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ABSTRACT

Cross-hybridizations between DNA of two pseudomonads and a xanthomonad suggested that the three DNA types 

had a considerable section in common. The existence of this common part was proved by hybridization of pre

selected DNA, i. e. DNA resulting from a previous hybridization between any one set of two DNA types, with the 

third type. It was thus shown that about 50% of the DNA of the three organisms was similar. This common 

part was is시ated in pure state and its % (G+C) was found to be indentical to the overall base composition of 

the native DNA. The evolutionary drift in % (G + C) could thus not be detected. The total molecular weight 

of the chromosomal DNA/bacterial nucleoid was determined to be 2. 4 x 109 daltons. It can therefore be estim

ated that the common putida-fluorescenspelargonii DNA part consists of some 2} 000 cistrons. P. putida and P. 

fluorescens share an additional 1, 300 cistrons, and all xanthomonads share at least an additional 1, 000 cistrons.

요 약

Pseudomonad DNA 의 공통부분

pseudomonad DNA 와 Xanthomonad DNA 의 cross-hybridization 2] 결 과는 pseudomonas putida, pseudomonas 

fluorescens -2]- psudomonas compestri's var. pelargonii 로의 DNA 는 그 分子내 에 상당한 범 위의 공통된 부분을 가 

지고 있음을 암시한다. 이 러한 공통부분의 존재는 두 종류의 DNA 사이의 hybHdization 으로 미 리 선택된 부분을 

세번째의 DNA 와 hybrid 를 형성 시킴으로써 증명하였다. 이 러한 실험결과에 의하여 위의 세 pseudomonad DNA 

는 약 50%의 공통부분을 서로 가지고 있다는 것을 알 수 있었다.
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이 공통부분의 DNA 는 염색체 내의 DNA 의 전체적인 염기 조성과 비슷한 조성을 가지고 있다. 그러므로 % 

(G + C)의 진화적 변천은 검출할 수 없다.

박테리아의 DNA 의 분자량은 2.4x10，daltons 임이 측정되었다. 따라서 putida-fluorescens-pelargonii 공통부분 

의 DNA 는 약 2,000 cistrons 를 함유하고 있으며 , p. putida 오｝ p. pfluorescens 1,300 cistrons 이 더 많으며 

Xanthomonad는 적어도 1, 000 cistrons 을 더 함유하고 있다.

INTRODUCTION

Deoxyribonucleic acid from pseudomonads and xant- 

homonads appears to have many nucleotide sequences 

in common ⑴.About 60—80% of the DNA from 

P. campestris var. pelargonii is similar to the DNA 

from several pseudomonads. Conversely some 40—70% 

of the pseudomonas fluorescens DNA is similar to the 

DNA of several xanthomonads ⑴. From the above 

reciprocal DNA-hybridizations between P. flourescens, 

P. putida and P. campestris var. pelargonii it can be 

calculated that the DNA of these organisms might 

contain a number of similar nucleotide sequences, 

involving up to 54% of each chromosome. If the 

existence of such a common part could be demonst

rated it would be a new argument in favour of a 

common ancestral origin for pseudomonads and xant

homonads, possibly from some primitive pseudomon

ads. The common DNA part would thus represent the 

remnant of this ancestral chromosome which has 

remained nearly unchanged during the evolutionary 

divergencies leading to the three organisms existing 

at present.

This work is concerned with the experimental con

firmation of the existence of this common DNA part 

and of some of its properties, such as, base compo

sition and number of nucleotide pairs.

MATERIALS AND METHODS

Determination of the molecular weights of DNA 

preparations. The molecular weight of the intact 

chromosomal DNA of our organisms are 2. 4—3 x 109 

daltons (see Table 2). Unavoidable fragmentation of 

the DNA molecules occurs during the preparation. 

For the hybridization experiments it is important to 

have DNA molecules with an average molecular weight 

of, at least, 2-3 x 106 daltons. Therefore the molec

ular weight of many pure DNA samples was determi- 

end by ultracentrifugation.

