PROF_PAT 1.3: Updated database of patterns used to detect local similarities

A.G.

Bachinsky 1 *, A.S. Frolov 2 ,

A.N. Naumochkin 1 , L.Ph. Nizo lenko 1 , A.A. Yarigin 1

1 TheoreticalDepart ment, Research Institute ofMolecular Bio logy,

SRC VB ’Vector’, Koltsovo, Novosibir sk region, 633159, Russia,

2 Inst itute ofCytologyand Genet ics SB RAS, Novosibirsk, 630090, Russia

* To whomrepr int requests should be sent

Keywords: protein families; patterns; motifs, similar it ysearch, database.

Running head: Database ofpatterns ofprotein fa milies

ABSTRACT

Motivation.

When analysing novel protein sequences, it is now essent ial to extend search strategies to include a range of’secondar y’ databases. Pattern databases have beco me vitaltools for identifying distant relationships in sequences, and hence for predict ing protein funct ion and structure. The main drawback ofsuch methods is the relat ively smallrepresentation ofproteins in tr ialsamples at the time oftheir construction. Therefore a negat ive result ofan amino acid sequence co mpar ison with such a databank forces a researcher to search for similar it ies in the originalprotein banks. We developed a database ofpatterns constructed for groups ofrelated proteins wit h maximum representation ofamino acid sequences o fSWISS-PROT in the groups.

Result s.

Software tools and a new method have been designed to construct patterns ofprotein families.

Byusing such method, a new ver sion o fdatabank o fprotein familypatterns, PROF_PAT 1.3, is produced. This bank is based on SWISS-PROT (rl.38) and TrEMBL (rl.11), and contains patterns of more than 13,000 groups ofrelated proteins in a for mat similar to that ofthe PROSITE. Motifs o f patterns, which had the minimumlevel ofprobabilit y to be found in rando msequences, were selected.

Flexible fast search programaccompanies the bank. The researcher can specifya similar it ymatr ix (the type PAM, BLOSUM and other). Variable levels ofsimilar it ycan be set (permitting search strategies ranging fromexact matches to increasing levels of"fuzziness").

Availability.

The Internet address for compar ing sequences wit h the bank is:

http://wwwmgs. bionet.nsc.ru/mgs/programs/prof_pat/ . The localversio n ofthe bank and search programs (approximately50 Mb) is available via ftp:

ftp://ftp.bionet.nsc.ru/pub/bio logy/vector/prof_pat/, and ftp://ftp.ebi. ac.uk/pub/databases/prof_pat/ .

Another appropriate wayfor its externaluse is to mail amino acid sequences to bachin@vector.nsc.ru for compar ison with PROF_P AT 1.3.

Contact.

bachin@vector.nsc.ru

INTRODUCTION

Up to now, the main method ofsuggest ing possible funct ions o fthe newlydeciphered amino acid sequences has been to search themfor similarit y wit h sequences available in protein banks such as

PIR (Barker et al., 1999), SWISS-PROT (Bairoch and Apweiler, 1999) and others. As these banks grow larger, such co mpar isons beco me more promis ing but at the same time more time-consuming. In addit ion, in the case ofdistant proteins the search for global similar it yo fcomplete sequences mayfail to show a posit ive result, because the conser vat ive blocks responsible for their special functions may prove to be relat ively short and scattered allover the sequence. This maybe why a number ofworks appeared in the last few years, aimed at the select ion ofsites in groups ofrelated proteins. These sites are representative ofa protein familyas a who le, and both ident ifynew proteins and refine structural and functional properties ofthose alreadyknown. Such databases as PROSITE (Hofmann, et al.,

1999), BLOCKS (Heniko ffand Henikoff, 1991, Heniko ff, et al., 1999), PRINTS (Attwood et al.,

1999) are among the most wellknown and accessible via I nternet. There is also a number ofother similar databases i.e. PFAM (Bateman, et al., 1999), SBASE (Murvai, et al., 1999), IDENTIFY

(Nevill- Manning, et al. 1998).

The advantages ofsuch databases, represent ing protein families, ar ise fromco mpar ing an amino acid sequence wit h a relat ivelysmallpattern as a representative ofa protein family, and not with a set oflong sequences ofthis family. Furthermore, compar ison algorithms could be simplified because there is no need ofsequence alignment, which also speeds up the process. The levelo fnoise

(randomsimilar it y) is lower, because co mpar ison is usuallymade with patterns that are already character ised and represent conservat ive intervals o fposit ions. This appears most clear ly when a family is represented bya few relat ively short pattern motifs.

