                                              Pfam: a Comprehensive Database of Protein Domain Families

Based on Seed Alignments

                                                                                                                     Erik L.L. Sonnhammer

*1
, Sean R. Eddy

2
 and Richard Durbin

1

                                                                                                                  1
                                                                                                                        Sanger Centre, Hinxt on Hall, Cambridge CB10 1RQ, UK and

 2
      Department of Genetics, Washington University School of Medicine, St. Louis, MO 63110, USA

*
     To whom correspondence should be addressed.

Fax: +44 1223 494919

Tel: +44 1223 494991

Running Title:

A Database of Protein Domain Families

Keywords:

Classification, Clustering, Protein domains, Genome annotation, Hidden Markov model,

Caenorhabditis elegans

Abstract

Databases of multiple sequence alignments are a valuable aid to protein sequence classification
and analysis.  One of t he main challenge s  when constructing such a database is to simultaneously
satisfy the conflicting demands of completeness  on one hand and quality of alignment and domain
definition s on the other .  The latter properties are best dealt with by manual approaches, while
completeness in practise is only amenable to automatic methods.   Here we present a database
based on hi d den Markov model profiles (HMMs) which combines high quality and completeness.

                    Our database , Pfam ,  consists of parts A and B.  Pfam-A  is curated and contains well chara c-
terised protein domain families with high-quality alignments, which are maintained by using
manually checked seed alignments and HMMs to find and align all members.  Pfam -B  contains
sequence families that were generated automatically by applying the Domainer algorithm to
cluster and align the remaining protein sequences after removal of Pfam-A  domains.

                    Using Pfam, a large number of previously unannotated proteins from the C. elegans  genome
project were classified.  We have also identified many n ovel family memberships in known pr o-
teins , including  new kazal, Fibronectin type III, and response regulator receiver domains.   Pfam-A
families have permanent accession numbers  and form a library of HMMs available for searching
and automatic annotation of new protein sequences.

Introduction

Protein sequence databases such as Swissprot

1
 and PIR

2
 are becoming increasingly large and unma n-

ageable, mainly as a result of the growing number of genome sequencing projects.  However, many of

the newly added proteins are new members of existing protein families.  Typically between 40 % and

6 5% of the proteins found by genomic sequencing show significant sequence similarity to proteins

with known function

3,4
, and usually a large fraction of them show similarity with each other

4,5
.  For

classification of newly found proteins ,  as well as orderly management of already known sequences, it

would therefore be advantageous to organise known sequences in families and use multiple alignment

based approaches.  This requires a system for maintaining a comprehensive set of protein clusters

with mult i ple sequence alignments.

                    The problem breaks down into two parts: defining the clusters, i.e. a list of members for each

family, and building multiple alignments of the members.  Previous approaches to construct co m-

prehensive family databases have either concentrated on aligning short conserved regions

6-8
, o f-

ten starting from the manually constructed clusters in Prosite

9
, or full-domain alignments using

either clusters that were derived manually from PIR

2
 or automatically

10
.  An issue here is

whether to aim for conserved regions only, or whole-domain alignments.  Using short conserved

motifs, either in the form of a pattern or an alignment, can indicate when a protein contains a

known domain.  Motif matches are often useful to indicate functional sites.  However, they us u-

ally do not give a clear picture of the domain boundaries in the query sequence.  They may also

lack sensitivity when compared to whole-domain approaches, since information in less conserved

regions is ignored.  The whole-domain approach therefore seems preferable for detailed family-

based sequence analysis since it offers the potential for the most sensitive and informative domain

annotation.

                    To cope with the large number of families, the existing family databases made heavy use of

automatic methods to construct the multiple alignments.  Almost without exception, a manually

constructed alignment would have been preferred, but maintaining a comprehensive collection of

hand-built alignments is not feasible.  If the clustering is done at a high level of similarity, such as

50% identity, the alignment can be generated relatively reliably with automatic methods, but this

will fragment true families and compromise the speed and sensitivity of searching.  To avoid this,

high-quality alignments of large superfamilies are needed, which frequently require manual a p-
proaches.

                    Apart from the multiple alignment construction problem, a fully automatic approach also has
to provide a clustering and, to work for multi-domain proteins, define domain boundaries.  For
instance, the Domainer algorithm
10

, which performs the clustering of domain families based on
all versus all Blastp matching, is a fully automatic approach that was used for building the Pr o-

Dom database.  We are most familiar with the Domainer method, but believe that other aut o-
mated sequence clustering approaches share similar drawbacks.  The clustering level of Domainer
depends on the score level of accepted pairwise Blastp matches.  Domain borders are inferred by
analysing the extent of the BLAST matches and from N- and C-terminal ends.  The main problem
with Domainer is that it does not scale well.  As the sequence database grows, this will have se v-
eral manifestations:  1) The computing time increases in the order of  N
2

.  2)  Either the clustering
level must go up or the risk of false family fusions will increase.  3) The domain boundaries b e-
come less reliable due to more noise in the Blastp data.  4) The quality of the alignment drops as
more members are added.  F urther drawback s of Domainer are  that it is sensitive to incorrect
data, and that it is a one-off process that does not allow incremental updates but must be co m-
pletely rerun at each source database update.  This is not only very costly computationally, but
also means that the families are volatile, due to the heuristic character of the algorithm, and can
not be permanently referenced from other databases.  It is not well-suited for classification, since
the families lack family-level annot a tion.

                    Presently available fully automatic methods are thus not suitable for a high-quality f amily-
based classification system.  Could a combination of manual and automatic approaches be a sol u-
tion?  The question here is really how much manual work has to be done to achieve a compr e-
hensive database.  This depends on the distribution of protein family sizes.  Based on sequence
similarity, it is clear that the universe of proteins is dominated by a relatively small number of
common families
                                                                                                                    11

.  The same type of analysis on the structural level reveals that there are a few
families of very frequently occurring folds
12

, and it has been estimated that a third of all proteins
adopts one of nine `superfolds´
13

.  This led us to believe that a semi-manual approach initially
applied to the largest families could capture a substantial fraction of all proteins.  For practical
reasons however, it is usually not possible to build correct alignments solely based on the s e-
quence data from members sharing a common fold, since often there is essentially no sequence

similarity at this level.  The structural information required to produce a correct alignment is

available only for a fraction of proteins.  It therefore makes more sense to perform the clustering

at the superfamily or family level, where common ancestry and sequence similarity are reason a-

bly clear.

                    A major stumbling block of manual approaches is the problem of keeping the alignments up to

date with new releases of protein sequences.  A robust and efficient updating scheme is required

to ensure stability of the database.  These requirements are met in Pfam by using two alignments:

a high quality seed  alignment, which changes only little or not at all between releases, and a full

alignment, which is built by automatically aligning all members to a hidden Markov model based

profile (HMM) derived from the seed alignment.  The method that generates the best full alig n-

ment may vary slightly for different families, so the parameters used are stored for reproducibi l-

ity.  This split into seed/full is the main novelty of Pfam´s approach.  If a seed alignment is unable

to produce an HMM which can find and properly align all members, it is improved and the gat h-

ering process is iterated until a satisfactory result is achieved.

                    The seed and full alignments, accompanied by annotation and cross-references to other family

and structure databases and to the literature, and the HMMs, are what make up Pfam-A.  Each

family has a permanent accession number and can thus be referenced from other databases.  For

release 1.0, we strived to include every family with more than 50 members in Pfam-A.  All s e-

quence domains not yet in Pfam-A were then clustered and aligned automatically by the D o-

mainer program into Pfam -B.  Together, Pfam-A and Pfam-B provide a complete clustering of all

protein sequences.  The quality of the Pfam-B alignments is generally not sufficient to construct

useful HMMs.  The main purposes of Pfam-B are instead to function as a repository of homology

information and a buffer of yet uncharacterised protein families.  As these families become larger

they will benefit more from being incorporated into Pfam-A.  Our goal is to progressively intr o-

duce the largest Pfam-B families into Pfam-A.

                    This paper describes how Pfam was constructed and presents results from applying the Pfam

HMM library to analyse protein families in Swissprot and to classify 4874 proteins found in 30

Mb of genomic DNA from C. elegans .

Methods

Pfam-A

HMMs

Hidden Markov model based profiles (HMMs) have been used extensively both for the constru c-
tion of Pfam, and for detecting matches to Pfam families in database sequences .  Although hidden

Markov models are a general probabilistic modelling technique, we will use HMM in this paper
to mean a specific form of model which describes the sequence conservation in a family.  This
type of HMM consists of a linear chain of match, delete and insert states
14,15

.  The match state
contains probabilities for amino acids in a given column, while the transition probabilities to and
from insert and delete states reflect the propensity to insert a residue or skip one at a given pos i-
tion.  The HMM parameters can either be estimated directly from a multiple alignment, or iter a-
tively by an Expectation-Maximisation procedure from unaligned sequences.  A protein sequence
can be aligned to an HMM using dynamic programming to find its most probable path through
the states.  The logarithm of this probability over the probability of a random model gives the
score of the match, usually e x pressed in bits (logarithm base 2).

                    Score matrix based p rofil es
16

 are similar and might also have been used  throughout .   Ho w-
ever, there are reasons to believe that HMMs are a somewhat superior approach to matrix based
profiles
                                                     14

                                                               .  A practical reason for choosing HMMs was the suitability to the task of the HMMER
package
                                                         17

                                                                   , which includes the programs Hmmls for finding multiple non-overlapping complete
domains in a target sequence, and Hmmfs for finding multiple non-overlapping partial and/or full
domains.

Seed and full alignments

The philosophy behind Pfam-A  i s to construct a seed alignment for each family, from a non-
redundant representative set of full length domain sequences trusted to belong to the family.  The
quality of each seed alignment was controlled by manual checking.  From the seed alignment, an

HMM was built, which then was used to find new members and to generate the alignment of all
detected members.  The process of seed alignment and member gathering was iterated as outlined

in figure 1 if the initial seed was unsatisfactory. The HMMs were n ot  built from the all-member

alignment since this may contain incomplete or incorrect sequences which may affect the HMM

adversely.  The full alignments were never edited; if they were unacceptable, either the seed

alignment was improved or the method to generate the full alignment from the seed was changed.

Seed alignment construction

The initial members of a seed were collected from one of several sources: Swissprot, Prosite,

structural alignments

18
, ProDom

10
, BLAST results, repeats found by Dotter

19
 or published

alignments.   Families were chosen on an ad hoc  basis, with a bias towards families with many

members.  If the source provided a complete alignment of the seed members, this was used, but

usually  an alignment had to be built and compared to known salient features such as active site

residues or s tructurally important residues.  Of the automated alignment methods used (Clustalw

20
           , Clustalv

                                                                            21
                                                                                       , HMM training

22
), Clustalw most often produced the best alignment.   In a few

cases, manual editing of the seed alignment was necessary.  Any sequence that was suspected to

contain an error such as truncation, frameshift or incorrect splicing was not included in the seed

alignment, to avoid adding noise to the HMM.  This is important since up to 5% of the sequences

in Swissprot may contain such e r rors (T. Gibson, personal communication).

HMM construction

From each seed alignment an HMM was built  using the Hmmb program.  Altho ugh care was

taken to assure that the seed members did not include very similar sequences, one of two different

weighting  scheme s

23

24
 was applied to minimise any pote n tial bias towards a subgroup.

                    To avoid overfitting and to make the HMM more general, amino acid frequency priors were

normally derived according to an ad hoc  pseudocount method

25
 using the BLOSUM62 substit u-

tion matrix .  H owever, for some families (e.g. EGF, ef-hand, globin, ig ), the less specific Laplace

(`plus one´)  priors gave better results, and were ther e fore used.

Full alignment construction

Each HMM thus constructed was then compared to all sequences in Swissprot.  This was either

done directly with the search programs Hmmls or Hmmfs, or by converting the HMM to a GCG

profile

                                               26
                                                          in order to be able to use the very fast Bioccellerator hardware from Compugen

27
.

quence sections larger than 30 residues that were not covered in Pfam-A into separate entries. A
protein with a Pfam-A domain in the centre that has long flanking regions on either side, will thus
generate two entries.  By doing this, Domainer will consider each section as an independent s e-
quence, and the boundary to the Pfam-A segment will be used as a real domain boundary.  All
sequences known to be fragments were omitted since these would induce false domain boundaries
in Domainer.

                    The Domainer process was further improved by filtering the Blastp output with MSPcrunch
28
to remove biased composition matches, trim off overlapping ends of consecutive BLAST
matches, and to reduce redundancy.  As can be seen in figure 3, the growth of Homologous S e-
quence Sets (HSSs), is practically linear with the number of homologous Sequence Pairs (HSPs)
processed, while running Domainer on all of Swissprot gives rise to large plateaux in areas of
large redundancy
                                                                                                                  10

.  Although Pfam 1.0 is based on release 33 of Swissprot, which contains more
than twice as many sequences as release 21, which ProDom 21 was based on, the number of HSPs
was slightly reduced.  Without reduction in redundancy by Pfam-A and MSPcrunch a quadrupling
would have been expected.  The time consumption for processing the HSPs into HSSs was 26.3
hours on one workstation.  Performing the Blastp all versus all comparison took a total of 184.6
hours, but the elapsed time was reduced by running on a number of workstations in parallel.

These timings show that it is clearly feasible to rerun the process period i cally.

