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Phylogenetic analysis of cubilin (CUBN) gene
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Abstract:

Cubilin, (CUBN; also known as intrinsic factor-cobalamin receptor [Homo sapiens Entrez Pubmed ref NM_001081.3; NG_008967.1;
Gl: 119606627]), located in the epithelium of intestine and kidney acts as a receptor for intrinsic factor — vitamin B12 complexes.
Mutations in CUBN may play a role in autosomal recessive megaloblastic anemia. The current study investigated the possible role
of CUBN in evolution using phylogenetic testing. A total of 588 BLAST hits were found for the cubilin query sequence and these
hits showed putative conserved domain, CUB superfamily (as on 27th Nov 2012). A first-pass phylogenetic tree was constructed to
identify the taxa which most often contained the CUBN sequences. Following this, we narrowed down the search by manually
deleting sequences which were not CUBN. A repeat phylogenetic analysis of 25 taxa was performed using PhyML, RAXML and
TreeDyn softwares to confirm that CUBN is a conserved protein emphasizing its importance as an extracellular domain and being
present in proteins mostly known to be involved in development in many chordate taxa but not found in prokaryotes, plants and
yeast.. No horizontal gene transfers have been found between different taxa.
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Background:

Cubilin (CUBN, also known as intestinal intrinsic factor
receptor or intrinsic factor-cobalamin receptor or intrinsic
factor-vitamin B12 receptor), acts as a co-transporter and helps
in the uptake of lipoprotein, vitamin and iron. It functions as a
transporter in many absorptive epithelia (intestine, renal
proximal tubules and embryonic yolk sac) [1]. A potential role
of mutations in CUBN gene has been hypothesized to play a
role in the etiology of autosomal recessive megaloblastic anemia
[2]. This hereditary condition is also known as MGAl
Norwegian type or Imerslund-Grasbeck syndrome. The disease
is characterized by defective absorption of vitamin B12 and
impaired function of the enzyme thymidine synthase; therefore,
DNA synthesis, particularly during erythropoiesis is affected [1,
3]. Cubilin interacts with megalin in a calcium dependent
manner by forming a dual-receptor complex called cubam
which facilitates the uptake of specific ligands like hemoglobin,
uteroglobin etc. [4]. In addition, CUBN also controls and
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facilitates endocytosis of various ligands [5, 6]. In the proximal
tubule cells, cubilin helps in reabsorption of vitamin D binding
protein from glomerular filtrates and assists in the synthesis of
1a,25-dihydroxyvitamin D(3) [7, 8]. In addition, a missense
mutation in CUBN gene was found to alter the levels of [9].

The cubilin protein has 27 CUB domains and 7 EGF-like
domains and is coded by the human CUBN gene is located on
chromosome 10 (10p12.31; 11933 bp mRNA,; Entrez PubMed ref
NM_001081.3; NG_008967.1; G1:119606627) and expressed as a
3623 amino acid, 460 kDa receptor [10]. The acquisition of
CUBN in eukaryotes indicates one of the important events in
evolution of cells. Because of the inherent role of CUBN as a
transporter in many epithelia and its ability to facilitate
absorption of hemoglobin and other important ligands, we
aimed to understand if variance in this gene exists among in
various organisms using a phylogenetic analysis of published
protein sequences.
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Figure 1: First pass phylogenetic tree constructed by multiple alignment using BLAST pair wise alignments: Results presented
using Taxonomic name. First pass phylogenetic tree constructed showed that the CUBN sequences were mostly from arthropods,
placozoans, nematodes, tunicates, rabbits, hares, primates, rodents, placentals, odd toed ungulates, even toed ungulates, bivalves,

lancelets, hemichordates, sea urchins, bony fishes, amphibians, birds, lizards, marsupials and monotremes.

