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CONTENT OF VITAMINS IN HALOBACTERIUM HALOBIUM 35311 BKIIM B - 1739 AND
EFFECT OF ITS “PURPLE MEMBRANE”- FREE LYSATE ONTO COLONY GROWTH
OF BACTERIA

Sharga B.M., Nikolaychuk V.I., Maga .M., Bandrovska 1.K., Chekulaeva L.N.

Bmicm eimaminie y Halobacterium halobium 35311 BKIIM B-1739 i epexm ii nizamy, 36inbhenozo 6i0 «nypnypHux
Mmembpan», Ha picm Kononiii Gaxmepiii — B.M.Ilapza', B.IHixonaiiuyx', I.M.Maza', I.K.Bandposcvka’,
JL.M.Yexynacea’— Knimunu wimamy Halobacterium halobium 35311 BKIIM B-1739 nepesipeno na émicm gimanminie A, -
xkapomun, D, E, K, C, B;, B,, B;, Bs, Bs Bc, Bj,, H ma PP. 3 6iomacu, 8iomumoi yenmpug)y2yeannam 6 i30moHiuHoOMy
poszuuni NaCl, comyeanu cycnensito 10° ki/mn 6 yvomy dc posuuni 3a onmuynum cmaunoapmom. OOoHaxosi 06’ emu yiei
cycnensii yenmpupyeysanu, ocaddiceni KIimun niodaganu risucy 6 OUCuUIb08anill 6001 0 00ePAUCAHHS NPod O/ AHANI3IE.
Buicm simaminie 6y6 HesHauHuM, mak K bakmepis cunmesye ix y medxcax ceoix nompe6. byno euseneno maxi eimaminu,
ue/n: pemunanvoezio — 38,4 £ 0,3; f-kapomun — 74,6 + 0,5; a-mokogpepon — 16,8 £ 0,4, miamin — 38,2 + 0,1; puboghnasin -
53,5 £ 0,4, ¢imamin B5-49,7 + 0,3; nipudoxcun — 10,0 £ 0,1, yiankobaramin — 8,1 + 0,2; ¢onicey xucromy -18,6 = 0,3;
biomun — 2,9 + 0,2; nixomunosy xuciomy 172,1 + 0,4. Omorce, danuii wmam npooykye eimaminu A, E, B;, B. i PP,
Komepyiline Mikpobionoziune 8upoOHUymeo Axkux wje siocymmue. Tomy 6in € nepcnekmueHum O OIOMEXHON02IUHO20
B800CKOHANIEHHSL K NPOOYYEHM YUX CHONYK a00 AK OOHOP 2eHi8 0/ia IXHb020 CuHme3).

Konu ouuwenuii 6i0 «nypnypnux membpany nizam yiei Kyasmypu 0ooasanu y nponopyii 1:1 0o eoou, ma axiti comysanu
NOJICUBHI cepedosuwa, mo ik cmumymosas picm koaouniu Escherichia coli, Shigella sp., Klebsiella pneumoniae, Erwinia
sp. i Pseudomonas sp. na 11-200, 50-60, 29-125, 60-130 ma 95-106%, eionogiono. Haiibinbute npuckopenms pocmy,
6auzvko 350%, cnocmepicanu y konouiit H. halobium 353 I BKIIM B — 1739.

3einvnenuii 6i0 «nypnypuux membpany nizam aioginizyeanu. Lle doseonuno ecmanosumu 1,5% emicm cyxoi peuosunu y
HboMy. Bin ne empamue ceoei akmusnocmi nicas 6 micayie 36epicanna y maxomy cmani npu 4°C. Tomy tioeo moogicna
BUKOPUCTNOBYBATNU SIK CIMUMYTIAMOP POCIY Y MIKPODION02INHUX CepedosUIyax.

Knwuoei cnoea: eimaminu Halobacterium halobium, ouuwenuti 6i0 «nypnypuux memobpany nizam, Oaxmepii pisHux
EKONIOSTYHUX 2PYN, CIMUMYAAYIA POCTTY KOJOHIL.

