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ABSTRACT

A human ¢cDNA encoding mitochondrial transcription factor 1 (mtTF1) was isolated
by screening a HelLa cell cDNA library by using polymerase chain reaction. In the
present experiment, mtTF1 cDNA clone could be obtained more rapidly, easily and at
a low cost as compared with conventional cloning techniques. The size of the cDNA
fragent was approximately 2 kb, indicating that the cDNA is almost full length. For
the mass production of mtTF1 as a fused protein, the cDNA fragment was inserted
into an expression vector pUC19. The recombinant plasmid encodes the mature mtTF1
protein and extra 20 amino acids at its amino terminus derived from Lac Z’ in the
vector and signal peptide of mtTF1. The fused protein of 26 kDa was overproduced in
Escherichia coli, and had the same characteristics of DNA binding as natural mtTF1.

INTRODUCTION

Mitochondrial transcription factor 1 (mt’P¥1) is the only accessory protein required
for the transcription initiation of human mitochondrial DNA (mtDNA) by mitochon-
drial RNA polymerase”. The mtTF1 binds to the upstream regulatory elements of
transcriptional promoters in the mtDNA and initiates accurate and efficient transcrip-
tion from the sites?. Recently Parisi and Clayton have cloned the mtTF1 cDNA?® and
showed, by analyzing the protein sequence predicted from the cDNA, that mtTF1 is a
family of high-mobility group proteins. To clarify the function of mtTF1 in the
mitochondrial transcription, a large amount of purified mtTF1 should be required. We
therefore attempted to mass-produce mtTF1 in Escherichia cols.

In ¢cDNA cloning, construction and screening of the library is generally quite time-
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consuming and laborious experiment and is more expensive in the case using
nonradioactive procedures. Recently polymerase chain reaction (PCR) is becoming to
be applied to various DNA technologies because of its high sensitivity, specificity, and
simplicity*~®. In this study we attempted to apply PCR to cDNA cloning of mtTF1.
The phages of HeLa cell cDNA library were divided into 120 groups, and positive
groups containing mtTF1 cDNA were found by PCR using primers derived from
known mtTF1 cDNA sequence. The mtTF1 cDNA of full length was finally isolated
from the positive greups by plaque hybridization, and was subcloned in an expression
vector. Recombinant (r-) mtTF1 with native DNA binding activity was thereby
overexpressed in E. coli.

MATERIALS AND METHODS

Materials. A cDNA library of HeLa cell constructed in Agtll was obtained from
CLONTECH Laboratories, Inc. (Palo Alto, CA). The library contains approximately
1.5X 10% independent clones and has an average insert size of 1.6 kb (range: 0.6 to < 4.0
kb). Oligonucleotide primers summarized in Table 1 were synthesized on an Applied
Biosystems Model 381 A DNA synthesizer (Forster City, CA) and purified with OPC
column. Plasmid vectors, pUC18 and pUC19, and Tt DNA polymerase were obtained
from TOYOBO Co., LTD. (Osaka, Japan). Restriction endonucleases were obtained
from TAKARA SHUZO Co., LTD. (Kyoto, Japan).

PCR *-9. PCR was conducted in a programmable thermal controller (M]J Research, .
Inc., Model PTC-150, Watertown, MA). The cDNA regions in recombinant phages
were amplified by PCR in a reaction mixture (20 x«l) containing 10 mM Tris-HCl, pH
8.3, 1.5 mM MgCl,, 50 mM KCl, 0.19% gelatin, 0.5 M Agtll-f primer, 0.5 M Agtll-r
primer, 0.6 mM dATP, dGTP, dCTP, TTP each, and 200 ng of DNA. The mixture was
incubate for 5 min at 94°C and subjected to 20 cycles of PCR with the following cycle
profile: 1 min at 94°C, 1 min at 55°C, and 2 min at 72°C. At the end of the last cycle, an
extension step, 7 min at 72°C, was run. PCR for amplification of target sequence was
conducted in a mixture (20 g«l) containing 10 mM Tris-HCI, pH 8.3, 1.5 mM MgCl,, 50
mM KCl, 0.1% gelatin, 1 M TF1-f primer, 1 uM TFI1-r primer, 0.6 mM dATP, dGTP,
dCTP, TTP each, and 5 ul of PCR mixture of the previous amplification. The thermal
program was as follows: 5 min at 94°C; 10 cycles of 1 min at 94°C, 1 min at 55°C, and

Table 1 Sequences of the oligonucleotide primers used in this study.