Methodology:

Data Set, Sequence
Phylogenetic Tree

We queried the GenBank database [11] for all available protein
sequences of the CUBN. The retrieved sequences were saved in
FASTA format. An initial first-pass phylogenetic tree was
constructed using Neighbour Joining method [12] (maximum
sequence difference of 0.85) using Domain Enhanced Lookup
Time Accelerated Basic Local Alignment Search Tool [DELTA
BLAST] pairwise alignments between the query and the
database sequences searched [13]. Grishin computation was
used by the software to calculate the evolutionary distance
between any two sequences. This was modeled as expected
fraction of amino acid substitutions per site [14].

Alignment and Construction of

The list of sequences obtained after DELTA BLAST were
narrowed down to delete sequences which are not CUBN and
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which were hypothetical. The concerned retrieved sequences
were then aligned using Kalign software 2.03 version [15] with
the results being produced in the Clustal W [16] format and
employing a gap extension penalty of 0.85. The phylogenetic
tree was reconstructed using the maximum likelihood method
implemented in the PhyML program (v3.0 aLRT) [17, 18]. The
Jones-Taylor-Thornton (JTT) substitution model was selected
along with gamma-distributed rate categories to account for
rate heterogeneity across sites. The reliability for internal
branch was assessed using the alLRT test (SH-Like). The
graphical representation and edition of the phylogenetic tree
were performed with TreeDyn (v198.3) [19]. The RAXML
(Randomized Axelerated Maximum Likelihood) program
version 7.2.8 was then used for sequential and parallel
Maximum Likelihood of the sequences [20]. An additional
analysis of the presence of horizontal gene transfer was
performed using the T-REX online software [21].
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Results:

From the NCBI GenBank database, 588 sequences of CUBN
covering the CUB domain (Figure 1) were used to construct a
first-pass phylogenetic tree. The sequences were mostly from
arthropods, placozoans, nematodes, tunicates, rabbits, hares,
primates, rodents, placentals, odd toed ungulates, even toed
ungulates, bivalves, lancelets, hemichordates, sea urchins, bony
fishes, amphibians, birds, lizards, marsupials and monotremes.
This tree however had many repetitive and unrelated sequences
which were deleted. A high degree of sequence similarity of
CUBN enzyme in many of the selected sequences was observed
during phylogeny reconstruction. Putative conserved domains
were observed in many taxa at the CUB domain CUB domain
(cd00041); extracellular domain; present in proteins mostly
known to be involved in development; not found in
prokaryotes, plants and yeast [22]. The actual alignment after
DELTA BLAST was detected with ¢cd00041, Cd Length: 113 Bit
Score: 139.08, E-value: 4.18e-37. The final accession information
for the tested sequences (n=25) are presented in Table 1 (see
supplementary material); multiple sequence alignment is
presented in Appendix 1. Using the PhyML program a tree was
constructed for these sequences, the results of which are
presented in (Figure 2). RAXML revealed that there were 3782
distinct alignment patterns and the proportion of gaps and
completely undetermined characters in this alignment was
24.21%. RAXML rapid bootstrapping and subsequent ML search
showed an ML estimate of 25 per site rate categories (Figure 3).
No horizontal gene transfers have been observed in the selected
taxa.
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Figure 2: Phy ML: Phylogenetic tree of CUBN sequences. The
final phylogenetic tree constructed using specific sequences
revealed that the CUBN sequences were highly similar in most
organisms. The closest similarity was observed in the primates.
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Discussion:

The acquisition of cubilin and its importance in evolution was
assessed by using a mix of programs to construct a phylogenetic
tree [23, 24]. It is interesting to note that CUBN as a protein with
receptor function has arisen only in the eukaryotes and thus not
found in prokaryotes and plants. Cubilin is very helpful in the
absorption of Vit B12 from the intestinal epithelia on which
animals and protists are dependent for various biochemical
pathways; however, they do not have the ability to synthesize
it. It should be noted that plants and fungi neither produce Vit
B12 nor use it but animals and protists use it but cannot
synthesize it owing to the very complex de novo biosynthesis
pathways [25]. The acquisition of cubilin in these phyla from an
evolutionary stand point explains why mammalians have an
efficient mechanism for uptake of extrinsic Vit B12.
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Figure 3: RAXML: Sequential and parallel maximum likelihood
of sequences — best scoring ML tree. The values indicated here
show the most scoring maximum likelihood tree constructed
from the shortlisted organisms.

