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Due to the high content of organic compounds, the distillery wastewater can be a
good substrate for the production of glycogen during cultivation of green photosynthetic
bacteria. Green photosynthetic bacteria Chlorobium limicola IMV K-8 are producers of
glycogen and show exoelectrogenic properties when grown alone or inside the co-culture
with heterotrophic bacteria-exoelectrogens in wastewater of various origins. In our previous
works it was found that due to the phototrophic growth of C. limicola IMV K-8 in the dis-
tillery wastewater significantly reduces the content of compounds of nitrogen, sulfur, Ca*",
Mg?" and others. The study of the patterns of glycogen synthesis by green photosynthetic
bacteria during growth in such an extreme environment as the wastewater of a distillery has
prospects for the development of biotechnology for the production of this polysaccharide.
The aim of the study was to investigate the glycogen content in C. limicola IMV K-8 cells
under different growth conditions in the wastewater of the distillery. Bacteria were grown in
the wastewater of the distillery under light (phototrophic growth) and without light exposure
(heterotrophic growth). Bacterial cells grown on GSB medium under light (phototrophic
growth) and without light (heterotrophic growth) exposure were used as controls. Glycogen
content was determined at 7, 14, 21 and 30 days of growth by the glucose oxidase method.
Glucose or glycogen in the wastewater of the distillery without the introduction of bacteria
was not detected. It was found that the content of glycogen in cells of C. limicola IMV K-8
grown in the wastewater of the distillery, under light exposure increased from 3.8 % to
39.8 % of cells dry weight from the seventh to third day of growth during 30 days of cultiva-
tion and was 2 times higher the glycogen content of cells on GSB medium. It is assumed that
the bacteria C. limicola IMV K-8 use available in the water sources of carbon and other com-
pounds necessary for cell metabolism along with glycogen biosynthesis and bioremediation
of wastewater. During C. limicola IMV K-8 growth in the darkness there is an assimilation
of organic sources of carbon (acetate, pyruvate and probably organic compounds of waste-
water), which allows cells to remain viable for 30 days without additional sources of carbon,
nitrogen, etc., but significant glycogen synthesis does not occur. The glycogen formed under
phototrophic conditions can be further a source of carbon or a substrate for electric current
generation by exoelectrogenic bacteria.

Keywords: glycogen, wastewater, green photosynthetic bacteria, Chlorobium limi-
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Glycogen is one of the reserve nutrients formed by microorganisms. This polysaccharide
is a large branched water-soluble homopolymer of a-D-glucose residues that are connected by
a-(1—4)- or a-(1—6)-bonds [13, 21]. Glycogen plays an important role in the adaptation of bac-
teria to extreme growth conditions. Its metabolism is coordinated by various systems, in particu-
lar, with the participation of regulatory mechanisms of stress response under starvation, the cell’s
response to osmotic stress, cell redox potential regulation systems, etc. The rpoS, spoT, phoP,
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and phoQ genes are involved in the regulation of glycogen accumulation in Escherichia coli K-12
[15]. The metabolism of this polysaccharide is associated with the metabolism of sulfur, nitrogen,
carbon [13, 22]. Glycogen is synthesized by many gram-negative, gram-positive bacteria and
archaea, in particular, Agrobacterium tumefaciens [21], Rhodococcus sp. [11], Corynebacterium
glutamicum [21], Methyloprofundus sedimenti etc. [20, 21]. For some microorganisms, such as
Vibrio cholerae, glycogen synthesis is important for survival. It was found that the survival under
stress of bacteria V. cholerae, which are able to synthesize glycogen, was higher compared to
mutants that lost this property [12, 13]. The accumulation of glycogen in the cells of phototrophic
bacteria Chlorobium limicola IMV K-8 under the influence of various factors, in particular the
deficiency of nitrogen sources in the environment of GSB, under the influence of different con-
centrations of hydrogen sulfide or potassium dichromate was studied [7-9].