A solution of 70 ug DNA/mL , 1 x SSC buffer, pH 

7. 0, was contrifuged with an An-D rotor in an analy

tical ultracentrifuge, Spinco, model E at 37, 020, rpm 

for 45 min., at 25°C. Every 4 min. photograph was 

taken in UV light. The photographic plates were 

developed and converted into a transmittance graph by 

means of a Joyce-Loebel Densitometer.

Hybridization with pre-selected C14-DNA fragments 

and estimation of the common part between the P. 

putida, P. fluorescens and P. campestris var. pelar

gonii. The principle of the method of this experiment 

is the same as described previously"). One difference 

in the present procedure was that pre-selccted C14- 

DNA fragments were denatured again and used for 

further hybridization with 나le DNA of the other 

strains. One series of experiments will be given as 

an example. The complete scheme of these experim

ents is shown diagramatically in Fig. 1. In a closed 

glass bottle containing 5 ml of 2xSSC buffer, L10 ug 

of sheared denatured C14-DNA (sp. act., 580 cpm/ug 

DNA) from the xanthomonad xp 121 was incubated 

for 16 hours at 60° C with 1,400 ug of unlabeled, 

unsheared, denatured DNA from P. flourescens, 

trapped in 3- 599 g of 3% agar. The mixture was then 

transferred into a water-jacketed 사iromatographic 

column, thermostatted at 60°C. It was washed with 

160 mZ of 2 x SSC buffer until negligible radioactivity 

due to unhybridized DNA fragments, was eluted. The 

total radioactivity of this washings was 46, 870 cpm. 

The hybridized C14-DNA was eluted from the agar 

column with 13 mZ o£ 0- 01 x SSC buffer at 75°C and 

collected in 10 mZ fractions. The total radioactivity of 

these 13 fractions was 34,990 cpm and therefore 42. 7% 

of the added C14-DNA had been hybridized. The first 

four 10 mZ fractions thus collected, containing most of 

the eluted Cu -DNA, were pooled, lyophilized and
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dissolved in 5 mZ. of distilled water. To remove the 

small amount of agar particles, leached and carried with 

the eluant, the dissolved lyophilizate was centri fuged 

for 10 min. at 30, 000 x g. This procedure was repeated 

until all agar particles were removed. The agar parti

cles thus washed were found to be free of detectable 

radioactivity. The agar-free lyophilizate was dissolved 

in enough distilled water and 10 x SSC buffer to yield 

a final volume of w. 014 mZ. with a 0.25 x SSC 

concentration. The dissolved DNA was denatured at 

107°-110°C for 5 min., quick-cooled and adjusted 

with 10 x SSC buffer to a final concentration of 2 x 

SSC and a final volume of 2. 48 ml. Total recovered, 

hybridized C14-DNA fragments were 55 Rg Three por

tions of this solution, each containing 15 “g of C14- 

DNA fragments were further hybridized separately 

with 150 “g of ordinary DNA from each of the three 

strains, which had been trapped in some 500 “g of 

agar. Determination of degree of hybridization was 

carried out as above in the DNA-agar column. The 

results of the above example are illustrated in Fig. 1

Determination of the molecular weight of chromo

somal DNA/nucleoid of P. putida, P. fluorescens and 

P, campestris var. pelargonii. Estimation of the 

molecular weight was carried out with cells in the 

early, middle and late log phase, as well as in the 

early and late stationary phase of growth. The orga

nisms were grown in liquid media of appropriate 

composition at the optimum temperature as described 

in our previous work⑴. Growth of the cultures was 

followed by measuring the turbidity changes with a 

Klett Colorimeter. Thirty minutes before the harvest, 

50 of chloramphenicol/mZ. of medium was added. 

After harvesting the cells were washed several times 

with 1 x SSC buffer and a dense suspension of about 

1011 cells/mZ. was made. Aliquots of this suspension 

were used for 1) Measuring the density of cell suspe

nsion, 2) Courting the average number of nucleoids 

per cell and 3) Chemical determination o£ the total 

DNA content of one cell.