                    The Pfam-B alignments are released  together with Pfam-A in one flat file.  The format is e s-
sentially the same, but each Pfam-B cluster is assigned a volatile accession number (PDxxxxx),
which is only valid for a particular release.  Information sparse alignments that Domainer som e-
times produces are avoided by excluding any alignment where more than 25% of the residues are
gaps.  In Pfam 1.0 this eliminated 34 out of 11963 alignments.

Incremental updating

Pfam was designed with easy updating in mind.  When new sequences are released, they are
compared to the existing models and if they score above the cutoff they are automatically added
to the full alignment.  Normally the seed alignment is not altered, except for updating of corrected
seed sequences.  However, if new sequences give rise to problems, such as strong cross-reaction
between families, the seeds may have to be improved to become more specific for the respective

families.  Once Pfam-A is brought up to date, Pfam-B is regenerated on the rest of Swissprot as

described above.

Results

We have constructed and made available a comprehensive library of protein domain families as
described in the Methods section.  Together with the HMM technology, this can provide an a d-
vance over traditional database searching in sequence analysis for classification purposes.  Figure

4A illustrates the proportions of Swissprot that are covered by Pfam-A and Pfam-B.  A third of all

Swissprot proteins have one or more domain in Pfam-A, and a fifth of all residues are aligned in a

Pfam-A family.  Pfam-B is roughly twice the size of Pfam-A, leaving only 22% of all proteins
without any segment in Pfam at all.  Pfam is available via anonymous FTP at ftp.sanger.ac.uk and
genome.wustl.edu in /pub/databases/Pfam.  There are two main data files: pfam, which contains
the annotation and alignments of all Pfam families, and swissPfam, which contains the Pfam d o-
main organisation for each Swissprot entry in Pfam.  There are also World Wide Web servers on
http://www.sanger.ac.uk/Pfam and http://genome.wustl.edu/Pfam which allow browsing and

HMM searching against Pfam-A with a query sequence.   Table I summarises the families cu r-
rently in Pfam-A and the sizes of the seed and full alignments.  On average, the full alignments
have 3.5 times as many members as the seed alignments.  About 60% of the Pfam-A families
have at least one member with a known structure .  These families are cross-reference d to  PDB
30

,
which is used to link them to the structural classification database SCOP
12

 from the Pfam WWW
servers.

                    The main use of Pfam is as a tool to identify and classify domains in protein sequences.  We
applied it to Wormpep 10, a database of 4874 predicted proteins from genomic sequencing of C.

elegans
                                                     31

                                                                .  The 2973  proteins for which no informative similarity has been found using the sta n-
dard Blast/MSPcrunch approach
28

 were searched for Pfam matches.  As significance cutoffs, the
previously recorded cutoffs that exclude negatives for each Pfam family were used.  211 Pfam
matches were found in 144 unannotated sequences.  A number of these matches had very high
scores, indicating that they would probably have been found by BLAST too, but had been missed
due to human error.  We have found empirically that most matches found by Pfam but not by

BLAST have scores below approximately 35 bits.  Table II lists the 118 matches with scores b e-
low 35 bits, representing genuinely novel classifications.  Adding all of them to the already ann o-
tated C. elegans  predicted proteins yields a classification rate of about 42%.  As seen in figure 4B,
already half that amount, 21%, is covered by matches to the Pfam-A HMM library.

                    An interesting case of family merging which illustrates the level of clustering in Pfam is shown

in figure 5 .  Here two families that were previously not considered related could be merged.  One

family is the glycoprotein hormones (Prosite: PDOC00234), and the other is a family of conne c-

tive tissue growth factor-like and C-terminal domains in extracellular proteins

32
.  None of these

references mention the other family.  After we had noticed this family-merger, which gives a

good quality alignment, we learned that the structure of a glycoprotein hormone had recently been

determined to be a cystine-knot fold

33
, which is the fold adopted by the growth factors TGF-ß2

34
           , NGF

                                                      35
                                                                  and PDGF-B

36
.  The link between these and the family of extracellular C-terminal

domains had already been made

32
.  I ronically ,  TGF-ß2, NGF and PDGF-B share so few sequence

features with the glycoprotein hormones ,  the connective tissue growth factor s  and the extracell u-

lar C-terminal domains that they could not be included in the Pfam fa m ily.

                    During the construction of Pfam,  a number of strong matches were found that d espite good

sequence similarity had not been class ified as true members before.  The alignments in figures 2b

and 2c contain two examples of this in the family Pfam:response_reg.  Members of this family are

usually found as a single N-terminal domain in response regulators of two-component systems,

where it receives a signal by phosphorylation by a sensor molecule.  The signal is then usually

transduced to a C-terminal DNA binding transcription factor which turns on the expression of a

set of downstream genes.  Sometimes the receiver domain is not combined with any other d o-

mains on the same chain, or is combined with other types of modules, such as kinase domains.

The cyanobacterial protein rcaC  (Swissprot: RCAC_FREDI Q01473), was previously found to

have a duplicated receiver domain

10
.  We now report a third receiver-like domain between the

two previously described ones.  Most of the conserved features are still clearly recognisable in

this third domain, although it has diverged further from the other two domains.  The other novel

annotation in figure 2B and C is in the yeast protein KFD3_YEAST (Swissprot P43565), which

was found as ORF YFL033c by genomic sequencing of S. cerevisiae  chromosome VI

37
.  As seen

in figure 2C, this protein has a protein kinase domain (split up in two matches) and one receiver

domain.  In the original analysis, it was only described as ^protein kinase~.  It further shares d o-

mains (Pfam-B_9674 and Pfam-B_9675) with cek1  in S. pombe (Swissprot CEK1_SCHPO

P38938), which also contains the protein kinase d o main,  but lacks the receiver domain.

                    Another example is the finding of a new fibronectin type III (FN3) domain

38
 in a mammalian

glycohydrolase.  FN3  domain s  have already been found in many bacterial glycohydrolases

39

40
,

but since this domain combination was found to be limited to the bacterial kingdom it was a s-
sumed that horizontal gene transfer had taken place from animal proteins with a completely di f-
ferent function.  We have detected an FN3 domain in the C-terminal part of human , dog and
mouse alpha-l-iduronidase (Swissprot IDUA_HUMAN P35475 ,  IDUA_CANFA Q01634  and

IDUA_MOUSE P48441 ) (see figure 6 A).  The closest homologue is ß-xylosidase from the bact e-
rium Thermoanaerobacter saccharolyticum , which lacks the FN3 domain.  The discovery of an
animal glycohydrolase linked to an FN3 domain  raises questions about the conclusion that all

FN3 domains in bacterial glycohydrolases have arisen by horizontal transfer of the FN3 domain
from an animal source.  An alternative scenario is that some ancestral glycohydrolases also po s-
sessed FN3 domains.

                    We have also detected previously undescribed K azal -type protease inhibitor d omain s
41

 in h u-
man and rat organic anion transporters (Swissprot OATP _HUMAN P46721 and OATP_RAT

P46720), and in rat prostaglandin transporter (Swissprot PGT _RAT Q00910), as shown in figure

7 .  As far as we know, this is the first time a Kazal domain has been described in transmembrane
proteins .   From the hydrophobicity p rofile  of these transporters
42

, it is clear that the predicted

Kazal domain lies in a region of about 90 residues between transmembrane helices 9 and 10 .

This region was predicted to protrude on the outside of the membrane by the program TopPred II

43

            for both PGT and OATP.  This supports the possibility of a disulphide-rich globular Kazal d o-
main, which may well be i m portant for substrate binding.

                    To what extent are proteins modular?  With Pfam, we can address this problem with higher
accuracy than before.  Of the proteins in Swissprot 33 containing at least one Pfam-A domain,

17% contain two or more domains, while 2.5% have five or more domains.  This is only a lower
bound since (1) not all domains are present in Pfam-A, (2) HMMs are not perfectly sensitive and

(3) it is based on proteins in Swissprot, which probably is biased towards single-domain proteins.

We have done the same analysis on Wormpep 10, which should represent a relatively unbiased
set of proteins.  28% of the proteins that matched Pfam-A families, matched in two or more d o-
mains, while 4% matched in five or more domains.  We expect that this number is higher for the
nematode C. elegans  than it would be for single cell organisms.

Discussion

                    We have presented a database which combines high-quality alignment information  with high

coverage of known protein sequences.  The level of clustering in Pfam-A is largely a result of the

sort of alignments we aimed at: full-domain alignments.  If subfamilies are too diverse, aligning

them together will produce a poor alignment with poor discriminative power.  The clusters are

thus on a level which gives maximum cluster sizes without disrupting the alignment.  In many

Pfam-A families the overall sequence similarity is discernible, but not very strong.  Clustering at a

higher similarity level, like PIRALN

2
 where the average family only has 6.7 members (see table

III) would give alignments of very tight subfamilies where little evolutionary information is co n-

tained.  This would diminish the advantages of multiple alignment based search methods like

HMMs by rendering them less sensitive to recognising distant members.  In Pfam, related su b-

families are generally merged into one family to achieve as diverse clusters as possible without

compromising alignment quality.

                    We have chosen a flat structure of families for Pfam, rather than a hierarchy of clusters.

Maintaining a hierarchy of clearly related families would have the advantage of more fine-grained

classification.  The current clustering of Pfam will often not permit functional inference of a

match, since proteins with a common structural origin but diverged functions may be bundled in

one family.  However, there were a number of reasons not to choose hierarchical clustering.

Creating the hierarchy of clusters for each family remains a hard and labour-intense problem, for

which no efficient and robust algorithm is known to us.  Subgroups of one superfamily would o f-

ten be very similar to each other, which would significantly increase the complexity of maintai n-

ing the families in a non-overlapping manner.  Furthermore, using subgroups for similarity

searching will increase the search time substantially, but preliminary experiments suggest that no

significant increase in sensitivity is gained by searching against subfamilies with the current

HMM implementation (data not shown).

                    It is interesting to compare Pfam clusters to those in Prosite.  Although often very similar, they

sometimes differ substantially.  The reason is that Prosite clusters are usually constructed with a

different goal in mind, i.e. describing very short motifs important for function.  Prosite clusters

therefore tend to include as many members as possible without destroying the pattern.  The level

of Prosite clustering thus depends on how well a pattern can be developed, which in turn depends

on the conservation characteristics throughout the family.  In some cases, several Prosite families
are merged together into one Pfam family.  For instance Pfam:lipocalin contains the members of
both Prosite:PDOC00187 (lipocalin) and PDOC00188 (Cytosolic fatty-acid binding proteins).  In
other cases Pfam extends Prosite families with new members, e.g. Pfam:Cys_knot contains both

Prosite:PDOC00234 (Glycoprotein hormones beta chain) and cystine knot domains from mainly
growth factors and extracellular proteins (figure 5).  Prosite families are often overlapping in the
sense that one family corresponds to most members, but additional subfamilies are needed to find
all members of divergent subfamilies.  For example, there are four Prosite patterns for protein
kinases (PDOC00100, PDOC00212, PDOC00213 and PDOC00629), but only one Pfam HMM is
needed.  On the other hand, families that share only a tiny motif of only a few residues, like e.g.

the P-loop
                                                                      44

                                                                                   (defined in Prosite PDOC00017 as [AG]xxxxGK[ST]), are not merged in Pfam if
there is no inter-family similarity beyond the common motif.  Often such patterns are in any case
too short to discriminate true matches from false, as is the case for the P-loop.  Pfam-A 1.0 co n-
tains some 35 families that are absent from Prosite, possibly because no discriminative pattern
could be found. Some of these families are currently being added to Prosite as `matrix´ entries
instead of patterns
9

.

                    The protein family databases Prints
45

 and Blocks
46

 are both based on a set of short ungapped
blocks of aligned residues to describe each family.  While the Blocks alignments were generated
automatically for all Prosite families, Prints was constructed using a more manual approach to
define the family clusters, similar to the Pfam member gathering step (see figure 1).  Hence Prints
also contains many clusters that are either absent from Prosite, or have a different clustering level.

The ungapped block approach has the advantage that robust and fast methods can be used both to
discover conserved regions within a family and to search a database for more members
47

.  By not
allowing gaps, hard to align regions that could easily cause misalignments are avoided.  However,
gaps also occur in conserved regions, and not allowing them may cause either misalignments or
truncation of the domain.  The principal practical difference from Pfam´s approach is that

PRINTS and BLOCKS contain short conserved regions, whereas Pfam alignments represent
complete d o mains, facilitating automated annotation.

                    ProDom is a protein family database that was entirely generated by the Domainer program
10
purely from pairwise sequence homology data with no human knowledge to guide clustering or
domain boundary definition.  It is useful as a catalogue of comprehensive low-quality alignments,

but the quality of the alignments and clusters is generally too low to produce information-rich

HMMs.  Unfortunately, the quality is inversely proportional to the number of family members and

very poor for short domain families.  For instance, nearly all zinc finger domains were lost due to

the crude `edge trimming´ of domain boundaries.

                    There are a number of other databases that contain valuable aspects of protein family classif i-

cation but were excluded from the comparison in Table III for a variety of reasons.  For instance,

Sbase

                                         48
                                                     and the  matrix entries in Prosite

9
 do not provide multiple alignments for the families.