We have used the neighbor-joining method to create trees based
on multiple sequences in ClustalwW; a JTT matrix method was
used to cluster sequences at 85% identity level [26] followed by
construction of a phylogenetic tree [18]. The PhyML software
was used because it is an accurate but slightly faster than other
phylogeny programs. DELTA-BLAST which uses a heuristic
method to identify homologous sequences produced high
scoring sequence alignment to generate a first pass phylogenetic
tree from which relevant sequences were narrowed down.
Kalign was used for multiple sequence alignment of shortlisted
sequences because it is very fast, suitable for large alignments
and concentrates on local regions providing insight to
evolutionary relationships [18]. The RAXML software was used
in inferring and validating the most scoring maximum
likelihood tree [20]. In addition, using the T-Rex software, we
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have evaluated horizontal gene transfers in the selected
organisms. It is well understood that this involves a transfer of
genetic material from one lineage to another commonly found
in prokaryotes as an adaptation mechanism to environment
[21]. However, the selected organisms did not show the
presence of this phenomenon. The final phylogenetic tree
indicated that CUBN is a relatively new protein having evolved
very late in evolution (Figures 2 & 3). Also, nho homologous
gene transfer has been observed among the short-listed
organisms which are indicative of the largely conserved
domains within the amino acid sequences.

Conclusion:

Acquisition of CUBN in relatively evolved organisms indicates
its crucial role in the physiology of cells. A higher conservation
at CUB domains indicates preserved function. The phylogenetic
tree for CUBN revealed the presence of this gene in eukaryotes
and indicated its importance in the biochemical pathways
related to absorption of many ligands from the epithelial linings
in cells re-emphasizing the importance of certain proteins in
evolution.
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Supplementary material.

Table 1: Accession details of short-listed Cubilin (CUBN) sequences

Accession

Description

EAWS6221.1
XP_003831226.1
XP_003257731.1
XP_003930687.1
XP_003919387.1
XP_003786834.1
XP_003988178.1
EHB08007.1
EDL78718.1
XP_002666724.2
XP_001235156.2
EKC18187.1
XP_003455793.1
XP_002806994.1
EGI160892.1
EFN89302.1
XP_394526.3
XP_001843996.1
EFN66210.1
XP_001655059.1
EFX86741.1
EHJ68165.1
XP_003381549.1
EGW02057.1
ABV24853.1
AAF61487.1

Homo sapiens

Pan paniscus — Predicted
Nomascus leucogenys— Predicted
Saimiri boliviensis boliviensis— Predicted
Papio anubis- Predicted
Otolemur garnettii- Predicted
Felis catus— Predicted
Heterocephalus glaber

Rattus norvegicus— isoform CRA_b
Danio rerio— Predicted

Gallus gallus— Predicted
Crassostrea gigas

Oreochromis niloticus— Predicted
Callithrix jacchus- Predicted
Acromyrmex echinatior
Harpegnathos saltator

