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Anthracycline antibiotics are an important group of anticancer compounds widely used in tumor
chemotherapy. They are used to treat different types of diseases such as leukemias, lymphomas, breast, uterine,
ovarian and lung cancers. Investigation of the regulatory mechanisms of antibiotic production in Streptomyces
is of great interest, as these data provide a potential platform for generation of industrially important strains
to increase the production of their secondary metabolites. Streptomyces nogalater Lv635 is a producer of an
anthracycline antibiotic nogalamycine. Derivatives of this antibiotic are used in chemotherapy of tumors. Here
we focused on expression of snorA and relA genes in S. nogalater Lv65. A set of plasmids for the expression
of snord and relA genes were generated. Conjugation procedures of the S. nogalater Lv65 and UV33, S.
echinatus and S. peucetius wild-type strains with pKCAIl and pVWBA I were carried out from E. coli ET12567
(pUB307). An increasing in the nogalamycin production was observed when pKCAIl and pVWBAI plasmids
were introduced into the Lv65 and UV33 strains. We believe that this indicates a crucial role for snorA and
relA in nogalamycin biosynthesis under some nutritional conditions. This is in agreement with the general
knowledge about aforementioned regulatory genes. Expression of snorA and reld genes in S. echinatus Lv 22
and S. peucetius subsp. caesius — producers of aranciamycine and doxorubicin respectively, stimulates
antibiotic production in the above strains.
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Aumpayuxainogi aHmubiomuky € 2pynor npoMmunyXauHHUxX CROIYK, Wo WUPOKO BUKOPUCHOBYIOMbCA
6 Xximiomepanii pakosux 3axeopiosanb. Bouu 6UKOpUCOYIOMbCA ONA JIKYBAHHSA HU3KU 3AX60PIO6AMHb,
maxux AK aeuxo3u, TimMgomu, pax MAmKu, sSEUHUKIB, d MAKONIC pAKy Je2eHb. JoCaioiceHHs: pecyisimopHUux
MEXAHIZMI8 CUHme3y aHmubioOmuKie y CMpenmomiyemie € 8adciusoio npooLeMoio CyuacHol Mikpobionoeii ma
biomexnonoeii. Lfi 0awni daromv nomenyituny niamgopmy O0as 00ePICAHHSI NRPOMUCTIOBO BANCIUBUX UMAMIE
bakmepitl, ujo 00360J5€ 30LMbUUMU BUPOOHUYMBO IXHIX 6MOpUHHUX Memabonimis. Streptomyces nogalater Lv65
€ NPOOYYEHMOM AHMPAYUKTIHOB020 AHMUOIOMUKA Ho2aramiyury. Ximiuni Moougikayii ypboeo anmubiomuxa
Cb020OHI BUKOPUCMOBYIOMbCA 6 Ximiomepanii pakosux 3axeopiosansb. Poboma npucesiuena excnpecii 2enie
snorA i reld y kaimunax S. nogalater. Ckoncmpytiosano HU3Ky niazmionux monexyn JJHK ons excnpecii eenig
snorA i relA, wo € 3a0issnumu y peeyasyii emopunno2o memabonizmy y akmunomiyemis. Ilnasmiou pKCAII
ma pVWBAI nepeneceni 6 knimunu wmamia S. nogalater Lv65 ma UV33, a makooc wmamis S. echinatus ma
S. peucetius i3 UKOPUCTNAHHAM MidNCPo0060i Kou toeayii 3 E. coli ET12567 (pUB307).3a ymos koexcnpecii
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pe2yIAmopHUX 2erig y ckaaodi onieokoniunoi naasmiou pKCAIl ma inmeepamusnoi pVWBAI cnocmepicacmuvcs
3pocmanns cunmesy Hoeanramiyuny 6 wimamax Lv65 ma UV33. Ouesuono, wjo ye 6Kazye Ha 6axicaugy poib
eenie snord i relA y Oiocunmesi Hoeanamiyiny 3a KyIbMUSAYIUHUX YMO8 NPeOCMABIeHUX OO0CTI0NCEHb
ma y32004CYEMbCA i3 302ANbHUMU YSAGIEHHAMU NPO IXHIO YHACb Y pecyasayii 6MOpuHHo20 Memabonizmy y
axmunomiyemie. [ emeponozciuna excnpecis snord i relA y cxknadi pKCAIl ma pVWBAI 6 kaimunax S. echinatus
LV 22 ma S. peucetius subsp. caesius niosuwgye npooyKyiro apanyuamiyury ma 00kcopyoiyuny, 8i0nogioHo.

