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Abstract Brome mosaic virus (BMV) is a representative
member of positive-strand RNA viruses. The 1a replicase
from BMV is a membrane protein of unknown structure
with a methyltransferase N-terminal domain and a puta-
tive helicase activity in the C-terminal domain. In order to
make a functional prediction of the helicase activity of the
BMV 1a C-terminal domain, we have built a model of its
structure. The use of fold recognition servers hinted at
two different superfamilies of helicases [superfamily 1
(SF1) and superfamily 2 (SF2)] as putative templates for
the C-terminal fragment of BMV 1a. A structural model
of BMV 1a in SF2 was obtained by means of a fold
recognition server (3D-PSSM). On the other hand, we
used the helicase motifs described in the literature to
construct a model of the structure of the BMV 1a C-
terminal domain as a member of the SF1. The biological
functionality and statistic potentials were used to dis-
criminate between the two models. The results illustrate
that the use of sequence profiles and patterns helps
modeling. Accordingly, the C-terminal domain of BMV
1a is a potential member of the SF1 of helicases, and it
can be modeled with the structure of a member of the
UvrD family of helicases. The helicase mechanism was

corroborated by the model and this supports the hypoth-
esis that BMV 1a should have helicase activity.

Keywords Helicase · Threading · Modeling · Brome
mosaic virus · 1a

Introduction

Helicases are proteins that catalyze the separation of RNA
or DNA duplexes into single strands using the energy
generated by the NTP hydrolysis [1]. Although helicases
form a wide and diverse group of proteins, they all share
common sequence patterns, the so-called “helicase mo-
tifs”. These motifs consist of short conserved amino acids
that play a key role in diverse steps of the helicase ac-
tivity. Based on these motifs, helicases have been clas-
sified into five main groups [2] (see Fig. 1). The majority
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Fig. 1 Scheme of the main groups of helicases (adapted from
Gorbalenya and Koonin [2]). The distinct groups of helicases
within the large families are represented by the small circles inside
the larger circles. This classification is based on the extend of
amino acid similarity and the organization of the helicase motifs.
The helicase groups used in the modeling are hinted with a shaded
background.



of helicases belong to superfamily 1 (SF1) or superfamily
2 (SF2). Concerning their biological roles, the DNA he-
licases are involved in replication, recombination and
repair processes [3]. RNA helicases function in RNA
transcription, editing, splicing, ribosome biogenesis, RNA
export, translation, RNA turnover and organelle gene
expression [4]. In addition, it has been suggested that
helicases act as RNA chaperones modulating the RNA
structure in diverse metabolic processes [5].

Helicases also play an important role in viral replica-
tion. They assure that the viral templates are repeatedly
available for every new round of replication [5]. This is
particularly relevant for positive-stranded RNA viruses,
where the terminal regions of the genomes are highly
structured. Furthermore, the recent discovery that some
helicases can influence RNA-protein interactions [6]
suggests that they may function in other processes of virus
multiplication like viral RNA translation.

Positive strand RNA viruses cause important human
diseases such as hepatitis, encephalitis, hemorrhagic fe-
vers and SARS. To study their replication, the Brome
mosaic virus (BMV), a member of the alphavirus-like
superfamily of plant, animal and human viruses, has been
proven to be a useful model system [7]. Two viral pro-
teins are sufficient for BMV replication, the polymerase
2a and the replicase 1a. The latter protein has an N-ter-
minal m7G methyltransferase and a covalent GTP-binding
activity necessary for capping of the three viral RNAs.
The C-terminal half contains a helicase-like domain that
was shown to be essential for BMV RNA synthesis.
However, its putative helicase activity has not yet been
tested because the protein could not be purified suffi-
ciently.

To make functional predictions about the putative 1a
helicase activity, here we develop a 3D model of the 1a
C-terminal domain structure. It was unclear if 1a helicase
is a member of the SF1 or the SF2 of helicases. Therefore,
we report a model of BMV 1a protein for each super-
family. These two models will help us to recognize the
superfamily type of the helicase domain of BMV 1a by a
further evaluation of the structures using statistic poten-
tials and an analysis of its functionality.

