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A versatile plasmid cloning vector pRL60 carrying kanamycin/neomycin resistance
(km/neo), erythromycin resistance (ermE) and a-amylase (x-amy) marker genes that
replicates in various Amycolatopsis mediterranei strains and Escherichia coli has been
constructed. This cloning vector has been derived from a hybrid plasmid pRL50, which
was developed by cloning ermE from plJ4026 into a pRLI derivative pULAM?2. While
cloning ermE into the BamHI site of pULAM2, only a hybrid plasmid pRL50 with an
additional copy of pULAM2 was selected. Thus pRL50 (18.7kb) contained two copies
each of the km/neo, a-amy, and one copy of ermE. When pRL50 was transformed into
A. mediterranei DSM 40773 through electroporation and selected under erythromycin
resistance, the plasmid underwent a spontaneous deletion of 8.5kb fragment resulting in
the formation of plasmid pRL60. pRL60 (10.2 kb) is a shuttle vector between A. mediterranei
and E. coli with three marker genes: kmj/neo, ermE and a-amy. ermE is expressed in
A. mediterranei thus allowing good selection of transformants. The a-amy gene of pRL60
is also expressed in 4. mediterranei DSM 40773 and its activity can be easily detected on
starch containing medium after iodine staining. Most critical parameters evaluated for
electrotransformation using pRL60 in A. mediterranei were growth phase, electrical field
strength, pulse length, pretreatment of mycelia with lysozyme and use of salt free water.
At optimized parameters, a transformation efficiency of 4.0 x 10* transformants/ug DNA
was reproducibly achieved for A. mediterranei DSM 40773. pRL60 could also be trans-
formed into A. mediterranei DSM 43304, DSM 46095, MTCC-17 and in mutants F1 /24
and T-195, (derived from an industrial strain of A. mediterranei N813). The a-amy of
pRL60 conferred an amylolytic phenotype to all these strains. With the development of
pRL60 and a reproducible transformation protocol, the application of recombinant DNA
techniques to these industrial microorganisms has now become feasible.
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Interest in developing gene cloning methods for species
of Amycolatopsis stems from the fact that several strains
of this genus are known to produce antibiotics. Several
species of Amycolatopsis, including A. mediterranei and
A. orientalis are of special interest as they produce the
commercially and medically important antibiotics rifa-
mycin® and vancomycin?, respectively. A recently in-
troduced glycopeptide antibiotic balhimycin which ex-
hibits antibacterial activity against methicillin resistant
Staphylococcus aureus strains has been isolated from
Amycolatopsis sp. Y-86,21022%. g

In most of these organisms, antibiotic yields have been
improved through classical strain improvement program
primarily through mutations and recombination*™~®.
These methods are extremely useful, but they cannot be

used for relieving the rate limiting steps in the biosyn-
thetic pathways and provide little or no information on
genes which are most important for high level produc-
tion. In order to overcome such limitations, transfor-
mation methods and cloning vectors have been developed
for several species of Streptomyces™® and antibiotic
biosynthetic genes are now being exploited either for the
production of novel antibiotics or to enhance the
antibiotic yield in Streptomyces®'®, and Penicillium®.
Unfortunately, species of Amycolatopsis and Nocardia
which form one of the important groups of microorgan-
isms producing antibiotics, remained out of the scope of
molecular genetics. This was primarily due to the lack
of suitable plasmids (which could be developed into a
cloning vector)!!~!3), methods of transformation (as
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established for Streptomyces'3~2% were not applicable
to these organisms) and suitable selective marker genes
(which could be used for the construction of effective
cloning vector).

We had partially overcome the first two difficulties in
1991 by constructing a preliminary cloning vector pRL1
of 10.4 kb with the km/neo as selective marker??). pRLI
was found to replicate in 4. mediterranei and A. orientalis
and a transformation efficiency of 2x10® and 1x
© 105 transformants/ug DNA in A. mediterranei and
A. orientalis, respectively, was reported. Subsequent
studies revealed that the km/neo marker gene of pRL1
although expressed effectively in E. coli, is not a good
selective marker since spontaneous resistant mutants
appear with high frequency (80%) among transformants.
Thus there was a need to provide pRL1 with suitable
markers and also to reduce its size to make it more
suitable for transformation and cloning experiments.

