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The Human Protein Index:
Relationship to Genetic Engineering

Norman G. Anderson *
Argonne National Laboratory

The centra) problems in genetic engineering now relate to methods for
incorporating properly engineered genes into living organisms. As the rele-
vant theoretical and technical problems relating to this work are solved,
several quite different problems whose solutions will be crucial to con-
tinued scientific and comnercial success will come to the fore.

The first set of problems arise from the necessity to recover proteins,
often in a high state of purity, for industrial or pharmaceutical use.
Methods which apply in the research laboratory often do not scale up readily.
It is our view and experience that the problems of developing large-scale
economically useful separations methods are usually left til11 last, and that
few are capable of developing them for the simple reason that few researchers
have either experience or fac{lities for such work.

The second set of problems arises from the simple fact that only a tiny
fraction (possibly as little as 2%) of human proteins have been character-
ized. The list of proteins proposed for production by recombinant DNA
techniques is therefore surprisingly small, considering that man 1s estimated
to make between 30,000 and 50,000 different proteins (1). These are not all
present in each cell type, and many of them appear in only one or a few cell"
types, or at a specific stage during development. Thousands of human diseases
(including the over two-thousand known human genetic diseases) are thought to
involve either an alteration in protein structure or composition, or the
absence or excess production of a protein (2). To study these diseases, and
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to test for them clinically, it will be necessary to identify the protein
causally associated with each disease, to develop tests for many of them,
and to produce the protein in quantity if replacement therapy is indicated.
To do this 1t is necessary to have available analytical methods which will
allow thousands of human proteins to be separated and distinguished, and

to realize the full promise of the genetic engineering revolution. We
therefore began the development of the protein separation and identification
systems required for this work with the full realization that such analyses
and separations may ultimately be the largest single components of research
and development (and hence cost) in any genetic engineering endeavor.

In this paper we review some of the separations problems which will
arise, and the present status of the high-resolution protein mapping re-
quired for the Human Protein Index Project, and which is directly
applicable to problems in genetic engineering (3,4).

Cell Optimization

Initially organisms will be engineered to maximize chimeric proteins
(i.e., the protein desired) under labaratory of pilot-plant-scale conditions
using the most convenfent assay. When the operation is sealed up, however,
a very different set of conditions is encountered and one may discover that
the organism may need to be modified accordingly. Cellular proteins, unless
they are insoluble, turn over rather rapidly. The objective is to have as
much chimeric protein present at the moment of harvest as possible. Arrang-
ing an insoluble product is one solution to the turnover problem. Another
is to arrange a chemical or thermal switch so that the cells grow rapidly
without producing the desired protein, and when a mass of cells have been
produced, switch over to full product production. In this way synthesis of
the chimeric protein 1s dissociated in time from growth of the culture to
high cell .concentration.

It 1s doubtful whether the optimization of cells for large scale produc-
tion can be done in small-scale facilities. Obviously both research and
production require precise on-1ine monitoring of both cell growth and product
synthesis (5). Much remains to be done in fermenter development, especially
if continuous culture systems are to be developed.

Cell Recovery

Getting from multi-thousand liter batches of effluent of fermenters to
pure proteins requires a series of steps and decisions. How and at what
stages should the cells be killed? Should the cells be harvested centri-
fugally, then lysed, or should the cells be lysed in the culture medium,
and the desfired protein then recovered by precipitation or adsorption?

There appear to be no centrifuges presently available to concentrate
bacterial cells or granules obtained from them effectively and rapidly. The
largest continuous-flow ultracentrifuges now available are the K-series
titanfum-rotor centrifuges. The design parameters for these were set by one
of us (NGA) for influenza vaccine production (6-9), and utilized the principle
of continuous-sample-flow-with-banding. For efficient recovery of cel]g from
fermenter streams, or of protein granules from cell lysates, a quite differ-
ent design is called for using new concepts for high speed unloading.
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Protein Fractionation

In multi-step procedures for protein isolation, choices must be made
between continuous and batch processes. Batch processes are almost {nvar{i-
ably exploited first, and are then very gradually replaced by continuous
ones (examples of this are found in steel and glass manufacture for example).
While we are a very long way from the continuous production of any biologically
produced product, all batch processes and plants based on them are at risk
from clever process research and development. In protein isolation research,
many attempts have been made to devise continuous isolation methods, for
example for plasma fractionation. Three persistent problems have been the
very slow rate of approach to equilibrium during fractiona) precipitation,
difficulties in continuous recovery of precipitates, and bacterial contami-
nation.

The most specific protein recovery methods are based on the use of
affinity columns using either immobilized antibodies or specific groups
including enzyme cofactors which will bind the protein to be desired. To
interface such techniques to continuous streams, automatic rapid recycling
affinity chromatography was developed (10,11), and has found limited use
thus farin the commercial production of antigens used in clinical immuno-
assays. Note that affinity columns can also be used to remove specific
contaminating proteins from a product.

