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The bacterial enzyme Organophosphorus acid anhydrolase
(OPAA) is able to catalyze the hydrolysis of both proline
dipeptides (Xaa-Pro) and several types of organophosphate
(OP) compounds. The OP compounds are highly toxic they
are commonly used as pesticides and unfortunately also as
nerve agents. Enzymatic biodegradation is safer and more
economical than detoxification via purely chemical means
or incineration, so recombinant OPAA can be applied as an
enzymatic tool for detoxification of widespread pesticide
waste and for deactivation of chemical warfare agents.
Three X-ray structures of recombinant wild type en-
zyme OPAA from a marine bacterium Alteromonas
macleodii are presented here. The data were collected at the
beam line BL14.1 of the source of synchrotron radiation
Bessy II (Helmholtz-Zentrum, Berlin). In two cases, the
crystals belong to space group C2 with unit cell parameters
a=1343 A, b=49.1A,c=97.2 A and B = 125.0°. Data
were collected up to resolutions 1.8 A and 1.9 A, respec-
tively. In other case, the crystal belongs to space group
P2,2,2, with unit cell parameters a = 75.6 A b=11124,c¢
=138.1 A and data were collected to the resolution 2.2 A.
The data were processed using HKL2000 and the struc-
tures were refined by Refmac5. All the 442 amino acids of
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the recombinant protein were located in electron density.
The protein fold is mainly a-helical. The binuclear metal
center is located within the pita bread domain in the active
site. Manganese ions, which are required for protein activ-
ity, were observed in full occupancy in the active sites. The
enzyme form dimers. Existence of dimers was confirmed
both in crystal and also in solution by dynamic light-scat-
tering. The enzyme shares the so-called “pita bread” fold of
the C-terminal domain with other enzymes with prolidase
activity.
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Bifunctional nuclease TBN1 (UniProt sequence accession
no. AM238701) from Solanum lycopersicum is a Zn**- de-
pendent plant glycoprotein composed of 277 amino acids
with a molecular mass of 31.6 kDa (about 37 kDa when
glycosylated). TBN1 belongs to plant nuclease I group.

Nuclease I proteins are Zn>", Mg®" or Ca®* dependent and
capable of cleaving both RNA and DNA in single and dou-
ble stranded forms with a preference for bonds adjacent to
adenine. They produce 5°-mononucleotides as end prod-
ucts at pH range 5.0 - 6.5. TBN1 also plays a considerable
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role in specific apoptotic functions, vascular system devel-
opment, stress response and tissue differentiation in plants
[1]. In addition, TBN1 exhibits anticancerogenic proper-
ties [2]. Therefore, a detailed structural study of this en-
zyme can contribute to development of new drugs for
cancer, bacterial and viral disease treatment. Nuclease P1
from Penicillium citrinum with 24% sequence identity, the
structure of which is known (PDB ID 1ak0) [3], is probably
the closest structural homologue of TBNI1.

Recombinant tomato nuclease R-TBN1 was produced
by heterologous expression in Nicotiana benthamiana (to-
bacco) leafs and purified to homogeneity [2]. Crystals with
sufficient quality for X-ray diffraction analysis was obtain
after optimization from initial screening using vapor diffu-
sion crystallization method and combination of salt and
polymer in the crystallization conditions. The first diffrac-
tion experiments were performed using an in house Gemini
Enhanced Ultra diffractometer with the Atlas CCD detec-
tor (Oxford Diffraction) and three different crystal
morphologies were identified (orthorhombic, rhombo-
hedral and trigonal). Datasets for structural analysis were
collected at the synchrotron radiation source BESSY II
(Helmbholtz-Zentrum Berlin), beam line MX-14-1, with a
MARmosaic CCD detector. Presence of zinc in the protein
was confirmed by X-ray fluorescence and an absorption
edge scan and two MAD datasets (for a rhombohedral and
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a trigonal crystal) were collected [4]. The phase problem
was solved using the SHELXC, D and E program suite
[5]. The TBNI1 structure resembles some features of P1
nuclease with differences near the active site and in the
glycosylation pattern.
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RNA polymerase (RNAP) is an essential enzyme that is re-
sponsible for transcription of DNA into RNA. It is a
multisubunit enzyme and its composition is well conserved
throughout all bacterial species. Gram-positive bacteria in
comparison to gram-negative bacteria contain two addi-
tional subunits that associate with RNAP: § [1] which is the
subject of this work, and ®, [2]. The recombinant form of &
subunit from Bacillus subtilis is 173 aa long protein with an
acidic pl of 3.6. It was shown to consist of two domains: the
N-terminal domain displaying an ordered structure as de-
termined by CD spectroscopy, and the C-terminal domain,
which appeared flexible and unstructured. The N-terminal
domain was shown to interact with RNAP [3].

The structure of N-terminal domain was determined by
NMR. It consists mainly of three a-helices and one short
[-sheet, yet the N-terminal part remains unstructured. The
cause of this flexibility is probably the His¢-Tag attached at
the N-terminus [4].

Therefore crystallization and structure determination
by X-ray analysis were chosen. The N-terminal domain of
O subunit was conquested to high-throughput screening
(sitting drop), where several crystallization conditions

were found. Further optimization showed two conditions
that are more favourable for the crystal growth and its qual-
ity. Hanging drop was the technique used for the crystalli-
zation in the optimizing step. Crystals were obtained after
7-9 days with an average size 500 um x 400 pum. Diffrac-
tion data were collected at ESRF Grenoble, ID-23-1. The
data were processed by MOSFLM [5] and the determina-
tion of the structure was done by molecular replacement
with NMR structure used as a model.
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