UDC 577.181.4: 579.87

B.P. Matselyukh, V.Y. Lavrenchuk, O.1. Bambura

Zabolotny Institute of Microbiology and Virology of the National Academy of Sciences of
Ukraine, Acad. Zabolotny Str. , 154, Kyiv MSP, D03680, Ukraine

SCREENING AND CHARACTERISTIC OF REGULATORS
OF ANTIBIOTIC BIOSYNTHESIS IN STREPTOMYCES

The aim was to study the new regulators of antibiotic biosynthesis and sporulation in
Streptomyces. Methods include thin layer chromatography, spectrophotometry and mass
determination by HPLC/MS using ESI and APCI techniques. Results. Forty eight strains of
streptomycetes isolating from soils of different regions of Ukraine were studied on the pos-
sibility to produce the regulators of antibiotic biosynthesis and morphogenesis by means
of two test-systems — mutant strains of Streptomyces globisporus 1912-B2 and S. griseus
1439, losing the ability to synthesize the antibiotics landomycin E and streptomycin, cor-
respondingly, as well to form the spores.

Investigating streptomycetes were divided on three groups: 31 strains (62 %) restored
the ability of both mutants to produce the antibiotics and spores, 17 strains (35 %) did not
possessed above mentioned biological activity, and only one strain (2 %) produced regula-
tor restoring antibiotic activity and morphogenesis in the strain 1439.

The individual compounds were isolated and purified from agar cultures of the strains
of the first group K4 and TR144 by means of thin layer chromatography restoring antibiot-
ic biosynthesis and morphogenesis in the test-strains 1912-B2 and 1439. Both compounds
were characterized by the same Rt (2,34 min) and maximum of absorption (255 nm), and
have molecular weights (m/z) 136 and 155, correspondingly.

Conclusions. Two related compounds producing by different Streptomyses strains K4
and TR144 and restoring antibiotic biosynthesis and sporulation in test mutant strains
were purified and some of their properties (Rf, maxima of absorption and m/z) were char-
acterized.The next study of the isolated regulators by means of NMR will give the possibil-
ity to elucidate their molecular structures.

Key words: Streptomyces globisporus 1912-B2, S. griseus 1439, soil streptomy-
cetes, transcriptional regulators.

The representatives of the genus Streptomyces belong to Gram-positive soil
bacteria possessing the complex morphological organization and playing an
important role in the fertility of soil. Streptomyces produce a large number
of the secondary metabolites with a range of biological activities including
over two-thirds of the clinically used antibiotics, different regulators,
immunosuppressors, pigments, enzymes and other compounds [1, 2].

Adaptation and responding of Streptomyces to different environmental
conditions provide the precise regulatory systems. Regulation of the antibiotic
biosynthesis is realized on the different levels of the structural organization and
cell differentiation by a large number of the genes products of which belong to
the different families of regulatory proteins [3].

The main regulatory systems are presented by one— or two-component
systems controlling a wide range of secondary metabolites in Streptomyces
[4]. There is a large number of the transcriptional regulators binding DNA
and activating or repressing the transcription of specific genes [5]. These
regulators are presented by the different chemical compound giving possibility

© B.P. Matselyukh, V.Y. Lavrenchuk, O.1. Bambura, 2017

ISSN 0201-8462. Mixpobion. scypu., 2017, T. 79, Ne 2 95



their producers to form the aerial mycelia, secondary metabolites and adapt to
environmental conditions [4, 5].

Present paper is dedicated the screening and characteristic of unknown
low molecular weight extracellular compounds produced by freshly isolated
strains of Streptomyces and like A-factor restoring antibiotic biosynthesis
and sporulation in the mutant strains Streptomyces globisporus 1912-B2 and
Streptomyces griseus 1439.

Materials and methods. Strains and media. Two mutant strains were
used as the test system for screening of unknown regulators. The strain
S. globisporus 1912-B2 is defective in biosynthesis of the transcriptional regulator
N-methylphenylalanyl-dehydrobutyrine diketopiperazine (MDD), an A-factor
mimic that restores antibiotic biosynthesis and morphogenesis in this strain and
S. griseus 1439 [6]. The last strain is defective in biosynthesis of A-factor, which
belongs to the family of y-butyrolactones, small signaling molecules that establish
communication between the neighboring hyphae of streptomycetes [7, 8].

