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Intergeneric Transfer of Nitrogen Fixation Genes from
Rhizobium leguminosarum by RP4 . Mu cts
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Abstract: Nitrogen fixation (nif) genes of were transferred to
nif  Klebsiella preumoniae and E. coil by conjugation after partial heat induction of RP4 .

Mu cts in Rhizobium R’ transconjugant, and the hybrid plasmids in the transconjugant strains
were isolated and characterized. In order to transfer the #if genes from Rhizobium, the
hybrid plasmid RP4 :© Mu cts was transferred by conjugation from E. coil to the symbiotic
After stabillity test, the RP4 :: Mu cts in Rhizobium R”
transconjugant was subjected to partial heat induction by culturing it statically at 38°C for 16
hours, and then conjugated with the nif defective mutant strains of X, prewmoniae  or  nif
E.
pnewmoniae, which could grow in a N-free medium and exhibit the nitrogenase activity were

Rhizobum leguminosarum

nitrogen fixer, R, leguminosarum.

mutant strains of coli  having whole #nif gene plasmid. Recombinant strains of X.

selected. However, in the case of E. coli, they could grow well in a NA medium containing
antibiotices, but hardly grow in a N-free medium. The hybrid plasmids in these transcon-
jugal strains were isolated by gel electrophoresis and compared their molecular sizes.

Key words: Nitrogen fixation gene, R. leguminosarum, K. psevolomiac.
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The temperate bacteriophage Mu inserts its
DNA at many different loci in the genome of
its host bacteria E. coli K12(Taylor, 1963 ;
Bukhari and Zipser, 1972) and can mediate
transfer of chromosome markers into other
bacteria during its lytic cycle(Faelen et al.,
1976,, However, its host range is restricted
to certain strains of the family Enter-
obacteriaceae (De Graff et al., 1973).
Dénarié et al. {1976) constructed the hybrid

plasmid, RP4 :: Mu cts, in order to extend
the host range of this phage. RP4 ;: Mu cts.

which is temperature sensitive at  42°C, and

211

confers resistances to ampicillin, kanamycin
and tetracycline, has broad host range and
may integrate at many different loci in the
host chromosome.

In general. nitrogen fixing bacteria will be
divided into two broad categories: free living
bacteria and symbiotic bacteria. The free liv-
ing nitrogen fixer which has been the object of
most molecular genetic studies is Klebsiella
prewmoniae, in which 17 different genes
have been identified(Puhler and Klipp, 1981},
The symbiotic species studied most extensive-
ly belong to the genus Rhizobium (Beringer.
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19807,

Recently, considerable interest has been
devoted to study whether nif genes from K.
prneumoniae are homologous to DNA from
other nitrogen fixation species such as
Rhizobium(Hennecke, 1981), Ruvkun and
Ausubel (1980) used cloned K. pneumoniae
nif DNAs as hybridization probes to iden-
tify particular DNA restriction fragments
from other organisms that contain sequences
homologous to K. pneumoniae nif genes.
Nuti et al.(1979) demonstrated homology
between K. pneumoniae nitrogenase genes
and DNA from R. leguminosarum and K.
meliloti, and Mazur et al.(1980) discovered
that DNA from three species of c¢yanobacter-
ta was also homologous to K. prneumoniae
nitrogenase genes. On the other hand, Dixon
and Postagate (1972) transfered nitrogen
fixation genes from K. pneumoniae to E.
coli by using F-like R factor and reported the
expression of #nif genesin E. coli. Using R
factor, nif genes were also transferred from
R. trifolii to K. aerogenes (Dunican and
tierney, 1974). But we expected that
RP4 :;: Mu cts could transfer various genes
effectively, so RP4 :: Mu cts would be a
more proper vector in the intergeneric trans”
fer of nif genes than\RP4_|Previously,Muroo"
ka(1981) reported arysulfatase gene transfer
between E. coli and K. aerogenes, and
Takizawa (1983) showed the intergeneric
transfer of pullulanase gene from Klebsiella
aevogenes to FE. coli by using RP4 .. Mu
cts.

