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The association of other materials with DNA has been studied 

extensively in higher organisms and more recently in bacteria. 

However, investigation of these complexes in bacteria have for the 

most part been restricted to the study of a specific function this as- 

sociation may serve, or a specific kind of association. The degree 

of protein, RNA and membrane association of DNA within a given 

species has not been compared at one time under the same experi- 

mental conditions. These studies were undertaken in order to com- 

pare DNA associated with protein, RNA and cell membrane fractions 

in a single bacterial system. 

Escherichia coli strain CR34 (requiring thymine, leucine, threo- 

nine, and B1) or strain TAU bar (requiring thymine, arginine, ura- 

cil, methionine, proline and tryptophan) were grown 5 -5. 5 hours in 

media containing 3H thymidine, 14C uracil, 3H tryptophan or 14C 



arginine, harvested, washed three times with buffer and lysed with 

1 percent sodium lauryl sulfate (SLS) or sarkosyl. Untreated, soni- 

cated, RNAse and pronase treated lysates were then subjected to 

starch block electrophoresis or CsC1 density gradient analysis. 

After electrophoresis of a 3H thymidine labeled SLS lysate, 

about 30 percent of the DNA was found at the origin. This associa- 

tion with materials of low electrophoretic mobility was not found 

when phenol- extracted, 3H labeled DNA was added to cells prior to 

lysis and electrophoresis. In electrophoresis of sonicated lysates 

virtually none of the DNA was found at the origin, while over 80 per- 

cent of the DNA appeared 20 or more cm from the origin, showing 

a distribution very similar to that of unsonicated, phenol- extracted 

DNA. These results indicated that DNA association with materials 

of low electrophoretic mobility occurs in the cell prior to lysis and 

that sonication will remove DNA from this complex. Treatment of 

unsonicated SLS lysates with pronase prior to electrophoresis de- 

creased by about one fifth the amount of DNA retained at the origin. 

Similar treatment with RNAse reduced the amount of DNA remaining 

at the origin by about one half. Electrophoretic profiles for 3H 

tryptophan and 14C arginine labeled lysates were similar, with most 

of the radioactivity at or near the origin. Sonication did not release 

radioactivity to faster migrating fractions. Electrophoresis of cell 

lysates labeled with 14C uracil showed that only 4 percent of the 14C 



label was found at the origin. From these findings it seemed that 

about 30 percent of the DNA was bound to materials of low electro- 

phoretic mobility, in conjunction with protein and a minor amount of 

the cells' RNA. Enzymatic destruction of protein or RNA affected 

the amount of DNA bound to this complex and thus either may function 

as a linker of DNA to substances of low electrophoretic mobility, 

possibly the cell membrane. 

CsC1 density gradient analysis of 3H thymidine -labeled lysates 

showed that most of the DNA was associated with a mucous film of 

light density floating on top of the gradient. From this appearance 

and the reports of others, this pellet was identified as the cell mem- 

brane fraction. If the lysate was sonicated before centrifugation, 

most of the DNA was not found in the floating pellet, but was distri- 

buted in a broad band throughout the center of the gradient. Pooling 

and recentrifugation of widely separated portions of this broad den- 

sity band resulted in a single peak, indicating all portions to be of 

similar density. Treatment of a 3H thymidine- labeled SLS lysate 

with pronase before centrifugation reduced the amount of label in the 

floating pellet by 10 percent. Similar treatment with RNAse reduced 

the total radioactivity in the floating pellet by 4 percent. After 

centrifugation of a 3H tryptophan or 14C arginine- labeled lysate, 

virtually all of the radioactivity was found in the top few fractions 

and sonication of a lysate before centrifugation did not change this. 



After centrifugation of a 14C uracil- labeled lysate, 14C label was 

found in all portions of the tube, with about 50 percent of the label 

in the floating pellet. Sonication of a lysate prior to centrifugation 

reduced by 10 percent the 14C in the floating pellet. Paper chroma- 

tography of hydrolysed top, intermediate and bottom fractions from 

a density gradient of a sonicated, 14C uracil labeled lysate revealed 

the 14C label to be mostly in RNA in the top and bottom fractions, 

and to be largely in DNA, by the conversion of 14C uracil to 14C 

cytosine, in the intermediate fractions. A small amount of 14C ura- 

cil was found in fractions of intermediate density, probably indicating 

RNA -DNA hybrids. Similar studies showed the floating pellet to 

contain a greater percent of RNA which may be released by sonica- 

tion to the positions of intermediate density than does the lysate as 

a whole. Thus the membrane fraction may be a preferential location 

of RNA -DNA hybrids. 
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THE ASSOCIATION OF DNA WITH OTHER CELLULAR 
MATERIALS IN ESCHERICHIA COLI LYSATES 

INTRODUCTION 

Deoxyribonucleic acid (DNA), now known to be the carrier of 

genetic traits is usually found associated with other cellular mater- 

ials. These materials are for the most part made up of various 

amounts of protein, RNA and cell membrane constituents. For some 

time not much attention was paid to the possible function of materials 

associated with DNA and their relationship to DNA itself. However, 

in recent years there has accumulated a great deal of evidence which 

suggests that various substances found associated with DNA do play 

a role in the function and metabolism of the genetic material. 

The first materials found associated with DNA were the proteins 

described in early times by Meischner and Kossel who found and 

described basic proteins associated with nucleic acids of pus cells. 

It has been shown that basic as well as acidic proteins are found con- 

nected with DNA but that the nature of binding may differ. There is 

no doubt that, in the higher organisms at least, the chromosomes, 

which are made up of many strands of DNA, depend largely for the 

integrity of their structure on the protein associated with them. As 

knowledge of genetics grew it became evident that if DNA were truly 

the genetic material then there must be some mechanism to regulate 
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its function. Proteins are believed by many to fulfill this role. Evi- 

dence seems to favor the basic histones as genetic repressors in 

higher organisms. In bacteria, repressor material behaves like an 

allosteric protein, but may not be basic in character. There is also 

evidence that protein plays a role in the replication of DNA in bac- 

teria. At least two kinds of protein seem to function during DNA 

replication in bacteria and may also be involved in conjugation. 

The connection of DNA to cell membranes, especially in bacteria, 

seems to be well -established, but there is little known beyond the 

hypothetical stage as to what this may signify. Many investigators 

feel that DNA is connected to the cell membrane in order to stabilize 

DNA structure, especially during periods of replication. Associa- 

tion of DNA with the membrane may take place via a protein linker, 

an observation for which there is some evidence. 

DNA is also quite definitely known to associate with RNA in vitro 

or in vivo. The structure and function of this association has been 

seen to take a number of forms. RNA -DNA hybrids have been found 

or can be formed in vitro and indicate complimentary sequences of 

the purine and pyrimidine bases within the hybrid. The current con- 

cept of genetic transcription during RNA synthesis is dependent 

largely on this observation. RNA may quite possibly bind to DNA in 

the role of a genetic repressor, here in combination with basic or 

acidic proteins. There is some evidence for a specific type of RNA, 
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which is not of the ribosomal, messenger or soluble form, being 

associated with protein -DNA fractions of cells. Ribosomes, which 

contain a majority of the cellular RNA, have been found in a functional 

form associated with membrane complexes in conjunction with DNA. 

From the foregoing information it can be seen that a knowledge 

of the materials associated with DNA would be of definite value in 

the understanding of the regulation and metabolism of the genome. 

Rather extensive studies have been done with the materials assoc- 

iated with DNA in higher organisms. However there is evidence that 

material associated with DNA, DNA metabolism and regulation of 

genetic activity in bacteria may differ somewhat from that of higher 

organisms. A literature survey reveals that experiments dealing 

with cellular materials associated with DNA in bacteria are for the 

most part concerned with some specific function these materials 

may have, such as genetic regulation or DNA replication, or deal 

specifically with protein, RNA or membrane fractions bound to DNA. 

The degree of protein, RNA and membrane association of DNA within 

a given species has not been compared at one time and under the same 

experimental conditions. 

The purpose of the present work was to study and compare DNA 

associated with protein, RNA and membrane fractions in a single 

bacterial system. In order to accomplish this purpose, lysates of 

bacteria grown in media containing radioactive precursors of DNA, 
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RNA or protein were treated in different ways and studied by starch 

block electrophoresis and density gradient centrifugation. It is hoped 

the work described herein will give information about protein, RNA 

or membrane fractions associated with Escherichia coli DNA which 

can be used to gather further evidence for the function of these 

complexes. 
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HISTORICAL REVIEW 

The association of protein with DNA has been known since the 

original work of Mieschner (Bonner, 1965). Kossel, in the last cen- 

tury, described two types of basic proteins -protamines and histones, 

which are components of the nuclei of animal cells (Kossel, 1928). The 

book written by Kossel and published in 1928 was the first extensive 

work dealing with the proteins associated with DNA (Kossel, 1928). 

Research concerning DNA -protein association done since Kossel's 

book has, until quite recently, been concerned mostly with basic pro- 

teins associated with the chromosomes of higher organisms. 

Stedman and Stedman (1943) found much less histone associated with 

nuclear extracts of actively dividing cells than those which were not 

actively dividing and thus proposed that histones may function in 

regulating mitosis. A few years later Mirsky and Pollister (1946) 

and Pollister and Mirsky (1946) described histones and protamines 

in nucleoproteins of animal cells. In earlier studies with bacterial 

nucleoprotein, Menzel and Heidlberger (1938) reported a nucleo- 

protein isolated from tubercle bacilli and Seibert (1940) sep- 

arated DNA from a nucleoprotein complex of the same bacteria. 

More complete characterization of bacterial nucleoprotein was car- 

ried out by Chargaff and Saidel (1949) , who found that nucleic acids 

could be separated from the nucleoprotein of avian tubercle bacilli 
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by electrophoresis or treatment with saturated sodium chloride. 

Work with nucleoproteins began to increase greatly after 1950 

and was concentrated mainly on describing the structure of nucleo- 

protein complexes as well as some inquiry into their function. In 

higher organisms, the Stedmans (1951) found differences in histones 

connected with the nuclei of different cells and felt this may indicate 

its possible role as a regulator of genetic activity. About the same 

time Mirsky and Ris (1951) found two types of protein were connected 

to DNA. One was the histones, which lack tryptophan and were re- 

leased by salt treatment. Another, described as residual protein, 

contained tryptophan and remained associated after histone removal. 

The importance of residual protein in a structural role was indicated 

by microscopic observations. If histones were removed from chro- 

mosomes their microscopic appearance was unchanged, but if the 

residual proteins were removed, the chromosomes microscopic ap- 

pearance was changed. Berstein and Mazia (1953) also found pro- 

teins other than histones connected to DNA. In a preparation from 

sea urchin sperm, they isolated a nucleoprotein complex which con- 

tained 35 -37 percent DNA, the same amount of histone, and 25 -27 

percent non -histone protein. 

