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SUMMARY

The effect of variations in the tissue and source on the chromatographic pro-
files of DNA using an IR-120 Al**+ column was studied. For this purpose, DNA prep-
arations were isolated from buffalo liver, kidney, brain and lung (tissue variation,
same source) and from the livers of buffalo, humans, albino rat, pigeon and frog (source
variation, same tissue). The pure and native preparation, in each case, were chroma-
tographed and their profiles were studied. Buffalo liver DNA was completely retain-
able, while DNA preparations from the other tissues and sources were either partially
retainable or non-retainable. They became completely retainable, however,  after
equilibration with o.00r M Mg?+, indicating a major influence of Mg?+. The elution
profiles of all Mg2+-equilibrated DNAs were similar, Mg?+ possibly stabilized a specific
conformation of DNA necessary for retention on the IR-120 Al3+ column, Mg?+ could
be réplaced by Mn2+, Zn2+, Ni?+, Ca?+ and Hg?+ in conferring the retainability on buffalo
kidney DNA which was originally retamable to an extent of only 7.0 %. Arginine
also had an equlvalent effect.

INTRODUCTION

Conflicting results exist in the literature for the effect of tissue and source
variations on the chromatographic profiles of DNA. Kir!: 2 showed, with ECTEOLA-
cellulose as an adsorbent, that the chromatographic profiles of DNA preparations
from the spontaneous AKr lymphoma do' not differ from those of the normal AKr
mouse-spleen cells, nor do those of transplanted tetraploid lymphomas differ greatly
from those of CgH or DBA-2 mouse-spleen cells. It was further noted that the differ-
ences in the profiles of DNA from diploid and tetraploid lymphomas were also not
significant, and the elution profiles of DNA of diploid and tetraploid carcinomas were
shown to be similar to those of the two melanomas, the normal spleen cells and the
lymphoma. It was further shown that the elution profiles of DNA of lung, thymus,
kidney and liver. of mouse, and braln, spleen and kidney of rat did not show any
noticeable differences. . : : :
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However, BENDICH ¢f al.® and PoLLI AND SHOOTER?Y observed that the chromato-
graphic profiles of DNA from different tissues and different sources differed signifi-
cantly and emphasised that DNA. preparations from vastly different tissues and dif-
ferent sources may have similar physico-chemical and biological properties. BEN-
DICH ¢t al.’ showed that the chromatographic profiles of regenerating rat-liver DNA
are different from those of normal adult rat-liver DNA. BENDICH ¢! al.% also studied
the chromatographic profiles of irradiated DNA, DNA containing 5-bromouracil,
normal thymus DNA, DNA from the white cells of an untreated patient with chronic
granulocytic leukemia and from a wide variety of other sources and concluded that
there are differences in the profiles of DNA from tissue-to-tissue and source-to-source.
CrAMPTON ¢¢ al.” attempted the solvent fractionation of DNA from tissues of ox, plg,
man, sea urchin and coliphage T4 and showed that the resolution is based on the dif-
ferences in base composition. A

DuBvuy ¢t al® distinguished DNAs from brain nuclej, mitochondria of mice and
from nuclei of kinetoplasts of Leishmania minvietiii. SUEOXA AND CHENG?, SMITH AND
QuUAYLE! and SMmiTH! showed that DNA from different classes of the same group
have different base compositions. A DNA preparation from a marine crab, Cancer
borialis, could be fractionated into two different bands in a caesium chloride gradient.
MinpicH AND HotcuKiss!? fractionated artificial mixtures of DNAs from different
bacterial species and studied the different factors affecting the resolution. They
found that DNA from Micrococcus lysodeikticus could be separated from that of the
Pneumococcal and Escherichia coli DNA by chromatography on a methylated bovine
serum albumin-coated kieselguhr (MSAK) column.

. Thus, according to one school of thought, all tissues may have similar. DNA
molecules, the DNAs may not differ from each other in parameters such as chain
length (molecular weight), conformation etc., and tissue specificity is still observed.
Tissve specificity is shown to be due to ‘‘preferential supression’’ of some activity in
one tissue, whilst ‘‘full freedom’’ exists for the same activity in other tissues.