In this study, nitrogen fixation genes of
Rhizobiwm leguminosarum were transferred
to nif~ Klebsiella pnewmoniae by conjugation
after partial induction of RP4 :: Mu cts in
Rhizobium R~ transconjugant, and the
hybrid plasmids in the transconjugal strains
were isolated and characterized.

MATERIALS AND METHODS

Bacterial strains and phages
The bacterial strains used in this study are
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listed in table 1, E. coli and K. pneumoniae
strains (MacNeil et al,, 1978 a,b; Merrick et
al.,, 1980) were obtained from professor
Uosumi, Tokyo university, and Rhizobium
strains were isolated in our laboratory (Lee et
al.,, 1985). In experiments of »if gene trans-
fer, Rhizobium leguminosarum K12C and R.

Table 1. Used bacterial strains and their char-

acteristcs.
Strains Characteristics of References or
genotype Sources
E. coli
E. coli Trp~, his", recA56, Ap  J. Déenarie (1976)
Te Km(RP4::Mu cts)
UNF1323 His* nif L2176 Rif® Merrick et al. (1980)
UNF1323-1 His* nif L2176 Rif” Mutagenesis of UNF
UNF1323
UNF1323-1A His*aif L2176 Rif" Tc*, UNF1323-1 mated
Km* with
UNF1323-1B His* nif L2176 Rif" Tc*, R.leguminosarum
Km* K12-C
UNF 1483 His* nif A2732::Tn7Rif* Merrick et af. (1980)
UNF1483-1 His*nif A2732:: Tn7Ril | Mutagenesis of

UNF 1483
UNF 1483- 1A His*nif A2732::Tn7Rif” UNF1483-1 mated

Te*, Km* with R. legumino-
UNF1483-1B His *nif A2732:: Tn7Rif" sarum K12C
Te*, Km*
Rhizobium
Rhizobium K10 Cm Sm Gm Lee et al. (1985)
Rhizobium Ap Tc Km Cm K10 mated with
K10A E. coli JC5466

R. legumino Cm
rum K12

Lee et al. (1985)

R. legiumino-
nosarum K12C

Ap Tc Km Cm K12 mated with

E coli JC5466

R. jeponicum  Cm Lee et al. (1985)

K15
R. japonicum  Ap Tc Km Cm K15 mated with
K15A E. coli
R. japonicum  Ap Tc Km Cm JC5466
K15B
R. trifolii K20 Cm Lee et al. (1985)
R. trifolii Ap Tc Km Cm K20 mated with
K20A E. coli
R. trifolii Ap Te Km Cm JC5H466
K20B
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Table 2.Countinued

Characteristics of

genotype References or Sources

Strains

K. pneumoniae

UNF910 nif K2812: :MudAplac rec Merrick et al. (1980)
AS6 Rif*

UNF910-1  nif K2812::MudAplac rec Mutagenesis of
A56 Rif" UNF910

UNF910-1A, nif K2812::MudAplac rec UNF910-1 mated
B,D,E, H, A5 Rif"RP4 ::Mu cts} with R. legumino -

I, K nif ' sarum K12C
UNF725 nif H2783: :MudAplac rec Merrick et al. (1980)
AB6 Rif*
UNF725-1  nif H2783::MudAplac rec Mutagenesis of
A56 Rif" UNF725

UNF725-1A, nif H2783: :MudAplac rec UNF725-1 mated
B,C,G,H, A36Rif"(RP4::Mu cts) with R. legumino -
1, sarum K12C