Adpecu: 'Voczopoocwkuii  nayionanenuti  yuisepcumem, eyn. A. Bonowwuna 32, m. Yoceopoo, 88000: e-mail:
bmsharga@yahoo.co.uk ; *Incmumym 6ionoziunoi izuxu PAH, Ilyuuno-na-Oke, 142290, Mockosceka 06n., Pocis

Content of vitamins in Halobacterium halobium 35311 BKIIM B - 1739 and effect of its “purple membrane”- free lysate
onto colony growth of bacteria. — B.M.Sharga ', V.I.Nikolaychuk ', LM.Maga ', I.K.Bandrovska ', L.N.Chekulaeva > —
Cells of Halobacterium halobium strain 3531 BKTIM B-1739 were tested for content of vitamins A, f-carotene, D, E, K, C,
B, By, B;, Bs, By, Bc, By, H and PP. Cell suspension 0f109 cells/ml was prepared in isotonic NaCl solution with use of an
optical standard. To obtain probes for analyses, equal volumes of the suspension were centrifuged and cell pellets were
subjected to lysis in distilled water. The vitamin content was not significant, as bacterium produced them according to its
own requirements. Particularly, we determined the vitamins, ug/L: retinaldehyde — 38.4 + 0.3; f-carotene — 74.6 + 0.5; a-
tocopherol — 16.8 + 0.4, thiamine — 38.2 £ 0.1; riboflavin — 53.5 + 0.4, vitamin B5 — 49.7 + 0.3, pyridoxine — 10.0 + 0.1;
cyanocobalamin — 8.1 = 0.2; folic acid — 18.6 + 0.3; biotin — 2.9 + 0.2; nicotinic acid — 172.1 £ 0.4. The strain is producing
vitamins A, E, B;, Bc and PP, the commercial microbiological production of which does not yet exist. The strain has
prospects for biotechnological improvement as a producer of these compounds or as a donor of genes for their synthesis.

When “purple membrane’- free lysate of H. halobium strain 35311 BKIIM B-1739 was added in proportion 1:1 to the
water used for the nutritive media preparation, it stimulated the colony growth of Escherichia coli, Shigella sp., Klebsiella
pneumoniae, Erwinia sp. and Pseudomonas sp. by 11-200, 50-60, 29-125, 60-130 and 95-106%, respectively. The highest
enhancement of colony growth, around 350%, was observed for H. halobium 353 I1 BKTIM B -1739.

The “purple membrane’- free lysate was lyophilized. This allowed us to estimate the lysate dry matter content as 1.5%. In
this state it was stored at 4°C for 6 months of observation without loss of its effect on bacterial growth. Thus, it can be used
as a growth stimulator in microbiological media.

Key words: Halobacterium halobium vitamins, “purple membrane”- free lysate, bacteria from different ecological groups,
colony growth stimulation

Addresses: 'Uzhgorod National University, Biological Faculty, Department of Genetics, Plant Physiology and
Microbiology, A.Voloshin Str. 32, Uzhgorod 88000, Ukraine, e-mail: bmsharga@yahoo.co.uk ; “Institute of Biological
Physics of Russian Academy of Sciences, Pushchino-na-Oke, 142290, Moscow region, Russia

Sci. Bull. Uzhgorod Univ. (Ser. Biol.), 2013, Vol. 34 96 Hayx. Bicnux Yoceopoo. yn—my. (Cep. bion.), 2013, Bun. 34



Introduction

Halophilic archaea, particularly H. halobium (syn.
H. salinarium), remains in the focus of attention of
scientists due to its unique biological properties.

This microbe is able to survive completely
encased in salt crust for extended period and requires
more than 15% NaCl content in the medium for
growth. Exceptional resistance to solar radiation is
another survival adaptation of this extreme halophile.

Bacteriorhodopsin, the plasma membrane protein
of this bacterium, acts as a light driven proton pump
for the ATP production. The protein forms so-called
“purple membranes”, randomly distributed as patches
in the cell envelope. The bacteriorhodopsin in purple
membranes is remarkably stable in vitro. For
example, imbedded into thin gelatinous film and
dried in our laboratory at Uzhgorod National
University, it remains active in its photo-cycle
conduction after more than 20 years of observation.
Pumping of proton in response to photon absorption
by bacteriorhodopsin in vitro coupled with color
change and this could have technical applications.

