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Abstract

Gene transfer is a basic requirement for optimizing bioactive natural substances produced by an increasing number of indus-
trially used microorganisms. We have analyzed quantitatively horizontal gene transfdisishenichia coli to Actinomycetes.
The efficiencies of DNA transfer of four different systems were compared that consist of conjugative and mobilizable plasmids
with a broad-host range. Three novel binary vector set-ups were constructed based on: (i) the IncQ group of mobilizable plasmids
(RSF1010), (ii) IncQ-like pTF-FC2 and (iii) pSB102 that belongs to a new class of broad-host-range plasmids. The established
system based on the IneRyroup of conjugative plasmids served as the reference. For all plasmids constructed, we confirmed
the functional integrity of the selected transfer machineries by intrageneric matings béiwegnstrains. We demonstrate
that the transfer systems introduced in this study are efficient in mediating gene transfér tr@lirto Actinomycetes and are
possible alternatives for gene transfer into Actinomycetes for which thexhheBed transfer system is not applicable. The use
of plasmids that integrate into the recipients’ chromosomes compared to that of plasmids replicating autonomously is shown to
allow the access to a wider range of hosts.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tomyces, the most important industrially used produc-
ers of antibiotics as cephalosporin, chloramphenicol,
Bacterial conjugation is a powerful tool for gene kanamycin and tetracycline and other pharmacologi-
transfer into various bacteria including the gefiugp- cally relevant secondary metabolites, such as the anti-
tumor agents bleomycin, doxorubicin and mitomycin
"+ Corresponding author. Tel.: +49 30 8413 1696: or the immunosgppressive agent rapamy&'maQe_r et
fax: +49 30 8413 1130. al., 2000; Demain, 1999The technique allows: (i) the
E-mail address: lanka@molgen.mpg.de (E. Lanka). identification and functional analysis of biosynthetic
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pathways for pharmaceutically interesting metabolites  In this study, we introduce alternative conjugation
and (ii) the targeted manipulation of the biosynthesis systems, which might facilitate the transfer of plasmids
by pathway engineering of homologous and heterolo- into Actinomycetes strains as yet not accessible to that
gous genes, a strategy, which is called combinatorial technique. We also examine limitations in the use of

biosynthesis (for an example, sR& et al., 2002.
Trieu-Cuot et al. (1987)were the first to report

conjugative transfer of a shuttle plasmid between
Gram-negativeEscherichia coli strains and a variety
of Gram-positive bacteria. The initial protocol for
intergeneric transfer of plasmids fraf coli to Strep-
tomyces spp. was developed yazodier et al. (1989)

plasmid vectors which integrate site-specifically into
the host chromosome in comparison to autonomously
replicating plasmids. Four differenSrreptomyces
strains and one related nocardioform Actinomycete
were selected for the evaluation of transfer efficien-
cies. In the following, all strains used will be referred
to asStreptomyces spp., unless noted otherwise.

Since then, this method has been used successfully with

a number of differen§trepromyces strains Bierman et

al., 1992; Tabacov et al., 1994; Matsushima and Baltz,
1996; Fouces et al., 20pand other Actinomycetes as
Amycolatopsis (Stegmann et al., 2001Actinoplanes
(Heinzelmann et al., 2003 Nonomuraea (Stinchi et
al., 2003, Saccharopolyspora (Matsushima et al.,
1994, Actinomadura, Micromonospora, Nocardia
and Rhodococcus (Moeykova et al., 1998 but also
with strains of the amino acid producing genus
Corynebacterium (Schafer et al., 1990; Kirchner and
Tauch, 2003 Moreover, firstJaoua et al. (1992nd
later Molnar et al. (2000)and Kopp et al. (2004)
adapted this system for the conjugative transfer of
DNA from E. coli to the Gram-negative Myxobacteria
like Sorangium cellulosum, which recently gained
attention as a valuable source of important natural
products including epothilone.

A series of cloning vectors for the conjugative trans-
fer of DNA from E. coli to Streptomyces Spp. was con-
structed byBierman et al. (1992)comprising plasmid
or cosmid vectors: (i) which do not replicateSrrep-
tomyces SpP., (i) which can replicate autonomously or
(iii) which can integrate site-specifically at the bacte-
riophage®C31 attachment site. Several other vectors
which can be transferred from coli to Actinomycetes
have been presente8ifiokvina et al., 1990; Motamedi
et al., 1995; Voeykova et al., 19981owever, all con-

2. Materials and methods
2.1. Bacterial strains and media

E. coli strain SCSL [F, endAl, hsdR17(r¢, M),
supE44, thi-1, N\~ recAl, gyrA96, relAl; Stratagene]
was used for all cloning procedureB. coli strain
DH5a [F~, ®80dlacZAM15, A(lacZYA-argF), U169,
recAl, endAl, hsdR17(ri, mY), phoA, supE44, \~,
thi-1, gyrA96, relAl; Hanahan, 193was used as
the donor in intrageneric conjugations aad coli
strain GM2163 [F, ara-14, leuB6, fhuA3l, lacYl,
tsx78, ginV44, galK2, galT22, mcrA, dcm-6, hisG4,
rfbD1, rpsL136 (SM), dami3::Tn9 (CmY), xyIAS, mtl-

1, thi-1, mcerBI, hsdR2; New England Biolabs] as
the recipient in intrageneric conjugations and as the
donor strain in intergeneric conjugatioscoli strains
HB101 [F~, A(mcrC-mrr), hsdS20, recAl3, ara-14,
proA2, lacYl, N, galK2, rpsL20 (SM), xyl-5, ml-

1, supE44; Boyer and Roulland-Dussoix, 19pand
the nalidixic acid-resistant derivative HB101Nxere
additionally applied for intrageneric matings. Recip-
ients in intergeneric conjugations were the following
Streptomyces strains:S. aureofaciens TU13 (S. ambo-
faciens DSM 40697)S. coelicolor A3(2)M145 (SCP1-

, SCP2-;Kieser et al., 2000 S. lividans 66 TK24

jugation systems developed so far are based on the(str-6, SLP2-, SLP3-Kieser et al., 2000 S. diasta-

IncPa (RP4) transfer system. The system is known
to be efficient, mediating effective gene transfer not
only between different bacterial species but also into
other cell types such as yeaBates et al., 1998and
mammalian cellsWaters, 2001 The development of
additional conjugation systems with different transfer
functions might still render bacterial conjugation an
even more versatile tool.

tochromogenes T16028 Paululat et al., 199%nd the
nocardioform Actinomycetémycolatopsis japonicum
MG417-CF17 A. japonica DSM 44213;Stegmann et
al., 2003.

