AD-A220 926

SECURITY CLASS F-CAT.ON OF THIS PAGE .. ..

,e

8 v p ‘:’ ‘?‘ .
REPART DPCYMENTATI

sra e
__;l I3

“aen Anproycd
ONiL No 0704 O1RB

ON PAGE

5§

Ta REPORT SECGRITY CLASSIF CAT

U

2a SECURITY (LASSHWAT ON ALT

N/A 7
2b DECLASSIFICATION DOWNGR S

N/A

b RESTRICTwWE VIARE NGS

N/A

3 DISTRIBUT.ON AVA CABLTY ()F QpPORT

Distribution Unlimited

CHEDUL
AT i ;
BE

The University of Rochester

4 PERFORMING ORGAN!IZATION REPORT

<

S MONITORING ORCANIZAT OGN REPGRT *,. /3175,

N/A

6p OFFICE SYMBOL
(If applicable)

N/A

ba NAME OF PERFORMING ORGANIZATION
The University of Rochester

N

7a NAME OF MONITORING OFCAN AT

¢

Office of Naval Research

6¢ ADDRESS (Gity State and Z1P Code)

601 Elmwood Avenue, Box 607
Rochester, NY 14642

7 ADDRESS (City State and Z2IP Code)
800 North Quincy Street

Arlington, VA 22217-5000

8b OFFICE SYMBOIL

(1t applicable)

ONR

Ba NAME OF FLANDNG SPONSOR'NG

ORGANIZAT ON

Office of Naval Research

9 PROCLRENVENT INSTRUNENT DINTT CATIO)N NN He

NO0014-88-K-0181

Bc ADDRESS (City State and ZIP Code)
$00 North Quincy Street
Arlington, VA 22217-5000

10 SOLRCE OF FLNDING NUMBERS

PROGRAMN SR TASH Noex N T
ELCENMENT NO NGO NC SCOD85 ON NO
61153N RR04106 4411n007

TTTT F include Security Classificatinn)

(U)

A Modular Approach to Protein Design

V2 OPERSOINAL AL THOR:
Dr. H.N. Bramson
T3a TPr 0F ATonRT Tib TINE COVERED T4 DATE QOF REPORT (Year Month Day) §oRanEen
S ceov 2/1/89 o 3/1/90 4/16/90 4
RS BR ENAENTASY NOTAT.ON

TCODES
SLB GROLE

——

18 S RE0T Teew

S rContinue on reverse if necessary and dentity by biock number)

Protein Structure

Y OAHSYRAC T
3

structures and parform specific tasks.
sperific sequence of double stranded DNA

addition to binding ppS56lCk tightly, one
activity of this enzyme up to 20-fold.

projects.

Initial results suggest
interactions are important for this activation.
DNA binding peptides are being redesigned tc maximize their ability to
discriminate between different nucleotide sequences.
being studied to enable modeling signal transduction across mer! ranes.

Continue on reverse f necessary and wdentify by hlock number)
We have taken a modular approach to design peptides which adopt defined
Peptides are being designed to bind either a

or the pp561ck tyrosine protein kinase which

likely is the cy.owlasmic effector of a transmembrane receptor whose activation in
vivo is associated with an increase in cytoplasmic free calcium.
synthesized which bind to each of these macromolecules with Kps

Peptides have been
near 2uM. In
to stimulate the
that icnic
is continuing on both

peptide has been found
Currently work

pp561Ck binding peptides are

M

20 DSTRIRTION AVAILABILITY OF ABSTRACT
0 nciassikrOuNMITED [ SAME AS RPT

CI o st

21 ABSTRACT SECURITY CLASSYCATION

RS

22 NAME OF RESPONSIBLE INDIVIDUAL

L _tarron

22h TELEPHONE (Include Area Code) [ 200 OFFICE SYVIRO),

(202) 696-4760 QNR

DD Form 1173 JIIN 86
S/N 0102-LF

Previous editions gre obsolete

SECURITY CPASSE CATION OF Tresy cact

-014-66073

90 04 24 078




ANNUAL REPORT DATE: 16 April 1990
CONTRACT: N00014-88-K-0181 R&T CODE: 4411n007
PRINCIPAL INVESTIGATOR: H. Neal Bramson

CO-INVESTIGATORS: Lisa Regan and Chris Sommers

CONTRACTOR: The University of Rochester

CONTRACT TITLE: A Modular Approach to Protein Design

START DATE: 1 February 1988

RESEARCH OBJECTIVES:

