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U.S. DEPARTMENT OF ENERGY
UNIVERSITY RESEARCH INSTRUMENTATION PROGRAM

BUDGET PAGE
ESTIMATED COSTS
Other

Requested Institution’s Federal
Instrumentation of DOE Share (1) Funds(2) TOTAL
A. Purchase Price (3) 263,870 - - 263,870
B. Estuimated Cost Sharing XXXX

{Shipping. installation, etc.)

C. TOTAL 263,870 - - 263,870

NOTES: (1) Non-Federal funds only

(2) Estimate funds 10 be obrained from other Federal agencies for purchasing the
instrument, user charges, etc.

(3) Only the purchase price of the instrumentation is eligible for DOE funding
through this program.
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A. Purchase Price (Detail)

Description

Applied Biosystems Gas-Phase Protein
Sequencer (470-A)

Beckman Peptide Synthesizer Model 990
Preparative reaction vessel kit (350673)

Beckman 346 HPLC binary system with Model
165 detector

Model 450 Data System

Second channel for data system and 128K
RAM

Serial communications and software for
above system

Autosampler - Model 504

Post column derivatization unit

Column temperature controliler

Subtotal:

B. Estimated Cost Sharing (Detail)

1. Shipping/Handling
2. Installation, operation & maintenance
3. Building/Laboratory Renovation

Subtotal:

10Tb3u

Quantity

—t ) b

Institution's
Share

27,800

27,800

Total
Estimated
Unit Price Total

$108,000
89,600
3,200

23,100
15,900

1,750
1,750
9,750

9,000
1,820

$263,870

—————

Other
Federal
Funds Total

27,800

27,800
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A module consisting of a peptide sequencer, a peptide synthesizer, and
a common, HPLC plus data system is requested to aid in the research programs

of investigators in the Department of Biochemistry, Johns Hopkins School of

Hygiene and Public Health.

This equipment is needed for the synthesis of specific antigens, enzyme

substrates and inhibitors, and for the characterization of gene products.

The range of projects that will be benefitted include enzyme
(dihydrooratase, DNA repair enzymes and folypolyglutamate synthetase)

mechanism and function of specific proteins (metal binding protein and DNA

replication factors).

A total of nine faculty members and their students will actively use
the instruments requested. The department has graduated on the average of
three to four doctoral students every year in the last decades, Among those
whose are currently enrolled, the majority are involved in projects for
which availabilty of the requested instruments become increasingly important

to the degree of scphistication of their training and contribution.

1016352 viti
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Narrative

A.

Merit and Accomplishments

(1) Background

The Johns Hopkins University Ph.D. program in Biochemistry
is designed to prepare qualified students for a career in basic
research and teaching. The Biochemistry Department was founded
in 1917 by E.V. McCollum, the discoverer of the first vitamins
(vitamin A in 1913, the B complex in 1915, and vitamin D in
1922). We have a young faculty who work in the laboratory and
interact closely with their graduate students and postdoctoral
fellows every day. At present, our department consists of ten
faculty members, twenty-three graduate students, and thirteen
postdoctoral fellows working in contiguous quarters on the eighth
floor of The School of Hygiene and Public Health. We expect the
number of faculty, graduate students and postdoctoral fellows in
our department to remain constant in order to preserve a cohesive
department with a friendly atmosphere.

The Biochemistry Department in the School of Hygiene and
Public Health is one of the departments in this university
engaged in basic biochemical and molecular biological research.

Current areas of research include:

Enzymology of repailr of damaged DNA

Mechanisms of glycoprotein and glycolipid biosynthesis

Biochemical genetics of animal and bacterial cells

Biocorganic chemistry of enzymatic catalysis

Biochemistry of environmental careinogens

Enzymology and regulation of DNA replication

Biochemistry of genetic tranformation

Biochemical nutrition and metabolic control

Biochemistry of mutations in animal cells and viruses

Design and synthesis of anti-cancer agents

11. Maintenance of chromosome integrity, gene organization
and function

12. Membrane function

13. Nutritional factors in carcinogenesis

14, Cloning and expression of recombinant DNA

15. Molecular control of antibody diversity

16. Parasite immunology

—
QYW O-JTAMEUWN -
L L]

These studlies have been well recognized through publications
see section 6.B.) and funding support (see section 3).

The traditional strength of this group in the study of
genetic replication, repair, transformation, and expression is
complemented by several other departments at Hopkins such as;
Physiological Chemistry, Molecular Biology and Genetics, and Cell
Biology and Anatomy at the School of Medicine, the Biology and
the Chemistry Departments at the Homewood Campus as well as the
Human Genetics and Environmental Heazlth training Programs, two
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university wide activities. Graduate students in the Divisions
of Medicine and Public Health take the same course work.
Features of our graduate program include laboratory rotations,
unique format for the written preliminary exam, and our presence
in the School of Hygiene and Public Health, which acquaints us
with problems in Public Health to which biochemistry and
molecular biology can be applied. With the concerted and
dedicated efforts of the faculty, and commitment of the
university, the Biochemistry research and teaching activity is
expected to maintain its momentum and high quality in the years
to come.

(2) General Need

This application is for equipment for the synthesis and
sequencing of peptides and proteins, to aid in the research
efforts of nine faculty members and thirty-six pre and
postdoctoral fellows in the Department of Biochemistry at Johns
Hopkins University School of Hyglene and Public Health. The
research interests of the applicants in this grant are varied,
ranging from DNA replication to nutrition. However, in each
case, sequencing and/or synthetic techniques for peptides and
proteins play a fundamental role in the conduct of their
research; the proposed uses involve the synthesis of peptides
for the production of antibodies or as enzyme inhibitors and the
sequencing of proteins or peptides for the study of enzyme
mechanisms, and the sequencing of proteins as a prelude to the
synthesis of specific gene probes. These research efforts, which
are outlined in section 6.B. have been greatly hampered by the
lack of modern equipment.

Protein and peptide sequencers aid in the rapid
indentification of proteolysis sites, the characterization of
substrate binding sites and functional domains of proteins. The
sensitivity of modern equipment allows the sequencing of proteins
isolated from gels which permits the characterization of small
amounts of protein and also provides the data required for the
synthesis of specific DNA probes for the genes coding for these
proteins. Peptide synthesizers allow the convenient synthesis of
modified polypeptides which can be used to map substrate binding
sites of proteins, as potential inhibitors of some enzymes, as
models for DNA-protein or metal-protein interactions, and for the
generation of antibodies to specific regions of proteins
(Hunkapiller et al. 1984 Nature 310:105-111).

Some of these techniques are currently being employed by the
investigators listed in this application. However, the equipment
and methodologies current available have severely limited their
studies in terms of time and convenience. For instance, peptide
derivatives are being synthesized by tedious manual methods and
peptide analysis is limited to proteins that can be isolated in
larger amounts. No facilities are available for the analysis of
small amounts of polypeptides. The lack of the equipment
requested in this application has directly impaired the research
efforts of the investigators, both in their current research
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endeavours and in their abilities to enter new areas of research.
(3) Description of Instrument

Because of the multi~-user nature of this proposal,
instruments were selected, where appropriate, because of their
simplicity of operation and their ability to be programmed for
different operations. The different operating parameters
required by different investigators can be easily set and stored,
thus allowing an efficient changeover in operation conditions as

required by any investigator without disturbing the settings of
any other user.

(1) Peptide synthesizer (estimated cost $92,800)

The Beckman peptide synthesizer is more expensive than
the synthesiser distributed by Vega. However, it has the
advantage of allowing greater flexibility in the scale of
synthesis. The scale required by the individual
investigators will range from a few micromoles for the
generation of potential antigens to about 10-20 mmoles for
the synthesis of enzyme substrates and inhibitors.

The Model 990B allows the operator to program a large
variety of potential synthetic strategies. Mixing is
accomplished by a magnetic coupled stirrer, as opposed to
the 180°C tumbling action of the Vega instrument. This
allows a savings in solvents and reduces the loss of resin,
especially with small scale syntheses. The ability to use
more concentrated solutions and still effect efficient
mixing increases the yield as the coupling steps are
concentrated dependent, and also reduces the generation of
side products. The Beckman synthesizer contains one
reaction vessel, two mixing vessels, and can deliver
combinations of up to nine different reagents and two
coupling reagents. A preparative reaction vessel (20g resin
capacity) for large scale synthetic work will be required
for the larger syntheses.

(ii) Protein-Peptide sequencer (estimated cost
$108,000)

The Applied Biosystems model 470A gas-phase protein
sequencer automatically performs Edman degradation of proteins
and peptides and converts the products to stable PTH amino acid
derivatives, which are collected in vials for subsequent HPLC
analysis.

A gas phase sequencer is necessary because of the high
sensitivity required for the sequencing of proteins and peptides
lsolated from gels. The high sensitivity also allows extended
sequencing with larger amounts of protein.



(11i) High Performance Liquid Chromatographv unit
(estimated cost $63,070)

An HPLC system is required for the identification of PTH
amino acids, and the seperation and purificaion of proteins
and peptides.

The Beckman 346 system is a gradient system that includes a
scanning UV-VIS detector. A modular system was chosen as
this is more versatile than single pump systems, such as the
Varian, and allows the separation of pumps for isocratic
elutions. The Beckman system is similar to the Waters
system, and i1s comparable in price. There does not seem to
be any obvious advantages or disadvantages between the
Beckman and Waters systems.

An HPLC autosampler and a data system are required for the
unattended identificaition of PTH amino acids. A post
column derivatization system, consisting of pumps and a
fluorometer, and a column heater are required for amino acid
analyses.

1076351
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(4) OQverall objective of the Program

The equipment and facilities for protein synthesis and analysis
requested in this proposal will be used to further the research
objectives of the participating investigators. 1In general, the
objectives of the group focus on understanding fundamental mechanisms
involved in the duplication, maintenance, repair and recognition of
DNA, and studies on key enzymes active in metabolism of nucleic acids
and their precursors. Most investigations underway within the group
either currently employ molecular cloning methodology or will involve
these approaches in the immediate future. Several of the
investigations, specifically those concerning DNA repair enzymes,
metallothionein, and the enzymatic machinery of DNA replication, have
reached the stage at which characterization of protein products becomes
imperative. Since it 1is critical to establish that the gene products
isclated by cloning techniques are identical to those which participate
in the systems under study, it is necessary to compare the sequences of
cloned products (available in substantial quantities) with those of
naturally occurring gene products (which are usually present in
extremely low amounts). The capacity to sequence small amounts of

protein is central to these studies, and the needed instrumentation is
part of this request,

The synthesis of defined peptides will be required in several
projects. These include the investigations on the mechanism of action
of metallopeptidases, for which model substrates will be synthesized;
studies on the immune response to parasitic infections, in which model
peptide antigens will be required; and studies on the detoxification
and sequestering of heavy metals, in which predictions concerning the
modes of metal binding by specific proteins need to be explored. The
possibility of synthesizing peptide analogs which may mimic specific
DNA-protein interactions is in the more distant future, but we expect
that studies of this type will be forthcoming. Both the preparation of
proteins for microscale sequencing and the synthesis of defined
peptides will require sophisticated fractionation capability, for which
a state-of-the art HPLC system 1is required.

(5) Impact of DOE areas

The research interest and contributions of this group will
exert impact in the understanding energy-related factors on
biological systems. The studies concerning gene product structure and
function, regulation of gene expression, replication and repair of
genes and fundamental aspects of cell transformation are specified in
catagory 5 of DOE supportive areas.



(6) Major Accomplishments in last five years.
a. DOE supported activity
Grossman;

Cloned and characterized UVr A,B,C, and D genes
essential for E. coli DNA repair; demonstrated through
catalytic and biochemical evidence the interaction of
these gene products in the repair of ultraviolet ir-
radiation induced damages in DNA; through genetic
transfection experiments showed that coli repair genes
can complement human genetic defects for DNA repair in
cultures of cells from Xeroderma pigmentosum;
completely sequenced UVr A and C genes. Determination of
UVr B gene primary sequence and X-ray crystallography of
UVr A are in progress. These studies are fundamentally

important to energy effect on biological systems,
including man.

b. Supported by other sources

Collins:

Successfully cloned a gene for E. coli
dihydroorotase, a zinc containing metalloamidase which
is important in pyrimidine biosynthetic pathway. With
appropriate vector/host, milligram quantity of this
enzyme in active form has been obtained. This success
has allowed extensive study of the catalytic mechanism
of dihydroorotase by means of protein sequence
modification, steady state kineties, isotopic effects,
as well as other physical characterization including
proton and 13C NMR, EPR. magenetic circular dichroism
and X-ray crystallography.

