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( )
atgacggacaaattgacctcccttcgtcagtacaccaccgtagtggcec
MTDKLTSLRQYTTVVADTGD

DNA

atgacggacaaattgacctcccttcgtcagtacacc
M T D K L T S L R Q Y T

atgacgaacaaattgacctcccttcgtcagtacacc
M T N K L T S L R Q Y T

DNA

Triosephosphate isomerase (EC 5.3.1.1) (TIM,TPIS)

>TPIS_HUMAN "Triosephosphate isomerase (EC 5.3
APSRKFFVGGNWKMNGRKQSLGEL IGTLNAAKVPADTEVVCAPPT

AY IDFARQKLDPKTAVAAQNCYKVTNGAFTGE I SPGMIKDCGATW
VVLGHSERRHVFGESDEL I GQKVAHALAEGLGV IACIGEKLDERE
AGITEKVVFEQTKV IADNVKDWSKVVLAYEPVWAIGTGKTATPQQ
AQEVHEKLRGWLKSNVSDAVAQSTRI 1 YGGSVTGATCKELASQPD
VDGFLVGGASLKPEFVDI INAKQ

>TPIS_RABIT "Triosephosphate isomerase (EC j
APSRKFFVGGNWKMNGRKKNLGEL I TTLNAAKVPADTEVVCAPPT
AY IDFARQKLDPKTAVAAQNCYKVTNGAFTGE I SPGMIKDCGATW
VVLGHSERRHVFGESDEL I GQKVAHALSEGLGV IACIGEKLDERE
AGITEKVVFEQTKV IADNVKDWSKVVLAYEPVWAIGTGKTATPQQ
AQEVHEKLRGWLKSNVSDAVAQSTRI 1 YGGSVTGATCKELASQPD
VDGFLVGGASLKPEFVDI INAKQ

Triosephosphate isomerase (EC 5.3.1.1) (TIM,TPIS)

>TPIS_HUMAN "Triosephosphate isomerase (EC 5.3
APSRKFFVGGNWKMNGRKQSLGEL IGTLNAAKVPADTEVVCAPPT

AY IDFARQKLDPKTAVAAQNCYKVTNGAFTGE I SPGMIKDCGATW
VVLGHSERRHVFGESDEL I GQKVAHALAEGLGV IACIGEKLDERE
AGITEKVVFEQTKV IADNVKDWSKVVLAYEPVWAIGTGKTATPQQ
AQEVHEKLRGWLKSNVSDAVAQSTRI 1 YGGSVTGATCKELASQPD
VDGFLVGGASLKPEFVDI INAKQ

>TPIS_YEAST "Triosephosphate isomerase (EC 5.
ARTFFVGGNFKLNGSKQS IKEIVERLNTASIPENVEVVICPPATY
LDYSVSLVKKPQVTVGAQNAYLKASGAFTGENSVDQ I KDVGAKWYV

I LGHSERRSYFHEDDKF I ADKTKFALGQGVGV ILC IGETLEEKKA
GKTLDVVERQLNAVLEEVKDWTNVVVAYEPVWAIGTGLAATPEDA
QDIHAS IRKFLASKLGDKAASELRILYGGSANGSNAVTFKDKADV
DGFLVGGASLKPEFVDIINSRN




Triosephosphate isomerase (EC 5.3.1.1) (TIM,TPIS)

>TPIS_HUMAN "Triosephosphate isomerase (EC 5.3
APSRKFFVGGNWKMNGRKQSLGEL I GTLNAAKVPADTEVVCAPPT

AY IDFARQKLDPKIAVAAQNCYKVTNGAFTGE I SPGMIKDCGATW
VVLGHSERRHVFGESDEL I GQKVAHALAEGLGV IACIGEKLDERE
AGITEKVVFEQTKV IADNVKDWSKVVLAYEPVWAIGTGKTATPQQ
AQEVHEKLRGWLKSNVSDAVAQSTRI1 1YGGSVTGATCKELASQPD
VDGFLVGGASLKPEFVD I INAKQ