Phototrophic bacteria have a significant potential to be used at the anode biocatalysts in the
microbial fuel cells. These microorganisms under the light exposure provide detoxification of hy-
drogen sulfide and synthesis of glycogen, which can later be a source of acetate for heterotrophic
bacteria-exoelectrogens [10, 16]. Obtained from Yavorivske lake (Lviv region, Ukraine) green
sulfur bacteria C. limicola IMV K-8 are producers of glycogen, which is further converted in
the processes of energy and constructive metabolism at the darkness [2, 4, 9]. These bacteria are
characterized by exoelectrogenic properties during growth on GSB medium and wastewater from
a distillery [16]. Wastewater has energy potential due to the high concentration of bioconvertible
organic compounds [14]. One of the most polluted industrial wastes is the waste of distilleries,
which are characterized by low pH, high temperature, dark brown color, high content of ash ele-
ments, dissolved organic and inorganic substances. [17]. In the process of bacteria C. limicola
IMV K-8 cultivation in the wastewater of the content of distillery compounds decreased [16].
We assume that due to the high content of organic compounds, the wastewater of the distillery
can be a good substrate for the production of glycogen during cultivation of green photosynthetic
bacteria. The aim of the study was to investigate the glycogen content in C. /imicola IMV K-8
cells under different growth conditions in the wastewater of the distillery.

Materials and Methods

To study the content of glycogen and intracellular glucose under different growth condi-
tions 6-day culture of C. limicola IMV K-8 was used. It was grown on Green Sulfur Bacteria
(GSB) medium of the following composition (g/l): KH,PO, — 0.3; NH,CI - 0.34; KCI - 0.34;
CaCl,x2H,0 - 0.15; MgSO,x7H,0 — 0.5. After autoclaving 15 ml of 10 % NaHCO, solution,
10 ml of 10 % sodium acetate solution, 10 ml of 10 % sodium pyruvate solution, 2.5 ml of 1 M
Na_S x 9H,O solution, 0.1 ml of vitamin B, solution (2 mg/ml), 1 ml of micronutrient solution
was added (ml/). The solution of trace elements per 1 liter of distilled water contained: 25 %
HCI- 10 ml; FeSO, x 7H,0 — 2.0 g; CoCl, x 6H,0 — 190 mg; MnCl, x 4H,0 — 100 mg; ZnCl, —
70 mg; Na,MoO x 2H,0 — 36 mg; NiCl, x 6H,0 — 24 mg; H,BO, — 6 mg; CuCl, x 6H,0 — 2 mg.
To prepare a solution of micronutrients the FeSO, x 7H,0O was dissolved in HCI, the remaining
components — in distilled water [3, 5]. The optimum pH was 6.8+0.2. The culture was grown
under microaerophilic conditions, constant light (wavelength 700—800 nm, intensity — 40 lux)
and at the temperature 28 °C [3, 5]. Before cultivation bacteria were precipitated by centrifuga-
tion (8000 g, 30 min, +4 °C), washed twice with 50 mM Tris-HCI buffer (pH 7.0) [19]. Initial
biomass was 3 g/l of bacterial cells. Bacterial biomass was determined turbidimetrically by using
a photoelectrocolorimeter (A = 450 nm, optical wavelength 3 mm) [5]. Bacteria were grown in the
wastewater of the distillery, which was diluted 10 times with distilled water, under light (photo-
trophic growth) and without light exposure (heterotrophic growth). Bacterial cells grown on GSB
medium under light (phototrophic growth) and without light (heterotrophic growth) exposure
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were used as controls. Glycogen content was determined at 7, 14, 21 and 30 days of growth. Glu-
cose or glycogen in the wastewater of the distillery without the introduction of bacteria was not
detected. The content of intracellular glucose and glycogen in the inoculum was 0.1-0.2 % and
0.3-0.5 % of the dry weight of cells, respectively.

