M P 6 2 T e f -  

C R 4 F 2 9 6 G ,  c a r r y i n g  s i n g l e  a m i n o  a c i d  c h a n g e s  i n  t h e  a c t i v e  s i t e  g e n e  w e r e  

c o n s t r u c t e d  b y  s i t e - d i r e c t e d  m u t a g e n e s i s  u s i n g  t h e  Q u i k C h a n g e ™  s i t e - d i r e c t e d  

m u t a g e n e s i s  k i t  ( S t r a t a g e n e ) .  T h e  t e c h n i q u e  u s e d  t h e  J M P 6 2 - T e f - C r a - . & :  d o u b l e -  

s t r a n d e d  D N A  v e c t o r  a n d  t w o  s y n t h e t i c  o l i g o n u c l e o t i d e  p r i m e r s  c o n t a i n i n g  t h e  

d e s i r e d  m u t a t i o n  ( E u r o g e n t e c ) ;  e a c h  p r i m e r  i s  c o m p l e m e n t a r y  t o  o p p o s i t e  s t r a n d s  o f  

t h e  v e c t o r .  T h e  f o l l o w i n g  f o r w a r d  p r i m e r s  a n d  t h e i r  c o m p l e m e n t a r y  r e v e r s e  

c o u n t e r p a r t s  w e r e  u s e d  t o  c o n s t r u c t  t h e  v a r i a n t s .

C R 3 F 2 9 6 A  f o r :  5 ’ -  c c  A A C  A A C  A C C  c c c  G G C  G Ç T  C T G  G C C  T A C  T C - 3 ’ ;

C R 3 F 2 9 6 G  f o r ;  5 ’ -  c c  A A C  A A C  A C C  c c c  G G C  G G T  C T G  G C C  T A C  T C - 3 ’



88

C R 3 F 2 9 6 L  f o r ;  5 ’ -  c c  A A C  A A C  A C C  c c c  G G C  C T G  C T G  G C C  T A C  T C - 3 ’  

C R 4 A 2 9 6 F  f o r ;  5 ’ -  c c  T C T  G A C  A C C  c c c  G G T  T T C  C T G  G C C  T A C  C - 3 ’  

C R 4 A 2 9 6 V  f o r ;  5 ’ -  c c  T C T  G A C  A C C  c c c  G G T  G T C  C T G  G C C  T A C  C - 3 ’  

C R 4 A 2 9 6 G  f o r ;  5 ’ -  c c  T C T  G A C  A C C  c c c  G G T  G G C  C T G  G C C  T A C  C - 3 ’

Expression of variants CRL in Y. Lipolytica

E r l e n m e y e r  f l a s k s  ( 5 0 0  m L )  c o n t a i n i n g  Y ] T 2 D 5  ( 5 0  t n L  t o t a l )  m a d e  o f  y e a s t  

e x t r a c t  ( 1 0  g L ' 1 ) ,  b a c t o t r y p t o n e  ( 2 0 g L _ l ) ,  a n d  g l u c o s e  ( 5 0  g L " 1 ) ,  b u f f e r e d  w i t h  

p h o s p h a t e  b u f f e r  ( 1 0 0  m M ,  p H  6 . 8 )  w e r e  i n o c u l a t e d  w i t h  c e l l s  p r e g r o w n  i n  Y P D  

c o n t a i n i n g  o f  y e a s t  e x t r a c t  ( 1 0  g L " 1 ) ,  b a c t o p e p t o n e  ( 1 0  g L " 1 ) ,  a n d  g l u c o s e  ( 1 0  g L ' 1 )  a t  

a n  i n i t i a l  c e l l  d e n s i t y  o f  O D ô o o = 0 . 2 .  S t o c k  s o l u t i o n s  c o n t a i n i n g  g l u c o s e  ( 5 0 0  g L ' 1 ) .  

