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Abstract
Influence of a modified media on Hexaene H-85 and Azalomycine B production by SCIENTIFIC PAPER
Streptomyces hygroscopicus CH-7 was investigated. The amino acid L-tryptophan, as a
nitrogen source, was replaced with isatin-3-thiosemicarbazone and its complexes with some
divalent metal ions. Isatin-3-thiosemicarbazone was synthesized in crude glycerol obtained
as a byproduct in biodiesel production from sunflower oil. The complexes were charac-
terized by elemental microanalysis and magnetic susceptibility, as well as, by Atomic
absorption(AA), Fourier-transform infrared (FTIR) and Ultraviolet—visible (UV/VIS) spectro-
scopic methods. The spectral studies indicated an octahedral geometry for the Mn(Il), Fe(ll)
and Ni(ll) complexes and a tetrahedral one for the Zn(ll) complex. Comparing to the basal
medium, isatin-3-thiosemicarbazone (ITC) and its metal complexes in the concentration of
0.5 g dm3 showed better results in the antibiotics production. Use of medium supple-
mented with the Fe(ll) complex resulted in the maximum Hexaene H-85 and Azalomycine B
concentrations of 306 pg cm™ and 127 pg cm3, respectively. Addition of ITC and its
complexes changed the morphology of S. hygroscopicus CH-7 from filaments to pellets as a
dominant shape in media resulting in higher antibiotic production.
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1. INTRODUCTION

Actinomycetes produce about three-quarters of known antibiotics with different chemical structures [1]. According to
an estimate by Watve and co-workers, a tiny fraction of Streptomyces genus can produce about 100,000 antibiotics, so far
[2]. Cultivation parameters like the pH value, carbon and nitrogen sources, temperature and metal ions play important role
in the fermentation process [3]. Although, nutritive media contain small amounts of metals, their presence is very
important and specific, since different microorganisms require different minerals. Many investigations have been carried
out considering the impact of metals on the microorganisms’ growth. The obtained results suggest significant impacts of
different metals and metal ions on secondary metabolism in actinobacteria [4]. It is established that metals, such as K, Na,
Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn and Mo can interact with microbial cells inducing significant and selective impacts on cell
growth and metabolism. Different studies have also shown that the amount of metal accumulation depends also on
microbes type, and its concentrations used in media [5]. Although, microorganisms accumulate metals from natural organic
and inorganic substances and water, sometimes, subsequent addition of metals to the nutritive medium is necessary. For
S. hygroscopicus, trace elements play a very important role in the synthesis of antibiotics [6].

Salts, such as MgCl, and KNOs positively affect bioactive metabolite production by Streptomyces isolates, while ZnCl,,
MnSO,4 and ZnSO,4 have negative effects on bioactive metabolite production by Streptomyces isolates R5 and RUPA-08RP
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[7-9]. Genus Streptomyces is capable of zinc(ll) and copper(ll) bioaccumulation from contaminated environments [10].
The strain used in the present study, Streptomyces hygroscopicus CH-7, was isolated from a soil sample in Vojvodina
(Serbia), and during fermentation it produces three antibiotic compounds: polyenic Hexaene, polyetheric nygericine
and macrodiolide Azalomycine B.

Hexaene H-85 is a polyene macrolide antibiotic and structurally similar to mediomycin, endomycin and hexafungin.
Hexaene H-85 exhibits high activity against fungi and moderate activity against Gram-positive bacteria [11,12].

Azalomycine B (Elaiophylin) is a macrodiolide, and a monosaccharide derivative isolated from several bacteria
including Streptomyces hygroscopicusCH-7 and other soil actinomycetes. It behaves as a bacterial metabolite, antifungal
agent and autophagy inhibitor [13].

