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Abstract : PEBP2/CBF (Polyomavirus Enhancer-core Binding Protein 2/Core Binding
Factor), represents a new family of heterodimeric transcription factor. Those members
play important roles in hematopoiesis and osteogenesis in mouse and human.
PEBP2/CBF is a sequence-specific DNA binding protein. Each member of the
PEBP2/CBF family of transcription factors is composed of two subunits, o and B. The
evolutionarily conserved 128 amino acid region in o subunit has been called the Runt
domain, which harbors two different activities, the ability to bind DNA and interact with
the B subunit. Recently, cDNA clones encoding the C. elegans Runt domain were
isolated by screening a cDNA library. This gene was referred to run (Runt homologous
gene). In this study, the basic experiments for the structural characterization of RUN
protein were performed using spectroscopic methods. We have identified the structural
properties of RUN using bioinformatics, CD and NMR. The limit temperature of the
structural stability was up to 60°C with irreversible thermal process, and the structure of
RUN seems to adopt a helices and one or more B sheet or turn. The degree of NMR peak
dispersion and intensity was increased by addition of glycine. Therefore, glycine could
be used to alleviate the aggregation property of RUN in NMR experiment.

INTRODUCTION

The Runt domain is a highly conserved domain of 128 amino acid residues which
serves as a scaffold for DNA binding and protein-protein interactions in a newly
characterized family of transcription factors', PEBP2/CBF (Polyomavirus Enhancer-core
Binding Protein 2/Core Binding Factor), whose members play important roles in
hematopoiesis and osteogenesis in mouse and human®*. PEBP2/CBF is a sequence-specific
DNA binding protein. Each member of the PEBP2/CBF family of transcription factors is
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composed of two subunits, o and B*°. The a subunit binds to DNA and the B subunit
increases the binding affinity of the a protein for DNA. Three closely related mammalian
PEBP2a.  genes, termed RunxI/PEBP20B/CBFA2, Runx2/PEBP20A/CBFAI and
Runx3/PEBP2aC/CBFA3 have been reported previously® '®">. Each of the three
PEBP2a/CBFA gene products is highly homologous to Drosophila runt** and Lozenge" e
within a 128 amino acid region which harbors two different activities, the ability to bind
DNA and the ability to interact with the B subunit. The evolutionarily conserved 128 amino
acid region has been called the Runt domain'. Runt was initially characterized because of its
role as one of the pair-rule genes during segmentation'’ and was subsequently found to have
roles in two other developmental processes, fly-sex determination and neurogenesis'™ ,
Lozenge is involved in prepatterning photoreceptor precursors in the developing fruit-fly
eye'®. The Runt domain is evolutionarily conserved and proteins containing this domain
play important biological roles in the fruit fly, mouse and human. Runx1, also called AMLI,
has been identified at the breakpoint of chromosome translocations responsible for human
leukemia®. Targeted disruption of the PEBPaB/AMLI gene resulted in lack of definitive
hematopoiesis of fetal liver’>?'. Analyses of the expression and function of Xaml, the
Xenopus homolog of PEBP2aB/AMLI, also suggested that PEBP2aB is required for the
development of all blood lineages and that PEBP20B may function in the early formation of
hematopoietic stem cells®. It has been demonstrated that PEBP2aA/CBFAI1, another
PEBP2a gene, plays an essential role in osteogenesis. Mice with a homozygous mutation in
PEBP2aA died just after birth due to breathing inability caused by a complete lack of
ossification”?*. The PEBP2aA gene is also responsible for the human disease, cleidocranial
dysplasia (CCD), an autosomal dominant disorder’ ?°. More recently, it has been
demonstrated that Runx3/PEBP2aC is a major growth regulator of gastric epithelial cells
and RUNX3 function is causally related to the genesis and progression of human gastric
cancer”’.

Amino acid sequence homology searches in the Caenohabditis elegans database
revealed that C. elegans contains a Runt domain-encoding gene in its genome. Recently,
cDNA clones encoding the C. elegans Runt domain was isolated, by screening a cDNA
library®®. This gene was referred to as run (Runx homologous gene). More than 30% of the
predicted genes from the genomic sequence of C. elegans have a human homolog, many of
which have been implicated in human disease® . This observation, along with increasing
evidence that biological processes and molecular pathways are highly conserved, has made
the nematode C. elegans a model organism for the study of developmental regulation. Also,
It has been reported that the run gene is expressed exclusively in the nuclei of hypodermal
seam cells and intestinal cells®'.

