CHAPTER 11l

M ATERIAL AND

1. Microbiological techniques
11 Strains

The different strains and plasmids and their use in this study are presented in

Table ||-l

Table ”-1. Strains and plasmids used in this study

Strain
E coli

DHb5a

Y. lipolytica
IMY 1165

Y. lipolytica
IMY 1212

Plasmid

IMP62 pPOX2

IMP62 pTEF
Ura Bx

Genotype
F <E>80d/acZAM 15 A(IncZY A-nrgF)U 169 reckl

edA\/ R17(rk-, mkt) phoA supEd4-thi-\
ayrA96 relAl X

MATA ura3-32 lell-270xqx2-322 lip2::LEU2
Alip7 Alip8 Leut, Ura-,

MatAnra3-302, leu2210\BAN2zet8, Xpr2-322,
lip2 ::LEU2, Alip2, Alip7, Alip38
Strain deleted for extracellular lipases Leu+, Ura

Characteristics

POX promoter inducible by oleic acid
Selection marker in yeast: ura3d 1
Selection marker in bacteria: kanR

Used for expression of lipase

TEF constitutive promoter

Cre Lox recombinase system
Selection marker in yeast: ura3d 1
Selection marker in bacteria: kanR

Used for expression of lipase

12 Culture media

121°
The culture media are sterilized for 20 minutes at C. T he described

mediums are liguid medium

To obtain solid media,

1.2.1. Culture media for E.coli

M ETHODS

Use

Plasmid
amplification

Production of

Lipase, integration

at random
Production of

Lipase, integration
ata targeted locus

15 g/L of agar is added

Luria Bertani medium (LB) used for growth and glycerol stocks:

Reference

[nvitrogen

Fickers etai,
2005

Bordes etd.,
2009
Reference

Nicaud etal.,
2002

J.M. Nicaud, not

published



10 g/L Bacteriotryptone

5 g/L Y east Extract

soc¢ medium used for tranformation

0.055 g/L Yeast Extract

1 % (viv) 1 M KC1
d\slilledHZO
A fter sterilization are added:
T % (viv) of 2M M g++ (1M M gCL2+IM M gso04)
1 % (v/iv) of 2 M G lucose

Adjust pH 7.0

1.2.2. Culture media for Y. lipolytica

. Y NBcasa medium usedforlheselectionofUra'I' transformants

Y east N itrogen Bases without amino-acids or ammonium sulphate:
(sterilized by filtration)

Glucose: 10 g/L

N H 4C1l: 5 g/L

50 m M Phosphates Buffer N al/K pH 6.8: 10 % (viv)

Casamino acids: 2 g/L (sterilized by filtration)

. Rich medium wuvsed for overnight pre-culture and glycerol stocks

10 g/L of Bactopeptone
10 g/L of Y east Extracts
10 g/L glucose
. Rich medium wuvused for growth and production in Erlenmeyer flasks
Y TO medium
Y east extract: 10 ¢g/L

Tryptone: 20 gllL
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50 m M phosphates buffer N al/K pH 6.8

0 leic acid: 30 g /L. T he stock solution (200 g /L) W oas em ulsified by

sonication (three times one minute) with 0.5 % of T ween 40.

Y TD medium
Y east extract: 10 g/L
Tryptone: 20 gl/L
50 m M phosphates buffer N alK pH 6.8

Glucose: 50 g/L.

1.3. Transformation techniques
1.3.1. Transformation to#. coll

Plasmids or ligation products were transformed to E. COllDHSa com petent
cells by heat shock technigue. 1-10 pL of DNA was added to 50-100 pL of bacterial
. . . 40 .
suspension. The suspension was incubated at Cforsomlnules,heatshockedforAS
. ! 40
second at 42 C and returned to incubation at Cfor?m\nutes.Afterlhal‘QOOpLof
0
SOC mediuvm was added and the suspension was incubated at 37 C with horizontal
shaking for 1 h. T he suspension woas finally spread on selective moedia (LB

supplemented with kanamycin).

1.3.2. Transformation to Yarrowia lipolytica
1.3.2.1. Preparation of Y. lipolytica competent cells

6 h pre-culture of Y ||p0|yt|castrain in Y PD supplemented with 10% citrate

buffer (500 m M Citrate, pH 4.0) were used to inoculate 2 flasks (Ixio5 and 5x10s
cells/m L) containing 20 m L of the same medium Cells were cultivated until a cell
density ranging from 8 x 107 to 1.5x108 cells/m L (12-16 h) Cells were harvested 5
minutes at 5000 rpm , washed with 20 m L buffer (Tris 50 m M , ED TA 5 m M , pH 8)
and further incubated in 20 m L of 0.1 M Litium acetate, pH 6.0 (LiAc) for 1 h at 28
¢ without agitation. Cells were harvested for 2 minutes at 2000 rpm and finally

gently re-suspended in 2 m L chilled LiAc¢ (5x108cells/im<L).

1.32.2. Transformation to Y. lipolytica
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5 pL of carrier D N A (5 mg/m<L of Salmon DN A in TE buffer) were mixed
w ith 1-10 ptL of D N A to transform (1 pg) and 100 (jL of com petent cells. T he
suspension was incubated at28 C for 15 minutes without shaking. 700 pL of PEG
4000 (40% of PEG 4000 in 0.1 M LiAC, pH 6.0) was added and the suspension was
incubatedatzg OCwithshakingIorih‘Heatshockwasdunelorlﬂminulesal39 C.
Finally, 1.2 m L of LiAc¢c were added and the suspension was spread on selective media

(Y NBcasa)

2. Molecular biology techniques

2.1. Preparation of nucleic acids .
2.1.1. Synthesis of¢. rugosa synthetic genes

C R L genes were synthesized by G ene Art AG ., Germany, by wusing Codon
optimezer(TM) method. AIll non-universal codons encoding serine (C TG ) were replaced
by universal serine triplets a C/T 4 and the nucleic sequence woas optimized for

expression in Y. |Ip0|ytlca. The nucleic sequence of the synthetic genes encoding the

mature proteins are showwn in Figure I1-1.
2.1.2. DNA extraction
a) Bacterial plasmidic D N A extraction
E. COll strain containing the gene of interest was grown in liguid selective
media (LB kanamycine). Extraction and purification of the plasmids from overnight
cultivated strains were carried out by wusing the Q IAprep kit follow ing the protocol

provided by Qiagen. The method is based on the method of alkaline lysis (Sam@brook

etal, 1950,

b) Yeast genomic DN A extraction

Y east cells from 24 to 48 howurs culture in 3 m 1 Y PD were resuspended in 500
pL of sorbitol buffer (1 M Sorbitol, 0.1 M HC1 pH 8, and 0.1 M EDTA). 50 pi of
zymolyase 100 T (3 mg/m<L) and 50 pi of (3-mercaptoethanol 0.28 M were added. T he
mixture was incubated 1 h at 37°c. After 5 minutes centrifugation at 13 000 rpm,
cells were resuspended in 500 pL of TE buffer (50 m M Tris-HCI1 pH 8,0, 20 m M
EDTA ) and 50 pL of DS 10% was added. After 20 m in incubation at 65 °c¢

of 5 M potassium acetate were added and the mixture was left 30 minute in ice.