E. coli cells were grown in YT mediumMiller,
1972 or LB broth Sambrook et al., 19§%uffered
with 25mM 3-(N-morpholino)propanesulfonic acid
(sodium salt, pH 8.0) and supplemented with
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25ugthiamine-hydrochloridemit  and  glucose
(0.1%, wiv). If appropriate, antibiotics were used at
the following concentrations: tetracycline hydrochlo-
ride (Tc), 10ugml~1; kanamycin sulfate (Km),
30pugml~1; chloramphenicol (Cm), 1Qgmi~1;
apramycin sulfate (Am), 2agml~1; nalidixic acid,
sodium salt (Nx), 3ug mI~L. The final concentration
of HgCl, for selective growth of plasmid pSB102 was
20pgmi—L.

MS medium Hobbs et al., 198containing 10 mM
MgCl, was used for plating of. colilStreptomyces
spp. in intergeneric conjugation experiments. Excon-
jugants were further cultured on selective HA medium
(4 g Bacto yeast extract, 10 g malt extract, 4 g glucose-
monohydratet!; pH 7.3) with antibiotics added in
the following concentrations: phosphomycin disodium
salt (Pm), 40Qugml~1, and Am, 25ugmi~1 (selec-
tion of pSET vectors), or Km, 5@g ml~1 (selection
of pUWLoriTaph and RSF1010KStreptomyces cul-
tures for DNA isolation were grown in CRM Medium
(10g Bacto yeast extract, 20g tryptone soy broth,
103 g sucrose i and 20 ml 2.5 M MgdJ solution to be
added to the sterilized medium) containing 0.5% (w/v)
glycine, 400ug mi~1 Pm and the appropriate selective
antibiotics (see HA medium).

2.2. Plasmids and oligonucleotides

Plasmids used in this study are listedTable 1
Oligonucleotides used for molecular cloning, PCR
analysis or nucleotide sequencing are listeddhle 2

2.3. DNA techniques
Standard molecular cloning techniques were per-

formed as describedSémbrook et al., 1999 PCR
fragments were generated using the following poly-

merases under conditions recommended by the manu-

facturer: Deep Vet DNA polymerase (New England
Biolabs), ProofStart DNA polymerase (Qiagen)oy
DNA polymerase (Qiagen). Constructions were veri-
fied by DNA sequence analysis.

2.4. Intrageneric conjugation procedure
For quantitative filter matings defined amounts of

donor cells (0.5ml, & 10° cells mit) and GM2163
recipient cells (5 ml, 3—4 108 cells mi1) were mixed
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and collected onto a cellulose nitrate filter (Op4%
pore size, 25 mm diameter; Sartorius). The filter was
incubated for 1 h at 30C on a YT agar plate without
selection. Cellswere resuspended, and aliquots of serial
10-fold dilutions were plated on YT agar plates with
10 g chloramphenicol mi* for selection of GM2163
plus the appropriate antibiotic for selection of the plas-
mid to be transferred. The transfer frequency is the
number of exconjugants per donor cell.

2.5. Intergeneric conjugation procedure

Conjugation of mobilizable plasmids from coli
into differentStreptomyces strains was essentially done
as describedHlett et al., 1997; Kieser et al., 200.
coli donor cells were grown to an Qgp of 0.5. Cul-
tures were inoculated from single colonies rather than
diluted from overnight cultures because of extremely
long lag phases of stationary phase donor cells derived
from liquid culture. Cells were harvested by centrifu-
gation, washed twice with LB to remove residual
antibiotics and resuspended 10-fold concentrated in
LB. Streptomyces spore suspensions stored-s80°C
were used as recipients. For each mating experiment,
108 Streptomyces spores were added to 5002x YT
broth, heat shocked for 10 min at 90 to activate ger-
mination and cooled to room temperature. An aliquot
of 500l of E. coli cells was added and the mixture
centrifuged for 2 min at 1008 g. A defined volume of
900u.l of the supernatant was removed and the bacte-
rial pellet was resuspended in the remaining volume of
approximately 10@l. Serial 10-fold dilutions of the
mixture were spread on MS agar containing 10 mM
MgCl,. The plates were incubated for 16—20 h at29
and then overlaid with 3 ml soft nutrient agar contain-
ing 1 mg Pm for counterselection agaifstoli and the
appropriate antibiotic for exconjugant selection (1 mg
Am and 0.75mg Km, respectively). Incubation was
continued for 2-5 days until exconjugants appeared.
The transfer frequency is the number of exconjugants
per recipient spore. Exconjugants were further cultured
on selective HA medium and analyzed by specific PCR
or plasmid DNA isolation (see below).

2.6. Isolation of DNA from exconjugants

GenomicStreptomyces DNA was isolated using the
Nucleospin Tissue Kit (Macherey & Nagel) accord-
ing to the product manual for Gram-positive strains.
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Plasmids used in this study

Plasmid

Descriptioh

Reference or source

Cloning vectors
pBR329
pBluescript Il SK-
pJF119EH
pGZ119EH
pGZ219EH

pGZ1119EH

pUWI201
pGM9

IncPu plasmid$
puUB307
pUB307dK
pML123
pML100
pMS124

IncQ plasmidé
RSF1010

RSF1010K
pFB219EH

pFB1124
pTF-FC2 plasmids
pDER412
pFB319EH
pFB1224
pSB102 plasmids
pSB102
pFB714
IntegrativeoriT plasmids
pSET152
pSEToriT~
pSET101
pSET201

pSET102

pMBL1 replicon, A CnT, Tc"

ColE1 origin, f1) origin, lacZ, MCS, Ag

pMBL1 replicon, Bcllacl®, Ap'

ColD replicon, fcllacld, CnT

pJF119EKN[BspHI-Nrul 2.23-kb fragment[RP4zerA, nucleotide
positions 13,921-15,273; RSF1010Pilull-Pstl, 5.7-kb fragment;
adaptoVsil-Nrul]; RSF1010D1 replicon, Rc/lacl®, Tc"
pGZ119EM[Hindlll—Scal] Q[pGZ219HindIll-Xhol 1.85-kb fragment];
ColD replicon, Racllacl?, Tc'

pUC18 origin, plJ101 origin,dPmE", Ap', Thf

pSGS5 replicon, K Th

RPATNAS, IncPx replicon Knf, T¢'

pUB30A[RP4aphA nucleotide positions 38,860-38,996]; IrcP
replicon, T¢

PGZ119EM\[EcoRI-BamHI] Q[EcoRI-Xmnl adaptor; RP&Xmnl-Notl,
nucleotide positions 18,841-30,0424HB to trbM)*, ColD replicon, Crh
pJF119EKR[RP4 Eco47IlI-Eco47lll, nucleotide positions
45,871-48,933];t(aF, traG)*, pMB1 replicon, Ap
PML123\[BamHI-Hindll] Q[BamHI-Sac| adaptor, pML100
Sacl-Hindlll, 3.1-kb fragment]; fbB to trbM)*, (traF, traG)*, ColD
replicon, Cm