In this paper, the preliminary experiments for the determination of three-dimensional
structure of RUN protein (129 AA) were performed. The purification protocol for this
protein was optimized and the buffer condition was found which improves the temperature
stability. These developments make it possible to obtain samples of the RUN protein that
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suitable for structural studies by NMR.
MATERIALS and METHODS

Materials _

All materials were purchased from certified vendors in molecular biology grade for
the reliability of results. Host (E. coli BL21 (DE3) Codon Plus-RIL™ ) and vector system
(pET-15b) were purchased from Novagen Inc. (Darmstadt, Germany). All reagents except
isotopes were from Sigma Chemical Company (St.Louis, U.S.A.). Isotopes such as "N
sources (("NH,),S0,, "NH,4CI) were purchased from ISOTEC Inc. (Ohio, U.S.A)). Ni**-
agarose column (His bind® Resin) was purchased from Novagen Inc. (Darmstadt, Germany).
Chelating Sepharose Fast flow® from Amersham Pharmacia Biotech Inc. (Uppsala, Sweden)
were used for the purification of His-tagged protein.

Sample preparation

The clone harboring the recombinant plasmid, which carries the gene for RUN was
supplied from Bae and his cowokers engaged in Department of Biochemistry, School of
Medicine, Chungbuk National University, Republic of Korea. More detailed information
about this gene is deposited in the ‘GenBank’ (NIH), with Access ID AF153275. The run
gene is composed of 11 exons and a 7.2kb long intron is located between exons 3 and 4. The
vector system for the construction of the recombinant plasmid carrying RUN gene is pET-
15b from Novagen Inc. The plasmid was cleaved at Ndel and BamH]1 cleavage sites, and the
PCR fragment of RUN gene was inserted into the cleaved plasmid. The recombinant
plasmid was transformed to competent cell, E. coli BL21 Codon Plus (DE3)-RILM . To
evaluate whether the construction is correct, the overexpression test with IPTG was carried
out, following SDS-PAGE test and the analysis of amino acid sequences. E. coli, containing
the plasmid encoding RUN as described above, which had been stored at ~80C was
inoculated to [U-""N]-M9 media containing ampicillin (50pg/ml). All steps for culture were
processed at 37°C and all steps for the purification of RUN were processed at 4C. In the
beginning, seed strain was inoculated to [U-"N]-M9 media (5ml) and was scaled up to [U-
>'N1-M9 media (100ml) at ODg,=0.7. That was once more scaled up to [U-'’N]-M9 media
(2 liter). When ODygq was reached to 0.6, IPTG was added to culture media so that the final
concentration of IPTG was 50ug/ml. After the additional culture for 6 hrs, the culture
media was centrifuged at 9,000 rpm for 12 min and was decanted for the storage at —80C.

The purification of RUN was started with lysis by sonic oscillation (sonication) of
pellet. The pellets was suspended with the binding buffer, and sonicated until the solution
was clear. The lysate was centrifuged twice at 9,000 rpm for 12 min. The solid material
(Inclusion bodies) remained after the centrifugation was collected and stored at —80C.
Inclusion bodies containing RUN were resuspended and solubilized in 6M Urea. After
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removal of insoluble materials by centrifugation, the crude protein mix loaded onto a His
bind Resin. The washing process after the binding process was performed with the ten
volumes of binding Buffer. To elute the target protein from His Bind Resin, we performed
the elution with the imidazole gradient (0~2M). After nearly pure fractions was pooled,
refolding by dialysis against 500mM NaCl and 20mM potassium phosphate buffer at pH 7.2
was performed. The concentration and buffer exchange with final buffer (20mM Sodium
Phosphate buffer pH 6.0, 500mM NaCl and ImM NaN;) were processed by CentriPrep® and
CentriCon®. As a result, the highly purified RUN was acquired.

