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Crystallographic conditions of the heterologically expressed recombinant
metal-binding protein Ts-PCHTP
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We have optimized the expression of Polycysteine and histidine-tailed protein (Ts-PCHTP). The protein contains
a natural His-tag for metal binding, used in the protein purification process. The “tag” amino acid sequence binds
very strongly to conventional Ni affinity chromatography columns and permits the protein elution with EDTA. The
protein purification should be monitored by Native-PAGE as the high content of cysteine in the Ts-PCHTP protein
sequence produces false positives, when SDS-PAGE technique is used. According to the DLS data a dimmer form of
Ts-PCHTP is observed. Sparse matrix crystallization screens were used for the determination of the most favorable
conditions for growth of crystals suitable for X-ray single crystal.
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INTRODUCTION

The ultimate goal of structural biology is to un-
derstand the structural basis of proteins in cellular
processes. In structural biology, the most critical
issue is the availability of high-quality samples.
Thus “structural biology grade” proteins must be
produced in a suitable quantity and quality allowing
crystallization (screening for crystallization condi-
tions) and structure determination. The purification
procedure must be reproducible and yield homoge-
neous protein in milligram quantities. Therefore the
choice of protein purification and quality control
procedures play a key role in obtaining protein sam-
ples in sufficient amounts and with high purity.

PolyCysteine and Histidine-Tailed protein (Ts-
PCHTP) is a metalloprotein expressed in muscle lar-
vae of nematode Trichinella spiralis. Metalloprotein
is a term used for proteins (e.g. ferritin) which binds,
transports or stores, metal ions or enzymes (metal-
loenzymes), in which the metal atom is involved in
important catalytic processes. Ts-PCHTP is the first
described member of a new nematode-specific pro-
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tein family PCHTP — Poly-cysteine proteins, which
are unique to Order Trichocephalida [1]. Ts-PCHTP
binds different bivalent metal ions such as Fe, Ni
and Zn. Its most probable function is transport or
storage of the metal ions in the parasite. Heavy
metal ions exhibit positive and negative effects
on biological processes. On one hand they act as a
cofactor for a number of enzymes, which catalyze
numerous metabolic reactions. On the other hand,
they can destroy the native structure of proteins or
nucleic acids, which requires their detoxification.
Proteins, which bind bivalent metal cations, contain
specific amino acids (aa) sequences forming metal
binding sites. These sequences contain numerous
aa such as cysteine, histidine, methionine, serine,
threonine, tyrosine, asparagine, glutamine, aspar-
tate and glutamate [2, 3].

The Ts-pchtp gene length is 1896 bp [1]. It contains
six exons and five introns. The nucleotide sequence
of the mRNA comprises 1576 bp. The transcript has
a single open reading frame consisting of 1272 bp.
The primary structure of Ts-PCHTP includes 424 aa
with a molecular weight of 47744 Da. Protein se-
quence shows a high content of the following ami-
no acids: 36 cysteine (8.5%), histidine 26 (6.4%),
10 tyrosine and 8 tryptophan. The protein consists
of a signal peptide for extracellular localization in
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the N-term, two homologous polycysteine domains
(pcd) — pcd-1 and pcd-2, poly-histidine domain
(histidine tag) at the C-term. Another characteris-
tic of the cysteine rich and metal binding proteins
is predominantly B-structure [4, 5]. Ts-PCHTP is
mainly characterized by B-structural conformation.
It is typical for many metalloproteins that they can
also bind specifically or nonspecifically hydropho-
bic ligands, such as fatty acids or hem [4, 6].

Poly-histidine regions are often associated with
the binding of transition metal ions such as Ni*,
Zn*" Cu?*', Co*", Mn?*', Fe?', Fe*'. These metal bind-
ing sites can be constructed either from consecutive
histidine residues or repeats of histidine in combi-
nation with one to three aa between them [7-9]. The
poly-histidine motifs common observed in the mid-
dle part of protein chain rather than C- and N-term
(Histidine rich glycoproteins etc.).

The poly-histidine motif is one of the most fre-
quently used in the purification of recombinant pro-
teins (his-tag protein) [9]. Typically the construct
(his-tag) is composed by six or more histidine
residues, which are located in C-or N-term of a re-
combinant protein. The method is one of the most
common and is based on the affinity of the histidine
to bivalent metal ions. Purification was performed
by metal affinity chromatography — Ni** or Co*
chromatography.