C e l l s  w e r e  i n c u b a t e d  a t  2 8  °c f o r  2 4  h  u n t i l  c o m p l e t e  g l u c o s e  c o n s u m p t i o n .  T h e  c e l l s  

w e r e  r e m o v e d  t h r o u g h  c e n t r i f u g a t i o n  ( 1 0  0 0 0  r p m  f o r  1 0  m i n ) .  S u p e r n a t a n t s  w e r e  

d i r e c t l y  u s e d  i n  r e a c t i o n s .

3. Enzyme production and characterisation
3.1. Production of the enzyme in Erlenmeyer flasks
T h e  c u l t u r e s  w e r e  i n o c u l a t e d  w i t h  1 / 1 0  v o l u m e  o f  o v e r n i g h t  p r e - c u l t u r e  i n  

Y P D  m e d i u m .  T h e y  w e r e  c a r r i e d  o u t  i n  e r l e n m e y e r  f l a s k s  w i t h  b a f f l e s  f i l l e d  t o  

m a x i m u m  1 / 5  o f  t h e i r  t o t a l  v o l u m e  w i t h  p r o d u c t i o n  m e d i u m  ( Y T O  o r  Y T D ) .  T h e y  

w e r e  p l a c e d  a t  2 8 ° c  u n d e r  a g i t a t i o n  u n t i l  t o t a l  c o n s u m p t i o n  o f  t h e  c a r b o n  s o u r c e  ( s e e  

b e l o w ) .  T h e  s u p e r n a t a n t  c o n t a i n i n g  t h e  p r o d u c e d  e n z y m e  w a s  r e c o v e r e d  b y  

c e n t r i f u g a t i o n  ( 5  m i n u t e s  5 0 0 0  r p m ) .  F o r  l o n g  t i m e  c o n s e r v a t i o n ,  t h e  s u p e r n a t a n t  w a s  

f i l t e r e d  o n  0 . 2  p m  a n d  s t o r e  a t  4°c. P r o t e i n s  w e r e  c o n c e n t r a t e d  o n  A m i c o n  

m e m b r a n e s  ( M i l l i p o r e )  w i t h  c u t  o f f  1 0  k D a .

3.2. Yeast growth monitoring: consumption of the carbon source
3.2.1. Residual glucose concentration
W h e n  t h e  c u l t u r e  w a s  c a r r i e d  o u t  i n  Y T D ,  3 , 5 - d i n i t r o s a l y c i l i c  a c i d  ( D N S )  w a s  

u s e d  t o  a s s a y  r e s i d u a l  g l u c o s e  ( S u m n e r  a n d  H o w e l l ,  1 9 3 5 ) .  O n e  v o l u m e  o f  s a m p l e
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w a s  m i x e d  w i t h  e n  e q u a l  v o l u m e  o f  r e a g e n t  ( s e e  c o m p o s i t i o n  b e l o w ) .  A f t e r  5  m i n u t e s  

a t  95°c, 1 0  v o l u m e s  o f  w a t e r  w e r e  a d d e d  a n d  t h e  a b s o r b a n c e  w a s  r e a d  a t  5 4 0  n m .  A  

s t a n d a r d  c u r v e  f o r  g l u c o s e  ( 0  t o  2  g / L )  w a s  r e a l i s e d .

T h e  r e a g e n t  c o n t a i n i n g  D N S :

-  3 ,  5 - d i n i t r o s a l y c i l i c  a c i d :  1 0  g / L

-  S o d i u m  P o t a s s i u m  t a r t r a t e :  3 0 0  g / L

-  N a O H :  1 6  g / L

3.2.2. Oleic acid consumption
W h e n  t h e  c u l t u r e  w a s  r e a l i s e d  i n  Y T O  m e d i u m ,  r e s i d u a l  o l e i c  a c i d  i n  t h e  

s u p e r n a t a n t  w a s  c h e c k e d  b y  c e n t r i f u g a t i o n  ( 3  m i n u t e s  a t  1 3 0 0 0  r p m ) .  T h e  c u l t u r e  w a s  

s t o p p e d  a n d  t h e  e n z y m e  r e c o v e r e d  o n c e  o l e i c  a c i d  w a s  c o m p l e t e l y  c o n s u m e d  ( c l e a r  

s u p e r n a t a n t ) .