Binding between protein and nucleic acid in deoxynucleoprotein 

(DNP) complexes was studied by Shooter, Davidson and Butler (1954). 

Bonding seemed to be mainly electrostatic, since protein is almost 
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completely dissociated from nucleic acid in concentrated salt solu- 

tions. It was further believed that bonding takes place between basic 

groups of the protein and the phosphate groups of nucleic acid. How- 

ever, since basic amino acids comprised only 20 percent of the total 

amino acids, it was also postulated that other groups in the protein 

could bind to DNA. Monty and Dounce (1958) felt that the residual 

protein is bound to DNA more strongly than could be accounted for by 

salt formation as with histones and protamines. They found that 

cleavage of the residual protein from DNA could be brought about by 

heating in acid or alkali, X radiation and by the enzymatic action of 

DNAse 1 or protease. The structure of the chromosomes as a de- 

oxyribonucleoprotein complex in higher organisms was described by 

Zubay and Doty (1959). From their own and previous results they 

postulated that most of the DNA of the chromosomes is united with 

histone in a linear manner as subunits. These units were then hy- 

pothesized to be held in place in a chromosome structure formed of 

other DNA and residual protein. 

Extensive work concerning DNP in higher organisms had been 

done by this time, but little was known about bacterial nucleoprotein. 

However, in the late 1950's, bacterial DNP began to receive more 

attention. Tsumita and Chargaff (1958), continuing Chargaff's 

earlier work, determined the amino acid content of the protein con- 

jugated with DNA in avian tubercle bacilli. They found a constant 
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amount of protein in the DNP which was high in molar amounts of 

acidic amino acids and relatively low in basic amino acids. Thus, 

contrary to the histones of higher organisms, DNP of tubercle 

bacilli contained protein lacking basic properties. Wilkins and Zubay 

(1959) examined the DNA -protein extracted from Escherichia coli by 

X -ray diffraction and found no evidence for the typical histone dif- 

fraction patterns which are characteristic of DNP of higher organisms. 

In another paper Zubay and Watson (1959) described the absence of 

large amounts of basic protein on the DNA of rapidly dividing cells 

of E. coli. Changes in ionic strength did not dissociate the protein 

from DNA as was the case in histone -DNA complexes. 

Much of the recent literature, however, is still concerned with 

the properties of DNP from calf thymus or other cells from higher 

organisms. Murray and Peacocke (1962) concluded that DNA exists as 

a double helical structure within the DNP of calf thymus nuclei, 

since the DNP was denatured by heat and alkali similar to free DNA. 

In reviewing the subject in 1965 Murray (1965) felt that in DNP the 

greater part of the protein is in an alpha -helical form and is distri- 

buted evenly along the DNA molecule. Lesko, Kulkarni and Emery 

(1964) examined the binding between residual proteins and DNA. 

Exhaustive treatment of DNP with cold 0.2 N -HC1 at pH 3, followed 

by treatment with detergent would not remove all of the residual pro- 

tein from DNA. Because of this it was felt that residual protein 
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may be bound to DNP by covalent bonding rather than by salt linkages 

as is believed the case in histone -DNA complexing. 

The possible function of basic proteins in the nucleus as genetic 

regulators began to receive more attention as evidence supporting 

this view accumulated. Murray (1965) cited a number of instances 

in which there was a change in amount or quality of nuclear proteins 

during periods of change in genetic activity. The experiments of 

Bonner (1965) have especially supported the role of histone as a 

genetic regulator. When pea embryo chromatin was extracted and 

tested in vitro for ability to synthesize RNA, it was only 1/5 as 

active as de- proteinized chromatin in this ability. Bonner also 

showed that RNA generated by chromatin of developing pea cotyle- 

dons can synthesize globulin while. the RNA generated from chromatin 

of vegetative buds can not. However, if pea bud chromatin is first 

deproteinized, it generates an RNA which can synthesize globulin in 

vitro. Bonner suggested that this indicates that the histone represses 

the globulin gene in pea bud chromatin and once the histone is re- 

moved, the gene is derepressed. Sonnenberg and Zubay (1965) how- 

ever, felt that the in vitro reduction of DNA primed RNA synthesis 

by histone is due to a precipitation effect rather than to a genetic 

repression by histone. They showed that native calf thymus nucleo- 

histone has almost no priming ability while sonicated nucleohistone 

has 1/3 of the priming efficiency of equivalent amounts of calf thymus 
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DNA when the primer concentration is 20 µ g /m1 or lower. Native 

DNP forms a gel -like precipitate which they believed the RNA poly - 

merase could not penetrate, while sonicated DNP is dispersed. 

The binding of protein to DNA in the role of a genetic repressor 

has been supported by evidence from bacterial systems. Gallant and 

Stapleton (1964) found that the repression of alkaline phosphatase 

activity in Escherichia coli was dependent upon active protein syn- 

thesis. Repression of alkaline phosphatase was found to proceed in 

the presence of 5- flouro uracil or the absence of thymine in thymine 

requiring strains. However it was blocked by the absence of certain 

amino acids or by the presence of chloramphenicol. The repressor 

of the lac operon in Escherichia coli was shown to be a protein of 

M. W. 150,000-200,000 by Gilbert and Muller -Hill (1966). An assay 

based on the measurement of binding of repressor to inducer as seen 

by equilibrium dialysis of repressor extracts against radioactive 

IPTG (isopropyl -thiogalactoside) was used. The ability to bind IPTG 

was not effected by RNAse or DNAse but was destroyed by pronase 

or temperatures above 50o C. More recently, Ptashne (1967) has 

isolated a repressor produced by Escherichia coli lysogenic for 

phage which prevents the prophage genes from functioning. This 

repressor was isolated and purified by DEAE chromatography, 

moved as a single, acidic protein in disc gel electrophoresis and had 

an S value on sucrose gradients of 2.7-2.8, corresponding to a 



molecular weight of 30,000 (assuming a spherical configuration). 

Recent work has also indicated a mechanism by which changes 

in protein structure may cause the release of protein from DNP com- 

plexes, thus leading to de- repression. Pogo, Allfrey and Mirsky 

(1966) reported acetylation of basic proteins associated with DNA 

and found a correlation between acetylation of histone and an increase 

in RNA synthesis in lymphocytes. Thus acetylation was postulated 

to be a mechanism of de- repression. Kleinsmith, Allfrey and 

Mirsky (1966) suggested that the negatively charged phosphate groups 

of phosphoproteins may interact with the positively charged histones 

and remove them from DNA. An increase of metabolic activity of 

nuclear phosphoproteins was found during periods of increased gene 

activity. 

Investigations of proteins combined with DNA in microorganisms 

other than as a repressor have become more numerous in the recent 

literature. Craft and Leaver (1961) extracted a basic, histone like 

protein from Staphlococcus aureus which had high quantities of ly- 

sine, arginine, leucine and proline. A similar protein was found in 

Micrococcus lysodeikticus. However, it was not possible to deter- 

mine whether this protein was associated with DNA or RNA. Masui 

et al. (1962) extracted a DNP complex from Achromobacter which 

contained 67. 2 percent DNA, 28.8 percent protein and less than 0. 5 

percent RNA. No basic, histone -like protein was present in this 

11 
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complex. Extraction of DNP by concentrated salt solutions from 

Pasteurella pestis was found by Bekker (1965) to give a complex very 

different from that isolated from higher organisms. DNA was found 

to be bound to no more than 25 percent by weight of protein. Massie 

and Zimm (1965) suggested su that in Bacillus subtilis and Escherichia 

coli, DNA occurs in subunits of about 2. 5 X 108 M. W. held together 

by proteins. This was based on the following observations; 1) DNA 

released under the most gentle conditions is consistently the same 

size -about 2. 5 X 108 M. W. 2) The total DNA content of bacterial 

cells is much larger than the units released. 3) Protein dissolving 

treatment, pronase or phenol, is required to release DNA from a 

heavy mass of protein containing material. The effect of pronase on 

releasing DNA from the interface pellet during phenol extraction was 

also noted by Berns and Thomas (1965) while extracting DNA from 

Hemophilus influenzae. Amino acid analysis of a protein still as- 

sociated with DNA after phenol extraction showed it to be a non - 

histone protein. Bhagavan and Atchley (1965) reported both basic 

and acidic proteins in a DNP preparation from Bacillus subtilis. 

this case, the DNP was extracted from resting cells by treating 

lysozyme protoplasts with 1M -NaC1 pH 8. 0 and precipitating the DNA 

with O. 01 M- MgC12. 

Yoshikawa (1966) reported a DNA -protein complex isolated from 

phenol extracts of activity growing Bacillus subtilis which has ten 

In 
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times the transforming activity of free DNA. The isolation of this 

fraction was dependent on the presence of 0. 1 N- mercaptoethanol 

during phenol extraction of osmotic lysates. The DNP banded at a 

density of 1.63 -1.65 in CsC1 and included about 15 percent of the 

total DNA. Both 14C lysine and 3H thymidine were found associated 

with this fraction, which could be dispersed upon incubation with 

pronase or 1.0 N- mercaptoethanol. From these results, Yoshikawa 

felt the DNA -protein complex was dependent on hydrogen bonding. 

In a recent paper Leaver and Cruft (1966) did extensive examinations 

of the DNA -protein complexes extracted from bacteria. They found 

that most of the basic proteins of the cell are associated with the 

ribosomes, not DNA, and believed reports of histone like proteins 

associated with DNA of bacteria were probably due to ribosomal 

contamination. Acidic proteins were found associated with DNA 

however, and there was some evidence for a very small amount of 

histone like protein being associated with DNA. 

Another aspect of studies concerning DNA protein associations 

in bacteria has been the role of DNA and protein in the binding of 

DNA to cell membranes. While examining the developing endospores 

of bacilli by electron microscopy, Fitz James (1960) found organelles 

continuous with the cytoplasmic membrane which were often con- 

nected to the chromatin bodies in dividing bacteria. Goldstein and 

Brown (1961) reported finding the newly synthesized DNA connected 
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to the membrane fraction, even after sonication of Escherichia coli 

lysozyme lysates. They found that while sonication removed most 

of the total DNA from a particulate into a soluble fraction after cen- 

trifugation, newly formed DNA in the particulate fraction seemed 

especially resistant to sonic treatment. 

