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Abstract:

Experimental studies have been made to find out Cyanobacterias’ biophotonical response in gaseous-fuelation and car-
bon dioxide fixation during photo-anaerobic digestion. A new horizontal type photo-bioreactor has been designed by
using environment hazard plastic bottles and it works ideally for anoxygenic cyanobacterial growth. Through ‘V3-
metagenomics’ of 16S rRNA gene sequencing by paired-end Illumina MiSeq and downstream analysis by QIIME program,
we have identified anaerobic cyanobacteria, represent the orders YS2 and Streptophyta. OTUs have been identified by
aligning against Greengenes and Silva databases, separately. The flame temperature of the fuel gas is 860°C and the

percent-content of carbon dioxide (CO,) is 17.6%.
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INTRODUCTION

Biogas generation technology is one of the most poten-
tial technologies of renewable bio-energy generation from
biodegradable waste materials through anaerobic digestion
[1]. Thus biogas production by anaerobic digestion has a
great impact on the crop production, waste management,
control of odors and energy production [2]. In anaerobic
digestion process, different types of bacteria (like; hydro-
lytic, acidogenic and methanogenic) can convert biode-
gradable organic wastes into high calorific fuel gases, like-
hydrogen, methane, other hydrocarbon gases [1]. Biogas
can also be used in running vehicles after it has been
cleaned and upgraded [3]. The cleaning is done by separa-
tion of water vapour (H,0), hydrogen sulphide (H,S), am-
monia (NH3) and sulphur dioxide (SO,), while upgradation is
done by reducing the amount of carbon dioxide (CO,) and
carbon monoxide (CO) present in the biogas mixture. Mod-
ern biogas cleaning and upgradation technologies are
based on percent improvement of methane and higher
hydrocarbons content within the biogas mixture by
adopting different techniques like, enzymatic hydrolysis [4],
utilization of different types of cattle manures [5], utiliza-
tion of different feedstock/food waste [1, 6], microwave
heating [7], metal catalyst use [8] and ultimately utilization
of 2 different types of microorganisms [9]. Higher percent
of methane increases the calorific value of biogas [1]. A
high quality biogas with high flame temperature can be
used as next generation fuel and clean energy. Normal bio-
gas (55-60% methane) has a flame temperature of approxi-
mately 700°C [10]. This phenomenon indicates that high
methane enumerated biogas burns with high flame tem-
perature [3].

There is a great interest in analyzing the structure and
function of microbial communities residing in biogas-

producing unit. Now a day, environmental microbial com-
munities are studied by construction of 16S-rDNA clone
libraries and subsequent sequencing of individual 16-
rDNAclones [11]. In addition to the 16S-rDNA, other marker
genes (such as; mcrA encoding the a-subunit of the metha-
nogenesis enzyme methyl coenzyme-M reductase have
been used to elucidate the composition of methanogenic
consortia) amplification by the selection of PCR primers is
also being adopted for microbial community study [12]. The
metagenome study in community structure analysis is now
a new area to the microbiologists [1]. Biogas-producing
microbial community structure analysis from a production-
scale biogas plant revealed that Clostridia from the phylum
Firmicutes is the most prevalent taxonomic class, whereas
species of the order Methanomicrobiales are dominant
among methanogenic Archaea. Thus the genus Methano-
culleus play a dominant role in methanogenesis. This hy-
drolysis step is mainly monitored by cellulolytic Clostridia
and Bacilli [13].

Then sugar intermediates are fermented to organic
acids (acidogenesis) which are finally converted to acetate,
CO, and H,. The final methanogenesis step is carried out by
methanogenotropic Archaea community. Hydrolysis and
acidogenesis may also be conducted by Eubacteria, but
several biochemical reactions are thermodynamically only
possible in close interaction of at least two different bacte-
rial genus.

Cyanobacteria are structurally different from Gram-
negative phototrophic bacteria as they have both algal as
well as bacterial properties but they perform oxygenic/
anoxygenic photosynthesis [14].

Many cyanobacteria are obligate phototrophs, being
wholly incapable of dark growth at the expanse of organic
source of carbon and energy. Oscillatoria limnetica is capa-
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ble of anaerobic, sulphide dependent photo-assimilation of
carbon dioxide [15]. Rana et al. (2014) has been reported
that fresh cow dung is a good source of different cyanobac-
terial species [16]. In this experimental work, an attempt
has been taken to generate high calorific fuel gas by cyano-
bacterial population present in fresh cow dung through
photo-anaerobic digestion.