There are numerous investigations of different nitrogen and carbon sources, as well as different requirements of
metal ions for growth of various microbes [3,14,15]. To increase the yield of antibiotics (Hexaene H-85 and Azalomy-
cine B), the fermentation medium was redefined with different carbon and nitrogen sources. Previous investigations
suggested that isatin derivatives, as nitrogen sources have different impacts on antibiotic production by S. hygroscopicus
CH-7. The highest Hexaene H-85 concentration was achieved with 5-chloroisatin-3-hydrazone in medium, while isatin-
3-hydrazone had the greatest impact on Azalomycine B production [16]. Also, addition of f-cyclodextrine inclusion
complexes with isatin derivatives (as nitrogen sources) significantly influenced production of these two antibiotics by
S. hygroscopicus CH-7 [17]. Similarly, derivatives of salicylaldehyde were shown to be good nitrogen sources in this
system. The highest Hexaene H-85 and Azalomycine B concentrations were achieved in the medium with
salicylaldehyde-thiosemicarbazide. Also, morphology of S. hygroscopicus CH-7 changed when derivatives of salicylal-
dehyde were added during the fermentation. In the medium with salicylaldehyde-phenylhydrazone and salicylaldehyde-
thiosemicarbazone as nitrogen sources, S. hygroscopicus CH-7 grew in the form of large dispersive pellets with long
twisted filaments that produced the highest antibiotics yield [18].

Isatin-3-thiosemicarbazone (ITC) can be easily coordinated with different metal ions and its complexes exhibit better
antimicrobial activity than the ligand itself. Namely, the ITC complexes with metal ions show better antibacterial activity
against Escherichia coli, Staphylococcus aureus, Enterobacter spp., Proteus mirabilis, Bacillus anthracis, Pseudomonas
aeruginosa and Enterococcus faecalis [29,30]. The authors suggested that this finding is probably the result of the
chelation theory i.e. a decrease in metal polarizability induces lipophilicity of the complex [31].

In the present work, an extensive study has been made on isatin-3-thiosemicarbazone (synthesized in crude glycerol as
a green solvent) and its Mn(ll), Fe(ll), Ni(ll) and Zn(Il) complexes as nitrogen sources in chemically defined media regarding
the antibiotic production by S. hygroscopicus CH-7. According to our knowledge, this is the first study about the influence
of ITC complexes with metal ions on the growth of this bacterial strain and its antibiotics production do not exist.

2. EXPERIMENTAL

2. 1. Chemicals

All chemicals, except crude glycerol, were of reagent grade and used without further purification. They were
purchased from Sigma Aldrich, USA.

Crude glycerol, a by-product in the laboratory biodiesel production from sunflower oil, was obtained from the
Laboratory for Chemical Engineering, the Faculty of Technology, University of Nis (Leskovac, Serbia).

2. 2. Characterization methods

Elemental analyses (C, H, N) were performed by standard micro methods using a microanalyzer (Model 1106, Carlo
Erba, Devon, UK). Melting points were determined in a capillary melting point apparatus (Model Thomas-Hoover Uni-
melt, Philadelphia, USA) and were not corrected.

Chloride and metal contents were determined by the Mohr method and using a Virial AA-457 Double beam
spectrometer (Perkin-Elmer, USA), respectively. Fourier-transform infrared (FTIR) spectra were obtained by using a
spectrometer (Bomem MB-100, Model Hartmann & Braun, Canada), using the KBr pellet (1 mg/100 mg) technique. FTIR

94



S. B. ILIC et al.: ANTIBIOTIC PRODUCTION BY Streptomyces hygroscopicus Hem. Ind. 73 (2) 93-101 (2019)

spectra were recorded in the transmission mode (600 to 4000 cm™) with a resolution of 4 cm™. UV/VIS spectra of
10"° mol dm™3 ethanol solution of synthesized compounds were recorded on a Perkin-Elmer Lambda 15 UV/VIS spectro-
photometer (Lambda 15, Perkin-Elmer, USA). Magnetic susceptibility measurements were made at room temperature
using an MSB-MKI magnetic balance (Sherwood Scientific Ltd., UK). The data were corrected for diamagnetism.

2. 3. General procedure for preparation of isatin-3-thiosemicarbazone and metal complexes

Isatin-3-thiosemicarbazone (ITC) was prepared using crude glycerol as a green solvent. The excess of methanol was
removed from the crude glycerol by distillation. Acidity of methanol-free crude glycerol was adjusted to pH 5 by addition
of 85 % phosphoric acid [19]. Inorganic salts formed in this stage were removed by centrifugation (4000 rpm for 15 min).

Equimolar amounts of isatin and thiosemicarbazide were dissolved in crude glycerol and mixture was refluxed for
10 min at 70 °C. A dark-yellow product was filtered, washed with water and dried in Vacuum Dryer Vacuum Desiccator
over CaCl,.