Several patents were issued for use of either H.
halobium cell mass or its constituents as biologically
active preparations. For instance, bacteriorhodopsin is
promising for use in medicine, particularly in
ophthalmology. Protein-based artificial retinas, which
comprise native bacteriorhodopsin and/or specialized
bacteriorhodopsin mutants as the photoactive element
were patented [35]. The lyophilized cell mass of H.
halobium was patented as the feed additive "bakcun".
This formulation has anti oxidative activity and
modulative  effects on  physiological and
immunological processes in mammals [15]. A
method for treating hyperkeratotic diseases such as
psoriasis which comprises applying a lysate of H.
halobium to the affected skin area and irradiating
with light was patented [24]. Cosmetic composition,
characterized by the presence of at least one product
comprising a glycoprotein fraction from H. halobium
provided in the form of a gel, a milk, a lotion, or a
cream was developed [22].

Biologically active substances of H. halobium
353[1 BKIIM B-1739 had not been studied
sufficiently.

The purpose of our study was to estimate the level
of vitamins in the of H. halobium 35311 BKIIM B-
1739 strain and to evaluate the effect of its “purple
membrane”- free lysate onto growth of bacteria from
different genera.

Materials and Methods

Bacterial cultures and “purple membrane”- free
lysate. All cultures were refridgerated at 4°C unless
used. Enteric bacteria of Escherichia, Shigella and
Klebsiella genera were preserved in tubes with 0.2%
nutritive agar. Cultures of Erwinia amylovora were
supported on 0.2% potato nutritive agar containing
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5% sucrose, and other erwinias and bacteria of the
genus Pseudomonas on 0.2% potato nutritive agar.
For experiment, they were transferred to the same
solid agar media with and without “purple
membrane”- free lysate of H. halobium 35311 BKIIM
B-1739.

Strain of H. halobium 35311 BKIIM B-1739 was
supported onto slants of medium consisting of the
following ingredients in grams per liter of distilled
water: NaCl — 25, Mg SO,4 — 20, KCI — 2, NH4NO; —
2, Na citrate — 3, peptone — 5, yeast extract — 5,
glycerol — 2, agar — 20. The required volume of
medium was reached by dilution of all the ingredients
in distilled water. The pH of the medium was leveled
to 7.2 by adding 1M KOH or HCI solutions. When
needed, culture was seeded onto the same fresh
medium. Colonies of H. halobium 35311 BKIIM B-
1739 were grown aerobically at 37°C for one week in
Petri dishes with illumination from fluorescent tubes
with light intensity of 0.2-0.3x10° erg/cm’c. The
same medium without agar was used for H. halobium
35311 BKIIM B-1739 cultivation in liquid culture.
Cell mass was separated from the medium by
centrifugation and washed twice in 25% NaCl
solution. Then cell masses were transferred to 16 mL
tubes and suspended in sterile 25% NaCl solution to
produce suspension of 10° cells/mL by use of an
optical standard. The same cell density was reached
at the finish of cultivation in liquid medium. Equal
volumes of the suspensions were centrifuged at 5000
g and pellets of H. halobium 35311 BKIIM B-1739
cells were suspended in distilled water resulting in
their lysis and to liberation of cell constituents. The
lysate was analyzed for vitamins.

Bacteriorhodopsin was separated from the lysate
in form of “purple membranes” by the method of
Oesterhelt,  Stoeckenius  [34]. The  “purple
membrane”- free lysate was added in proportion (1:1,
v/v) to the distilled water used for preparation of
media: solid medium for Halobacterium; nutritive
agar for Escherichia, Shigella, Klebsiella; potato-
sucrose agar for Erwinia amylovora; potato agar for
other species of Erwinia and Pseudomonas.

To evaluate “purple membrane”- free lysate effect
on colonial growth of these bacteria, each strain was
inoculated with a microbiological needle 3 times onto
5 dishes of solid medium both containing and not
containing lysate. Petri dishes inoculated with H.
halobium 35311 BKIIM B-1739 were incubated at
37°C for 1 week, those seeded with Escherichia,
Shigella and Klebsiella were cultured at 37°C for 2
days, and media inoculated by Erwinia or
Pseudomonas were kept at 28°C for 3 days. The
mean diameter of grown colonies was measured in
both variants of inoculations and compared.

The percentage of dry matter of the “purple
membrane”- free lysate was determined after its
lyophilization. Lyophilized lysate was sterilized by
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filtration and refridgerated. Its activity on bacterial
growth was verified after 6 months of storage.

Determination of vitamins. Vitamin A and f-
carotene. Photoelectrocolorimetric method of vitamin
A determination with SbCl; was used for estimation
of this vitamin content. The measurements were done
at A = 620 nm. The vitamin A content was determined
with use of calibration curve optical density versus
concentration of the standard dilutions of retinol
acetate.

