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Biosynthesis of antistaphylococcal antibiotic batumin under periodic conditions of Pseudomonas
batumici growth has been studied. Antibiotic synthesis in fermenter occurred across the culture growth
and achieved its maximal value after 50—55 hours. The active oxygen utilization by the producing strain
was observed during 20—-55 hours of fermentation with maximum after 40—45 hours. Antibiotic yield was
175-180 mg/1 and depended on intensity of aeration.

In contrast to «freshly isolated» antibiotic after fermentation the long-term kept batumin has shown
two identical by molecular mass peaks according to the chromato-mass spectrometric analysis. Taking
into account of batumin molecule structure the conclusion has been made that the most probable isomeri-
zation type is keto-enolic tautomerism. At the same time batumin is diastereoisomer of kalimantacin A
which has the same chemical structure. The optic rotation angle is [oc]d25 = +56.3° for kalimantacin and
[oc]d25 = —13.5° for batumin.

The simultaneous P. batumici growth and antibiotic biosynthesis and the ability of this molecule to
optical isomerisation and keto-enolic forms formation allow us to suppose that batumin plays a certain
role in metabolism of the producing strain.
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Representatives of Pseudomonas consist
of more than 120 species and possess a
great biotechnological potential. They
produce antimicrobial compounds of the
different chemical structure: aromatic and
heterocyclyc, antibiotics-monobactames,
aminoglycosides, polypeptides, polyketides
etc. [1]. Polyketides are numerous biologically
active compounds including antibiotics,
anticancer agents and immunodepressants,
which are made as a result of consecutive
enzymatic condensation from elementary
segments, which have two carbon atomes and
B-carbon always has a keton group.

Polyketide family includes pseudomonic
acid which is obtained from P. fluorescens [2]
and antistaphylococcal antibiotic batumin
[3], its strain Pseudomonas batumici was
isolated from subtropical soil [4]. Batumin
gross formula, C3,H,sN,O; and its chemical
structure were established [5]. This antibiotic
possesses high selective activity against
staphylococci, in particular to strains
which are polyresistant to antibiotics. The
promising way of batumin usage is in case of
staphylococcal nasal carriage. As a treatment
is used 0.1% batumin liniment and the usage
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of batumin disks in case of mass examination
of patients and staff for Staphylococcus
aureus nasal carriage makes diagnostics faster
and easier [6].

Chemical synthesis of the antibiotic is
complicated due to its high molecular mass
and the presence of unsaturated fragments
in the molecule. So, microbial cultivation of
P. batumici seems to be more available.

The aim of this work was to study the
regularities of both: batumin biosynthesis
and the growth of producing strain under the
condition of submerged cultivation and to
analyse some physicochemical properties of
this antibiotic.

Materials and Methods

The object of investigation was the type
strain Pseudomonas batumici B-321 from
Ukrainian collection of microorganisms
(UCM), which is supported in the Antibiotics
Department of Microbiology and Virology
Institute of NAS of Ukraine [4].

Fermentation was carried out by the method
of submerged cultivation in fermenter Biostat
M5 (Germany) with the complete system
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of automation and control of cultivation
parameters. The volume of the fermenter was
51; the coefficient of charge was 0.6.

The volume of nutrient medium was 1.5 1;
the aeration degree — 1.0; dose of inoculum-
1% ; temperature — 25 °C; cultivation period —
65 hours. The frequency of rotation of the
fermenter stirrer was changed from 250
to 700 rpm depending on the oxygen uptake
of the culture. The composition of nutrient
medium and the methods for determination
of batumin concentration were shown [7, 8].
The biomass concentration was determined by
the optical density of cell suspension with the
following terms of absolutely dry mass of cells
according to the calibration graph.

The minimal inhibitory concentration was
established by titration using the test-strain
Staphylococcus aureus UCM B-4001 (ATCC
6538P) [3].

Extraction was carried out from acidified
P. batumici culture fluid by chloroform (1:2),
extract was evaporated in vacuo. To carry
out preparative chromatography the column
20x1.5 cm was used (solid phase: silicagel
(Fluka, USA), pore size 40—-100 um; liquid
phase-benzene: acetone (1:1). Batumin yield
was detected by TLC using Merk plates;
plate fixation was done with iodine vapor.
All fractions which contained activity were
collected and evaporated in vacuo.