Supernatant was recovered and 700 pL iso-propanol was added; cells were then
harvested, washed with 500 pL of ethanol 70% , and partially dried 400 pL of TE -
RN Ase (100 pg/m<L) was then added the mixture was incubated 1 h at 37 °c¢c Finally,
addition of 40 pL sodium acetate 2.5 M pH 5.2 and 1 m | of absolute ethanol allowed
DN A to precipitate. DN A was washed with 700 pL of ethanol 70% and resuspended

in 100 pL water.

10 20 30 40 50 60 70 80

Lipl  GCOCCCACCGCTACCCTGGCTAACGGCGACACCATCACCGGCCTGAACGCCATCATCAACGAGGCCTTTCTGGGCATCOC
Lip2  GCCCCCACCGCCACCCTGGECAACGGCGACACCATCACCGGOCTGAA CGCCATCGTGAACGAGAAGTTTCTGGGCATCCG
Lip3  GCCCCCACCGCCAAGCTGGCCAACGGCGACACCATCACOGGCCTGAACGCCATCATCAACGAGGCCTTTCTGGGCATCCG
[19d - CCCECCACCGOUACCL TGO ARCEGCACACCATCACTEGCCTCAACCUCATCATCAACGACECCTTTCTCGCLATCCE
ip

gcccccaccgecaccctggeccaacggegacaccatcaccggectgaacgetatcatcaacgaggcectttetgggeatcecc

90 100 110 130 160

120 140 /\ 150
CTFCGCCGAGCCCCCCGTGGGCAACCTGCGATTCAA.GGA.CCCCGgﬁngnggggTGAACGGCCAGAAGWCA.

Lip3
Li 84 CTTCGCCCAGCCTCCCGTGGGCAACCTGCGATTCAAGCCCCCCGTGCCCTACTCTGCCTCTCTGAACGGCCAGAAGTTCA
Lip5  CTTCGCCGAGCCCCCCGTGGGCAACCTGCGATTCAAGGACCCCGTGCCCTACCGAGGCTCTCTGAACGGCCAGTCTTTCA

170 180 190 200 210 220 230 240

pl CCTCTTACGGCCCCTCTTGTATGCAGCAGAACCCCGAGGGCACCTACGAGGAGAACCTGCCCAAGGCCGCCCTGGACCTG
ip2  CCTCTTACGGCCCCTCTTGTATGCAGATGAACCCCATGGGATCTTTCGAGGACACCCTGCCCAAGAACGCCCGACACCTG
p3  CCTCTTACGGCCCCTCTTGTATGCAGCAGAACCCCGAGGGCACCTTCGAGGAGAACCTGGGCAAGACCGCCCTGGACCTG
p4  CCTCTTACGGCCCCTCTTGTATGCAGATGAACCCCCTGGGCAACTGGGACTCTTCGCTGCCCAAGGCCGCCATCAACTCC
p5 CCGCCTACGGCCCCTCTTGTATGCAGCAGAACCCCGAGGGCACCTACGAGGAAAACCTGCCCAAGGTCGCCCTGGACCTG

250 260 270 280 290 300 310 320

pl  GTGATGCAGTCTAAGGTGTTCGAGGCCGTGTCTCCCTCGTCTGAGGACTGTCTGACCATCAACGTGGTGCGACCCCCCGG
p2  GIGCTGCAGTCTAAGATCTTCCAGGTGGTGCTGCCCAACGACGAGGACTGTCTGACCATCAACGTGATCCGACCCCCCGG
p3  GIGATGCAGTCTAAGGTGTTCCAGGCCGTGCTGCCCCAGTCTGAGGACTGTCTGACCATCAACGTGGTGCGACCCCCCGG
p4  CTGATGCAGTCTAAGCTGTTCCAGGCCGTGCTGCCCAACGGCGAGGACTGTCTGACCATCAACGTGGTGCGACCCTCTGG
p5  GTGATGCAGTCTAAGGTGTTCCAGGCCGTGCTGCCCAACTCTGAGGACTGTCTGACCATCAACGTGGTGCGACCCCCTGG

330 340 350 360 370 380 390 400

pl  AACCAAGGCCGGTGCCAACCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGGTGGGCGGCACCTCTACCTTCC
p2  AACCCGAGCCTCTGCCGGCCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGCTGGGCGGATCTTCTCTGITCC
p3  AACCAAGGCCGGTGCCAACCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGATCGGCTCTCCCACCATCTTCC
p4  CACCAAGCCCGGTGCCAACCTGCCCGTGATGGTGTGGATCTTCGGCGGAGGCTTCGAGGTGGGCGGATCTTCTCTGTTCC
p5 CACCAAGGCCGGTGCCAACCTGCCCGTGATGCTGTGGATCTTCGGCGGAGGCTTCGAGATCGGCTCTCCCACCATCTTCC

410 420 430 440 450 460 470 480

Lipl CACCTGCCCAGATGATCACCAAGTCTATCGCCATGGGCAAGCCCATCATCCACGTGTCTGTGAACTACCGAGTGTCCTCT
Lip2  CCGGCGACCAGATGGTGGCCAAGTCTGTGCTGATGGGGAAGCCCGTGATCCACGTGTCTATGAACTACCGAGTGGCCTCT
Lip3 CCCCTGCCCAAATGGTGACCAAGTCTGTGCTCATGGGAAAGCCTATTATCCACGTGGCCGTGAACTACCGAGTGGCCTCT
Lip4 CCCCTGCCCAAATGATCACCGCCTCTGTGCTGATGGGCAAGCCCATTATCCACGTGTCTATGAACTACCGAGTGGCCTCT
Lip5  CCCCTGCCCAAATGGTGTCTAAGTCTGTGCTGATGGGCAAGCCCATTATCCACGTGGCCGTGAACTACCGACTGGCCTCT