The B-carotene liberated by osmotic disruption of
the cells in distilled water was identified and
quantitatively determined with the aid of a
spectrophotometer after separation from other
carotenoids by chromatography in Al,O3 column. The
a- and B-carotene were eluted from the column by
hexane, followed by 1% solution of acetate in hexane.
The quantity of B-carotene was estimated by taking
into calculations the data of optical density measured
at 450-475 nm (B-carotene has maximums in hexane
at 450 - 451, 475 um) [8].

Tocopherol. Reaction of Emmerie A., Engel C.
(1938) and Furter, Meyer (1939) in modification of
Kubapauu [10] was used for estimation of vitamin E
content. After the heating of bacterial cell mass in
30% NaOH at 90°C water bath, the tocopherol was
extracted together with other vitamins and sterols in
petroleum ether. Vitamin A was removed from the
cell mass by reaction with H,SO,, carotene was
separated from vitamin E by chromatography in
ALO; column and sterols were precipitated by
aeskulin prepared as described by I'macosa u CaboB
[3]. Other vitamins did not intervene in reaction of
FeCl; with tocopherol. Petroleum ether was
evaporated completely and tocopherol was
determined in specific reaction with FeCl; carried out
at the presence of 2.,4,6-threepiridil-8-triazine, which
developed pink complex with Fe(Il) produced in the
reaction. Optical density of the resulting colored
solution correlated with quantity of tocopherol
reacted with FeCl;.

Vitamin K. The method based on color reaction of
Dam [19], Irreverre, Sullivan [27] with substitution of
sodium ethylate by NaOH was used to determine the
vitamin K.

To estimate the level of vitamin B; production by
H. halobium 35311 BKIIM B-1739, the method based
on Jansen reaction was used [29]. Cell mass was
extracted by HCI. The protein-bonded vitamin B was
released by enzymatic cleavage. Then, thiamine was
oxidized to thiochrome by potassium ferrocyanide at
basic pH and content of vitamin B1 was determined
by blue luminescence in serial dilutions [11].

The level of vitamin B, was determined by
luminescence titration according to the methods of
Najjar (1941) and Scott et al. (1946) in modification
of Enuceea [7]. The vitamin was extracted by HCI,
protein-bounded vitamin B, was released by
enzymatic cleavage. Other luminescent compounds
were removed by KMnO, treatment. The thiochrome
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luminescence partially produced in reaction was
removed by special filter.

Vitamin Bs was quantified by the colorimetric
method of Schmull, Wollish (1957) and Strohecker,
Henning (1965) in modification of Moiiceenok [12].
The principle of the method consists of hydrolytic
cleavage of amide bound between carboxylic group
of pantoic acid and B-alanine and colorimetric
measuring of B-alanine released.

The determination of vitamin B¢ was done by the
method of Lepkovsky (1943) in modification of
T'opsiaenxoBa E.B. [4]. The method is based on
extraction of vitamin By by HCl followed by
neutralization of acid and colorimetric reaction with
FeCl;. The intensity of greenish color was measured
in colorimeter.

Vitamin B;, was determined by turbidimetric
procedure described by bBykun B.H. (1954) with use
of E.coli strain unable to grow without
cyanocobalamin in medium [1].

Vitamin Bc was extracted from cell mass by HCI,
absorbed by activated charcoal, eluted by ammonium
solution and treated by potassium permanganate.
Pteridin-6-carbonic acid produced blue luminescence.
Intensity of it was determined by titration in UV-
light. The luminescence of vitamin B1 and B2 was
filtered by special optical filters [18].

Biotin content was estimated by microbiological
method of BoponkoBa u gp. (1980) using
Saccharomices cerevisiae ATCC 7754, the biotin
auxotroph strain [2].

Vitamin PP was determined by the method of
CremanoBa [16]. Cell mass was filtered after
hydrolysis in 2% HCI in warm water bath for 30 min.
Hydrobromic thiocyanate reagent with ethanol-
aniline was added to the filtrate in a ventilated fume
cabin. Light-pink color developed. The intensity of
color reaction was measured in colorimeter with red
light filter. (Nicotinic acid standard solution with
concentration 0.2 mg per ml of reaction mixture has
an extinction of 0.049, and this was a factor in our
calculations).

