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ABSTRACT The function of many of the uncharacterized
open reading frames discovered by genomic sequencing can be
determined at the level of expressed gene products, the
proteome. However, identifying the cognate gene from minute
amounts of protein has been one of the major problems in
molecular biology. Using yeast as an example, we demonstrate
here that mass spectrometric protein identification is a
general solution to this problem given a completely sequenced
genome. As a first screen, our strategy uses automated laser
desorption ionization mass spectrometry of the peptide mix-
tures produced by in-gel tryptic digestion of a protein. Up to
90% of proteins are identified by searching sequence data
bases by lists of peptide masses obtained with high accuracy.
The remaining proteins are identified by partially sequencing
several peptides of the unseparated mixture by nanoelectro-
spray tandem mass spectrometry followed by data base
searching with multiple peptide sequence tags. In blind trials,
the method led to unambiguous identification in all cases. In
the largest individual protein identification project to date,
a total of 150 gel spots—many of them at subpicomole
amounts—were successfully analyzed, greatly enlarging a
yeast two-dimensional gel data base. More than 32 proteins
were novel and matched to previously uncharacterized open
reading frames in the yeast genome. This study establishes
that mass spectrometry provides the required throughput,
the certainty of identification, and the general applicability
to serve as the method of choice to connect genome and
proteome.

Many biological experiments produce patterns of gel-
separated stained proteins that then have to be identified to
make further experimental progress. Identifications are typi-
cally achieved by antibody staining, comparison of two-
dimensional (2D) gel positions, or other biochemical tech-
niques. These identifications are often uncertain—for exam-
ple, due to antibody cross reactivity or unexpected gel
mobilities—and generally require prior knowledge of the
protein. One then has to resort to protein sequence analysis,
which has been laborious and required relatively large quan-
tities of protein. DNA sequencing, in contrast, has made
tremendous progress in areas from PCR-based methods to
genomic sequencing, with the result that analysis has shifted to
the DNA level whenever possible.
Complete genomic sequences of model organisms such as

the budding yeast Saccharomyces cerevisiae are now available
(1). These have, however, had little direct impact on biochem-
ical experiments directed at the characterization of individual
proteins and protein complexes. No function can be assigned
to many of the open reading frames (here defined as a 300 bp

sequence without stop codon) discovered, nor is it known when
or whether they are expressed. The ability to perform large-
scale protein identification could help in the elucidation of
gene function at the protein level. It is also a precondition for
any large-scale study of expressed gene products in general, an
approach that has been termed ‘‘proteome analysis’’ (2, 3).
Rapid and generic protein identification requires an effi-

cient method to connect information at the protein level to
information at the genome level. Mass spectrometric identi-
fication of proteins in sequence data bases is a candidate for
such a method. The concept was originally presented by
Henzel et al.¶ and later published by a number of independent
groups (4–8). Shortcomings of previous approaches for large-
scale identification were insufficient sensitivity, the need for
extensive sample workup, low confidence in the assignments,
and the necessity of including non-mass spectrometric tech-
niques that limited the throughput and sensitivity of the overall
procedure (9–14). The development of efficient algorithms
(15, 16) for using tandem mass spectrometric data (17, 18) in
sequence data base searches has increased confidence in
protein assignments, but integration into a straightforward,
sensitive, and high throughput strategy has not yet been
described.
Here we report an efficient mass spectrometric strategy that

is shown to combine high sensitivity, certainty of identification,
and high throughput in the analysis of 150 yeast proteins. The
data are used in the further construction of a 2D yeast protein
map (19) and establishes that mass spectrometry by itself is a
very effective and sufficient method for large-scale protein
identification.

MATERIALS AND METHODS

Yeast Strains and Gel Preparation. Yeast strain S288C, the
strain whose genome has been sequenced, was used. Growth
conditions and gel preparation were as described previously
(19). Protein spots were visualized by autoradiography and
Coomassie blue staining. As judged by autoradiography, as
little as 0.3 pmol could be detected by Coomassie blue staining.
Protein Digestion. Protein spots were excised from the gel,

