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ABSTRACT

The chemical and physico - chemical properties of
deoxyribonucleic acid preparations isolated from small amounts
of liver and intestinal mucosa of rat (1-10 g.) by five different
procedures, have been compared. The first method (29), used for
preparation of deoxyribonuéleic acid was based on the separation
of nuélei from tissue homogenates, followed by extraction and
deproteinization of deoxyribonucleic acid with strong salt
solutions. The second method (20, 31) consisted of the extraction
anddeproteinization of nucleic acids by detergent solutions,
and separation of ribonucleic acid and deoxyribonucleic acid
by fractional precipitation with iso-propyl alecohol. In the
third procedure crude deoxyribonucleic acid was isolated from
nuclei according to the first method and the crude product
was further purified according to the second procedure., The
fourth method (32) was based on the disintegration of tissues
by high frequency‘sonic oscillations, extfaction of nuéleOpro-
tein from the nuclear fragments with strong salt sclutions
and deproteinization of deoxyribonucleic acid with chloroform -
amyl alcohol mixtures. In the fifth method (36‘, 37) nucleic
acids were extracted from tissues by hot, strong salt solutiocns,
ribonucleic acid and deoxyribonucleic acid were separated by
alkali treatment and deoxyribonucleic acid was precipitated

with concéntrated acid solutions., The advantages and shortcomings
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of the different procedures with respect to yield, purity and
macromolecular state of the isolated material have been discussed.
An improved technique has been described for the elution of

purine and pyrimidine bases from paper chromatograms.
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Historical Introduction:

Among the components of animal andvplant cell'the
nucleic acids occupy a position of unusual interest because
of their special position within the nucleus with their
consequent relation to specific nuclear processes, In this
respect deoxyribonucleic acid (DNA) the chief constituent of
chromosomes plays a very important role in modern bioéhemistry.
It is now generally realized that DNA is in all probability,
chiefly responsible for determining the inheritable character-
istics of bacterial viruses, bacteria and higher organisms
(1) and that, therefore, the question of its structure and
function és the genetic carrier must rank as one of the central
problems of biology. In order to have a fair idea about the
physico-chemical structure and physiological function of a
naturally occuring compound, it is necessary to devise pro-
cedures by which that compound can be isolated from its naturai

sources in a state similar to that in which it occures in
the living cell. In the following section the history of

isolation of DNA is reviewed briefly.

|

In 1871 Friedrich Miescher announced the preparation
of a material obtained from digest of pus cells. (2) He
called the substance "nuclein". The isolation of this

material was performed by treating pus cells with dilute
hydrochloric'acid for a period of weeks and the product was

then shaken in a separatory funnel with ether, Part of the



2.

so0lid material gathered in the iﬁterface between the ether

and water and the second solid layer formed on the bottom of

the separatory funnel. The latter consisted of practically

pure nuclear material., A very similar substance resulted by
digesting pus cells with artifical gastric juice., This substance
had practically identical properties with those of the sediment
obtained by the mechanical method. Miescher's studies on this
substance convinced him that it was a complex phosphorous-

containing acid of high molecular weight.

The discovery of Miescher's "nuclein'' opened a new
chapter in the history of biochemistry. A tremendous interest

.arose and several other scientists continued the investigations
on nuclear materials of different origins. The term "nucleic

acid" was not used nor was a convenient and general method desecri-
bed for its preparation until the pbulication of Altmann in
'1889. (3). The newer methods of preparation of nucleic acids

are practically all based on that developed by him.

In 1899 Neumann (4) published a new modification of
the original Altmann method., 1In this publication the old tra-
ditional fear of using drastic methods for the separation of the
nucleic acid from the protein was abandoned. Neumann's method
essentially consisted of heating the mihced organs in a 3% solution
of sodium hydroxide and precipitation of the nﬁcleic acids not
as a sodium salt, which was water soluble, but as a water inso-

luble barium salt. Feulgen (5) and Levene (6,7) introduced



3.
further drastic methods for the isolation of nucleic acids.

The chemical investigation of nucleic acid prepara-
tions from many biological sources has demonstrated that they
resembled either yeast nuclelc acid and contained a pentose,
identical with D-ribose, or thymus nucleic acid and contained
a deoxypentose, identical with 2~deoxy-D-ribose. Although it
was once thought (8,9) that the pentose nucleic acids (RNA)
were characteristic of plant tissues, whereas the deoxyribo-
nucleic acid (DNA) were confined to animal cells, by 1924 an
idea began to develop (10,11) that both animal and plant tissues
contain DNA and RNA, the former being confined to cell nuclei,

while RNA 1is present mainly in cytoplasm and nucleoli.

The traditional belief in the unusual lability of
nucleic acids was revived in 1924, From then on scientists
realized that the nucleic acids isolated by the drastic alkali
extractions and acid precipitations were particularly degraded
and denatured, and did not represent at all the natural state as
they are present in cells, Methods were devised to avoid
exposing the tissues to alkali or acid, and heat. All prepara-
tions were carried out in the cold. These preparative pﬁocedures
for isolating DNA from mammalian tissues can be divided into

five groups.

1. Extraction of tissues with strong salt solution and

deproteinization of nucleoprotein by saturation with Sodium
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chloride, This method was deve10ped”by Signer and Schwander (12)
using the necleoprotein preparation of Mirsky énd Pollister
(13-15)., This procedure consists of:

a. mechanical mincing of the gland in molar NaCl
with addition of an enzyme inhibitor (usually sodium citrate).

b. extraction of nucleoprotein into molar NaCl,

¢. precipitation of the nucleoprotein by dilution
to 0.15 M sodium chloride.

d. splitting of the nucleoprotein into protein and
DNA by saturation with sodium chloride,

&,  removal of‘thelprotein portion by filtration,

f. precipitation of DNA by ethanol,

2, Extraction of tissues with strong salt solution,
deproteinization with chloroform - amyl alecohol mixture. This
method was essentially developed by Gulland, Jordan and Threlfall
(16). The nucleoprotein is prepared by the method of Mirsky
and Pollister.(13-15). The resulting nucleoprotein is repeatedly
treated with a mixture of amyl alcohol and chloroform, and the
denatured protein is sedimented by centrifugation (17),

3. Extraction of tissues with water and deproteinizafion
either by saturation with sodium chloride or by using detergents.
This isolation procedure is based on the work of Crampton et al.
(18). |

4, Extraction of tissues with anionic detergents. This
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method used to prepare DNA from calf thymus, was developed by
Kay et al., (19-21). In this method the tissue is homogenized
several times with ice-cold physiological saline, containing
0.01 M sodium citrate., The sediment after centrifugation is
taken up in 1.5 M sodium-chloride - 0,01 M citrate solution
and the proteins are precipitated by the addition of sodium
Xylene sulphonate, DNA is precipitated with 98% iso-propyl
alcohol. | | |

5. Liberation of DNA from tissues by the action of‘certain
salt solutions.and phendl. The isolation of DNA from mammalian
tissues by the phenol method was develdped by Kirby (21-23).
DNA is freed from protein by the action of phenol and the salt
solutions. Contaimnating RNA is removed by ribonuclease treat-
‘ment, This method has been further improved by S. Kit (24)
and G.P. Georgiev (25).

The above mentioned gentle methods have several dis-

advantages, which can be summarized as follows:

1, Most of them use rather large quantities of fresh
tissue as a starting material for DNA,.

2. They are time consuming and cumbersome.

3. Special precautions and modifications become necessary
on application to a wide variety of tissues,

4, DNA isolated from the same tissue by different methods

‘does not have exactly the same physical and chemical properties.
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The alm of the present study was to overcome some
of these difficulties, and find a method suitable for small
quantities of tissue (1 - 10 g.) which gives relatively high
yields of DNA in highly polymerized '"native" form. In order
to achieve this aim several preparative procedures were tried
on two kinds of ﬁissue,-namely, liver and muicosa of small
intestine of rat. These tissues were chosen because the former
shows a high degree of metabolic activity with respect to
nucleic acids and was partiéularly studied in this laboratory
(26 - 28) whereas the latter has a low nuclear/cytoplasmic ratio,
i.e. it 1is rich in RNA and other non—nuclear‘constituents

(polysaccharides).

After the preparation of DNA from these tissues by
different methods, the isolated material was characterized by
chemical and physical means in order to compare the properties
of different preparations and evaluate the best possible pro-

cedure for further investigations.

Four procedures seemed to be especially promising
and applicable ﬁo relatively small gquantities of tissues,

l. A rapid method for preparing polymerized DNA
developed by Emanuel and Chaikoff (29). These investigators
claiﬁed that the procedure is speciélly favorable for appli-
cation to tissues having low nuclear/cytoplasﬁic ratios, It

is based on the removal of nuclel from the tissue by means of
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controlled homogenization and subsequent separation of nuclei
from extraneous cellular elements in the homogenate by absorp-
tion on Celite (diatomaceous earth). A rapid method for
preparation of a homogenate with a high yield of nuclei is
described by these workers (30). They used a hydraulic homo-
genizer for the controlled release of cellular componénts from
various tissues., In'the present study no such hydraulic homo-
genizer was applied, but a combined homogenization with a
Teflon homogenizer and short disintegration with a Servall
omni-mixer was attempted. The absorbed nuclel were then
dispersed with a strong salt solution (NaBr) and their DNA was
separated from its basic protein which adheres to the absorbing
Celite, The sodium nucleate were filtered off or centrifuged
from the protein - Celite mixture. Several salt saturation

and precipitation steps were used for further purification.

2. -The second procedure was based on the original
work of Kay et al. (20) using the modifications applied by
Stevens and Duggan (31). In this method the nucleic acids were
extracted with sodium dodecyl sulphate and sodium xylene
sulphoﬁate solution containing some ethylene-diamiﬁe—tetga-
acetate (Versene) in order to inhibit any deoxyribonuclease
action., Their protein was removed by the detergent treatment
combined with adjustment of the pH of the solution to somewhat
lower values (pH 4.3). After readjusting the pH of the’protein-

free sodium nucleate solution RNA and DNA were separated by
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fractional precipitation with iso-propyl alcohol.

3. The methods of Emanuel and Chaikioff and Kay
et al. (29,20) were combined in this procedure. The nuclei
were isolated according to Emanuel and Chaikoff, crude DNA
was obtained by disrupting nuclei with salt saturation and
this crude product was further purified by the previous deter-
gent method.

4, The fourth procedure was based on the work of
Zubay (32). In this method the tissues were disintegrated by
- high frequency sound, the nuclear fragments were separated by
centrifugation and the nucleoprotein was extracted with stfdng
salt solution (13-15). DNA was deproteinized according to the

procedure of Sevag et al. (17).

Zubay applied his method to a number of mouse ﬁissues
(spleen, liver, lymphoma) using very small quantities of starting
materials (1- 3 g.). Alﬁhough several workers found (33-35)
that ultrasoundﬁwavesarg capable of damaging DNA in solutions
by causing the disruption of hydrogen bonds in the DNA molecule
and thus degrading it into smaller fragments having lower
molecular weight than the original native DNA, Zubay claimed
that when DNA is in the form of nucleoprotein and in solution,
it is.well protected from this damaging effect., He furnished

some experimentali evidence, showing that DNA preparations
by his method had very high intrinsic viscosities although he

admitted that DNA preparations of viral origin lost their trans-

forming activities,
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In order to obtain a DNA preparation which presumably
vields very degraded and denatured DNA and thereby enable the
comparison of the properties of a degraded material with those
of native ones the procedure of Bendich et al, (36) and Tyner
et al. (37) was tried, This procedure is based on the extract-
ion of tissues with hot (85°C) 10% sodium éhloride for several
hours, precipitation of nucleic acids with alcohol, separation
of RNA from DNA by incubating the precipitate with 0.1 N
NaOH, and finally reprecipitation of DNA from the basic mixture
‘with concentrated HCL. Thus the procedure seemed to be drastic

enough for yielding denatured DNA.

_ Characterization of DNA Preparations.

