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Abstract:

Protein function prediction is one of the most vital problems in the field of proteomics
since it leads to determining cell functions and identifying the diseases and their effect.
Since proteome is divided into clusters, each cluster (group of proteins) should have
common characteristics. One of these characteristics is to have the same functions. In
this study we try to extract motifs for each sub-function category of yeast proteins. The
technique is based on applying multiple sequence aignment (MSA) to all yeast protein
function categories. The protein sequences are collected from different data sources as
DIP, PIR, and SWISS PROT and CLC program is used to apply the sequence
alignment. The technique is applied to proteins having single function only that because
multi function proteins can be affected by the functions correlation. Threshold is
determined for every protein function category to indicate the most common frequent
amino acids to be a feature for this category. After implementing the algorithm,
sequence is verified with some proteins have the correct functions and the gained results
are good. The technique is consdered as verification method for protein function
prediction. And reference database table is constructed based on the extracted motifs.
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1. Introduction:

The most important macromolecules in cells are the proteins which response for
doing many functions. Proteins are the main building blocks and functional molecules
of the cell. Every codon (3 bases of RNA nucleotides { A, G, C, U}) correspond to one
amino acid which is arranged to build the protein. Proteins are consisted of sequence of
amino acids which are the basic units of structure [1]. When the 20 amino acids (natural
components) are sequenced in different numbers and different orders, infinite number of
proteins can be created. If the length of amino acids is more than 40 ones, it called
protein otherwise called multi peptide [2].

The sequence of amino acids is response for constructing the folding shape of protein
(3D structure) as well as its main functions. In particular, proteins transmit regulatory
signals throughout the cell, catalyze a tremendous number of chemical reactions, and
are critical for the stability of numerous cellular structures. As known, each group of
proteins having specific characteristic is called cluster (group). One example of these
clustersis the smilarity in doing specific function. Many methods have been devel oped
to predict the protein functions as protein sequences [3, 4], analyzing gene expression
patterns [5,6], phylo-genetic profiles [7,8,9], protein domains [10, 11], and protein
interaction networks [12-16], estimated correlation [17,18], and weighted interactions
[19].

Since most of the prediction methods depend on the protein sequences and the fact that
if two proteins have similar sequences, they may have the same function [20]. A
previous study [21] has been introduced exploring the protein sequence alignments.
This study has extracted motifs for certain group of function categories with low
accuracy. The reason was due to collecting a huge number of protein sequences carrying
more than one function category. The other functions have affected the studied one. In
this study, the collected protein sequences will have just one/ single function category.

Each protein function category (cluster) has group of proteins is defined and their
protein sequences are collected. Many data sources (database) as DIP, PIR, and SWISS
PROT are used to get these sequences. Accurate multiple sequence alignment technique
is performed using Bio-CLC program. So in this paper, we introduce technique using
multiple sequence alignment to extract (certain features) motif for each sub-function
category. The technique has been applied to Yeast protein sequences. The extracted
consensuses are collected and considered as features/ signatures for every sub-function
category. The protein function prediction process has been verified and compared by
true functions through NCBI. The paper is organized as follows. The proposed
algorithm is explained in section |1. Section |11 presents the results of this work together
with their discussion. Finally, the paper ends with a conclusion and future work.
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2. METHODOLOGY

Certainly, yeast proteins should be divided into clusters. And protein sequences
should be collected. There are two common methods to collect these sequences:1)-
through web engine NCBI (one of the multiple diverse sources in identification the
proteins and determining their functions) or 2)-downloading the protein sequences from
protein sequence database. In this study, an integrated method has been used between
different data sources to get the annotated protein sequences. The protein sequences
which have the same sub-function category were collected. And multiple sequence
alignment (MSA) has been provided to extract specific motif (consensus) for each sub-
function category.

A. Protein Sequence Collection

Although BLAST and NCBI web sites were used to get the protein data, it was very
exhaustive process to gain the protein sequences manually. A group of databases as
DIP, PIR, SWISS-PROT, and MIPS have been integrated to collect these sequences.
Thisintegration has been performed, since all annotated proteins have not been found in
one database. Although DIP (Database of Interacting Proteins) was the most famous
data source used to get the sequences of yeast proteins, it missed for some proteins
which collected from other (resources) databases.