washed, in-gel reduced, S-alkylated, and in-gel digested with an
excess of trypsin (overnight at 378C) as described (20, 21). A
0.3 ml vol of a total of 15–30 ml digest solution was removed for
matrix-assisted laser desorptionyionization (MALDI) mass
spectrometric analysis. This aliquot corresponded to about
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1–2% of the solution and contained peptides in the range of
1–50 fmol per component. If necessary, gel pieces were further
extracted and the resulting peptide mixture was subjected to a
single desaltingyconcentration step before mass spectrometric
sequencing (22). In the latter part of the project, sample
preparation was performed in a laminar flow hood to avoid
contamination by keratins.
MALDI Mass Spectrometry. Microcrystalline matrix sur-

faces containing nitrocellulose were made by the fast evapo-
ration technique (23, 24) with modifications as described (21,
25). Acidified droplets (0.6 ml of 2–10% formic acid) were
placed on these surfaces, the peptide containing aliquots were
added, and the surface was washed twice after drying. MALDI
mass spectra of peptide mixtures were obtained on a modified
Bruker–Franzen (Bremen, Germany) REFLEX time-of-f light
(TOF) mass spectrometer equipped with the SCOUT multi-
probe inlet and a gridless delayed extraction ion source and
detector bias gating for reduction of the low-molecular weight
ion current, which in turn improves peptide ion detection
efficiency (26). Instrument operation was as described previ-
ously (23, 25). Some of the spectra were acquired in an
automatic mode using a fuzzy logic control algorithm to
regulate the laser irradiance (Fuzzy Logic Toolbox, Math-
works, Natick, MA). The algorithm evaluated the signal in-
tensity and the resolution of the base peak of each sum
spectrum of five laser shots. The laser irradiance was then up-
or down-regulated following parallel evaluation of a set of six
rules combined with the empirically determined fuzzy mem-
bership functions. Mass spectra were calibrated via an Apple-
Script (Apple Computer, Cupertino, CA) using several matrix-
related ion signals (myz 568.13, 855.10, and 1060.10) and
trypsin autodigestion peptide ion signals (myz 2163.057 and
2289.155). Monoisotopic peptide masses were assigned and
used in data base searches.
Nanoelectrospray Mass Spectrometry. All electrospray ex-

periments were done on an API III triple quadrupole instru-
ment (PE; Sciex, Thornhill, ON, Canada) with an upgraded
collision cell (27). The pneumatically assisted electrospray
source was replaced by the nanoelectrospray ion source de-
veloped in our laboratory and operated as described (22, 28).
Nanoelectrospray needles were pulled as described (22). A new
needle was used for each analysis to eliminate the risk of cross
contamination between different peptide digests.
Data Base Searching Using Mass Spectrometric Data. A

nonredundant protein sequence data base maintained and
updated daily at European Molecular Biological Laboratory
(EMBL) and the European Bioinformatics Institute (Hinxton,
U.K.) was used for all data base searches. This data base that
currently contains more than 200,000 entries was searched by
the PEPTIDESEARCH software (5, 29). All searches required less
than 20 sec on an Apple Macintosh Power PC 7100y80. No
restriction was placed on the species of origin of the protein,
on its isoelectric point, and a protein mass range from 0 to 200
kDa was allowed. The nrdb index file (updated weekly) is
available at ftp:yyftp.ebi.ac.ukypubydata basesyPep-
tideSearch and the PeptideSearch software is available via
http:yywww.mann.embl-heidelberg.deyMassSpecysoft-
ware.html. Data base searching by mass lists and peptide
sequence tags (15) is also possible via the World Wide Web at
the same home page.

RESULTS

Strategy for Mass Spectrometric Protein Identification.
Our aim was to develop a ‘‘layered’’ strategy that combines the
simplicity and very high throughput of peptide mass mapping
by MALDI TOF with the certainty of identification by tandem
mass spectrometric sequencing, and at the same time reduce
sample handling to an absolute minimum. Fig. 1 represents an
overview of the strategy for analysis of gel-separated protein

spots that was developed in the present study. Excised and
destained protein spots were in-gel reduced, alkylated, and
proteolytically degraded by trypsin, which was found to be
universally applicable because of its excellent properties as a
protease. Moreover, trypsin produces peptides of ideal size for
mass spectrometry and tryptic peptides contain the basic
amino acids Arg and Lys in C-terminal position, which facil-
itates subsequent mass spectrometric sequencing.
Small aliquots of the gel supernatant-containing released

tryptic peptides were analyzed by automated MALDI TOF
with high mass accuracy. The list of measured peptide masses
(the peptide mass map) was matched against the list of
calculated tryptic peptide masses for each protein or translated
open reading frame in a comprehensive sequence data base.
Most of the samples were identified by this first screening,
resulting in high throughput. If there was insufficient protein
or a protein mixture was present, the same sample, of which
only 2% had been consumed for MALDI analysis, was further
analyzed by nanoelectrospray tandem mass spectrometry. Sev-
eral of the peptides in the unseparated mixture were partially
sequenced resulting in unambiguous identification of the protein.
MALDI Analysis with Delayed Extraction and Automation.