Materials and Methods
Bacterial Strains, Plasmids, Culture Conditions and
Growth Media
Bacterial strains and plasmids used in the present study

FEB. 1998

are listed in Table 1. A. mediterranei and related strains
were cultured in liquid TYN medium containing tryptone
10 g, yeast extract 2.5g and NaCl 5g per litre (pH 7.2).
For growth on agar plates, YM medium containing yeast
extract 4 g, malt extract 10 g and glucose 4 g per litre (pH
7.2~74) was used. Plasmid pRL1 or its derivative

“harbouring strains of A. mediterranei were grown in

liquid or on solid media containing appropriate con-
centrations of required antibiotics. E. coli cultures were
maintained in liquid LB medium containing tryptone
10g, yeast extract 5g, NaCl 5g and glucose 1g per
litre (pH 7.5) and kanamycin or neomycin (100 ug/ml)
wherever necessary.

Plasmid Isolation and DNA Manipulations

Small scale and large scale DNA preparations of
plasmid pRL1 or its derivatives from A. mediterranei and
related species were performed by a modified procedure
as described earlier??, Plasmid DNA isolation, purifica-
tion by cesium chloride-ethidium bromide density
gradient centrifugation, analysis by agarose gel elec-
trophoresis and subsequent‘ DNA manipulations were
carried out by standard methods as described by
SAMBROOK et al.2? and HopwooD et al.'”.

Table 1. Bacterial strains and plasmids used in this study.
Organism Strain or Characteristic Source or reference
plasmid

A. mediterranei 40773 Rifamycin B DSM*

A. mediterranei 43304 Rifamycin SV DSM

A. mediterranei 46095 Rifamycin SV DSM

A. mediterranei 46096 Rifamycin derivative DSM

A. mediterranei F1/24 ans-13 Protorifamycin Ciba Geigy, Switzerland

A. mediterranei T-195 ans-13 Protorifamycin Ciba Geigy, Switzerland
thi-8

A. mediterranei 14 Rifamycin B MTCC®

A. mediterranei 17 Rifamycin SV MTCC

Streptomyces lividans 5 — MTCC

Saccharopolyspora 1136 Erythromycin MTCC

erythreae )
E. coli GM2163 F~ ara-14 Leu B6 thi-1 fhuA31 New England Biolabs
lacY1 tsx-78 galk? gal T22 sup
E44 hisG4 str* cam’
pULAM2 8.5kb, km/neo, a-amy J. F. MARTIN, University of Spain
p1J4026 4.2kb, ermE M. J. BiBs, John Innes Institute
Norwich

pRL1 10.4kb, km/neo Lab stock (LAL et al. 1991)
pRLM20 12.1kb, km/neo, ermE Lab stock
pRL50 18.7kb, km/neo, ermE, a-amy This study ;
pRL60 10.2kb, km/neo, ermE, a-amy This study =~ '

*  DSM: Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Germany.
b MTCC: Microbial Type Culture Collection.

km/neo and ermE: Conferring resistance to kanamycin/neomycin and erythromycin, respectively. a-amy: a-amylase.
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Improvement of pRL1 and Construction of an Effec-
tive Cloning Vector

In order to clone an effective selective marker gene, a
derivative of plasmid pRLI, pULAM2 and ermE of
Saccharopolyspora erythreae from p1J4026 (Fig. 1) were
chosen. pULAM2 has been derived from pRL1 and was
used for transforming Nocardia lactamdurans®®. The
detailed strategy used for the construction of pRL60 is
shown in Fig. 1.