A modular approach for protein design, which utilizes
segments of protein structures as modules to construct hybrid
proteins with new specificities, has been taken to ctudy
macrcemolaocular interactions. In this way DNA-protein
interactions are being studied through incorporating the helix-
turn-helix of the DNA binding lac repressor into ribonuclease A
to transform this protein into one which binds double stranded
DNA. Similarly, in order to study protein-protein interactions a
peptide incorporating a region of the gD4 receptor has been
synthesized and shown to activate pp56 Ck, the physiological
ligand of the CD4 receptor, Z20-fold. The long term goal of the
pp56le work 1is to attach a regulatory module to this activating
peptide and make this activation responsive to small molecules.

PROGRESS (YEAR 2):
DNA BINDING MODULES

The sequence of the first DNA binding module we synthesized
18:
5 10 15
Met-Lys-Pro-Val-Thr-Leu-Tyr-Glu-Gln-Ala-Glu-Gln-Ala-Gly-vVal-
20 25 30
Ser-Tyr-val-Gln-Val-Ser-Arg-Gln-vVal-Asn-Ala-Ala-Ser-Lys-Phe-
35
Glu-Arg-Gln-His-Met-Asp-Ser
PEPTIDE 1
Peptide 1 is comprised of lac repressor residues 1-28 fused to
ribonuclease residues 7-15 with several amino acid residue
changes made to increase the stability of peptide structure.
As expected, peptide 1 binds tightly to the ribonuclease S
protein (Kp=3uM). A CD analysis of peptide 1 in the presence and
absence of the S protein indicates that the complexed peptides
are substantially more helical than the free peptides. It
appears therefore that at least some of the desired peptide
structure (such as the lac repressor helix-turn-helix) 1is present
in the complex. To test DNA binding by this complex, peptide 1
and ribonuclease S protein were incubated together with a 180bp
PUC18 fragment which contains the lac operator. The extent of




! DNA binding was determined by gel shift assays and DNAase
footprinting. No specific interactions were detected. At
concentrations above 50uM, complex binds to the DNA in a
nonspecific fashion which can be competed off with calf thymus

! DNA or high concentrations of salt.

The next two peptide modules retained more alanine residues
to stabilize the helices and additional lac repressor residues:

5 10 15
Met-Lys-Lys-Val-Thr-Leu-Tyr-Glu-Ala-Ala-Glu-Ala-Ala-Gly-Val-
20 25 30
Ser-Tyr-Gln-Thr-Val-Ser-Arg-Lys-Val-Ala-Ala-Ala-Ala-Lys-Phe-
35
Glu-Arg-Gln-His-Met-Asp-Ser
Peptide 2

with peptide 3 containing an asparagine, such as is found in the
lac repressor, at residue 25 in place of alanine. Each peptide
appears to bind the ribonuclease S protein approximately as well
as does pertide 1. Heuzver, as part of the complex with the S
protein, peptides 2 and 3 each bind to a 140bp fragment which
contains the lac operator at least 10-fold more tightly than the
complex containing peptide 1. Even at concentrations of about
5uM of complex DNA binding is efficient and not inhibited by
0.25M concentrations of salt. Higher salt concentrations
inhibited not only this interaction but also substantially
decreased DNA binding by the native lac repressor. Complexes
containing peptides 2 and 3 also bind tightly to sequences that
do not concain the lac operator, including other PUCL8 fragments
and calf thvmus DNA. At this time the ratio of specific to
nonspecific binding is not known and is currentlyv being
investigated.

