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1. SUMMARY

DNA base composition was determined by re-
versed-phase high-performance liquid chromatog-
raphy (HPLC). DNA was hydrolysed into nucleo-
sides with nuclease P1 and bacterial alkaline phos-
phatase. The mixture of nucleosides was applied to
HPLC without any further purification. One de-
termination by chromatography needed 2 pg of
hydrolysed nucleosides and took only 8 min. The
relative standard error of nucleoside analysis was
less than 1%. The system described here gives a
direct and precise method for determining DNA
base composition.

2. INTRODUCTION

DNA base composition is an important crite-
rion in microbial taxonomy, and direct or indirect
methods of determining guanine + cytosine (G +
C) content have been reported [1-7}. Among them,
the tm method [2], that is, indirect determination,
is most popular because of its better reproducibil-
ity than direct methods. But the accuracy of the
tm method is not so good as its reproducibility
because different research groups assumed differ-
ent values of G+ C content for essentially the

same DNAs, e.g. 50.1 (G + C) mol% was assumed
for DNA from Escherichia coli K-12 in [2] and
51.0 (G + C) mol% in [8]. This problem is inevita-
ble for an indirect determination.

Recently, reversed-phase HPLC has been ap-
plied to analysis of nucleosides from DNA or
RNA [9-11], and complete hydrolysis of tRNA
into nucleosides with nuclease P1 and bacterial
alkaline phosphatase was studied by Gehrke et al.
[12].

We have developed a direct method to de-
termine DNA base composition by reversed-phase
HPLC after complete enzymic hydrolysis of DNA
into nucleosides.

3. MATERIALS AND METHODS

3.1. Bacterial strains and media

The bacterial strains used are listed in Table 1.
All strains except E. coli IAM1264 and 1AM1268
are the type strains. The media used were: nutrient
broth (Kyokuto, Tokyo, Japan); marine agar
(Difco); and YM broth for Rhizobium strains con-
taining 5 g of mannitol, 5 g of lactose, 0.5 g of
yeast extract (Difco), 0.5 g of K,HPO,, 0.2 g of
NaCl, 0.2 g of Ca(Cl,-2H,0, 0.1 g of MgSO,-
7H,0, 0.1 g of FeCl,-6H,0, and 1 litre of dis-
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tilled water, pH 7.0. Bacterial cells were harvested
in the exponential phase of growth and washed
twice by centrifuging with saline-EDTA buffer
(0.15 M NaCl and 0.1 M EDTA, pH 8.0).

3.2. Isolation of DNA

DNA was isolated by the phenol method [13]
with some modifications. For enzymic hydrolysis
of RNA, ribonuclease T, (Sigma) was used to-
gether with ribonuclease A (Sigma).

3.3. Enzymic hydrolysis of DNA
DNA was hydrolysed into nucleosides with

Table 1

nuclease P1 (Yamasa, Chiba, Japan, EC 3.1.30.1)
and bacterial alkaline phosphatase (Sigma, EC
3.1.3.1). This is the modified method to hydrolyse
tRNA of Gehrke et al. [12]. DNA was dissolved in
distilled water (1 mg/ml). Then the DNA solution
was heated at 100 °C for 5 min, and cooled rapidly
in an ice bath. The denatured DNA solution (10
1) was mixed with 10 ul of nuclease P1 solution
(0.1 mg dissolved in 1 ml of 40 mM sodium
acetate buffer containing 2 mM ZnSO,, pH 5.3),
and incubated at 50°C for 1 h. Then, 10 ul of
bacterial alkaline phosphatase, 2.4 units /ml of 0.1
M Tris—HCI buffer, pH 8.1, was added to the

Base compositions of DNAs determined by HPLC method and by rm method

Source of DNA *®

G +C mol% determined by

HPLC rm
Alcaligenes faecalis IAM12369T ® 56.6+0.1°¢ 58.0¢
Alcaligenes ruhlandii 1AM 126007 68.8+0.5 69.2 ¢
Alteromonas espejiana 1AM126407 41.0+0.1 431°¢
Alteromonas haloplanktis IAM129157 421403 415"
Alteromonas macleodii 1AM129207 453404 464"
Alteromonas rubra 1AM126437 49.3+04 486"
Arthrobacter globiformis JICM13327 65.9+04 66.58
Bradyrhizobium japonicum 1AM12608" 635+0.2 64.4"
Escherichia coli IAM1264 ( = strain K-12) 51.6+0.2 51.0°
Escherichia coli IAM1268 ( = strain B) 51.7+0.2 5221
Micrococcus luteus IAM1056 T 73.6+0.2 73.5P
Oerskovia turbata KCC A-160T 72.3+0.2 71.54
Oerskovia xanthineolytica KCC A-1647 74.240.3 75.54
Pseudomonas acidovorans IAM124097 67.1+0.2 66.6 "
Pseudomonas aeruginosa 1AM15147 66.4+0.1 66.8 "
Pseudomonas palleronii DSM637 67.340.1 657"
Rhizobium leguminosarum JAM12609" 60.84+0.2 60.2 P
Rhizobium lupini IAM126107 64.6+0.3 648"
Rhizobium meliloti IAM126117 62.5+0.3 61.8"
Rhizobium phaseoli IAM126127 62.0+0.4 619"
Rhizobium trifolii 1AM126137 614403 61.7"P
Xanthomonas maltophilia 1AM124237 66.5+0.2 65.5°

®

Wako-shi, Saitama, Japan; KCC, Kaken Pharmaceutical Co., Ltd., Tokyo, Japan.

o

T, type strain.

Values are means of five determinations with standard error.
From [14].

From [15].

From [16].

From [17].

From N. Oishi, unpublished data.

