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SHUTTLE VECTORS AND EXPRESSION VECTORS FOR
AMYCOLATOPSIS

FIELD OF INVENTION

The present invention belongs to the area of genetic engineering and covers new shuttle and
expression vectors for Amycolatopsis sp. ATCC 39116, processes for obtaining them and
their application, particular in the production of nature-identic vanillin.

STATE OF THE ART

The tremendous progress in the development of DNA sequencing and manipulation
technigques, which were established in the past decades, stimulated the targeted design of
microbial production strains for various applications. One prominent example is the
production of amino acids, such as L-lysine or L-glutamate by Corynebacterium glutamicum

[2].

Economic interests as well as the increasing demand for sustainable, bio-based products,
require the improvement of fermentative production processes, which often have to
compete with cheaper chemical approaches. Apart from the optimization of the
fermentative process by chemical engineering, the application of metabolic engineering for
the generation of improved production strains provides the largest potential to develop
profitable processes [20].

The actinomycete Amycolatopsis sp. ATCC 39116 is used by the industry for the fermentative
production of vanillin from ferulic acid, which is a cell wall component of higher plants [15].
In this case the produced vanillin can be labelled as 'natural’ since it is extracted from
natural sources or “obtained by appropriate physical, enzymatic or microbiological processes
from material of vegetable, animal or microbiological origin” (European Commission (EC)
Regulation No 1334/2008) [9]. Since natural vanillin has a remarkably higher market price in
comparison to the chemically synthesized ‘nature-identical’ version (up to 1000-fold), this
approach can compete with the cheaper chemical processes based on petrochemicals or
lignin derivatives [6].

In order to stop the catabolism of the produced vanillin and therefore to achieve higher
vanillin yields and concentrations in production, first attempts were made to engineer the
metabolism of Amycolatopsis sp. ATCC 39116 and related bacteria [8, 10, 18, 21]. To gain
further access to an efficient genetic engineering of Amycolatopsis sp. ATCC 39116, new
molecular tools have to be developed.
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Overexpression of native or heterologous genes in microorganisms can lead to a significant
improvement of biotechnological production strains. Beside the systematic deletion or
down-regulation of genes, which are involved in catabolic or competing pathways of the
desired product, the controlled expression of anabolism related genes is also important to
introduce rational changes in the genetic background of the used organism [20].

The capability to overexpress native or foreign genes depends on the availability of host-
vector systems such as plasmids, genetic elements like functional promoters and efficient
transformation protocols. Although some techniques can be adopted from phylogenetically
related bacteria, each part has to be developed individually for a particular bacterial strain
[23].

Actinomycetes produce a remarkable amount of secondary metabolites that are industrially
used in fields like agriculture, food production and especially pharmacology [17]. Thus, they
have been intensively studied aiming at higher titers of the compound of interest or at
producing new metabolites with different bioactive functions. Within the group of
actinobacteria research on engineering of Streptomyces genomes is noteworthy. Besides the
commonly used E. coli systems, heterologous expression in Streptomyces is well established
and often used for genes, which are of actinobacterial origin. However, most systems are of
limited utility for other Actinomycetes such as Nocardia or Amycolatopsis.

To make Amycolatopsis sp. HR167, whose 16S-rDNA-sequence is identical to that of
Amycolatopsis sp. ATCC 39116, accessible for genetic engineering. The generation of pRLES6,
an E. coli-Amycolatopsis shuttle vector based on the origin of replication of the indigenous
plasmid pA387 from Amycolatopsis benzoatilytica DSM 43387 is known from the state of the
art {14]. Plasmid pRLE6 is a religated EcoRI-fragment of the Amycolatopsis mediterraneij
shuttle vector pRL60 lacking the erythromycin resistance- and the a-amylase gene. The
vector also replicates autonomously in Amycolatopsis sp. ATCC 39116 without further
deletions or rearrangement. However, the vector did not harbour a conventional multiple
cloning site with an integrated promoter, allowing the expression of a cloned gene.

Due to the lack of an integrated promoter and missing information about the functionality of
these genetic elements in Amycolatopsis, the access to genetic engineering was limited so
far.

Therefore, the object of the present invention has been the construction and application of a
plasmid-based gene expression system for Amycolatopsis sp. ATCC 39116 that allows
efficient genetic engineering of this industrially relevant production strain.

