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A new formula has teen derived for the calculation of the average G+ C content X of DNAs from different origins using
thermal melting data. As compared to existing formulas the new method gives highly accurate results, although being much

easier to use than similar equations.

1. Introduction

The average G + C content (X) of the DNA of
a given organism is one of the most important
taxonomic features which is determined by means
of chemical analyses of hydrolysates [1].

Essential physical methods of X identification
differ in precision and simplicity of performance.
One of the commonly used methods of calculating
X is a procedure based on the determination of the
melting temperature (7, ) of DNA [2]:

T — T,
= m AT (1)

Toe — Tar
where T, and 7. are the melting temperatures
of poly(AT) and poly(GC). T, is the temperature
characteristic for 50% helicity; it is defined by
6(7,)=0.5 for a DNA with a quasi-random se-
quence of nucleotides, where #(7) is the degree of
helicity of the DNA. If this method of determining
T, for DNAs of different origin is applied, the
value of X defined by eq. 1 gives different results
compared to the chemical analyses of hydrolysates
for DNA with block heterogeneity: All natural
DNAs may be devided into two types, quasi-ran-
dom (DNAs of phage T2, T7, SD, T4, etc.) and
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DNAs with block heterogeneity (DNAs from
bacteria, plants and higher animals). DINA wiih
block heterogeneity contains alternating regions,
within which the sequence of base-pairs is quasi-
random. The observed melting curve for DNAs
with block heterogeneity is the sum of the melting
curves of particular blocks. Direct conformation of
the block structure of DNA is given in refs. [3-7].
This leads to a discrepancy between the values of
X obtained by the chemical method and by eq. 1.

Taking into consideration the block structure of
DNA, a special methed of defining X was worked
out:

.?=flxp(x)dx )
o

where p(x) is the density function of distribution
of a DNA in which blocks with different G + C
composition are linked [8].

For making use of eq. 2 it is necessary to know
the analytical expression of the function o(x), the
calculation of which requires the use of special
methematical procedures.

In this communication a simple method of defi-
ning X is suggested, irrespective of the type of
distribution of nucleotides, based on calculations
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of the area under the melting curve of DNA. We
believe tnat the application of this method results
in more accurate values as compared to those
obtained with the simple formula, eq. 1, although
complicated calculations, like those based on eq. 2,
can be avoided.

2. Methods

DNA melting curves were performed by ther-
mal denaturation in a Unicam SP8-100 spectro-
photometer at concentrations of 20-30 mg,/ml in
15 mM NacCl, 1.5 mM sodium citrate using 1 cm
quartz cells with Teflon stoppers. Heating was
applied in a SP876 2 temperature programmer at a
linear rate of 0.25°C /min. Absorbance at 260 nm
was registered simultaneously on an HP-97S pro-
grammable calculator; the frequency of ab-
sorbance registration was 6 readings/min. The
calculation and construction of curves were carried
out by an EC 1033 computer (U.S.S.R). In 15 mM
NaCl, 1.5 mM sodium citrate, T; — Ty = 42.38
[10]. The protein content of DNA preparations
never exceeded 0.5%.

3. Results and discussion

As for the blocks in DNA. the condition 8(T,,)
= 0.5 results in considerable distoriion for de-
termining 7, . In general, it is necessary to use ihe
first moment of the function 8°(T)

T 00— 38 rar 3)

Tar oT
where the DNA with quasi-random distribution
coincides with the meaning of T, defined from the
condition 8(7,,)= 0.5.

Let us take an example on the basis of which
the definition of 7, according to eq. 3 results in a
certain average temperature characterizing the
process of melting of DNA in such a manner that
it does not depend on the type of distribution of
nucleotides along the DNA molecules. If we repre-
sent the function 8(7T) as the sum of Gaussian
components and extend the integration from — oo
up to + oo (which does not influence the result as

the integral equals O beyond the limits 7T, and
75c¢), we obtain

n
T.—— [~ T8((T)ar=— [~ TY 6;(T)dT
e T 1=

hid x
==X [ 10,(7)4T
t=1" T
il s (T —T,)"
=ij 7L exp _L_Q_ d7
(=17 —= A, A?,z

where S,, A7, and@ 7, are area, width of the temper-
ature interval of transition and position of the
constituent on the temperature scale, respectively.
Taking into consideration that

< 2
f e *dx ==z

— o

we get

T.= Z .S
[;

If nucleotides are distributed quasi-randomly
we obtain /=1 and we are able to pass on to the

<

definition .{ T ,, according to the condition 6(7,,)
=0.5
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Fig. 1. Depeadence of S (ordinate) in eq. 7 from the G+C
content x (zbscissa) of different DNA species as listed in table
1.
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Table 1

Comparison of the G+ C contert of the DNA from different sources as obtained by different methods

Values are expressed as per cent of total nucleotide content.

Source of DNA % G+ C from melting curve and: %G + C from
1 eq. 2 cq. 6 chemical
€a a 9 analysis [11-14]
Clostridium perfringens 31.0 31.5 314 31.3+1.0
Phage T2 324 34.2 345 34.4+04
Rat liver 38.7 39.5 39.9 40.0+0.4
Calf thymus 42.0 434 43.3 43.3+0.5
Escherichia coli 52.5 515 51.3 51.3+0.6
Micrococcus lysodeikticus 720 725 722 72.3+0.6

Transforming eq. 3, we take into consideration
the fact that after integration we have the follow-
ing expression

a6
-a—TdT=d0,

TGe
Ta=Toc— [ 2°(1-6)dT @
(The integral will be replaced by S below).
We may substitute the expression 7, from eq. 4
into eq. 1 and get
* TGC - TAT ( )
S is numerically equal to the area forined by the

DNA melting curve with the temperature axis and
the vertical line at 7. To sum up:

“

S Tac
= §= 1—-8)daT 6
Igc —Tar —[T,.‘T ( ) (€

It is noteworthy that the parameter S is indepen-
dent of the shape of the DNA melting curve.
Experimental melting data of DNAs with dif-
ferent G + C composition also indicate that there
is a linear dependence between X and £ [9] (fig. 1)

X=aS+8 )

where again S is the area under the melting curve.
Comparison of eqs. 7 and 5 shows that

Proceeding from eq. 6, values of X were calcu-
lated for DXNAs with block and quasi-random
distributicns of nucleotides (G + C content from
0.21 to 0.72) and are shown in table 1. This table
further shows values of X, obtained by chemical
analyses of hydrolysates and a comparison of these
data with those obtained by meiting experiments

and calculation with egs. 1, 2, and 6, respectively.
In these experiments the standard deviation never
exceeded =+0.2. It is demonstrated that valucs
calculated with eq. 6 correspond equally well to
the chemical analyses as compared to those ob-
tained with eq. 2. As to eq. 1, there is an even
better correspondence.
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