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Abstract

LTP (Long Term Potentiation) pathway, which is responsible for long-term memory development is defined as the
long-lasting enhancement in communication between two neurons that results from stimulating them
simultaneously. One of the most important genes concerning this LTP pathway is Raf which actually encodes for
KSR1 (kinase suppressor of ras-1) compartmentalizes Hippocampal Signal Transduction and sub serves synaptic
plasticity and Memory formation has been explored through the use of comparative genomics in this work. For this
purpose, syntenic regions for KSR1 genes in human, chimpanzee, mouse and other organisms are computationally
searched to find about the conserved regions and their function through the course of evolution. A coding region was
found on chromosome 16 syntenic region for KSR1 of chimpanzee. Sequence comparisons among members of the Raf
family reveal the presence of three blocks of conserved sequences: conserved regions (CR) 1, 2, and 3. In this work
conserved regions are found in near the C-terminal and N-terminal region was absent in both human and chimpanzee
which suggests C terminal region is very important and N —terminal region is dispensable for raf-1 activity which
supports the previous finding. Phylogenetic analysis showed that the KSR1 of human and chimpanzee are
evolutionary distant from other organisms and human is most closely related with chimpanzee than any other

organism which is also supported by previous evolutionary concept.
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Introduction

Comparative genomics exploits both similarities and
differences in the proteins, RNA, and regulatory
regions of different organisms to infer how selection
has acted upon these elements. Human is different
from all other species in memory development process.
The important features for what human is very
different from all other species include their exclusive
property of learning, thinking, memorizing and also
utilizing this memory for extraordinary discovery and
invention. The memory process in the human brain is
very complex. Long-Term Potentiation (LTP) is widely
considered as the major cellular mechanisms that
underlie learning and memory which is the persistent
increase in synaptic strength following high-frequency
stimulation of a chemical synapse. Studies of LTP are
often carried out in slices of the hippocampus (Fig. 1),
an organ of central importance in learning and

memory (Cooke and Bliss, 2006).

Hippocampus

Fig.1. Location of Hippocampus in Human Brain.

Comparative genomics approach used in this study of
LTP pathway for identification of genes that are
important and play the major role in developing the
long term memory and how they have changed through
evolution to make the human being more efficient in
learning, developing memory and thinking. The genes
that play important role in LTP are given in Table 1
(Shahani 2007). These genes are identified on the basis
of shared synteny. Shared synteny describes preserved
co-localization of genes on chromosomes of related
species (Moreno-Hagelsieb et al., 2001). Stronger-
than-expected shared synteny can reflect selection for

functional relationships between syntenic genes, such

as combinations of alleles that are advantageous when
inherited together, or shared regulatory mechanisms.
The term 1is sometimes also used to describe
preservation of the precise order of genes on a
chromosome passed down from a common ancestor
(Passarge et al., 1999). This is one of the most reliable
criteria for establishing the orthology of genomic
regions in different species. (Engstrom et al., 2007;
Heger and Ponting , 2007 ; Poyatos and Hurst, 2007;
Dawson et al., 2007). Patterns of shared synteny or
synteny breaks can also be used as characters to infer
the phylogenetic relationships among several species,
and even to infer the genome organization of extinct
ancestral species. Within the vertebrate lineage,
analyses of different genomes can also highlight
similarities and differences in genome structures.
Recent analyses in zebrafish have also identified
conserved synteny groups between the zebrafish and
human genomes (Barbazuk et al., 2000; Postlethwait

et al., 2000).

Table 1. List of genes that play very important role in
LTP.

Gene Organism Location Symbol
FOXP2 Human 7q31 FOXP2
(NG_o007491) Chimp 7 FOXP2
Mouse 6 Foxp2
CAMK2A Human 5q33.1 CAMK2A
(NC_000005) Chimp 5 CAMK2A
Mouse 18 Camk2a
EGFR Human 7p12 EGFR
(NG_007726.1) Chimp 7 LOC463415
Mouse 11 9.0cM Egfr
MAPK2 Human 19p13.11 MDSo032
(NG_023054) Chimp 22 MAPK2
Mouse 8C1 2010315L10Rik
PKC Human 16p11.2 PRKCB1
(NG_029003.1) Chimp 16 LOC467927
Mouse 7 Prkcb1
PKA Human 19p13.1 PRKACA
(NC_000019) Chimp 19 PKA C-alpha
Mouse 8C3 Prkaca
Ras Human 6p25 RREB1
(NG_o016201.1) Chimp 6 LOC462416
Mouse 13A3.3 Rreb1
Raf Human 16p11.2 LOC441755
(NC_000016.9) Chimp 16 LOC468107
Mouse 4 LOC637116
GRIN2A Human 16p13.2 GRIN2A
(NG_o11812.1) Chimp 16 GRIN2A
Mouse 16.4cM Grin2a
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Kinase Suppressor of Rasi(KSR1) compartmentalizes
Hippocampal Signal Transduction and Subserves
Synaptic Plasticity and Memory Formation. The
ERK/MAP kinase cascade is important for long-term
memory formation and synaptic plasticity, with a
myriad of upstream signals converging upon ERK
activation. (Sara et al., 2006) Despite this convergence
of signaling, neurons routinely activate appropriate
biological responses to different stimuli. Scaffolding
proteins represent a mechanism to achieve
compartmentalization of signaling and the appropriate
targeting of ERK-dependent processes. Kinase
suppressor of Ras (KSR1) functions biochemically in
the hippocampus to scaffold the components of the
ERK cascade, specifically regulating the cascade when
a membrane fraction of ERK is activated via a PKC-
dependent pathway but not via a cAMP/PKA-
dependent pathway. Specificity of KSRi-dependent
signaling also extends to specific downstream targets
of ERK. (Sara et al., 2006) Behaviorally and
physiologically, it was found that the absence of KSR1
leads to deficits in associative learning and theta burst
stimulation-induced LTP. It was also reported that the
KSR1 performs endogenous scaffolding role in
controlling kinase activation within the nervous
system. The Ras GTPase controls many aspects of
normal animal development by stimulating the
Raf/MEK/ERK kinase cascade and several other less
well characterized signaling pathways. (A.B. Vojtek and
C.J. Der, 1998) Kinase Suppressor of Ras (KSR) is a
positive regulator of Ras signaling that was identified
by genetic studies in Drosophila and C. elegans, where
epistasis analyses suggested that it functions at a step
between (or in parallel to) Ras and Raf. (Kornfeld et
al., 1995; Sundaram, Han, 1995; Therrien et al., 1995;
Sieburth et al., 1999).

Since KSR1 has a great implication in Long Term
Potentiation (LTP), therefore the objective of this study
was to explore most important genes Raf which is
actually KSR1 (kinase suppressor of ras-1) to search for

syntenic regions for KSR1i genes in human,

Chimpanzee, mouse and other organisms to find about
the conserved regions and their function through the

course of evolution by using comparative genomics.

Materials and methods

In this study of comparative genomics the full
emphasis was given to Raf, which is actually KSR1
(kinase suppressor of ras-1), as KSR1 has a great

implication in LTP. (Sara et al., 2006.)