The density of the original dense suspension was 

determined by counting the number of cells in a 

certain volume of this suspension. The original susp

ension was diluted to a suitable density and the cells 

were counted with a petroff-Hauser counting 사lamber.

2-3 x 1010 bacterial cells were centrifuged onto 

1. 5% agar, the thin surface layer of which was cut 

out of the tube and placed on glass beads over a 

solution of 2% OSO4 for 3 min. to fix the bacteria, 

a The method of Smi난i") was modified for staining the 

nucleoids. The fixed bacteria on the agar were smeared 

on a cover-slide and hydrolyzed in IN HC1 for 20 min. 

at 60°C, rinsed several times with distilled water and 

stained with Giemsa dye for various lengths of time, 

5-15 min., at 37°C. Giemsa stock solution diluted 50 

times was suitable for P. fluorescens, 100 times diluted 

solution for the other strains. The average number 

of nucleoids was determined by examining 200 to 500 

randomly selected cells. A Leitz phase contrast micr

oscope, model Ortho Lux, was used for counting the 

cells (magnification: 12 x 40) and the nucleoids (ma

gnification: 12x90).

2 to 7x10'° cells were digested in 0. 5 N NaOH for 

20 to 24 hours at 37°C. After adjusting the digest to 

0. 6N HC1O4 and cooling for 30 min in an ice bath, 

2 ml (about 2 volumes of 0. 6 N HC1O4 solution) of 

cold acetone were added. After 2 hours the precipitate 

was centrifuged and washed twice with 1 ml of cold 

0. 6 N HC1O*. The DNA was hydrolyzed with 1. 5 ml 

of 0. 6N HC1O4 for 20 min at 100°C. The protein 

residue was removed from the hydrolyzate and an a- 

liquot of acid soluble supernatant was treated with 

diphenylamine for the estimation of DNA ⑶. The 

optical density was resd at 600 m# and compared 

against a standard curve prepared by running the 

same test with pure DNA from P. fluorescens 488.

On the likely assumption that all the detected DNA 

was of chromosomal origin, the molecular weight of 

the chromosomal DNA calculated from the following 

formula:

Mol. wt. of chromosomal DNA (daltons) = Avogad- 

ro's number x DNA content (g) per nucleoid.

The determination of the molecular weight of chro 

mosomal DNA from Escherichia coli B was perfo

rmed for the purpose of comparing our result with 

the value reported by other authors and ascertaining 

at the same time our techniques.
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Three sets of experiments are depicted, each one 

with a different type of C14- DNA, represented 

at the top of each pyramid. Arrows show the subs

equent hybridization steps. Each rectangle repsents 

a hybridization with ordinary, high molecular, den

atured DNA of the organism whose name is next 

to it the number at the upper right hand corner 

is the absolute percent hybridization with the C14- 

DNA added.

The numbers at the bottom right hand corner are 

the % homology, the % hybridization of the C14- 

DNA with ordinary DNA of the same organism being 

taken as 100. These values are also graphically rep

resented as the shaded areas; since the area of each 

rectangle is proportional to the length of the corres

ponding chromosome, the shaded areas represent the 

fraction which is similar to the labeled strain used.

RESULTS AND DISCUSSION

The molecular weight of Pseudomonas-DNA. A repr

esentative set of resets is listed in Table 1. The 

average molecular weight of DNA/nucleoid, calcula

ted from these and other data, is given in Table 2. 

The results from the latter table can be only regarded 

as estimates, since determinations of this type are 

subject to such uncertainties as: continuous DNA 

synthesis in one nucleoid, the errors associated with

Fig. 1. Schematic Diagram of the Procedures and Results 

of common parts Hybridizations.

