2 1DEC 1992

MOLFCULAR CLONING AND EXPRESSION IN E. COLI OF
THE DNA POLYMERASE GENE FROM THERMOSTABLE

THERMUS AQUATICU®

PLEARNPIS LUXANANIL

A THESTS SUBMITTED IN PARTTAL FULFILIMENT OF
THE REQUIREMENTS FOR THE DEGREE OF

MASTER OF SCIENCE

(BIOCHEMISTRY)
[ e o i —
fnuunuINg
N
I \ ® <
P AL AR N I IRV IS N

IN
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY.

1992

20968



o o & v a a . o
ﬂﬂ?"ﬂ1ﬂﬂu5 ATARRDIAS IBDBY ﬂlaulﬂiﬂﬁlﬂﬂliﬁ %QMUHBQNMQU
g . v # ,

NMNIAD  Thermus aquaticus lﬂ’lijl D E. coli

uaznduqunw7uﬁﬂiaannﬂvﬁu

URET IWAuRd Sneaziia
uSgg mgrdrdasumtain (F1108)

o o ¢
AR ATINNTAILAN NN Tiwig
v &
N8 WusBu, Ph.D.
m 3quw7{ﬂ, Ph.D.

Sunani Sanasdnm 22 9AAN W.4, 2535

UNARLD
& o & a ﬁ y { )
(DUTHNR DU LD THR LU L SHINANAN YD Thermus aquaticus #1190

nuRBAMONEY S ma BN AW T L R SE ANE nnsae L RS enal L Su e

o da &€ H o w &
NaDANANDY %vlﬁutnﬂuaqu7s1ﬂﬂuaﬂﬁvqwnvnﬁoﬁﬂunﬁﬁﬁnuﬁ1ﬂﬂuazHﬁvnﬁiuwnﬂﬁu

2
o

o ' | o -1 ' ’ \ ' o
ffaqiiu unluanﬂnaﬁnﬂﬁunavlﬁﬂaﬁﬂﬁqwﬂanvaﬂnianlQWﬂzasﬁvﬂqﬁavgmtﬁﬂ1u

2
(7] LYY

e 4 ' . g,
ut5u1ﬂuﬁﬂvnvﬁi1ﬂ1uwv1uﬂaquu ANULLRDANYITNRAA T4 18I Ut a1 Dudiny

=

a a a 4 6. . o a ' o
uﬂvﬁnwﬁnqzaﬂuﬁﬁnuaa1au1ﬁuiﬁbﬂﬂvﬂzﬂ1n71ﬂl%1uazuU7zﬁnﬁnﬁqunan17waﬂﬂu
2
U LR wauAN 3 1815 A e S Span e o uiiien 5 a8 un158nmilIe L Ran

oo > 4 o & o gl . & §
MNTARADURS ABVEHUA LDU LD INR LMD | 56 AMNLED Thermus aquaticus lﬂﬂél B

o gw %.’:

. o 4 & & v
E. coli URTAIUANNITUNAYEDNTDY fu TN TUEN 1 BU WL S i wianrs Bnmn
wo &u’v. & o o @
qmﬁuun%uduuntnﬂvnaananwiﬂﬂﬁunwslW&Uﬁuwmﬁ1au|aﬁuwaaanﬁaav
cuczl,n' o o & g
Vs S satanend L Sutaeweanae 130 Thermus aquaticus
ATCC 25104 URSW W3 sBuR DU IS 1oL Sedeiioune 2.5 Aiatu Tpis
1ﬁuu%uwm5tSulaﬂuwaaﬁnﬁaavaﬂnnwssﬁwﬁbuavtuﬂ@ﬁuﬂudduﬁduazﬁwanavﬁuﬁ|Su|a
o & 2 3 a o & o a a o 3&"
NG e 1 SHIN A BA L Bu e L dududead e HUALOULDING L4 L SENgN L U San e il
N v ow oo . £ .
Qnuwaﬂauaanuanaunawwn: Bluescribe plus uasuwirgiaas i g coli
. o (-4

BL21(DE3) wu 6 TaTallnavhiduipgnuan (BS-Taq 3, 5, 8, 13, 20 uaz 57)

