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Streptomyces ghanaensis ATCC14672 produces moenomycin A, the only known
natural product that directly inhibits peptidoglycan glycosyltransferases. It is desirable to
develop reliable genetic tools for this strains which would allow to generate ATCC14672
derivatives producing novel moenomycins. Using f-glucuronidase reporter system, here we
studied the activity in ATCC14672 of the three heterologous promoters extensively used in
Streptomyces genetics — gylP1/P2, aac(3)[Vp and ermEp. The promoter of glycerol utili-
zation operon gylP1/P2 displayed the highest transcriptional activity, while aac(3)IVp the
weakest one. Activity of the latter was 2 and 3 times lower than that of gy/P1/P2 on the first
and fourth day of growth, respectively. The activity of ermEp was somewhat higher than that
of aac(3)IVp, but did not exceed the strength of gy/P1/P2.

Keywords: Streptomyces ghanaensis, moenomycin A, f-glucuronidase, reporter sys-
tem.

Among the producers of clinically important compounds the representatives of the genus
Streptomyces take a prominent place [2]. One of them is Streptomyces ghanaensis ATCC14672,
a producer of the phosphoglycolipid antibiotic moenomycin A (MmA), which inhibits the cell
wall formation of gram-positive microorganisms. It stands out due to an extremely high acti-
vity, the uniqueness of action and absence of reported cases of resistance among pathogens [12,
13]. However, the wild-type strain synthesizes MmA in small quantities [1, 12, 13]. It is neces-
sary to have suitable tools for genetic manipulation of the strain for its improvement. Efficient
expression vectors are one of the most useful tools required for such purposes. To obtain such
vectors, it is necessary to identify a set of the promoters that display high expression level in
ATCC14672. However, relative strength of heterologous promoters in this strain has not been
studied so far. Therefore, we decided to study the activity of several popular heterologous pro-
moters in moenomycin producer using a recently described B-glucuronidase reporter system [11].
Based on RNAseq results, this reporter is thought to provide reliable readout of transcriptional
activity of the promoters [14]. For experiments we picked up three promoters: gylP1/P2 from
glycerol utilization operon of S. coelicolor, ermEp derived from erythromycin resistance gene
ermE of Saccharopolyspora erythraea (encodes rRNA methyltransferase) and aac(3)IVp from
aminoglycoside acetyltransferase gene aac(3)IV of Klebsiella pneumoniae. The aim of our work
was to compare the efficiency of aforementioned promoters in different growth timepoints.

Material and methods

In this work we used the MmA producer S. ghanaensis ATCC14672 (wild type) and its re-
combinant strains S. ghanaensis (pMT3226GusA), S. ghanaensis (pSETamGusA), S. ghanaensis
(pSETermGusA) and S. ghanaensis (pGUS). The strains were grown on solid oatmeal medium
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and in liquid TSB [3, 8]. Reporter plasmids pMT3226GusA, pSETamGusA and pSETermGusA
were constructed through cloning of ermEp, gylP1/P2 and aac(3)[Vp fragments into pGUS to
create transcriptional fusion of the promoter to gus4 gene. The details of plasmids construc-
tion are reported in [5]. The plasmids were transferred, via conjugation, from E. coli ET12567
(pUZ8002) to ATCC14672 according to [10]. E. coli ET12567 (pUZ8002) was grown on LA me-
dium with kanamycin (Km) at concentration of 50 pg/ml. The media for growth of recombinant
actinomycetes and E. coli strains were amended with apramycin (Am) and Km at concentration
of 50 pg/ml [8]. The activity of the studied promoters was as follows. 25 ml of the seed medium
were inoculated with 3 ml from a two days-old preculture of S. ghanaensis strains containing re-
porter plasmids. Cells were grown for 20 or 94 hours at 37°C. 5 ml of the culture were harvested
by centrifugation (4,000 xg for 10 min), resuspended in lysis buffer (S0 mM phosphate buffer [pH
7.0], 5 mM dithiothreitol [DTT], 0.1% Triton X-100, 4 mg ml"! lysozyme). Lysis was performed
at 37°C for 45 min (the completeness of the lysis by that time was confirmed microscopically).
Lysates were centrifuged at 4,000 rpm for 10 min. Then, 0.5 ml of lysate was mixed with 0.5 ml
of dilution buffer (50 mM phosphate buffer [pH 7.0], 5 mM DTT, 0.1% Triton X-100) supple-
mented with 5 pl 0.2 M p-nitrophenyl-D-glucuronide. The OD, ; was measured every minute
for a total of 20 minutes of incubation at room temperature. As control, a 1:1 mixture of lysate
and dilution buffer was used. All measurements were repeated three times. The glucuronidase
activity is calculated in m-units per mg of total protein in the lysate (mU mg™'). Total protein was
determined by Bradford Protein assay (BioRad, USA). One m-unit is referred to such amount of
GusA that is able to produce in one minute 1 uM of p-nitrophenol from the substrate in a total
volume of 1 mL.