Gearhart:

Determined that heavy and light chains of Ig G and
Ig A anthodies underwent frequent mutations, in contrast
to Ig M which mutated rarely and, proposed a model for
immunoglobulin variable gene diversity; undertook
detailed DNA sequence analysis flanking these genes and
identified that frequent changes during ontogeny are
localized in a small region. Lymphocytes are being used
to detect signals and mechinery that regulate this
developmental process.

016359 6
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Huang:

By recombination in vitro and by site specific
mutagenesis, created a repertoire of mutants for the
coding sequence of metallothionein, a transition metal
binding protein. The mutated sequences have been cloned
into high expression vectors with the purpose of
obtaining a large quantity of mutated proteins for
structure-function study.

Other accomplishments include induction and
establishment of a collection of metal resistant CHO
mutants, many of which show either transport alteration
or amplification of metallothionein genes. Also
successfully prepared metallothionein antibody and used
it in histochemical localization of metallothoinein in
differentiated cells and in identification of in vivo
and in vitro metallothioneln gene products.

Krag:

Isolated and established mutants of Chinese hamster
ovary cells which are either defective in
mannosylphorsphoryl dolichol synthesis or shown resistance
to tunicamycin. These mutants allowed studies in two
parts: the former to correlate mannosylphorsphoryl
dolichol with altered mannose 6 phosphate receptor and to
understand protein glycosylation.

McMacken:

With concerted efforts on the study of phage DNA
replication and its regulation, a series of protein
factors which are involved in the initiation step has
been identified and characterized. Two )\ -coded
initiator proteins, have been studied in detail,
through cloning their genes. Their interaction with

other essential replication proteins and DNA is being
further studied.

Milmang

While earlier accomplishments center around the
study of E. coll guanine-xanthine phosphoribosyl
transferase, more recent achievements include the cloning
of genes for:

(a) Hebpes type 1 and 2 and Epstein - Barr viral
proteins.

(b) antigens for a parasite D, immitis which
causes dog heart worm.

(c) human folypolyglutamate synthetase (in
collaboration with B. Shane)



107b3bl

Identified the sequence essential in gonococcal
transformation; refined DNA recognition events in
Hemophilus transformation; obtained evidence for the
existence of receptor proteins which act in these
specific recognition events; characterized a
bacteriophage of H. influenzae with respect to its
cohesive termini and its site of integration, and are
currently studying the mechanism of site-specific
recombination by use of molecular cloning techniques.

B. Qualification of faculty

Research activities of the users described below are grouped into

three parts:

a. extended description of work in users' laboratory;

b. brieff statement of additional major users and

¢c. a list of representative projects by the pre and
postdoctoral fellows that will be benefited by the
instrument.



(1) Majlor Users

2. Ko D. Collinms

DIHYDROOROTASE: CATALYSIS AND INRIBITION

Dihydroorotase (L-5,6-dihydroorotate amidohydrolase, E.C. 3.5.2.3) is
an enzyme in the blosynthetic pathway of the pyrimidines which cyclizes K-
carbamyl-L-aspartate to form L-5,6-dihydroorotate. We have undertaken a
systematic program to determine the catalytic mechanism of action of the
E. ¢coli and hamster kidney enzymes, and to develop effective mechanism-based
inhibitors for them; these inhibitors wmay be useful ss anti-proliferative

drugs. Dihydroorotase 1s an especially appealing object of atudy for at
least two reasons:

. Being a single subatrate enzyme, productive enzyme-substrate
complexas can be studied by the techniques described below. [This is not
true of the other carboxypeptidase-type metallo-amidases.]

2. Of all the enzymes in the biosynthetic pathways for the purines and
pyrimidinss, dihydroorotase and the subsequent dehydrogenase are the only
two which have non-phosphorylated substrates, Thus any mechanism-based

inhibitors that we develop have a good chance of penetrating mammalian
cells.,

Ve have purified milligram quantities of the E. coli enzyme and shown
it to be a dimeric enzyme of subunit MW 31,000 containing 1 atom of tightly
bound Zn (II) per subunit (Washabaugh and Collins, 1983). We have also
shown that the solutions containing the enzyme must be free of trace
contaminants (Washabaugh and Collins, 1983). This is an important enzyme
about which very little is known. Although the E, ¢coll and hamster kidney
enzynzes have different structures, preliminary evidence suggests that they
have similar catalytic mechanisms, The gene for E, coli dihydroorotase has
a mininmumr molecular weight of 1.1kb. We bave now cloned a 1.7kb B, _coli DNA
fragment into the high copy number vector pKC16, which is pKC7 containing
the limoda wrgiu of repli:amlcn aud 8 teaporature sensl.ive lamoda repressor
gene (CI-857); whep the teaperature is raised from 30° to 42° the plasmid

- makes many coples of itself, We have been getting 25% of the soluble
protein as dihydroorotase in one liter cultures, end we are now preparing
for large scale production of the enzyme. The E. ¢0li pyr c gene is being
sequenced by Lennent G. Lundberg in Sweden andd the x-ray structure of the
enzyme will be determined by David Evans of Wayne State Univeraity.

Ve are using or soon will be using the following techniques to determ3ne
the mechanism of action of dihydroorotase (the experiments described below
will initally be done on the E, coll enzyme).

a. To prove that the overproduced enzyme is identical in structure to the
*y11d type® that we have already purified, we will characterize peptidc maps

of both enzymes by HPLC and sequence any peptides that appear tc differ
between the preparations.

101b3b2



b. We have developed three affinity labels which, in preliwinary experienments,
inactivate the enzyme in the absence but not the presence of the substrate:
bromocacetate, N-(bromoacetyl)-glycine, and N-(acryloyl)-glycine. Using
rotences, ami saquance the resuliing beptides o 1dentify smtno seq

proteases, and sequence the resulting peptides to identify amino acid

residues at the active site of the enzyme.

c. The enzyme as isclated appears to have structural Zn*2 sons removed,
exposing a sulfhydryl (which can be modified chemically) which makes the
apoenzyme very susceptible to air oxidation. Using cleavage and sequencing
procedures described above, we will identify this sensitive sulfhydryl.

d. We will also obtain functional evidence for a general acid-base at the
active site by examining proton exchange with the solvent from substrate
analogues in the presence of the enzyme.

e. The rate limiting step of the reaction will be deternmined by steady
state kdnetics using solvent isotope effects and by using fluorinated sub-
atrate analogues.

f. The metal ion's role in the catalytic mechanism, its protein ligands, and
its geometric relationship to the substrate will be determined by
substituting paramagnetic Co (II) and Mn (II) for the active site Zn (II),
and then examining the substrate or subatituted enzyme by " and 3¢ nuclear
magnetic resonance, electron paramagnetic resonance, magnetic circular
dichroism, and visible electronic spectroscopy. Much of this work will be
done in collaboration with A1 Mildvan of the School of Medicine.

g The above information will be used as a guide to develop mechanism-based
inhibitors of this enzyme.

In addition to the above work on dihydroorotase, we are interested in
developing inhibitors for the mechanistically related metal-dependent carboxy-
peptidases, and an automated synthesizer would be 2 great help in making
these peptide derivatives.

lezens to un asino wcid analyzer, » jrotedn ssqueniiter, anc ar. RILC unit
(for peptide separation) is essential for the completion of this work. At
present there is only one HFLC unit available to the department as & whole,
and it is difficult to obtain time on it. Our amino acid analyses and
sequenator runs are presently done on antiquated instruments & miles away in
the laboratory of Dennis Powers. It is very difficult to obtain time on
these machines and long delays are common It would facilitate our work
enormously to have available within this department the amino acid analyzer
(BPLC), sequenator, and synthesizer which are requested in this application.
Washabaugh, M.W. and Collins, Kim D., Dihydroorotase from .
Purification and Characterization. J. Biol. Chem. 259 3293-3298 (1984).

Washabaugh, M.¥W. and Collins, Kim D., Purification of Aqueous Ethylene
Glycol, Analyt. Biochem. 133 12%-152 (1983).
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b, Patricia J. Gearhart
Rearrangement of Antibody Variable Genes During Ontogeny

Mechanisms that control the developmental expression of genes in a
multigene family are not understood. One of the goals of my laboratory is
to determine if there is a developnental order to the rearrangement of
antidbody variable genes. There are several bhundred variable genes that code
for antidody heavy and 1light chains. In pre-B lymphocytes from murine fetal

liver, the genes for Deavy chains rearrange in mid-gestation, and the genes
for light chains re in late gestation

We have made pre-B cell lines from murine retal liver which have been
transformed with Abelson virus, The rearranged variable genes for the heavy
chain rrom each transformed cell line have been cloned into viral vectors
for nucleotide sequencing. There ia evidence that seven out of eight fetal
cell lines have rearranged the pame germline gene. This finding of a bias
towards the expression of one gene during early development is incredible
since one Imows that there are several hundred other variable geres that are -
not selected. Because this particular gene 1s not expressed in the adult
mouse, it 1s suspected that it way be non-functional because (a) it may not
be translated by the cell, or (b) it may contain an amino acid substitution
that may not allow it to join with a light chain to form an antibody
molecules. It will be necessary to sequence the heavy chain protein because
both parental chromosomes contain rearranged heavy chain genes, and it is
not known which one is being translated. B lymphocytes commonly contain two
rearranged heavy gene alleles, but only one allele is expressed by the
cell, Tae~ofurs, we woald 1'ke Lv sequenyd the proteir Co dileraine 1S the
putative non-functional gene is being translated. If 4t is, the heavy chain

can be isolated to see if it can pair with a light chain to form an
immunoglobulin molecule,

A protein sequenator would be used to sequence the immunoglobulin heavy
chains that are made by pre-B cells to determine which rearranged genes
produce protein. It is expected that one milligram of protein can be
purified from the ascites fluid of three mice that have been injected with
pre-B cella. The amino-terminal sequence up to residue 30 would confirm
which gene was bdeing translated. I have had extensive experience in
sequencing antidbody proteins in Dr. Lercy Hood's laboratory (Gearhart, P.J.,
Johnson, N,, Douglas, R., and Bood, L. 1981. Ig( antibdbodies to

phosphorylcholine exhibit more diversity than their IgM counterparts.
Nature 291, 29-34).
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c. LANRENCE GROSSMAN

THE ROLE OF THE E. ©qli uvr PROTEINS IN INA REPAIR

The intitial stages in the repair of INA damaged by W, or other agents
causing large distortional perturbations in DNA, are controlled by three
unlinked Esherichia coli genes, the uyxa, uvrB and uvrC genes.

These three genes have been cloned, mapped, amplified when linked to other
promoters and their respective gene products isolated in milligram
quantities as homogeneous proteins. The uvrA protein is the largest with a
molecular weight of 117,000 which in the presence of ATP and Mg<' binds to
damaged INA and releasing P; and ADP. The hydrolysis of ATP is accompanied
by a large conformational cgange in the uvrA protein. The binding of the
uvzA protein is further stabilized by the uvrB protein, which has an 80,000
molecular weight. These two proteins neither separately nor in combination
are sufficient to catalyze incision of damamged DNA, but require the
presence of the uvrC protein (Mr=62,000). These three proteins comprise a
uvrABC complex which in the presence of ATP specifically leads to two breaks
in OV damaged INA hydrolyzing 7 nucleotides 5' and 3~4 nucleotides 3' to
the same OV-induced pyrimidine dimer (1-5).

From INA binding data the uvr proteins do not turnover after the
incision reaction, nor is there any DNA fragment released suggesting an
in vitro system which is limiting and devoid of necessary proteins for the
canplete repair reaction. This proved to be the case in which the gene
product of uvrD (helicase 1I), INA polymerase I (polA gene) under
polymerizing conditions and polynucleotide ligase (lig gene) are limiting in
the reaction and are required to carry out the complete repair processes of
incision, excision, resysnthesis and ligation in a coordinated manner as
part of a protein complex we refer to as a "repairosame” (6).