490 500 510 520 530 540 550 560

Lipl  TGGGGCTTCCTGGCCGGCGACGAGATCAAGGCCGAGGGCTCTGCCAACGCCGGCCTGAAGGACCAGCGACTGGGAATGCA
Lip2 TGGGGCTTCCTGGCCGGACCCGACATCCAGAACGAGGGCTCTGGCAACGCCGGCCTGCACGACCAGAGACTGGCCATGCA
Lip3  TGGGGCTTCCTGGCCGGCGACGACATCAAGGCCGAGGGCTCTGGCAACGCCGGCCTGAAGGACCAGCGACTGGGAATGCA
Lipd  TGGGGCTTCCTGGCCGGACCCGACATCAAGGCCGAGGGCTCTGGCAACGCCGGCCTCCACGACCAGCGACTGGGCCTGCA
Lip5  TTCGGCTTCCTGGCCGGACCCGACATCAAGGCCGAGGGATCTTCTAACGCCGGCCTGAAGGACCAGCGACTGGGAATGCA
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570 580 590 600 610 620 630 640

GTGOGTOGCCGACAACATTGC0G0CTTCGGCG0GACCCCACCAAGGTGACCATCTTCGGCGAGTCTGCCGGCTCTATGT
TG TaCCACAACATCCOCaC TTCCLGOCACCCE TCTAACCTCACCATCTACSGCAGTCTECLECCTCTATET
t t acaacatt cttc C acccctctaa accatcttc C tct ctctat
B A AR T T OB T T L L A T e A A A T T T LB AR T TR e ReE B A TRT
gtgggtggccgacaacattgccggetttggcggcgacecctctaaggtgaccatcttcggegagtetgecggetetatgt

650 660 670 680 690 700 710 720

CTGTGATGTGTCACATCCTGTGGAACGACGGCGACAACACCTACAAGGGCAAGCCCCTGTTCCGAGCCGGCATCATGCAG
CTACCTTCGTGCACCTGGTGTGGAACGACGGCGACAACACCTACAACGGCAAGCCCCTGTTCCGAGCCGCCATCATGCAG
CTGTGCTGTGTCACCTGATCTGGAACGACGGCGACAACACCTACAAGGGTAAGCCCCTGTTCCGAGCCGGCATCATGCAG
CTGTGATGTGTCAGCTGCTGTGGAACGACGGCGACAACACCTACAACGGCAAGCCCCTGTTCCGAGCCGCCATCATGCAG
CTGTGCTGTGTCACCTGCTGTGGAACGGCGGCGACAACACCTACAAGGGCAAGCCCCTGTTCCGAGCCGGCATCATGCAG

730 740 750 760 770 780 790 800

TCTGGCGCCATGGTGCCCTCTGACGCCGTGGACGGCATCTACGGCAACGAGATCTTCGACCTGCTGGCCTCTAACGCCGG
TCTGGCTGTATGGTGCCCTCTGACCCCGTGGACGGCACCTACGGCACCGAGATCTACAACCAGGTGGTGGCCTCTGCCGG
TCTGGCGCCATGGTGCCCTCTGACCCCGTGGACGGCACCTACGGCAACGAGATCTACGACCTGTTCGTGTCCTCTGCCGG
TCTGGCGCCATGGTGCCCTCTGACCCCGTGGACGGCCCCTACGGCACCCAGATCTACGACCAGGTGGTGGCCTCTGCCGG
TCTGGCGCCATGGTGCCCTCTGACCCCGTGGACGGCACCTACGGCACCCAGATCTACGACACCCTGGTGGCCTCTACCGG

810 820 830 840 850 860 870 880

CTGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGAGGCGTGTCCTCTGACACCCTGGAGGACGCCACCAACAACACCC
ATGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGAGGCCTGTCTCAGGACACCCTGTACCAGGCCACCTCTGACACCC
CTGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGATCTGCCTCTTGTGACACCCTGCTGGACGCCACCAACAACACCC
CTGTGGCTCTGCCTCTGACAAGCTGGCCTGTCTGCGATCTATCTCTAACGACAAGCTGTTTCAGGCCACCTCTGACACCC
CTGTTCTTCTGCCTCTAACAAGCTGGCCTGTCTGCGAGGCCTGTCTACCCAGGCCCTGCTGGACGCCACCAACGACACCC

890 900 910 920 930 940 950 960

CCGGCTTTCTGGCCTACTCTTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCGTGAACATCACCGACGACATGTAC
CCGGTGTGCTGGCCTACCCCTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCACCTTCATCACCGACGACATGTAC
CCGGCTTTCTGGCCTACTCTTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCAA.GAACATCACCGACGACATGTAC
CCGGTGCCCTGGCCTACCCCTCTCTGCGACTGTCTTTCCTGCCCCGACCCGACGGCACCTTCATCACCGACGACATGTTC
CCGGCTTTCTGTCTTACACCTCTCTGCGACTGTCTTACCTGCCCCGACCCGACGGCGCCAACATCACCGACGACATGTAC

970 980 990 1000 1010 1020 1030 1040

GCCCTGGTGCGAGAGGGCAAGTACGCCAACATCCCCGTGATCATCGGCGACCAGAACGACGAGGGCACCTTCTTCGGCAC
GCCCTGGTGCGAGACGGCAAGTACGCCCACGTGCCCGTGATCATCGGCGACCAGAACGACGAGGGCACCCTGTTCGGCCT
AAGCTGGTGCGAGACGGCAAGTACGCCTCTGTGCCCGTGATCATCGGCGACCAGAACGACGAGGGCACCATCTTCGGACT
AAGCTGGTGCGAGACGGCAAGTGTGCCAACGTCCCCGTGATCATCGGCGPICCAGAACGACGAGGGCACCGTGTTCGCCCT
AAGCTGGTGCGAGACGGCAAGTACGCCTCTGTGCCCGTGATCATCGGCGACCAGAACGACGAGGGCTTCCTGTTCGGCCT