Materials and methods

The sequence of the target protein BMV was retrieved from the
Swissprot database [8] under code V1A_BBMV. The databases
used for searching sequence and structural homologies were
downloaded respectively from Swissprot [8] and the Protein data
bank (PDB) [9]. The protein sequences of these databases were
formatted into BLAST format [10] and Psi-Blast [10, 11] was used
to search homologous sequences of the target protein. Also, the
Pfam-A database [12] of protein profiles was downloaded for
searching homologous sequences by means of Hidden Markov
Models with the program HMMER [13]. The databases of motifs
PROSITE [14] and PRINTS [15] were used on the web for
searching local motifs. The alignments between the target protein
and the templates were obtained by means of fold recognition using
3D-PSSM [16] and FUGUE [17]. Several partial models of the
structure of the target sequence were obtained by distance restraints
(extracted from the alignment) with the program MODELLER [18,

19] and energy minimized with GROMOS [20]. Statistical energies
per residue were calculated with ProsaII [21] for all models and
were used to validate their conformations. Finally, the protein
models complexed with DNA were obtained by superimposition
with STAMP [22] on the structure of the DNA-helicase complex of
PcrA with DNA (PDB code 3pjr). All runs were performed on a
Pentium Xeon and protein figures were obtained with RasMol [23]
and PREPI in a Silicon Graphics Octane workstation.

Results

Search and sequence alignment

The sequence of BMV was compared with the profiles of
the PFAM database by means of Hidden Markov Models.
The result splits the sequence in two domains: the Nt
domain matches the PFAM domain of “viral methyl-
transferase” (e-value 3.5e-162) (see Fig. 2a), and the Ct
domain matched the “viral_helicase1” domain of PFAM
(e-value 6.6e-75) (see Fig. 2b). We focused on the
structure and function of the Ct domain in order to prove
the putative helicase activity.

Homologous sequences of the Ct helicase domain of
BMV were searched with Psi-Blast [10] among the se-
quences of the PDB without success. Also, searching by
Hidden Markov was unsuccessful because of the lack of
structures for the viral_helicase PFAM domain. There-
fore, the search was done on the sequences of the Swis-
sprot database until convergence was achieved, and the
PSSM matrix was kept and reused to search on the se-
quences of PDB. This procedure succeeded in matching
a P-loop pattern on the sequence of some crystallized
helicases (PDB codes 3pjr, 2pjr, 1pjr, 1qhh, 1qhg and
1uaa, which show the common feature of the UvrD he-
licase domain) and the viral_helicase 1 domain (the se-
quence-pattern included in the local alignment was
GVAGCGKT). Indeed, these helicases are members of
the same SCOP fold identified as “P-loop containing
nucleotide triphosphate hydrolase”. The sequence-pattern
GVAGCGKT was also found using Prosite [14] (pattern
PS00017, ATP_GTP_A ATP/GTP-binding site motif A).
Nevertheless, the local alignments were too short for
modeling the structure of the Ct domain.

According to this result, we searched the template with
the servers FUGUE [17] and 3D-PSSM [16] on the web.
Both servers scored helicases from the PDB, although
only 3D-PSSM scored on the first ranks (codes: 1hv8,
1pjr, 1uaa, 1a1v, see Table 1) with an acceptable align-
ment for model building a fragment of about 150–250
residues, being the alignment obtained for 1hv8, the lar-
gest one that included the ATP binding site motif in a
correct position (see Fig. 3a). The results with FUGUE
were discarded because the Z-score was less than mar-
ginal; the best score was 4.68 and it was given to glu-
conate kinase, while UvrD-helicase ranked on the 8th
position with a Z-score of 2.33 and a wrong alignment at
the ATP binding site motif. According to 3D-PSSM re-
sults, then, the model for the Ct domain of BMV can be
obtained either as a member of the DEAD and DEAH box
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Fig. 2 PFAM identified domains of Ct and Nt domains of BMV 1a.
a The alignment of BMV 1a sequence obtained by HMM in PFAM
for 400 residues of the N-terminal domain matched the viral