>TPIS_ECOLI "Triosephosphate isomerase (EC
MRHPLVMGNWKLNGSRHMVHELVSNLRKELAGVAGCAVAIAPPEM

Y IDMAKREAEGSH IMLGAQNVDLNLSGAFTGETSAAMLKD 1GAQY

1 1 IGHSERRTYHKESDEL IAKKFAVLKEQGLTPVLCIGETEAENE
AGKTEEVCARQIDAVLKTQGAAAFEGAV IAYEPVWAIGTGKSATP
AQAQAVHKF IRDH IAKVDANTAEQV I IQYGGSVNASNAAELFAQP
DIDGALVGGASLKADAFAV I VKAAEAAKQA

Triosephosphate isomerase (EC 5.3.1.1) (TIM,TPIS)

(TPIS_HUMAN) (TPIS_RABIT)

HUMAN 1: APSRKFFVGGNWKMNGRKQSLGELIGTLNAAKVPADTEVVCAPPTAYIDFARQKLDPKIA 60
.

RABIT 1: APSRKFFVGGNWKMNGRKKNLGELITTLNAAKVPADTEVVCAPPTAYIDFARQKLDPKIA 60

TPIS_HUMAN 248 vs TPIS_RABIT 248 SeqlD 98.4 %

(substitution)

(TPIS_HUMAN) (TPIS_ECOLI)

HUMAN 4: RKFFVGGNWKMNGRKQSLGELIGTLNAAK\/P AQTEVVCAPPTAYIDFARQKLD F’KIA\/ 61

Pegen——. ke dkk kR K

ECOLI 2: RHPLVMGNWKLNGSRHMVHELVSNLRKELAB\/RGCAVAIAPPEMYIDMAKREAEG&HIML 61
TPIS_HUMAN 248 vs TPIS_ECOLI 255 SeqlD 45.9 %

(insertion, deletion ; indel)

[of B (SeqID 46.0%)
Alpha 2: LSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHF DL"‘ ————— HCSAQV 55
*

Kk hkkA * ok kA K /
Beta 3.LTPEEKSAVTALWGKV**NVDEVGGEALGRLLVVYPWTQRFFESFGDL TPDAVMGNPKV - 60 l_
Alpha 56: KGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPA 11
e A
Beta 61:KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK:120 1
Alpha 116:EFTPAVHASLDKFLASVSTVLTSKY:140 (
Ml
Beta 121:EFTPPVQAAYQKVVAGVANALAHKY :145
(similarity)
homology :
analogy
(similarity)
(homology):
(analogy ) :

(homologous)
(orthologue) :

(palarogue) :
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Dynamic Programming)

« O(NM)
. (Needleman & Wunsh,1970)
L D J G \4 ©
-3 -3 -3 -3
O O O
\ \ _4 \ ()
L -3 -3 -3 -3 -3
s -3 3 -3 " Fi+Lj+D+S(x,y)  (d)

YO Y y 5 \ FG,j)=max| F(i+1])+Gap v )
i -1 F(i (j+1
CHN A N \ 3 3\ 3 F(,j+1)+Gap (h) D
-3 -3 -3 -3 \

v d
ANANANRANE @ o o
(/ 3 _3 3 Q _3 @ F(i+1,)) F(i+1j+
(1)Forward (2)TraceBack ACDEFGHKLM ACDEFGHK-LM FGHK-L
AFGHKKL M A-—-FGHKKL- FGHKKL




(Smith & Waterman,1981)

(0)
()
Fi+Lj+D+s(x.y;) (d)
F ) = max F(!+_lJ)+Gap v)
F(i,j+1)+Gap (h) BLAST
0 (0)
2
o
(ouemvogesey ) -
SLHFFVEDRGTT il;l;G!FE\,{ESESIE
ALLOVPPVEQRSTD :> QLOFGVEQIITVHK ALL-MYPVEQRTTE 1.
ALLMYPVE ERTTE O(NM)

1,000 100,000

—

(%)

BLAST

153 5977 (Pentiuma4)

16.989 sec
SSEARCH 2.911 sec
FASTA(ktup=1) | 1.226 sec
FASTA(ktup=2) | 0.608 sec
BLASTP 0.118 sec

(1)Forward

(2)TraceBack




BLAST

Smith&Waterman
1. word word
2. word
3. word ungap (HSP)
4

gap

MEPVKY MEPVKYV

IMINGTTT
IMIADTTT

BLASTP 2.2.1 [Apr-13-2001]

BLAST
Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997), (1)
“Gapped BLAST and PSI-BLAST: a new generation of protein database search
prograns”, Nucleic Acids Res. 25:3389-3402.