Complexes were synthesized using a direct method between the ligand and the required metal(ll) chloride (2:1 for
Fe(ll), Mn(Il) and Ni(ll)) and 1:1 molar ratio for Zn(ll)). The solutions were heated under reflux for 3-5 h and the products
were filtered, washed with ethanol and dried in Vacuum Dryer Vacuum Desiccator over CaCl,[20]. The experiments were
performed in triplicate.

2. 4. Characterization of complexes

ITC(CoHsN40S). Yellow solid (solvent used for crystallization: ethanol); Yield: 95 %; m.p. 239-241 °C; Combustion
analysis for CoHgN4OS: Caled.: C 49.08, H 3.66, N 25.46, S 14.53 %; found: C49.11, H 3.62, N 25.40, S 14.52%; FTIR (cm™):
3400, 3295, 3255 v(NH+NH,), 1700 v(C=0), 1606 v(C=N), 1250, 854 v (C=S); UV/Vis (v(cm™)/£-10% (dm3 mol™* cm?)):
28.1/0.915 (m->1t*), 27.3/1.345 (m->1*).

[Zn(CoHgN40OS)]Cl,. Yellow solid (ethanol); Yield: 65 %; m.p. 258 °C; Combustion analysis for CsHgNsOSCl2Zn: Calcd.:
C30.31,H2.26, N, 15.72, Cl 19.90, Zn 18.35 %; found: C 30.35, H 2.21, N 15.79, Cl 19.89, Zn 18.25 %, FTIR (cm™): 3400,
3265, 3250 v(NH+NH,), 1704 v(C=0), 1575 v(C=N), 1225 835 v (C=S), UV/Vis (v(cm™)/e-10° (dm3? mol?! cm?)):
18.1/0.125 (CT), 16.9/0.105 (d->d*); Mol. cond. (S cm? mol™): 10.

[Ni(CoHsN40S)1,Cl,. Brown solid (ethanol); yield: 51 %; m.p. 297 °C; Combustion analysis for C;gH1sNg0,S,ClyNi:
Calcd:.C 37.92, H 2.83, N 19.66; Cl 12.45, Ni 10.30 %, found: C 37.98, H 2.80, N 19.58, Cl 12.41, Ni 10.26 %; FTIR (cm™):
3415, 3290, 3255, v(NH+NH,), 1655 v(C=0), 1559 v(C=N), 1224, 815(C=S); UV/Vis (v(cm1)/e-10° (dm® mol* cm™)):
22.5/1.209 ((Ax—>3T1g(P)), 18.1/0.351 (PAsg=>3Tig(F)), 13.9/0.02 (PAz—>3Tog(F)); Ue= 3.35 uB; Mol. cond. (S cm?® mol?): 102.

[Mn(CoHgN4OS)],Cl,. Light-brown solid (ethanol); Yield: 49%; m.p. 295 °C. Combustion analysis for C1gH16Ns0,S; Cl.Mn:
Calcd.: C38.17,H2.85,N 19.79, Cl 12.53, Mn 9.71%, found: C 38.21, H 2.80, N 19.85, Cl 12.51, Mn 9.76%; FTIR (cm™2): 3410,
3315, 3221 v(NH+NH,), 1651 v(C=0), 1552 v(C=N), 1221, 820 v(C=S); UV/Vis (v(cm™)/&-10® (dm?3 mol™ cm™)): 38.5/0.656
(CA1e>*Eg (G)), 27.5/0.455 ((A1g>*T1(P), 23.2/0.358 (5A1g>T1g(D), 18.2/0.295 (CA1e->T14(G)), ters = 5.85 uB; Mol. cond.
(S cm? mol™): 105.

[Fe(CsHgN40S)],Cl,. Dark-brown solid (ethanol); Yield: 55 %; m.p. 298 °C. Combustion analysis for C1gH16Cl,NgO,S,Fe:
Calcd.: € 38.11, H 2.84, N 19.79, Cl 12.51, Fe 9.85 %; found: C 38.15, H 2.89, N 19.85, Cl 12.45, Fe 9.86 %; FTIR (cm™):
3415, 3315, 3225 v(NH+NH,), 1654 v(C=0), 1554 v(C=N), 1220, 823(C=S); UV/Vis (v(cm™)/&-10% (dm3 mol* cm™)):
17.2/0.295 (Tog >°Eg); Uesr = 4.91 uB; Mol. cond.(S cm? mol™): 121.