However the commo n shortcoming found for the most part in secondar ydatabases, is the fact that theycontain a limited number ofpatterns (profiles, motifs, alignments or other representations of protein families). In general , PROSITE contains well-defined manuallyconstructed patterns. BLOCKS and PRINTS in the beginning were in so me extent expansio ns ofPROSITE with subsequent developments. In turn, IDENTIFY is based on BLOCKS and PRINTS.

We have devotedour efforts to develop a technique and construct patterns for the greatest possible number ofproteins belo nging to the SWISS-PROT+TrEMBL (Bachinskyet al., 1996, 1997).

We are convinced that ifa secondar ybank is not really representative, it would not be widely used. It is because ofnegat ive results in the co mpar ison ofa sequence wit h this bank that the user is forced to consult other banks or make direct compar isons ofthe sequence with large banks o fsequences.

SYSTEMS AND METHODS

Programs for using patterns were written in Microsoft VisualC++ 5.0. for IBM compat ible computers running Windows 95 or Windows NT. Amino acid sequences were taken fromrelease 38 of the bank SWISS-PROT and release 11 ofTrEMBL (1999). The select ion ofrelated proteins was made using modified FASTA 2.0. algor ithm(Pearson, 1994). Mult iple alignments ofthe amino acid sequences were perfor med by means ofCLUST ALV program(Higgins, et al., 1992) and the default set ofparameters.

ALGORITHMS

The selection and concurrent alignment of related protein groups. All full-length sequences ofprototype banks that were over 30 amino acids in length were combined in one file. In order to select groups ofrelated proteins, a specialprogramwas wr itten based on FASTA 2.0

(Pearson, 1994). The fir st sequence o fthe file was compared wit h allother sequences. The sequences were regarded as similar if score/ln( l 1 )/ ln( l 2 )*ln100*ln100 > 80. The sequences similar in the sense of

FASTA for ma pr imar yset ofrelated proteins. Then the next sequence not included in a group of related proteins was compared with all other proteins, and so on.

It is known that in the case ofdis tant protein ho mology manyalgor ithms ofmult iple alignment lead to doubtfulresult s stronglydependent on parameters such as, insertion penalt ies, similar it y matr ix, etc. To provide qualit yalignment, the pairwise similar it ylevelwas prescr ibed 30% or more, for it is known that at smaller similar it yglo bal alignment often makes no sense (Vogt, et al., 1995;

Patthy, 1987). Pairwise similar it yo fthe proteins be lo nging to a set was assessed by the program

CLUSTALV (Higgins et al., 1992). Then, if not all pair s ofproteins had 30% similar it y, the set was divided into subsets so that all pairwise similar it ies were at least 30%. Thus, more than 13,000 subsets or groups wereobtained, containing more than 100 000 sequences.

Proteins ofever ysubset were aligned together. The files containing aligned sequences were supplemented with two fields: DE (descript ion(s) ofproteins for ming the group), and KW ( key words; mainly the unio n o fvalues offield KW for proteins falling into the set). Patterns were constructed based on such aligned families.

The construction of patterns of protein families. We willregard the combinat ion ofmotifs that represent relat ivelyconser vat ive intervals o fpositions ofaligned proteins ofthe familyas a patternofa familyo frelated proteins.

Let there be an intervalo fpositions ofan aligned family ofrelated proteins o flength n. A i denotes a subset ofamino acids of20 standard ones, located in a position i ofthe interval. An amino acid sequence oflength n will be considered to belong to the given interval( motif), if for ever y posit ion a i

Î A i , where a i is the amino acid located in position i ofthe sequence. To ever yposit ion i of

a group ofaligned proteins the value

3

S

D

$

L

P O L

= å

�

�

is average value of diagonalelements s ii ofthe

scoring matrix, p l is the frequency o foccurrence in proteins ofamino acid i . The coefficient 6 is

chosen because ofthe length 10 is the most usualfor motifs.