To allow positive identification of a large percentage of
proteins, the mass spectrometric performance of MALDI
TOF peptide mass mapping had to be increased compared
with that previously used in this approach. Recent advances in
MALDI MS of peptides (for review, see ref. 30) were imple-
mented, of which sample preparation and the delayed ion
extraction technique (31–34) were found to be most important.
These improvements allow us to routinely obtain a mass
resolution of about 10,000 (full width at half maximum) and a
mass accuracy better than 50 ppm over a wide mass range and
even higher for a small mass range (25), dramatically increas-
ing search specificity by peptide mass maps.

FIG. 1. A strategy based exclusively on mass spectrometry to
identify proteins separated by 2D PAGE with certainty, sensitivity,
and high throughput.
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To further increase throughput, we completely automated
MALDI peptide mass mapping and data base searching. The
most critical part was the optimal regulation of the laser
intensity during automatic acquisition of the spectra. Several
ad hoc attempts using feedback control algorithms failed but
a real-time fuzzy logic-based algorithm produced MALDI
spectra very similar in quality to those of a skilled operator. A
systemwide macro language connected the different software
components used in the automation.
As an example, Fig. 2 shows the MALDI mass spectrum

obtained during the automatic identification of yeast protein
ILV5. Average absolute mass accuracy was 25 ppm over the
myz range of 800 to 3600, and 30 peptide peaks matched within
50 ppm of the expected tryptic masses for the protein sequence
retrieved by automated data base searching. Two terminal
sequence tags (35) could also be assigned. The data base entry
found by automatic analysis has a calculated molecular mass of
44.4 kDa and an isoelectric point of 9.46, whereas the apparent
positions on the gel were 38.8 kDa and 6.45, respectively.
Inspection of the feature table in the Swiss-Prot data base for
ILV5 revealed a mitochondrion signal peptide sequence at
residues 1–21 and an ArgyLys rich sequence at residues 3–49.
Additionally, the C-terminal peptide was detected in the
MALDI mass map, making N-terminal processing of the
protein the likely cause of the molecular weight discrepancy. If
the start of the mature protein is assumed at position 48 in the
sequence, a prominent but unassigned peak atmyz 1853.909 in
the peptide mass map matches the N-terminal tryptic peptide
within 40 ppm. This truncated protein sequence leads to
calculated 2D gel coordinates of 39.2 kDa and a pI of 6.28,
which agree with the observed ones. The MALDI mass map
coveredmore than 70%of the sequence of this abundant protein.
High Sensitivity Nanoelectrospray TandemMS with Parent

Ion Scans.When proteins could not be identified by MALDI
mass mapping, it was previously necessary to at least partially
fractionate the peptide mixture by chromatography and per-
form either tandemmass spectrometry or chemical sequencing
on the fractions. We now use nanoelectrospray ionization (22,
28, 36) coupled with a single desalting and concentration step
to allow direct analysis of the unseparated peptide mixture at
femtomole levels (20, 21).
It turned out that the limit of detection was not determined

by the absolute sensitivity of the mass spectrometer. At very
low sample levels, peptide ion signals were still present but
were obscured by chemical noise.We therefore used parent ion
scans of unseparated peptide mixtures (37) to detect these low
abundance peptides. Briefly, all precursor (or ‘‘parent’’) ions

producing the myz 86 fragment are recorded. This fragment is
not produced by chemical background but is specific for
peptides containing the common amino acids Ile and Leu.
The analysis of the protein sequenced in Fig. 3 marked by an

