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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).  

 

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 is 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. (Engström 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 

(NG_007491) 
Human 7q31 FOXP2 
Chimp 7 FOXP2 
Mouse 6 Foxp2 

CAMK2A 
(NC_000005) 

Human 5q33.1 CAMK2A 
Chimp 5 CAMK2A 
Mouse 18 Camk2a 

EGFR 
(NG_007726.1) 

Human 7p12 EGFR 
Chimp 7 LOC463415 
Mouse 11 9.0cM Egfr 

MAPK2 
(NG_023054) 

Human 19p13.11 MDS032 
Chimp 22 MAPK2 
Mouse 8C1 2010315L10Rik 

PKC 
(NG_029003.1) 

Human 16p11.2 PRKCB1 
Chimp 16 LOC467927 
Mouse 7 Prkcb1 

PKA 
(NC_000019 ) 

Human 19p13.1 PRKACA 
Chimp 19 PKA C-alpha 
Mouse 8C3 Prkaca 

Ras 
(NG_016201.1) 

 

Human 6p25 RREB1 
Chimp 6 LOC462416 
Mouse 13A3.3 Rreb1 

Raf 
(NC_000016.9) 

Human 16p11.2 LOC441755 
Chimp 16 LOC468107 
Mouse 4 LOC637116 

GRIN2A 
(NG_011812.1) 

Human 16p13.2 GRIN2A 
Chimp 16 GRIN2A 
Mouse 16.4cM Grin2a 

 

Hippocampus 

http://en.wikipedia.org/wiki/Orthology
http://en.wikipedia.org/wiki/Phylogenetic
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Kinase Suppressor of Ras1(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 KSR1-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 KSR1 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 software like 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 

similarity of each protein with human KSR1 were 

checked by using bl2seq from NCBI 

(http://www.ncbi.nlm.nih.gov/) to produce the input 

http://www.ebi.ac.uk/
http://www.softberry.com/berry.phtml
http://genes.mit.edu/GENSCAN.html
http://mblab.wustl.edu/nscan/submit/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.softberry.com/berry.phtml
http://genes.mit.edu/GENSCAN.html
http://genes.mit.edu/GENSCAN.html
http://genes.mit.edu/GENSCAN.html
http://augustus.gobics.de/
http://www.ncbi.nlm.nih.gov/


 

39 Ahmed and Emran                                                                                      

 

Int. J. Biosci. 2011 

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 use 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 

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. 
 
gi no Organism Function 
gi|113426068| Homo sapiens 

 (Human) 
PREDICTED: 
Hypothetical 
protein 

>AUGUSTAS 
predicted 
protein 
(gi:114665200) 
 

Pan troglydates  
(Chimpanzee) 

choromosome 16 
genomic contig 

gi|109113709| 
 

 

Macaca mulatta 
(Rhesus) 

PREDICTED: 
kinase 
suppressor of ras 

gi|73966924| 
 

Canis lupus 
familiaris 
(Dog) 

PREDICTED: 
Kinase 
suppressor of 
ras-1 

gi|7305215| Mus musculus 
(Mouse) 

kinase 
suppressor of ras 

gi|109488592|  
 

 

Rattus norvegicus 
(Rat) 

PREDICTED: 
similar to Kinase 
suppressor of 
ras-1  
 

gi|126314007|  
 
 

Monodelphis 
domestica 
(Opossum) 

PREDICTED: 
similar to Kinase 
suppressor of 
ras-1 
 

gi|118100376| 
 
 

Gallus gallus 
(Chicken) 

PREDICTED: 
similar to Kinase 
suppressor of 
ras-1  
 

gi|125838149|  
 

 

Danio rerio 
(Zebrafish) 

PREDICTED: 
hypothetical 
protein 

gi|157012738|  
 
 

Anopheles gambiae 
(Anopheles) 

Anopheles 
gambiae str. 
PEST 

gi|23344920|  Drosophila 
melanogaster 
(Drosophila) 

kinase 
suppressor of ras 

gi|66551614|  
 

Apis mellifera 
(Honey bee) 

PREDICTED: 
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 

http://www.ebi.ac.uk/
http://www.ebi.ac.uk/
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serine/threonine-rich domain (CA4), and a C-terminal kinase-like domain (CA5). However, unlike Raf, KSR 

proteins also possess two unique N-terminal conserved 

areas (CA1 and CA2), lack a Ras binding domain, and 

may also lack kinase activity (D.K. Morrison, 2001). 