Query= RECA_ECOLI “RecA protein (Recombinase A)"
(352, letters)

S DatEBASE"" A05Ep1 BIA
: 3886 sequences; 705,110 total letters
Searching........ done

Score E

Sequences producing significant alignments:

2reb-1 [c.37.1.11] RECA PROTEIN (E.C.3.4.99.37)
1g18A2 [d.48.1.1] RECA PROTEIN

1gOuF [d.153.1.4] PROTEASOME COMPONENT C1

1byrA [d.136.1.1] ENDONUCLEASE

1g3gA [c.37.1.10] CELL DIVISION INHIBITOR

1ct5A [c.1.6.2] YEAST HYPOTHETICAL PROTEIN, SELENOMET
1g0uD [d.153.1.4] PROTEASOME COMPONENT PUP2

1e32A2 [c.37.1.13] P97

1gOuA [d.153.1.4] PROTEASOME COMPONENT Y7

1cp2A [c.37.1.10] NITROGENASE IRON PROTEIN

1f30A [c.37.1.12] HYPOTHETICAL ABC TRANSPORTER ATP-BINDING PROTEIN

1pmi- [b.82.1.3] PHOSPHOMANNOSE ISOMERASE

*22reb-1 [c.37.1.11] RECA PROTEIN (E-C.3.4.99.37)
Length = 243

448 bits (1152), Expec[ = e-127
es = 243/266 (91%), i

ves = 243/266 (91%), Gaps = 23/266 (8%)

Query: 3  DENKQKALAAALGQIEKQFGKGSIMRLGEDRSMDVET ISTGSLSLD IALGAGGLPMGRIV
DENKQKALAAALGQ I EKQFGKGS IMRLGEDRSMDVET ISTGSLSLD IALGAGGLPMGRIV
Sbjct: 1 DENKQKALAAALGQIEKQFGKGSIMRLGEDRSMDVET ISTGSLSLD IALGAGGLPMGRIV
Query: 63 EIYGPESSGKTTLTLQVIAAAQREGKTCAF IDAEHALDP I YARKLGVD IDNLLCSQPDTG
EIYGPESSGKTTLTLQVIAAAQREGKTCAF I DAEHALDP I'YARKLGVD IDNLLCSQPDTG
Shjct: 61 EIYGPESSGKTTLTLQVIAAAQREGKTCAFIDAEHALDPIYARKLGVD IDNLLCSQPDTG
Query: 123 EQALEICDALARSGAVDV IVVDSVAALTPKAE I EGE I GDSHMGLAARMMSQAMRKLAGNL
EQALEICDALARSGAVDV IVVDSVAALTPKAEIE GLAARMMSQAMRKLAGNL.
Sbjct: 121 EQALEICDALARSGAVDVIVVDSVAALTPKAEIE-------~ GLAARMMSQAMRKLAGNL.

Query: 183 KQSNTLLIFINQIRMKIGVMFGNPETTTGGNALKFYASVRLDIRRIGAVKEGENVVGSET
KQSNTLLIFINQ TGGNALKFYASVRLDIRRIGAVKEGENVVGSET
Sbjct: 173 KQSNTLLIFINQ ~TGGNALKFYASVRLDIRRIGAVKEGENVVGSET

243 RVKVVKNKIAAPFKQAEFQILYGEGI 268
RVKVVKNK I AAPFKQAEFQILYGEGI
Sbjct: 218 RVKVKNKIAAPFKQAEFQILYGEGI 243

Length = 60

Score = 70.1 bits (170), Expect = 9e-14
Identities = 30/56 (53%), Positives = 44/56 (78%)