According to the other school of thought, however, every tissue is assigned a
special function controlled by a specific kind of DNA. The special function may possi-
bly be due to the specific enzymes, which in turn may be an expression of the spe-
cific DNA present in the tissue. For example, DNA presént in liver, the centre of
many metabolic activities in the living organism and having a function different to
those of other tissues, may be different from that in other tissues. In other words,
different tissues may have different kinds of DNA molecules.

In view:of these contradictions in the literature, it was of interest to study the

chromatographic behaviour of DNA from dlfferent tissues and different sources, using
an IR-Izo A13+ column?d, :

EXPERIMENTAL AND RI’SUL’I‘S

Tke 1 R-I2o 4 l"* column ’ ‘

:Ten grams of dry regenerated Amberhte IR-Izo (Na+ form) polystyrene sul-
phona.te, were equilibrated with a 0.2 M aluminium chloride solution to give the
IR-120 Al*+ column4, Glycine-sodium hydroxide buffer (pH 8.6; 0.054 M) was
percolated through the column until the pH of the influent and effluent were the same.
This column was then used for studying the chromatographic behavxour of DNA
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samples from different tissues and different sources, the method of isolation being
identical in all cases: = =
Deoxyribonucleic acids

The sodium - -+ DNA used in these experiments was 1sohted by the method
of SEVAG ¢t al.l® us. following tissues and sources.

(1) Tissue variansom. Liver, kidney, lung and brain of buffalo (Mammalia,
Ruminantia).

(2) Source vaviation. Livers from buffalo (Mammalia, Ruminantia), humans,
albino rat, pigeon (Columbia livia) and frog (Rana tigrina).

DNA samples isolated from these different tissues and sources were white,
fibrous, native and fairly pure. They were associated with various amounts (1.0~5.0%)
of residual protein and were devoid of RNA contamination. The nativity and purity
were examined as discussed earlier'416, .

Procedure
, DNAs, thus isolated, were dissolved in the glyc1ne~sod1um hydroxide buffer
to give homogeneous solutions. The solutions were loaded on different IR-120 Al3+
columns, the columns were washed with three bed volumes of the buffer to strip off
any loosely retained DNA, and wherever adsorption occurred, DNAs from the
columns were eluted with different eluting agents in the usual sequence!4. Fractions
(each 25 ml) were collected and the DNA contents were determined by BURTON's
reaction!” (the details of the experimental procedure have been discussed earlier!s),
It was observed that buffalo-liver DNA alone was retained completely, whilst
the other DNA preparations were either not retained or only partially retained.
DNA samples that were partially retainable or non-retainable were equilibrated
with magnesium chloride at 4° for 24 h, the effective concentration of Mg?+ being
0.001 M. Mg?* equilibration was tried as the close interrelationship between Mg?+ and
both the structural and the functional integrity of polyribosomes is well known?2é, 29,
33,46, Also, a critical concentration-dependent retention and elution of DNA from
an Amberlite IRC-50 Mg?* column was known8, Mg?+-equilibrated DNAs were again
chromatographed on the IR-120 Al*+ column. They were found to be retainable on
the column to a very large extent and were eluted by the usual elution procedure!4,

TABLLE I

EFFECT OF TISSUE VARIATION ON THE CHROMATOGRAPHIC PROFILES OF DNA FROM BUFFALO (SAME
SOURCE, IDENTICAL METHODOLOGY) ON IR-rzo Al%+ coLumN

Tissue Retention (%) Elution  Profiles after
(%) Mg?+ equili-
Before Mgt After Mg?t bration

equilibration equilibration

Liver. 100 100 100 . ‘Typical seven
’ ‘ ' ‘ ' fractions
' , (Fy-I%)
Kldncy 7.0 . 5.0 08.0 o
Brain o 85.0 85.0 "
o

Lung Q0.0 102.0°
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Fig. 1. Percentage retention of DNA from various buffalo tissues on IR-rzo0 Ald+ column, {a)
before Mg?+ equilibration and (b) after Mg?+ equilibration. -
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Fig. 2. Chroma.tographxc clution profiles of DNA from diffecrent buffalo tissues (isolated by Sk~
vAG's method!?) on IR-120 Al3+ column 0—0, liver; ————, kidney; ......... , lung; x-— x, brain.

