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Structural analysis of the transcriptional regulator homolog protein from Pyrococcus
horikoshii OT3
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Division of Biological Sciences, Graduate School of Science, Hokkaido University, Sapporo, Japan

Introduction

PH1061 is a hypothetical protein of 100 residues (11.4 kDa) from the
hyperthermophilic archaebacterium, Pyrococcus horikoshii OT3', and is conserved
among many archaeal and bacterial organisms. Although the functions in these
organisms are still unknown, a Pfam? database search revealed that PH1061 has a
helix-turn-helix (HTH) motif (“HTH_5 motif” in the Pfam database), and suggested that
it is a DNA-binding protein, like members of the ArsR family>. ArsR is a transcriptional
repressor of the arsenic resistance operon in Escherichia coli and other members of this
family involve zinc-sensing transcriptional repressors, such as CzrA* from
Staphylococcus aureus and SmtB® from Synechococcus pcc7942. The primary sequence
similarities to PH1061 are 20%, 21%, and 6.6% with ArsR, CzrA, and SmtB,
respectively. There are 10 proteins with the HTH_5 motif in P. horikoshii, but none of
their functions are known. For structure-based functional analysis, the
three-dimensional structure of PH1061 was determined at a resolution of 2.05 A using
the multi-wavelength anomalous diffraction (MAD) method.

Materials and Methods

The PH1061 gene was amplified by polymerase chain reaction (PCR) from P.
horikoshii OT3 genomic DNA. The PCR product was cloned into the pET-22b (+)
vector (Novagen). PH1061 protein was expressed in E. coli strain B834 (DE3) as a
C-terminal histidine-tagged fusion protein. Cells were grown in Luria-Bertani (LB)
medium at 37°C and induced with 0.5 mM isopropyl--D-thiogalactopyranoside (IPTG).
The cells were harvested by centrifugation, washed with buffer A (50 mM sodium
phosphate pH 6.0, 300 mM NacCl), and disrupted using a French press. Cell debris was
removed by centrifugation, and the supernatant was incubated at 70°C for 30 min, then
denatured proteins from host E. coli cells were removed by centrifugation. The extract
was mixed to with Ni-nitrilo triacetic acid (Ni-NTA) resin (QIAGEN), washed with
buffer A containing 20 mM imidazole, and the bound proteins were eluted by adding
500 mM imidazole. The eluate was dialyzed against buffer A, and loaded onto a HiLoad
26/60 Superdex 75pg column (Amersham Bioscience) equilibrated with buffer A for
size exclusion chromatography. Fractions containing PH1061 were pooled and applied



to a POROS QE/M column (Applied Biosystems) equilibrated with buffer A. PH1061
passed through the column and contaminants were adsorbed. The flow-through fractions
were pooled, buffer A was exchanged for buffer B (20 mM 2-(N-morpholino)
ethanesulfonic acid (MES) pH 6.0, 200 mM NacCl), and concentrated to 25 mg ml™.
Selenomethionine (SeMet)-labeled PH1061 was expressed in E.coli strain B834 (DE3)
grown in minimal medium containing Se-Met, and purified as described for the native
protein.

Native and Se-Met PH1061 crystals were grown at 20°C by the vapor diffusion
method in hanging drops. The crystallization conditions for PH1061 consisted of 100
mM Tris pH 8.7, and 1.5 M diammonium hydrogen phosphate. X-ray diffraction data of
Se-Met PH1061 were collected to 2.05 A resolution at 100 K at the BL41XU in
SPring-8 (Hyogo, Japan). The diffraction images were processed using the HKL 2000
package®. The Se-Met PH1061 crystal belongs to the space group P452;2 with unit cell
dimensions of a = b =45.2 A, ¢ = 96.2 A. Statistics for this data are shown in Table I.
The structure of PH1061 was determined by the MAD method. Determination of Se
sites and phase calculations were carried out with the program SOLVE’. The initial
phases were improved further with RESOLVE®. The model of PH1061 was built
automatically using ARP/WARP®, and optimized manually using the program O™, The
molecular coordinates were refined, and water molecules were located using the
program CNS™. The atomic coordinates of PH1061 have been deposited in the PDB*2
with the accession code 1UB9.

