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The Stoffel DNA fragment, shortened by 12 bp from 5' end, coding for Stoffel DNA
polymerase (missing 4 amino acids at N-terminus of Stoffel amino-acids sequence)
from the thermophilic Thermus aquaticus (strain YT-1) was amplified, cloned and ex-
pressed in Escherichia coli. The recombinant Stoffel fragment contained a polyhisti-
dine tag at the N-terminus (21 additional amino acids) that allowed its single-step iso-
lation by Nz affinity chromatography. The enzyme was characterized and displayed
high DNA polymerase activity and thermostability evidently higher than the native

Tag DNA polymerase.

DNA polymerase from Thermus aguaticus
(Tag DNA polymerase) is an enzyme that is of
very considerable biological, technological,
and economic importance [1-3]. Like DNA po-
lymerases from other organisms, it is the cen-
tral participant in the replication of genetic in-
formation with great fidelity; unlike similar
enzymes from mesophilic organisms, it car
ries out this function at elevated tempera-
tures [4]. It is also widely used in the po-
lvmerase chain reaction (PCR) experiments
[5]. PCR occupies a central role in the technol-

ogy of molecular biology and has over the past
few years become an indispensable tool in the
laboratory [6). According to classifications of
DNA polymerases based on sequence similari-
ties, Tag polymerase is a member of the group
of other bacterial DNA polymerases including
DNA polymerase I from Escherichia coli [T-9].
As predicted from the DNA sequence, the pro-
tein chain of Tag consists of 832 amino acids,
and a molecular mass of 93925 Da [10]. Tag
DNA polymerase has neither measurable 3'-5
exonuclease activity nor any amino-acid ho-
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mology in the region of other DNA po-
lymerases showing 3'-5' exonuclease activity
[10]. In contrast, Tag has 5'-3' exonuclease ac-
tivity and its N-terminal region (residues
1-300) shows extensive amino-acid similarity
to the putative 5'-3' exonuclease region of E.
coli Pol T and several other Pol I family mem-
bers and related phage exonucleases [10-12].
Deletion of the 289 N-terminal amino acids of
the native Tag polymerase preparation (832
amino acids) results in a 61 kDa active frag-
ment, the so-called Stoffel fragment, that
lacks any intrinsic 5'-3" exonuclease activity
(< 0.00001 pmol/s per pmol enzyme), but its
thermostability is approximately twice as high
as that of the native Tag DNA polymerase
(half-life at 97.5°C of 20 min and 10 min, re-
spectively) [10]. Another important advan-
tage of the Stoffel fragment over the native
Taq polymerase is a broader range of magne-
sium ion concentrations (2-10 mM) optimal
for the polymerase activity. The lack of 5'-3°
exonuclease activity improves the amplifica-
tion of circular templates (e.g., plasmid DNA).
The higher thermostability allows to apply
higher denaturation temperatures in PCR cy-
cles, which is particularly important for the ef-
ficient amplification of fragments with the
high proportions of GC and complex secon-
dary structures. The higher range of magne-
sium concentrations over which the Stoffel
fragment is active might contribute toward
improving PCR methods and it might also
prove useful in the simultaneous amplifica-
tion of different fragments in a single tube
(multiplex PCR).

More than 50 DNA polymerase genes have
been cloned from various organisms, includ-
ing thermophiles and archaea, and se-
quenced. The tags, either N- or C-terminal,
consisting of consecutive histidine residues
binding selectively to immobilized Ni®* ions,
were used by Hochuli et al. [13] for purifica-
tion of recombinant proteins. The expressed
fusion proteins were recovered with the pu-
rit%' of more than 90 in a single step using a
Ni““-nitrilotriacetic acid (NTA) adsorbent and

elution at low pH, or by competition using imi-
dazole [13, 14]. The use of polyhistidines as fu-
sion tags for protein purification has been
demonstrated for recombinant fusion pro-
teins produced in a wide range of host cells in-
cluding E. coli. Two thermostable DNA po-
lymerases, Tag and Tth, were also cloned and
overexpressed in E. coli as fusion Hisgtagged
proteins [15]. Cloning and expression of these
Hisg-tagged polymerases allows to perform
rapid, simple purification of large quantities
of research quality enzymes in a single chro-
matography step.

The results of this study demonstrate that
Hisg-tagged Stoffel fragment of Tag DNA po-
lymarase can be efficiently synthesized in a
biologically active form in the E. coli overex-
pression system and large amounts of active
enzyme can be purified using a single-step
procedure.