One of the major reseach goals for the laboratory is to investigate the
roles for each of the uvr proteins, their structure and to correlate their
structures with their functionality. To approach this problem each of the
uvr genes is being sequenced, their most likely amino acid sequences
determined and their probable secondary structural determinations predicted
as first approxismations far tre incacien of structural dona.ns. The oirh
protein has been crystallized, and in collaboration with Dr. E. Latman of
the Department of Biophysics in the School of Medicine more detailed
structural relationships are being sought.

The general research strateqy involves sequencing each of the yvr
genes and from the predicted amino acid sequence and from protein prediction
models determine those likely structural domains which should be modified
for functionality assays. The uvrA protein is an ATPase, binds to damamged
INA and provides sites for uvrB and uvrC protein binding as well as being
required for catalysis. The uvrB protein stablizes the uvrA protein binding
to INA and is required for catalysis, whereas the uvrC protein initiates
catalysis of the incision event. ,

We have sucessfully sequenced the uvrC gene, almost fully sequenced
the uvrA gene and plan to complete the primary structure analysis of the
uUvIB gene. In accordance with the identification of structural domains in
each of the uvr proteins we are in the process of proteolyzing each one of
the proteins with both exo~ and specific exdopeptidases to identify both
active and inactive polypeptide fragments for functional analyses.
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Knowing the sequence of the genes those regions encoding potential v
active sites will be mutagenized at specific sites. The mutagenized genc
will be amplified and the mutant proteins tested for their unique
activities. The actual sequences of the mutant proteins must be verifieut
through the isolation of those active peptide regions for complete amino
acid sequence analysis. It is this aspect of our research as well as the
proteolysis experiments which can best be accomplished with an amino acid
sequenator. Such an instrument will also be needed to identify sites of
modification, the effects of inhibitors and cross-links with both other yyr
proteins, but with damaged INA as well. Because we anticipate that there
will be limited quantities of some of the proteolytic fragments a gas phase
model sequenator will be needed for same of the experiments.

Although the stoichiometric relationship between each of the uvr
proteins is close to unity it is not clear what the nmature and level
of these proteins are in a complicated macromolecular structure. Por thig
reason this complex structure will be examined by physical means using
labeled proteins, crosslinking agents, ATP analogs and specific antibodiesg
for determining which of the uvr proteins are exposed to antibody and thoge
which are masked when in complexed structure.

We plan to use a reversible crosslinking agent which can be cleaved
after the isolation of a crosslinked complex so that the identity of a
complex can be ascertained not only by its molecular weight but also by that
of its components. This approach has been useful in the analysis of other
complex structures, including ribosomes. Secondly we plan to exploit our
current antibody technology to purify crosslinked complexes into various
classes dependent upon their containing one common protein. It is our plan
to synthesize the antigens for monoclonal and polyclonal antibody production
so that antibodies can be prepared against specific kinds of regions of «ach
of the uvr proteins. It is for this reason that a peptide synthesizer will

be invaluable for synthesizing oligopeptides of defined sequence for use in .
antigenicity studies.
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d. P.C. HUANG
GENES FOR METAL BINDING PROTEINS

Reavy metals damage DNA a» well as render enzymes inactive or error
prone. Our long term goal is to understand cellular defense mechanisms with
which a cell paintains its genetic integrity against heavy metals. With
genetic and recombinant DNA techniques, we are undertaking four projects:

A. Inductive response to transition metals -~ Nontoxiec levels of szinc
and cadmium induce the synthésis of specific proteins, such as
metallothionein, which have a high arfinity to these metals. Is there a
family of genes whose expression is responsive to induction by the stress of
these metals? Poly A plus-mRNA from induced rat liver cell was used to
prepare cDNA by reverse transcription. Direct sequence analysis of these
resulting cDNAs and their putative genme products are dbeing done.

B. Organization and expression of the metallothionein genes --
Metallothionein is a metal binding protein, consisting of 61 amino acids, of
which one third is cysteine, It is ubiquitous in plants and animals. Its
function may involve metal detoxificationm, transport, storage and
homeostasis. Our aim is to test the hypothesis that metallothionein genes
have evolved through endoduplication of a basic stretch of DNA, followed by
mutations and insertion of introns and regulatary sequences and that they
undergo amplification under stresa., Metallothionein gene seqeunces from
different genomes and metal resiastant mutants are being compared for their
structure and expression with immuno and chemical assays. Progress has
already been made in this laboratory in the identification of aspecific
genomic DNA fragments, resulting from restriction enzyme digestion, which
contain the metallothionein genes. As there are two major metallothionein
genes in rat genome and as they may be distantly linked, our current work
involves a shotgun approach to randomly sequence the subelone of one 8.1 Kb
fragument from rat genome by the standard dideoxynucleotide synthesizer
technique. The limitation of this approach is time consuming; only 250-300
nucleotides can be determined at a time. With an oligonucleotide
synthesizer, we plan to streamline the procedure by sequence walking using
tge last vvadable stretch of DIA as a ayutbetis primer and eaxteudine “he
reading downstream. This is theoretically feasible and can be readily
adapted to other metallothionein isogene and pseudogene sequence analyaes.
The synthetic oligonucleotides will also serve as probes in the detection of
control and coding sequences related to the metallothionein genes.

C. Site-specific mutagenesis of metallothionein -~ i3 8 protein, each
molecule of metallothionein binds seven gram-atoms of transition IB and 1IB
metals., It apparently consists of two domains with the N-terminal end
binding three and the C~terminal four metala. All metasllothionein thus far
identified lacks aromatic amino acids and contains 20 cysteines in the same
positions. Our study is designed to address the question whether there i=a
an evolutionary constraint such that it requires a high degree of ‘
conservation in the amino acid sequence. We have isolated a repertoire of
site—-specific mutants with specific codons in the metallothionein coding
sequence replaced. Each of these mutants has been cloned and DNA sequence
determined. Of the 264 mutants characterized to date, they project changes
in single or multiple {(up to six) amino acids, in substitution of polar to
nonpolar residuals, in replacing nonaromatic amino acids by aromatic ones
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and in amino acid replacements confined to domain ! and/or 2. We plan to
extend the size of this wmutant library to include elimination or replacement
of apecific cysteines and other alterations, which will include
recombinational mutants constructed with a single or multiple exon sequences.
By inserting these coding sequences in suitable expression vector/hosts, we

shall be in @ unique poaition to study the function and properties of
metallothionein.

Two expression vector systems are being used for this purpose: a) a
modified tryp promoter and b) a modified lambda promoter coupled with a
temperature sensitive repressor. The latter has yielded cloned
metallothionein gene product equivalent to about 1% of the total soludle
protein of the host, E. coli. The level of synthesis is sufficient for
routine assays of 2 ml cultures by radioimmuno reagents, by radioactive
metal binding and by pulse polarography. Each of thess assays requires only
2.5 to 50 ng of metallothionein. A large quantity of mutant gene product of
interest, however, will be produced by scaling up to as much as 120 liters,
if needed, in our departmental fermentor, for the intended NMR study which
will require 10-20 mg of this protein purified to homogeneity. Here the
protein/peptide sequencer is crucial as it will facilitate analysis of the

nutated metallothionein, ascertaining the precise changes predicted from the
DNA sequence data

D. Evolution of metallothionein gene sequences -- metallothionein, s
protein which binds transition metals is found ubiquitously among mammals,
Fish and lower vertebrates also contain metal binding protein, related but
different from mammalian metallothionein, We are in the process of
comparing their genic organizational differences as well as similarity in
their products. Synthetic polypeptides designed to mimic common features of
these protein species should aid our studies in elucidating the structure-
function relationship during the evolution of this gene family. For
instance, if the cloned single domain can be demonstrated to be functional
for metal binding, it would be reasonabdle to chemically syntheasize
polypeptides, the sequences of which are so modified, that the affinity for
apecific metals is increased or decreased. Structural alterations,
replacing nonaromatic for aromatic, non-polar for polar, are examples which
would complenent tha effiwis decribed ehovy using muatated cDNA, Similarly,
synthetic segments of the metallothionein sequence will be useful in
learning whether antigenicity of this protein is locelized. Synthetic
peptides will be used to elicit antibody and to test which segrment will
compete for the Ab/Ag reactive sites. The quantitative aapect of these
approaches is being studied. The sequence specificity for antibody
determinants and for metal bdinding are just two major areas upon which we
intend to focus our attention

As 3 matter of scheduling, it should be noted that the need for amino
acid composition analysis capacity is igminent; several purified native
metal binding proteins from fish are waiting to be analyzed. Sequencer is
desired in approximately six months. It will be used for the anlaysis of
some of the fish proteins and the mammalian metallothioneins which are being
used as standards or being cloned and synthesized in E. coli. It is
envisioned that for this study the peptide synthesizer will not be actively
used until the physico-chemical properties of several mutants are
determined, which we expect to achieve in about one year's time,
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In short, in three out of four projects in this atudy, the requested
instruments will be beneficially used. The peptide synthesizer will aid the
atudy of metallothionein evolution. The protein/peptide sequencer will be
needed for the determination of cloned coding sequence gene products on a
routine dbasis, The RPLC systems are essential to the compositional and size
analyses of the aynthesized and/or native peptides as well as in preparative
work, While these instruments requested here will be used heavily 1in our

study, we recognize that they will be served more efficiently on a shared
baals,
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e. Roger McMacken

"BIOCHEMICAL MECHANISMS IN THE INYTIATION OF DNA REPLICATION"

The initiation of bidirectional DNA replication starting at specific
chromosomal replication origins is a coxplex diochemical phenomenon requiring
the concerted action of multiple proteins, The actual molecular mechanisa of
DNA chain initiation is currently not understood for any organism. Because of
the tremendous complexity of the events that occur in the initiation of DNA
replication, we have chosen to atudy this process in a model system in which
the genetically well-characterized chromosome of bacteriophage lambda is used
as the tenmplate. Initiation of bidirectional DNA replication at the viral
origin requires the action of two pbage-coded initiator proteins, the X 0 and
P gene products, as well as the function of numerous Escherichia cold replica-
tion proteins. The host proteins required include primase, DNA polymerase III

holoenzyme, RNA polymerase, DNA gyrase, single stranded DNA binding protein
(SSB), and the bacterial dnaB, dnalJ, and dnak proteins.

¥ithin the last two years our laborataory has established two different
soluble Ain yitro replication systems that will ultimately enable the elucida-
tion of the biochemical events that occur in the initiation of bidirectional A
DNA replication. Both systems rely on the capacity of the lambda O and P
initiators to commandeer the bacterial replication apparatus and direct these
enzymes to carry out DNA chain initiation reactiona. In one Bystem supercoiled
Agy-like plasmids, carrying a cloned phage A replication origin, are repli-
cated in a bidirectional fashion from the A origin to produce daughter super-
coiled moleculea. The properties of the in vitro DNA synthesis are precisely
those expected for authentic A DNA replication.

In the other zystem single-stranded, circular phage M13 or ¢X17% DNA is
replicated to a duplex, supercoiled form. Although this reaction is not de-
pendent upon the presence of A DNA sequences in the single-stranded template,
its properties suggest it is relevant to strand initiation events that occur in
the replication of the phage A chromosome in yive. The single-strand replica-
tion system has been used to establish physioclogical assays that have enabled
the prrification of the bacterial dna) and dnaX replication proteins. This
second replication reaction has recently teen reconstituted using eight highly
purified protein fractions, Our studies of this system indicate that snitia-
tion of DA synthesis on single~stranded templates is preceded by a complex,
ATP-dependent step in which the E. €011 dnaB protein isz transferred onto the
SSB-coated INA through interactions with the viral O and P protein initiators
and the bacterial dnal and dnak proteins. 7The primosome-like complex contain-

ing the dnaB protein serves as a locus for primer synthesis and subsequent DNL
chain elongation.