At present it is not known whether even a most

carefully isolated DNA can in all respects be identical with

the DNA as it existed in the living cell. Strictly speaking

no compound, once it is isolated from the cell, can be conéider-
ed as native., However the series of degradative changes to
which it may be exposed, in the course of its isolation will
usually be gradual, and whilé it may not yet be possible to
define the perfect compodnd, the badly degraded one can be

easily recognized. (38)

There are actually three main methods by which DNA
can be characterized; |
1. Chemical methods based upon the determination

of DNA content, base composition, and nitrogen-phosphorous
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contents of the preparation.

2. Physical methods by which the integrity of
macromolecular state of DNA can be defined.

3. The determination of its biological activity (39).
One biological activity which can be demonstrated in certain
DNA preparations is their transforming activity. Unfortunately
at present only a few bacterial DNAs lend themselves tothe assay

for transforming activity.

During the course of this study chemical and physical
methods were used to compare the properties of DNAs prepared
by different procedures from the same source to decide whether

the compound is in native, undegraded state.

l. The Chemical Characterization of the DNA Preparations.

The chemical composition of DNA is less likely to
change on mild denaturation. A very good indication can be
obtained, however, by chemical means about the degree of purity
of such preparations. The investigator may encounter three
very important impurities in DNA samples; the presence of RNA,
proteins and polysaccharides. For example the presence of
protein can be evaluated from the N/P ratio of the DNA pre-
paration. Owing to the several structural regularities in
all DNAs, the N and P contents are closely similar forldifferent
preparations from different sources. The N/P value calculated

on the basis of Watson-Crick (40) model of DNA is 1.65. Any
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higher vélue than this would surely indicate protein contami-
nation. vTherefore nitrogen and phosphorous determinations were
carried out on the isolated DNA samples, using the micro
Kjeldahl method (41) for N and the colorimetric procedure
of Bartlett (42) for P estimations.

Similarly protein contamination can be demonstrated
by the éomplete hydrolysis of samples followed by paper chro-
matography of the hydrolysate for free amind acids., Only
qualitative identification of amino acids was attempted in
this study (43,44).

One of the most important chemical characterization
of DNA 1s the determination of 1ts base composition., By the
year 1930 it was definitely known that DNA on hydrolysis yielded
phosphoric acld, a sugar (deoxyribose) and four nitrogenous
bases namely; adenine, guanine, cytosine and thymine (38). The
early work of Levene and Jones suggested that DNA prepared by
extraction with alkali was composed of equivalent proportions
of the four nucleotides derived from adenine, guanine, cytosine
and thymine. When it was recognized that the nucleic acids could
be obtained in the form of particles of extremely high mole-
cular weight, the tetranucleotide hypothesis had to be modified.

The development of the methods of chromatography
encouraged the application of similar techniques for the quan-

titative determination of the product formed on cleavage of the
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nucleic acids. It was found that from hydrolysates of DNAs
the purine and pyrimidine bases could be easily separated by

paper chromatographic methods using different solvent systems

(38).

Several procedures for hydrolysing DNA can be used.
The most suitable for quantitative méasurements appears to be
the formic acid procedure originally developed by Vischer and
.Chargaff (45). A convenient solvent for separatihg the purine
and pyrimidine bases on paper chromatograms was recommeﬁdéd.by
Wyatt (46). The describtion of an arrangement permitting the
easy demonstration of the purine and pyrimidine spots and the
application of a commercially available ultraviolet lamp (47)
faciliiatedh;he performance of analyses. For quantitative
estimation spots were cut out from the chromatograms add eluted
by soaking them in a given volume of 0.1 N HCl. According to
Chargaff (38) if this elution is allowed to proceed overnight
at room temperature, with shaking at the beginning and at the
end it is quantitative. It was found in this laboratory however,
(48) thét this elution technique 1s not necessarily quantitative,
even with several (three-times) extractions of spots with aliquot
portions of 0.1 N HCl. Therefore a new elution procedure was
tried (49) and compared with the old technique. This method

will be described and discussed later.,

The application of the above mentioned paper
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chromatographic method toINA preparations of different cellular
‘origin soon demonstrated significant chemical differences
between these compounds (50 - 53). Thus the determination of
base composition prove§ to be a useful mean to characterlze
DNA preparations specially with respect to the purity of such
samples. One of the mdst troublesome inpurities in DNA is the
presence of RNA as already mentioned above. The paper chro-
matographic analysis of DNA hydrolysates would sﬁrely indicate

the presence of any such impurity.

Non-nuclear contaminants such as polysaccharides or
salts could be also easily demonstrated by the determination
of the DNA content of the samples., Most of these estimations
are based however, on the‘determination of the deoxyribose
content of the material or on spectophotometric estimations,
compared with that of a "“reliable! standard (38). No such
reliable reference standard nucleic acid preparation is avail-
able at present, therefore direct DNA estimations were not per-

formed during this study.

II., Physdco-Chemical Characterization of DNA.

The criteria of integrity of a macromolecular substance

of natural origin are not easy to define, but as regards to

DNA certain features can be described,

1, It has a very high and, within the species uniform
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molecular weight as shown by diffusion experiments (54 - 54),
sedimentation in the ultracentrifuge (55, 56), and determination
of viscosity and streaming birefringance. (57).

2. The character of monodispersity is lost even
when the specimen is prepared under very mild corditions if partial
enzymatic attack in the course of isolation is not avoided.

3. Both the value and the uniformity of the mole-
cular weight are affected if the isoleation is carried out under
degradative conditions (58) or if the breparation is exposed
‘subsequently7to'degradation by chemical or physical means.,

4, It has an anomalous amphoteric behavior on
titration. |

5. The molecules posses a high and stable asymmetry.
Solutions of undegraded DNA exhibit double fefraction of‘fiow
(59) and very considerable viscosity. |

6. Undegraded DNA shows a typical "hyperchromic"

effect in solution.

The following two characteristic physico-chemical
properties were studied during this experiment:
(a) The Hyperchromic Effect of DNA Solutions.
The depolymerization or denaturation of nucleic acids
is associated with intensification of their absorption of

ultraviolet light, In other words the extinection of intact
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' preparations is lower than would correspond to the sum of

their constituent mononucleotides., This effect applies to

RNA, DNA and synthetic polynucleotides, The intensification
brought about by deoxyribonuclease on DNA was first described
by Kunitz (60). Similar effects produced by acid, heat, alkalil
or the addition of salts have been studied in greatest detail
by Thomas (61) and more recently by Schack (62). According

to Chargaff et al, (38) the extinction of the maximum is almost
constant for different DNA preparations. When the extinction
at the maximum and at pH 7 is expressed as the atomic extin-
ction coefficient with respect to phosphorous and designated

as EkP) (63), preparations isolated cautiously from a large
variety of sources will show surprisingly 1little divergence
from the value of €f) = 6600. According to Chargaff (38)

an. €(p) value higher than about 7200 is a sign of denaturation
of DNA sample. |

(b) The Anomalous Viscosity of DNA Solution.
Physico-chemical studles on DNA are largely concerned
"with a number of properties associated with the native hydrogen
bonded macromolecular state of the nucleate (40). The highly
anomalous viscosity of DNA has been subject of considerable
study. The stiking effect of electrolytes (59,64) and of acid
and alkali (59,54) in reducing the viscosity of DNA solutions
provide important iﬁformatiqn with respect to its physico-

chemical state. The destruction of the secondary structure
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of DNA by heat, acid or alkalies at constant molecular weight
"produces a particle processing a greatly decreased (Newtonian)

viscosity. In order to perform a measurement which is meaningful

/Y,SPOC
o (65)

in terms of molecular properties the reduced viscosity
where M Spec :(—%—;-I ) eq_u.(l)

”M = viscosity of solution

Mom viscoslty of solvent
must be méasured in solutions which are dilute enough to allow
independent molecular motions and then extrapolated tq zero
concentration, Plots of ZE%?ﬁ versus ¢ are generally linear
in the low concentration range, and the extrapolated value is

called the intrinsic viscosity.

[T = o 225 = Liom = In55) - 2qu ()

c—>0

c~>0

where ¢ =» number of grams of polymer in 100 ml. of solutioh.

The infrinsic viscosity may be used as a qualitative
measure of the molecular size and presumably of the molecular
wéight. Since the DNA molecule in solution is probably not a
simple linear polymer but a strand composed of two polynucleotide

chains, one would expect no simple relationship between the

intrinsic viscosity and the extent of degradation. However,.
for a qualitative comparison of different preparations the
intrinsic viscosity provides a sensitive measure of differences.
Moreover since the viscosity is a monotonically decreasing

function of the gradient, the[yﬁ] measured at some higher more
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experimentally accessible average gradient (ca.1l000 sec.‘l)
can also be utilized to qgualitatively detect changes in

‘molecular configuration (39).

One of the essential parameters which characterizes
a high mdlecular welight polymer compound such aé DNA 1s its
‘molecular weight. The estimation of the latter is a difficult
problem solving of which involves complicated apparatus such
as for instance analytical ultracentrifuge, setups for deter-~
mination of the coefficient.of diffusion and the measurement
of light scattering. In addition to these, for a series of
high molecular weight compounds the molecular weight has been
determined by means of utilization of the simple viscosimetric
technique. The following equation expresses the relation
between intrinsic viscosity and the molecular weight of the
high polymer (65): |

[Mm] - KM equ. (3)
where M = molecular weight of high polymer,
The constants o\ and K depend upon the type of polymer, the
solvent, and the temperature of the viscosity determination.
The values of K and N are known for several synthetical polymers.
Utilizing equation (3). Spitkovskii suggested a similar formula
for the determination of the molecular weight of DNA (67):
(1= 33.22 x 1074 1 O-016 oqu (4)

The values for ol = 0.616 and K = 33.22 x 107" were derived by

him from theoretical considerations. Using a series of data
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of molecular weight and the corresponding characteristiec
viscosities found in the literature, Spitkovskii was able to
prove the validity of his equation. A very satisfactory
agreement was found between the data in literature and mole-
cular weights, calculated according to equation (4). Thus
his viscosimetric method seemed to be quite promising for
obtaining estimafions of the molecular weight of DNA prepar-

ations isolated during this study.
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EXPER IMEN TAL

The Preparation of DNA from Small Intestinal Mucosa and Liver

of Rat by Different Procedures.

I. Isolation of DNA by the Method of Emanuel and
Chaikoff (29) *

Reagents: Celite (Johns-Manville Co.)
Saturated Sodium Bromide Solution

Potassium Arsenate Solution

A 0.2 M solution of potassium dihydrogen arsenate was prepared
by dissolving 3.6 g. of potassium dihydrogen arsenate‘(technical
grade) in 100 ml. distilled water and the pH was adjusted to 7
by titration with concentrated potassium hydroxide solution

and this neutral solution was then diluted with water until

its molarity was 0.014.
Homogenization Medium,

11.5 g. of solid potassium chloride was dissolved in 1000 ml.
of 0,014 M potassium dihydrogen arsenate solution and the
mixture was diluted to 2000 ml. This yielded a medium which
was 0.007 M 'in arsenate ion and 0.038 M in chloride ion. The
purpose of adding arsenate ion in the homogenization medium
was to inhibit deoxyribonuclease action during l1solation

procedure.

Procedure:

The preparation of tissues:
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Wistar rats weighing 200 g each, frdm the colony of British
Columbia were used in the experiments, The animals were
killed by blow on the head and decapitated. The liver was
removed and frozen by dropping it into liguid nitrogen. The
small intestine was removed and cut into 10 em. segments which
were fiushed free of contents with the cold homogenizsation
medium. The segments were split open, applied to a chilled
glass plate, The mucosal epithelium was then scraped from

the muscularis with the edge of microscope slide and placed

in liquid nitrogen. Both tissues were stored at -15°C.

Procedure.