To obtain cell-free extracts of bacteria C. limicola IMV K-8, they were disintegrated by
using an ultrasonic disintegrator USDN-2T (22 kHz, 5 min at 0 °C). Remaining cells and cell
fragments were separated by centrifugation (8000 g, 30 min at +4 °C) [19]. The obtained cell-free
extract was used to determine the glycogen content. Glycogen hydrolysis was obtained by samp-
les boiling for three hours with 0.5 M H_SO,. Glucose was accumulated as a result of acid hy-
drolysis of glycogen in the reaction mixture, which was determined by using the glucose oxidase
method with the analytical kit “Diagluk-2”, which is highly sensitive and specific to glucose [1].

The main statistical indicators were calculated according to the obtained data (average — M;
average standard error — m). For evaluation the significance of the difference between the statistical
characteristics of the three alternative data sets, the Student’s ratio was calculated. The difference was
considered significant when the reliability index P> 0.95 [6]. MS Excel 2003 and Origin 8 software
packages were used for data processing.

Results and Discussion

Glycogen was synthesized for 30 days during growth of C. limicola IMV K-8 bacteria in
GSB medium. The content of glycogen in C. limicola IMV K-8 cells increased with increasing
duration of bacterial cultivation. It was the highest on the 30th day of culture growth and contains
18.2 % of the dry weight of cells, and glucose content — 17.5 % (Fig. 1, A ). Glycogen synthesis
occurs during the stationary phase of growth, when the content of nitrogen, sulfur or phosphorus
decreases. During this period, bacteria do not grow and protein synthesis is suspended [22].

On the 21th day of bacterial growth in GSB medium, the intracellular glucose content was
higher by 15 % in comparison with the glycogen content. We suppose that at this time there are
processes of assimilation of available carbon sources and gluconeogenesis, which predominate
over the processes of glycogen synthesis. During all other days of cultivation, the content of gly-
cogen in the cells of C. limicola IMV K-8 was higher, than the content of glucose (Fig. 1, A). The
content of glycogen and glucose in the cells of C. limicola IMV K-8, grown in the wastewater of
the distillery, under light exposure increased from 3.8% of dry weight of cells on the seventh day
of growth to 39.8 % of dry weight of cells on the 30th day (Fig. 1, B). The glycogen content of
bacterial cells grown in the wastewater of the distillery was 2.2 times higher, than the glycogen
content during growth in GSB medium. During 30 days of bacterial growth in wastewater, the
glycogen content was higher than the intracellular glucose content, which probably indicates the
processes of glycogen synthesis. It is known that glycogen synthesis occurs under the influence
of stressful conditions on bacterial cells. In case of deficiency of the source of nitrogen, sulfur
or phosphorus, the content of glycogen in the cells of Synechocystis sp. was 60—68% of the dry
weight of cells [13, 18].

Wastewater from distilleries is characterized by high values of chemical and biological
oxygen demand, due to the high content of organic compounds, in particular, polysaccharides,
reducing carbohydrates, lignin, proteins, melanoidins, etc. [17]. Since glucose and glycogen were
not detected in the investigated wastewater of the distillery before inoculation with C. limicola
IMV K-8 bacteria, it is assumed that bacteria use available carbon sources for glycogen synthesis.

Under heterotrophic growth conditions, the glycogen content (0.3—1.7 % of dry cell
weight) was lower compared to growth under phototrophic conditions, and increased with pro-
longation of bacterial growth in GSB medium. Under these conditions, the content of glucose
(0.4-2.4 % of dry cell weight) throughout the time of culturing bacteria slightly exceeded the
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content of glycogen (Fig. 2, A). Acetate and pyruvate, which C. limicola IMV K-8 bacteria use
as a carbon source, but not as an electron donor, were introduced into the GSB medium. Inocula-
tion material that was used for the experiment was with density of 3 g/l. Since the bacteria did
not increase their biomass during 7-30 days of cultivation, the increase in glucose and glycogen
content during 14-30 days was apparently due to the assimilation of acetate and pyruvate in the
processes of gluconeogenesis.

