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INTRODUCTION

 

α

 

-Proteobacteria of genus 

 

Brucella

 

 are intracellular
parasites of sheep (

 

B. melitensis

 

), cows (

 

B. abortus

 

),
swine (

 

B. suis

 

) [1]. Humans are most susceptible to the
species 

 

B. melitensis

 

. The work proposes a genus 

 

Bru-
cella

 

-specific new mechanism of regulation of expres-
sion of some genes, including genes of the Nramp fam-
ily and metalloprotein genes. The Nramp family unites
transporters of divalent metal cations, in particular
manganese Mn

 

2+

 

, iron Fe

 

2+

 

, zinc Zn

 

2+

 

, and copper Cu

 

2+

 

.
Transporters of the Nramp family have been found both
on the macrophage phagosome membrane in mammals
[2, 3] and in bacteria [4]. These transporters play an
important role during phagocytosis and also during
bacterial survival in the course of incomplete phagocy-
tosis, for example, 

 

Brucella

 

 are intracellular parasites.
The transporters of the bacterium and the macrophage
compete with each other, favoring survival of the bac-
terium inside the macrophage [2–4]. The mentioned
metals enter into the composition of many enzymes
protecting bacteria against oxidative stress inside the
phagosome. A suggestion has been put forward that
though transporters of the Nramp family usually deliver
cations into the cells, they also remove from the cell
some cations that are present there in excess [5].

For 

 

Mycobacterium tuberculosis

 

 it has been experi-
mentally shown that the concentration of mRNA corre-
sponding to a transporter of the Nramp family is regu-
lated by the concentration of cations. For this case the
possibility of transport of different cations by one and

the same transporter of this family has been demon-
strated, and elevation of the concentration of some cat-
ions can lower the efficiency of transport of other cat-
ions [4].

In our work a new mechanism of regulation is pro-
posed, based on degradation of mRNA with participa-
tion of long RNA helices positioned before or after the
regulated gene. Some ribonucleases are metallopro-
teins including manganese. Manganese is necessary
also for ribonuclease H II causing degradation of RNA
in the composition of an RNA–DNA hybrid. For pre-
diction of RNA helices, use was made of the algorithm
proposed by the authors. Genomes of bacteria were
obtained from the GenBank database, ftp://ftp.ncbi.
nlm.nih.gov. The names of orthologous genes from
genus 

 

Brucella

 

 and from 

 

E. coli

 

 are presented in the
table.

RESULTS

With the use of our algorithm of searching for RNA
helices in the gene leader regions, genes were discov-
ered in front of which there are long RNA helices with
a periodic repeat of consecutively eight nucleotides in
the helix arms, sometimes with continuation of the
repeat into the helix loop (see Fig. 1). In each case these
helices were found between co-directed genes posi-
tioned at a small distance from each other (up to
300 nucleotides) and without the usual terminator
between them. Therefore it is not excluded that they
enter one operon. The results obtained with the help of
the algorithm proposed by us pertain to the following
two cases (Fig. 2).

 

The first case

 

 consists in that before the long helix
there is a hypothetical gene 

 

BME10570

 

 and after it—
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gene 

 

mntH

 

 of the Nramp family (Pfam no. PF01566,

 

E 

 

= 2.5 · 10

 

–156

 

).

 

The second case

 

 consists in that before the long
helix there is gene 

 

gloA

 

 encoding Ni-dependent glyox-
alase I (enzyme EC 4.4.1.5) and after it—gene

 

BME11889

 

 of a hypothetical protein, the C-terminal
domain of which is homologous to the domain of the
protein produced in plant tubercles upon intrusion of

 

Rhizobium

 

 (Pfam no. PF02451, 

 

E 

 

= 0.44). Further after
this gene follows the gene 

 

BME11890

 

 of a hypothetical
transporter with unknown function, including domains
DUF1775 (

 

E 

 

= 5.5 · 10

 

–40

 

) and DUF461 (

 

E 

 

= 2.4 · 10

 

–45

 

),

the second of which is characteristic of many transport-
ers (see Fig. 2 and table).

One and the same periodic sequence shown in Fig. 3,
AGGGCAGUAGGGCAGUAGGGCAGUAGGGCAGU
 is present in the 5' arms of all mRNA helices found by us
in 

 

B. melitensis

 

 16M, 

 

B. suis

 

 and besides, what still has no
explanation, in genomes of mouse 

 

Mus musculus

 

, rat 

 

Rat-
tus norvegicus

 

, and platypus 

 

Ornithorhynchus anatinus

 

.
In the sequenced genomes of other mammals presented in
GenBank such repeats are absent. In these three mammals
the indicated sequence does not enter the composition of
long RNA helices. In 

 

B. abortus

 

 biovar 1 str. 9-941 and

 

Orthologous genes in 

 

Brucella

 

 and 

 

E. coli

B

 

. 

 

melitensis

 

16M

 

B

 

. 

 

suis

 

 1330

 

B

 

. 

 

abortus

 

biovar
1 str. 9-941

 

B

 

. 