Apis mellifera — Predicted

Culex quinquefasciatus
Camponotus floridanus

Aedes aegypti

Daphnia pulex

Danaus plexippus

Trichinella spiralis

Cricetulus griseus

Xenopus (Silurana) tropicalis
Mus musculus
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Appendix 1: Kalign: Multiple sequence alignment [CLUSTAL format] of short-listed sequences
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VECRNDFLEYRNGEHENEFLLGKY CGTLLF-~HEFVFEQMNELTLR F-HED-SVTEORGYE
VECRNDFLEVRNGSNENS FLLGKY COTLLP--NFVFBMNELYLR F-KED-SVTSDHGYE
VECRNDFLEVRNGSNENS FLLGKY COTLLP--NFVFBQMNELYLR F-KED-5VI SNHGYE
VGCRNDFLEYRNGEH BN FLLGEY COTLLF-~HEVF EQMNALYLR F-HED-SVTEORGYE
SECRRDFLEIRNGNDEESFLLGKYCGTLLF--HFVFB0BNELTLR P-HED-GTT BEHAYE
SECMHDFLEVRNGE0SS FLLATY CATLOR--NF [ FEQMNELYLR F-KE0-GATSALAVE
POCVHDFLETRNGSDSSSFLLGTY CGSLLP--DFVFBQEPTLYLH F-KED-NFT SREGYE
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EQCTRNALCVREG-DS8GFLI TTLCATANP - -8F [ FRSGNKLTLHS-WTE-SABSYQSYD
EHCTHYALOVHDG-DS8GFLLTTLCAGALP--E8F [ FETGNKLTLRS-WAE -NTNSYQSYD
TDCTHAGLNVEDG LMASLCSTDTP-~BFF SL EYYD
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IHCEVSLET LGHLOGAALF--NETF RP==SLLEQRGYD
CBVY ===L0T [ DGKOKESFLLYET ~THDYFOVTOMFTTGRYLLLEN=HHA=DQEAY-HED
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11W733F3G~~CORTLYGIRGEFTSFGY FT Y BANTHCERALYREAGRLYTVNFYFISTD
1107 33F86~~COGTLYGIRGSFT3 PG FITY BRRTHCERALVREAGRINTVNFYFISTD
T1W733F36-~CORTLYGIRGEFT3FGY FTY BONTHCERTLIRFAORLLTTFYFVETD
TVWT33F86~~COGTLYGRSFT3FGY FOTY PRNTHOERTT IREAGREVTVEFYFVETD
TTW733FF6-~COGTLRGDSELAS oY FSY PHTHOERALSRPAORFLAVEFYLVETD
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TTW7 33536~ ~COATLYGETGT PR3 FAF FAT TRANTHCERVI TVEKOR TYTVNEDFISTD
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Dando
Gallus
Crassostroa
Oreochronis
Callithelx
Reromyres
Harpagnathoa
pia

Culex
Cangenotus
Bades
Daphnia
Danaus
Rattus
Trichinalla

QG-=COITLF FGTY FHNTH YIVIFHQISID
TIWT33F8G-~COITLYGORGS FT8 Y PATY PRNTHCERRLVAERGRLYTVNFYFISID
TTYTTTOAGRGCOART FNYGER FTSFLY PRTY RNNTVCTHIN SVEQGFHT TLOFLVETIG
77T YGERFTSFLY PNTYRANTV LEFRVFDIG
I TFWYNGS FTS FHY FNEY RHNTIC KYWLTFRVLDIG
RTYLATIHGRGCGAET FNYGEVFTSFLY PENNRTRMOCLRTVTVEVHMHIAFKFEVEIMG
TTYTTTOAGRGCOART AN YGE FTSFLY PNVY RNNTLCTWIV SVERGFHT TLEFTVFILG
RSIVATIQGRGCGIEMENYGET FASFLY PHHNRTRYECVWTVTVE FHMRIALKFDAFEMG
LTYT3TIQGEGCAASVENTRATVT SFGY ANV ERTT DCRWELAVEIGHI IKT EFFVEDRG
LIy TEREIGRVTEFLAFOT EWELET FANTRLYLHFTEFTLG
TIRT35MAG--COATLLANEST FTN FGEFDSY PNNTHCEWTT VAFSORFVEVGFFFLSTO
ITYLVTIQD--COATIQLASGE 178 FHY PODY FERVRCAHLI SVERGENTSFHVAKLIND

TTWIS3FHA-~COITLFGOHGS FT8 FAY PRSY SHNTRCEWTT LAFLORLITLNFAVINID
TIWR3SFT G- -COOTLLGNEGT LAN FGF PDSY PRNTHCEWTT VAFSGRPLAVGFFFLSID