&

NTATalNgnARIRan 60 TRiail Tas1aTalignuan BS-Taq 57 Wi Suldfunadss



oo o ( o &lg ar
thBY 1980 guempuSamitaa 1 Ans AV iU AD U IS AUAINIUNSURAY BDNE DY FY
gnaaé o VY v oo 6 o0 ¥ § v
Taon73 1 ondaliua 1 AU ING LU LSRR L BUIaWINE DMEXS  uas Ut dg 1 gaA 197
U E. coli JM 107 Wy 5 aTatlinovA 1auiagKEN  (MEX-Taq 3, 18, 25,

o

30 Az 48) A0 63 TATAlWGNARLAAN  TATallgnuAn  MEX-Tag 30 #wnsntf
o &, 2 a 1 o § o
UﬁuwmnavxﬁuiﬂuiéQQﬁv 16960 giadaUSIINIZAd 1 Aas  wAsd oS 1na L
WBunoed 1 5uLo il 1ua L 3aTelnuna 94 ATARAGUANUNUIARTYIEY  UAEANMNS
o N A o b &
widadug o uSuna duldidauSunaiusauianundurgas wuin i dudadou 3.4%
[ §ou o { o Lt [3 v v od
nﬁiuﬂn1au1ﬁu1wu3§wﬁawuwﬁnnwlﬁaﬂweﬁdﬁtﬁﬁnﬁﬂﬂu 17U aadns 2

,
or

5 "] Y [ & o § v v 25
TUABY AD  AULSN lﬂunﬁiuﬂnlauiﬁuaﬂnﬂ1n1Uinuuavlﬂaatqwuwuiﬁﬂﬂﬁﬂawuﬁﬂu
o a y < aad v o o I3 ¢d § w
(75°C, 20unn) uastfuusn  IABASUINNIOSUENNIINNIULDY L DU THNDU L HAR L A
2 Py Y4 & ¢ o & € o w oo
UIUAIY FUNHDY tﬂunwsunnlauiﬂuaanqwnﬁlﬂutanavtﬁaatquﬁuTnuﬂﬂHﬁiﬁﬁiuia
o d N [ W
NTINNILLUAN LUABUYSE33UA  DEAE-sephacel %v15u1ﬁuqzQnuﬂnnanq1nnaauﬁiaﬂ
oo Y a '3 a o '
M5UEITREaNE TMK ANAINLINTUEDY LnAD Tuad L Funnan19a 450 uﬂaiuaﬂﬁlﬁu
W -3 5 ') v ov: 3 Y o (fv 2oy [ § o
fIM LU 1PN uaqunuﬂunuﬂaunaqnﬁﬁw11%u3§nﬁuaa1ﬂﬁunaulﬂuﬂuﬂiuﬁm 16700
a } € o
gunnatﬂaa 1 aas
L '3 fa o 2 o o o a &
aﬂnnﬁsﬁnqumﬂuunuaqLau1ﬂuntnﬂauaqnun13tquﬁuﬁmﬂnaulaiuwaaﬂwﬁ
‘ o . 't o
aakuaﬁanﬁwwLuuﬂzaanwﬁnﬁuﬂunaqlﬁuiﬁuﬁaﬂaqqmwgu 70-75°C  @nWAIN L DU

NIAATS 8.5-9  Ad NI INTuY I nAD Y L RsuwS o Tuuad L Sounan 15aRa L SNy 50

o o L3 ' <, [ '3 v A 9r o 3 o o
AR TNANS uﬂnq7WWQWUﬂﬂﬂlﬂu‘ﬁqugﬂHUBﬁlNﬂﬂQWNLUNﬂUﬁﬂQ!ﬂﬂﬂlﬁu 160 daq

2» o

~ & N [ €y o o o o 2
WA ﬂ17W107UﬂﬂQLﬂu1ﬂ“ﬂ80ﬂ13u“ﬂul%ﬂ“ﬂﬂﬂuﬁQHQUﬂqiwqqquiﬂﬂ“ﬂ?ﬁ“lﬂNﬂUW
« w o oL ¢ ) o e o ¥ . & ¢
tnueduinny 2 UAniNaNg AUB NS RN NIURDDDUSE BUHNN TV N IUY DY LU TEs
a 9+ 5 € &, v 8 o o Y o o €
MﬁaﬂﬂuﬁiﬂﬂﬁtqunﬂiwWwﬁunﬂolDuiﬂulﬁuaﬂuﬁnWU$NWmaﬂaulﬂﬁﬂu 1 AR INAS
8o . & fs & . o & we & ¢
uﬂﬂqqﬂuﬂQWUWWlﬂu‘ﬂ“ﬂlﬂutﬂiﬂﬂLNﬂlﬁﬂUUﬁWﬂqqﬂqmﬁNUﬂﬂDﬂlﬂu‘ﬁ“ Exonuclease