62

60

122

120

182

172

242

217

Query: 272 GELVDLGVKEKLIEKAGAWYSYKGEK IGQGKANATAWLKDNPETAKEIEKKVRELL 327

1qj2B2 [d.133.1.1] CARBON MONOXIDE DEHYDROGENASE 25
1dgyA [c.72.1.1] ADENOSINE KINASE 25
1skyB3 [c.37.1.11] F1-ATPASE 25

I 1g60A [c.37.1.13] CAG-ALPHA 25
lcmxA [d.3.1.6] UBIQUITIN YUH1-UBAL 24
8abp- [c.93.1.1] L-*ARABINOSE-BINDING PROTEIN (MUTANT WITH MET 1... 24
2tpsA [c.1.3.1] THIAMIN PHOSPHATE SYNTHASE 24
UIETY 2 S RVRV VR TCECT 208

RVKVVKNK I AAPFKQAEFQILYGEGI
Sbjct: 218 RVKVVKNKIAAPFKQAEFQILYGEGI 243

>1g18A2 [d.48.1.1] RECA PROTEIN
Length = 60

70.1 bits (170), Expect = 9e-14
es = 30/56 (53%), Positives = 44/56 (78%)

Query: 272 GELVDLGVKEKL I EKAGAWYSYKGEK IGQGKANATAWLKDNPETAKI
G L+D+GV + LI K+GAW++Y+GE++GQGK N + A EIEKK++E L
GSLIDMGVDQGL I RKSGAWFTYEGEQLGQGKENARNFLVENADVADE IEKKIKEKL 59

KKVRELL 327

Sbjct: 4

+">1g0uF [d.153.1.4] PROTEASOME COMPONENT C1
Length = 242

32.3 bits (72), Expect = 0.020 :
= 25/88 (28%), Posi = 47/88 (53%), Gaps = 9/88 (10%) :

Query 271 YGELVDLGVKEKLIEKAGAWYSVKGEKIGQGKANATAWLK****DNPE**TAKEIEKK\/R 324
+ YKG
Sbjct: 132 FGGVDKNGAHLVMLEPSGSVWGVKGAATGKGRQSAKAELEKLVDHHPEGLSAREAVKQAA 191
Query: 325 EL--LLSNPNSTPDFSVDDSE-GVAETN 349
+ L N DF++S +EN

Shjct: 192 KIIYLAHEDNKEKDFELEISWCSLSETN 219

>1byrA [d.136.1.1] ENDONUCLEASE
Length = 152

28.5 bits (62), Expect = 0.29
es. = 28/102 (27%),. Pos,

LD+GV + 1] K+GAWH+HY+GE++ 4L N & A EJEKKHE | C S~ [T L fonon a2
E-value
E-value ( expectation value)
. (%)
S
SLKA SLKALLNKCKTFGWGAQ
* % 4/8=50% * KAk *k Kk Kk 8/16 = 50 %) N
SELA Score=4 SIRALDRRCKSFAWGKE ~ S°°r¢ =55 -
« E-value
0.0001  0.01




E-value

E(S)=Kmn-e*®
. K,

E-value

E-value

BLASTP 2.2.1 [Apr-13-2001]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),
“Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs™, Nucleic Acids Res. 25:3389-3402.

Query= RECA_ECOLI "RecA protein (Recombinase A)"
(352 letters)

Database: 40scopl.59nm
3886 sequences; 705,110 total letters

Searching........ done

Sequences producing significant alignments:

2reb-1 [c.37.1.11] RECA PROTEIN (E.C.3.4.99.37)
1g18A2 [d.48.1.1] RECA PROTEIN

1gOuF [d.153.1.4] PROTEASOME COMPONENT C1

1byrA [d.136.1.1] ENDONUCLEASE

193gA [c.37.1.10] CELL DIVISION INHIBITOR

1ct5A [c.1.6.2] YEAST HYPOTHETICAL PROTEIN, SELENOMET
1gOuD [d.153.1.4] PROTEASOME COMPONENT PUP2

1e32A2 [c.37.1.13] P97

1g0uA [d.153.1.4] PROTEASOME COMPONENT Y7

1cp2A [c.37.1.10] NITROGENASE IRON PROTEIN

1f30A [c.37.1.12] HYPOTHETICAL ABC TRANSPORTER ATP-BINDING PROTEIN 25
1qj2B2 [d.133.1.1] CARBON MONOXIDE DEHYDROGENASE 25
1dgyA [c.72.1.1] ADENOSINE KINASE 25