Chromatographic analysis of culture fluid
obtained after centrifugation was carried out
by HPLC using liquid chromatograph Agilent
1200 with mass spectrometric detector Agilent
G1956B. Chromatographic system was the
following: column XDB-C18 (Zorbax 150 mm x
4.6 mm x 5 pym) with nonpolar octadecyl group
(reversible phase), mobile phase — ACN:H,0
(55:45) and 0.5 M solution of ammoniun
acetate, temperature of the column was 30 °C,
flow rate-1ml/min, isocratic regime, injection
5pl.

To make a comparison during HPLC analysis
we investigated “freshly obtained” batumin,
which was purified during fermentation and
antibiotic, which was isolated and purified 10
years ago; it was stored at +5++8 °C during
the whole mentioned period. The purification
degree in both cases was 85%.

The product obtained by cultivation was
checked for compliance structure of batumin
by proton magnetic resonance (PMR).
Deyterium acetone was used as a solvent.
The sample concentration eluted from the
column in the probe destined for PMR was
30 mg/ml. We used tetramethylsilane as
the internal standard. Sample temperature

was 25 °C. Measurement was performed on
Varian 300 at the radio frequency 300 MHz.
Data were processed by computer program
NUTS NMR Data Processing Program with a
graphical display of PMR signals. The results
were compared with PMR data of a decade
ago. The optic rotation angle of batumin was
determined in 1% purified antibiotic solution
in methanol (polarimeter Atago Polax-2 L).
Sample temperature was 25 °C. The absolute
value of the rotation angle and its sign was
calculated with respect to zero [9].

Results and Discussion

It was established that during cultivation
of Pseudomonas batumici B-321 in the
fermenter (as well as in flasks) the batumin
biosynthesis was held in parallel with biomass
accumulation (Fig. 1).
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Fig. 1. The growth of P. batumici B-321
and batumin synthesis

P. batumici biomass started to grow in
seven hours of cultivation and logarithmic
growth phase was observed after 28 hours.
The producing strain in the fermenter passed
into the stationary phase more quickly than
in flasks in the rotary shaker, namely within
45 hours (in flasks-within 65-70 hours). In
the fermenter the strain P. batumici B-321
passed all stages of its development for 2.5
days. In contrast it took 4 days for its growing
in flasks.

The maximal concentration of P. batumici
B-321 biomass in the fermenter was 7.5—
8.0 g/l; economic coefficient according to
the substrate was 50%. It corresponds to
full uptake of the substrate (glucose). As it
was noticed before batumin synthesis was
accompanied by the producing strain growth. It
was noticed a slight gradual pH decrease in the
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medium during the cultivation process. It may
have been due to batumin accumulation during
cultivation. It is known that this antibiotic has
carboxyl group in its structure and it has weak-
acid reaction in the solution. The maximal
concentration of the antibiotic (175-180 mg/1)
was observed after 55 hours of cultivation.

One of the important parameters which
are detected in the modern fermenters is
the concentration of oxygen dissolved in the
medium (DO,%). We have investigated this
parameter during P. batumici cultivation
(Fig. 2).
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Fig. 2. Oxygen uptake by P. batumici B-321
in a batch process

After 7 hours of cultivation the active
uptake of oxygen by P. batumici B-321 strain
was observed. With the growth of culture
DO marker decreased to almost zero. So, all
oxygen supplied to the medium was completely
absorbed by producing strain cells. At this
period we noticed the slowdown of culture
growth; the batumin concentration reached to
its maximal value.

In the scientific literature there are similar
data concerning dynamics of oxygen uptake
by cultural cells under fermenter condidions.
According to [10] the maximal oxygen uptake
during the growth of gramicidin C producer
was observed at the exponential phase of
growth of Bacillus brevis. It was noted that
almost zero values of DO in the medium
coincided with the beginning of the intensive
gramicidin accumulation. According to [11]
the maximal oxygen uptake by Streptomyces
globisporus was also observed at the
exponential phase of growth.

It was noticed that the control of
concentration of dissolved oxygen gave
an opportunity to increase the level of
¢-rodomitsinon at the growth phase of
Streptomyces peucetius var. caesius [12].