1050 1060 1070 1080 1090 1100 1110 1120

CTCTTCTCTGAACGTGACCACCGACGCCCAGGCCCGAGAGTACTTCAAGCAGTCTTTCGTGCACGCCTCCGACGCCGAGA
GTCCTCCCTGAACGTGACGACCGACGCCCAGGCCCGAGCCTACTTCAAGCAGTCTTTCATCCACGCCTCTGACGCCGAGA
GTCCTCCCTGAACGTGACCACCAACGCCCAGGCCCGAGCCTACTTCAAGCAGTCTTTCATCCA.CGCCTCTGACGCCGAGA
GTCCTCCCTGAACGTGACCACCGACGCCCAGGCCCGACAGTACTTCAAGGAATCTTTCATCCACGCCTCTGACGCCGAGA
GTCCTCTCTGAACACCACCACCGAGGCCGACGCCGAGGCCTACCTGCGAAAGTCTTTCATCCACGCCACCGACGCTGACA

1130 1140 1150 1160 1170 1180 1190 1200

TCGACACCCTGATGACCGCCTACCCCGGCGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCCTGAACGCCCTGACC
TCGACACCCTGATGGCCGCCTACACCTCTGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCTTCAACGCCATCACC
TCGACACCCTGATGGCCGCCTACCCCCAGGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCTTCAACGCCATCACC
TCGACACCCTGATGGCCGCCTACCCCTCCGACATCACCCAGGGCTCTCCCTTCGACACCGGCATCTTCAACGCCATCACC
TCACCGCCCTGAAGGCCGCCTACCCCTCTGACGTGACCCAGGGCTCTCCCTTCGACACCGGCATCCTGAACGCCCTGACC

1210 1220 1230 1240 1250 1260 1270 1280

CCCCAGTTCAAGCGAATCTCTGCCGTGCTGGGCGACCTGGGCTTCACCCTGGCCCGACGATACTTCCTGAACCACTACAC
CCCCAGTTCAAGCGAATCTCTGCCCTGCTGGGCGACCTGGCCTTCACCCTGGCCCGACGATACTTCCTGAACTACTACGA
CCCCAGTTCAAGCGAATCTCTGCCGTGCTGGGCGACCTGGCCTTCATTCACGCCCGACGATACTTTCTGAACCACTTCCA
CCCCAGTTCAAGCGAATCGCCGCCGTGCTGGGCGACCTGGCCTTCACCCTGCCCCGACGATACTTCCTGAACCACTTCCA
CCCCAGCTGAAGCGAATCAACGCCGTGCTGGGCGACCTGACCTTCACCCTGTCTCGACGATACTTCCTGAACCACTACAC
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1290 1300 1310 1320 1330 1340 1350 1360
pl  CGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGCCTGCCCGTGCTGGGAACCTTCCACTCTAACGACATCG
P2 GGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGACTGCCCGTGCTGGGAACCTTCCACGGCAACGACATCA
p3  GGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGCCTCCCTATCATGGGAACCTTCCACGCCAACGACATCG
p4  GGGCGGCACCAAGTACTCGTTTCTGTCTAAGCAGCTGTCTGGACTGCCCGTGATCGGCACCCACCACGCCAACGACATCG
p5 CGGCGGACCCAAGTACTCGTTCCTGTCTAAGCAGCTGTCTGGCCTGCCCATCCTGGGCACCTTTCACGCCAACGACATCG
1370 1380 1390 1400 1410 1420 1430 1440
Pl TGTTCCAGGACTACCTGCTGGGCTCTGGATCTCTGATCTACAACAACGCCTTCATTGCCTTCGCCACCGACCTGGACCCT
P2 TCTGGCAGGACTACCTGGTGGGCTCTGGCTCTGTGATCTACAACAACGCCTTCATTGCCTTCGCCAACGACCTGGACCCC
P3  TGTGGCAGGACTACCTGCTGGGCTCTGGCTCTGTGATCTACAACAACGCCTTCATTGCCTTCGCCACCGACCTGGACCCC
P4 TGTGGCAGGACTTTCTGGTGTCTCACTCTTCTGCCGTGTACAACAACGCCTTCATTGCCTTCGCCAACGACCTGGACCCC
PS5  TGTGGCAGCACTTTCTGCTGGGCTCTGGCTCTGTGATCTACAACAACGCCTTCATTGCCTTCGCCACCGACCTGGACCCC
1450 1460 1470 1480 1490 1500 1510 1520
Pl AACACCGCCGGACTGCTGGTGAAGTGGCCCGAGTACACCTCTTCGTCCCAGTCTGGCAACAACCTGATGATGATCAACGC
ip2  AACAAGGCCGGACTGTGGACCAACTGGCCCACCTACACCTCTTCGTCCCAGTCTGGCAACAACCTGATGCAGATCAACGG
p3  AACACCGCCGGACTGCTGGTGAACTGGCCCAAGTACACCTCTTCGTCCCAGTCTGGCAACAACCTGATGATGATCAACGC
pd  AACAAGGCCGGACTGCTGGTGAACTGGCCCAAGTACACCTCTTCGTCCCAGTCTGGCAACAACCTGCTGCAGATCAACGC
p5  AACACCGCCGGACTGTCTGTGCAGTGGCCCAAGTCTACCTCTTCGTCCCAGGCCGGCGACAACCTGATGCAGATCTCTGC
1530 1540 1550 1560 1570 1580 1590 1600
pl  CCTGGGCCTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACGACGCCCTGTTCTCTAACCCCCCCTCGTTCTTCG
ip2  CCTGGGCCTGTACACCGGCAAGGACAACTTCCGACCCGACGCCTACTCTGCCCTGTTCTCTAACCCCCCCAGCTTCTTCG
P 2 CCTGGGCCTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACGACGCCCTGATGACCAACCCCTCTAGCTTCTTCG
P
b

CCTGGGACTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACGACGCCCTGTTCACCAACCCCTCTTCGTTCTTCG
CCTGGGCCTGTACACCGGCAAGGACAACTTCCGAACCGCCGGCTACAACGCCCTGTTCGCCGACCCCTCTCACTTCTTCG

Figure 11-1 Alignment of the genes synthesized by GeneArt and encoding mature

proteins Lipl, Lip2, Lip3, Lipd4 and Lip5 from C- Rugosa

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

PCR consists in the synthesis of a given D N A fragment from a matrix D N A
by means oftwo oligonucleotidic primers surrounding the D N A fragment and a D N A
polymerase PCR leads to an exponential dincrease of the desired D N A fragment
qguantity PCR is held in several successive cycles (approximately 25 c¢ycles), each
cycle will enable to double the gquantity of the desired D N A fragment. Each cycle
includes:

-Dénaturation step at 98°C: formation of single strand D N A



Hybridization step: oligonucleotidic primers will hybridize to matrix D N A
the tem perature of this step is chosen depending on the intrinsic hybridization
temperatures of the tw o primers used

Elongation step, whose duration depends on the polymerase used and the size
of the fragment to be amplified.