TABLE 1. Some Resuhs on the Determination of the Molec비ar Weight of DNA/Nu이eoid from Two Pseudomonads and a 

xanthomonad

E. Colt wot Included a» a Control. (See Text). For the Average of These and Other Defermin이ions. See Table 2.

Log;
Early

irithmic phase Stationary phase
Middle Late Early Late

Pseudomonas fluorescens

Time in hr. 3.5 6 10 12 25

Turbidity in Klett units 55 165 370 405 410

昭 DNA per cell x 10B 7. 69 6. 07 10.46 4.44 4. 08

Average number of nucleoids per cell 2.2 2.1 2.0 1.4 1.3

Molecular weight in daltons x 10-9 2.10 1.74 3.15 1.91 1-89

Pseudomonas putida

Time in hr. 3.5 5 12 16

Turbidity in Klett units 95 270 405 425

#g DNA per cell x 109 9.0 8.56 6. 57 6.77

Average number of nucleoids per cell 2.0 1.9 1.6 1.2

Molecular weight in daltons x 10~9 2. 71 2.71 2. 48 3.40
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in one nucleoid of two pseudomonads and one xanthomonad.

Logarithmic phase Stationary phase

Early Middle Late Early Late

Pseudomonas Campestris var:pelargonii

Time in hr. 9.5 20.5 28 36 58

Turbidity in Klett units 68 188 278 305 305

,<zg DNA per cell x 109 6. 91 6. 00 7. 07 9. 73 7. 82

Average number of nucleoids per cell 2.19 2.16 2.15 2. 20 2.18

Molecular weight in daltons x 10-9 1.90 1.67 1.98 2. 66 2.16

Escherichia coli

Time in hr. 2 3 4.5 16

Turbidity in Klett units 63 178 320 450

#g DNA per cell x 109 9. 56 9.17 9. 70 7. 35

Average number of nucleoids per cell 2.00 1.93 1.89 1.35

Molecular weight in daltons x 109 2.88 2. 86 3.09 3. 28

TABLE 2. The average molecular weight oF DNA, average number of nucleotide pairs and calculated number oF cistrons

618 was taken cs average molecular weight of one nucleotide pair, linked in DNA. The number of nuc-

leotide pairs in one cistron was assumed as 1,000. Escherichia coli v/qs included as a control.

Organism
Number of 

determinations

Molecular weight 
of DNA/ nu시eoid 
in daltons x 10^9

Number of nucle
otide pairs per 
nucleoid x 10-6

Assumed number 
of cistrons per 
nucleoid

P. fluorescens 488 7 2. 5 ± 0. 7 4.0 4, 000

P. putida 520 6 2. 7 ± 0.3 4.4 4,400

P. campestris var. pelargonii XP 121 5 2.1 ± 0. 3 3.4 3,400

E. coli B 5 3.1 ± 0. 2 4.9 4,900

counting and frequent difficulty in determining the 

exact number of mycleoids/cell. Therefore the diffe

rences between the molecular weight of the pseudo- 

monad-and xanthomonad-DNA appear not to be signi

ficant. Since the average molecular weight of the DN- 

A (2. 4±0. 4) 109 daltons, it contains some 3. 9 x 1 俨 

nucleotide pairs and could thus accomodate some 3900 

cistrons (assuming some 1000 nucleotide pairs per 

cistron).

The value for the molecular weight of E. coli DNA 

(Table 16) is in agreement with the value of 2. 8x 109 

daltons reported by Cairns。). The Pseudomonas chro

mosome is thus only 80% as long as that from Esche

richia coli.

O시y one symmetrical unimodel band was observed 

in the density gradient distributions of the native 

DNA from our three organisms. Thus the existe

nce of "episome-liae" or satellite DNA, largely 

different from the bulk o£ the pseudomonad DNA, 

may be excluded. If future work would show that the 

pseudomonads would have a circular chromosome, it 

seems likely that the molecular weight of its DNA 

would be 2. 4x 109 daltons.

Reciprocal hybridizations between DNA from the 

three pseudomonads. The results, shown in Table 3 

are in excellent agreement with the results from previ

ous experi ments in which the same strains were used⑴. 