methyltransferase domain. b The alignment of BMV 1a sequence
obtained by HMM in PFAM for the last 350 residues at the C-
terminal domain matched the viral_helicase1 domain.
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helicase family (SF2 helicases) or as a member of the
UvrD-helicases family (SF1 helicases). For a model of the
Ct domain as a member of the DEAD/H box helicase
family we should use the known structure of MjDEAD,
with PDB code 1hv8, or the structure of the Hepatitis C
virus NS3 (HCV-NS3), with PDB code 1a1v. On the other
hand, the modeling as a member of the UvrD-helicases
family should be done with the structure of PcrA, with
PDB codes 1pjr and 3pjr, or the structure of RepA, with
PDB code 1uaa.

Model building

The model of a region of 254 residues of the Ct domain of
BMV 1a as a member of the DEAD/DEAH box helicase
family (model for SF2) was obtained when this sequence
was aligned with MjDEAD, an ATP-dependent RNA

helicase from the archeobacteria M. jannaschii, according
to the alignment obtained from the 3D-PSSM fold- rec-
ognition program and using the program MODELLER
[18, 24]. Although the 3D-PSSM program had also found
a good alignment for HCV-NS3, a viral_helicase, the
number of residues aligned was lower than for MjDEAD.
Gaps within the modeling region were modeled as loops
[25] and a set of 50 putative models were obtained. The
sequence numbering of the model was restarted from 1 to
254 (corresponding to amino acids 643–896 of the 1a
protein sequence).

In a similar manner, a model of the Ct domain of BMV
1a as a member of the UvrD-helicase family (model for
SF1) was obtained with the alignment with PcrA (yielding
the largest alignment by means of FUGUE), an ATP
dependent DNA helicase from B. stearothermophilus.
This alignment was obtained manually by forcing the first
five helicase motifs on BMV 1a to coincide with those of

Fig. 2 (continued)
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PcrA (see Fig. 3b), using the alignment of the SF2 model
as a basis. The steps followed in this process were: (1) we
obtained a structural alignment between the structures
of SF2 (MjDEAD) and SF1 (PcrA) with the program
STAMP; (2) to obtain the alignment between PcrA and
BMV 1a we combined the MjDEAD-PcrA alignment
with the one previously used in the SF2 model
(MjDEAD-BMV 1a) using the common aligned residues;
and (3) we manually rearranged the sequence to align the
SF1 helicase motifs described for PcrA with those ex-
pected in BMV 1a, [3] while maintaining the alignment
from step 2 in the zones that did not include these motifs.
We used this alignment and the program MODELLER
[26] to model build the C-terminal fragment of BMV 1a
as a member of the SF1.

An energy profile was calculated by statistical poten-
tials of mean force with the program ProsaII for each
modeled conformation. The conformation with the
smallest pseudo-energy for each superfamily type model
was selected and minimized. The optimization was per-
formed with 10,000 steps of steepest-descent minimiza-
tion with the program GROMOS using the in vacuo force
field and the reaction field approach [27]. The purpose of
this refinement was the optimization of the side-chain
orientations to avoid physical bad contacts. This opti-
mization was performed without solvent molecules in
order to avoid large modifications of the conformation of
the model. SHAKE [28] was applied on the last 5,000
steps of the optimization and the electrostatic energy was
calculated using the twin-range method with cut-off radii
of 9 and 15 �, updating a list of long-range interactions
every ten steps, and with an additional reaction field at
15 � [29].

After energy minimization, the model conformation
for SF2 (hereafter named “superfamily-2 preliminary
model”, SF-2 preliminary) still shows a positive pseudo-
energy. Therefore, the model was modified by manual
intervention, introducing helical conformations in coiled
regions of the model where a classical b–a–b type motif
was expected according to the prediction of secondary
structure obtained with PSIPRED [30]. The correct pairs
of a-helix H-bonds, where the pair had been lost due to
misalignments, were reinforced. The regions modified by
forcing the helical conformation are indicated in Fig. 4.
The resulting model was optimized with GROMOS using
the previous procedure, and the new model was named
“superfamily-2 model” (SF2 model). A combined ProsaII
pseudo-energy, obtained by a linear combination of
“surface” and residue “pair” energies, was used to hint the
region of the protein core where the energy of the mod-
ified model was better than the original (see Fig. 5). Al-
though this approach resulted in an overall improvement,
some regions showed worst pseudo-energy after this
modification, mainly for the “surface” pseudo-energy.