2. 5. The bacterial strain, media and growth conditions

The bacterial strain S. hygroscopicus CH-7 (NCAIM(P) B-001336) was obtained from the Microbial collection at the
Faculty of Chemistry and the Institute of Chemistry, Technology and Metallurgy, Belgrade, Serbia [12,21].
S. hygroscopicus CH-7 was maintained in spore and mycelia suspensions in sterile glycerol (20 % w/v) prepared as
described elsewhere [22,23]. Fermentation media were inoculated with a 48 h preculture (5 % v/v) and incubated at
28 °Cfor 168 h under standard conditions of aeration and agitation (220 rpm, rotary shaker, PSU-20i, Biosan, EU, Latvia).
The fermentation basal medium had the following composition: 15 g dm™ glycerol, 3 g dm™ CaCOs, 3 g dm™ NaCl,
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0.5 g dm MgS04x7 H,0, 0.5 g dm (NHy4),HPO4, 0.5 g dm= K,HPO,4, and 10 g dm™ L-tryptophan. After the fermentation,
antibiotics were extracted by using 1-butanol and ethyl acetate [12, 21].

Concentrations of the antibiotics were determined by measuring the absorbance at Amax= 364 nm for Hexaene H-85
and at Amax= 252 nm for Azalomycine B by using a Perkin-Elmer Lambda 15 UV/VIS spectrophotometer (Lambda 15,
Perkin-Elmer, USA) [12,21,24].

Bacterial growth was determined by measuring dry cell weights. The broth was centrifuged at 4000 rpm for 15 min
to separate the mycelial biomass, which was then dried at 105 °C to a constant weight and weighed.

During the fermentation, samples were periodically taken, and microscopic photographs were obtained by Leica
(Microsystem, Heerbrugg, Germany) using the Leica application Suite program (ver 2.5.0, Leica microsystem,
Switzerland). All experiments were performed in triplicate.

3. RESULTS AND DISCUSSIONS

3. 1. Chemistry

All synthesized complexes are air-stable and soluble in hot 95 % ethanol, dimethylformamide (DMF) and dimethyl-
sulfoxide (DMSO). Elemental microanalysis showed two kinds of stoichiometries in complexes, M(ITC),Cl, (M = Mn, Fe,
Ni) and M(ITC)Cl, (M = Zn). Molar conductance measurements indicated electrolytic behavior of M(ITC),Cl, since
chloride ions are present in the outer space of compounds, which is not characteristic for Zn(Il) complex.

Although isatin-3-thiosemicarbazone (ITC) can exhibit thione-thiol tautomerism, the absence of 2500-2600 cm™
vibration in the spectra of all compounds suggests the thione form of ITC in all coordination compounds. The band
assigned to v(C=0) vibration is in the similar position in spectra of ITC and its Zn(Il) complex, which exclude this group
in the complex formation. Data not shown

In the spectra of Mn(ll), Fe(Il) and Ni(ll) complexes, this band is shifted to lower frequencies (A =45 - 50 cm™), which
denotes the carbonyl group as a coordination site of the ligand. The absorption bands of v(C=N) and v(C=S) undergo a
negative shift in all complexes suggesting azomethine and thione group to be the second and third coordination sites of
the ligand. The obtained results indicate N,S bidentate in the Zn(ll) complex (with tetra coordination around the central
ion) and O,N,S tridentate ligand behavior in Mn(ll), Fe(ll) and Ni(ll) complexes (with octahedral coordination around the
central ion) [20,25,26].

The electronic spectrum of the diamagnetic and tetrahedral zinc(ll) complex exhibits two bands assigned to charge
transfer and d->d* transitions.

The electronic spectrum of the nickel(ll) complex shows three distinct bands at 22.500 (3A;—>°Tz), 18.100
(3A26>3T1g) and 13.900 (3A,g—>3T2g). The electronic spectrum of the Mn(Il) complex exhibits bands belonging to 6A1g—>*Eg,
8A1,>%T1g, A1g>T1g and BA1,>%T1,, while the spectrum of the Fe(ll) complex has a band at 17.200 characteristic for
Tog >°Egtransition.

Electronic spectra data and magnetic moments of Mn(ll), Fe(ll)and Ni(ll) complexes suggest octahedral geometry for
those coordination compounds [27,28].