Reciprocal crosses between the DNA from P. putida 

and P. fluorescens show 83 and 82% DNA homology 

respectively; between P. fluorescens and the xantho

monad the DNA homology is 53 and 67% respectively 

and between P. putida and the xanthomonad the 

homology is respectively 51 and 54%. Since within 

error the percent hybridization for each reciprocal 

cross is about the same, the size of the three genomes 

must also be approximately equal, thus confirming

Vol. 13, No. 4, 1969
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TABLE 3- Reciprocal Hybridization Between DNA from two Pseudomonads and One Xanlhomonod.

The results are expressed as the perce기age of DNA homology 100% being the hybridization of C14-DNA 

with ordinary DNA from the same strain. An estim하e of the number of cistrons involved. Every result is an 

average cf 2~5 experiments. For methods, see text.

Cu -DNA 1from P. putida C、DNA from P. fluorescens 弋盅쑤費需徭評s-

% 
hybridizatton 
wtth C14-DNA

Estimated n- 
umber of cis- 
trons shared

% 
hybridization 
with CU-DNA

Estimated n- 
umber of cis- 
trons shared

% 
hybridization 
with C14-DNA

Estimated n- 
umber of cis- 
trons shared

p. putida 100 3900 total 82 ± 13 3200 54 土 4 2100

p. fluorescens 83 ± 13 3200 100 3900 total 67 ± 6 2600

p. campestris van 
pelargonii 51 ± 1 2000 53 ± 9 2100 100 3900 total

TABLE 4. DNA Base Composition in the Common Ports of the Ch2mo$orns of Two Pseudomonads and a Xanthomonad.

For meJhods, See reference (1). The agreement in %(G+C), determined by either paper chromatography 

or thermal denaturation, is excellent for both pseudomonads. The difference for the xanthomonad-DNA is not 

surprising because the formula to calculated %(G + C)from therm이 transiHon is 이ily an average.

Material

Number 
of estim

ations %A

From p；

%T %G

aper chromatography

%C A/T G/C %(G+C)

%(G+C) 
from the
rmal tra
nsition

Common part pelargonii—> 
fluorescens—*putida 7 19.9 18.0 28.0 34.1 1.11 0. 82 62.1±1. 0

Native DNA from P. cam pestris var.
Pelargonii 9 19.5 18.2 30.2 32.1 1. 07 0. 94 62. 3±0. 9 66.5

Common part putida—* 
fluorescens—>pelargonii 13 18.8 17.2 30.1 33.9 1. 09 0. 89 64. 0±0. 8

Native DNA from P. putida 6 18.8 17.3 31.8 32.1 1. 09 0. 99 63. 9±0. 8 63.5

Common part fluorescens—* 
pelargonii—putida 1 19.1 19.6 29.0 32.3 0. 97 0. 90 61.3

Native DNA from P. fluorescens 7 20.0 18.6 30.2 31.2 1.08 0. 97 61. 4土 0. 6 62.4

the above conclusion from direct molecular weight 

measurements. Although it is conceivable that diffe

rences in molec니ar weight up to some 20% could 

exist between the three genomes without being detec - 

ta비e by the above methods, a difference of this order 

would not be expected to alter significantly the conc

lusions drawn on the existence and the relative size of 

the common parts.

The similar size of the xanthomonad and the pseu

domonad genome is what would be expected if the 

xanthomonads constitute a 흥enetic species in the genus 

Pseudomonas, as proposed。).

The results from Table 3 also indicate that a certain 

part of each of the three genomes might be similar or 

identical. This we call the "common part”, or the 

^putida-fluorescens-pelargonii part”, In P. putida-DNA 

나lis part might amount to at least 83—49=34% and 

at most 51% of its length. The common part in the 

fluorescens-chromosome might range from 35 to 53% 

and in the pelargonii-chromosome from 21 to 54%. 