MATERIALS AND METHODS

Bacterial strains, plasmids, enzymes
and reagents. Thermus aquaticus YT-1 was
used as a source of total DNA. DH5a E. coli
strain was used for preparation of plasmids
and cloning, and BL21 (DE3) pLysS (Pro-
mega, U.S.A.) was applied to expression of
Stoffel fragment of Tag DNA polymerase [16].
The plasmid pET15b (Novagen, U.K.) was
used for construction of the expression sys-
tem. The E. coli cells with plasmids were cul-
tured aerobically at 37°C in LB medium sup-
plemented with 100 ug/ml ampicillin for
DHb5¢ strain or with 100 gg/ml ampicillin and
50 ug/ml chloramphenicol for BL21 (DE3)
pLysS strain. Restriction, modification en-
zymes were purchased from Promega and ex-
pression vector pET15b from Novagen (U.K.).
Pwo DNA polymerase (Delta2), other reagents
for PCR and Ni>*TED Sepharose columns
were obtained from DNA-Gdansk (Poland).
Other reagents for protein purification were
purchased from Sigma.
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Assays for relative DNA polymerase ac-
tivity. The relative DNA polymerase activity
was determined for comparative purpose as
described in part I using the native Tag DNA
polymerase from Promega for comparison
and PCR assay for specific detection of BLV
(Bovine Leukemia Virus) [17].

The examination of Hisgtagged Stoffel
fragment thermostability. The studies of
thermostability of the Hisgtagged Stoffel
fragment were performed as described in part
I with native Tag DNA polymerase (Promega)
for comparison.

RESULTS AND DISCUSSION

Cloning of the Sitoffel fragment nucleotide
sequence and construction of the recombi-
nant vector producing Hisg-tagged Stoffel
fragment

The PCR amplification of Stoffel fragment
nucleotide sequence was carried out with oli-
gonucleotide primers (forward: HS1 5'-CGA

293 aa Ala Leu Glu Glu Ala Pro

5 GCCCTGGRGGAGGCCCCT
R RS R Y A S S
5 CGAATTCATATGGCCCTGGRGGRAGGCCCCC 37
EcoRl Ndel

Trp Leu Ser Ala Lys Glu Stop
5* TGGCTCTCCGCCRAAGGRGTGR 37
B s & T U NS

nition sites; reverse: HS2 5'-GAA GCT TAC
TCC TTG GCG GAG AGC CA, 26 nt, con-
taining a HindlIIl recognition site). The prim-
ers used for the PCR amplification were de-
signed on the basis of the T. aguaticus polA
gene nucleotide sequence {I["J.'&11]3._311};'”"13r
EMBL accession number: J04639). The
bolded 3' nucleotide sequences of the primers
which are complementary to appropriate nu-
cleotide sequences of the pold gene and 5’
ends of the primers containing recognition
sites for restriction endonucleases, have been
designed to facilitate cloning. In 50 ul of reac-
tion mixture 200 ng of T. aguaticus total DNA
and 0.2 uM of each primer were used. The
mixture was incubated at 94°C for 2 min, then
subjected to 30 cycles of 30 s of denaturation
at 94°C, 1 min of annealing at 60°C, and 2 min
of elongation at 72°C. After 30 cycles, the re-
action mixture was incubated at 72°C for 5
min and then cooled to +4°C. The amplifica-
tion product was analyzed by electrophoresis
on a 1% agarose gel. The amplification prod-
uct (5 ug), corresponding to the Stoffel DNA
fragment (1640 bp), digested with EcoRI and

Swoffel fragment N-terminus
farward primer HS1

Stoffel fragment C-terminus

3" TGECTCTCCGCCAAGGAGTAAGCTTC &' reverse primer HS2

Hindill

T7 promoter=

lac operator

cbhs

3" CCGCGAAAT TAATAC GAC T CACTAT AGEEGAATTGT GAGCGEATARCAATT CCCCTCTAGARATART TTTGTTTAACTTTARGARGGRAGATATALCC

HdaI

MetGlySerSerHisHisHisHisHisHis Su:Surﬁlﬂ..BuVi 1 ?IaArgGl_\rSa:}li amthlalzuclucluhla.?rn ...............

Stoffel fragment

Figure 1. The sequences of primers, nucleotides and amino acids of the pHisStoff1 plasmid near the site

of the Stoffel DNA fragment insertion.