Studies of these in yitro replication systems, together with studies of
individual purified proteins, have led to the identification of pumerous speci-
fic protein-protein interactions required for the initiation of A DNA replica-
tion. VWe have found that the )L P protein forms a specific complex with the
host dnaB protein, and in so doing displaces the bacterial dnaC protein from a
dnaB-dnaC protein complex. The bound P protein suppresses all of the known
enzywatic activities of the dnaB protein, including its ATPase, priming, and
replication activitiea. We have also demonstrated that each of the viral
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initiators apparently interacts with the E 0014 dnaK protein, judged by the
capacity of each protein to modulate the ATPase activity of the dacterial
protein. Preliminary biochemical evidence for interactions betueen the A O
and P proteins has also been obtained. Moreover, we and others have found that
the phage O protein binds specifically to a series of tandem repeating sequen~
ces present at the A replication origin and arranges the origin DNA into a
specific globular nucleoprotein structure. Via proteoclytic digestion studies,
we have also accumulated evidence. that the ) 0 initiator protein is divided
into two structural domains: an amino-terminal domain that specifically inter-
acts with the A replication origin and a carboxyl-terminal domain that is
involved in specific protein-protein interactions, Structural studies of the
proteins required for A DNA replication have been greatly aided by our success
in cloning the essential replication genes and in amplifying the intracellular
levels of these gene producta. Multiple milligram quantities of each of the
essential proteins can be readily prepared.

Our studies of the mechanisa of initiation of A DNA replication are
currently moving into a critical and difficult phase., An understanding of this
complex process at the molecular level depends on studies of many protein-
protein and protein-DNA interactions, several of which may be transient in
pature. Because many of the proteins involved have no associated enzymatic
activities that can be followed to monitor such interactions, it is clear that
ve will need to employ sophisticated, state-of-the-art, biochemical technology
to effectively carry out this study. Delineated below are selected examples of
specific studies our laboratory will perform that are highly dependent on the
requested instrumentation.

Initially, we will focus owr efforts on studies to elucidate the nature of
the interactions between the normal wild type versions of the replication
proteins, Later mutant versions of these proteins will be used to pinpoint
particular structural features that are essential for the interaction. Inter-~
actions between P protein and dnaB protein, O protein and P protein, P protein
and dnak protein, and between O protein and dnak protein will all be examined.
Reversible bifunctional protein crosalinking agents will be used to probe for
sarfice contucl regicus 7n rarlcus protein . xcteir compiexes. The auine ucic
residues modified on each polypeptide will be identified by digesting the
cross-linked complex with proteases (generally trypsin) and subsequently isola-
ting and characterizing the modified peptides., This type of anmalysis will
require the routine use of HFLC instrumentation for isclation and identifica-
tion of the modified peptides, as well as ths use of a protein sequenator for
unequivocal identification of the modified residue(s), Perhaps it should be
noted that primary amino acid sequences are known for all of the replication
proteins that we will be investigating This will significantly aid structural
analysis of the proteins and of protein interactions, :

Subaequent studies will utilize stable proteolytic fragments derived from
the replication proteins to further delineate the nature of any observed inter-
actions, This approach should simplify the interpretation of complex interac-
tion patterns and will be especially useful for those proteins, like 0 protein
and dnaB protein, which appear to have multiple functions located on indepen-
dent domains, Each replication protein will be digested with various proteases
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and, after specific times of digestion, each sample will be analyzed for the
presence of stable proteolytic fragments by SDS-polyacrylamide gel electrophor-
esis. Potentially useful polypeptide fragments will be extracted from the gel
and identified by using the gas phase sequenator to determine their amino-
terminal anino acid sequences. Desirable fragments will be purified in a
native form by conventional and BPLC chromatography and charscterized for the
retention of functional activities, To complete the unequivocal identification
of each fragment, we will determine its carboxyl-terminal amino acid sequence,
Once again BPLC chromatography will be neces=ary to identify and quantitate the
released anino acid residues, Because of its speed and resolution, HPLC gel
filtration will also be used to attempt to identify weakly stable protein
interactiona. The lifetimes of many such complexes may be too transient to be
picked up by the much slower conventional chromatographic or sedimentation
procedures. »

Ve will also investigate the nature of the interaction of the A 0 protein
with the A replication origin This dimeric protein binds to four tandem 19
base pair repeating sequences present in the viral origin, binding to the inner
two repeats at low protein concentrations and to the outer two repeats, as
well, at higher concentrationa, Interestingly, the three dimensional structure
of the O protein-origin complex changes dramatically upon binding of O protein
to the outer repeata. A specific nucleosome-like globular complex is formed.
Using bifunctional protein-protein and protein-DNA oroas-linking agents, we
will attenpt to probe the structure of this novel complex. Similar studies
will be performed on origin DNi-protein complexes containing subsaturating
levels of O protein and on free O protein dimera, As described above, bdoth
peptide sequencing instrumentation and RFLC appsratus will be essential for the
comnpletion of these studies.

Approximately 5% of the E. cold dnak protein exists in ¥ivo &s a phosphor-
ylated speciea. Very high levels of the dnak protein are required in each of
the two in yitro replication systems we developed, perhaps because only the
phosphorylated form of the protein is active, Ve intend to inveatigate this
pensibility. Becanse it ix very difficul’ on s preparative scale to ssmarate
the two forms cleanly, we will approach this problem by quantitating the level
of the phosphorylated form that is present in various specific complexes formcd
by the dnaK protein with other replication proteins during the prepriming stege
of the strand initiation reactions. It is anticipated that the tryptic peptide
carrying the phosphorylated residue will be identified through peptide sequen-
eing.  Subsequently, the levels of the modified and nonphosphorylated forms of

this tryptic peptide in protein complexes can be rapidly ascertained with the
aid of HPFLC methodology.

Once the general nature of a particular protein-protein interaction or a
specific protein-DNA interaction is identified by these and related studies, we
will focus our efforts at defining the precise nature of the interaction. One
approach that should be fruitful is to chemically modify or replace apecific
aminoc acid or nucleotide residues that are suspected of playing a crucisal role
in the interaction (using the aforementioned studies as a guide) and then to
measure changes in the physical and enzymatic properties of the interaction
caused by the alteration. 1In the case of the A P protein, a large number. of
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mutant proteins that have altered interactions with the bacterial dnaB and/or
dnak proteins are availadle for such studies. However, because of the
relative ease by which specific nucleotide and amino acid alterations can be
made using modern recombinant DNA technology, our geperal approach to these
studies will be to chemically and enzymatically construct specific
alterations in critical regions of these replication proteins or their DNA
target sites. The nucleotide sequence coding for the region of interest
will initially be cloned into the .aingle-stranded chromosome of phage M1i3.
Kext, 2 complementary primer DNA fragment, about 15 to 20 base pairs in
length and containing the desired nucleotide change in its center, is
chenically synthesized. The primer is annealed to the hybrid Mi13 chromosome
and this DNA is converted to the duplex form through the action of DNA
polymerase I (Klenow fragment) and DNA ligase. The duplex DNA product is
transformed into E. coll and phage progeny carrying the modified sequence
are isolsted. Ultimately, the modified sequence will be enzymatically
inserted into an amplification vector to replace the wild type sequence.

Large quantities of the mutant protein or DNA will then be isclated for use
in biochemical studies of the interaction.

Finally, it is anticipated that the peptide synthesizer will be useful ror
this investigation. Once some general idea is obtained about the region(s) of
a protein that is involved in a particular macromolecular interaction, we
intend to elicit specific antibodies directed against this region. Baving an
arsenal of apecific antibodies that block various macromolecular interactions
should both augment and complement the studies with site-specific mutations
described above, The antibodies may be used in pairs or three-way combinations
in the analyals of the complex multi-step pathways involved in the infitiation
of DNA synthesis, Our approach will be to chemically synthesize oligopeptides
(generally containing 8 to 20 amino acid residues.. identical to the wild type
sequence in the region of interest) that can be linked to carrier proteins and
injected into rabdbita, Lerner and coworkers have found that antibodies eli-
cited by such oligopeptides often recognize and dind to the native protein as
well, Sufficient quantities of the oligopeptide for immunizetion can readily
(and relatively cheaply) be prepared by the peptide synthesizer,
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f. Barry Shane

REGULATION OF FOLATE AND ONE CARBON METABOLISM

For the last few years, a major interest of my laboratory has been the
enzymology and regulation of one-carbon metabolism. Folate-dependent reac-
tions are involved in the biosynthesis of thymidylate, purines, methionine,
and glycine, and in the metabolism of serine, formate, and histidine. We have
shown that the physiological substrates for these reactions are polyglutamyl
folate derivatives, and that these forms of the vitamin are preferentially
retained by tissues, We are currently studying the mechanism by which regul-
ation of folate polyglutamate formation in bacteris and mannalian tissues
controls one carbon metabolism. Because of the role of folates in thymidylate
and purine biosynthesis, folate antagonists have found widespread use as
chemotherapeutic agents. The studies on the regulation of folate metabolism
are being extended to cultured normal and tumorigenic mammalian cells with the
aim of designing antagonists that will potentiate differences in requirements
for products of one carbon metabolism between these cells,

The major emphasis of our studies has been on the enzymology of folyl-
polyglutamate synthesis. The enzyme folylpolyglutamate synthetase has been -
purified to homogeneity from Lactobacillus casei, Corynebacterium and hog
liver and the substrate specificities and kinetic properties of the enzymes
have been characterized. The Corynebacterium protein has been shown to
possens dihrdrofolste synthoteade anotivity nnd appuirs ‘¢ b: Q Difunetivoal
proteihb Folylpolyglutamate synthetase is considered a promising target
enzyne for anticancer and antimicrobial chemotherapy. In addition, some
antifolate agents only exert their cytotoxic effects when metabolized to

polyglutamate forams. We are eurrpntly synthesizing a variety of potential
inhibitors of the enzyme.

A detalled physical characterization of folylpolyglutamate aynthetaae has
been precluded by the small amounts of protein that are obtained after its
purification. For example, about 50 ug of the hog liver enzyme 1ia obtained
from one kilogram of tissue and the purified protein is unstable. To overcome
this problem, we have isolated the E, coli folylpolyglutamate synthetase gene
and have cloned it into a high expression plasmid. Bacteria transformed with
this plasmid overproduce the enzyme which has allowed us to obtain large
quantities of the purified protein. Studies have also been initiated, in
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collaboration with Dr. Gregory Milman, on the cloning of the human folylpoly-
glutamate synthetase gene a3 & means of obtaining large amounts of the human

enzyme.

The availability of large amounts of these proteins will allow us to (1)
map the substrate binding sites with mono- and polyglutamate affinity labels
and (11) dissect the catalytic mechanism of the enzyme. Tbis will allow us to
determine which factors are involved in making a folate or antifolate a good
substrate for this enzyme and will greatly aid in the rationale design of
4{nhibitors of the enzyme and in the design of "pro-drugs®, folate antagonists
that exert their cytotoxic effects when metabolized to polyglutamate forms.

The procedures we use for the synthesis of the folate polyglutamate
substrates used in our studies are very tedious and time consuming. These
polypeptide derivatives are synthesized by the Merrifield solid phase method,
but all operations are carried out manually. We bave also used this procedure
to synthesize modified folate derivatives with modified glutamate residues or
with other amino acid substitutions to asseas the parts of the molecule which
are involved in binding to the enzyme. Because of the time and effort that is
required to synthesize these compounds, we have only been able to synthesize
mono- and diglutamate analogs. The use of an automated peptide synthesizer
would greatly simplify these ayntheses and would make practical the synthesis
of analogs of longer chain length folylpolyglutamates. We would also require
a peptide synthesizer for the synthesis of affinity labels for folylpoly-

glutamate synthetase and for the synthesis of peptides to produce antibodies
to specific regions of the protein.

Affinity labels will be used to map the substrate binding sites of folyl-
polyglutamate synthetase and dihydrofolate synthetase, and residues involved
in substrate binding and catalysis will be modified with chemical agents.
These studies will require the use of a peptide sequenator for the identi-
fication of the amino acids involved. The availability of a microsequenator
will also make possible studies on the mamnmalian folylpolyglutamate aynthetase
wvhich is presently available only in microgram quantities. We expect the
method we have developed for the purification of the hog liver should also be
applicable for the purification of small amounts of the buman enzyme. The
availability of a sequencer will allow us to determine the amino acid sequence
of different regions of the human protein, thus allowing us to prepare DNA
probes to aid in our studies on the cloning of the human gene.

1076315

22



(2) Other Major Users (all members of Biochemistry Department)

101b37b

1.

3.