3.2.3. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)
P r o d u c e d  p r o t e i n s  w e r e  a n a l y s e d  b y  S D S - P A G E .  P r o t e i n s  w e r e  d e n a t u r e d  ( 1 0  

m i n u t e s  a t  70°c i n  t h e  p r e s e n c e  o f  r e d u c i n g  a g e n t )  a n d  l o a d e d  o n  1 0 %  B i s - T r i s  

N u P A G E ® .  T h e  m i g r a t i o n  w a s  d o n e  i n  M O P S  b u f f e r  ( 5 0  m i n u t e s  a t  2 0 0  V ) .  A f t e r  

m i g r a t i o n  o f  p r o t e i n s ,  g e l  w a s  s u b m i t t e d  t o  c o l l o i d a l  b l u e  s t a i n i n g  a c c o r d i n g  t o  

f u r n i s h e r  ( I n v i t r o g e n ) .

4. Procedure for enzymatic reactions
4.1. Lipases production

E r l e n m e y e r  f l a s k s  (500 m L )  c o n t a i n i n g  50 m L  m e d i u m  Y 1T 2O 3/  Y 1T 2D 5 m a d e  o f  

y e a s t  e x t r a c t  (10 g / L ) ,  b a c t o t r y p t o n e  (20 g / L ) ,  a n d  e i t h e r  o l e i c  a c i d  (30 g / L )  o r  

g l u c o s e  (50 g / L ) ,  b u f f e r e d  w i t h  p h o s p h a t e  b u f f e r  (100 m M ,  p H  6.8) w e r e  i n o c u l a t e d  

w i t h  o v e r n i g h t  p r e c u l t u r e  g r o w n  i n  Y P D  ( y e a s t  e x t r a c t  10 g / L ,  b a c t o p e p t o n e  10 g / L ,  

a n d  g l u c o s e  10 g / L )  a t  a n  i n i t i a l  c e l l  d e n s i t y  o f  O D 600 =  0.5. C e l l s  w e r e  i n c u b a t e d  a t  

28 cc  u n t i l  c o m p l e t e  o l e i c  a c i d / g l u c o s e  c o n s u m p t i o n .  C e l l s  w e r e  r e m o v e d  b y  

c e n t r i f u g a t i o n  ( 1 0  0 0 0  r p m  f o r  1 0  m i n )  a n d  s u p e r n a t a n t s  w e r e  d i r e c t l y  u s e d  i n  

r e a c t i o n s .
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4.2. Enzyme characterization
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
P r o d u c e d  p r o t e i n s  w e r e  a n a l y s e d  b y  S D S - P A G E .  P r o t e i n s  w e r e  d e n a t u r e d  ( 1 0  

m i n u t e s  a t  9 5 ° c  i n  t h e  p r e s e n c e  o f  r e d u c i n g  a g e n t )  a n d  l o a d e d  o n  1 0 %  B i s - T r i s  

N u P A G E ® g e l s .  T h e  m i g r a t i o n  W a s  d o n e  i n  M O P S  b u f f e r  ( 5 0  m i n u t e s  a t  2 0 0  V ) .  A f t e r  

m i g r a t i o n  o f  p r o t e i n s ,  g e l  w a s  s u b m i t t e d  t o  c o l l o i d a l  b l u e  s t a i n i n g  a c c o r d i n g  t o  

f u r n i s h e r  ( I n v i t r o g e n ) .