List of materials

Computer

Software tools used:

ClustalW (http://www.ebi.ac.uk/),

FGENESH (http://www.softberry.com/berry.phtml),
GENSCAN (http://genes.mit.edu/GENSCAN.html)
TWINSCAN (http://mblab.wustl.edu/nscan/submit/)
AUGUSTUS (http://augustus.gobics.de/)

PSI-BLAST (http://www.ncbi.nlm.nih.gov/)

Methods

With a target of having homologous KSR1 genes (Gene
Accession number: NC_000017) from various species
Map Viewer from NCBI
(http://www.ncbi.nlm.nih.gov/) was used. The genes
were selected on the basis of located on the same
chromosome number and same arm in different
species. The protein products of selected genes were
retrieved from GenPept of NCBI gateway

(http://www.ncbi.nlm.nih.gov/). All the proteins are
analyzed for homology search by using PSI-BLAST

from NCBI (http://www.ncbi.nlm.nih.gov/). For gene
prediction and thereby having the protein product of
chimpanzee chromosome 16 genomic contig different
gene prediction FGENESH
(http://www.softberry.com/berry.phtml), GENSCAN(h
ttp://genes.mit.edu/GENSCAN.html), TWINSCAN
(http://genes.mit.edu/GENSCAN.html), AUGUSTUS
(http://augustus.gobics.de/) were used. Identity and

software like

similarity of each protein with human KSR1 were

checked by  using blaseq  from NCBI
(http://www.ncbi.nlm.nih.gov/) to produce the input
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file for multiple sequence alignment. Multiple
sequence alignment of the protein products was build
up by using ClustalW from EMBL-EBI
(http://www.ebi.ac.uk/) Upon the basis of this

multiple sequence alignment, phylogenetic tree was
constructed to explore the evolutionary distance
between the selected organisms using NJ method from
EMBL-EBI. (http://www.ebi.ac.uk/).This approach
helped to identify the conserved and thus the

functional domains that are most important for the

comparative genomics study.

Results and discussion

Predicted Protein Sequence for Pan troglodytes
gi|114665200 |ref|[NW_001226709.1 Chromosome 16
Genomic Contig by using Gene Prediction Tools was
searched and the results are given in Fig. 2. Multiple
Sequence Alignment Candidates were Chosen By PSI
BLAST (Table 2) and the results of the alignment
containing the C and N-terminus region of the
predicted protein is given in Fig. 3. Phylogenetic Tree
also known as a phylogeny, is a diagram that depicts
the lines of evolutionary descent of different species,
organisms, or genes from a common ancestor.
Phylogenies are useful for organizing knowledge of
biological diversity, for structuring classifications, and
for providing insight into events that occurred during
evolution. The tree was constructed from the result of

multiple sequence alignment (Fig. 4).

In this work chromosome 16 syntenic region of
chimpanzee was analyzed for containing any gene or
not by ENSEMBL and UCSC genome browser and the
results showed the presence of a coding region within
the region. (results not shown in this report). Further
analysis with the wuse of different programs
(FGENESH, GENSCAN, AUGUSTAS and TWNSCAN)
established the presence of a coding region within the
chromosome 16 genomic contig. (result: 3.1.1)
According to the AUGUSTAS result (that was used in
this report) there is the presence of a coding sequence

of 459 base pair that encodes a protein of 152 amino

2011

acids. The gene starts from 1161bp-11556bp and it

contains 4 exons. (result: 3.1.1.1) According to

FGENESH result the contig contains a coding

sequence of 450 bp that encodes a protein of 149

amino acids. The gene starts from 1161 bp- 12348 bp

and it contains 4 exons. And the poly A tail starts from

12421 bp. (result 3.1.1.2)

Table 2. Multiple sequence alignment candidates.

gino
£1]113426068|

>AUGUSTAS
predicted
protein
(gi:114665200)

81109113709 |

gi]73966924|

gi|7305215|

8i109488592|

Organism
Homo sapiens
(Human)

Pan troglydates
(Chimpanzee)

Macaca mulatta
(Rhesus)

Canis lupus
familiaris
(Dog)

Mus musculus
(Mouse)

Rattus norvegicus
(Rat)

Function
PREDICTED:
Hypothetical
protein
choromosome 16
genomic contig

PREDICTED:
kinase
suppressor of ras

PREDICTED:
Kinase
suppressor of
ras-1

kinase
suppressor of ras
PREDICTED:
similar to Kinase
suppressor of
ras-1

£i]126314007| Monodelphis PREDICTED:
domestica similar to Kinase
(Opossum) suppressor of
ras-1
£i|118100376| Gallus gallus PREDICTED:
(Chicken) similar to Kinase
suppressor of
ras-1
21125838149 Danio rerio PREDICTED:
(Zebrafish) hypothetical
protein
gi|157012738| Anopheles gambiae Anopheles
(Anopheles) gambiae str.
PEST
gi]|23344920| Drosophila kinase
melanogaster suppressor of ras
(Drosophila)
21166551614 Apis mellifera PREDICTED:
(Honey bee) similar to kinase
suppressor of ras
CG2899-PA
isoform 1
KSR orthologs were subsequently identified in

vertebrates and other organisms as well (Therrien et

al., 1995). KSR proteins are somewhat similar to Raf in

sequence and overall structure in that they have an N-

terminal cysteine-rich domain (CA3),

a central
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serine/threonine-rich domain (CA4), and a C-terminal kinase-like domain (CAs5). However, unlike Raf, KSR
proteins also possess two unique N-terminal conserved may also lack kinase activity (D.K. Morrison, 2001).
areas (CA1 and CA2), lack a Ras binding domain, and (Fig. 5: Domain architecture of  KSR).

FGENESH Result: (http://www.softberry.com/berry.phtml)

Length of segquence: 19059
HNumber of predicted genes 1 in +chain 1 in -chain O
NMumher of predicted exons 4 in +chain 4 in -chain O

Fositions of predicted genes and exons: Variant 1 from 1, SBcore:10.892921
G 3tr Feature Start End Score ORF Len
1+ 1 CD3f 1161 - 1361 20.71 1161 - 1361 201
1+ 2 CD5i 1895 - 2009 —i9s0 1895 - 2008 114
1+ 3 CD&i 10378 - 10486 813 10380 - 10454 105
1+ 4 CDE1 12324 - 12348 =3 B2 12325 - 12348 24
1+ Fall 12421 -1.083

Predicted protein(s):
>FGEENESH : [mENA ] 1 4 exon (s) 1161 - 12348 450 bp, chain +