B. Suppl ementar y`similar ´ words are constructed. For each possible wordoflength 4, the sum

ofelements ofthe similar it ymatr ix

6

V

NO

L

L

=

= å

�

�

�

� is calculated. Here k and l are indices ofamino acids o f the init ial fragment and the supplementar yword in corresponding posit ions i, V NO

L � � is an element ofthe similar it ymatr ix. If S does not differ fromthe sum ofdiagonal elements for the corresponding amino acids ofthe fragment bya value greater than (100-D)*S o /100, where D (%) is the point ofsimilar it y, specified bythe user, the word is accepted.

C. All these words are passed to the entr yofthe automaton consecutively. In the case of coincidence with the sample, the fo llowing values are calculated: 0 1 S

S the sumofdiagonalvalues of the similar it ymatrix for amino acids ofthe fragment, corresponding to active posit ions ofthe motif, and

1

1

4 S s kl

i = å max( ) ( ) similar it yo fthe motifto the fragment. Here k is index o famino acid, located in the posit ion ofthe fragment, max ( kl

i s ( )

) is the maximu m value ofsimilar it yfor amino acid k ofthe fragment and amino acids l , located in posit ion i ofthe motif. I f S 1 > 0 1 S

S *D/100 , then the decisio n is made about the existence ofthe prescr ibed degree ofsimilar it y.

The comparison of patterns with the parent banks. To examine the recognising abilit yo f the patterns and exclude certain motifs, which are non-specific for a given family, all patterns were compared with allthe proteins ofthe SWISS-PROT+TrEMBL. Inthe routine compar ison between patterns and the banks, onlyexact similar it ies oftwo or more motifs per a pattern were registered, i.e.

the cases when fragments ofamino acid sequences belo ng to the motifs. The compar isons made the inclusio n ofhundreds ofsequences into trialsamples possible.

The similar it yis regarded as `posit ive´ one, ifat le ast one ofthe two following condit ions is met.

1. Quer ysequence belo ngs to the trialsample.

2. 2. Allwords ofone ofthe DE fields ofthe pattern (the names ofthe proteins forming the family) are present in the field DE (protein name) ofthe sequence.

The last condition needs so me clar ificat ion. Proteins are considered to be related to the trialsample proteins, ifthey have the same name that the trialsample has, possiblysupplemented with words

HYPOTHETICAL, PROBABLE, POSSIBLE, PRECURSOR, CHAIN, etc., descript ions of localisation o fsequences ( MITOCHONDRION, CHLOROPLAST, PLASMID) , its composit ion in the case ofpo lyproteins, a note concerning the type ofthe chain, etc.

The similar it yis considered `condit io nallyposit ive´ (UNKNOWN), ifat leas t one ofthe DE or

KW words ofthe pattern coincides wit h one ofthe words determined in fields DE and/or KW ofthe sequence. Thus, proteins are defined as condit io nally related if theypossess so me co mmo n funct ion

(e.g., hydrolases, dehydrogenases, oxidoreductases, etc.) or some specific features oftheir structure

(for instance, transmembrane segments). Allother cases ofsimilar it yare regarded as false positive. As a result ofcompar ison with the bank, a pattern bank entr yis created, similar in its structure to entries ofPROSITE. The example o fsuch entr yis given in Figure 2. Descr ipt ions ofthe fields are given in

Table 1.

DISCUSSION

In the first versio n ofPROF_PAT, patterns were selected in accordance with the pr inciple of small var iabilit y ofseveralphysicochemicalproperties ofamino acids (Bachinsky, et al., 1997).

However, the use ofthis bank in actualpractice revealed its shortcomings. Its large size and the timeconsuming procedure ofcompar ison compelled us to modify its construction princ iples to a certain extant.

In versio n 1.3. presented here, the totalnumber ofmotifs in more than 13,000 patterns is over

200,000 with specificit ies var ying fro mone expected false positive predict ion in 10 8 tests and higher.

The totalco mbined length ofpatterns is about 2 millio n posit ions.

To find a distant similar it y, a ver yfast flexible compar ison procedure is emplo yed, using the modified algor ithmo fAho-Corasic ( Aho and Corasic, 1975), var ious matrices ofsimilar it y/distance for amino acid residues, the predetermined grade ofsimilar it ybetween a fragment ofan amino acid sequence and a pattern motif.

The results ofcompar ison ofpatterns with all sequences ofrelease 38 ofthe SWISS-PROT and release 11 ofTrEMBL are given in Table 2. Patterns ident ify near ly130 000 ofamino acid sequences as having shown `posit ive´ or `conditionally-posit ive´ similar it y. In the latter case, the similar sequences, not included into the trial samples, are usuallyident ified.

