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 Je ai s  mteies 
that i temet with RNA 

In the Drosophila embryo, the first cells to 
differentiate are pole cells, which arise 
{tom cytoNasmie organeHes (polar 
granules) localized at the posterior pole 
o| the egg. Here, the pole plasm contains 
two localized signals: a determinant that 
regulates abdominal development, and a 
second signal that regulates pNe cell 
formationL Mutations ~n posterior group 

genes disrupt norma~ abdominal 
segmentation and pole cell formation. 
The results of sequence analysis 
presented here show that a posterior 
group gene, tudor'-, encodes a protein 
containing ten previously unrecognized 
repeats; these repeats will be termed 
'tudor domains'. Tudor appears to 
possess no other domains m addition to 
the ten repeats, and its molecular 
function remains unknown. 

The Drosophila homeless gene product 
(his), which is required for RNA 
localization during oogenesis% contains a 

PROTEIN SE@JENC[ NOTIF 
single tudor domain (Figs l, 2) in addition 
to a region homologous to yeast sNicing 
factors that are members of the DE-H 
family of RNA-dependent ATPases:t 
Mutations in the his gene cause 
disruption of the transport and 
~oca~ization of specific mRNAs during 
oogenesis owing to changes in 
microtubuie organisafion% The similarity 
of the his sequence to sp!king factors 
suggests that it might function during the 
processing o~ pre-mP&~A who.~e products 
direct microtubule organization, whkh is 
required for mRNA transport% 
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Ngure 1 
Multiple alignment of tudor domain 
sequences. Residues are coleured 
(hydrophobic: ACRLMVWY, in red; 
small: ACGPS, in green; acidic: DE, 
in brown; and, basic: KR, in dark 
blue) whose physicochemical char- 
acteristics are conserved in at 
least 16 of 22 sequences. Sec- 
ondary structure, predicted 1° with 
an expected accuracy greater than 
82% (upper case) or 72% (lower 
case), is shown beneath the align- 
ment (E/e denotes [3-strand, 
H/h denotes s-helk); a consensus 
line is shown above the alignment 
(h=hydrophobic, ~=small resi- 
dues). Other tudor repeats appear 
to be partially encoded by human 
(EMBL accession codes: W76301, 
H20629/Z45201/q'52693/F07472, 
F13399/F77659, R13795/R14717), 
Zea mays (T23393) and Arabid- 
opsis tl~aliana (T22348/T04365) 
expressed-sequence tags (ESTs). 
For comparison, regions of the 
human SMN gene product and 
homologues partially encoded by 
ESTs (human: T91668, Caenorhab- 
dills elegans: D72470 and over- 
lapping ESTs), are also shown. 
A BLASTX search n with the tudor- 
similar EST W76301 yields 
P = 10 -2 when aligned with SMN. 
Internal repeats ira tudor were de- 
tected using REPR012:18 pairs 
of non-overlapping regions in tudor 
scored over !00, including a 
680-residue alignment scoring 400 
(repeats 5-7 aligned with 8-10). 
These findings were comple- 
mented using dotplots ~3, BIAS'I'P n 
and MACAW ~4 self-comparisons 
(using MACAW, two-alignment 
blocks of the nine repeats yielded 
P-values of 8.8×1@ 16 and 
9.6 × 1@ 9 [N= 25159]). A profile 
constructed from an alignment of 
nine tudor domains and com- 
pared zs with databases, indicated 
the presence of single homolo- 
gous domains in pl00, Fi3d3.2, 
AKAP149 and his (SWise scores 
4998-5446, no ise  plateau 

ho ..... o~,ues, including the tenth repeat in tudor (tudor levsl < 4780). Two subsequence profiles demonstrated the presence of ttle remaining m,,, 
domain scores > 4533, noise plateau < 4480). By contrast to profile methods, MoST 16 identified only human and C. elegans pl00, and 
Drosophila his as containing tudor domains (P < 0.02, using an alignment block of nine tudor repeats). Species: Caeel, C. elegans; and 

Drome, D. melanogaster. 
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Rgure 2 
Schematic representation of the domain organizations of selected tudor domain-containing 
proteins (approximately to scale), Red ovals represent tudor domains, Blue rectangles in 
p/O0 represent domains homologous to staphylococcal nuclease zT. Helicase motifs (I-VI 
and la) are shown in Roman numerals; KH domains are typically single-stranded DNA- or 
RNA-binding motifs; RII represents a sequence that is predicted to bind regulatory subunits 
(RII~ and RIllS) of type I1~ cAMP-dependent protein kinase~; the black box represents a 
putative leucine-zipper motif 7. The possibility z7 of a plO0 repeat-like domain fragment in 
the carboxy-terminal region of p/O0 is indicated by a question mark. Species: Caeel, 
Caenorhabditis e/egans; Drome, Drosophila melanogaster. 

A single tudor domain is present in pl00 
(Ref. 4), a human nuclear protein that 
coactlvates gene transcription mediated 
by the Epsteln-Barr virus nuclear antigen 
2 (EBNA 2) by simultaneously interacting 
with EBNA 2 and both subunlts of 
transcription factor TFllE; pl00 also binds 
single-stranded DNA 'l, Single tudor 
domains also occur in two sequences, a 
human A-klnase anchor protein 
(AKAPI49) 5 and Caenorhabditis elegans 
putative protein C5692.1, each of which 
contains a KH domain with a potential for 
RNA-binding ~. AKAPI49 also contains a 
domain that binds regulatory subunits 
(RIio¢ and Rill3) of the type llet isoform of 
cAMP-dependent protein klnase 
(PKAII.) 7. An alternatively spliced version 
of AK.API49 (S-AKAP84) participates in 
sp,=rrn.iogenesis, probably by iacilitating 
oraering of spermatid mitoehondria 7. 

Finally, the product ot the spinal 
muscular atrophy.determining gene 
survival motor neuron (SMN) a scored 
highly in profile searches at levels similar 
to or higher than various tudor repeats; 
similar results (not simwn) were obtained 
in reciprocal searches. The low similarity 
of SMN homologues to tudor domain 
sequences could indicate that these are 
not homologues. However, the perceived 
role of SMN in RNA metabolism a and the 
apparently similar Idealizations of SMN 
and pl00 to unusual nuclear structures 4.9 
might suggest otherwise. Although a 
tudor domain in SMN remains a 
possibility, further evidence is essential 
to resolve this issue. 

An insufficient amount of functional 
information concerning these proteins is 
currently available from which to ascribe 
putative function(s) to tudor domains. 
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However, identification oi these 
apparently homologous domains in 
developmentally important proteins, 
including several with putative ~A-binding 
functions, hints at either an RNA-binding 
role or a protein-binding fui~ction during 
RNA metabolism anti/or transport. 
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