IncQ replicon, SmSU

RSF1010 replicon, Km

RSF101Q[Sspl-Xmnl 3.04-kb fragment[pGZ219Nsil-Xhol 3.44-kb
fragment/T4]; RSF1010 replicont®/lacl¥, Tc"
pFB218[EcoRI-Hindlll] Q[pMS124EcoRI-Hindlll, 14.4-kb fragment];
(trbB to trbM, traF, traG)*, RSF1010 replicon, Bc/lacl?, Tc'

12.4kb pTF-FC2 in pBR32B4il] A[Xhol/Sall]; pTF-FC2 replicon, Crh
pDERA41&[EcoRI-Pstl] Q[pGZ219Nsil-Xhol 3.44-kb fragment];
pTF-FC2 replicon, Ric/lacl®, Tc'

pFB314[EcoRI-Hindlll] Q[pMS124EcoRI-Hindlll, 14.4-kb fragment];
(trbB to trbM, traF, traG)*, pTF-FC2 replicon, Ric/laclf, Tc"

Conjugative broad-host-range’ igtasmid
pGZ1112[pSB102Xbal-Xbal, nucleotide positions 4495-35,997]; Tra
ColD replicon, T¢

pUC replicon, AmlacZa, MCS,int®©32, IncPu oriT

PSET152A[oriT, Pstl—Pstl, nucleotide positions 2798-3600]; pUC
replicon, A, lacZa, MCS, inr®3!

pSETorTQ[RSF1010riT]; pUC replicon, Am, lacZa, MCS, ini®C31,
RSF101QriT

PSETorTQ[pTF-FC20riT]; pUC replicon, Am, lacZa, MCS, int®C31,
pTE-FC20riT

pPSEToriTQ[pSB1020riT, nucleotide positions 11,064-11,494]; puUC
replicon, Anf, lacZa, MCS, inf®C31, pSB1020riT

Covarrubias and Bolivar (1982)

Stratagene

Furste et al. (1986)
Lessl et al. (1992)

G. Ziegelin, unpublished
G. Ziegelin, unpublished

Doumith et al. (2000)
Muth et al. (1989)

Bennett et al. (1977)
This work

Lessl et al. (1993)
Lessl et al. (1993)

This work

Guerry et al. (1974)
Scholz et al. (1989)
Lessl et al. (1993)
This work

This work

Rawlings et al. (1984)
This work

This work

Schneiker et al. (2001)
This work

Bierman et al. (1992)
This work
This work
This work

This work
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Table 1 Continued)

Plasmid Descriptioh Reference or source

Non-integrativeoriT plasmids
pMS713-1n pBR322[pSB1020riT, nucleotide positions 11,064-11,494]; pMB1
replicon, Ag, Cnf
p0J436 pUC replicon, A (cos)3, int®C3L, IncRu oriT
pUWLoriTaph pUWL20X2[p0OJ436Pstl 0.76-kboriT fragment; pGM9 1.85-klaphil
cassette]; pUC18 origin, plJ101 origing/#E, IncPu oriT, Th', Km'

This work

Bierman et al. (1992)
This work

2 Selective markers: Am, apramycin; Ap, ampicillin; Cm, chloramphenicol; Hg, mercury; Km, kanamycin; Sm, streptomycin; Su, sulfonamide;
Tc, tetracycline; Th, thiostrepton.

b IncPx-derived helper plasmids and plasmids used for their construction.

¢ Sequence data for the Ardeletion in pUB307: CGTAATG-5463-A nucleotide positions 5464—12,044—12,045-GGA, coordinates refer
to the sequence of RP4 (EMBL nucleotide sequence database, accession no. L27758).

94 IncQ-derived helper plasmids and plasmids used for their construction.

€ pTF-FC2-derived helper plasmids and plasmids used for their construction.

f pSB102-derived helper plasmids.

An aliquot of 2 ml of Actinomycetes culture was used. isolation. The resuspension buffer (50 mM glucose;
Cells were harvested by centrifugation and washed 25 mM Tris—HCI; 10 mM EDTA; pH 8.0) contained
once with 50Qul of TE/10% sucrose and stored at lysozyme (4 mgmtl). The cells were incubated for
—20°C for further processing. 30 minat 37 C before adding the alkaline buffer (0.4 M

Plasmid DNA was isolated froi$trepromyces cells NaOH; 2%, w/v, SDS). Incubation at room tempera-
by alkaline lysis essentially as describdgiroboim ture was for 10 min. Three molar potassium acetate, pH
and Doly, 1979; Sambrook et al., 198Rith the fol- 5.2, was used as neutralization buffer. The DNA pellet
lowing modifications: cells were washed and stored was resuspended in p@ TE buffer (10 mM Tris—HCI;
until further processing as described for genomic DNA 1 mM EDTA; pH 8.0).

Table 2
Oligonucleotides used in this study

Sequencd®

Description

5-CGGGAGGGCGCACTTACCGGTTTCTCTTCGAGAAACTGGCATG-3
5-CCCAGTTTCTCGAAGAGAAACCGGTAAGTGCGCCCTCCGCATG-3
5-TTACTGATGCATGCGCGCCGAATGGGCAGGC-3
5-TTACTGATGCATGCGCGCCTTTTATGCTTGTTGCAAAGTG-3
5-TTATGCATAAGCTTGCTGGGGCCGGTGTCAAGG-3
5-TTACTGATAAGCTTCAAGCGCCTCCAATCCAATTAAGGGGAC-3
5-CTCCATTGCATGCTCCTTAGCTCCTGATGTT-3
5-TCCATAGCATGCGCCTGACTGCGT-3

44mer;oriT RSF1010 cloning
44mer;oriT RSF1010 cloning
31mer;oriT pTF-FC2 cloning
40mer;oriT pTF-FC2 cloning
33mer; pBR4riT102 cloning
42mer; pBR4riT102 cloning
31mer; pSET102 cloning
24mer; pSET102 cloning

5-TGACGCTCAATGCCGTTTGGC-3
5-CAGTTGGGGCACTACTCCC-3
5-GTGCGTCACGACTGGGTC-3

21mer; pSET analytical PCR and sequencing primer
19mer; pSET analytical PCR and sequencing primer
18mer; pUB307 sequencing primer