DPGDCVEHY==LTLY| FVRSENVETHE KAV
DPGDCVEHY==LTLY DAPHAS-5FE8GE--=-~YORANTEIAPFVASENQLE TKE - KAV
DPEDCVEHY==LTLY DAPHAS-5FE8GE--=-~YORANTEIAPFVASENQLETKE - KAV

DPGDCVEHY=--LTLY| - QVEIKE-ERDY
DPGDCVEHY==LTL FVRSENIVEITE =KADY
DPGDCVEHY==LTLY| FVRSENVETHE -HREY
DPGDCVEHY-~-LILY| - VEIKE-HAAS
DRGDCVEHY--LILYNAP OAK-5P3 8GR -----YOGNDTHIAPFVASSHRVEVEE -HREY
DPGDCALNY=--LVLI PVASSERYEIVE-EREY

LOGINTGIRFFYASENRYE TRE -EREY
(OGLETHIR PFRASENLYEVKE -ERQS
-YORMDTNIR PFTATSHQYYVEE -EREY

ESGGCTEHY-~LIVENGP AN~ SFF RO~
DFGTCCHN¥=-LKLE D3R [~ SFRVGE-
DFGCINY=-LILYRGP OT-TFOAGE-
GEFDONRRY--VET ENGYLDS-5F8 FOR === -YORMEQF-F FLAASONKTLIKEVIDGE
DFGTCCHN F=~ LKLY D3P OT 5= 50FVIGE -~~~ =Y OVETHIREFTATAHOVY VW - 0501
DFGICVHNY=-LIL FVASENQYFIIF-HADY
THENCSNNN- LKV IV PSG-ELLKAT ----Y00aNDF-RRLEATTNRVLNKY ~TSTY
‘TRENCENNN-~LKT Y DAY PS5-ELL3NT -----Y00aNDF-RAFEARSIRTLVRY ~TSTV
SXETONYDYNIVET YOV EDGHEDFATE -===-YCOaNDE-REFTATENRLIVEY -ASSV
SXTTCRTDY--VKLHKVKGER-VSEERR ~=-=-HOOGITE-RTFICEENTHOYYY -KITQ
THENCGHNN- VKT ¥ VY PSG-ELLRAT -===-FOOGNDF-RALE TN DRTLVEY ~TSTH
SITIORTDY--V{F TEVHEEE-HAVVRK-~---HOOGEXF-STY TSENNVHOVLY - QTQ
FATDCTHNY=-VET ST QNA-GORTGE ARRARY OGNDAP-2TY LATSNGVT LRY -VTST
=~RACEQHY=-LRLVD~~ KEG-HT1-35--=-~FC-EETR-RIVT3FNNYVKTVE-TTTH
‘SSGHCTENY-~LIVENGPIAN-SPE PGP -===-LOGINTGIRFF====-=-YY8F ===
A0~ LELREVHVIN----(EF-~ (I Y OGEQQPSTGVIKNINQVEVLE-T56D

DEGECTANY==LEVYNGR OAS=SALAGT - FORNESSINFLISTTHCHE IR -FREQ
SRGECTCNY=-LILI -FOGIDT VEIRE-EREY

LTHD
LTHD

LTHD

LTHD

LTHD

LTH

QLTHD
RLRES=-AIRLTRDE == =========mmmmmmmmns
STHES--AFRIMKH
TTRLS-~G FETHKE
RVLES-~GFRLTHE
\TLES=~GFRLEHT.
HTAP-=-GFRLLYT
STLES=~GFRLTHT.

WNIG8=~GHVTVEMA-==-=====-~(ETVHF IDVIENL
WNIGT--GVTTRIA
WNIGT-~GHRAYFEG
NEGT=~GHOAKTMA
WNIGT--GVTERA

Cricetulus
Yanopus VALFS=-QFRLTRVT =~
Mus RTV35--0FEIMNES-~-

Similar residues are colored as the most conserved one (according to BLOSUMG62).

ISSN 0973-2063 (online) 0973-8894 (print)
Bioinformation 9(1):029-036 (2013)

36

© 2013 Biomedical Informatics