In this study we present successful conditions
for production of the recombinant Ts-PCHTP
(rTs-PCHTP) in Escherichia coli strains. Recom-
binant protein with natural His-tag at the C-end
was obtained by metal affinity chromatography
similarity to the common recombinant His-tag pu-
rification techniques. Purified r7s-PCHTP was used
for a crystallographic assay and Dynamic Light
Scattering (DLS) analyses.

EXPERIMENTAL METHODS
c¢DNA synthesis and PCR amplification

The cDNA synthesis and amplification were
performed as described by Radoslavov et al. [1].
Briefly, total RNA from Trichinella spiralis (T1
ISS03) muscle larvae was extracted after homoge-
nization with Trizol reagent according to the manu-
facturer’s instructions (Invitrogen).

Reverse cDNA transcription was performed
with 4 pg of RNA, gene specific primer AS3 and
M-MuLV Reverse Transcriptase (Fermentas). The
nucleotide sequence from the second exon to the
stop codon ORF of the Ts-TCHTP (GeneBank™
accession JF899252 and GQ497342) was amplified
with the following primers: S22 5’-ggaattccatatga
acaaaatttcgtcggecga-3’ and AS3 5’-cgcggatccttatca

atgatgatgatgatgatgatg-3’, containing BamHI and
Ndel restriction sites for direct cloning into pJC20
expression vector [10]. PCR product and vector
were ligated with T4-DNA Ligase (Fermentas)
by standard protocol [11] and transformed into
Escherichia coli DH5a cells. The positive colonies
were checked by colony PCR and DNA sequencing
(Macrogene).

Production and purification
of recombinant protein

The E. coli BL21(DE3), C43(DE3) and Rosetta-
gami(DE3) cells were used for the expression of the
recombinant protein. The induction was performed
with of 1 mM IPTG (final concentration), for 4
hours at 37 °C. Cells were lysed through sonication
on ice. The soluble fraction contains Ts-PCHTP. In
consequence Ni-affinity chromatography, HisTrap
Kit (GE Healtcare BioSciences), was employed for
rTs-PCHTP purification.

The protein concentration was determined ini-
tially by the method of Bradford [12] and spectro-
photometrically using a molar extinction coefficient
of 1.332 M ! at 280 nm as calculated on the basis of
the aromatic amino acid of 10 Tyrosine (Tyr) and
8 Tryptophan (Trp) residues with ProtParam tool
[13] (www.expasy.org). Protein fractions were dia-
lyzed with PD-10 desalting column, Sephadex G25
(Amersham Bioscience) against 0.02M Tris buffer,
pH 7.2. The protein was concentrated up to 4 mg/ml
with Centricon columns, 10kDa (Millipore).

The molecular size and purity of the protein was
determined by 12% SDS-PAGE and 12% Native-
PAGE [11]. Proteins were visualized by Colloidal
Coomassie G-250 Blue Safe staining (National
Diagnostics) (Fig. 1).
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Fig. 1. a) 12% Native-PAGE gel of purified rTs-PCHTP
lysate (elution with 0.05SM EDTA) in to C43DE3 cells
and b) 12% SDS-PAGE gel of purified rTs-PCHTP lysate
(elution with 0.05M EDTA) in to C43DE3 cells. Proteins
were visualized by Colloidal Coomassie Blue staining

441



H. Shirkova et al.: Crystallographic conditions of the heterologically expressed recombinant metal-binding protein Ts-PCHTP

Dynamic Light Scattering (DLS)

DLS measurements on the protein solutions were
obtained using a 90Plus (Brookhaven Instruments),
equipped with a 657 nm, 35mW laser. Time de-
pendent fluctuations in the scattered intensity
were measured using an avalanche photo detec-
tor (APD) and digital correlator. Protein solutions
were analyzed in triplicate at 25.0 °C and scatter-
ing angle of 90°. The buffer solutions were fil-
tered through 0.44 pm and 0.022 pm filters and
were also analyzed by DLS. Standard NIST trace-
able polystyrene 22 nm + 1.8 nm, 92 + 2 nm latex
standards and a blank, 0.02 um filtered ultrapure
water (Nanopure, Thermo Scientific), were also
run as standards. Data was collected as co-added
runs of 2 min collected for a total of 10 min. The
autocorrelation functions were deconvoluted to
obtain size distributions using both the non-neg-
atively constrained least squares fit (multiple pass
NNLS) algorithm. The size distributions obtained
from the NNLS algorithm were presented since the
distributions are bimodal. The intensity of scat-
tered light is proportional to the particle size to
the sixth power, which results in a higher scattered
intensity for larger particles. The intensity weight
distributions, measured by DLS, were converted to
number weighted distributions using analysis soft-
ware provided by Brookhaven (BIC).