However, the best pseudo-energies were obtained after
energy minimization with GROMOS of the model of
BMV 1a as a member of helicase SF1. This model was
named “superfamily-1 model” (SF1 model). After energy
optimization, the secondary structures of the three modelsT
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Fig. 3 Partial region of the Ct
helicase domain of BMV 1a.
a Best alignment obtained by
3D-PSSM with the sequence of
ATP-dependent RNA helicase
MjDEAD from M. jannaschii
(helicase belonging to the SF2,
PDB code 1hv8). b Alignment
obtained by manual alignment
of the helicase motifs found in
BMV 1a sequence with the of
ATP-dependent DNA helicase
PcrA from Geobacillus
stearothermophilus (helicase
belonging to SF1, PDB code
3pjr). The sequences corre-
sponding to motif I, motif Ia,
motif II, motif III, and motif IV
are colored and hinted in bold.
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were calculated with the program DSSP [31] and com-
pared with the predicted secondary structure (see Fig. 4).
The results were acceptable for the three models. Only the
b-strandpredicted between residues 199 and 212 of the
model is not found by DSSP, probably due to the lack of
an additional b-strand formed by residues not considered
in the model. The interval of residues identified by neg-
ative pseudo-energy indicates the correct alignment for
the five helicase motifs comprised within the interval
limits between the first 50 residues and 210. The model
produces a single positive region of the pseudo-energy

that falls in a region without helicase motifs. The surface
energy according to ProsaII is very similar for the three
models, being mostly positive. The energy between pairs
of residues is mostly positive for the SF2 model and
specially for the SF2 preliminary model, while it is mostly
negative in the case of the SF1 model, indicating the best
packing interaction for this last model (see Fig. 5).

In the SF1 model, the region with lowest pseudo-en-
ergy is found between residues 65 and 140 and from re-
sidues 165 to 205, containing some structural motifs
functionally characterized in helicases or related to them.
In the case of the SF2 model, the region with lowest
pseudo-energy is restricted between residues 100 and 150,
a region also containing some helicase motifs (see Fig. 5).

Sequence structural motifs and biological function

Helicases of SF1 and SF2 present seven characteristic
helicase motifs: motif I (also named Walker A Box), Ia, II
(also named Walker B box), III, IV, V and VI. Except for
motifs III and IV, which differ in sequence, function and
relative position, the rest of the motifs have strong simi-
larities between the two superfamilies. It has been re-
ported that in the SF1 of helicases, the motifs I, II, III and
IV are responsible for ATP (or another NTP) binding and
hydrolysis, while motifs Ia, III and V interact with the
nucleic-acid substrate. Motif VI would connect these two
groups, transferring the energy from the ATPase activity
to the helicase activity. In the SF2 helicases, the ATPase
activity depends on motifs I, II and VI, while interaction
with the nucleic-acid substrate depends on motifs Ia, IV
and V. Motif III would be the connector in these helicases
[3].

Fig. 4 Secondary structures of the models of BMV 1a. The se-
quence of the C-terminal fragment of BMV 1a used for model
building is aligned with its secondary structure prediction obtained
with psi-pred [30] and with the secondary structures obtained by
means of DSSP for the SF1 model, SF-2 preliminary and SF2
model (code E is used for b-strand, H for helix and C for coil).
Regions forced into helical conformation in the SF-2 model are
underlined and hinted in red.