The corn-soy medium was used for detection of streptomycetes producing
the regulators (g/1): corn meal — 20,0, soy meal — 10,0, NaCl — 5,0, pH — 7,2,
sterilization at 1,0 atmosphere during 30 min. The investigating streptomycetes
were put on the fresh lawn of the cultures 1912-B2 and 1439 in Petri dish in
the form of spots with diameter of 1,0 cm and the results were examined after
3-5 days of the cultures cultivation at 28° C as the appearance or absence of
red zones of landomycin E or sporulation around the spots. The minimal solid
medium was used for production and isolation of the regulators (g/1): asparagine
- 1,0, glycine - 1,0, K HPO, - 0,5, MgSO, — 0,2, NaCl - 4,0, glycerol - 15,0,
trace elements (FeSO, , CuCl,, MnSO, , CaCl, , 10,0 mg each) in 1,01 distilled
water, pH 7,2, with sterilization at 0,75 bar overpressure for 30 min.

Purification, absorption spectra and m/z of the regulators. The minimal
solid medium of the grown cultures of Streptomyces was cut into cubic pieces
and extracted with chloroform-acetone (2 : 1) to obtain the unknown regulators.
The crude extracts were evaporated to dryness using a rotary evaporator and the
residues were dissolved in ethanol. The chemical compounds were separated
by thin layer chromatography using Silica gel 60 F254 aluminum sheets of
Merck Co and system of solutions benzene-ethyl acetate-acetone-ethanol
(4:2:1:0,5). The individual stripes of the metabolites absorbing the UV
light were removed from plates together with silica gel, dissolved in ethanol
and the carrier was sedimented by centrifugation at 10000 rot/min. The spectra
of absorption of the regulators were obtained by means of spectrophotometer
Beckman DU-8. LC/MS was performed using a liquid chromatograph, Agilent
Technologies 1200, with a single quadrupole detector, model G19, and a
G1978A ion source in ESI mode was used.

The separations were performed on a Zorbax Hypersyl ODS column
(12,0 x 125,0 mm?, 3 um) with hexane : ethanol (98 : 2) at flow rate of
0,17 ml min’', and with dual detection at 210 — 400 nm. The chromatograms
were analyzed with the Chemstation software.

Results. Forty eight strains of Streptomyces isolating from soil samples

of different regions of Ukraine were divided in 3 groups on the basis of their
biological activity (Table). Thirty strains (62 %) restored antibiotic biosynthesis
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Table
Restoration of antibiotic biosynthesis and sporulation
in test-mutants S. globisporus 1912-B2 and S. griseus 1439
by agar culture blocks of streptomycetes

Origin of soil sample (strain code) S. globi- | S. griseus | Both test- No
and agar culture blocks of sporus 1439 strains activity
streptomycetes 1912-B2
Brovary city, Kyiv region (Bx) 0 0 4 3
Dunayiveci village, Chernigiv region (Ch) 0 0 9 0
Zhytomyr city and region (Zr) 0 0 3 0
“Askania — Nova” reserve (AN) 0 0 4 0

“Valley of narcissus”, Zakarpats'ka

Region (DL) 0 1 3 1
Zhytomyr region, store-house of mineral 0 0 4 2
fertilizers (ZH)
Kyiv city and region (K) 0 0 1 2
Luhansk region, deposits of copper (M) 0 0 0 2
“Kamyana Mohyla” reserve (MK) 0 0 0 5
Rzhyshchiv, Kaniv city (RK) 0 0 1 1
Trypillya village, Kyiv region (TR) 0 0 1 1
Total 0 1 30 17

and sporulation in the both test-strains S. globisporus 1912-B2 and S. griseus
1439, seventeen strains (35 %) were not active in this relation and only one
strain DL 195 produced unknown metabolite as regulator of streptomycin
biosynthesis and morphogenesis in the strain 1439 (Table).

One can suppose that the strains of the first large group may produce different
classes of diffusible signaling molecules as the transcriptional regulators
like the gamma-butyrolactones, N-methyl-phenylalanyl-dehydrobutyrine
diketo-piperazine or 2-alkyl-4-hydroxymethylfuran-3-carboxylic acids which
demonstrate the similar biological activity in both test-strains [6, 9]. The
strains of the second group not produce above mentioned regulators which
may be detected by the used test-strains. And only one strain of the third group
produced an unknown regulator restoring biosynthesis of streptomycin and
sporulation in the test-strain 1439.