MATERIALS AND METHODS

Designing of laboratory scale anaerobic photo-bioreactor

The experimental set up consists of the following major
components (Fig. 1): (i) bench-type anaerobic digesters
(600 ml capacity transparent plastic bottles) arranged in
batch mode; (ii) 2 L capacity plastic bottles as gas collector
attached with a 300 ml plastic bottle for water-pressure
maintenance; (iii) rubber-pipes for different outlet and inlet
connections.

Fig. 1 Bench type photo-bioreactors are arranged in batch
mode

Bacterial community study from Pringsheim’s broth (PB)

Fresh cow dung (FCD) has been collected from local
dairy of Paschim Medinipur, West Bengal, India (Latitude-
22°25'00" to 22°57'00" north, Longitude - 87°11' east, Alti-
tude - 23 meters from mean sea level). 1gm FCD has been
dumped in 100ml Pringsheim’s broth (PB) [Medium compo-
sition in gm/liter: KNO3; 0.08; MgS0,4-7H,0 0.004; (NH,)
2HPO, 0.008; CaCl,-2H,0 0.002; FeCl; 0.0002] [17] and incu-
bated at 37+2°C. After two weeks, 350 ml PB screening me-
dia has been pre-filtered through ~1.5 mm filter paper
(Whatman) and then bacterial cells have been collected on
a bacterial filter membrane (0.22 um pore size, HIMEDIA).
Total community DNA of that sample has been extracted
according to Webb and Mass protocol (2011) [18]. 16S
rRNA genes have been PCR amplified using the primers 27F
(5'-AGAGTTTGATCCTGGTCAGAACGCT-3') and 1492R (5'-
TACGGCTACCTTGTTACGACTTCACCCC-3') and the conditions
described previously [1]. ~5 ng of total 16S rRNA gene am-
plicons have been sequenced by using lllumina MiSeq sequ-
encer (providing paired-end reads with an average length
151 bp. 16S rRNA amplicons have been sequenced for me-
tagenome analysis using primers 341F (5'-
CCTACGGGAGGCAGCAG-3') and 518R (5'-
ATTACCGCGGCTGCTGG-3'). Each 25 ul PCR mixture compri-
se of 2 pl each 10 pmol/ul forward and reverse primers, 0.5
ul of 40 mM dNTPs, 5 pl of 5X Phusion HF reaction buffer,
0.2 pl of 2U/ul F-540 Special Phusion HS DNA Polymerase
(Invitrogen), 5 ng input DNA and nuclease-free water. PCR
conditions consist of 30 sec incubation at 98°C followed by
30 cycles of 98°C, 10 sec; 72°C, 30 sec; and 72°C, 5 min.

Two separate PCRs have been carried out for universal ‘V3-
primers’ (341F and 518R) and primers with lllumina bar
code sequences. Amplicons size selection has been carried
out using Gel Extraction and the expected band should be
between 230 to 250 bp.

Before starting the analysis, singletons (due to sequen-
cing errors) are removed to get spurious OTUs. Chimeras
are also removed using the de-novo chimera removal met-
hod UCHIME implemented in the tool USEARCH. QIIME
(quantitative insights into microbial ecology) software pac-
kage, version 1.8.0 was used for the entire downstream
analysis [19]. Then, taxonomic classification has been per-
formed using RDP classifier and Greengenes as well as Silva
OTUs database.

Preparation of slurry and parameter analysis

Cow dung slurry has been prepared and all the required
parameters have been assayed followed by Rana et al.
(2017) [1]. A 300 ml of the prepared cow dung slurry has
been autoclaved at 15 Ib/inch3 pressure for 15 min. Then
that autoclaved-cow dung slurry has been mixed with 50 ml
screened PB media. pH and percentage of hydrogen (H,),
methane (CH,) and carbon dioxide (CO,) gases have been
measured by following Rana et al. (2017) [1].

Volatile fatty acids analysis in the fermented broth

The VFAs profile of the fermented broth has been de-
termined by Gas chromatography (GC Agilent Technology
7890A U.S.A) equipped with a flame ionization detector
(FID) and capillary column coated with 10% PEG-20M and
2% H3PO, (80/100 mesh). The temperature of the injection
port, detector and programmed column are 220°C, 240°C
and 130°C-175°C, respectively. A mixture of hydrogen and
air at a flow rate of 30 mL-min™ has been used for flame
generation [20].

RESULTS

Potentiality assessment of newly designed photo-bioreactor

The newly designed photo-anaerobic digesters are ma-
de of environmental hazard materials like waste plastic
mineral water bottles and used pipes. Transparency charac-
ter of the plastic bottles facilitates in microbial photo-
anaerobic growth and photosynthesis in presence of artifi-
cial light.

