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ABSTRACT

Activated leukocyte cell adhesion molecule ALCAMCDA66 is a type | membrane protein that
belongs to the Ig superfamily, and it has five aoetlular variable type and constant type Ig
domains and a single transmembrane domain. Activi¢ekocyte cell adhesion molecule is
expressed in various tissues, cancers, and camegating cells. Alterations in expression of
ALCAM have been reported in several human tumard, @ll adhesion functions have been
proposed to explain its association with cancere phesent study has been done on wide range
of ALCAM protein sequences and their homologs fvanous organisms. In order to decipher
the phylogenetic blueprints the proteins from higbeganisms to the lower hierarchical order
of organisms were selected as the kernel of thestigation. The tree was drawn by Maximum
parsimony method while using the bootstrapping adest of inferred phylogeny. The
phylogenetic trees were constructed from multipign@d sequences showing bootstrap values
on nodes and species codes on leaves. The anafyd#éa led to a single most consistent tree.
The study endow with a fine idea about the evalatip pattern of this protein family and their
homologs across an extensive array of animal phylareover the data provide a basis for
future functional studies on this vital protein figm
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INTRODUCTION

Cell adhesion molecules normalize a variety of ¢émelal cell functions such as exodus, retort
to inflammation, and angiogenesictivated leukocyte cell adhesion molecule (ALCAN),
limb of the Ig superfamily, has been detected anghmitive subsets of hematopoietic cells and
endothelial cells during embryogenesi$]. [ Activated leukocyte cell adhesion molecule
(ALCAM/CD166) is one of the members of a small swog of transmembrane lycoproteins in
the immunoglobulin superfamily IgSF. The grown-uptpins of this subgroup are structurally
characterized by the presence of five extracellmemunoglobulin Ig domains, comprising two

64
Pelagia Research Library



Swati Singhet al Adv. Appl. Sci. Res,, 2011, 2 (5):64-76

NH2 -terminal, membrane-distal variable —(V-) tyged three membrane-proximal constant —
(C2)- type Ig folds, followed by one transmembraegion and a short cytoplasmic tail of
variable length (Figurel). The consecutive Ig domealefine the VV@C2G, motif characteristic

of this subgroup?].
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Figure 1: Schematic representation of the polypeptie structure of the cell adhesion molecules of the
VVC2C2C2 subgroup in the immunoglobulin superfamily All known members are type | transmembrane
proteins and consist of five extracellular NH2 —teminal immunoglobulin domains (D1, D2, D3, D4, D5k

transmembrane domain (tm), and a relatively shortC- terminal tail (cyt).

Human ALCAM was initially isolated as a ligand oD6, a cell surface receptor belonging to
the scavenger receptor cysteine rich protein sapely [3]. CD6 is expressed on the surface of
mature T cell and chronic B cell lymphocytic leukamExpression of CD6 on T cells is up-
regulated following activation, and prior informati suggest that CD6 modulates T cell receptor
signaling @] Therefore, binding of ALCAM to CD6 suggests t#dtCAM may be involved in
immune and/or inflammatory responses. In addit®nCAM has been detected in a variety of
cell types where it participates in heterophilitenactions with unknown ligands as well as
homophilic interactions, suggesting that ALCAM Wasied functionsZ, 5.

Expression of ALCAM has been associated with ddifdiation state and progression in many
tumors B,7]. In addition, ALCAM is a marker of cancer stemllgeand its expression at the
tumor cell surface has been correlated with shedesurvival in colon-rectal cancer8] [and
with the vertical growth phase of progression iteoeous melanoma&][

Despite of being conserved and having major rolexipression of this protein in cancerous cell,
little is understood about the evolution and geromhiversity of ALCAM proteins among
different taxa. Objective of this study was to exmnarily characterize these proteins in higher
eukaryotic organisms as well as to carry out comipar analysis of these organisms based on
ALCAM protein sequences. In order to decipher thglgpgenetic blueprints the proteins from
Homo sapienso the lower hierarchical order of organisms liktheopods were selected as the
kernel of the investigation.