(Fig. 5: Domain architecture of KSR).

 

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

 

 
 
ATGGGAGAGAAGAAGGAGGGCGGTGGTGGGGGTGATGCGGCGGCCACGGAGGGTGGCGCAGGGGCTGCGGCCAGC
CGGGCGCTGCAGCAGTGCGGGCAGCTCCAGAAGCTCATCGTCGTCTTCATTGGCAGCCTGTGCGGGCTGTGCACCAA
GTGCGCTGTGTCCAACGACCTCACCCAGCAGGAGATACAGACCCTGGAGGAAGAAGCAAATGGGTTTGCTTTCCTAG
CTCTGTCCAGTACTTTAGGGACCCTGAGGACTGAAGAGATTCTTGGAGAGCCATCTGGTGTATGTCATGGGTGGGTC
TTTTTTGAAGTATCAAGCTCCCGTGCTGCTAGAGAAAGTCCTCAGCTAGAAACTGGTGCAAATTCTGGAGATGAGGCC
TTGTGGAGTGTTAAGAATGGTTTTCTTCCCAGCAGCTACAGGGAGCATTGCCTATCTCTAGATTAA 

 

 
 

MGEKKEGGGGGDAAATEGGAGAAASRALQQCGQLQKLIVVFIGSLCGLCTKCAVSNDLTQQEIQTLEEEANGFAFLAL

SSTLGTLRTEEILGEPSGVCHGWVFFEVSSSRAARESPQLETGANSGDEALWSVKNGFLPSSYREHCLSLD 

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

 

 

http://www.softberry.com/berry.phtml
http://augustus.gobics.de/
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coding sequence 
 
atgggagagaagaaggagggcggtggtgggggtgatgcggcggccacggagggtggcgcaggggctgcggccagccgggcgctgcagcagtgcgggcagctccagaagctca

tcgtcgtcttcattggcagcctgtgcgggctgtgcaccaagtgcgctgtgtccaacgacctcacccagcaggagatacagaccctggaggaagaagcaaatgggtttgctttcctagc

tctgtccagtactttagggaccctgaggactgaagagattcttggagagccatctggtgtatgtcatgggtgggtcttttttgaagtatcaagctcccgtgctgctagagaaagtcctca

gctagaaactggtgcaaattctggagatgaggccttgtggagtgttaagaatggttttcttcccagcagctacagttcagattatcaatttgaagacttactccgctag 

 
protein sequence 
 

MGEKKEGGGGGDAAATEGGAGAAASRALQQCGQLQKLIVVFIGSLCGLCTKCAVSNDLTQQEIQTLEEEANGFAFLAL

SSTLGTLRTEEILGEPSGVCHGWVFFEVSSSRAARESPQLETGANSGDEALWSVKNGFLPSSYSSDYQFEDLLR 

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

 

 
  
>07:15:03|GENSCAN_predicted_peptide_1|156_aa 
 
XPCGLHRAALPVEAMGEKKEGGGGGDAAATEGGAGAAASRALQQCGQLQKLIVVFIGSLCGLCTKCAVSNDLTQQEI

QTLEEEANGFAFLALSSTLGTLRTEEILGEPSGVCHGWVFFEVSSSRAARESPQLETGANSGDEALWSVKNGFLPSSYX 

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

 

http://genes.mit.edu/GENSCAN.html
http://mblab.wustl.edu/nscan/submit/
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>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 zinc. (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 

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).  

 

Amino Terminal Domain (N-Terminus): 

   
 

(Predicted Gene) 

(Predicted Gene) 

(Predicted Gene) 
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(Predicted Gene) 

(Predicted Gene) 

(Predicted Gene) 

(Predicted Gene) 
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(Predicted Gene) 

(Predicted Gene) 

(Predicted Gene) 
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Carboxy Terminal Domain (C-Terminus) 

 

 

(Predicted Gene) 

(Predicted Gene) 

(Predicted Gene) 
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(Predicted Gene) 

(Predicted Gene) 

(Predicted Gene) 

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

and C-terminus region. 

 

 

 

 

 

 

 

 

 

 

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

Chimpanzee. 

  

(Predicted Gene) 

(Predicted Gene) 

(Predicted Gene) 
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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 

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 Src.  

 

 

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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