Development of a Transformation Protocol and
Optimization of Electroporation Parameters

First, a previously described electroporation protocol
developed for A. mediterranei DSM 40773 was used??),
However, with this protocol transformation efficiency
was very low and needed modifications. For this purpose
a 100ml culture of A. mediterranei DSM 40773 was
grown to stationary phase (A600, 1.2) in TYN medium
at 28°C. Mycelia were collected by centrifugation at
7000 rpm (4°C) for 15 minutes, washed twice in 10 ml ice
cold salt free water (from Millipore India Pvt Ltd.) and
treated with 100 ul of 4 mg/ml lysozyme for 20 minutes
at 20~24°C. The mycelial suspension was washed in
10% glycerol and pelleted again at 3000rpm for 10
minutes. The mycelia were finally suspended in an ap-

propriate volume of 10% glycerol to get approximately
9 x 10° CFU/ml. Plasmid DNA (ranging from 0.1~5.0
pg/ul) was added to 200 ul of mycelial suspension and
the mixture was then transferred to a sterile electropora-
tion cuvette (0.2cm electrode gap) and pulsed immedi-
" ately with a Bio-Rad Gene Pulser equipped with a pulse
controller (Bio-Rad Laboratories, Regatta Blvd, Rich-
mond, California). Initially, different electric field
strengths of 5, 7.5 and 10kV/cm, (generated by directing
1, 1.5 and 2kV of voltage, respectively at various
resistances) at a capacitance of 25uF were used.
Immediately following the pulse, the cells were spread
on YM plates. After an overnight incubation at 28°C,
the plates were overlaid with 3 ml soft agar (TYN con-
taining 5 g/litre agar) containing 500 ug/ml erythromycin.
Transformants were scored after 3~4 days which were
- subsequently grown on YM plates containing 200 ug/ml
erythromycin or in liquid TYN containing 10 ~ 20 ug/ml
erythromycin. Simultaneously, the percentage of surviv-
ing colonies (CFU) was estimated from serial dilutions
of the pulsed mycelial éuspension and spread on YM
plates without antibiotic pressure. Subsequently, those
electrical settings which were found to be suitable were
used to study the effect of growth phase, DNA concen-
tration, lysozyme and glycine treatment on transforma-
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tion efficiency.

Host Range of pRL60 and Its Stability

The transformation protocol through electroporation
was only optimized for A. mediterranei DSM 40773 and
these conditions were used to transform different strains
of A. mediterranei mentioned in Table 1. The stability
of cloning vector pRL60 in 4. mediterranei DSM 40773
was determined by growing liquid culture inoculated with
a single colony of A. mediterranei DSM 40773 containing
the plasmid pRL60 to stationary phase according to the
method described by LAINE et al.?4

Detection of a-Amylase Activity

In order to determine the a-amylase activity and to
use it as a morphological marker during selection,
transformants containing pRL60 were grown on YM
medium containing 1% starch and erythromycin (200
pg/ml). Afterwards, the colonies were exposed to iodine
vapours and the activity of a-amylase was detected by
the appearance of a halo around colonies harbouring
pRL60.

Results and Discussion

Develépment of a Hybrid Plasmid pRLS0 in
E. coli GM2163

In order to develop a plasmid cloning vector with two
effective marker genes, pULAM?2, containing a-amy
was linearized by digestion with BamHI and ligated with
eluted 1.6 kb Bg/II fragment carrying the ermE gene from
plJ4026 (Fig. 1). After transformation into E. coli
GM2163, transformants were selected on kanamycin
containing plates (Fig. 1). Around 500 transformants
were screened through colony hybridization using

[2-*?P]JATP (sp. act-3000 Ci/mmol) labelled ermE as a

probe. Out of several clones which gave strong positive
signals only one clone was finally selected. Plasmid DNA
from this clone was isolated and termed pRL50. The
presence of the ermE insert and two copies of pPULAM?2
in pRL50 (18.7 kb) was confirmed by restriction digestion
and Southern blot hybridization. Restriction mapping
also determined the size of pRL50 to be approximately
18.7kb (Fig. 1).