The tissues.were homogenized with 40 ml. arsenate
buffer for 10 minutes with a glass tissue grinder., This
homogenizer consisted of a piston-type Teflon pestle and a
grinding vessel of Pyrex brand glass, and will be referred
hereafter as Teflon homqgenizer. The homogenization was
continued for another two minutes in a Servall Omni Mixer,
The mixture was then filtered through a single layer of muslin
cloth., The retained connective tissue was washed with 20 ml.
of homogenization medium. The filtrates were collected in
‘a beaker immersed in ice, 4.2 g. of dry Celite was added and
the mixture was stirred at high speed for about 10 seconds
with a magnetic stirrer. The mixture was poured into a 10

cm. cooled Buchner funnel containing a filter paper overlaid
with 2.9 g. of Celite which had been suspended in water and
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sucked very dry. The pad was washed with chilled homogenization
medium until the filtrate was colorless, then ranother 100 ml, -
of this solution was sucked through the pad. As a rule a

total of 300 ml. of solution suffices to remove non-nuclear
materials, The Celite pad with its adsorbed nuclei was lifted
out of the funﬁel and suffilcient saturated sodium bromide
solution (15-20 ml.) was added to it with stirring. During the

stirring a small amount of solld sodium bromlde was added to
insure saturation of the mixture with the salt. The suspension
was next filtered on a 5.5 cm. Buchner funnel and the filtrate
was collected in a suction flask. Two sheets of Whatman No. 1
filtér paper overlaid with 2mm. of Celite were used for filt-
ration. To remove residual nucleic acids, the pad was washed

3 times with 4 ml, portion of chilled saturated sodium bromide
solution. The very viscous clear filtrate was diluted then
with one part water to five part of filtrate. While the
solution wéstbeing swirled by hand, 2 or 3 volumes of 95% ethanol
wefe added to it and the precipitated fibrous DNA was removed
"with a glass rod. The crude DNA was dissolved in 20 ml. of
homogenization medium. The mixture was stirred until all

of the nucleic acids dissolved. 0.5 g. Celite was added to

the solution, followed by solid sodium bromide saturation. The
mixture was centrifuged, the clear supernatant was diluted

with one part of water to each five part of solution and DNA
was precipitated with 2 or 3 volumes of ethanol (95%). The
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fibrous DNA was washed several times with 75% ethanol then
dried in vacuo‘at room temperature over phosphorbus pentoxide.

Dried DNA was then stored in a vacum dessicator at -15°C,

II. Isolation of DNA by the method of Kay et al. (20)
modified by Stevens and Duggan (31).

Reagents:

Solution A. Arsenate buffer. (described on page!9)
Solution B. Sodium lauryl sulphate - Versene solution.

2 g. sodium dodecyl sdlphate -8 ml., 5 M Versene solution.
Solution C. Acetate buffer ( pH 7.) |
Anhydrous sodium acetate 12.3 g.

Acetic acid'0.4 ml.

Distilled water up to 500 ml. Adjust pH to 7.0.

Solution D. Acetate buffer - Versenate solution 0,01 M.
0.372 g. Versene in 100 ml, acetate buffer.

Sdlution E. Versene, potassium chloride, Sodium Xylene Sulphon-
ate solution. (Nease Chem. Comp.) |

10 m M Versene 0,372 g.'

0.2 M potassium chloride 1.492 g.

12 % sodium xylene sulphonate 12.00 g.
distilled water up to 100 ml.

This solution should be kept in refrigerator.

Solution F. 0.05 M Versene solution
18,6 g. Versenate/1000 ml. distilled water,
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Solution G. 0.0l M Versene solution.
3.72 g. Versene/ 1000 ml, distilled water.

Solution H. 80% w/v sodium xylene sulphonate solution.

Preparation of tissuess

Livers and intestinal mucosa were obtained as

- described previously from rats fed ad libitum.
Procedure:

The tissue was blended for two minutes in ten ml.
of éolution B. < The resulting gel received a little toluene
for'preservative. The pH was adjusted to approximately 7.5
with ammonium hydroxide using ﬁH paper. The gel was stored
overhight at room temperature, Four volumes of chilled solution
E was added, and after 30 second blending in ice bath the
mixture was transferred to a beaker in an ice bath. The pH
was adjusted to 4.3 with glacial acetic aclid. The protein
detergent residue was diséarded, after centrifuging the mixture
at 4500 RPM for 45 minutes at 0°C. The pH of the supernatant
was adjusted to 7.0 with ammonium hydroxiée solution, and was
stirred during the addition of 90% iso-propylralcohol. The
precipitated nucleic acids were recovered by centrifugation.
Crude nucleic acids were dissolved in 5-10 ml. of solution F

and an equal volume of solution H was added. The mixture was
stirred for an hour, and 4 volumes of solution G. were added

with continous stirring. While the solution was chilled in

an ice bath the pH was adjusted to 4.3 with glacial acetic acid,
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The protein residue was centrifuged for 60 minutes at 4°C

at 16500 RPM and the pH of the clear supernatant'was‘then
adjusted to pH 7.0 with ammonium hydroxide. An equal volume
of 90% iso-propyl alcohol was added, The nucleic acid residue
was recovered by centrifugation at 4°C. Ihe residue was
dissolved in 3 to 5 ml. of solution D and slowly iso-propyl
alcohol was added to a final concentration of 30% (v/v). The
precipitated RNA was discarded, after centrifugation. To the
clear supernatant iso—prooyl alcohol was added to a final
concentration of 34 to 40% v/v. The precipitated DNA was
recovered by centrifugation and the DNA precipitate was washed

with 95% ethanol, then dfrled and stored as described on page 22

III. Isolation of DNA by the Combined Methods of Emanuel and
Chaikoff (29) and Kay et al. (20,31).

Procedure:

It was felt, that a suitable procedure could be
obtained by combining certain desirable features of the methods
of Emanuel and‘Chaikoff and Kay et. al. (29,31). The procedure
of Emanuel and Chaikoff was followed until the first preci-

pitation of DNA was obtained, then crude DNA was deproteinized

according to the method of Kay et al. and Stevens et al. (20,31)

Iv. Isolation of DNA by the Method of Zubay (32).
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Reagents:

Solution A. Arsenate buffer (described on page 19 )
Solution B, Neutral saline -~ Versene solution
0.15 M sodium chloride 8,777 g.
0.01 M ethylenediamine tetraacetic acid Na. 3.72 g.
Distilled water up to 1000 ml.
Solution C. 0,15 M sodium chloride solution
8.77 g. NaC1/1000 ml. distilled water
Solution D, 3 M sodium chloride solution
175.35 g. sodium chloride/1000 ml, distilled water
Solution E. Chloroform - amyl alcohol mixture
Chloroform 3 parts
Amyl alcohol 1 part

Preparation of Tissues:

v Six male rats were starved and their livers and
intestinal mucosa were obtained and frozen as described on
page 20, These tissues were used for the isolation of DNA

by procedures IV and V.
Procedure:

Starting material: 3 g. of intestinal mucosa and 6 g. of liver
The tissue was homogenized shortly (10-20 strokes) with a
Teflon homogenizer in a final total volume of about 60 ml. The

samples of cell suspension were exposed to sonic irradiation
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in a Raytheon sonic oscillator (9 k.cycles/sec ) for 1.5
minute. The nuclear fragments obtained after diéintegration
of tissues were washed 6 - 8 times with 60 ml. solution Bl

by alternaté centrifugétion for 8 minutes at 3500 RPM in a
Servall refrigerated centrifuge., The washed nuclear fragments
were resuspended in 45 ml. of cold solution C. in a Servall
top-drive Omni Mixer and run at about 3000 rev/minute. 90 ml.
of solution D was at once added and blending was continued

for 20 minutes at 3°C and at a same low speed. The dissoc¢iated
solution was then emulsified up to 8 times successively, with
30 - 45 ml. of Chloroform - amyl alcohol mixture, each emulsi-
fication was carried out in a vibratory shaker for 10 minutes
and was then alternatéd with centrifugation for 10 minutes at
4500 RPM on Servall centrifuge. When no further interfacial
film of protein was produced by emulsification, the solution
was diluted with an equal volume of water and DNA precipitated
by addition of equal volume of ethanol. The preciplitated DNA
was dissolved again in minimum amount of solution G and
centrifuged if necessary to obtain a crystal clear solution.
DNA was precipitated from the supernatant as previously. DNA

was washed dried and stored as described on page 22.

V. 1Isolation of DNA by the Methods of Bendich et al. (36)

and Tyner et al. (37).
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Reagents:

Solution A, 10% sodium chloride solution

Solution B. 5% sodium chloride solution

Solution C. Approximately O.1 N sodium hydroxide solution
Solution D, Ether (anhydrous)

Procedure:

3 g. of fresh tissue was homogenized shortly (10-20 strokes)
with a Teflon homogenizer, with 20 ml. of 10% sodium chloride
solution, The tissues were extracted with the 20 ml. 10%
sodium chloride solutlon for 6 hours at 85°C. The mixture was
then centrifuged at 2500 RPM. and the residue was discarded.

To the supernatant 3 volumes of 95% ethanol were added and the
precipitated nucleic acids were left overnight in the fridge.
The nucleic acids were centrifuged and the obtained precipitate
was washed with 2 ml. of 95% ethanol then with 2 ml. ether, and
dried in vacuo. The dry pellets were dissolved in 10 volumes
of 5% sodium chloride and stirred for 10 to 15 minutes at 85°C
until all mucleic acids went into solution. The solutioﬁ was
then centrifuged. To the supernatant 3 volumes of 95% ethanol
were added and chilled it for couple hours. The nucleic acids
were recovered by centrifugation and washed with 95% ethanol,
50:50 ethanol - ether mixture, then with ether. The residue

was dried in vacuo at room temperature. The nucleic acid
residue was weighed and 1 ml. of 0.1 N. sodium hydroxide
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solution was added for each 10 mg of dry precipitate. The
solution was then incubated at 37.5° for 20-22 hours. - After
incubation, the solution was neutralized with concentrated
hydrochloric acid drop by drop until good precipitate formed.
The mixture was chilled and left overnight in fridge. Next
day the mixture was centrifuged and the DNA residue washed

2 times with 0.1 N hydrochloric acid, then with ethanol and
50:50 ethanol - ether mixture, and ether and finally dried in

vacuo at room temperature.

The Chemical Characterization of DNA,

The determination of nitrogen content by the micro Kjeldahl

procedure was performed according to ref. (41,68),

Standardsgs

Urea recrystallized (analytical grade) (Fischer, Sc, Co,)
Guanine hydrochloride (Nutritional Biochemicals Corp,)
purified by ion exchange chromatography (69).
Deoxyribonucleic acid (California Corp. for Biochem, Res.)
For testing the nitrogen recoveries.by this procedure
urea, guanine hydrochloride and commercial DNA were used as
nitrogen standards. The result of the analyses are shown in
Table I,
The Determination of Phosphorous Content
of DNA by _the Method of Bartlett, (42).
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TABLE I

Comparison of the Theoretical and Experimentzlly Determined

Nitrogen Contents of Different Standards.

Name of Compound

Theoretical N%

Micro Kjeldahl N%
found experimentally

commercial

Urea 46,67 46,58
1 u 46,59
Guanine 37.34 37.39
hydrochiléride«: '
" n 37.41
DNA 15.2 (38) 14.99

15.09
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Reagents:
Solution &, Phosphorous Standard: 1 mgP/ml.
2.1935 g potassium dihydrogen phosphate in 500 ml., distilled
water., 1 ml. = 1mg?P
1 ml. of this solution was diluted to 1000 ml. and the resulting
solution contained 1 Mg P/ml,
Solution B, 10 N sulphuric acid solution,
Solution C. 5% ammonium molybdate solution
Solution D, Fiske - Subba-Row reagent.
0.5 g. of l-amino-2-naphtol-hk-sulphonic acid was dissolved
with stirring in 200 ml. freshly prepared 15% sodium bisulphite
solution, followed by the addition of 1 g. anhydrous sodium
sulphite, The solution was filtered and stored in a dark bottle
and freshly prepared weekly.
Adenosine 5' Phosphate (AMP) (Pabst. Fine Chemicals)

Thymidine 5' Phosphate (TMP) (Pabst Fine Chemicals)

Procedure:

1 - 2 mg, previously dried DNA samples were digested in a
Kjeldahl flask with 1 mil. céncentrated sulphuric acid for 4-5
hours., The digest was transferred quantitatively into a 50 or
100 ml, volumetric flask and 3-5 ml. aliquots corresponding to
4.6 «g phosphorous were taken for phosphorous analyses. The
aliquots of unknown were pipetted into a test tube, calibrated

to 10 m1,, 1 ml, 10 N sulphuric acid, O.4% ml. 5% ammonium
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TABLE I1

The Determination of Phosphorous Content of Phenyl:disédium

Ehosphaté Using Different Hydrolysis Procedures.

