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INFLUENCE OF RNA BINDING ON THE STRUCTURE OF BORNA DISEASE VIRUS
MATRIX PROTEIN
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Borna dis ease vi rus (BDV) is the caus ative agent for Borna
dis ease, a non-cytolytic, per sis tent in fec tion of the cen tral
ner vous sys tem orig i nally de tected among horses in Borna, 
Ger many. BDV has been used as a model sys tem to in ves ti -
gate and un der stand per sis tent vi ral in fec tions of the brain.
The known hosts of BDV range from ro dents to non-hu -
man pri mates and per haps hu mans. Within the or der
Mononegavirales, which in cludes among oth ers the vi -
ruses Mar burg, Ebola and Ra bies, BDV is the rep re sen ta -
tive and only mem ber of the fam ily of Bornaviridae. 

BDV has the small est ge nome among all known neg a -
tive stranded non-seg mented RNA vi ruses, with a size of
8.9 kb, en cod ing for six pro teins. The ma trix pro tein of
BDV (BDVM), a 16.2 kDa pro tein that forms a sta ble
homotetramer, is as so ci ated with vi rus as sem bly and bud -
ding and may also be as so ci ated with the reg u la tion of the
vi ral ribonucleoprotein ac tiv ity. We have re cently shown
that BDVM binds sin gle stranded RNA, as does the ma trix
pro tein VP40 of the Ebola vi rus.

To fur ther in ves ti gate the struc tural and func tional in -
flu ence of RNA bind ing on BDVM, we mu tated the spe -
cific RNA bind ing site, cre at ing the vari ant BDVM
H112W. Here, we pres ent two dif fer ent crys tal struc tures

of BDVM H112W and their bio phys i cal char ac ter iza tion,
pro vid ing new in sights into the in flu ence of RNA bind ing
on the struc ture and sug gest ing al ter na tive functionalities
of BDVM.
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TWO-DOMAIN LACCASE FROM Streptomyces coelicolor: 
A LINK BETWEEN LACCASES AND NITRITE REDUCTASES
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Laccases (EC 1.10.3.2) are multicopper oxi das es cat a lyz -
ing the re duc tion of mo lec u lar ox y gen to wa ter ac com pa -
nied by ox i da tion of a sub strate, with broad sub strate
spec i fic ity (polyphenols, methoxy-sub sti tuted phe nols, ar -
o matic diamines). Com mon laccases con sists of three do -

mains. The laccase from Streptomyces coelicolor re ported
here (PDB code 3CG8) was the first two-do main laccase
struc ture of which was solved (Skálová et al., J. Mol. Biol.
2009, 385, 1165-1178). 
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Multicopper blue pro teins form an in ter est ing pro -
tein fam ily with vari abil ity of po si tions of cop per ions in
pro teins and vari abil ity of pro tein oligomerization states. 
An evo lu tion ary the ory of multicopper blue pro teins was
pro posed by Nakamura and Go (Cell. Mol. Life. Sci., 62
(18), 2050-2066), with evo lu tion from monomeric pro teins 
over two-do main trimeric pro teins of three types (A, B and
C) to wards three-do main laccases and ascorbate oxi das es,
two-do main ni trite re duc tases and six-do main cerulo -
plasmin. 

The struc ture of laccase from Streptomyces coeli -
color con firms ex pec ta tions of hy poth e sis of Nakamura
and Go con cern ing pro tein ar range ment (two-do main
trimeric pro tein type B) and brings de tailed struc tural in -
for ma tion. 

This work was sup ported by GA AV CR, pro ject IAA
500500701, by GA CR, pro ject 305/07/1073, and by the
Eu ro pean Com mis sion, in te grated pro ject SPINE2-Com -
plexes, no. LSHG-CT-2006-031220.
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A novel en zyme, DbeA, be long ing to the fam ily of
haloalkane dehalogenases (EC 3.8.1.5) was iso lated from
Bradyrhizobium elkani USDA94. This haloalkane
dehalogenase is closely re lated to DbjA en zyme from
Bradyrhizobium japonicum USDA110 (71% se quence
iden tity), but has dif fer ent bio chem i cal prop er ties. DbeA is 
gen er ally less ac tive and has a higher spec i fic ity to wards
brominated and io din ated com pounds than DbjA. To un -
der stand the al tered ac tiv ity and spec i fic ity of DbeA en -
zyme, its mu tant vari ant DbeA1, car ry ing the unique

