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Complex Detection Between Transcription Regulator and Promoter
DNA by UV Spectroscopic Method

Kyungmin Lee and Jongback Gang'

Abstract

UV spectrophotometer was used to detect protein-DNA complex from DNA melting profile under constant temperature
increase. Melting temperature (Tm) was 43°C in cop4 duplex DNA alone. In the presence of Proteus mirabilis
transcription regulator protein (PMTR) protein at 0.2 and 0.4 pM, Tm’s were 45+ 0.5 and 47.6 + 0.6°C, respectively.
According to fluorescence polarization and gel shift assay. PMTR:copA4 complex was detected by the retarded migration
on gel and the dissociation constant (K,) was (9.2 +2.8) x 10°M.
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1. Introduction

DNA-protein interactions play a central role in a wide
range of cellular processes including transcription reg-
ulation, DNA replication, genetic recombination, DNA
repair, and the restriction and modification of DNAI'.
Proteins active in these processes recognize specific
binding sequences with an increased affinity over non-
specific interactions with DNA. DNA recognition by
protein is a specific hydrogen bonding contacts to the
DNA bases and/or interactions with the sugar-phos-
phate backbone'l. DNA-protein complex is an impor-
tant biological evidence to elucidate the role of any
particular protein in cellular processes. There are many
biochemical methods known for the detections of pro-
tein-DNA interactions. Examples are fluorescence spec-
troscopy, circular dichroism spectroscopy, gel mobility
assay®, DNase 1 footprinting!*, DNA-protein photo-
crosslinking®!, and south-western blotting!®!,

Based on the dependence of optical density of DNA
on temperature, DNA melting temperatures (Tm) was
determined for the complex detection between protein
and duplex DNA through the relative stability of DNA.
In this study, short duplex DNA was used to obtain
melting profiles with UV spectrophotometer. For the
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measurement of the specific binding of transcription
regulator to DNA, proteus mirabilis transcription regu-
lator (PMTR) protein, a newly discovered metalloreg-
ulatory protein was used in this study!”.

Iron, zinc, copper, manganese, cobalt, etc. are essen-
tial metal ions used in the redox processes, osmotic
pressure control, and also enzyme components’®!. Met-
alloregulatory protein functions to maintain the appro-
priate concentration of metals ions within cells, because
high metal concentration is caused to DNA and mem-
brane damage and loss of enzyme function. At high
metal circumstance, metalloregulatory proteins need to
activate the specific genes corresponding to the metal
homeostasis system (intra- and extracellular sequestra-
tion, efflux pumps, enzymatic detoxification, and reduc-
tion)®.

From the information of amino acids sequence align-
ment between PMTR and copper regulatory protein of
Escherichia coli CueR (copper metalloregulatory pro-
tein), PMTR protein retains two cysteins of Cys112 and
Cys120 in consistent with those of CueR protein in
metal binding site"’!. Thus, this study use Escherichia
coli copA (copper-translocating ATPase gene) promoter
to detect complex between protein and DNA promoter
by UV spectroscopic method.

In addition, Fluorescence polarization measurement
and gel shift assay also conducted in the same condition
for the verification of the results by UV spectroscopic
measurement.
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2. Experimental Section

CopA oligodeoxynucleotides(Sigma-Aldrich  Kore)
sequences are 5'-cttgaccttccecttgetggaaggtttaacett-3' and
5'-aaggttaaaccttccagcaaggggaaggtcaag-3'. copA oligode-
oxynucleotides corresponds to the promoter/operator
region of copA gene of Escherichia. coli™V,

2.1. Protein Purification

The gene encoding pmtR was PCR-amplified from a
plasmid containing a fragment of the proteus mirabilis
genome, designated PROT1”!. The amplified DNA
fragment was subcloned into pET15b expression vector
(Novagen) and its recombinant vector in BL21 (DE3)
produces PMTR protein with (His)s tag at N-terminal.
PMTR protein in BL21 pETpmzR was induced in the
presence of 0.5 mM isopropyl-p-thiogalactopyranoside
(TPTG) at 25°C. Protein has been purified with Ni-NTA
agarose column by imidazole gradient elution. Protein
solution was concentrated with amicon ultrafiltration
unit under N, atmosphere.