Almost allsequences ofthe trials amples are recognised by all mot ifs ofthe corresponding patterns. Certain vio lat ions ofthis rule are due only to the presence ofnon-standard symbo ls in the particular sequences ofthe trialsamples that have fa llen into the intervals ofposit ions represented by pattern motifs.

A number ofcases o f false-posit ive similar it ymay be divided into two classes. Somet imes it is a really chance similar it y. However, sometimes two or more pattern motifs show similar it yto the fragments ofa certain sequence; the order ofthe fragments´ locat ions often correspond to that ofthe mot ifs´ locat ions, which increases even more the certaint ythat the similar it yis not random. In most cases, false-posit ive similar it yis revealed with sequences descr ibed only as products ofsome genes, and this infor mation is not included into descript ions ofpatterns (see some examples in Table 3.).

Allpatterns were searched in proteins ofmore recent version ofSWISS-PROT that were absent in parent versio n ( file new_seq.dat on the EBI server, 21, September 1999). This co mpar ison was made wit h the purpose oftesting PROF_PAT for sensit ivit yand to work throughthe techno logyofthe bank update. The fir st 500 complete long sequences ( i.e. 30 or more amino acid residues in length) that do not contain words ’PUTATIVE’ or `HYPOTHETICAL´ were selected for testing. Compar ison was carr ied out at level ofsimilar it y80 %. Matrix 250PAM was used. 73 sequences were not ident ified (no significant matchings). Two sequences were identified bypatterns that have DE fields different fro m

DE fields ofthe sequences. There were 425 sequences ident ified as `posit ive´. Ofthese 500 sequences

285 contain links to PROSITE patterns, and 245 sequences contain links to PFAM. From1480 new sequences ofTrEMBL descr ibed as ORFs, 419 were undoubtedlyident ified. It should be ment ioned that some ofthese matchings refer the sequences to patterns or protein groups descr ibed as ORFs or

HYPOTHETICAL PROTEINS also. IDENTIFY assigns bio logicalfunct ions to 25-30% ofall proteins encoded by the Saccharomyces cerevisiae geno me and by severalbacter ialgenomes (Nevill-Manning, et al. 1998). Thus, the results ofcompar isons for these two banks are alike.

Some other compar isons ofthe PROF_PAT and other secondar ybanks are pre sented in Table

4. Theyshow that PROF_PAT exceeds the most popular banks PROSITE, PRINTS, and BLOCKS under such index as number ofpatterns and mot ifs . The more pattern motifs show similar it yto the sites ofa quer ysequence, the higher would be the likelihood that the amino acid sequence is related to proteins ofthe trialsample (Heniko ffand Henikoff, 1991), especiallyifthe order ofthe motifs coincides with that ofthe sample proteins. We can not make dir ect bulk co mpar isons ofPROF_PAT with other banks because other banks (with the except ion ofPRINTS) do not provide search o fmany sequences in one connect ion.

Thus, we have constructed a bank o fpatterns for protein families, represent ing about two-thirds ofthe full- length protein sequences ofthe bank SWISS-PROT release 38 and TrEMBL release 11. The fast flexible search programfor close and distant similar it yprovides compar isons ofamino acid sequences ofinterest with the bank ofpatterns in the interactive mode. The PROF_PAT techno logy update has been developed and tested, so the new ver sions ofPROF_PAT will be created fo llowing each new versio ns o fSWISS-PROT+TrEMBL.

REFERENCES

Aho,A.V. and Corasic,M.J. (1975) Efficient String Matching: An Aid to Bibliographic Search. Commun. ACM, 18 , 333-340

Attwood,T.K., et al . (1999) PRINTS prepares for thenewmillennium.. Nucleic AcidsRes. , 27 , 220-225.

Bachinsky,A.G., et al . (1996) A newrelease of a bank protein familypatternsPROF_PAT 1.0.: Atechnologyof construction and programs of fast search. Molecular Biology (Russian) , 30 , 1409-1419.

Bachinsky,A.G. et al. (1997) Abank of protein familypatterns for rapid identification of possible functions of amino acid sequences. Comput. Applic. Biosci ., 13 , 115-122.

Bairoch,A. and Apweiler,R. (1999) TheSWISS-PROT protein sequence data bank and its supplement TrEMBL in 1999.

Nucl. AcidsRes . 27 , 49-54.