Vitamins C and D. Standard methods [5, 6] were
used to check Halobacterium halobium 35311 BKIIM
B-1739 for production of vitamins C and D.

Results and Discussion

Of the four fat-soluble vitamins, i.e. vitamins A,
D, E and K, only vitamins A and E were determined
in Halobacterium halobium 353 T1 BKIIM B — 1739.
The vitamins D and K were not found in this strain by
the methods used in our study.

The content of vitamin A was determined in the
cell lysate at 384 =+ 0.3 pg/L. This level is
approximately half the content of its precursor, p-
carotene, 74.6 £ 0.5 pg/L (Table 1). This can be
explained by the fact that retinal is bound to
apoprotein, forming Schiff bases in
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bacteriorhodopsin, and thus cannot be fully extracted
from cells by organic solvents.

No success has (yet) been obtained in direct
biotechnological production of vitamins A or D yet
by any bacterial cultures. They are produced mainly
chemically now [44].

Gochnauer et al. [23] observed that addition of
glucose into the medium increased the formation both
of B-carotene, a precursor of vitamin A, and
bacterioruberins. However, glycerol decreased the
formation of bacterioruberins and increased the
formation of carotenes in H. halobium. El-Sayed et
al. [20] revealed that light enhances the biosynthesis
of bacterioruberin and the conversion of B-carotene to
retinal, but does not affect B-carotene biosynthesis in
H. salinarum Oyon Moussa-16. Low oxygen tension
given in the light brought a slight increase in retinal
accumulation, although its biosynthesis from J-
carotene is an oxygenation reaction. This paradox
was explained by the authors as a consequence of the
increase in fB-carotene biosynthesis.

Pisal, Lele [26] and Rad er al. [38] observed
increased production of B-carotene in unicellular
halotolerant green alga Dunaliella salina under
stressed conditions of growth, particularly, with
increasing NaCl in the medium.

Whether or not the level of NaCl in growth
medium had effect on vitamin production by H.
halobium 353 II BKIIM B — 1739 remains to be
studied.

Commercial B-carotene is produced chemically or
by extraction from natural sources such as cultivated
plants and algae [21, 25] and some fungi [9, 14].
However, it is possible to improve H. halobium 353
IT BKIIM B — 1739 by genetic engineering for higher
production of vitamin A and B-carotene or use the
halobacterial genes for synthesis of these compounds
in cells of other species cells. Hitherto, among
bacteria, only in Halobacterium has the ability to
produce vitamin A been estimated.

We determined the amount of vitamin E in H.
halobium 353 1 BKIIM B — 1739 at the level of 16.8
+ 0.4 pg/L. Microalgae Euglena gracilis Z. [46] and
Dunaliella tertiolecta [17] produce vitamin E in
concentrations much higher than we opened in the
strain we used. Optimized fermentative production of
a-tocopherol from glucose by E. gracilis reached a
1.21 mg/g dry cell mass [46].

Lactic acid bacteria and Flavabacterium mutant
are able to synthesise vitamin K in the form of
menaquinones with the yield of 29-123 mg/L [45]
and 182 mg/L [47], respectively. The highest vitamin
K production by B. subtilis from soybean extract,
36.6 mg/g of okara-natto wet mass, was in mutant
Unnan SL-001 [43].

Thus, H. halobium 353 T1 BKIIM B — 1739 cells
are able to produce the fat-soluble vitamins A, E and
B-carotene, however in low quantities.

Water-soluble vitamins were determined in this
strain also. Compared to other vitamins, the highest
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cell content we discovered was for vitamin PP. Its
yield comprised 172.1 £ 0.4 pg /L. This finding is
promising as no biotechnological production of niacin
from bacteria has been developed yet. It is produced
only chemically in industry now [42].

The lowest production in H. halobium 353 I1
BKIIM B — 1739 cells was observed for vitamin B,
8.1 £ 0.2 pg/L. This is too low, compared with
several species of microbial producers of vitamin B,
including Propionibacterium  freudenreichii, Pr.
shermanii, Rhodopseudomonas protamicus,
Pseudomonas  denitrificans,  Nocardia  rugosa,
Rhizobium cobalaminogenum, Micromonospora sp.,
Streptomyces  olivaceus, =~ Nocardia  gardner,
Butyribacterium methylotrophicum, Pseudomonas sp.
and Arthrobacter hyalinus. From these, the highest
yield, 206.0 mg/L of cyanocobalamin, was produced
in P. freudenreichii at anaerobiosis on glucose as the
main component with addition of 5,6-dimethyl
benzimidazole to the medium. The lowest yield of
vitamin By, 1.1 mg/L, was produced by A. hyalinus
on isopropanol as the main component with the same
amendment to fermentation broth [32]. This vitamin
is produced in nature and in industry exclusively by
microorganisms.

