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Construction of Rhizobium- E. coli Shuttle Vector
Using Replication and Mobilization Function of
Indigenous Multicopy Plasmid from Rhizobium
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ABSTRACT: The vector, pGUR1Y, for Rhizobium gene manipulation, was constructed by combining
the replication and mobilization function of indigenous multicopy plasmid from Acacia (Robinia pseu-
doacacia L.) Rhizobia sp86 with E. coli cloning vehicle, pBR322. The vector could be efficiently mobi-
lized by RP4 tra function incorporated into chromosome of E. coli named SM10 and efficiently trans-
ferred to various gram negative hosts including Rhizobium and Agrobacterium by transformation.
Mobilization frequency of the constructed vector was ranged from 1.2 x 10-2 (E. coli HB 101) to 4.6
X 10 (A. tumefaciens 15955) and transformation frequency was ranged from 5.4 x 107 (E. eoli
HB101) to 1.2 x 10-1° (A. tumefaciens 15955). The vector, pGUR19, was stably replicated and main-
tained in a variety of Rhizobium and Agrobacterium.
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Construction of genetically engineered effective
Rhizobium has been attempted because of the eco-
nomic importance, nitrogen fixation, of the genus,
but the attempts have not been succeeded for mo-
ment mainly due to lack of suitable vectors for
Rhizobium gene manipulation. The cloning vehi-
cles useful in a variety of Rhizobiaceas family re-
quire not only broad host range replication origin
but also their efficient conjugative transfer func-
tion. There are natural plasmids such as IncP plas-
mid RK2 (Ditta et al., 1985; 1980), IncW plasmid
pSa (Leemans et al., 1982; Tait et al., 1983), and
IneQ plasmid RSF1010 (Bagdasarian et al., 1981;
Bagdasarian & Timmis, 1982; Nagahari &

92

Sakaguchi, 1987; Priefer et al., 1985; Scherzinger
et al., 1984), which are useful in Rhizobium as well
as a wide variety of gram negative bacteria. But
many of them were not completely satisfactory for
the purpose of Rhizobium gene manipulation, be-
cause of molecular weight, versatility of cloning
sites and stability of the vectors in Rhizobium hosts
that we are interested in. In this paper, we have
constructed pGUR19 vector which comined the
replication and mobilization function of indigenous
multicopy plasmid from Acacia Rhizobia sp86 and
E. coli vector pBR322. In addition, the mobiliza-
tion and transformation characteristics and stabil-
ity of the constructed vector pGUR19 in different
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hosts were examined.
MATERIALS AND METHODS

Bacterial strains and plasmids

The bacteial strains and plasmids used in this
experiment are listed in Table 1.
Media

E. coli Rhizobium and Agrobacterium were
grown in L-broth (tryptone, 1%; yeast extract,
0.5%; NaCl, 0.5%; and glucose, 0.2%), AMA (man-
nitol, 1%; yeast extract, 0.1%; MgS0,.7H,0,
0.02%; K,HPO,, 0.05%; and FeCl;, 4.88 mg/l) and
TY-medium (tryptone, 1%; yeast extract, 0.5%;
and CaCl, 0.09%), respectively. For the conjuga-
tion and transformation of Rhizobium and
Agrobacterium, LY-medium (yeast extract, 0.5%;
tryptone, 1%; NaCl, 0.5%; CaCl,, 0.09%; and glu-
cose, 0.2%) was used. Antibiotics were used at the
following concentration unless otherwise indicat-
ed: streptomycin (Sm), 150 #g/ml; ampicillin (Ap),
100 uxg/ml; tetracycline (Tc), 10 ug/ml.
Transformation

Transformation of E. coli was performed by the
procedure described by Morrison (1977) and Ehizo-
bium and Agrobacterium were transformed by the

Table 1. Bacterial strains and plasmids.
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so called freeze-thaw method described by Selvaraj
et al. (1981).
Conjugation

Conjugation of the bacteria on the membrane
filter was followed by the procedure described by
Berry and Atherly (1984). About 109 cells, each of
the donor and recipient, were mixed and filtered
the suspension onto 0.45 ¢m Millipore filters. The
filters were incubated at 30°C on nonselective agar
plates for 3-6 hours before the cells were
resuspended and plated on selective medium.
Isolation of plasmids

Plasmids from E. coli were isolated from lyso-
zyme and SDS lysed cells and purified by ultracen-
trifugation with CsCl-ethidium bromide (=1.58
g/cm3). The rapid detection of plasmid pattern in
E. coli was followed by the alkali lysis method
(Maniatis et al., 1982), and the procedure described
by Kado and Liu (1981) were adapted for the de-
tection of plasmid in Rhizobium and
Agrobuacterium.
Restriction endonuclease digestion and ligation

All the other restriction enzyme digestions were
carried out under the condition of the supplier’s
instruction (New England BioLabs). The ligation
was carried out in ligation buffer (50 mM Tris-HCl,

Strain or plasmid Relevant genotype or phenotype Source
E. colt
SM10 Rec- derivative of C600 with RP4-2Tc::Mu 19

integrated in the chromosome
S17.1 Rec- derivative of 294 with RP4-Tc::Mu 19
Km::Tn7 in the chromosome