The DNA content of the fractions, in each case, was determined by BURTON's reaction?”,

Tissue variation. The percentage retention of DNA with and without Mg2+
equilibration is given in Table I and Fig. 1. Table I also nges the percentage elution
of the total retained DNA. The elution profiles are given in Fig. 2 where total optical
density at 590 nm is plotted against the test-tube number or the fraction eluted.
‘ Source variation. The peréentage retention of DNA with and without Mg2+
equilibration is given in Table IT and Fig. 3. Table II also gives the percentage elution
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TABLE II

EFFECT OF SOURCE VARIATION ON THE CHROMATOGRAPHIC PROFILES OF DNA FROM LIVERS (SAME
TISSUE, IDENTICAL METHODOLOGY) ON IR-120 AI¥* corLuMN .

Source Retention (%) Elution  Profiles after
. Before Mg+ After Mg+ (%) é\lg'ﬁ-equili-

equilibvation equilibration ration

Buffalo 100 100 102 - Typical seven
. ~ fractions
(Fy=F)

Human 25.0 100 100 )
Albinorat 45.0 100 103 .
Pigeon 40.0 75.0 100 .
Frog 5.0 100 98.0 ys .

of the total adsorbed DNA and the elution profiles obtained are given in Fig. 4, where
total optical density at 590 nm is plotted against the test-tube number or the fraction
eluted.

DISCUSSION

From Tables I and 11, it is clear that DN'A from buffalo liver is 100 9 retainable
on the IR-120 AI3* column, even in the absence of Mg2+, whilst DNAs from other
tissues and sources are either partially retainable or non-retainable under comparable
experimental conditions. It is important to emphasize that if the method of isolation
was different, then the differences in retainability could be explained as it was earlier?®.
As the methods of isolation and deproteinisation are the same, however,; one would
expect the retainabilities to be similar. Equilibration of DNA with o.ocor M Mg?+
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~ 100t
Z 8o}
2 6o}
g 40}.
-2 [ L .
a ©O — —etl
E (b)
-t =
5 L .
§ 100}
mi’
sof
.. 20f
Q

2. 3 [

Bu"ulo T Apaltno T Frog
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Fig. 3. Pcrccntage retention of liver DNA from various sources on IR-xzo A+ célumn, (a) before
Mg?+ equilibration and (b) after Mg+ cqutlxbra.txon : :
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at 4° for 24 h, however, removed the differences in retainability in each case, making
non-retainable DNA retainable to a great extent, irrespective of tissue and source
variation. Once DNA the had been adsorbed, all DNAs were completely elutable and
gave characteristic profiles yielding seven well defined fractions!4.

K111 2 showed that the chromatographic proﬁles of DNA from various tissues
from the same source and of the same tissue from various sources are not distinguish-
able when different variables such as the method of deproteinisation and isolation,
control over deoxyribonuclease activity, or the physical state of the molecule, are
kept constant. The present author’s earlier findings!? 20 support the same view. This
view has been substantiated by other workers2!-25,

10p

[22)

Total optical density at 590nm
e

o . 4 8 EH) 16 20 24 Amm.28 32 36
- Buffer Saline - EDTA . acetate Water NaOH
O5M 10M 20M  10%  20% 10M 0AM

Test tube number (fraction eluted)

Fig. 4. Chromatographic elution profiles of liver DNA from different sources (isolated by Sxu-
vAG's method!®) on IR-120 Al3+ column,. ©— 0O, buffalo; —~—, human;...... , albino rat; xX-—x,
pigeon; O0—0O frog. ‘

- K112, SmitH and coworkers??: 28 and KoNpDo AND Osawa?4 showed that DNAs
from different tissues or different sources are not distinguishable. LANGRIDGE ¢t /.25
also showed that DNAs from vastly different sources with different physico-chemical
and biological properties give almost indistinguishable X-ray patterns. In other words,
their profiles could be indistinguishable. ,

The present observations on the IR-r2o AP+ column, under comparable
experimental conditions, are similar to those above. The similarity in the chromato-
graphic profiles may be due to the fact that (i) there may not be genuine differences
in the overall structure of DNAs from different tissues and sources; (ii) the existing
chromatographic methods fail to distinguish between differences in DNAs; (iii) the
differences may be so small that no physico-chemical method can enlarge and identify
them; or (1v) the differences may be exhibited only at a biological level.