Method of Hydrolysis % P % P
found experimentally theoretical |
1 ml 70% HCLO, 10.51 14,2
1t 10.35 ]
1l ml cc.HpS04 13.8 i
1] _L3 .89 "
TABRLE III

Comparison of Theoretical and Experimentally Found Phosphorous

Contents of Different Organic Standards.

Name of Compound % P %P
found experimentally theoretical
AMP 8.86 8.92
" 8.8 "
TMP 8.62 8.59
" 8.31 "
Fructose-1,6-d1 11.4 10.01
phosphate
L] ' 11 . 5 1
] 11 ‘3.‘ 1t
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molybdate 0.4 ml. Fiske-Subba-Row reagent were added, in the
order described and the solution was then made up to 10 ml.

with distilled water, In order to obtain uniform readihgs it
was found to be very important, to stir the solution after
addition of each reagent. The solution was heated for 7 minuteé
at 100°C and the colour red at 830 mu in a Beckman D.U. spectro-

photometer, against a reagent blank.

The colour produced was proportional to the con=
‘centration of phosphorous up to 8 xg/10 ml. of the reaction
mixture., A calibration curvé was constructed (Fig. 1) which
shows the concentration dependence of the colour produced for
standard phosphorous soiutions. The colour of the solutions
was stable for at 1east‘24 hours., To test the validity of the
procedure, the phosphorous content of several organic substances |
were determined by this method. A comparison between the
perchloric acid (70) and concentrated sulphuric acid hydrolysis
of phosphorous containing substances was also performed. Table
II summarizes the results of such experiments., It can be seen
fhat sulphuric acid hydrolysis gave higher phosphorous values,

and these values were actually closer to the theoretical ones.

Table III summarizes the results obtained using
different organic standards. These substances were hydrolysed
with concentrated sulphuric acid. The experiments show, that

the phosphorous recoveries in the case of nucleotides AMP. and
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TMP were very satisfactory. The anaiysis of fructose-
1.6 diphosphate gave somewhat higher values than the theoretical

ohe, however the purity of this sample was doubtful.

The Determination of Base Composition of DNA

Reagents:

Guaniné hydrochloride (Nutritional Biochemical Corp.)

Purified by fonexchange chromatography (69).
Adenine (N.B.C.)

Purified by sublimation in vacuo at 220°C. (71)
Cytosine hydrochloride. (N.B.C.) |

Purified by ilon exchange chromatography. (69)
Thymine (N.B.C.)

Purified by recrystallization from hot water.
Uracil (N.B.C.)

Purified by recrystallization from hot water.
Wyatt's solvent.

Iso-propyl alcohol 170‘m1.
Concentrated hydrochloric acid 41 ml.
Distilled water up to 250 ml.
Procedures

I. Hydrolysis of DNA by concentrated formic acid
solution (72).
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1 - 4 mg, of DNA previously dried in vacuo over
phosphorous pentoxide were accurétely weighed on an analytical
micro balance and placed in a pyrex glass tube. The tube
was ééaled and placed into the oven and heated for two hours
at 161 - 163°C. At the end of two hours hydrolysis the sealed
tubes were cooled in.dry ice-ethanol mixture and opened
cautidusly, by melting the tips of sealed ends in flame, The
contents of tubes were poured in 10 ml, beakers, cooled again
in dry ice - ethanol mixture, and evaporated to dryness in
vacuo over solid potassium hydroxide, The purine and pyrimidine
bases were extracted with three successive portions of 2 ml.
0.1Nhydrochloric acid, followed by centrifugation to remove

charred particles., The 0.1 N hydrochloric acid extracts were com-

" bined and evaporated in vacuo, The dry residue was then taken

up with a known quantity of 0,01 N hydrochloric acid. Usually

~the final volume was made up to exactly 1.0 ml, in a volumetric

flask.

II. Separation of Puripe and Pyrimidine Bases by Paper
Chro 45).

Procedure:

Strips of Whatman No., 1 paper were used, 50-200A.
of hydrolysates containing 50-300«g DNA were applied on
chromatograms using calibrated micro-pipettes. The chromato-

gréms were placed into an all glass chromatographic cabinet,
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and some solvent was placed at the bottom of cabinet to get
saturation with respect to the vapours of solvent. A descending
technique was applied and the chromatograms were run about

32-36 hours. At the end of this period the solvent line almost
reached the bottom of the paper. The paper strips were taken
out from the cabinet, dried in air, and the purine and pyrimidine
spots were outlined with the aid of untraviolet light (47).

The R(f) values of the unknown spots were compared With the

R(f) values of standards run on the same paper and at the same

time, as the unknown samples.

The R(r) values of the puarine and pyrimidine»bases
using the iso-propanol-hydrochloricvacid solvent aré summarized
in Table IV, The values are compared with those found in
ref. (38) Table IV, shows that the R(g) values obtained during
this investigation are somewhat larger than in ref. (38).

This may be due to thé large temperature fluctuation in this

laboratory, or the slight composition difference in solvent

systems.

I1I. The Guantitative Estimation of Purine and Pyrimidine Bases

Separated by Paper Chromatography.

For quantitative elution of the bases from the spots
outlined under the ultraviolet light, two techniques were tried
and the results compared. It was mentioned before on page 12

that the elution of spots with 0.1 N hydrochloric acid for 24
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TABLE IV

The Comparison of Re Values of Purine and "Pyrimidine Bases in

iso-propanol Hydroéhloric acid Solvent.

Name of Compound Ry Values Ry Values
found experimentally from ref. (38)
Adenine 0.34 0;32
Guanine 0.25 - 0.22
Cytosine 0.47 | 0.kl
Upacil 0.69 0.66
Thymine 0.78 0.76
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hours was not quantitative even if several extractions were
performed. Therefore a new technigue was tried, which was
based on the personal communication of I. Csizmadia (49). The

description of the two elution techniques is as follows:

Procedure I. (Extraction Method)

The paper spots were cut into very small pleces and
placed in a test tube, 2 ml, of 0.1 N hydrochloric acid was
added and the mixture allowed to stand overnight. Next day
the test fube was shaken in a shaker for 30 minutes and after
standing most of the 0.1 N hydrochloric acid extract was
decanted. Another 2 ml. portion of 0.1 N hydrochloric acid
was pipetted into the test tube and the previous procedure was
repeated twice. The combined extracts were centrifuged and
transferred into a small beaker. The contents of beaker were
evaporated to dryness, and the residue was taken up in an
exact volume of 0.1 N hydrochloric acid appropriate for the
cells in which the extinctions were to be read. The ultra-
violet absorption curves were recorded in a Beckman Automatic
D.K., 2 spectrophotometer, To allow for ultraviolet absorbing
substances in the paper, blanks were cut equal in area to the
spots and at egual distances from the starting line, and were
eiuted and read at the same wavelenghts as the corresponding
spots. The extinction coefficients used in estimating nucleic

acid derivatives by the absorption at their maxima were
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determined previously in this laboratory.

Procedure 2. (The column extraction method.)

Ultraviolet absorbing areas on paper chromatograms
were cut into very fine pieces and these were placed intubes
resembling Pasteur pipettes. The diameter of tubes were
about 7 mm., and the ends were drawn out to form a veryfine
and narrow outlet with an approximately 1 mm. diameter and
20 cm. lenght. The upper part of the tubes was widéned in
order to facilitate the packing. The glaés wool was packed
very tightly in the bottom of the wide part of the tube up
" to about L - 1.5 cm. height. The tubes were filled with the
finely cut piéces of paper to form a falrly uniform and tight
packing. Then canother 2 cm. layer of tightly-packed glass

wool was placed on the top of the paper columns.

The tubes were placed on a stand which consisted of
a piece of fairly thin wood containing several 3-4 mm. diameter
wholes which allowed through the lower capillary end of tube%
but kept the upper part in a straight and solid position. The
end of the capillary outlets reached a 10 ml. small beaker, to
collect the eluates. About 20-30 tubes were eluted at the
same time by filling up the columns continuously with 0.1 N
hydrochloriec acid. The rate of eflux was about 0.16 ml./minute,

For each column about 9 ml. of eluate were collected and theh
the contents of the beakers were evaporated in vacuo over
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sodium hydroxlde pellets and concentrated éulphﬁric acid. The
dry residues were taken up in an appropriate volume of 0,1 N
hydrochloric acid, and the ultraviolet spectra were recorded
as described in Procedure I on page’55 . Blank spots were
eluted and read in the same manner as described above. To

show the differences between procedure 1 and 2, a standard

"solution was made up containing known amounts of each of the
nitrogenous bases., To construct a calibration curve known and
increasing amounts of this stbck solution were applied on
paper strips in duplicates and the separation of bases were
performed as déscribed on page'55 . The spots were eluted

with both procedures 1 and 2,

Blank absorption.

It was found that very high blank readingswere
obtained using both procedures. These blanks might obscure
the optical density values of standards especially at the low

concentration region. Table V. summarizes the blank readings

'for'each of the bases obtained at their absorption maxima.

It can be seen that higher blank values were obtained by the
column extraction method. In order to determine the cause of
the high blank absorption in case of procedure 2, a chromato=-
graphic coiumn was packed with glass wool and eluted with O.1 N

hydrochloric acid. The ultraviolet examination of the eluate
gave a curve that was characterized by a continous increase
of absorption at decreasing wavelenghts. It was concluded that

glass wool contained some unknown, ultraviolet absorbing material
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IABLE V

The Optical Density Values of the Blanks of Nucleic Acid Bases,

Obtained from Readings at their Absorption Maxima,

Name of Blank |Optical Density/1 ml, | Optical Density/1 ml.
of solution by - of solution by
procedure 1. procedure 2,
Adenine _ 0.236 0.654%
Guanine | 0,266 0.622
Cytosine _ 0.167 0.450
~ Uracil . 0,250 0.656
Thymine 0.221 0.6k46
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TABLE VI

Comparison of % Recoveries of Purine and Pyrimidine Bases Using
Procedure 1 and Procedure 2 for Elution.

Name of Applied on | Found exp. % Found exp. %
Compound pﬁ?er in . ?ﬁ pﬁ?c. 1 |Recovery Eg»pﬁ?c. 2 |Recovery
Adenine 1.85 x 10~2 .1.23‘x 10"2 66,6 1.22 x 1072 65.8
3.70 2.35 63.5 | 5.15 139.3
11.08 8.53 76.9 | 9.hh - 85.2
14,78 12.71 86.0 [11.88 80.4
18.49 16.52 8o.4 118,23 98.7
Uracil 2,17 1.03 47.5 .78 ’36.6‘
8.67 5.96 68.7 3.92 45,2
13.01 110.58 ° 81.% [18.61 143,0
17.3% 17.25 99.5 [16.19 93.h
21.68 22,49 103.7 _123.88 110.1
Cytosine | 1.75 .95 54,5 | 2.12 121,1
3.51 2.5% 724 4,30 122.7
7,02 5.5k 79.0 8.03 11k.5
10.52 8.6% 82.1 9.50 90.3
14,03 13.75 97.9 |12.08 86.1 |
1754 18.00 1026 119,74 112,5
Thymine | 1.71 1.63 95.7 1.62 ok, 7
6.82 3.4 50.4 3.67 53.8
10.23 4,93 48,2 8.63 8%,3
13,64 10.87 79.7 [11.88 87.1
172,05 13.53 79.3 119,85 1164
Note: Unpurified glass wool was used for procedure 2 and unwashed

paper for procedure 1 and 2,
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(perhaps very finely powdered glass) and this substance‘caused
the high blank readings in procedure 2. Because procedqre 1
gives also fairly high blank readings, this part of the absor-
bance must be due entirely to some ultraviolet absorbing

material in paper.