Since during the growth of P. batumici in
the fermenter the concentration of dissolved
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oxygen was decreased the limitation of
cultural growth by oxygen may have taken
place. However, when the number of stirrer
revolutions was increased the batumin
biosynthesis not only did not increase but
also suppressed. The maximal antibiotic
concentration in this case was only 90-110 mg/I.
The antibiotic compound obtained during
cultivation was checked for compliance
structure of batumin by PMR (Fig. 3).

Fig. 3. PMR spectrum of batumin antibiotic
at fermentation of P. batumici B-321

Batumin which was just obtained after
fermentation was analysed and it was made
the comparison with the previously purified
batumin which was kept for a long period
of time (Fig. 3). PMR spectrum was similar
with that one which was obtained more than
30 years ago [5]. According to PMR spectrum
the proton chemical shifts were the following:
0.8-1.4; 1.8-2.6; 3.2-3.4; 4.0-4.2; 4.7-4.9;
5.5-6.4; 7.2-7.4 ppm).

There were seven signals of olefinic
protons and five methyl groups in the complex
spectrum. According to chromatography-mass
spectrometry analysis the molecular mass
of the compounds (peaks 1, 2 and 2’), which
were observed in the spectrum, was 548. It
corresponds to molecular mass of batumin
molecule (Fig. 4).
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Fig. 4. HPLC-analysis of batumin:
1 — batumin from cultural liquid;
2, 2" — after long-term storage
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However, unlike “freshly purified”
antibiotic obtained as a result of fermentation,
in batumin preparation, which was stored
for a long term, there was a splitting of the
main peak into two similar. Obviously, the
antibiotic is able to create certain isomeric
forms. Taking into consideration the structure
of its molecule we suggest that the most
probable isomerization type is keto-enolic
tautomerization (Fig. 5).
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Fig. 5. Keto-enolic tautomerization of batumin:
1 — structural formula of batumin; 2a — ketone;
2b — enolic form of the molecule; 3 — absorption

spectrum of isomers (1, = 228 nm)

This type of isomerism is related to the proton
movement in the middle of the molecule from one
atome to another (at the distance of three atoms
relative to the first one). Wherein created isomers
may quickly change from one form to another —
from ketone to enol and vice versa[13].

There are a lot of systems in organic
chemistry which are able to keto-enolic
tautomerization. The certain peculiarities of
spatial structure of peptides can be explained
by the planarity of their peptide bonds.
Tautomerization is one of the most important
factors for flat location of the peptide bond. In
case of binding of pyrimidine bases with ribose
nucleotides tautomerism plays the certain role.
Similar tautomeric transformations give the
possibility to show many biological functions
e.g. in case of nicotinamide [13]. However, we
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Hocrim:xeno 6iocuHTE3 aHTICTA(D1IOKOKOBOTO
aHTubOioTMKA 6aTyMiHY B yMOBax II€PiOAUUYHOTO
nporecy KyJbTUBYBaHHS mitamy Pseudomonas
batumici. Cuares autTubioTrka y hepMeHTEPi Bij-
OyBaBcA IapaJieJbHO 3 POCTOM KYJBTYPH i ZOCH-
raB MakcuMymy uepe3 50—55 rog KyJIbTUByBaHHA.
AKTHUBHE CIIO}KMBAHHS KHUCHIO IIITAMOM-IIPOIYIIeH-
TOM BifidHauayioch ynpoaoB:x 20—55 rog KyJIbTu-
ByBaHHA 3 MakcuMyMmoM uepes 40—45 rox. Buxin
aHTubGioTMKa craHoBuB 175—180 Mr/u i 3anexaB
BiZl iHTEHCUBHOCTI aepartrii.