Results and discussion

The transconjugant colonies of S. ghanaensis ATCC14672 carrying the aforementioned
reporter plasmids were selected for the resistance to apramycin. We checked the presence of
the glucuronidase (GusA) activity of S. ghanaensis (pMT3226GusA), S. ghanaensis (pSETam-
GusA), S. ghanaensis (pSETermGusA) and S. ghanaensis (pGUS) with flooding of 5-bromo-
4-chloro-3-indolyl glucuronide (X-Gluc) solution on the lawns of the strains. The strains with
pMT3226GusA, pSETermGusA and pSETamGusA became dark blue because of chemical trans-
formation of X-Gluc to 5,5’-dibromo-4,4’-dichloro-indigo due to GusA activity, while the strain
carrying control plasmid pGus (promoterless gusA4) remained white (Fig. 1). These data con-
firmed that strains indeed carried functional gusA4 gene.

Fig. 1. The lawns of S. ghanaensis
(pMT3226GusA), S. ghanaensis
(pSETamGusA), S.  ghanaensis
(pSETermGusA) and S. ghanaensis
(pGUS) onto which a drop of X-Gluc
solution was applied.




I Mymetko, M. JTlonamHtok, J1. lopbarns ma iH.
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2014. Bunyck 64 215

To quantitatively describe the efficiency of the studied heterologous promoters, S.
ghanaensis transconjugants were grown in TSB at 37°C for 20 and 96 hours. At these timepoitns
mycelium was washed, resuspended with reaction buffer, lysed and then chilled on ice. The glu-
curonidase activity was analyzed by adding the GusA substrate, X-Gluc (p-nitrophenyl-p-D-glu-
curonide) solution to the mycelium lysate and immediately measuring the optical density of the
sample at 415 nm [9]. These results are represented on fig. 2 and fig. 3.

Glycerol promoter gyl/P1/P2 showed the highest transcriptional activity. The aac(3)IVp
was 2 and 3 times weaker than the gy/P1/P2 on 20 and 96 hour of growth, respectively. The
ermEp showed higher activity than the aac(3)IVp, although it did not exceed that of gy/P1/P2.

The transcription from gy/P1/P2 in S. coelicolor is known to be increased in the presence
of glycerol, because the latter interacts with GylR repressor and makes dissociate from the pro-
moter [4]. Glucose, in contrast, is a co-repressing molecule. We note that in ATCC14672 gylP1/
P2 does not seem to be repressed by GylIR (its gene is located on pMT3226gusA), as the GusA
activity is present in the extracts from the respective strain already after 20 hours of growth.
In contrast to the published data [4], we observed that 1% (w/v) glycerol rather repressed than
induced gylP1/P2 (see fig. 2 and 3). On the 96" hour gy/P1/P2 activity was more vigorous, than
on the 20" hour. It likely was caused by the exhaustion of glucose in the broth, which eased up
gyIP1/P2repression.
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Fig.2. Glucuronidase activity in cell lysates of S. ghanaensis mutants after 20 hours of growth: 1—S. ghanaensis
(pGUS) (control); 2 — S. ghanaensis (pMT3226GusA); 3 — S. ghanaensis (pMT3226GusA), with
presence of 1% glycerol in the medium; 4 — S. ghanaensis (pSETamGusA); 5 — S. ghanaensis
(pSETermGusA). Error bar: +26.

After 96 h of growth, the activity of aac(3)IVp and ermEp was lower in comparison to that
observed on 20" h. Perhaps it is caused by the shift of the culture to the stationary growth phase
and the lysis of the cells.