Table (1) Sample of protein names and their sequences from DIP database

Proten - yn A Protein sequence

Name
MFNMNL L STPSSEEGSPONRSSSMSSVEGKKDRDT FTNL QNEFDGKVFGVSLEESLKVAQEEVI | QKSTN
El GSI PWI AKSGKYLKENALDTTG FRI AGSNKRVREL QAVFSKPPDYGRKFEGWCDFNVHDI ATLLKR
YLNSLSEPLVPLALYDI FRNPI LENPKI NEHKEQ | KDYEDI YMLLPQQNRHLI LYLAALLNLFARNEKK
BAG7 409 NLMSASNLAAI VQPSL L SHPKDEMCPKEYEASRTVI EFLI LHASDI | PNTEKANKDTMPHAGT VAKFNNI
TVPENAI DSDEEDFVHPS| DDHM. PRSRAL SDSNNFTI HHHHHHHHAL FPSPI DFDNNGL SVPRSFKGRT
L SAESL SPRLSKLLGNVGNSSNTG KDPTERVPRGEHKTKHKQRQSW.RRLTSPSRTQP

MSADPI NDQSSL CVRCNKSI ASSQVYEL ESKKWHDQCFTCYKCDKKLNADSDFLVLDI GTLI CYDCSDKC
TNCGDKI DDTAI | LPSSNEAYCSNCFRCCRCSNRI KNLKYAKTKRGL CCVDCHEKL L RKKQLLLENQTKN
SSKEDFPI KLPERSVKRPLSPTRI NGKSDVSTNNTAI SKNLVSSNEDQQL TPQVL VSQERDESSL NDNND
NDNSKDREETSSHARTVSI DDI LNSTLEHDSNSI EEQSL VDNEDY! NKMGEDVTYRLLKPQRANRDSI W
KDPRI PNSNSNANRFFS| YDKEETDKDDTDNKENEI | VNTPRNSTDKI TSPLNSPMAVOWEEVEPPHGL
ALTLSEATKENNKSSQG QTSTSKSMNHVSPI TRTDTVEMKTSTSSSTL RL SDNGSFSRPQTADNL LPHK
KVAPSPNKKL SRSFSL KSKNFVHNLKSKTSEM. DPKHPHHSTSI QESDTHSGAGVSSTHTNI RKSKAKKN
PVSRGQEDSTI YNTLPQHGNFTVPEFNHKKAQSSL GSI SKKQNSNDTATNRRI NGSFTSSSSGHHI AMFR

RGA2 1009 TPPLESGPLFKRPSL SSESAHHRSSSL QTSRSTNAL L EDDSTKVDATDESATSLEKDFYFTEL TLRKLKL
DVREL EGTKKKL LQDVENL RLAKERL L NDVDNL TREKDKQSASSRESLEQKENI ATSI TVKSPSSNSDRK
GSI SNASPKPRFVKI FSSAKDHQVGDL ESQORSPNSSSGGT TNI AQKEI SSPKLI RVHDEL PSPGKVPLS
PSPKRLDYTPDGSHL YGSSLQARCAYEKSTVPI | | RCCl DRI EKDDI GLNVEGL YRKSGSQTLVEEI ENE
FAQNNSLHSDTL SPKLNALLNQDI HAVASVLKRYLRKLPDPVLSFSI YDALI DLVRNNQLI ERLPLNNDK
FLDSPQKVTI YEMVLKSLLEI FKI LPVEHQEVLKVLAAHI GKVRRCSERNL MNLHNL SLVFAPSLI HDFD
GEKDI VDVKERNY! VEFI LGNYRDI FKQA

M. SFCDYFWSEDL VSGLDVL FDRL YHGCEQCDL FI QLFASRMQFEVSHGRQLFG EAGVDNLKAVQEDED
EGVTVSRALRG LQEMSQEGTHHL TI ASNI ESLVLQPFSKWC EHRER! QYSEKTLL TNVNNFRKSKKYV
GKLEKEYFNKCRQL EEFKRTHFNEDEL ANAMVKSL KI QNKYEEDVAREKDHRFFNRI AG DFDYKTMKETL
QLLLTKLPKTDYKLPLI SYSLSNTNNGGE! TKFLLDHVBLKDI DQAETFGQDL LNLGFLKYCNGVGNTFV
NSKKFQYQUWKNT AYMFANVPNPGSEEPTTGESL | SRENNVDGSSAKEI | QSKI GNDQGAAKI QAPHI SDN

RGD2 714  ERTLFRMVDALAASDKKYYQECFKMDALRCSVEEL LI DHLSFVEKCESDRLNAI KKATLDFCSTLGNKI S
SLRLCI DKM_TLENDI DPTADLLQLLVKYKTGSFKPQAI VYNNYYNPGSFQNFGVDL ETRCRL DKKVVPL
I'1 SSI FSYMDKI YPDLPNDKVRTSI WIDSVKL SLTHQLRNLLNKQQFHNEGEI FDI LSTSKLEPSTI ASV
VKI YLLELPDPLI PNDVSDI LRVL YLDYPPLVETAL QNSTSSPENQQDDDNEEGFDTKRI RGLYTTLSSL
SKPHI ATLDAI TTHFYRLI KI LKMGENGNEVADEFTVSI SQEFANC! | QSKI TDDNEI GFKI FYDLLTHK
KQ FHELKRQNSKN
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As shown in Table (1), a sample of protein names (Gene name) and parts of their
sequences has been indicated. It can be noted that, the protein names were gene names
which means the DIP database dealt with gene names not the international name
(accession number). The second and third columnsindicated the amino acid counter and
the protein sequences respectively. A comparative study between the protein names and
data sources has been performed to validate the data of proteins that relating to the
distinguished names of proteins (Gene name, Accession number, and ORF) and the
different places for databases.