HB101
R. meliloti 102F51
R. fredii USDA193

pro Leuw Thi lacY Sm” end A recA hsrR hsrM 5
Wild type Nod* Nif+ Sm”
Wild type Nod+ Nif+ on “Peking cultivar’”’;

Nitragine, USA
H. Keyser, USDA

Nod+ Nif- on North American cultivars

R. leguminosarum 897 Phe Trp Sm” 10
A. tumefaciens 15955 QOctopine-type wild type 22
Plasmids
pBR322 Ar?, Tcr 4
pRK290 Tcr 8
RP4 Ap?, Tc’, Km” 7

pASR186

This experiment
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pH 8.0, 10 mM MgCl,, 10 mM ATP, 40 mM
dithiothreitol) using 1 ug of restriction en-
donuclease digested plasmid DNA and 2 to 4 units
of T,-DNA ligase. The reaction mixture was in-
cubated at 16°C for 16 hours for ligation (Mania-
tis et al., 1982).
Estimation of plasmid stability

Stability of the constructed plasmid vector was
determined by the procedure described by Priefer
et al. (1985). The single colony harboring the plas-
mid was inoculated into liquid media in the absence
of antibiotics. Immediately after inoculation, bac-
teria was counted on non-selective medium. After
culturing until the end of log phase, the culture was
transferred to fresh new non-selective medium to
continue the non-selective growth or plated onto
non-selective agar plates. In each case, 100 colo-
nies were tested for retention of the plasmid by
the plasmid encoded antibiotic resistance marker
and agarose gel electrophoresis.

RESULTS AND DISCUSSION

Isolation of pASR186 and pASR286 Plasmid

Several Rhizobium strains were screened for
the presence of a small multicopy plasmid by the
method of Eckhart (1978) or Kado and Liu (1981).
In Acacia Rhizobia sp86 isolated from the Acacia
(Robinta pseudoacacia L.) root nodules grown in
southern part of Korea, these methods revealed
relatively small three plasmids, approximately 15,
9 and 5kb in size, together with two larger ex-
trachromosomal replicons (Fig. 1). The 15 and 5kb
plasmids were named as pASR186 and pASR286,
respectively and were purified by sucrose density
gradient ultracentrifugation for the construction
of vector for Rhizobium gene manipulation. The
Acacia Rhizobia sp86 was sensitive to tetracycline,
chloramphenicol, kanamyein, sulfonamide and ne-
omycin, but resistant to streptomycin (150 u g/ml)
and ampieillin (25 #g/ml). The pASR186 was ob-
served to be transmissible by RP4 tra function but
pASR286 was nontransmissible.
Restriction mapping of pASR 186

In order to construct restriction map, purified
PASR186 DNA was digested with BamHI, Pstl,
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Fig. 1. Indigenous plasmid pattern of the isolated Ac1-
cia Rhizobia from Acacia (Robinia Pseudoacacia
L) root nodules; lane e, Acacia Rhizobia SP86.

Fig. 2. Stratagy for construction of Rhizobium-E. coli
shuttle vector combining indigenous multycopy
plasmid pASR186 from Acacia Rhizobia SP86
and E. coli plasmid vector pBR322, and physical
maps of the pASR186 and the constructed
PGUR19 vector(l).

Restriction pattern of pASR186(I1): a, uncutted
circular form; b, BamHI; ¢, EcoRI: d, Hindlll; e,
Hinell; f, Poull; g, Sall.

EcoRI, HindIll, Hinell, Pvyll and Sall (Fig. 2-II).
With the several double digestion analysis (data not
shown), rough restriction map was constructed
(Fig. 2-1).
Construction of vector

The stratagy for construction of Rhizobium-E.
coli shuttle vector with the replication and mobili-
zation function from pASR186 and selection mar-
ker and cloning site from pBR322 is shown in Fig.
2-1. The pGUR19 vector was constructed by com-
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bining EcoRI-linearized pBR322 with EcoRI-
linearized and dephosphorylated pASR196. With
the ligation mixture, E. coli SM10 was transformed
and Apr and Ter transformants were selected for
the pGUR19 vector. The selected transformants
were analyzed for the plasmid sizing by agarose
gel electrophoresis and correct orientation of the
plasmid was analyzed by restriction digestion. The
E. coli SM10 transformants which contain
RP4-specific transfer function in chromosome (Si-
mon et al., 1982) and have correctly sized plasmid
constructed from pASR186 and pBR322 were used
for conjugation donor to E. meliloti 102F51.

