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ABSTRACT

Recent achievements in investigations of microbial polysaccharides have highlighted
their importance in the development of new classes of biomaterials. Some polysaccharides of
microbial origin are already widely used in various medical applications, including hyaluronic
acid, dextran, alginate, and scleroglucan. Substantial attention has more recently focused on
bacterial cellulose as a promising and effective biopolymer.

In this study, based on knowledge of the ecological niches of acetic acid bacteria, we isolated
cellulose-producing bacteria using the fruits of grapes of different varieties and Kombucha.
The most effective biocellulose producers were screened, and their biochemical properties were
determined. A total of 17 acetic acid bacteria isolates were obtained, and three strains capable
of producing a cellulose biofilm were selected, which were identified according to the direct

nucleotide sequence of the 16S rRNA gene fragment and biochemical properties.
Key words: biocellulose, bacterial cellulose, biopolymer, nanocellulose,Komagataeibacter,

gel-film

INTRODUCTION

Currently, extracellular bacterial cellulose has
been widely used in several sectors of the econo
my in world practice: to create biofilters with various
sizes, to immobilize microorganisms and enzymes;
in the paper production and packaging industries.
In the textile industry, bacterial cellulose is used to
create new fabrics, in medicine for the production of
artificial skin; in the high-tech industry for the pro
duction of new materials, nanocomposites, in ecolo -
gy for wastewater treatment [1].

Bacterial cellulose (BC) has characteristics that
are absent in plant cellulose. BC is a glucose poly
mer, is formed during static bacterial cultivation, is
a fairly strong gel film (the ratio dry polymer/water
about 1/100) with a specific architecture formed by
crystalline microfibrils at the nanostructured lev
el. Water can be replaced with organic liquid while
maintaining a huge internal surface.

Bacteria produce cellulose as a means of pro
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tecting cells from adverse factors and providing
competitive advantages for existence at the interface
of the water-air phases. Cells of cellulose-synthesiz

ing bacteria are immobilized in a polymer grid to
maintain the entire population on the surface of the
liquid phase and thus gain access to oxygen [2, 3].

Bacterial cellulose is synthesized by grams of
negative bacterial species from the generaKomaga -
taeibacter, Agrobacterium, Aerobacter, Achomo-
bacter, Azotobacter, Rhizobium, Escherichia, and
Salmonella [4]. Most ofterAcetobacter xylinum or
Gluconacetobacter xylinum are used to obtain bacte-
rial cellulose [5].

A singleG. xylinum cell is capable of polym
erizing 200,000 glucose molecules per second into
B-1,4-glucan chains, which are then excreted into
the environment, forming ribbon-like bundles of
microfibrils. The fibers are synthesized on the mem-
branes using cellulose synthase, forming a three-di
mensional grid of cellulose fibers. The produced
nanofibers are longer, wider and stronger than plant
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cellulose fibers. Biocellulose differ from plant eel
lulose increased elastic and free from impurities of
hemicelluloses and lignin [6].

Fibrils of bacterial cellulose are 100 times thin
ner than plant cellulose, they creat a highly porous
material that allows to transfer antibiotics or other
medicines to the wound, in doing so remaining an
effective physical barrier against any external infee
tion [7,8].

BC is not allergenic and easily sterilized without
changing properties. Being similar to human skin,
BC can be used as a substitute for skin in the treat
ment of extensive burns and non-woven coatings for
chronic wounds. For this reason, cellulose is widely
used to treat wounds. [9].

Compared with other biopolymers such as col
lagen, chitosan and gelatin, bacterial cellulose has
excellent biological properties for tissue regenera
tion, mainly for the treatment of chronic and burn
wounds [10].

In this regard, the goal of our research was the
isolation and study of effective producers of bacterial
cellulose.