Table VI summerizes the recoveries of nitrogenous
bases using procedure 1 and 2., The values for guanine were
not included, because during the preparation of standard solution
a decomposition of this base took place, which was shown by
the distorted ultraviolet absorption curve obtained for this
compound, after the separation of the bases of standard solution
by paper chromatography. Comparing the results of table VI the
following observations can be made:

1. There was a large deviation in recoveries -of
purine and pyrimidine bases using both procedures.

2. The average percentage récovery was 70—80% using
procedure 1, therefofe this method did not effect the quanti-
tative extraction of purine and pyrimidine bases from paper.

3.  In some cases even highér then 100% recoveries
:wére obtained by using procedure 2. This was maybe due to the
fact that the amount of glass wool used for packing was not
the same in each cases, and depending on the quantity of glass

wool used, different amount of ultraviolet absorbing material

waé eluted.

Because the column extraction method seemed to be
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more promising with respect to the quantitative extraction

of the nitrogenous bases, a new standardization curve was
constructed, using washed paper for separation of the bases

and purified glass wool for the elution technigue. The purifi-
cation procedures and the preparation of a new standard solution

is described as follows:

Purification of the paper

- Whatman No. 1 paper strips were washed with 0.1 N
hydrochloric acid for 12 hours in a chromatographic cabinet.
The papers were dried, and washings were repeated with

distilled water and with Wyatt's solvent.

Purification of glass wool

A large all glass chromatographic columﬁ was packed
tightly with glass wool (pyrex. lab. glassware). The amount
of the glass wool was about 200 g. The column was eluted with
about 4 liter of 0.1 N hydrochloric acid (eflux time about 4 ml.
/minute) and then with 2 liter of distilled water. The elution
was continued until no more ultraviolet absorbing_material

was present in the eluate at 240 mm.

Preparation of standard stock solution:

A new standard stock solution was prepared from the

purified purine and pyrimidine bases. Guanine was dissolved
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first in 2 N hydrochloric acid and then transferred to the
stock solution containing the other four bases in 0.01 N

hydrochloric acid.

The results of procedure 2 using purified paper and
glass wool are represented graphically in Figures (2 - 6).
In these graphs the applied amounts of purine and pyrimidine
bases were plotted versus the recovered amounts, In the case
of procedure 2 fairly straight lines were obtained proving
that the deviation from the theoretical values were the same
in all concentration regions. In contrast, at the low con-
centration rangé the recoveries of procedure 1 were always
lower, than those of procedure 2, and approached the theore-
tical line at higher concentrations. The reason for this
could be that the obscuring effect of paper blank absorption

was relatively smaller at higher concentrations.

Typical standard curves of purine and pyrimidine
bases are shown in Figures 7 - 11 using procedure 2 with

purified paper and glass wool.
It was concluded from these experiments;

1., The hydrolysis product of nucleic acids obtained after
separation by paper chromatography can be eluted almost
quantitatively from the paper using the column extraction method
(procedure 2).

2. The general recoveries of the bases approached 90% o
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except of thymine where recoveries averaged 86%.

3. This method proved to be very satisfactory provided
that both paper and the glass wool used during the procedure
were purified as described above, By these purification
procedures blank readings were reduced considerably and did
not obscure the evaluation of unknowns, even when working in
the very low concentration range (4 - 6 x 10'2,»M/4 ml.)

4, The procedure was time saving and more effective as

compared with procedure 1,

The Detection of Amino_Acid Contamination of DNA

Hydrolysates by Paper Chromatography.

Reagents:

A. Amino acid standards: Glycine, Alanine, Serine, Cysteine,
Cystine, Threonine, Methionine, Valine, Leucine, iso-Leucine,
Aspartic acid, Glutamic acid, Lysine, Arginine, Phenylalanine,
Tyrosine, Tryptophan, Proline and Histidine. (Nutritional
Biochemicals Corp.)

B. Butanol-acetic acid solvent.

To 500 ml. of a freshly shaken mixture of egual volumes of
water and n-butanol is added 60 ml. of glacial acetic acid;
After the layers separated the upper layer is used as the
moving phase. An aliquot of the lower layer (25 - 100 ml.)

is placed in the chromatogram chamber,
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C., Ninhydrin reagent.

0.25% w/v Ninhydrin in acetone.

Procedure:

The formic acid hydrolysates of DNA samples were
applied on large Whatman No. 1 paper sheets (58 x 48 cm). The
chromatograms were run for about 24 hours, then air dried and
sprayed with ninhydrin reagent and heated at 65°C for 30
minutes. The spots were identified with the aid of standard
amino acids, run at the same time and on the same paper. The
bands were outlined in pencil as fading of the colour took

place after few days.

The Physical Characterization of DNA

1. The Determination of € (p) values of DNA Preparations.

Reagents:

0.02 M sodium chloride solution.

1.169 g. sodium chloride/1000 mL. distilled water.
Procedure:

Accurately weighed DNA samples ( about 1 mg.) were
transferred into a 25 ml. volumetric flask. The samples were

dissolved in 0.02 M sodium chloride solution, by allowing them
to stand overnight at 0°C., When all the DNA was dissolved,

ol .
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the volume of solution was made up to exactly 25 ml. The
ultraviolet abso:ption spectra of the solutions were then
recorded with a Beckman D.K. 2 spectrophotometer. From the
optical density value at maximum absorption (usually around
257.5 my the €(p) value of the sample was calculated according
to equation:

6(p) = 0 D, at max. A =_20 D x 30.98

—re——

C x d P cc in g./L X L

where €fp) = the atomic extinction coefficient with respect

to phosphorous.

O D = Optical Density of the solution
C = Phosphorous concentration of the solution
in moles/liter
d = Internal cell lenght in cm.

2., The Determination of Intrinsic Viscosity of DNA Preparations

Reagent:

0.2 M sodium chloride solution
11.69 g. sodium chloride/1000 ml. distilled water,

Apparatus:

Ostwald type of capillary viscometers:.

Procedure:

Accurately weighed DNA samples were transferred into

a 25 ml. volumetric flask, and dissolved in 0.2 M sodium chloride
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solution by allowing them to stand overnight at 0°C and by
occasional inversion of the volumetric flésks at room temper-
ature for 4 -5 hours. When the contents of the flasks seemed
to be clear, the solutions were centrifuged at 2000 RPM for

5 minutes, The clear supernatant was used as a stock solution.
The stock solution and three different dilutions of it were
used for viscosimetric measurements. The flow time of these

solutions were determined as follows:

The clear and dry viscometer was clamped vertically
in the thermostat bath (25°C) in such a position that it
could be viewed easily, and 4 ml. of the solution was added
from g pipette. A dust free‘rubber tube loosely plugged with
cotton was attached to the smaller tube and the liquid was
drawn up into the enlarged bulb and above the upper mark. The
liguid was then allowed to flow down through the capillary and
the stop watch was started when the meniscus passed the upper
mark and stopped when it passed the lower mark. Two or three
check determinations on the time of 6uthdwwwere made. The
flow time for the solvent (0.2 M sodium chloride) was similarly
determined. Since it was found that the densities of the
dilute DNA solutions were not significantly different from that
of the solvent, the density terms were not used for the

calculation of relative viscosities.

The relative viscosities il were calculated from eguation.

"o



56

:\"\Scog\he& 0# Solu‘\\'on
and solvent W.S?'chﬂively

M _dxt h
—=2x*r  gqu (5  wheem.m,
. dwts, 4 m

e d 14 d
becoueg ° \/ ‘ \,/o: .}(mo\g of ou’(“ow o% s*o\.ut\'on
o ¥ i
Moy ondl selvent vespeciively

—

Mo 1o d o =densities of solution
T % and solvent ve}rmchvz v
The intrinsic viscosities were determined graphically as
described on page 1o s and calculated from the following

equation ( ©):

s -Id, agu. (€)
R o 4
Cl

whmre oL = Cz |
E”):\f ViScosﬂty of conc¢n‘rvo{.'oh C,

t"'\jfvixos\)ﬁ( ol concevﬂ‘vqh'on Cz



57

RESULTS AND DISCUSSION

In defining the properties of the DNA of a given
tissue it 1is important that the isolation be as quantitative
as possible, that degradation and impurities be reduced to
minimum., Losses 1n preparation might yield a product whose
properties are not repreéentative of the whole, while degrad-
ation by such agents as acids, alkali, ehzymes and heat might
destroy some of the unlque properties that would distinguish
that particular substance. The presence.of impurities in the
isolated DNA would also change its physical-chemical structure

and composition.

Tables VII and VIII summarize the yields of DNA
from liver and small intestinal mucosa of rat obtained
by the five different procedures used during this study. On ‘

inspection the data on Tables VII and VIII one can conclude:

1. The yield of DNA was in all cases higher from intestinal
mucosa, than from liver, This fact is in accordance with the
findings that the nuclear/cytoplasmic ratio is much higher in
intestinal mucosa than in liver. (38)

2. In both tissues the highest yields were obtained by
the detergent method (20). It is now almost generzlly aécepted
that the procedure of Kay et al. gives the highest yleld among
other methods (38, 73).

3. In case of small intestinal mucosa somewhat similar

yields were obtained by the following three procedures
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TABLE VII

D

M

Method of preparation | Sample| Yield of DNA [Average yield
: No, | in mg/10 g of|of DNA in mg/10 g
fresh tissue lof fresh tissue
Procedure I. A<l 4.9
Emanuel and ‘
Chaikoff (29) A2 5.7
" A_3 7.6
1" A-’-I- 6._ 5.7
1" A_S 6.5
n A-6 5, -
" A-7 5.2
n A-ll )+oS
Procedure II, A-16 23.9
Detergent method
of Kay et al (20) A-17 24,5 oL, 2
Procedure III, A-13 7=
Emanuel and
Chaikoff & A-2] 13.- 10, =
detergent method.
Procedure IV, C-3 15.-
sonication method(32)
Procedure V. B-3 Se-

hot 10% NaCl
extraction method

(36,37)
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Yields of DNA from Small Intestinal Mucosa of Rat Isolated by

Different Methods,

Method of preparation|Sample | Yield of DNA [Average yield of
’ No., |in mg/10 g of |DNA in mg/10 g
fresh tissue of fresh tissue _
Procedure I. A-8 13,6
Emanuel and
Chaikoff (29) A-9 10, - 13.9
" AL10 18, -
Procedure II. A-15 82.2%
detergent method Dix
of Kay et al (20) A-18 65.8 65.8
" l A—2O 6509
Procedure III, A-12 13.3
Emanvel and
Chaikoff 4 A<k 10, = 12.2
deter%ent method
! A-19 13.5
Procedure IV, C--lmm 77 o=
sonication methqd(32) Cpiik 26.3
Procedure 1V, B-1 13.3
hot 10% NAC1
extraction method(36,
B.2 12.6 12.9

37)

KNote:

Preparations A - 18 and & - 20 were deproteinized three
times with detergent solution, preparation A - 15 only two times.

BT yield of preparation A - 15 was not used for calculations

of average yield by procedure II,

Rizkp

reparation C - 1 was deproteinized by shaking with chloroform-
amyl alcohol mixture five times and preparation’

by shaking with chloroform - amyl alcohol mixture seven times,

- 2was deproteinized
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Emanuel and Chaikoff (Procedure I), the Emanuel and Chaikoff
method combined with the detergent method of Kay et al, :
(Procedure III) and the hot 10% Sodium chloride extraction»
method (Procedure V). All of these procedures are characterized
by a very considerable loss of DNA, taking the average DNA
content of intestinal mucosa as 129 mg/10 g. of fresh tissue
(38).

4, With liver tissue quite similar yields were obtained by
Procedure I and V. Somewhat higher yields-resuited by
Procedure III. The best yilelds were obtained with Procedure
II, especially if one considers the values given for liver |
tissue in ref. (38). In thils reference the DNA content of
rat liver is given as 24 mg./l0 g. of fresh tissue., If one
considers that appreciable losses might occur specially working
with small amount of tissde, the yield of Procedure II. seems
to be quite unrealistic., It is very unlikely that any bio=-
chemical isolation process should give 100% yield. Only one
preparatioh was performed according to Procedure IV therefore
no general conclusion can be formed about the efficiency of
recovery of DNA from liver tissue by this method. The yield
of 19 mg./10 g. fresh tissue seems to be gquite promising

comparing it that lower values of procedures I, IT1I, and V.