Fig. 1. Restoration of landomycin E biosynthesis (a, dark area)) and sporulation (b,
white area) in the cultures of the test-strains S. globisporus 1912-B2 (a) and
S. griseus 1439 (b) by the regulators of streptomycetes (spots on the
periphery of the dishes) ZH175, K4, TR144, RK20-62 (a) and DL181, 2LV,
RK20-62,K70) (b).
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Fig. 2. Maxima ob absorption of the purified regulators dissolved in the ethanol.
1 — regulator of the strain K4, 2 — regulator of the strain TR144.

Restoration of antibiotic biosynthesis and sporulation in the test-strains
1912-B2 and 1339 by the metabolites of the investigating strains is shown on
the Fig. 1. Two strains K4 and TR 144 were chosen for the next study of their
unknown regulators.

Thin layer chromatography of the both purified compounds revealed the
same maxima absorption at 223 and 255 nm (Fig. 2). Molecular mass of
these regulators was studied by means of the liquid chromatograph Agilent
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Fig. 3. HPLC of the regulators of the strains K4 (a) and TR144 (b): DAD1; Sig.
220,4; MS/GRAD.
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Fig. 4. HPLC/MS of the regulator of the strain K4: a) MSD2. MM-APCI, Scan.,
Frag.; b) MSD2, time 2,349, MM-APCI, Scan.

Technologies 1200. The retention time (Rt) of both compounds was similar and
presented by one peak at 2,184 and 1,348 min, accordingly (Fig. 3).

The molecular mass of the regulators was studied in the different conditions
of simultaneous electrospray (ESI) and atmospheric pressure chemical
ionization (APCI) using DAD (matrix) or MSD (mass) detectors. MM-APSI
scanning showed similar Rt of both regulators (2,34 min) and slightly different
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Fig. 5. HPLC/MS of the regulator of the strain TR 144: a) MSD2, MM-APCI,
Scan., Frag.; b) MSD2, time 2,349, MM-APCI, Scan.
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Fig. 6. HPLC/MS of the regulator of the strain K4: a) MSD1, MM-ES, Scan., Frag.
70 “ES-*“; b) MSD2, time 1,499, MM-ES, Scan., Frag. 70 “ES-“.

m/z (135,1 and 155,1, correspondingly) (Fig. 4, 5), whereas MM-ES scanning
revealed the same index of m/z (135,1) of K4 compound (Fig. 6).

So, it is possible to conclude that the both regulators produced by the strains
K4 and TR 144 are presented by related chemical compounds with similar
molecular mass. Next study of these regulators by means of NMR will give
more exact reply on this question.

Discussion. Streptomycetes are the more complicated bacteria producing
the substrate and aerial mycelia and spores, and possessing numerous regulation
systems in comparison with the representatives of Eubactetria [5].

In this report two unknown and very similar transcriptional regulators
were isolated from soil strains K4 and TR144 of Streptomyces and some of
their properties were characterized. Both regulators like A-factor restored
biosynthesis of landomycin E and streptomycin in the defective mutant strains
S. globisporus 1912-B2 and S. griseus 1439, correspondingly and sporulation
of cultures.

Early we described the new transcriptional regulator N-methylphenylalanyl-
dehydrobutyrine diketopiperazine (MDD), an A-factor mimic that restores
antibiotic biosythesis and morphogenesis in Streptomyces [6].

Comparison of some characteristics of A-factor, MDD and two unknown
regulators showed their differance. Maximum spectra of absorption of A-factor,
MDD and unknown regulators are 256, 245 and 255 nm, respectively, and their
molecular mass (m/z) are 242, 244 and 137, accordingly.

The small molecular mass of the investigating regulators is more similar to
the furan derivatives (monoterpenes) which are known as the members furan
signaling systems [9]. Only NMR spectroscopy will help us to clarify the
molecular structure of the new regulators.