Electrotransformation and Expression of
ermE in A. mediterranei DSM 40773

In order to examine the expression of ermE in
A. mediterranei, pRL50 DNA isolated from E. coli
GM2163 was first transformed into A. mediterranei
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Fig. 1. Scheme for the construction of cloning vector pRL60.
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Linearized plasmid pULAM2 was ligated with eluted ermE fragment of pIJ4026 and transformed in
E. coli GM2163. The transformants were selected under kanamycin pressure and subjected to colony
hybridization using [a-3*P]JATP labelled ermE probe. The hybrid plasmid pRL50 when transformed in A.
mediterranei DSM 40773 through electroporation and selected under erythromycin pressure underwent deletions
and rearrangements resulting in the formation of plasmid pRL60 (Dotted lines indicate the region deleted
from pRL50 to form pRL60). :
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through electroporation and transformants were selected
on erythromycin containing plates. Interestingly, all the
transformants which appeared, showéd the presence of
a plasmid, termed pRL60 (10.2kb) which was formed
due to a spontaneous deletion of 8.5kb DNA fragment
from pRL50 (18.7 kb). The deletion was very precise as
always a specific fragment of DNA which included a
region starting from 9kb to 17.5kb was deleted from
pRL50 resulting in the formation of pRL60. pRL60 thus
contained kmj/neo, a-amy, ermE, pA-rep, pBR-ori and
had a size of 10.2kb (Fig. 1). The BamHI site of pRL60
can be used for cloning. The absence of any spontaneous
mutant in 4. mediterranei when transformants were
selected under erythromycin led to the conclusion that
the ermE is a suitable marker gene over kmj/neo of
pRL1. Unlike Streptomyces*>~3%, Amycolatopsis has
been reported to be intrinsically resistant to several other
antibiotics like kanamycin, gentamycin, chlorampheni-
col, bacitracin, spectinomycin, hygromycin and viomy-
cin'®2%3Y thys virtually limiting the choice of marker
genes which could be used for the development of cloning
vectors in this group of organisms. Although the de-
velopment of prototype vector pRL1 (10.4kb) for
A. mediterranei led to the development of transformation
protocol through electroporation, this method was not
reproducible??). Thus studies on optimization of trans-
formation parameters and host range of pRL1 could not
be carried out. In addition CsCI-PEG treatment'® and

protoplasting-PEG!? methods tried in A. mediterranei

DSM 40773, were not successful. This difficulty could
be solved only through electroporation. In fact elec-
troporation proved successful for species where DNA
transfer methods are nonexistent3?, unreliable3?, or less
efficient®. With the development of pRL60 harbouring
three selectable marker genes krmi/neo, ermE, o-amy and
effective expression of ermE and a-amy in A. mediterranei,
we have overcome the problems of selection of suitable
selection marker genes and transformation methods.

Effect of Electric Field Strength and
Pulse Length

In this study the transformation protocol was
optimized only for A. mediterranei DSM 40773 which
was found to be more prone to genetic manipulations as
compared to the other strains. The mycelial suspension
of A. mediterranei DSM 40773 was first pulsed at various
field strengths and pulse durations. Increasing electric
field strength as well as pulse duration resulted in high
rates of cell mortality. For instance, at an electrical field
strength of 10kV/cm and pulse duration of 12ms, cell
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Fig. 2. Effect of electric field strength and pulse
duration on cell viability in 4. mediterranei
DSM 40773. ‘
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Stationary phase (Aggq, 1.2) mycelial suspension
(200 ul) of A. mediterranei was pulsed in a 0.2¢cm
cuvette. Electric field strength of 5, 7.5 and 10kV/cm
were generated by directing 1, 1.5 and 2.0kV of
electric discharge from a 25uF capacitor, respec-
tively, with a parallel resistance of 200, 400, 600, 800
and 1000Q. The percentage of viable cells was
calculated as the ratio of CFU (colony forming unit)
after electroporation to the total number of CFU
subjected to electroporation.