Name Sequence Reference
TF1-f 5-CCTCGCTAGTGGCGGGCATG-3 (3)
TF2-f 5-ATGGCGTTTCTCCGAAGCAT-3 (3)
TF1-r 5-TTGTGAACACATCTCAATCT-3 (3)
Agtll-f 5-GGTGGCGACGACTCCTGGAGCCCG-3 17
Agtll-r 5-TTGACACCAGACCAACTGGTAATG-3 a7
LSP-f 5-ACAAAGAACCCTAACACCAG-¥ (18)

LSP-r 5-AGGGGAAAATAATGTGTTAG-% (18)
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1 min at 72°C; 10 cycles of 0.5 min at 94°C, 1 min at 55°C, and 1 min at 72°C; 10 cycles
of 0.5 min at 94°C, 1 min at 55°C, and 2 min at 72°C; 10 cycles of 0.5 min at 94°C, 0.5 min
at 55°C, and 3 min at 72°C; and 7 min at 72°C. The PCR products were analyzed by
agarose gel electrophoresis in 1 X TBE (90 mM Tris-base, 90 mM boric acid, and 2 mM
EDTA).

Plaque hybridization. Unless otherwise noted, manipulations of the phage and plaque
hybridization were conducted as described in the instruction manual of CLONTECH.
The probe DNA for the hybridization was a PCR product of 900 bp obtained by using
TF1-f and TF1-r primers. The fragment was cloned into Smal site of pUC18, excised
by EcoRI- and Hindlll-digestion from the plasmid, and labeled with digoxigenin-11-
dUTP (Boeringer Mannheim GmbH, Mannheim, Germany) by random priming
method. The digoxigenin probe was detected by DIG Luminescent Detection Kit
(Boeringer Mannheim GmbH).

DNA binding analyses. E. coli JM105 transformed by pmtTFlex, a mtTF1 expres-
sion plasmid, was grown in LB medium containing 1 mM isopropyl-1-thio-g8-D-
galactopyranoside at 37°C overnight. The soluble protein was extracted from the cells
according to the method of Marston”. After centrifugation at 12,000 rpm with
HITACHI RT15A2 rotor for 10 min, the supernatant was quickly frozen and stored
at —80°C. Light strand promoter (LSP) of human mtDNA was chosen for r-mtTF1
binding analysis®. The DNA containing LSP region was amplified from a human DNA
by using LSP-f and LSP-r primers, and cloned into Smal site of pUC18. An 125 bp of
inserted fragment excised by EcoRI- and BamHI- digestion was labeled at its 5’
termini with digoxigenin-11-dUTP and Klenow fragment of E. colif DNA polymerase
I. Southwestern blotting was conducted as follows®. E. coli extract was electropho-
resed on a 12.5% sodium dodecyl] sulfate- (SDS-) polyacrylamide gel'® and transferred
to PVDF membrane (Millipore Corporation, Bedford, MA) with semidry electroblotter
(ATTO, AE-6675, Tokyo, Japan) in a blotting buffer consisting of 20 mM Tris-base, 25
mM glycine, and 209 methanol at 100 mA constant for 2 hrs. The filter was first
blocked with 5% (w/v) nonfat dry milk in buffer A (10 mM Tris-HCI, pH 8.5, 10 mM
MgCl,, 10 mM NaCl, and 7 mM g-mercaptoethanol) at room temperature for 1 hr, and
then incubated in buffer A containing 0.25% of nonfat dry milk and 45 ng of
digoxigenin-labeled LSP probe for another hour. The filter was washed 4 times with
buffer A for each 5 min and baked at 80°C for 30 min. Digoxigenin probe was detected
by DIG Luminescent Detection Kit . Gel mobility shift assay was conducted essentially
as previously described'?. One microlitter of bacterial extract was incubated in a 12 ul
of buffer B (10 mM Tris-HCI, pH 8.5, 10 mM MgCl,, 10 mM NacCl, 1 mM dithiothreitol,
0.5 mM phenylmethanesulfonyl fluoride, 100 xg/ml bovine serum albumin , and 12%
glycerol) containing 2 ug sheared salmon sperm DNA at 10 min on ice. After adding
1 ng of the digoxigenin-labeled LSP probe, the mixture was incubated for 20 min on ice,
and then loaded on 5% polyacrylamide gel in 0.5X TBE. The DNA-protein complex
was electrophoresed at 10 mA constant until xylen cyanol reached at 3 cm above the
bottom of the gel, and transferred to Hybond-N membrane (Amersham Inc., Arlington
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Heights, IL) with a semidry electroblotter in 0.5X TBE at 50 mA constant for 1 hr.
After baking the membrane, the digoxigenin probe was detected by DIG Luminescent

Detection Kit.

