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Bio-hydrogen (H,) production is considered as one of the promising ways to generate
ecologically clean and renewable energy from various cheap and effective carbon sources like
glycerol or industrial wastes. Experiments were carried out to reveal the H, production by Rhodo
bacter sphaeroides MDC6521 during mixed carbon (succinate, glucose and glycerol) fermentation
and the input of the F F;-ATPase in this process. The results show that bacteria grown in a medium
containing glucose and glycerol (15 mM) in addition to succinate (15 mM), exhibit an increase not
only in H, production, but alsoin F,F;-ATPase activity of membrane vesicles obtained from them.
Significant ~1.7 fold increase of DCCD sensitive ATPase activity was obtained with glycerol addition
compared with control (30 mM succinate), and since it had a positive effect also on H, yield, further
experiments will be performed to obtain the optimal succinate/glycerol ratio to get the maximum
H2 yleld

Bio-hydrogen production—Rhodo bacter sphaeroides - mixed carbon fermentation

UGLUuwgpwslh (Hy) wpunwnpneeintup hwdwpynud £ Eyninghwwbu dwpenip W yGpwpunwnnynn
EuGpghwjh unnwgdwu fununnwdUwihg ninh' pwquwehy Edwule wpryntbwytun wdhuwsduh wnpjnputph
(gLthgtipht, wpnynibwpbpwyw pwthnuutn) Yhpwndwu huwpwynpniejwdp: ®npdbph Uwwwnwyu E Gnbp
pwgwhwjint)y Rhodobacter sphaeroides MDC65271-h Ynnuhg Hx-h wpunwnpnipjul  wnwldluwhwn-
Uniejniblibnp uwnp wéhuwduwhtu (unLyghtwwn, gqyniyng L gihgbpht) fudnpdwt wwjdwuuGpnud W FoF;-
UGdwagh ubpnpnudp wyn gnpépupwgnud: Upnyntupltpp gniyg Bu wnydbg, np untyghuwwnhg (15 JU) pwgh
Uw W gyntyng (15 UU) L grthgtphu (15 JU) ywpniuwynn dhgwywjpnd wéwé pwyntphwubpp npulen-
npnud BU ng Jhwju Hy-hwipunwinpneejwl, wyp bwl pwnwupwihu ppinhyutph FoF-USdwagh wynhynipjwu
fupwund: ¥8UN-qaujntl FF-USdwgh wynhynigjwlu ggwih® ~1.7 wugwd wé tE gpwlgyb) uncy-
ghUwwh W gthgbphuh (15-wywudV) fuwnuncpnnud unnwghgh (30 U uncyghbwwn) hwdtdwwnniejwdp, W
pwUh np wjiu nlubp npuywu wgnbgniejntt bwle Hy-h Giph Ypw, hGuwguw nuncdUwuhpneeiniulitn
Uhpwywlwgdtbl' unwlwint wnwybiwgnyu Hy-h e wwwhnynn untyghtww/gihgbphu - hwpwpt-
nnLpEnLup:

YGLuwgnwoLh wpuwnnpneainti-R. sphaeroides —fuwnn wépuwdluyhl fudnpnid

[IpomsBoactBo 6uoBomopona (H,) cuntaeTcs mepcrneKTHBHBIM CIIOCOOOM TTOTyUCHHST YUCTOM
1 BO300HOBIISIEMON SHEPTUH U3 PA3IHYHBIX JCIIEBHIX U (Q()EKTHBHBIX HCTOYHUKOB yTIIEPOAa, TAKIX
KaK TIHMLEPHH MM IPOMBIIUICHHBIE OTXOIBL. BBUIM TPOBENEHBI MCCIIENOBAHMS IS BBISBICHUS
ococbennocrelt Beimenenuss H, Oaxrepueit Rhodobacter sphaeroides MDC6521 npu cOpaxuBaHHU
CMELIaHHBIX UCTOYHUKOB YIIEepoA0B (CyKIMHAT, II0K03a U riauuepuH) u posnu FFi-AT®da3sl B 3TOM
nporecce. Pe3ysbTaThl IOKa3bIBAIOT, YTO OAKTEpHH, BHIPALICHHBIC B CPEe, COAEPIKAIIEH TIIIOK03y U
rmunepuH (15 MM) B nononHeHue kK cykuuHary (15 MM), 1eMOHCTpUPYIOT yBETHUEHHE HE TOJIBKO
Beixona H,, HO Taxke AT®da3HOl akTUBHOCTH MeMOpaHHBIX Be3UKyIH. lIpu nobaBineHuu riuiepuHa
JAUK/I-gayBctButenpHass AT®a3Has akTHBHOCTH yBenWuYMBalach B ~1.7 pa3 IO CpaBHCHHIO C
kxoHTposieM (30 MM cykuunar). Tak kak q0OaBJIeHUE TIIUIEPHHA TTOJOKUTEIBHO CKA3bIBaJOCh U Ha
Beigenennn H, Gakrepueli, OymayT HmpoBeAeHHI NalbHEHIINE HCCIECJOBAHUS Ul HOJyYECHHUS OITH-
MaJIBHOTO COOTHOIIEHHS CyKIIMHAT/TIINIEPUH, 00SCIIeUNBAIOIET0 MaKCUMaNIbHBIHN BEIXox H,.

