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A gene coding for a thermostable DNA polymerase I (Tth Pol I) was cloned from Thermus thermophilus
HBS, and its nucleotide sequence was identified. The Tth Pol I gene (pol4) has an open reading frame of 2505
base pairs available to encode a peptide of 834 amino acids. Another incomplete open reading frame was also
found upstream from the pol4 gene. In the deduced amino acid sequence of Tth Pol I, which shows 87% simi-
larity to that of Thermus aquaticus DNA polymerase, there is the leucine zipper structure from Leud58 to
Leud86. The Tth Pol I gene was subcloned in a high-expression vector. Escherichia coli cells harboring the
hybrid plasmid produced about 100,000 units of thermostable DNA polymerase in a 200-ml culture.

DNA polymerase from thermophilic bacteria is highly
useful in the polymerase chain reaction (PCR) method (1).
Previously, a DNA polymerase (Tag Pol I) was purified
from Thermus aquaticus (2), and its gene was cloned,
sequenced, and expressed in Escherichia coli (3). Another
thermostable DNA polymerase 1 (Tth Pol I) was purified
from Thermus thermophilus HB8, and has been shown to
be useful in the PCR method (unpublished results). In this
work, we cloned the Tth Pol I gene (po/4) and expressed it
in E. coli cells. The nucleotide sequence of the pol4 gene
was identified and compared with those of other known
genes. The cloned gene and the production system will be
useful for the study and application of this enzyme.

MATERIALS AND METHODS

Bacterial strains and plasmids T. thermophilus HBS
(4), a generous gift from Dr. Tairo Oshima (Tokyo In-
stitute of Technology), was used as the source of Tth Pol I
and its gene. The following bacterial strains and plasmids
were used: E. coli strains JIM109 (recAl A(lac-pro) endA 1
gyrA96 thi-1 hsdR17 supE44 relAl, ¥ traD36 proAB)
(5), and KP3998 (F~- hsdS20 (rg~ mg~) ara-14 proA2
lacl? galK2 rpsL20 xyl-5 mit-1 supE44 27) (6); and plas-
mids pUC 18 (7), pUCI9 (5, 7), and pKP1500 (6). E. coli
KP3998 and pKP1500 were a generous gift from Dr.
Takeyoshi Miki (Kyushu University). T. thermophilus was
grown at 75°C on a medium containing tryptone (20 g),
yeast extract (10 g), and NaCl (10g) in 1 / (pH 7.2); E. coli
was grown at 37°C on Luria-Bertani medium (8) contain-
ing ampicillin (50 ¢g/ml, when necessary).

Enzymes and chemicals Purified Tth Pol I, restric-
tion endonucleases, and other enzymes for DNA manipula-
tion were obtained from Toyobo Co. Ltd. (Osaka). Taq
Pol I was purchased from Takara Shuzo Co. Ltd. (Kyoto).

DNA manipulation and transformation Prepara-
tion of plasmid DNA, enzyme reactions, and transfor-
mation of E. coli cells was carried out as described by
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Maniatis et al. (8).