ATT CAT ATG GCC CTG GAG GAG GCC
CCC, 30 nt, containing EcoRI and Ndel recog-

Hindlll, was isolated from an agarose gel
band using Gel-Out kit (A & A Biotechnology,
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Figure 2. SDS-¢lectrophoresis in 10% polyacrylamide gel of the fractions obtained by purification of the
recombinant Hisgtagged Stoffel fragment from E. coli BL21 (DE3) pLysS containing plasmid
pHisStoffl, by metal-affinity chromatography on Nig*-TEI] Sepharose.

Lane 1, mid-range molecular mass markers (Promega); lane 2, lysate from E. coli BLZ1(DE3) pLy=S; lane 3, lysate
from E. coli BL21 (DE3) pLysS + pHisStoff1; lane 4, cleared lysate after heat treatment; lane 5, flow through frac-
tion obtained with buffer B; lane 6, fraction washed out with buffer B20; lane 7, fraction eluted with buffer B40;

lane 8, fraction eluted with buffer B60; lane 9, fraction eluted with buffer B100.

Poland). The purified fragment was ligated
into pUC19 EcoRI- Hindlll sites. E. coli DH5cx
cells were transformed with the ligation mix-
ture giving over twenty white colonies. Ten
such colonies were assayed for the presence of
the Stoffel DNA fragment by restriction analy-
sis. Two selected clones were verified by se-
quencing using the dideoxy chain termination
method. The isolated recombinant plasmid,
pUC195toff, after digestion with Ndel and
HindIIl restriction enzymes was used as a
source of Stoffel DNA fragment (1638 bp) to
be cloned into the pET15b Ndel- HindIII sites
giving the recombinant pHisStoff1 plasmid.
The Stoffel fragment DNA coding sequence
was obtained by PCR amplification from Ther-
mus aquaticus genomic material; ligated into
the cloning vector pUC19 EcoRI-HindIll
sites, which enabled convenient selection of

the recombinant clones in a blue-white selec-
tion system. The Stoffel fragment DNA cod-
ing sequence was cut out from the recombi-
nant pUC195toff plasmid with Ndel and
EeoRlI and in frame inserted into the expres-
sion vector pET15b Ndel-EcoRI sites (see
Fig. 1 for details). Direct cloning into the ex-
pression vector would have been inconvenient
due to lack of a selection system and ineffi-
cient digestion by Ndel close to the DNA frag-
ment ends. Thus precloning to pUC19 plas-
mid was needed. The primer sequences, nu-
cleotide and amino-acid sequences of the
pHisStoff1 plasmid near the site of the Stoffel
DNA fragment insertion are shown in Fig. 1.
The obtained genetic construct retained the
open reading frame, and the target protein
contained at its N-terminus 21 additional
amino acids, including a cluster of six histi-

Table 1. Purification of the Hisgtagged Stoffel fragment

Fr:i{:ﬁ; Step of purification prgtt:iln EEESF:E: HE?%T” Furi;;ﬁ:]ti(m
o T __(mg) (units/mg) B
I Crude supernatant 190 NI} NI ND
11 Clarified lysate after heat treatment 25 12 000 100 1
11 Eluate from metal affinity chromatography 2 30 000 498 2.5

WD, non-determined
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dine residues added for purification of the re-
combinant protein by metal-affinity chroma-
tography. The amino-acids sequence of the
cloned Stoffel fragment is shorter by 4 amino-
acid residues at N-terminus (Glu-Ser-Pro-Lys,
289-292 aa of the Tag DNA polymerase) than
the Stoffel fragment from Perkin-Elmer.

Expression and purification of the recombi-
nant Hisg-tagged Stoffel fragment

E. coli strain BL21 (DE3) pLysS trans-
formed with pStoffl were grown at 37°C in
400 ml of LB containing 50 ug/ml chlo-
ramphenicol and 100 ug/ml ampicillin. The
purification procedure was performed as de-
scribed in part I, except that the Hisg-tagged
Stoffel fragment was eluted three times with
10 ml of washing buffer B containing alterna-
tively 20, 40, 60 or 100 mM imidazole, respec-
tively (buffers B40, B60 and B100).

Overexpression was induced by addition of
IPTG to final concentration of 1mM at Agg of
0.3 (the best results). At Aggp > 0.4 the synthe-
sis of the recombinant protein and the activity
of DNA polymerase were low.