5-TTAATTCATGAACTAGTCATGTATTCGGCTGCAACTTTGTCA-3
5-CTCGAGGCATAGGCCTATCGTTTCCACG-3

5-CCCAATGCAT TCG-3

5-CGA ATGCATGGGGTGCA-3

5-GATCCGGCGCGCGAGCT-3

5-CGGCGCGCEG-3
5-TTGGTCGCATATGTCGAACCCCAGAGT-3
5-GGCATGCATATGTCACGCTGCCGCAA-3

42mer; RP4/tetA cloning
28mer; RP4/tetA cloning
13mer;Nsil/ Nrul adaptor
17mer;Nsil/ Nrul adaptor
20mer;BamHI|-Sacl adaptor
10mer;BamHI-Sacl adaptor
27mer; pGMYphll cloning
26mer; pGM%iphll cloning

2 Nucleotides belonging to restriction sites introduced for cloning purposes are in bold.
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3. Results

3.1. Selection of transfer systems and molecular
cloning of essential Tra components

pUB307/pSET152Klettetal., 199Yserved as aref-

151

1991, as well as plantBuchanan-Wollaston et al.,
1987 and animal cellsYoshida et al., 1997 Like-
wise, pTF-FC2 has been mobilized at high frequency
betweernkE. coli strains by the co-resident InePlas-
mid RP4 Rawlings and Woods, 1985from E. coli

to Pseudomonas fluorescens (Herrera et al., 1994and

erence system for the evaluation of Tra systems used infrom Agrobacterium tumefaciens to plant cells Dube

this study. Plasmid pUB307, a RP4 derivative lacking
TnA (Bennett et al., 197 7Table 1), had to be modi-
fied such that it could be used with co-resident'Km
plasmids RSF1010K and pUWLoriTaph (see below).
pUB307, linearized at a uniquAindlll site in the
aphA gene, was used for transformation Bfcoli to
generate small deletions of the plasmid, yielding the
Kms® plasmid pUB307dK. The plasmid lacks 137 bp,
destroying theaphA reading frame (nucleotide posi-
tions 38,860-38,996 of plasmid RP4).

Potential alternatives for the InaPTra system to
be used for conjugative DNA transfer infsrepto-
myces and related Actinomycetes have to be especially
efficient in semi-solid surface matings, since conjuga-
tive transfer inStrepromyces takes place only on solid

and Thompson, 2003; Dube et al., 2004

Conjugative transfer of pSB102 was demonstrated
for Sinorhizobium meliloti 1331, Pseudomonas Sp.
B131 andE. coli HBR101 withS. meliloti FP2 as the
donor strain $chneiker et al., 2001While the mobi-
lization functions of IncQ and IncQ-like plasmids have
been extensively studied (for a review, deawlings
and Tietze, 200} the location and extension of the
transfer region of pSB102 so far only has been pre-
dicted on the basis of sequence similarities to those of
other systems3chneiker et al., 2001

For conjugation experiments, binary vector systems
were constructed with the subset of Tra systemm&!
sequences as the ondys-acting elements necessary
for plasmid transfer were positioned on one plasmid,

media under prolonged physical contact of the parental genes for transfer proteins required for the formation

strains Hopwood and Kieser, 1993Three systems

were selected for this study: the mobilization (Mob)
system of IncQ plasmid RSF1010, the Mob system
of IncQ-like plasmid pTF-FC2 and the Tra system of
pSB102, a plasmid recently isolated from the micro-
bial population of the alfalfa rhizospher8chneiker et

al., 200). The selection was done due to the following

considerations: RSF1010 and pTF-FC2 are both broad-

host-range plasmids. They are known to be highly

mobilizable and possess well-characterized Mob func-

tions (reviewed irRawlings and Tietze, 2001In con-

of the relaxosome and subsequent translocation of the
DNA to the recipient cell together are provided on co-
resident helper plasmids. The physical structure of the
conjugative helper plasmids together with an outline
of the cloning strategy is given iRig. 1 pFB1124
and pFB1224 carry the mobilization and replication
functions of plasmids RSF1010 and pTF-FC2, respec-
tively, and the RP4 Tra2 region including the genes
traF and traG, which are required for mobilization
of the non-conjugative plasmids RSF1010 and pTF-
FC2. pFB714 carries the putative Tra region of plasmid

trast, pSB102 belongs to an as yet undescribed grouppSB102, which is located on a 31.5-Kbal frag-
of broad-host-range plasmids. The putative mating pair ment. The physical structure of the:T plasmids is

formation (Mpf) and DNA transfer and replication
(Dtr) genes form a compact cluster, which makes the

system appropriate for the cloning procedures required.

Although not self-transmissible, RSF1010 is mobi-
lized at high frequency to a large number of hosts

given in Fig. 2 They represent two different types.
Derivatives of pSET152HKierman et al., 1992do
not replicate inStrepromyces spp. and related Actino-
mycetes but allow for site-specific integration in the
host chromosome at the bacteriophaip€31 attach-

in the presence of conjugative helper plasmids, such ment site Fig. 2a). These plasmids, pSET152 (RP4

as RP4 of theE. coli IncPa and R751 of the IncP

oriT), pSET101n/u (RSF1016riT in n and u orien-

group. Transfer of the plasmid has been reported for tations, respectively), pSET201 (pTF-FG2T) and

a wide range of Gram-negative bacteriardy and
Bagdasarian, 1989; Haring and Scherzinger, 1884
several Gram-positive bacteria includisy lividans
andMycobacterium smegmatis (Gormley and Davies,

pPSET102 (pSB102riT), will be referred to as integra-
tive oriT plasmids. A derivative of plasmid pUWL201
(Doumith et al., 200Pcarrying the IncR oriT of plas-
mid pOJ436 Bierman et al., 1992contains the repli-
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Tra

mob/rep

Fig. 1. Physical structure of conjugative helper plasmids. Plasmid
pJF119EH Furste et al., 1986was the basis for the construction
of the conjugative helper plasmids used in this study. The plas-
mid carries thdacl? gene, therac promotor, a multi-cloning site
and therrnBt1/¢2 terminator (A). The ampicillin resistance gene

E. Blaesing et al. / Journal of Biotechnology 120 (2005) 146-161

3.2. Tra constructs are functional in intrageneric
matings between two E. coli strains

Plasmids pFB1124 (Tra system IncQ/InrcRIpf;
Table 1 Fig. 3), pFB1224 (Tra system pTF-FC2/IneP
Mpf; Table % Fig. 3) and pFB714 (pSB102 Tra system;
Table 1 Fig. 3) were constructed as self-transmissible
plasmids with the ability to mobilize co-residing plas-
mids carrying the homologousriT sequence. The
advantage of self-transmissible helper plasmid is to
offer the possibility of triparental matings without
the need for preceding DNA isolation. Those matings
include methylation proficienk. coli strains, such as
DH5a which are used for the conservation of cosmid
libraries, and the methylation deficient GM2163 prefer-
ably used for conjugation with Actinomycetes.