MATERIALS AND METHODS

In order to search ALCAM protein family members FRIAST [10] was performed by using
blastp program in the protein database at NCRB]. [This database has also been used by A.
Karunasagar et 4ll2]. Homo sapiengrotein’s gi|68163411|ref|[NP_001618.2| CD166 antige
precursor was used as seed sequence and theoiteratere performed upto level 5. From the
hits 36 sequencesTdble 1)each from different proteins were selected fothiewr studies. All
the sequences were taken in FASTA format. The semsewere examined individually and
aligned using ClustalW1p] similar to Shashidher et al4] . Bioedit version 7.0.9.01p] was
used for manual editing and analysis of sequerta@sopy[16] was calculated as
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found at position. The information content of a positibnthen, is defined as a decrease in
uncertainty or entropy at that position. A windo¥defined size that was 13 is moved along a
sequence, the hydropathy scores were summed dhengiindow, and the average (the sum

H(I) = A5 D10Zqase 20, 1)

whereH(l) = the uncertainty, also callestropyat position, b represents a residue (out of the
allowed choices for the sequence in question),f@m is the frequency at which residhés

divided by the window size) was taken for each fmsi in the sequence. The mean
hydrophobicity value was plotted for the middleides of the window. Eisenberd. al. method
[17] was used to plot hydrophobic moment profile vativindow size of 13 residues having six
residues on either side of the current residueratadion anglef =100 degrees.

UH= {[ZH»sm(On)]"2 + [ZHrcos(0n)]} " (172),

WherepHis the hydrophobic momertinis the hydrophobicity score of the residdat
positionn, 6=100 degreesyis position within the segment, and each hydrophofoment is
summed over a segment of the same defined windogtHe

Table 1: ALCAM protein and related homolog sequence with their length and NCBI accession code.

S.No. Name of Species Protein NCBI Accession Code erigthaa
1 [Homo sapiens CD166 antigen precurs 0i|68163411|ref[INP_00161¢ 58¢
2 [Homo sapiens] MEMD 0i|3183975|emb|CAA71256.1| 582
3 [Rattus norvegicus] CD166 antigen precursor 0i|13929058|ref[NP_113941.1 583
4 [Bos taurus CD166 antigen precurs 0i|296491434|gb|DAA33487 58¢
5 [Mus musculus] CD166 antigen precursor 0i|31791059|ref[NP_033785.1 583
6 [Pongo abelii CD166 antigen precurs gi|197099250]ref[NP_00112661" 57C
7 [Gallus gallus] BEN glycoprotein precursor 0i|63088|emb|CAA45579.1| 588
8 [Gallus gallus] CD166 antigen precursor 0i|45383998|ref[NP_990510.1 588
9 [Homo sapiens kin of IRRE-like protein 1 precurs | gi|166295173|ref|[NP_06071( 757
10 | [Rattus norvegicus] kin of IRRE like 1 Drosophila 0i|149048212|gb|EDM®@8.1| 603
11 | [Mus musculus Kirrel proteir 0i|112180401|gb]JAAH23765 634
12 | [Homo sapiens] NEPH1 0i|14572521|gb|AAK00529.1] 605
13 | [Xenopus laevis ALCAM 0i|148232286|ref[NP_00108599 57¢
14 | [Xenopus laevis] MGC84135 protein 0i|148228231|ref[NP_001086195.1] 70 5
15 | [XenopusSilurana ALCAM 0i|118404578|ref|[NP_001072753| 560

