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Behavioural Differences Between Native DNA
and Denatured DNA

Native (N-)DNA derived from different sources inter-
acts with a variety of cationic compounds to form a clot,
fibrous or of other formations. Polyanions such as dextran
sulphates, polyphosphates, polyethylene sulphonates,
RNA, double stranded RNA, single stranded DNA, heat
denatured (D-)DNA etc., however, interact differently
by forming a simple precipitate (ppt) or granular ppt or
exhibiting turbidity (td). Such a difference between
N-DNA and other anionic polyelectrolytes has not been
reported in the literature!-2. It was of interest, therefore,
to make a study of the complexes of DNA with basic
compounds. DNA was used in a concentration of 0.2
mg/ml in standard citrate saline. The concentration of
aqueous solutions of the various polyanions (Na salts) as
also of many of the basic compounds (as their salts) was
1 mg/ml. The weakly interacting cationic compounds
were, however, employed in higher concentrations of 10
mg/ml or more. The test was performed by adding an
equal volume or more of a basic compound to a convenient
volume of N-DNA or any other polyanion. A gentle
shaking evinced a clot with the former, but td/ppt with
the latter. The sensitivity of detection for DNA of 5 ug
was comparable with the methods already known except-
ing the oscillopolarographic technique®.

The clot or ppt formed in a system was subjected as
such to the dissolving action of KCI5 (0.5~3.0 M) to find
out the titre or binding strength of the interactants. For
dissolving KCl-insoluble complexes of DNA with acri-
flavine (Acr), toluidine blue (TB), methylene blue (MB),
cinchonidine, decamethylene diisothiouronium (DDIT)
etc., the centrifuged clot or ppt was treated with the de-
complexer, 10 M urea or 5-109%, deoxycholate. A com-
plete dissolution was effected by gradual addition and
occasional scratching with a fine spatula for 24 h or more
in the cold. The affinity of these compounds for DNA may
be assumed to be much higher than that of the former
group. This may be due to the operation of forces in
addition to the primary electrostatic interactions in their
formation. From a dissolved complex involving a dye,
the latter was quantitatively extracted with n-butanol in
order to determine the amount from its standard curve.
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Since the amount of a dye bound by N- or D-DNA was
found to be practically the same, it appears that the
number of binding sites for the dye on the DNA molecule
does not undergo perceptible alteration on heat denatura-
tion.

The order of relative binding strength of some basic
compounds forming KCl soluble complexes with DNA
has been found to be as follows: poly-L-lysine > prot-
amine > histones > < dimethyl cetyl sulphonium >
cetyl pyridinium (CPB) > viomycin > neomycin > poly-
myxin > lysozyme > kanamycin ~ spermine > di-
hydrostreptomycin ~ [Co{NH,),]*3. Of the 2 forms of the
compound®, [Co(en),Cl,]t! (en = ethylenediamine), only
the cis form produced a clot with N-DNA. Among the di-
methyl alkyl sulphoniums and the polyamines, the affin-
ity for DNA increased progressively from the lower to the
higher homologues. This property is analogous to the
protection afforded to DNA by polyamines against heat
denaturation and breakage by hydrodynamic shear”.

Thus, if acridines, histones and polyamines are endowed
with the property of protecting’-? DNA and also of clot
formation, one may infer that some of the clot-forming
compounds such as basic antibiotics, basic dyes, alkaloids,
diamidines, metal complexes®, DDIT, lysozyme, cyto-
chrome c, polybasic amino acids etc. may exhibit a pro-
tective effect towards DNA.

The binding strength (affinity) of the 2 forms of DNA
for a representative group of basic compounds shows 3
patterns: (a) N-DNA > D-DNA (onium salts of nitrogen
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Recovery of N-DNA from its mixtures with D-DNA

Basic compound
System 1
Ngo + Digo

DNA in the clot?, ug

Amounts of N- and D-DNA in a system in ug

System I1 System IIT

Ngo + Dgo Nigo + Dso

DNA in the clot, ug DNA in the clot, ug

1. CPB, 1 mg/ml
small bits or thready mass

2. Protamin, 1 mg/ml 58 (+16)®

3. Acriflavine, 1 mg/mi 135 (+170)
4. Cobalt complex, 5 mg/ml

[Co(NH,),]Cl, and recovery impossible

N-DNA lost in the ppt or as non-workable 50

As in CPB. The loss was, however, greater

128 (+ 28)
77 (+ 54) 140 (+ 40)
95 (- 90) 141 (+41)
12 (— 76) 60 (— 40)