Preparation of primers and probe DNA Partial
amino acid sequences of Tth Pol I were identified by au-
tomated Edman sequencing of peptide fragments ob-
tained by digestion with Achromobacter protease I. To
prepare probe DNAs by the PCR method (1), the fol-
lowing DNA primers were prepared: primer 1 (5-
ATGAGGGGGATGCTGCCCCTCTTTGAG-3Y), encoding
the N-terminal sequence of Taq Pol I (3); primer 2 (5-
GACATCCACACGCAGACCGCCAGCTGGATGTTC-
3, encoding an amino acid sequence of Tth Pol I iden-
tified in this study (Asp-Ile-His-Thr-Gln-Thr-Ala-Ser-X-
Met-Phe), which is almost the same as that of Taq Pol I
(Asp637-Ile-His-Thr-Glu-Thr-Ala-Ser-Trp-Met-Phe) (3);
primer 3, the anti-sequence of primer 2; primer 4 (5-
GTCGGCGGCGGTGCCCTG-3), the anti-sequence of
the Taq Pol 1 sequence (GIn754-Gly-Thr-Ala-Ala-Asp)
which is identical to the E. coli Pol 1 sequence (3); and
primer 5 (5-TCACTCCTTGGCGGAGAGCCA-3Y), the
anti-sequence of the Taq Pol I sequence that encoding its
C-terminal region including the stop codon. Among these
primers, two pairs (primers 2+4 and primers 2+5) were
able to amplify DNA fragments (about 370 and 570 base
pairs (bp), respectively) which seemed to originate from
the Tth Pol I gene under the following PCR conditions: a
reaction mixture (0.1 ml) containing 0.3 xg genomic DNA,
1 #M each primer, 0.2 mM each dNTP (dATP, dCTP,
dTTP, dGTP), 10 mM Tris-HCI (pH 8.8), 1.5 mM MgCl,,
0.1 mg/ml gelatin, and 2.5 units Taq Pol I, was incubated
for 30 cycles of 2 min at 92°C, 3 min at 50°C, and 2 min
at 72°C using the Program Temperature Contro! System
PC-700 (Astec Co. Ltd., Fukuoka).

The 370-bp DNA probe (probe A) was found to be
divided into two parts with a similar size by HindIII di-
gestion. We cloned the two parts separately by the follow-
ing procedure. The 370-bp DNA fragment was inserted
into the Smal site of pUCI19, and the resulting hybrid
plasmid was cut into two parts by HindIII digestion. The
longer part was self-ligated into the plasmid pUCI19-SH,
and the shorter one (about 190 bp) was inserted into the
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FIG. 1. Scheme for the construction of a Tth Pol I high-expression plasmid, pLED-NS. Restriction sites are abbreviated as follows: B,

BamHl; E, EcoRl; H, HindlIl; HII, Hincll; N, Ndel; P, Pstl; Xb, Xbal; Xh, Xhol.

Hindlll site of pUC19, resulting in the plasmid pUCI9-
HH. Probe Al was obtained as the 180-bp Xbal-HindlII
fragment of pUCI19-SH, and probe A2 was the 180-bp
HindIll-Ps¢l fragment of pUCI9-HH. These probes
were used for cloning the Tth Pol I gene.

Cloning of Tth Pol I gene Chromosomal DNA of T.
thermophilus HB8 prepared by the method of Saito and
Miura (9) was digested with HindIII. After agarose gel elec-
trophoresis (8) of the digested DNA, fragments of about
2.8 kilo base pairs (kb) and 3.2 kb that hybridized with
probe Al and probe A2, respectively, were recovered from
the gel by the method of Vogelstein and Gillespie (10)
using a Geneclean kit (Bio101 Inc.). The DNA fragments
were ligated with pUCI19 that had been digested with
Hindlll, and the ligated DNA was introduced into E.
coli IM109. The plasmid DNA obtained from the ampi-
cillin-resistant transformants were analyzed by hybridiza-
tion with probe Al and probe A2, and positive plasmids,
pl-100 and p5-7, which hybridized with probe Al and
probe A2, respectively, were obtained. The inserted 2.8-kb
HindIll fragment of p1-100 was ligated with a modified
p5-7, which was prepared by digestion of p5-7 with Ps¢I
to shorten the inserted fragment from 3.2 kb to 1.5kb,
religation, and then digestion with HindIII. The hybrid
plasmid thus obtained was named pUPL!. The 2.8-kb
Hindlll fragment of p1-100 was also ligated with another
modified p5-7, which was prepared by digestion with
Xhol and Sall to shorten the inserted fragment to 0.5 kb,
religation, and then digestion with HindIII. This plasmid
was named pUPL3.