Fig. 5 Pseudo-energies of resi-
due-pair and surface by Prosa
II. The pseudo-energy is calcu-
lated with the potentials of
Prosa II (residue pair energy,
surface energy and total energy)
and the average of a window of
25 residues is plotted versus the
middle point of the window
along the sequence. The energy
for the SF2 model is plotten in
blue, the energy for the SF-2
preliminary in green and the
energy for the SF1 model in
red. The regions corresponding
to SF1 helicase motifs of are
indicated at the bottom of the
figure.
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We analyzed the presence of these motifs in the
models obtained from the structures of helicases of SF1
and SF2 by checking their sequence, as well as their
ability to perform a biological function (see Fig. 6). In
order to emphasize the helicase function of the C-terminal
domain of BMV 1a, we also modeled the interaction with
DNA. The model should show an interaction with RNA.
As, however, the homology with any of the available
structures of helicases complexed with RNA was not
good enough to allow the proper superimposition of
protein structures, we sustain the model of docking with
DNA as the most reliable approach. The partial model of
BMV in complex with DNA was obtained by superim-

position of the model and the structure of the member of
the SF1, taken from the PDB with code 3pjr, which in-
cludes the binding with DNA. The protein part of 3pjr
was removed from the superimposition, while DNA re-
mained docked with the model of BMV 1a. The docking
of DNA and BMV1a was adjusted manually with Turbo-
Frodo [32] and the side chains were refined energetically
with GROMOS. Moreover, using a similar procedure,
ATP was also added to the SF1 model, while for the SF2
model this was not possible because of the disposition of
the residues and their side chains in the putative ATP
binding site.

Fig. 6 General view of the SF2
and SF1 models. Ribbon plots
of the SF2 model (at the top)
and SF1 model (at the bottom).
Helicase motifs of helicase
SF1s and SF2s are identified by
colors, while the original crys-
tallographic structure of
MjDEAD (with PDB code
1hv8) is in grey and the models
are in gold (for SF2 model) and
cyan (for SF1 model). A de-
tailed view of the motifs of SF2
model is shown at the top of the
figure: motif I is in red (plus a
conserved Gly in blue), motif Ia
in green, motif II in yellow
(showing a different DEAG,
instead of DEAD/DEAH signa-
ture and indicating the Gly res-
idue in blue), motif IV is in blue
and motif VI in magenta. The
motifs of SF1 model are indi-
cated in red (motif I), green
(motif Ia), yellow (motif II),
orange (motif III) and blue
(motif IV), and a detailed view
of the ATP binding site impli-
cating motif I (Lys 49), motif II
(Asn 113, Glu 114), motif III
(Gln 143), and motif IV
(Arg173) is indicated at the
margin (sequence numbering
according to the model, see
text). A detailed view of the
DNA binding is also indicated,
showing the interactions of
motif Ia (Arg 69) and motif III
(Arg 149 and Phe 146) with the
nucleotide chain.

389



Superfamily-2 model

We scanned the modeled region of the BMV 1a sequence
and searched for the conserved residues described by Hall
and Matson [3] among the motifs of the SF2 helicases.
Only motifs I, Ia, IV and VI were correctly assigned,
while motifs III and V were not found in the complete
BMV 1a sequence. Motif II was found with a Gly residue
instead of the Asp or His residues in the last position of
the DEAD/DEAH box signature (residue 116 of the
model).

After the structural alignment between the SF2 model
and the structure of MjDEAD, the locations and envi-
ronment of the aligned residues were compared (see
Fig. 6). Only the amino acids located around the positions
of motifs I, II and IV in the SF2 model retained similar
features of the SF2 of helicases. Moreover, motif Ia had
an a-helix conformation in MjDEAD (and typically in the
SF2 helicases) while this helix became unfolded in the
SF2 model. Also motif IV did not form a b-strand con-
formation because of the lack of the partner strand with
which it forms a network of main-chain hydrogen bonds
because this strand was not included in the sequence of
the fragment modeled.

Motif I is a P-loop motif that can be found in the SF-2
model between residues 40 and 50. This motif was al-
ready found by sequence search using PSI-BLAST and it
is involved in the binding of ATP. The sequence showed
two conserved Gly residues (G46 and G48) and one Lys
(K49) that could interact with the phosphate group of
ATP, and the side chains of the residues of the motif
presented a spatial distribution in the model similar than
in the structure of MjDEAD.