tropicalis]
16 | [Rattus norvegicus] NEPH1 0i|30314348|gb]AAP12626.1| 702
17 [Aedes aegypt nephrir gi|157131565|ref|XP_00165588: 50&
18 | [Rattus norvegicus] rCG54063 0i|149056328|gb|EDM07759.1] 565
19 | [Danio rerio] ;Cé'l‘éihelg leukocyte cell adhesion | :164735958|emb|CAK05472.1 544
20 | [Homo sapiens MUC18 glycoproteil gi|529724|gb]AAA20922. 64¢€
21 | [Homo sapiens] Melanoma cell adhesion molecule | 4i162089436/dbj|BAD3162.1] 659
22 | [Mus musculus] Bcam protein 0i|13435987|gb|AAH04826.1| 650
23 | [Mus musculus] Lutheran antigen 0i|10566959|dbj|BAB16053.1 622
24 | [Mus musculus I-gicerin/MUC1¢ gi|10566953|dbj|BAB16050 64¢
25 | [Homo sapiens] B-CAM 0i|535179]emb|CAA56327.1| 588
26 | [Gallus gallus] HEMCAM 0i]1621230]emb|CAA70080.1| 626
27 | [Mus musculus] NEPH1 0i|14572519|gb|AAK00528.1] 392
28 | [Mus musculus] transmembrane glycoprotein 0i|452103|gb|AAA37528.1| 357
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29 Ef)%’?g;:’sﬁ (Silurana) bcam protein 0i[120537350|gb|AAI29006.1] 673
30 | [Gallus gallus] melanoma cell adhesion molecule 0i|52694650|refNIP004768.1| 626

31 | [Danio rerio] basal cell adhesion molec 0i|115495543|ref[NP_00107009! 547

32 [Culex quingquefasciatu nephrir 0i|170030192|ref|XP_00184297- 136(

33 | [Aedes aegypti] nephrin 0i|157138488|ref|[XP_001657321.1| 1262
34 | [Acromyrmex echinatior] Nephrin 0i|332029549|gb|EG169438.1| 1273
35 | [Ascaris suum] Nephrin 0i|324501983|gb|ADY40877.1| 1168
36 | [Camponotus floridanus] Nephrin gi|307190069|gb|EFN74258.1| 130(

Multiple sequence alignment, phylogenetic and mdhacevolutionary analyses were conducted
using MEGA version 518]. Similar approach has been applied by A. Maralef19]. For pair
wise and multiple alignment gap open penalty waad@ gap extension penalty was 20|[
BLOSUM weight matrix was used for substitution $egr[21]. The multiple alignments of
sequences of ALCAM proteins were used to creatdogleyetic trees. The evolutionary history
was inferred using the Maximum Parsimony meth2i).[The consensus tree inferred from 18
most parsimonious trees is shown. Branches comelipg to partitions reproduced in less than
50% trees are collapsed. The consistency index788@02 (0.767846), the retention index is
0.875202 (0.875202), and the composite index i7Zb67 (0.672020) for all sites and
parsimony-informative sites. The percentage ofipamsious trees in which the associated taxa
clustered together are shown next to the branches.MP tree was obtained using the Close-
Neighbor-Interchange algorithri23] with search level 0 in which the initial treesn@ebtained
with the random addition of sequences (10 repl&at€he analysis involved 36 amino acid
sequences. All positions containing gaps and ngssata were eliminated. There were a total of
220 positions in the final dataset. Evolutionarglgses were conducted in MEGAS]].

RESULTS AND DISCUSSION

3.1 Multiple sequence alignment

The Multiple alignment of CD166 and related seqesn(igure 2) resulted into an alignment
having 1466 positions. By statistical analysis afltiple aligned sequences it was observed that
leucine, valine, serine, threonine, glycine, glutgralanine, proline, lysine, isoleucine are the
most frequently present amino acids with frequepescentage of 8.29, 8.01, 8.47, 7.62, 6.92,
6.67, 6.45, 6.26, 5.46, 5.19 respectively. The ipleltaligned sequence of ALCAM and other
related homologs protein sequences was found with & conserved sites=121, No. of
parsimony informative sites= 1028 and No. of sit@iesites= 214.
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Figure 2: MSA of ALCAM and related homologs

3.2 Entropy plot

An entropy plot, measure of the lack of the infotima content and the amount of variability,
was generated for all the aligned positions. Tlo¢ gthows that entropy rarely goes above a scale
of two, showing minimal entropy at several posiidrom position 950 to position 1090 and also
from position 1210 to position 1450 where entrogsely crosses a scale of one, which is a sign
of minimal variability in the region.
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Entropy (Hx) Plot
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Figure 3: Entropy (Hx) Plot for aligned ALCAM and r elated homologs protein sequences

3.3 Hydrophobicity Profile

A hydrophobicity profile plot shows that mean hyahobicity of the protein for most of the
positions is in all the species is below zero, esmmaly it turns to be positive. Maximum
hydrophobicity is observed from positions 100 td Z0r nephrin proteins oAscaris Suum,
Aedes aegypti and Mus musculus.