ATGGGAGAGAAGAAGGAGGGCGGTGGTGGGGGTGATGCGGCGGCCACGGAGGGTGGCGCAGGGGCTGCGGCCAGC
CGGGCGCTGCAGCAGTGCGGGCAGCTCCAGAAGCTCATCGTCGTCTTCATTGGCAGCCTGTGCGGGCTGTGCACCAA
GTGCGCTGTGTCCAACGACCTCACCCAGCAGGAGATACAGACCCTGGAGGAAGAAGCAAATGGGTTTGCTTTCCTAG
CTCTGTCCAGTACTTTAGGGACCCTGAGGACTGAAGAGATTCTTGGAGAGCCATCTGGTGTATGTCATGGGTGGGTC
TTTTTTGAAGTATCAAGCTCCCGTGCTGCTAGAGAAAGTCCTCAGCTAGAAACTGGTGCAAATTCTGGAGATGAGGCC
TTGTGGAGTGTTAAGAATGGTTTTCTTCCCAGCAGCTACAGGGAGCATTGCCTATCTCTAGATTAA

>FGEENESH : 1 4 exon (=) 1161 - 12348 149 aga, chain +

MGEKKEGGGGGDAAATEGGAGAAASRALQQCGQLQKLIVVFIGSLCGLCTKCAVSNDLTQQEIQTLEEEANGFAFLAL
SSTLGTLRTEEILGEPSGVCHGWVFFEVSSSRAARESPQLETGANSGDEALWSVKNGFLPSSYREHCLSLD

AUGUSTAS Result: ((http://augustus.gobics.de/)

# We hawve hints for 0 sequence and for 0 of the sequences in the input set.
#
# - prediction on sequence nudber 1 (length = 19059, nawe = unnaweed-1) ————-

#
# Constraints/Hints:
# [(none)

# Predicted genes for sequence nunber 1 on both strands

### gene gl

unnatoed-1 ATNGUSTOS gene 1161 11558 a + . gl

unnatmed-1 ATGOITOS transcript 1161 11556 o.1s5 + gl.tcl
unnatoed-1 ATGUSTUS start_codon 1161 1163 . + u] transc
unnatoed-1 ATNGUSTOS initial 1161 1361 .76 + a transcript id
unnamed-1 ATGUITUS internal 1895 2009 a.7 + u] transc
unnatoed-1 ATGUSTUS internal 10378 10456 a.53 + 2 transc
unnstoed-1 ATGUSTUS terminal 11523 11556 0.28 + 1 transc
unnatmed-1 ATGOITOS cha 1161 1361 .76 + a transcript id
unnatmed-1 ATIGUSTOS CDha 15895 2009 0.7 + a transcript id
unnstoed-1 ATGUSTOS Cha 10375 104586 .53 + 2 transcript id
unnatmed-1 ATGOITOS cha 11523 11558 0.28 + 1 transcript id
unnatmed-1 ATIGUSTOS stop codon 11554 11556 + u] transc
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coding sequence

atgggagagaagaaggagggeggtagtgggggtgatgeggeggecacggagggtggegeaggggetgeggecagecgggegetgeageagtgegggeagetecagaagetea
tegtegtetteattggeagectgtgegggetgtgeaccaagtgegetgtgtecaacgacctecacccageaggagatacagacectggaggaagaagcaaatgggtttgetttectage
tetgtccagtactttagggaccctgaggactgaagagattcttggagagecatctggtgtatgtcatgggtgggtcettttttgaagtatcaageteeegtgetgetagagaaagtcectea
gctagaaactggtgcaaattctggagatgaggecttgtggagtgttaagaatggttttcttcccageagetacagttcagattatcaatttgaagacttactecgetag

protein sequence

MGEKKEGGGGGDAAATEGGAGAAASRALQQCGQLQKLIVVFIGSLCGLCTKCAVSNDLTQQEIQTLEEEANGFAFLAL
SSTLGTLRTEEILGEPSGVCHGWVFFEVSSSRAARESPQLETGANSGDEALWSVKNGFLPSSYSSDYQFEDLLR

GENSCAN Result: (http://genes.mit.edu/GENSCAN.html)

Predicted genesjfexons:

258 0.396 18.35
1595 X 60 0.472 -0.20
10378 : 71 0.353 6.02

>07:15:03|GENSCAN_ predicted_peptide_1|156_aa

XPCGLHRAALPVEAMGEKKEGGGGGDAAATEGGAGAAASRALQQCGQLQKLIVVFIGSLCGLCTKCAVSNDLTQQEI
QTLEEEANGFAFLALSSTLGTLRTEEILGEPSGVCHGWVFFEVSSSRAARESPQLETGANSGDEALWSVKNGFLPSSYX

TWINSCAN Result: (http://mblab.wustl.edu/nscan/submit/)

Informant Database: Iouse Database, 2] B : 104, repeat masked

(zene Model Parameter: human iscan 3-genes-L 2004 zhimim
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Positions of Predicted Genes (mouse sensitive)

For|E 5.0 and Metscape 6.0 or abowe, genes (in blue) are mouse-sensitive.

3&00 5700 Ta00 o300

| | | |
11400 13300 15200 17100 19000

Predicted Genes -- Summary

Predicted Genes

Gene 1

=twr1 1208 start: 1161
Ezontlum ot [ypE Strand

end: 1

>tw1190888905.target.masked.001 coding sequences:

ATGGGAGAGAAGAAGGAGGGCGGTGGTGGGGGTGATGCGGCGGCCACGGAGGGTGGCGCAGGGGCTGCGGCCAGCC
GGGCGCTGCAGCAGTGCGGGCAGCTCCAGAAGCTCATCGTCGTCTTCATTGGCAGCCTGTGCGGGCTGTGCACCAAGT
GCGCTGTGTCCAACGACCTCACCCAGCAGGAGATACAGACCCTGGAG

>tw1190888905.target.masked.001 protein sequences:

MGEKKEGGGGGDAAATEGGAGAAASRALQQCGQLQKLIVVFIGSLCGLCTKCAVSNDLTQQEIQTLE

Fig. 2. Gene prediction of chimpanzee chromosome 16 genomic contig by using different gene prediction software

(FGENESH ,TWINSCAN,AUGUSTUS).

Raf-1 is a serine/threonine kinase poised at a key relay
point in mitogenic signal transduction pathways from
the cell surface to the nucleus. Sequence comparisons
among members of the raf family reveal the presence
of three blocks of conserved sequences: conserved

regions (CR) 1, 2, and 3. CR1 contains a cysteine-rich

“zinc finger” motif, related to a similar structure in
protein kinase C, which has been shown to coordinate
2 mol of zine. (Yu-Hua Chow et al., 1995) CR2 consists
of a stretch of 20 amino acids rich in serine and
threonine  residues; these are  targets of

phosphorylation by Raf-1 autokinase activity as well as
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by other serine/threonine-specific protein kinases,
including protein kinase C. (Yu-Hua et al., 1995) CR3,
which spans the C-terminal half of Raf-1, comprise the

catalytic domain.