The confirmation of its existence and more precise 

estimations on the total number of nucleotide sequences 

involved, were obtained by experiments described in 

the next section.

DNA common parts in the fluorescens-, putida and 

pelargonii-chromosome. C14-DNA from each of the 

three organisms was hybridized with each of the other 

two DNA types; the homologous fragments were rel

eased and hybridized again with each o£ the three 

DNA types(see Materials and Me나mds). In each case 

the nucleotide sequences common to one pair of orga

nisms, also hybridized with the 나lird organism. It 

may be concluded therefore that the DAN from 

the three organisms have nucleotide sequences in 
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common. Howerer, the common part from each of the 

three organisms while similar, is not identical, as 

can be seen from the following consideration. If a 

perfectly identical common part would exist, amounting 

tox % of each of these three DNA types, then DNA 

fragments from organism a hybridized onto B and 

subsequently onto C, and the alternative A to C to B, 

should yield the same value of x %. Furthermore, 

DNA fragments from organism A, after duplexing 

with B, being released, and again hybridized with 

DNA from both A and B, ought likewise to give the 

same decree of hybridization. That this is not the 

case is illustrated e. g. by the three sets of second 

hybridizations at the right side of Fig. 1. Therefore, 

the "common parts” of the three organisms are 

similar, but not identical. Bolton et 邳&)have pointed 

out that 5% differences in the nucleotide sequences 

are permissible to allow a stable hybridization at 

60°C.

The results show that P. putida and P. fluorescens 

are more closely related to each other than to P. 

campestris var. pelargonii and that the latter is 

more related to P. fluorescens than to P. putida.

From the results one can make a reasonable estimate 

of the structure of each DNA type and of the relative 

size of the common parts. The putida-, and fluores- 

cens-chromosomes share some 83% of their base 

sequences. In the fluorescens chromosome some 63% of 

this part (or 46% of the total chromosome) is similar 

the pelargonii-chromosome. In the putida chromosome, 

the part common to pelargonii and fluorescens mi옹ht 

be somewhat larger, amounting to some 56+6%. 

Comparison between the first and the second hybridiz

ation shows that these two chromosomes probably do 

not contain detectable separate pelargonii-putida or 

pelargonii-fluorescens parts, but that the part similar 

with the xanthomonad DNA is most likely contained 

within the fluorescens-putida common part.

The results on the composition of the xanthomonad 

chromosome show similarly that it contains some 44 

±5% which is similar to both the fluorescens and the 

putida chromosomes. It might be but it is not certain 

that this chromosome contains some 10% of its lenght 

as a pelargonii-fluorescens part. Most likely, howe

Vol. 13, No. 4, 양

ver, this part is more similar to fluorescens than to 

putida.

When the 5% error on experiments of this type 

is taken into account, the picture may be simpl

ified as shown in Fig, 8 D, The common part of 

about 50% is made up of some 2 million nucleotide 

pairs, which could accommodate some 2000 cistrcns, 

common to the three organisms, The cistrons, which 

are present in this common part must be those which 

determine the phenotypic properties common to all 

three organisms, Several of these features are known: 

they are the cell shape, aerobic character, polar imp

lantation of the flagella, The existence of many 

enzymes, common to all three organisms has been 

established in this laboratory (Kersters, unpublished 

data): the cytoplasmic, soluble glucose-6-phosphate 

and gluconage-6 phosphate dehydrogenases, the Entn- 

er-Doudoroff enzymes, catalase, the particulate succ

inate and malate dehydrogenases, many enzymes 

involved in the oxidation of hexoses, pentoses, lactate, 

formate, succinate, L-alanine ai?d D-aspartic acid, 

The cistrons for all those features may thus be ass

umed to be located on the common part,

The fluorescens-putida common part amounting to 

some 33% of the DNA, could accommodate some 

1300 cistrons for phenotypic features typically shared 

by both organisms, such as the production of a gree

nish pigment, the enzymes for the oxidation of gluc

onate, the enzymes for the use of nitrite, ammonia 

and urea as nitrogen sources and numerous particulate 

enzymes (Kersters, unpublished) such as the dehydro

genases for D-ribose, D-xylose, L-arabinose, D-glucose. 

