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Summary Statement 

The overall aim of the research project is to further understanding on 

how DNA binding molecules discriminate between different base pair sequences. 

One point of this study examined the interaction of small drug molecules with 

DNA by laser Raman spectroscopy. Netropsin (Nt) and distamycin (Dt) bind 

specifically to A•T sequences of duplex DNA. Raman spectra of these drugs were 

obtained in the presence and absence of DNA (1). A computer subtraction 

technique was developed to remove DNA and solvent background from the total 

spectra. Several changes occurred in the Raman spectra of these drugs upon 

binding DNA. Normal mode calculations and empirical correlation between the 

spectra of simple molecules with Nt and Dt were used to assign the Raman vibra-

tional bands. Analysis of the differences between bound and unbound drug spectra 

indicate that pyrrole ring and peptide group vibrations are altered when Dt or 

Nt binds DNA. Pyrrole ring methyl groups are not altered by the binding process. 

A second part of this study was focused on determining the conformational 

properties of specific nucleotide sequence DNAs. Attempts were made to synthesis 

oligonucleotide duplexes. These were abandoned in favor of cloning fragments of 

DNA containing transcription initiation regions or 'promoters'. 

A promoter site is the 50-70 base pair region where RNA polymerase specifi-

cally binds to initiate transcription. During the past year approximately one 

milligram of a 144 bp. DNA fragment containing the lactose operon promoter site 

was isolated (2). Work is currently underway at isolating similar quantities 

of other promoter containing DNA fragments. Two types of studies have been 

carried out on the 144 bp. fragment and other DNA molecules containing parts of 

the lactose operon promoter. The temperature induced transition of duplex DNA 

to single strands was studied. This work was aimed at characterizing the thermal 



stability of different parts of the promoter region. A second set of studies 

employed Raman spectroscopy to examine the conformation of DNA molecules of 

known sequence and conformational transitions of these molecules. 

Absorption spectroscopy was used to measure the helix-coil transition of 

eight short DNA restriction fragments 80-301 bp. in length. These DNAs form 

different parts of the E. coli lactose operon transcription initiation region. 

Since the base pair sequences of these DNAs were known, a comparison of the 

experimental transitions with theoretical models of the transitions was possible. 

An accurate theoretical model was developed which predicted the experimental 

curves in solvents of 0.1 M NaC1 or higher (3,4). Theoretical analysis shows 

that thermal stability boundary exists about 50 base pairs behind the transcrip-

tion start point. The theoretical model is being applied to the question of 

base pair opening under conditions relevant to the binding of RNA polymerase (5). 

Raman spectroscopy was used to examine the B to A transition of calf thymus 

DNA induced by increasing the percent of ethanol in an ethanol/water solution. 

We quantified the intensity changes of 17 Raman bands during the transition (6). 

Most bands show sharp intensity changes between 70-74% ethanol (v/v). Two bands 

undergo a pretransition intensity change. These changes suggest that a deoxribose-

phasphate vibration is effected first in the B to A transition induced by ethanol 

dehydration. 

Raman spectroscopy was also used to examine the vibrational spectra of 

purified DNA restriction fragments. X-ray structures of the DNAs have been 

previously correlated with characteristic vibrational frequencies and intensity 

ratios in the Raman spectra. Studies have been made on 95 bp. and 144 bp. DNA 

fragments containing the lactose operon promoter site. In 0.01 Na + , 0.1 M Na
+ 

and 4 M Nal-  solvents, these DNAs are observed to maintain the B type conformation. 



A collaborative study was carried out with R. D. Wells and associates (Univ. 

of Wisconsin, Madison, Wisconsin) on a 157 bp. DNA containing (dG-dC) n  (dG-dC) n 

 sequences at both ends of the 95 bp. lac fragment. Raman spectra of this 

molecule provides conclusive evidence for a junction between left handed and 

right handed duplex helices in 4.0 M NaC1 solutions. Analysis of this Raman 

data is underway (5). Recent work has focused on developing methods to quantify 

the peak heights and widths of overlapping Raman bands. This information will 

provide added information on the Raman spectra of complex molecules such as 

DNA. 
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