Interspersed among these conserved regions are
sequences unique to Raf-1. Current models of Raf-1
regulation postulate that the N-terminal regulatory

domain represses the transforming potential and

Amino Terminal Domain (N-Terminus):

2011

kinase activity of the C-terminal catalytic domain.
Activation of the transforming potential of Raf-1 has
been associated with N-terminal truncation and/or
fusion to other proteins, suggesting that the Raf-1 N-
terminal half harbors a negative regulatory domain.
Seven internal deletion mutants that together scan the
entire N-terminal half of human Raf-1 protein were
generated to map functional regions in this regulatory

domain. (Yu-Hua et al., 1995).

gl [ 7305215 | Mouse

gl | 109455592 |Rat

gi 109113709 |Bhesus

gl [ 73966924 |Dog

gi| 126314007 | 0possumn
gi 118100376 Chicken
gi 125835149 | Zebrafish
gi| 157012738 | Anopheles
gi | 23344920 (| Drosophila
gi|&6551614d | Honey

gi| 113426068 | Hunan

AUGUsTAS (Predicted Gene)

gi | 7305215 [Mouse

gi 109488592 |Rat

gi 109113709 |Fhesus
gi| 73966924 | Doy

gil 126314007 0possun
gi|l118100376 | Chicken
gi|l25838149 | Zebrafish
gi| 157012735358 | Anopheles
gi| 25344920 Drosophila
gi| 66551614 |Honey
gil113426068 | Hunan

AUGUSTAS (Predicted Gene)

gi 7305215 Mouse

gi 10945353592 |Fat
gil|l09113709|Fhesus
gi| 73966924 | Dog

gi| 126314007 | 0possun
gi|ll8100376 | Chicken
gi|l25535149 | Zebrafish
gi| 157012738 | Anopheles
gi| 23344920 |Drosaphila
gi 665851614 | Honey

gi| 113426068 | Humar

AUGTSTA: (Predicted Gene)

FALOQCEOLOELID IS IS LEGLETECAVINDLTOQEIRTLEAKLYEYIC
FALOQCGILOELID IS TGS LEGLETEC AV SND LTOQEIRTLEAKLYREYIC
FALOOCGILOELID IS IGILEGLETECAVINDLTOEIRTLEAKLYEYIC
FALOQCEOLOELID IS IS LEGLETECAVINDLTOQEIRTLEAKLYEYIC
FALOQCGILOELID IS TS LEGLETECAYSNDLTOQEIRTLEAKLYREYIS
STLOOCGLLODLIDISLANLEGLETECAASND L TOQEIRTLEVELIDYIH
DALHOCELIORLIEISTASLEGLETECAAIND L TOHEIRALEEELVEY IS
NIFRGLDVIQSMIDISADRELEGLETOCATIAELTOQEIRTLETELYELEFS
AVDENLVIIODMIDLSANHLEGLRETOCATISATLTAQEIRCLESELVEYFS
ETRRALDVVOSHIDISAERLECLRTACATSAELTQQEIRTLEGELIELYS

g3
g5
g5
g5
94
gd
T4
79
T
a9

EQQOQSELAVTRIDET---AE LAY PRFSDWLY IFNVEPEVVOEIFQELTL 130
EQROSELAYTFSDRT-—-AELNRYPRFSDWLY IFNVEPEVVIEIFOELTL 132
EQROCELAVAPGERT---PELNSTPRFSDWLYTFNVEPEVVQEIPHDLTL 132
EQQOCELAYAP GERT---PELNSYPRFSDWLCTFSVEPAVVIEILSELTL 132
EQROCELAVAPGERT---VELNATPRFIDWLYTLNIETEVVQEIZGELTL 141
EQRQCELAYPLHDET---AELNSYPRFNDWLD IVHVEEEVV]EIFEELTL 1351
EQLDWERAVAEFDEP - —-LALDEYPNLTDWLYTINLEPEITEAVEVELIL 125
DLLITESELPERLPAQGLE--ATGHELEQWLEVVGLACAILNAVIQQWIT 127
ELLLAFMRLNERT PANGLYPHTTGNELROWLEVYGLAOGTLTACLARLTT 127
EQLVTEAKL--ALEESLPPEMEQYPILOOQWLEVVGLTOESIQMICAKANS 107

DaLLEMDEAKAFEMLERWG---A3TEECSELOQALTCLEEVTGLGGEHEM 177
DaLLEMDEAKAKEMLERNG---453AEECSELOQALTCLEEVTGLGGEHEE 179
DALLEMNEAEWEETLERCG---A3GDECCRLOTALTCLEEVTGLGGEHEE 179
DALLDMNEVEVEETLERY G---ANTEECGRLOTALACLEEVTGLGGEHEE 179
DALLEMNE SENVEETMRHC G---33ADEVIRIOTALSCLEEGTGLGGEPED 188
DALLEMNE SEVEETMERCG---AFRDEECIRLNGALSCLEEVTESGGELED 178
DALLOMI3COVEENMERLG---333EECIRITAALSCLESATD TGV CLEE. 172
LEGLLEEDEFELETIMGHNIN Y VEEEE-MERLTRACGNLEECFEHLELPAT 176
LEQSLELEDEEIRQLLADAPZ0FEEEELFRLTEAMONLEECHERLESGTA 177
LEALFEEREHELGEMLGEN-NIFHEEELFRLCEALENLEEYHGDMDNEDM 156
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gi | 7305215 [Mouze
gi[l09488592 | Rat
gi|l09113709|Bhesus

gi | 73966924 | Dog
gi|l26314007 | 0possun
gil115100376 | Chicken
gi|l25838149]| Zebrafish
gil|157012735 | Anopheles
gi|23344920 |Drosophila
gi|66551614 | Honey
gilll3426065 |Human

ATIGTSTAS (Predicted Gene)

gi | 7305215 [Mouze
gi[l09488592 | Rat

gi 109113709 Rhesus
oi| 73966924 Doy

gi 126314007 | 0possum
gi| 118100376 | Chicken
gill25835149| Zebrafish
gi| 157012735 | Anopheles
gi|23344920|Drosophila
gi|66551614 | Honey

gi| 113426068 | Hunan

AUGUsTAs (Predicted Gene)

gi | 7305215 | Mouse
gi|[1l09458592 |Rat

gi 109113709 |Ehesus

gi | 73966924 | Doy

gi 126314007 | 0possum
gi 1158100376 Chicken
gill2553538149| Zebrafish
gl | 157012738 | Anopheles
gi| 23544920 | Drosophila
gi 66551614 | Honey
gi|1134260658 |Human

ATIGTIETAS (Predicted Gene)

gi | 7305215 | Mouse

gi| 1094585592 |Rat

gi 102113709 | Ehesus
gi| 73966924 | Dag

gi 126314007 | 0possum
gi| 118100376 | Chicken
gi| 1258358149 | Zebrafish
gi| 1570127368 | Anopheles
gi| 23344920 | Drosophila
gil66551614 | Honey

gi| 113426068 | Human

AUGIIETAS (Predicted Gene)

