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CTLH: A Novel Domain with A Typical “U” Shape Architecture
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Abstract: We described here a novel domain, CTLH, which can be found in proteins of most already-researched
species currently. The domain, consisted of 58 amino acid residues, is not often-conserved in sequence
(but has 5 regularly-arranged leucines that are highly conserved). However, its 3D architecture conserves
greatly with a typical "U’ shape (alpha helix+beta turntalpha helix). Although the function of CTLH domain
remains unknown, related studies aiming at this domain suggest it participates in the regulation of certain
signaling pathways like MAPK, and 1s mvolved mn some living activities of cells such as protemn degradation

and mitosis.
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INTRODUCTION

Gp-like proteins are a big family of proteins that
included several WD40 repeat domains. In our recent
study, some of GP-like proteins have been identified to
participate in cell signaling pathways. WDR26 protein is
a 58 kDa, made of 514 amino acids. Overexpression of
WDR26 protein suppresses transcriptional activities of
SER and Elk] in Cos-7 cells'). Besides WDR26, there are
more Gf-like proteins that act as regulatory factors in
signaling pathway , such as hPTP1 and its homologue in
yeast skblS™7 Almost Gp-like proteins share a WD
region, containing various numbers of WD40 repeats,
which 1is different from the 7 WD40 repeats of G
subumits. Some studies reveal WD40 repeats region is
important for GB-like proteins, but is insufficient for their
functions, suggesting other conserve domains are crucial
in most Gp-like proteins.

In a study for information to understand the
molecular mechamsm by which WDR26 affects MAPK
signaling pathway, we further investigated the domain
architecture of this protein and identified a novel
domain, which is named C-terminal to LisH
(Lissencephaly type-1-like homology) (CTLH). We
found that CTLH domain 1s closely associated with WD40
region in lots of CTLH-contaimng proteins.

Characterization of the CTLH domain: The WDR26
protein (genebank identifier (gi) 55743152) contains 3
WD40 repeat domains (residues 204-494).  Using
Hydrophobic Cluster Analysis®™, we identified a distinct
globular domain at the N-terminal region (residues 9-84).

This domain i1s made of predicted alpha-helical sequence,
and was disturbed by a Random coil (residues 40-47). As
a result, this domain was curved into a 'UJ" shape. On
both sides of the CTLH domainf—a couple of cysteines
(residues 6 and 110) form a disulfide bridge that is helpful
to maintain the "1 shape (Fig. 1).

FSI-BLAST search!” of the non-redundant database
at the National Center for Biological Information using
this domam as query led to the identification of
statistically significant similarities with other proteins.
Using CTLH domain as query, we searched ExPASy
Proteomics Server (Expert Protein Analysis System,
http: /www.expasy.org/)™ and obtained 170 proteins
containing the CTLH domain. These proteins can be
sorted to 11 groups by their architectures (Fig. 3). In most
CTLH domain-containing proteins (141%170), this
domain was located on LISH (Lissencephaly type-1-like
homology) domain’s C-terminus, and was named CTLH
(C-terminal to LisH) domain. Besides LISH domain,
WD40 repeat domains are common  structures at CTLH
proten’'s C-terminus (49%170). Other domain, such as
Zing finger RING-type domain, exists infrequently at
CTLH protein’s C-terminus (3%170).

Structure model of CTLH: After comparing most CTLH
domam-containing proteins, we concluded a homologue
sequence of CTLH domam according to the occurring
frequency of each amino acid on its corresponding places
( TYKRYQLIHDSILQQELKEVLSWCSEHRAILKKNNST
LELEVRLQRFIELIKSKKLCQ). This domainabounds with
leucine and 1soleucne, both of which take up to
approximately 1/3 of the whole CTLH domaim. 5 out of the
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Fig. 1: 3D model of the WDR26 (A) and G-beta subunit (B). White rectangle marks the CTLH domain

total 10 leucines are conserved over an extent of 80%
(residues 12, 21,31, 42, 50), arranging in some order (the
5 leacines arranged at intervals of 8-11 residues) (Fig. 2).
This illustrates the possibility that these leucines must
play some crucial role in CTLH domain. Compared with
leucine, the conservation of other amino acidg are not
obvious (generally<65%). However, in light of spacial
architecture, the variation of different amino acids hasnot
evidently affected the 3D structure of the domain. Among
all the discovered CTLH-containing proteins, this domain
has always existed in an extremely typical U’ shape
{alpha helix + beta turn + alpha helix), indicating this
gpecial structure iz indispensable for the domain to
function properly™.