The structural clustering in FSSP

49
 could in theory be combined with the structure-sequence

alignments in HSSP

50
 to produce a protein family clustering with multiple alignments, but since

this is not explicitly provided, and since a wide choice of different clustering levels are supplied,

we have not attempted to generate this.  The Conserved Regions database

51
, is only indirectly

accessible via the Beauty BLAST server on WWW and not as a complete aligned family dat a-

base.  The MBCRR

52
 and Taylor´s

53
 databases were not included since they were based on rel a-

tively small datasets and have not been updated for many years.

                    The seed/full alignment strategy of Pfam was intended make updates easy; our aim is to make

a new Pfam release for each new release of Swissprot.   To make Pfam an integral part of the

analysis process of genomic sequencing project, tools to store and display matches to Pfam fam i-

lies are currently being added to ACEDB

54
.  This will allow inspection of HMM match es  aligned

to Pfam seed alignment s and significantly improve large scale classification of proteins .

                    Our result s suggest that Pfam is valuable for genomic sequence analysis.  The improvement in

protein annotation relative to a human expert annotator using an integrated analysis workbench

based on pairwise similarities

28
 is more than just an increase in percentage annotated proteins.  It

avoids many problems inherent to single sequence database searching, such as over-reliance on

the annotation of the highest-scoring match and misannotation caused by multidomain proteins.

Pfam thus significantly reduces the task of annotators, and helps establish a coherent nomencl a-

ture.

32. Bork P. The modular architecture of a new family of growth regulators related to connective tissue growth

                                                                                factor. FEBS Lett. 2:125-130, 1993.

33. Lapthorn A.J., Harris D. C., Littlejohn A., Lustbader J. W., Canfield R. E., Machin K. J., Morgan F. J.,

                                                                                Isaacs N. W. Crystal structure of human chorionic gonadotropin. Nature 369:455-461, 1994.

34. Schlunegger M.P., Gruetter M. G. Refined crystal structure of human transforming growth factor beta 2 at

                                                                                1.95 A resolution. J. Mol. Biol. 231:445-458, 1993.

35. McDonald N.Q., Lapatto R, Murray-Rust J., Gunning J., Wlodawer A., Blundell T. L. New protein fold

                                                                                revealed by a 2.3-A resolution crystal structure of nerve growth factor. Nature 354:411-414,

                                                                                1991.

36. Oefner C., D’Arcy A., Winkler F. K., Eggimann B., Hosang M. Crystal structure of human platelet-d erived

                                                                                growth factor BB. EMBO J. 11:3921-3926, 1992.

37. Murakami Y., Naitou M., Hagiwara H., Shibata T., Ozawa M., Sasanuma S. I., Sasanuma M., Tsuchiya

                                                                                Y., Soeda E., Yokoyama K. and others. Analysis of the nucleotide sequence of chromosome VI

                                                                                from Saccharomyces cerevisiae. NAT. GENET. 10:261-268, 1995.

38. Bazan J.F. Structural design and molecular evolution of a cytokine receptor superfamily. Proc. Natl. Acac.

                                                                                Sci. U.S.A. 87:6934-6938, 1990.

39. Little E., Bork P., Doolittle R. F. Tracing the Sprea d of Fibronectin Type III Domains in Bacterial Glyc o-

                                                                                hydrolases. J. Mol. Evol. 39:631-643, 1994.

40. Bork P., Doolittle R. F. Proposed acquisition of an animal protein domain by bacteria. Proc. Natl. Acac.

                                                                                Sci. U.S.A. 89:8990-8994, 1992.

41. Kazal L.A., Spicer D. S., Brahinsky R. A. Isolation of a Crystalline Trypsin Inhibitor-Anticoagulant Pr o-

                                                                                tein from Pancreas.

J. Am. Chem. Soc. 70:3034-3040, 1948.

42. Kanai N., Lu R., Satriano J. A., Bao Y., Wolkoff A. W., Schuster V. L. Identification and Character ization

                                                                                of a Prostaglandin Transporter. Science 268:866-869, 1995.

43. Claros M.G., von-Heijne G. TopPred II: an improved software for membrane protein structure prediction.

                                                                                Comput. Appl. Biosci. 10:685-686, 1994.

44. Saraste M., Sibbald P. R., Wittinghofer A. The P-loop - a common motif in ATP- and GTP-binding pr o-

                                                                                teins. Trends. Biochem. Sci. 15:430-434, 1990.

45. Attwood T.K., Beck M. E. PRINTS - a protein motif fingerprint database. Protein Eng. 7:841-848, 1994.

46. Henikoff S., Henikoff J. G. Pro tein family classification based on searching a database of blocks. Geno m-

                                                                                ics 19:97-107, 1994.

47. Neuwald A.F., Green P. Detecting Patterns in Protein Sequences. J. Mol. Biol. 239:698-712, 1994.

48. Murvai J., Gabrielian A., Fabian P, Hatsagi Z., Degtyarenko K., Hegyi H., Pongor S. The SBASE protein

                                                                                domain library, Release 4.0: a collection of annotated protein sequence segments. Nucleic Acids

                                                                                Res. 24:210-214, 1996.

49. Holm L., Sander C. The FSSP database: fold classification based on structure-struc ture alignment of pr o-

                                                                                teins. Nucleic Acids Res. 24:206-210, 1996.

50. Schneider R., Sander C. The HSSP database of protein structure-sequence alignments. Nucleic Acids Res.

                                                                                24:201-205, 1996.

51. Worley K.C., Wiese B. A., Smith R. F. BEAUTY: An Enhanced BLAST-based Search Tool that Int e-

                                                                                grates Multiple Biological Information Resources into Sequence Similarity Search Results.

                                                                                Genome Research 5:173-184, 1995.

52. Smith R.F., Smith T. S. Automatic generation of primary sequence patterns from sets of related  protein

                                                                                sequences. Proc. Natl. Acad. Sci. U.S.A. 87:118-122, 1990.

53. Taylor W.R. Hierarchical method to align large numbers of biological sequences. Meth. Enzymol.

                                                                                183:456-474, 1990.

54. Durbin R., Thierry-Mieg J. ACEDB. World Wide Web URL: ftp://ftp.sanger.ac.uk/pub/acedb, 1996.

Figures

Figure 1 .  The procedure to construct the alignments and HMM fo r a Pfam-A family.
1

Initial
seed alignments are taken either from a published alignment or are made by one of the method s
described in the text.
2

By ` ok ´  we mean that known conserved features are correctly aligned and
that the overall alignment has sufficiently high information content to separate known positives
from negatives.

Figure 2 .  Example of the Pfam-A family response_reg (PF00072) with annotation  (A)  and
alignment (B) (only part shown). KFD3_YEAST and t he middle domain of RCAC_FREDI and
are novel members  of this family (see text) .  C. The Pfam domain organisation of the se  two pr o-
teins, and two other examples of modular proteins.  This schematic representation is provided for
each protein in Pfam in the release file swissPfam.   The whole sequence is represented with `=´
and the Pfam domains with `-´ on the lines below.  The columns of the domain lines are: Pfam ID,
nr. of domains, schematic, nr. of members in the family, Pfam accession nr., description (Pfam-A
families only) and start and end co-ordinates of the segments (not shown here).  D . Example of a

Pfam-B family produced by Domainer.  This family contains  the DNA binding effector domain of

RCAC_FREDI.

Figure 3 .  Construction of Pfam-B by Domainer.  Plot of Domainer run on Swissprot 33, exclu d-
ing sequences in Pfam-A.  Domainer groups the pairwise matches (HSPs) into stacks of matches

(HSSs) if different pairs share sequence regions.  46293 subsequences gave rise to 392207 HSPs,
which resulted in 98551 HSSs in 11929 families after subsequent clustering by Domainer.  When
domainer is run on the entire Swissprot, much time is spent on processing redundant pairs gene r-
ated by large families, generating long horizontal plateaux in the plot (See
10

, figure 3).  In co n-
trast, the Pfam plot is virtually linear, since the most redundant families are already in Pfam and
was thus removed before running Domainer.  The sharp increase of the curve´s slope at the end is
caused by adding all full-length sequences as pseudo-matches after all the heterogeneous
matches.

Figure 4.   A. Proportion of Swissprot 33 in Pfam, based on sequences and residues.  The portion
of uniq u e  sequences is slightly overestimated due to the exclusion of fragments and sequences

shorter than 30 residues from Pfam-B.  B. Proportion of Wormpep 10, comprising 4874 predicted

C.  elegans  proteins that is covered by Pfam matches.

Figure 5 . Selected members from Pfam:Cys_knot  (PF0007) .  This family clusters the two prev i-

ously described subfamilies CTGF-like (Connective Tissue Growth Factor) and glycoprotein

hormones in one single superfamily.  The similarity has recently been structurally co n firmed.

Figure 6 .   A. Selected members from Pfam:fn3  (PF00041) .  B. The domain organisation of id u-

ronidase from human and dog  (IDUA_HUMAN and IDUA_CANFA ), the first examples of a

mammalian glycohydrolase combined with a fibronectin type III  domain.

Figure 7 .  Selected members from Pfam:kazal (PF00050), showing the novel members

OATP_HUMAN, OATP_RAT and PGT_RAT, which are organic anion and prostaglandin tran s-

porters.

            Table I.   The families included in release 1.0 of Pfam-A and the number of members in the full

            and seed alignments.  Because the seed alignments are smaller than the full alignments, quality

            control and maintenance become more feasible tasks.

Description Members
in full / seed

7 transmembrane receptor (Rhodopsin family) 530 / 64

7 transmembrane receptor (Secretin family) 36 / 15

7 transmembrane receptor (metabotropic glutamate family) 12 / 8

ATPases Associated with various cellular Activities (AAA) 79 / 42

ABC transporters 330 / 63

ATP synthase A chain 79 / 30

ATP synthase subunit C 62 / 25

ATP synthase alpha and beta subunits 183 / 47

C2 domain 101 / 34

Cytochrome C oxidase subunit I 80 / 27

Cytochrome C oxidase subunit II 114 / 36

Carboxylesterases 62 / 27

Cysteine proteases 95 / 36

Cystine-knot domain 61 / 28

Phorbol esters / diacylglycerol binding domain 108 / 34

C-5 cytosine-specific DNA methylases 57 / 31

DNA polymerase family B 51 / 37

E1-E2 ATPases 117 / 24

EGF-like domain 676 / 75

Fibroblast growth factors 39 / 10

Glutamine amidotransferases class-I 69 / 39

Elongation factor Tu family 184 / 63

Helix-loop-helix DNA-binding domain 133 / 35

Heat shock hsp20 proteins 132 / 52

Heat shock hsp70 proteins 171 / 34

Bacterial regulatory helix-loop-helix proteins, lysR family 101 / 65

Bacterial regulatory helix-loop-helix proteins, araC family 65 / 42

KH domain family of RNA binding proteins 51 / 20

Kunitz/Bovine pancreatic trypsin inhibitor domain 79 / 44

Methyl-accepting chemotaxis protein (MCP) signaling domain 24 / 10

Class I Histocompatibility antigen, domains alpha 1 and 2 151 / 25

NADH dehydrogenases 61 / 25

Phosphoglycerate kinases 51 / 25

PH (pleckstrin  homology) domain 77 / 41

Purine/pyrimidine phosphoribosyl transferases 45 / 26

Ribosome inactivating proteins 37 / 19

Ribulose bisphosphate carboxylase, large chain 311 / 17

Ribulose bisphosphate carboxylase, small chain 107 / 49

Ribosomal protein S12 60 / 23

Ribosomal protein S4 54 / 19

Src Homology domain 2 150 / 58

Src Homology domain 3 161 / 62

Ser/Thr protein phosphatases 88 / 17

Transforming growth factor beta like domain 79 / 16

Triosephosphate isomerase 42 / 20

TNFR/NGFR cysteine-rich region 91 / 51
u-PAR/Ly-6 domain 18 / 13

Protein-tyrosine phosphatase 122 / 38

Fungal Zn(2)-Cys(6) binuclear cluster domain 54 / 29

Actins 160 / 24

Alcohol/other dehydrogenases, short chain type 186 / 52

Zinc-binding dehydrogenases 129 / 45

Aldehyde dehydrogenases 69 / 34

Alpha amylases (family of glycosyl hydrolases) 114 / 54

Aminotransferases class-I 63 / 29

Ank repeat 305 / 83

Apple domain 16 / 16

Arf family 43 / 21

Eukaryotic aspartyl proteases 72 / 26

Basic region plus leucine zipper transcription factors 95 / 22

Beta-lactamases 51 / 38

Cyclic nucleotide-binding domain 69 / 32

Cadherin 168 / 58

Cellulases (glycosyl hydrolases) 40 / 30

Connexin 40 / 16

Copper binding proteins, plastocyanin/azurin family 61 / 31

Chaperonins 10 Kd subunit 58 / 29

Chaperonins 60 Kd subunit 84 / 32

Crystallins beta and gamma 103 / 37

Cyclins 80 / 48

Cystatin domain 88 / 51

Cytochrome b(C-terminal)/b6/petD 133 / 10

Cytochrome b(N-terminal)/b6/petB 170 / 9

Cytochrome c 175 / 58

Double-stranded RNA binding motif 22 / 16

EF hand 739 / 86

Enolases 41 / 12

2Fe-2S iron-sulfur cluster binding domains 88 / 18

4Fe-4S ferredoxins and related iron-sulfur cluster binding d o mains. 156 / 60

4Fe-4S iron sulfur cluster binding proteins, NifH/frxC family 49 / 16

Fibrinogen beta and gamma chains, C-terminal globular domain 18 / 17

Intermediate filament proteins 146 / 36

Fibronectin type I domain 49 / 21

Fibronectin type II domain 37 / 17

Fibronectin type III domain 456 / 109

Glutamine synthetase 78 / 35

Globin 683 / 62

Glutathione S-transferases. 144 / 61
glyceraldehyde 3-phosphate dehydrogenases 117 / 23

