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ABSTRACT

Cystinosin and sialin proteins are the major caisnt of lysosomal membrane and play an importalg in the
transport of the metabolite across the lysosomahbrane. Any mutation in these genes causes autbsecessive
lysosomal storage disorders named as cystinosis sallh disease. To understand cause of these maabo
disorders and their evolutionary relation, genomiased study of these proteins were facilitatetibinformatics
tools like BLAST, ClustalW, MEGA4, BioEdit (versi@m.5.3) etc. This work established the molecular
phylogenetic relationship among the different taxa&ystinosin and sialin. Structural properties waoncluded by
their amino acid frequency, hydrophobicity profikentropy and conserved domains present. Both tloéeior
showed that mean hydrophobicity for most of thetijpos in all the species was around zero and wasidally
hydrophobic in nature. These informations facibtab explore the molecular basis of the lysosontatage
disorders and cell biologic features along with thebcellular localization of the proteins leading predict the
exact function in the lysosomal membrane and enabte understand the critical regions of the phogestudied.
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INTRODUCTION

Metabolic disorders consist of any defect in melialreaction carried out inside the cells. Mostigse defects arise
due to malfunction of the transporter proteins atation in their genes. Here we have reportedstigations on
lysosomal membrane transporter proteins, Sialin@stinosin. Different bioinformatics softwares wermployed
to reveal core properties of the proteins defectivdysosomal storage disorders. The main functiohshese
proteins include transportation of the degraded aond-degraded lysosomal substrate across the Ilysdso
membrane. Lysosomes are principal site of intratall digestion in mammalian cells. A defect in eitlthe
degradation or transport process can result in coinaulation of the undegraded substrate or theadiegion
product within the lysosomes, impairing the physiyl of the cell and leading to a lysosomal stordigerder.
Several such disorders have been described andusaraly classified according to the molecule thas h
accumulated intra-lysosomally [1]. Most of thessodders are due to a defect in one of the lysosbydrolases,
however, a subset exists which arises from a dafemte of the membrane transporters [2].

Membrane transporter protein sialin is recentlyrabterized protein encoded by a gene SLC17A5 ansesasialic
acid storage diseases (SASD) on mutation [3] wiaareCTNS encodes cystinosin protein causing cystnos
mutation (Shotelersuk et al., 1998; Town et al98,Attard et al., 1999; Thoene et al., 1999). TRiLC17 family
also comprises the synaptic vesicular glutamatesfrarters and putative sodium phosphate cotraresgort
representing the highest degree of homology [4faliSiacid includes a family of acidic nine-carbon
monosaccharides, which are biosynthetic derivativilacetylneuraminic acid (Neu5Ac). These play mpartant
role in many biological processes including cetlel communication and recognition, pathogen amihtbinding
[5], conformational stabilization and protease s&sice, enhancement of water binding capacitygpraargeting,
developmental regulation [6] regulation of sigmahtsduction [7], and immune response [8].
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Cystinosin is a lysosomal membrane protein buinthg it is targeted to this organelle is still unkmo Cystinosis is
an inherited lysosomal transport disorder charadrby imperfect transport of cystine out of lysw®s causing
accumulation of intra-lysosomal cystine and ithe thost common inherited cause of the renal Farsyomrome.
The gene underlying cystinosis, CTNS, was identifisthg a positional cloning strategy (Town et 4898) which
is highly glycosylated at the amino-terminal end aarries a GY-XXF lysosomal targeting motif in d&rboxy tail.
CTNS encodes a 367 amino acid protein, cystinagiich comprises seven predicted transmembrane demai
128 amino acid N-terminal region bearing seven Y¢agtylation sites and a 10 amino acid cytosolieatnus
containing a tyrosine-based lysosomal sorting n{@&¥DQL).

This bioinformatics approach enlighten unrevealsgeats regarding the LMPs leading to metabolic rdesoon

mutation and made a firm platform to elucidate laedion of proteins at cellular and tissue micratomic level
which is still unknown. We exploited our recent kedge to determine the specific characteristicd ater-

relation between sialin and cystinosin protein fgrand to establish the molecular phylogenetictimteship among
the different taxa. It will assist to improve ourderstanding of their biogenesis and localizatiothe cells leading
to recognize mechanism underlying the developmelysosomal storage disorders.

Abbreviations: NCBI- National center for Biotechnology InformatjLAST-Basic local alignment search tool, BLOSUIeBs of amino acid
substitution matrix.

MATERIALSAND METHODS

Protein family members were searched by using plasigramof BLAST[9] in the protein database RCBI [10].

Homo sapiengroteins amino acid sequence was selected as dqlieeysequences were examined individually and

aligned by usingCLUSTALW11]. Entropy is then calculated as:

H(l) = -Sf(b,))In(f(b,))

whereH(l) = the uncertainty, also calletropy at positionl, b represents a residue (out of the allowed choices fo

the sequence in question), &(loll) is the frequency at which residbés found at positiot.