In this study, PCR was used to generate single (the expression vector carrying
the wild type gene was used as DN A matrix, i.e. JM P62 pTETF Era EX)and dowuble
(the expression vector carrying single moutated gene woas used as D N A matrix)
mutants of the desired lipase gene The reaction requires the wuse of two reverse
com plementary oligonucleotidic primers of approximately 20-30 bp, carrying the
moutation to be introduced. These oligonucleotidic primers woere synthesized by
Eurogentec Comopany and are summarized in Table II-2 The protocol is schematized
in Figure 11-2
The final volume of  reaction medium wa set to 50 pi and included:

5 to 50 ng of parental D N A

1U Phusion D N A polymerase (N ew England Biolab, 2-4 kbi/min)

100 pmol ofeach oligonucleotide (list provided in Table I11-2.)

deoxyribonucleotides (dNTP): 250 pM each

Phusion Buffer HF 1IX
The conditions used were:

Dénaturation step

Amplification cycles: - ..

Final elongation step
Storage

Temperature Duration

98 °c :
98 °c
b, 5H°C ...
12°C 4
12°C 7
4°c



\éctor containing Dreturation ard Anplification by mutated  Digestion of vector by o , .. Transformetion to
(eneat the cesired positc hybriciztionvith oligonuceotices Edal
(®)
©
O)~>
Figure 11-2. Schematic method for site directed m utagenesis by PCR (adapted from

Bauereta|,2007.PatentNo U S 7176004)

Table 1-2 List of oligonucleotides used for amplifications of D N A by PCR;

Sequence and temperature of hybridization are showed.

The oligonucleotidic primers

are named as follow: CR I, CR3 and CR4 primers were used to generate mutants of
Lipl, Lip3 a Lip4 respectively; suffixes _d and _r stands for direct and reverse
oligonucleotidic primers, respectively The number corresponds to the position
mutated in the mature protein sequence and the following letter is the one letter code
for the am ino acid with which the wild type amino acid was replaced
_ Temperature of

Primers Sequence5’- ¥ hybrl(géz)atlon Use for
Lip aval CGGATGACTAACTCTCCAGAGCG 55.0 Sequencing
CR_296_AM CCGACAACATTGCCGGCTTCGG 72.0
CR3_296A_d  ccAACAACACCCCCGGCGCTCTGGCCTACTC 65.9
CR3I296Alr GAGTAGGCCAGAGCGCCGGGGGTGTTGTTGG 65.9
CR3I1296G Id CCAACAACACCCCCGGCGGTCTGGCCTACTC 65.9
CR3I296G Ir GAGTAGGCCAGACCGCCGGGGGTGTTGTTGG 65.9
CR3 296L~d CCAACAACACCCCCGGCCTGCTGGCCTACTC 65.9
CR3I296LIr GAGTAGGCCAGCAGGCCGGGGGTGTTGTTGG 65.9 Directed
CR41296FId CCTCTGACACCCCCGGTTTCCTGGCCTACC 64.7 mutagenesis
CRA4I296FIr GGTAGGCCAGGAAACCGGGGGTGTCAGAGG 64.7
CR4I1296vId CCTCTGACACCCCCGGTGTCCTGGCCTACC 66.1
CR4I296vIr GGTAGGCCAGGACACCGGGGGTGTCAGAGG 66.1
CR4J296G Id CCTCTGACACCCCCGGTGGCCTGGCCTACC 67.4
CR4I296¢Ir GGTAGGCCAGGCCACCGGGGGTGTCAGAGG 67.4



2.2. Analysis of nucleic acids
2.2.1. Purification of DNA from agarose gels

A fter migration on agarose gel, fragments resulting from either P CR or
enzymatic digestion were purified using the Q iaquick kit gel extraction kit (Q iagen)
following the protocol provided by Qiagen. The visvalization of D N A fragments was
done on a UV -transilluminator light (Safe image by Invitrogen) after direct insertion
of Syber safe (Invitrogen) in the agarose gel

2.2.2. DNA analysis

a) DN A electrophoresis

The separation of D N A fragments was carried out by electrophoresis E

minutes migration at on agarose gel 0-8% w /v for a separation of fragments >

1KB)\n TAE buffer 40mM Tr\'sacetale‘lraM EDTA , pH 8.0-The\oadinghuffer

% glycerol, O.(M'% bromophenol blue, O.M% xylene cyanol) was added to
samoples before their deposit., The standard size marker used was smart ladder (N ew
England Biolabs). D N A fragments were visuvalized with uV A:H'nm) after a ]5
minutes incubation in ethidium bromide 0|5pg/mL)

b) DN A sequencing

Plasmidic D N A obtained after transformation to E. COliofPCR reaction (site
directed mutagenesis) woas sequenced by Beckman Coulter G enomics woith
oligonucleotides CR _296 _A M and lip aval (sequences given above)

¢) DN A quantification

The gquality and quantity of purified D N A was calculated by measuring the
absorbance at 260 and 280 nm on a NanoDr rop ND-1000 Spectrophotometer (T hermo
Scientific, U SA) T he A260nm/A2wnmrat\n allows the estimation of D N A quality:
w hen this ration is inferior to 1.65 or superior to 2, D N A is considered as

contaminated by proteins or RN A, respectively
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2.3. Construction of Expression vectors

a) DN A digestion

For cloning, plasmidic DNA A, corresponding to subcloning vector and insert
was double digested by restriction enzyme (BamH 1 and Avril) according to the
recommendations of the suppliers (N ew England Biolabs).

For transformation to E. CO”,PCR products were digested by D opnl according
to the recommendations of the suppliers (N ew England Biolabs). This enzyme only
acts on the methylated D N A and enables to get rid of the matrix D N A .