We stuidy the protein structure database by using
the protein sequence of WDR26 (http://www.expasy.org)
and found several similarly structured protein 3D files
(lerjA, lerB, legjC, 1tbgC, 1gg2B, 1tbgB, 1tbgD and
lomwB). Based upon these documents, with the protein
structure simulating software (http://swissmodel.expasy.
org//SWISS-MODEL.html), we obtained a theoretic 3D
structure model and a Gf-like protein model likewige™,
Meanwhil e, we found that both of the models have similar
turbo-like configurations in the WD40 region, yet differs
distinctly at the C-terminus {(in CTLH domain) with a clear
U shape structure.

Functional prediction for CTLH domain: CTLH domain is
a fairly archaic domain by origin and the CTLH-containing
protein has been founded in many different species from
yeast to human. However, the CTLH domain seldom
appears separately in a certain protein. Only 1 out of 11
groups of CTLH-containing proteins exists separately
(Fig 3). Among the concomitant domains of CTLH, LisH
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and WD40 repeat domains are the most frequent domain
structures found in the same protein. Otherwise, high-
conserved leucine-rich repeats, which bind the substrate
for ubiquitination, are crucial for CTLH functions™™,

The CTLH domain-containing proteins detected in
veast and animals has been demonstrated to participate in
cellular activities, such as regulation of signaling
pathway, protein degradation, cell proliferation and cell
apoptosis! ¥, Take veast for instance: two of the novel
CTLH-containing proteins {Gidl and Gid2) are involved in
ubiquitin-proteasome—dependent degradation and Gid2 is
necessary for FBPase ubiquitination®*". Another CTLH
protein Siul is a component of the mitogen-activated
protein kinase (MAPK) pathways. Smul of the C. elegans
interacts with one or more additional factors to regulate
the alternative splicing of unc-52 and other transcripts.
Mutations in the Smu-1 gene of C. elegans were shown to
suppress mutations in the genes Mec-8 and Unc-52.
Mec-8 encodes a putative RNA binding protein that
affects the accumulation of specific alternatively spliced
mRNA isoforms produced by unc-52 and other genes™.
In Saccharomyces cerevisiae, disruption of the gene
Smiud resulted in a delayed mating response in a mating-
type-specific manner and also in a severe reduction in
disease production on maize™™. In our recent studies,
WDR26, a typical gene of another subfamily of CTLH
proteins, iz demonstrated to regulate the MAPK signaling
pathway by repressing two down-stream transcriptors,
ELK1 and SRE™.

In summary, we have identified a novel protein
domain, CTLH, that associated with the LisH and the
WD40 repeat domains in the N-terminus of a large family
of proteins. This domain forms a “U” shape structure,
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Fig. 2: Multiple sequences alignment of representative CTLH domain. The alignment 1s constructed on the basis of the
PSI-BLAST results by Clustal W method (http://searchlauncher.bem.tme.edu/). Protein identifiers (Accession
number) are indicated on the left of the bar while consensus sequence is showed at the bottom. Color of the
background shows consensus amino acids. The name of species 1s arranged as follows: CAH98507 Plasmodium
berghei, CAHR6738 Plasmodium chabaudi, EAAGO138 Aspergillus nidulans, XP_331392 Neurospora crassa,
XP_475629 japonica cultivar, CAB82702 Arabidopsis thaliana, AAHB0474 Xenopus tropicalis, XP_423702
Gallus gallus, NP_955843 Danio rerio, CAF96979 Tetraodon nigroviridis, AAH06470 Homo sapiens, AAFT72195
Mus musculus, XP_ 313610 Anopheles gambiae, XP_220393 Rattus norvegicus, XP_ 394073 Apis mellifera,
AAOS51804 Dictyostelium discoideum, CTLH domam, CAGB0181 Yarrowia lipolytica, CAGS59405 Candida
glabrata

Fig. 3: Schematic representation of the domain architecture of representative CTLH proteins. The length scale 1s given
in the right corner, using amino acid residue as unit. Abbreviations: LISH Lissencephaly type-1-like homology
domain; CTLH c-terminal to LisH domain; WD R Trp-Asp (WD) repeats domain, ZF R~ Zinc finger RING-type
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