It is fairly.certain, however, that the leterogeneity at chain-length level
conformational level, compositional level (i.¢;; A-T or G-C rich level) or at the nucleo-

J+ Chyomatogr., 64 (1972) 85-94



FRACTIONATION oF DNA oN IR-120 Al3+ coLumn. VII. 91

tide sequence level does exist. More experimental evidence and theoretical evaluation
is necessary to obtain further 1n51ght into this matter, .

In the light of the results in Tables I and II and their graphical repreqentatlon
in Figs. 2 and 4, it is difficult to decide whether a definite distinction in DNAs from
different tissues or different sources exists; nevertheless, the necessity for Mg?+ for
the satisfactory retention of DNAs from certain tissues and sources is striking.

Mg“‘ ethbmtwn and DNA retention '

Mg2+ is likely to have a finite role in the structural mtegrlty of DNA molecules
in several ways..

- (2) Mgt as tonic crosslink. Mg2+ may act as “‘ionic crosslmk" giving a particular
conformation to the DNA molecules, that is fortuitously acceptable to the IR-120
Al*+ column. FELSENFELD et al.?® showed that a triple-stranded structure can be
formed from polyadenylic acid and polyuridylic acid (2:1) in the presence of Mg2+.
They considered the triple helix formation as a model for a combined DNA double
helix- with a complementary single strand of RNA. This observation suggests the
important role of Mg?+ in attributing a particular conformation to the DNA molecule.
Requirements for divalent’ cations such as Mg2?*+ and in some cases Zn?+ (ref. 27) in
DNA and RNA polymerase reactions have been shown by many workers. It is felt
that Mg2?+ may have multiple functions?, _

Various concentrations of Mg?+ in the eluting agent were initially used by
FRANKEL AND CRAMPTON® and later developed by Minbicu AND HoTcHKiss!2 for the
fractionation of DNA on an Amberlite IRC-50 Mg?+ column, where perhaps Mg?+
served as “‘ionic crosslink’” in the conformation of the molecule. An effort to dis-
turb or deform the particular conformation resulted in desorption and.subsequent
elution. A good example is that of ribosome-ribonucleoprotein particle formation.
According to KEIICHIRO ¢! al.?8, transition metals determine the conformation of
RNAs. REVEL AND Hi1ATT?? have shown Mg?+ requirement for the formation of the
mRNA~-»RNA-tRNA complex SILMAN ¢! al.% presented evidence for the requirement
of Mg?+ and spermine in the aggregatlon of bacterial and mammalian ribosomes.
When E. coli cells were cultured in Mg?+-deficient media, most of the ribosomes dis-
appeared without loss of viability®: 32, When Mg2+ was added to the media, such ribo-
some-free cells began to rebuild their ribosomes. This further showed the significance
of Mg?+ in the biological system. Mg?+ salts and ethanol were used in the precipita~
tion of polynucleotides by RazzeLL33, He stated that metal ions directly affected the
net charge, aggregation and solubility, although the conformation may be affected
indirectly.

(i) Mg+ as a siabilizer of subunits. Mg®+ may be reversibly bound so as to
stabilize an association of subunits® of the macromolecule or to confer a particular
conformation, helical or folded, which may be acceptable to the IR-120 Al**+ column,
hence effecting DNA retention. The present authors’ earlier datal® also support thls
view.

v (44) Mg+ as counter-tons. Mg?*+ may function as counter-ion to the negatwely
charged DNA anion under the conditions used. It is difficult, however, to ewcp]am
why Na+ (ref. 35) do not have the same effect.