About the same time, Maale and Hanawalt (1961) found a correla- 

tion between thymineless death in thymine requiring strains of 

Escherichia coli and the inhibition of protein and RNA synthesis. It 

was postulated that protein and /or RNA synthesis is necessary to 

initiate DNA synthesis. Later work by Lark et al. (1963) confirmed 

Maalge and Hanawalt's experiments and demonstrated that a sequen- 

tial pattern of replication in bacterial DNA exists and that its initia- 

tion is dependent upon protein synthesis. Cairns (1963) by use of 

autoradiographs of replicating chromosomes of 3H thymidine labeled 

Escherichia coli, gave physical evidence for a circular bacterial 

chromosome which replicates from a single point. However, these 

autoradiographs may simply mean that both ends of the replicating 

structure are attached to the cell membrane (Cairns, 1967). Wake 

(1963) and Yoshikawa and Sueoka (1963), using Bacillus subtilis, and 

Nagata (1963), using Escherichia coli provided further evidence for 

replication of the bacterial chromosome as being synchronized and 

sequential. Using the results of these experiments, Jacob, Brenner 

and Cuzin (1963) proposed a model for DNA replication based on a 
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circular chromosome attached to the cell membrane via protein. A 

model for transfer of DNA during conjugation was also given in which 

the replicating DNA is attached to the cell membrane by a protein 

near the point of conjugation. Continuing this work, Lark and Lark 

(1964) obtained results which indicated at least two types of protein 

regulating DNA synthesis in bacteria. The premature initiation of 

DNA synthesis which occurs in Escherichia coli after thymine star- 

vation could be prevented by 5- fluorouracil and chloramphenicol, 

neither of which prevented re- initiation of DNA synthesis following 

amino acid starvation. Lark and Lark hypothesized the existence 

of an initiator protein which proceeds along the chromosome at the 

replicating point, and a structural protein attaching the origin of 

chromosome replication to the cell membrane. Further evidence for 

bacterial DNA connected to the cell membrane by protein was ob- 

tained by Ganeson and Lederberg (1965A- 1965B). 
31-1 labeled, repli- 

cating DNA in Escherichia coli was found in the pellet fraction follow- 

ing sucrose gradient centrifugation, while more than 60 percent of 

14C labeled, non -replicating DNA was found in the middle of the 

gradient. The 3H labeled, replicating DNA could be released from 

the pellet by pronase treatment. Smith and Hanawalt (1965) labeled 

bacterial DNA with 3H thymine then pulsed with 32P. Treatment 

with deoxycholate or pronase was found to release most of the pulse 

labeled DNA from aggregates and allowed it to sediment more slowly 
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during sucrose gradient centrifugation. More recently, Davern 

(1966) has used treatment of spheroplasts with pronase and sodium 

dodecyl sarcosinate to free DNA from the meniscus during CsC1 

density gradient centrifugation. When this was done, free DNA which 

bands in the middle of the gradient was obtained in whole, circular 

form. 

There are also indications that during phage replication, the 

infecting DNA is at some time associated with the bacterial mem- 

brane. Kozinski and Lin (1965) found that prior to replication, T4 

phage DNA entered into a complex with protein. The degree of 

complexing was measured by the amount of absorption of parental 

T4 32P DNA to the interface pellet during phenol extraction of bac- 

terial lysates at various times after infection. Much of the repli- 

cating DNA could be freed from the phenol pellet by prior treatment 

with pronase or by sonication. In reviewing the replication of bac- 

terial DNA, Lark (1966) presents a model for DNA replication in 

which protein is involved in both structural and active roles. This 

model is similar to that first proposed by Jacob, Brenner and Cuzin 

(1963) but includes certain modifications based on experimental evi- 

dence accumulated since 1963. 

Evidence has also accumulated for the existence of RNA -DNA 

complexes, both in bacteria and in higher forms. Sirlin in 1960 

(Bonner, 1965) found that when cells are incubated with radioactive 
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precursors of RNA, the nucleolus and chromatin of the nucleus be- 

come labeled. Bonner, Huang and Maheshwari (1961) discovered 

that RNA formed in vitro on pea embryo chromatin remained bound 

to the nucleoprotein. The bound RNA was resistant to RNAse but 

could be released to an RNAse sensitive form by treatment of the 

complex with DNAse or heating to 60o C. In vitro hybrids between 

RNA from T2 infected Escherichia coli and T2 DNA were demon- 

strated by Hall and Spiegelman (1961) . In a later paper, Yankofsky 

and Spiegelman (1962) used the double label, hybrid technique to 

demonstrate complementarity between ribosomal RNA and parent 

DNA in Escherichia coli. The hybrid technique has since become 

popular in demonstrating sequence complementarity between RNA 

and DNA by formation of in vitro complexes. 

RNA bound to histones of chromatin was reported by Bonner 

(1965) and Huang and Bonner (1965). Huang and Bonner found that 

native histone of pea bud chromatin contained RNA chemically linked 

to it which differs from other types of RNA,in base composition and 

chain length. After dissociation from DNA in 2.09 M -CsCl, the 

RNA -protein complex banded in a CsCl density gradient at a density 

of 1. 286. The CsCl density gradient purified complex contained 

92 percent histone and 8 percent RNA by mass. Treatment of the 

native nucleohistone prior to CsC1 treatment with DNAse or at 60° C 

in low ionic strength converted the RNA to a form susceptible to 
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RNAse. Wang (1963) reported the existence of an in vitro protein 

synthesizing system isolated from calf thymus nuclei which contained 

acidic and basic protein, RNA and DNA. This complex could be 

fractionated to yield spherical and strand -like components with most 

of the RNA in the spherical particles. More recently, Benjamin 

et al. (1966) extracted a RNA -histone complex from rat liver which 

they believed contained a new type of RNA. 

The binding of RNA to DNA in the role of a repressor has been 

investigated and there is some evidence for this type of complex. 

Browne and Rogers (1963) found that in a uracil requiring strain of 

Escherichia coli, uracil was required for repression or ornithine 

transcarbamylase. Accumulation of repressor took place in the 

presence of the known protein inhibitor, chloramphenicol. Because 

of the inverse relationship between rates of RNA synthesis and of 

beta -galactosidase synthesis in chloramphenicol treated cultures of 

Escherichia coli, Sypherd and Strauss (1963) believed RNA functions 

as a repressor. Miller and Sobell (1966) have given a model for 

gene repression in which the active product of the regulator gene is 

a ribonucleoprotein. The protein moiety was believed to consist of 

acidic protein while the RNA contained streches of purines comple- 

mentary to the DNA section which it represses. Binding of the gene 

and repressor was hypothesized to occur by means of alternate 

RNA -DNA base pairing, while the protein portion conferred allosteric 
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properties to the repressor. Experimental evidence was given for 

alternate base pairing and complexes similar to those described in 

the model. 

Finally, RNA and DNA have been found together in membrane 

complexes, or as ribosomal -DNA associations. Godson, Hunter and 

Butler (1961) found the membrane fraction of Bacillus megaterium 

protoplasts lysed by osmotic treatment to contain up to 50 percent 

of the total RNA, mainly in the ribosomal form. The nuclear fraction 

also contained a small amount of RNA that was tightly bound. Later 

work by Butler and Godson (1963) showed a great difference in per- 

centages of DNA, RNA and protein remaining in the membrane frac- 

tion after lubrol (a non -ionic detergent) or osmotic lysis of proto- 

plasts. After lubrol lysis, percents of DNA, RNA and protein in the 

membrane fraction were 5 percent, 1 percent and 12 percent while 

after osmotic lysis the respective percentages were 35 percent, 

40 percent and 30 percent. Schlessinger (1963) found 25 percent or 

more of the ribosomes of Bacillus megatherium in clusters bound to 

the cell membrane after lysis by lysozyme or grinding with alumina. 

The bound ribosomes would not come off with repeated washes with 

++ buffer but were released when the Mg ion concentration was lowered 

or by treatment with sodium deoxycholate. Also along these lines, 

evidence for T2 phage DNA bound to functional Escherichia coli 
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ribosomes by complementary RNA was obtained by Byrne et al. 

(1964) using sedimentation and electron microscope studies. 
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MATERIAL AND METHODS 

Bacterial Strains 

Escherichia coli K12 CR34 (thy-, thr , leu , B 1) was used in 

some earlier experiments involving 3H thymidine labeling. This 

strain was taken from stock cultures supplied by Dr. D. K. Fraser 

of the Department of Microbiology at Oregon State University. For 

later experiments involving arginine, tryptophan and uracil labeling, 

Escherichia coli TAU bar requiring thymine, arginine, uracil, 

methionine, proline and tryptophan from the active culture collection 

of the University Institute of Microbiology, Copenhagen, Denmark 

was used. Both strains were kept on nutrient agar slants in a re- 

frigerator and were transferred to new slants each month. 

Media 

For all growth, a stock medium of tris - minimal salts -glucose 

adapted from Hershey (1955) was used. Ingredients were as follows: 

NaCl 0.08 M, KC1 0.02 M, CaCl2 2 X 10 
4 

M, FeCl3' 6H2O 2 X 

10-6 M, Na2SO4 2.5 X 10 -3 M, tris 0. 12 M, pH 7.0. KH2PO4 was 

added separately to a final concentration of 6. 4 X 10-3 M and glucose 

to a final concentration of 0. 2 percent. For growth of unlabeled TAU 

bar, the following additional growth factors were added: thymine 

(Nutritional Biochemicals) 2 µg /ml, uracil (Sigma Chemical Co.) 
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10 µg /ml, arginine, methionine, proline and tryptophan (Nutritional 

Biochemicals) 20 µg /ml each and vitamin free casamino acids (Difco 

Laboratories) 1 mg /ml. For growth of unlabeled CR34 only thymine 

and casamino acids were added as above. 

For growth of either strain using 3H thymidine, 10 p.c of thy- 

midine- methyl 3H, 0. 036 mg /mc (New England Nuclear) was added 

to each ml of growth media. The final thymine concentration was 

adjusted to 2 µg /ml with unlabeled thymine. When labeling with 

14C thymine, 10 µc/ of thymine- 2 -14C, 4. 2 mg /mc (New England 

Nuclear) was used with each ml of growth media. For growth of 

TAU bar using 14C uracil, 10 p.c of uracil- 2 -14C, 3.74 mg/ c (New 

England Nuclear) was added to each ml of growth media. No unlabeled 

uracil was added. 

In case of labeling TAU bar with 14C arginine, 10 p.c of L- 

arginine 14C( U -L.) , 0. 8 mg /mc (New England Nuclear) was added to 

each ml of growth media and the final arginine concentration adjusted 

to 20 p.g /ml by addition of unlabeled arginine. When labeling with 

arginine, casamino acids were omitted. Tryptophan labeling of 

TAU bar was accomplished by addition of 10 p.c of D -L tryptophan 

2, 3 3H, 0. 536 mg /mc (New England Nuclear) to each ml of growth 

media with adjustment of final tryptophan concentration to 20 p.g /ml 

by addition of unlabeled tryptophan. 
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Growth Conditions 

After 10 ml of bacteria were grown overnight (about 12 hours) 

at 370 C in a shaker, a 1 percent inoculum was used to begin growth 

in cold or labeled media the next day. Fifty ml of unlabeled cells 

were grown in a 250 ml Erlenmeyer flask and 10 ml of labeled cells 

grown in a 50 ml Erlenmeyer flask. After 5 to 5. 5 hours growth at 

37o C in a shaker, cells were harvested at room temperature by 

centrifugation and washed three times with a buffer containing tris 

0.01 M, NaCl 0. 15 M, EDTA 0.015 M, pH 8.0, (lysis buffer). 

Three washes were used since experiments showed there was no fur- 

ther decrease in radioactivity in the supernatant between the third 

and fourth wash with lysis buffer. 