Considering the possibilities, where the losses of

DNA may d@¢éidr during different isolation procedures, 1t 1s
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not surprising that appreciable amount ofADNAa were lost

with Procedures I, and III, using both intestinal and liver
tissues, It was expected, that Procedure I would give the
lowest possible yield, because no such "controlled homogenization"
was performed as described in the original publicatibn-(30).
Emanuel and Chalkoff used a hydraulic homogenizer in their
study for the controlled release of muclei from other

cellular elements., These workers claimed that much higher
yilelds of DNAs were obtained by using the hydraulic homogenizer
(30). The amount of DNA obtained from 10:g. of fresh rat liver
tissue was 22 mg. compared with that of 10 mg. using the
Teflon homogenlzer alone. The average ylelds in Table VII

'are even lower 5.7 mg./10 g. of tissue. The appreciable loss
of DNA mmaybe due to the fact that considerable part of nuclei
were damaged during the homogenization with the Teflon homo-
genizer and blending with'thevServall Omni Mixer. Once nuclei
were damaged and their nucleoprotein content released, they

no longer were retained by the negatively charged diatomaceous
earth., As a matter of fact Zamenhof (74) advises avoiding

the use of any stainless steel dissintegrator because according
to him, minute: traces of rust (Fe ion) would cause rapid
degradation, and high speed mixing can effect the breakage of

macromolecules into shorter fragments.

However in this experiment it was necessary to use

short blending periods (one minute) at low speed with the



Servall Omnl Mixer specially for preparations of rat liver
homogenate. If the Teflon homogenizer were used alone
incomplete homogenization were resulted and this ﬁrolonged
the time required for isolation'of nuclei, because the dia-
tomaceous earth was obstructed by cellular materiai ahd the
filtration rate was thereby slowed down. Another effect of
the incomplete homogenization would be the contamination of
DNA with cytoplasmic RNA and other extraneous non-nuclear

materials.

It was found quife surprising that Procedure V
daia nqt give higher yields;' Usually quite large amounts of
nucleic acids were precipitated first, but most of the DNA
seemed to be lost during the several purification processes,
The combination of Procedures I and II did not show any
appreéiable improvement of yields in case of intestinal pre-

parations; some increase was found with liver tissues.,

In the preparation of biochemical substances it
is usually necessary to make a cholce between a high yield
and a pure, high quality product. Pure gquality may result
because of change in the natural structure of the material
causéd by some drastic treatment during the preparation. If
on: the other hand a mild method is used, and a large amount
of substance is obtained, this may contain considerable amount

of impurity.

In order to conclude which procedure gives highly
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polymerized pure product the properties of the different DNA

samples were compared by physical-~and chemical means.

Nitrogen and Phosphorous Content of DNA Preparations.

The nitrogen and phosphdrous contents ahd the N/P
ratios afe shown in Table IX. Before making any conclusions
about the results demonstrated in Table IX it has to be ment-
ioned that the analytical data obtained for N content of DNA
samples are somewhat doubtful and have to be interpreted very
cautiously. Four DNA preparations were sent to Dr. Mahser
who performed nitrogen analyses according to the combustion
| meth;d of Dumas. Table X compares the percentage of nitrogen
in DNA samples determined by the combustion and the micfo-
Kjeldal procedures.‘ It can be seen that the micro-Kjeldal
determination gives considerably lower valuess for N content.
This finding is in accordance with Chargaff's opinion (38) that

the result of the Kjeldal determination is lower than that

of Dumas'.

However this concept cannot be accepted entirely,
because very good agreement was found between the theoretical
and experimental N values of several standards used for testing
the reliability of Kjeldal procedure. These findings are

demonstrated in Table | page 29 . (experimental part).

—_—

In comparing the average nitrogen and phosphorous

contents of DNA samples shown in Table IX the following general
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TABLE IX

TheNNitrogen and Phosphorous Contents of DNA Preparations Isolated

by‘Different Procedures.

Method of Source of | Samplg N% P% Atomic . N/P
Preparation | tissue NG . : N/P
Proc.1(29) |Liver A=3 10.23 4,99 4,53 2.
" " A-4 10.64 5.25 4,48 - 2.
" " A-5 11.08 5.73 4,28 1.
" " A"‘6 12.85 5.61 5-07 2.
" " : . A=Y 12.63 5,67 4,93 2,
u " A-17 12,64 6.04 4,63 - 2.09
' av&11.57- avg. 5. 54 avg. 2.
Proc.II(20) |{Liver A-16 10.32 6.45 3.54 1.6
n u A-17 11.7 6.%3 3.84 1
avg, 11.01 Javg. 6.59 avg. 1.
Proc.I1I " A-13 12.39 6.8 4,02 1.82
1]

" A-21 12.61 8.%% : 3.33 Lo
awvg, 12.48 |avg. 7. avg., L

Proec.IV(32) n Cc-3 12.15 8.56 3.14 1,42
Proc.V(36,37) " | B-3 13.77 8.36 3.64 1.65
Proc,I Intestinal] A-8 13.28 © 7,47 3.93 1.78
mucosa

3 1 A—i‘ %2.92 2.28 - g.g? i.O?
! A-10 1.92 .g} .92 '.%2
A aveg 2.7 avg. 6.062 avg. 1.67
Proc.1l 0 A-15 11.78 6.2 4,2 1.9
" ﬁ A-18 11.22 6.26 3.76 }.7
n ! A-20( N Z. 1.73

ave.ll, avg., 6.4 aveg, 1.

Proc,I1I n A-12 12.24 7.39 3.66 1
1 u A-14 1?.29 7.98 3.22 }.52

" L A-10 11.61 2.25 . l.
- avg. 12,18 | ave. 7.64 avg. 1.59
Proc. IV " C-1 8.68 6.22 3.09 1.4
1 " C-2 11.38 7.32 3.44 1,56
Proc.V u B-1 15.7 9.49 3.66 1.65
" n B-2 15,15 8.9 3.76 1.7
avg.15.42{ avg. 9.19 aveg., I.67

Note:X Preparation A-20 was not used for the calculation of average
values.,
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TABLE X

The Comparisbn of the Nitrogen Contents of DNA Preparations

Determined by the Dumas and Kjeldahl Procedures.

Sample No. % N %N
by Dumas' method by Kjeldahl'si:method
A - 13 13.24 12.35
A - 15 13,80 11.78
A-17 | 13.64 11.70
A - 18 12.65 | 11.23
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observations are noticeable:

l. Procedure I gives the highest N/P rations for both
liver and intestinal preparations. As it was mentioned in
the introduction N/P values higher than 1.65 would indicate
protein contamination in DNA. Procedure I uses salt saturation
for breaking the linkages between protein and DNA. The
high N/P values, 2.36 for liver and 1.87 for intestinal DNAs
would indicate that this deproteinization procedure is not

completely satisfactory.

Frick (73) in his critical study discussed the
possibility that sepafation of protein and nucleic acid by
saturated sodium chloride may be dependent upon autolysis
which has already been carried out by cellular enzymes. At
low temperatures (0°C) these enzymes have little effect. If
however, the nucleoprotein is allowed to stand in contact with
the extraction liguid for a longer time and at a higher temper-
ature, the protein and the nucleic acid can be more easily
separated. In the case of Procedure I the nucleoprotein is
in contactwith the saturated sodium chloride solution only for
a short time and at a low temperature, therefore, the chance

for autolysis by enzymes is greatly reduced.

2. Procedures IT1, I1II, and V give values which are very

close to the theorethical N/P ratio (l.65). However, this
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does not necessary mean that the samples are completely free
from protein contamination, especially if one considers the
low N values obtained by the micro-Kjeldal determination. TFor
instance if the N values of samples A-13, A-15, A-17, A?18
given by the Dumas' procedure were used for the calculation

of N/P ratios, much higher values would be obtained.

3. DNA preparations of liver and intestinal mucoéa
isolated by Procedure IV have surprisingly low N/P ratios.
These values are lower than the theorethical one. Two explan-
ations may be possible: a, The percentage of nitrogen found
by the micro Kjeldal procedure is low. b, The presence of a

phosphorous containing non-nucleic acid impurity in DNA samples.

4, The nitrogen and phosphorous contents isolated by
Procedures I, II, III, and IV are in all cases lower than the
generally accepted values (38)., This may be due to the presence
of some inert impurity (polysaccharides, inorganic salts) in

these 'samples.,

5. The best analytical values for phosphorous and
nitrogen contents of liver and intestinal DNAs were obtained
by using Procedure V. This method is a very drastlc one, and

surely cleaves off impurities from DNA preparations.

In summary, the presence of protein and other impur-
ities in DNA samples were indicated in some cases by the high

N/P ratios and the generally low values of phosphorous and
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nitrogen contents.

The Detection of Protein Impurities in
DNA Preparations by Paper Chromatography

To get some better and more definite information
about proteip impurities in DNA samples, some qualitative
amino acid demonstrations were performed in DNA hydrolyzates,
as described on page 52 (éxperimental part) Table XI shows
the results of these investigations. Unfortunately Table XI
does not give a complete picture about the composition of
protein imﬁurities in all DNA preparations. However some
generalizations can be made‘on the basis of experimental

findings in Table XI.

l. The presence of definite protein contamination was
shown in a number of DNA preparations obtained from liver and
intestinal mucosa using Procedures I, II, III. Thus néiﬁher
salt saturation nor detergent treatment could effect the complete
removal of protein from DNA preparations. According to Kit
(86) the dissotiation of DNA from lipoprotein by anionic déter-
gents is slow without the hydrqutic assistande of either
mitochondrial deoxyribonuclease or heat. In Procedures II and
III the action of . both heat and deoxyribonucleaée were excluded,
because all steps were performed in cold and in the presence

of the enzyme inhibltor, Versene.

2, All DNA preparations having protein contamination yield

aspartic acid and leucine on hydrolysis. The presence of cysteine
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or cystine and glutamic acid were also demonstrated in the
majority of cases. The fact that acidic éﬁino aclds predominate
in the hydrolysates of DNAs support the findings of Butler (75)
that the contaminating protein in DNA preparations is not a

basic histone,

3. Glycine was found in all DNA samples tested for amin§
acids, This amino acid may afise from the destruction of some
purine bases during hydrolysis. The results in Table XI have
to be ihterpreted very cautiously because only one dimension
chromatographic technique was used for separation of amino
acids’from DNA hydrolysates. However in generally one can
conclude'that majority of DNA sampies tested were contaminated

by protein.

- The Nitrogenous Base Composition of DNA Preparations.

The results of a comparative study of the composition
of‘maﬁy preparations show that the compsoition of DNA IS
characterisfic of these specles from which it is derived, but
within the 1limits of present analyticai methods the DNA of
different tissues of the same species have the same overall
composition (38). Chargaff points out however, that this result
does not rule out the possibility that there may be differences
in the sequence of arrangement of the nucleotides among nucleates

of the same overall compositon.

A remarkable correlation emerges from the analyses
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GIBLE XD

<
\

Comparison of Amino Acid Contents of DNA Hydrolysates.

Glyciné

(20,29)

Method_Source_of Samﬁie AlaninelAspart{Asparagine Cystéine Clutamic Leucine Méthi- Valine

of "ltissue No. acid or acid onine

Prep, Cystine |-

Proc,

II(20) |[Liver 1A-16 - - - - * - - - -
" " A-17 * - * + & & & - -

iProc., | :

III(29, " A-13 * - - + + + + - -

20) .