The possibility that Mg?+ acts as counter-ion was supported by AMES AND
Dusin%®, who also noted that polyamines have a role similar to that of Mg?* in the
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maintenance of a particular conformation of the DNA molecule. At phsysiological
pH, DNA carries a high density of negative charge. For this reason, i sity DNA. is
found associated with various types of cations, viz. histones and oligoamines, such
as spermine, spermidine, putrescine and cadaverine. It is claimed that these molecules
pla.y a role in the neutralisation of DNA and hence in conferrmg, preserving or stabiliz-
ing certain conformations.

(tv) Mg?+ as an integral pavi of DNA Mg‘“‘ may form an integral part of the
whole DNA molecule, which may somehow be ‘“missing”’ in the DNA preparations
from tissues.and sources other than buffalo liver. o

The possibility that Mg?+ may form an integral part of the DNA molecule
has been speculated by CAVALIERI ¢ al.%7 By using equilibrium dialysis and spectro-
photometric titration, they showed that 1 mole of Mg?*+ is bound to 5 moles of Py
of cali-thymus DNA. The presence of serine and threonine in the DNA molecule was
reported by BORENFREUND ¢t al.38. BENDICH AND ROSENKRANZY suggested the pre-
sence of one serine’ moiety for every 500-1000 nucleotide residues in the DNA mole-
cule in the chain. They further suggested® that part of the serine may occur as
o-phosphoserine which is known to form-a Mg?+ complex?? of sufficient stability. Thus,

Mg?+ constituting an integral part of the DNA molecule may give a poss1ble ex-
planation of the facts. : :

Sgbeozf city of Mg+ equilibration ‘ ’

“To study whether retainability is specifically assoc1ated only with Mg?+, the
influence of ‘the divalent cations Mn2+, Zn2+ Ni2+, Ca2+ and Hg2+ was studied. The
effect of arginine was also studied.

 Buffalo-kidney. DNA, whlch ‘was retamable to an extent of only 7.0 %, was
equlhbra,ted with different divalent cations, the effective concentration being 0.001 M
in each case, at 4° for 24 h and was then chromatographed on the IR-120 Al3*+ column.
The retainability of buffalo-kidney DNA with each individual cation.was studied.
In the case of arginine, the experimental conditions were the same as for the catlons,
except that 0.005 M arginine was used for equlhbratlon

“The retamablhty -of buffalo-kidney DNA in the presence of dlfferent dlvalent
ca.tlons is gwen in Table III.

TABLETII
RETAINABILITY OF BUFFALO KIDNEY DNA oN IR-120 Al*+ COLUMN IN THE PRESENCE OF DZFFERENT
DIVALENT CATIONS

Cézh’on_ (o.qoz"M) . Retention (%)

No cat;on added | 7

Mgz+ : o 95

Mn32+ 100

Znd+. 100, . )
Nigt+ 100 ‘ ' ‘ '

Ca?t . - 100 '

Hgt+ 100

Ar_g&nipe (o.005 M) 100
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It is clear from Table III that 7.0 % retainable DNA after equilibration with
various cations becomes 100 % retainable on the IR-120 Al3+ column. A similar im-
provement in retainability was also produced by 0.005 M arginine.

Polysaccharides, proteins, RNAs and DNAs are known to form intimate
associations with metal ions in biological systems*!. Proteins also form complexes or
conjugates with DNA, either as such or with the aid of a cation. It is p0351b1e there-
fore, that metal ions have an important role in the structure and hence in the ex-
pression of proteins or nucleic acids. Their presence, therefore, is unlikely to be a
casual impurity or a stray association with these macromolecules.

The reason why these other divalent cations, Mn2+, Zn?+, Ni?+, Ca?*+ and Hg?+,
show similar behaviour to that of Mg2?+ can be explained by takmg into consideration
their ionic radii and ionisation potentla.ls, which may play a significant role in the con-
ferring of partlcular conformations.

Metal ions induce slow intramolecular changes Mg2+, Mn?+, Zn?*+ and Ni2+
have almost identical ionic radii and ionisation potentials. They can, therefore, be
expected to produce similar effects. It is difficult, however, to explain the effects
of Ca2+ and Hg?*+ on the same basis, as their ionic radii are greater than the others.

It is 1mportant to note that 0.005 M arginine showed a behaviour similar to
Mg2+ by improving the retention of buffalo kidney DNA. Similar results have been
found by other workerst2-16,
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