viability dropped to 40% (Fig. 2). The transformation
efficiency increased with the increase in field strength up
to 7.5kV/cm. However, further increase in field strength,
decreased the transformation efficiency (Fig. 3). Effect
of pulse length on transformation efficiency was also
examined for A. mediterranei DSM 40773. Maximum
transformation efficiency was obtained at time constant

‘between 14~ 16 ms (Fig. 4) and further increase in the

pulse length resulted in a significant drop in the efficiency
due to increased cell mortality. Attempts to enhance the
transformation efficiency by repetitively pulsing the cells
was found to be ineffective.

Effect of Growth Phase, DNA Concentration,
Lysozyme and Glycine Treatment on
Transformation Efficiency

A ten fold increase in transformation efficiency as
compared to log phase was observed with mycelia grown
to stationary phase. Stationary phase cells gave con-
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Fig. 3. Effect of electric field strength and

7.5kV/cm
2 B
»
<
A
o0 0T
X
E
g
£
S 4t
"g 10.0kV/em
=
2 |5
+ \///‘
e 5.0kV/cm
D L 1 1 1 1
0 200 400 800 800 1000 1200

resistance on transformation efficiency . of
A. mediterranei DSM 40773 with plasmid
pRL60.

10 — e e

Resistance ()

Electric field strength, resistance and capacitance
are those described in Fig. 2. Transformation ef-
ficiency was calculated as the ratio of total number
of transformants obtained to the amount of plasmid
DNA used during electroporation.

Fig. 4. Effect of pulse length on transformation
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the mycelial suspension with 10% glycerol at an
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Fig. 5. Effect of varying DNA concentration on
transformation efficiency of A. mediterranei
DSM 40773 transformed with plasmid pRL60.
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The electrical parameters used are those mentioned
in Fig. 4.

sistently better transformation efficiency in 4. mediterra-
nei DSM 40773. This observation is in agreement with

- those reported for Rhodococcus®>), Corynebacterium

glutamicum3®, Streptomyces rimosus®” and Bacillus
brevis®*®. However there are also variable reports in the
literature as far as the effect of the growth phase is
concerned and early or mid log phase cells were reported
to be more suitable for electroporation3?~34, A
maximum of 4 x 10* transformants/ug DNA was ob-
tained with stationary phase cells pulsed at 7.5kV/cm,
10002 and 25 uF at a pulse duration of 14~ 16 ms with
2 ug of DNA. This transformation efficiency is very close
to the one reported for S. rimosus®”.

Transformation efficiency in 4. mediterranei DSM
40773 increased linearly with the addition of plasmid
DNA between 0.4 ug to 2 ug (Fig. 5) with a maximum
of 2 ug of DNA. However, a decrease in transformation
efficiency was observed when more than 2 uyg DNA was
used. Although several workers have previously reported
linear DNA dose-response curves over a wide range of
DNA concentrations?”7-3Y, a decrease in the transforma-
tion efficiency as observed in this study is difficult to
explain. With the addition of more DNA, under standard
conditions, pulsing time decreases due to changes in the
ionic conditions of the mixture which may partly explain
the decrease in transformation efficiency.
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Mild treatment of A4. mediterranei mycelium with
lysozyme (40 pg/ml) resulted in increase in transforma-
tion efficiency by two folds as compared to untreated
mycelia. Since, a higher concentration of lysozyme (80
and 120 pg/ml) did not positively affect the transforma-
tion efficiency, for all subsequent optimizations, lysozyme
treatment of 40 ug/ml for 20 minutes at 20~ 24°C was
used. Supplementation of growth medium with glycine
during electroporation was also tested but did not affect
the transformation efficiency (data not shown). However,
there are reports in literature where both glycine and
lysozyme treatment have been found to improve the

transformation efficiency.?*4%.

