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A novel DEAD-box RNA helicase exhibits high sequence conservation
from yeast to humans
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Abstract

We have identified a novel Drosophila protein, DBP80, that exhibits significant similarity to mouse mDEAD5, yeast
TIF1r2, and mammalian eIF-4A. DBP80 is a member of a subclass of DEAD-box proteins that contains a distinct domain,

Ž . Ž . Ž .Ž .PX IrR ILLKR ErD EETLEGIKQ FrY FrY , in addition to the seven canonical helicase domains. q 1998 Elsevier
Science B.V.
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Helicases, which may be encoded by as much as
1% of the total eukaryotic genome, are defined by the

Žpresence of seven protein motifs underlined in Fig.
. w x1 that have been conserved throughout evolution 1 .

The function of these motifs has been deduced pri-
marily from mutational analyses of eIF-4A, the
canonical DEAD-box helicase, so named because of
the specific amino acid sequence of the third motif.

Ž .Motif I AXXGXGKT is box A of the ATP-binding
w x Ž .domain 2,3 ; motif II VLDEADRMLD , the ATP-

binding B-box, is required for ATP hydrolysis and
couples that activity to RNA unwinding; motif III
Ž .SAT is necessary for helicase activity, and muta-
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Ž .tions in motif VI HRIGRXXR can affect RNA
binding, RNA helicase activity, and ATP binding and

w xhydrolysis 4 . DEAD-box helicases from the entire
evolutionary spectrum have been implicated in nearly
all stages of RNA metabolism, including pre-mRNA

w x w xsplicing 5 , ribosome assembly 6,7 , mRNA stability
w x w x w x8 and degradation 9 , and translation initiation 10 .
We report here the molecular characterization and
cytological mapping of the Drosophila gene Dbp80.
The protein that it encodes is localized in the cyto-
plasm and exhibits a striking level of similarity to a
subclass of eukaryotic DEAD-box helicases some of
which are known to be involved in translation initia-
tion.

The Drosophila dosage compensation protein,
MLE, a member of the DEAD-box RNA helicase

w xfamily involved in dosage compensation 11 , was
used as a ‘bait’ in the yeast two-hybrid system
w x12,13 to screen for interactors from a Drosophila
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Ž .Fig. 1. Sequence comparison of DBP80 to related proteins. A
Comparison of DBP80 to its most similar proteins across species.
Identical residues are indicated with shading, and the seven
conserved helicase motifs are underlined; the sequence specific to
the subclass of DEAD-box helicases is indicated by asterisks:

w x Žmouse mDEAD5 5 ; C. elegans T07D4 GB accession no.
. w x899474 ; S. cereÕisiae yOR0r6c 20 ; L. braziliensis rDEADbox

w x Ž . Ž .28 ; human eIF4A-like GB accession no. P38919 . B
Schematic representation of the known Drosophila DEAD-box
helicases with conserved domains indicated by black boxes:

w x w x w x w x w xMe31B 26 ; eIF-4A 29 ; WM6 30 ; RM62 31 ; Vasa 32,33 ;
w x w xDbp45A 34 ; Dbp73D 35 .

imaginal disc cDNA library. A specific interactor,
encoded by a 1.5 kb cDNA, was identified. Sequence
analysis of this cDNA revealed an open reading
frame of 1386 bp, beginning with the first ATG in
the sequence. The deduced protein, designated
DBP80, is 462 aa in length with a calculated M ofr

51441.
The full-length cDNA clone was used as a probe

for in situ hybridization to larval salivary gland poly-
tene chromosomes. Dbp80 is located in the extreme
proximal region of the left arm of chromosome 3,

Ž .i.e., in centromeric heterochromatin Fig. 2 . Al-
though several lethal mutations have been mapped to

w xthis region 14 , the relative density of known genes
is several orders of magnitude smaller in this region
and in other regions of pericentric heterochromatin
than in euchromatic regions of comparable length
w x15 .