Kirouosi ciiosa: BIOCHTE3 AHTUBIOTUKIB, STREPTOMYCES NOGALATER, HOT'AJIA-
MILH, SARP-BIJIKA
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Aumpayuxiunosvie aHMUOUOMUKY ABNAIOMCS 8ANCHOU 2PYNNOU NPOMUBOONYXONEBLIX COCOUHEHU,
WUPOKO UCNONB3YeMbIX 8 Xumuomepanuu onyxonen. OHU UCNOTL3VIOMCA 045l Je4eHUsl PAIUYHLIX BUO08
3a001€8aHUll, MAKUX KAK JelKO3bl, TUMPOMYL, paKa MAamKu, AUYHUKOS, a maxdice aezkux. Hccaedosanue
DPecyIAmOPHBIX MEXAHU3MO8 buocunmesa anmubuomuxos y Streptomyces npedcmasisiem Hay4Hulll uHmepec,
Max Kax d9mu OauHvle 0aiom NOMEHYUATLHYIO NAAMPOPMY 018 NOTYYEHUs NPOMBIUUIEHHO BANCHBIX WUMAMMOS,
YUMo N036018em YGeIUdUMb NPOU3BOOCMEO UX 6MOPUYHLIX Memaboaumos. Streptomyces nogalater Lv65
ABNAEMCST NPOOYYEHMOM AHMPAYUKIUHOBO2O AHMUOUOMUKA HOLANAMUYUHA. Xumuueckue Moouguxayuu
9MO20 AHMUOUOTNUKA CE200HS WUPOKO UCHOAL3YIOMCA 8 XUMUOMEPANUU ONyXonegulx 3abonesanui. Jannas
paboma cocpedomoyena Ha KodKcnpeccuu 2enos SnorA u reld 6 xnemxax S. nogalater Lv65. B pabome
nonyuenvt naazmuovt pKCAIl u pVWBAI ons oxcnpeccuu pezynamopuuvix eenos. Ilnazmuodvr pKCAII
u pVWBAI oocmagnenvt 6 knemxu wmammos S. nogalater Lv65 u UV33, a maxorce wmammos S. echinatus
u S. peucetius ¢ UCnOIb308aAHUEM MENCAYPOO06OT KoHvioeayuu u3 E. coli ET12567 (pUB307). Ilepenoc smux
6eKmMopos 6 Kkaemku wmammos S nogalater Lve5 u UV33 axmusupogan npooyKyuro umu HO2AIaAMUYUHA.
OuesuoHo, ymo 9mo ykazvlaem Ha GANCHYIO poib Snord u reld @ pesynayuu Ouocunmesa HO2ANAMUYUHA
8 YCNOBUAX KYIbMUBUPOBAHUS, NPEOCMABIEHHbIX 6 9MOl pabome. Dmo co2nacyemcs ¢ oowumMu 3HAHUAMU
0 BLILUECYNOMAHYMBIX PE2YIAMOPHLIX 2eHax. I emeponozuyeckas koaxcnpeccus eenos snord u reld 6 knemxax S.
echinatus LV 22 u S. peucetius subsp. caesius cmumynupoeana npooyKyuio apaHyuamuyuna u 00Kcopyouyuna
COOMBEMCMBEHHO.