Subcloning of Tth Pol I gene The following proce-
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dures are illustrated in Fig. 1. A 4.3-kb Xbal-Hincll frag-
ment of pUPLI was ligated with pUCI8 that had been
digested with Xbal and Hincll. The resulting hybrid plas-
mid (pUPL12) was digested with Kpnl and Xbal, the up-
stream region of the Tth Pol I gene was shortened by digest-
ing with exonuclease III and then mung bean nuclease.
One of the shortened plasmids was named pUPL1253,
which was the shortest one containing the whole Tth Pol
I gene.

To increase the expression level of the Tth Pol I gene
in E. coli, the gene was inserted in a high-expression
vector, pLED-MI1, which was derived from pKP1500
(6) in our laboratory, as shown in Fig. 1. An N-terminal
part of the coding region of the Tth Pol I gene was am-
plified by the PCR method (1) using the primers of 5-
GGCATATGGAGGCGATGCTTCCGCTCTT-3' and 5-
GTCGGCGGCGGTGCCCTG-3'; by the former primer,
the Ndel site was introduced overlapping the initiation
codon. 2.3-kb fragments of the PCR products were ob-
tained by agarose gel electrophoresis as described above,
the 5-ends were phosphorylated by polynucleotide kinase,
and the terminal single-stranded regions of the fragments
(if present) were filled in by the Klenow fragment. The
2.3-kb DNA fragment containing the N-terminal part
of the Tth Pol I gene was inserted into the Smal site of
pLED-MI1, and the resulting plasmid (pLED-PC) was
digested with Ndel, religated, then digested with BamHI
and religated again to yield the plasmid pLED-NB. The
remaining C-terminal part of the Tth Pol I gene was
obtained as the BamHI fragment of pUPL3, and was
inserted into the BamHI site of pLED-NB to yield the
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TCTAGAGGAAGCATGAGCCTGACCCTGGCAGACAAGGTGGTCTACGAGGAGGAGATCCAGAARAGCCGCTTCATCGCCAAGGCGGCCCCCETGGCCTC GGAGGAGGCC 111
S R G 8 N 8 L T L ADI KV YV Y R R R I Q K S RPF I AXARAAUPV A S E R A

TTGGCGTTTTTGGCCGAGARCCGGGAGCCTGAGGCCACCCACARCGGCCACGCCTACARGATCGGCCTCCTCTACCGCTTCTCTGACGACGGGGAGCCCTCGGGCACCGCA 222
L A F L AR NRZRPZERAT HENGU HEANYXTIGULILYUZRTFSDUDGZE2UP S G TARA

GGCAGGCCCATCCTCCACGCCATAGAGGCCCAGGGCCTGGACCEGGTGGCGGTCCTGGTGGTGCGCTACTTCGGC! AGCTCGGGGCC TTGTGCGGGCC 333
G R P I L B A I R A QG L DU RV AV LV V RYVP¥ GG V KL GA G G L V RA

TAC TGGCGGC “CTTAAGGCGGGCGCCCARGGTCCCCTTGG TGGAGCGGGTGGGGCTCGCCTTCCTCGTGCCCTTCGCCGAGETGGGCCGGGTCTACGCC 444
Y 6 GV A AR AL RRANMEPIKVUZPDLLVZERYGLNAMNTFULV P FAZEVYVYGRYV Y A

CTCCT CCGCGCCCCTGAA CGAGGAGACCTACRCCCCGGAGGCGTGCGCTTCGCCCTCCTCCTCCCCRAGCCCGAGCGGGAAGGTTTCCTCAGGGCGCTCCTG 555
L L E A R AP EG R GD UL EP GG V R VF¥ AL ULDLPXKUPUZET RUZERGTF L RALTL

GACGCCACCCGGGGACAGGTGGCCCTGGAGTAGGATGGAGGCGATGCTTCCGCTCTTTGAACCCAARGGCCGGGTCCTCCTGGTGGACGGCCACCACCTGGCCTACCGCR 666
D A TR G Q VA L E * M EANILZPTULUVF®ER P KGRV L L VDG EUETLA ATYRT