Crystallographic conditions

Crystallization attempts were performed us-
ing the vapor-diffusion method, in which 1 uL of
Ts-PCHTP (3.6 mg ml™" in 0.02 M Tris 7.3 pH) so-
lution was added to 1 uL of reservoir solution in
a hanging drop suspended over 0.6 ml of reservoir
solution. The reservoir (crystallization) conditions
were those of the commercial Hampton Research
Crystal screen HT, PEG/Ion and PEG/Ion 2.

RESULTS AND DISCUSSION

DNA sequencing of the pJC20 construct showed
that the inserted fragment length is 1221 bp. Detailed
analysis of the sequencing results showed that was
the amplification and cloning, that the insert has
an additional ATG initial codon at 5’end of the
sequence. Thus the construct will translate 408 aa
from the Native Ts-PCHTP (424 aa), with predicted
molecule weight of 46 kDa. The 408 aa sequence
includes the two full poly-cysteine domains and the
poly His-Tag end, while the starting signaling pep-
tide sequence is omitted. DNA sequencing showed
also that the construct reading frame starts and ends
correctly, so thus will allow subsequent expression.
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The three E. coli bacterial strains were trans-
formed with the expression vector: BL21(DE3),
C43(DE3) and Rosetta-gami(DE3). The recom-
binant protein is isolated from soluble protein frac-
tion under normal aerobic conditions, even that the
cysteine constitutes 8.5% of all aa in Ts-PCHTP.
12% SDS-PAGE of bacterial lysates showed
that only the C43(DE3) cells produced sufficient
quantity of the recombinant protein (Fig. 2). The
C43(DE3) cells are designed for expression of
difficult or even toxic proteins. This suggests that
Ts-PCHTP may be toxic due to its metal binding
properties. Ts-PCHTP contains 26 histidine resi-
dues or 6.1% of the amino acid content in the pro-
tein. Fourteen histidine residues are localized in the
C-terminus of the protein, which gives the name of
the domain — poly-histidine tag. Seven consecutive
histidine residues form a motif at the C-end of the
protein. This histidine repeat at the C-term allows
rTs-PCHTP to be purified with Ni-affinity chroma-
tography (His Trap kit / GE Healtcare BioSciences).
Sonication of C43(DE3) was performed in 10 mM
imidazole pH 7.9, followed by centrifugation. The
supernatant was used for loading on a HisTrap col-
umn. Attempting to elude the protein with high con-
centration of Imidazole (up to 1M) in some of the
cases failed. The protein was successfully eluted
with 0.05 M EDTA, pH 8.0. The concentration of
the eluted protein was measured by Bradford [12]
and spectrophotometrically at 280 nm. The mo-
lecular weight and purity of the protein was deter-
mined by 12% SDS-PAGE and 12% Native-PAGE.
The protein is visualized on the gel at the expected
molecular weight of 46 kDa (Fig. 1). The Native-
PAGE showed better separation and single bands,
in contrast to the SDS-PAGE, where multi bands

Fig. 2. 12% Native-PAGE of rTs-PCHTP lysate (elution
with 0.05M EDTA): bands 1-4 correspond to C43DE3,
M - protein marker, W — Wash cytosol after IPTG, C
— Cytosol after IPTG, R1-R2 — rTs-PCHTP in Rosetta
cells. Proteins were visualized by Colloidal Coomassie
Blue staining
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were visualized. This is an indication that the pro-
tein is more stable into non reductive conditions.
rTs-PCHTP was used for DLS analysis to evalu-
ate protein purity. The estimation of the molecular
weight of rTs-PCHTP was carried out according to
the Mark-Houwink-Sakurada equation D= KM¢“[15,
16] where D is the diffusion coefficient (assessed by
DLS, D = kT/(6mnR,), M is the molecular weight
and K and a are two empirically determined param-
eters that are solvent, temperature and protein spe-
cific. The molecular weight for the first size (peak
0f 39.4 nm) of the bimodal distribution corresponds
to 110 kDa (Fig. 3b and 3c). This values is more
than two time bigger than the theoretical one of 46
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Fig. 3. Representative DLS for rTs-PCHTP 3.6 mg ml™!
in Tris pH 7.3 a) correlation function b) intensity particle
size distribution and c¢) number particle size distribution

kDa. Thus the first peak in the size distribution can
be related to a dimmer Ts-PCHTP. Although pro-
teins generally fold into compact globular domains
that are tightly packed (no voids or water molecules
are accommodated in the interior of the protein) the
surface of the protein is rather “bumpy” and is cov-
ered by an outer shell of water/solvent molecules.
The DLS results for R, will be affected by that shell
and will overestimate the protein molecular weight.
The second peak (82.6 nm, R, of 41.3 nm) can be
attributed to additional aggregation of Ts-PCHTP
(octamer or dodecamer). As one can see from the
multimodal distribution “number vs. diameter”
the contribution of Ts-PCHTP dimmer is close to
100%, while the higher 8- or 12-mer is almost in-
discernible (Fig. 3c¢).

