
C. INTERRELATIONS WITH OTHER TECHNOLOGIES -

The analysis of complex protein mixtures by 2-D gels is one of the most recent in the series of 
remarkable advances which have characterized molecular biology during the recent past. 
Furthermore, the full realization of the prospects engendered by this new technology will draw 
extensively on all the other important technologies of molecular biology. Thus, the biochemical 
characterization of most of the protein moieties visualized with 2-D gels requires isolation of at 
least microgram quantities. This can be accomplished through the use of the new hybridoma 
technique for generating monoclonal antibodies. These antibodies, acting on cell lysates prepared 
in large volumes, will result in specific reversible protein-antibody complexes, from which 
sufficient quantities of the protein for characterization can be recovered. The actual 
characterization of the protein then utilizes such techniques as protein finger-printing and high 
pressure liquid chromatography. The former technique yields the material for amino acid 
sequence analysis. The latter technique allows rapid characterization of a number of important 
properties of the protein. 

Currently, techniques are being developed to permit characterization of small amounts of 
protein in situ on the 2-D gels that will further short cut this process. Once an amino acid 
sequence is established, one can recognize the nucleotide sequence of the DNA coding for a 
protein. There is currently great interest in establi shing " libraries" of human genes, the vast 
majority still of unknown function, for many of which detailed DNA sequences will become 
known in due time. From these developments emerge the possibility of computer programs 
which will match up the DNA sequences of isolated genes with those implied by protein 
structure, and so relate specific proteins to specifi c genes for which, up to that time, no function 
was known. The ultimate end product of this possibility is a genetic map of the chromosomal 
location of each of the portions of the total DNA which is translated into a protein equivalent. 
Otherwise stated, given the D NA-sequencing activiti es already underway, realization of the 
Human Protein Index is almost automaticall y synonymous with stunning advances in our 
knowledge of the organization of the human geneti c material. 

D . IMPLEMENTATIO N OF THE HUMAN PROTEIN INDEX -

1. Evolution and Accessibility of the Human Protein Index Database. The information in the 
database must be easil y accessible to users in the research community and medicine. This 
requirement can be met in two ways: (1) by following the example provided by the on-line 
computerized lit erature search services (such as Lockheed Dialog or MEDLARS) so that 
individuals can interrogate the current database using telephone-type data links, and (2) by 
periodically publishing the protein maps and spot annotations in book form. Both methods would 
be useful (the first being more current, the second cheaper) and both are easil y within current 
technology. 

Since a large proportion of the new informati on concerning specifi c index entri es will come 
from the research and medical communities at large, it must be possible for members of these 
communities to add their observations to the database. This raises several problems: 1) it must be 
possible to record both the origin of specifi c findings and the experimental means by which they 
were obtained, so that other users can properly attribute and criticall y evaluate the data. 2) 
There must be a mechanism fo r checking added information to ensure that the contents of the 
database are self-consistent and accurate. Perhaps the best way to maintain the integrit y of such a 
database is to build it in a hierachical fashion: there would be (1) a core of generally accepted 
information maintained and updated by a team at the central facility, (2) a catalog of data and 
observations which has been reported by individuals or groups but not yet confirmed by others 
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and hence considered tentative, and (3) private catalogs maintained by researchers, for their own 
working use, (perhaps in their own computers but in a format consistent with the main database) 
and ultimately to be added to the central database. Such a system would be supplementary to the 
normal scientific literature in the sense that its goals would be narrower (distribution of data 
concerning specific proteins in the index) and it could be much faster. 

2. Interfacing with Current Scientific Efforts. The HPI is not a concept that supplants current 
scientific directions but is rather a supplement that provides a focus or integration to make these 
results more meaningful through extension. 

The sequencing of proteins will go on as before; biochemistry and metabolic studies will be as 
necessary but these will be done on highly purified material not heretofore available. 

Organization and retrieval of the collected information will be enhanced and within this 
framework a common language will evolve that will enable all disciplines to share and interpret 
their data. 

E. TECHNICAL DEVELOPMENT REQUIREMENTS -

In order to speed up the data accumulation, it will be necessary to standardize and automate 
the procedures. Technically this is feasible, but it requires concerted developmental effort. 

Areas for improvement include: 
* Thin film technology for preparation of gels 
* Protein staining 
* Rapid production of monoclonal antibodies for spot recognition 
* Quantitation of protein spots on gel patterns by computers 
* Faster and more accurate comparison of gel patterns by computers. 

None of the above are dependent upon new basic concepts. What is required is a coordinated 
effort to search out and support developmental efforts on these techniques as applied to the goals 
of the Human Protein Index. 

It is expected that a 10-100 fold increase in data acquisition rates can be achieved in the next 
few years by improvements in the technology. 

F. TYPES OF SUPPORT AND COLLABORATION REQUIRED-

The scientific community is already using 2-D gels extensively and should be encouraged to 
develop standard procedures and techniques so that their data will be compatible with those in 
the data bank. 

The establishment of earmarked program funds for investigator-initiated grants in this area 
might be an appropriate way to stimulate research. A proviso of the grant to assure adequate 
standards for generated data plus the researchers ability to query the data base in a private 
manner should result in enthusiastic cooperation. 

In line with this utilization of the conventional peer review process, it might be desirable to 
establish a study section(s) in appropriate department / agencies to serve as focal points for the 
program. As the field develops, commercial development and general availability of equipment, 
supplies, software and services would proceed apace. Scientists would participate in this process 
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by developing improvements and specifications for needed instrumentation and associated 
products. 

