STUDIES OF LIPASE EXPRESSED IN E.COLI FROM
A CLONED GENE OF A THERMOPHILIC BACTERIUM

AND FROM A SYNTHETIC GENE OF PSEUDOMONAS FRAGI

SITTIRUK ROYTRAKUL

. [ ~

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

(BIOCHEMISTRY)

IN
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY

1996
TH
Svsar
e 261435



A a P ¢ o o a v a
YO INYTUNWUD ﬂ’l‘iﬂﬂlﬂ’ﬂﬂ wasnuiuan L‘ial‘l’mﬂ’l'miﬂuua:ﬂ'mmﬂﬂauﬂu

o « X .
duameveaslawaan Pseudomonas fragi Tuia E.coli

v [ 4
K338 andiny JeEATIna
USgan Ingengasuminiia (ad)
L s
ATINITNNTAILNNINEUNUD Usznda  lnansvia, Ph.D.

L4
ENEND  ENDNA, D.Phil.

17U @IINTH, UT.a.

a

JUAFNTANMIANE 6 AUIAN W.A. 2539

UNAAEA

A e o ¥ < « a el 4 w

fudmivasadulanlawaanuuafilanuanusauaisiug TL71 gn
[ ! All v a & X a a a . . .
danaLtannuALldwanIne puC1s ua:gjnuamaan’luvnaumﬂLiu'ﬁuﬂ Escherichia coli

: Sl o - 3

wuaaleau pUCTL71-1 ansnsaamaiaulanlawauasndteanunueniaaazaaiuamsiaes
&’ =y “\ Y ‘A’ ! = . vc:’ (3 o A‘ ! A’ J aid
wadud3anmge Inniinusiinamimailnidulasniluianilasuueminidsairani
< 4 ! v “Aa P HHa o« %da a o o
Lauvlsnua:auaga\ﬂuﬂaauuﬂuamwﬂ‘ia‘nuaaau ua:ﬂaauuﬂmaamaﬂaamumﬂu A

Vg ! = ﬁll a a & a X ' o a .
MINAADINAANMAUI (Bularn AARAMNLTINTIANIY 276 11 TTanoL activity mad

P al .ope o ' [ o ! a a w a dl °
wiaauiu 68.8% uasit specific activity waiy 11,452 gummauaansuTﬂsmu Wayinns
fé’ v o 3 ¢ ' . ' o
Anmamnvendulsuiilaslseadiumwidngd 100 wuandivwalngnan 100,000 anadu
. . . .. .

WANTUIA 38,000 A1adU tﬁan'lmiwqu'[wﬁa:ﬂia:vluﬂﬁﬁ SDS uluamdsznay uazdl
v 1 » I} v U v 4 1 w
aunuaaly 9021 woulys@usuia 38,000 mamuﬁvlﬂnaenw'znqufwﬁa:ma:vlummuuﬁe

asuaavantAvasdulanlawanavainiida SDS PONAIMNUNUIUURT a"ea;ﬂmn

g [} 1 o ) L} " v L}
Buloslawailiiiu Tuanaidgafisiawa 38,000 aadu Feazimznguiwdunauwalng



! o v ! ‘Ye wa
N1 100,000 e1asu lun1azitud SDS eslifansulonifensuansantidves
= \1 ﬁl '[ ! I v a %Y o . “ C a ol
wulonlawa leanisnasluanavasdvaimmediovniunznannia p-NPP vadulani

' ] U v Yo ' cy ' ' e
aglugulanafisaniaimznaaiwdiunou uanmniisowun Eulasiliien pl i 7.75

waziafinslurae pH 8-12 muwamammmnuwun ulmiliauinielaaia aoangil 45

]
-

avrTaIdisauaznUTigUungi 55 asradzaduwanina 5 u lasdaned activity waa
aﬂaom 65% ud activity voudulaazanasaseTiaisifia auMQAaINT 68 aveiraiTes
A . o - 1L ] = ! L. < ¢
WazdanIFnINGTaY a1neiine activity vaedulmmun activity vaudulonazanas
17% Wiedl PMSF agudluy3unm 10 mM ua EDTARAsnau 10 mM ladinana activity
3 « ! r-% o ‘HI v [ . N 3 « v
vaudulouiag uaasnInasiluaiuaaiinlvesty active site zaodulon wazlumn
EGTA %38 CaCl, ianaianeyu 10 mM Aluiinana activity vaudulan nanimeaas
YWV .y S M b, Se o
Halviiuan dnlaonlawad niamdvuaadanysznavluliana uananideiinanima

' A 7 L W By o .
ABINUAAII activity vDuBUlTNAZINNAUYTZHNH 2 i WWad 4% Triton X-100 n3a 3M

‘ P [l v v '
gi3aNaNDg Uaz activity vandulanazanaaiuind SDS unruNINN 1%

auiudanrendmindulanlawa (JPLip1) HgnaanLmuua:ﬁ’omﬂ:ﬁﬁu
Tﬂaﬁv{uﬁmmnﬁ'}é’unma:ﬁhmam.%a@gTﬂTmmawsﬁ' ﬂ’lﬂﬁ"uﬁ: IFO 3458 u@aNN13AT7
AaLWLN a"w'fuuJauuamﬁué’oLﬂﬂ:ﬁﬁ’enéné’oﬁmwﬁﬂwmﬂaa; Snsniinusiiasnatdii
nMITanuTNEsEudua T JPLp 1 aunsevsleaeiudaa e JPLip 2 fifisgduiua
wmilouty JPLip 1 1uuARinsnatsvenuaRdIuue 156 310 A 1u G uasdumug 172
an T ilu A Somanaedenan ufinansznuasidunteaziluasenlsiawfisonuyuy