4.3. Lipase activity assay
L i p a s e  a c t i v i t y  i n  t h e  c u l t u r e  s u p e r n a t a n t  w a s  d e t e r m i n e d  b y  m o n i t o r i n g  t h e  

h y d r o l y s i s  o f  p - n i t r o p h e n y l  b u t y r a t e  ( p - N P B )  i n t o  b u t y r i c  a c i d  a n d  / 7 - n i t r o p h e n o l .  T h e  

m e t h o d  w a s  o p t i m i z e d  u s i n g  2 - m e t h y l - b u t a n - 2 - o l  ( 2 M 2 B )  a s  s o l v e n t  t o  s o l u b i l i s e  p -  

n i t r o p h e n y l  b u t y r a t e .  L i p a s e  a c t i v i t y  w a s  m e a s u r e d  i n  9 6 - w e l l  m i c r o p l a t e s  f i l l e d  w i t h  

2 0  p L  o f  t h e  s u p e r n a t a n t  c o n t a i n i n g  L i p a s e ,  1 7 5  p L  o f  a  1 0 0  m M  p h o s p h a t e  b u f f e r  p H

7 . 2  c o n t a i n i n g  1 0 0  m M  N a C l .  T h e  r e a c t i o n  w a s  s t a r t e d  w i t h  a d d i t i o n  o f  5  p L  p - N P B  

( 4 0  m M  i n  2 M 2 B )  a n d  a c t i v i t y  w a s  m e a s u r e d  b y  f o l l o w i n g  a b s o r b a n c e  a t  4 0 5  n m  a t  

2 5  ๐ c  f o r  1 0  m i n  u s i n g  t h e  V e r s a M a x  t u n a b l e  m i c r o p l a t e  r e a d e r  a p p a r a t u s  ( M o l e c u l a r  

D e v i c e s ,  R e n n e s ,  F r a n c e ) .  O n e  u n i t  o f  l i p a s e  a c t i v i t y  w a s  d e f i n e d  a s  t h e  a m o u n t  o f  

e n z y m e  r e l e a s i n g  1  p m o l  o f  f a t t y  a c i d  p e r  m i n  a t  2 5  ๐ c  a n d  p H  7 . 2 .

4.4 Procedure for enzymatic reactions
Hydrolysis of methyl ester of different carbon chain lengths

H y d r o l y s i s  r e a c t i o n s  w e r e  c a r r i e d  o u t  a t  2 5  ° c .  i n  1 . 5  m L  e p p e n d o r f  t u b e s  

c o n t a i n i n g  a  b i p h a s i c  m e d i u m  c o m p o s e d  o f  1  m L  d e c a n e  c o n t a i n i n g  t h e  m e t h y l  e s t e r s  

o f  d i f f e r e n t  c h a i n  l e n g t h s  ( 1 5  m M  o f  m e t h y l  h e x a n o a t e  ( C 6 ) ,  o c t a n o a t e  ( C 8 ) ,  

d e c a n o a t e  ( C I O ) ,  l a u r a t e  ( C 1 2 ) ,  m y r i s t a t e  ( C 1 4 ) ,  p a l m i t a t e  ( C 1 6 ) ,  s t e a r a t e  ( C 1 8 )  a n d  

o l e a t e  ( C 1 8 : l ) )  a n d  0 . 5  m L  o f  a q u e o u s  e n z y m a t i c  s o l u t i o n .  T h e  m i x t u r e  w a s  s h a k e n  

i n  a  V o r t e x  G e n i e  2  ( D .  D u t s c h e r ,  B r u m a t ,  F r a n c e ) .  A t  r e g u l a r  t i m e  i n t e r v a l s ,  t h e  

p r o g r e s s  o f  t h e  r e a c t i o n  w a s  f o l l o w e d  b y  t a k i n g  s a m p l e s  f r o m  t h e  o r g a n i c  p h a s e  a f t e r  

p h a s e  s e p a r a t i o n  b y  c e n t r i f u g a t i o n .  S a m p l e s  w e r e  d i r e c t l y  a n a l y s e d  b y  G C .
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A n a l y s e s  w e r e  p e r f o r m e d  w i t h  t h e  G C  d e v i c e  ( 6 8 9 0 N ,  A l g i l e n t  t e c h n o l o g i e )  

e q u i p p e d  w i t h  a  c a p i l l a r y  H P - 5  c o l u m n  ( 3 0  m  l e n g t h  X  0 . 3 2  m m  i n t e r n a l  d i a m e t e r  a n d  