The presence of functional Tra elements in all con-
structed plasmids was confirmed by intrageneric mat-
ings betweelE. coli strains.

In a semi-quantitative approach, we first tested the
capacity for conjugative transfer of the helper plas-
mids themselves. Ten-fold serial dilutions of plasmid-

of pJF119EH was replaced by the tetracycline resistance gene of harboring HB101 cells were spotted onto a lawn of

plasmid RP4#:A with residual promoter, RP4 nucleotide positions
13,921-15,273; B). For the construction of RSF1010 and pTF-FC2
helper plasmids, the pMBL1 replicon was replaced by the correspond-
ingmob/rep regions Gcholz et al., 1989; Rohrer and Rawlings, 1992
C). For the construction of the pSB102 helper plasmid, ColD, derived
from plasmid pGZ119Ll(essl et al., 199% was used as the replicon
(C). The RP4 Tra2 region and the gemes” andtraG, required for
mobilization of the non-conjugative plasmids RSF1010 and pTF-
FC2, were inserted at the pJF119EH multi-cloning site, yielding
plasmids pFB1124 and pFB1224, respectively (D). The putative Tra
region of pSB102 is located on a 31.5-Kbal fragment. The frag-
ment, inserted into the pJF119EH multi-cloning site, yielded plasmid
pFB714 (D). Genetic maps of the vector plasmids and conjuga-
tive helper plasmids with essential restriction sites are provided as
supplementary data

cation functions of th&trepromyces broad-host-range
multi-copy plasmid plJ101Kieser et al., 198pallow-

ing for autonomous replication in the hostid. 2b).
This plasmid, pUWLoriTaph, will be referred to as
non-integrativerriT plasmid. Detailed descriptions of
the cloning procedures of both the helper and the
oriT plasmids are given ifTable 1and included as
supplementary datén overview of the new constructs
together with an outline of the experimental procedure
is given inFig. 3

nalidixic acid-resistant HB101Nx cells and selected for
tetracycline/nalidixic acid resistance."Mx" colonies
were obtained with each of the plasmids with dilu-
tions as far as 1, indicating the presence of func-
tional Tra systems in each of the constructs (data
not shown). The mating experiments show that the
combination of the IncQ- or IncQ-like Mob func-
tions with the IncP Mpf functions, including the genes
traF andtraG, on a single plasmid renders the plas-
mid self-transmissible. In addition, we demonstrated
with these experiments that the 31.5-kbal frag-
ment of pSB102, carrying the predicted Tra func-
tions, is sufficient to confer the ability of conjugative
transfer to a recombinant plasmid. This is the first
approach to determine the extension of the pSB102 Tra
region.

Quantitative filter mating experiments with DH5
as donor and GM2163 as recipient strain were carried
out to assess the frequencies of mobilization of the
recombinanbriT plasmids by their respective conjuga-
tive helper plasmidsTable 3. pUB307dK/pSET152
served as the reference system. With regard to the
intergeneric matings betweéhcoli andStreptomyces
spp., we included pUB307dK-mediated mobilization
of plasmids RSF1010K and pUWLoriTaph in our anal-
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Fig. 2. Physical structure of<T plasmids. (apriT plasmids integrating into the Actinomycetes host chromosome by site-specific recombination.
pSET152 Bierman et al., 1992provided the basis for each of the integrativél’ plasmids. The plasmids encode the LagZeptide with a
multi-cloning site and the replicon of plasmid pUC19, the attachmentesite] [and integrase functiong{] of the temperate phageC31 for
site-specific integration into the recipient Actinomycete chromosome and the apramycin resistanceanat@f)], which can be used for
selection in botlE. coli and Actinomycetes. The 0.8-kb IneRriT fragment of plasmid pSET152 was replaced by the followiri@ sequences,
which were inserted into the singkphl site (pSET152 nucleotide position 3606). Insertion of the 38 bp RSF2&¥0(Brasch and Meyer,
1987 yielded plasmid pSET101. Insertion of the 138 bp pTF-e&Z (Rohrer and Rawlings, 199¥ielded plasmid pSET201. The putative
pSB1020riT is located on a 2.36-kHindlll fragment (pSB102 positions 9863—12,225; EMBL nucleotide sequence database, accession no.
AJ304453). Part of the fragment was amplified (pSB102 positions 11,064-11,494) for molecular cloning of the qufategion, yielding

plasmid pSET102. pSET101 was obtained with the RSF1010 sequence in both orientations (pSET101n and u, respectively), while pSET201

contained the pTF-FC&riT sequence exclusively in the u orientation. A genetic map of the plasmid pSETwitl essential restriction sites
is provided asupplementary datdb) oriT plasmid autonomously replicating in tSeepromyces host. Plasmid pUWL2010oumith et al.,
2000 was the basis for the construction of@i7 plasmid autonomously replicating $veptomyces spp. pUWL201 contributes the replication
functions of theSrrepromyces broad-host-range multi-copy plasmid plJ18&dgser et al., 198 thetsr gene conferring resistance to thiostrepton
in Streptomyces, the promoter BrmE" (Bibb et al., 199%and the pUC18 origin for replication il coli. Insertion of the 0.8-kiPstl fragment

of plasmid pOJ436Rierman et al., 1992containing the Inck oriT generated pUWLoriT. Subsequent insertion of &p#ll gene of plasmid
pGM9 (Muth et al., 1989into thebla gene of pUWL201 yielded ApKm' plasmid pUWLoriTaph.

ysis. Employing IncR plasmid pUB307dK as helper,

was observed. Mobilization experiments with both

transfer efficiencies approached one per donor cell pSB102 and pFB714 confirm the postulated location of

with each of theoriT plasmids. This is in accordance
with the data for IncR-mediated plasmid transfer
reported by other authors (e.gessl et al.,, 1998

Transfer frequencies obtained with plasmids pFB1124,

pFB1224 and pFB714 were about 6-25-fold lower
compared to those obtained with pUB307dK. pFB714
was the most efficient of the three, yielding transfer
frequencies with an average of x410~1. In contrast,
employing the original plasmid pSB102, the number
of exconjugants obtained was about 150-fold lower
compared to that obtained with pFB714 harboring
the isolated pSB102 Tra regiofigble 3. This might
result from replication deficiencies of the environmen-
tal plasmid pSB102 in thé&. coli host, since retarded
growth of the DH>x (pSB102/pSET102) donor cells

the pSB102riT sequence. Control experiments with
pSEToriT™ yielded transfer frequencies near the detec-
tion limit with the exception of experiments carried out
with pSB102 as helper plasmid. The latter exhibited
reproducible higher transfer frequencies with an aver-
age of 4x 10-8. Recombination events taking place
during the long growth period might be the reason for
this observation.