Query: 123 EQALEICDALARSGAVDVIVVDSVAALTPKAE I EGEIGDSHMGLAARMMSQAMRKLAGNL 182
EQALEICDALARSGAVDVIVVDSVAALTPKAEIE GLAARMMSQAMRKLAGNL
Shjct: 121 EQALEICDALARSGAVDVIVVDSVAALTPKAEIE: -GLAARMMSQAMRKLAGNL 172

Query: 183 KQSNTLLIFINQIRMKIGVMFGNPETTTGGNALKFYASVRLDIRRIGAVKEGENVVGSET 242
KQSNTLLIFINQ TGGNALKFYASVRLDIRRIGAVKEGENVVGSET
Shjct: 173 KQSNTLLIFINQ--=-----————--= TGGNALKFYASVRLDIRRIGAVKEGENVVGSET 217

Query: 243 RVKVVKNKIAAPFKQAEFQILYGEGI 268
RVKVVKNK 1 AAPFKQAEFQILYGEG
Shjct: 218 RVKVVKNKIAAPFKQAEFQILYGEGI 243
Bit Score Raw Score
>1g18A2 [d.48.1.1] RECA PRO}J/N’
\_Length = 60 p
’ -un /
bits:(170) 1 Expect = 9e-14
30/56°{53%), Positives = 44/56 (78%)

Query: 272 GELVDLGVKEKL IEKAGAWYSYKGEKIGQGKANATAWLKDNPETAKE IEKKVRELL 327
G L+D+GV + LI K+GAW++Y+GE++GQGK NA +L +N + A EIEKK++E L
Sbjct: 4  GSLIDMGVDQGL IRKSGAWFTYEGEQLGQGKENARNFLVENADVADE IEKKIKEKL 59

>1gOuF [d.153.1.4] PROTEASOME COMPONENT C1
Length = 242

32.3 bits (72), Expect = 0.020
ies = 25/88 (28%), Positives = 47/88 (53%), Gaps = 9/88 (10%)

Query: 271 YGELVDLGVKEKL IEKAGAWYSYKGEKIGQGKANATAWLK----DNPE--TAKEIEKKVR 324

Database: 40scopl.59nm
Posted date: Jun 22, 2002 3:06 PM
Number of letters in database: 705,110
Number of sequences in database: 3886
H

Lambda K

0.314 0.134 0.369
Gapped
Lambda K H

0.267 0.0410 0.140
Matrix: BLOSUM62
Gap Penalties: Existence: 11, Extension: 1
Number of Hits to DB: 469,543
Number of Sequences: 3886
Number of extensions: 18494
Number of successful extensions: 65
Number of sequences better than 10.0: 17
Number of HSP"s better than 10.0 without gapping: 13
Number of HSP®s successfully gapped in prelim test: 4
Number of HSP"s that attempted gapping in prelim test: 50
Number of HSP"s gapped (non-prelim): 17
length of query: 352
length of database: 705,110
effective HSP length: 79
effective length of query: 273
effective length of database: 398,116
effective search space: 108685668
effective search space used: 108685668

(Sequence Identity)

BLAST

100 90 80 70 60 50 40 30 20

N N N B I 35 1 25

([ . % o

o : ®
BLAST E-value < 0.0001 |

[ : .
PSI-BLAST E-value < 0.0001

blastn cDNA
blastp
blastx oA
tblastn
tblastn

o8




DNA

AGCTTTTCATTCTGACTGCA ™%

gy - -
TCGAAAAACAAGACTGACGT

TTTTCATTCTGACT
F|' S L
H IS D
L F 1 L

blastp( )