Purity of the enzyme was examined by so-
dium dodecyl sulfate gel electrophoresis
(PAGE) (Fig. 2) and the activity of the enzyme
during the purification procedure was deter-
mined by PCR specific reaction (Fig. 3). Bef-
ore the chromatography step the cells lysate

1 2 3 + 5

was heat treated at 75°C for 30 min. The heat
denaturation step resulted in precipitation of
vast majority of contaminating cellular pro-
teins allowing to obtain on a polyacrylamide
gel in approximately 15% yield a single species
band of about 63 kDa, corresponding to the fu-
sion Hisgtagged Stoffel protein (Fig. 2, lane
4). For the final purification, the clarified me-
dium was chromatographed on a Ni*-TED Se-
pharose column and the recombinant enzyme
was eluted from the column as a single peak
(about 98% purity) (Fig. 2, lanes 6-8). A band
corresponding to a 63 kDa protein was ob-
served on SDS/PAGE of crude extracts of E.
coli BL.21 (DE3) pLysS + pHisStoff cultures af-
ter IPTG induction (Fig. 2, lane 3). This band
was absent in the control crude extracts of E.
coli BL21 (DE3) pLysS cultures (Fig. 2, lane
2). The pronounced enrichment in the 63 kDa
polypeptide depicted in Fig. 2 (lane 4) after
the heat denaturation step (compare lane 4
with lane 3 in Fig. 2) should be noted. The
amount of the 63 kDa protein, and conse-
quently the specific activity (see Table 1), was
estimated from ultraviolet absorption, using
the extinction coefficient for Aggg = 0.78 for 1
mg/ml, calculated from the number of Trp
and Tyr residues in the sequence (using the
Protean program of DNAstar, Madison, WI,
U.5.A.). After dialysis of the recombinant pro-
tein against the storage buffer, the activity of
the purified Hisgtagged Stoffel fragment (25

6 7 8

Figure 3. Monitoring of the Hisg-tagged Stoffel fragment DNA polymerase activity by PCR specific reac-

tion during the purification procedure.

Lane 1 represents the molecular mass markers (501, 489, 404, 331, 242, 190, 147, 111, 110 bp); lane 2. clarified su-
pernatant after heat treatment; lane 3, flow through fraction oblained with buffer B;: lane 4, fraction washed out
with buffer B20 (20 mM imidazole); lane &, fraction eluted with buffer B40 (40 mM imidazole): lane 6, fraction
eluted with buffer B80 (60 mM imidazole); lane 7, fraction eluted with buffer B100 (100 mM imidazole); lane 8, Tag

DNA polymerase (1 u, Promega).
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Figure 4. DNA polymerase activity of the enzyme
fraction after purification by affinity chromatog-
raphy on Ni*"-TED Sepharose of the His;-tagged
Stoffel fragment obtained by using specific PCR
amplification.

Lane 1, the molecular mase markers (501, 489, 404,
331, 242, 190, 147, 111, 110 bp); lanes 2-7, enzyme
fraction of 1, 0.6, 0.4, 0.2, 0.1, 0.05 gl, respectively;
lane 8, 1 u of the native Tag DNA polymerase
(Promegal.

ml) isolated from 400 ml of the E. coli culture
was 2.4 uw/ul (i.e., 150000 v/l medium) (see
also Tahble 1).

Figure 5. Temperature stahility assay. Compari-
son of thermostability of the native Tag DNA po-
Iyvmerase (Promega) (A) and the recombinant
Hisg-tagged Stoffel fragment (B) using specific
PCR amplification.

The enzymes were heated at 96°C before the PCR reac-
tion for 0 min (lane 2}, 1 min (lane 3), 5 min (lane 4), 10
min (lane 5), 20 min (lane 6) and 40 min (lane 7). Lane 1
represents the molecular mass markers (501, 439, 404,
331, 242, 190, 147, 111, 110 bp). PCR products were
run on 2% agarose gel, stained, and photographed un-
der UV illumination.

1998
The relative DNA polymerase activity

The relative Hisg-tagged Stoffel fragment po-
lymerase activity was determined by compair-
ing it with that of the native Tag DNA po-
lymerase (Promega) using specific PCR ampli-
fication of the BLV env target (Fig. 4). The
relative Hisg-tagged Stoffel fragment po-
lymerase activity was about 2.5 u/ul.

Thermostahility

Hisgtagged Stoffel fragment polymerase ac-
tivity was much more stable at high tempera-
ture than native Tag DNA polymerase. The
50% inactivation at 95°C was observed after
40 min preincubation of the purified Hisg
tagged Stoffel fragment and after 10 min pre-
incubation of the native Tag DNA polymerase
(Fig. 5).
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