Ilpoussoocmeo 6uosodopooa —Rhodo bacter sphaeroides—copasicusanue cmewanpvix ucmoy-
HUKO8 y211ep0006

110



H, is an energy carrier with high energy content (122 kJg ™). It is recognized as the
most promising alternative to fossil fuels as it is clean, renewable, and efficient [1,10].
Biological H, production with microorganisms is considered as more perspective way of H,
production at an industrial scale, not only compared to chemical production, but also
compared to other biotechnological methods, due to a variety of substrates and organic
wastes the microorganisms can use [7,11]. Photosynthetic purple non-sulfur bacteria such
as Rhodobacter species are promising candidates for the H, production due to their high
substrates conversion rate [3,6]. Under anaerobic conditions Rhodobacter sphaeroides,
isolated from Armenian mineral springs, has been shown to perform a photo-fermentation
of various carbon- and nitrogen-containing organic substrates with H, production [2,4,5].
The selection of the source for H, is a serious problem, because it strongly affects the H,
yield by photosynthetic bacteria. The source should be relatively inexpensive and be
effectively utilized by bacteria resulting in high H, yield. Various organic substrates,
generally used in laboratory for research on H, production have been used in our research
previously, providing a fast and efficientH, production [3,6]. But one of the key problems
was always high cost of various organic carbon and nitrogen sources. A key to the solution
of this problem can be the use of different organic wastes, which are cheaper and more
effective for H, production and can provide inexpensive energy generation and
simultaneous waste utilization [9]. The promising results obtained by our group for H,
production during substrate utilization led to number of questions regarding the
mechanisms of this process. The analysis of pathways of H, production during substrate
utilization is difficult due to a complex composition of industrial wastes. One way to
address this issue can be analysis of H, production process during a mixed carbon
fermentation using a limited number of carbon sources [8].

Materials and method

Phototrophic bacterium R. sphaeroides strain MDC6521 (Microbial Depository
Center, National Academy of Sciences of Armenia, Yerevan, Armenia, WDCMS803),
isolated from Arzni mineral spring in Armenian mountains, was cultivated in glass vessels
of 150 ml capacities with plastic press caps in anaerobic conditions on Ormerod medium
with different carbon sources upon illumination (~36 W m ) as described previously [2-
5,9]. The growth of batch culture was monitored by changes in optical density (OD) by
Spectro UV-Vis Auto spectrophotometer (Labomed, USA). Specific growth rate was
calculated as In2/doubling time of OD within a logarithmic growth phase, and it was
expressed as h™' [2-5].The medium E, was determined during R. sphaeroidesanaerobic
growth by potentiometric method using a pair of redox electrodes: platinum (Pt) and
titanium-silicate (Ti-Si) electrodes [2-5]. The H, yield was calculated by the decrease of E,
to low negative values during bacterial growth and expressed in mmol/L[2-5].ATPase
activity of R. sphaeroides membrane vesicles was estimated by the liberation of inorganic
phosphate (P;,) in the reaction with ATP by themethod of Taussky and Shorr [2-5]. Various
reagents of analytical grade were used in this study. Each experiment was repeated three
times to determine deviation, which is presented as error bars on the figures.

Results and discussion

The growth was monitored during R. sphaeroides cultivation in media containing
different carbon source combinations. The results were compared with the control, which
contained 30 mM succinate as a carbon source. Bacteria grown under mixed carbon
fermentation conditions exhibited slight increase of specific growth rate, compared with
control (Fig. 1).
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Fig. 1. Specific growth rate of R. sphaeroides MDC6521 during mixed carbon fermentation.

As for the H, production, during mixed carbon fermentation conditions, the change
was significant in case of glycerol, but not the glucose addition (Table 1). There was a ~2.3
fold increase of H,yield after 72 hours of growth, compared with control. Since, such an
increase in H, yield couldn’t be explained by bacterial growth enhancement only,
membrane associated systems should be examined to find out the possible causes.

Table 1.The effect of mixed carbon fermentation on Hyyield ofR. sphaeroidesMDC6521.

H, yield, mmol/L (72 hours of growth)

Control (30 mM succinate) 2.240.1
15 mM succinate + 15 mM glucose 2.12 +0.1
15 mM succinate + 15 mM glycerol 5.06+£0.2

Consequently, we have analyzed effect of mixed carbon fermentation on DCCD-
inhibited F,F;-ATPase activity of R. sphaeroides MDC6521membrane vesicles. The
results show that bacteria grown in a medium containing glucose and glycerol (15 mM) in
addition to succinate (15 mM), exhibit an increased F,F;-ATPase activity of membrane
vesicles obtained from them (Fig. 2).
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Fig.2. DCCD-sensitive ATPase activity of membrane vesicles of R.
sphaeroides MDC6521 during mixed carbon fermentation.

DCC Dsensitive ATPase activity (%)

Significant ~1.7 fold increase of DCCD sensitive ATPase activity was obtained with
glycerol addition compared with control (30 mM succinate).Since it had a positive effect
both on bacterial growth and H, production, further experiments will be performed to obtain
the optimal succinate/glycerol ratio to get the maximum H, yield.The role of F F,-ATPase
in bioenergetics of R. sphaeroides during mixed carbon fermentation can also be considered
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in application in biotechnology as a tool to interfere the hydrogen metabolism in these
bacteria.
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In dried vine fruit production much attention is paid to the development of technologies and

methods for inhibition the growth and evolution of potentially toxigenic fungi. The most effective

method

to limit the fungi growth is the treatment of raw grape with sulfur dioxide. However, the
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