Y east protein functions have been divided into three categories. Bio-chemical functions
(contains 57 sub-function categories), Cellular role functions (contains 43 sub-function
categories), and Cell location (contains 29 sub-function categories). The study collected
protein sequences related for every specific sub-function category in one place. The
collected protein sequences had just one sub-function category. As shown in figure (1),
number of proteins having one function category has been introduced. It can be noted
that for Biochemical function category 34 (Oxidoreductase) which contains 263
proteins, we have found about 27 [DLD2-FDH1-FRE5-FRE6-MET 12-PIG2-SPS100-
STR2-STV1-TAH18-UGA2-Y BR014C-YDL010W-YDR133C-Y DR199W-Y DR286C-
YELO70W- Y GL198W-YIR035C-Y JRO39W-Y JRO78W-Y JR149W-Y KL 102C-
YLR364W-YML125C-YNL155W-YNRO73C-YOL024W-Y PL276W-ZTA1] proteins
have this singe function category only. The rest (236 proteins) participate in other
function categories. Also Biochemical function category-53 (Transferase) which has
533 proteins, only four proteins has this function only. Functional category 14 (DNA-
binding protein) has four proteins only and function category 16 (GTPase activating
protein) has three proteins.

Function category & Number of
proteins
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Figure (1) The Y east protein Bio-chemical category related to number of proteins have single function

Although this study is performed to extract specific signature or motifs for every
function category, it can be noted that group of functions have some specific proteins
(associated proteins) as shown in figure (2). This note leads us to apply the same
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technique (multiple sequence alignment) to the proteins which have the same two
function categories.

Correlated functions Bml'-\-.-m-- al

MNumber of proteins

I il
functions

functions 39,53

unctions 32,5, unctions 36,2

1,21 ! 53 fu 5,21

Figure (2) the Common functions related to number of proteins

B. Multiple sequence alignment

Although there were many methods used in motif extraction as Deterministic algorithm
(match or mismatch), Probabilistic algorithm, Combination between Deterministic and
Probabilistic presentation and M-PST (mismatch probabilistic suffix tree) [22], the
multiple sequence alignment has produced good results. Also it has been used in
determining the interacted proteins [23] and probabilistic approach [24]. In this study,
CL C BIO package has been used to perform MSA (multiple sequence alignment) for all
collected protein sequences that have the same function. As shown in figure (3), the
alignment process after applying MSA to the FASTA format proteins shown in table-2.

140 160 180
| | |

BAGT-- ------ KEEK EnAEBTTGHE REAcSNERMR EHcaVEsKrP DEcRKEEcWc [
rGa2 lc cMBcHEKEER KRoEEEEnar KnsSKEDEPN KEPERSVERP EsPTRUENGKS
rcD2 § cHERRERMoN SERTEETnEN NERKsKENVWc KEEKENENKc RoDEEEK-RT ¢

Consensus (X CXXXXEKXLX XXXLLLTNXX XXXXSXKXVYX KLXXXXXKXP XXXXXFXGXX [
0%

covenetsn [bordl Ty oed [ITen ored W (rerd ] crn Hoon [

Gap frecticn
0%

Y F

Figure (3) the multiple sequence alignment of three collected sequences of GTPase activating protein
category

The button part of figure-3 indicates the conservation and gap fraction of the alignment
process. The conservation means the strength of the alignment (most frequent) of amino
acids found in one place. On the other hand, the gap fraction means the difference
between amino acids in this location. High conservation and low gap fraction are good
indication for extracting the consensus (motif). If the amino acids have high density
relationships so the conservation level is increased and gab fraction is decreased (low
percentage). The consensus part reflects the aignment strength. Consensus as
[SXNDSGx-P] for example will be understood as letters. These extracted |etters can be
divided into three parts. 1)- Capital letters SNDSGP which means the first letters of
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most proper amino acids, 2)- (- sign) means gap (no amino acid in this location) and 3)-
(x) means any amino acid can be found in this location. On the other hand, unrelated
sequences have poor relations and high gap fraction. The previous figure shows low
level gab fraction and high level conservation which reflects the strength of the
aignment in this area. Starting from AA position (137) till position 178 can be
considered as motif for this function.