Ha Bigminy Big «cBiskoBmaijieHOTO» 3a (hep-
MenTallii antubioTnka, y 6aTymMiHy micasa moBro-
TpuUBaJIOTO 30epiraHHsa XpoMaTo-Mac-CIIeKTpoMe-
TPUUYHUM aHaJIi30M BCTAHOBJIEHO HASBHICTH TBOX
iTeHTUYHNX 34 MOJIEKYJISIPHOI MACO0 HiKiB. 3
ypaxyBaHHAM CTPYKTYPU MOJIEKYJU OaTyMiHY
3p00JIeHO BUCHOBOK, IO HAWOiAbINI BiporigzHum
TUIIOM idoMepusallii € KeTOeEHOJIbHA TayToMepis.
Bogmouac 6aTymin € giacTepeoisomepom KastiMaH-
TanuHy A, 3 IKUM Ma€ iIeHTUYHYy XiMiuHy OyZ0BY.
OnTuuHuii KyT ob0epTaHHsa IJd KaJiMaHTAIlUHY
[oc]d25 = +56,3°, mis daryminy — [oc]d25 =-13,5°.

OnnouacHuii pict P. batumici Ta CUHTe3 aH-
T6iOTHKA, a TAKOK 34AaTHICTh HOT0 MOJEKYJIU J0
ONITUYHOI i30MepuaaIlii i yTBOpeHHA KeTOEHOJIbHUX
¢dopM ATk HificTaBU 3POOUTH IPUITYITIEHHS II[0I0
poJi 6aTyMminy B MeTaboJIisMi ITaMy-IIpoayIleHTa.

Knwuosi cnosa: 6arymin, 6iocunTes, miacTepeo-
isomepid.
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HccnenoBan 6mocHHTE3 aHTUCTAPIIOKOKKOBOTO
aHTUOMOTUKA 6aTyMIUHA B YCJIOBUAX IIEPUOIITIECKOTO
mpoIrecca KyJIbTUBUPOBaHUA IiTaMMa Pseudomonas
batumici. CuuTe3 aHTUOMOTHKA B (DepMeHTepe IIPo-
MCXO/UJI ITapPaJLIeIbHO C POCTOM KYJIbBTYPBI U JJOCTH-
rajg MmakcumymMma uepes 50—55 U KyJIbTUBUPOBAHUA.
AKTHBHOE TOTPEbJIeHE KMCIOPO/A IIITAMMOM-IIPO-
IYIIEHTOM OTMedasaoch B TeueHue 20—55 4 KyIbTu-
BUPOBaHUSA ¢ MakcumMyMoM uyepe3 40—45 u. Beixon
aHTHOMOTHKA cocTaniisaa 175—180 mr /i1 u 3aBuCes OT
VHTEHCUBHOCTY asPaIluu.

B oTiimume OT «CBEXKEBBLIZEIEHHOr0» mpu (ep-
MEHTaIuu aHTUOMOTUKA, Y OaTyMUHA IIOCJIe TOJI-
TOCPOYHOTO XPaHEHUA XPOMAaTO-MaCC-CIIeKTPOMe-
TPUUECKUM aHAJIN30M YCTAHOBJIEHO HAJIUUME ABYX
UIeHTUYHBIX IO MOJEKYJISAPHON Macce MUKOB.
VYuuThIBasi CTPYKTYPY MOJIEKYJIBI 0aTyMUHA, CAeJIaH
BBIBOJI, YTO HAmOO0Jiee BEPOATHLIM TUIIOM U30MEPH-
3aIUU ABJIAETCA KEeTOEHOJbHASA TayToMepusa. B To
JKe BpeMs 0aTyMUH ABJIAETCA UACTEPEOU30MEPOM
KaJuMaHTaImHa A, UIeHTUYHBIM €My II0 CTPYKTY-
pe. OnrTryecKuit yroJi BpaleHus 11 KaJIuMaHTaI K-
ua [o],?® = +56,3°, mua Garymuna [a],2° = —13,5°.

OnnoBpeMeHHBIN pocT P. batumici u cuuTes
aHTUOMOTHUKA, a TAKKe CIIOCOOHOCTH MOJIEKYJIBI K
ONTUYECKOI M30Mepu3auu 1 00pa3soBaHUIIO KeTo-
€HOJIbHBIX (hOPM [aI0OT OCHOBAHUE CIeJIAaTh IIPEIIIO-
JIOKEeHUe O PoJiu baTyMuHa B MeTaboIu3Me IIITaM-
Ma-IpoayIeHTa.

Knwouessvle cnosa: 6aTrymMus, 6MOCUHTES, JUACTE-
peouszomMepus.