For transformation to Y. ||p0|yt|ca, plasmids extracted from E. C0|| woere
linearised by Notl according to the recommendations of the suppliers (N ew England
Biolabs) to getrid of the bacterial part of the expression vector

b) DN A Ligation

The ligation of D N A fragments with cohesive ends was carried out over night

16°
at Cin the presence of 400 units o f T 4 D N A ligase (B iolabs) in the buffer
recommended by supplier (N ew England Biolabs). The insert was added in molar

concentrations 3 to 5 times higher than the vector

24. Construction of expression plasmid and production of Candida rugosa
lipases

Strains and plasmids

Escherichia Coli «iioin o wse ((rocesnnarcoczames a (raczva-srgryu 150 TECA,
endAl hsdRII(ry~, « +» phoA supE44-Ihi-I gyrA96 relA. X); vovivionens was vseg
Y. lipolytica «ein swvi2io. [MATA v so.. leu2-270-LEU2-zeta, xpr2-322,
Up2 mLEU2, Alip2, Alip7, Alp8] (s crees «v w1 2001y wes wses as nost tor

recombinant expression

Plasm ids JM P62-TEF-tlra-£jt was used for expression of recombinant CRL It
contains the ra3d| marker for selection of Ura+transiorm ants in Y. ||p0|yt|ca and
the kanamycin gene resistance (KanR ) for selection in E. CO“.InJMPGZ-TEF-[Ira-

EX,the lipase gene is under the control of the constitutive TEF promoter.
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Construction of expression plasmids

The LIPL-LIPS5S optimized ¢. rugosa\ipase»encoding genes were obtained by G ene
optimizer® method from GeneArt, AG , Germany, from the available sequenced
sequences (SwissProt and G enB ank accession number of proteic and nucleotic
sequences o f CRL LlPl: P20261, X 64703.1; L|p2: P32946, X 64704.1; L|P3:
P329A7‘X66006.1;L|P4:P3294.X66007.1;UP5:P32949.X66081).They woere
synthesised woith B am H | and Avril surrounding restriction sites to facilitate
subcloning.

The GeneArt plasmids containing synthesised LIP1-LIPS5 genes were digested by

Avoril and BamH I, according to the suppliers recommandations (N ew England
Biolabs), and the gene fragments woere purified from agarose gels by Q iaquick
extraction kit (Qiagen) before subcloning into the BamHI/AvrlIl double digested
expression plasmids JM P62-TEF-f/ra-Ex, leading to JM P62-TEF-LipX (where LipX
refers to Lipl to Lip5 of CRL). The plasmids constructed were finally digested by
N otl to liberate the expression cassette, and directly wsed for transformation to Y

||p0|yt|castain JM Y 1212 by the lithium acetate method as previously described (Le
Dali et al. 1994). Selection of U rat+ transformants was performed on Y NBcasabD

plates (Y N B with 2 g of casamino acids/L and 1 g/L glucose)

Construction of expression vectors

The derivative plasmids IJM P62Tef-CRIF2096A, JM P62Tef-CRI3IF20966G6,
JM P62Tef-CR3IF296L, JM P62Tef-CR4A296F, JM P62Tef-CRA4F296V JM P62Tef-
CR4F2966G6, carrying single amino acid changes in the active site gene woere
constructed by site-directed mutagenesis using the Q uikChangem™ site-directed
mutagenesis kit (Stratagene) The technigue used the JM P62-Tef-Cra-.&: double-

stranded D N A vector and tw o synthetic oligonucleotide primers containing the

desired mutation (Eurogentec); each primer is complementary to opposite strands of

the vector T he follow ing forward primers and their com plementary reverse

counterparts were used to construct the variants

CR3F296A for:5'-¢cc¢c AAC AAC ACC ¢ccc¢c G6GG6C GCT CTG G6CC TAC TC-3";

CRS3F2966G6 for; 5'-¢cc¢c AAC AAC ACC ¢cc¢cc¢c GGC GGT CTG 6CC TAC TC-3"
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CRSFZSSLfDr;E'»CCAAC AAAC ACC CCCGGC cT6 ¢cTG G6CC TAC TC-3"
CR4A296F for; 5 - CC TCT GAC ACC CCC 66T TTC CTG 6CC TAC C-38°"
CR4A296V for; 5 - CC TCT GAC ACC CCC 66T 6GTC CTG G6CC TAC C-3"

CR4A2966 !0!;5’»CCTCT G AC ACC CCCGGT 6G6C cCTG GCC TAC C-3"

Expression of variants CRL in Y. Lipolytica

Erlenmeyer flasks (500 m L) containing Y ]JT 2D 5 (50 tnlL total) made of yeast
extract (10 gL 'l), bactotryptone (20gL _1), and glucose (50 gL"1), buffered woith
phosphate buffer (100 m M , pH 6.8) were inoculated with cells pregrown in Y POD
containing of yeast extract (10 gL "1), bactopeptone (10 gtL"1), and glucose (10 gL '"1) at
an initial cell density of 0 D 600=10.2 Stock solutions containing glucose (500 gL '1)

0
Cells were incubated at 28 C1or24huntilcnmpleteglucoseconsumpl\on.Thecells

were removed through centrifugation (10 000 rpm for 10 min). Supernatants were

directly used in reactions

3. Enzyme production and characterisation
3.1, Production of the enzyme in Erlenmeyer flasks

The cultures were inoculated with 1/10 volume of overnight pre-culture in
Y P D medium They were carried out in erlenmeyer flasks with baffles filled to
maximum 1/5 of their total volume with production medium (Y 1T0 or Y TD ). They
were placed at 28 °c¢c under agitation until total consumption of the carbon source (see
below). T he supernatant containing the produced enzyme Woas recovered by
centrifugation (5 minutes 5000 rpm ). For long time conservation, the supernatant was

40

filtered 0on 0.2 pm and store at C- Proteins woere concentrated on Amicon

mem©branes (M illipore) with cut off 10 kD a

3.2. Yeast growth monitoring: consumption of the carbon source
3.2.1. Residual glucose concentration

W hen the culture was carried out in Y T D, 3,5-dinitrosalycilic acid (D N S) was

used to assay residual glucose (Summner and Howell, 1935) One volume of samople
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was mixed with en equal volume of o reagent (see composition below) After 5 minutes
95°

at y 10 volumes of water were added and the absorbance was read at 540 nm A
standard curve for glucose (0 to 2 g/L) was realised