Barker,W.C., et al. (1999) The PIR-International Protein Sequence Database. Nucleic Acids Res. , 27 , 39-43.

Bateman,A., et al. (1999) Pfam 3.1: 1313 multiplealignments and profile HMMs match the majorityof proteins Nucl.

Acids Res ., 27 , 260-262.

Dayhoff, M.O., Eck,R.V. and Park C.M. (1972) AModel of EvolutionaryChange in Proteins. In: Dayhoff, M.O. (ed) Atlas of Protein Sequence and Structure, Silver Spring, MD: National Biomedical Research Foundation. 5 , 89-99.

Henikoff,S. and Henikoff,J.G. (1991) Automated assembl yof protein blocks for database searching. Nucl. Acids Res ., 19 ,

6565-6572.

Henikoff,J.G., Henikoff,S. and Pietrokovski,S., (1999) Newfeatures of the Blocks Database servers. Nucl. AcidsRes ., 27 ,

226-228.

Higgins,D.G., Bleasby,A.G. and Fuch, R. (1992) CLUSTAL V: Improved soft ware for multiplesequence alignment.

Comput. Applic. Biosci ., 8 , 189-191.

Hofmann, K., et al. (1999) The PROSITE database, itsstatus in 1999; Nucleic AcidsRes. , 27 , 215-219.

Ladunga,I., Wiese,B.A. and Smith R.F. (1996) FASTA-SWAP and FASTA-PAT: Pattern database searches using com bination of aligned amino acids, and a novel scoring theory. J. Mol. Biol., 259 , 840-854.

Murvai,J., et al. (1999) The SBASE protein domain library, release 6.0: a collection of annotated protein sequence segments. Nucleic AcidsRes. , 27 , 257-259.

Nevill-Manning, C.G., Wu, T.D. and Brutlag, D.L. (1998) Highlyspeci fic protein sequence motifs for genome analysis.

Proc.Natl.Acad.Sci., 95 , 5865-5871.

Patthy,L. (1987) Detectinghomologyof distantlyrelated proteins with consensus sequences. J. Mol. Biol ., 198 , 567-577.

Pearson,W.R. (1994) Using theFASTA program to search protein and DNA sequence databases. in Griffin A.M., Griffin H.G., (eds) Methods in Molecular Biology. Computeranalysisof sequence data . Part 1 . Humana Press, Totova. 24, pp.307-331.

Vogt,G., Etzold,T. and Argos,P. (1995) An assessment of aminoacid exchange matrices in aligning protein sequences: The twilight zone revisited. J. Mol. Biol ., 249 , 816-831.

Wallace,J.C. and Henikoff,S (1992) PATMAT: a searching and extraction program for sequence, pattern and block queries and databases. Comput. Applic. Biosci ., 46 , 567-577.

FIGURE LEGENDS

Fig. 1. Illustrations of the functionsof the Aho-Corasic automaton constructed on the set of samples R={r 1 , r 2 , r 3 , r 4 , r 5 } = {HE, SHE, HIS, HER, HERS}. a) Graph representation of transition function G(s,a). b) Rejections´ function F(s) .

c) Output function O(s). d) Transition of Automaton from state to state ifthe input text is"ushers"

Fig. 2. An example of the pattern bank entry.

Table 1.

Descr ipt ions offields o fPROF_PAT 1.3. entries

Ident ificator ofa field

Value o fthe field

ID Unique ident ificator ofa pattern (entry)

DT Date ofcreation/edit io n

DE Descr ipt ion ofthe pattern, usually- descr iptions (DE) ofsequences ofthe trialsample

KW Key words

PR The set ofACs ofsequences ofthe trial sample

RE Release o fparent bank

AC Ident ifier and margins ofthe motifo fthe pattern

PA Motifo fthe pattern

FR Occurrence frequencyo fmatching ofthe motifto randomfragment ofamino acid sequence

DR The set ofACs ofamino acid sequences ofparent bank that match the motif:

EDQN�

O

�

M

�ZKHUH� O

�LV�WKH�WRWDO�QXPEHU�RI�PDWFKHV� M �WKH�QXPEHU�RI

sequences where matches have been revealed

*/ The end o fthe motif

// The end o fthe pattern

Table 2.

Results ofco mpar isons ofsequences ofparent banks with patterns ofPROF_PAT 1.3.