DESCRIPTION OF THE INVENTION

A first object of the present invention is related to a new shuttle vector (p6apra) with
resistance to apramycin obtainable in that shuttle vector pRLE6 of E.coli-Amycolatopsis

(@) is subjected to digestion with a suitable endonuclease (Smal, Xmal) to remove the npt
gene from said vector or the vector backbone is amplified by inverse PCR without the
npt gene and

(b) the apramycin resistance gene aac(3)VI is inserted into the vector backbone by
ligation,



10

15

20

25

30

35

WO 2015/082441 PCT/EP2014/076189

and a corresponding process for obtaining shuttle vector p6apra, wherein said shuttle vector
PRLE6 of E.coli-Amylocatopsis

(a) issubjected to digestion with Smal to remove the npt gene from said vector and

(b) the apramycin resistance cassette of the transposon pMA5096 is inserted into the

vector backbone by blunt end ligation.

In addition, further embodiments of the present invention concern expression vectors
obtained by derivatisation of said shuttle vector and the corresponding processes. In detail:

(1)

(I

A first expression vector with additional restriction sites, obtainable in that

(a) lac-promoter with the multiple cloning site of the plasmid pBluescript SK- is
amplified via PCR

(b) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

and a corresponding process for obtaining a first expression vector, wherein

(@) lac-promoter with the multiple cloning site of the plasmid pBluescript SK- is
amplified via PCR

(b) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A second expression vector, obtainable in that

(@) a 395-bp fragment of the genome of Amycolatopsis sp. ATCC 39116 upstream of
the start codon of vdh (GTG) containing a promoter sequence is amplified via
PCR,

(b) a Ncol-site (CCATGG) is inserted into the reverse primer 6bp downstream of the
Shine-Dalgarno sequence of vdh (AGGAG), and

(c) the PCR product is cloned into the EcoRYV site of the p6apra vector according to
Claim 1.

and a corresponding process for obtaining a second promoted shuttle vector, wherein

(a) a 395-bp fragment of the genome of Amycolatopsis sp. ATCC 39116 upstream of
the start codon of vdh (GTG) containing a promoter sequence is amplified via
PCR,

(b) a Ncol-site (CCATGG) is inserted into the reverse primer 6bp downstream of the
Shine-Dalgarno sequence of vdh (AGGAG), and

(c) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

(1)~ A third promoted shuttle vector, obtainable in that

(a) the promoter sequence of the kanamycin resistance gene (Km') is amplified via
PCR, (b) a Ncol-site (CCATGG) is inserted into the reverse primer 9bp
downstream of the Shine-Dalgarno sequence of npt, and

(b) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.
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and a corresponding process for obtaining a third expression vector, wherein

(a) the promoter sequence of the kanamycin resistance gene (Km') is amplified via
PCR, (b) a Ncol-site (CCATGG) is inserted into the reverse primer 9bp
downstream of the Shine-Dalgarno sequence of npt, and

(b) the PCR product is cloned into the EcoRYV site of the p6apra vector according to
Claim 1.

(IV) A fourth expression vector, obtainable in that

(@) ermE* promoter from Saccharopolyspora erythraea is removed from the plasmid
plAGO, and

(b) the fragment is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

and a process for obtaining a fourth expression vector, wherein

(@) ermE* promoter from Saccharopolyspora erythraea is removed from the plasmid
plAGO, and

(b) the fragment is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

Surprisingly, it has been observed that the new expression vectors, obtained by inserting
different promoter elements, overcome the drawbacks reported in the state of the art.

More detailed description of the invention

In a first step a pRLE6 derivative was constructed that conferred apramycin resistance
instead of kanamycin. This was necessary, since it was observed that recombination events
between the episomal and an inactive genomic copy of the kanamycin resistance gene npt
occurs. Furthermore, a kanamycin resistant deletion mutant of Amycolatopsis sp. ATCC
39116 was used. The new transformation vector pbapra was also maintained without further
modification under the selection of apramycin. Applicant was able to isolate plasmid-DNA
from each tested clone. Therefore, the plasmid replicated autonomously from the genome
and did not integrate. This was not the fact, if pRLE6 was used for the transformation of
Amycolatopsis sp. ATCC 39116.

In order to generate a multiple cloning site like in conventional expression vectors, four
different promoter sequences were inserted into the shuttle vector to enable the
transcription of colinear cloned genes. After integration of each promoter, at least six unique
restriction sites were obtained which could be used for cloning, respectively. In case of the
two promoters, which were known to be functional in Amycolatopsis sp. ATCC 39116, the
vdh and Km' promoter, their genetic organization was successfully maintained by
introducing an additional Ncol-site. This restriction site allowed cloning the ATG start codon
of a gene of interest six or nine base pairs downstream of the respective Shine-Dalgarno-
sequence. As a third promoter the /ac-promoter was chosen, which is useful to enable
heterologous expression in a broad range of bacteria. Finally the ermE*-promoter was
inserted, in order to achieve a strong constitutive expression in different actinomycetes [3].
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In order to determine the functionality of the cloned promoters, the glucuronidase gene
gusA was inserted into the respective pb6apra derivatives. gusA was chosen as a reporter
gene, since the activity of the encoded enzyme GUS can easily be detected directly on agar
plates. Additionally, the activity can be assayed in a very simple and cheap but sensitive
enzyme test [16]. Finally, Amycolatopsis sp. ATCC 39116 did not exhibit any inherent
glucuronidase activity.