 

melitensis

 

 
biovar

Abortus 2308

 

E. coli

 

 K-12 Gene annotation

 

BM EI0570 BR1440 BruAb1_1435 BAB1_1459

BM EI0569 BR1441 BruAb1_1436 BAB1_1460 mntH

 

Family

 

 Nramp (PF01566)

 

BM EI1888 BR0056 BruAb1_0056 BAB1_0053 gloA

 

Glyoxalase I (PF00903); EC 4.4.1.5

 

BM EI1889 BR0055 BruAb1_0055 BAB1_0052

 

Include domain PF02451

 

BM EI1890 BR0054 BruAb1_0054 BAB1_0051

 

Include domain

 

s DUF1775 (PF07987) and 
DUF461 (PF04314)

 

BM EI1542 BR0386 BruAb1_0411 BAB1_0415 rnhB

 

Ribonuclease

 

 H II; EC 3.1.26.4

 

Brucella militensis 

 

16M chromosome
1

 

st 

 

helix upstream 

 

mntH

 

2

 

nd 

 

helix upstream 

 

BMEI1889

Brucella suis 

 

1330

 

 

 

chromosome
1

 

st 

 

helix upstream 

 

mntH

 

2

 

nd 

 

helix upstream 

 

BR0055

Brucella abortus 

 

biovar 1 str. 9-941 &

 

Brucella melitensis

 

 biovar

 

 

 

Abortus 2308

 

 

 

chromosome
1

 

st 

 

helix upstream 

 

mntH

 

2

 

nd 

 

helix upstream 

 

BruAb1

 

_0055 & 

 

BAB1

 

_0052

 

Fig. 1.

 

 Long helices found with the help of our algorithm before genes orthologous to 

 

mntH

 

 and 

 

BME11889

 

. Before gene 

 

mntH

 

 the
two helices found are divided by one-way bulging of one nucleotide, helix arms are emphasized by underlining. Leader regions of
orthologous genes to 

 

mntH

 

 and 

 

BME11889

 

 in 

 

B. abortus

 

 biovar I str. 9-941 and 

 

B. melitensis

 

 biovar Abortus 2308 coincide.



 

154

 

BIOPHYSICS

 

      

 

Vol. 54

 

      

 

No. 2

 

      

 

2009

 

SELIVERSTOV, LYUBETSKY

 

B. melitensis

 

 biovar Abortus 2308 instead of a quadruple
repeat we found a double repeat with the same period.

Sequences 100–150 nucleotides long homologous
to fragments of the helices we found or their loops are
found also in other places of 

 

Brucella

 

 genomes, how-
ever, they do not enter into the composition of any long
RNA helix. But such sequences are not found in other
bacteria. By analogy to well-known cases one can think
that the indicated helices in 

 

Brucella

 

 emerged from
transposable IS elements ([6] pp. 230–232).

We suppose that the helices found by us are tran-
scribed together with the indicated genes and form on
mRNA rather than on DNA for the reason that they con-
tain GU pairs. In this case a long helix can form only on
RNA. Besides that, these helices are situated between
genes of one DNA strand, which are positioned at a
small distance from each other, i.e. they can enter a uni-
fied operon. The conservativeness of the helix—long
hairpin with a repeat in its arm of literally one word
AGGCAGU allows a suggestion that it is under pres-
sure of stabilizing selection and consequently exists as
a helix on mRNA. Though in many bacteria the tran-
scription of gene 

 

mntH

 

 is regulated by protein MntR
binding DNA, this protein is absent in 

 

Brucella

 

. The
presence of a conservative long helix on mRNA that is
absent (except 

 

Brucella

 

) in all other species presented
in GenBank allows a suggestion that 

 

Brucella

 

 pos-
sesses another regulation of gene 

 

mntH

 

. This supple-
ments the statement from [7] where it is supposed that
gene 

 

mntH

 

 belongs to the MUR regulon.

 

The hypothesis

 

 consists in that the considered helix
with the indicated repeat of nucleotides serves as a
place for binding of a metalloprotein including manga-

nese or zinc with mRNA, which influences the mRNA
stability. Metalloprotein binding and consequently
mRNA stability depends on the concentration of metal
cations.

The candidate for the role of the corresponding regula-
tory metalloprotein can be ribonuclease H II (EC 3.1.26.4),
which binds manganese and causes mRNA degradation
at the expense of ribonuclease binding with the long
helix. In the presence of a sufficient amount of manga-
nese the long RNA helix found by us is subjected to
degradation by this ribonuclease. If there is little man-
ganese, then the ribonuclease does not destroy mRNA
containing the transporter gene 

 

mntH

 

, and manganese
goes into the bacterium.

The discovered RNA helices with periodic structure
can also serve as a place for cooperative binding of a
regulatory protein protecting mRNA from degradation
in the case if there is little cations. Therewith the regu-
latory element can be situated both at the 5'-leading and
the 3'-trailing region of the regulated gene. A similar
case is given, for example, in work [6].

 

BMEI0570

gloA BMEI1889

 

Mn

 

-

 

Transporter

Transporter

 

mntH

BMEI1889

 

Fig. 2.

 

 Mutual positioning of coding regions and the long
hairpin for two mRNAs in 

 

B. melitensis

 

 16M. For other bru-
cellae the positioning of the hairpin and coding regions is
analogous. At the top, situated before the long helix is the
coding region of hypothetical gene BMEI0570 and after
it—the coding region of gene mntH from family Nramp
(Pfam, PF01566). At the bottom, situated before the long
helix is the coding region of gene gloA for Ni-dependent
glyoxalase I (EC 4.4.1.5) and after it—gene BME11889 of
a hypothetical protein. Further after this gene follows the
gene BME11890 of a hypothetical transporter with
unknown function, including domains DUF1775 and
DUF461, the second of which is characteristic of many
transporters.
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Fig. 3. Stalk of the long hairpin before gene mntH in
B. melitensis 16M. The stalk contains the repeat marked by
the line.
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Though the closest homologs of the MntH trans-
porter from Brucella are specific to manganese, by
analogy to Mycobacterium it can be suggested that
MntH in Brucella can take part in the transport of sev-
eral divalent metals. Long hairpins with a repeat of one
and the same word in the arm are found both before the
MntH transporter and before a transporter of unknown
specificity. Therefore it can be suggested that this sec-
ond transporter following the gene of Ni-dependent
glyoxalase I and entering together with it a unified
operon is also associated with transport of divalent
metal cations.
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