Number ofsequences with posit ive matches 127,634

Number ofsequences with condit io nally-posit ive matches 2,317

Number ofsequences with false-posit ive matches 1238

Number ofsequences oftrial samples that do not match one or more motifs of

the patterns

2177

Number ofsequences oftrial samples that do not match any mot ifofthe

patterns

0

Table 3.

Some cases of false-positive similarityhave been revealed, when patterns of PROF_PAT 1.1. bank were searched for SWISS-PROT+TrEMBL bank

Descriptions of protein families (patterns) Entrynames of related

sequences

Number of similar

motifs/

number. of motifs

in the pattern

Descriptions of sequences Comments

SERINE THREONINE KINASE Q26345 5/15 FU (FUM1)=SEGMENT POLARITY GENE

FUSED {28-BP DELETION}.

The sequence matches motifs of the N-end of the

pattern

FLORAL HOMEOTIC PROTEIN AGL

AGAMOUS PROTEIN

MADS BOX PROTEIN

DAL2 PROTEIN

Q41876 5/9 ZAG1.

COLLAGEN Q20927 4/7 F57B7.3.

RNA-DIRECTED RNAPOLYMERASE (EC2.7.7.48)

READTHROUGH PROTEIN REPLICASE

REPLICATION-ASSOCIATED PROTEIN

Q84126

Q88598

20/66

20/66

52KDAUNKNOWN IN FUNCTION

PROTEIN

54 KDAPROTEIN

The sequences match motifs of the C-end of the

pattern

ZINC-FINGER PROTEIN Q60980 6/19 BKLF.

PHOSPHOLIPASE Q63693 29/30 PHO D PHOLIPASE C DELTA4. An error in protein DE

ATP SYNTHASE ACHAIN (EC3.6.1.34) (PROTEIN

6)

ATPASE

ATP SYNTHASE SUBUNIT 6

Q35294 4/12 URF-RMC The sequence matches motifs of the N-end of the

pattern

PROTEIN B15 VC16_VACCC 4/8 PROTEIN C16/B22.

CANAVALIN

BETA-CONGLYCININ

Q39816 11/23 7S STORAGE PROTEIN ALPHASUBUNIT. The sequence matches motifs of the C-end of the

pattern

TRANSPOSASE

MARINER PROTEIN

YKC6_CAEEL 5/10 HYPOTHETICAL 29.3 KDPROTEIN

B0280.6 IN CHROMOSOME III.

The sequence matches motifs of the C-end of the

pattern

MASC PROTEIN Q50586 4/15 HYPOTHETICAL 63.1 KDPROTEIN.

MUCIN Q22902 9/11 COSMID C16D9. The sequence matches motifs of the N-end of the

pattern

NUCLEOLAR PROTEIN

NUCLEOPHOSM IN-RETINOIC ACID RECEPTOR

ALPHAFUSION PROTEIN

Q14115 7/14 P80 PROTEIN. The sequence matches motifs of the N-end of the

pattern

PROTEIN KINASE Q24096

Q24590

4/18

4/18

LATS.

TUMOR SUPPRESSOR.

Table 3. (continued)

RNA-DIRECTED RNAPOLYMERASE (EC 2.7.7.48)

REPLICASE

Q65014

Q83423

Q83426

8/29

5/29

5/29

PROTEIN OF 33 KDA.

PROTEIN 29.

29K PROTEIN.

The sequences match motifs of the N-end of the

pattern

SPLICING FACTOR

RNABINDING PROTEIN 1

Q62093 4/5 PR264/SC35. The sequence matches motifs of the N-end of the

pattern

SUPPRESSOR OF FORKEDPROTEIN

CLEAVAGE STIMULATION FACTOR

Q24539 13/34 39 KDPROTEIN. The sequence matches motifs of the N-end of the

pattern

TRANSCRIPTION FACTOR Q18694 3/9 C47G2.2.

TRANSPOSASE

TNIA

Q47380 9/26 INVASIN The sequence doesn’t match the INVASIN

pattern. The membership tothis class of proteins

is doubtful

TRANSALDOLASE (EC 2.2.1.2) Q49705

Q49698

6/18

6/18

B1496_F2_65.

B1496_F1_27.

The sequences match motifs of the N-end

(Q49705) and C-end (Q49698) of the pattern

TRANSPOSASE ADPR_LACLA 5/12 ATP-DEPENDENT PROTEASE (EC 3.4.21.-

).