D-galactose and D-mannose, The remaining 17%, or 

roughly 650 cistrons, would be responsible for the 

species differentiation between P, putida and P, f- 

luorescens, From Lysenko's C6) results on these same 

organisms in conjunction with our data, it can be 

assumed that the cistrons for the hydrolysis of gelat

in and casein would be located on the latter piece of 

the fluorescens-DNA; the cistrons for the consumption 

of xylose, glycerol, etc, would be specifically located 

on the puHda-DNA. Each of the species P, fluorescens 

and P, putida consists of numerous individual strains, 

all slightly different from each other, It may be 
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recalled that the strains 520 and 488 were selected 

for the hyoridization work, because they are typical 

for these two species Therefore it may be assumed 

that the number of 650 species-specific cistrons will 

be fairly representative for all strains of both species. 

If DNA from many strains from one species would be 

cross-hybridized, it can be expected that most diffe

rences would be among the 650 cistrons, although 

some differences would also be expected in the co

mmon parts, The latter conclusion emerges by comp

arison with the extensive phenotypic analysis of 354 

strains of P. aeruginosa ⑺.

By combining the present res니ts with our previous 

work, it is tempting to conclude that the 50% piece 

of the pelargonii-DNA, which is different from the 

pseudomonad DNA, might itself consist of two sections：

1) a general xanthomonad part, totalling some 25% 

of the DNA, shared by most if not all strains of 

xanthomonads, and 2) a typical part for the variety 

pelargonii. This general xanthomonad-DNA part might 

accommodate about 1000 cistrons. As above, one can 

attempt a correlation with known phenotypic features 

shared by all xanthomonads. The general xanthomonad 

JDNA part might thus in시ude the cistrons for the 

production of the carotenoid pigment, phytopathoheni- 

city, polysaccharide production, possible beta-glucosi- 

dase, etc., The dissimilar part, consisting o£ 25% 

or less of the chromosome, accounts for the differe

nces between the xanthomonad strains.

Finally, the above attempted correlation between 

common and dissimilar parts on the one hand and 

phenotypic properties on the other hand applies strictly 

to the model system of the three organisms used. 

When these experiments will be extended to more 

organisms in the genus Pseudomonas, the quantitative 

aspect of the common part will approach a more 

precise definition.

From the pioneering experiments of McCarthy and 

Bolton(8\ and Bolton et al ⑴ one can make a 

reasonable estimate of the relationships between 

genera in the Enterobacteriaceae, although more hy

bridizations will be needed for further confirmation. 

It would appear then that the central group of Es사i- 

erichia coli, Salm이】ella and Shigella share some 75% 

of their chromosome; Aerobacter shares some 50% 

with the above three genera and Klebsiella about 25 

%. Proteus vulgaris, Proteus morganii, Providencia 

and Serratia appear to have only some 10% of their 

nucleotide sequences in common with the central 

group. For Serratia this agrees very well with our 

findin흥 ⑴. that one strain of this genus exhibited 

31-36% DNA homology with the pseudomonads indi

cating that Serratia might be more related to the 

pseudomonads than to the Enterobacteriaceae and that 

the concept of bacterial families is unsettled.

Base composition o£ the pseudomonad-xanthomonad 

common DNA part. Bacterial chromosomes obviously 

underwent a drift in % GC during their evolutionary 

changes. Theoretical aspects of this problem have 

been studied by Freeze ⑴.Whether the direction of 

this drift is towards higher or lower % GC is not 

known. Since the common pseudomonad-xanthomonad 

part very likely represents the mutationally stable 

part of the ancestral pseudomonad chromosome, it 

was hoped that the % GC of this fraction would be 

different from the mean GC content of the total 

DNA and might thus reveal the direction of the drift. 