Gregory Milman/Associate Professor

Cloning and expression of foreign genes: herpes type 1 & 2 Ag,
EB viruas nuclear Ag, nematode parasite Ag and human
folylpolyglutamate synthetase.

Need synthetic peptides to elicit monoclonal antibody for the
proteins of interest.

Need sequencer to determine the cloned foreign gene products.

Sharon 8. Krag/Associate Professor

Glyocosylation of scludle and membrane associated proteins in
cultured eukaryotic cells.

Need synthesizer to make peptides of specific sequences as reagents
for immunology and as substrate for enzymatic reaction.

Need sequenator to determine sequences of proteins being studied.

John Scocca/Associate Professor

1. Sexually tranmmitted diseases
2. DNA interaction in bacterial transformation.

Need sequenstor to examine DNA binding protein on membrane for
transformation. .
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(3) Representative relevant research projects by pre and postdoctoral

fellows:

Alfano, C. Protein-protein interactions involved in initiation of DNA
replication

Andersen, R. Fish metal binding proteins: electrochemical and affinity

' properties

Bongar, A. Cloning and characterization of human folylpoly&lutamate
synthetase 3enes

Brown, D. Cloning and expression of a dihydroorotase gene

Caron, P. Mechaniam of the synergistic actions of uvriA,B,C and D

Cismowski, M. Mutated metallothionein gene product generated ror BMR
studies

Claussen, L. Structural analysis of uvri,B,C proteins .

Cook, J. Specificity of substrate binding site of folylpolyglutamate
synthetase

Criscuolo, B. Purification and characterization of a potential regulatory
enzyme in the lipid-linked glyocosylation pathway ‘

Dickstein, R. Expression of E. coli DNA repair protein in XP cell

Dinman, J. The role of promoter and coding sequence in metallothionein
gene inducibility

Goodman, S. Sequence characterization of membrane associated DNA binding
protein from Gonococcua Structure and function of mobile
prepriming complexes involved in DRA replication

Rauser, M. Haemophilus DNA binding proteins associated with menmbrane,
- phyaical and biological properties

Huh, 2. Expreasion of uvrB,C from E. coli in XP cells

Lebowitz, J. Mechanisms of DNA strend initiation during bacteriophage,
lambda and E, cnll DNA replication

Liberman, N. Hypermutability of the variable regions of immunoglobulin
heavy chain

Liy, S Expression of cloned metallothionein gene in a high

efficiency expression vector utilizing lanbda PL promoter
and CIB5T ts repressor

Mazur, S. Thermodynamic characterization of uvri,B,C enzymatic
mechani sm
Morris, S, Anpliricat.ion and evolution of metallothionein gene
sequences
10Tb3711
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0'Melia, A

oh, C.

Pine, R.

Roberts, J.

Stoll, J.

Sussman, D.

Transcriptional control of metallothionein genes in CRO
mutants

Properties of uvrA,B,C DNA repair systea

Site specific and recombinational mutations in vitro in
metallothionein coding sequences

Cloning and characterization of the lambda O protein, a
protein essential for the initiation of viral DNA replication

Isolation of mutants of Chinese hamster ovary cells lacking
oligosaccharide-protein transferase activity

Expression of human folylpolyglutamate synthetase in CHO
cell mutants

VWashabaugh, M. E. coli dihydroorotase: purification, characterization and

10763718

mechanise of action
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Estimated § Usage of the Instruments

Laboratory of: Protein synthesizer/sequencer
Collins, K.*® 10%
Gearhart, P.® 10
Crossman, L.® 15
Huang, P.C.*® 20
Krag, S. 5
McMacken, R.® 15
Milman, G. ' 5
Scocea, J. 5
Shane, B.*® 15

Total 100% usage

Y Prinalr'y users

1071637149
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C. Institutional plans

10163860

(1) Maintenance and operation

a. Oversight

While six major users joined to submit this application,
three additional members in the department will also benefit by
the availability of the instruments requested.

The use of the protein module consisting of the peptide
synthesizer, sequencer, and HPLC will be reviewed by a service
committee consisting of three members. Barry Shane, Kim Collins,
and P.C. Huang. The overall coordination of the users will be the
resposibility of Dr. Huang. Dr. Dennis Powers of the Biology
department is in charge of a protein sequencer on the Homewood
Campus and is experienced in the use of this equipment. He will
be a consultant to this group. Drs. Shane and Collins have

already begun work on polypeptide synthesis using manual
procedures.

Members of the user group have a long standing record of
collaboration. Most members are faculty of the Blochemistry
department and their laborators are physically located on the same
floor. The department operates on a communal basis sharing all
instruments, which include a JCM100c electron microscope, ultra-
centrifuges, scintillation counters, polynucleotide synthesizer
and fermentors. One faculty member is assigned responsibility for
the oversight of each piece of equipment. The department as a
whole shares a training grant and the faculty participates as a
group in consultation work and donates the fees to support
departmental graduate students. Five members (Lawrence Grossman,
P.C. Huang, Roger McMacken, Gregory Milman, and Patricia Gearhart)
collaborate in a program project. Other collaborative efforts
include the cloning of the human folylpolyglutamate synthetase
gene (Shane and Milman), the cloning of the E, goli dihydroorotase
gene (Collins and McMacken), and sequencing the HP1C1 phage genome
(Scocca and Huang). Thus, the sharing of information, techniques,
and instrumentation is well established among the members of the
proposed user group.

The consultant, Dr. Powers is not only a colleague of good
standing, but is also a collaborator. Drs. Powers and Huang are
jointly responsible for a course on "Nucleic Acid and Proteln
Sequencing® which was taught for four summers. Dr. Powers helped
Dr. Collins in the analysis of protein samples. A continuous
support by Dr. Powers can be expected. (see letter attached)

b. Policy for Usage

The equipment will be housed in a small laboratory (approx.
200 sq. ft.) in the Biochemistry department. Service
investigators will have use of the modules as required but will
inform the committee (see above) before using the machines. In
cases of heavy usage of the modules, time will be apportioned
equally between the different investigators by the committee.
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The modules will be operated by a full-time technical
assistant who will be assisted by representatives of whichever
laboratory is using the equipement. The technician will be paid
20% each by the principal investigator (P.C. Huang) B. Shane and
L. Grossman. The remainder of the technician's salary plus
supplies and maintenance costs, including service contracts after
the first year, will be apporticned between the user group,
depending on usage. These costs will be assessed by the committee.

We envision that some of the maintenance cost will be covered

in the core component of a departmental program for which five of
the user group already serve as investigators.

(2) NonFederal Cost Sharing

The major portion of cost sharing will be placed is the catagory
of faculty salary, for which none 1s requested in this application.

The estimated usable life span of the requested instruments in ten
years, assuming rigorous maintenance and replacement for wear and tear.

(3) Commitment Letters
(see attached pages marked:

a. From Chairman
b. From Consultant)
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a. From Chairman

THE JOHNS HOPKINS UNIVERSITY
SCHOOL OF HYGIENE AND PUBLIC HEALTH

615 North Wolfe Street
Baltimore, Marviand 21205, U.S.A.

DEPARTMENT OF BIOCHEMISTRY
{301) 955-3671

DOE University Research Instrumentation Program
Energy Programs and Support Division

U.S. Department of Energy

Oak Ridge Operations

P.0. Box E

Oak Ridge, Tennessee 37831

To Whom It May Concern:

I'm writing to certify the administrative support of a grant proposal
to you for Instumentation as part of a community Macromolecular Structure
Laboratory for the Johns Hopkins Unversity School of Hygiene and Public
Health. This facility will contain an already obtained DNA synthesizer and
an amino acid analyzer system. It is the purpose of this grant request to
supply the gas phase protein sequenator and a peptide synthesizer to
complete the major equipment needs of such facility. Although there are some
components available in the University their primary mission is in support
of the work of others and we have been informed that only a limited amount
of time on their machines could be made available to us.

The Department of Biochemistry will provide the space, maintenance,
insurance and technical expertise to scientifically maintain this facility.
It will be administered by Ms. Elsie Entwisle the departmental administrator,
who has had a great deal of such experience in administering to the Fermen-
tation and Electron Microscope facilities supported by the National Science
Foundation. Procedures have, therefore, been established for inventory
controls, routine maintenance procedures and for following the strict
organizational policies of the department and the school.

Sincgrely yourss™,

/U A 1Lt
[
Lawrence Grossman,

E.V. McCollum Professor
and Chairman

10163812
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b. From Conszu

HE JOHNS HOPKINS UNIVERSITY

BALTIMORE, MARYLAND 21218

ARTMENT OF BI1OLOGY

February 10, 1984

Professor P.C. Huang

‘pepartment of Biochemistry

school of HEygiene and Public Health
The Johns Hopkins Medical Institutions

Deai P.C.:

I am happy to learn that your department plans to
establish a protein sequencing facility. Such a facility

is needed in your department and I would be happy to provide
any expertise that you may find useful.

I wish you the best of luck in your effort.

1"/\ 1"

Dennis Powe

Chairman, Biology Department
Director, McCollum-Pratt Institute

1016383
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(7) Estimated cost and budget

Request from DOE Subtotal
Applied Biosystems Gas-
Phase Protein Sequencer
(470-4) 108,000 108,000
Beckman Peptide Syn-
thesizer Model 990
(350709) 89,600
Preparative reaction
vessel kit (350673) 3,200 92,800

Beckman 346 HPLC binary system
with Model 165 detector

Model 450 Data System

Second channel for data
system and 128k RAM

Serial communications and
software for above system

Autosampler - Model 504

Post column derivatization
unit

Column temperature con-
troller

Installation
Operation and Maintenance (on

basis with expected increase
over a five year period)

10Tb38L

23,100

15,900

1,750

1,750

9,750

9,000

1,820

Total

annual
of 10%

31

63,070
263,870
Institutional
(source)
$ 7,800
20,000

(Research grants)



8. Faculty Resumes

Publications, (representative, selécted)
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR.

BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on page 2, beginning with the
Principa! Investigator/Program Director. Photocopy this page tor each person.

NAME TITLE

BIRTHDATE Mo., Day, ¥/,

P,C. Huang Professor

EDUCATION (Begin with baccalaureate or other initial professional educa tion snd include postdoctoral training)

INSTITUTION AND LOCATION 22%2?;’;:;‘ CONTENRED FIELD OF STUDY
National Taiwan University B,S, 1953 Genetics
Virginia Tech, M.S, 1956 Genetics
Ohio State Univ, Ph.D, 1960 Genetics/Biochem
California Inst. of Technology Postdod, 1960-65 Chemical Biology

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous smployment, experi-
snce, snd honors. Include present membership on any Federat Government Public Advisory Committee, List, in chronological order, the tities and

complete references to sll publications during the past three years and to representative earlier publications pertinent to this application. DO NOT
EXCEED TWO PAGES.

BIOGRAPHICAL SKETCH
Principal Investigator - P.C, Huang, Ph.D.

_Dr. Huang is Professor of Bilochemistry and a preceptor in the Hopkins
Buman Genetics Program. His major research interest lies in gene
organization and expression. In addition to his formal training at National
Taiwan Univ. (B.S.), Virginia Tech. (M.S.), Ohio State (Ph.D.) and Caltech
(PDF) in Genetics and Biochemistry, he attended the NATO Winter School for
DNA sequencing in 1969 and spent a year (1972) of Sabbatical leave studying
in Dr., Fred Sanger's laboratory at Cambridge. He has continuously and
persistently contributed through publications in the area of nucleic acids
and proteins research for the past 20 years. He teaches a course with Roger
McMacken in Molecular Biology and his current research, supported mainly by
NIH and NSF, employs recombinant DNA methodology. He will be in charge of
the overall operation of the requested instruments.

Assiating Dr. Huang will be Dr. Barry Shane, .Associate Professor of
Biochemistry, Dr. Shane is trained as a biochemist, particularly in enzyme
mechanism and protein chemistry. 1 recent recipient of the Mead Johnson and
J. George Harlar Awards, as well as an MCDA awardee, Dr. Shane has been a
productive investigator. His research is supported by NIH grants and will
be greatly aided by the instrumesnts requeated. Dr. Shane has extensive

experience in peptide synthesis techniques arnd in analytic methodologies
including BPLC,

A1l major users are established imvestigators, active in research
supported by grants and essentially all the projected use of the requested
equipment will be in support of funded research projects, .