DAGEaThARD RS LG-—- - - - - ———~ PPMDMLASLGRAGAITOGPEIIS 215
DI SAEARE S5 6——----—-————~ PEVDMLASLGRAGASTAGPREIIS 217
D3sWmaaLDARRESGIGP R TDTL S PASLPWPLGASQLGEAG IAQGPRIIS 229
DEErESLDARRESGIGISVD TP R PASLPTPPGEANLGRMGIGANGPREIVE 229
DPAMSPLEARPHESGIGSPSDTLEPAGLTUTP GASQLAEG-IS2QQPRIYE 237
DVLTHLIEVEREN IS THMTE 3P CASAPTITHIALILPEG--NEQ0ARIWE 226
EGIPNIADPTEHDATRADPLICENRATIYGLEPTSWEPSPRALPRLRACYS 222
DEEVIREGTEPHDLFD AWDEQPACHETZPEVHNEILGECSEQSAVALALD 226
G-mm—= SHNDPEQUHWD SWDEP THIHRG---—-- SVGNIGLGNNITASPE Z16
NLYWDSWDEHHLETGASPEPARSETTRCEVE SED I TP YHNNNNNLNIDIL Z06

VIALPAIDIPVPG------ LIEGLADACIPLHTIGRLTPEALHSFITPPT 259
VIALPAIDEPVEG-———-- L3EGLIDTCIPLHTIGELTPRALHIFITPFT 261
VAGLPAIDSPTR-————- FAEGLADTCIPLHASGRLTPRALHSFITEPT 273
VIALPTEDELPPG---—-- PCEGLIDTCILLHTAGRELTPRALHIFITPEFT 273

VIALPTAIDALPLGHGLIGY GECL DAY WILHHIGELTPRETPHAFITPPT 287
VATIPRADILARSHGP SIYADNLLDPFAFPAHSGRLTPRETFHSITYTRFT 276
VITLPPIDFPVVVY IR-—----- CDGLTDPFISIPOLNCHNVIGLLSTPRY Z65
AASSTHHA300RHANGE GHE GEAMGATANTEPATDDGGFALALATTIHVE 276
THHRQHGVEGENSALANITNFES GRQAPSATEELSTOGAQLTLTLTPEE 266
AQAFITTILASTAFPETPLLORP GRGIENFTTPFFYFFHOIGLONTIIOF 256

TPALRERFHAELEFPETPPPPSREEVFOALLPIFFTLTRIESHESQLGNREIDDY 309
TEOLERHAELEFFETFPPPIREENFOLLP3FFTLTRIESHE SOLGNREIDEY 311
TRALERHTELEFPRETPPPEEEEVFOLLEAFPTLTRIESHESOLGNRIDEY 323
TEQLERHTELEPFFETFPPPIRENFOLLPAFPTLTRIESHE SOLGNRIDEY 323
TEQLERONELEPFETFPPPIREENFOLLPNFPTLTRIESHE S0LGNREIDEY 337
TPOAFRFHELEPPETPPPPCEENFOLLPSFFTLTRSESHE SOLGNREIDDY 326
TPPPERYGELEP3ETFPPEIEELLNLLPSITLTRIE--5030LANEIDDL 313
GFALLLHNPQHAT3PDEASTIGCTEIPSPPNSPANVOLHNEQNERGFPTTEFE 3Ea
PNEPFTPERGLASSLNGTPORSRGTPPPARFHOTLLEQSHYOVDGEQLAR. 316
EVFPLTESESHESQLANRLENGDTASS CGNMD PV 3 SVGEFNELPTETGAC 306
——————— MLFCPPELCAPPAPGLLARRGVLTPRRCEFCHREGFLPPALFCH 43

TIFMEFELFH--———— = o 318
APMEFELPH--—————— 320
SeMEFDLSH-- - - - — - - 332
SPMEFDLPH-—————— e 332
PSIEFDLPH--—= = e e e 3465
PPIEFELS]-————— = e e 335
TPNESGEENEP LLNVOVNGEANGUED S PERSPLLIARSPCLPPNTESHLT 363
PREFHATALL 3PS GoGoGAS S S A VLS PATAT V- — 351
NELPTDPSPDSHSSTSSDIFVD PHTHASSGES 38— — - - —— - - —————— 351
SSNADITGENLLLNSNSPVES PPV ISAESDDNSFEG--——-————-—————- 34z
PPPPRLFA P - ————— oo 5z
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* CA5 domain
gil7305215 1 House == 0 0 messcsccsceeee GIPQLVERDIFLIVIHREFSTESWLAQVCHNVCQEIMIF 355
gi| L09488592 | Rat mmmmmmc e e e = FEPOLVERD I FLPVTHRFS TESWLEOVCHVCOESMMF 357
gi|109113709|Rhesus = = o ——mmmmmmm—emee GFIPQEVERDIGLSVTHREFSTESWLAQVCHYCQESMIF 369
gi| 73966924 |Dog =00 0 @===seemeeeaae GSPOMVERDIGLSVTHREFSTESWLAQVCHVCQESMAF 369
gl| L26314007 | 0possum ——— e e ——GEPONVERDIGLIVTHREFSTESWLEAQ ICHVCQE SMME 383
gilll8100376|Chickern @ =  ========c===== GSPOMVERDFELAVTHEFSTESWLAQICQVCQESMAF 372
gil 125835149 | Zebrafish DPAALENNYVTTHGS SPLYMEED I FLDVTHRFSTESWLAQTCOVCEENMME 413
gil 1570127368 | Anopheles = — ===== =S 3TEPCTF===1TTRGHMFHMIQHRFTEEFEVIESTCDLCNEQNF 402
gil| 23344920 |Drosophila ==Y LMV PSP G-V CMEHAT MHEFTEALGFMATCTLEOREQYFH 393
gil66551614 |Honey ===TVALOVPESPETPTVIRGHFHIIAHRFTETFEIMMTTCDYCDEQMFI 389
gil| 113426068 | Human ————mmmmm e e e e e e e e e = =RREFLNPTAFCLOARAAT SSPULFP 76
AUGUSTAS (Predicted Gene) cccccmccmccccmccmcm e e e e e e

conserved cys ]

gl | 7305215 | Hou=e -—GVHCEHCRELECHMECTREAPACRLTFLP LA-RLERTESYFIDIMNPYD 402
gil 109488592 | Rat ==GVECEHCRLECHNECTFEAPACRISFLPLA-RLERTESVPSDINNFVD 404
gi| 109113709 | Fheaus ==GVECEHCHLE CHNECTFEAPACRISFLPLT=-RLERTESYPSDINNTIYVD 416
gl | 73966924 | Dog ——GVHCHHCRLECHMECTEEARPACRISFLEQP-RLERTESYEPSD INNPVD 416
gl | 126314007 | Dpos s ——EVECFHCRLECHNECTEEARVCRL IFLPLS-FLERTEIVPIDINNP YD 430
gi| 118100374 Chicken ==GVECHY CRLECHNECTFEAFACRLSFLPIT=-FIRRTESYFSDINNEYD 419

gl 1258368149 Zebratish ==GVFCEHCKVECHNECTFEAPECRISFAQFPNEIRFTESYPSGINNQYVE 461
gLl 1570127331 Anopheles -FGFECTECENRCHED CESNYPPICGLPIEFVDEFFEESLOSDTLLETSVS 451
gi|23344920 | Drosophila =FMECTRCER I CHES CAPHYPPSCGLPREYVDEFFHIFEQGGTASLTHY 442

gl|665516l4d | Homey GTGLEL [CHEDCESEVPPSCELPQELFDEFERTVGDCHVNYVSPI 439
gl | 1134260585 | Human -———PCPHRGFLPTAAFC PFHPASAFCPPPPOLFPHRESFLALARRAFCIRRR 122
AUGIUSTAS (Predicted Gene) —--——- e

