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Towards a complete catalog of human proteins

A comprehenswe proteln database is essent|a| to our

understanding of cell function. Two dimensional electro-

phoresis is the only method at present capable of providing

the information necessary for the formation of such a
database.

N. Leigh Anderson
Argonne, IL, U.S.A.

One of the major goals of modern biology is to
understand the way in which a ‘higher’ cell (e.g. a
human cell) works. This sort of understanding would
involve compiling a comprehensive list of the func-
tional parts of the cell (primarily proteins) and their
corresponding genes and a basic knowledge of how
these parts interact to produce the biochemical behav-
ior characteristic of living cells. With respect to the
extent and variety of current biological research, it is
interesting to see how close we are to achieving this
goal and to find out which technical developments are
being used to do so.

Current shortcomings

A simple comparison of the number of human
proteins that have been characterized in some detail
(several hundred) with the number thought to be
expressed in a single cell type (5-10,000) or in all the
cell types throughout human development (a total of
perhaps 30-50,000) indicates that the cataloguing of
proteins has barely begun!. If one makes the plausible
assumption that the unknown human proteins are as
important as those currently known, it would appear
that 90-99% of the functional content of human cells
remains a mystery. Therefore, by any standards our
information is woefully incomplete; medicval alchem-
ists correctly identified a larger fraction of the elements
than we have proteins and yet still failed to unravel the
principles of chemistry. The number of proteins
involved, while much larger than those of the elements,
is not in itself staggering —in fact, there are more
different parts in a Boeing 747 than proteins in man.
However, the problem with such complexity in a
bxologlcal context is that it is difficult to find the parts
in the first place.

If one makes the plausible assumption that the unknown
human proteins are as important as those currently
known, then it would appear that 90-99% of the functional
content of human cells remains a mystery.

Perhaps the major obstacle in the way of a more
complete understanding of the cell is the lack of an
adequate framework within which to carry out a
systematic exploration of the proteins. Such a frame-
work would nced to have: (a) a means of uniquely

identifying each entity; and (b) a means of ensuring
(within limits) that all such entities can be systematic-
ally found (i.e. a guarantee that the information is
complete). At present, individual proteins can be
isolated and named, and their molecular weights,
chemical properties, and subcellular locations deter-
mined. However, this information is generally not
enough to ensure that a single protein isolated in two
different laboratories will be recognized as being the
same. By sequencing amino acids one can uniquely
identify proteins (since by sequencing one is virtually
carrying out complete chemical specification), yet this
type of data is rarely available because of the large
effort involved in its determination. Progress towards
the complete enumeration of the proteins is likewise
difficult through the accepted biochemical approach,
since in biochemistry one generally discovers proteins
that are related to or interact with known proteins or
metabolites, or follows them in their reactions within a
chemical pathway. Thus, discovery tends to follow a
logical or semilogical path from one protein to another
and considerable effort is devoted to the characteriza-
tion of each molecule as it is isolated. Naturally, there
is no guarantee that the most interesting or important
proteins will be discovered first, nor is there any means
of achieving completion save by exhaustion. One can,
by extrapolating from the rate of protein discovery over
the last decades, arrive at quite discouraging estimates
of the time required to achieve the comprehensive
understanding we desire. These are the difficulties
associated with an attack upon a complex field without
the benefit of an adequate organizing framework.

An organizing framework

In contrast, taxonomy, the classification of species of
living things, provides an historical example of the
successful application of an organizing principle in
biology. Beginning with the concept that all species
can be placed on a giant family tree based on their
degree of 51m1lar1ty or (as later interpreted) genetic
relatedness, it was relatively easy to arrive at the
conclusion that good rules of classification could lead
to a much better understanding of the variety of life
(which had until then seemed chaotic). This led quite
naturally to the desire to find and classify all living
things. Thus, a system developed in which discovery
and debate could have frece reign. Now, although
numerous species remain to be found, the major
outlines of biological evolution on earth have been laid
out with considerable confidence. This groundwork
allows contemporary biologists to address problems of



real substance, such as the mechanisms of evolution
and the relationship of individual genes to the evolu-
tionary fate of a species or individual. At present, there
appears to be no dissension from the view that a
complete exploration of all the species on earth was
necessary and that it was highly productive.
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. . . the organizing framework needed for proteih cata-
loguing must be based on some technique capable of
resolving and detecting thousands of proteins.

As noted above, the organizing framework needed
for protein cataloguing must be based on some
technique capable of resolving and detecting thous-
ands of proteins. The classical methods of protein
fractionation, such as precipitation, column chromato-
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graphy, or starch electrophoresis, can generally resolve
up to ten components. Using a variety of such methods
applied in series, it is possible to isolate particular
proteins from complex mixtures; however, the resolu-
tion of any one step is far too low for cataloguing.
Fortunately, several acrylamide gel electrophoretic

.- procedures can be made to resolve approximately 100

components, which, while still insufficient, offers the
possibility of achieving the required resolution in a
two-step system if the steps are sufliciently dissimilar.
Beginning in 1975, O’Farrell and others?-5 developed
systems exploiting this possibility. Each used isoelec-
tric focusing (IEF) in small diameter gel rods, followed
by a perpendicular electrophoretic step carried out in -
slab gels in the presence of the detergent sodium
dodecyl sulfate (SDS). Since IEF separates proteins
according to their isoelectric point (a function of
chemical composition) while SDS electrophoresis
separates by polypeptide chain length (approximately
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Fig. 1. Two-dimensional electrophoresis pattern of the proteins of a human lymphoblastoid cell line (GAM6E07). The cells were grown in the
presence of a radioactive amino acid ([33§]methionine), then solubilized and subjected to two-dimensional electrophoresis. The 2-D gel was then
dried and exposed to X-ray film to reveal the radiolabeled proteins. The isoelectric focusing dimension is horizontal (acid end to the left) and
the SDS-electrophoresis dimension is vertical (with high molecular weight molecules at the top). Approximately 1000 distinct protein spots are

delectable on the original autoradiogram.
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“Medieval alchemists correctly identified a larger fraction of the elements and
still failed to unravel the principles of chemistry”.