R. meliloti 102F51 transconjugants having Apr
and Ter were selected and the stable maintenance
and replication of the introduced vector in K.
meliloti host was analyzed by agarose gel elec-
trophoresis. The constructed vector pPGUR19 was
observed to be stably maintained in R. meliloti
102F51 host without integration onto chromosome
or formation of multimeric forms (Fig. 3). There-
fore the vector was further characterized for the
host range and stability in the different Rhizobi-

wm and Agrobacterium hosts.
Host Range
The mobilization of the pGUR19 vector into E.

abcdefdh

o, e o s,

- megaplsmid

-chromosome
"pGUR 19

Fig. 3. Agarose gel electrophoretic patterns of dif-
ferent Rhizobium and Agrobacterium transcon-
jugants containing constructed pGUR19 vector:
a, E. coli HB101 (pGUR19); b, A. tumefaciens
15955 (pGUR19); ¢ and d, R. fredii USDA193
(pGUR19); e and f, R. meliloti 102F51 (PGUR19);
g and h, R. leguminosarum 897 (pGUR19).
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melilots 102F51, B. leguminosarum 897, R. fredii
USDA193 and A. tumefaciens 15955 were tested
with E. eolt SM10 (pGUR 19) which contained
RP4-specific tra function in chromosome for the
mobilization of the vector. The vector could be
mobilized into all the hosts tested with the mobili-
zation frequency of 1.2x102 in E. coli HB 101
recepient and 4.6 x 104 in A. tumefacienns 15955.
These mobilization frequencies of pGUR19 were
slightly lower than those of pGUR9 constructed
previously (unpublished data) combining replication
and mobilization function from RSF1010 with
selection marker and cloning sites from
pACYC184, but comparable to those of pRK2501
or pRK249 (Ditta et al., 1985) in most hosts test-
ed (Table 2). The vector could also be transferred
to a variety of Rhizobium and Agrobacterium by
transformation. Transformation frequencics were
ranged from 5.4x107 in E. coli HB101 to
1.2x1019 in A. tumefaciens. These frequencies
were slightly lower than those of pGUR9 and other
broad host range vectors such as pSUP104 and
pRK290, but usable in some Rhizobium hosts (Ta-
ble 3).
Stability

Stability of the pGUR19 vector was tested for
the stable maintenance in Rhizobium and Agrobac-
terium hosts without selective pressure of antibi-

Table 2. Host range and mobilization frequencies of
pGUR 19 vector.

Mobilization frequency
for donor strain?

E. coli SM10 (pGUR19)

Recipient strain

E. coli HBI101 1.2x102
R. meliloti 102F51 1.7x1072
R. fredii USDA193 2.3x1073
R. leguminosarum 897 5.6x 1073
A. tumefaciens 15955 4.6x10"4

@ Mobilization frequencies into these recipiants were de-
termined with the mobilizing donor strain E. coli SM10.
All the mating were performed on membrane filter (Bo-
livar et al., 1977). Transconjugants were selected for the
aquisition of one of the plasmid-encoded resistance mar-
ker, tetracycline with the concentration of 50 micro-
grams per mililiter in E. coli, 25 micrograms per mililiter
in Rhizobium and Agrobacterium recipiants.
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Table 3. Transformation frequencies of PGUR1 Qvector
in different hosts.

Host strains Transformation frequency#

E. coli HB101 54 x 1077

SM10 3.7 x 107

S$17.1 6.2 x 10-7
R. meliloti 102F51 3.2x 108
R. fredit USDA193 6.4 x 109
R leguminosarum 897 2.1x10°Y
A. tumefaciens 15955 1.2 x 10-10

“Transformation {requencies were expressed per viable
cell and the transformants were selected with tetra-
cycline resistance with the concentration 15 micrograms
per mililiter in £. co/f and 25 micrograms in Rhizobium
and Agrobacterium host.

otics. The vector was fairly stable in R. meliloti
102F51 and R. fredvi USDA193 but unstable in E.
leguminosarum 897 and A. tumefaciens 15955 (Ta-
ble 4). Loss of the plasmid vector or formation of

&‘

Acacia Rhizobia sp86 2 E5€ 15kb 2 mu lticopy tansimissible plasmid pASR 186 2
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Table 4. Stability of pGUR 19 vector in different hosts.

% Retention of marker

Host strain Antibiotics at generation
cone @ m
R. meliloti 102F51 Te25 100 100 100
R leguminosarum 897  Tc25 85 63 5l
A. tumetaciens 15955 Te25 91 74 534
£ coli HB101 Teh0 100 100 100

“4Subscript indicates the concentration of antibiotics in
micrograms per mililiter: Tc, tetracycline and stability
of the vector plasmid was tested as described in the text.

multimeric form was observed in some transcon-
jugants in the unstable hosts after several gener-
ations. The stability of the pGUR19 in R. meliloti
102F51 and R. fredii USDA193 hosts was observed
to be comparable to other broad host range vec-
tor with stable maintenance of the plasmid after
60 generations.

2

+efst pASR186 9 replica-

tion W  mobilization function & E. colz plasmid vector pBRd?Z ] selection marker ¥ cloning site & < 4 &} of

Rhazobium S50 1A BAl 9 S5 = vector T2

tra 7155 QA 23)8ke] BIE E colf SM10 9 E.?_j 0481

Aot 4 glolon] 3y

Aol o3 =% sHseigdnt,

A2l FR2 Rect Rhizobium = Agrobacterium S
leguminosarum 837 % A. tumefaciens 15955 )41 v]m=

oli4tE il <bgsigict,
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