Heme-binding domain in cytochrome b5 and oxidoreduct a ses 55 / 16

Hemopexin 37 / 14

Bacterial transferase hexapeptide (four repeats) 82 / 61

Core histones H2A, H2B, H3 and H4 178 / 30

Homeobox domain 385 / 64

Protein hormones (family of somatotropin, prolactin and others) 111 / 17

Peptide hormones (family of glucagon, GIP, secretin, VIP) 110 / 29

Pancreatic hormone peptides 53 / 15

Ligand-binding domain of nuclear hormone receptors 127 / 32

IG superfamily 1280 / 65

Small cytokines (intecrine/chemokine), interleukin-8 like 67 / 33

Insulin/IGF/Relaxin family 132 / 44

Interferon alpha and beta domains 47 / 17

Kazal-type serine protease inhibitor domain 155 / 53

Beta-ketoacyl synthases 46 / 11

Kringle domain 126 / 25

Laminin B (Domain IV) 15 / 9

Laminin EGF-like (Domains III and V) 134 / 72

Laminin G domain 41 / 26

Laminin N-terminal (Domain VI) 10 / 9

L-lactate dehydrogenases 90 / 30

Low-density lipoprotein receptor domain class A 98 / 43

Low-density lipoprotein receptor domain class B 61 / 23

Lectin C-type domain short and long forms 128 / 44

Legume lectins alpha domain 43 / 25

Legume lectins beta domain 40 / 25

Ligand-gated ionic channels 30 / 11

Lipases 23 / 16
lipocalins 115 / 58

C-type lysozymes and alpha-lactabulmin 72 / 21

Metallothioneins 62 / 21

Mitochondrial carrier proteins 62 / 32

Myosin head (motor domain) 52 / 21

Neuraminidases 55 / 7

Neurotransmitter-gated ion-channel 145 / 51

Notch 24 / 10

FAD/NAD-binding domain in oxidoreductases 101 / 56

Molybdopterin binding domain in oxidoreductases 35 / 15

Oxidoreductases, nitrogenase component 1 and other families 79 / 31

Cytochrome P450 204 / 64

Peroxidases 55 / 26

Phospholipase A2 122 / 37

Photosynthetic reaction center protein 73 / 27

Pilins (bacterial filaments) 56 / 23

Protein kinase 786 / 67

Pou domain - N-terminal to homeobox domain 47 / 10

Peptidyl-prolyl cis-trans isomerases 50 / 28

Pyridine nucleotide-disulphide oxidoreductases class-I 43 / 23

Ras family 213 / 61
recA bacterial DNA recombination proteins 74 / 31

Response regulator receiver domain 130 / 55
picornavirus capsid proteins 117 / 108

Pancreatic ribonucleases 71 / 30

RNase H 87 / 31

RNA recognition motif. (aka RRM, RBD, or RNP d o main) 279 / 70

Retroviral aspartyl proteases 82 / 34

Reverse transcriptase (RNA-dependent DNA p o lymerase) 147 / 50

Serpins (serine protease inhibitors) 105 / 43

Sigma-54 transcription factors 56 / 41

Sigma-70 factors 61 / 33

Copper/zinc superoxide dismutases (SODC) 68 / 29

Iron/manganese superoxide dismutases (SODM) 69 / 28

Subtilase family of serine proteases 91 / 43

Sugar (and other) transporters 107 / 51

Sushi domain 346 / 80

tRNA synthetases class I 35 / 19

tRNA synthetases class II 29 / 20

Thiolases 25 / 24

Thioredoxins 103 / 52

Thyroglobulin type-1 repeat 49 / 22

Snake toxins 172 / 48

Trefoil (P-type) domain 39 / 28

Trypsin 246 / 65

Thrombospondin type 1 domain 91 / 32

Tubulin 197 / 26

von Willebrand factor type A domain 50 / 37

von Willebrand factor type C domain 25 / 17

von Willebrand factor type D domain 15 / 6

WAP-type (Whey Acidic Protein) ’four-disulfide core’ 19 / 18

wnt family of developmental signaling proteins 105 / 15

Zinc finger, C2H2 type 1452 / 165

Zinc finger, C3HC4 type 69 / 52

Zinc finger, C4 type (two domains) 139 / 27

Zinc finger, CCHC class 188 / 122

Zinc-binding metalloprotease domain 152 / 45

Zona pellucida-like domain 26 / 11

Total 22306 / 6300

Table II.   Excerpt of the weakest Pfam matches (score s  up to 35 bits) to previously unclassified

C. elegans  proteins.

Pfam family

ID / Accession

Description Query Score

7tm_1 / PF00001 7 transmembrane receptor (Rhodopsin family) B0244.6 27.9

B0244.7 24.8

C30B5.5 24.2

R11F4.2 24.4

ZK418.6 27.9

ZK418.7 33.1

ZK1307.7 26.9

C2 / PF00168 C2 domain 2 x T12A2.4 22.6 - 28.9

DAG_PE-bind / PF00130 Phorbol esters / diacylglycerol binding domain F13B9.5 29.0

EGF / PF00008 EGF-like domain F35D2.3 17.6

K07D8.2 22.3

5 x R13F6.4 18.2 - 27.1

13 x ZK783.1 17.4 - 30.4

F28E10.2 25.5

HLH / PF00010 Helix-loop-helix DNA-binding domain C17C3.7 26.4

C17C3.8 25.5

C17C3.10 26.4

PH / PF00169 PH (pleckstrin  homology) domain ZK1248.10 34.8

SH2 / PF00017 Src Homology domain 2 T06C10.3 34.5
ank / PF00023 Ank repeat 3 x M60.7 28.4 - 34.7

K04C2.4 33.1
cadherin / PF00028 Cadherin B0034.3 27.7
cyclin / PF00134 Cyclins R02F2.1 29.6
fer4 / PF00037 4Fe-4S ferredoxins and related iron-sulfur cluster binding
domains.

C25F6.3 23.7
fn3 / PF00041 Fibronectin type III domain K09E2.4 28.6

ZC374.2 34.3
gluts / PF00043 Glutathione S-transferases. C25H3.7 25.4
ig / PF00047 IG superfamily F48C5.1 16.0

3 x K09E2.4 15.9 - 30.2

T02C5.3 22.8

C18A11.7 18.1

3 x K02E10.8 17.8 - 25.4
lectin_c / PF00059 Lectin C-type domain short and long forms ZK666.7 30.5
pkinase / PF00069 Protein kinase W07A12.4 32.1
rrm / PF00076 RNA recognition motif. (aka RRM, RBD, or RNP domain) C01F6.5 26.0

EEED8.1 27.1

C26E6.9A 30.9
sushi / PF00084 Sushi domain 2 x T07H6.5 29.0 - 34.5
thiored / PF00085 Thioredoxins C06A6.5 27.3

C35D10.10 23.3
tsp_1 / PF00090 Thrombospondin type 1 domain D1022.2 20.0

F01F1.13 30.5

F57C12.1 27.2
vwa / PF00092 von Willebrand factor type A domain ZK666.3 31.2

ZK666.7 33.9

ZK673.9 32.8
zf-C2H2 / PF00096 Zinc finger, C2H2 type 2 x C09F5.3 23.7 - 25.6

D1046.2 20.6

F21D5.9 28.1

2 x F26F4.8 24.2 - 31.1

4 x F53B3.1 22.3 - 32.9

T20H4.2 26.6

2 x ZC395.9 23.1 - 31.4
zf-C3HC4 / PF00097 Zinc finger, C3HC4 type C26B9.6 27.8

EEED8.9 30.4

F26F4.7 27.5
zf-C4 / PF00105 Zinc finger, C4 type (two domains) F21D12.1B 32.7
zf-CCHC / PF00098 Zinc finger, CCHC class C27B7.5 24.2
zn-protease / PF00099 Zinc-binding metalloprotease domain F53A9.2 21.2

F58A6.4 23.5

F42A10.8 31.3

F57C12.1 28.6

K11G12.1 22.8

Table III.   Comparison of databases that contain protein family clusters and multiple alignments.

Pfam-A

1.0

Pfam-B

1. 0

ProDom

28.0

PIRALN

11.0

BLOCKS

13 .0

PRINTS

10.0

       Alignment

       construction

Manual, Clustal,

HMM Domainer Domainer Pileup Motif SOPMA

       Source database Swissprot 33 Swissprot 33 Swissprot 28 PIR 48 Swissprot 32 OWL 26

       C lusters 175 11929 8031 2059 872 500

       Sequences 15,604 31,931 23,048 11 , 367 18,593 16,231

       Residues 3,560,959 8,957,230 6,632,274 4 , 376 ,550 1,858,812 1 , 634 , 436

       Average alignment

       width (including gaps) 297 180 154 354 32 18

       Average

       cluster size 127 5.7 3.3 6.5 19 37

Figure 2 B

                 PSLLLIEDDEAIRTALELSLTRQG.HR.....VATAA.SGEDGLKLLREQR.....PDLIVLDVMLPG........IDGFEVCRRIRRTD.Q.......LPIILLTAR..NDDIDVVVGL.ESGADDYVVKPV.QGRVLDARI

AFQ1_STRCO     2 112

                 MKIFICEDDPKQRENMVTIIKNYIMIEEkpmeIALATdNPYEVLEQAKNMNd....IGCYFLDIQLSTd.......INGIKLGSEIRKHDPV.......GNIIFVTSH..SELTYLTFVY.KVAAMDFIFKDD..PAELRTRI

AGRA_STAAU     1 120

                 GRILLVDDESAILRTFRYCLEDEG.YS.....VATAS.SAPQAEALLQRQV.....FDLCFLDLRLGE........DNGLDVLAQMRVQAP.......WMRVVIVTAH..SAVDTAVDAM.QAGAVDYLVKPC.SPDQLRLAA

ALGB_PSEAE     9 120

                 LNVLLVEDIELNVIVARSVLEKLG.NS.....VDVAM.TGKAALEMFKPGE.....YDLVLLDIQLPD........MTGLDISRELTKRYPRe....dLPPLVALTAN...VLKDKQEYL.NAGMDDVLSKPL.SVPALTAMI

ARCB_ECOLI   524 637

                 NRILIVDDEDNVRRMLSTAFALQG.FE.....THCAN.NGRTALHLFADIH.....PDVVLMDIRMPE........MDGIKALKEMRSHETR.......TPVILMTAY..AEVETAVEAL.RCGAFDYVIKPF.DLDELNLIV

ATOC_ECOLI     5 116

                 MTVMAVDDNPANLKLIGALLEDM..VQH....VELCD.SGHQAVERAKQMP.....FDLILMDIQMPD........MDGIRACELIHQLPHQq.....QTPVIAVTAH..AMAGQKEKLL.GAGMSDYLAKPI.EEERLHNLL

BARA_ECOLI   668 781

                 NKVLIIDDHPVLRFAVRVLMEKEG.FEV....IGETD.NGIDGLKIAREKI.....PNLVVLDIGIPK........LDGLEVIARLQSLGLP.......LRVLVLTGQ..PPSLFARRCL.NSGAAGFVCKHE.NLHEVINAA

BVGA_BORPE     3 115

                 IRVLSVDDSALMRQIMTEIINSHSDMEM....VATAP.DPLVARDLIKKFN.....PDVLTLDVEMPR........MDGLDFLEKLMRLRPM........PVVMVSSLtgKGSEVTLRPL.ELGAIDFVTKPQ.LGIREGMLA

CHEB_ECOLI     4 118

                 LKFLVVDDFSTMRRIVRNLLKELG.FNN....VEEAE.DGVDALNKLQAGG.....YGFVISDWNMPN........MDGLELLKTIRADGAMs.....ALPVLMVTAE..AKKENIIAAA.QAGASGYVVKPF.TAATLEEKL

CHEY_ECOLI     5 119

                 KKILVIDDHPAVMEGTKTILETDSNLS.....VDCLS..PEPSEQFIKQHDfs..sYDLILMDLNLGGe.......VNGMELSKQILQENPH.......CKIIVYTGY..EVEDYFEEAI.RAGLHGAISKTE.SKEKITQYI

CMA1_BACSU     2 117

                 MKLLVAEDEPKTGIYLQQGLREAG.FN.....VDRVV.TGTDAVDQALNEA.....YDLLILDVMMPG........LDGWEVIRRLRTAGQP.......VPVLFLTAR..DGVDDRVKGL.ELGADDYLVKPF.ALSELLARV

COPR_PSESM     1 112

                 SKLLLVDDDIELTELLSTLLELEG.FD.....VETAN.NGLEALQKLNES......YKLVLLDVMMPK........LNGIETLKEIRKV.SN.......VPVMMLTAR..GEDIDRVLGL.ELGADDCLPKPF.NDRELIARI