High-Resolution Protein Mapping

As mentioned, the number of different medically important proteins now
being considered as candidates for production by recombinant DNA techniques
is surprisingly short relative to the total number of proteins in man. Pro-
gress is therefore critically dependent on the development of systems and
methods for separating and identifying as many different human proteins as
possible, and for discovering those alterations in function or amount which
are causally related to disease.

High-resolution two-dimensional electrophoresis allows several thousand
proteins to be separated and quantitated (1,12). The method is based on
isoelectric focusing in the first dimension (a reflection of the amino acid
composition of a protein) and electrophoresis in the presence of a strong
ionic detergent in the second dimension (the separation 1n this dimension
being due almost entirely to differences in molecular mass). We have de-
veloped systems which allow many analyses to be done in parallel (13-14)
and have thus far run over 40,000 2-D gel analyses. Maps of the proteins
of human plasma (15,16), urine (17,18), lymphocytes (19-21), red cells
(22,23), muscle (24,25), hair follicles (1), and saliva (26) have been
published. Internal standards for both jsoelectric point (27, 28) and
molecular mass (29) have been developed. This work has provided much of
the basis for the proposed Human Protein Index (1,3,4).

From the point of view of genetic engineering, these are the important
points about high-resolution protein mapping:

Genetic defects. High-resolution mapping makes possib!e a systgmatic
approach to the problem of finding the specific proteins yh\ch are either
altered structurally or changed in abundance by genetic disease. {Note
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that not all mutant proteins are detected by this method since only about
1/3 of amino acid substitutions produce a charge shift.) Specific clinical
tests for the newly discovered mutant molecule may then be developed, and
the normal protein synthesized for possible replacement therapy.

Detection of non-genetic damage to cells or tissues. In many non-genetic
diseases inciuding infectious ones, alterations in the protein composition of
tissues or body fluids may occur, and numerous examples are known. For
example, the appearance of enzymes from liver cells in blood is an indication
of hepatitis, while heart enzymes in the circulation generally indicate damage
to heart muscle due to a myocardial infarction. High-resolution protein
mapping allows many additional indicators of infection or injury to be dis-

- covered (18). These in turn may stimulate the production of additional
proteins for research and diagnostic test development.

Autoimmune disease. Many of the diseases now refractory to treatment,
including many degenerative ones, appear to be due to an immune reaction
against normal proteins of the body. In some cases the specific protein
involved has been identified (for example Hashimoto's disease involves an
immune reaction to thyroglobulin). However, in many others, including
arthritis, many kidney diseases, and aging, the protein antigens involved
remain to be identified. The proteins separated by two-dimensional electro-
phoresis may be electrophoretically transferred in the third dimension to a
thin support where they wil) react with antibodies (30). Using the anti-
bodies from a patient with an autoimmune disease, it is possible to identify
the protein on the transfer which underlies the disease. If that protein
can then be produced by genetic engineering, a specific test to detect anti-
bodies in patients can be devised, and immobilized antigen can be prepared
to remove the antibodies from patients using either plasmaphoresis and
retransfusion of cleared blood, or extracorporal circulation.

Cancer. The central focus of our present work is to discover proteins
which are unique to different types of human cancer. Such proteins may
prove useful for early cancer detection, for cancer typing, and as targets
for new therapies.

Mapping genetically reengineered cells. In addition to the uses men-
tioned, high-resolution protein mapping is useful for the analysis of cells,
whether bacteria or yeast, to see how they have actually been altered, and
whether more than the desired structural genes have been introduced. It is
also evident that mapping defines cells, and that high resolution maps will
be central to the successful patenting of life forms.

Monitoring protein purification. Protein purification is usually
monitored by determining the ratio of the desired proteins to total protein
present (so called specific activity). To design effective purification
methods, it is important to see and characterize impurities. Where proteins
may be used in man for extended periods 1t is especially important to detect
trace contaminant proteins and to remove them. High-resolution two-dimensional
electrophoretic mapping is essentfal for both of these purposes.

Cloning genes for specific proteins. To work backward from a protein
found 1n a two-dimensional pattern to the cloning of the gene for that pro-
tein and its incorporation into a suitable new host may be done by sequencing

166

- —




e r— — oy e e e s

T — — o ~mg— e e So————e. =

enough of the protein to allow a DNA probe to be synthesized which may then
allow {solation of the corresponding gene. Alternatively one may adopt a
shotgun approach and survey a series of clones using 2-D protein mapping to
find the one desired.

Data Reduction

Data acquisition, image analysis, mathematical modeling of spots on 2-D
patterns, and correction of distortions between runs all require the develop-
ment of very sophisticated computerized systems. These are now in routine
use in our laboratory and have been described (31,32).

CONCLUSTON

It is our view that present emphasis on recombinant DNA technology will,
in a relatively short period of time, result in the commercial production of
an ever increasing range of reagents, gene machines, and genetically engi-
neered cells. The central problems then will be those relating to actua)
production and purification, to the development and validation of clinical
tests, to the identification of proteins causally related to disease, and
especially to proteins which may be used therapeutically. Rather few of the
present commercial companies based on recombinant DNA technology wil) be able
to make the transition to the newer areas of research and development which
will be required for survival.
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