From [8].

’ From K. Suzuki, unpublished data.
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Abbreviations: DSM, Deutsche Sammlung von Mikroorganismen, Gottingen, F.R.G.; 1AM, Institute of Applied Microbiology,
University of Tokyo, Tokyo, Japan; JCM, Japan Collection of Microorganisms, the Institute of Physical and Chemical Research,
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Fig. 1. HPLC chromatogram of a standard mixture of four
deoxyribonucleosides: dC, 2’-deoxycytidine; dG, 2’-de-
oxyguanosine; dT, 2’-deoxythymidine; dA, 2’-deoxyadenosine.
HPLC conditions are described in the text.

sample, and incubated at 37°C for 1 h. The
hydrolysate was stored at —20°C, and 5 ul of the
hydrolysate was applied to reversed-phase HPLC.

3.4. Conditions of HPLC

The HPLC system consisted of an LC-4A Liquid
Chromatograph (Shimadzu, Kyoto, Japan), RA-
DIAL-PAK C,; cartridge installed in Z-MOD-
ULE (Waters Associates), Lambda-Max Model 481
LC spectrophotometer (Waters Associates), and a
data analyser Chromatopac C-R2AX (Shimadzu).
The nucleosides were eluted by a mixture of 0.6 M
NH,H,PO, (pH 4.0) and acetonitrile (20:1, v/v),
at flow rate of 1 ml/min at room temperature.
Each nucleoside was detected by its UV ab-
sorbance at 270 nm.

3.5. Standard mixture solution of four nucleosides

Four deoxyribonucleosides were obtained as
crystals from Sigma. The water content of crystals
of nucleosides was calculated from elemental
analyses of carbon and nitrogen. Four nucleosides
were weighed carefully and dissolved in distilled
water, 0.1 mg of each/ml. After five runs of this
mixture by HPLC, a molar absorption coefficient
for each nucleoside was determined relative to that
of 2’-deoxythymidine taken as 1000.
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3.6. Calculation of G + C content

Relative amounts of nucleosides were de-
termined on peak areas, which represented in-
tegrated absorbance at 270 nm, and on coefficients
of relative molar absorption using the following
equation: relative amount of nucleoside in mol

_ peak area
coefficient of relative molar absorption

DNA base composition was calculated as follows:

Gr+ Cr
Ar+Gr+Cr+ Tr

(Nr = relative amount of each nucleoside in mol)

G+ Cmol% =

4. RESULTS

4.1. Separation of nucleosides on chromatogram

Fig. 1 shows an HPLC chromatogram of a
standard mixture. The four nucleoside peaks were
well separated and eluted within 8 min.

4.2. G+ C mol% of DNA determined by HPLC

Table 1 records G + C contents of DNAs from
22 strains of bacteria. The two strains of E. coli
showed almost the same values of G + C mol%.
The differences of the two values determined by
the HPLC method and by the rm method were
about 1% or less with a few exceptions. The value
determined by the HPLC method was the mean of
the data of five different hydrolysates of the same
DNA sample with the standard error as shown in
Table 1. The relative standard error of the HPLC
method was less than 1% for all determinations.
This shows high reproducibility of enzymic hydrol-
ysis of DNA and reversed-phase HPLC de-
termination.

5. DISCUSSION

Various methods of analysis of G + C content
have been reported, and the rm method is most
popular although it is an indirect determination.
Direct determination is preferable to indirect be-
cause of the definition of ‘G + C content’. Ion-ex-
change HPLC determination of bases after formic
acid hydrolysis of DNA has been reported [4], in
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which one chromatography run took only 8 min,
but the relative standard error of repeated HPLC
runs was about 2%, while that of the rm de-
termination was about 1% [18]. Another ion-ex-
change HPLC determination of nucleotides after
enzymic hydrolysis of DNA has been reported [7],
and its relative standard error was not less than
3%.

In our method, relative standard errors of G + C
mol% determination were from 0.1 to 0.9%, which
were calculated from the data of five different
hydrolysates from the same DNA sample. There-
fore, this procedure, consisting of enzymic hydrol-
ysis of DNA and reversed-phase HPLC de-
termination of nucleosides, has high reproducibil-
ity.

In quantitative analysis of a mixture of nucleo-
sides by HPL.C, use of a standard mixture solution
is indispensable, because there are many factors
affecting UV absorbance of each nucleoside such
as pH of eluent, width of wavelength of a detector,
cell shape of a detector, etc. The total of these
factors can be determined as a coefficient of rela-
tive molar absorption by analysis of a standard
mixture solution. Therefore, a standard mixture
must be carefully prepared, especially in estimat-
ing the water content of nucleoside crystals. This
was determined by elemental analysis in our study.

The DNA base compositions determined by the
HPLC method showed good agreement with those
determined by the rm method (Table 1). DNAs
from some strains of the genus Bacillus had high
amounts of modified nucleosides (not shown), and
the values of G + C mol% did not agree with those
determined by the tm method. There may be some
bacterial strains in which DNAs represent high
fractions of the modified nucleosides, and the val-
ues of G + C mol% of such DNAs determined by
the rm method would be better examined by a
direct method.

If the sample DNA was contaminated with
RNA, ribonucleosides from the RNA could be
detected on the chromatogram. For example, the
peak of adenosine would appear between peaks of
2’-deoxythymidine and 2’-deoxyadenosine in this
system. The DNA samples used in this study were
not contaminated with RNA,

In conclusion, this HPLC method has the fol-

lowing advantages in determining the DNA base
composition. (1) The HPLC method is a direct
determination. (2) The relative standard error of
the HPLC method is <1%. (3) RNA contamina-
tion and modified nucleosides are detected by the
HPLC method.
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