CTTCTTCGCCCTGAAGGGCCTCACCACGAGCCGGGGCGAACCGGTGCAGGCGGTCTACGGCTTCGCCAAGAGCCTCCTCAAGGCCCTGAAGGAGGACGGGTACAAGGCCGT) 171
¥ P AL X 6 L T T 8 R G R P V O A V Y G F A K S L L KAULIKTEUTDTGYKAWV

CTTCGTGGTCTTTGACGCCAAGGCCCCCTCCTTCCGCCACGAGGCCTACGAGGCCTACAAGGCGGGGAGGGCCCCGACCCCCGAGGACTTCCCCCGGCAGCTCGCCCTCAT] 888
F VV ¥ DAK AP S F R EEATYZEAY XK AGRAPTU®PZEDTFU?PURUQQULAILI

CAAGGAGCTGGTGGACCTCCTGGGGTTTACCCGCCTCGAGGTCCCCGCCTACGAGGCCGACGACGTTCTCGCCACCCTGGCCAAGARGGCGGARAAGGA 999
K B L VD LUL GF T RULIRV P G Y EADDUV L ATLAI KT KA RAKTEIKTEGTYZERV

GCGCATCCTCACCGCCGACCGCGACCTCTACCAACTCGTCTCCGACCGLGTCGCCGTCCTCCACCCC “CACCTCATCACCCCGGAGTGGCTTTGGGAGAAGTACGH i110
R I L ™ ADURUDUL Y QL V $ D RV AV L BREPUEREGH B UL ITUPIZRUWILWEZXTYG

CCTCAGGCCGGAGCAGT GGG TCGGACTTCCGCGCCCTCGTGGGGGACCCCTCCRACAACCTCCCCGGGGTCARAGGGCATCGGGGAGAAGACCGCCCTCAAGCTCCTCAAGGH 1221
L R P £E Q WV DVF RALUV GD P S DKXKILUPGV K G I G E KT ATLIKTLTLKTE

GTGGGGAAGCCTGGAAAACCTCCTCAAGAACCTGGACCGGGTAAAGCCAGARAACGTCCGGGAGAAGRT CAAGGCCCACCTGGAAGACCTCAGGCTCTCCTTGGAGCTCT 1332
W &6 8 L ® N L L K N L DRV K P RDNUVR RTEIKTIIKAMNLMETLTEDTLURTIUILSTULETLS

CCGGGTGCGCACCGACCTCCCCCTGGAGGTGGACCTCGCCC >CCGACCH TTAGGGCCTTCCT GR TGGAGTTCGGCAGCCTCCTCCA 1443
R VR T DL P L BR V DL AOQGRTEU®PUDU RIEGTILU®RATFTILZERURILZEETFSGSULILHEH

CGAGTTCGGCCTCCT CCCCGLCCCCC CCCCTGGCCCCCGCCGGAAGGGGCCTTCGTGGGCTTCGTCCTCTCCCGCCCCGAGCCCATGTCGGCGGH 1554
B F G L L X A P AP LU ETEALPUWUP PP R GAUP¥ V GF VL S RUPUZERUPNMNWATE

GCTTAARGCCCTGGCCGCCTGCAGGGACGGCCGGGTGCACCGGGCAGCAGACCCCTTGGCGGCGCTARAGGACCTCARGGAGGTCCGGGGCCTCCTCGCCAAGGRCCTCG] 1665
L KA L AAMNMGCRDGRY HRAADZPULAGLI KD DTLIXZ ERVHZ RGULILAIZK KD DTULA

CGTCTTGGCCTCGRAGGGAGGGGCTAGACCTCGTGCCCGGGGACGACCCCATGCTCCTOGCCTACCTCCTGGACCCCTCCARCACCACCCCC! TGGCGCGGCGCTA 1776
vV L A 8 R R G L DL VP G DD P M L LAY L LD P S NTTUPUZEEGVART RY