Table1: Cystinosin and Sialin sequenceswith their length and NCBI accession code

Organism (Cystinosin) with NCBI Accession code L ength (aa) Organism (Sialin) with NCBI Accession code | Length (aa)
Mus musculus Homo sapiens 495
gi|11967808|emb|CAC19455.1| 367 0i|6912666|ref[NP_036566.1|

Bos Taurus Macaca mulatta 495
gil182639279|sp|A7MB63.1| 367 gil109071731|ref|XP_001112868.1|

Homo sapiens Callithrix jacchus 463
gi|3036840|emb|CAA11021.1| 367 gi|166092137|gb|ABY82116.1]

Rattus norvegicus Ailuropoda melanoleuca 495
gi|109491251|ref|XP_001080248.1| 392 gi|301762398|ref|XP_002916619.1|

Caenorhabditis elegans Mus musculus 495
gil32565006|ref|NP_872022.1 34 gil27370146|ref|NP_766361.1|

Gallus gallus Rattus norvegicus 495
gi|50758292|ref|XP_415851.1| 81t gi|57527612|ref[NP_001009713.1|

Canis familiaris Taeniopygia guttata 482
gi|73967295|ref|XP_548340.2| 367 0i|224048541|ref|XP_002190807.1|

Aedes aegypti Canis familiaris 442
0i|157167697|ref|XP_001655585.1| 367 gi|73973298|ref|XP_867399.1|

Caenorhabditis briggsae Xenopus (Silurana) tropicalis 496
gi|215275218|sp|ABWN56.1| 403 0i|118403526|ref[NP_001072823.1|

Drosophila melanogaster Danio rerio 488
gi|34223744|sp|QIVCR7.2| 397 gil115529331|ref|NP_001070195.1]

Ornithorhynchus anatinus Salmo salar 492
0i|149641786|ref|XP_001508868.1| 605 0i[291190748|ref|[NP_001167306.1|

Caligus clemensi Ovis aries 495
gi|225717886|gb|AC0O14789.1| 409 gi|57619234|ref[NP_001009742.1|

Trypanosoma cruzi Oryctolagus cuniculus 495
gi|71422082|ref|XP_812021.1| 383 0i|284005471|ref[NP_001164764.1|

Perkinsus marinus Papio anubis 495
0i|239885524|gb|EER09461.1| 302 0i|281182826|ref[NP_001162413.1|

Schistosoma mansoni Gallus gallus 484
gi|238665302|emb|CAZ36053.1| 359 gi|71895023|ref|[NP_001026257.1|

Ixodes scapularis 266

0i[240999715]|ref|XP_002404776.1|

Pediculus humanus corporis 356

0i|242006380|ref|XP_002424029.1|

Culex quinquefasciatus 399

gi|170044802|ref|XP_001850022.1|
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RESULTSAND DISCUSSION

Multiple sequence alignment and Conser ved region sear ch within the aligned sequence:

The Multiple alignments of sialin and cystinosimofains were done by th@ulstal Wand resulted into an alignment
of the sequences having 497 and 680 positions ctgply. By statistical analysis of multiple alighsequences, it
was observed that sialin protein had higher frequexi alanine, phenylalanine, glycine, isoleucilegicine, serine,
threonine and valine while cystinosin was rich hrepylalanine, isoleucine, leucine, serine, valing glycine. The
multiple aligned sequence of sialin protein wasnfbwvith higher number of conserved sites (234) ttystinosin
which had 27 conserved sites. Parsimony informagites (293), singleton sites (101) and variab#30) were
higher in cystinosin in comparison to silain.

A conserved region search concluded that sialindeagtn conserved domains with short length rangigamino
acids with average entropy of zero while cystinasiowed 4 conserved regions with long length u@aino
acids having average entropy between 0.6944 to/0.0These conservations had already been uphefdifiynal
entropy.

Hydrophobicity profile and hydrophobic moment:

The hydrophobicity profile plot of both the proteishowed that mean hydrophobicity of the proteiralinthe

species were around zero except some species,i@w@ds it turned to be positive or negative (Figur). N-

terminal domain and C-terminal domain were non-bptiobic and maximum hydrophobicity were observeanfr
positions 40 to 70, 200 to 250 and 460 to 485 ositin Gallus gallus, Canis familiaris, Xenopus tropicadied

Ovis ariessubject to Sialin (Fig.1.a) and in case of cystinggig.1.b), N-terminal domains were more hydrdpico
and c-terminal domains were non-hydrophobic inriast of the organisms along with exceptionally aglamon-

hydrophobic N-terminal domain in th@rnithorhynchus anatinukom position 1-230Culex quinquefasciatuand

Trypanosoma cruzxhibits high jump in hydrophobicity from positi@40 to 260 and 500 to 540 respectively.