frag ment of DbjA, was also con structed. Both the wild type 
DbeA and the DbeA1 were crys tal lised us ing the sit -
ting-drop vapour-dif fu sion method. The crys tals of DbeA
be long to the prim i tive orthorhombic space group P212121,
while the crys tals of the DbeA1 mu tant be long to the
monoclinic space group C2. Crys tal struc ture of a DbeA
and DbeA1 have been solved and re fined to 2.2 C res o lu -
tion. The en zy matic mo lec u lar struc ture of DbeA was com -
pared with those of known haloalkane dehalogenases
al ready de pos ited in Brookhaven Pro tein Data Bank. 
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Fig ure 1. Trimer of two-do main laccase from Streptomyces
coelicolor with de noted po si tions of twelve cop per ions.
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In or der to pre vent misfoldingprotein fold ing is of ten me di -
ated by mo lec u lar chaperones. Re cently, a novel class of
intramolecular chaperones (IMC) has been iden ti fied in
tailspike pro teins of evo lu tion ary dis tant vi ruses, which re -
quire a C-ter mi nal chaperone for cor rect fold ing. The
chaperone do mains, which share a high se quence
homology are in ter change able be tween pre-pro teins and
re lease them selves af ter proper pro tein fold ing. 

Here we re port the crys tal struc tures of two IMCs in ei -
ther the re leased or the pre-cleaved form, re veal ing the role

of the chaperone do main in for ma tion of a tri ple-b-he lix
mo tif. Ten ta cle-like pro tru sions en close the pre-pro teins
dur ing the fold ing pro cess. Af ter the as sem bly a sen sory

mech a nism for cor rectly folded b-he li ces trig gers a
Ser-Lys cat a lytic dyad to re lease the ma ture protein -
autoproteolytic cleav age re ac tion. Se quence anal y sis
shows a con ser va tion of the IMCSsin func tion ally un re -

lated pro teins pre sum ably shar ing b-he li ces as a com mon
struc tural mo tif.
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READY, SET, SCREEN: X8 PROSPECTOR 
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The cur rent bot tle neck in pro tein crys tal log ra phy is to get
well dif fract ing crys tals. The pro cess of screen ing crys tals
is con se quently vi tal, not only to mon i tor im prove ment in
the crys tal li za tion tri als but also to se lect the best crys tals
for the data col lec tion at the syn chro tron.

Thus, when screen ing a large num ber of po ten tial can -
di dates, it is im por tant hav ing a ded i cated sys tem, which is
easy to use, has low main te nance costs, and has an ex cel -
lent DCE [1] to en able the sci en tist to judge the scat ter ing
power of the crys tal.

The only way to fig ure out if and how well your crys tal
dif fracts is a di rect check us ing a suf fi ciently strong X-ray
beam. Why waste your valu able syn chro tron time screen -
ing crys tals there when you could eas ily screen in the lab?
The X8 PROSPECTOR (Fig. 1) is a sys tem de signed to
ful fil the de mand for ef fi cient screen ing, eco nom i cal and
re li able. With its com pact de sign and small foot print, it can
be placed in any lab o ra tory. More over it gives you all the
in for ma tion needed prior to go to the beamline. 

The source is com pletely air-cooled and there fore re -
quires no ex ter nal plumb ing. Fur ther more it uses reg u lar,
sin gle-phase power with out the need of spe cial elec tri cal

wir ing. A microfocus ImS sealed tube cou pled with the
QUAZAR op tics de liv ers a highly sta ble X-rays beam with 
in ten sity equiv a lent to the one of a tra di tional sources, such 
as ro tat ing an ode gen er a tor with a 300 mi cron fo cus com -

bined with 6 cm mulilayer mir rors. The ImS de liv ers the
small est beam – fo cus sing the X-rays where you need them 
and mini mis ing back ground. The rock-solid fourth gen er a -
tion APEX II CCD de tec tor is the most sen si tive avail able,

and when cou pled with this pow er ful ImS source it en ables
you to mea sure dif frac tion from the most weakly dif fract -
ing crys tals.

The X8 PROSPECTOR not only speeds up your
screen ing work, it also leads the user through the whole
pro cess. The PROTEUM2 soft ware con trols the hard ware
and an a lyzes the re sults to give quick and re li able an swers
to your ques tions. 

Ex am ples will be pre sented show ing how eas ily the X8
PROSPECTOR finds the jew els in your crys tal li za tion
plates. 

M. Stanton, Nucl. Instrum. Meth ods, A325, (1993),
550.
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Fig ure 1. X8 PROSPECTOR with ImS microfocus source,
QUAZAR op tics, three cir cles goniometer and APEXII CCD de -
tec tor: the ideal sys tem for screen ing crys tals.