CK263 nif A™2263 Rif® Uosumi
CK263-1 nif A2263 Rif" Mutagenesis of
CK263
CK263-1A, nif 2263 Rif” CK263-1 mated with
B,C,D,E, (RP4::Mu cts) nif* R. leguminosarum
F, G, K12C

trifolii  K20A carring RP4 . Mu cts were
used as donors, They contained »nif gene
and were resistant to Ap (100mg/m/), Tc
(100mg/ml), Km (25mg/m{) and Cm (200
mg/m/). As recipients, K. pneumoniae
UNF910-1, UNF725-1, CK236-1, E. coli
UNF1323-1 and UNF1483-1 were used.
They were the derivatives of UNF91(,
UNF725, CK263, UNF1323 and UNF1483,

and resistant to Rifampicin (500mg/m/) but

sensitive to Tc.and Km. K. preumoniae
UNF910, UNF725 and CK263 are wnif K,
H, A gene defective strains, and E. coli
UNF1323 and UNF1483 are wnif A, L gene
defective mutant strains of E. ¢oli having
whole nif gene plasmid (pRD1),
Media

The rich media used were Penassay broth,
consisting of 1,5g beef extract, 1,5g yeast
extract, 3,5g NaCl, 1, 32g KH,PO,, and 3,68
g K,;HPO,, and LB medium, consisting of 10
g trypton, 5g yeast extract, 5g NaCl and 1g
glucose per liter the supplemented LB media
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used were as follows: LBAKT, LB plus
ampiciilin  (100mg/m/), kanamycin {25mg/
m/) and tetracycline (100mg/m/), and
LBCM, LB plus 5mM CaCl, - 2H,0 and 200
mM MgSO,. The minimal media used for
Klebsielln was nitrogen-free(N-free) medium,
consisting of 13,9g Na,HPO,, 1, 7g KH.PO,,
2, 0g NaCl, 0, 2g MgSO., 0, 008g FeCl, - 7H.0,
0. 001g Na,Mo,- 2H,0, 0, 001g Thiamine, 6, 0
g glucose and 13g of purified agar (Difco)
per liter. For growth of Rhizobium strains,
YMA, consisting of 10g mannitol, 0, 5g

K,50, 0,2g MgSO, - 7H,0, 3.0g CaCO; and
0, 2g yeast extract per liter, was used.

Transfer of nif gene by thermal induction
and conjugation

The modification method of Murooka et
al.(1981) was used for nif gene transfer. R.
leguminosarum K12C (RP4 .. Mu cts) as a
donor was grown in LBAKT at 30°C over-
night and diluted 1 : 100 with a fresh LBCM,
and incubated at 38°C for 16 hours without
shaking to form Hfr or RP4 ;. Mu cts prime
plasmid. Nif K. preumoniae and E. coli
strains as recipients were grown in LBCM for
20hrs. 10m/ of donor cellsand 1 m! of
recipient cells were mated on membrane fil-
ters. Nif ' transconjugants were selected by
spreading on N-free agar plate. Nif K.
preumoniae and E. coli can’t grow on N
-free media. Donor cells were counter selected
by adding of antibiotics.

Assay of nitrogenase activity

Nitrogen fixation was assessed for bacterial
suspensions grown in N-free medium includ-
ing glucose (for E. coli) or N-free medium
including saccharose (for K. preumoniae),
under anaerobic conditions, using the C,H,
reduction assay by the modification method of
Dunican and Tierney (1974).

For this purpose, a 0.0001m/ aliquot of a
mid-logarithmic phase LB culture was added
to 5m/ of N-free medium in a vial(39m/).
The vials were then capped with serum stop-
pers, evacuated, filled with N,, incubated for
2 days at 30C, and injected with acetylene
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and argon gas. ethylene production was mea-
sured after 4hrs, at 30°C, by injecting a 1
m/ gas sample in a Varian Model 3700 gas
chromatography fitted with a porapak-R col-
umn at 80C column temperature, with N,
as carrier gas at a flow rate of 30cc/min.

On the other hand, in the case of symbiotic
nitgogen fixer R. leguminosarum, ethylene
production was detected as described by
Wacek and Brill (1976), Peas were placed
in a 20m/{ serum bottle which had been filled
with sterile vermiculite and 16m/ of plant
nutrient solution. Then 1m! of R.
leguminosarum suspension was dispensed
into each of the sterilized bottles containing
the vermiculite. After 14 days incubation,
the plant was cut at the base of the stem. A
serum stopper was placed on the bottle and
0.4m/ of 1 atm. acetylene was injected into
the bottle. The bottles were incubated at
25C for 1 to 3 hours after which (_5m/
gas samples were injected into the gas
chromatograph.