From Position 1010 to 1060, increase in hydrophtbaf Culex quinquefasciatus, Acromyrmex
echinatior, Camponotus floridanugan be seen from Figure 4.a aridomoSapiens,
Musmusculusand Xenopus (Silurana) tropicalisxhibits high increase in hydrophobicity from
position 1060 and 1150. These proteins are bagicaton-hydrophobic in nature as most of the
positions are across show a below mean hydrophgbictithe case of most of the organisms
studied here.

Eisenberg Scale Mean Hydrophobicity Profile
Scan-window size = 13

&
@

Mean Hycraphobicty

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1,000 1.050 1100 1150 1200 1250 1300 1.350 1400 1.450
Posttion

Figure 4.a: Eisenberg scale mean hydrophobicity prfde plot
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Figure 4.b: Colour legend for Eisenberg scale meamydrophobicity profile plot

3.4 Phylogeny

The phylogenetic tree was constructed by using Maria Parsimony method. The tree shows
different organisms on tree nodes branched on dles lof their ALCAM and related homologs
proteins.Nephrinproteins ofCamponotus floridanus, Acromyrmex echinatior, Aeagyptand
Culex quinquefasciatueraft a totally diverged branctiom the main tree among 36 selected
proteins. From a close view at the tree (Figuri B¢comes clear that the tree can be sub divided
mainly into three clusters. Cluster A belongs teraichy of nephrin and similar proteins
showing evolution of Nematode, arthropod and mananahephrins consecutively. However
cluster B mainly represents HEMCAM and BCAM protiand the ALCAM proteins are
represented by cluster A. Close homology of Nepbprioteins to the Cell adhesion molecule
proteins in sequence similarity search shows ttlese evolutionary relationship and from the
tree it appears that during the course of evolutbrell adhesion molecule proteins BCAM,
HEMCAM, MCAM and ALCAM evolved consecutively. ALCAMproteins appear to have
evolved rapidly in parallel order to other CAM prwts and specialized themselves as leukocyte
cell adhesion molecules during the course of eianiut
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gi|324501983|gb|ADY40877.1] Nephrin Ascaris suum
0i|157131565|ref|XP_001655882.1| nephrin Aedes aegypti
gi|149056328|gb|EDM07759.1| rCG54063 Rattus norvegicus
0i|166295173|ref|[NP_060710.3| kin of IRRE-like protein 1 precursor Homo sapiens
gi|14572521|gb|AAK00529.1] NEPH1 Homo sapiens

0i|149048212|gb|EDMO00788.1| kin of IRRE like 1 Drosophila Rattus norvegicus
gi|25137571|gb|JAAN73043.1JAF480411_1 NEPH1 Mus musculus
0i|112180401|gb|AAH23765.3| Kirrel protein Mus musculus C
0i|30314348|gb|AAP12626.1| NEPH1 Rattus norvegicus
gi|170030192|ref|XP_001842974.1| nephrin Culex quinquefasciatus
gi|157138488|ref|XP_001657321.1| nephrin Aedes aegypti
gi|332029549|gb|EGI169438.1| Nephrin Acromyrmex echinatior
0i|307190069|gb|EFN74258.1| Nephrin Camponotus floridanus

Figure 5: Phylogenetic tree of ALCAM proteins and heir homologs constructed by maximum parsimony metbd.

CONCLUSION

This is the first study that has been done on wéage of ALCAM protein sequences and their

homologs from various organisms.

In order to demiphe phylogenetic blueprints the protein
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sequences from higher organisms to the lower rabieal order of organisms were selected as
the kernel of the investigation. The study endowth & fine idea about the evolutionary pattern
of this ALCAM family and other cell adhesion moléeproteins across an extensive array of
animal classes. Moreover the data provide a basiduture functional studies on this vital
protein family.
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