In harvesting, 30 ml of unlabeled cells were added to 10 ml of 

labeled cells prior to centrifugation and washing. Growth curves 

showed there were nearly 5 X 108 viable cells /ml in cultures of 

either strain after 5 -5. 5 hours growth. Thus there were about 

2 X 1010 cells harvested from the 40 ml of culture. The washed cells 

were stored frozen until used. When needed, cells were melted, the 

required amount withdrawn, and the remainder re- frozen for future 

use. Frozen cells more than three months old were discarded. 

Lysis 

For electrophoresis, bacteria were resuspended to about 109 
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cells /ml and lysed with 1 percent SLS (Sodium lauryl Sulfate - 

Matheson, Coleman and Bell) at 40 or 60° C for 20 minutes. Some 

CsC1 density gradients were carried out with bacteria lysed with 

SLS in this manner. However, since SLS is insoluble in CsCl, 

1 percent sarkosyl 97 (sodium lauroyl sarcosinate, Geigy Industrial 

Chemicals) was also used for lysis prior to CsC1 density gradient 

centrifugation. When sarkosyl was used, bacteria were resuspended 

to about 5 X 108 cells /ml. Fairly uniform lysis could be accom- 

plished at the concentrations of cells given above. If the concentra- 

tion was raised much above 109 cells /ml for lysis with SLS or 

5 X 108 cells /ml for lysis with sarkosyl, incomplete lysis some- 

times occurred. 

For sonication of SLS or sarkosyl lysates a sonifier converter 

model S75 and attached power supply (Branson Instruments Inc.) 

was used. 1 -2 ml of lysate was placed in a plastic tube which fit 

over the probe of the sonifier and was held in place by cotton. The 

tube with inserted probe was placed in an ice bath and sonication was 

done between each treatment. Sonicated lysates were centrifuged for 

10 minutes at 3000 X g to get rid of debris before use. 

Enzyme Treatment of Lysates 

In certain experiments lysates were treated with enzymes prior 

to electrophoresis or CsC1 density gradient centrifugation. SLS 
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lysates to be used for electrophoresis were incubated with pronase 

(B grade -CAL. Biochem.) for 6 -8 hours at 37° C or with RNAse 

(Ribonuclease A -Sigma Chem. Co.) for 6 -8 hours at 37° C, both at 

a concentration of 1 mg /ml. SLS or sarkosyl lysates used. in CsC1 

density gradient centrifugation were incubated with pronase or RNAse 

for 12 hours at 37° at a concentration of i mg /ml. 

Phenol Extraction of DNA 

E. coli strain CR34 were grown 5. 5 hours in tris medium using 

3H or 14C thymidine in the usual manner. After harvesting and 

washing, cells were resuspended to about 109 /ml in lysis buffer, 

lysed at 60° C for 20 minutes with 1 percent SLS, and 100 µg /ml 

RNAse added. The lysate was then incubated one hour at 37° C 

where upon 5 mg /ml of pronase was added and incubation continued 

for 12 hours at 37° C. Ten ml of the treated lysate was placed in a 

test tube and an equal volume of water saturated, freshly distilled 

phenol added. The tube was gently rocked by hand for 15 minutes at 

room temperature followed by centrifugation for 1/2 hour at 3000 x 

g to separate the phenol layer. The top, clear layer was saved and 

extracted one more time with phenol. The final aqueous layer was 

dialyzed overnight at 4° C against 2 changes of 1 liter each of lysis 

buffer to remove traces of phenol. In determining the effects of 

pronase on DNA extraction, a control tube was run as above, except 
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that no pronase was added. 14C or 3H DNA was used within several 

days after extraction and the unused portions frozen for future use. 

Electrophoresis 

Power Supply 

For all electrophoretic procedures, a Beckman Duostat regu- 

lated D. C. power supply was used. 

Buffer 

The buffer used in all electrophoretic procedures consisted of 

boric acid 0.05 M, NaC1 0.05 M, adjusted to pH 8. 6 with NaOH. 

Electrophoretic Procedure 

A starch block electrophoretic procedure similar to that des- 

cribed by Matsubara and Takagi (1962) was used. Plastic trays 

3/16 inch thick and 36 x 5 x 1 cm were greased inside with vacuum 

grease and then lined with a flexible plastic sheet. Washed potato 

starch (Baker analyzed reagent) suspended in electrophoresis buffer 

was drained to the proper moisture content on a Buchner funnel, then 

poured into the trays. Excess moisture was removed by blotting with 

towel paper. When very little moisture appeared on the towels after 

pressing firmly to the surface of the starch, the starch surface was 

leveled off flush with the top of the tray. A section 1 cm wide and 
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5 or 10 cm from one end was then sliced by use of a spatula and re- 

moved to a plastic tube. 1. 5 ml of the sample to be run was poured 

into the tube and mixed with the removed section, then poured back 

into the vacant space from which the section had been taken. A 

plastic top was then placed over the tray and it was put into an elec- 

trophoresis chamber with 1600 ml of buffer in each well. Two trays 

were run simultaneously at a constant voltage of 200 volts for 12 

hours at 4o C. Under these conditions the current varied between 

15 -20 MA. 

At the end of a run, the power was shut off and the trays im- 

mediately removed from the chamber. The starch was removed in- 

tact and laid on a wax paper sheet under which was a graph paper 

with lines 1 cm apart. The starch was cut into 1 cm sections with a 

spatula, using the lines on the underlying sheet as a guide. These 

were placed into plastic tubes and 5 ml of 0. 9 percent NaC1 added. 

The contents of each tube were stirred with an applicator stick, 

allowed to settle and the supernatant poured into a small glass test 

tube. After centrifugation for several minutes at 3000 x g to remove 

excess starch, the liquid was poured into a new tube and 0. 5 ml re- 

moved from each for counting of radioactivity. 

CsCl Density Gradient Centrifugation 

In order to determine the distribution of protein, RNA and DNA 
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in different density fractions of cell lysates, CsC1 density gradient 

centrifugation was employed. The Beckman model L, model L2 or 

model L2 65 ultracentrifuge was used in conjunction with the Sw 39 

or Sw 50 -L, swinging bucket rotors and 5 ml plastic tubes. Four 

parts of CsC1 (K & K Laboratories Inc.) saturated at 4° C were 

added to one part of sample to give an over -all density of about 1.7 

g /cc. When using the Sw 39 rotor, 3 ml of CsCl- sample were over- 

laid with 2 ml of mineral oil. In other cases, 5 ml of CsCl- sample 

was used with no mineral oil overlay. Results were similar in both 

cases except that 5 ml was employed when the top pellet was to be 

collected, since mineral oil in contact with the meniscus hindered 

collection of the top pellet. 

The samples were centrifuged at 30, 000 rpm for at least 60 

hours or at 35, 000 rpm for at least 50 hours at loo C. Identical re- 

sults were obtained at the two speeds. After finishing a run, 2 drop 

fractions were collected from 3 ml samples and 3 drop fractions 

were collected from 5 ml samples by puncturing the bottom of the 

tube with an insect pin. Fractions were collected directly into count- 

ing vials, or, if further procedures were to be carried out, into 

small test tubes followed by the addition of 2 ml of lysis buffer. In 

the latter case, 0. 2 ml was pipetted from each tube into scintillation 

vials for counting. The drained tubes, which retain the floating cellu- 

lar debris, were cut into sections and placed into a test tube along 
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with 10 ml of 0. 1 N NaOH. After shaking to dissolve cellular mat- 

erials adhering to the tube, 0.5 ml of the solution was removed to a 

scintillation vial for counting. Removal of the top pellet with a tube 

slicer gave results which agreed within 1 -2 percent with the above 

method; thus radioactivity due to material adhering to the sides or 

bottom of the tube is negligible. After counting, background was 

subtracted and the result multiplied by 20 to get the radioactivity in 

the pellet. For calculation of total radioactivity, the radioactivity 

of the pellet obtained as above was added to the sum of the radio- 

activity of the collected fractions minus the background. 

Collection of Fractions for Re- running 

In some cases it was desired to re -run certain fractions from a 

density gradient of 14C uracil or 3H thymidine labeled lysates. In 

this case, after collection of fractions and adding 2 ml of lysis buf- 

fer as previously mentioned, the desired fractions were pooled, 

dialyzed overnight against lysis buffer diluted 1/5, then concentrated 

to about 1/5 the original volume using a Rinco evaporator (Rinco 

Instrument Company Inc.). The concentrated fractions were then 

re -run on a CsCl density gradient, with fractions collected and 

analyzed as previously described. 
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Treatment with RNAse, DNAse and NaOH 

Density gradient fractions 1 -7 and 19 -28 from a 14C uracil 

labeled lysate were collected and concentrated as above, except that 

dialysis was against 0.01 M- mgC12, 0.01 M -tris, pH 7.4. This buf- 

fer was used to remove any EDTA present and also to provide a more 

suitable pH for the action of DNAse. Each of the concentrated sam- 

ples was then divided into 4 tubes and heated to 100° C for 3 min- 

utes followed by fast cooling in ice water. This was to separate any 

RNA -DNA hybrids in which form RNA is resistant to RNAse. The 

samples were then treated as follows: tube number 1, 1 mg /ml of 

DNAse (Pancreatic Deoxyribonuclease, B grade Cal. Biochem.); 

tube number 2, 1 mg /ml RNAse, tube number 3, NaOH final concen- 

tration of 0. 3 N; tube number 4, no treatment. All tubes were then 

incubated for 17 hours at 37° C, then dialyzed for 8 hours against 

2 changes of 2 liters each of lysis buffer at 4° C. Following this, 

0. 5 ml was removed from each tube for measurement of radioactivity. 

Chromatography of CsC1 Fractions 

For determination of the distribution of radioactivity in the five 

purine and pyrimidine bases in certain density fractions of a 14C 

uracil lysate, the descending paper chromatography method of Wyatt 

(1951) was used. After the CsC1 was removed by dialysis against 
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lysis buffer diluted 1 to 10, the fractions were evaporated to dryness. 