Plasmid isolation

The method of Kado and Liu  (1981) was
used. Cells were grown in  3m/! of L-broth
overnight at 30°C to an optical density at
600nm of 0,8 and pelleted by centrifugation
(6.000rpm 7 min., 4C). The cell pellet was
thoroughly suspended in 1m/ of E buffer(con-
sisting of 0, 04M tris,, and 0, 002M disodium
EDTA, adjusting pH7,9 with glacial acetic
acid). The cells were lysed by adding 2m/ of
lysing solution, pH12,6 (0, 05M tris base and
3% S.D.S.), which was mixed by brief agita-
tion. The solution was heated at 50°C to
65C for 20 min in water bath, and 2
volumes of phenol-chloroform solution (1 :
1, vol/vol) were added. The solution was
emulsified by shaking briefly, and the emul-
sion was broken by centrifugation (8000
rpm, 15 min., 4°C). Portion of the super-
natant sample was pipetted into the walls of
the gel.

Agarose gel electrophoresis

For electrophoresis, horizontal gel cham-

bers were used. 45m/ DNA sample including

KOR. JOUR. MICROBIOL

10m/ of tracking solution was subjected to
electrophoresis in 0, 7% agarose gel dis-
solved in E buffer. A dye solution consists of
k0, 25% bromocresol blue and glycerol 0.5M
tris-acetate, pH7,9, Electrophoresis was
carried out at 120V, 37mA, for 3hrs. The
gel was then placed in a solution of ethidium
bromide in water (50mg/mi), stained for 15
min. And photographed on a UV-transil-
luminator.

RESULTS AND DISCUSSION

Analysis of Rhizobium R™ transcon-
jugants

In order to transfer the #nif genes from
Rhizobium, we have previously transferred
the hybrid plasmid RP4 :: Mu cts from E.
coli to the symbiotic nitrogen fixer, R.
leguminosarum by conjugation. As a result,
RP4 1. Mu cts was able to express in it’s new
host Rhizobium and most of the transcon-
jugants conserved drug resistances and phage
Mu cts stablv. Rhzobium R’ transconjugants
were taken up into liquid medium containing
1.2 345678 9101112

:?E . coli JC5466
E .coli C600

Fig.1. Agarose gef
strains

R. leguminosarion K12C(RP4 - Mu cts)
R. leguminosarem K12(Wild type)
Rhizobium K10A(RP4 2 My cts)
Rhizobium K10(Wild type)

. trifolii K20B(RP4 :: Mu cts)

. trifolii KZ20A(RP4 12 Mu cts)

- rifolli K20(Wild type)

. japonicum K15B(RP4 :: Mu cts)
. japonicum K15A(RP4 :: Mu cts)
. Japonicrem 15(Wild type)

. coli CA0MRPY;

. coli JC5466(RP4 - Mu cts)

Rhizobium transconjugants were taken up
into liquid medium containing the four antibiotics.
They were grown and processed further to obtain
cleared lysates for agarose gel electrophoresis.

electrophoresis of the

DX NS

I RRD
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the four antibiotics (T¢, Km, Ap, Cm). They
were grown and processed further to obtain
cleared lysates for agarose gel electrophoresis.
As showed in Figl, the hybrid plasmids
RP4 :: Mu cts of Rhizobiwm R* transcon-
jugants were identified on agarose gel and
these transconjugants contained plasmids in
accordance with our expectation. It was con-
cluded that the recipient and donor plasmids
were identical, based on their identical rela-
tive mobilities. In addition, transconjugants
had two kinds of plasmids. It seems likely that
the larger plasmid is a multimer form by rec
protein or a RP4:: Mu cts prime being
caused by site specific integrase.