Materials and methods

Isolation of microorganisms. Bacteria capable
of producing biocellulose were isolated from rotting
grapes and Kombucha. Grape berries and a suspen
sion of Kombucha (5 ml) were inoculated into HS-
broth (100 ml) composed: 2.0 % D-dextrose, 0.5%
yeast extract, 0.5% peptone, 0.27% Na HPO,, 0.115%
citric acid, pH ¢ 6,0 [11]. The cultivation was carried
out under static conditions ata 30 °C temperature
for 7 days. Then, from an accumulative culture, sow -
ing on HS-agar (1,5%) plates was performed and
cultivated in an incubator at 30 ° C for 3 days.The
isolation and quantification of microorganisms was
carried out according to generally accepted meth
ods, based on the identification of bacteria in nutr
ent solutions containing nutrition and energy com
ponents necessary for the vital activity of bacteria of
each species [12].

Biochemical and physiological tesMor -
phology of the cells was examined under light mi
croscope. Gram staining was performed to select
gram negative strains. Acid forming colonies were
subjected to further biochemical tests. Catalase,
oxidase, H.S and indole tests were performed -us
ing discs and strips reagents (Himedia, India). Acid

production from carbohydrates was investigated by
using carbohydrate soaked discs with Andrede me
dia (Himedia, India). Urea Agar Base (Christensen)
(Himedia, India) was used to determine urea utiliza -
tion. Hydrolysis of gelatin was investigated by inoe
ulation of nutrient gelatin tubes (0.5% peptone, 0.3%
beef extract and 12% gelatin) incubated at 37°C for
1-2 weeks. Attitude to oxygen determined by inocu-
lating bacteria in an agar column.

Genetic identification.Genetic identification
of bacteria was carried out by determining the direct
nucleotide sequence of the 16S rRNA gene fragment.
PCR amplification of the DNA fragment was per-
formed using universal primers 8f 5>-AGAGTTT
GATCCTGGCTCAG-32> and 806R 5>-GGACTAC
CAGGGTATCTAAT-3> The PCR products of 16S
rRNA from each isolate were sequenced and the
nucleotide sequences of all the studied strains were
compared with the 16S rRNA nucleotide sequences
available in the international NCBI database.

Cellulose formation and detection. Productiv-
ity was studied in 250 ml flasks with 90 ml of medi
um, which was inoculated with 10 ml of the starting
culture and incubated at 30 °C under static condi
tions for 7 days. Cellulose formation was monitored
by the appearance of a white film on the surface of
the culture broth. Additional processing is required
to confirm the structure of the pulp. Culturing liquid
was centrifuged for 10 minutes at 4000 g. After wash -
ing three times with distilled water, the film were
boiled for 15 minutes with 0.5 N NaOH. Cellulose
is resistant to this treatment, and thus the remain
ing material can be considered cellulose free from
microbial cells and medium components. The puri
fied cellulose film was dried at 65 °C until a constant
weight was obtained. BC productivity was expressed
in dry weight g/l of culture medium [13].

RESULTS AND DISCUSSION

We have isolated 17 isolates of bacteria from
Kombucha and rotting grapes. Each isolate was iso
lated in a pure culture and tested for biofilm forma
tion on the HS-broth. The formed films were treated
in 0.5 N NaOH to confirm the presence of cellulose.

As a result of the work, 3 isolates of acetic acid
bacteria were selected that are capable of producing
biocellulose. Figure 1 shows biocellulose samples
obtained from rotting grapes and Kombucha.
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The study of the morphological and biochemical
properties of the bacteria showed that the GH1 strain
forms beige shades of rounded colony when growing
on solid nutrient medium, the edge is not even, the
GH2 strain forms small round convex beige shades,
and the GV1 strain forms round whites. The colonies
of the studied cultures are glossy, with a homogeneous

structure convex. According to the consistency of the
colony of crops - dry. The largest colonies are formed
by the GV1 strain - from 2 to 5 mm. Colonies of GH1
and GH2 strains are small - 0.5-3 mm. According to
micro morphological properties, bacteria cultures are
represented by gram-negative rods, located singly, in
pairs or chains (figure 2, table 1).

A - film from rotting grape, B - Kombucha, C - washes biocellulose films
Fig. 1. Biocellulose formation

In relation to oxygen, the studied microorgan
isms were assigned to obligate erobes. All the studied
microorganisms are characterized by common signs
- catalase-positive, oxidase and urease are negative,

b

L

acid-forming, do not form hydrogen sulfide and in
dole and do not dilute gelatin. The presence of gas
formation is not observed (table 2).