As a main requirement for the successful establishment of a plasmid-based expression
system for Amycolatopsis sp. ATCC 39116 the stable replication of the new expression
vectors was observed. All generated plasmids did not undergo any modification as it was
previously observed, for Amycolatopsis sp. HR167 and other Amycolatopsis strains [14, 23].

Following the analysis of the genetic stability of the new vector system the functionality of
the integrated promoters was analysed by using the reporter gene gusA. Since
Amycolatopsis sp. ATCC 39116 does not exhibit an endogenous glucuronidase activity, the
hydrolysis of the substrates X-Gluc and p-nitrophenyl-R-D-glucuronide can directly be
correlated to the expression of GUS encoded by the reporter gene. Furthermore, GUS does
not need any cofactors, and the activity is therefore only limited to the amount of enzyme
[16].

Surprisingly, the transcription of gusA mediated by the ermE*-promoter led to the highest
glucuronidase activity. This was proven within both the qualitative assay on agar plates as
well as the quantitative enzyme assay.

Gene expression activated by PermE* led to a six-fold higher GUS-activity in comparison to
the Km" promoter, which is the second strongest. Furthermore, the glucuronidase activity in
the soluble fraction of Amycolatopsis sp. ATCC 39116 p6permkE::gusA was 75-fold higher
than the activity of Amycolatopsis sp. ATCC 39116 p6pvdh::gusA and even 7550-fold higher
than the activity Amycolatopsis sp. ATCC 39116 p6plac::gusA. The lower expression under
the control of /lacP is remarkable, due to the fact, that the promoter is commonly used in
many different actinomycetes, including strains of Nocardia, Gordonia or Rhodococcus.
Interestingly, the /ac-promoter was also used in previous studies with Amycolatopsis sp.
HR167 to enable the heterologous expression of foreign genes [18]. In this case the
heterologous gene was cloned into pBluescript SK- under the control of /acP, and in a next
step the whole plasmid was ligated with pRLE®6.

The differences in the expression activation were also observable in SDS-PAGE analysis,
which revealed a prominent protein signal with an apparent molecular weight of 69 + 2 kDa
for Amycolatopsis sp. ATCC 39116 p6perm€E::gusA. This band was missing in the sample of
the control strain and was only very weak in the samples of the strains containing plasmids
possessing the lacP or the vdh promoter. The apparent molecular weight was also in good
agreement with the postulated size of the B-glucuronidase which is 68.2 kDa [12].

The new plasmids provide new capabilities for the expression of heterologous genes in
Amycolatopsis sp. ATCC 39116. Especially the possibility to choose between different
promoters, providing remarkable differences in the expression strength, makes genetic
engineering of the industrially relevant actinomycete Amycolatopsis sp. ATCC 39116 more
easy and efficient.
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Bacterial strains, plasmids and cultivation conditions

All bacterial strains and plasmids used in this study are listed in Table 1. Cells of Escherichia
coli were grown in Lysogeny Broth (LB) medium at 37 °C (Sambrook et al. 1989). Cells of
Amycolatopsis sp. ATCC 39116 were grown at 45 °C in Caso medium (Merck, Darmstadt,
Germany). For selection of plasmid harboring strains, antibiotics were added to the medium
as follows: Kanamycin: 50 pg/ml for E. coli; Apramycin: 50 pg/ml for E. coli and
Amycolatopsis. Cell growth was measured by determination of the optical density at 400 nm
(Amycolatopsis sp. ATCC 39116) or 600 nm (E. coli).

DNA isolation and manipulation

Plasmid DNA was isolated from E. coli using the “peqGOLD Plasmid MiniPrep Kit I” (PEQLAB
GmbH, Erlangen, Germany). Plasmid isolation from Amycolatopsis sp. ATCC 39116 was
performed using the “Qiagen Plasmid Purification Kit (Mini)* (Qiagen GmbH, Hilden,
Germany). Upon plasmid isolation from Amycolatopsis sp. ATCC 39116, the DNA was
transferred to E. coli again, to yield a sufficient amount that could be further analyzed. DNA
was digested by restriction endonucleases (Thermo Fisher Scientific GmbH, Schwerte,
Germany) under the conditions described by the manufacturer. Phusion Hot-Start Il high-
fidelity DNA polymerase, T4 DNA ligase and T4 DNA polymerase (Thermo Fisher Scientific
GmbH, Schwerte, Germany) were used according to the instructions of the manufacturer.
Oligonucleotides were purchased from Eurofins MWG Synthesis GmbH (Ebersberg,
Germany). DNA fragments were isolated from agarose gels or reaction mixtures using the
“pegGOLD Gel Extraction Kit” (PEQLAB GmbH, Erlangen, Germany).