The level of thiamine production by H. halobium
353 I1 BKIIM B — 1739 was 38.2 £ 0.1 pg/L. The
effective biotechnological method of vitamin Bl
production has not been developed yet. Usually,
thiamine is produced by microbes in extremely small
amounts which do not exceed their needs. All
commercial thiamine is produced by chemical
method [42].

Riboflavin content in H.halobium 353 11 BKIIM
B — 1739 was determined at 53.5 + 0.4 ng/L. A single
step fermentative riboflavin production has been
developed using a recombinant B. subtilis strain [28].
In the highest producer, recombinant strain
Corynebacterium ammoniagenes, riboflavin was
produced at the level of 15.3 g/L [30]. Clostridium sp.
and Candida sp. are good riboflavin producers too,
however ascomycetes Eremothecium ashbyii and
Ashbya gossypii are considered the best [41]. Vitamin
B2 production in a culture of A. gossypii was
enhanced after 4 days to 2.5 g/L by adding 1%
mineral support with adsorbed soybean oil to the
medium [31].

Content of vitamin Bs (pantothenic acid +
pantothenol) in H. halobium 353 T1 BKIIM B — 1739
was determined at the level of 49.7 + 0.3 pg/L. Cells
of many microorganisms (Bifidobacterium bifidum,
Lactobacillus arabinosus, L. butiricus, Escherichia
coli, etc.) are able to synthesise pantothenate.
Commercial pantothenic acid is produced chemically
or by fermentation [42]. Recombinant strain of E.
coli, overexpressing pantothenic acid biosynthesis
enzymes, produced 65 g/ of D-pantothenic acid
from glucose when [-alanine was added as a
precursor [37].
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Biotechnological production of pyridoxine has not
been developed yet. Vitamin B6 is produced
chemically. We found that H. halobium 353 II
BKIIM B — 1739 cells at lisis released around 10.0 +
0.1 pg/L of pyridoxine. Of course, this not enough for
economically viable production. Screening for
vitamin B¢ producers among other bacteria found
potential  strains, such as Klebsiella  sp.,
Flavobacterium sp., Pichia guilliermondii, Bacillus

subtilis, Rhizobium meliloti and so on [40]. However,
not one was used for commercial production of
pyridoxine.

Content of vitamin B, in H. halobium 353 TI
BKIIM B — 1739 was 18.6 + 0.3 pg/L of suspension.
Some enteric bacteria are able to produce folic acid
also. Pteroilglutamic acid is present in high amounts
in plant leaves. All commercial folic acid is produced
by chemical method today [40, 42].

Table 1. Vitamins in Halobacterium halobium 353 T1 BKIIM B - 1739 cell suspension

Vitamins -
Content, ug/L , X+ SE

Fat-soluble vitamins

A (retinaldehyde) 384+03

B-carotene 74.6 £0.5

E (a-tocopherol) 16.8 + 0.4

Water-Soluble Vitamins

B, (thiamine) 38.2+0.1

B, (riboflavin) 53.5+04

B; (pantothenic acid + pantothenol) 49.7+0.3

B (pyridoxine) 10.0£0.1

B, (cyanocobalamin) 8.1+£0.2

B. (pteroylglutamic acid or folic acid) 18.6+0.3

H (biotin) 29+0.2

PP (nicotinic acid) 172.1+0.4

*Note: The levels of different vitamins determined in H. halobium 353 T1 BKIIM B — 1739 were expressed in pg per L of

the bacterial suspension 10°cells/mL.

Strain of H. halobium 353 I1 BKIIM B — 1739
produces 2.9 £ 0.2 pug /L of vitamin H. This amount
we regard as low, in comparison to the biotin
production by recombinant Serratia marcescense
resistant to vitamin H antimetabolites. This microbe
yields 600 mg/L of D-biotin in the presence of high
levels of sulfur and ferrous iron [33].
Agrobacterium/Rhizobium HK4 was transformed by
plasmid containing modified E. coli bio operon. This
microbe then produced 110 mg/L of biotin, growing
on a defined medium with diaminononanoic acid as
the starting material [39].