Fig. 2. Macro and micro morphological properties of cells: on the left macro properties, on the right - micro
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Table 1. Morphological properties of bacteria

Strain GH1 GH2 GV1

The form of colony round round round
Optical properties of colony glossy glossy glossy
Color of colony beige beige white
Gram s reaction -

The form of cells r r r

Edge of colony wavy flat flat

Sizes colony, mm 0,5-3 0,5-3 2-5

Side view colony convex convex convex
Structure colony homogeneous homogeneous homogeneous
Consistence colony dry dry dry
Pigment highlighting dont highlight don "t highlight don’t highlight
Note: r ¢ rods

A study of the ability of cultures to assimilate
various carbohydrates showed that the GHI strain
is able to utilize all carbohydrates except raffinose,
sucrose, sorbitol, galactose and dulcitol. The GH2

Table 2. Biochemical properties of bacteria isolates

strain does not metabolize sucrose, arabinose, galac-
tose, cellobiose, xylose, and fructose. GV1 - strain
does not utilize rhamnose, trehalose, xylose, adonite
and fructose. The results are presented in table 3.
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The dry weight of biocellulose in selected cul
tures during cultivation on HS medium was: GH1
-5.05g/;GH2-5.86g/land GV1-1.16 g/l of dry
weight biofilm.

According to Bergey>s determinant, these cul
tures were assigned to the genus Komogataeibacter,
which was confirmed by the genetic identification of
microorganisms by the conserved locus 16S rRNA.

According to the BLAST program in National
Center for Biotechnology Information (NCBI), the
isolates GH1 showed 99,53%, GH2 ¢ 99,06% and
GV1 ¢ 99,60% similarity with Komogataeibacter sp.

CONCLUSION
Bacterial cellulose is a water-insoluble extracel

lular polysaccharide with a simple structure and has
many superior physic-chemical properties compared

to plant cellulose, such as high purity, ultra-fine
mesh structure, high crystallinity, high mechanical
strength, high hydrophilicity, biocompatibility and
ability to biodegradation. Due to these properties,
biocellulose can be widely used in medicine, acous
tic membranes, biomedical engineering, paper pro
duction, textile and food industries.

In this regard, studies aimed at the isolation and
study of bacterial cellulose are of particular rele
vance.

As a result of our studies, we made the following
conclusions:

We selected 3 isolates of acetic acid bacteria ca
pable of producing cellulose on simple nutrient me-
dia with carbohydrates.

Identification of bacteria by determining the di-
rect nucleotide sequence of the 16S rRNA fragment
showed that they belong to the genuKomagataei -
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bacter sp.

It was determined that the studied strains are
represented by gram-negative rods. Colonies are
rounded, dry in texture of beige and white. The size
of the colonies in strains GH1 and GH2 ¢ 0.5-2 mm,
in GV1 ¢ 2-5 mm. The strains have similar biochem -
ical properties: catalase is positive, urease and oxi
dase are negative, have the property of acid forma
tion, indole and hydrogen sulfide do not form, do
not thin gelatin and do not have the property of gas
formation.

Dry biomass of biocellulose in selected strains
during cultivation on HS medium was: GH1 - 5.05
g/L;GH2is5.86g/Land GV1is 1.16 g/ L of
biofilm powder.
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TYUIH

MukpoOTBHIK  TNoOJIMCAXapHATep  cajJacblHAAFbl  COHFBI  JKeTiCTIKTep 0JIApPABbIH
OmoMaTepuaJAapAbIH KaHA KJIACTAPBIH JaMBITYIaFbl MaHbI3ABLIBIFbIH KepceTeni. MukpooTan
IIBIKKAH Kel0ip mojmcaxapuarep Ka3ipaiH e3iHae MeIHIIMHAHBIH IPTYPJIi cajiajiapblHIa KeHiHeH
KOJIAHBLIYAA: THAJYPOH KbIIMIKBLIbI, JeKCTPAaH, aJbIrMHAT, ckieporiokad. Ka3zipri yakeiTTa
NepPCcneKTUBAJIBI KOHe THIMAI OuomosiMMep peTiHae 0aKkTepUaJIbl HE/UIHJI03aFa epeKile Ha3zap
OeJtineni.