equal to molecular weight), the two separations are
effectively uncorrelated and the resulting resolution is
about 100 X 100 = 10,000 proteins. O’Farrell’s paper?
demonstrated that it was possible in practice to resolve
at least 1200 proteins from the bacterium Escherichia
coli, a number close to the total number of proteins
expected genetically. Samples of human cells can
likewise be analysed to show 1000-2000 protein spots
(Fig. 1). These results illustrate the potential useful-
ness of the technique in protein cataloguing and the
feasibility of its use as a framework. Since no alterna-
tive technology has appeared to challenge it, extensive
development has been undertaken to produce a
standardizable, convenient separation system based
on the O’Farrell technique.

. . . |EF separates proteins ac\cording to their isoelectric
point, while SDS electrophoresis separates by poly-
peptide chain length, the two separations are effectively
uncorrelated and the resulting resolution is about 100 x
100 = 10,000 proteins.

Maximum reproducibility is obtained within a
batch of gels run simultancously and, therefore,
apparatus has been designed to run 10 or 20 samples
together through both dimensionsé. Comparability

among different laboratories remains a problem
because of the variation in chemicals from different
suppliers, lot-to-lot variability of certain reagents such
as the IEF ampholytes, and the use of various types of

" equipment having slightly different geometries. Never-

theless, the use of a finely calibrated protein marker
series, in each dimension, allows a protein’s position to
be specified to within ~0.02 pH unit (IEF) and ~1,000
SDS-molecular weight units. This accuracy is gener-
ally sufficient to uniquely identify a protein in the
two-dimensional patterns produced by different labor-
atories. The labor involved in performing two-
dimensional analyses has been decreased to a point at
which a modest gel laboratory can analyse 10,000
samples per year. This makes it possible to use the
technique in large-scale genetic and toxicological
screening experiments, as well as in basic biological
research.

These developments make it reasonable to contem-
plate the use of two-dimensional electrophoretic analy-
sis to systematically catalog human proteins and
establish a database of information concerning them.
Since most of the detectable proteins have unknown
functions, the position of each protein spot in the
two-dimensional map must identify it and spot serial
numbers (attached to these positions) must serve as
protein names. A wide variety of selective labeling, cell
fractionation, and physicochemical techniques may
then be applied to yield information about the proteins
en masse. Labeling cells with 32POy, for instance, causes
the phosphoproteins to become radioactive and per-
mits their detection by autoradiography. Isolation of
cell nuclei effectively enriches those proteins specific to
the nucleus. By using two-dimensional analysis as the
final step in protein detection (i.e. following a variety of
other experimental techniques) all the information
relating to a specific protein can be correlated. Thus, it
becomes possible to know that protein 154 is a
cytoskeletal phosphoprotein whose properties change
following cell transformation, without ever having
isolated it and without ever knowing its function. Of
course, as information accumulates, the peculiar
features of many proteins begin to suggest their
possible functions and to hint at possible inter-
relationships.

Towards a protein database

The size of such a database (termed, in this case, the
Human Protein Index) makes it unwieldy if committed
to paper. In addition, it is essential to be able to
manipulate the data easily. The solution to this
problem is to computerize the database, provided that
the two-dimensional patterns themselves can be com-
puter analysed to yield an accurate list of spot positions
and abundance. Several groups have recently con-
structed computer systems capable of achieving the
latter goal?-19, and it is now possible to quantitate 1000
proteins in a matter of minutes from the digitized
image of a gel. By accurately matching the spots in
each new analysis with a numbered reference pattern,



quantitative data can be integrated with the database
and compared with the results of other analyses. The
database must also include much more than quantita-

tive information from gels; it must include, in an .

- intelligible form, the conclusions to be drawn about the
properties and possible functions of each protein.
Because of the capabilities inherent in a computer-
based, cross-referenced ‘ database; it then becomes
possible to ask questions having to do with sets or types
of proteins and how these change with respect to one
another in complex situations.

In a larger sphere, a protein database — a Human Protein
Index — may represent the only means available for
assembling enough information on proteins to begin
piecing together a comprehensive picture of normal cell
function and its disruption in disease.

Clearly the ultimate usefulness of such a database
depends on its widespread use and a general accep-
tance of the separation technology to which it is keyed.
The only technology providing the required resolution
today is two-dimensional electrophoresis, though in
the future other high-resolution techniques might well
take over. The increasing level of commercial interest
in two-dimensional elec.rophoresis, in terms of
reagents, gel apparatus, and computer processing,
indicate that the technique will become progressively
better, more convenient, and consequently more
widely used. If clinical applications prove as promising
as expected, a complete clinical system (including
premade gels) may be produced, providing the
research community with a level of reproducibility and
interlaboratory comparability that is presently unob-
tainable. The effect of these developments on the
course of biological research is difficult to predict in
detail, but it is to be hoped that the emergence of a
readily accessible protein data base will lead to the
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~rapid exploration of vast areas of cellular function

about which we are almost totally ignorant. At the very
least, it will provide a framework within which
dxsparate types of information ‘obtained by a large

‘number of investigators can be mtcgratcd and

accessed. In a larger sphere, a protein database —a
Human Protein Index — may represent the only means
available for assembhng enough ~information on
proteins to begin piecing together a comprehensive
picture of normal cell function and its disruption in
disease.
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