CPXR_HAEIN     2 111

                 ETVWLVEDEQGIADTLVYMLQQEG.FA.....VEVFE.RGLPVLDKARKQV.....PDVMILDVGLPD........ISGFELCRQLLALHPA.......LPVLFLTAR..SEEVDRLLGL.EIGADDYVAKPF.SPREVCARV

CREB_ECOLI     4 115

                 MRVLVVEDEQLLADAVATGLRREA.MA.....VDVVY.DGAAALERIGVND.....YDVVVLDRDLPL........VHGDDVCRKIVELGMP.......TRVLMLTAS..GDVSDRVEGL.EIGADDYLPKPF.AFSELIARV

CUTR_STRLI     1 112

                 PSVFLIDDDRDLRKAMQQTLELAG.FT.....VSSFA.SATEALAELSADF.....AGIVISDIRMPG........MDGLALFGKVLALDPD.......LPMILVTGH..GDIPMAVQAI.QDGAYDFIAKPF.AADRLVQSA

DCTD_RHIME     5 116

                 VNIVIIDDHQLFREGVKRILDFEPTFEV....VAEGD.DGDEAARIVEHYH.....PDVVIMDINMPN........VNGVEATKQLVELYPE.......SKVIILSIH..DDENYVTHAL.KTGARGYLLKEM.DADTLIEAV

DEGU_BACSU     4 117

                 LKVLVMDENGVSRMVTKGLLVHLG.CE.....VTTVS.SNEECLRVVSHE......HKVVFMDVCMPG........VENYQIALRIHEKFTKqr..hqRPLLVALSGN..TDKSTKEKCM.SFGLDGVLLKPV.SLDNIRDVL

ETR1_ARATH   610 725

                 MNAIIIDDHPLAIAAIRNLLIKND.IEI....LAELT.EGGSAVQRVETLK.....PDIVIIDVDIPG........VNGIQVLETLRKRQYS.......GIIIIVSAK..NDHFYGKHCA.DAGANGFVSKKE.GMNNIIAAI

EVGA_ECOLI     1 113

                 ASVIIMDEHPIVRMSIEVLLGKNSNIQV....VLKTD.DSRTAIEYLRTYP.....VDLVILDIELPG........TDGFTLLKRIKSIQEH.......TRILFLSSK..SEAFYAGRAI.RAGANGFVSKRK.DLNDIYNAV

FIMZ_SALTY     4 117

                 YTVHIVDDEEPVRKSLAFMLTMNG.FA.....VKMHQ.SAEAFLAFAPDVR.....NGVLVTDLRMPD........MSGVELLRNLGD..LKi.....NIPSIVITGH..GDVPMAVEAM.KAGAVDFIEKPF.EDTVIIEAI

FIXJ_RHIME     4 115

                 MRLLVVGKLNGQLSVAVKMAMNAG.AK.....VSHVE.TTEQATNALRAGQg....ADLLMVDYVLDI.........AGLIAANEAER..MR.......VPVVACGVD..ADPMRAANAI.KAGAKEFIPLPP..DAELIAAV

FLBD_CAUCR     1 109

                 LRVLLVDDSPIARATEGALVKALG.HS.....VEEAQ.DGEEAYVKVQNNT.....YDLILTDVQMPK........LDGFSLARRLKSTPAVa.....RIPVIILSSL..ASPEDKRRGL.DAGADAYLVKGElGVEVLAQAI

FRZE_MYXXA   659 773

                 IRVLVVDDHDLVRTGITRMLADIDGLQV....VGQAE.SGEESLLKARELK.....PYVVLMDVKMPG........IGGLEATRKLLRSHPD.......IKVVAVTVC..EEDPFPTRLL.QAGAAGYLTKGA.GLNEMVQAI

GACA_PSEFL     2 115

                 YKILIADDHPLFREAIHNVIADGFPGSE....VMETA.DLDSALGLTQEHDd....LDLILLDLNMPG........MHGLNGLMNLRNEAPT.......IPVVIVSAE..QDKQVVLQAI.TYGAVGFITKSS.PRAQMTEAI

GLPR_PSEAE     2 116

                 KQILIVEDEQVFRSLLDSWFSSLG.AT.....TVLAA.DGVDALELLGGFT.....PDLMICDIAMPR........MNGLKLLEHIRNRGDQ.......TPVLVISAT..ENMADIAKAL.RLGVEDVLLKPVkDLNRLREMV

HNR_ECOLI     8 120

                 ATVLVVDDETRSQDALRRTLDEE..FR.....VLTVS.SADEARALLLRQP.....VSVILCDQRMPG........LTGVEFLKEVRERWPE.......IVRIVISGY..TDSEDIIAGVnEAGIYQYILKPW.VPDHLIDTV

HOXA_ALCEU     6 117

                 PAILLVDDEPHSLAAMKLALEDD..FD.....VLTAQ.GAEAAIAILEEEW.....VQVIICDQRMPG........RTGVDFLTEVRERWPE.......TVRIIITGYt.DSASMMAAIN.DAGIHQFLTKPW.HPEQLLSSA

HUPR_RHOCA     6 117

                 IDILVVDDDISHCTILQALLRGWG.YN.....VALAN.SGRQALEQVREQV.....FDLVLCDVRMAE........MDGIATLKEIKALNPA.......IPVLIMTAY..SSVETAVEAL.KTGALDYLIKPL.DFDNLQATL

HYDG_ECOLI     6 117

                 TNVLIVEDEQAIRRFLRTALEGDG.MR.....VFEAE.TLQRGLLEAATRK.....PDLIILDLGLPD........GDGIEFIRDLRQ.WSR.......VPVIVLSAR..SEESDKIAAL.DAGADDYLSKPF.GIGELQARL

KDPE_ECOLI     2 112

                 MDVLVCEPIPIHRYRVTKDLENLG.CT.....VVSVG.AGDELVSRATSGVs....FDLIMTALKLPK........LGAIDIVQLLKQTNGAn....sTTPIVAITNY......FQEAAT.SRVFDDVLEKPV.KLDELKKLV

KFD3_YEAST  1635 1746

                 LQILIVDDHPVVAEGWGRIIRTKT.ACE....IASAP.SASEGWRAWRQAR.....PDLMVVDLSIGRn......kIAGIRLIERLRRVDPD.......LPILVFTMH..RSPVLARRAL.MFGANGIINKDS.PPAEICAAF

MOXX_PARDE    15 129

                 MKVIIVEDEFLAQQELSWLINTHSQMEI....VGSFD.DGLDVLKFLQHNK.....VDAIFLDINIPS........LDGVLLAQNISQFAHK.......PFIVFITAW....KEHAVEAF.ELEAFDYILKPY.QESRIINML

MRKE_KLEPN    58 169

                 ATILLIDDHPMLRTGVKQLISMAPDITV....VGEAS.NGEQGIELAESLD.....PDLILLDLNMPG........MNGLETLDKLREKSLS.......GRIVVFSVS..NHEEDVVTAL.KRGADGYLLKDM.EPEDLLKAL

NARL_ECOLI     7 120

                 YKILIVDDDQEILKLMKTALEMRN.YE.....VATHQ.NISLPLDITDFQG.....FDLILLDIMMSN........IEGTEICKRIRR...Ei.....STPIIFVSAK..DTEEDIINGL.GIGGDDYITKPF.SLKQLVAKV

NISR_LACLA     3 113

                 AIVFVVEDDISMRRSLTNLFRSVG.LE.....VVAFG.SAREMLQSTMPDV.....TSCLVLDVRLPG........LSGLDYQTELAR..LNi.....HIPIIFITGH..GDIPMTVRAM.KGGAVDFLSKPF.RDQELLDAV

NODW_BRAJA    20 131

                 GSILVADDDTAIRTVLNQALSRAG.YE.....VRLTG.NAATLWRWVSQGE.....GDLVITDVVMPD........ENAFDLLPRIKKMRPN.......LPVIVMSAQ..NTFMTAIRPS.ERGAYEYLPKPF.DLKELITIV

NTRC_BRASR     4 115

                 YKILVVDDDMRLRALLERYLTEQG.FQ.....VRSVA.NAEQMDRLLTRES.....FHLMVLDLMLPG........EDGLSICRRLRSQSNP.......MPIIMVTAK..GEEVDRIVGL.EIGADDYIPKPF.NPRELLARI

OMPR_ECOLI     5 116

                 YTIFCIDENPIVLNNIKNFLDDQI.FAV....IGVTD.SLKALMEILCTK......PDIILINVDMPD........LDGYELCSLLRKHSYFk.....NTPVIMVTEK..AGLVDRARAK.IVRASGHLTKPF.NQGDLLKVI

PATA_ANASP   261 374

                 CSILLIDDDVDVLDAYTQMLEQAG.YR.....VRGFT.HPFEAKEWVKADW.....EGIVLSDVCMPG........CSGIDLMTLFHQDDDQ.......LPILLITGH..GDVPMAVDAV.KKGAWDFLQKPS.IRAKLLILI

PGTA_SALTY     6 117

                 RKILIVEDECAIREMIALFLSQKY.YD.....VIEAS.DFKTAINKIKEN......PKLILLDWMLPG........RSGIQFIQYIKKQESYa.....AIPIIMLTAK..STEEDCIACL.NAGADDYITKPF.SPQILLARI

PHOB_HAEIN     3 115

                 KKILVVDDEESIVTLLQYNLERSG.YD.....VITAS.DGEEALKKAETEK.....PDLIVLDVMLPK........LDGIEVCKQLRQQKLM.......FPILMLTAK..DEEFDKVLGL.ELGADDYMTKPF.SPREVNARV

PHOP_BACSU     3 114

                 LKVMVIDDSKTIRRTAETLLKKVG.CD.....VITAI.DGFDALAKIADTH.....PNIIFVDIMMPR........LDGYQTCALIKNNSAFk.....STPVIMLSSK..DGLFDKAKGR.IVGSDQYLTKPF.SKEELLGAI

PILG_PSEAE     8 121

                 ARILIVDDSPTEMYKLTAMLEKHG.HQ.....VLKAE.NGGDGVALARQEK.....PDVVLMDIVMPG........LNGFQATRQLTKDAETs.....AIPVIIVTTK..DQETDKVWGK.RQGARDYLTKPV.DEETLLKTI

PILH_PSEAE     2 115

                 QKALIVDDEPDIRELLEITLGRMK.LD.....TRSAR.NVKEARELLAREP.....FDLCLTDMRLPD........GSGLDLVQYIQQRHPQ.......TPVAMITAY..GSLDTAIQAL.KAGAFDFLTKPV.DFDFRLREL

PILR_PSEAE     4 115

                 MKILLVEDDDVLIKVLTKNLTTHH.YI.....VDVVK.DGEMGWTYGSTFE.....YDLIILDIMLPN........LDGISLCKRFRAQGYT.......VPILLLTAQ..DNITAKVQGL.DAGADDYVVKPF.DPIELIARI

RCAC_FREDI     1 112

                 LLLMISADNEFNQSIVAVAASRGIRIQ.....IAPTP.DIAPAMLTNEPVLdg.fgEDPDVILMRLPSmpsraeviEQPNSELSNIWKTLQTfaerypKLPIVVIGDR..GEMSDRLEAM.RRGGKLFLVTPT.PPEQIVDTV

RCAC_FREDI   384 515

                 NKVMILDDDQDWLRTLPTLLKPWG.FK.....VTTLA.DPQQFWTVLQAVT.....PDALVLDVNMPQ........INGFELCQLLRSDPHWq.....RLPVLFLSVL..TDPTTQNQAF.AVGGDDYLCKPV.KG.......