The residue was taken up in about 1 ml of 70 percent HC1O4 and 

hydrolyzed in this acid at 100° C for one hour. The acid hydrolysate 

was diluted 1 to 2 with 10N -NaOH and spotted on chromatography 

paper (Whatman chromatography paper #1, Van waters and Rogers, 

Inc.). Twenty -five µ g each of unlabeled guanine, cytosine, adenine, 

thymine and uracil were spotted at the same place. The paper was 

then placed in a tank saturated with vapors of 65 percent isopropanol- 

2N-HC1 for 1 -3 hours. Following this, the same solvent was added 

to the top, supporting tray and descending paper chromatography car- 

ried out. After the solvent had traveled about 40 cm from the origin, 

the paper was removed and dried in a hood. A Mineralite (UVS. 11, 

Ultra violet products Inc.) was then used in the dark to locate the 

5 bases, which showed up as glowing spots under this light. By 

running each base separately and determining their order of arrange- 

ment, it was possible to assign a base to each spot when all 5 were 

chromatographed together along with the hydrolysate. The peri- 

phery of each spot was marked with a lead pencil. A center line was 

drawn from the origin through the spots to the solvent front and 

parallel lines marked 2 cm on each side of the center. The ¡spots 

and intervening areas of the paper along this 4 cm wide path were 

then cut out in numbered sections beginning at the origin. Each sec- 

tion was about 2. 5 cm long, slightly more or less as the size and 

.. 
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location of the spots dictated. The paper sections were then placed 

into scintillation vials along with 20 ml of counting fluid for measure- 

ment of radioactivity. 

Collection of the CsC1 Pellet Fraction 

The floating pellet fraction after CsC1 density gradient centrifu- 

gation of 14C uracil labeled cells was collected by removing the top 

0. 5 ml from a 5 ml gradient with a tube slicer and diluting this to 

5 ml with lysis buffer. The mucoid pellet was then sedimented by 

centrifugation at 7000 x g for 10 minutes. The sedimented material 

was resuspended in 2 ml of lysis buffer, sonicated, and debris re- 

moved by centrifugation at 3000 x g for 10 minutes. One ml of the 

supernatant, containing visible particles, was then placed in a tube 

with 4 ml saturated CsC1 and subjected to density gradient centrifu- 

gation. 

After density gradient centrifugation, three drop fractions were 

collected into 2 ml of lysis buffer and 0. 2 ml of this used for analysis 

of radioactivity. Fractions at a density near that of DNA were then 

pooled and prepared for use in paper chromatography and treatment 

with DNAse, RNAse and NaOH as previously described. 

Counting Radioactivity 

A Packard model 300 EXS liquid scintillation counter (Packard 



33 

Instruments Company Inc.) was used for measurement of radio- 

activity after collection and preparation of samples. For counting 

3H separately, a window setting of 50 -100 was used at a 50 percent 

gain. For counting 14C separately, a window setting of 50 -1000 was 

used at a 9 percent gain. 14C and 3H were present together when 

14C 
DNA was added to sonicated and untreated 3H thymidine labeled 

SLS lysates followed by CsC1 density gradient centrifugation. In these 

two cases, 14C was measured at 9 percent gain with a window setting 

of 200 -1000. At this setting, only 0.43 percent of the 3H counts 

which show at 50 -1000 appear. Thus counts at the 9 percent gain, 

200 -1000 window setting were recorded as 14C DNA and the counts 

at 50 percent gain, 50 -1000 setting were recorded as total radio- 

activity. 

For all counting procedures, a Dioxane scintillation fluid (Bray, 

1960) of the following composition was used: PPO(2, 5 diphenyloxa- 

zole) 4 g, POPOP(1, 4- bis- 2- (5- phenyloxazolyl)- Benzene) 0. 2 g, 

ethylene glycol 20 ml, methanol 100 ml, napthalene 60 g, 1 -4 diox- 

ane (Baker analyzed reagent) to one liter. PPO and POPOP were 

purchased from Packard. Radioactive samples were placed in 20 ml 

glass counting vials (Packard) and 10 ml scintillation fluid added by 

means of a 30 ml syringe. For counting paper sections of chromato- 

grams, 20 ml of scintillation fluid was added. After subtraction of 
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background, radioactivity of each sample was expressed in counts 

per minute or percent total radioactivity. 

.. 
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RESULTS 

Growth of Organisms 

Escherichia coli CR34 and TAU bar were grown for 5 -5. 5 hours 

in minimal media from a one percent inoculum with growth factors 

added as described in the previous section. As can be seen by Fig- 

ure 1, this placed both organisms in the late logarithmic stage of 

growth, at which time they had grown about five generations in lab- 

eled media. The logarithmic stage was chosen because it was felt 

that at this time the maximum amount of labelwouldbe incorporated 

into cells which were still actively producing DNA, RNA and protein. 

Electrophoretic Studies 

Electrophoresis of SLS Lysates 

Figure 2 shows the distribution of radioactivity following starch 

block electrophoresis of a 3H thymidine labeled SLS lysate and of 

free 3H thymidine. The percentage radioactivity found at the origin 

varied from one electrophoretic run to the next, but when two trays 

were run simultaneously, the percent radioactivity at the origin 

varied no more than two percent between the two trays. 

Dialysis of the fraction at the origin and those 20 -25 cm towards 

the positive pole from the origin removed only 5 percent of the radio- 

activity. However, when free 3H thymidine was dialyzed, 99 percent 
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Figure 1. Growth of Escherichia coli in tris - minimal 
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Figure 2. Electrophoresis of a 3H thymidine labeled SLS lysate and of 3H thymidine. 
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of the radioactivity was lost. From these results it was concluded 

that if two trays are run simultaneously, the results are representa- 

tive of the relative electrophoretic mobility of the 3H thymidine 

labeled materials in the two trays and that the radioactivity measured 

in these experiments is due to non -dialyzable, large molecular 

weight molecules and not to free 3H thymidine. 

Effects of Sonication on Electrophoretic Patterns of 
314 Thymidine 

Labeled SLS Lysates 

The comparative distribution of radioactivity in sonicated and 

untreated 3H thymidine labeled SLS lysates is shown in Figure 3. 

Here, over 30 percent of the radioactivity remained at the origin 

after electrophoresis in the untreated lysate, while less than one 

percent remained at the origin in the sonicated preparation. Over 

80 percent of the radioactivity of sonicated lysates was found 20 or 

more fractions from the origin. 

Binding of DNA During Lysis 

The large amount of radioactivity at the origin after electro- 

phoresis of 3H thymidine labeled SLS lysates could be due to the 

binding of DNA to less mobile fractions which occurs as the result 

of the lysis process, or could reflect a state present in the cell be- 

fore SLS lysis. In order to determine the degree of secondary 
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binding, 3H labeled DNA was extracted from cells by the phenol 

method, then added to unlabeled cells prior to lysis. A control tray 

was run for comparison, containing only 3H labeled DNA and SLS. 

The results obtained are shown in Figure 4. This graph shows that 

secondary binding is a minor factor in determining the amount of 

DNA remaining at the origin after electrophoresis. Thus it was 

assumed that any association which causes DNA to lose its electro- 

phoretic mobility is a phenomenon that occurs naturally in the cell. 

Effects of Pronase Treatment on the Electrophoretic Mobility 
of DNA in SLS Lysates 

Various reports have indicated that prior treatment of cellular 

lysates with pronase results in an increased yield of DNA following 

phenol extraction. This was also found to be the case in the pre- 

sent work. Thus it seemed possible that some of the DNA remaining 

at the origin after electrophoresis may be there as a result of binding 

with protein. If this were true, treatment of an SLS lysate with a 

protein dissolving agent, such as pronase, should free 3H DNA from 

the origin and allow it to migrate towards the positive pole in elec- 

trophoresis. 

Figure 5 shows a comparison of pronase- treated and control 

3H thymidine- labeled SLS lysates run simultaneously on starch block 

electrophoresis. The pronase- treated lysate showed less radioacti- 

vity at the origin and intermediate fractions and about twice as much 
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as the control at the position of free DNA. 

In the course of experiments it was found that the pronase effect 

could be obtained if lysis occurred at 60° C, but not at 40° C. A 

comparison of 60° C and 40° C lysates subjected to pronase treat- 

ment and electrophoresis is given in Table I. In all cases, control 

TABLE I. Percent radioactivity in fractions after electrophoresis 
(average of 3 runs). 

40° Lysates 
Control Pronase Difference 

1. Origin 21 23 2 

2. Origin and 2 Adjacent 28 29 1 

3. Intermediate (0 -20) 83 80 3 

4. Fast Migrating (21 -28) 17 20 3 

60° Lysates 
Control Pronase Difference 

1. Origin 26 21 5 
2. Origin and 2 Adjacent 32 27 5 

3. Intermediate (0 -20) 79 69 10 
4. Fast Migrating (21 -28) 21 31 10 

and pronase treated lysates were run simultaneously for this compari- 

son. 

When the electrophoretic mobility of phenol extracted DNA from 

lysates treated with pronase was compared to that of DNA extracted 

by phenol from an untreated lysate, no difference could be noted, as 

is seen in Figure 6. This indicated that while the yield of DNA after 

phenol extraction is increased by prior treatment of lysates with 
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pronase, the DNA finally extracted from lysates with or without pro - 

nase treatment is electrophoretically similar. 

Effects of RNAse on the Electrophoretic Mobility of DNA in SLS 
Lysates 

Besides protein, RNA has been reported in association with 

DNA, and thus could be a factor influencing the electrophoretic mo- 

bility of DNA. To test this, a 3H thymidine labeled SLS lysate was 

treated with RNAse, and then subjected to starch block electrophore- 

sis. Figure 7 gives the results. It can be seen that RNAse reduces 

by over 50 percent the amount of DNA remaining at the origin after 

electrophoresis and greatly increases the DNA moving toward the 

positive pole. 

Distribution of Protein Following Electrophoresis of SLS 
Lysates 

Distribution of protein in sonicated and untreated SLS lysates 
3 following electrophoresis was followed by labeling cells with 3H 

tryptophan or 14C arginine. 

Tryptophan was chosen to indicate acidic or non -histone proteins, 

since it is reported as being absent in histones (Bonner 1965). 

Arginine is a common constituent of histones and was chosen for 

this reason. The results obtained after electrophoresis of sonicated 

and untreated 3H tryptophan or 14C arginine labeled SLS lysates are 
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given in Figures 8 and 9. A large fraction of protein is at or near 

the origin in both cases, and sonication has little effect on moving 

the label. 

Distribution of RNA Following Electrophoresis of SLS Lysates 

Since RNAse had a great effect on the electrophoretic mobility of 

DNA, it was believed of interest to examine the distribution of RNA 

after electrophoresis. Figure 10 shows the electrophoretic mobility 

of RNA in sonicated and untreated 14C uracil labeled SLS Lysates. 

Compared to DNA, there was relatively little RNA remaining at the 

origin, but sonication did increase the electrophoretic mobility of 

some of the RNA. 