T~ facilitate comparisons between specific and nonspecific
DNA binding we have synthesized a palindromic ocligonucleotiae
which self anneals to form a strong lac repressor binding site:
TTAATTGTGAGCGCTCACAATT
We have also synithesized a 51 amino acid residue fragment of the
lac repressor referred to as the lac headpiece to characterize
peptide binding to the oligonucleotide. The lac headpiece has
been shown in a number of laboratories to bind to sequences
similar to the above oligorucleotide. We have used filter
binding assays to measure the association of oligonucleotide and
. the headpiece. The effect of dimerization, which might be useful
for increasing the DNA binding affinities of peptide modules, on
lac headpiece DNA binding, was also investigated. TInitial
results suggest that monomeric lac headpicce binding to the above
. oligonucleotide is characterized by a Ky of about 3uM and that
f when this peptide is dimerized through oxidation of a cysteine
: residue included on the carboxy terminus of the headpiece this
binding interaction seems to be about 3-fold tighter. Work is
continuing to investigate the effect of dimerization on peptide
binding to paiindromic DNA sites.

.}L .
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PROTEIN-PROTEIN INTERACTIONS

Cytoplasmic tyrosine protein kinases of the src family are
protooncogene products that are thought likely to play crucial
roles in signal transﬁuction through cellular receptors. One of
these enzymes, pp56lc , 1s associated with the transmembrane
receptor CD4 in CD4% T cells. There is now substantial evidence
that the 38 amino acid residue cytoplasmic domain of this
receptor regulates the activity of the protein kinase through
protein-protein interactions. The goal of this project is to
elucidate the mechanism for this regulation to enable the
synthesis of peptide models which reversibly regulate enzymic
activities.

An examination of the CD4 and pp56le protein sequences
deposited in GenBank indicate that, assuming histidine is
uncharged at pH 7.4, the cytoplasmic portign of murine CD4 has a
net charge of +8 while that of murine pp56<¢% has a net charge of
~19. Reasoning that ionic interacticns might play & itule in the
associations of CD4 and ppS6lc or in the regulation of enzymic
activities, we synthesized the following peptide which reproduces
the sequence of a heavily charged region in the cytoplasmic
domain of murine CD4 and contains an additional tyrosine residue
for future iodinations:

5 10
Acetyl-Tyr-vVal-Arg-Cys-Arg-His-Gln-Gln-Aro-Gln-Ala-Ala-Arg-Met-
15 20 25 30
Ser-Gln-Ile-Lys-Arg-Leu-Lzu-Ser-Glu-Lys-Lys-Thr-Cys-Gln-Cys-Pro-

His-Arg-Met

ACTIVATOR 1
Activator 1 stimulates the phosphotransferase activities of the
pp56+CX protein kinase up to 20-fold in a dose dependent manner
that 1s described by an apparent Kp of about 2uM. In contrast,
the addition of millimolar concentrations of the heptapeptide
comprised of activaior 1 residues 3-9 or the hexapeptide (Lys) g
do not alter 101;3561c activit'ei. The specificity of interactions
between activator 1 and pp56+¢% were further demonstrated by the
finding that activator 1 has no effect on the activities of the
highly homologous pp60°~STC and pp60V~SIC protein kinases.

If ionic attractions are important for effective
interactions between activator 1 and pp56 Ck, then this effect
should be suppressed by increasing the ionic strength c¢cf assay
solutions. This was the result observed and activator 1 induced
stimuiacion.. of ppS6lc activity are decreased by high ionic
strengths. The effects £ innic strin%th seem limited to the
interactions of activator 1 and pp56-%X since the changes in
ionic strength did not alter enzyme activities in the absence of
activator 1. We have gone further to demonstrate that enzyme
tyrosine phosphorylations, a known mechanism for prggiin kinace
activation, play no role in Lile stimulaclon or pps6+~"- by
activator 1. Charge-charge inteﬁaitions therefore play a major
role in the interactions of pp56+¢X with activator 1.




WORK PLAN (YEAR 3)

The above work will be continued in year 3. For the DNA
binding peptides emphasis will be placed on developing assays to
distinguish between specific and nonspecific DNA binding by
ribonuclease chimeras containing peptides 2 and 3. 1In adadition
the effect of lac headpiece dimerization on its DNA binding
abilities will continue to be explored. For the studies of
protiin—protein interactions we will synthesize additional
ppS56 Cck binding peptides to isolate specific peptide structures
which regulate the protein kinase. The relevance of this
regulation to signal transduction across membranes by the CD4

receptor will also be explored.

PUBLICATIONS

1. A manuscript describing the pp56ICk work is now under
preparation.

TRAINING ACTIVITIES: One graduate student has been assisting in

this work.
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