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Progress Report  

The main research objectives for the grant period were to obtain milligram 

quantities of each of two lac promoter DNAs (61 bp. and 144 bp.) and conduct 

studies on their conformational and thermodynamic properties. The first question 

we wished to ask is does the lac promoter region possess physical properties 

significantly different than non-promoter regions? A considerable portion of 

these objectives have been achieved. Another objective was to carry out 

studies on the interactions of RNA polymerase and the catabolite activator pro-

tein plus cyclic adenosine monophasphate (CAP-CAMP) with the two DNA fragments 

containing their binding sites. Some progress has been achieved on these 

objectives and work is continuing. 

An opportunity developing from this work resulted in a study of the junction 

between Z and B type DNA conformations in a 157 bp. DNA fragment containing the 

lac promoter. Although this study was not a planned objective of the project, 

it is within the general scientific goals of the work, and has led to some 

interesting results. 

An 18 liter fermentor system was built in order to establish a practical 

means of growing large quantities of plasmid DNA and obtaining cloned DNA frag-

ments. Approximately 3 mgs of plasmid DNA per liter of cell growth is now 

reproducably achieved. Methods wer established for cell lysis, DNA extraction 

and plasmid DNA purification. The plasmid DNA pRMW27 contains the 144 bp. 

sequence of the lac control region cloned into the single Eco RI site of the 

plasmid DNA pVH51. Methods were developed to separate the 144 bp. fragment 

from the residual linear pVH51 vector DNA. Approximately 5 mgs. of the 144 by 

DNA fragment was isolated. Half of this material was digested by the restric-

tion enzyme Hpa  II to generate a 61 bp. DNA containing a CAPocAMT site and an 

80 bp. DNA. 

In addition to the isolation of the above fragments, seven fragments 

have been isolated from Hae III digested pBR322 plasmid DNA. The pBR322 DNA 

sequence is known. This digest provided a number of non-promoter containing 

fragments. 

Raman spectroscopy and circular dichroism were employed to characterize 

the conformation of the lac DNA fragments and non-promoter DNA fragments. 

Initial Raman studies indicated that the lac control region has a B charac-

teristic spectra in 10mm NaC1 and 4.5M NaCl. This was reported in publications 

(1) and (2). A backbone vibration peaking around 832 cm 1 is observed. This 



band and other characteristics of the spectra have been correlated with the B 

type structure of fibrous calf thymus DNA. These initial studies also indicated 

the need for careful data analysis procedures in order to make a quantitative 

comparison of various DNA Raman spectra. 

Quantitative analysis of DNA Raman peak heights and widths have not been 

generally made because of two main difficulties; overlapping Raman bands of 

uncertain number in portions of the spectra, and non-flat slowly varying back-

grounds in solution spectra. We have made progress at overcoming these 

difficulties and have developed procedures to allow for quantitative analysis. 

Computer analysis procedures were developed to evaluate the intensities 

of Raman bands. After removing the background the experimental spectra was 

compared to a theoretical spectra calculated from trial parameters of band 

positions, intensities and widths. The theoretical spectra are based on Lorent-

zian band shapes convoluted with the instrument function of the spectroscopy 

system. The parameters were iteratively refined until good matches with 

unsmoothed experimental data were achieved. This analysis was first applied to 

a Raman study of the B to A transition of calf thymus DNA. The results of this 

study were described in publication (3). This work provided an important pre-

cursor for a similar study on other DNA fragments. The computer analysis 

procedure was employed to quantify Raman band location, intensities and widths 

for the lac DNA fragments and six non-promoter DNAs of varying % G•C. This 

work verified the conclusion of the initial studies and provided information 

on assignment of a number of Raman bands. This work is being completed as the 

dissertation thesis of Juan T. Harrell. A preprint of this work will be 

forwarded when completed. The analysis procedure is described in publication (7). 

In addition to the CD and Raman studies, the thermal stability properties 

of DNA fragments were studied. UV-Absorption spectroscopy was employed to obtain 

high resolution differential melting curves. Theoretical analysis of DNA 

thermal stability was also carried out. Good agreement was obtained between 

theoretical and experimental melting curves of four lac DNA fragments in 

0.1 M NaC1 (4). 

This study determined the location of two thermal stability boundaries 

during denaturation. One occurs 80 bp. upstream from the transcription start-

point, and the other is 14 bp. downstream from the startpoint. The location 

of these boundaries is not apparent from the DNA sequence alone. Experimental 

melting curves have been recently determined for the seven Hae  III DNA fragments 



of pBR322 DNA. Two of these fragments 192 bp. and 587 bp., are known to have 

promoter regions for the tetracycline gene and ampicillin gene, respectively. 

Theoretical analysis of the pBR322 DNA fragments do not show a correlation 

between thermal stability boundaries and specific promoter locations (5,6). 

The boundaries appear to depend on the detailed base sequence. These melting 

studies have improved the understanding of DNA unwinding and how base pair 

changes influence DNA melting. 

During the initial Raman spectroscopy studies on the lac DNA fragments 

an opportunity developed which resulted in a study of a 157 bp. DNA. This 

DNA has the 95 bp. lac region sandwiched between 26 and 32 base pairs (dC-dG) 

sequences at each end. It was provided by R. D. Wells (University of Alabama 

Birmingham, Ala.). It was previously shown that in 4.5 M NaCl this DNA con-

tained junctions between a left-handed Z-type DNA and a B-type duplex. Raman 

spectra were obtained from the 95 bp. DNA, the DNA polymer (dG-dC) 11 •(dG-dC) n , 

and the 157 bp. DNA in 0.01 and 4.5 M NaCl. In 0.01 M NaC1 all three DNAs have 

Raman spectra characteristic of a B-type conformation. The high salt spectra 

of the 95 bp. is also characteristic of a B conformation although some changes 

were observed. The 832 cm 
1 
band characteristic of the B conformation is 

reduced in intensity. The spectrum of the 157 bp. DNA in 4.5 M NaC1 shows 

several major changes from the 0.01 M NaCl spectrum. These changes are 

observed in the high salt spectrum of (dG-dC)
n
.(dG-dC)

n 
and are correlated with 

the presence of Z conformation. Comparisons were made between the high salt 

spectra of the 157 bp. DNA and spectra calculated from the other two DNAs. 

Analysis of several base ring vibrational bands indicate that the 95 bp. segment 

is B like whereas the dC-dG regions are in the Z conformation, i.e., the 

junction region is short. Yet a deoxyribose-phosphate band, characteristic of B 

conformation has an intensity 50% + 15% less than expected if the 95 bp. region 

was in a B backbone conformation. This indicates that the Z regions distort 

the backbone conformation of the middle segment but does not appear to effect 

base pair stacking. These results are described in publication (2) and (7). 

Some preliminary progress has been made on the studies of the interaction 

of CAP•cAMP with its site on the 61 bp. lac DNA. 10 mgs of CAP protein has 

been isolated. The ability of CAP•cAMP to bind to its specific site have been 

verified using gel electrophoresis. Raman spectroscopy studies on CAP have been 

carried out. Further work on the effect of cAMP on the CAP spectra and the inter-

action of CAP•cAMP with DNA is continuing. Raman spectroscopy studies of CAP•cAMP 

binding to its lac DNA site are planned. 
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