See attached for individual biographical sketches arranged in
alphabetical order.

1076380
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:

e -

BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on page 2, beginning with the
Principa! Investigator/Program Director. Photocopy this page for each person.

NAME : TITLE BIRTHDATE (Mo., Day, vr.)
Kim D. Collins Assistant Professor
EDUCATION (Begin with baccslaursate or other initisl professional education and include postdoctors! training)
DEGREE (circle YEAR
INSTITUTION AND LOCATION Pighest *;'")'_ CONFERRED . FIELD OF $TUDY
MIT, Cambridge, Massachusetts y B.S. 1966 Molecular Biology
Stanford Medical School, Stanford, CA Ph.D. 1971 Biochemistry
Harvard University, Cambridge MA - 1971-73] Chenmistry & Biocher

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Conciuding with present position, list in chronological order previous smployment, experi-
ence, snd honors. Include present membership on sny Federsl Government Public Advisory Committee. List, in chronological order, the titles snd
compiste refersnces to el! publications during the pest three yesrs and 10 representative esrlier publications pertinent to this application. DO NOT

EXCEED TWO PAGES,
Professional Experience:
1976 Assistant Professor - Blochemistry -~ School of Hygiene &

Public Health - The Johns Hopkins Univeraity
1978-1976 Research Associate - Yale Medical School

1973-1978 Assistant Professor - Biochemistry ~ Baylor College of
Medicine
1972-1973 Research Fellow -~ Biochemistry & Molecular Biology - BRarvard

University Fellow of The Jane Coffin Childs Memorial Fund
For Medical Research

1971-1972 Research Fellow - Chemistry Department ~ Harvard University
Fellow of The Jane Coffin Childs Memorial Fund for Medical
Research .
HONORS

MIT: Phi Lambda Upsilon, Chemistry Honor Society
Stanford: Predoctoral Traipee, USPHS

Harvard: Fellow of the Jane Coffin Childs Memorisl Fund for Medical Research
YOBLICATIONS (representative, selected)

Washabaugh, Michael W. and Collins, Kim D, Purification of Aquecus Ethylene
Glycol. Analytical Biochemistry 134, 1AX-152 (1983).

Washabaugh, Michael W. and Collins, Kim D. Dihydroorotase from Eacherichis
coli, Purification and Characterization, J. Biol. Chem., 259, 3293~
3298 (1984).

Blodgett, James K., Collins, Kim D., and Loudon, G. Marc, Cleavage of

Peptides at Aspartyl Side Chain Hydroxasic Acid Groups.
submitted to J. Amer. Chem. Soc.
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR: | _

BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on page 2, beginning with the
Principal Investigator/Program Director. Photocopy this page for each person.

NAME

Patricia J. Gearhart

TITLE

Asaistant Professor

BIRTHDATE Mo., Day, Y1.3

EDUCATION (Begin with baccalaureste or other initial professions! education and include postdoctora! training)

INSTITUTION AND LOCATION ot """‘f_ CONFeIRED . FIELD OF STUDY
University of Illinois, Champaign-Urbana B.S. 1967 Microbiology
Cornell University, Ithaca, KR.Y. M.S. 1969 Microbiology
University of Pennsylvania, Fhiladelphia Ph.D 1974 Immunol ogy
The Johns Hopkins University, Baltimore Post-dqc  1975-78 Immunol ogy

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous employment, expers
ence, snd honors, Include present membership on any Federal Government Public Advisory Committes. List, in chronological order, the titles snc
complete references to ait publnuomwmgthcpunhmmmdmwmcnummwwawmumnmwmhm DO NO1

EXCEED TWO PAGES.

1976-1978 Helen Hay Whitney Postdoctoral Fellow
1978-1982 Staff Associate, Department of Embryology, Carnegle Institution of

- : VWashington, Baltimore, Md.
1982-present Assistant Professor, Department of Biochemistry, The Johns Hopkins

Univermlty

MEMBERSHIPS: Menber, American Association of Imunolosiats

PUBLICATIONS: (representative, selected)

Gearhart, P.J., Jobnson, N.D., Douglas, R. and Hood, L.

Nature 291, 29-34.
Gearbart, P.J., and Cebra, J.J.

gntibody and ity soratis variunta.
Rodwell, J.D., Gearhart, P.J., and Karush, F.

1981. IgG antibndian
to phosphorylcholine exhibit more diversity that their IgM counterparts,

1981. Most B cells that have switched
surface immunoglobulin isotypes generate clones of cells which do not
secrete IgM. J. Ismmunol. 127, 1030-103%.

Pierce, S.X., Speck, N.A,, Gleason, K., Gearhart, P.J., and Kohler, H.
1981. BALB/c T cells have the potential to recognize the T15 prototype

:n !l.”o lhd. ﬁ!g. 1.18-11870
1983. Restriction in Igk

expresaion. IV. Affinity analysis of monoclonal anti-phosphorylcholine

antibodies. J. Immunol. 130, 313-316.
Gearhart, P.J., and Bogenhagen, D.F.

1983, Clusters of point mutations are

found exclusively around rearranged antibody variable genes. Proc. Ratl.

Acad. Sci. 80, 3839-3a43.

Johnson, NK.D., Douglas, RH, and Gearhart,
increases diversity in IgG and IgA but not IgM antibodies. JIpn

P.J. 1981. Somatic mutation

*Immunoglobulin Idiotypes®, (C. Janeway, E. Sercarz, and H. Wigzell, eds.)
p. 293-302. Academic Press, New York.

Gearhart, P.J. 1982, Generation of immunegiobulin variable gene diversity.
Iemunology Today 3, 107-112.

Cearbart, P.J. 1982. In "Idiotypes-Antigens ¢n the Inside®,

Btlinger, M. Julius, eds.) p. 16-26.

(C. Berek, H
Roche, Basle, Switzerlend.
Gearhart, P.J. The effect of somatic mutation on antibody affinity.

198‘.

NK.Y. Academy of Science, Immune Ketworks ed. C. Bona and H. Xohler, }18,

17 1-176 [

Gearhart, P.J. The adaptable somatic repertoire.

(Inst. Pasteur) 13%¢,- 137-142.
Perlmutter, R.M., Crews, S.T., Douglas, R., Sorensen, G., Johnson, N.,
. 1984, The generation of diversity

Rivera, N., Gearhart, P.J., and Hood
in phosphorylcholine-binding antibo

PHS 3198 (Rev. 5/82)
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1981, Ann. Immunol.,

diea. Adv. Ipmpunol. 35, 1-37.
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PRINCIPAL INVESTIGATOR/PROGRAM . SRECTOR:

BIOGRAPHICAL S\ETCH

Give the following information for key professional periannel listed on page 2, beginning with the
Principal Investigator/Program Director. Phctacopy this page for each person.

T3 TITLE - 4::51»10@.15 Wo. Day, ¥r.J

Lawrence Grosscan E.¥. McCollus Profess
- &
EDUCATION [Begin with baccalasureate or other initial professional education and ~:lude postdoctoral training)

DEGREE (circle YEAR
INSTITUTION AND LOCATION Mighast ae:‘rnl, CONFERRED . FIELD OF STUDY
College of the City of New York - - Mathenatica/
Engineer
Hofstra University, Hempstad, NY B.A. 1949 Cbﬁatrym
University of Southern California, Pb.D. 1954 Biochemistry

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, lint in chronological order previous smploysent, experi-
ence, and honors. Include present membarship on any Federsl Government Public Advisory Committes, List, in chronological order, the titles snd

compiets references to all publications during the past thres yesrs snd to representative ssrlier publications pertinent 10 this applicstion. DO NOT
SXCEED TWO PAGES. ’

Professional
1975-present E.V. McCollum Professor and Chairman-Biochemistry-The Johns
HBopkins University, School of Rygiens and Public Health

1957-1975 Professor, Associate Professor and Assistant Professor of
Biochemiatry, Brandeis University, Waltham, MA

1956-1957 Scientist-National Institutes of Health, Bethesda, MD

1953-1956 Postdoctoral Fellow-The Johns Hopkins University, McCollum
Pratt Institute

Bopnors

1951-1954 Predoctoral Fellow-National Institutes of Health

1954-1956 Postdoctoral Fellow-National Institutes of Health

1963-19728 Research Career Development Awardee-National Institutes of
Health

1963-1965 Commonwealth Fund Fellow

1973-1974 Guggenheim Fellow

RrSrordal Begrda

Critical Reviewa of Biochaniatry
Cancer Research-Associate Editor

Adviscory Coumittes

1965-1968 American Cancer Society

1973-1977 Biochemistry Study Section-National Institutes of Health

1980-1984 American Cancer Society

1980-present Argonne National Laboratory-Biology and Medicine-University
of Chicago

£9L 01

1984-present U.S. Delegate to the International Union of Biochemistry

‘3' PUBLICATIONS (representative, selected)
co Grossman, L. Enzymes Involved in Repair o Damaged DNA. Arch. Biod:a. and
-0 Biophys. 211, 511-522 (1981) (invited review). -
Grafatrom, RE, Shaper, LL. and Grossman, 1. HNuman Placental AP Endonuclease:
Its Site and Mechanism of Action. J. Biol. Chem. 257, 13459-13364 (1982).
Grafstrom, RE., Park, L. and Grossaan, L. The Properties of the Dimer
Specific Endonuclease from Micrococcus luteus J. Biol. Chem. 257,

_ 13_!65-13'7! (1982)._ , o
Yeung, A.T., Hattqs, H.B.. Oh, l.r., !oakul. G.H., and Grossman, L.

Enzysatis Prcparties o ths Pirifled Epohericlia 2nll uviABC ProtolLns:.
Proc. Natl. Seci. 80, 6157-6161 (1983).

T S




PRINCIPAL INVESTICATOR/PROGRAM DIRECTOR:
BIOGRAPHICAL SKETCH

Give the following information for key professiono! personnel listed on page 2, beginning with the
Principal Investigator/Progrom Director. Photocopy this poge for eoch person.

NAME _ TITCE BIRTADATE Dae,Dey, YaJ,

P.C. HUANG Professor

EDUCATION (Begin with boccoloureore noinh:; ond include pestdoctorel)
YEAR
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD OF STUDY

National Tgiwan Upiversity B.S. 1953 Genetics
_Virginia Tech. : : M.S. : 1956 Genetics
_Ohio State University - Ph.D. 1960 Cenetics/Biochemistry
_California Institute of Techmology __Postdo 1960-65 | Chemical Biology _

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present pusition, list in chronelegicel srder praviovs employment, éapesie
" snce, ond honors. Include presont membership on any Federsl Government Public Advisery Committes, List, in chronelegicel erder, the titles end
complete references to recent raprecentetive publicetions, espociolly thase mest pertinent to this applicetion. Do not sxceed 2 peges.

1960-65 - Research Fellow - Chemical Biology =~ Caltech

1965-69 Assistant Professor - Biochemistry - The Johns Hopkins University
1969~76 Associate Professor - Biochemistry -~ Tbe Johns Hopkins University
1976-Pres. Professor ~ Biochemistry - The Johns Bopkins University

Other Professional Experiences

Drafted Military Service 1954-1955

Abstractor, Chemical Abstract Service, American Chemical Socfety, 1959-1969
Visiting Lecturer, Academia Sinica, Natiopal Tsin-Hua and Taiwan Univ,, 1964 Summer
lecturer, MBL, Woods Hole, 1973-76 Summers, Rucleic Acid Chemistry

Visiting Scholar, MRC Lab Molecular Bmlog}' University Cambridge, Postgraduate Medical
School (1972 Sabbatical - Laboratory of Fred ‘Sarmger)
Member, Cancer Special Program Advisory Committee, NCI, 1981-1984.

Bonors 1948-52 National University Merit Scholar at N.T.U.
1961-64 U.S. Public Health Postdoctoral at Caltech
1966-71 NIE Research Career Development Award

PUBLICATIONS (representative, selected)
ga:iet:on, : .G. ':a,llohi, 8.”* and Huang, P.C. (1982). Immunochemical
etection of me othionein in apecific epithelial cells., Proc. Natl. Aca
Sci. USA 79, 2301-2304. o

Corrigan, A" and Huang, P.C. (1982). A basic microcomputer program

for plotting the secondary structure of proteins, Computer Program for
Biomedicine 15, 163-168.