Transfer of DNA

Plasmids were transferred into E. coli by employing the CaCl,-method (Sambrook et al.
1989), whereas the transfer of plasmids into Amycolatopsis sp. ATCC 39116 was performed
by direct mycelia transformation as previously described.

Plasmid construction

The kanamycin resistance gene from pRLE6 [23] was replaced by the apramycin resistance
gene from pMA5096 [1] to generate p6apra. For this purpose pRLE6 was digested with Smal
to release a 1006-bp fragment containing the whole coding sequence of npt. The apramycin
resistance gene aac(3)VI was amplified by PCR using the Phusion Hot-Start Il high-fidelity
DNA polymerase and the oligonucleotides Apra_for and Apra_rev (Table 1). The amplified
product was subsequently ligated with the Smal-digested vector backbone of pRLE6. After
transformation of E.coli Mach-1 T1, the resulting plasmid p6apra was isolated and
sequenced. The vector provides a multiple cloning site consisting of seven unique restriction
sites (EcoRV, Nhel, Bmtl, FspAl, Dral, Hindlll, BamHI, see also Figure 1). After transformation
of E. coli ER 2925 to yield Dam- and Dcm-unmethylated DNA, p6apra was transferred to
Amycolatopsis sp. ATCC 39116 and resulting mutants were analyzed for a stable replication
of the new plasmid.
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To make the transformation vector suitable for heterologous expression in Amycolatopsis sp.
ATCC 39116 four different promoters were integrated into the single EcoRV-site of p6apra as
shown in Figure 2.

At first the whole multiple cloning site of pSK- including lacZ was amplified using the
oligonucleotides pSK_MCS_for and pSK_MCS_rev (Table 1) and Phusion high-fidelity DNA
polymerase. Furthermore, the promoter region of the kanamycin resistance gene of pRLE6
was amplified using the oligonucleotides pKm_for and pKm_Ncol_rev (Table 1). The reverse
primer includes a Ncol-site (CCATGG) which allows to clone the start codon (ATG) of a gene
of interest 9 bp downstream of the included Shine-Dalgarno-sequence of npt. Additionally
the upstream region of vdh [10] was amplified using the oligonucleotides pvdh_for and
pvdh_Ncol_rev (Table 1). The ATG within the Ncol-site of the reverse primer is located 6 bp
downstream of the Shine-Dalgarno-sequence which was designed analogous to the genetic
organization of the vdh open reading frame in the genome of Amycolatopsis sp. ATCC 39116.

The ermE*-promoter was isolated from plAGO [22] by digestion with Kpnl/BamHI. The
fragment was purified from an agarose gel and blunt ends were generated using T4 DNA
polymerase.

Each of the four promoter fragments was cloned into the EcoRV site of p6apra via blunt end
ligation. The resulting plasmids were transferred to E.coli Mach-1 T1, isolated, and
subsequently sequenced to analyze the correct integration and orientation of the promoter
fragments colinear to the residual multiple cloning site.

In order to investigate the functionality and expression strength of the cloned promoters,
the glucuronidase gene gusA was isolated as Spel/EcoRV fragment from pSETGUS
(Myronovskyi et al. 2011) and was subsequently cloned into the Nhel/Dral-linearized
expression vectors (p6pKm, p6pvdh, p6permE) colinear to the integrated promoters. For
p6plac, gusA was cloned into the Spel/EcoRYV sites provided by the additionally cloned MCS.

After transformation of E.coli ER 2925, the expression vectors were transferred to
Amycolatopsis sp. ATCC 39116, and the resulting strains were analyzed for a stable
replication of the new plasmids.

Preparation of crude cell extracts and soluble fractions

Cell pellets of Amycolatopsis sp. ATCC 39116 were resuspended in 3 to 4 ml of 50 mM
potassium phosphate buffer (pH 7.0). Crude extracts were obtained by three passages
through a French pressure cell (120 MPa). For the preparation of soluble fractions, cell
debris was removed by centrifugation for 60 min at 20.000 x g at 4 °C. For subsequent
enzyme assays, samples were stored on ice.