KmioueBnie cioBa: bBMOCHUHTE3 AHTUBMOTHUKOB, STREPTOMYCES NOGALATER,
HOT'AJTAMUIIVH, SARP-BEJIKN

Mycelial bacteria of the genus located in these clusters. In addition, various
Streptomyces are important subjects of modern global regulatory genes have been identified,
microbiology and industrial biotechnology, which affect antibiotic production indirectly
primarily as producers of the majority of and have pleiotropic roles in stress response and
known antibiotics [1]. Antibiotic biosynthesis morphological differentiation [1]. Most of these
is controlled by many regulatory elements at pleiotropic regulatory genes have been shown
different levels. Most of the antibiotics are to influence the activity of the pathway-specific

produced by complex biosynthetic pathways regulatory genes. Expression of both types
encoded by clustered genes [1, 2]. The gene of regulatory gene is influenced by a variety
clusters are usually regulated by pathway- of physiological and environmental factors,
specific transcriptional regulators that are including growth rate, signaling molecules,
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imbalances in metabolism and various
physiological stresses [1].

The final decision about onset of antibiotic
production is made by transcriptional factors
which genes are clustered with the respective
antibiotic biosynthesis genes [3]. Members of
this big group of proteins resemble the OmpR
transcriptional regulator of Escherichia coli
phosphate regulon particularly in the region
of DNA-binding domain formed by “winged”
helix-turn-helix structure [1-3]. Therefore, these
transcriptional factors were grouped into SARP
family [1]. SARP genes were found within almost
all biosynthesis gene clusters governing aromatic
polyketides production. These genes are usually
clustered with antibiotic biosynthesis genes and
activate or repress their expression. Manipulations
of the SARP genes and pleiotropic regulatory
genes have been shown to increase the production
of antibiotics by streptomycetes [1, 3-5, 6].

Streptomyces  nogalater Lv65 is
a producer of an anthracycline antibiotic
nogalamycin [4]. Derivatives of this antibiotic
are used in chemotherapy of tumors. Among
anthracycline  derivatives, nogalamycines
showed superior cytotoxicity and antitumor
activity and also proved to be effective against
breast cancer clinically [4]. Certain aspects of
the regulation of nogalamycin production have
been characterized [7-13].

The goal of the present work is
coexpression of snord and reld genes in S.
nogalater Lv65. We expect that manipulations
with these regulators will provide a potential
platform for manipulating with industrially
important strains to increase production of their
secondary metabolites.

Materials and methods

Streptomyces nogalater 1Lv65, nogala-
mycine producer, was used as a source of
chromosomal DNA. Growth was carried out
on trypticase soya broth (TSB; Oxoid) or RSA
medium [14]. Spores of Streptomyces strains
were harvested from a sporulated lawn grown
on oatmeal agar plates [15]. The Streptomyces
and E. coli strains and plasmids used in
the present work are described in Table 1.

Apramycin-resistant, strains were tested for
loss of apramycin resistance by culturing
the colonies on HA plates with and without
apramycin. Resistant colonies were subjected
to Southern blotting.

Escherichia coli was grown in Luria-
Bertani (LB) medium at 37° C, and plasmids
were introduced into E. coli by transformation
done by standard procedures [15].
pBluescriptKS was purchased from Amersham
Biosciences. pVWB, a non-replicative vector
carrying an apramycin resistance deteminant,
was described by Bierman et al. [15]. For E.
coli strains harboring plasmids, ampicillin
was added at a final concentration of 100
mg/ml. Antibiotic activity of S. nogalater
strains was studied by diffusion in agar using
Sarcina lutea as a test-culture. S. nogalater
strains were grown in liquid SG medium and
the antibiotics were extracted from the culture
liquid by chloroform (1 : 1). The extracts were
dried at 37 °C, the dry residue was dissolved in
methanol, and applied to petri dishes with 0.7%
agar containing Sarcina lutea (109 CFU). The
plates were incubated at 28° C for 12 and 72 h.
Strain productivity was evaluated by the ratio
between the diameter of Sarcina lutea growth
inhibition zone to the dry mass of the mycelium
from which the antibiotic was extracted.