Stability of pRL60

The suitability of a cloning vector is dependent on its
stable nature without selection pressure over several
generations*!). In the present investigation, pRL60 was
quite stable as more than 60% of the colonies were found
to contain the plasmid even in the stationary phase
culture grown for 4~5 days without any antibiotic
selection pressure. Plasmid DNA from several colonies
of A. mediterranei, (obtained in several experiments) were
analyzed by standard agarose gel electrophoresis. In all
cases examined, no differences were observed either in
the migration distances or restriction endonuclease
digestion patterns when compared with pRL60 DNAs
originally used for transformation.

Detection of Transformants by Using a-amy
as a Marker and Host Range of pRL60

Transformants harbouring pRL60 were grown on YM
plates containing 1% starch and once sufficient growth
was achieved the plates were exposed to iodine vapours.
Transformants containing pRL60 expressed a-amy which
produced enzyme amylase and secreted to the medium.
This resulted in the formation of a colorless halo around
the colony due to degradation of starch in the medium
(Fig. 6). Thus a-amy of pRL60 can be directly used for
the selection of transformants in A. mediterranei DSM
40773. The use of a-amy as a marker has been realized
only recently and cloning vectors containing «-amy as
the marker have been used in Bacillus subtilis** and
Proteus mirabilis*®. In addition, the expression of a-amy
from Streptomyces griseus in A. mediterranei and its
secretion into the medium provided a direct, rapid and
inexpensive assay for the detection of transformants. In
the present investigation besides A. mediterranei DSM
40773, five different strains of 4. mediterranei could be
successfully transformed with pRL60 and in all the strains
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Fig. 6. Use of amylolytic phenotype of A.
mediterranei harbouring pRL60 for screening.

Transformants containing: (a), pPRLM20 (without
a-amy) and (b), pRL60 (with a-amy) were grown on
TYN medium containing 1% starch. After sufficient
growth the colonies were sprayed with iodine
vapours. A large halo appeared around the colony
containing pRL60 (b) due to the action of a-amylase
on starch.

an amylolytic phenotype could be easily detected by
iodine staining. Using standardized conditions of
A. mediterranei DSM 40773, maximum transformation
efficiencies of 7x 10, 1x 102, 1.5%x10% 1x103 and
7x 10% transformants/ug of DNA were obtained for
A. mediterranei DSM 43304, DSM 46095, MTCC-17,
F1/24 and T-195, respectively. There are reports in the
literature on the variability of transformation efficiency
among different bacterial species and strains** ™48,

A major limitation for the application of plasmid
cloning vectors is their host range. The pRLI1 derived
vector pRL60 appears to have a broad host range as it
could replicate in almost all the strains of A. mediterranei.
pRL60 could be transformed into A. mediterranei DSM
43304, an original wild type strain isolated by SEnsI and
coworkers*® from French soils. This is the strain from
which several modern industrially important rifamycin
producers have been derived which are in use for the
commercial production of rifamycin in Italy, Korea,
China, Russia and India (P.K. Ghosh, personal com-
munication). pRL60 could also be transformed into
blocked mutants (F1/24 and T-195) of the rifamycin
biosynthetic pathway which are derived from the
industrial strain N813 of Ciba Geigy (Switzerland). This
opens up possibility of using of pRL60 for cloning and
manipulation of antibiotic biosynthetic genes in these
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industrial organisms. In fact, there is great interest to
identify PKS genes in Amycolatopsis and related bacteria
and we have already cloned DNA fragments from
A. mediterranei DSM 46095 which appears to represent
PKS genes involved in rifamycin biosynthesis (H. KAUR
and R. LAr, Unpublished). pRL60 will be manip-
ulated further in order to provide with unique restric-
tion sites for efficient gene replacement and transposon
delivery. We also expcét the pRL derived vector and
transformation protocol to be successfully applied to the
transformation of several other species of Amycolatopsis
particularly some of the rare species for which genetic
transformation systems are difficult to establish.
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