Results and Discussion

The final model of PH1061 contains all residues 1-100, 57 molecules of water, and
has R and R-free factors of 21.6 and 24.2%, respectively. PH1061 is an o+f structure
consisting of 6 a-helices and 3 -strands (Fig. 1(a)). Two of the helices (a4 (33-40), a5
(43-57)) and two B-strands (B2 (60-65), B3 (71-76)) form a winged-HTH motif seen in
many bacterial transcription regulatory proteins, and helix a5 corresponds to the
recognition helix. The results of structural similarity analysis using the DALI* server
indicated that the structure of PH1061 resembles those of some repressor proteins, such
as MarR™, which is a regulatory protein of multidrug resistance (MDR)™° in E. coli,
with 2.5 A root mean square distance (r.m.s.d.) similarity per 94% of Ca, and
zinc-sensing repressor SmtB with 2.2 A r.m.s.d. similarity per 81% of Ca, although
these molecules have low levels of amino acid sequence homology of 16% and 6.6%,
respectively. These observations suggest that PH1061 is a DNA-binding protein.

PH1061 forms a tightly associated dimer related by a crystallographic twofold
rotation (Fig. 1(b)). Hydrophobic residues from al (1-9), a3 (15-29), and a6 (77-99)



are buried at the dimerization interface. The dimerization reduces the percentage of the
hydrophobic surface area from 28.8% in the monomer to 18.6% in the dimer. The
results of dynamic light scattering and size exclusion chromatography also indicated
that PH1061 forms a dimer in solution. These observations suggest that the functional
state of PH1061 is a dimer.

In the dimer of PH1061, there is a positively charged groove between a5 helices of
each monomer (Fig. 1(c)). The surface of this groove is formed with positively charged
side-chain atoms of residues His1l, Argl8, His50, and Arg52 in each monomer, and
these residues are conserved among the proteins homologous to PH1061 (Fig. 1(d)).
The surface of the wings consisting of 2 and B3 are also positively charged with
conserved residues Lys61, Lys64, and Arg7l. This positively charged surface is
adequate for interaction with DNA.

Generally, HTH motif proteins interact with the target DNA as a homodimer by the
penetration of recognition helices from each monomer into the major grooves. In this
case, the theoretical distance between recognition helices is 34 A, which corresponds
with the pitch of linear B-DNA. However, the distance between the two a5 recognition
helices of PH1061 dimer is approximately 18 A, and it is too short to make the
conventional interaction with DNA. The systematic evolution of ligands by exponential
enrichment (SELEX)*"*® analysis using PH1061 dimers revealed no specific binding
site in the genome of P. horikoshii. It is possible that the dimer conformation observed
in this crystal structure is a closed conformation that cannot bind DNA, and some
effector(s) may induce a conformational change in the dimer widening the distance
between recognition helices to allow interaction with DNA.
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Fig. 1 The structure of PH1061. (a) Ribbon representation of PH1061 monomer. The
color-coding is from blue (N-terminus) to red (C-terminus). (b) Dimer structure of PH1061. i), iii)
Ribbon representation with the monomers colored blue and red. ii), iv) Electrostatic surface
representation colored according to surface potential (blue=positive; red=negative). The same
viewing angle as in i) and ii) or iii) and iv). (c) Close-up view of the groove between o5
recognition helices of PH1061 dimer. Positively charged side chains of conserved residues are
shown as stick models colored as follows: carbon=green; nitrogen=blue. Figures (a—c) were
generated using PyMOL (Delano Scientific LLC). (d) Multiple sequence alignment of PH1061
with homologous proteins from Pyrococcus furiosus, Sulfolobus tokodaii, Halovacterium sp.,
Methanococcus jannaschii, Caulobacter crescentus, Mesorhizobium loti, and Bradyrhizobium
japonicum. Sequences were aligned with CLUSTALW. The secondary structure elements of
PH1061 are illustrated as tubes for a-helices and arrows for pB-strands. Numbering is given
according to the primary sequence of PH1061. Completely conserved residues are highlighted in
yellow, strongly similar residues are highlighted in light green, and weakly similar residues are
highlighted in light blue.

Table 1. Summary of data collection and refinement statistics

Peak Edge Remote
Wavelength (A) 0.9794 0.9796 0.9000
Unit cell (A) a=b=452¢c=96.2
Space group P452,2
Resolution (A) 50-2.05 50-2.05 50-2.05
Completeness (%) 99.8 99.9 99.5
Unique reflections 6,749 6,752 6,696
Averaged redundancy 135 134 13.7
*Reym (%0) 8.9 6.7 6.0
No. of nonhydrogen atoms 799
No. of water molecules 57
R / R-free factor (%) 21.6/24.2
RMS deviation in bond length (A) 0.007
RMS deviation in bond angle (degree) 1.22

aRsym = ZpZj | Inj-<>n | 124 Zlh;, where |, j is observed intensity and <I>y, is average intensity
obtained from multiple observations of symmetry-related refractions.
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