Conjugation procedures of the S.
nogalater, S. echinatus and S. peucetius wild-
type strains with pKCAIIl and pVWBA1 was
carried out from E. coli ET12567 (pUB307)
as described [16]. Donor E. coli ET12567
(pUB307) strain was grown on LB agar
supplemented with apramycin (50 pg/mL) and
kanamycin (50 pg/mL) for 12 h at 37 °C. S.
nogalater spore suspension (harvested from 7
days-oldlawn), according to a standard protocol,
was heat-treated for 10 min at 50 °C. Donor and
recipient cells were mixed in a 1:1 ratio and
spread on oatmeal medium. The plates were
incubated (12 h, 28 °C) and then covered with
1 ml of water containing 1.5 mg of apramycin
and 1.5 mg of nalidixic acid. Transconjugants
were counted after 5 days. The frequency of
transconjugant occurrence was calculated as a
ratio of the number of transconjugants to the
titer of recipient strain spores.
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Standard methods for DNA isolation
and manipulation were performed as described
by [15]. Genomic DNA was isolated from
Streptomyces strains by lysozyme treatment
and phenol/chloroform extraction as described
elsewhere [14].

Thin layer chromatography (TLC) of
the antibiotic extracts was performed on Silufol
UV254 silica gel plates in the solvent system
chloroform—methanol—-ethanol—distilled water

(120 : 25 : 6 : 4.5). Detection of antibiotics
on the plates was performed under visible and
ultraviolet light (A 254 nm).

Southern blot analysis was performed
on Hybond-N  membranes (Amersham
Biosciences) with digoxigenin-labelled probes
by using DIG high prime DNA labelling and
detection kit IT (Roche Molecular Biochemicals)
[15]. Hybridization filters were washed off
under standard conditions.

Table 1

Strains and plasmids

recAlendAlgyrA96 thi-1 rel41

Bacterial strain Description Source or reference
or plasmid
E. coli DH5a supE44 AlacU169(p80lacZAM15) hsdR17 MBI Fermentas

E. coli ET12567
(pUB307)

dam-13::Tn9(Cml") dem-6 hsdM

Microbial culture collection of antibiotic
producers, Lviv, Ukraine

S. echinatus Lv 22 Producer of aranciamycin The same
(=DSM 40730)
S. nogalater Lv 65 Producer of nogalamycin The same
S. peucetius subsp. Producer of doxorubicin The same
Caesius
pVWB E. coli/Streptomyces shuttle vector with BT1  Microbial culture collection of antibiotic
attP/int integrative system, aac(3)IV producers, Lviv, Ukraine
pVWBAI pVWB derivative harboring snord and relA This work
genes cloned in the EcoRI, aac(3)IV
pKCI218E E. coli/Streptomyces shuttle expression vector  [15]
with PermE and SCP2 replicon, aac(3)IV
pKCAII pKC1218E derivative with a fragment harboring This work

snorA and relA genes gene, aac(3)IV

Results and discussion

Previously, we have studied the effect
of additional copies of the smordA gene on
nogalamycin synthesis in S. nogalater Lv65.
Nogalamycin  production was increased
after insertion of the additional copies of the
snorA gene (at least under our experimental
conditions) [5, 6]. relA (S. coelicolar A3(2)) also
stimulates antibiotic production in S. nogalater.
In the present study snord and reld genes were
simultaneously coexpressed in the pKC1218-
based plasmid pKCI1218E under constitute
ErmEp promoter and in the inegrative plasmid
pVWB.

Approximately, 1.7 kb fragment carry-
ing the entire rel4 gene and its flanking regions

were cloned from [5]. The product was cloned
into EcoRV site of pKCEAII to give pKCAII
(Fig. la). The obtained construct contains
snorA and relA genes controlled by ErmEp
of Saccharapolyspora erytreae. Five Am'
transconjugants (an indicative of a pKCEAII)
were selected out of 17 tested. All seven
candidates exhibited the same phenotype. One
of them (referred to as pKCEAII") was used

throughout this work.
Integrative vector for snorA and reld

genes overexpression was generated as follows.
A 2.4 kb fragment carrying the entire snord
gene and its promoter regions was cloned
from pKCEA to give pVWBA. This plasmid
was used as a DNA source for construction
of pVWBAL1 (Fig. 1b). The relA gene was
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BamHI
BamHI

ErmEp

SCP2rep

pKCEAII

9.7 kb

reld

pVWBAL1
5.2 kb

Sacl attP(BT1)

Fig. 1. Structure of pKCAII and pVWBAI plasmids

introduced into the unique BamHI site within
pVWBA. Obtained vector was transferred into
streptomycetes using intergeneric conjugation
from E. coli ET 12567. Two Am' colonies (an
indicative of a pVWBA1) were selected. One
of them (referred to as pVWBA1*) was used
throughout this work.