Fig. 1. Glycogen and gluco‘sAe content in cells of Chlorobium limicola IMV K-8Bduring growth in GSB (A)
and in the wastewater of the distillery (B) for 30 days under light exposure (* — p > 0,95, n=3 —
probable changes in comparison with control)

During the heterotrophic growth of C. limicola IMV K-8 in the wastewater of the distil-
lery, glycogen content did not exceed 0.2 % of the dry weight of the cells. The highest content of
this polysaccharide was found during seventh day of culture growth. With the further increase in
the duration of bacterial growth, the glycogen content was insignificant (Fig. 2, B). It is assumed
that the content of glycogen in the cells of C. limicola IMV K-8 during 7 days of cultivation is
a polysaccharide residue in the inoculation material, which during long-term cultivation in the
darkness is broken down into glucose. The intracellular glucose content was lower compared to
the growth in wastewater under light exposure, but significantly exceeded the glycogen content in
bacterial cells under these conditions. It is assumed that bacteria metabolize organic compounds
present in wastewater, as a result of which the glucose content increases.

A B
Fig. 2. Glycogen and glucose content in cells Chlorobium limicola IMV K-8 during growth in GSB (A) and
in the wastewater of the distillery (B) during 30 days without light exposure (* — p > 0,95, n=3 —
probable changes compared to control)
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Thus, during the growth in the darkness C. limicola IMV K-8 assimilates organic sources
of carbon (acetate, pyruvate and probably organic compounds of wastewater), which allows cells
to remain viable for 30 days without adding of additional sources of carbon, nitrogen, etc. but
significant glycogen synthesis does not occur.

In our previous work [16] it was found that during growth under the light and darkness
exposure, as well as during long-term growth in the anode chamber of microbial fuel cell C. limi-
cola IMV K-8 oxidizes organic compounds, as evidenced by the increase of pair HCO,/CO,>. We
assume that at excess of organic matter in wastewater, the processes of organic matter catabolism
by glycolysis or pentose phosphate pathway enzymes predominate in C. limicola IMV K-8 cells,
and as a result CO,> is formed. However, the content of H,S, which is one of the main electron
donors for these bacteria in the process of photosynthesis, is also significantly reduced. It is obvi-
ous that under these conditions the processes of photosynthesis can occur, however, with reduced
intensity. During bacteria growth in the wastewater of the distillery the content of sulfate, sulfide
ions and elemental sulfur, which can be substrates of assimilative sulfur reduction, and nitrate and
nitrite ions also decreases. NH,* is known to be a source of nitrogen for C. limicola IMV K-8,
so it is likely that a decrease in the content of these ions may be due to their assimilation. [16].