Circular dichroism (CD) spectroscopy

Circular dichroism (CD) spectra were obtained on a JASCO J-715 spectropolarimeter
(Victoria, British Columbia) to investigate the secondary structure of RUN. For the
estimation of the secondary structure of proteins by CD spectrum (180~260 nm wavelength
range), variable concentration samples (0.02mM~0.2mM, pH 4.0, 5.0, 6.0, 7.0 at 20T)
were prepared. Sample was dissolved in 20mM sodium phosphate buffer (pH 7.2),
containing 500mM NaCl. All the processes were processed by the application program,
‘JASCO Standard Analysis’. The secondary structure ailso was estimated with built-in
software. To characterize the thermal stability of RUN, the temperature-dependent CD
spectroscopy was performed. The region of 180~260 nm wavelength was monitored at
15C~90C temperature range. To determine the effect of MgSO, on RUN, the CD
spectroscopy with 200mM MgSO, was performed at pH 6.0. In all CD experiments, three
consecutive scans per sample were performed in a 2 mm cell at 20°C. Three scans were
added and averaged, followed by subtraction of the CD signal of the solvent. The helicity of
the peptides was estimated from the mean residue ellipticity at 222 nm*.

Nuclear magnetic resonance (NMR) spectroscopy

NMR tubes were purchased from Shigemi Inc. (Tokyo, Japan). All the measurements
were conducted with Bruker DRX 500. To find the best condition for NMR measurements
of RUN, 2D-1H,15N-HSQC spectrum were acquired at various conditions. NMR sample
contains 20mM sodium phosphate buffer containing pH 6.0, 500mM NaCl and 1mM NaN;.
Additives are used by diluting each stock solution (1M Glycine, 0.1M CHAPS, 2M MgSO,,
IM DTT). All NMR spectra were processed by using NMRPipe®® software package and
were analyzed with the NMRView®* program on Indy®, Indigo2® and O2® from Silicon
Graphics Inc. (California, U.S.A.).

RESULTS and DISCUSSION

The overexpression and purification of RUN
RUN is a protein with 171 amino acids (RUN expression region containing 148
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amino acids and other amino acids including hexa-his tag). its molecular weight is 19343Da
The level of overexpression was checked by SDS-PAGE (Fig. 1). The overexpressed band
was major one among the produced bands ( so called, ‘main band’ or ‘target band’ ). The
target band was thickened remarkably while the others were not increased by the IPTG
induction. Because the efficiency of the overexpression of RUN was very high, it was not so
difficult to purify the large quantity of protein. To acquire the best induction point, the
growth curve of cells in the presence or absence of IPTG was checked. Through various
experiment to find the best condition of induction, the induction time, the final
concentration of IPTG (50pg/ml) and culture temperature (37°C) were determined
respectively. After the lysis of cells, the protein was not nearly found in the soluble fraction.
Because the protein is very insoluble, the refolding step is required. In refolding process,
large amount of protein was precipitated. For this reason, the purification of RUN was very
difficult. After many buffer conditions were tested, the clue of solving this problem was
found. When 0.5M NaCl was added in every step, RUN did not precipitate in refolding step.

B

RUN
(reference)

Purified RUN

Pre Induction

Pellet

PostInduction Supernatant

Fig. 1. Overexpression of RUN in E. coli and the purification of RUN. Panel A: The cells
were disrupted by sonication, and samples were analyzed on a 15% SDS-tricine gel.
Uninduced cells (pre induction), induced cells (post induction), supernatant and pellet are
shown. Panel B: Electrophoresis of RUN purified by His-bind column. 18l of aliquots for
the each fraction were separated thirough a 15% SDS-tricine gel.

The estimation of structural properties using bivinformatics

The hydropathy plot®>°® of a certain protein shows the clue in knowing the secondary
structure of the target protein, although it means the result of simulation with given
sequences. If a series of residues are estimated to hydrophobic regions, the block may be
buried in the molecular structure and may form a hydrophobic core. In RUN, the
hydrophobic black and hydrophilic block were appeared alternatively with random tendency
(so called, ‘zigzag’ pattern). Region of hexa-his tag was highly hydrophilic (Fig. 2). The
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secondary structure of RUN was estimated on the web by PSA database server’’*° and GOR
database server''™. From the Fig. 3 and Fig. 4, this protein is likely to adopt 3 helices and
several strands in structure. The estimated component of RUN is 15.20% alpha helix (26AA
/ 171AA), 28.07% extended strand (48AA / 171AA) and 56.73% random coil (97AA /
171AA).