0 . 2 5  p m  t h i c k n e s s ,  V a r i a n t  I n c . ,  U S A )  c o n n e c t e d  t o  a  F I D  d e t e c t o r .  T h e  f o l l o w i n g  

c o n d i t i o n s  w e r e  u s e d :  c a r r i e r  g a s  H e  ( 2 5  m l / m i n ) ,  a i r  a n d  h y d r o g e n  f l o w  o f  3 0 0  

m L / m i n  a n d  3 0  m L / m i n ,  r e s p e c t i v e l y ,  s p l i t  r a t i o  o f  1 / 1 0 0 ,  i n j e c t o r  a n d  d e t e c t o r  

t e m p e r a t u r e  o f  2 5 0  ° c  a n d  2 7 0  ° c ,  r e s p e c t i v e l y ,  t e m p e r a t u r e  p r o g r a m m e :  7 0  ๐ c  t o  7 5  

° c  a t  1 . 7 9  ° c / m i n ,  7 5  ° c  t o  1 4 0  ° c  a t  2 0  ° c / m i n ,  1 4 0  ๐ c  t o  1 4 3  ° c  a t  2 . 5  ° c / m i n  a n d  

1 4 3  ๐ c  t o  2 4 0  ๐ c  a t  1 0  ° c / m i n .

4.5. Purification of DHA from fish oil
T h e  r e a c t i o n  w a s  c a r r i e d  o u t  a t  r o o m  t e m p e r a t u r e  i n  1 . 5 m l  e p p e n d o r f  t u b e s  

c o n t a i n i n g  0 . 5  m l  o f  1 0 0  m M  E t h y l  E s t e r  o f  F i s h  O i l  ( E E F O )  c o n t a i n i n g  2 5 %  D H A  

a n d  5 %  E P A  a n d  0 . 5  m l  o f  a q u e o u s  e n z y m a t i c  s o l u t i o n .  T h e  m i x t u r e  w a s  s h a k e n  i n  a  

V o r t e x  G e n i e  2  ( D .  D u t s c h e r ,  B r u m a t ,  F r a n c e ) .  A t  r e g u l a r  t i m e  i n t e r v a l s ,  t h e  p r o g r e s s  

o f  t h e  r e a c t i o n  w a s  f o l l o w e d  b y  t a k i n g  s a m p l e s  f r o m  t h e  o r g a n i c  p h a s e  a f t e r  p h a s e  

s e p a r a t i o n  b y  c e n t r i f u g a t i o n .  5 0  p L  o f  o r g a n i c  p h a s e  w e r e  t a k e n  a n d  d i s s o l v e d  i n  4 5 0  

p L  h e x a n e  a n d  t h e  f r e e  f a t t y  a c i d s  ( F F A )  w e r e  r e m o v e d  b y  s a p o n i f i c a t i o n  w i t h  5 0 0  

p L  N a O H  I N .  T h e  r e s u l t i n g  o r g a n i c  p h a s e  w a s  a n a l y z e d  b y  G C .  G C  a n a l y s i n g  

e q u i p m e n t  i s  d e s c r i b e d  a b o v e .  T h e  t e m p e r a t u r e  p r o g r a m  u s e d  f o r  t h e  e t h y l  e s t e r s  

a n a l y s i s  i s  t h e  f o l l o w i n g :  1 8 0 ° c  f o r  1 5  m i n u t e s ,  1 8 0 ° c  t o  2 5 0 ° c  a t  7  ๐ c /  m i n ,  a n d  

h o l d  f o r  1 0  m i n u t e s ,  2 5 0 ° c  t o  2 8 0 ° c  a t  1 0  ° c / m i n ,  a n d  h o l d  f o r  1 0  m i n u t e s .