()
rive & Dracicie SCan Wy 1 ayroproncey Frofa - [Homo sapeni]
' X I e mulstta]
| I (C=titheix jacchus]
i -lé:h.mprude melanoleucal
| -|H us miescudus]
i -|F|:al!u3 notvegcus]
B (7 s=riopygia gutata)
| [Canis farndianiz]
- [enopus [Sikeana) opicats)]
I (D 2nic resio]
I 15 aimo salai]
H [Qwis anies)

[Onsclolagus cumbculus]

| |Papic anubis]

- |Gabkss galkes)

3"' Flot Legerdd
= -ICMmlhnhditls wlegans]
: -II'Iomp saplEns]
| I Aedes ancypti]
| s s culus]
! -ll:ulu.-x quinquelascistus]
Bl (s norvegicu:]
! -lPudlcqu: hurmanus comporis]
Naodes soapulans]
- | -|C.'.r\-'t farnilianiz]
: -lGdkr. gallus]
G B Bos tauruz]
| I [Drosophila melancgaster]
ICaanarhabditinc baggsas]
|Schistazoma o]
-lﬂlmharhyncPu: anatinusg]
[Cabous clermsrzi]
Bl |7 veanosomns cri]
R L R B (Peskinsus marinus]

Figure 1- Mean hydrophobicity profile of Sialin (a) and Cystinosin (b) developed by Kyte and Dolittle method where Y-axis represents
the hydrophobicity along the amino acid positions on X-axis
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This profile concluded that these proteins basicabmprised more hydrophobic region in comparisomon-
hydrophobic region as number of positions were sseshow above mean hydrophobicity in the organisndied
here. The protein sialin and cystinosin can bedikas hydrophobic proteins and drug can be desigoeordingly
for respective lysosomal storage disorders.

Entropy plot:

An entropy plot, measure of the lack of the infofiora content and the amount of variability, was eyated for all
the aligned positions. The entropy plot of silaim aystinosin (Figure.2) rarely touches a scalemof and showed
minimal entropy at several positions while at savhéhe positions, entropy rarely crosses a scatmef which is a
sign of better alignment in the region. The lowalues of entropy lead to the lack of randomneghénproteins
sequences resulting in to conservedness at mangiopssin the proteins. For the lysosomal disordéhs

conservedness of the proteins can be taken up ’k&ngsitions for further analysis.
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Figure: 2. Entropy (Hx) of the Sialin (a) and Cystinosin (b) protein on Y-axisand their corresponding residue number plotted on X-axis
inferring the better alignment and conser vedness of the sequences

Phylogeny:

The phylogenetic trees were constructed by usingieur —joining method (Figure.3) of MEGA4 toolhd tree
showed different organisms on tree nodes branchatiebasis of their proteinBanio rario, Salmo salar, Xeopus
(Silurana) tropicalisandPerkinsus marinysTrypanosoma cruzvere made a totally diverged branch from the main
tree among the sialin and cystinosin proteins retygay. In the phylogeny tree of both the proteinede for
vertebrates (for silainCanis familiaris, Mus musculus, Callithrix jacchudpmo sapiens, Gallus galluend for
Cystinosin:Homo sapiens,Mus musculus, Gallus gallwere supported by the very high bootstrap valeelio0%
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where as node for the invertebrates were suppdijethe lower bootstrap values. Branches correspontth
partitions reproduced in less than 50% bootstrpficates were collapsed.
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Figure 3- Bootstrap original phylogenetic tree of Sialin (a) and Cystinosin (b) proteins created by Neighbour-joining method showing
bootstrap support values on the nodes. Thetreeisdrawn to scale, with branch lengthsin the same units asthose of the evolutionary
distances used to infer the phylogenetic tree. All the character s wer e given equal weights

There were a total of 405 and 223 positions infithed dataset of sialin and cystinosin respectivdliis tree gave
an idea about the evolutionary order of the prateirhis phylogeny was not seemed to be complethgistent
with the current view of taxonomy perhaps due t® afsa specific protein rather than complete gersome

CONCLUSION

This work represented the first comparative genentiased evolutionary analysis of the sialin andimgsin

proteins across family of organisms with specidéénmence to mammals. This comparative analysis ouesges
inferred that both the proteins were basically loythobic in nature with their specific conservedaag that can be
used as marker to identify and analyze the lysoalisarders. These proteins showed very slight camtess in
their sequences as they had very low entropy. inSiebmparatively has short conserved domains igréeater
number which help in the analysis of metabolic disos. Amino acid composition and its frequencyhimitthe

sequences and their hydrophobicity profile alsasa$s predict the exact function of the proteinghe lysosomal
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membrane and can allow a better understanding af thitical regions. These approaches help to aktiee
molecular basis of the SASD and cystinosis diseaseéscell biologic features of responsible protemsthese
metabolic disorders and their sub-cellular locaiora
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