Therefore, green photosynthetic bacteria synthesize glycogen during growth in the waste-
water of the distillery, providing bioremediation of the water. The glycogen formed under pho-
totrophic conditions can be further a source of carbon or a substrate for generation of an electric
current by exoelectrogenic bacteria.
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CHUHTE3 INIIKOTEHY CHLOROBIUM LIMICOLA IMB K-8
3A POCTY HA CTIYHII BOJI
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YHACIIIIOK BUCOKOTO BMICTY OpraHIYHHX CIIOJIYK CTi4HI BOIM CIIMPTOBOTO 3aBOIY
MOXYTh OyTH XOpOIIMM CYOCTpaToM IJIsI OTPUMAHHS INIIKOTEHY 3a BHPOIILYBAaHHS Ha HUX
3eeHHX (POTOCHHTE3yBAIBHHX OakTepiil. 3eneHi porocunTesyBansHi 6akrepii Chlorobium
limicola IMB K-8 € mponylieHTaMu IJTiKOTeHY 1 BUSBIISIOTh €K30€JIEKTPOTeHHI BIAaCTHBOCTI
3a POCTY OKpeMO ab0 B KO-KYJIBTYpl 3 TeTepOTpOGHUMH OaKTepisMH-eK30eIeKTpOreHaMu
Ha CTIYHHX BOJax Pi3HOTO ITOXO/DKEHHS. Y HAIMX ITONepeqHiX po0oTax BCTAHOBIICHO, IO
BHacigoK dororpodroro pocty C. limicola IMB K-8 y criuHiif Boxi crimpTOBOTO 3aBOIY
3HaYHO 3HIXKYEThes BMIcT crionyk Hitporeny, Cymedypy, Ca*, Mg Tomo. JlocipkeH s
3aKOHOMIpPHOCTEH CHHTE3y INIIKOTCHY 3eJICHUMH (DOTOCHHTE3yBAJIbHHMH OaKTepisMH 3a
POCTYy B TakOMy €KCTPEMaJbHOMY CEPEeIOBHINI SK CTIYHI BOJHM CIIUPTOBOTO 3aBOAY Mae
MEPCIECKTUBY U PO3POOJICHHS Oi0TEXHOJIOTIi OTPUMAaHHS IBOTO ToJlicaxapury. MeToro
pobotu Oyno mocmiguty BMIcT niikoreny B kiituHax C. limicola IMB K-8 3a pisHnx ymoB
pOCTy Ha CTi4Hii BOZi cHUPTOBOTO 3aBOy. bakTepii BHpomTyBaay Ha CTIYHIN BOJIi CIIUPTOBOTO
3aBOZly 3a YMOB OCBiTJIeHHS ((oToTpodpHUI picT) i 6e3 ocBiTIeHHS (reTepoTpodHUi picT).
SIK KOHTpPOJb BHKOPWCTOBYBAlIM KIITHHH OakTepii, BUpoIneHHX Ha cepenoBumi GSB 3a
ocBiTieHHs (poToTpodHHit picT) i 6e3 ocBiTIeHHS (reTepoTpodHuUii picT). BMmicT miikoreny
Bu3Hadauy Ha 7, 14, 21 1 30-Ty moOm pocTy 3 BUKOPHCTAHHSM INIOKO300KCHIa3HOTO
MeToxy. [imoko3u abo TIiKoreHy y CTiUHIH BOJII CHMPTOBOTO 3aBOLY O3 BHECEHHS OakTepiit
He Oyno BusBIIeHO. BeraHoBieHO, mo BMicT TinikoreHy B kimituHax C. limicola IMB K-8,
BHPOLIEHUX HA CTiYHIM BOII CHHPTOBOTO 3aBOAY, 32 YMOBH OCBITJIICHHS 3pOCTaB BiJ
3,8 % cyxoi Macu KIiTHH Ha 7-My 100y pocty 10 39,8 % cyxoi Macu KITHH yHpPOZOBXK
30-i o6y pocTy KyIbTYpH 1 YABidi IEepeBHIIYBaB BMICT IIIIKOTEHY B KIITHHAX 3a POCTY
Ha cepenoBumi GSB. [Ipumyckaemo, mo 6akrepii C. limicola IMB K-8 BukopncToByroTh
HasiBHI y Boai mkepena KapOony # iHImi HeoOXimHi Ut MeTabomisMy KITITHHH CHONYKH,
IO CYTIPOBODKYETHCSI O10CHHTE30M TIIKOTeHy Ta OiopeMeriamniero cTiyHOI Boxu. 3a pocTy
C. limicola IMB K-8 y TempsiBi BinOyBa€eThCsl acCHMUILALIST opraHiqHuX Jukepen KapOony
(amerary, mipyBary i, iIMOBIpHO, OpPraHIYHHX CIIOIYK CTIYHOI BOAN), IO A€ 3MOTY KITITHHAM
30epiraTi KUTTEMISUIBHICTE yrnpomork 30 mi6 0e3 BHECEHHS JOJATKOBOTO JpKepelna
Kap6ony, HitporeHy Tomio, ajie 3HaYHOTO CHHTE3Y INIIKOTE€HY HE BiJJOYBa€ThCs. Y TBOPEHHMIT
3a GOoTOTPOYHUX YMOB INTIKOTEH y IOJAIBIIOMY MOKe OyTH cyOcTpaToM Juisi reHeparil
€JIEKTPHIHOTO CTPYMY €K30€JIEeKTPOTeHHUMH OaKTepisiMu abo Micis Tigpoizy — JKepesioM
Kapbony.

Knrouosi cnosa: TiKOTEH, CTiYHI BOMIH, 3€NIeH] (OTOCHHTE3yBaNbHI O0akrepii, Chlo-
robium limicola