& g o . . [ &
U8t Endonuclease "ﬂqqul£NﬁuUDQﬂﬂlﬁﬂiﬂﬂﬂﬁﬂﬂ?ﬂ 10% nYsw NIUEDN LU TdNay

o o g € ¢a o & & G o a , £ &
Jussaninwionas 1o tmiwAaduilswnin i duigaugifay 18 1 duaik Seazga i

L]

o o 4 &
U5 ANTNIWATIN W IUAVATINLY



Thesis title Molecular Cloning and Expression in E. coli of
the DNA Polymerase Gene from Thermostable
Thermus aquaticus

Name Plearnpis Luxananil

Degree Master of Science (Biochemistry)

Thesis Supervisory Committee
Sakol Panyim, Ph.D.
Wipa Chungjatupornchai, Ph.D.

Date of Graduation 22 October B.E. 2535 (1992)

ABSTRACT

The thermostable DNA polymerase of Thermus aquaticus
(Tag Pol 1I) greatly simplifies the PCR procedure by enabling the
amplification reaction to be performed at higher temperatures. This
thesis aims to clone Taq Pol I gene in E. coli and to partially
purified the enzyme product suitable for the PCR reaction.

The total DNA of Thermus aquaticus ATCC 25104 was isolated.
The Tag Pol T gene were amplified from the total DNA using the primer
pairs. The 2.5 kb Taq Pol I gene was cloned into E. coli BL21 (DE3)
with bluescribe plus (BS+) plasmid. 6 out of 60 transformants were
characterized as the recombinant clones harbouring the Taq Pol I gene
and designated as BS-Taq 3, 5, 8, 13, 20 and 57. The Tag Pol I
product of BS-Taq 57 had the enzyme activity of 1980 U/L of cell
cultures. In order to improve the gene expression, the Tag Pol I

gene was subcloned into pMEX8 plasmid and transformed into E. coli JM



107. 5 out of 63 transformants were characterized as recombinant
clones which were designated as MEX-Taq 3, 18, 25, 30 and 48. The
Taq Pol I product of clone MEX-Taq 30 provided the highest enzyme
activity which was 16960 U/L of cell cultures. Analysis of the total
intracellular proteins of E. coli (MEX-Taq 30) in SDS-PAGE showed an
intense protein band of 94 kDa. This 94 kDa Taq Pol I protein
represents about 3.4% of the total solubilized protein content in the
E. coli cells.

Taq Pol I was purified from E. coli using a  simple
purification scheme in two steps. First, since Taq Pol I protein was
thermostable, any other E. coli proteins was inactivated and
denatured by heating at 75°C for 20 min and then was removed by
centrifugation. Second, the E. coli nucleic acids were removed using
ion-exchange chromatography, DEAE-sephacel. The Taq Pol I protein was
eluted from DEAE-sephacel with 450 mM KC1 TMK buffer. This partial
purified Tag Pol 1 had polymerase activity of 16700 U/L of cell
cultures.

From the characterization of Taq Pol I, the enzyme exhibited
the optimum activity at the temperature in the range of 70—75OC, pH
in the range of 8.5-9, concentration of monovalent cations either KCl
or NaCl at 50 mM while at 160 mM showed the inhibitory effects. The
absolute requirement for Mg++ as the divalent cation cofactor at the
optimum concentration was 2 mM whereas Mn++ displayed the inhibitory
effect or to a lesser extent at 1 mM. The Tag Pol I enzyme lacks of

exonuclease or endonuclease activity. More than 10% glycerol in the



total PCR reaction decreased the activity of Taq Pol 1. Without
adding any stabilizers, Tagq Pol I could be stored at room temperature
(25-30°C) for a week with the loss of approximately a half of

activity.