arrow in Fig. 4 illustrates a low level analysis. A faint protein
spot was not identified by MALDI peptide mapping since an
insufficient number of tryptic peptides was detected. When the
sample was analyzed by nanoelectrospray mass spectrometry,
no peptide signals apart from trypsin autolysis products were
apparent (Fig. 3A). However, a parent ion scan of myz 86
indicated the masses of several distinct ions. These doubly
protonated peptide molecules (Fig. 3B, designated TA–TC)
were fragmented in turn. The tandem mass spectrum resulting
from TA is typical for peptide amounts of only few femtomoles
(Fig. 3C). The spectrum is difficult to interpret completely, but
the upper myz region displays the simple fragmentation pat-
tern typical of doubly charged tryptic peptides. Amino acid
residues are easily assigned based on the mass differences
between adjacent peaks as indicated in Fig. 3. From this stretch
of sequence ions, a peptide sequence tag was constructed by
the program PEPTIDESEARCH. [A peptide sequence tag consists
of a short sequence combined with the distance, in mass units,
to the N and C termini of the peptide (15).] Independent
searches using this tag and the tags obtained from the tandem
mass spectra of peaks TB and TC identified the same yeast
protein, VMA2. However, its molecular mass of 57.8 kDa,
calculated on the basis of the DNA sequence does not agree
with the apparent mass of 32.3 kDa. All three peptides
(verifying a total of 28 amino acids) mapped to the C-terminal
part of the protein, suggesting N-terminal truncation as the
reason for the anomalous migration of the protein.
Certainty of Identification. To directly test the accuracy of

identification, a large set of proteins spots from the yeast 2D
gel of the Bordeaux group, which had previously been iden-
tified by conventional techniques, were analyzed as a blind
trial. For 41 of 46 proteins, previous assignments agreed with
the mass spectrometric results.
One protein (pIgel 5.07;Mr,gel 26.9 kDa) had previously been

assigned as ANC1 by amino acid analysis and by searching for
intron-containing genes. However, eight peptides measured by
MALDI MS mapped instead to the sequence of YNL010W
with an accuracy of 40 ppm, whereas only four peptides
matched another yeast protein, which moreover had a calcu-
lated mass of 97 kDa (no peptide mass matched the ANC1
protein). Additionally, three peptides were sequenced by
tandem mass spectrometry, each of which uniquely identified

FIG. 2. Identification of yeast protein ILV5 by automated MALDI mass spectrometry and automated data base searching. Ion signals whose
measured masses match calculated masses of protonated tryptic peptides, (M 1 H)1, within 50 ppm are indicated with circles. Terminal sequence
tags (35) are marked by arrows and with the amino acid producing the ragged end pattern. (Inset) A magnification of one of the tryptic peptide
peaks showing isotopically resolved signals differing by 1 Da due to the natural 13C abundance. Sequence coverage is greater than 70 percent.
Average absolute mass accuracy is 25 ppm and average resolution is 10,000. Some of the unmarked peaks are matrix related, some are trypsin
autolysis products and two matching peptides are outside the mass range shown.
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YNL010W. We conclude that the previous identification had
been incorrect.
In the remaining four cases, the previous analyses had

provided only tentative assignments. In each of these cases,
mass spectrometry unambiguously identified another protein,
the calculated Mr and pI values of which agreed with the
apparent ones.
Proteins Identified in this Study. Overall, 80% of the gel

spots marked on Fig. 4 were positively identified by MALDI
alone. The high mass accuracy achieved was critical for the
positive identification of a large fraction of the spots. In the
work reported, the success rate of unambiguous MALDI
identification on yeast proteins spots, representing at least one
to two picomole starting material, improved from about 50%
to more than 90% due to the implementation of new methods
(25, 35). A set of 65 protein analyses in the latter part of the
project illustrates the power of protein identification by

MALDI mass mapping. The peptide mass maps of all proteins
were acquired in 6 hr in the automatic mode and 59 of the
proteins were identified immediately.
In this large-scale project, nanoelectrospray operation

proved to be robust and routine. Even for protein spots close
to the limit of detection of about 0.1 to 0.2 pmol of protein
material loaded on the gel (20), measurement times were not
longer than 1 hr. In the analysis of 49 proteins by nanoelec-
trospray, unambiguous search results were always obtained. In
several cases, initially no match was found in the data base.
After more genomic sequence data became available, the same
searches then identified those proteins.
The gene names of 134 protein spots are indicated on the