Tuausn

v v

aefiudanisn JPLip 2 awnsondalysanludauuaiiFoaiusin

Escherichia coli anawus JM 109 mﬂ'lﬁm‘smqumﬁu lac Z NuuaIunilera

Auduiawme pBluescript SK+  AmduyIuam 12% vasUTumlysdurnanualuaa
a & ayvy <y

Tﬂmu‘nNam'lﬂm:wauaﬂ'lufﬂmwmawmawnaaL'-z'lmu'lmﬂmaaauﬂmmuaﬂ el

Luiana 19,000 anadu imtumnazeslysiuiieanuuuly (14,643 anad) Tantans

PN ¢ ie o ‘X M ' . . v
axiiluasiaulmum-nuaalaloes wasfiddyfe ulsuilagliguilasl activity 3emes



lemfiaulalasnanlya, 9138 uaz CTAB tﬁaa:mmﬁu‘lfnuaanmmnauﬂg'nuuaﬂ WAz

L 1

[J v ‘d ! dld . . a e A"l v 3 ' [3 i [ %
m'lmau‘lfnuﬂugamwnu activity wWan13IIYY 14mmuau‘l‘nuﬂmunizmumsmnma

PR

lasly CTAB azil activity ganniilagSemTanaiaulalaseaslin uazidulonfinuns:

v ‘ ¢ .
vaumsfuanmlasly CTAB azil activity genuaulondudsaiuiiuansasnlas

- - .
APPUSTINTIANTN 3.7 M



Thesis Title Studies of Lipase Expressed in E.coli from a Cloned
Gene of a Thermophilic Bacterium and from a
Synthetic Gene of Pseudomonas fragi

Name Sittiruk Roytrakul

Degree Master of Science (Biochemistry)

Thesis Supervisory Committee
Prayad Komaratat, Ph.D.
Yongyuth Yuthavong, D.Phil.
Worachart Sirawaraporn, Ph.D.

Date of Graduation 6 March B.E. 2539 (1996)

ABSTRACT

The gene encoding extracellular lipase-producing thermophile, TL71, has been
constructed and expressed in Escherichia coli by using pUC18 expression vector with
the lacZ promoter. The pUCTL71-1 clone secreted highly active lipase in the cultivation
medium. The extracellular lipase was purified from the supernatant by sequential
column chromatography on Phenyl Sepharose CL-4B and DEAE-cellulose (DE-52).
The final product, a protein with an Mr of 38,000 by SDS-PAGE, was purified nearly
276-fold from the original cell-free supernatant in a yield of about 69% and the specific
activity of the purified enzyme was 11,452 unit/mg protein. SDS-PAGE and lipase
activity stained gel (zymogram) of purified lipase revealed one enzymatically active
protein band corresponding to a molecular weight of 38,000 Da indicating that the
enzyme was catalytically competent as a monomer, The single subunit of lipase was
capable of aggregation as indicated by presence of >100,000 Da protein on Sephadex
G-100 gel filtration and exhibited lipase activity as measured with the insoluble
substrate, olive oil, and with soluble substrate, p-nitrophenyl palmitate. The isoelectric
point of the lipase, as determined by means of isoelectric focusing, was found to be
7.75. The enzyme had an optimum temperature of 45°C, when olive oil was used as the



substrate. It was stable at a broad pH range of 8 to 12. The enzyme retained 65% of its
total activity even after incubation at 55°C for 5 days. Rapid loss of enzyme activity was
observed above 68°C. Lipase activity was inhibited by 17% in the presence of 10 mM
phenylmethylsulfonyl fluoride (PMSF), and was not inhibited by 10 mM of the
chelating agent ethylenediaminetetraacetate (EDTA), indicating the possible involvement
of a serine residue in the active site of this enzyme. The lipase was neither inhibited by
10 mM ethyleneglycol-bis[-aminoethylether]-N, N, N', N'-tetraacetic acid (EGTA) nor
activated by 10 mM calcium chloride suggesting that a calcium binding site did not
exist. Enzyme activity was significantly enhanced 2-fold by 4%Triton X-100 and 3M
urea, and strongly inhibited by 1% and greater of sodium dodecylsulfate (SDS).

Based on the known (135 residues) amino acid sequences of Pseudomonas
fragi IFO3458 lipase, a 434 bp gene was designed, and assembled from eight synthetic
overlapping DNA fragments. The JPLip1 construct was found to contain a number of
errors. This synthetic gene was therefore corrected. The resulting construct, JPLip2,
has the same nucleotide sequence as JPLip1, except two point mutations at base position
156 (A to G) and at base position 172 (T to A). For expression in bacteria, the lipase-
encoding gene (JPLip2) was inserted into the lacZ gene fragment contained in the small
expression vector, pBluescript SK*, and cloned into the Escherichia coli IM109.
Expression of this construct yielded a protein approximately 19,000 in size, equivalent
to expected protein, with an Mr of 14,643, plus 43 additional amino acids of B-
galactosidase at the N-terminus. It was found that the high-level expression of this
synthetic gene in E.coli JM109 resulted in its cytoplasmic deposition as biologically
inactive and insoluble inclusion bodies, equivalent to 12 % of total cell protein. The
expressed lipase was solubilized from inclusion bodies using either 6 M guanidinium
hydrochloride (GuHCI), 8 M urea or by a cationic detergent, cetyltrimethylammonium
bromide (CTAB). The refolding efficiency resulting in final yield of purified expressed
lipase was in the order of CTAB > urea > GuHCI. The refolded JPLip2 lipase also
showed 3.7-fold greater lipolytic activity than that of native Pseudomonas fragi
IFO3458 lipase.