CGGGGLGGAGTGGACGGAGGACGCCGCCCACCGGGLCCCTCCTCYC GA TCCATCGGAACCTCCTTAAGCGCCTCH AGAA: TCC‘ITTGGCTCTACC% 1887
G G E W TEDAAUERUTRALIULSTERTULUBEBERUPNILTZLI KT RILTETGT ETEIZ KTLTLUWILYH

CGAGGTGGAARAGCCCCTCTCCCEGGTCCTGGOCCACATGGAGGCCACCGGGGTACGGCGGGACGTGGCCTACCTTCAGGCCCTTTCCCTGGAGCTTGCGGAGGAGATCCH 1998
R V E X P L 8 RV LAUHEMNTEARAT GV RRIDV A YPQALSTILTEIE@EATZRTETIR

CCGCCTCGAGGAGGAGGTCTTCCGLTTGGCGGGCCACCCCTTCAACCTCAACTCCCGGGACCAGCTGGAAAGGGTGCTCTTTGACGAGCT TAGGCT TCCCGCCTTGGGGAN 2108
RIIIVI‘REAGBPFNENSRDQLIRVLPDILRLPALGK

GACGCAAAAGACAGGCARGCGCTCCACCAGCGCCGCGGTGCT “CCTACGGGA CCACCCCATCGT GAAGATCCTCCAGCACCGGGRAGCTCACCAAGCTCAN 2220
T @ KT GG K R 8 T S A AV L R A LIRZEEAUBHB?®P I VZEZXTIULOGQH B I RTEULTIKITLK

GAACACCTACGTGGACCCCCTCCCAAGCCTCGTCCACCCGAGGACGGGCCGCCTCCACACCCGCTTCARCCAGACGGCCACGGCCAC! TCCGACCG 2331
N T Y VD PULUP S L V B P RTGRULABT RUPFPFNQTA AT AT GI RILSS S D P

CAACCTGCAGAACATCCCCGTCCGCACCCCCTTGLGCCAGAGGATCCGCCGGECCTTCCTGGCCRAGGCGGGTTGGGCGTTGGTGGCCCTGGACTATAGCCAGATAGAGCT] 2442
N L Q@ N I PV R TP L G QQURT1I RRAMPFV ARAGHWAMNMILVYATLDYS QIR L

CCGCGTCCTCGCCCACCTCTCCGGGGACGAARACCTGATCAGGGTCTTCCAGGAGGGGAAGGACATCCACACCCAGACCGCARGCTGGATG T TCGGCGTCCCCCCGGA 2553
R VL A B L S GDERDNULTIRVYTFQQZRGK D I B T Q T A S WM F G V P P R A

CGTGGACCCCCTRATGCGCCGGGCGGCCARGACGGTGARCTTCGGCGTCCTCTACGGCATGTCCGCCCATAGGCTCTCCCAGGAGCTTGCCATCCCCTACGRGGAGGCGGT] 2664
y Db P L M R R A A KT V NTF G V L Y G N S A HR UL S Q E L A I P Y B R AV

GGCCTTTATAGAGCGCTACTTCCRAAGCTTCCCCARGGTGCGGGCCTGGATAGAAAAGACCCT GGAGGGGRGGAMCGGGGCTACGTGGMACCCTCTTCGGMGMd 2715
A F I E R Y F Q 8$ F P X V R A W IR KTIULZERZEGU RIKURBRTGYV ETULT F G R R

GCGCTACGTGCCCGACCTCAACGCCCGGGTGAAGAGCGTCAGGGAGGCLCGCGGAGCGCATGGCCTTCAACATGCCCGTCCAGGGCACCGCCGCCGACCTCATGAAGCTC! 2886
R ¥ vV P DL NA RV K S V RERAAMAEIRMAMTPFNNPRV Q GTAAMAMDILMNKTE KTLARA