Since a number of diagnostic and therapeutic products should result from this activity a rather 
large peripheral industry should result. It is beyond the scope of this paper to explore those 
potentials but no new forms of stimulus are seen to be required to have them come about. 

G. ORGANIZATIONAL REQUIREMENTS -

The Human Protein Index will be an evolving, growing body of information As such it will 
require an organizational framework that provides the following: 

* A focal point for programs and project information 

* A permanent repository for the data base accessible to all 

* A state of the art laboratory to evaluate and select technology 
options and to develop new ones 

* A secretariat to develop concensus and promulgate standards 
and terminology 

* A skilled staff to interact with government, academia, and 
industry in collaborative projects. 

1. The Central Laboratory . The concept of the central laboratory with an explicit 
standardization function is key to the HPI goal. Otherwise, data will not be comparable and there 
will be no unifying language be tween investigators. Field demonstration projects (2-7) would be 
developed to spread the capability and work on priority projects. 

2. Collaborative Arrangements. (a) Subcontracting - Prompt transfe r of technological 
improvements to state of the art equipmen t would best be handled with the central laboratory 
contracting for such equipment. 

Also, preparation of larger quantities of identified proteins, monoclonal antibodies and cell 
strains might be more efficiently done through subcontracting with specialized firms. 

(b) Technical Assistance and Training. The central laboratory should be able to provide training 
in the use of the technology and be available as a resource to help individual investigators 
identify proteins. The training requirements and collaborative assistance efforts should be 
initialized and funded through regular peer review mechanisms. 

(c) Private Sector Involvement. It is expected that many companies will develop 2-D gel 
programs related to their efforts in genetic engineering, diagnostic reagent development, 
monoclonal antibody production, etc. While these activities will be privately funded, the use of 
the HPI data bank, technical consultation with HPI staff, callibration studies could be charged on 
a fee for service basis and such income used to reduce government support requirements. 

It would also be expected that process patents generated by the central laboratory would be 
licensed to the private sector and the licensing royalties would accrue to the HPI. 
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Use of the Index could be basic to the development of several million dollar markets and 
generate new tax bases for the government. 

The inter-relationships might be diagrammed as follows: (Figure 2) 

H . FUNDING REQUIREMENTS -

As noted above, the establishment of a central coordinating laboratory and a home for the data 
base are basic to the program. 

The central lab should have operating funds, capital equipme nt including state-of-the-art 
computers and an additional budget for sub-contracting technical improvements on equipment 
for running 2-D gels. 

Provision should be made for obtaining standardi zed protein preparations and monoclonal 
antibodies to them so that they are available to collaborating laboratories in the program. 
Earmarked funds should also be provided to enable peer reviewed satellite demonstration labs to 
initiate projects of priority interest. 

Details of the organizations and funding requirements should be addressed by an appropriate 
agency of the Government but in our opinion an effective effort could be mounted for $150 
million over an 8-10 year period .' 
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APPENDIX 

Structure of the Human Prote in Index 

Ultimately each of the proteins visualized on 2-D gels will be assigned a specific designation in 
keeping with biochemical conventions. Clearly, developing a rational system of nomenclature for 
20,000 diffe rent proteins is a formidable task, not to be undertaken in an outline such as this. On 
the other hand, clearly from the outset the re must be available some interim system for coping 
with the rapidly accumulating body of knowledge which will ultimate ly result in the HPI. We 
suggest that a provisional numbe r may be attached to each protein. This would be a human 
protein index numbe r, which is arbitrarily assigned, and which would tend to be in order of 
abundance. 

The ultimate data base which is envisioned will include a computer-based storage and re trieval 
syste m which will include a number of descriptors of each protein. It will be an objective from 
the outset to design this base so that the conte nts of the Index may be re trieved in any order 
and searched in terms of any descriptor . The foll owing descriptors are proposed for use in the 
Index. 

1. Genetic map location - Currently cytogeneticists have developed an alphanumeric system 
for nomenclature which pe rmits designating delineated regions of each of the human 
chromosomes. This is an expanding system of nomenclature. It is suggested that for the present, 
the localization of the structural gen es responsible for the various proteins in the HPI be carried 
no further the n the cytogenetic conventions for designating the position of chromosomal breaks. 
Obviously, in the event that nucleotide sequence maps of the human DNA become available, and 
the genes coding for specific proteins a re assigned to specific positions on that sequence (see 
Section C), then a new syste m for designating genetic map location must come into bein g. 

2. Map Number - These numbers apply to a particular preparation, and are in approximate 
abundance order. Map numbers are in italics. Since map numbers will be supplanted by HPI 
Numbers, which will ultimate ly be supplan ted by CGO Numbe rs, it is evide nt that the index will 
include information on which numbers are the same as others, i.e., which map numbe rs from 
different maps have been found to be for the same protein, and which now have HPI Numbers, 
and eventually, which have CGO Numbers. 

3. Spot location on "standard" two-dimensional patte rns with re fe re nce to internal charge 
and molecular weight standards. 

4. Litenlture names and function if known, including en zyme cata log (E.C.) numbers. 

5. Cell types in which protein is found . 

6. Amount of each protein found in each gel analyzed, la ter expressed as amount per cell. 

7. Subcellular localization of each protein, and how this was determined. 

8. Composition of the protein including amino acid sequence when known. 

9. Coregulational set to which the protein belongs and regulational factors which can alter 
the amount or rate of synthesis of a protein. 

10. Genetic polymOlphisms of the protein listed, and their relationship to disease. 

11. Biophysical properties including thermal denaturation inflection point in the presence and 
absence of cofac tors and substrates, and tertiary stfllc tural data. 
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