Previous investigations have shown that the antibiotic production by S. hygroscopicus CH-7 could be significantly
improved, by replacement of some amino acids (alanine, arginine, phenylalanine, tryptophan or valine) with ITC as a
nitrogen source [3,22]. In the present study the effects of Fe(ITC),Cl,, Zn(ITC)Cl;, Mn(ITC)2CI2 and Ni(ITC),Cl, complexes
as nitrogen sources were tested. As the referent nitrogen source in basal media, L-tryptophan was used (10 g dm3) due
to its similar structure with ITC, while glycerol was used as the carbon source [18,23]. ITC and its metal complexes were
added at concentrations of 0.5, 1.0 and 1.5 g dmto the basal medium. The maximal concentrations of Hexaene H-85,
Azalomycine B and dry biomass, achieved during the fermentation in the basal and modified media are presented in
Table 1, while their variations with the progress of the fermentation are shown in Figure 1.

The results show that the optimal concentration of ITC and its complexes in the chemically defined media for the
production of the antibiotics is 0.5 g dm™.
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Table 1. The impact of ITC and its complexes on maximal concentrations of dry biomass (Xmax) and antibiotics (Cmax) achieved in
fermentations by S. hygroscopicus CH-7

. Dry biomass Hexaene H-85 Azalomycine B
Compound Concentration, g dm™3
Xmax/ g dm3 SD, % Mmax/ 1g cm3 SD, % Pmax/ ugem=  SD, %
0.5 8.9 +4.67 148 +2.07 64 +1.43
L- tryptophan 1 9.2 +2.13 153 +3.58 56 +4.17
1.5 8.8 +3.84 136 +3.01 43 +1.51
0.5 9.6 +3.06 272 +2.29 98 +3.79
ITC 1 9.4 +3.43 253 +3.71 82 +3.75
1.5 9.2 +4.82 241 +3.73 65 +242
0.5 9.3 +1.74 306 +1.78 127 +1.08
Fe(ITC),Cl, 1 8.9 +4.40 215 +4.36 103 +3.61
1.5 8.5 +3.12 186 +4.30 91 +4.01
0.5 9.1 +2.98 173 +2.50 87 +4.45
Ni(ITC),Cl, 1 8.7 +2.35 167 +3.87 62 +4.13
1.5 9.0 +4.51 152 +3.75 54 +3.81
0.5 8.6 +3.67 283 +2.77 112 +2.49
Mn(ITC),Cl, 1 8.4 +4.76 177 +3.27 76 +4.30
1.5 8.2 +4.32 152 +4.15 58 +3.76
0.5 8.3 +1.18 291 12.26 118 +1.01
Zn(ITC)Cl, 1 8.6 +3.08 197 +3.06 99 +3.84
1.5 9.3 +3.68 183 +4.45 84 +3.31

SD - Standard deviation

As it can be seen, production of Hexaene H-85 with ITC in the medium reached the maximum at the third day of
fermentation (Fig. 1a), while the concentration of Azalomycine B reached a maximum at the fifth day of fermentation
(Fig. 1b). In the chemically modified media with added complexes, both Hexaene H-85 (Fig. 1a) and Azalomycine B
(Fig. 1b) reached the maximal production at the fourth day of fermentation. Influence of tested compounds decreased
in the order:

Fe(ITC),Cly> Zn(ITC)Cly > Mn(ITC),Cl> > ITC > Ni(ITC),Cl, > basal media

It can be also seen that media with ITC or Fe(ITC),Cl,, Zn(ITC)Cl, and Mn(ITC),Cl, complexes enhanced Hexaene H-85
and Azalomycine B production from the very beginning of fermentation.

Since many enzymes require metal ions for activation, the obtained results suggest that Fe(ITC),Cl,, Zn(ITC)Cl, and
Mn(ITC),Cl, may be involved in the enzyme system utilized at some stages of antibiotic production. Maximal biomass as
well as Hexaene H-85 and Azalomycineproduction can be achieved by addition of Fe(ITC),Cl, complex at the
concentration of 0.5 g dm2into the basal medium. Higher concentrations of this complex inhibited the bacterial growth
and antibiotics production so that the lowestvalues of these parameters were obtained at the Fe(ITC),Cl, concentration
of 1.5 g dm. Previous research has shown that lower concentrations of FeSO4increased Streptomyces clavuligerus DSM
738 growth, while higher concentrations had an inhibitory effect [32]. Schrader and Blevins [5] reported that increasing
concentration of iron inhibited biomass accumulation and geosmin production by Streptomyceshalstedii. Maximal
geosmin production occurred with 0,2 uM iron, while increasing concentration of manganese inhibited geosmin
production [5].