3.3. Selected Tra systems are suitable for
intergeneric conjugative transfer from E. coli to
Streptomyces spp.

Subsequently, RSF1010, pTF-FC2 and pSB102
Tra systems were compared among one another and
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Fig. 3. Mobilization systems frorf. coli to Streptomyces spp. and experimental set-up.

with the IncRx system pUB307dK/pSET152 in inter-
generic conjugation experiments betwéenoli strain
GM2163 as the donor and five different recipient strains
(Fig. 3). Streptomyces strains selected were the fol-
lowing: S. lividans and S. coelicolor were selected
as genetically well characterized strains often used in
standard experiments. Additionall§, diastatochro-
mogenes, apolyketomycin producing straiRéululat et
al., 1999, was chosen as a potentially convenient recip-
ient strain for combinatorial biosynthesis, afidiure-
ofaciens, a producer of congocidin and spiramycin.
The fifth recipient strain selected wasjaponicum, a
nocardioform Actinomycete producing the biodegrad-
able ethylenediaminetetraacetic acid (EDTA) isomer
ethylenediaminedisuccinic acid (EDDS). The selected

strains carry theéC31las:B site for site-specific integra-
tion of the mobilized pSET derivatives, which lack a
replicon to be autonomously maintained in these hosts.
To assess whether the need of the mobilized plasmids
to integrate into the host chromosome proves a limiting
factor for the formation of exconjugants, we included in
our studies conjugation experiments with two plasmids
able to replicate irStreptomyces spp., pUWLoriTaph
and RSF1010K. pUWLoriTaph contains the replication
functions of theStrepromyces broad-host-range multi-
copy plasmid plJ101Kieser et al., 1982 RSF1010
was shown to be transferred to and stably maintained
in S. lividans andM. smegmatis (Gormley and Davies,
1991). For more convenient selection, we used the’ Km
derivative RSF1010KTable J instead of the original



F. Blaesing et al. / Journal of Biotechnology 120 (2005) 146-161 155

Table 3 Table 4 summarizes the frequencies of exconju-
Intrageneric plasmid mobilization gant formation per recipient spore. Exconjugants were
Tra system Plasmids in donor Transfer obtained with all Tra systems and direpromyces
strain DH& frequency strains employed. However, conjugation experiments
IncPx pUB307dK, pSET152 8.510" employing A. japonicum as recipient strain yielded
puB307dK, pUWLoriTaph  5.X 10f transfer frequencies near the detection limit and are
PUB307dK, pSETorT 9.2 107 therefore left out in the following evaluation of the
pSB102 pSB102, pSET102 9010~ ‘1‘ Tra systems. The actual transfer of pSET DNA iAto
pg';ﬁé’ pEE'Tréggr 412": 18:6 japonicum could be confirmed, though, for the IngP
EFB714: SSEToriT <1x 107 and pSB102 system but not for the IrdMcQ system
IncRINGQ OFB1124, pSET101U 3.510-2 and the IncB/pTF—FCZ sy_stem (see pelow aRid). 4)
DFB1124, pSET101n 56102 . Control experiments with pSETorrTwere negative
pUB307dK, RSF1010K >1 with all tested Tra systems with the exception of one
pFB1124, pSEToriT 6.5x 1077 singleStreptomyces colony appearing with helper plas-
IncPu/pTF-FC2 pFB1224, pSET201u 50102 mids PFB714, pFB1124 and pFB1224 asdivdans
pFB1224, pSETorT 2.9x10°8 as recipient.

The most efficient Tra system for the recipient

@ Number of exconjugants per donor cell. The recipient strain was . . . .
GM2163 Cni. The frequencies are average values for two indepen- strains used in this study proved to be the established

dent experiments. Transfer frequencies for a given Tra system were InCPo Sy'Stem (pUB307d K/pS!ET152) WithstranSfer
always in the same order of magnitude. frequencies between approximatelyx30~° and
1x 104 (Table 4. Highest transfer frequencies were

RSF1010 plasmid encoding resistances against strep-obtained withS. lividans as recipient. No transfer fre-

tomycin and sulfonamide. guency could be calculated for pUB307dK/pSET152
Control experiments using pSEToriTwere per- with S. aureofaciens as recipient strain. Exconjugant

formed with all Tra systems to exclude possible spon- colonies were extremely small and formed a lawn on

taneous resistance. the agar plate even at high dilutions.

Table 4

Transfer frequencies for plasmid mobilization frdincoli to Streptomyces spp?

Tra system Plasmids i coli Recipient strain
donor strain GM2163

S. aureofaciens  S. coelicolor  A. japonicum  S. lividans S. diastatochromogenes

IncPu pUB307dK, pSET152 N.A. 2.1x 1073 <1x 1077 53x10% 1.6x10°*
pUB307dK, pUWLoriTaph  5.% 10°° 4.8x10°* 6.0x 1077 1.5x10% 4.7x10°7
pUB307, pSEToriT <1x10°8 <1x10°8 <1x10°8 <1x108 <1x10°8

pSB102 pSB102, pSET102 54104 9.7x 1076 1.5%x 1077 48x10° 29x10°°
pFB714, pSET102 451075 1.9%x10°° <1x10°7 6.6x10°°> 21x10°
pSB102, pSEToriT <1x10°8 <1x10°8 N.D.P <1x10% <1x10°8
pFB714, pSEToriT <1x 1078 <1x10°8 N.D.P <1x108% <1x10°8

IncPa/IncQ pFB1124, pSET101u 281075 6.4x 1076 <1x 1077 1.2x10° 8.0x1077
pFB1124, pSET101n 221076 1.1x10°® <1x 1077 40x10% 3.0x1077
pUB307dK, RSF1010K <k 1078 3.4x 105 1.0x 1077 <1x10% <1x10°8
pFB1124, pSEToriT <1x10°8 <1x10°8 <1x10°8 1x10°8 <1x10°8

IncPo/pTF-FC2  pFB1224, pSET201u 271075 3.6x10°6 <1x 1077 1.8x10° 2.8x10°°
pFB1224, pSEToriT 1x10°8 <1x10°8 <1x10°8 1x10°8 <1x10°8