4.6. Hydrolysis resolution of 2-Bromo-phenyl acetic acid octyl ester
H y d r o l y s i s  w a s  c a r r i e d  o u t  i n  1 . 5  m L  e p p e n d o r f  t u b e s  c o n t a i n i n g  a  b i p h a s i c  

m e d i u m  c o m p o s e d  o f  0 . 5  m L  d e c a n e  c o n t a i n i n g  t h e  e s t e r  ( 5 0  m M )  a n d  0 . 5  m L  o f  t h e  

a q u e o u s  e n z y m a t i c  s o l u t i o n .  T h e  m i x t u r e  w a s  s h a k e n  i n  a  V o r t e x  G e n i e  2  ( D .  

D u t s c h e r ,  B r u m a t ,  F r a n c e ) .  R e a c t i o n s  w e r e  r e a l i z e d  a t  2 5  ๐ c .  A t  r e g u l a r  t i m e  

i n t e r v a l s ,  t h e  p r o g r e s s  o f  t h e  r e a c t i o n  w a s  f o l l o w e d  b y  t a k i n g  s a m p l e s  a f t e r  p h a s e  

s e p a r a t i o n  b y  c e n t r i f u g a t i o n  ( 1 0 0  p L  d i l u t e d  i n  1  m L  h e x a n e ) .



92

4.7. HPLC analysis
The HPLC device was equipped with a chiral column: Chiralpack OJ (25 cm X

4.6 mm) (Daicel Chemical Industries Ltd., Japan) connected to a uv detector (at 254 
nm). A flow rate of 1.0 mL/min and a 40 ๐c column temperature were used. The 
mobile phase was composed of a mixture of n-hexane/isopropanol (80:20 v/v).

4.8. Determination of the enantiomeric excess (ee), conversion and 
enantioselectivity (E)

From HPLC results, enantiomeric excesses of the substrate (ee,) and the 
product (eep), the total conversion (C) of both enantiomers and E-values (E )  were 
calculated as defined below: 
ee, (%) = (ร-/?),/(/?+ร),* 100 
eep (%) = (ร-/?),/[(/?+ร),0-(/?+ร),]* 100 
c= 1 - [(/?+ร),/(/?+ร),0] * 100

with R  and ร corresponding to the concentrations of R  and ร enantiomeric substrates 
£=(v/S/v/R) for a ร enantioselectivity 
E=(viR/v/S) for a R  enantioselectivity
With v/s and v/R corresponding to the initial rates of ร and R  enantiomer 
consumption respectively. The initial rates were determined by linear regression.

5. Model building
A three dimensional model of Lip4 Lipase from c. r u g o s a  was constructed 

using the program MODELLER implemented in the HOMOLOGY module of the 
Insightll suite of programs (Accelrys, San Diego, CA, USA) and the sequence 
alignment with LIP1 Lipase from c. r u g o s a .

The lowest energy structure predicted using MODELLER was further refined 
using the CFF91 forcefield implemented within the DISCOVER module of Insightll 
software suite (Accelrys, San Diego, CA, USA). For the minimization, the 
CFF91cross terms, a harmonic bond potential, and a dielectric of 1.0 were used. An 
initial minimization with a restraint on the protein backbone was performed using a 
steepest descent algorithm followed by conjugated gradient minimization steps until
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the maximum RMS was less than 0.5. In a subsequent step, the system was fully 
relaxed. Calculations were performed on a Silicon Graphics 02 workstation.