Glucuronidase enzyme assay

The spectrophotometric measurement of glucuronidase activity in cell lysates was
accomplished as described before. The reaction was initiated by the addition of p-
nitrophenyl-B-D-glucuronide. Formation of p-nitrophenol was observed at 415 nm (e
= 7.76 cm?/umol). Enzyme activity is stated in units (U). One unit is defined as the amount of
enzyme which generates 1 umol p-nitrophenol per min.
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To detect B-glucuronidase activity on agar plates, the colonies were overlaid with 1ml of
1mM 5-bromo-4-chloro-3-indolyl-beta-D-glucuronic acid (X-Gluc) solution. After a short
incubation colonies containing hydrolytic GUS activity turned blue because of the formation
of 5,5'-dibromo-4,4'-dichloro indigo.

Polyacrylamide gel electrophoresis

Samples of the soluble fractions were analyzed for their protein contents according to the
method of Bradford (1976). Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was performed in 12.5% (wt/vol) gels as described by [13]. Amounts of proteins were
added as indicated in the text. Staining of proteins was performed with Serva Blue G [28].
The following molecular weight reference proteins were purchased from Thermo Fisher
Scientific GmbH (Schwerte, Germany): “PageRuler Prestained Protein Ladder” and
“Unstained Protein Molecular Weight Marker”.

INDUSTRIAL APPLICATION

Another object of the present invention refers to plasmid expression system for
Amycolatopsis sp. ATCC 39116 comprising at least one of the expression vectors according to
any of the Claims 3,5, 7 or 9.

Further on, the invention encompasses the use of at least one of the expression vectors () to
(IV) for replication in Amycolatopsis sp. ATCC 39116 and for heterologous expression of
genes in Amycolatopsis sp. ATCC 39116 respectively.

Also encompassed by the present invention is the use of Amycolaptopis sp. ATCC 39116
containing at least one of the expression vectors (I) to (IV) in a process for the manufacture
of vanillin.

Finally, the invention also covers a process for making nature-identic vanillin by
fermentation of ferulic acid by means of microorganisms selected from Amycolaptopis sp.
ATCC 39116 containing at least one the expression vectors (l) to (V)
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EXAMPLES

Example 1
Construction of expression vectors

In order to construct a plasmid-based expression system for Amycolatopsis sp. ATCC 39116,
the shuttle vector p6apra, conferring resistance to apramycin, was generated.

Figure 1 provides a physical map of the new shuttle vector p6apra. ApraR: apramycin
resistance cassette; pA-rep: origin of replication for Amycolatopsis from plasmid pA387;
oriV: origin of replication for E. coli from plasmid pBR322. Unique restriction sites, which can
be used for cloning, are presented

The former E. coli- Amycolatopsis shuttle vector pRLE6 was modified because we observed
recombination events between the included kanamycin resistance gene and an inactive
genomic copy of the npt gene. Furthermore, a different antibiotic resistance cassette was
necessary since we previously generated a kanamycin resistant deletion mutant of
Amycolatopsis sp. ATCC 39116 that should serve as host as well. For this purpose we
removed the npt gene of pRLE6 by digestion with Smal and inserted the apramycin
resistance cassette of the transposon pMA5096 by blunt end ligation into the vector
backbone. After the exchange of the antibiotic resistance gene, the vector was transferred
to Amycolatopsis sp. ATCC 39116 and apramycin resistant mutants could be monitored. We
were able to isolate plasmid DNA from each tested clone, which suggests that p6apra is
maintained as an autonomous element. Furthermore, the vector replicates in a stable
manner as no deletions or rearrangements were observed after isolation and analysis of the
plasmid from the obtained mutants.

Based on the new shuttle vector, four derivatives with different promoters were generated.
All promoter fragments were cloned into the single EcoRV site antilinear to the apramycin
resistance cassette, respectively. As a result of this insertion at least five of the remaining
unique restriction sites upstream of each promoter are available for cloning and expression
of foreign DNA under control of these regulatory elements.

Figure 2 provides physical maps of the generated expression vectors. ApraR: apramycin
resistance cassette; pA-rep: origin of replication for Amycolatopsis from plasmid pA387;
oriV: origin of replication for E. coli from plasmid pBR322. Integrated promoters and their
directions are indicated by grey arrows. Unique restriction sites, which can be used for
cloning, are presented.

To test different promoters in Amycolatopsis sp. ATCC 39116 we first chose the commonly
used /lac-promoter, which is reported to be functional in a broad range of bacteria and which
is therefore used within various cloning vectors. To obtain additional restriction sites, we
inserted the complete multiple cloning site of the commercially available plasmid pBluescript
SK- into p6apra. For this the whole multiple cloning site including the lac-promoter was
amplified by PCR and subsequently cloned into the EcoRV site of p6apra.