In the present study, presence of the Mn(ITC),Cl, complex had negligible impact on biomass production, while higher
concentrations of this additive inhibited the antibiotic production. Likewise, maximal antibiotic production in the
medium supplemented with the Zn(ITC)Cl, complex was achieved at the concentration of 0.5 g dm=. On the other hand,
maximal biomass accumulation while lower antibiotics production was obtained at the concentration of this additive of
1.5gdm?3.

Similar investigations suggested importance of ferrous ions for the growth and antibiotic production by
Streptoverticillium rimofaciens and manganese ions for the growth and granaticin production by Streptomyces
violaceolatus [33,34]. Addition of Mn in the form of compound MnCl,x4H,0 at the concentration of 1 pg dm3to the
nutrient medium enhanced the biomass of S. hygroscopicus DA 15, while further increaseing the Mn in theform of
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compound MnClyx4 H,0 concentration from 3, 5 to 7 pg dm? gradually decreased the biomass as compared to the
control. The same trend was also reported for Zn ions. Namely, addition of Zn in the form of compound ZnS0,x7 H,0 at
the concentration of 3 ug dm enhanced accumulation of S. hygroscopicus while further increase in Zn in the form of
compound ZnSO4x7H,0 concentration from 5,7 to 10 pg dm?induced a gradual decrease in the biomass as compared
to the control [6]. Also, iron and manganese could play important roles in antibiotic production by Streptomyces
violates [9].
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Fig. 1. Concentrations of dry biomass - (o) - Hexaene H-85 - (o) - and Azalomycine B - (A) - during fermentation by S. hygroscopicus
CH-7 in: a) basal medium, b) medium with 0.5 g dm-3ITC, c) medium with 0.5 g dm Fe(ITC):Cl,, d) medium with 0.5 g dm™3
Ni(ITC);Cl,, e) medium with 0.5 g dm (ITC):Cl,, f) medium with 0.5 g dm™ (ITC)Cl; (data are average of n = 3)

The present study has also shown that the chemically defined medium supplemented with the Ni(ITC),Cl, complex
induced better antibiotic productivity then the basal medium, but this effect is lesser than that of ITC. This result
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suggests that probably this metal ion may be involved in inhibition of the enzyme system at some stages of the antibiotic
production.

Addition of ITC and Fe(ITC),Cl,, Zn(ITC)Cl,, Mn(ITC),Cl, and Ni(ITC),Cl, complexes to the medium had different effects
on the growth of S. hygroscopicus CH-7. In the media with Fe(ITC),Cl, and Ni(ITC),Cl, complexes, the growth was slightly
higher than that in the basal medium whilethe maximal dry biomass concentration (9.6 g dm) was achieved in the
medium supplemented with ITC (Table 1, Fig. 1c).

Also, Fe(ll) as FeSO4x 7H,0 and Mn(ll) as MnClyx4H,0, stimulated production of a nonpolyenic macrolide antibiotic
and niphimycin derivatives of S. hygroscopicus AK-111-81 in media with FeSO4x7H,0 (300-400 mg dm=) and
MnCl,x4H,0 (5-10 mg cm3), whereas Azalomycin B was present only in traces [35].

3. 2. Strain morphology

Addition of isatin-3-thiosemicarbazone metal complexes had an effect on morphology of S. hygroscopicus CH-7. In
the basal medium, the strain grew in the form of short and twisted filaments (Fig. 2a), while in the medium
supplemented with ITC the strain took the form of some small as well as single large pellets (Fig. 2b).

Fig. 2. Morphology of Streptomyces hygroscopicus CH-7 in a) basal medium and media with b) 0.5 g dm>ITC,
¢) 0.5 g dm-3Zn(ITC)Cl;, d) 0.5 g dm™ Mn(ITC),Cl,e) 0.5 g dm™ Fe(ITC),Cl,and f) 0.5 g dm™ Ni(ITC),Cl, (Magnification: 100x)

In the medium supplemented with the Zn(ll) complex, the strain grew in forms of branched filaments and small
pellets (Fig. 2c), while in the medium supplemented with the Ni(ll) complex it was in the form of long filaments (Fig. 2d).
S. hygroscopicus CH-7 in the medium containing the Fe(ll) complex grew in the form of small pellets (Fig. 2e), while in
the medium supplemented with the Mn(ll) complex the characteristic bacterial shape was small pellets with short
filaments (Fig. 2f).