Special attention deserves the unknown regulator of the strain DL195
restoring biosynthesis of streptomycin and sporulation only in the strain 1439.
It may present a new regulator investigation of which will be continued in
future.
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B.I1. Mayeniox, B.A. Jlaepenuyk, O.1. bamoypa

Inemumym mixpobionoeii i sipyconoeii im. [ K. 3abonomnozo HAH Yxpainu
eyi. Akademixa 3abonomnoeo, 154, Kuis, 03143, Ykpaina
MNOLIYK I XAPAKTEPUCTHUKA PEI'YJISATOPIB
BIOCUHTE3Y AHTUBIOTHUKIB Y CTPEIITOMILETIB
PeszwmwMme

MeTor0 Oyn0 MOCHIIKEHHS HOBUX PETYIATOPIiB O0IOCHHTE3y aHTHUOIOTHKIB i
cnopyisinii y crpenTomineTriB. MeToau BKIIOYaIM TOHKOMIAPOBY Xpomarorpadito,
CreKTpo(hOTOMETPIt0 1 BU3HAUYCHHs MacH 3a JonoMororo HPLC/MS, BUKOPUCTOBYIOYH
ESI 1 APCI meTomu.

Pe3ynbTarn. Copok BiciM LITaMiB CTPENTOMIIETIB, 130JbOBAaHUX i3 TPYHTIB Pi3HUX
MiCIIeBOCTEH YKpaiHu, MepeBipeHi Ha 31aTHICTb MPOAYKYBATH PETYIATOPH 010CHHTE3Y
aHTHOIOTHKIB 1 MOp(OTEHE3y 3a JTOTIOMOTOI0 TBOX TECT-CHCTEM — MYTAHTHHUX IITaMiB
Streptomyces globisporus 1912-B2 1 S. griseus 1439, sixi BTpaTuiu 30aTHICTh CHHTE3YBa-
TH aHTHOI0THKY JaHAOMIIUH E 1 cTpenToMIIuH BiAMOBITHO, & TAKOXK YTBOPIOBATH CIIOPH.

JocnimKyBaHi cTpenToMineTy po3/ineni Ha Tpu rpynu: 31 mram (62 %) BiqHOBIIOBaB
31aTHICTH 000X MyTaHTIB IIPOAYKYBaTH aHTHOIOTHKH 1 criopw, 17 mrramis (35 %) He mpo-
SBJSUTH 3raJaHo1 O10JI0TIYHOT aKTUBHOCTI 1 JintIe ouH mTaM (2 %) yTBOpIOBaB PeryisaTop,
SIKUH BiTHOBITIOBAB aHTHOIOTHYHY aKTUBHICTH i MOpQoreHes y mramy 1439.

I3 arapuzoBanux KynbTyp mtamis nepiuoi rpynu K4 i TP144 BuaineHo i ounmieHo 3a
JOTIOMOT'0F0 TOHKOIIAPOBO1 xpomarorpadii iHAUBILyalbHI CIIONYKH, K BIIHOBIIOBAIH
OiocuHTE3 aHTHOI0THKIB 1 MOpdoreHes y TecT-mramiB 1912-b2 1 1439. O6unBi criomyku
XapaKTepU3yIOThCS OIHAKOBUMHU MOKa3HUKaMH Rt (2,34 XB) 1 MaKCHMyMaMu MTOTIMHAHHS
(255 um) 1 MaroTh MoJIeKyYJISIpHI Bary (m/z) 135 1 155 BiamoBigHO.

BucHoBku. /[Bi criopigHEHI CITONYKH, sIKi IPOXyKylOThCs mramamu K4 1 TP144 piz-
HUX CTPENTOMILETIB 1 BIIHOBIIOIOTH 010CHHTE3 aHTUOIOTHKIB i CIIOPYISIIIO Y TECTOBUX
MYTaHTHHX IITaMiB, OyJIM OUHUIIIEHI 1 esiki iXHi BimacTuBOCTi (Rf, MakcumMyMu mormmHaHHS
1 m/z) Oynm oxapaktepu3oBaHi. HacTymmHe mocmipkeHHS BUAUICHUX PETYISATOPIB 3a OTIO0-
Moroto SIMP nacte MOXJIMBICTH BCTAHOBHTH IXHIO MOJICKYJISIDHY CTPYKTYDY.