T.thermophius s

BLASTP 2.2.3 [May-13-2002]
Query= X07 AAS80531.1 tthe0
Database: ecoli_aa

(144 letters)
4237 sequences; 1,350,094 total letters

Score E

Sequences producing significant alignments: (bits) Value

infC NP_416233.1 “protein chain initiation factor IF-3" NC_000913 137 2e-34
rhsD NP_415030.1 “RhsD protein in RhsD element” NC_000913 28 0.19
pta NP_416800.1 “phosphotransacetylase" NC_000913 25 2.0
prsA NP_415725.1 “phosphoribosylpyrophosphate synthetase™ Nc,uoogls 25 2.7
yiak NP_418032.1 "2,3-diketo-L-gulonate dehydrogenase, NADH-depe. . 24 3.5
Ffh NP_417101.1 “4.5S-RNP protein, GTP-binding export factor, pa. 24 4.6
ybdR NP_415141.1 “putative dehydrogenase, NAD(P)-binding” NC 000913 24 4.6
ydfG NP_416057.1 “putative oxidoreductase™ NC_000913 23 7.8

>infC NP_416233.1 proteln chain initiation factor 1F-3" NC_000913
Length =

Score = 137 bits (346), Expect = 2e-34
Identities = 72/139 (51%), Positives = 92/139 (65%), Gaps = 1/139 (O%)

Query: 4  REALRLAQEMDLDLVLVGPNADPPVARINDYSKWRYEQQMXXXXXXXXXXXTEVKSIKFR 63
REAL A+E +DLV + PNA+PPV RIMDY K+ YE+ +VK IKFR
Sbjct: 40 REALEKAEEAGVDLVEISPNAEPPVCRIMDYGKFLYEKSKSSKEQKKKQKVIQVKEIKFR 99

Query: 64 \/KIDEHDVQTKLGHIKRFLQEGHK\/K\/TIMFRGREVAHPELGERILNRVTEDLKDLAWE 123
KL + RFL+EG K K+T+ FRGRE+AH ++G +LNRV +DL++LAWVE
Sbjct: 100 PGTDEGDVQVKLRSLIRFLEEGDKAKITLRFRGREMAHQQIGMEVLNRVKDDLQELAVVE 159

blastp( )

)

blastx (DNA )

ORF ‘H.influenzae ORF ORF H.influenzae 1-7000base
Query= HI0078 hinfO AAC21753.1 VS ORF
Score E i & oI
Sequences producing significant alignments: (bits) Value T F = . ——— "
ety e
cysS ecol0 AAC73628.1 "cysteine tRNA synthetase™ 730 0.0 T T
metG ecol0 AAC75175.1 “methionine tRNA synthetase" 39 5e-04 e i
ileS ecol0 AAC73137.1 "isoleucine tRNA synthetase" 39 0.001 e = Mg "
leuS ecol0 AAC73743.1 "leucine tRNA synthetase" 30 0.25 "y - b
yidW ecol0 AAC76718.1 "regulator protein for dgo operon™ 28 1.3 -
~ HIO078 cysteine tRNA syntetase - .- —"
ST C
=
Query= HI0083 hinf0 AAC21762.1 p——
(71 letters) Score E 10 —_— )
Sequences producing significant alignments: (bits) value 5 - _: "'
ispB ecol0 AAC76219.1 "octaprenyl diphosphate synthase” 23 3.1 =
IplA ecol0 AAC77339.1 "lipoate-protein ligase A" 22 6.9 —
nlpA ecol0 AAC76684.1 "lipoprotein-28" 22 6.9 = o
b1372 ecol0 AAC74454.1 *“putative membrane protein* 22 6.9 —
mdaA ecol0 AAC73938.1 "modulator of drug activity A" 22 9.0 Jram— =
'
- HI0083
e Arthur M.Lesk( )
(2003),
* D.W.Mount -
2005
11500
. (2007)
* R.Durbin -
2001 9800

e LAST WEB page http://www.ncbi.nlm.nih.gov/BLAST/