Benjamin, rR.C.* , Fitzmaurice, H.P.', Huang, P.C, and Scocca, J.J.
(1984), Nucleotide sequence of cloned segments from the chromosome of
haemophilus influenzae bacteriophage BPlet. Gene 31, 183.195.

mz.g. and Scocca, J.J.
Rwauréhaer'agt:iiiaﬁnﬂay s&&s on DNA segments from bacteriophage
HP1c1 which interact with the specific DRA recognition system of
transformable Haemophilus influenzae Rd. Gene 31, 197-206_

0bEaLoy

Andersen, R.A. 44, Frazier, J.M. and Huang, P.C, (1984). Transition metal
binding proteins from three Chesapeake Bay fish species. Env. Health
Prospective (in press).
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:

BIOGRAPHICAL SKETCH

Give the following information for key professional personnel listed on page 2, beginning with the
Principal investigator/Program Director. Photocopy this page for each person.

NAME TITLE BIRTHDATE (Mo., Day. ¥r.)

Krag, Sharon S. Associate Professor

EDUCATION (Begin with baccalaureate or other initial professional educetion end include postdoctoral training)

DEGREE (circle YEAR
highest degree) CONFERRED

INSTITUTION AND LOCATION FIELD OF STUDY

[}
Texas Lutheran College, Seguin, Texas B.S. 1969 Chemistry,Biology

The Johns Hopkins University, Balto., MD Ph.D. 1974 Biochemistry

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with presant position, list in chronological order prewious smployment, experi-
ence, and honors, Include present membership on any Federsl Government Public Advisory Committes, List, in chronological order, the titles and
complete references to all publications during the past three years and to representative earlier publicstions pertinent to this application. DO NOT
EXCEED TWO PAGES.

Professional Experience

1982~ Associate Professor - Biochemistry - School of Hygiene &
Public Health - The Johns Hopkins University

1976-1982 Assistant Professor - Biochemistry - School of Hygiene &
Public Health - The Johns Hopkins University

1074-1976 Postdoctoral Fellow - The Jare Coffin Childs Memorial

Fund for Medical Research; Department of Biology, Certer

for Cancer Research, M.I.T.; Dr. Philips W. Robbins, mentor
1969-1974 Predoctoral Fellow - Department of Physiological

Chemistry, The Johns Hopkins University, School of

Medicine; Dr. William J. Lennarz, mentor

Avards and Fellowships:

1974-1975 Samuel Landfair Rosenberry Fellow of the Jane Coffin
Childs Memorial Fund for Medical Research

1078-1980 Basil O'Connor Fellow of the March of Dimes Birth
Defects .Foundation

1980-1985 Research Career Development Awardee from the National

Cancer Institute
Publication (representative, selected)

Krag, Sharon S. A Ccncanavalin A-Resistant Chinese Hamster Ovary
Cell Line Lacks the Ability to Synthesize [3H] Glucosyl Oligo
saccharide-Lipid. J. Biol. Chem. 254, 9167-9177 (1976).

Stoll, J., Robbins, A.R., and Krag, S.S. A Mutant of Chinese
Hamster Ovary Cells with Altered Mannose 6-Phosphate Receptor
Activity is Unable to Synthesize Mannosylphosphoryl Delichol.
Proc. Natl. Acad. Sei. USA, 79, 2296-2300, (1982)

Criscuolo, B.A. and Krag, S.S. Selectior of Tunicamycin-Resistant
Chinese Hamster Ovary Cells With An Increased Enzymatic
Activity. J. Cell Biol., 94, 586-591 (1982).

Krag, S.S. and Robbins, A.R. A Chinese Hamster Ovary Cell Mutant
Deficient in Glucosylation of Lipid-Linked Oligosaccharide
Synthesizes Lysosomal Enzymes of Altered Structure and
Function. J. Biol. Chem. 257, 8423-8431 (1982).

Stoll, J., Rosendberg, L., Carson, D.D., Lennarz, W.J., and Krag,
S.S. (1984) A Single Enzyme Catalyzes the Synthesis of the
Mannosylphosphoryl Derivative of Dolichol and Retinol in Rat
Liver and Chinese Hamster Ovary Cells. J, of Biol. Chem.,
in press.

Robbins, A.R., Oliver, C., Bateman, J.L., Krag, S.S., Galloway,
€.J., and Mellman, I. (1984) A Single Mutation in Chinese
Bamster Ovary Cells Impairs Both Golgi and Endosomal
Functions. J. Cell Biol. 99, 1296-1308.
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:

BIOGRAPHICAL SKETCH

Give the tollowing information for key professional personnel listed on page 2, beginning with the
Principal Investigator/Program Director. Photocopy this page for each person.

NAME TITLE

HcHackén, Roger L.

BIRTHOATE (Mo, Day, Yr.)

Associate Professor | N,
EDUCATION (Begin with baccalaureate or other initisl professionsl education and include postdociora! training) -
INSTITUTION AND LOCATION e | conrenneo FIELD OF STUDY

University of Washington, Seattle B.S. 1965 Chemistry
University of Wisconsin, Madison Ph. D, 1970 Biochemistry
Yale University, Kew Haven, Ct. Biochemistry
University of Florida, Gainesville Biochemistry
Stanford Univeraity, Palo Alto, Ca.

Blochemistry

RESEARCH AND/OF PROFESSIONAL EXPERIENCE: Concluding with prasent pasitien, list in chronological order previous employment, crpesi-
, and honors. include present membarship on sny Federsl Government Public Advisory Committee. List, in chronological order, the titlcs end
mpln- references to all publications during the past thres years and 10 representative sarlier publications pertinent 1o this spplication. DO HQT

EXCEED TWO PAGES.

1965-1970 Graduate research assistant with Dr. Hatch Echols.

the mechanisa of A gene regulation.

1970-1972 Postdoctoral fellow with Dr. Richard Boyce.

Research on

Research on the

genetics and biochemistry of phage A DNA replication in yivo.

1974-1976 Postdoctaral fellow with Dr. Arthur Kornberg.
enzymology of ¢X172 DNA replication in yivo.
Assistant Professor of Biochemistry, The Johns Hopkins University

1977-1982

Research on the

1983-present Associate Professor of Bicohemistry, The Johns Hopkins University
Mar

. 1985 Session chairman, Bacteriophage DNA Replication, American Society
of Microbiology Meeting in Las Vegas. : _
Aug. 1985 Invited speakers, Symposium on the Enzymology of DNA Replication.

Thirteenth Internatiocnal Congress of Biochemistry, Amsterdam, The

Ketherlands.

Membership: Member (ad hoc) of USPHS Biomedical Sciences Review Group - 3,

Publicationa: (representative, selected)

Wold, M. S., Mallory, J. B., Roberts, J. D., LeBouitz, J. H.; and
McMacken, R, (1982) "Initiation of Bacteriophage A DNA Repiication Ap

Proc. Natl. Acad Sci,

Yitro with Purified A Replication Proteins”,

USA 79, 6176-6180.

Rodberts, J. D. and McMacken, R. (1983) "The Bacteriophage 1. O Repli-
cation Protein: Isolation and Characterization of the Amplified
Initiator®”. HNucleic Acids Res, 11, T3#35-T452.

McMacken, R., Wold, M. S., LeBowitz, J. K., Roberts, J. D., Mallory,

J. B,, ¥Wilkinson, J. A. and Loehrlein, C. (1983) "Initiation of DNA
Replication in Yitro Promoted by the Bacteriophage A O and P Replica-
tion Proteina® in Mechanisms of DNA Replication and Recombination
(Cozzarelli, N, R., ed.) pp. 819-848, A. R. Liss, Nevw York.

LeBowitz, J. H. and McMacken, R. (1983) "The Bacteriophage A O and P
Protein Initiators Promote the Replication of Single-Stranded DNA®™.
Nucleic Acids Rea. 12, 3059-3038.

Echols, H., Dodson, M., Bettor, M., Roberta, ‘J. D. and McMacken, R.
(198%) *The Role of Specialized Nucleoprotein Structures in Site-

Specific Recombdination and Initiatlion of DNA Replication®.

Spring Harbor Symp. SQuant. Biol, XLIX, in preas.
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR:

BIOGRAPHICAL SKETCH

Give the following information for key professional personne! listed on page 2, beginning with the
Principal Investigator/Program Director. Photocopy this page for each person.

NAME TITLE BIRTHDATE (Mo, Day, Y7.)
John J. Scocca Associate Professor

EDUCATION (8egin with baccalsureate or other initisl professional education and include postdoctoval trainingl

DEGREE fcircle YEAR
INSTITUTION AND LOCATION highest degree) CONFERRED FIELD OF STUDY
The 3ohns Hopkins University, Balto., MD B.A. 1961 Biology
The Johns Hopkins University, Balto., MD Ph.D. 1066 Biochemistry
The Johns Hopkins University, Balto., MD Postdoc 1966-68 Biochemistry

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present paosition, list in chronological order previous smployment, experi-
ence, and honors. Include present membership on any Feders! Government Public Advisory Committes. List, in chronological order, the titlss and
complete references to all publications during the past three years and to representative sarlier publicstions pertinent to this application. DO NOT

EXCEED TWO PAGES.

NSF Undergraduate Research Participant, 1959-1961

NIH Predoctoral Fellow, 1961-1966

NIH Postdoctorzl Fellow, McCollum-Pratt Institute, 1966-1968

Assistant Professor of Biochemistry, School of Hygiene and Public Health, 1968-1973
Associate Professor, 1973-present

PUBLICATIONS:

Sutrina, S.L. and Scoceca, J.J. Haemophilus Influenzae Periplasmic Protein
Which Binds DNA: Properties and Possible Participation in Genetic
Transformation. J, Bacteriol, 129:1021-1027 (1979).

Mathis, L.S. and Scocca, J.J. Haemophilus Influenzae and Neisseria
gonorrhoeae Recognize Different Specificity Determinants in the DNA

Uptake Step of Genetic Transformation. J, Gen. Microbiol. 128:1159-61
(1982).

Sutrina, S.L. and Scocca, J.J. DNA Binding Proteins of Haempophilus Influenzae:
Purification and Characterization of a Major Intracellular Binding
Protein. J. Bacteriol. 155:246-253 (1983).

Fitzrwaurice, W.P. and Scocca, J.J. Restriction Map and Location of Mutations

on the genome of bacteriophage Hplcl of Haemophilus Influenzae Rd. Gene
24:29-35 (1983).

1016393 1
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PRINCIPAL INVELSTIGATOR PP UGRAM DIR:CTOFC
BEIOGRAPHICAL SKETCH

Give the following information for key professiora! personnel histed on paie 2, beginning with the
Principa! Investigator/Program Director. Photocopy this pege tor each peison.

MaME TITLE ’ BIRTHDATE (Mo.. Osy, ¥-.)
SHANE, Barry Associate Professor
EDUCATION {8ryn with baccalaurrate or other iritial professional education and includ= postdoctoral training)
REE {ci _
INSTITUTION AND LOCATION C;ngm de’:r:;“ comran o FIZLD OF STUDY
Queen Elizabeth College, University of Londo B.Sc. 1966 Biochemistry/Mathematic
Charing Cross Hospital Medical School, . .
University of London Ph.D. 1970 Biochemistry

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with present position, list in chronological order previous smployment, experi-
snce, and honors. Include present membership on any Federal Government Public Advisory Commmitree. List, in chronological order, the titles and
compivie references to alf publications during the past threz yearss and 1o representative earlier pubications pertinent to this application. DO NOTY
EXCZED TWC PAGES.

1971-1973 Postdoctoral research biochemist, Department of Biochemistry, University of
California, Berkeley with Dr. Esmond E. Snell.

1973-1977 Postdoctoral research biochemist, Department of Nutritional Sciences,
University of California, Berkeley with Dr. E. L. Robert Stokstad.

1977-1982 Assistant Professor, Department of Biochemistry, The Johns Hopkins University
School of Hygiene and Public Health.