Table (2) Proteins have Biochemical function category 16 only (GTPase activating)

Gene name Different protein names
1 BAG7 YOR3320 03320 | YOR134W
2 RGA2 D9481.4 | YDR379W
3 RGD2 Y FLO47TW

Another example for Biochemical function category 16 is shown in figure (4) which
indicates the result of 27 sequence alignment. The gab fraction of this alignment is not
constant through amino acid sequence. The motif can be extracted from position 817 or
position 838 reaching for 853. The judge in this situation is to vaidate the extracted
sequence through NCBI. Here after validation, the motif can be taken starting from
position 838.

820

40 860
| I |

vOR384W N Rl - - -BAEGP NMcQSTRTHE- -EESHEENAG cAGEPGPESM AllAGlQllS ND
vLLos1C | RBM- - -AlEcP McePsN-EHEE KEBHEEEEsc ctclErcPEBH ANKESE - PB
vMrosaw 1 BlNvEBAPcT HBBclNscaa IIGIIIIIAA BucUPwWEDEN lPlTllllNl NG
YHR139C « = == = - MsscT SHNST----- ------- S WTSUBEPNEE A------- sB GS
vR130C | BEREMEEP-- - --- - - - o¥c KEEKKUNNPs ETSEDTKENH BN .. vsT KB
vOLi7ew . - BWKWREMIP EASGANGGNN KNDWSEPEKS HNSUVE--AT NARESEAEEN B
vPLo23C - -[l- PWSBEGE SAETAE--Na EEENGENNRc METEASQPAT NATESSBEKNE oW
viLoasw . -BKENBEENE SRGRP - - -¥E HQENTE-ETc EHNMM----- -------- BN -
veroosw - -EcEAAlMES EnNUNTEETES EaPBETcmisc NTclEsBcsll PEcGEKESGE cR
vELOTOW - - BKAAANMKGG IIPHIIINI IIIISPIIII NKEEWAQETH SEETUNMDEG- --
YOR388C + === === === = mmmmm-a KscKEac NcchliWiRer APKBAPWRTM BN
vBR0O219 . - - - -NElllcc TSlGG.TllA llHlNlllll sEREWSBcAE THMRANSQSES A-
vDLo1OW - - - - -NHEMNG MsSRGGNEENK KEHTacHEEE sPao¥wsBcKE sSMEQREKPSN N-
YORIGIW « = = m mmmmmmm o m - TEAEEs EENFPEKEEc WETKEEPESss sB-------- --
vDR133C | PHECWENEPE NccNEENEEE NNEEERWEsT EpslaolPanRi IISINI ------
YDR2B6C - - - - - - WUNN TBRRNAKWWK EMCEBMPMEH NEKWCEBPKSC T--------- --
Consensus - - - - - - LIXGX XDRSTL--VA ELLKSLKLXG LTXVVSPLSY AIK------- G-
100%

C ti
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Figure (4) the sequence alignment of Biochemical function category 34 (Oxidoreductase)

3. Results

In this study, the multiple sequence alignment is applied to yeast function categories.
The protein sequences are divided into three main categories including 127 sub-
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functions. For each sub-function, protein sequences are collected and sequence
alignment is performed to extract specific motif. This motif is considered as feature
(signature) for this function category. As shown in table-3, two motifs are indicated for
function categories 16, and 34 respectively. These motifs are considered as identified
features for each function. And it can be used to verify the predicted functions.

If motif of function (A) for example is found in protein sequence (xx) and the
mathematical methods estimated that protein (xx) has this function (A), it can be said,
protein has high confidence to have this function (high probability).

In this study, the suggested technique overcomes the previous problems faced in
collecting many sequences having more than one function. it can be said that the
function category has no expressed motif (specific features), if the collected sequences
have poor alignment.

Table (3) the extracted motifs relating to the function category

Function ID Ft’ilnction Star_t_ing End position Consensus
ame position
GTPase EK-L----LLLTN------S-K-V-KL---—K-
16 activating 137 178 -
Carbohydrat
34 e metabolism 838 853 LKLXGLTXVVSPLSYAIK

4. CONCLUSIONS

Herein, the multiple sequence alignment is applied to each group of protein
sequences have specific function. This aignment is done to extract motif to be as
identified feature (signature) for this function. These motifs are collected and used for
verification process of protein function prediction. Each function can be predicted from
any mathematical method, can be verified using this method by motif extraction search.

5. FUTURE WORK

A new technique can be applied to the proteins that contain just one function (collecting
protein domains response for performing the function). The protein domains may
response for doing the function or construction the 3D structure (tertiary structure).
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