RESULTS AND DISCUSSION

Cloning of mtTF1 ¢DNA by screening of cDNA library using PCR. A cloning
strategy of mtTF1 cDNA was schematically shown in Fig. 1. HeLa cell cDNA library
containing 1.5X 10¢ independent clones was plated on 120 dishes at a density of 2 X 10*
plaques per dish. Phage particles were collected from each dish in a 3-ml phage dilution
buffer (10 mM Tris-HCI, pH 7.5, 10 mM MgCl,, 0.1 mM EDTA and 0.01% gelatin), and
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Fig. 1 Cloning strategy of mtTF1 cDNA.
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stored in individual tubes. The phage solution (a 50-x1 aliquot from each tube) was
pooled every 10 tubes as one group so that the phages of 120 tubes were divided into
12 groups (A to L). One group, therefore, contains about 1.3 X10°% kinds of phages. The
phage DNA of each group was extracted'® and used as a template DNA of PCR for
first screening. 7th DNA polymerase, instead of Tag DNA polymerase, was employed
for amplification because of its strong activity even for crude DNA template!®. When
mtTF1 cDNA was directly amplified from the library DN As using the mtTF1 primers,
many nonspecific bands appeared. To avoid random priming on the vector sequences,
cDNA region of the phage DN As were first amplified by using Agtll primers and the
amplification of the target sequence was then achieved. The result of the first screen-
ing was shown in Fig. 2A. A 900-bp fragment, as expected from the mtTF1 cDNA
sequence, was generated from nine groups (A, B, C, F, G, I, J, K, and L). One of positive
groups, group A, was chosen for the second PCR screening. Phage solution in the
original 10 tubes belonging to group A (namely subgroup A-1 to A-10, containing about

B) C)
Group A +
N12345678910M

Fig. 2 PCR screening. A) First PCR screening. Lane M is a molecular weight
maker of 900 bp. Lane N indicates a negative control by using Agtll vector
as a template. Lanes A to L indicate the phage groups from the library. The
positive groups were marked “+"” above the lanes. B) Second PCR screen-
ing. Lanes 1 to 10 indicate subgroups belongs to group “A”. C) Nested PCR.
DNA from subgroup A-4 or A-10 was used as a template.
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1.3X10* kinds of phages in each tube) was individually taken out from the tube and
DNA from each tube was extracted. The subgroup containing mtTF1 cDNA was
sought by the same procedure as the first screening. A 900-bp fragment was generated
from subgroups A-4 and A-10, indicating that the subgroups contained mtTF1 cDNA
(Fig. 2B). Accurate amplification of mtTF1 cDNA was confirmed by nested PCR!*¥
using a TF2-f primer, instead of TF1-f, that is complementary to an internal sequence
of mtTF1 cDNA (Fig. 2C). A product of 768 bp perfectly coincides with the expecta-
tion. The PCR screening remarkably reduced the number of the candidates to be
screened from 1.5X10°® to 1.3X10* without time-consuming and trouble procedures.

The phages of subgroup A-4 were plated on a 90-mm dish and then nonradioactive
plaque hybridization was carried out using the 900-bp PCR product as a probe. Several
weak signals were obtained (Fig. 3A). The positive plaques were picked up, and
subsequently purified by second hybridization. One of the positives had 2.0 kb insert
fragment and was thought to contain full-length cDNA of mtTF1, because it is the
same in size as mRNA of mtTF1 (Fig. 3B).