Transfer of the nitrogenase gene from
R. leguminosarum by RP4 . Mu cts

Partial heat induction of Mu cts results in
formation of Mu-bacterial circular DNA
which can be integrated at random into the
bacetrial chromosome or into a plasmid. This
can lead to transfer of the bacterial sequences
carried by this circular DN A to any location in
either the chromosome or the plasmid. After a
donor K. K12C carring
RP4 . Mu cts and recipients nif K.
pneumoniae were mated. they were suspend-
ed in saline and spreaded on N-free agar plate.

Donor and recipient strains were not able to
grow in N-free plate plus antibiotics owing to
defect of the wnif gene. Nif' transconjugants
capable of growing on N-free media under the
anaerobic condition, for 7 days at 307C,
were selected (Fig.2). As shown in the table
2, nif gene transfer frequencies by RP4 ::

lengt MInosarum

Table 2. Nif gecroe transier ircqguencies by
7 g ¥
CUMORIAC.

KP4 Mu ots from
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Fig.2. Growth >/ K. pucumoniae strains on N
-free agar medium for 7 days at 30C.

Lift:

a. K. pucmmaniae Mbal(Wild type)

b K. prcwmoniae CK263- Urecipient)

. K. pucunonice CK263 1B(transconjugant)
d. R legrominosarm K12C(donor)

e. E. coli JC5466(KP§ 12 Mu cts)

Right:

a. K. puewimoniae M3al(Wild type)

b, K. pucumoniae INF910-Lirecipient)

c. K. punesmoniae 1INF910- 1Hitransconjugant)
d. K. prenmoniac UNF725-1Bitransconjugant)
e. K. puewmonive INF725-1{recipient)

In order to select 1nif~ transconjugants, the
mixture on membrane filter was placed on nutri-
ent agar plus ampicillin, tetracveline,
kanamycine and rifampicin at first and then
nif U K. puenwmeniac were selected on N -free
media under the anaerobic condition for 7 davs
at 30C,

10 Those isolates were
also grown in N-free media to analyze for
acetylene-reducing activity. They reduced
acetylene (table 3} ‘and. therefore. contained
the nif genes. However, as showed in Fig.
3, ait
at all, while donor R. legiminosarum  K12C
could redece the acetylene only in pea nodule.

Mu cts were about

recipient could not reduce acetyvlene

These results suggest that K. puewmoniac
nit genes K.H.A are homologous to those
from R. legwmnosariom.

On the other hand. as table 4 showed.

R, legmminosarum o K. pn

Donor Strain Recipient Strain

Selected marker Transfer frequency

R. leguminosarum K12C K. pneumoniae UNF910-1Nif K )
K. pneumoniae UNF725-1 (Nif H )
K. pneumoniae CK263-1(Nif A )

{(RP4::Mu cts, Nif *)

Tec Km Rif Nif* 3.4x10°
Te Km Rif Nif® 6.6x10°*
Te Km wif Nifr 3.2x10°*

R.leguminosarum KI12C(RP4::Mu cts) was grown as a donor in LBATK at 30T overnight and diluted
1:100 with a fresh LBCM and incubated at 38C for 16hours without shaking to form Hfr cells or R-
P4::Mu cts prime plasmid. K. pneumoniae strains as a recipient were grown in LBCM for 20h. 10m/

of donor cells{10° cell per m/) and I1m! of recipient cells{10* cells/m/) were mated on membrane filters.
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Table 3. Nitrogenase activities of K.
preumoniae transconjugants.

Bacterial strains n mole C,H,/tube. hr.,

Klebsiella pneumoniae

M5al 39
UNF 910-1 0
UNF910-1E 11.7
UNF910-1H 22.1
UNF910-11 7.15
UNF 725-1 0
UNF725-1B 31.85
UNF 725-1C 26
CK 263-1 0
CK 263-1B 33.15
CK 263-1C 49. 4
CK 263-1D 13. 65
CK 263-1F 15.6

transfer frequencies of RP4 :: Mucts in cross
between R. frifolii K20A and #nif mutant
strains of E. coi having whole #nif genes
plasmid (pRD1) on nutrient agar plate in-
cluding antibiotics were 10 to 10*. How-
ever, when they were replicated on N-free
media under the anaerobic condition they
hardly grew Therefore, they were analyzed
for plasmid content by agarose gel electro-
phoresis. As presented in Figd, E. coli
UNF1323 and E. coli UNF1483 had lost
their own plasmid pRD1 and instead had
only the RP4: Mu cts of donor strains (in
Fig4, lane 2 andlane 5), By this result,
recipient strains originally contained P1 in-