3 rhydrophobic

Score
<
.
-

-3 Lhydrophilic
5 15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165

K AA position .
Fig. 2. The hydropathy plot of RUN.

Secondary structure components by circular dichroism (CD) spectroscopy

CD spectra of RUN were different from typical spectra of other proteins comprised of
all a helices. From the analysis of the spectrum with a built-in program, it was revealed that
this protein adopted 35.0% P sheet structure at pH 6 (Fig. 5). To find the best conditions for
NMR measurements, the temperature-dependent stability of RUN protein was checked. The
structure of RUN was corrupted above 60°C (Fig. 6-A). CD spectrum acquired before
heating is quite different from that acquired after heating at the same temperature (Fig. 6-B).
Therefore, RUN is irreversible in thermal denature process. In order to investigate the pH
dependence of RUN, CD experiments were performed on the samples between pH 4 and pH
7. CD spectrum acquired at pH 6 had more typical a helix pattern than that acquired at any
other pH (Fig. 5). As a result, the best pH condition for NMR experiment was determined as
pH 6. To identify effect of MgSO, on RUN, 200mM MgSO, was added to sample for CD
experiments. From the comparison of CD spectra, it was found that RUN had more regular
structure with MgSO, (Fig. 7).
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Fig. 3. The estimated secondary structure of RUN using bioinformatics (contour line form)
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Probability of being in a strand for RUN (psp4.m), 23-Nov-2000 14:53:53

T T T L E— T T T

o
®
T

o
[

Probability

o
»

0 . 1 i 1 i 1 A
0 20 40 60 80 100 120 140 160
Residue Position

Probability of being in a turn for RUN {psp4.m), 23-Nov-2000 14:53:53
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Fig. 4. The estimated secondary structure of RUN using bioinformatics (diagram form).
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Fig. 5. The change in the components of secondary structures by pH change. CD spectra
were monitored at pH 4 (o), pH 6 (B ), pH 7 (%).
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Fig. 6. The temperature-dependent stability of RUN. Panel A: The CD spectrum of
temperature scan from 20 to 90C. Panel B: The CD spectrum acquired before heating
(m) and acquired after heating (0) at the same temperature (20 C).
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Fig. 7. The effect of MgSO, on RUN. CD spectra were acquired with no MgSO, (B ) and
with 200mM MgSO, added condition (©0).

Nuclear magnetic resonance (NMR) spectroscopy and structural properties

From many 2D-'H, "N-HSQC spectra, the best condition for NMR measurements
was checked (Fig. 8, 9). Spectral resolution was monitored according to increasing the
temperature. However, any significant change was not detected. The spectral resolution was
slightly improved by addition of glycine but was not effected by addition of other additives.
From all the data processed, it is likely that RUN protein have a tendency to aggregate in
high concentration for NMR experiment. This aggregation was reduced by addition of
glycine (Fig. 9). Although NMR spectra were not sufficient for the determination of three-
dimensional structure of RUN, they could be used to extract some useful structural
information. From the study of the temperature-dependent stability, it was decided that the
optimal temperature for NMR studies is 30 C, though this protein was stable up to 60C. In
high concentration for NMR experiment, RUN is likely to aggregate. And this aggregation
is general in RUNX. Not only RUN but other free form of RUNX proteins aggregate in high
concentration*’. There is no example of RUNX to be completely refolded in free form.
From the fact that the structural studies of several RUNX are reported from modified sample
or DNA complex sample**’, it is suggested that structure of free form of RUN be flexible.
Therefore, this flexible RUN is likely to aggregate with each other in high concentration.
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Fig. 8. The HSQC spectra of RUN monitored according to increasing the temperature
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Fig. 9. The HSQC spectra of RUN monitored according to adding additives.

CONCLUSIONS

In this study, we have identified the structural properties of RUN using bioinformatics
CD and NMR. The limit temperature of the structural stability was up to 60C with
irreversible thermal porcess and the structure of RUN might adopt a helices and one or more
B sheet or turn. In NMR experiment, the degree of peak dispersion and intensity was
increased by addition of glycine. To get more significant structural information,
optimization of refolding step and advanced NMR spectroscopy are required.
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