CsCl Density Gradient Centrifugation 

Density Profiles of Sonicated and Untreated 3H Thymidine Labeled 
SLS Lysates 

After centrifugation in a density gradient, DNA should band ac- 

cording to its density, regardless of molecular size, although the 

size will affect the width of this band. If a large amount of DNA is 

associated with protein or other light cell materials, then it should 

stratify at a density lighter than that of free DNA. To determine the 

amount of DNA association with less dense materials in the cell, 

CsC1 density gradients were run. Figure 11 shows that the fraction 
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of DNA from a SLS lysate which banded in the gradient did so at the 

same position and in a band of similar width to that of phenol ex- 

tracted, free DNA labeled with 14C thymidine. However, 89 percent 

of the total radioactivity was associated with the floating pellet while 

only 16 percent of the added 14C DNA was in the pellet. 

Figure 12 shows the distribution of radioactivity in a density 

gradient of a sonicated 3H thymidine -labeled SLS lysate with added, 

unsonicated 14C DNA. Again the 14C DNA peaked in the same re- 

gion as the DNA of the sonicated lysate, but in a much narrower 

band. It can also be seen that the percent of total radioactivity 

remaining in the floating pellet was only 6 percent, whereas 20 per- 

cent of the 14C counts were found associated with the floating pellet. 

Because SLS is insoluble in CsCl, there is the possibility that 

much of the material in the floating pellet may be found there in an 

association with SLS rather than with cellular materials. To check 

for this, the CsCl- soluble detergent sarkosyl was used to lyse cells 

prior to density gradient centrifugation. Figure 13 shows the dis- 

tribution of radioactivity following CsCl density gradient centrifuga- 

tion of sonicated and untreated 3H thymidine- labeled sarkosyl lysates. 

The radioactivity associated with the floating pellet in the untreated 

lysate is still high (69 percent) but has diminished by 20 percent. 

The sonicated lysate had only 3 percent of the radioactivity, remain- 

ing in the pellet. Thus while the insolubility of SLS does account for 
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some of the association of DNA with the floating fraction, most of 

it is there because of other factors - presumably in association with 

cellular materials. 

Density of the DNA in a Sonicated Lysate 

The broad density profile of DNA from a sonicated lysate could 

indicate differences in density of the various fractions as well as the 

small molecular size resulting from sonication. If a difference in 

density were found, it could indicate either differences in G -C:A -T 

ratios of the fractions or association of DNA with materials of dif- 

ferent density or with varied amounts of these materials. To de- 

termine which is the case, widely separated DNA fractions from a 

density gradient of a sonicated lysate were collected, mixed and re-r 

centrifuged. If the two were indeed of different density, then two 

peaks should result while if they were of equal density, then a single 

peak should result. 

Figure 14 shows the results of this experiment. Light and 

heavy fractions as indicated on the graph were mixed and re -run to 

give a single peak, with a profile much like that of the original, 

sonicated lysate. A fraction from the center of the original gradient 

when re -run also gave a similar density profile. 
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Effects of Pronase on the Distribution of DNA Following 
Density Gradient Centrifugation 

Figures 15 and 16 show distribution of radioactivity following 

CsC1 fractionation of untreated and sonicated 3H thymidine labeled 

SLS lysates before and after pronase treatment. A 10 percent re- 

duction of the DNA in the floating pellet was noticed following pronase 

treatment of an unsonicated lysate. Pronase treatment of a soni- 

cated lysate did not have any significant effect on the distribution of 

DNA, indicating that sonication releases DNA from associations 

which are susceptible to pronase. 

Effects of RNAse on the Distribution of DNA Following Density 
Gradient Centrifugation 

The effects of RNAse treatment on the density distribution of 

DNA in an SLS lysate, is seen in Figure 17. There is a slight re- 

duction of DNA found associated with the floating pellet after RNAse 

treatment compared to the control, in this case 4 percent less. 

When a sarkosyl lysate was treated with RNAse there was a 5 per- 

cent decrease in DNA in the floating pellet. Thus while this slight 

effect of RNAse on the density distribution of DNA does seem re- 

peatable, it was much less than was expected from the results of 

RNAse on electrophoretic mobility of DNA in an SLS lysate. 
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Distribution of Protein Following Density Gradient 
Centrifugation 

3H Tryptophan and 14C arginine labels were used to check for 

distribution of protein in sonicated and untreated sarkosyl lysed cells 

which were grown on media containing these compounds. When 

lysates of cells labeled with these isotopes were subjected to CsC1 

density gradient fractionation the results seen in Figures 18 and 19 

were noticed. In no case does there seem to be any protein at the 

density of free DNA. Virtually 100 percent of the protein is found 

in the floating pellet or in the top few fractions. 

Distribution of RNA Following Density Gradient Centrifugation 

To test for the association of RNA with DNA in the floating pellet 

and for the presence of RNA -DNA hybrids within the density gradient, 

cells were labeled with 14C uracil, followed by lysis and density 

gradient centrifugation. Figure 20 shows the density profiles of 

sonicated and untreated sarkosyl lysates of 14C uracil labeled E. 

coli. In both cases there was a small but definite peak of radio- 

activity sedimenting near the density of free DNA in addition to the 

major fraction of RNA which is found near the bottom of the tube. 

In this case, 53 percent of the 14C label was found in the floating 

pellet after centrifugation of an untreated sarkosyl lysate and 40 per- 

cent remained after centrifugation of a sonicated sarkosyl lysate. 
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Thus, though RNA is found with DNA in the floating pellet, it is not 

released from this lighter density fraction by sonication to the degree 

that DNA is. 

The 14C label appearing at a density similar to that of DNA could 

be due to RNA -DNA hybrids, to radioactive DNA by the metabolic 

conversion of uracil to cytosine, or partially to contamination by 

radioactivity from the heavier fraction, especially in the case of 

sonicated lysates. In order to determine the true density of the inter- 

mediate portion, they were collected and re -run in a CsC1 density 

gradient. The results of such an experiment are given in Figure 21. 

These results show that the 14C labeled material sedimenting at a 

density similar to that of DNA has very little contamination from 

heavier fractions and does indeed represent a density species sep- 

arate from that found at the top and bottom of the tube. 

Paper Chromatography of Different Density Fractions from 
14C Uracil Labeled Lysates 

It is well known that uracil may be converted in vivo to cytosine. 

Thus if one feeds the organism 14C uracil, then lyses the cells and 

follows the label after fractionation it is possible 14C DNA as well 

as 14C RNA may be measured. To determine the extent of 14C 

uptake into cytosine, the floating pellet, fractions at the density of 

DNA and fractions near the bottom of the tube were subjected to 
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perchloric acid hydrolysis and paper chromatography. The results 

of these experiments are given in Table II. It can be seen that the 

relative amounts of radioactivity in uracil and in cytosine are 

Table II. Percent radioactivity remaining in different bases after 
hydrolysis and paper chromatography of various density 
gradient fractions of 14C uracil labeled lysates. 

Chromatography 
Fraction 

% Radioactivity Found in each Base 
of CsC1 Density Gradient Fraction 

A B C D 

Guanine 0.49 0.00 0.50 0.18 

Adenine 0.53 0.23 0.70 3.68 
Cytosine 41.40 7 6. 00 41. 86 7 8. 33 

Uracil 50.70 6.90 49.56 15.72 

Thymine 1.70 3.70 1.50 1.80 

Other portions' 5. 18 13. 17 5. 88 0.29 

A = Fractions 1 -7, found at the bottom of the gradient after centri- 
fugation of a 14C uracil -labeled, sonicated sarkosyl lysate. 

B = Fractions 19 -28, found at the density of DNA after centrifugation 
of a 14C uracil- labeled sonicated sarkosyl lysate. 

C = Floating pellet after centrifugation of a 14C uracil- labeled 
sarkosyl lysate. 

D = Fractions at the density of DNA after centrifugation of a soni- 
cated pellet taken from a density gradient using 14C uracil- 
labeled, sarkosyl lysed cells. 

. 'In all cases 80% or more of this is found between adenine and 
cytosine. The remainder is found between the other bases on the 
chromatogram. 

identical in the floating pellet and fast sedimenting fractions. How- 

ever, there is a marked difference in the case of the fractions 
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sedimenting at the density of DNA. Here, only 7 percent of the radio- 

activity remains with uracil compared to over 50 percent in the top 

and bottom fractions. Balancing the decrease of radioactivity in 

uracil is an increase in the percent radioactivity found in cytosine. 

Effects of Enzyme and NaOH Treatment of Different Density 
Fractions from 14C Uracil- Labeled Lysates 

Another indication of relative amounts of 14C DNA and 14C RNA 

in the heavy and intermediate density fractions of a 14C uracil 

labeled, sonicated lysate was obtained by DNAse, RNAse and NaOH 

treatments. Fractions 1 -7 and 19 -28 from a gradient similar to 

that shown in Figure 20 were collected, concentrated and dialyzed 

against 0.01 M tris, 0.01 M mg + +, at pH 7.4 as given in the previous 

section. Samples were heated to 100° C to separate RNA -DNA hy- 

brids, fast cooled, then divided into 4 aliquots for treatment. The 

results of DNAse, RNAse and NaOH treatment of the 14C labeled 

materials of heavy and intermediate density are given in Table III, 

This table shows a much greater resistance of the intermediate 

density fractions to RNAse and NaOH than the heavier density frac- 

tions. Also, relative to the action of NaOH and RNAse, the fractions 

of intermediate density are much more susceptible to DNAse than 

are the fractions of heavier density. The great decrease in radio- 

activity of the heavier fractions after DNAse treatment could be 
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Table III. Effects of DNAse, RNAse and NaOH on the loss of radio- 
activity after dialysis of various density gradient fractions 
from 14C uracil- labeled lysates. (The CsC1 density 
gradient fractions were treated with NaOH or enzymes, 
then subjected to dialysis, and radioactivity retained after 
dialysis measured and compared to that of an untreated 
aliquot.) 

Treatment Sample % Radioactivity Retained 
was Subjected to Compared to Control 

A B C 

1) Control 100.00 100.00 100.00 

2) DNAse 1.02 12.36 28.80 

3) RNAse 0.73 64.68 48.54 

4) NaOH 0.43 84.32 21.50 

A = Fractions 1 -7, found at the bottom of the gradient after centrifu- 
gation of a 14C uracil- labeled, sonicated sarkosyl lysate. 

B = Fractions 19 -28, found at the density of DNA after centrifugation 
of a 14C uracil- labeled, sonicated sarkosyl lysate. 

C = Fractions at the density of DNA after centrifugation of a soni- 
cated pellet taken from a density gradient using 14C uracil- 
labeled, sarkosyl lysed cells. 

accounted for by the fact that the enzyme is contaminated with 

0. 125 percent RNAse as determined by the manufacturer. 