CATGGTGARGCTCTTCCCCCGCCTCC T CCGCATGCTCCTCCAGGTCCACGACGAGCTCCTCCT CCCCCAAGCGCGGGL AGGT GGJ 2997
M VvV X L F P R L R E N G A R MK L L Q V B D E L L L ERAUPOQAR E K Y A A
TTTGGCCAAGGAGGCCATGGAGAAGGCCTATCCCCTCGCCCTGCCCCTCGAGGCTGGAGGTGGGGAT TGGCTTTCCGCCAA *CCTGCCGT 3108
L A X B A NE KA Y P LAV P L EV EV G M GRDWIL S A K G P

TTAGAGGAAGTTCAN TT CCTCAGAARCGCCTCC ACGCCCTCTGGGCCTACCA CTT SCCCAAAGGTGCGGGTGAAGGCTTCCAGGCCCTG 3219

e 3221
FIG. 2. Nucleotide sequence of the Tth Pol I gene. The nucleotide sequence was identified for both strands. The amino acid sequences
deduced from the nucleotide sequence are also shown below. The amino acid sequences, which are identical to the sequences determined by
automated Edman sequencing of peptide fragments of the purified enzyme (Ser-Leu-Thr-Thr-Ser-X-Gly-Glu-Pro-Val-Gin-Ala-X-Tyr and
Asp-lle-His-Thr-Gin-Thr-Ala-Ser-X-Met-Phe-Gly-Val-Pro-Pro-Glu-Ala-Val-Asp-Pro-Leu-Met), are underlined. The region coding for Tth
Pol I is boxed, and the five leucine residues forming the leucine zipper structure are outlined in black.
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FIG. 3. Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis. Electrophoresis was done according to the method of Laemmli
(19). The volume of crude cell extract applied was 10 ul each. Pro-
tein bands were stained with Coomassie Brilliant Blue R250. Lane
1, Marker proteins; lanes 2-4, crude cell extract before heat treat-
ment; lanes 5-7, supernatant of heat-treated crude cell extract; lanes
2 and 5, E. coli KP3998 harboring pLED-M1 (negative control);
lanes 3 and 6, E. coli KP3998 harboring pLED-NS; lanes 4 and 7, E.
coli JM109 harboring pUPL1253; lane 8, purified Tth Pol I (Toyobo;
40 units).

plasmid pLED-NS.

Preparation of crude enzyme solution E. coli cells
obtained from 200-ml culture were suspended in 10 ml
50 mM Tris-HCl (pH 7.5) containing 1 mM EDTA and
2.4 mM phenylmethanesulfonyl fluoride, and disrupted by
sonication. The supernatant obtained by centrifugation
(crude cell extract) was heated at 75°C for 30 min, centri-
fuged, and used as a crude enzyme solution.

Enzyme assay DNA polymerase activity was meas-
ured at 75°C for 30 min in an assay mixture (50 gl) con-
taining 67mM Tris-HCl (pH 8.8), 16 mM (NH,),SO,,
6.7 mM MgCl,, 0.2 mM each dATP, dGTP, and dCTP,
0.2mM [HJ-dTTP (5 ¢Ci/mmol), 1 g M13mp19 single-
stranded DNA, 10 pmol P7 primer, 10 mM mercaptoeth-
anol, 5 mg/ml bovine serum albumin, and enzyme solu-
tion (5 #I). Reactions were stopped by chilling on ice and
adding 50 #l 0.2 M sodium pyrophosphate and 0.1 ml 1
M perchloric acid, and the mixture was then incubated
at 0°C for more than 10 min. Precipitated DNA was col-
lected on GF/C filter discs, and washed with 0.1 M HCI
(4 ml), then 95% ethanol (2 ml), dried, and counted. One
unit of enzyme activity corresponds to 10nmol of the
deoxynucleotides incorporated in 30 min.