RCAC_FREDI   526 632

                 MNVIIADDHPIVLFGIRKSLEQIEWVNV....VGEFE.DSTALINNLPKLD.....AHVLITDLSMPGdk.....yGDGITLIKYIKRHFPS.......LSIIVLTMN..NNPAILSAVL.DLDIEGIVLKQG.APTDLPKAL

RCSB_ECOLI     4 120

                 MMILVVDDHPINRRLLADQLGSLG.YQ.....CKTAN.DGVDALNVLSKNH.....IDIVLSDVNMPN........MDGYRLTQRIRQLGLT.......LPVIGVTAN..ALAEEKQRCL.ESGMDSCLSKPV.TLDVIKQSL

RCSC_ECOLI   809 920

                 RSLLLVDDDNAFLTRLARAMEKRG.FQ.....TEIAE.TVSAGKAIVQNRA.....PAYAVIDLRLED........GNGLEVVEALRERRPE.......ARIVVLTGY..GAIATAVAAV.KMGATDYLSKPA.DANDITNAL

REGA_RHOCA    13 124

                 ARILVVQEDPDIAAYLVSLFRQAG.YK.....ADAAT.EGPDAVEMVQASR.....PDVVFLDLALPQ........RWGPRFYSWMVTQPGCg.....NVPVVLVTDF......AGLELM.VPNAVGTVDKPF.DPVLLLALV

RRF1_DESVH     3 112

                 FHVLLVEDDAVSIQLCSKFLRKYG.CT.....VQVVS.DGLSAISTLEKYR.....YDLVLMDIVMPN........LDGATATSIVRSFDNE.......TPIIAMTGN..IMNQDLITYL.QHGMNDILAKPF.TRDDLHSIL

SKN7_YEAST   377 488

                 VKILVVEDNHVNQEVIKRMLNLEG.IEN....IELAC.DGQEAFDKVKELTskgenYNMIFMDVQMPK........VDGLLSTKMIRR.DLGy.....TSPIVALTAF..ADDSNIKECL.ESGMNGFLSKPI.KRPKLKTIL

SLN1_YEAST  1088 1206

                 VKVAIADDNRELLKTMEHYFQGHPEIEI....IATAS.NGKVCLQMLEEYT.....PDILLLDIIMPH........LDGLAVLEAMYQNDRMs.....SIQVIMLTAF..GQEDVMKQAV.DLGASYFMLKPF.EFDQLVQKI

SP0A_BACSH     4 119

                 AKILAVDDEKDILVLIQNILRRDQ.HQ.....VDILD.HVHGQPPDVFQG......YDLILLDVMMPD........IDGFELCKQIRPL.VD.......CPILFLTAK..TEEEAIVKGL.ITGGDDYITKPF.GVRELSARV

SPAR_BACSU     2 111

                 HHIVIVEDEPVTQARLQSYFTQEG.YT.....VSVTA.SGAGLREIMQNQS.....VDLILLDINLPD........ENGLMLTRALRER.ST.......VGIILVTGR..SDRIDRIVGL.EMGADDYVTKPL.ELRELVVRV

TORR_ECOLI     3 113

                 ITVALIDDHLIVRSGFAQLLGLEPDLQV....VAEFG.SGREALAGLPGRG.....VQVCICDISMPD........ISGLELLSQLPK...G.......MATIVLSVH..DSPALVEQAL.NAGARGFLSKRC.SPDELIAAV

UHPA_SALTY     2 112

                 DKILIVDDEHEIADLVELYLKNEN.YT.....VFKYY.TAKEALECIDKSE.....IDLAILDIMLPG........TSGLTICQKIRD...Kh.....TYPIIMLTGK..DTEVDKITGL.TIGADDYITKPF.RPLELIARV

VANR_ENTFC     3 113

                 KHVLVIDDDVAMRHLIVEYLTIHA.FK.....VTAVA.DSKQFNRVLSSET.....VDVAVVDLNLGR........EDGLEIVRTLAT...Ks.....DVPMIIISGDr.LEEADKVVAL.ELGATDFIAKPF.GTREFLARI

VIRG_AGRRA     2 113

                 ...MLVEDDHSISEMVDHYLTKEG.FG.....IVHAF.DGEEGIRLFQQGS.....YDLVLLDIMLPK........LNGMDFLKIIRE...Ks.....NIPVLMISAK..DGDVDKALGL.GFGADDYIAKPF.SMIELTARV

YCBL_BACSU     1 108

                 IKVLIVDDEPLARENLRVFLQEQSDIEI....VGECS.NAVEGIGAVHKLR.....PDVLFLDIQMPR........ISGLEMVGMLDPE.HR.......PYIVFLTAF....DEYAIKAF.EEHAFDYLLKPI.DEARLEKTL

YEHT_ECOLI     7 117

                 AHLLLVDDDPGLLKLLGLRLTSEG.YS.....VVTAE.SGAEGLRVLNREK.....VDLVISDLRMDE........MDGMQLFAEIQKVQPG.......MPVIILTAH..GSIPDAVAAT.QQGVFSFLTNPV.DKDALYQAI

YFHA_ECOLI     6 117

                 MRILLIEDDNLIGNGLQIGLTKLG.FA.....VDWFT.DGKTGMAALTSAP.....YDAVVLDLTLPK........LDGLEVLQQWRSNHQD.......VPVLILTAR..DTLDERVKGL.QSGADDYLCKPF.ALAEVAARL

YGIX_HAEIN     1 112

                 YQVLIAENSRFQAKQLAQILESEG.YQV....IGFAE.NGKELVKLYDEHRl....VDLITLDLNLPV........MDGYATFFEIKG..KGv.....LPRIVIVSEE..NTPAVLKNLI.DEGAMDYIPKPI.KREKILEKV

YLB3_LEPIN    12 125

                 TRVLVVDDAKFMRVKIREILEEAN.YII....AGEAA.DGEQAADLYKKLR.....PDLVTMDITMPV........KNGIKALRDILTFDPK.......AKVIMCTAM..RQQRIVTEAI.ELGAKDFIVKPF.EETKVLEAV

YOXH_BACSU     2 114

                 YRILILEQDASHAKKIASLLATIG.ME.....TLVVD.DPMKILARMQAFR.....PNLVLMDLYLPG........ATGSELTTIIRDHDDFy.....GIPILFLSQE..ADLDKQLAAL.KAGGDGFIKKPV.SREALIAAV

YPH5_THIVI   138 251

                 NKIMIVEDSEDIRGLLQNYLEKYG.YQ.....TVVAA.DFTAVLDVFLREK.....PDVVLLDINLPA........YDGYYWCRQIRQ.HST.......SPIIFISAR..SGEMDQVMAI.ENGGDDYIEKPF.SYDIVLAKI

YXDJ_BACSU     2 112

Figure 2 D

                 ...........RSAMTVTKNGEDLQLTPTELRLLLELSRRPGQALSRQQLLRLVWEHDYLGDSRLVDACVQRL

AFQ1_STRCO   137 198

                 ...........NSRSLIGPDGEQYKLPRSEFRAMLHFCENPGKIQSRAELLKKMTGRELKPHDRTVDVTIRRI

ARCA_ECOLI   148 209

                 ...........NSHSLITPEGQEFKLPRSEFRAMLHFCENPGKLQTREELLKKMTGRELKPQDRTVDVTIRRI

ARCA_HAEIN   147 208

                 QQDAESPLIIDEGRFQASWRGKMLDLTPAEFRLLKTLSHEPGKVFSREQLLNHLYDDYRVVTDRTIDSHIKNL

BAER_ECOLI   137 209

                 SELIVGNLTLNMGRRQVWMGGEELILTPKEYALLSRLMLKAGSPVHREILYNDIYNWDNEPSTNTLEVHIHNL

BASR_ECOLI   126 198

                 SELTVGNLTLNIGRHQAWRDGQELTLTPKEYALLSRLMLKAGSPVHREILYNDIYNWDNEPSTNTLEVHIHNL

BASR_SALTY   126 198

                 PVVRVGEWLVTPSINQISRNGRQLTLEPRLIDLLVFFAQHSGEVLSRDELIDNVWKRSIVTNHVVTQSISELR

CADC_ECOLI     5 77

                 TSLQIGDLQVDLLKRRATRGGKRIELTAKEFALLELLMRRQGEVLSKSLIASQVWDMNFDSDTNVIEVAIRRL

COPR_PSESM   127 199

                 PTLEVDALVLNPGRQEASFDGQTLELTGTEFTLLYLLAQHLGQVVSREHLSQEVLGKRLTPFDRAIDMHISNL

CPXR_ECOLI   133 205

                 EILSFDGITLHFSHGIATYNEENLNLTDYEFKILCLLLKSKGNVVSREELSLEVMEKPLTPFDRSLDMHISNL

CPXR_HAEIN   130 202

                 PVIRIGHFELNEPAAQISWFDTPLALTRYEFLLLKTLLKSPGRVWSRQQLMDSVWEDAQDTYDRTVDTHIKTL

CREB_ECOLI   131 203

                 PVLERAGIKLDPNRREVFRDGKEVQLAPKEFAVLEVLMRSEGAVVSAEQLLEKAWDENTDPFTNVVRVTVMTL

CUTR_STRLI   126 198

                 ...........FENHQFVFNNYLVNLSNIELKILRCLYINLGRYVSKEELKKGVWDTEDFVDSNTINVYIHRL

EPIQ_STAEP   116 177

                 MEIRNGDLSVDEATYSAKLKGRVLDLTFKEFELLKYLAQHPGRVFTRAQLLQEVWGYDYFGGTRTVDVHVRRL

GLNR_STRCO   126 198

                 ........................NIPPKEYAVLVILLEAAGKIVSKNTLLDQVWGDAEVNEESLTRCIYALR

IAGA_SALTI    36 84

                 ........................NIPPKEYAVLVILLEAAGEIVSKNTLLDQVWGDAEVNEESLTRCIYALR

IAGA_SALTY    36 84

                 PLVKFSDVTVDLAARVIHRGEEEVHLTPIEFRLAGRCSTMPEKYSPSGPVLNQVWGPNAVEHSHYLRIYMGHL

KDPE_ECOLI   128 200

                 IRRDLGPITFYLEERRVCVNGQTIPLTCREYDILELLSQRTSKVYTREDIYDDVYDEYSNALFRSISEYIYQI

NISR_LACLA   134 206

                 AVIAFGKFKLNLGTREMFREDEPMPLTSGEFAVLKALVSHPREPLSRDKLMNLARGREYSAMERSIDVQISRL

OMPR_ECOLI   137 209

                 AVIAFGKFKLNLGTREMFREDEPMPLTSGEFAVLKALVSHPREPLSRDKLMNLARGREYSAMERSIDVQISRL

OMPR_SALTY   137 209

                 ...........LDRGELSQGDQPVRLTATEAALMRIFAAHAGEVIGRTEL........EAAGDRAVDVQITRL

PETR_RHOCA   145 198

                 EVIEMQGLSLDPTSHRVMAGEEPLEMGPTEFKLLHFFMTHPERVYSREQLLNHVWGTNVYVEDRTVDVHIRRL

PHOB_ECOLI   131 203

                 QFIQIDELSIDENAQRVFFQQQEINLSSTEFKLLHFFMRHPEKVYSREQLLNRIWHNDLEVEYRTVDSYIRRL

PHOB_HAEIN   129 201

                 EVIEMQGLSLDPSSHRVMTGDSPLDMGPTEFKLLHFFMTHPERVYSREQLLNHVWGTNVYVEDRTVDVHIRRL

PHOB_KLEPN   131 203

                 APIEVGGLLLDPISHRVTIDGKPAEMGPTEYGLLQFFMTHQERAYTRGQRRDQVWGGNVYVEERTVDMDIRRL

PHOB_PSEAE   132 204

                 EVIEMQGLSLDPTSHRVMTGEEPLEMGPTEFKLLHFFMTHPERVYSREQLLNHVWGTNVYVEDRTVDVHIRRL

PHOB_SHIDY   131 203

                 EVIKMQGLSLDPTSHRVMAGEEPLEMGPTEFKLLHFFMTHPELVYSREQLLNHVWGTNVYVEDRTVDVHIRRL

PHOB_SHIFL   131 203

                 GQIVIGDLKILPDHYEAYFKESQLELTPKEFELLLYLGRHKGRVLTRDLLLSAVWNYDFAGDTRIVDVHISHL

PHOP_BACSU   138 210

                 QVISLPPFQVDLSRRELSINDEVIKLTAFEYTIMETLIRNNGKVVSKDSLMLQLYPDAELRESHTIDVLMGRL

PHOP_ECOLI   126 198

                 QVINIPPFQVDLSRRELSVNEEVIKLTAFEYTIMETLIRNNGKVVSKDSLMLQLYPDAELRESHTIDVLMGRL

PHOP_SALTY   127 199

                 PLLTWGDLLLNPSTCEVTYNGCPLNLTTMEYDLLELLLRNCQHVFSSEELLDKLWSSEDFPSEATVRSHVRRL

RCAC_FREDI   126 198

                 NVLVFSHLSIDHDAHRVTADGTEVSLTPKVYELLYFLAKTPDKVYDREKLLKEVWQYEFFGDLRTVDTHVKRL

RESD_BACSU   139 211

                 SKRVISGFLFHFDSKEVFINNNKLNLTKNEYKICEFLAQHKGRTFSREQIYEEIYGLEGNALYSTITEFIRTI

SPAR_BACSU   126 198

                 AVLRYEGLKLFPEECRVLLDDRELTLSPKEFRLLELFMRHPRRVWSRDQLLEKIWGIDFMGDSKTIDVHIRWL

SPHR_SYNP7   161 233

                 ..VQQLGELIFHDEGYFLLQGQPLALTPREQALLTVLMYRRTRPVSRQQLFEQVFSLNDEVSPESIELYIHRL

TCTD_SALTY   127 197

                 NLYRFAGYCLNVSRHTLERDGEPIKLTRAEYEMLVAFVTNPGEILSRERLLRMLSARRVENPDLRTVDVLIRR

TORR_ECOLI   134 206

                 ........................RLGSNESRILWLLAQRPNEVISRNDL........FEVDDSSLTQA....

TOXR_VIBCH    47 83

                 ........................RLGSNESRILLMLAERPNEVLTRNEL........FEVDDSSLTQA....