Density Distribution of 14C Label After Sonication of the Floating 
Pellet Fraction from a Density Gradient of a 14C Uracil- Labeled 
Lysate 

Since over ten percent of the radioactivity is released from the 

pellet fraction by prior sonication of a 14C uracil- labeled lysate, it 

was believed of interest to determine the density of the radioactive 
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material released. Thus, an unsonicated sarkosyl lysate of 14C 

uracil- labeled cells was centrifuged in CsC1 and the pellet fraction 

collected and sonicated as given in the previous section. The soni- 

cated pellet was then re -run in a CsC1 density gradient. The results 

obtained are shown in Figure 22. 

The density profile indicates that some material is released 

which sediments at the density of DNA and which could be either 14C 

DNA or 14C DNA -RNA hybrids. There is also a portion released by 

sonication which bands near the bottom of the tube indicating this 

portion to be pure RNA. 

Paper Chromatography, NaOH and Enzyme Treatment of the 
Intermediate Density Fractions from the Sonicated Pellet of 
a 14C Uracil- Labeled Lysate 

To determine the amount of labeled cytosine (resulting from 

uracil conversion) in the 14C labeled material of intermediate 

density released from the floating pellet by sonication, paper chro- 

matography of these fractions was run. Fractions 13 -22 from the 

density gradient in Figure 22 and from similar gradients were 

pooled for use in this experiment. Treatment of these fractions 

with NaOH, RNAse and DNAse was carried out at the same time. 

The results of chromatography are given in Table II, column D, 

and the results of NaOH and enzyme treatment in Table III, column 

C. 
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It can be seen from Table II that over 15 percent of the 14C re- 

mained in uracil in the material of intermediate density released by 

sonication of the floating pellet. Table III, column C, shows that 

NaOH and RNAse both reduced the radioactivity markedly, and that 

DNAse (contaminated with 125 percent RNAse) greatly reduced it 

also. 
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DISCUSSION 

Electrophoretic Studies 

When 3H thymidine -labeled cells were lysed with SLS and sub- 

jected to starch block electrophoresis about 30 percent of the radio- 

activity consistently remained at the origin. After electrophoresis 

of sonicated SLS lysates less than one percent of the radioactivity 

remained at the origin and over 80 percent of the DNA was found to 

migrate 20 or more cm towards the positive pole. If 3H labeled, 

phenol extracted E. coli DNA was added to unlabeled cells prior to 

lysis and electrophoresis, about three percent of the radioactivity 

remained at the origin. Most of the radioactivity was found 20 or 

more cm towards the positive pole. 

From these results it was concluded that about 30 percent of the 

DNA in an SLS lysate has a low electrophoretic mobility, probably be- 

cause of association with other materials in the cell. This associa- 

tion was thought to take place prior to lysis since only three percent 

of 3H labeled DNA added to cells before lysis and electrophoresis 

was retained at the origin. The large size of DNA molecules may 

also affect the electrophoretic mobility of DNA in SLS lysates. How- 

ever, the fact that relatively whole, unsonicated, phenol extracted 

DNA shows an electrophoretic mobility remarkably similar to the 

DNA of a sonicated SLS lysate indicates that the electrophoretic 
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mobility of DNA in these lysates is not solely a function of its mole- 

cular size. Therefore association with other materials which reduce 

its charge is the most likely explanation for the relatively low elec- 

trophoretic mobility of much of the DNA in an SLS lysate. Sonication 

evidently releases DNA from this association as does phenol extrac- 

tion. 

The most likely association would seem to be a complex of DNA 

with the cell membrane where it could be bound in some relationship 

with protein and /or RNA. A complex of this type could reasonably 

be expected to be of large size and relatively low in net charge, both 

factors which would tend to reduce its electrophoretic mobility. 

There is ample precedent for these conclusions. Fitz James (1960), 

Goldstein and Brown (1961) and Ganeson and Lederberg (1965A, 

1965B) have reported on the association of bacterial DNA with the 

cell membrane. Jacob, Brenner and Cuzin (1963) and Lark (1966) 

have hypothesized the connection of DNA to the cell membrane via 

protein. Evidence of RNA associated with the membrane fraction of 

bacterial lysates has been presented by Godson, Hunter and Butler 

(1961), Butler and Godson (1963) and by Schlessinger (1963). 

The fact that pronase releases some of the DNA from the slow 

migrating fractions supports the finding in the present work and by 

others [Massie and Zimm (1965), Berns and Thomas (1965) ] that 

prior treatment of cell lysates with pronase increases the yield of 
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DNA after phenol extraction. This finding also supports the hypo- 

thesis of Jacob, Brenner and Cuzin (1963) and of Lark and Lark 

(1964) that DNA may be bound to the membrane by a protein. Addi- 

tionally, it was observed in the present work that while prior treat- 

ment with pronase facilitates the phenol extraction of DNA, it does 

not significantly change the electrophoretic pattern of the DNA ob- 

tained by phenol extraction. 

Release of DNA from the slowly migrating fractions following 

pronase treatment was noticed if the cells had lysed at 600 C but not 

if they were lysed at 400 C. This observation was consistent and 

repeated several times. It seems most probable that heating causes 

some change of configuration which exposes to a greater degree the 

groups in the protein susceptible to pronase. 

The electrophoretic profiles of 3H tryptophan and 14C arginine- 

labeled SLS lysates yield more information about the nature of DNA 

association with protein. A large fraction of 3H tryptophan or 14C 

arginine -labeled protein is at or near the origin after electrophoresis 

of an SLS lysate and prior sonication does not significantly affect the 

electrophoretic mobility of tryptophan or arginine- containing proteins. 

This is in contrast to the great effect sonication has on the electro- 

phoretic mobility of DNA in similar lysates. These results show 

that DNA is found associated with protein at the origin and in slowly 

migrating fractions after electrophoresis of an SLS lysate and that 
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sonication removes most of the DNA from protein- containing frac- 

tions. 

These results are consistent with a structure in which DNA is 

connected to the cell membrane by protein molecules which may be 

broken by physical forces. Protein, on the other hand may be con- 

nected more tightly to membraneous components either physically 

or by virtue of chemical bonds. This along with the smaller nega- 

tive charge of protein compared to DNA at pH 8. 6 would account for 

the small effect sonication has on the electrophoretic mobility of 

protein. Physical denaturation of protein due to sonication may also 

play a role in these results. If protein is bound to DNA in the role 

of a repressor or replicator either this association is broken by 

sonication or it is found in the slower migrating fractions which, 

after sonication, contain very little of the cellular DNA. However, 

since the repressor or replicator are not believed to account for a 

very large portion of cellular protein at any one time [Ptashne (1967), 

Lark (1966) ], these results would not contradict the existance of 

protein bound to DNA in the role of a genetic repressor or replicator. 

RNAse treatment of an SLS lysate was seen to decrease by more 

than 1/2 the amount of DNA remaining at the origin after electro- 

phoresis. DNA released by this treatment was found in the fractions 

20 or more centimeters towards the positive pole. This indicates 

that the binding of DNA to other cellular materials which impedes its 
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electrophoretic mobility is influenced by the integrity of RNA struc- 

ture. Whether this means RNA acts as a linker between DNA and 

other cell materials such as reported by Byrne et al. (1964), or 

whether RNA is simply present in a tangled mass along with DNA 

and other molecules can not be determined from this experiment. 

Electrophoresis of 14C uracil- labeled sonicated and untreated 

SLS lysates also reveals something about the nature of RNA assoc- 

iated with DNA. While RNAse treatment of an SLS lysate cut in half 

the amount of DNA remaining at the origin after electrophoresis, 

only about four percent of the 14C label was found at the origin after 

electrophoresis. It is doubtful whether this amount of RNA would be 

enough to cause a decrease in the electrophoretic mobility of DNA 

simply by enmeshing with DNA -membrane constituents of the lysate. 

If this were the case, a greater share of the RNA would be expected 

to be retained at the origin. It seems more likely that DNA is as- 

sociated in some other manner, perhaps chemical bonding, to the 

RNA in the membrane fraction which causes it to have a reduced 

electrophoretic mobility. A ribosomal- membrane association with 

DNA as described by Schlessinger (1963) or DNA bound to ribosomes 

by complementary RNA as proposed by Byrne et al. (1964) would be 

possible explanations for the results obtained. 
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CsCl Density Gradient Studies 

Over 80 percent of the DNA of SLS lysates was consistently found 

associated with material of light density floating on top of a CsC1 

density gradient. Less than 20 percent of 14C labeled DNA added 

after lysis was found at the top of the gradient. These results sug- 

gest that the greater share of cellular DNA is associated with mat- 

erials of light density and cannot be separated from them by CsC1 

density gradient centrifugation. This is consistent with the work of 

Davern (1966) who found 70 -80 percent of Escherichia coli DNA at 

the meniscus after density gradient centrifugation of spheroplasts 

lysed by shear. A much larger fraction of lysate DNA was found in 

the floating pellet after density gradient centrifugation than at the 

origin after starch block electrophoresis. This indicates either that 

DNA other than that found at the origin after electrophoresis is as- 

sociated with materials of light density or that electrophoresis pro- 

motes a better separation of DNA from other cell constituents. The 

mucoid appearance of the floating pellet, together with its position 

on top of the gradient, indicate that it probably contains the cell 

wall and cell membrane fractions associated with DNA. A cell 

membrane -DNA fraction was also reported by Ganeson and Lederberg 

(1965B) after lysozyme lysis and sucrose gradient centrifugation of 

Bacillus subtilis. 
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The fraction of DNA from a lysate which does band in the gradient 

does so at the same density as phenol- extracted DNA added after ly- 

sis. This indicates that if RNA or protein are associated with the 

lysate DNA banding at the center of the gradient, they are present in 

relatively the same degree on phenol- extracted DNA at this position. 

Since both phenol extraction (Byrne and Thomas, 1965) and high con- 

centrations of CsC1 (Bonner, 1965) are both known to remove protein 

from DNA, it is further probable that there is little protein assoc- 

iated with the DNA banding at the center of the gradient. Yoshikawa 

(1966) however, did report DNA -protein complexes from bacteria 

which band at a density of 1.63 -1.65 in CsCl. 

Sonication of an SLS or sarkosyl lysate removes most of the 

DNA from a position of light density to a broad band centered in the 

middle of the gradient at the position of phenol- extracted DNA. This 

agrees with the results obtained in electrophoresis and indicates 

that DNA is freed from a material of lighter density and not merely 

reduced in size by sonication. The broad density profile of DNA in 

a sonicated lysate could be due to either diffusion of the small sized 

molecules or to differences in density between early and late frac- 

tions in the gradient. However after mixing and re- running of widely 

separated fractions from the top part and bottom part of a density 

gradient, a single, broad peak of DNA similar to that of the original 

sonicated lysate was found. This was interpreted as meaning that 
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DNA in all portions of the gradient was fairly equal in density. Thus 

if other molecules are associated with the sonicated DNA, they are 

present in an equal degree on all pieces of sonicated DNA. 