As a second promoter, we inserted the upstream region of the previously characterized vdh
gene of Amycolatopsis sp. ATCC 39116. For this purpose we amplified a 395-bp fragment
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upstream of the start codon of vdh (GTG) that contains the promoter sequence as was
shown in complementation experiments beforehand (data not shown). To maintain this
functional genetic organization, we inserted a Ncol-site (CCATGG) in the reverse primer,
which allows us to clone a gene of interest 6bp downstream of the putative Shine-Dalgarno
sequence of vdh (AGGAG).

The same cloning strategy was used for the insertion of the promoter region of the
kanamycin resistance gene (Km'). Analogous to the vdh-promoter we maintained a distance
of 9 bp to the native Shine-Dalgarno sequence of the npt gene by introduction of a Ncol site.
The kanamycin resistance promoter was chosen since we knew from the use of pRLE6 and
Km" for the introduction of knock outs that npt is functionally transcribed in
Amycolatopsis sp. ATCC 39116 under the control of this element.

Finally, we cloned the ermE* promoter from Saccharopolyspora erythraea, which is a strong
constitutive promoter and which is frequently used in actinomycetes if high-level expression
is required (Wilkinson et al. 2002). The promoter was removed from the plasmid plIAGO by
Kpnl/BamHI digestion. Blunt ends were subsequently generated, and the fragment was
again cloned into the EcoRV-site of p6apra.

All generated plasmids replicated in Amycolatopsis sp. ATCC 39116 without any observable
rearrangements, and they can therefore be used for the heterologous expression of required
genes.

Example 2
Expression of gusA in Amycolatopsis sp. ATCC 39116

In order to test the applicability of the heterologous promoters in Amycolatopsis sp. ATCC
39116, the B-glucuronidase GUS was chosen, encoded by the gusA gene as a reporter [16].
The activity of the B-glucuronidase can easily be detected on agar plates qualitatively and
also quantitatively in a simple but sensitive spectrophotometric assay.

Initially Amycolatopsis sp. ATCC 39116 was tested for an inherent GUS activity to exclude a
potential background signal in the control strains. The wild type strain did not exhibit any
glucuronidase activity, which makes gusA a suitable reporter gene for our investigation.

To determine the functionality of the expression plasmids, the glucuronidase gene gusA was
cloned as a reporter downstream and collinear to the promoters, respectively. As a control
strain we additionally generated a promoterless version of p6apra containing only gusA.

After the transfer of the expression vectors, GUS activity was detected on agar plates for all
strains except for the control strain that carried the promoterless gusA gene. For this
purpose, the bacteria were incubated for 48 hours at 42°C on solid TSBagar and
subsequently overlaid with the substrate X-Gluc as described in materials and methods.
Differences in the expression strength of the cloned promoter fragments could be assumed
even within this qualitative analysis. The expression strains carrying pé6plac::gusA and
p6pvdh::gusA exhibited only a faint blue color, while a strong coloring was observed with
strains Amycolatopsis sp. ATCC 39116 p6pKm::gusA and Amycolatopsis sp. ATCC 39116
pépermkE::gusA.

To further analyze the gusA expression under the control of the different promoters, the
specific enzyme activity was determined in crude extracts of the four expression strains. The
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different Amycolatopsis sp. ATCC 39116 expression strains were cultivated in TSB medium
for 24 h at 42 °C. The cells were harvested after cultivation, soluble fractions were prepared,
and the specific activity of the B-glucuronidase GUS was measured photometrically as
described in materials and methods. The control strain carrying the promoterless plasmid
pbapra::gusA was treated under the same conditions.

The activity assays revealed that no GUS activity was expressed by the control strain. In
contrast to that all generated expression strains showed the formation of p-nitrophenol as
observed spectrophotometrically by the increase of absorption at 415 nm. Quantitative
analysis confirmed the assumption of an increasing expression strength with p6permE
exhibiting the highest enzyme activity (Table 2). This was also obvious during the activity
tests on agar plates. While gusA expression under the control of the /ac and vdh promoter
only led to an enzyme activity of 0.04 U/mg + 0.00038 U/mg and 4.04 U/mg + 0.071 U/mg,
respectively, the strains carrying the Km'-promoter and PermE* exhibited very strong
activities of 59.07 U/mg + 1.50 U/mg and 302.20 U/mg + 1.25 U/mg.

The expression of gusA was also obvious during SDS-PAGE analysis of the soluble fractions
which revealed a prominent protein band at a size of approximately 69 + 2 kDa. This signal
was missing for the control strain, while the strongest protein band could be observed for
the strain expressing gusA under the control of PermE*.