Construction of mtTF1 expression plasmid. Construction of mtTF1 expression plas-
mid was schematically shown in Fig. 4. pUC19 was chosen as an expression vector in
E. coli system, because it has a strong and inducible promoter of /ec Z and available
polycloning sites'®. The mtTF1 cDNA fragment was excised from Agtll vector by
EcoRI digestion and inserted into EcoRI site in pUC19. To remove a signal peptide
sequence of mtTF1 as much as possible and to coincide the reading flame of mtTF1
cDNA with that of Lac Z , the plasmid was processed as described as follows. The
recombinant plasmid was cleaved with HindIIl and Sa/l and the small fragment was
removed by agarose gel electrophoresis. Sticky ends of the plasmid were trimmed by
S1 nuclease digestion. The resulting DN A was circularized by T4 DNA ligase and was

A) | B)

Fig. 3 Isolation of mtTF1 ¢cDNA. A) Plaque hybridization of subgroup A-4. Arrow
head showed a positive signal. B) A cDNA fragment of mtTF1. Lane 1 is
Hindlll-digested A DNA as a molecular marker. The purified phage DNA
having mtTF1 cDNA was digested with EcoRI and electrophoresed on 1%
agarose gel (lane 2). Arrow head showed mtTF1 ¢cDNA fragment.
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named pmtTFlex. The DNA sequence predicts that pmtTFlex encodes a 26-kDa fused
protein having matured mtTF1 and extra 20 amino acid in its amino terminal derived
from Lac Z and remaining signal peptide.

Expression of recombinant mtTF1. pmtTFlex was introduced into £. coli JM105.
The cells were grown overnight and cracked by a sampling buffer of SDS-
polyacrylamide gel electrophoresis (PAGE)'?. Extract was subsequently analyzed by
SDS-PAGE and coomassie brilliant blue (CBB) staining. As shown in Fig. 5A, the clone
containing the pmtTFlex had a new band at about 26 kDa. The size of the 26-kDa
protein agrees well with the value predicted from the expected sequence.

We tested that the 26-kDa protein binds to mitochondrial promoter sequence.
Proteins of the recombinant were electrophoresed in SDS-polyacrilamide gel, and
blotted on a nylon membrane. After renaturation treatment the 26-kDa protein specifi-
cally bound to LSP probe DNA (Fig. 5B). Gel mobility shift assay using a soluble
bacterial extract and LSP probe DN A showed that only the extract of the clone having
pmtTFlex formed a protein-DNA complex (Fig. 5C). Competition experiment with
cold LSP DNA confirmed the specificity of the complex formation. The results
indicated that the 26-kDa protein is r-mtTF1 and the protein has the same property in
DNA binding as natural mtTF1. The r-mtTF1 could be available for further study of
mtTF1 characterization'®.

Sall mtTF1 cDNA

EcoRl EcoRl
I W |
1

* Sall, S1 nuclease

(Hindiil) EcoRl

pmtTF1ex
Lac Z' mtTF1 CDNA
ATGAACATGATTACGCCACTGCGCTCCCCCTTCAGTTTTIGTGTATTTACCGAGGTGGTTTTCATCTGTC === =="""
MTMI1TPLARSUPFSFVYLPRWI § 8V
L | |
B -galactosidase Signal peptide matured mtTF1

Fig. 4 Construction of expression plasmid pmtTFIex. Upper) Solid box, slashed box, and dotted box
indicate the region of matured mtTF1, signal peptide of mtTF1, and Lac Z’, respectively.
Lower) Predicted nucleotide sequence and amino acid sequence around the junction. DNA
sequences of pUC19 and mtTF1 ¢cDNA are cited from references 15 and 3, respectively.
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B) . O

Fig. 5 Expression of »mtTFI. A) SDS-PAGE and CBB staining of proteins inE. coli
carring pmtTflex. Lane 1 is molecular weight makers (Sigma Chemical
company, St. Louis, MO, MW-SDS-70L kit). The whole cell extract from
JM105 carring pUC19 (lane 2) or pmtTFlex (lane 3) was electrophoresed on
12.59% SDS-polyacrylamide gel'?, and stained with CBB. Additional band
corresponding with r-mtTF1 was indicated by an arrow head. B) Southwest-
ern blotting. The proteins in the same gel as A were transferred to the PVDF
membrane and renatured. The membrane was then incubated with LSP
probe described as Materials and Methods. Lane 4 is the extract from JM105
carring pUC19, and lane 5 is from pmtTFlex. Arrow head indicates the
binding of r-mtTF1 to LSP probe. C) Gel mobility shift assay. The cell
extract from JM105 carring pUC19 (lane 6) or from pmtTFlex (lane7) was
incubated with LSP probe, and the electrophoresed on the native gel. A star
is free probe. Band shift due to the binding of r-mtTF1 to LSP probe is
indicated by an arrow head.
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