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Bloom's syndrome and Werner's syndrome 
are autosoma] ~ ecessive disorders 
associated with a marked predisposition 
to a variety o~ cancers; at the cellular 
~evel, the hallmark o[ both syndromes is 
chromosomal instabilitf -~. The genes 
carrying mutations causing Wernefs and 
Bloom's syndromes have been positioaaJty 
cloned and sequenced, and both have 
been shown to encode proteins highly 
similar to helicases of the RecQ family ~.~. 
The Werner's and Bloom's syndrome 
proteins (W~d~p and BLMp, respectively) 
consist of over 1400 amino acids each, 
but except for the helicase domain no 
other motifs indicatk,e o[ possib~,e 
~unctions had originally been found. We 
have recently identified a domain in 
WNRp with highly s~gnificant similarity to 
RNase D and that is also related to tLe 
3'-5' proofreading exonuclease domain of 
bacterial DNA polymerase I (Ref. 6). This 
domain in WRNp is predicted to possess 
exonuclease activity6; it is missing in 
BLMp and other RecQ helicases (Fig. 1). 
Additional functions of BLMp are 
suggested by experiments on its apparent 
yeast ortholog, Sgs 1, which is required for 
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~gure 1 
Modular structure of proteins containing the HRDC domain. The HRDC domain is conserved in 
RecQ helicases and RNase D homologs. RecQ Ct denotes a conserved domain in RecQ-like 
helicases that is not present in other homologs DEAH helicases and thus carries a distinct 
function. The location of the seven conserved motifs of DEAH helicases '6 are indicated 
(dark red); a blue bar preceding some heiicase domains is a significant negative charge run 
as revealed using the program SAPS~L Different classes of mutations in WRNp and BLMp 
a~e indicated at the top. Mycobactefium leprae LIwD, a superfamily [ helicase only distantly 
related to RecQ ~6 is encoded by two neighboring ORFs, which might be due to a frameshift. 

chromosome segregation and that 
interacts with topoisomerases I and i[ 
(Refs 7, 8). Furthermore, it has been 
shown that RecQ DNA helicase from 
Escher~cMa coil is a suppressor el 
illegitimate recombination, which may be 
directly relevant to the role of both WRNp 
and BLMp in the maintenance of the 
human genome stability". 

All RecQ-like proteins, including WRNp 
and BLMp, contain, compared with other 
DEAH/DEAD helicases, a C-terminal 
extension that can be divided into two 
domains. While the first proximal domain 
is apparently restricted to RecQ-like 
helicases, we show here that the distal 
domain is also present in RNase D and its 
eukaryotic homologs as well as in a 
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QETQIV GK VE i~Q|< "NKM:VP-PAI TNK D J<M ;TTVEN R DG SEGK ~LAP- E KH CQTNSVQ 1150 1229 L76937 
EEMVKK GE TE CVE GKVFGVll YFN NTV K ~ES SSDPEV Q DG TEDK EKYGAE S QK SEWTSPA 1212 1292 P54132 
I,NNLRM EI-~ RE :;LN GNI~HVPP-VGN FD$ l': AT MN[)-~A T GT -EDK RRRFKY A AD SKKRSSE 1272 1351 P35187 

IDVMTR KDi,KL SN !AID!SR-VSS TDS S .kKK PRNVRE E HG SNEK VNLGPK Q QK IDEKEQN 1116 1195 Q09811 
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Rgure 2 
Multiple alignment of HRDC domains. The first column gives the protein or SWISS-PROT database names followed by the species (BACNO, 
Bacteroides nodosus; CAEEL; Caenorhabditis e/egans; HAEIN, Haemophi/us influenzae; MYCLE, Mycobacterium /eprae; SCHPO, 
Schizosaccharomyces pombe). Residues invariant in more than 60% of the sequences are red; conserved hydrophobic positions are shown 
in green. Secondary structure predictions using the PhD program TM are shown above the alignment (H/h denotes helix positions with 
82%/72% expected accuracy, L is a loop position predicted with 90% confidence). Database searches with the region of WRNp that is not 
present in several other RecQ-like proteins readily delineated the HRD domain; for example, using the recently developed program PSIBLAST 
(Position-Specific Iterative BLAST, an extension of the BLAST2 algorithm19), which produces position-specific weight matrices from the 
BLAST2 output and employs them to iterate the database search (A. J. Schaffer eta/., pers. commun.). Screening of the non-redundant pro- 
tein sequence database at the National Center for Biotechnolo~ Information (NIH, Bethesda, MD, USA) with the HRDC domain from 8LMp 
using PSIBLAST retrieved the HRDC sequences from WRNp and from Escherichia coil RecQ with P ~ 10 -5 and P ~ 10 -3, respectively. Motif and 
profile searches further confirmed the statistical significance of the findings (for details of the search strategy see Ref. 21). For example, 
motif searches using MoST 22 with HRDC domains of helicases identified regions in RNases D with probabilities of chance matches as low as 
P = 3.08 X 10 -6. The alignment was constructed using the MACAW program 2° and was statistically significant (P < 1C-4). 