Proc, [Intestinal

1(29) mucosa |A-9 - + - - - - - - -

Proc, N

I1I(20) " A-15 % - - - L s & . -
" " C1A-18 - - * s + + & - "

Proc,

1TI " A-12 + 3 ) - & - + + - -
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of a large number of different DNAs (53, 76-78): the adenine/
thymine and guanine/cyfosine mole ratios are, in the great
majority of cases, equal to one, within the error of analyses.
Much of the analytical data on vira1‘(79) and bacterial (80)
DNAs maintain this correlation, R

When the composition of many specimegg'of DNA from
different cellular sources is compared, a Very strirking feature
emerges, that two principal groups can bé distinguised, namely
the adenineéthymine type (A.,T.) in which adenine and thymine
predominate, and the guanine-cytosine type (G., C.) in which
guanine and cytosine are the major constituents (38). All
total DNA pfeparations from animal sources described up to
this time, belong to the A.T. type. The G.C. type has been

encountered in several micro-organisms and viruses.

The nitrogenous base composition of several DNA pre-
parations are shown in Table XII. Unfortunately not all DNA
samples isolated were characterized by this method. A few

observations can be made on inspectioné the data in Table XII:

1, In case of liver preparations Procedure I yielded
DNA samples, whose base composition Qas in agreement with those
reported in literature. (53, 76-78). The DNA of rat liver is
A.T. type as indicafed by the ratios of adenine + fhymine/
guanine + cytosine. The ratios of adenine/thymine énd guanine/

cytosine are close to unity.
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DNA samples A-16 and A-17 isolated by the detergent
method were very heavily contaminated by RNA as indicated by
the presence of uracil and by the preponderance of guanine
and cytosine, Their adenine + thymine/guanine + cytosine g
ratios are 1ess‘than unity, which is not characteristiec for
mammalian tissues, The presence of contaminating RNA in DNA
preparations obtained by procedure II can be explained by the
fact, that no previous washings of the tissue homogenates
with 0.15 M sodium chloride solutions were performed, thus
both RNA and DNA were extracted and precipitated from the
tissues., The fractional precipitation of RNA with iso-propyl
alcohol did not effect the complete separation of thé two

nucleic acids,

The preparations obtained by Procedure III were
characterized by an adenine + thymihe/ guanine+cytosine ratio
greater than unity. However the numerical value of this ratio
(1.13) is lower than those obtained for samples isolated by
Procedure I (1.24-1.29). According to.Chargaff (38) a good
DNA preparation is characterized by adenine/thymine and guanine/
cytosine ratios of 1 ¢ 0.05. This requirement was not ful-
filled with preparations A-13, and A-21 where the guanine/
cytosine ratios were greater than 1.05. This finding indicated

a preponderance of guanine in the samples mentioned.

Procedure IV yielded a DNA preparation which showed

the characteristic features of mammalian DNAs, However the
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mole percent of guanine was also slightly higher than in
samples A-]l and A-2. Considerable RNA contamination was
found in sample C-=3 indicated by the‘presence of 3.96 mole

percent uracil.

2., The base compositions of DNAs of small intestinal
mucosa isolated by Procedure II and III are generally character-
ized by the presence of heavy uracil contamination. This
finding indicates a considerable amount of RNA impurity in
the preparatidns. According to Chargaff (38) the analytical
results on preparations, containing more than three percent
of this'contaminant, "command little confidence" and this was
the case with regard to preparations A-15, A-18, A-14 and
A-19, DNone of these preparations showed the regularities de-

scribed by Chargaff(38).

Only sample A-20 yielded the characteristic features
of pure DNA samples. No uracil contamination was found in
this case., On comparing the base composition of this pre-
paration with those of "good' DNA preparations of liver (A-2,
A-1 and C-3), no significant difference can be observed, which

is in agfeement with the findings reported in literature (38).

3. The general base recovery was gquite low in almost
all of the cases, which would indicate the presence of some

inert impurity in DNA preparations.



TABLE XII

Distribution of Purines and Pyrimidines in DNA

Proportion in Moles of Nitrogeneous Constituents/100 g atoms of Phosphorous.

Method {Source| Sample A G C T U AsT A G %
of of No, G4+C T C Rec,
Dren. tissue
Proe. L |[Liver | A-1 28,45 | 21,56 |23,1 |26.,88 | - 1.24% |1.05 0.93 67.1
@9) " A-2 28,27 | 21,23 |22.,53 | 27.98 | - 1,29 1,01} 0.9%| 74,9
Proec,II| " A-16 | 19,87 {25.73 |26,61 | 20,61 |7.18 | 0.96 {0,97| 0.97 | 81.-
(20) n A-17 28.35 | 25,57 |20.66 {17.70 | 7.72 | 0.99 (1.6 | 1.24| 71.3
Proe.IIN}] ® A-13 26,88 | 24,98 21.87' 26,27 | - 1.13 {1.02 | 1.1% | 76.0
(12 " A-21 26.7% | 26,55 [20.38 | 26,31 | = 1,13 {1,001} 1.3 | 74.3
?r§C. m " C-3 27.95 | 22,01 [19.13 [ 26,97 | 3.96 |1.33 |1.04|1.15] 75.5
3
Proe, I int, | A-15 24,18 | 20,63 |25,08 | 23,99 | 6.12].1,05 |1.01 | 0.93|98.9
mucosa ’ '
(29) " A-18 19.66 | 22,28 (22,02 119.97 | 6.07 1 0.89 |0,98 | 1,01 | 99.5
" " A-20 23,23 | 21,66 [20,96 | 29,13 - 1.46 10,95 | 1.03 | 63.2
Proe II7} ® A-1k4 23.17 | 24,2 [21.84 | 30.78 | < =~ 1,17 {0.77 |1.1 | 85,6
Gon " A-19 26,5 22,92 |13.8 |20.24 16,51 | 1,27 |1.31 1.66 | 92,7
Note: The Data in table XII are average values obtained from duplicate analyses.
The proportions of nitrogenous bases are corrected for hundred percent recovery.

T
Tﬁ?mggél?y%n%r

abbre
acil

Y%?tions were used: Adenine (A) Guanine (G) Cytosine(C)

Y,
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It should be mentioned that all DNA hydrolysates
were chromatographed in duplicate and eluted by the two different
methods as described in experimental part page 39 . However,
in most of the cases, unwashed paper was: used for paper
chromatography which.greatly obscured the resuits, specially
when very small amount of DNA samples were applied on paper
chromatograms. To overcome these difficulties a few DNA
samples were re-hydrolysed and chromatographed on washed papers
and eluted according to Procedure 2 (Experimental part pagezﬁ ).
A significant increase in percéntage recoveries were found
with these samples as compared with the percentage recoveries
using the elution method of Chargaff (38). These findings
are sﬁmmarized in Table XIII. The same results were obtailned
for the base composition of RNA contaminated samples by using
Procedures 1 or 2 for elution the nitrogenous constituents

from paper chromatograms.

The Characterization of DNA by Ultraviolet Absorption.

As it was mentioned in the introduction, a great
deal of information concerning the intéct macromulecular state
of DNA can be gained by measuring the extinction of its solution
in ultraviolet light. Both nucleic acids and their purine
and pyrimidine derivatives absorb strongly ultraviolet light
in the neighbourhood of 260 mum. However, it was found that
nucleic acids show anomalously low extinetions (81,82), This

absorption anomaly probable denotes some considerable degree
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TABLE XIII

The Difference between the % of Recovery of Nitrogenous Bases from
DNA Hydrolysates Using the Elution Technique of Chargaff (38)

and the Column Chromatographic Elution Method.

Sample No.| % Recoveryﬁ % Recoveryx % Incréase by using
by proc, 17| by proe, 2™ nproc, II,

A-14 76.1 - 85.6 9.5

A-16 69.8 81.0 11.2

A-17 59.8 71.3 11.5

A-18 87.5 99.5 12,0

A-21 61.8 74,3 12.5
aver. % 11.3
increase
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of intermolecular organization., A direct correlation has
been shown to exist between the number of hydrogen-bonds
joining the bases of a pair of DNA chains and the magnitude
of the “hyperchromic!" effect (83). Rupture of the hydrogen
bonds due to ionization of the basic groups due to thermal
denaturation, or to transfer to a medium of low ionic strenght
is associated with considerable enhancement of absorption in
the ultraviolet, whereas a certain degree of depolymerization
involving shortening of the chains, but without the rupture
of‘interchain hydrogen bonds, appears not to give this effect.
Kunitz (60) observed that depolymerization of DNA at pH 5. by
~deoxyribonuclease was accompanied by ultimate increase in
absorption at 260 mu of nearly 30%, and increases of similar

- order were reported by other investigators (62,82). The
findings that high molécular welight DNA can undergo a denatur-
‘ation change by the actions of heat, acid, alkali and deoxy-

' ribonuclease, and this change is manifested as about 33%
incréése of its ultraviolet absorption became the basis for

estimation the degree of denaturation of DNA samples,

According to Chargaff et al. (63) the atomic
extinetion coefficients with respect to phosphorousEL(p) of
DNA preparation is a good indication of its state of degrad-

ation. Table XIV summarizes these values for the different
DNA preparations investigated during this study. The data
in Table XIV show that:
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| l. Definitely high ( 61%3) values (above 7200) were

obtained by.using Procedure I, II and V. for preparing DNA

from liver tissues,. In.the case of iﬁtestinal mucosa only
Procedure V. ylelds DNA with an € (p)higher than 7200,

According to Chargaff (38) an EQP)valué higher than 7200 is
considered as a sign of denaturation bf DNA. It is not surprising
that Procedure V. which involves hot 10% sodium choride ex-
traction of tissue, and exposes nucleic acids to the action of
‘alkali and acid, gives high €p) values for both liver and

intestinal DNA preparations.

2. The E:(P)values of DNA samples from intestinal mucosa
isolated by Procedures I., II., III, and IV. are lower, ranging
from 6300 to 6900. Similarly lower values were obtained for

liver DNAs using Procedure III.

3. For two DNA preparations, one obtained from liver and
the other from intestinal mucosa, very low values of €TF)
(9687, 4413 respectively) were found by using Procedure IV,
However, sample C-2 isolated by the same Procedure and from
intestinal mucosa, shows an €(Fwalue which is in very good
agreement with the average value reported by Chargaff (38).

- Perhaps the reason for the above mentioned very low values,

is, that those samples (C=1l and C-3) were not properly purified,
and may be they contained some inert phosphorous containing
material, which does not absorb ultraviolet 1ight at the

region of 260 mALs
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TABLE XIV
The Ultraviolet Extinction Coefficient of DNA Preparations

Expressed as E%F) Values,

Method of Preparation SQurgengi_Iissue___§axmﬂ£;lhmﬂmzn_éﬂaLai;iﬁﬁﬁ%
Procedure I, (29) Liver
t ‘ " A-Yh 75 3
n " A-
n n _5 1y
‘ avg, 7613
Procedure 1I,(20) " A-16 7540
" " A-17 6997
_ : avg., 7268
Procedure ITI(29,20) n A-13 6128
" " A-21
‘ avg. 6257
Procedure IV, (32) i C=3 5687
Procedure V. (36,37) n B=3 7570
Procedure I, Intestinal mucosa A-8 5948
n n A-9Q 6477
oun n ) A_lo
ave, 6328
Procedure II, " A1 6789
fn _ n A-18 7234
" " A-20 6737
: avg, 6920
Procedure 1II, _ " A-12 6536
" n AL 6371
1t n A_lg 2&6
: ' avg., 6851
Procedure IV, v " C-1 L4413
n n C=2 6624
Proc§dure V. " B-1 7533
" B-2 2895
aveg, 771k
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-With the same reasoning the apparently good values obtained
for intestinal samples using Procedures I, II, III, IV, and
for liver samples Procedure III, cannot be taken as evidence
for the intactness of the secondary structure of these pre-
parations, especially if one considers the nitrogen and
phosphorous contents of the samples. It has to be recalled
(Table IX) that the percentages of nitrogen and phosphorous
of DNA preparations obtained by all procedures except method
V were much lower, than those reported in the literature (38)

therefore the samples must contain some impurities.

Although it was observed by Chargaff et al. (84) that
the extinction of nucleoprotein is not less than that of free
nucleic acid, and the €-(F)values remained close to 6500 the
presence of some phosphorous containing impurity may obscure

the E&ﬂvalues in DNA preparations.

