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The bac te rial en zyme Organophosphorus acid anhydrolase 
(OPAA) is able to cat a lyze the hy dro ly sis of both proline
dipeptides (Xaa-Pro) and sev eral types of organophosphate 
(OP) com pounds. The OP com pounds are highly toxic they 
are com monly used as pes ti cides and un for tu nately also as
nerve agents. En zy matic biodegradation is safer and more
eco nom i cal than de tox i fi ca tion via purely chem i cal means
or in cin er a tion, so re com bi nant OPAA can be ap plied as an 
en zy matic tool for de tox i fi ca tion of wide spread pes ti cide
waste and for de ac ti va tion of chem i cal war fare agents. 

Three X-ray struc tures of re com bi nant wild type en -
zyme OPAA from a ma rine bac te rium Alteromonas
macleodii are pre sented here. The data were col lected at the 
beam line BL14.1 of the source of syn chro tron ra di a tion
Bessy II (Helmholtz-Zentrum, Berlin). In two cases, the
crys tals be long to space group C2 with unit cell pa ram e ters

a = 134.3 C, b = 49.1 C, c = 97.2 C and b = 125.0°. Data
were col lected up to res o lu tions 1.8 C and 1.9 C, re spec -
tively. In other case, the crys tal be longs to space group
P212121 with unit cell pa ram e ters a = 75.6 C, b = 111.2 C, c
= 138.1 C and data were col lected to the res o lu tion 2.2 C. 

The data were pro cessed us ing HKL2000 and the struc -
tures were re fined by Refmac5. All the 442 amino ac ids of

the re com bi nant pro tein were lo cated in elec tron den sity.

The pro tein fold is mainly a-he li cal. The binuclear metal
cen ter is lo cated within the pita bread do main in the ac tive
site. Man ga nese ions, which are re quired for pro tein ac tiv -
ity, were ob served in full oc cu pancy in the ac tive sites. The
en zyme form dimers. Ex is tence of dimers was con firmed
both in crys tal and also in so lu tion by dy namic light-scat -
ter ing. The en zyme shares the so-called “pita bread” fold of 
the C-ter mi nal do main with other en zymes with prolidase
ac tiv ity. 
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Bifunctional nuclease TBN1 (UniProt se quence ac ces sion
no. AM238701) from Solanum lycopersicum is a Zn2+- de -
pend ent plant glycoprotein com posed of 277 amino ac ids
with a mo lec u lar mass of 31.6 kDa (about 37 kDa when
glycosylated). TBN1 be longs to plant nuclease I group.

Nuclease I pro teins are Zn2+, Mg2+ or Ca2+  de pend ent and
ca pa ble of cleav ing both RNA and DNA in sin gle and dou -
ble stranded forms with a pref er ence for bonds ad ja cent to
ad e nine. They pro duce 5‘-mononucleotides as end prod -
ucts at pH range 5.0 - 6.5. TBN1 also plays a con sid er able
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role in spe cific apoptotic func tions, vas cu lar sys tem de vel -
op ment, stress re sponse and tis sue dif fer en ti a tion in plants
[1]. In ad di tion, TBN1 ex hib its anticancerogenic prop er -
ties [2]. There fore, a de tailed struc tural study of this en -
zyme can con trib ute to de vel op ment of new drugs for
can cer, bac te rial and vi ral dis ease treat ment. Nuclease P1
from Penicillium citrinum with 24% se quence iden tity, the
struc ture of which is known (PDB ID 1ak0) [3], is prob a bly 
the clos est struc tural homologue of TBN1. 

   Re com bi nant to mato nuclease R-TBN1 was pro duced 
by heterologous ex pres sion in Nicotiana benthamiana (to -
bacco) leafs and pu ri fied to ho mo ge ne ity [2]. Crys tals with
suf fi cient qual ity for X-ray dif frac tion anal y sis was ob tain
af ter op ti mi za tion from ini tial screen ing us ing va por dif fu -
sion crys tal li za tion method and com bi na tion of salt and
poly mer in the crys tal li za tion con di tions. The first dif frac -
tion ex per i ments were per formed us ing an in house Gem ini 
En hanced Ul tra diffractometer with the At las CCD de tec -
tor (Ox ford Dif frac tion) and three dif fer ent crys tal
morphologies were iden ti fied (orthorhombic, rhombo -
hedral and trigonal). Datasets for struc tural anal y sis were
col lected at the syn chro tron ra di a tion source BESSY II
(Helmholtz-Zentrum Berlin), beam line MX-14-1, with a
MARmosaic CCD de tec tor. Pres ence of zinc in the pro tein
was con firmed by X-ray flu o res cence and an ab sorp tion
edge scan and two MAD datasets (for a rhombohedral and

a trigonal crys tal) were col lected [4]. The phase prob lem
was solved us ing the SHELXC, D and E pro gram suite
[5]. The TBN1 struc ture re sem bles some fea tures of P1
nuclease with dif fer ences near the ac tive site and in the
glycosylation pat tern.
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RNA poly mer ase (RNAP) is an es sen tial en zyme that is re -
spon si ble for tran scrip tion of DNA into RNA. It is a
multisubunit en zyme and its com po si tion is well con served 
through out all bac te rial spe cies. Gram-pos i tive bac te ria in
com par i son to gram-neg a tive bac te ria con tain two ad di -

tional sub units that as so ci ate with RNAP: d [1] which is the 

sub ject of this work, and w1 [2]. The re com bi nant form of ä
sub unit from Ba cil lus subtilis is 173 aa long pro tein with an 
acidic pI of 3.6. It was shown to con sist of two do mains: the 
N-ter mi nal do main dis play ing an or dered struc ture as de -
ter mined by CD spec tros copy, and the C-ter mi nal do main,
which ap peared flex i ble and un struc tured. The N-ter mi nal
do main was shown to in ter act with RNAP [3].

The struc ture of N-ter mi nal do main was de ter mined by
NMR. It con sists mainly of three a-he li ces and one short
b-sheet, yet the N-ter mi nal part re mains un struc tured. The
cause of this flex i bil ity is prob a bly the His6-Tag at tached at 
the N-ter mi nus [4].

There fore crys tal li za tion and struc ture de ter mi na tion
by X-ray anal y sis were cho sen. The N-ter mi nal do main of

d sub unit was conquested to high-through put screen ing
(sit ting drop), where sev eral crys tal li za tion con di tions

were found. Fur ther op ti mi za tion showed two con di tions
that are more fa vour able for the crys tal growth and its qual -
ity. Hang ing drop was the tech nique used for the crys tal li -
za tion in the op ti miz ing step. Crys tals were ob tained af ter

7-9 days with an av er age size 500 mm x 400 mm. Dif frac -
tion data were col lected at ESRF Grenoble, ID-23-1. The
data were pro cessed by MOSFLM [5] and the de ter mi na -
tion of the struc ture was done by mo lec u lar re place ment
with NMR struc ture used as a model.
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