Published by Elsevier Science Ltd. 0968-0004/97 PIt: S0968-0004(97)011286 417 



Mycobacterium leprae UvrD helicase 
(Fig. 1; hereinafter HRDC domain, alter 
l-lelicase and[~J~lase D C-terminal). The 
conservation of the HRDC domain is 
supported, at a statistically significant 
level, by database screening and multiple 
alignment analysis (see legend to Fig. 2). 
In all three distinct groups of proteins 
that contain the HRDC domain, it is 
located C-terminal of either a nuclease or 
a helicase domain (Fig. I). The HRDC 
domain appears not to be essential for 
either activity as it is missing from 
RecQ-like helicases from several species, 
from RNase D from Synechocystis sp. and 
from the Drosophila developmental protein 
Egalitarian ~°, which contains an RNase D 
domain. The presence of this domain only 
in proteins from purple bacteria and 
eukaryotes (with the only exception of 
M leprae UvrD) suggests that WRN and 
BLM genes may have originated from the 
mitochondrial genome. 

Inspection of the multiple alignment of 
the HRDC domains shows primarily 
conservation of bulky, hydrophobic 
residues, without a single polar residue 
being invariant in all of the sequences; 
the predicted all-a secondary structure 
(Fig. 2) also strongly suggests that 
HRDC does not harbor an enzymatic 
activity. The most obvious common 
denominator among all the proteins 
containing HRDC is their binding to RNA 
or DNA, pointing to a possible role in 
nucleic acld-bindlng. Given the existence 
ol helicases and RNases D without this 
domain, HRDC seems not to be the 
principal determinant of DNA or RNA 
binding though. 

Multiple mutations have already been 
mapped to WRNp 4.1 i-t4 and a considerable 

fraction is within the HRDC domain 
supporting its functional relevance. 
Although most of the mutations mapped 
to HRDC so far result in truncations, tt, ~re 
is a considerable chance that the 
N-terminal domains remain functional and 
only HRDC is destroyed. Furthermore, 
HRDC belongs to one of three potential 
regions of mutational susceptibility u with 
identical mutations in various ethnic 
groups. Fewer mutations have been 
mapped to BLMp and they remain to be 
detected in the HRDC domain. However, 
whereas mutations in the helicase 
domain of the BLMp homolog in yeast, 
SGS1, have no apparent effect in viva, a 
truncated version miss|rig the HRDC 
domain was non-functionaP s. Elucidation 
of the role of HRDC domain is expected to 
be important for deciphering the 
molecular underpinning of the 
pathogenesis of Werner's and Bloom's 
syndromes, and more generally, for 
understanding the role of helicases in 
genome stability. 
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A eukaffotlc 
XPB/ERCC3-11ke heH©ase 
in Mycoba©te um lepme? 
XPB/ERCC3 and XPD/ERCC2 are two 
helicases with distinct DNA-dependent 
ATPase activities, Mutations in these 
polypeptides result in DNA-repair 
deficiency, giving rise to genetic disorders 
in humans such as xeroderma 
plgmentosum, Co:kayne's syndrome and 
trlchothlodystrophy t,~-. Unlike most 
hellcases (see ReL 3 for a review on 
hellcases), these two proteins, as well as 
their counterparts in Saccharomyces 
cerevisiae, were only found in a 
multiproteln complex called TRIH, which 
is involved in transcription and 
nucleotide excision repair (NER) 4,s. 

Whereas various proteins related to 
XPDIERCC2 have been described in 

prokaryotes 6, homologues of XPB/ERCC3 
have only been identified in eukaryotes. 
XPB/ERCC3 and related proteins are 
organized in two main domains 
connected by a variable linker region 
(Fig. 1). A basic N-terminal module with a 
putative nuclear localization sequence 
(NLS-module) is followed by a highly 
conserved 20 kDa N-terminal domain. The 
second domain contains the helicase 
signature motifs followed by a 12 kDa 
module in which at least one known 
XPB/CS mutation is located LT. 

Characteristic patterns from eukaryotic 
XPB/ERCC3 homologues were used to 
search the nucleotlde database dynamically 
translated in all six open-reading frames 
(ORFs). Interestingly, the pattern 
PCGAGK(S/T) from the ATP-binding site 
(motif I, Fig. 2), present in all eukaryotic 
XPB/ERCC3-1ike proteins, was also found 
in Mycobacterium leprae. A careful analysis 
of the surrounding region revealed the 
presence of all the other helicase moUls 
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within the same reading frame and of the 
N-terminal domain in an ORF that has 
been frame-shifted by - 1 position. 

Re-sequencing of the gene confirmed 
the existence of an extra guanine 
nucleotide. The corrected sequence 
codes for a putative 60 kDa protein, which 
when run through BLAST, detects the 
eukaryotic XPB/ERCC3 homologues with 
significant P-values ranging from 
2.1 x 10 -62 to 1.8 × 10 -4s, while other 
helicases score around 10 -.~ (Ref. 8). 

The ATG start codon is located a few 
nucleotides downstream from a canonical 
ribosome-binding site 9, suggesting that this 
putative protein is effectively translated 
in M. leprae. However, both the NLS- and 
the C-terminal 12 kDa modules are absent 
and the linker region is extremely short. 
Sequence conservation extends over the 
helicase catalytic core and the N-terminal 
domain, which is specific for this helicase 
subfamily (31% identity and 55?/0 
similarity in a 540-residue overlap). 
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