1982-date Associate Professor, Department of Biochemistry, The Johns Hopkins University
School of Hygiene and Public Health.
Honours 1981 J. George Harrar Research Award (Nutrition Foundation)
1982 Research Career Development Award (NCI)
198% Mead Johnson Award (American Institute of Rutrition)

Committees 1988~ Nutrition study section (NIH)

Publications (representative, selected)

BOGNAR, A.L., CICHOWICZ, D.J. and SHANE, B. (1983). Purification and characterization of

folylpolyglutamate synthetase from lactobacillus casei and hog liver. In: Chemistry and
Biclogy of Pteridines, Blair, J.A., ed., pp. 627-632, de Gruyter, Berlin

BOGNAR, A.L. and SHANE, B. (1983). Purification and properties of Lactobacillus casei
folylpolyglutamate synthetase. J. Biol. Chem. 258: 1257h-12581

BRODY, T., SHANE, B. and STOKSTAD, E.L.R. (1984). Folic acid. In: Handbook of the
Vitamins, Machlin, L.J., ed., pp. #59-496, Marcel Dekker, New York

SHANE, B. and STOKSTAD, E.L.R. (1983). Folates in the synthesis and catabolism of

bistidine. In: Folates and Pterins, Blakley, R.L. and Benkovie, S.J., eds., vol. 1, pp.
R33-455, Wiley, New York

SHANE, B. Pterins and folates in the nutrition of lower organisms., In: Folates and
Pterins, Blakley, R.L. and Whitehead, M.V., eds., vol. 2, Wiley, New York (in press)

SHANE, B. Identification of folylpolyglutamate chain length by cleavage to and separation
of p-aminobenzoylpolyglutamates. Meth. Enzymol. (in press)

BOGNAR, A.L. and SHANE, B. Bacterial folylpolyglutamate synthetase - dihydrofolate
aynthetase., Meth. Enzymol. (in press)

107639y

SHANE, B.)and STOKSTAD, E.L.R. Vitamin B12 - folate interrelationships. Ann. Rev. Nutr.
(in press
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PRINCIPAL INVESTIGATOR/?ROGRAM DIRECTOR:

BIOGRAPHICAL SKETCH

Give the foliowing information for key prpfessional personnsl listed on page 2, beginning with the
Principa! Investigator/Program Direcior. Photocopy this page for each person. ‘

NAME TITLE BIRTHDATE (Ma., Day, Y74
MILMAN, Gregory Associate Professor
EDUCATION ls;pin with baccalaureste or Oother initial professional education and includs postdoctons! traiming)

INSTITUTION AND LOCATION OECREE foirme | conFenRED FIELD OF STUDY
Harvey Mudd College, Claremont, CA B.S. 1962 . Physics
Harvard Univ., Cambridge, MA Ph.D. 1968 Biophysics
N.I.H. - Dr. M. Nirenbeng Pastdoc. _ Biochemistry

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Conduding with present position, list in chronpiopical order previous empt. '#A
ence, and honors. Intluds presant membership on sny Federsl Governmaent Public Advisary Commirree. List, in ehronoiogical order, the titdes 1
complete referencas to all publicstions during the past three yesn and to npresshtative aardier publicstions pertinent 1 tus appiication. DO N
EXCEED TWO PAGES. rBea.

Professional experience:

1962-1967 -  Graduate Student, Laboratory of Dr. Robert Langridge, Haryard Universi
1967-1970 Postdoctoral Fellow, Laboratory of Dr. Marshall Rirenberg, N.}:H,
1970-1976 Assistant Profesor, Department of Biochemistry, University of Californ

at Berkeley

1976-present  Associate Professor, Department of Biochemistry, The .Johns Hopkins Uni:

Honors 2nd Professional Activities:

Fellowships: National Science Foundation Predoctora] Fellowship
Nationa1l Institutes of Health Predoctoral Fellowship
Helen Hay Whitney Foundation Postdoctoral Fellowship

Societies: American Tissue Culture Association (1970)
American Society of Biological Chemists (1974)

New York Academy of Sciences (1979)

American Association Tor the Advancement of Science

Publications: ‘

G. Milpan, E. Lee, G.S. Ghangas, J.R. Mclaughlir & M. George, Jr. (1976)

uinzlysis of Eela hypoxanthine phospheribosyltransfera:e mutants and

revertants by two-dimensionzl polyacrylarcice gel electrophoresis: Evidence

for silent gene activation®™ Proc, Fatl., ‘cad. Sci, USA T35589-4593

G. Milmen, S.W. Krauss & A.S. Olsen (1977) "Tryptic peptide analysis of
nor=z) 2nd mutant forms of Bele hypoxanthine phosphoribosyltrersferase®

Proc, Natl, Acad, Sci, USE 74:926-93C
G.S. Changas & G. Milmpan (1577) "Iwo-dicensionzl gels of hypoxanthine
ghcs

choribosyltrarnsferase from norral and Lesch-Ryhan lLemolysates™ Science
1119-1120 -

1¢5:
A.S. Olsen & G. Milman (1977) "Human bypoxzrnthine phospheribosyltransferase:
Purification arnd properties” Biochem, 16:2501-2505

S.¥. Erauss & G. Milpan (1977) ™icrcoethed for characterizztion of cyanogen
bromide peptides ef human hypoxanthine presphoribosyltrensferase® Anzl,
Biocten, £2:33-45 1016395
&. Milzan (1$77) "Ricchemical genetics ¢f kuzzn kypoxanthine

~ pernarihrevltrzraferasa® J.  Scora. M2, Struct, 1677(S1):5%

A



GREGORY MILMAN

G. Milman (1978) "Chinese hamster purine nucleoside phosphorylase™ Methods 4{pn
Enzvmology 521 538-543

J. Leavitt & G. Milman (1979) "Multiple species of HPRT polypeptides in mouse L
cells" Exp, Cell Res, 123: 402-306

J. Epstein, G.S. Ghangas, A. Leyva, G. Milman & J. Littlefield (1979) "Analysis
of HGPRT- CRM+ human lymphoblast mutants® Som, Cell Gen., 5: 809-820

G. Milman & M. Berzberg (1981) ®Efficient DNA transfection and rapid assay for

thymidine kinase activity and viral antigenic determinants® Som, LCell Gen, 7:
161-170 :

L. Grossman, M. Herzberg, G. Milman, G. Yoakum & B. Goldfard (1981) “Approaches
to studying the expression of endogenus DNA in repair defective human cell
lines" Fed, Proc, 10: 1558

N.B., Dinces & G. Milman (1982) "Encapsidation and expression of the Herpes
thymidine kinase gene in Polyoma virus™ J, Yirol, #2: 691-699

N.B. Dinces & G. Milman (1982) *"Viable polyoma virus with four Bam R1

decanucleotide linkers inserted at the 26 minute Hinc II site™ J, Mol, Appl,
Sen, 1: 395-304

c. F%gxner, G.S. Hayward, G. Milman & P.S. Leitman (1982) "Selective uptake of
5-(1251)10d0-2-deoxycytidine by cells biochemicelly and morphcloglcally

transformed with herpes simplex virus DNA" Curr, Chemother, Imgunother., Proc.
Int, Corpgr, Chemother,, 12th, 2: 107%-5

S.W. Liu & G. Milman (1983) "Purification and characterizetion of E, coli
guanine-xanthine phosphoribosyltransferase produced by & high efficiency
expression plasmid utilyzing a lambda P, promoter and ¢IS857 temperature
ararssive repressor® J. Biol, Cher. :5_11._ TY€9~THTS

A.S. ¥Waldman & G. Milman (1983) "Purification and characterization of herpes
(type 1) thymidine kinase produced in E, coli by a high efficiency expression
plasmid vtilyzing a lambda P, promoter and cIB57 temperature sensitive
repressor" J. Biol., Chem, : 11571-11575

D.J. Sussman & G. Milman (1983) "Short-term high efficiency expression of
transfected DNA"™ Mol., Cell, Riol, 4:1641-1643.

A. Waldman & G. Milman (1983) "Transfer of herepes thymidine kinase synthesized
in bacteriz by a high expression plasmid to tissue culture cells by protoplast
fusion" Mol. Cell. Biol, 4:1644-1646.

D. Sussman, A.L. Bognar, B. Shane & G. Milman (1984) "Expression of the human
folylpolyglutamate synthetase gene inm Chinese hamster ovary cell mutants (ADX
B1) lacking folylpoyglutamate synthetase activity" (in preparation)

D. Susswan, A.L. Bognar, B. Shane & G. Milman (19548) ® In situ
~ autoradiographical detection of short-~term expressiocn of the transfected human
folylpolyglutamate synthetase gene in Chinese hamster ovary cell mutants" (in

preparation) l 0 .] b 3 (} b
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9. Civil rights

US. DEPARTMENT OF ENERGY
ASSURANCE OF COMPLIANCE
Nondiscrimination in Federally Assisted Programs

(Hereinafter called the “Applicant"’)
{Name of Applicant)

HEREBY AGREES to comply with Title VI of the Civil Rights Act of 1964 (Pub. L. 88-352).
Section 16 of the Federal Energy Adminstration Act of 1974 (Pub. L. 93-2756), Section 401 of
the Energy Reorganization ‘Act of 1974 (Pub. L. 93-438), Title IX of the Education Amend-
ments of 1972, as amended, (Pub. L. 92-318, Pub. L. 93-568, and Pub. L. 94-482), Section 504
of the Rehabilitation Act of 1973 (Pub. L. 93-112), the Age Discrimination Act of 1975 (Pub. L.
94-135), Title VIII of the Civil Rights Act of 1968 (Pub. L. 80-284), the Department of Energy
Organization Act of 1977 (Pub. L. 95-91), and the Energy Conservation and Production Act of
1976, as amended, (Pub. L. 94-385). In accordance with the above laws and regulations issued
pursuant thereto, the Applicant agrees to assure that no person in the United States shall, on the
ground of race, color, national origin, sex, age, or handicap, be excluded from participation in, be
denied the benefits of, or be otherwise subjected to discrimination under any program or activity
in which the Applicant receives Federal assistance from the Department of Energy.

Applicability and Period of Obligation

In the case o any service, financial aid, covered employment, equipment, property, or structure
provided, leased, or improved with Federal assistance extended to the Applicant by the Depan.-
ment of Energy, this assurance obligates the Applicant for the period during which Federal assis-
tance is extended. In the case of any transfer of such service, financial aid, equipment, property.
or structure, this assurance obligates the transferee for the period during which Federal assistance
is extended. If any personal property is 30 provided, this assurance obligates the Applicant for th:
period during which it retains ownership or possession of the property. In all other cases, this

assurance obligates the Applicant for the period during which the Federal assistance is extendec
to the Applicant by the Department of Energy.

Employment Practices

Where @ primary objective of the Federal assistance is to provide employment or where the
Applicant’s employment practices affect the delivery of services in programs or activities resulting
from Federal assistance extended by the Department, the Applicant agrees not to discriminate on
the ground of race, color, national origin, sex, age, or bhandicap, in its employment practices.
Such employment practices . ay include, but are not limited to, recruitment, recruitment adver-
tising, hiring, layoff or termination, promotion, demotion, transfer, rates of pay, training and
participation in upward mobility programs, or other forms of compensation and use of facilities.

Subrecipient Assurance

The Applicant shall require any individual, organization, or other entity with whom it sub-
contracts, subgrants, or subleases for the purpose of providing any service, financial aid, equip-
ment, property, or structure to comply with laws cited above. To this end, the subrecipient shail
be required to sign a written assurance form, however, the obligation of both recipient and

subrecipient to ensure compliance is not relieved by the collection or submission of written
assurance forms.

1076391
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THE JOHNS HOPKINS UNIVERSITY
SCHOOL OF HYGIENE AND PUBLIC HEALTH

615 North Wolfe Street
Baltimore, Maryland 21205, US.A.

DEPARTMENT OF BIOCHEMISTRY
{301} 955-3671

1076348

§r1213%

December 11, 1984

Mr. Walker K. Love

Contracting Officer

Contract Management Branch
Procurement and Contracts Division
Oak Ridge Operations

Oak Ridge, Tennessee 37831

Dear Mr. Love:

Enclosed please find copies of a request for support to
purchase a protein-peptide synthesizer and sequencer. The
equipment application is prepared under energy are '"Health
and Environmental Impacts." A similar request was submitted
to NSF in October. Thank you for your attention.

Sincerely,

\ L)\,\G’V"
} L\
P.C. Huang, Ph.D.

Professor of Biochemistry

PCH :mmh

Enclosure
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