TOXR_VIBPA    35 71

                 NVIVHSGLVINVNTHECYLNEKQLSLTPTEFSILRILCENKGNVVSSELL........FSKSNNTITVHIRHL

VANR_ENTFC   133 197

                 ...........RQRRLISEEGGEIKLTAGEFNLLVAFLEKPRDVLSREQLLIASRVREEEVYDRSIDVLIFRL

VIRG_AGRRA   143 204

                 ...........RRRRLISEEGSEVKLTAGEFNLLVAFLEKPRDVLSREQLLIASRVREEEVYDRSIDVLILRL

VIRG_AGRT5   155 216

                 ...........RQRRLMSEAGGEVKLTAGEFNLLLAFLEKPRDVLSREQLLIASRVRDEEVYDRSIDVLILRL

VIRG_AGRT6   169 230

                 ENLQIGFLKIDINKRQVFKNGERIRLTGMEFSLLELLISKMGEPFSRAQI........RHIDTRVVDVHISRL

YC27_CYAPA   137 201

                 GIINIGFLKIDINRKQVYKNEERIRLTGMEFNLLELLISNSGEPLSRTTI........RHLDTRVVDVHISRL

YC27_GALSU   139 203

                 ..INIGFLKIDVNKHQVYKNNERVRLTGMEFSLLELLISKAGQPFSRATI........RQVDTRVVDVHISRL

YC27_PORAE   137 199

                 KVIRIHQLAIDIDNVSVLKNGEPLQLTSTEWQLLCLFASNPKKVFTKDQIYRSVWNEEYFDDQNIINVHMRRL

YCBL_BACSU   128 200

                 SVIEQAGVKLDQNQRSVWLNNQPISLTSREYKLLELFMLNKDRVLSRSSIEEKLSSWDEEISSGALDVHIYNL

YGIX_HAEIN   126 198

                 KVVEYAGVQLFVERFELRFQDEKSELSKKESKLLEVLLERGEKVTSRDRLMEKTWDTDIFIDDNTLNVYITRL

YXDJ_BACSU   131 203

                 NEIHIGSLVIFPDAYVVSKRDETIELTHREFELLHYLAKHIGQVMTREHLLQTVWGYDYFGDVRTVDVTVRRL

YYCF_BACSU   134 206

                 CKPSP...VNVTV........RYNGCT..IKVEMARCVGECKKTV..TYDYDIFQLKNSCL.....CCQEEDYEFRDIVLDCPDGSTLPYRYRHITACSCLD.PC

APMU_PIG  1062 1145

                 CTKTKKsPSPVRF........TYAGCSSVKKYRPKYC.GSCV.........DGR............CCTPQQTRTVKIRFRCDDGETFTKSVMMIQSCRCNY.NC

CE10_CHICK   281 354

                 CRPIN...ATLAV........EKEGCPVCITVNTTICAGYCPTMT..RVLQGVLPALPQVV.....CNYRDVRFESIRLPGCPRGVNPVVSYAVALSCQCA..LC

CGHB_HUMAN    29 113

                 CRPIN...ATLAA........EKEACPVCVTVNTTICAGYCPTMM..RVLQAVLPPVPQVV.....CNYREVRFESIRLPGCPPGVDPMVSVPVALSCRCA..LC

CGHB_PAPAN    29 113

                 CIRTPKiSKPIKF........ELSGCTSMKTYRAKFC.GVCT.........DGR............CCTPHRTTTLPVEFKCPDGEVMKKNMMFIKTCACHY.NC

CTGF_HUMAN   256 329

                 CIRTPKiAKPVKF........ELSGCTSVKTYRAKFC.GVCT.........DGR............CCTPHRTTTLPVEFKCPDGEIMKKNMMFIKTCACHY.NC

CTGF_MOUSE   255 328

                 CSKTKKsPEPVRF........TYAGCSSVKKYRPKYC.GSCV.........DGR............CCTPLQTRTVKMRFRCEDGEMFSKNVMMIQSCKCNY.NC

CYR6_MOUSE   284 357

                 CELTN...ITITV........EKEECGFCISINTTWCAGYCYTRD..LVYRDPARPNIQKT.....CTFKELVYETVKVPGCAHHADSLYTYPVATECHCS..KC

FSHB_BOVIN    21 105

                 CZLTN...ITIAV........EKEGCRFCITINTTWCAGYCYTRD..LVYKDPARPKIQKT.....CTFKELVYETVKVPGCAHHADSLYTYPVATZCHCG..KC

FSHB_HORSE     3 87

                 CELTN...ITIAI........EKEECRFCISINTTWCAGYCYTRD..LVYKDPARPKIQKT.....CTFKELVYETVRVPGCAHHADSLYTYPVATQCHCG..KC

FSHB_HUMAN    21 105

                 CELTN...ITITV........EKEECNFCISINTTWCAGYCYTRD..LVYKDPARPNIQKT.....CTFKELVYETVKVPGCAHHADSLYTYPVATECHCG..KC

FSHB_PIG    21 105

                 CELTN...ITISV........EKEECRFCISINTTWCEGYCYTRD..LVYKDPARPNTQKV.....CTFKELVYETIRLPGCARHSDSLYTYPVATECHCG..KC

FSHB_RAT    22 106

                 CELTN...ITITV........EKEECSFCISINTTWCAGYCYTRD..LVYKDPARPNIQKA.....CTFKELVYETVKVPGCAHHADSLYTYPVATECHCG..KC

FSHB_SHEEP    21 105

                 CRLNN...MTITV........EREDCHG..SITITTCAGLCETTD..LNYQSTWLPRSQGA.....CNFKEWSYEEVYLEGCPPGANP.FFIPVAKSCDCI..KC

GTH1_CORAU    32 113

                 CRLNN...MTIIV........EREDCHG..SITITTCAGLCETTD..LNYQSTWLPRSQGV.....CNFKEWSYEKVYLEGCPSGVEP.FFIPVAKSCDCI..KC

GTH1_ONCKE    32 113

                 CRLNN...MTITV........EREDCHG..SITITTCAGLCETTD..LNYQSTWLPRSQGV.....CNFKEWSYEKVYLEGCPSGVEP.FFIPVAKSCDCI..KC

GTH1_ONCMA    32 113

                 CHPKN...ISISV........ES..CGITEFILTTICEGQCYLED..PVYISHD...EQKI.....CNG.DWSYEVKHIEGCPVG....VTYPVARNCECT..AC

GTH1_THUOB     8 82

                 CQPIN...QTVSL........EKEGCPTCLVIQTPICSGHCVTKE..PVFKSPFSTVYQHV.....CTYRDVRYETIRLPDCPPWVDPHVTYPVALSCDCS..LC

GTH2_ONCKE    29 113

                 CQPIN...QTVSL........EKEGCPTCLVIQTPICSGHCITKE..PVFRSPFSTVYQHV.....CTYRDVRYEMIRLPDCPPWVDPHVTYPVALSCDCS..LC

GTH2_ONCMA    29 113

                 CQPIN...ETISV........EKDGCPKCLVFQTSICSGHCITKD..PSYKSPLSTVYQRV.....CTYRDVRYETVRLPDCRPGVDPHVTFPVALSCDCN..LC

GTHB_MURCI     6 90

                 CQPIN...QTVSL........EKEGCPTCLVIRAPICSGHCVTKE..PVFKSPFSTVYQHV.....CTYRDVRYEMIRLPDCPPWSDPHVTYPVALSCDCS..LC

GTHB_ONCTS    29 113

                 CRPIN...VTVAV........EKEECPQCMAVTTTACGGYCRTRE..PVYRSPLGPPPQSS.....CTYGALRYERWDLWGCPIGSDPKVILPVALSCRCA..RC

LSHB_COTJA    56 140

                 CRPIN...ATLAA........EKEACPICITFTTSICAGYCRSMV..RVMPAALPPIPQPV.....CTYRELRFGSIRLPGCPPGVDPMVSFPVALSCHCG..PC

LSHB_EQUAS    29 113

                 CHPIN...AILAV........EKEGCPVCITVNTTICAGYCPTMM..RVLQAVLPPLPQVV.....CTYRDVRFESIRLPGCPRGVDPVVSFPVALSCRCG..PC

LSHB_HUMAN    29 113

                 CRPIN...VTVAV........EKDECPQCMAVTTTACGGYCRTRE..PVYRSPLGRPPQSS.....CTYGALRYERWALWGCPIGSDPRVLLPVALSCRCA..RC

LSHB_MELGA    48 132

                 CRPIN...ATLAA........ENEACPVCITFTTSICAGYCPSMV..RVLPAALPPVPQPV.....CTYRELSFASIRLPGCPPGVDPTVSFPVALSCHCG..PC

LSHB_PIG    29 113

                 CQPIN...ATLAA........EKEACPVCITFTTSICAGYCLSMK..RVLPVILPPMPQRV.....CTYHELRFASVRLPGCPPGVDPMVSFPVALSCHCG..PC

LSHB_SHEEP    29 113

                 CKPVP...ATVGIqgeydyqnEKTNCS..ANIIMAKCSGQCQHKL..TYDTIDNKVVTKCR.....CCKADRVEPRKAHLVCDNGKKKIYKYKHITSCKCT..SC

MUB1_XENLA   301 391

                 CSTVP...VTTEV........SYAGCT..KTVLMNHCSGSCGTFV..MYSAKAQALDHSCS.....CCKEEKTSQREVVLSCPNGGSLTHTYTHIESCQCQDtVC

MUC2_HUMAN  2170 2254

                 CAVYH...RSLII........QQQGSSSSEPVRLAYCRGNCGDSSs.MYSLEGNTVEHRCQ.....CCQELRTSLRNVTLHCTDGSSRAFSYTEVEECGCMGrRC

MUC5_HUMAN   917 1004

                 CSAIP...VMKEI........SYNGCA..KNISMNFCAGSCGTFA..MYSAQAQDLDHGCS.....CCREERTSVRMVSLDCPDGSKLSHSYTHIESCLCQGtVC

MUCL_RAT   732 816

                 CRSSS...VNVTV........NYNGCK..KKVEMARCAGECKKTI..KYDYDIFQLKNSCL.....CCQEENYEYREIDLDCPDGGTIPYRYRHIITCSCLD.IC

MUCS_BOVIN   471 554

                 CMRHHY.VDSISH........PLYKCSS.KMVLLARCEGHCSQASrsEPLVSFSTVLKQPFrsschCCRPQTSKLKALRLRCSGGMRLTATYRYILSCHCE..EC

NDP_HUMAN    39 131

                 CMRHHY.VDSISH........PLYKCSS.KMVLLARCEGHCSQASrsEPLVSFSTVLKQPFrsschCCRPQTSKLKALRLRCSGGMRLTATYRYILSCHCE..EC

NDP_MOUSE    37 129

                 CIQTKKsMKAVRF........EYKNCTSVQTYKPRYC.GLCN.........DGR............CCTPHNTKTIQVEFRCPQGKFLKKPMMLINTCVCHG.NC

NOV_CHICK   258 331

                 CIRTKKsMKAVRF........EYKNCTSVQTYKPRYC.GLCN.........DGR............CCTPHNTKTIQVEFRCPQGKFLKKPMMLINTCVCHG.NC

NOV_COTJA   260 333

                 CLRTKKsLKAIHL........QFKNCTSLHTYKPRFC.GVCS.........DGR............CCTPHNTKTIQAEFQCSPGQIVKKPVMVIGTCTCHT.NC

NOV_HUMAN   264 337

                 CRKEQ...VREYY........TENDCRSRQPLKYAKCVGGCGN.................Q.....CCAAKIVRRRKVRMVCSNNRKYIKNLDIVRKCGCTK.KC

SLIT_DROME  1409 1479

                 CIPTE...YMMHV........ERKECAYCLTINTTVCAGYCMTRDvnGKLFLPKYALSQDV.....CTYRDFMYKTAEIPGCPRHVTPYFSYPVAISCKCG..KC

TSHB_BOVIN    22 108

                 CIPTE...YTMHI........ERRECAYCLTINTTICAGYCMTRDinGKLFLPKYALSQDV.....CTYRDFIYRTVEIPGCPLHVAPYFSYPVALSCKCG..KC

TSHB_HUMAN    22 108

                 CVPTD...YTLYE........ERRECDFCVAINTTICMGFCYSRDsnMKELAGPRFLIQRG.....CTYDQVEYRTVILPGCPLHANPLFTYPVALSCHCG..TC

TSHB_ONCMY    22 108

                 CIPTE...YMMHV........ERKECAYCLTINTTICAGYCMTRDfnGKLFLPKYALSQDV.....CTYRDFMYKTVEIPGCPHHVTPYFSYPVAISCKCG..KC

TSHB_PIG    22 108

                 CIPTE...YMMYV........DRRECAYCLTINTTICAGYCMTRDinGKLFLPKYALSQDV.....CTYRDFTYRTVEIPGCPHHVAPYFSYPVALSCKCG..KC

TSHB_RAT    22 108

                 CNDIT..ARLQYV........KVGSCKSEVEVDIHYCQGKCASKA..MYSIDINDVQDQCS.....CCSPTRTEPMQVALHCTNGSVVYHEVLNAMECKCSPrKC

VWF_HUMAN  2724 2811

Figure 6 A

                 S.YAPlPPLQLIEL.NAYGMTLAWPGT.....PDALSSLTLEC.QSLREQ...........LQFN..VAGNHT..QMRLAPLQPKTRYSCRLA.LAYAATp....GAPI

7LES_DROVI  1917 1997

                 P.TAP.V.LQQPGI.ESSRVTLNWSPSA...DDVAIFGYEIYK.SSSETGPf........IKIAT..VSDSVY..NYVDTDVVNGNVYYYKVV.AVDTSYn....RTAS

APU_THETY  1165 1248

                 PrRPP.GNISWTF..SSSSLSLKWDPVVplrNESTVTGYKMLY.QNDLHPTptlhltsknWIEIP..VPEDIG..HALVQIRTTGPGGDGIPA.EVHIVRn....GGTS