Preliminary crystallization results

The initial sparse matrix screening for Ts-PCHTP
crystallization showed that the crystallization con-
ditions listed in Table 1 are suitable for the growth
of crystals for X-ray data collection (Fig. 4).

CONCLUSIONS

The present investigation provides insights
into the heterologous expression, purification and
crystallization of rTs-PCHTP. The protein was ex-
pressed and purified from soluble protein fraction at
native condition. The purification of the rTs-PCHTP
with Ni affinity chromatography is based of its na-
ture poly his tag (7 histidine residues). Ts-PCHTP

Fig. 4. Observed crystal of r'Ts-PCHTP, No 41 of Hamp-
ton Crystal screen 2
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Table 1. Formulation of the crystallization conditions for Ts-PCHTP crystal growth

Hampton Screen No salt buffer precipitant
Crystal screen 1 46 0.2 M Ca acetate hydrate 0.1 M Na cacodylate 18% w/v PEG 800
trihydrate, pH 6.5
Crystal screen 2 33 2M Ammonium formate 0.IM HEPES pH 7.5
Crystal screen 2 41 0.01M Ni(II) chloride IM Tris pH 8.5 IM Lithium sulfate
hexahydrate monohydrate 0.

PEGI 2 0.2 M Potassium fluoride 20% w/v PEG 3350
PEGI 41 0.2 Potassium phosphate 20% w/v PEG 3350

monobasic

describes for the first time a natural protein with this
amino acid motif. DLS analysis showed that pro-
tein forms thoroughly dimmer formations which are
not visualized at native gel conditions. There are
identified several different suitable crystallization
conditions for Ts-PCHTP. The data can be used
for X-ray analysis.
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KPUCTAJIM3ALMOHHU YCJIOBUA HA XETEPOJIOXKHO EKCITPECUPAH
PEKOMBUMHAHTEH METAJIOCBBP3BAIL BEJITBK TS-PCHTP

X. . Coupkora'*, I'. A. Pagocnasos?, [1. . Xpuctos?, b. JI. Illuaues!

! Hnemumym no Munepanoeus u Kpucmanoepaghus, bvieapcka Akademus na Hayxume,
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2 Unemumym no buopasnoo6pasue u Exocucmemnu Hzcneosanus, Boaeapcka Axademus na Hayxume,
yi. ,,Akao. I'. Bonues*, 6n. 25, 1113 Cogus, Bvaeapus

Ioctenmna despyapu, 2013 r.; npuera mait, 2013 r.
(Pe3stome)

B Hacrosimara paboTa € onTHMH3MpaHa eKCIpecHsiTa Ha MpOTeuH ¢ nojuuucrenHoBu nomeinu (Ts-PCHTP).
[IporennsT chabpxka ecrecTBeH pparment (His-Tag) 3a meranna koopanHanus, U3MOJI3BaH B Mpolieca Ha MPEUNCT-
BaHe, upe3 Ni apuHuTeTHa Xpomatorpadus. Hucrorara Ha 6elThKa ce clieIy Ype3 HaTUBHA-TIOIMaKPHIIAMUIHA eJIeK-
Tpodopesa, Thil KaTO BUCOKOTO ChibpkaHue Ha nuctenHu B Ts-PCHTP npoTtenHoBara mocienoBaTeIHOCT BOAU 10
HOZBEXK ALY Pe3yITaTH, KOraTo ce usnonssana rexHuka ¢ CH,(CH,),,OSO;Na — nonmakpunamuasa exekrpodopesa.
Criopen TaHHHTE, TIOJTYYCHU Ype3 TUHAMUYHO CBETIIOpa3ceiiBaHe, ce HaOmomaBa quMepHata ¢popma Ha Ts-PCHTP.
3a ompejernsHe Ha yCIOBUITA 32 KpUCTAIN3aIMs Ha OeNThKa € M3II0JI3BaHa MaTpuIia OT IIPOU3BOJIHY YCIOBHUS 32 H3-
pacTBaHe Ha MOHOKPUCTAJIH, MOIXOASIIN 32 PEHTI€HOCTPYKTYPEH aHaIU3.
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