2.2. Optical Density Measurement

Template and non-template strands of copA oligode-
oxynucleotides were annealed to form duplex DNA by
mixing equimolar amounts of each strand in 10 mM
sodium cacodylate, pH 6.5, heating to 80°C for 10 min-
utes, and allowing the solution to cool slowly down to
room temperature.

Absorbance changes were measured with UV spec-
trophotometer (UV 2401PC, Shimadzu) in 20 mM Tris
(pH 7.6), 50 mM NaCl, and 1 pg/mL poly d(I-C) in the
presence of PMTR and 0.4 uM copA duplex DNA.
Temperature was increased at the rate of 1°C/min with
water circulation system connected to the sample
holder. The measured data were plotted and analyzed
with Origin 6.0 (Microcal Software, Inc).

2.3. Fluorescence Polarization

To measure interactions between PMTR protein and
copA DNA, Fluorescence polarization (FP) was meas-
ured in binding buffer (20 mM Tris (pH 7.6), 50 mM
NaCl, and 1 pg/mL poly d(I-C)) containing 1 nM of 5-
fluorescein labeled copA duplex in the presence of var-
ious concentration of PMTR protein with Victor 3 mul-
tilabel reader whose excitation and emission wavelengths
were 485 and 535 nm, respectively (PerkinElmer, Agri-
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cultural and Biotechnology Research Center, Seoul).

2.4. Gel Shift Assay

Reaction was conducted with 0.1 uM of 5'-fluores-
cein-labeled copA promoter DNA for 20 min at room
temperature temperature (~15°C). Binding reaction was
included with 0.1 uM cop4 DNA, 10 pg/mL poly d(I-C),
and several different concentrations of PMTR. Reac-
tions were electrophoresized in TAE buffer (Tris-Ace-
tate EDTA) on 12% native polyacrylamide gel and
visualized with Kodak image scanner at excitation of
470 nm and emission of 535 nm.

3. Results and Discussion

PMTR protein was purified with Ni-NTA agarose
column by imidazole concentration gradient as shown
in Fig. 1. PMTR protein showed 95% of purity on 10%
SDS polyacrylamide gel. Due to the low solubility of
PMTR protein, protein was induced with 0.5 mM IPTG
at low temperature and carefully concentrated to 1/4V
with the ultrafiltration device under N, atmosphere.

Fig. 2A, 3A, and 4A show DNA melting profiles in
the presence of 0, 0.2, and 0.4 uM PMTR, respectively.
Melting curves were fitted with non-linear regression of
Origin 6.0 program. Tm of DNA is the temperature cor-
responding to the peak of first derivatives of melting
curves (dA/dT). As shown in Fig. 2B, Tm was 43°C
with no PMTR protein. In addition, Tm’s were gradu-
ally increased to 45+0.5 (Fig. 3B) and 47.6+0.6 (Fig.
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Fig. 1. SDS-PAGE. Lane 1 is protein profile of IPTG-
induced BL21pETpmtr. Lane 2 is purified PMTR protein.
Arrow indicates PMTR protein.
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-35 -10
TCTTGACCTTCCCCTTGCTGGAAGGTTTAACCTTT
S

—
AGAACTGGAAGGGGAACGACCTTCCAAATTGGAAA

Fig. 2. Promoter sequence of copd genell. The base
sequence in a box was copA duplex DNA used for this
experiment. -35 and -10 regions are bolded. Arrows
indicate the inverted repeat sequences of E. coli copA.
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Fig. 3. Melting profile of duplex DNA without PMTR.
Absorbances are plotted against temperature(A).
Temperature is continuously raised at 1°C/min. Duplex
DNA was used at 0.4 uM. The small graph(B) inside
melting curve shows differential plot(dA/dT) against
temperature with Origin 6.0 program.

4B) in the presence of 0.2 and 0.4 uM PMTR, respec-
tively. It is direct evidence that PMTR protein binds
specifically to copA4 duplex DNA. PMTR increased sta-
bility of DNA by covering (wrapping) double helix
through specific interactions between PMTR and
duplex DNA.