Therefore the common part was isolated from each 

of the three DNA types on a rather large scale and 

its % GC was determined by paper chromaotgraphy 

(see Materials and Mehtods). For comparison and as 

a control the % GC of each of the native DNA types 

was also determined in the same way. The results 

are listed in Table 4. The ratio C/G from the native 

DNA types is close to 1, as it should be, however, 

for the common parts it is about 1.15- The reason 

for this mther high C content in the common part 

is not clear, but night be linked to 바fact that these 

determinations were effected with single stranded sa

mples and that for steric reasons unequal matching 

with DNA from the recipient strain may have occured. 

Nevertheless, the % GC in the common part is exa- 

아ly the same as in the complete DNA. The % GC 

of the three common parts are very similar but not 

the same as one might expect. Yet this is not 

surprising, since the paper chromatographic method 

has a mean deviation of 1% and because the three 

common parts are not perfectly identical, as pointed 

Journal of the Korean Chemical Society



Deoxyribonucleic Acid 속의 Pseudomonas 로 부터 의 Ancestral Remnants 363

out above. The % GC of the dissimilar DNA stretches 

in all three organisms is thus also similar to the 

entire DNA molecule. Their rates of transition GC—> 

AT and AT—>GC were thus approximately the same 

and the evolutionary GC drift can not be detected by 

using closely related organisms.

P. flucrescensP putida

putida Fjfiuor.

puida- 
Ruor.

u
I Ipulido-
1 j fiuor.

putida- 
Huor.- 

pelargonii

I pulida-
I [fluor-

I jpfelargonii

A uB

@ peiargonii- 
'fluor.

paierganii pu'do //fl 니。

P. campeslris 
(ver peiargenii)

1. 3X10f,

pe'e^gonii
IX 10’

Xan!hamona>

IX 10G

putida- 
加이- '"XU/

pslargonii

D

Fig. 2. A-D. Common and specific parts in the DNA from two pseudomonadt and 더 xa지homonad, expre’*허d 

as percent of lhe tot이 length. For illustrative purposes each part it deputed as a single stretch, common 

and specific parts are indicated by the names next to them. The data f이 the calc이"ion ore taken directly 

from Fig. 1. The results from 타g. 2. A, B and C are averaged and simplified in Fig. 2D. The number* 

next to each part give the approximate number of nucleotide pairs involved

Evolutionary implications. The interpretation of 

the data, examplified in Fig. 2. D, is that the three 

organisms derived from a pool of common ancestors 

and that about half of each chromosome is still very 

closely related to the original ancestral part. It is 

imlikely that either one of the three ogranisms is the 

ancestor of the other two. From the above attempted 

correllation between the common part and the pheno

typic properties some properties of the ancestors can 

tentatively be reconstructed: it may have been a 

polarly flagellate, aerobic rod-like organism, contai

ning catalase, the Enter-Doudoroff and 드hunt pathways 

and it was able to oxidize a number of carbohydrate 

substrates. Its % GC was probably in the vicinity of 

62%. In other phenotypic properties the ancestral 

organism may have differed considerably from the 

present-day living pseudomonads. It seems that, from 

the three strains under consideration, the xanthomo- 

nad diverged first or faster and that the split between 

P. fluorescens and P. putida was a more recent event.

The hybridizations between many other pseudomo

nads and xanthomonads and the same three organi

sms“)allow some further tentative suggestions. We 

shall only consider the pseudomonads proper and 

exclude organisms of doubtful generic status, such as 

P. iodinum, P. diminuta and P. atlantica. It would 

seem that P. aureofaciens, P. maltophilia, P. aer

uginosa and the xanthomonads diverged first or faster 

from the common pool of ancestors, which explains 

why they have the smallest similarity with the three 

above organisms. The other species such as P. fragi, 

P. stutzeri, etc. would have originated later. The 

further splitting of each species into separate varieties, 

races and strains occurred apparently still later. The 

subdivision of the xanthomonads with their high 

degree of DNA homology is an example of this.
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