Table 4. Transter frequencies of RP 4 :: Mu cts in cross between
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Acetylene
Ethylene
Acetylene
Acetylene

Ehthiene

Donor Recipient Transconjugant

Fig. 3. Nitrogenase activity of K. pneumoniae
transconjugants compared to that of R.
leguminosarum and the recipient K.
preumoniae UNF 910-1, K. pneumoniae
UNF 726-1. K. pneumonige OK 263- 1.

compatibility group plasmid pRD1 and donor
strains also had hybrid plasmid of P1 incom-
patibility group plasmid RP4, so when the
RP4:: Mu cts of Rhizobium transferred
into E. coli resident plasmid pRD1
disappeared and thus »if gene of Rhizobium
could not express in E. coli having no
pRD1,
Identification of intergeneric
transfer

Fig.5, 6, 7 showed that intact recipient
strains, K. pneumoniae UNF910-1,
UNF725-1 and CK263-1 had no plasmids but
K. pneumoniae transconjugants had two dif-

nif gene

Rhizobium trifolii K 204 andg

nif  mutant strains ot E. coli having whole nif gene plasmid

Donor Strain Recipient Strains

Selected Marker

Transfer frequency

Rhizobium irifolit K20A E.coli UNF1483-1(Nif A™)
E. coli UNF1323-1(Nif L)
E. coli UNF1323-2 (Nif L-)

(RP4::Mu cts, Nif *)

Te Km Rif 3.4%10°7
Te Km Rif 6.6x10"8
Tc Km Rif 3.9x10°®

Rhizobium trifolli K20A as a donor was partially induced by thermal treatment and conjugated with
recipient E.coli. At first, mixtureof donor and recipient was placed on nutrient agar plate plus tetr -
acycline, kanamycin, rifampicin or tetracycline, kanamycin, gentamycin. And then they were replicated on
N-free agar media.
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Fig. 4. Agarose gel electrophoresis of  E. coli
lransconjugants on nutrient agar plate

Lane

1. R viedil K2oA(donor)

20 K codi UNF1483- 1 recipient)

S0 B0 codi UNF1483- 1A (transconjugant)
1. 1 eoli UNF1483 1Bltransconjugant)
5. £ coli UNF1323 1irecipient)
6, £ cofi UNF1323- 1A{transconjugant)
T E coli UNF1323-1B0ransconjugant)
R F coli TJUSI66(RPT  Nu cts)

123456789101112

Start

Fig.5. Agarose get electiophora
pucioinoiiae CR263- il Lo

1, £ codl CaontRPY

2o e JURIBBIRIY N ety

VoA pricuneiee CR26351 0l N RiT

LK puewmoniae CR263-1C(RP 1 Mu cts wir?)
5o K prcinoniac CR263-1FIRPY 0 Ma cts wifY)
6, K. puciononiac CK263 TARPA 0 Mu cts wir*)
oK piicionciiae CK263 VBRPA D Nu ots wif )
SN paciieiiae CR265-1 HRPY 00 My cts 0l )
9, K. pucwinonice CK263 1 URPY 0 Mu cts i)
0 KN pacoonioe CK263- TERPY DD My cts ng o
oA parcraoniee CR263-1I(RP Y Mu cts wirty
20K colis JCh66 (RPY S A ots)

Rhizobium R
transconjugants. By Fig.8a. it was suggested

ferent sized plasmids like

that the upper plasmid bands were the OC
form or the multimer of RP4 :: Mu cts and
the lower plasmids were larger than intact
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1234567891011