Figure 3 shows the detection of GUS synthesis by different gusA expression strains via SDS-
PAGE analysis. The samples were separated in a 12.5 % (wt/vol) SDS-polyacrylamide gel as
described in materials and methods. The gel was stained with Serva Blue G. Lane

M1: Molecular weight marker: “PageRuler Prestained Protein Ladder”, Lane
M2: Molecular weight marker: “Unstained Protein Molecular Weight Marker”; Lane

1: 30 pg protein of the soluble fraction of the control strain Amycolatopsis sp.
ATCC 39116 p6apra::gusA

2 30 ug protein of the soluble fraction of Amycolatopsis sp. ATCC 39116 p6plac::gusA

3 30 pg protein of the soluble fraction of Amycolatopsis sp. ATCC 39116 p6pvdh::gusA
4: 30 pg protein of the soluble fraction of Amycolatopsis sp. ATCC 39116 p6pKm::gusA

5 30 pg protein of the soluble fraction of Amycolatopsis sp. ATCC 39116 p6permE::gusA.

Cells were grown in TSB medium for 24 h. Soluble fractions were obtained after cell
disruption and subsequent centrifugation as described in materials and methods. The arrow
indicates the corresponding signal of the putative gusA gene product.

In the following Tables 1 and 2 provide Bacterial strains and plasmids as well as an overview
of the specific GUS activity of the different expression strains.
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Table 1
Bacterial strains and plasmids used in the study

Bacterial strains and plasmids | Description, sequence Reference

Amycolatopsis sp. ATCC 39116 | wild type American Type
Culture Collection,
No. 39116
E. coli Mach-1 T1 F~ $80(/lacZ)AM15 AlacX74 hsdR (r¢ m’) Invitrogen GmbH
ArecA1398 endAl tonA (Karlsruhe,
Germany)
E. coli K12 ER 2925 ara-14 leuB6 fhuA31 aclY1 tsx78 glnv44 New England
galk2 galT22 mcrA dem-6 hisG4 rfbD1 Biolabs Inc.
R(zgb210::Tn10)TetS endA1 rpsL136 (Ipswich, MA, USA)
dam13::Tn9 xylA-5 mtl-1 thi-1 mcrB1 hsdR2

pRLE6 5.8 kb, Km' (Priefert et al.
2002)
pBluescript SK- Ap', LacPOZ’, T7 and T3-promoter Agilent GmbH,
(pSK-) Waldbronn,
Germany
plIAGO ermE*-promoter from Saccharopolyspora (Power et al. 2008)
erythraea as 0.28-kb Kpnl-BamHI fragment,
Ts', Ap"
pMA5096 Ap'; Apra" transposable plasmid comprising (Banh et al. 2005)
transposase Tn5096;
pSETGUS Streptomyces integrative vector, gusA under | (Myronovskyi et al.
control of tipA-promoter 2011)
p6apra pRLE6 with Apra’ from pMA5096 cloned into | This invention
Smal-sites
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Table 1
Bacterial strains and plasmids used in the study (Cont.)

Bacterial strains and plasmids | Description, sequence Reference

p6permE p6apra with ermE*-promoter from plAGO This invention
cloned into EcoRV-site

p6pKm p6apra with Km'-promoter from pRLE6 This invention
cloned into EcoRV-site

p6pvdh p6apra with promoter region of vdh-gene This invention
from Amycolatopsis sp. ATCC 39116 (Fleige
et al. 2013) cloned into EcoRV-site

p6plac p6apra with multiple cloning site of pSK- This invention
cloned into EcoRV-site

pb6apra::gusA Spel/EcoRV fragment of pSETGUS containing | This invention
gusA cloned into Nhel/Dral sites of p6apra

p6permE::gusA Spel/EcoRV fragment of pSETGUS containing | This invention
gusA cloned into Nhel/Dral sites of p6permE

p6pKm::gusA Spel/EcoRV fragment of pSETGUS containing | This invention
gusA cloned into Nhel/Dral sites of p6pKm

p6pvdh::gusA Spel/EcoRV fragment of pSETGUS containing | This invention
gusA cloned into Nhel/Dral sites of p6pvdh

p6plac::gusA Spel/EcoRV fragment of pSETGUS containing | This invention
gusA cloned into Spel/EcoRV-sites of p6plac
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Table 1
Bacterial strains and plasmids used in the study (Cont.)