The sequence doesn’t match the patterns of ATP-

dependent proteases

PROBABLE TRANSPOSASE FOR INSERTION

SEQUENCE ELEMENT IS701

Q55975

Q55976

5/11

5/11

HYPOTHETICAL 16.4 KDPROTEIN

HYPOTHETICAL 13.5 KDPROTEIN.

The sequences match motifs of the N-end

(Q55975) and C-end Q55976) of the pattern

RECEPTOR-LIKE TYROSINE-PROTEIN KINASE

(EC 2.7.1.112)

Q23677 12/15 ZK938.5. The sequence matches motifs of the C-end of the

pattern

CAPSID PROTEIN COA3_AAV2 13/32 PROBABLE COAT PROTEIN 3.

PROTEIN VP2 Q84387 4/23 HYPOTHETICAL 7.9 KDPROTEIN. It is a C-fragment of VP2 protein

ANAEROBIC RIBONUCLEOSIDE-TRIPHOSPHATE

REDUCTASE (EC 1.17.4.2)

Q38428 19/28 ORF (55.11). The virus genome contains a C-fragment of

bacterial protein

DIHYDROPYRIM IDINASE Q21773 8/20 R06C7.3

REVERSE TRANSCRIPTASE Q63305 15/57 LONG INTERSPERSED REPETITIVE DNA

CONTAINING 7 ORF’S.

It is a C-fragment of transcriptase

DEHYDROGENASE

DIOXYGENASE

Q52459 9/9 THE FIRST START CODON IN THE ORF IS

FOUND AT POSITION 2466.

Besides of the sequence matches all motifs of the

pattern, it hasn’t 30%similaritywith all proteins

of the trial sample

Table 4.

Some characterist ics ofsecondar ybanks in co mpar ison with PROF_PAT.

The name o fthe bank its release/parent banks

Number ofpatterns

(entries)

Number of mot ifs

The source ofdata

PROF_PAT 1.3.

August 1999 / SWISS-

PROT 38 + TrEMBL 11

>13,000 >200,000 http:// wwwmgs. bionet.nsc.ru

/programs/prof_pat

PROSITE 15, July1998 1,031 1,366 http://www.expasy.ch/prosite/

PFAM 4.0, May1999 /

SWISS-PROT 37 +

TrEMBL 9

1,465 http://www.sanger.ac.uk/Pfam

PRINTS 22.0,

March 1999

1,100 6,510 http://www.biochem.ucl. ac.uk

/bsm/dbbrowser

BLOCKS 11.0, July

1998

994 4,034 http://www.blocks. fhcrc.org/

SBASE 6.0 1,037 2,459 http://base. icgeb.trieste.it/sbase

PIMA 22,416 Ladunga I., et al. (1997)

IDENTIFY , 1998

/PRINTS+BLOCKS

7,000 50,000 http://motif. stanford.edu/identify

ID 00004;

DT Thu Aug 5 14:35:08 1999

DE 4-HYDROXYPHENYLPYRUVATE DIOXYGENASE (EC 1.13.11.27) (4HPPD)

KW OXIDOREDUCTASE; DIOXYGENASE; IRON; ACETYLATION.

PR P32754, P49429, Q02110, Q22633, Q27203, Q00415,

PR O42764, Q53586;

RE SWISS-PROTEIN(rl.37)+TREMBL(rl.8)

AC 00004_1 (47-56)

PA [FW]-[AVWY]-V-G-N-A-K-Q-[AV]-A

FR frequency = 4.02065e-12

DR P32754, T; P49429, T; Q02110, T; Q22633, T; Q27203, T;

DR Q00415, T; O42764, T; Q53586, T;

NR /TOTAL=8(8); /POSITIVE=8(8); /UNKNOWN=0(0); /FALSE_POS=0(0);

NR /FALSE_NEG=0;

*/

...

AC 00004_12 (391-400)

PA D-R-P-T-[LV]-F-[FILY]-E-[IV]-I

FR frequency = 4.6197e-12

DR P32754, T; P49429, T; Q02110, T; Q22633, T; Q27203, T;

DR O23920, T; Q00415, T; O42764, T; Q53586, T; Q18347, ?;

NR /TOTAL=10(10); /POSITIVE=9(9); /UNKNOWN=1(1); /FALSE_POS=0(0);

NR /FALSE_NEG=0;

*/

//