reference image of our yeast 2D gel data base (19) in Fig. 4.
Another 16 proteins were characterized in targeted gene
disruption experiments but only three of these are marked in
Fig. 4. As can be seen from the gel picture, proteins with a wide
range of molecular weights, isoelectric points, and abundances
were identified. A more detailed table of protein assignments
can be found on the World Wide Web via http:yy
www.mann.embl-heidelberg.dey.
The 134 protein spots that are marked in the Fig. 4 corre-

spond to 128 different yeast genes; thus, several genes gave rise
to more than one protein spot. Of the 134 protein spots in Fig.
4, 107 were within 10% of the expected molecular weight and
within 0.5 pI units of the expected isoelectric point. Except for
the genes that gave rise to more than one protein spot, the
deviating proteins were mainly due to pI differences of pro-
teins found at the basic side of the pH gradient. Altogether, the
gel position of 27 proteins differed substantially from the
expected one.
Several non-yeast proteins were identified: Two proteins

from L-A virus, a double-stranded yeast RNA virus, have been
marked in Fig. 4. In the analysis of several of the low
abundance spots, human and sheep keratin proteins were
identified. Since it is difficult to assess at which stage these
contaminating proteins were introduced, these spots were not
assigned in the reference data base. In four cases, protein
mixtures were encountered. All of them were successfully
analyzed, one by MALDI peptide mapping and the rest by
nanoelectrospray mass spectrometry.
Interestingly, 32 proteins identified here had not been

characterized before. They were previously only known as
open reading frames discovered by genomic sequencing and
are here analyzed at the protein level. These identifications are
listed in Table 1. Homology search suggested the existence of
a related protein or at least protein domain for only 23 of the
novel proteins identified here.
Altogether, this investigation resulted in the unambiguous

identification of 150 protein spots on our reference 2D gel. Of
these, 41 validated existing identifications, 93 are new entries
and another 16 were identified in a pilot functional analysis
experiment using targeted gene disruption. More than 32
proteins were novel and had not been characterized before.

DISCUSSION

We have shown here that it is now possible to efficiently and
with certainty identify large numbers of proteins separated on
polyacrylamide gels. This capability should be very useful in
many ‘‘small-scale’’ biochemical investigations involving a
small numbers of proteins as well as in large-scale projects
aiming at the systematic identification of the function of yeast
open reading frames.
The strategy developed here has been reduced to a mini-

mum of preparation and analysis steps: Single gels were
analyzed, removing the need for gel pooling and concentration
gels. No blotting or chromatographic steps to separate the
peptide mixtures were used. It is no longer necessary to resort
to non-mass spectrometric methods. MALDI with delayed ion

FIG. 3. High sensitivity protein identification by nano electrospray
mass spectrometry. (A) Mass spectrum (Q1 scan) of a tryptic digest of
a spot marked by an arrow on Fig. 4. Ions of trypsin autolysis products
are marked (p). (B) Parent ion scan spectrum for the immonium ions
of Leu/Ile (myz 86) acquired using the same digest. Ions of tryptic
peptides are designated TA–TC. (C) Tandem mass spectrum of the
doubly charged ion TB21. The first mass of the fragmentation series,
the sequence as determined by the mass differences between fragment
peaks and the last mass in the series were entered as (600.2)ED(Ly
I)(957.4) into PEPTIDESEARCH together with the measured peptide
mass. Yeast protein VMA2 was unambiguously identified by the
peptide sequence tag as shown in the spectrum. The letters refer to
N-terminal (a and b) and C terminal (y) fragmentation at the amide
bonds (38).
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extraction, coupled with the sample preparation and automa-
tion techniques discussed above, has been shown here to be
very powerful for the rapid and unambiguous identification of
a large percentage of proteins. In the second screen, peptide
sequencing by nanoelectrospray mass spectrometry and parent
ion scans were used to increase sensitivity to below the level of
chemical noise, which otherwise sets an absolute limit of
sensitivity. A ‘‘layered’’ approach to large-scale protein iden-
tification has been suggested previously (12), where a first
screen would rapidly and economically identify most proteins
(for example amino acid analysis), followed by more discrim-
inating but time-consuming analyses (for example, Edman
sequencing). Here we have shown that mass spectrometry
alone can provide an effective layered approach. The use of
two ionization methods, MALDI and electrospray, which are
based on completely different physical principles, adds to the
analytical f lexibility and general applicability of our strategy,
which, as shown in Fig. 1, can easily be extended to de novo
mass spectrometric sequencing should the protein not be
included in a sequence data base (20).
This is the first time that the reliability of identification by