RESULTS AND DISCUSSION

The polA gene of T. thermophilus was found to be
divided into two parts by HindIIl digestion, and we
deduced that a 2.8-kb HindIIl fragment and a 3.2-kb
HindIII fragment of the chromosomal DNA were likely
to contain the N-terminal and C-terminal halves, respec-
tively, of the gene (data not shown). As there were no other
restriction fragments suitable for cloning the polA4 gene,
we decided to clone these two HindIIl fragments sepa-
rately and to assemble the full-length gene. The cloned
fragment in pUPL1 was sequenced by the dideoxynucleo-
tide chain-termination method (11), and the results are
shown in Fig. 2. There is an open reading frame of 2505
bp available to encode a peptide of 834 amino acids (M,
94,048). The nucleotide and deduced amino acid sequences
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of the cloned Tth Pol I gene show high similarity (85%
and 87% identities, respectively) to those of the Taq
Pol I gene (3). Hence, Tth Pol I is a member of family A
DNA polymerases (12), which include E. coli DNA poly-
merase I (Pol I) and Taq Pol I.

In addition to the polA gene, there is another incom-
plete open reading frame which starts beyond the 5-termi-
nal of the sequence shown in Fig. 1 and ends at the stop
codon (TAG) one bp upstream from the initiation codon
of the polA gene. The deduced amino acid sequence of the
incomplete open reading frame, which is also found in the
upper region of the Taq Pol I sequence (3), shows 33.8%
identity (195 amino acids overlap) to that of a putative
X-Pro dipeptidase encoded in the pepQ gene of E. coli
(13); this similarity was confirmed to be significant by
the method of Pearson and Lipman (14).

In the amino acid sequence of Tth Pol I (Fig. 2), the
leucine zipper structure, a periodic repetition of leucine
residues at every seventh position (15), is found from
Leud58 to Leud86 showing the periodic array of five leu-
cine residues. The same structure is also found at the
corresponding positions in the sequences of Taq Pol
I (Leud56 to Leud84) (3) and E. coli Pol I (Leu552 to
Leu580) (16), though the second Leu is replaced by Val in
the structure of Taq Pol I and the fourth Leu is replaced
by Ile in that of E. coli Pol I. The tertiary structure of the
large fragment (Klenow fragment) of E. coli Pol 1 (17)
shows that the first three Leu residues are on helix H. The
leucine zipper structure has been found in DNA binding
proteins and is thought to facilitate dimerization (15, 18).
As these DNA polymerases are monomeric molecules, the
leucine zipper structure may have another function for
DNA-related enzymes.

The crude enzyme solution prepared as described under
Materials and Methods from E. coli IM109 cells harbor-
ing pUPL1 exhibited very low DNA polymerase activity
(about 40 units/ml culture). To increase the expression of
the Tth Pol I gene, the upstream region was shortened
from 700 bp to 100 bp by exonuclease digestion, resulting
in the plasmid pUPL1253 (see Fig. 1). By using this plas-
mid, the production level was increased to about 300
units/m! culture. To further increase the expression level
of the gene, the plasmid pLED-NS (see Fig. 1) was pre-
pared as described under Materials and Methods. E. coli
cells harboring pLED-NS produced an increased level of
heat-stable polymerase activity (about 500 units/ml
culture). Figure 3 also shows that the expression level
of the pLED-NS system is higher than that of the
pUPLI1253 system, although the level is still much lower
than that of glucose dehydrogenase genes (20) inserted
in a similar high-expression vector. It seems that overpro-
duction of Tth Pol I is somewhat harmful to E. coli.
Nevertheless, compared to the original system of T.
thermophilus (unpublished results), this expression system
has advantages in the high expression level (about 10
times larger). In addition, Fig. 3 shows that heat treat-
ment effectively facilitates the purification of thermo-
stable Pol I by removing other heat-labile proteins in the
crude cell extract. We believe that this system will be a
good source of enzyme for the study and application of
Tth Pol 1.
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