Keeping in mind the above discussed limitation of
Chargaff's Eﬁnvalue, it is now realized that a truer picture
would have been gained about the state of denaturation of DNA
samples by the application of the simple test described in
reference (38) vol.I. page. 526, A similar and valuable
procedure for the estimation of DNA was described by Schack

(62).
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The Viscosity of DNA Preparations.

Important information can be obtained about the size
and shape'of macromolecules by the appliéation of simple
viscosimetric measurements. Unfortunately only a 1imited
number of samples could be characterized by this method in
this study. Graphs 12 - 15 show the.determination of[Mlof
different DNA preparations by plotting1§§9vefsds concentration.
Table XV summarizes the intrinsic viscosities of some DNA
preparations. The molecular weights were estimated from
eqdatidn ( 4 ) using the values determined experimentally.
A few general statements can be made evaluating the data in

Table XV

1. All intrinsic viscosities were very low.

2. Highest intrinsic viscosity values were obtained with
DNA preparations C-1l, C®2, C-3. isolated by the sonication
method of Zubay (32).

3. Because of the 1ow[3ﬁ]va1ues the molecular weights of
DNAs calculated from equation ( L4 ) were very low.

4, No measurable viscosities were found for preparations
of DNAs isolated by the hot 10% sodium chloride extraction
method.

C.F. Thomas reports some[ﬁ]values for DNAs isolated
by the procedures of Schwander and Signer (12) and by the
detergent method of Kay et al. (20)._ These values range from
48 to 57 dl./g. Reichmann et al. (85) performed also some
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viscosity measurements on supposedly high molecular weight
samples, and their values were in the neighbourhood of [m]=
= 50. Just recently S. Kit (86) reported similar[ ] values
for liver DNAs isolated by the modification of Kirby (22,23)
procedure, Comparing the data of Table XV with the above
mentiohed values, one would conclude that all preparations
isolated during this study are degraded., However this is
not‘necessarily the case. On inspection of the articles pub-
lished by the above mentioned investigators, one ¢an see that
all their measurements were made on a series of low velocity

gradients, and the values were extrapolated to zero gradient.

Up to recently no standard values were given in the
literature for the viscosity of carefully prepared specimens.
This was due to the fact that investigators did not realise
the gradient dependence of DNA solutions, Greenstein et al.
(64) studied in detail the nature of viscosity of calf thymus
preparations. They concluded that the viscosity of thymonucleate
was a function of velocity gradient, in other words solutions
of this substance possessed anomalous or structural viscosities

;QThis structural viscosity 4% due to a high degree of molecular
“asymmetry of sodium nucleate; The pressure time product for
" solutions of DNA are not independent of the applied pressure
- except for either very dilute solutions of DNA or for very high
pressures, Since the present theoretical status of shear
independence allows interpretation of the intrinsic viscosity

only when Brownian motion is overhelming, viscosity measurements
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TABLE XV

Intrinsic Viscosities and Estimated Molecular Weights

of Different DNA Preparations.

Molecuvlar

Method of ource |Sample | from in 4d1./g.
Preparation of No. graphs calculated weights
Tissue in d1./g. |from equ.(6) | estimated
accordi
to equ. ()
Pr?c. I%ﬁ Liver A-16 9,7 9.6 Lo4 400
20,3
Pl n A-17 6.0 5.8 194,500
Proc, ITI, | ™ A-13 - 4, 0 100,700
(20,29,) ¢
" n A-21 10,2 9.6 460, 500
Proc, IV.(32) " Cc-3 16,1 16,4 966,400
Proe, 1I Small A-15 4.3 4,2 108,100
intest.
mucosa
n n A-18 3.1 3.2 66,000
n " A-20 - 8.6 349,000
Proc. III, " A-12 11.0 11.0 520, 300
Proc. IV, " c-1 | 13.2 13.2 700,000
" n c-2 21,3 21,7 135265000
not
Proe, V. " B-2 measurable
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must be performed over a range of shears and then extrapolated
to zero shear., Thus it is necessary to make viscosity measure-
ments in very dilute solutions and at very low rates of shéar,

and this condition present expérimental difficulties.

In this study none of these difficulties were over-
come, using only a simple Ostwald type of viscosimeter. The
recent application of the Coette viscometers(87) greatly

facilitates viscosimetric measurements.

Knowing the fact that the ordinary Ostwald viscometers
give lower values for[bﬁl, the values summarized in Table XV
do not necessary mean that all preparations were badly deﬁatured.
According to Réichmann et al. (85) the ratio of[”lat zero
gradient and at 1000 sec.'l is 2.5, Most of the simple
Ostwald viscometers have an average velocity gradient arpund
1000 sec™! therefore multiplying the data in Table XV by this

factor would give much higher[”Jvalues.,

However for a qualitative comparison of different
preparations the intrinsic viscosities obtained by the Ostwald
apparatus provide some measure of differences between the DNA
preparations. The values obtained for DNA samples isolated
by Procedures II and III, are too low, even maltiplying them
with the factor of é.S. The change of physico-chemical

properties of these DNA preparations may be due to four important

factorss
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a. During the course of deproteinization DIVA preparations
of Procedure II and III were exposed to somewhat lower pH
values (4.3). It was mentioned before (54, 59) that acide or
alkalies may cause the rupture of hydrogen bondings in DNA
molecules.

b. The presence of contaminating protein may influence
the viscosity of their solutions. It was demonstrated by
several investigators (88,89) that as the protein content of
DNA increased the characteristic viscosity of its solution
decreased, having a shafp drop of approximately half of the
original viscosity value, when protein content reached about
10%.

c. The effect of storage of DNA preparations in vacuo
over phosphorous pentoxide may cause some deformation in the
macromolecular state of the samples., 2Zamenhof (90,91) demon-
strated that storing over phosphorous pentoxide in vacuo of
the transforming principles of Hemophilus influenzae resulted
in 80% inactivation. Parallel experiments with calf thymus
DNA also resulted the decrease of viscosity of its solutions.
Nothing is known about the nature of changes accompanying
“the dehydratation of DNA, buﬁ it seems probably that breaking
of a few labile bonds, such as hydrogen bonds, takes place
during the storage of DNA Preparations in vacuo,

d. The presence of heavy RNA contamination may influence
the molecular weights and viscosity pfoperties of these pre-

parations. Sample B-2 prepared'according to Procedure V does

not yield any measurable viscosity, showing that the secondary
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structure of DNA is completely destroyed by this drastic
method. An interesting observation should be mentioned here:
the effect of starvation of animals on the DNA preparation.
All DNA specimens isolated by Procedure II and III, were
obtained from non-starved animals., In most of these cases
the macroscopic appearance of DNA was non fibrous. Thus
starvation seemed to be influence the macromolecular state
of DNA. This phenomenon cannot be explained at pfesent, but
it would be very interesting to speculate that it is connected
with the high metabolic activity of intestinal mucosa, or
with the level of glycogen in liver. The best values were
obtained by the sonication procedure. This is quite surprising
because several investigators found that ultra-sound waves
damage the hydrogen bondings in DNA molecules. It has to be
mentioned that the sonicator used in this experiment works
only at the region of 9 k.cycles/sec. which is far from the

ultra-sound range (above 16 k.cycles/sec.)

The interpretation of the intrinsic viscoéity in
terms of size and shape reqguires that the value at zero gradient
be known, therefore the molecular weights estimated from the
apparent[5ﬂ3of DNA samples are not reiiable. Dr. Reichmann
performed a molecular weight determination by 1light scattering
measurement on DNA sample A-20. The molecular weight of this
preparation was found to be 600,000 which was somewhat higher

than the value given in Table XV,
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SUMMARY

4 Deoxyribonucleic acid (DNA) has been isolated from small

amounts of  liver and intestinal mucosa of rat (1-10 g.) by
the following:procedures;

é; The first method (29) consistéd of the removal of
nuclei from the tissue by means of controlled homogenization,
and subsequent deparation of nuclei from extraneous cellular

elements by adsorbtion on diatomaceous earth. DNA was

deproteinized by salt saturation.

b. In the second procedure (20,31) the nucleic acids

‘were extracted and deproteinized by detergent solutions.

Ribonucleic acid (RNA) and DNA were separated by fractional
precipitation with iso-propyl alcohol.

c. In the third procedure crude DNA was obtained according

to the first method and the crude product was further

purified by the detergent treatment of the second procedure.

d. The fourth method (32) was based on the disinte;
gration of tissues by high frequency sonic oscillations,
separation of nuclear fragments by centrifugation, extracfion
of nucleoprotein with strong salt solution, and deprotein-
ization with chloroform-amyl alcohol mixtures;

e. In the fifth method (36,37) nucleic acids were
extracted from tissues by hot 10% sodium chloride solutions,

RNA and DNA were separated by incubating the mixture with

O.1L N sodium hydroxyde, and DNA was precipitated from the

basic solutlon by neutralization with concentrated
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hydrochloric acid.
The chemical and physico - chemical properties of DNA

preparatiOns isolated during this study, have been compared.

On the basis of-experimental findings the procedures used

for preparing DNA have been evaluated and discussed
The method of Emanuel and Chaikoff (29) appeared to be: very

satisfactory in three respects*

‘.; a. DNA preparations couid be accomplished in nine hours.»

1 pb.’ DNA was ‘never exposed to heat, acid -alkali, or Llow
1onic strength.

co The possibility of RNA contaminatlon was areatiy

: reduced-by the prev1ous,isolation>of.nnclei from homogenates.

However, some difficulties have not been overcome

by this procedure, First all DNA-sampies were heav11y

contaminated‘with protein. Sécond, some sign of denaturation

have‘been demonstrated in liver preparations and third,

‘véry low yields of DNA were obtained both from liver and
.intestinalvtissues. BecaUSé the actual quantities of DNAs

were very smally the-purification and handling of these

samples4were difficult. .-

' Bestiyields of DNA have been obtained both from liver and
w;intestinai mucosa by the detergent method of Kay et al.'
'*(30) and Stevens et al, (31) | The preparations contained
'eon51derab1e protein and RNA impurities, 1ndicated by
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| vqualitative amino-acid tests and by the determination of -
;fthe base composition. Some macromolecular damage was
._*observed by using viscosity measurements, and in the case
‘of DNA of liver tissue, the high values obtained, also
“indicated - 'some degree of denaturatlon.

TThe combinationvof the methods of Emanuel and Chaikoff (29)
.,and Kay'etlal. (20) have‘resultedfin some improvements over .

hdthe Emanuel and Chaikoff procedure,'indicated by the

‘:;lgeneral decrease of protein contaminations and. siiahtly

'5{ higher yields of DNAs from liver preparatlons. Although o

;the deproteinization of DNA by detergent appeared to be_

more effective, than the salt saturation alone, the con--

siderable 1osses of DNA during the preparation, the comolete

removing of 1mpurities and avoiding degradation of samples

;have not been overcome by this procedure.

DNA preparations 1soiated by the method of Bendich et al. (36)
~;and Tyner et al. (37) have been. ‘characterized by a high
‘degree of chemical purity, however the secondary macro-
"moiecular structure of DNA was compieteiy destroyed by the

‘ drastic heat and a01d -‘aikali treatments.'

7

The procedure of Zubay (32) have been appeared the most

- ;promising for obtaining DNA from small amount of tissue,

B provided that the procedure 1s improved by further purifi-

‘cations. This method had the foilow1ng advantagess
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(é,' DNA prebarafiohs céuld be'accémplished in ten holirs.

b. The‘yields of DNA were quite high.

c. thfaﬁinating RNA was gréatly réddced-by fhe previous
washings of n@clear fragments‘with physiological saline
solutions. | |

d. The secondary structure of DNA was not effected
appreciabiy by the high frequency sonic oscillations shown
byAthe.felatively hightﬁI values and low ulﬁraviolet‘

extinction coefficients. The presénce of some impurities

 were indicatea by the low nitrogen and phosphorous contents

of these:preparations,

An improved téchni@ue has been described for the elution

.of puriné,and pyrimidine baseSvfrom paper chromatograms.

Generally 10% increase in recoveries of nitrogenous bases

- haVe_bééh'found by this procedure compared to the extraction

methods used previously.
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