Motif II is involved in divalent cation binding (Mg+2)
and in the catalysis of ATP. Two conserved residues (Asp
and Glu) are necessary for kinase activity and are in-
volved in the hydrolysis of ATP. Both residues were
found in the SF2 model (D113 and E114). However, the
last position of the conserved region that defines this
motif in SF2 helicases, the so-called “DEAD/H box”, was
in this case a Gly residue instead of His or Asp, and this
might affect the ATPase mechanism. Furthermore, in this
model the region around motif VI only presented two of
the three conserved Arg residues that would bind the g-
phosphate of ATP after hydrolysis.

The structure of the SF2 helicases interacts with the
nucleic acid through motifs Ia, IV and V. In the SF2
model, DNA binding would be sustained by two major
interactions with the phosphate groups: (1) Arg 212 and
Arg 213 (in motif VI); and (2) Arg 69 and Lys 70 (in
motif Ia) plus some additional residues (Arg 207 and Lys
244). Nevertheless, we could not find the correspondence
in this model for the characteristic interactions of motifs
IV and V of the SF2 helicases.

Superfamily-1 model

We scanned the BMV 1a sequence to find the presence of
the motifs of SF2 helicases described by Hall and Matson
[3]. Five of them were found in the sequence of the C-
terminal model-built fragment of BMV 1a: motif I, motif
Ia, motif II, motif III and motif IV. Motifs V and VI were
found in the complete sequence of BMV 1a sequence, but
were neglected from model building in order to compare
its conformation with the SF2 model.

These motifs were forced to be located in similar 3D
positions as described for the structure of PcrA. Once the
model was built and DNA and ATP molecules were ad-
ded to the structure, we checked the spatial disposition of
the side-chains of the residues in the helicase motifs, so
we could asses their putative biological function by ana-
lyzing the possible interactions between the these motifs
and the helicase substrates. In this sense, we studied the
implication of motifs I, II, III and IV in the hydrolysis of
the NTP molecule. We found that the side-chains of the
conserved residues of these motifs are at bond distances
from the phosphates of ATP in the SF1 model. Two
conserved residues of motif I, Lys 49 and Gly 48, are 3.9
and 3.0 �, respectively, from the oxygens of the b- and g-
phosphate of ATP. In motif II, the carboxylic oxygens of
Asp 113 and Glu 114 are 5.4 and 4.9 �, respectively, from
the b- and g-phosphate of ATP. And the carbonyl oxygen
of the side-chain of Gln 143 in motif III, which is a
conserved residue in SF1 helicases, is at 4.7 � from the g-
phosphateof ATP.

The interaction between DNA and motifs Ia and III
was used to analyze the putative interaction of the model
with RNA. We neglected the interactions of motif V be-
cause it was not considered in the SF1 model. We found
the side-chains of Arg 69 in motif Ia at 3.7 � from a
phosphate group of the polymer of nucleotides. On the
other hand, some of the interactions found in the crys-
tallographic structure of PcrA in complex with DNA were
lost or weakened by the distance when the structure of the
SF1 model was binding DNA. For example, the aromatic
ring of Phe 146 of the model should have a p-interaction
with one of the nitrogenated bases of DNA at 3.4 � and
the guanidinium nitrogen of Arg 149 a hydrogen bond
with a ribose-phosphate. Instead, the closest nucleotide to
Phe 146 was at 5.8 � and the closest phosphate to Arg
149 at 5.5 �.

Nevertheless, the topology of motif III retains the lo-
cation near motif II (closest distance at 3.1,�) as found in
all SF1 helicases. Consequently, the positions of these
residues and their known biological implication experi-
mentally corroborated in other SF1 helicases, substantiate
the SF1 model by evincing its plausible helicase activity.

Discussion

In the present work, the use of homology searches showed
that the C-terminal domain of the BMV 1a has a P-loop
sequence pattern plus several similarities with other he-
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licases. Also, by means of the predicted sequence pattern-
motifs, BMV 1a was expected to be a helicase [2] similar
to the rest of the alphavirus-like helicases. Nevertheless,
because of the lack of clear experimental evidence of its
helicase activity and likely membership to one of the
superfamilies of helicases, we needed further proof con-
firming the function of the C-terminal domain of BMV 1a
as a helicase. Furthermore, it was unclear if this helicase
belonged to the SF1 or SF2 main groups of helicases.