Vitamins are required by bacterial cells in minute
quantities. Considering the low levels of this and
other vitamin production in H. halobium 353 II
BKIIM B — 1739, we must take into account that this
strain has not been modified genetically yet for their
higher production. However, the use of microbes

from species H. halobium is promising as they are
non-pathogenic and require less strict precaution for
cultivation. The production of vitamins in H.
halobium 353 I1 BKIIM B — 1739 may be enhanced
by developing better cultivation methods and by
using modern recombinant DNA techniques also.

We discovered strong effect of growth stimulation
in different groups of bacteria caused by “purple
membrane”- free lysate (Table 2). When this was
added in proportion 1:1 to the water used for the
media preparation, it stimulated the colony growth of
Escherichia coli, Shigella sp., Klebsiella pneumoniae,
Erwinia sp. and Pseudomonas sp. by 11-200, 50-60,
29-125, 60-130 and 95-106%, respectively. The
highest stimulation of around 350% was observed for
H. halobium 353 II BKIIM B - 1739, the
microorganism from which the “purple membrane”-
free lysate was obtained.

Table 2. Growth stimulation of “purple membrane”- free cell lysate onto bacteria of different ecological groups

. . - Stimulatory

Strains Colony diameter on media, mm, X + SE effect, %

without lysate with lysate
Escherichia coli Ca 62 4+0.1 10+ 0.2 150
Escherichia coli Ca 42 4+0.2 7 £0.1 75
Escherichia coli Ca7 8+0.3 9+0.2 11
Escherichia coli Ca 18 6+0.1 8+0.3 33
Sci. Bull. Uzhgorod Univ. (Ser. Biol.), 2013, Vol. 34 100 Hayx. Bicnux Yoceopoo. yn—my. (Cep. bion.), 2013, Bun. 34




. . - Stimulatory
Strains Colony diameter on media, mm, X + SE effect, %
without lysate with lysate

Escherichia coli Ca 23 6+0.1 9+0.1 50
Escherichia coli Ca 38 7+0.2 8§+0.2 14
Escherichia coli Ca 46 4+03 12+04 200
Escherichia coli Ca 53 7+0.2 12+0.3 71
Escherichia coli Ca 57 4+0.3 9 +0.4 125
Escherichia coli 235 4+0.1 8§+£0.2 100
Escherichia coli E, 5+0.2 7+0.3 40
Shigella dispar P14 5+£0.1 8+£0.2 60
Shigella paradysenteriae boydii P1 4+0.1 5£0.1 50
Klebsiella pneumoniae ATCC 13883 7+£0.2 10+0.3 43
Klebsiella pneumoniae 1032 5£02 10+ 0.1 100
Klebsiella pneumoniae 7730t4435 6+0.3 8§+£0.2 33
Klebsiella pneumoniae 1112 7+04 94+0.3 29
Klebsiella rhinoscleromatis 2594 4+£0.2 9+0.3 125
Klebsiella rhinoscleromatis 808tz 4+0.1 6+0.2 50
Klebsiella rhinoscleromatis 2707 5+0.1 9+0.2 80
Klebsiella rhinoscleromatis 234 5+£0.2 10+0.4 100
Klebsiella rhinoscleromatis 7734 6+0.3 11+£04 83
Klebsiella ozaenae 552t6 4+0.2 8§+0.3 100
Erwinia amylovora 595 a 24+0.3 4+0.1 100
Erwinia chryzanthemi NCPPB 898 1.5+0.1 32+0.1 113
Erwinia chryzanthemi NCPPB 402 25+0.2 4+0.2 60
Erwinia herbicola LMG 2565 2+0.1 46+03 130
Erwinia rhapontici NCPPB 564 2.4+0.1 5+0.2 108
Pseudomonas syringae 8511 23+0.2 45+03 95
Pseudomonas syringae NCPPB 281 3+£0.2 6.2+0.2 106
Pseudomonas cerasi 8654 2.6+0.1 53+0.2 104
Halobacterium halobium 353 T1 BKIIM B — 1739 44+0.2 16.2+0.3 350

The “purple membrane”- free lysate was prepared
as a dry powder by lyophilization. This allowed us to
estimate the lysate dry matter content as 1,5%. In

lyophilized state it was stored for 6 months of
observation without loss of its effect on bacterial
growth.
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