Comparison of the density profiles of pronase treated and control 

lysates showed that pronase did release about 10 percent of the DNA 

from the floating pellet. Davern (1966) also found pronase to release 

DNA from the floating debris after CsC1 density gradient centrifuga- 

tion of E. coli lysates. This agrees also with the results obtained in 

the present work in which prior treatment of an SLS lysate with pro- 

nase reduced the amount of DNA found at the origin, after electro- 

phoresis. Kozinski and Lin (1966) feel that replicative DNA is 

affected preferentially by pronase. They came to this conclusion af- 

ter noticing that phenol extraction of injected phage DNA was most 

affected by pronase treatment at a time when the DNA was replicat- 

ing. Evidence for replicating DNA connected to the cell membrane 

in E. coli lysates has also been reported by Goldstein and Brown 

(1961) and by Ganeson and Lederberg (1965A, 1965B). 

RNAse decreased the DNA associated with the floating pellet by 

only four percent, even though it exerted a greater influence than 

pronase on the electrophoretic pattern of DNA in an SLS lysate. This 

again may simply indicate that electrophoresis allows better separa- 

tion of DNA from other cellular constituents than does density 

gradient centrifugation. If DNA were connected to protein and other 
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cellular constituents as well as RNA, rupture of RNA may still leave 

DNA associated with materials of lighter density and thus there would 

be little change in the amount of DNA found at the top of density 

gradient after RNAse treatment. On the other hand, DNA bound to 

other cellular constituents after breakdown of RNA may be electro- 

phoretically separable from this association. 

Density gradients were run using 3H tryptophan, 14C arginine- 

and 14C uracil- labeled lysates to determine which fractions of a 

density gradient contain protein or RNA. The results of these ex- 

periments showed that protein is found only in the top few fractions 

of a density gradient and that sonication does not alter the density 

profile of 3H tryptophan and 14C arginine -labeled proteins. This 

means that any protein associated with. DNA is found in the top frac- 

tions after density gradient centrifugation. Furthermore, sonication 

followed by density gradient centrifugation releases most of the DNA 

from the floating pellet, whereupon it bands in the center of the 

gradient in a form free of protein association. These results cannot 

rule out protein bound to DNA in the role of genetic repressors or 

replicators, however. The action of CsC1 on removing proteins 

bound to DNA is well known (Bonner, 1965). Yoshikawa (1966) found 

that protein associated with DNA in bacterial lysates could be caused 

to remain associated with DNA in the center of the gradient only 

under special conditions of growth and mercaptoethanol treatment. 
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Also, a small amount of DNA does remain at the top of a CsC1 density 

gradient after sonication and this could be sufficient to account for 

repressor -DNA or replicator -DNA complexes. 

In contrast to protein labeling, after 14C uracil labeling and 

density gradient centrifugation of bacterial lysates, 14C label was 

found in all portions of the gradient. The floating pellet and inter- 

mediate fractions were those previously found to contain DNA, thus 

any RNA -DNA association must occur in these two portions of a 

density gradient. Close to 50 percent of the 14C label was found in 

the floating pellet and sonication reduced this to about 40 percent. 

This was very different from the case of DNA, which changed from 

69 percent associated with the floating pellet before sonication to 

only 3 percent associated with the floating pellet after sonication of a 

sarkosyl lysate. 

Recentrifugation in a density gradient of the fractions from a 

sonicated, 14C uracil -labeled lysate found in the center of the grad- 

ient showed them to constitute a single density species with very 

little contamination with materials from the top or bottom of the 

gradient. Since these fractions band at the same density as the DNA 

of a sonicated lysate it is probable they represent either 14C label 

incorporated into DNA via uracil conversion to cytosine, or small 

amounts of RNA hybridized to DNA. However, after paper chroma- 

tography of a hydrolysate from this position of the gradient, only 



83 

7 percent of the 14C label remained with the uracil section of the 

chromatogram compared to 50 percent 14C label in uracil after chro- 

matography of top and bottom portions of the density gradient. 

Seventy -six percent of the label was found in cytosine after chroma- 

tography of the intermediate fractions while only 41 percent was 

found in cytosine after chromatography of top and bottom fractions. 

These results show that most of the 14C label present in intermediate 

fractions after density gradient centrifugation of a 14C uracil labeled 

E. coli strain TAU lysate is due to 14C uracil conversion to 14C 

cytosine. Since only 7 percent of the label remains in uracil, this 

probably indicates that there is much more 14C DNA than 14C RNA 

in this region of the gradient, However, the fact that 7 percent of 

the label does remain with uracil indicates that some RNA is present 

and thus RNA -DNA hybrids may exist in this region of the gradient. 

If this were true, it would seem that all sections of sonicated DNA 

have fairly equal amounts of RNA attached, since recentrifugation 

of widely separated fractions from a density gradient of a 3H thymi- 

dine -labeled, sonicated lysate resulted in a single broad peak of 

radioactivity. 

Fractions of heavy and intermediate density from a CsC1 density 

gradient of a 14C uracil- labeled, sonicated lysate were subjected to 

DNAse, RNAse and NaOH treatments. The intermediate portion 

was very resistant to loss of radioactivity by dialysis after RNAse 
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or NaOH treatment, but retained only 12 percent of its radioactivity 

after DNAse treatment. On the other hand, the heavy portion of the 

gradient was extremely sensitive to RNAse or NaOH treatment and 

DNAse did not affect this portion as much as the other two treat- 

ments. The large effect DNAse did have on this portion could be 

explained by the fact that the DNAse was contaminated by 0. 125 per- 

cent RNAse. These results confirm the implications of paper chro- 

matography that there is much more 14C labeled DNA than there is 

14C 
RNA in the center of the gradient after centrifugation of a 14C 

uracil labeled, sonicated lysate of E. coli TAU. Also, since there 

was a 35 percent decrease in 14C label upon treatment with RNAse 

and a 16 percent decrease after NaOH treatment, the presence of 

some RNA is indicated, This also agrees with the results of chro- 

matography in which 7 percent of the 14C label was retained in ura- 

cil. 

A final series of experiments was done in order to determine 

the nature of 14C labeled material released by sonication from the 

floating pellet of a 
14C uracil labeled lysate. The floating pellet 

from a density gradient of 
14C uracil labeled sarkosyl lysate was 

sonicated and recentrifuged in CsCl. Very little of the 14C remained 

associated with the floating pellet after this re -run. This would be 

expected since after sonication most of the visible debris was re- 

moved by centrifugation. Most of the label now appeared in the 

a 
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intermediate fractions and in the heavy fractions. Relatively more 

14C 
C was associated with the intermediate fractions than was the case 

when an entire, sonicated, 14C uracil- labeled lysate was centrifuged. 

This could mean several things. The labeled material of intermediate 

density after this treatment could be 14C labeled DNA released from 

the pellet. It could also be RNA -DNA hybrids released from the float- 

ing pellet by sonication. If the latter were the case, then the pellet 

fraction would be richer in RNA -DNA hybrids than is the over -all 

lysate. According to the current theory RNA would be expected to 

be in hybrid form with DNA during RNA synthesis (Watson, 1965), 

or as part of a genetic repressor (Miller and Sobell, 1966). 

The fractions of intermediate density after sonication and re- 

centrifugation of the floating pellet from a density gradient of a 14C 

uracil- labeled, sarkosyl lysate were subjected to paper chromato- 

graphy and to DNAse, RNAse and NaOH treatment. Sixteen percent 

of the 14C label remained in uracil after chromatography of the hy- 

drolyzed fractions. After DNAse treatment and dialysis, 29 percent 

of the 14C label was retained and after similar treatments with 

RNAse and NaOH, 49 percent and 32 percent of the label was retained 

respectively. These figures indicate a greater ratio of RNA to DNA 

is present in the intermediate fractions after sonication and re- 

centrifugation of the floating pellet than is the fractions of intermed- 

iate density when a sonicated sarkosyl lysate is centrifuged. This 
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would support the existence of RNA -DNA hybrids due to RNA syn- 

thesis or RNA bound as a genetic repressor in the floating pellet 

after density gradient centrifugation of a sarkosyl lysate. Whether 

RNA -DNA hybrids represent one or the other of these classes of 

materials, if either, cannot be determined from these results. 

However, the above interpretations can only be speculative. It 

must be remembered that collection, washing and sonication of the 

floating pellet, along with the subsequent steps leading to chroma- 

tography, enzyme and NaOH treatment involve much more time and 

more exhaustive treatment than similar treatments with materials 

of similar density from a sarkosyl lysate. Thus it could be that in 

this more involved treatment RNA and DNA are differentially af- 

fected. This could then lead to results which differ from those ob- 

tained with the fractions of intermediate density from a sarkosyl 

lysate. 
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SUMMARY 

The results discussed here have lead to certain conclusions re- 

garding the association of DNA with other cell constituents. Much 

of this work has resulted in certain indications which are unanswered 

and further investigation into these areas could be profitable. A 

summary of these results and their implications is as follows: 

1) Much of the DNA in an E. coli lysate is associated with other 

cell constituents of low electrophoretic mobility and light density, 

probably including the membrane fraction of the cell. Sonication, 

pronase and RNAse will free DNA in varying degrees from this as- 

sociation. Based on the work of Kozinski and Lin (1965), Ganeson 

and Lederberg (1965A, 1965B) and by Goldstein and Brown (1961) , 

DNA removed from this association by pronase could be replicating 

DNA. 

2) Protein and RNA are found along with DNA in lysate fractions 

of low electrophoretic mobility and light density. Sonication will 

not affect the electrophoretic mobility or density of protein in this 

association but does remove RNA and DNA from the complex. DNA 

is released from this complex by sonication to a greater extent than 

is RNA. 

3) RNAse releases much of the DNA from association with 

electrophoretically slowly migrating materials but only 4 percent of 

the 14C was found at the origin after electrophoresis of an untreated 
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SLS lysate of 14C uracil labeled cells. Thus DNA associated with 

the slow migrating materials may be boundby RNA to other cell 

constituents by chemical linkage rather than in a tangled mass. 

4) DNA removed from the materials of lighter density by soni- 

cation and density gradient centrifugation is made up of sections of 

equal density. Protein is not associated with these pieces, but RNA 

may be, and if so, it is probably present to an equal degree on all 

sections of DNA. 

5) The floating pellet after density gradient centrifugation of 

a cell lysate seems to contain a greater ratio of RNA which remains 

associated with DNA released to positions of intermediate density by 

sonication than does the lysate as a whole. This may indicate cell 

membrane bound DNA as being richer in RNA -DNA hybrids than 

other portions of the DNA. However, the results might reflect dif- 

ferences in the behavior of DNA and RNA due to procedures leading 

up to these results. 
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