The reagentcontaining D N S:

3, 5 -dinitrosalycilic acid: 10 g/L

Sodium Potassium tartrate: 300 g/L

NaOH: 16 gllL

3.2.2. Oleic acid consumption

W hen the culture was realised in Y T O medium , residual oleic acid in the
supernatant was checked by centrifugation (3 minutes at 13000 rpm ). The culture was
stopped and the enzyme recovered once oleic acid was comopletely consumed (clear

3.2.3. Sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)

Produced proteins were analysed by SDS-PAGE Proteins were denatured (10

10°
minutes at Cin the presence of reducing agent) and loaded on 10% Bis-Tris
NuPAGE® . The migration was done in M O0OPS Dbuffer (50 minutes at 200 V) A fter
migration of proteins, gel was submitted to colloidal blue staining according to

furnisher (Invitrogen)

4. Procedure for enzymatic reactions
4.1. Lipases production

Erlenmeyer flasks (500mL)con(aining 50mL medium Y ]IZOSY]JZDSmade o f
yeast extract (]-OgIL)‘ bactotryptone (209/L)‘ and either oleic acid (309/L) or
glucose (SOgIL)‘buffered with phosphate buffer(lOOmM‘pH 6-8)were inoculated
with overnight preculture grown in Y PD (yeast extract 10g/L‘bactopeplone 109/\.‘
and glucose 10g/L)atan initial cell density ofOD&X): 0-5-Ce\ls were incubated at
28 CC until com plete oleic acid/glucose consumption Cells woere rem oved by
centrifugation (10 000 rpm for 10 min) and supernatants woere directly used in

reactions
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4.2. Enzyme characterization
Sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

Produced proteins woere analysed by $D S-PAGE Proteins woere denatured (10
minutes at 95 °¢c in the presence of reducing agent) and loaded on 10 % B is-Tris
N uPAGER®TQgels The migration Was done in M O PS buffer (50 minutes at 200 V) A fter
migration of proteins, gel was submitted to colloidal blue staining according to

furnisher (Invitrogen).

4.3. Lipase activity assay

Lipase activity in the culture supernatant was determ ined by monitoring the
hydrolysis ofp-nitrophenyl butyrate (p-NPB ) into butyric acid and [7-nitrophenol. The
melhodwasoptim\zedusingZ»melhyl»bulan-Z-uI(ZMQB)assoIvenllnsolubilisep-
nitrophenyl butyrate Lipase activity was measured in 96-well microplates filled with
20 pL of the supernatant containing Lipase, 175 pL ofa 100 m M phosphate buffer pH
7.2 containing 100 m M N acC |l The reaction was started with addition of 5 pL p-NPB
(40 m M in 2M 28 ) and activity was measured by following absorbance at 405 nm at
25 ¢ for 10 min using the VersaM ax tunable microplate reader apparatus (M olecular
Devices, Rennes, France) One unit of lipase activity was defined as the amount of

enzyme releasing 1 pmol of fatty acid per m in at 25 c and pH 7.2.

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

Hydrolysis reactions were carried out at 25 °c¢. in 1.5 m L eppendorf tubes
containing a biphasic medium composed of 1 m L decane containing the methyl esters
of different chain lengths (15 m M of methyl hexanoate (C6), octanoate (C8),
decanoate (C10), lavrate (C12), myristate (C14), palmitate (C 16), stearate (C 18) and
oleate (C 18:1)) and 0.5 m L of aqgueous enzymatic solution. The mixture was shaken
in a Vortex Genie 2 (D Dutscher, Brumat, France) At regular time intervals, the
progress of the reaction was followed by taking samoples from the organic phase after

phase separation by centrifugation Samoples were directly analysed by G C
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Analyses were performed with the 6 C device (6890N, Algilent technologie)

equipped with a capillary HP-5 colummn (30 m length X 0.32 m m internal diameter and
0.25 pm thickness, Variant Inc., U SA ) connected to a FID detector The following
conditions were wused: carrier gas Hwe (25 m I/min), air and hydrogen flow of 300
mL/min and 30 mL/min, respectively, split ratio o f 1/100, injector and detector

temperature of 250 °“¢ and 270 °c, respectively, tem perature programme: 70 ¢ to 75

45, Purification of DHA from fish ol

The reaction was carried out at room tem perature in 1.5m | eppendorf tubes
containing 0.5 m1l of 100 m M Ethy!l Ester of Fish 0il (EEFO ) containing 25% D H A

and 5% EPA and 0.5 ml of aqueous enzymatic solution The mixture was shaken in a

Vortex Genie 2 (D Dutscher, Brumat, France). At regular time intervals, the progress

of the reaction was followed by taking samoples from the organic phase after phase

separation by centrifugation 50 pL of organic phase were taken and dissolved in 450

pL hexane and the free fatty acids (FFA ) were removed by saponification with 500

pL N a0 H IN . The resulting organic phase was analyzed by 6C. G C analysing
equipment is described above The temoperature program used for the ethyl esters
analysis is the following: 180°c for 15 minutes, 180°c to 250¢°¢c at 7 ¢/ min, and

hold for 10 minutes, 250°¢c to 280°¢c at 10 °“c/m in, and hold for 10 minutes.

4.6. Hydrolysis resolution of 2-Bromo-phenyl acetic acid octyl ester

Hydrolysis was carried out in 1.5 m L eppendorf tubes containing a biphasic
medium comoposed of 0.5 m L decane containing the ester (50 m M ) and 0.5 m L of the
aqueous enzymatic solution T he mixture woas shaken in a Voortex G enie 2 (D .
Dutscher, Brumat, France) Reactions woere realized at 25 c . At regular time
intervals, the progress of the reaction was followed by taking samoples after phase

separation by centrifugation (100 pL diluted in I m L hexane)
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4.7. HPLC analysis

The HPLC civice wes ecpippedwith achiral colunm: Chiralpack QJ (25 amix
46 ) (Daicd Cremical Inclstries Lid, Japen) comeded to auv cietector (at 24
mm). A flow rate of 10 mimin ada40 ¢ cdum tenperdure were used The
monlle resewes canpoosed of amixure of nHexanglisoprapend (8020 W)

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

Fom HPLC resuts, enantiomenic eqessss of the substidte (eg) and the
pocdt (e, the total conversion (C) of bath enartioers and Evalues () were
cacuiated s cifined below:

& (%9 =( /)10
eep() =( (% ) o/ ) 10
= -+ *

C=1-|\/ ,/ T )o|" 100

With s a‘cR cxrres&rdrgtotfﬁcxmemaiasofa ad enanomenc Sksrdes
£AVISVR) fora enantioselectty

E=(IRMS) for &= enantioselectivty

With vis ad VR comespondng fo the initial retes of  and « enantiomer
consuption respectively. The initial retes were citemined by linear regyesson.