The methods of fold recognition were able to recog-
nize the “P-loop containing nucleotide triphosphate hy-
drolase” structural superfamily and fold in SCOP [33] and
the “tandem AAA-ATPase domain” family of a C-ter-
minal fragment of BMV 1a. Two independent fold-rec-
ognition servers based on threading (3D-PSSM and FU-
GUE) identified a set of helicases of SF1 and SF2, as well
as other types of non-helicase proteins that contained a P-
loop. Also, the confidence degree of the 3D-PSSM server
and the scores obtained by FUGUE for the C-terminal
domain of BMV 1a, stated that this was a helicase.
Nevertheless, the recognition as a member of the SF1 or
SF2 remained unclear, and the alignment with a template
sequence of known structure was either insufficient or
uncertain. Consequently, we computed two putative
models: (1) by means of threading with an automatic
alignment from a fold recognition server; and (2) a model
obtained by a manual alignment forcing the location of
the sequence-motifs described for the SF1 helicases.

Both models of the structure of the fragment of the C-
terminal domain of BMV 1a, as member of the SF1 (SF1
model) and as a member of the SF2 (SF2 model) of he-
licases, were proposed, refined and compared. The final
assessment of the structure of the modeled fragment was
obtained by statistical pseudo-potentials. The pseudo-en-
ergies calculated with ProsaII were used to obtain some
clues for the identification of BMV 1a and its functional
annotation as helicase. Furthermore, these energies were
used for the validation of the models (both SF1 and SF2).
The energy between pairs of residues resulted positive for
the SF2 model while for the SF1 model it was mostly
negative. However, this energy was not as negative as for
the crystallographic structures of PcrA (as member of SF1
helicases) and the structure of MjDEAD (as member of
SF2 helicases). Also, the putative interactions with ATP
and DNA were better arranged for the SF1 model. The
model building of a partial region of the C-terminal
fragment of BMV 1a, containing five helicase motifs of
the SF1, and the correct interaction of these residues with
a polymer of nucleic and an ATP molecule, reinforced the
assumption of BMV 1a being a member of the SF1 of
helicases.

In conclusion, this work attempts to introduce the use
of hypothetical local alignments, based on functional in-
formation of sequence patterns, to force or readjust a
larger alignment and derive a conformational model that
is more useful for interpreting the structure/function re-
lationship of a protein than other approaches of fold
prediction. The methods of threading or fold prediction
can give clues about the structure of a protein sequence.

However, this needs further arrangements based on sci-
entific knowledge and the manual intervention of a cu-
rator. These final arrangements can be obtained by using
sequence patterns or local profiles containing the func-
tional and structural correlation. In this particular exam-
ple, most coincidences concluded that the most likely
structure of the C-terminal fragment of BMV 1a was the
SF1 model. While threading methods concluded that this
fragment was a member of the “P-loop containing nu-
cleotide triphosphate hydrolase” fold and probably a
member of SF2 helicases, we needed additional manual
intervention to construct the model as a member of SF1
helicases. Therefore, although we can not claim a unique
answer to the 3D conformation of the C-terminal domain
of BMV 1a, the energetic and sequence trends proved the
conclusion that the C-tail of BMV 1a was likely a
member of the SF1 helicases with a conformation similar
to the structure of PcrA. First, this example would answer
the main question about the function and structure of the
C-terminal fragment of BMV 1a. However, in addition,
this example would also confirm the use of functional
sequence patterns and scientific intuition to obtain a
sensible answer on the deepest knowledge and more de-
tailed description of the biological function and confor-
mation of a protein. Answering the possibility of the he-
licase mechanism as a member of the SF1 helicases also
supports the original hypothesis that BMV 1a should have
helicase activity. Further experiments should be per-
formed to corroborate the hypothesis. Nevertheless our
results clearly hint at this direction.
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