AXO1_RAT   914 1009

                 P.SAP.GTPTASNI.TDTSVKLSWSAAT...DDKGVKNYDV.LR...DGA...........KVAT..VTGTT....YTDNGLTKGTAYSYSVK.ARDTADq...tGPAS

CHIT_STRLI   142 219

                 P.DPP.QSVRVTSV.GEDWAVLSWEAPPf.dGGMPITGYLMER.KKKGSMRw.......mKLNFE..VFPDT...TYESTKMIEGVFYEMRVF.AVNAIGv....SQPS

CPSF_CHICK   491 577

                 P.GPP.QAVRVMEV.WGSNALLQWEPPKd.dGNAEISGYTVQK.ADTRTME.........WFTVL..EHSRPT..RCTVSELVMGNEYRFRVY.SENVCGt....SQEP

CPSF_CHICK   784 869

                 P.SAV.LQVKMDVM.TATTVTFKFFGPGn.dGGLPTKNYAVQY.KQDSQGW.........EDALN..RTWPVDs.PYILENLKPQTRYNFRFA.AQNEVGf....GPWS

FAS2_SCHAM   530 616

                 P.VVA.TSESVTEI.TASSFVVSWVSA.....SDTVSGFRVEY.ELSEEGDe........PQYLD..LPSTAT..SVNIPDLLPGRKYTVNVY.EISEE.......GEQ

FINC_BOVIN   689 768

                 P.DAP.PDPTVDQV.DDTSIVVRWSRP.....RAPITGYRIVY.SPSVEGS.........STELN..LPETAN..SVTLSDLQPGVQYNITIY.AVEEN.......QES

FINC_BOVIN   780 858

                 I.DKP.SQMQVTDV.QDNSISVRWLPS.....SSPVTGYRVTT.APKNGPGp........SKTKT..VGPDQT..EMTIEGLQPTVEYVVSVY.AQNQN.......GES

FINC_BOVIN  1511 1590

                 P.TTP.GTPVATGV.TTVGASLSWAASTd..AGSGVAGYEL.YR.VQGTTQ.........TLVGT..TTAAA....YILRDLTPGTAYSYVVK.AKDVAGn...vSAAS

GUNB_CELFI   651 733

                 P.DPP.KNLQLKPLkNSRQVEVSWEYPDt..WSTPHSYFSLTF.CVQVQGK.........SKREK..KDRVFT..DKTSATVICRKNASISVR.AQDRYYs....SSWS

I12B_HUMAN   235 320

                 P.GPV.TRLRALPL.TRGQVLLVWSDERv..GSKCLWTYEIQF.SADGEV..........YTPIS..RKPSTFn.LFVFSPESAVTSGSYRVR.AVDYWAr...pGPFS

IDUA_CANFA   547 632

                 P.GQV.TRLRALPL.TQGQLVLVWSDEHv..GSKCLWTYEIQF.SQDGKA..........YTPVS..RKPSTFn.LFVFSPDTGAVSGSYRVR.ALDYWAr...pGPFS

IDUA_HUMAN   548 633

                 P.EAP.FDLSVIYReGANDFVVTFNTSHlqkKYVKVLMHDVAYRQEKDENK.........WTHVN..LSSTKL..TLLQRKLQPAAMYEIKVR.SIPDHYfkgfwSEWS

IL7R_HUMAN   129 221

                 L.GAP.QNPNAKAA.GSRKIHFNWLPP.....SGKPMGYRVKY.WIQGDSEs........EAHLL..DSKVP...SVELTNLYPYCDYEMKVC.AYGAQGe....GPYS

ITB4_HUMAN  1127 1208

                 P.DTP.TRLVFSAL.GPTSLRVSWQEPR...CERPLQGYSVEY.QLLNGGE.........LHRLN..IPNPAQt.SVVVEDLLPNHSYVFRVR.AQSQEGw....GRER

ITB4_HUMAN  1581 1665

                 Q.TEP.PKVRLEGR.STTSLSVSWSIPPp..QQSRVWKYEVTYR.KKGDS...........NSYN..VRRTEGf.SVTLDDLAPDTTYLVQVQ.ALTQEGq....GAGS

KECK_HUMAN   436 519

                 P.SAV.SIMHQVSR.TVDSITLSWSQPDq..PNGVILDYELQY.YEKNLSE.........LNSTA..VKSPTN..TVTVQNLKAGTIYVFQVR.ARTVAGy....GRYS

KEK5_CHICK   444 528

                 P.DPPaGTPCASDI.RSSSLTLSWYGSSy.dGGSAVQSYTVEI.WNSVDNK.........WTDLT..TCRST...SFNVQDLQADREYKFRVR.AANVYGi....SEPS

KMLC_CHICK    60 145

                 P.SSI.ALVQAKEV.TRYSVALAWLEPDr..PNGVILEYEVKY.YEKDQN..........ERSYR..IVRTAAr.NTDIKGLNPLTSYVFHVR.ARTAAGy....GDFS

KSEK_MOUSE   441 525

                 P.TAP.TDVQISEV.TATSVRLEWSYK....GPEDLQYYVIQY.KPKNANQ.........AFSEI..SGIITM..YYVVRALSPYTEYEFYVI.AVNNIGr....GPPS

LAR_DROME   322 404

                 P.GAP.MDVKCHDA.NRDYVIVTWKPPNt.tSQNPVIGYFVDK.CEVGLEN.........WVQCN..DAPVKIc.KYPVTGLYEGRSYIFRVR.AVNSAGi....SRPS

MPSF_CHICK   371 457

                 P.SSP.SIDQVEP..YSSTAQVQFDEPEa.tGGVPILKYKAEWR.AMGEEVw.......hSKWYD..AKEASMegIVTIVGLKPETTYAVRLA.ALNGKGl....GEIS

NCA1_BOVIN   509 597

                 P.SPP.SFLKITNP.TLDSLTLEWGSPTh..PNGVLTSYILKF.QPINNTHel.....gpLVEIR..IPANES..SLILKNLNYSTRYKFYFN.AQTSV......GSGS

NRCA_CHICK   928 1014

                 G.SAP.TGLAVTAT.TSTSVSLSWNAV......ANASSYGV.YR...NGS...........KVGS..ATATA....YTDSGLIAGTTYSYTVT.AVDPTAg...eSQPS

PHB_ALCFA   344 418

                 P.DPP.SNLSVQVR.SGKNAIILWSPPT....QGSYTAFKIKV.LGLSEASss......yNRTFQ..VNDNTF..QHSVKELTPGATYQVQAY.TIYDG.......KES

PTP1_DROME   123 205

                 P.AQV.TDLHVANQgMTSSLFTNWTQA.....QGDVEFYQVLL.IHENVV..........IKNES..ISSETS..RYSFHSLKSGSLYSVVVT.TVSGG.......ISS

PTPB_HUMAN   554 632

                 P.PRPiAPPQLLGV.GPTYLLIQLNANSi.iGDGPIILKEVEYR.MT.SGS.........WTETH..AVNAP...TYKLWHLDPDTEYEIRVLlTRPGEGg...tGLPG

PTPK_MOUSE   290 376

                 V.SPP.TELTVTNV.TDKTVNLEWKHE......NLVNEYLVTY.VPTSSGGl........DLQFT..VPGNQT..SATIHELEPGVEYFIRVF.AILKN.......KKS

TENA_CHICK   593 671

                 P.PVPlAAPRLLTK.QSRQLVVSPLVSFs..GDGPISTVRLHYRPQDSTMD.........WSTIV..VDPSE...NVTLMNLRPKTGYSVRVQlSRPGEGg...eGAWG

TIE1_HUMAN   446 533

                 L.PKPlNAPNVIDT.GHNFAVINISSEPy.fGDGPIKSKKLLY.KPVNHYEa........WQHIQ..VTNEI....VTLNYLEPRTEYELCVQ.LVRRGEg....GEGH

TIE2_HUMAN   444 529

                 P.PQP.ENIKISNI.THSSAVISWTILD....GYSISSITIRY.KVQGKNE.........DQHVDvkIKNATIi.QYQLKGLEPETAYQVDIF.AENNIGs....SNPA

TIE2_HUMAN   639 724

                 L.GPP.ENISATR..NGSQAFVHWQEPRa.pLQGTLLGYRLAY.QGQDTPE.........VLMDI..GLRQEV..TLELQGDGSVSNLTVCVA.AYTAAGd....GPWS

UFO_HUMAN   327 411

                CVCPAS..........CS....GVa.ESIVCGSDGKDYRSECDLNKHAC.....DK.......QENVFKKFDGAC

AGRI_CHICK 154 201

                CLCPTT..........CF....GAp.DGTVCGSDGVDYPSECQLLSHAC.....AS.......QEHIFKKFNGPC

AGRI_RAT 165 212

                CVCAPD..........CS....NItwKGPVCGLDGKTYRNECALLKARC.....KE.......QPELEVQYQGRC

FSA_HUMAN 116 164

                CVCAPD..........CS....NItwKGPVCGLDGKTYRNECALLKARC.....KE.......QPELEVQYQGKC

FSA_PIG 116 164

                CVCAPD..........CS....NItwKGPVCGLDGKTYRNECALLKARC.....KE.......QPELEVQYQGKC

FSA_RAT 116 164

                CVCAPD..........CS....NItwKGPVCGLDGKTYRNECALLKARC.....KE.......QPELEVQYQGKC

FSA_SHEEP 109 157

                CKVYTEA.........CT....RE..YNPICDSAAKTYSNECTF....CNEKM.NN.......DADIHFNHFGEC

IAC1_BOVIN  14 61

                CAEFKDP......KVYCT....RE..SNPHCGSNGETYGNKCAF....CKAVM.KS.......GGKINLKHRGKC

IAC2_BOVIN   7 57

                CNVYRSH......LFFCT....RQ..MDPICGTNGKSYANPCIF....CSEKG.LR.......NQKFDFGHWGHC

IACA_PIG   7 57

                CDVYRSH......LFFCT....RE..MDPICGTNGKSYANPCIF....CSEKL.GR.......NEKFDFGHWGHC

IACS_PIG  12 62

                CARYQLPG........CP....RD..FNPVCGTDMITYPNECTL....CMKIR.ES.......GQNIKILRRGPC

IAC_MACFA  33 81

                CSPYLQVVRDGNtMVACP....RI..LKPVCGSDSFTYDNECGI....CAYNA.EH.......HTNISKLHDGEC

IOV7_CHICK  94 150

                CSDHPKP........ACL....QE..QKPLCGSDNKTYDNKCSF....CNAVV.DS.......NGTLTLSHFGKC

IOVO_ABUPI   8 56

                CSEYPKP........ACT....LE..YRPLCGSDSKTYGNKCNF....CNAVV.ES.......NGTLTLSHFGKC

IOVO_ALECH   6 54

                CTEYSDM.........CT....MD..YRPLCGSDGKNYSNKCIF....CNAVV.RS.......RGTIFLAKHGEC

IPSG_VULVU  68 115

                CGEMSAMHA.......CP....MN..FAPVCGTDGNTYPNECSL....CFQRQ.NT.......KTDILITKDDRC

IPST_ANGAN  12 61

                CTNEVNG.........CP....RI..YNPVCGTDGVTYSNECLL....CMENK.ER.......QTPVLIQKSGPC

IPST_BOVIN   9 56

                CTSEVSG.........CP....KI..YNPVCGTDGITYSNECVL....CSENK.KR.......QTPVLIQKSGPC

IPST_PIG   9 56

                CTNEVNG.........CP....RI..YNPVCGTDGVTYANECLL....CMENK.ER.......QTPVLIQKSGPC

IPST_SHEEP   9 56

                CNVDCN..........CPs...KI..WDPVCGNNGLSYLSACLA...GC..ET.SI.......GTGINMVFQNCS

OATP_HUMAN 439 485

                CNTRCS..........CS....TNt.WDPVCGDNGVAYMSACLA...GCKKFV.GT.......GTNM.VFQDCSC

OATP_RAT 439 486

                CEHMTESPD.......CS....RI..YDPVCGTDGVTYESECKL....CLARI.EN.......KQDIQIVKDGEC

PE60_PIG  37 86

                CRRDCS..........CP....DSf.FHPVCGDNGVEYVSPCHA...GC.....SS.......TNTSSEASKEPI

PGT_RAT 444 488

                CHDAVAG.........CP....RI..YDPVCGTDGITYANECVL....CFENR.KR.......IEPVLIRKGGPC

PSG1_MOUSE  33 80

                CICQDPA........ACPs..tKD..YKRVCGTDNKTYDGTCQLFGTKCQLEGtKM.......GRQLHLDYMGAC

QR1_COTJA 466 521

                CVCQDPET........CPp..aKI..LDQACGTDNQTYASSCHLFATKCMLEGtKK.......GHQLQLDYFGAC

SC1_RAT 424 479

                CVCQDP.TS.......CPap.iGE..FEKVCSNDNKTFDSSCHFFATKCTLEGtKK.......GHKLHLDYIGPC

SPRC_BOVIN  93 149

                CECISK..........CPeldgDP..MDKVCANNNQTFTSLCDLYRERCLCKR.KSkecskafNAKVHLEYLGEC

SPRC_CAEEL  74 135

                CVCQDP.TS.......CPap.iGE..FEKVCSNDNKTFDSSCHFFATKCTLEGtKK.......GHKLHLDYIGPC

SPRC_MOUSE  92 148

                CVCQDPST........CPts.vGE..FEKICGTDNKTYDSSCHFFATKCTLEGtKK.......GHKLHLDYIGPC

SPRC_XENLA  90 146