5/T-rich CA4 domain

gl 7305215 | Mouse PAARP=HFGTLPEALTFFEHPFAMN =LD35 5 e e e e e 3 434

gl|Ll0548859Z |Rat FAAEP-HFGTLPHALTFFEHP PAMN -LDGSGNP-————— == === === 5 436
gl | 109113709 | Fhesus EAARP-HFGTLPEALTEEEHE PAMNHLDSSSMP——— - —— ————————% 449
gl | 73966924 | Doy RAAEP-HFGTLPEALLTEREHP PAMNHLDS S SHP-mmm—mmmmm e =5 449
gl 126314007 | Opossun RSTEP-HFGTLPEALTFEFEEHP PAVNHEDSSSHP-———— === —— === 5 463

gi|1181l00376 | Chicken RPFTEP-QFGTLPEALTFREHP PATNHLDS S SN Pmmmmmmmmmmmmmmam 5 452

gi| 125838149 Zebrafish RPAES QY GTLRPEAINFFDHP PSLEAHLD S S P e e i 4 485
gl | 1870127368 | Anopheles PN-IGRGEGEAGGEEGOGE IMYGEEREDAGK L SGGIGRGPMHATHACGG: S00
gl | 23344920 |Drosophila HG-AAKGSPLVEESTLGKP LHQQHGDESSPS55————————- CTIETPES 482
gl |e6551614 |Honey LEEPGITSPHHHNENL L3S LNFRDRERSHPHS 5— ————————-HNIPFQS 479

i | 113426068 | Human GFLLPRLFAPVAAAFCHRDFLPFPPRIFVPAAL-——————————————= A 156
AUGUSTAS (Predicted Gene) aemmmcccccccccccccccccccccheccccccccccccccccccaa=-
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Carboxy Terminal Domain (C-Terminus)

gi | 7305215 1 House

gi | 109488592 | Rat

gl 109113709 | Bhesus

gl | 739660924 | Dog

gl | 126314007 | Opossun
gl 118100376 | Chicken
gi|125838149| Zebrafish
g1 | 1587012736 | Anopheles
gl | 23344920 |Drosophila
gl 66551614 | Honey

gi 113426068 | Human
AIGUSTAS (Predicted Gene)

gi | 7I0NSZLE | House

gl | 108438592 |Rat

gi 1109113709 |Rhesus
gi| 73966924 Dog

gl | 126314007 | Opossum
gi|11lE100376 | Chicken
gl | 1258368149 | Zebrafish
gi| 157012738 | Anopheles
gl 23344820 | Deozophila
gi|G6551614 | Honey

gl | 113426068 | Human
AGISTAS (Predicted Gene)

gl | 7305215 [ Mouse

gi| 109485592 |Rat

gi 102113709 |Ehesus

gi | 73966924 | Dog

gl 126314007 |Opossum
gi|118100376 | Chicken
gi| 125835149 | Zebrafish
gi| 1570127358 | Anopheles
gl 23344920 |Drosophila
gl 66551614 | Honey

gl 113426068 | Hunan
ATIGIISTAS (Predicted Gene)

FxFP motif
STTSSTPSSPAPFLTSSNPSSATTPPNPSPGORDERFSFH-memmaaaax 474
STTS3TPSSPAPFLTSSNPSSATTPPNPSPGQRDBRFNFH- == mm === mm 476
STTSSTPSSPAPFPTSSNPSSATTPINPSPGORDRFNFHALYFIHHRQQ 499
STTSSTPSSPAPFITSSHPSSATTPPNPSPGORDERFHF YFIHHRQQ 499
STTSSTPSSPAPFQSSHPPSATPPPNPSPMAQRDERFNFY- - == === === 503
STTSSTPSSPAPFUSSHEPSATP PPNLSPUGORDERFNFAAATYIONROD 502
STTSSTPSSPAPFGISNFLSATP PPN SPEGSADBRFHFHG========= 536
PDS3SAGSSCNS33PSSPALLSLPP-(TPATSKYBQFNFPEVSNSIGGSG 549
PALFOQRERELDOAGSSSSANLLPT-PSLGEHQPEQFIF 55655 531
ADSSENTS5CNSSTPSSPALL PANT SOTLOARPAEDOFHFHDVV LN ————— 524
LRAGAAD SAAGSTGVLARAATRGAPGPALLAQG-fF-===d-==mcaauua 189

_‘_
————————————————————————————— DISACSQAAPLIS----==-= 487
----------------------------- DISACPQAAPLES======== 489
FIFPVPSAGHCVECLLIAE S LEENTFNSVN I SAFAQAAPLPE——————— 541
FIFPAPHAGDEIFCSFVLEFVLECYFN---I34FFQAVPSPD-=-—-—=-~ 538
----------------------------- DISAPPQAPQVIN=-======= 516
FIFPALG-———HCSRTLENSLSISEVRTEIPSPAQIAQPPE——————— 539
GGGNGGSL RSSMGGGSSSGGITIETHRI GEGTOGAGG-======= 541
GGV LISNEPVEPEQFFTAPATANGGLDSLYSISNGHNSSLIGSOTSNAST 561
—————————————————————— EFGVTLETHILEG=============== 537
———————————— TADSTRLDDPFETDVLGVHEAEAEE FEAGESEAEDDEE 525
———————————— TADSTRLDDOPFETDVLGVPEAEAEE FEAGESEAEDDE- 526
———————————— AADGTRLDNQPEADVLEAHEAEAEE FEAGESEAEDDE- 578
———————————— AADETRLEHOPETDVLEDHEVEAEE FEAGESEAEDDE- 575
———————————— AAEETRVND(LEANVSEDHEGEVEE (EASESELEDDE- 553
———————————— TAADTDAFE(QTVTD G-VEHEAEVEE FESNESEPEDDE- 575
————————————————— QTHLHRYYRVFSPHRQOFVFEDVSSSSHSEGGY 569
-—-LGGSLGSSGVVTMD TSVEI PELOFSDDHSVEGGGEDETGSASATSTD 638
AATLTGSLVNSTTTTSTCSFFPREL STAGVDERTPFTSEYTDTHESNDSD 631
—————————————— TTMS3DSERTVIVIGIGS V- ——m=——====—==—== 557
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gi 7305215 | Mouze

gi| 1094858592 |Rat

i [109113709 |Fhesus

oi | 73966924 | Dog

gi| 126314007 | Opossun
gil[115100376 | Chicken
gl |125835149 | Zebrafizsh
gi|157012738 | Anopheles
gi| 23344920 |Drosophila
gil|66E55161l4d|Honey