Bacterial strains and plasmids | Description, sequence Reference

Oligonucleotides Sequence 5’ - 3’

Apra_for GTAGCGGGGATCCGGGGA This invention
Aprarev GCTCGGTTCATGTGCAGCTCC This invention
pSK_MCS_for GCCGATTTCGGCCTATTG This invention
pSK_MCS_rev GCGAGTCAGTGAGCGAGG This invention
pKm_for GCAAGCGAACCGGAATTG This invention
pKm_Ncol_rev CAACCATGGGAAACGATCCTCATCCTGTCT This invention
pvdh_for CCAGATGCGTGTACGGGTG This invention
pvdh_Ncol_rev. AGCCATGGGTCACTCCTGATGCG This invention

Table 2

Specific GUS activity of the different expression strains

Amycolatopsis sp. ATCC 39116 p6plac::gusA 0.04 U/mg + 0.0004 U/mg
Amycolatopsis sp. ATCC 39116 p6pvdh::gusA 4.04 U/mg + 0.071 U/mg
Amycolatopsis sp. ATCC 39116 pb6pKm::gusA 59.07 U/mg + 1.50 U/mg
Amycolatopsis sp. ATCC 39116 pbpermE::gusA 302.20 U/mg +1.25 U/mg
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CLAIMS

A new shuttle vector (p6apra) with resistance to apramycin obtainable in that shuttle
vector pRLE6 of E.coli-Amycolatopsis

(@) is subjected to digestion with a suitable endonuclease (Smal, Xmal) to remove
the npt gene from said vector or the vector backbone is amplified by inverse PCR
without the npt gene and

(b) the apramycin resistance gene aac(3)VI is inserted into the vector backbone by
ligation.

A process for obtaining shuttle vector p6apra, wherein said shuttle vector pRLE6 of
E.coli-Amycolatopsis

(@) issubjected to digestion with Smal to remove the npt gene from said vector and

(b) the apramycin resistance cassette of the transposon pMA5096 is inserted into
the vector backbone by blunt end ligation.

A first expression vector with additional restriction sites, obtainable in that

(@) lac-promoter with the multiple cloning site of the plasmid pBluescript SK is
amplified via PCR

(b) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A process for obtaining a first expression vector, wherein

(a) lac-promoter with the multiple cloning site of the plasmid pBluescript SK is
amplified via PCR, and

(b) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A second expression vector, obtainable in that

(@) a 395-bp fragment of the genome of Amycolatopsis sp. ATCC 39116 upstream of
the start codon of vdh (GTG) containing a promoter sequence is amplified via
PCR,

(b) a Ncol-site (CCATGG) is inserted into the reverse primer 6bp downstream of the
Shine-Dalgarno sequence of vdh (AGGAG), and

(c) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A process for obtaining a second promoted shuttle vector, wherein

(@) a 395-bp fragment gene of Amycolatopsis sp. ATCC 39116 upstream of the start
codon of vdh (GTG) containing a promoter sequence is amplified via PCR,

(b) a Ncol-site (CCATGG) is inserted into the reverse primer 6bp downstream of the
Shine-Dalgarno sequence of vdh (AGGAG), and
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(c) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A third promoted shuttle vector, obtainable in that

(a) the promoter sequence of the kanamycin resistance gene (Km') is amplified via
PCR, (b) a Ncol-site (CCATGG) is inserted into the reverse primer 9bp
downstream of the Shine-Dalgarno sequence of npt, and

(b) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A process for obtaining a third expression vector, wherein

(a) the promoter sequence of the kanamycin resistance gene (Km') is amplified via
PCR, (b) a Ncol-site (CCATGG) is inserted into the reverse primer 9bp
downstream of the Shine-Dalgarno sequence of npt, and

(b) the PCR product is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A fourth expression vector, obtainable in that

(@) ermE* promoter from Saccharopolyspora erythraea is removed from the plasmid
plAGO, and

(b) the fragment is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A process for obtaining a fourth expression vector, wherein

(@) ermE* promoter from Saccharopolyspora erythraea is removed from the plasmid
plAGO, and

(b) the fragment is cloned into the EcoRV site of the p6apra vector according to
Claim 1.

A plasmid expression system for the order of Actinomycetales, containing several
industrially relevant families, like Corynebacterineae, Pseudonocardineae or
Streptomycineae comprising at least one of the expression vectors according to any of
the Claims 1, 3,5, 7 or 9.

The use of at least one of the expression vectors according to any of the Claims 1, 3, 5,
7 or 9 for replication in these bacteria.

The use of at least one of the expression vectors according to any of the Claims 1, 3, 5,
7 or 9 for heterologous expression of genes in these bacteria.

The use of recombinant bacteria containing at least one of the expression vectors
according to any of the Claims 1, 3, 5, 7 or 9 in a process for the manufacture of
Vanillin, Vanillic acid, Coniferylalkohol, or Coniferylaldehyd.

A process for making nature-identic vanillin by fermentation of ferulic acid or eugenol
by means of microorganisms containing at least one of the expression vectors according
to any of the Claims 1, 3,5, 7 or 9.
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Figure 1
Physical map of the new shuttle vector p6apra
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p6permE
6464 bp

Figure 2
Physical maps of the four generated expression vectors
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Figure 3
Detection of GUS synthesis by different gusA expression strains via SDS-PAGE analysis
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