@ Number of exconjugants per recipient spore. With the exception of negative control experiments, the transfer frequencies were determined
from at least two independent experiments. For each Tra system applied to a given receptor strain, the transfer frequencies vary at the most by
factor 10.

b N.A., not applicable; N.D., not determined.
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Fig. 4. PCR analysis of exconjugants. PCR reactions were carried out il &0 2 .l of genomic Actinomycetes DNA, 50 pmol primers each,

200p.M dNTPs and 2 Ulag polymerase in PCR buffer (10 mM Tris—HCI, pH 8.3; 50 mM KCI; 1.5 mM MgCTThe template was denatured

for 3min at 95°C. Amplification was for 30 cycles with 1 min 9&, 1 min 58°C and 1 min 72C and additional 5 min for the final synthesis

step. Ten microliters of each PCR reaction was loaded onto 0.8% agarose gels and subjected to electrophoresis in TAE buffer (40 mM Tris—HClI,
pH 7.9; 5mM sodium acetate; 1 mM EDTA). Primers used map to both sides §pitheite in pSEToriT- and yield a PCR product of 390 bp

(not shown)oriT specific products display bands of 390 bp plus the size of the correspandirgequence. Exconjugants: @ywureofaciens;

(b) S. coelicolor; (C) A. japonicum; (d) S. lividans; (€) S. diastatochromogenes. Molecular size standard: 1 kb ladder (Invitrogen).

Mobilization of the non-integrative plasmid
pUWLoriTaph by pUB307dK yielded transfer fre-
quencies between 1102 and 5x 107 (Table 4,
which is 2-300-fold lower for the corresponding
recipient strains. The integration of the plasmid into

Table 4. Transfer frequencies obtained withaure-
ofaciens were highest, and exconjugants also here
formed large colonies.

Ofthe three alternative transfer systems, the pSB102
system was the most efficient in intergeneric conjuga-

the host chromosome seems therefore not a limiting tion experiments with al§trepromyces strains yielding

factor for the formation of exconjugants.

The IncRJ/INncQ system (pFB1124/pSET101)
yielded transfer frequencies betweenk 30~° and
3x 107, which is 2—2000 times lower for a given
recipient strain compared with the IngPsystem
(Table 4. Highest transfer frequencies were obtained
with S. lividans as recipient, but also witl. aureo-
faciens. In contrast to the exconjugants obtained with
the InckRx Tra systemS. aureofaciens exconjugants
obtained with the Inc&/IncQ Tra system were large
and well growing. Plasmid RSF1010K could be
mobilized into and replicated if. coelicolor and A.
Japonicum, but no exconjugants were obtained with
lividans, S. aureofaciens andS. diastatochromogenes.

The IncRJ/pTF-FC2 Tra system yielded trans-
fer frequencies similar to those obtained with the
IncPa/IncQ Tra system (%X 10°° to 3x10°6;

transfer frequencies betweenk8.0~4 and 2x 106
(Table 4. Transfer frequencies were similar with both
the original pSB102 plasmid as helper plasmid and
plasmid pFB714 containing the pSB102 Tra region.
As in intrageneric conjugation experiments, coli
donor cells carrying pSB102 together with the corre-
spondingriT plasmid were growing rather slowly. The
pSB102 system was especially effective in conjugation
experiments witl$. aureofaciens as recipient strairs.
aureofaciens exconjugants displayed good growth as in
the experiments using the InePncQ or IncR/pTF-
FC2 Tra system.

Taken together, the Tra systems assayed proved
to be suitable for intergeneric conjugation between
E. coli and Streptomyces spp. in the following gra-
dation: pUB307dK >pSB102 > pTF-FC2RSF1010,
with integrative > non-integrative. The three alternative
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systems offer the advantage that some recipient strainsprotocol used is not applicable for this strain, that the

asS. aureofaciens seem to be more susceptible than
with the IncRx system.

3.4. Confirmation of plasmid transfer

copy number of the plasmid i japonicum s reduced,
or else, that spontaneous chromosomal mutations led
to the formation of KrhA. japonicum colonies.

Samples of exconjugants were picked and cultivated 4. Discussion

on selective HA agar plates to confirm the conjugative
transfer of the pSET derivatives and their stable main-
tenance in th&treptomyces hosts. Phosphomycin was
added to counterselect the sensitizeoli donor.

For afurther verification of transfer of the integrative
oriT plasmids into the five different recipient strains,
genomic DNA was isolated and the presence of inte-
grated pSET DNA was confirmed by PCR analysis
using primers mapping at thgpkl site (seeTable 2.

This study is the first systematic analysis of various
transfer systems with differeStrepromyces recipient
strains. Together with the established IncBystem,
three additional systems were assayed for conjugative
transfer of DNA fromE. coli to four Streptomyces
strains and onemycolatopsis strain; two of these
transfer systems have not been applied \§itlepro-
myces before.

PCR products of the size specific for the corresponding ~ We present for the first time the experimental appli-
oriT sequences located at this site were obtained with cation of the pSB102 transfer system that has not
all samples with the exception of RSF1010 and pTF- been experimentally characterized so far. The pro-
FC2 oriT (plasmids pSET101 and pSET201, respec- posed transfer region of pSB102, predicted on the
tively) in A. japonicum (Fig. 4). The weak band visible  basis of sequence similarity to those of other plasmids
in the latter two samples is notiT specific buta PCR  (Schneiker et al., 20Q1 was isolated by molecular
by-product also contained in some of the other samples cloning. The conjugative ability of the construct was
(Fig. 4). We cannot exclude that the colonies obtained experimentally confirmed. Likewise, the putatiweT
are spontaneous resistants. However, true exconjugantsequence, located on a 2.3 Kindlll fragment, was
were also obtained with. japonicum as shown forthe  isolated and delimited to a functional region of about
conjugation experiments with pSET152 and pSET102. 450 bp. pSB102 represents a new class of plasmids
The three colonies obtained in control experiments unrelated to the known plasmid incompatibility groups.
with pSEToriT™ did not yield a PCR product (data not The putative Tra region consists of a compact cluster
shown). of genes, covering about one half of the plasmid. The
Likewise, the conjugative transfer and stable main- putative Mpf genes, designatedA to traM, show the
tenance of non-integrative plasmids pUWLoriTaph and highest similarity to theirB gene cluster of the type IV
RSF1010K was confirmed by cultivating the exconju- secretion systems @&rucella suis (O’'Callaghan et al.,
gants on selective HA agar plates with simultaneous 1999 andBrucella abortus (Sieira et al., 2000 Thus,
counterselection against the coli donor. The plas-  using pSB102, we employed membrane and cell sur-
mids were then isolated from stable exconjugants and face components with specificities and affinities possi-
their plasmid content analyzed by agarose gel elec- bly differing from those of the Inck system, which is
trophoresis (data not shown). Plasmid pUWLoriTaph the basis for all transfer systems so far developed for
was stably maintained i& coelicolor, S. lividans and conjugation between distantly related bacterial species.
S. diastatochromogenes, but not in S. aureofaciens The transfer was efficient with frequencies ranging
and A. japonicum. S. aureofaciens exconjugants did  approximately between 5104 and 2x 107, sim-
not grow on HA medium containing kanamycin and ilar to those reported for the InaPtransfer systems.
phospomycin, indicating the loss of the plasmid. We conclude that the Mpf system of pSB102 was able
Japonicum exconjugants were stable under the selective to mediate the contact betweErcoli donor andstrep-
conditions applied, but pUWLoriTaph plasmid DNA tomyces recipient cells thatis necessary for conjugative
was not obtained. Likewise, RSF1010K plasmid DNA DNA transfer. pSB102 might also prove to be a valu-
was isolated frons. coelicolor, but not fromA. japon- able tool for genetic manipulation of other industrially
icum. This might indicate that the plasmid isolation and medically important Actinomycetes for which up
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to now no transformation procedure or conjugation sys-