Both pKCEAII"and pVWBAI1 plasmids
were transferred to S. nogalater Lv65 (wild-type
straine) and S. nogalater UV33 (UV-induced
overproducer of nogalamycin). Expression of

snorA and reld genes in pKCEAII" increase
the nogalamycin production in the following
strains (Fig. 2). We believe that this indicates a
crucial role for snorA and rel4 in nogalamycin
biosynthesis under some nutritional conditions.
This is in agreement with the general
knowledge about aforementioned regulatory
genes. Manipulations of the SARP genes
and rel4 have been shown to increase the
production of antibiotics by streptomycetes.
For example, introduction of /anl (SARP

Fig. 2. a. Growth inhibition zones of the S. /utea test culture caused by the antibiotic extracts
obtained from strains Lv65 (7), pKCI1218E* (2), UV33 (3), Lv6S pKCEAII" (4), UV33 pKCEAII* (9),
¢ — negative control (methanol, used as a solvent). The antibiotics were extracted from equal amounts of wet biomass.
b. Growth inhibition zones of the S. Jutea test culture caused by the antibiotic extracts obtained from strains Lv65 (1),
pVWB* (2), Lv65 pVWBAT1" (3), UV33 (4), UV33 pVWBA1*(5), c — negative control (methanol, used as a solvent)
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regulator of landomycin A biosynthesis in S.
cyanogenus S136) and Indl (lanl homologue
controlling landomycin E biosynthesis in S.
globisporus1912) activated production of
aforementioned antibiotics [3].

Accumulation of ppGpp in streptomyces
also causes the induction of complex changes
in the pattern of gene expression with global
cellular consequences. For example, in S.
coelicolor, genetically the most characterized
streptomycete that serves as a model organism
for the genus, accumulation of ppGpp occurs
transiently in response to amino acid limitation
and requires the presence of both RelA and
RelC [17-18].

Nogalamycine biosynthesis was also
increased in S. nogalater Lv65 and S. nogalater
UV33 strains harboring pVWBA1. pVWBAI
contains int gene of VWB phage which inegrates
site-specifically into two sites of S. nogalater
chromosome. Site-specific integration makes
pVWBAI1 a powerful tool for generation of
stable overproducers of nogalamycin.

pVWBAI1 and pKCAII were used for
the coexpression of snord and reldA genes in
heterological hosts. S. echinatus Lv 22 and
S. peucetius subsp. caesius — producers of
aranciamycine and doxorubicin respectively,
were used in the present study. Both plasmids
were transferred into S. echinatus and S.
peucetius cells using intergeneric conjugation
from E. coli ET 12567 (pUB307). Stimulation
of aranciamycine and doxorubicin production
was observed in pVWBAI1" and pKCAII"
strains.

Conclusions

Here we further investigated the
possibilities of nogalamycine overproduction
by combination of SARP and pleiotropic
regulatory genes cloned in multy-copied
and integrative vectors. Expression of snorA
and reld genes cloned in pKCEAII" and
pVWBALI plasmids increase the nogalamycin
production in S. nogalater strains. Both genes
also stimulate aranciamycine and doxorubicin
production in S. echinatus and S. peucetius.
Our experiments provide a potential platform

for manipulating anthracycline producing
streptomycetes to increase production of their
secondary metabolites.

Prospects for further research.
Understanding of the physiological and
environmental conditions that trigger the
expression of the snorA and rel4 genes, or
that influence the activities of their products,
and the corresponding signal transduction
pathways that are responsible for the activation
of secondary metabolism remains a main goal
for the future research.
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