KniogoBi cuoBa: Streptomyces globisporus 1912-B2, S. griseus 1439, rpyHTOBI
CTPENTOMIIIETH, TPAHCKPHITLIHHI PETYISTOPH.

b.I1. Maueniox, B.A. J/laepenuyk, O.U. bamoypa

Hnemumym muxpobuonoeuu u eupyconoeuu um. /I.K. 3a6onomnoco HAH Ykpaurul
. Akademura 3abonomnoeo, 154, Kues, 03143. Yxpauna

HOUCK U XAPAKTEPUCTHUKA PEI'YIATOPOB
BUOCHUHTE3A AHTUBMOTHUKOB Y CTPEIITOMUILIETOB

PeszwwMme

esbio paboThl OBUIO U3yUYEeHHE HOBBIX PETYISTOPOB OMOCHHTE3a aHTHOMOTHKOB H
CTHIOPYJISIHAH Y CTPETITOMHUIICTOB. M eTOABI HCCIIe0OBAHISI BKIFOUAIA TOHKOCIIOWHYO XPO-
Maro-rpaduro, CieKTpohOTOMETPHUIO U onpeeneHne Macehl ¢ nomornsio HPLC/MS, nc-
nonb3yst EST u APCI meTofp.

PesyasTaThl. COpOK BOCEMb MITAMMOB CTPEHTOMHIICTOB, H30JIMPOBAHHBIX U3 ITOYB
pasHbIX obnacreil YKpauHbl, IPOBEPEHbI Ha CIIOCOOHOCTH MPOLYLUPOBATH PETYIISTOPEI
OMOCHHTE3a aHTUOMOTHKOB U MOpP(OreHe3a ¢ MOMOIIBIO JBYX TECT-CHCTEM — MYTaHTHBIX
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mraMMoB Streptomyces globisporus 1912-B2 u S. griseus 1439, norepsiBIInx criocoOHOCTh
CHHTE3UPOBATh AHTHOMOTHKH JIAHIOMUIIMH E ¥ CTPENTOMHUIINH COOTBETCTBEHHO, a TAKXKE
00pa30BBIBAThH CIIOPHI.

HccnenoBanHbie CTPENTOMUIIETHI pa3efieHbl Ha TpH rpynmbl: 31 mramm (62 %) Boc-
CTaHaBJIHMBAJ CIIOCOOHOCTH 000MX MYTAaHTOB MPOAYIIMPOBATh AHTHOMOTHKH U CIIOPHL, 17
mramMMoB (35 %) He MpOosIBISUTN YKa3aHHOW OMOJIOrMYeCcKON aKTHMBHOCTH M TOJBKO OJIMH
mrramm (2 %) 00pa3oBBIBAN PETYNISATOP, BOCCTAHABIMBAIOIINH aHTHOMOTHYCCKYHO aKTHB-
HOCTH 1 Mop¢oreHe3 y mramma 1439.

W3 arapu3oBaHHBIX KYJIbTyp IITaMMOB nepBoit rpynmnsl K4 u TP144 Beinenens! u oun-
IICHBI C TIOMOIIBIO TOHKOCIIOWHO# XpoMarorpaduy WHANBHUIyalbHbIE COSINHEHUSI, BOC-
CTaHABJMBAIOIINEC OMOCHHTE3 aHTHOMOTHKOB M MOpdoreHe3 y TecT-mrammoB 1912-B2 u
1439. O0a BeniecTBa XapaKTepU3yIOTCSl OJMHAKOBBIMH TOKazaTensiMu Rt (2,34 mun) n
MaKCUMyMaMH TOINIOIIEHUs (255 HM) ¥ UMCIOT MOJICKYJIsIpHBIC Macchl (m/z) 135 u 155
COOTBETCTBEHHO.

BoiBoau. JIBa poACTBEHHBIX COEIMHEHUs, TpoayLurupyemble mrammamu K4 u TP144
Pa3HBIX CTPENTOMHIIETOB M BOCCTaHABIUBAIONINE OMOCHHTE3 aHTUOMOTHKOB M CIIOPYJIsi-
LIHIO Y TECTOBBIX MyTaHTHBIX IITAMMOB, OBUIH OYMINEHBI M HEKOTOpBIE MX cBoiicTBa (R,
MaKCHMYMBI TIOTJIOIIEHHS ¥ M/Z) ObLTH oXapakTepu3oBaHsl. [locienyromniee ncciaenoBanue
BBIJICJICHHBIX PETYIISITOPOB C ToMolbio SIMP act BO3MOXKHOCTD YCTaHOBUTB MX MOJIe-
KyJIAPHYIO CTPYKTYDY.

KnwoueBsle ciaoBa: Streptomyces globisporus 1912-B2, S. griseus 1439, no-

YBCHHBIC CTPECTITOMHUIECTEI, TDAHCKPUIITUOHHBIC PETYIATOPHI.
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