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Resear ch and professional experience:
Extengve experience in characterizing DNA-drug, DNA-peptide and DNA-protein
interactions.

Specific Projects:

Design and detailed description of peptides and peptide-netropsn (antitumor antibiotic)

conjugates that bind DNA in the minor groove in a sequence-pecific manner.

Measurements of the amount of water displaced in the process of a synthetic netropsin

andogue binding to DNA. Thiswasthefirst gpplication of the osmotic stress technique

to DNA-drug interactions demongtrating the ability to measure changes in water binding
associated with the netropsin andogue interaction to different DNA sequences.

Devdopment of aredtriction nuclease footprinting assay for the quantitating specific

DNA-netropsin binding congtants. It has been shown that though netropsin bindsin a




DNA minor groove, and restriction endonuclease EcoRI bindsin a DNA major groove,
both netropsin and a netropsin analogue protect DNA from EcoRI restriction nuclease
cleavage by inhibiting the binding of EcoRI to its recognition Ste.

Direct measurement of differences in sequestered waters between specific and

nongpecific EcoRI-DNA complexes usng a comptitive equilibrium binding under

conditions of osmoatic siress. It has been demonstrated that a competitive binding

method dlows a direct measurement of number of waters released in formation specific
versus non-specific EcoRI-DNA complex. About 110 more water molecules are being

retained in the nonspecific complex to compare with the specific complex.

Kinetics of the EcoRI binding to DNA under conditions of osmotic stress. Linkage of

EcoRI dissociation from its specific DNA recognition Ste to water activity, sdt

concentration, and pH. The observed dependence of the binding equilibrium congtant

on water activity isreflected in the dissociation rate of the EcoRI from its specific Ste as
well. Osmatic stress dramatically dows down the dissociation of the ECoRI fromits
gpecific ste on DNA. We find that the dependence of the dissociation rate on water
activity is dominated by the difference in 110 sequestered water molecules between the
specific and nonspecific binding modes of the protein. The sdt and pH dependence of
the overdl off rate is dominated by the dissociation of the nonspecificaly bound protein
from the DNA.

Devdopment of the salf-cleavage assay for the restriction endonucleases EcoR| and

BamHI. Usng osmoatic stress technique as apractica way of manipulating dissociation
rates controllably, a method was developed for using the nuclease activity of two
redtriction endonucleases to measure sensitively their specific binding. This self-cleavage
assay dlows measurement of binding equilibrium and kinetics avoiding intringc problems
of the techniques based on separation of free and bound species (such as gd mobility
shift assay and filter-binding assay). There isthe possibility of using such atechnique for
any protein possessing DNA cleavage activity given that its interactions with DNA are

sengtive to osmotic stress.



Measurement of the difference in sequestered water between the specific EcoRl

complex and a‘ sar-9t€ noncognate complex and of the work needed to remove

water from the ‘ sar-9te€ complex using equilibrium and kinetic measurements. As seen

at low osmotic pressures complexes of EcoRI with ‘star-gtes thet differ by only a
single base pair from the specific recognition site sequesters as many waters asthe
nongpecific complex. At high enough osmotic pressures, however, in contrast to
nonspecific complexes, the complex between EcoRI and the ‘ star-sequence’ can be
strongly dehydrated. It has been proposed that the modulation of ‘ nonspecific' and
‘specific modes of EcoRI binding to *star’ sequences by neutra solutes could play a
key rolein the enzymatic activity &t these Stes.

Sengtivity of a Ther mus aquaticus MutS-DNA specific binding to sdt, pH and water

activity. Among large group of proteins required for mismatch repair, only MutS
recognizes and binds to heteroduplex DNA containing mispaired or unpaired bases, and
by doing so triggers cascade of events. Studies are in progress now to investigate
influence of sdt, pH, and water activity on MutS-DNA binding to different mismatches
to determine parameters crucid for this protein binding strength and specificity.

Water release in the BamHI restriction endonuclease binding. The work isin progress

on measuring differences in water rel ease between specific and nongpecific BamHI-
DNA binding. The strong advantage of the BamHI system is that both specific and
nonspecific complex structures are available. Our osmotic measurements can be directly
related to the structural data.

Techniques used: osmatic stress technique modified to perform solution studies; gel-

electrophoresis of DNA and DNA-protein complexes (specificaly gd mohility shift
assay in agarose and polyacrilamide gels); DNA isolation and purification; PCR; DNA
cloning; HPLC; stop-flow technique; optical spectroscopy (fluorescence, circular
dichroism).
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Resear ch interests:

Molecular recognition, particularly DNA-protein binding. Distinguishing between factors
that arein common and factors that are different for specific and nonspecific binding.
Demondration of the general importance of water in the specific DNA-protein binding.
Linking thermodynamics and structure through water release. Practica applications of
the osmotic siress technique for stabilizing of Iabile DNA-protein complexes.
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