Binding of the regulatory protein ArgR which
autoregulates its own argR gene in T. neapolitana to an
operator increased the melting temperature of DNA to
approximately 15°C[2,

It is possible that absorbance measurement was also
affected by PMTR protein itself.

To verify the contribution of protein to optical den-
sity, absorbance of PMTR was monitored under same
condition as melting experiment. Absorbance of protein
was not dramatically increased until the melting tem-
perature at constant increase of temperature (unpub-
lished data). As shown in the early stage of melting

0.40 -

1 L]
0.35 o A un gl
| Waren, H.'l.",'f.“'l.'
0.30 4 F
] ~
0.25 4 1
] s ™ B
0.20 4 L -
<§ i -I ame
0.15 [] L
] o5
010 -’ ams
0.05 ] f- -
T e o
. P AT T T
0.00 Temprrature(' )

30 a0 s e 70 a0
Temperature ("C)
Fig. 4. Melting profile of duplex DNA with 0.2 uM

PMTR. Tm was determined by non-linear regression
analysis with Origin 6.0 program.
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Fig. 5. Melting profile of duplex DNA with 0.4 uM
PMTR. Tm was determined by non-linear regression
analysis with Origin 6.0 program.

profile, PMTR protein did not contribute strongly to
absorbance measurement. In addition, measurement is
also influenced by thermal stability of protein. If it is not
denatured prior to the melting temperature of DNA
alone, Tm value will be increased. Thus, the increased
Tm value is the evidence to verify complex formation
between protein and promoter DNA.

To rationalize UV spectroscopic measurement for the
detection of DNA:protein complex, fluorescence polar-
ization (FP) was measured with 1 nM of 5'-fluorescein
labeled copA duplex in the presence of various concen-
tration of PMTR protein with Victor 3 multilabel reader
whose excitation and emission wavelengths were 485
and 535 nm (PerkinElmer, Agricultural and Biotechno-
logical Research Center, Seoul National University). As
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Fig. 6. Fluorescence polarization at given concentrations
of PMTR. InM of 5'-fluorescein-labeled cop4 duplex
DNA was used for this measurement. Excitation and
emission wavelengths were 485 and 535 nm, respectively.
Dissociation constant(K,;) was determined by fitting of
plot.
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Fig. 7. Gel shift assay with 5-fluorescein labeled copA
DNA. Lane 1 contains 0.1 uM copA4 DNA. Lane 2 contain
0.6 uM PMTR with 0.1 uM copA DNA. C represent
PMTR:copA DNA complex. F indicates free copA DNA.

shown in Fig. 6, typical binding isotherm was plotted
by polarizations (mP) against PMTR concentration.
Dissociation constant (K;) was determined using the
following equation?!:

_ (Pbr)und_Pﬁee)[PMTR]
K, +|PMTR]

+P free

where P is the polarization measured at any PMTR con-
centration [PMTR], Py, is the polarization of DNA
bound maximally by protein, and Py, is the polarization
of free DNA.

Non-linear regression analysis determined that K,
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was (9.2£2.8) x 10 M. It indicates that PMTR protein
binds to fluorescein-labeled copA promoter DNA with
high affinity.

To visualize PMTR protein:DNA complex, gel shift
assay (shown in Fig. 7) was conducted with 5'-fluores-
cein labeled cop4 promoter. Binding reaction was done
at room temperature with 0.1 uM copA DNA, 10 pg/
mL poly d(I-C), and several different concentrations of
PMTR. PMTR:copA DNA complex was detected with
Kodak image scanner at excitation of 470 nm and emis-
sion of 535 nm wavelengths.

CopA DNA formed complex with PMTR protein
which resulted in the retarded gel migration relative to
free DNA. It indicates that copA promoter is recognized
and specifically bound by PMTR protein with the high
binding affinity. It is likely that PMTR protein recog-
nizes the inverted repeat sequence of -ACCTTCC- like
CueR protein.

4. Conclusion

In summary, UV spectrophotometer can be used to
detect protein-DNA complex if the following conditions
are met: 1) use of short length of DNA fragment and
2) stable protein(protein is thermally more stable than
DNA fragment). According to fluorescence polarization
and gel shift assay, PMTR:cop4 complex was detected
by the retarded migration on gel and K, of 9.2+ 2.8 x
10° M.
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