Ž .qNorthern analysis was performed with poly A
RNA derived, independently, from male and female
adults; using the full-length Dbp80 cDNA as a probe,

Ž .a single 2.0 kb message was detected Fig. 3 .
The Dbp80 gene was subcloned into pMT-HA, a

vector specifically modified from its precursor
w xpMK33rpMtHy 16 that expresses proteins under

the control of the Drosophila metallothionein pro-
moter and allows fusion of the protein to an HA-tag

Žat the N- or C-terminus A. Pannuti and W. Gu, in

.preparation . Drosophila S2 cells were transfected
w xusing Ca PO 17 and transformants were selected2 4

for hygromycin resistance. Transformed cells were
treated with Cu SO and, 60 h later, were fixed,2 4

stained with Hoechst’s to identify the nuclei and with
w xanti-HA antibody 17 , to identify the fusion protein.

The results indicate that DBP80rHA is localized
Ž .predominantly in the cytoplasm not shown , strongly

suggesting that it is not involved in dosage compen-
sation, a transcriptional regulatory mechanism. The
interaction of DBP80 with MLE in the yeast two-hy-
brid system could have occurred through a spurious
‘three-hybrid’ complex interaction involving RNA
w x18 .

The deduced DBP80 amino acid sequence was
Žderived from a cDNA clone GenBank accession

.number AF005239 and was used in a BLAST search
of the GenBank data base; sequences were aligned
using the MACAW program. DBP80 exhibits signifi-
cant similarity to proteins in the DEAD-box family of

Ž .RNA helicases Fig. 1 . It is most similar to a group
of DEAD-box helicases that includes those required
for the ATP-dependent binding of mRNA to ribo-

w xsomes to initiate translation 5,19 . This group of
helicases also includes mDEAD5, a mouse putative
helicase isolated using PCR with primers directed to

w xconserved sequences of DEAD-box helicases 5 .
ŽDBP80 and mDEAD5 are comparable in length 460

.aa and 472 aa, respectively and are approximately
55% identical and 66% similar, when conservative
substitutions are allowed. The only significant differ-
ence between the two proteins occurs at the N-
terminus. Based on sequence comparisons, the pro-
teins to which DBP80 and mDEAD5 are most similar

w xhave been subdivided into two classes 5 . While the
sequence and spacing of the seven helicase motifs is
highly conserved among proteins in both of these
classes, the class to which DBP80 belongs includes
proteins that tend to be smaller and that contain a

Ž . Ž .conserved sequence, PX IrR ILLKR ErD
Ž .Ž .EETLEGIKQ FrY FrY , downstream from the
Ž .SAT domain Fig. 1 .

DBP80 is the eighth member of the DEAD-box
Žprotein family to be discovered in Drosophila Fig.

.1 . Numerous DEAD-box proteins also occur in other
w xeukaryotes: at least five in mice 5 , more than twenty

w x w xin yeast 20 , and at least eight in tobacco 21 .
Several members of the DEAD-box protein family
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Fig. 2. Localization of Dbp80 on polytene chromosomes. Polytene chromosomes were isolated from a wild-type Samarkand strain and
w x w xprepared for in situ hybridization by the method of Pardue 36 . A Dbp80 fragment was labeled with digoxygenin 37 and used in the

hybridization procedure. The arrows indicate the region of hybridization.

have been shown to be functional translation initia-
w xtion factors 10,22 . These considerations suggest that

helicases may be used for the developmental or tis-

sue-specific regulation of gene function at the level
of translation. In fact, several eIF-4A-like proteins
have a restricted distribution that may reflect such
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Ž .Fig. 3. Northern analysis of poly A RNA from adult Samarkand
males and females using a Dbp80 cDNA probe. The upper 2.0
kb band corresponds to the Dbp80 transcript, and the lower band
to the ribosomal protein-49 transcript, which was used to nor-
malize the amount of RNA loaded. Full-length probes were
labeled with 32P using random priming.

specificity: NeIF-4A8 is found only in the male
w xgametophytes of Nicotiana tabacum 23 ; An3 is

localized to the animal pole in the developing Xeno-
w xpus oocyte 24 ; ste13 is required only for nitrogen

starvation-induced G1 arrest and initiation of sexual
w xdevelopment in S. pombe 25 ; the Drosophila homo-

logue of the ste13 gene, Me31B, is preferentially
expressed in the female germline and may be re-

w xquired for oogenesis 26 , while Drosophila Vasa is
localized first to the nurse cells and then to the pole

w xplasm during oogenesis 27 .
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