i [113426068 | Human
AUGUSTAS (Predicted Gene)

gi 7305215 [ Mouse
gil1l09455592 |Rat

gi 109113709 |Rhesus

gl | 73966924 | Dog

gi 126314007 | 0possun
gi| 118100376 | Chicken
gil125538149 | Zebrafish
gl | 1570127358 | Anopheles
gi 23344920 |Drosophila
gi 66551614 | Honey

gi 1134260658 | Humar
ATIGUISTAS (Predicted Gene)

gi| 7305215 | House

gil 109438592 |Rat

gi| 10911353709 |Rhesus

gi | 73966924 | Do
gi|l26314007 | 0possun
gill118100376 | Chicken
gi| 125838149 Zebrafish
gil 157012738 | Anopheles
gi| 23344920 |Drosophila
gil66551614 |Honey

gi| 113426065 | Human
AIGTISTAS (Predicted Gene)

il 7305215 | Mouae

gi| 1094583592 |Rat

gi| 102113709 |Ehesus

gi | 73966924 | Doy

gil 126314007 | 0possun
gi 118100376 Chicken
gi| 125838149 Zebrafish
gi 157012738 | Anopheles
gi| 23344920 |Drosophila
gil66551614 | Honey

gi| 113426065 |Hunan
ATIGIISTAY (Predicted Gene)

---------- DEVDDLESSRRPWRG-—————-PISREASOTSVYLOETD
---------- DEIDDLESSRERHWRG-----—-PISEEASOTSVYLOEND I
---------- DEVDDLESSRRPIRG-—————-PISREASOTSVTLOETD T
---------- DEVDDLESSRRENRG-—————-PISREASOTSVTLOETD T
---------- DELDDLFTSREFEG-——————MISREASKTSVTLOETD T
---------- DEVEDLFNRRFHLOG-—————-MIVEKPSOTSVTLOEND T

FFEQVELGEF I GEWGEVHEGENHGEVATEL LEMD GHNIDH- - LELFEE
FFEQVELGEF IG)GEWGEVHEGENHGEVATEL LEMD GHNDH- - LELFEE
FFEQVELGEF I GEWGEVHEGENHGEVATEL LEMD GHNIDH- - LELFEE
FFEQVELGEF IG)GEWGEVHEGENHGEVATEL LEMD GHNDH- - LELFEE
FFEQVELGEF I GEWNGEVHEGENHGEVATELLE IDGNNOIDH- - LELFEE
FFEQIELGDFIG)GEWNGEVHEGENHGEVATELLE IDGNNOIDH--LELFEE
-EDVLELGELIGEGEWNGEN CEGRNHGEVAVELLE IDGNNIEH- - LELFEE
FYDDLHLEERIGHGEFGTVHRALWHGDYAVEL LEEDYVADER-TLEAFEL
MYGEDLLLLERIGGEFGTVHRALWHGDVAVEL LNEDYLODEH-NLETFES
FYDELEIGEFIGTGRFGTVYRGYWHGNYATEVLNMDY Y LDDDETILEAFEL
LHEVALPAEAMGENFE GGGGEDALATEGGTGALA SRALQOCGOLOELIVT
—————————— MGEFFEGGGGGDALLTEGGAGALL SREAT QQCE]LOELTVY

HEH :

EVMNYR)TRHENYVLFMGACHMN P PHLATITAFCEGRTLHS FVEDFETSLD
EVMNYRITEHENYVLFMGACHMN P PHLATITAFCEGRTLHAFVEDFETSLD
EVMNYR)TRHENYVLFMGACHMN P PHLATITAFCEGRTLHS FVEDFETSLD
EVMNYRITEHENYVLFMGACHMN P PHLATITAFCEGRTLHAFVEDFETSLD
EVMNYR)TRHEN YV LFMGACHMN P PHLATTTAFCEGRTLHA FVEDFETSLD
EVMNYRITEHENYVLFMGACHMN P PHLATITAFCEGRTLY S FVEDFETISLD
EVMNYRITRHENYVLFMGACHMHP PHLATTTAFCEGRT LY AWVED - - 3K LD
EVATFEETRHENYVLFHGACHE P PRLATVT S LCEGNTLFTHIHLEFDETFN
EVaNFENTEHENLVLFMGACHNEP PYLATVWT A LCEGHTLY TY IHQRFEEFA
EVATFRETRHENLVLFHGACHE P PRLATVT S MIEGHT LY THIHLEFDETFN
FIGSLCGLCTECAYSNDLTOQEIQTLEILFN - - === == — - — - —— = ——

FIGSLCGLECTECAYSNDLTOOEIOTLEEEANGFAFLALSSTLGTLRETEET
. . * - *

INETREQIAQET IEGMGY LHAK GIVHED LERENVF DNGEYVVITD FGLFGT
INETREQIAQET IEGMGY LHAK GIVHED LESENVFY DNGEYVVITDFGLFGT
INETEQIAQET IEGMGY LHAK GIVHED LESENVFYDNGEYVVITD FGLFGT
INETEQIAQEI IEGMGY LHAKGIVHED LESENVFYDNGEVVITD FGLFGT
INETREQIAQET IEGMGY LHAK GIVHED LEREN I FYDNGEYVITD FGLFGT
INETREQIAQET IEGMGY LHAK GIVHED LESENVFY DNGEYVVITDFGLFGT
INEIRQIAQE IVEGMGY LHAK GIVHED LESENVFYDSNEYVVITD FGLFGH
LNETTLVAQQIAQGMGY LHARGIVIEFD LETENIFLENGEVIITDFGLFSLA
MWNETLLIAQOTAQGHMGYLHAREITHEDLETENIFIENGEYIITDFGLFSA
INETTITAOOISQGMGYLHARGITHED LESENIFLESGEYVITD FGLFSY
——————————————————————————————————— IPHMVEIENHCLFET
LEERSGVCHGWVEFFEVS S 3R AARE S PQLETCANSGDEALWSVENGFLESS