mass spectrometry based methods has been rigorously evalu-
ated. All 150 protein identifications were judged to be unam-
biguous and in no case could conflicting biochemical identi-
fications be sustained. Yeast proteins that were not in se-
quence data bases at the time of analysis were correctly
identified as unknowns. A substantial number of proteins were
found at 2D gel coordinates different from the ones expected
based on their sequence, suggesting that the 2D gel coordinates

should not be used as a search constraint in the identification
of gel-separated proteins. In contrast to a previous study on
yeast proteins (13), MALDI peptide mapping with high mass
accuracy was shown here to lead to unambiguous results rather
than to tentative identifications needing further verification.
The present investigation represents the largest protein iden-
tification project to date, and we have found a substantial
number of novel proteins which correspond to previously
uncharacterized open reading frames.
Limitations of gel systems such as the one we used here are

that they visualize only a subset of expressed yeast proteins
(19). Work on restricted pI range gels, alternative staining
methods (21) and methods to load membrane proteins may
overcome many of these obstacles. Similarly, our purpose here
was only the efficient identification of protein spots by mass
spectrometry, however, given a somewhat larger protein
amount mass spectrometry is increasingly able to map post-
translational modifications as well.
The new protein analysis capabilities have here been used

for the rapid enlargement of a 2D gel data base. The analytical
preconditions for functional elucidation of yeast genes via gene
disruption and observation of the phenotype in 2D protein
maps are now met and to determine a large part of the
expressed yeast genome i.e. its ‘proteome’ is now rather
straightforward and relatively fast. Yeast was used as a model
system because it is the first eucariote whose genome has been
sequenced completely. We note, however, that all identifica-
tions were made in a large sequence data base containing
200,000 entries. Thus, our strategy can be applied unchanged

FIG. 4. 2D PAGE yeast reference map with protein identifications as determined in the current investigation. The protein pattern corresponds
to [35S]methionine-labeled polypeptide (19). The arrow indicates the protein sequenced in Fig. 3 and the rectangles indicate proteins of the yeast
L-A virus. The elipses mark locations of very weakly staining proteins. Gene names of previously uncharacterized open reading frames are in
boldface type.
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to the 100,000 or so human genes once their coding sequences
have been determined. Efficient techniques for large-scale
protein characterization could have an impact on molecular
biology as great as that of the genomic sequence data bases
themselves.
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Table 1. Identified open reading frames

Gene
name Suggested function* (% of homology)†

ALD6 Aldehyde dehydrogenase (48)
YJL200C Aconitase (50)
YJR137C Sulfite reductase‡ (13)
YJR105W Ribokinase‡ (5)
YMR116C Guanine nucleotide-binding protein (51)
YLR109W Peroxisomal membrane protein‡ (24)
SPE3 Spermidine synthase (50)
YDL182W Homocitrate synthase‡ (14)
PSA1 NDP-hexose pyrophoshorylase‡ (11)
YJR070C None
YFR044C None
YMR096W None
YGL202W None
YIL094C Isocitrate dehydrogenase‡ (21)
YNL010W None
YNL123W None
YPL235W None
YMR120C Aminoimidazolecarboxamide formyltransferase (61)
YLR359W Adenylosuccinate lyase (61)
YDR353W Thioredoxin reductase (66)
YDR380W Pyruvate decarboxylase‡ (16)
YHB1 Flavohemoprotein‡ (24)
YHR064C HSP70 protein‡ (16)
SAH1 Adenosylhomocysteinase (67)
YTA2 26S protease regulatory subunit (68)
YEL071W Actin interacting protein 2 (65)
YIL041W None
YML070W Dihydroxyacetone kinase (35)
YOR230W None
YGL125W Methylenetetrahydrofolate reductase‡ (20)
YBR149W GCY protein‡ (24)
SUG2 26S protease regulatory subunit (34)

*Function as predicted in the Yeast Protein Data Base (www address:
http:yywww.proteome.comyYPDhome.html) and Genequiz (http:yy
www.embl-heidelberg.dey-genequizyyeast. html).
†As a result of BLITZ search (http:yywww.ebi.ac.ukysearchesy
blitz_input.html).
‡Assigned by homology to a local region by BLAST (http:yy
expasy.hcuge.chycgibinyBLASTEPFL.pl).
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