In this work we provide experimental evidence that GusA reporter system is suitable to
develop the tools for genetic manipulation in S. ghanaensis. In ATCC14672 cells the gy/P1/P2
promoter showed highest transcriptional activity level among three heterologous promoters being
tested. Its absolute value was around 1-2 mU mg' of GusA activity, and it did not decrease over
the period of 4 days of growth in TSB. Thus, gy/P1/P2 can be used in the future construction of
vectors for gene overexpression in S. ghanaensis.
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Fig. 3. Glucuronidase activity in cell lysates of S. ghanaensis mutants on the 96™ h of growth: 1—S. ghanaensis

(pGUS) (control); 2 — S. ghanaensis (pMT3226GusA); 3 — S. ghanaensis (pMT3226GusA), with
presence of 1% glycerol in the medium; 4 — S. ghanaensis (pSETamGusA), 5 — S. ghanaensis
(pSETermGusA).
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IMPOMOTOPIB Y STREPTOMYCES GHANAENSIS ATCC 14672
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Streptomyces ghanaensis ATCC14672 nponyKye MOCHOMIIIMH A, €HHY BiIOMY
MPUPOJIHY CIOJYKY, III0 MPSIMO 1HT10y€E MENTHIONTIKAaHOBI ITiKo3unTpaHcdepasu. CTaHOBUTH
iHTepec po3poOIeHHs HAMIMHUX TeHeTHYHUX 3HAPSAAb, SKi Janu OM 3MOTy KOHCTPYIOBATH
nmoximHi ATCC14672 31 3miHeHHMM OIOCHHTE30M MOCHOMIIIMHIB. BHKOPHCTOBYIOUH
B-miroKypOHia3Hy penoprepHy cuctemy, Mu gociinuii B ATCC14672 akTHBHICTh TPhOX
TeTepOJIOT YHUX MIPOMOTOPIB, IO MIUPOKO BUKOPHCTOBYIOTHCS y TEHETHII CTPENTOMILIETIB —
gVIP1/P2, aac(3)IVp Ta ermEp. IlpomoTop onepoHa yTuiizanii riteposny gyl/P1/P2 BusBisB
HaWBUIIY aKTHBHICTb, TOAI K aac(3)]Vp — HaiiHWK1y. AKTUBHICTb OCTaHHBOTO Oynay 213
pa3u HK4a HiX Taka gylP1/P2 Ha niepuly i 4eTBepTy JOOU POCTY, BiIIOBIHO. AKTHBHICTB
ermEp Oyna Tpoxu BuIla Hixk aac(3)[Vp , ane He nepepuiyBana cuim gylP1/P2.

Knrouogi cnosa: Streptomyces ghanaensis, MOGHOMIIIMH A, B-ITIOKypoOHiga3a, pe-
MIOpTEepHa CUCTEMA.
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CPABHUTEJIbHBIN AHAJIN3 AKTUBHOCTHU TPEX TETEPOJIOTMYECKHUX
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Streptomyces ghanaensis ATCC14672 nponynupyeT MOCHOMHIIUH A, €IMHCTBEHHOE
U3BECTHOC MPHUPOAHOEC COCAMHCHHE, MPSMO HHIHOUpYIOLIEe IENTHIOIINKAHOBbBIC
ruko3unTpancepassl. [IpeacrasisieT HHTEpeC pa3paboTka FeHETHYECKUX HHCTPYMEHTOB,
KOTOpbIe TO3BOMWIN Obl KoHcTpympoBarh mTamMMbl ATCC14672 ¢ u3MEHEHHBIM
OMOCHHTE30M MOCHOMHIIMHOB. VICTIONB3ys P-INMIOKYPOHHIA3HYIO PEIOPTEPHYIO CHCTEMY,
Mbl uccinenoBand B ATCC14672 aKkTUBHOCTH TpeX TeTEPONOTHYECKUX IMPOMOTOPOB,
KOTOpPBIC MIMPOKO HCIONB3YIOTCS B TEHETUKE CTpenTOMHULETOB — gy/PI1/P2, aac(3)[Vp n
ermEp. TIpoMOTOp omepoHa yTWIM3aluK Iunepona gy/PI1/P2 moka3an caMylo BBICOKYIO
aKTHBHOCTD, TOTA Kak aac(3)[Vp — caMyro HU3KY10. AKTUBHOCTH MOCJIEIHEro Obuia B 2 1 3
pasa HiKe, 4eM TaxkoBas gy/P1/P2 Ha niepBble U YETBEPTHIC CYTKU POCTA, COOTBETCTBEHHO.
AKTUBHOCTH ermEp Oblna Beime, 4eM aac(3)[Vp, HO He TpEBBINIaa CHIBI IPOMOTOpA
gyvlP1/P2.

Kniouesvie cnosa: Streptomyces ghanaensis, MOGHOMMLIUH A, B-IIIOKYpOHHIa3a,
pernopTepHasi CUCTeMa.