5. Model building . on 1
A thee dimensional mocdl of Lipd Lipese from ¢, rug0s2 WS CONSHLCtEd

using the program MODELLER inplemented in the HOMOLOGY modle of the
Insightll sute of prograns (Acoelrys, Sen Dego, CA USA) ad the seopence
aanHTV\Mh UP]. |.Ip889ff0fﬂc rugosa.

The lowest energy structLre [recicted using MODELLER wes further refined
sing the CFFOL foroefield implemented within the DISCOVER mocie of Insight
soinare sute (Accelys, Sn Dego, CA USA). For the mnimization, the
(FR1loross tens, ahamonic bond potential, and adeleatric of 10 were ussd An
intial minmization with a restraint on the protein beckoone vies perforred Lsing a
Seanest cescart algonthm followed by conuoeted gradert minimization 3806 until
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the meximum RMS vies less then 05, In a Subsepert s the systemwss fully
relaxed. Calcuiations were perfomred anaSlicon Gigancs 02 workstation

Teraeard intenvedicte mockls were buitt for bah (s, . oo
phenyiaoetic aad octyl ester enartiomers. The sUbstrates were paoed in the acive site
of Lipl and Lipd from C. 0.2 S0 thet they were covalently bound to catalyfic
Ser 6. The covalert infermediates were then minimized using the CFFL forcefield
Implermented within the Discover mockde of Insightll in arder to gererte a low
energy Staring conformation with Suitakde loond diiances and angles. The covalent
docking of the enartiomers wes carmed out Lsing the autoeted fiexible docking
program HexX (Biosolvert) (Kramer & . 1999 Rarey e dl. 19%). All perameters
\iere st to the Sanckrd values s inplemented in Version 311 The docking region
Wies ckefined to enconyoess all frotein amino aaios for which & lesst one heawy dom
\igs located within a65 A racius gonere, whose arigin vies located & the certre of
rmess of catalyic Ser 162, For eech cbadng, the top 30 salutions corespondng o the
et HexX' sores were refained. Visualization and gigncs were cone using PyMol
softvare, (Delang, 2002).

6. Immobilization and Biodiesel production from c. rugosa lipase

6.1. Support for immobilization

aosomtion resn NKA9, AB-s, HIB, DAC20 and NKA were
urctesed from Cherical plart of Nerkai Universiy (Tianjin, Chirg). Pam ol ves
pudnesad fomtheloca merket

6.2. Eirﬁ)ases proﬂggr(l | e chcin e )
enmeyer flasks (500 mi) containing | on mecium (0 L t
mece of yesst etract (5 glL), Pdassun ndogen ogree (KHPO, 10 gl
Magnesium suirete (MgS0.-H0; Ig/L) ad pamoail (1% whv), were inoculated
With ovemight precutiure gcmmnYM (east etract 3¢, malt exract 5 gL,
peptone 5L, adguoose 10g1L) a aninitial cel densty of ODso =02 Cells were
Incubeted @ 30 ¢ for 1201 Cells were removed through certrfugation: (10000 1pm
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for 10 min) and supemetarts were partially purify by fiftration and cialyss &
moleciar weight cut off 10kDa. Latey, lipase wes lyophilized andkegos a4 ¢ until
sedl i reaction

6.3. Lipolytic activity assay

Lypolytic activity wes messLredl by Spectrophotomey methodl using .-
nirophenyl paimtate (ONPP) & subsite and the absarance vies Imeesured
spectrophatometically a 410 rm Qreunt () wes ceined g the amourt of egyne
thet linerated 1pmol of pirophenal permin. (Maia et dl,, 2000)

6.4. Immobilization of lipase

Lipese immobization in nonacueas meda (Gao et ah, 2000); 06 g of
Iyopniized lipese, 1gjof resn and 5 of hetane were mixed unck low Stiming for
12h & tenperdure avoert. The partides were fitered and veshed with hetarne
unoer recloed pressure, andl then ctiedl & room teneratlre.

6.5. Biodiesel production: Enzymatic reactions
Hydrolysis of palm ol

The ergyeiic hycrolysis readions viere carmed ot in Vial uncer megretic
stiming for 48 h, using 3 g of pamall, 5% distlled veter (violl ) and 1 g of

obiized! ppse Sping vere arehgei by HPLC

Transesterification of palm oil and methanol
Transesteication reaction viere: carmed out in vial corfaining 3 gof pdm o
a 1gof 1gof immoblized ipeses uncer rmgﬂcsﬂm for88h & 40°c ad

600 rom stimng. Sanles were centrfuged 13 000 romifor 15 min and upper rese
viere arelyzed by HPLC

Determination of fatty acids content
The fatty aod corterts in the reaction mixtLre Were cuantified Lsing

perfomvence liquid cnometogyaahy (HPLC) and thin layer dvametograny (11%;
(Samkana et ah 2000
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The HPLC civice wes ecuipped with an Apollo Slica cdurm (25 amx 46
) (Alltech, USA) comected to an ELSD citedtor with Nirogen gps equiped. A
fiow rate of 15 mUmin and a40 °c cou teperatlre were Lssd The moble
[ese vias conoosad of amixture of Solution A nf%rempqm: Ethyl acetde:
fomc aad (8:10:10:0.1 viv) and Solution B, Ithexanesformic aad (100: 02 viv)

Protein assay
Protein concentration Wes citemined aooording o the method of micro
lowry. Bovine ssumalouminwes used asastancard (Heldl andl Hurly, 2000)



	CHAPTER III: MATERIAL AND METHODS
	1. Microbiological techniques
	2. Molecular biology techniques
	3. Enzyme production and characterisation
	4. Procedure for enzymatic reactions
	5. Model building
	6. Immobilization and Biodiesel production from C. rugosa lipase