W

2011

558
559
all
uk]
5SG6
uks]
585
673
674
597
a20a

ao6
a07
59
56
63d
56
B35
TZ2
T3
47
256
40

a6
57
a9
a6
aid
a6
3]
rE
773
a7
287
20

Ta6
T
758
758
T34
756
733
gZ2
G235
77
302
140
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2011
gi | 7305215 Mouse SEVVEEERRENQLELSHDWLCY LAFPEIVEEMIF GEDED--QLPFIFLADY 754
gl | 109455592 [Rat SCVYREERRENQLELSHDWLCY LAPEIVREEMIPGEDED --QLPFAFEAADY 755
gi | 109113709 |[Fhesus SEVVEEGRRENQLEL ZHDWLCY LAFPEIVEEMTF GEDED --0QLPFIFLADY 307
gl | 739665924 | Doy SGVVREGRRENQLELSHDWLCYLAPEIVEENTE GEDED--QLPFREALDY 504
gi| 126314007 | 0possun SEVVIEDRRENELELPHDULCY LAPEIVEEMTF GEDED --ELPFSRLADY 752
gi 115100376 [Chicken SEVVIEGERENELELPHDWLCY LAPEIVEEMAF GEDED--ELPFIFLADT 504
gi|1255856149 | Zebrafish SGVVIEDERENELELPREGWIYVY LAPEIVREEIGP GNOED --CLPFAEAADY 781
gqi | 157012738 [dnopheles TELL¥CDLG-—-LGIPGEILCY LAPELMENLTFYRPIE-GDLPFIETSDI 865
gl 23344920 | Drosophila TELLYCDMG---LGVPHNWLCY LAFPELIRALQFEEPRG-ECLEFTPTSDY G569
gil|66551614 | Honey THLCYGNS----—- IPPGWLCYLAPEIVRRLEPQQNRDQEELPFTEASDY 791
i [ 113426068 | Human 4. 305
ATIGTISTAS (Predicted Gene) YHSD¥OFEDLLE-——————= == —mmmm oo oo oo 152
gi | 7305215 [Mouse TAFGTVIMTE LOARDWE FEHOPAEAL T IGEGEGYERVLAT—-VILGEEY 302
gi 109455592 | Rat TAFGTVIMTE LOARDWE FEHOPAEAL T IGEGEGVFRVLAS—-VILGEEY 303
gi 109113709 | Bhesus TAFGTVIIYELQARDWE LENQAREL I IO IGIGEGHMERYLAS--VELGFEY 355
gi [ 73966924 | Dog TAFGTVIMTE LOARDWE FENQALEAL T IGEGEGMFRVLAT—-VILGFEEY 352
gi[126314007 | 0possun TAFGTVIMTE LOARDWEFOTOPAEAL T IGEGEGVFHVLAG—-TISLGEEY 330
gi[115100376 | Chicken TAFGTVIMTE LOAREWE FENQPAEALTWOQIGEGEGVEQILAT--ISLGFEET G52
gi[1255838149 | Z2ebrafish TAFGTIWMYE LOAFAWNP IINQPTOVLIYQLGEGEGIESLLTTEGTILGEEY 331
gi 157012735 Anopheles TAFGTVIYELLCGEFPFESQPAESTIWOV G- -RGMEQTLAN --LOAREDY 914
gl | 23344920 Drosophila TIFGTVIELICGEFTFEDQPAE I T IWOVE—-RGMEQSLAN--LOSGEDY 315
gi|e65516ld|Honey TAFGTVIIELLC GEWPFEGOPPEATIW] VG- -EGHEQTLAN--LOASEDY 537
gi[ll3d2e068 | Human @ =0 0——-—-—-mmmmm e
AUGUETAS (Predicted Gene) ———————-— oo
gi|¥305215 | Mouse GEILIACWAFDLOERPAFISLLMD - ==—--=- MLERLF--EKLNFREL3HFPHF §4d3
gi| 1094835592 |Rat GEIL3ACWAFDLOERPAFISLLMD ---—--- MLEELF--ELNEREL3HFGHF §44
gi 10911353709 |Bhesus SEILIACWAFNLOERPRFILLMD ---—--- MLEFLF--ELNFELIHFFHF 396
gi| 73966924 |Dog TEILZACWAFDLOERFSFTLLMD ---—-—- MLEELP--ELNFRLZHFGHF 593
gill26314007 | 0possum SEILZACWAFDLOERPSFPLLME---—-—- MMEELP--ELNFRLZHFGHF 571
gilll5100376 ]| Chicken HEILZACWEFDLEERFSFTVLMD - —-—-—- MLEELP--ELNFRLZHFGHF 593
gi 125635149 | Zebrafish TEILZACWCFEAEDREFTFTOLED ——-—-—~ LLEELP--ELNFELZHFPGHF 572
gi 15701273535 | Anopheles FDILIQCWSHNSEDEFDFARLLT---—-—- QLERLPFERLARSPEHFVOL 957
gi| 23344920 |Drosophila FDLLMLCWTYEFEHRFOFARLLS -——-——--- LLEHLPEERLARSPSZHPYNL 9585

FDILMLCWRYHAENRPD FAKLLTTIAKLONCLEKLPRFRLARSPEHPIHL &57

gi|66551614 |Honey
gi| 113426065 | Human
AUGUSTAS (Predicted Gene) ———— oo

Fig. 3. Multiple sequence alignment of the predicted gene with that of human and other species showing N-terminus

and C-terminus region.

gi[7305215Mouse: -0.02138

0i[125838149Zebrafish: -0.03221
4i|157012738[Anopheles: 0.12579
i|66551614 Honey: 0.11686

0i[23344920[Drosophila: -0.07255

0i|109488592 Rat: -0.01425

0i|109113709Rhesus: -0.01069

4i[73966924 Dog: -0.01069

0i[126314007|0possum; -0.03624

1 l 4i[118100376|Chicken: -0.04771

(01113426068 [Human: -0.86648
' AUGUSTAS: 1.14152

Fig. 4. Phylogenetic tree constructed on the basis of predicted gene and showing humans are most closely related to

Chimpanzee.
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Effects of the deletion mutations on kinase activity of
Raf-1 were evaluated using a baculovirus/insect cell
overexpression system and an in vitro kinase assay
with the known physiological substrate of Raf-1,
mitogen-activated protein kinase kinase. (Yu-Hua et
al., 1995) Deletion of amino acids 276-323 in the
unique sequence between conserved regions 2 and 3
leads to modest elevation of Raf-1 basal kinase activity,
whereas deletion of amino acids 133-180 in conserved
region 1 results in diminished kinase activity.
Surprisingly, none of the Raf-1 N-terminal deletion

mutants, including a truncated version that is

UAl UA2
ll'nlqus‘ Pro rich
domain donin

LA

(U]

2011

transforming in rodent fibroblasts, exhibits greatly
increased levels of basal kinase activity (Yu-Hua et al,,
1995). In addition, while activation of Raf-1 kinase by
Ras requires sequences in conserved region 1, only the
C-terminal half containing the kinase domain of Raf-1
is required for activation by Src. These findings
demonstrate that N-terminal deletions in Raf-1 do not
necessarily result in constitutively elevated basal
kinase activity and that the N-terminal regulatory
domain is completely dispensable for Raf-1 activation
by Sre.

CAS
&1 rich

UAS
Kinase

domain domain

.-
DIIIKSR H m
—

c-Raf

—iB -

Tishudn

G

Fig. 5. Domain architecture of KSR (Catherine, 2005).

In our multiple sequence alignment conserved regions
are found in near the C-terminal, which suggests the
importance of C terminal region for Raf activity.
Furthermore it was also found that the N-terminal
region is missing in both human and chimpanzee and
thus N —terminal region is dispensable for raf-1
activation and support the previous finding. Moreover
CA3 domain with conserved cys and the S/T-rich CA4
domain with FxFP motif were also been identified.
From phylogenetic tree it was also been elucidated that
the KSR1 of human and chimpanzee are evolutionary

distant from other organisms and human is most

closely related with chimpanzee than any other

organism.
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