Cipke KbIIIKbLIBI 0OaKTepHSJAPBIHBIH JKOJOTUSUIBIK Tayamiajgapbl TypaJjbl Olrimaepre
cyiieHe OTBIPBIN, 0i3 HeNII003a OHAIpYylIiep 0akTepUsJIapAbIH OKIIAYJay Ke3i peTinae TypJi
coptThl :kKy3imaep MeH Kombucha naiizananasik. Byn mMakanaga OMoue/UIHOI03aHBIH THIMI
OHIipylIijiepiHiH OMOXUMUSVIBIK KACHETTEPIH OKIIAYJay JKOHE 3epPTTey HITH Kejaepi KeJTipiirex.
Kymbic OapbichbiHAA cipke KbINIKbLIbI OaKTepusIapblHbIH 17 u3oaATTaphl OKIIAYJAH/ABI,
0J1apAbIH illiHEeH 1e/J110/103a OMOKAOBIPIIAFBIH WIbIFAPA aJaThIH 3 ITAMM TaHAAJABI KoHe 16S
pPHK reninin ¢pparMeHTiHiH ObIpbIHFall HyKJI€OTHATEP Ti30eriH MeH OMOXUMMSJIBIK KacHeTTepiH
AHBIKTAY aPKbLIbI AaHBIKTAJ/IBI.

Herisri ce3nep: 0moue/0a03a, 6akTepua abl LeJII0103a, OHOMOJIUMEDP, HAHOLEJIIOI032,
Komagataeibacter, renb-KadbIpiiaxk
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ABCTAKT

JocTikeHNs TOCTeTHMX /TeT B O0TacTM MHMKPOOHBIX NOMICAXapuAOB YKas3bIBAalOT Ha MX
3HAYMMOCTD B pa3paboTKe HOBBIX KIaccoB 6momMarepuanos. Hekoropsie momicaxapuabl MUKpOOHOTO
NPONICXOXKAEHNA YKe IIMPOKO NPUMEHAIT B PAa3INYHBIX OTPACIAX MEIMIVIHBL: TMaTypOHOBas
KICTIOTA, JeKCTPaH, aIbINHAT, CKIepormiokan. Oco6oe BHIMaHNe B HACTOsAIIee BpeMs oOpalieHo Ha
OaKTepuanbHYIO IIe/UII0NI03Y KaK Ha IepCHeKTUBHBI U 3¢ G eKTUBHBI 61ononmmmep.

Vicxopa m3 3HaHMA SKOMOTMYECKUX HUII YKCYCHOKVICIBIX OaKTepwmii, MbI MCIIOTb30BAIN IUIOAbI
BIHOTPaJia Pa3HbIX COPTOB ¥ YAWHBIN I'PNo, KaK MICTOYHNKY JULA BbIeNIeHNs 6aKTepuii IPOXYILeHTOB
IIe/UTION03BL. B JaHHOII cTaThe IpecTaBIeHbI Pe3y/IbTAThI I10 BbIIeTICHII0 M N3YIeHII0 OMOXMMMIYeCKIX
CBOVICTB 3(p(PeKTUBHBIX IPORYIEeHTOB 6MoLe/ITI0NI03bl. B X01e pa6oThl 66110 BhIfleTeHO 17 U301ATOB
YKCYCHOKUCIBIX OakTepmii. VI3 HuX oToOpaHO 3 mTamMMa, CHOCOOHBIX MPOAYIMPOBATh OMOIUICHKY
nenronosel. IlltaMMpl  MaeHTNPUIMPOBAHBI Ha OCHOBE OINIpeleNeHNA NPAMON HYKIeOTUTHON
nocnenoBarenbHOCTH ¢pparMenTa 16S rRNA rena u 6MoXMMUYeCcKux CBOJCTB.

KnioueBble coBa: 6uonenionosa, 6aKkTepuanbHasa Ie/IION03a, OMOMONUMepP, HAHOIEIION03a,
Komagataeibacter, renp-nneHka
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