tem is available.

This study also demonstrates for the first time con-
jugative transfer of a pTF-FC2-derived plasmid into
Streptomyces spp. The promiscuous properties of the
IncQ-like mobilizable plasmid pTF-FC2, originally
isolated from the biomining bacteriuAvidithiobacil-
lus ferrooxidans (previously: Thiobacillus ferrooxi-
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tive oriT plasmids can consequently be summarized
as follows: their use is more versatile since replica-
tion and stable maintenance of plasmids obviously is a
greater burden for the cell than to provide the functions
required for plasmid integration. At the same time,
the application of integrative plasmids does not affect
the transfer frequencies adversely. The disadvantage
of using integrativeoriT plasmids is the necessity for

dans; Rawlings et al., 1984 are underlined with the  the recipient strains to contain tkieC31 a#tB site in
observation that it can be mobilized effectively also the chromosome. The phad@eC31 integrative system,
into Gram-positive bacteria. IncQ plasmid RSF1010 however, was shown to function in a multitudeSofep-
has already been reported to be capable of conjuga-romyces spp. and other strains of different genera of the
tive transfer to and stable maintenanceSinividans orderActinomycetales (Moeykova et al., 1998even in
andM. smegmatis (Gormley and Davies, 1991Using strains not susceptible fordC31 infection.
pUB307dK as helper plasmid, we confirmed the con-  Using the Incle transfer system, we obtained trans-
jugative transfer of a RSF1010 derivative fréiaoli to fer frequencies of % 1073 to 1x 10~4, which is in
Streptomyces spp. However, evidence for mobilization accordance with the results reported by other authors.
of RSF1010K was obtained wit coelicolor, but not However, no standardized protocol for the conjuga-
with S. lividans. This discrepancy to the observations tive transfer betweett. coli and Gram-positive bac-
of Gormley and Davies might be due to properties of teria is available up till now. Different modifications
the wildtype RSF1010 compared with the RSF1010K of the transfer system and conjugation conditions are
derivative used in our study or from experimental con- used, affecting the frequency of exconjugant forma-
ditions applied. tion. Also, the methods to calculate transfer frequencies
The need for a plasmid to replicate and to express vary significantly. UsingE. coli strain S17-1 carry-
the resistance gene to be stably maintained in the newing an RP4 derivative on the chromoson&infon et
host can be circumvented by employing an integrative al., 1983 and conjugativeE. coli=Streptomyces shut-
variant. A pSET152 derivative carrying the RSF1010 tle plasmidsMazodier et al. (1989btained transfer
minimal oriT was successfully mobilized to dtrep- frequencies of about 1@ of the viableS. lividans
tomyces strains, indicating that the RSF1010 mobiliza- spores.Bierman et al. (1992yeported exconjugant
tion functions themselves are appropriate for use with frequencies of 10-15% of the initial viable recipient
Streptomyces sSpp. To develop new transfer systems for population usingE. coli S17-1 (pSET152) as donor
the genetic engineering of Actinomycetes, the results andS. fradiae germinated spores or vegetative mycelia
obtained with the IncQ transfer system suggest a deci- as recipientsFlett et al. (1997)employed pSET152
sion in favor of integrative rather than non-integrative derivatives with different insertions of chromosomal
plasmids, since they seem to allow the access to a widerStreptomyces DNA fragments. The number of exconju-
range of hosts. We addressed this question additionally gants obtained (1@ to 10-1) varied depending on the
by a direct comparison of the mobilization frequencies insert, the donor strain (S17-1 or methylation defective
of the integrative Inc® plasmid pSET152 with those ET12567 (pUB307)) and the recipient straif (ivi-
of the non-integrative Inak plasmid pUWLoriTaph dans or methyl DNA-restrictingS. coelicolor). Since
employing pUB307dK as helper. Transfer frequencies the methylation-specific restriction systemSotoeli-
obtained were reproducibly higher when employing color was shown to drastically reduce the number of
pSET152 than with pUWLoriTaph. pSET152 is likely exconjugants obtained from intergeneric matings with
to have integrated into the chromosome, although epi- the methylation proficienk. coli donor, we used the
somal forms of the plasmid have been reported for methylation deficient. coli strain GM2163 in our
Nonomuraea (Stinchi et al., 2008 From our exper- experiments.
iments, we conclude that the necessity to integrate  Each of the DNA transfer systems assayed in this
into the chromosome is not a limiting factor for the study was shown to be applicable for conjugation
formation of exconjugants. The advantages of integra- betweenE. coli andStreptomyces spp. However, none
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of the four systems yielded transfer frequencies above E.L., F.B. and G.Z. thank Hans Lehrach for generous
the level of control experiments wheh japonicum support.
was used as recipient strain. Recently, the conjuga-
tion system pUB307/pSET152 has been employed for
this strain Gtegmann et al., 2001The authors report ~ Appendix A. Supplementary data
a titer of 2.4x 10~ exconjugants per recipient. We
could not confirm these results under our conditions.  Supplementary data associated with this article can
Since molecular genetics is not well established for be found,inthe online version,@oi:10.1016/j.jbiotec.
Amycolatopsis, the appropriate conjugation parameters 2005.06.023
for this strain still have to be worked out.
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