4 The clot after its separation from the system was dissolved in a drop or two of 0.1 N NaOH and warmed after adding M KCl solution. The
volume was made up with the latter and the amount of DNA determined colorimetrically by Burton’s method!®. P For compounds 1-3,
the values in parenthesis indicate the amount of D-DNA which is co-precipitated and it is expressed as % of the N-DNA initially present
in the system. For compound 4, however, the values in parenthesis represent the loss of the N-DNA expressed as % of the N-DNA initially

present in the system.
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and sulphur), (b) N-DNA ~ D-DNA (Acr and hemoglo-
bin, pH 3.5) and (¢} N-DNA < D-DNA (MB, TB). Dif-
ferent modes of binding of N- and D-DNA with the
various cationic compounds can be inferred from this.
Different binding patterns of DNA have also been re-
ported by other investigators%1! using techniques quite
distinct from the present one. As evident from the Table,
the influence of D-DNA on the clot formation by N-DNA
is conditioned both by the nature of the cationic com-
pound and the proportion of the two forms of DNA in the
system.

The ultrasonicated DNA (N, atmosphere, 12 Kcs, 2.5 A,
60 min)loses its clot-forming ability to different extents
as tested with different basic compounds. The change is,
however, drastic and fast in an atmosphere of air.

The unique behaviour of clot formation by N-DNA may
be due to its high viscosity as well as large extension in
space of its molecules as compared 1o other polymers!2.
Preliminary experiments with some of the systems indi-
cate that DNA is recoverable from the clots. LERvax® has
reported the recovery of N-DNA from its complexes with
acridines4.

Zusammenfassung. Es wird ein Test angewendet, der
native und denaturierte DNS unterscheiden ldsst. Er

Glycine Methoxyamide, Acyclic Analog of Cyclo-
serine

There has been considerable speculation on the molecu-
lar mechanism by which cycloserine (1) inhibits certain
enzymes in microbiological systems?!. The formation of a
Schiff base with pyridoxal followed by opening of the
isoxazolidone ring are the principal steps in the proposed
mechanism. Tt seemed, therefore, of interest to synthesize
the acyclic analog of cycloserine, glycine methoxyamide
(GMA) (2), to determine whether the isoxazolidone ring
was necessary to antibiotic activity. GMA does not appear
in the chemical literature, but was readily synthesized by
the procedure of KNOBLER? et al., using glycine N-car-
bonic anhydride and methoxyamine. The purified product
of this reaction showed no activity against 29 representa-
tive bacteria, fungi and ycasts, demonstrating clearly that
the ring is necessary for biological activity.

l__'/NHz CH, CH,—NH,
| L
O\ v/\o O\N/L\\O
H H

1) 2

The structure of GMA was established by elemental
analysis, IR-, UV- and NMR-spectroscopy. The solid-
state IR-spectrum of GMA showed major bands at 6.1
(C=0), 6.22 {(N-H), 6.52 (amide I1) and 9.44 u (C-O). Much
hydrogen bonding of the a-amino group was indicated by
broad absorption in the 3.0—4.0 u region. These rcsults are
consistent with those of EXNER3, but, in our opinion, do
not support cither the amide (3) or imide (4) structure.

UV data, AMeOH = 214 (log ¢, 3.07), 222nm (log ¢, 3.38),
was similar to that for cycloserine and NMR peaks in
NaOD/D,0 appeared at  3.72 (-O-CH,) and 3.35 (-CH,-)
which are consistent with the structure. The expected
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besteht auf ciner Verklumpung nativer DNS bei Zugabe
von kationisierten Stoffen, widhrend denaturierte DNS
nur cine Triibung, respektive einen Niederschlag gibt.

CnaNaN SINGH and J. MIsrRA
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paramagnetic shifts to 4 3.78 and 3.55 occurred when the
solution was acidified with trifluoroacetic acid.
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It seemed pertinent to compare the ionization con-
stants and metal binding affinities of GMA with those of
cycloserine since large differences in thesc properties
might account for the difference in biological activity
between these two compounds. In our hands, cycloscrine
showed pKa valucs of 4.53 (-<CONHO-) and 7.31 (-NH,)
in agreement with thosc reported by NeiLaNDst GMA,
however, was much less acidic than cycloserine, having
7.20-(-CONHO-) and 9.5t {(-NH,) pKa values. This large
difference of 1.8 pK units in the acidity of the cyclic and
acyclic alkoxyamides is quite surprising. The flat cyclo-
serine ring?® undoubtedly stabilized the anion by facili-
tating overlap of the nitrogen p-electrons with the car-
bonyl group, thus increasing the acidity almost one
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