Tetrahedral intermediate models were built for both (R , .ร)-2-bromo- 
phenylacetic acid octyl ester enantiomers. The substrates were placed in the active site 
of Lipl and Lip4 from c. r u g o s a  so that they were covalently bound to catalytic 
Ser206. The covalent intermediates were then minimized using the CFF91 forcefield 
implemented within the Discover module of Insightll in order to generate a low- 
energy starting conformation with suitable bond distances and angles. The covalent 
docking of the enantiomers was carried out using the automated flexible docking 
program FlexX (Biosolveit) (Kramer et al. 1999; Rarey et al. 1996). All parameters 
were set to the standard values as implemented in Version 3.1.1. The docking region 
was defined to encompass all protein amino acids for which at least one heavy atom 
was located within a 6.5 Â radius sphere, whose origin was located at the centre of 
mass of catalytic Ser 162. For each docking, the top 30 solutions corresponding to the 
best FlexX scores were retained. Visualization and graphics were done using PyMol 
software, (DeLano, 2002).

6. Immobilization and Biodiesel production from c . rugosa lipase

6.1. Support for immobilization
Macroporous adsorption resin NKA-9, AB-8, H103, D4020 and NKA were 

purchased from Chemical plant of Nankai University (Tianjin, China). Palm oil was 
purchased from the local market.

6.2. Lipases production
Erlenmeyer flasks (500 mL) containing lipase production medium (50 mL total) 

made of yeast extract (5 g/L), Potassium hydrogen phosphate (KH2PO4; 10 g/L), 
Magnesium sulphate (MgS04-7H20; lg/L) and palm oil (1% w/v), were inoculated 
with overnight preculture grown in YM (yeast extract 3 g/L, malt extract 5 g/L, 
peptone 5 g/L, and glucose 10 g/L) at an initial cell density of OD600 = 0.2. Cells were 
incubated at 30 ๐c for 120 h Cells were removed through centrifugation (10 000 rpm
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for 10 min) and supernatants were partially purify by filtration and dialysis at 
molecular weight cut off 10 kDa. Later, lipase was lyophilized and keeps at 4 ๐c until 
used in reaction.

6.3. Lipolytic activity assay
Lypolytic activity was measured by spectrophotometry method using p -  

nitrophenyl palmitate (pNPP) as substrate and the absorbance was measured 
spectrophotometrically at 410 nm. One unit (บ) was defined as the amount of enzyme 
that liberated 1 pmol of p-nitrophenol per min. (Maia et al., 2001)

6.4. Immobilization of lipase
Lipase immobilization in non-aqueous media (Gao et ah, 2006); 0.6 g of 

lyophilized lipase, 1 g of resin and 5 ml of heptane were mixed under low stirring for 
12 h at temperature ambient. The particles were filtered and washed with heptane 
under reduced pressure, and then dried at room temperature.

6.5. Biodiesel production: Enzymatic reactions 
Hydrolysis of palm oil

The enzymatic hydrolysis reactions were carried out in vial under magnetic 
stirring for 48 hr, using 3 g of palm oil, 50% distilled water (v/oil พ) and 1 g of 
immobilized lipase. Sampling were analysed by HPLC.

Transesterification of palm oil and methanol
Transesterification reaction were carried out in vial containing 3 g of palm oil 

and 1 g of 1 g of immobilized lipases under magnetic stirring for 48 h. at 40 °c and 
600 rpm stirring. Samples were centrifuged 13 000 rpm for 15 min and upper phase 
were analyzed by HPLC.

Determination of fatty acids content
The fatty acid contents in the reaction mixture were quantified using high 

performance liquid chromatography (HPLC) and thin layer chromatography (TLC) 
(Samukawa et ah, 2000)
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The HPLC device was equipped with an Apollo Silica column (25 cm X 4.6 
mm) (Alltech, USA) connected to an ELSD detector with Nitrogen gas equipped. A 
flow rate of 1.5 mL/min and a 40 °c column temperature were used. The mobile 
phase was composed of a mixture of Solution A, n-hexane:isopropanol: Ethyl acetate: 
formic acid (85:10:10:0.1 v/v) and Solution B, h-hexane:formic acid (100: 0.2 v/v).

Protein assay
Protein concentration was determined according to the method of micro 

lowry. Bovine serum albumin was used as a standard. (Held and Hurly, 2001)
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