Fig.6. Agarose gel electrophoresis of K.
pneumoniae UNF 9101 wnif ™ transcon-
jugants

1. E coli Coop(kP4:

2, E. coli JC546¢ (RP4 - Mu cts)

3. R. leguminosarum K12€

1, K. pueumonicc UNF910-1(nif K7, Rif 4

5. Ko prewmonia. UNF910 TH(RPY4 - - Mu cts nif %)

6. K. prowwoniac UNF910 1K(RP4 :° Mu cts nif')
7K. prewwnoniac UNF910-1E(RP4 0 Mu cts nit ')
8, K. prewmoniac UNF910-11(RP4 . 0 Mu cts uif 7
0. K. prewmoniac UNFO10-11(RP4 -0 Mu cts i)

ll! K. pucumoniac UNFILO-1F(RP4 0 Mu cts yir)
1, K. puciononiac UNF910- 1LARPY - © Mu cts  »if)

1234567891011 12

! Start

~ Plasmid
- Chro.

Fig.7. Agarose gel! cleciicohoresis of K.
pucwmoniae  UNE 7260 wif ranscon

(LGS

b, E.ocoir CohoikPa9

20 E coli JC5466iRPY 0 Mu ets)

300 R degumiinosa i K¢

Ao Ko prciononies UNET25 1ot 0 Rith
HHERPA 20 Mu ets nir g
THURPY 0 Mu cts air)
TARPY 10 Mu cts wif'')

5. N pacnmonia
5, K. puewmonia
7. N puenmonia

s, K. picnnonia IBRPY 0 Mu cts i)
9, N, paciomonia ICRPY 0 My ots pir')
1, KA. pucisnoni HWRPS 0 Mu cts )

Mu cts it
CMu oats oai

. KL picamonice UNF725-11RPY
12, K. pircrmonioc UNFEF723 1K(RPY

vector plasmic RP4 :: Mu cts. Thus, it was
probable tha: contain
RP4 1 Mu-prime having some chromosomal
DNA of donor strain. As Fig.8b indicated, the

transconjugants
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Fig.8a. Molecular weight of nif * K. pneum-
onige transconjugants.

. E. coli JC5466(RP4 : :
2, P aeruginosa PAO303(Rms 148)

. E. coli C600(RP4)

. K.P UNF910-1E(RP4 : :

1 Mu cts)
2
3
4
5. K.P UNF725-1B(RP4 : :
6
7
8
9

Mu cts, wir*)
Mu cts. nift)
Mu cts, nif* )
Mu cts, nif* )
*Mu ets, nift)

. K.P UNF725-1C(RP4 : :
. K.P CK263-1B(RP4 : :
. K.P CK263-1C(RP¢ :
. E. coli C600(RP4;

molecular size of the plasmids from K.
pueumoniae transconjugants was estimated
at 94 to 100 kb using CCC forms of
Rms148, RP4 and RP4 :: Mu cts as stan-
dard size markers.

In this paper, in vivo intergeneric transfer
of the nif genes with RP4: : Mu cts has
been described. Therefore, it was confirmed
that the #nif K,H,A DNA of a symbiotic
nitrogen fixation bacterium, Rhizobium
leguminosarum was able to complement
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Fig.8b. The olasmid isolated from K.
pneumoniae transconjugants harboring
RP4 .. Mu cts containing nif genes
The molecular size of the plasmid from
K. pneumoniae transconjugants were
estimated at 94 to 100 kb using CCC
forms of Rms 148, RP4 and RP4 :: Mu
cts as a standard size markers.

those of a
brneumoniae.

free-living bacterium, K.
Recently most of the genetic
engineering has been accomplished by the
technuque of in virto recombinant DNA.
However, i vivo method using RP4 :: Mu
cts has advantages in simple procedures and
economic standard points and is applicable to
a wide variety of nitrogen fixation bacteria
such as Rhizobium, Klebsiella and Agrobeter -
ic, since RP4 . Mu cts can be introduced, and
Mu phage is expressed in these bacteria that
are important in agricultural microbiology.
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