As it can be seen, the dominant shape is small pellets, which is in correlation with all media, in which the antibiotic
production is enhanced as compared to that in the basal medium.

4. CONCLUSION

The results obtained in this study have clearly shown dependence of the antibiotic synthesis on the type of nitrogen
source included into the fermentation medium. In this respect the optimal concentration of ITC and its complexes in
the chemically defined medium is 0.5 g dm. The improved medium supplemented with the Fe(ITC),Cl,complex resulted
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in the maximal antibiotics concentration of 306 and 127 pg cm for Hexaene H-85 and Azalomycine B, respectively.
Addition of isatin-3-thiosemicarbazone complexes influenced morphology of the S. hygroscopicus CH-7. The maximum
concentration of antibiotics was correlates with the formation of small reproducible pellets of S. hygroscopicus CH-7.
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CAXETAK

Mpoaykumja aHTM6MOTUKA Nnomohy Streptomyces hygroscopicus CH-7 y XxpaH/bMBUM Noaaorama ca Komniekcuma
wudosux 6asa

Cnasuua b. Uanh?, Cangpa C. KoHctanTuHosuh?, Flopgana [. Mojruh Lisujosnh?, Bnaga b. Beskosuh?

1YHusepsumem y Huwy, TexHonowku ¢pakyamem, Jleckosay,
2YHusep3umem y beoz2pady, MHcmumym 3a xemujy, mexHono2ujy u memanypaujy, beo2pad, Cpbuja

(HayuHu pag)
Y paay je ucnutmBaH ytuuaj MoandprKoBaHUX XpaH/bMBKUX NOA/I0TA HA MPOU3BOAHY KroyuHe pevu: npoaykumja aHTU-
aHTMbunoTMKa Hexaene H-85 n Azalomycine B nomohy Streptomyces hygroscopicus 6UOTMKa, M3aTUH-3-TMOCeMMKapba-
CH-7. AmuHOKMcennHa L-TpuntodaH, Kao M3BOP a30Ta, 3aMeHEHa je WU3aTUH-
3-TMoCEMMKAPHA3OHOM (CMHTETUCAHMM Y CUPOBOM FINLLEPOY Koju ce fobuja Kao
HYCMPOAYKT y Npou3BogHM 6Buoamsena M3 CYHLOKPETOBOT Y/ba) U HErosum
KOMMNAeKCUMMa Ca HEeKMM [ABOAZIEHTHMM MeTa/lHUM jOHl/Ima. Komnnekcun cy

30H, KOMMJIEKCU MmeTana, Mmopdodo-
noruja, Streptomyces hygroscopicus

KapaKTepucaHM eNemMeHTapHOM MWKPOAHA/IM30M, MAarHETHOM CyCUenTUOUAHOLW-
hy, atTomckom acnopnuujom (A), nudpavpseerum (IR) u yntpasmonetHum (UV/VIS)
CMEeKTPOCKONCKMM MeTofama. CneKTpasHe aHanu3e NoKasane cy OKTaxeapasHy
reomeTtpujy Komnaekca Mn(ll), Fe(ll) n Ni(ll) n TeTpaegapcky 3a komnaekc Zn(ll).
M3aTnH-3-TnoceMnKapba3oH 1 Herosm Komnaekcu ca metaamma (0,5 g dm3) ytuuy
Ha nosehare MpoAyKuUMje aHTMOMOTMKa y nopehery ca OCHOBHOM MOAJ/IOTOM.
Hajsehe KoHugeHTpauuje aHTMOMOTMKA Hexaene H-85 u Azalomycine B cy
ocTBapeHe y XpaH/buBoj nognosm ca Fe(ll) komnnekcom (306 n 127 pg cm’3,
peaom). Komnnekcn UTC 1 u3aTuH 3-TMOCEMUKAPHA3OH yTUYY U HAa mopdonorujy
TecTupaHor coja. Streptomyces hygroscopicus CH-7 pacte y 061nky puaameHata m
neneta, y NoAI0rama y Kojuma je octBapeHa Hajseha npoayKumja aHTMOMOTHKa.
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