Digesters are bench-type and have been used in batch
mode (Fig. 1). Anaerobic condition can be securely mainta-
ined with in this type of photo-anaerobic digester. Cyano-
bacteria are autotrophs and show desirable growth inside
the bioreactor. Anaerobic digestion by cyanobacterial isola-
tes and their biofuelation by consuming cow-dung have
been successfully carried out by using these digesters.

High flame temperature of the product fuel gas proves
digesters anaerobic condition maintenance ability.

Identification of anaerobic cyanobacterial population
screened by PB broth

Metagenome analysis of PB screened culture media has
been carried out by applying highthroughput sequencing
technology (lllumina micro-sequencing). The microbial eco-
logy of the anaerobic PB has been studied by ‘V3-pipeline’
sequencing of 16S rRNA. Usually a paired-end sequence
from ‘V3-Metagenomics’ contains some portion of conse-
rved region, spacer and ‘V3 region’. As a first step we re-
move the spacer and conserved region from paired-end
reads.
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Table 1
Read Summary
Sample Total Reads Passed Conserved Passed Passed Read Passed Mismatch
Name Region Filter Spacer Quality Filter Filter
GR-2-1 511,105 (100.00%) 478,545 (93.63%) 478,254 (93.63%) 478,087 (93.54%) 192,710 (37.70%)
Table 2
Pre-processing reads statistics
Sample Consensus Reads Chimeric Sequences Pre-processed Reads
GR-2-1 192,710 (100.00%) 6,043 (3.14%) 186,667 (96.86%)

After trimming the unwanted sequences from original
paired-end data a consensus ‘V3 region’ sequence is con-
structed using ‘ClustalW program’. We apply multiple filters
such as, conserved region filter, spacer filter and mismatch
filter are performed to take further only the high quality V3
region sequences for various downstream analyses. While
making consensus V3 sequence, more than 80% of the pai-
red-end reads aligned to each other with 0 mismatches
with an average ‘contig length’ of ~135 to ~165 bp. A sum-
mary of reads that passed each filter can be found in Table 1.

Pre-processing of reads: chimera filter

We have performed the following pre-processing steps
before we start the analysis. Chimeras were also removed
using the de novo chimera removal method ‘UCHIME im-
plemented in the tool USEARCH’. A detailed table of single-
ton removal and chimera filter based on individual sample
is given in Table 2. These sequences have been taken for
OTU identification.

OTUs and Taxonomy classification and relative abundance

This analysis was performed using the pre-processed
consensus V3 sequences. Pre-processed

reads were clustered into Operational Taxonomic Units
(OTUs) based on their sequence similarity using ‘Uclust
program’ (similarity cutoff = 0.97). A total of 4,361 OTUs
were identified from 186,667 reads. OTUs with only one
read in it were identified as Singletons OTUs and those
were removed as it can be due to sequencing error (Table 3).

Table 3
Summary of Singleton OTUs
Total Reads 186,667
Total OTUs Picked 4,361
Total Singleton OTUs 2,362
Total OTUs after Single- 1,999

ton removal

‘QIIME program’ was used for the entire downstream
analysis. Representative sequence was identified for each
OTU and aligned against Greengenes core set of sequences
using ‘PyNAST program’. Further, we aligned this repre-
sentative sequences against reference chimeric data sets.
Then, taxonomy classification was performed using RDP
classifier and Greengenes OTUs database. The phylum,
class, order, family, genus and species distribution for each
sample based on OTU and reads are shown in Fig. 2.
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Fig. 2 Relative abundance of the OTUs at the: a) phylum, b)
class and c) order levels across the anaerobically screened PB
medium

Gas composition analysis

During analysis of the product gas, samples were col-
lected regularly after one week interval and their calorific
values were measured using standard instruments. Each
time we have found a drastic change in volume and calorific
value in presence of anaerobic cyanobacterial culture. The
Gas Chromatographic (GC) analysis of gas samples also re-
vealed the volume increase of methane and hydrogen in
addition with percent decrease of carbon dioxide in the gas
mixture. Results are shown below in a tabulated manner in
Table 4.
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Table 4
Fuel gas generation by cyanobacteria present in PB screened culture media from fresh cow dung
Slurry pH BOD cob Vs Total Gas Hydraulic Gas Calorific
description (g/L) (g/L) (g/L) Vol. of starts retention composition value
product burning time (HRT) (in ml) (in °C)
gas (after days)  (in month) [H2/CH,/CO,)
(in ml)
Cow dung slurry 6.2 4220 5880 5200 7050 15 3 688.79/ 3900.06/ 720
(without 2249.66
autoclaved)
Autoclaved cow 5.9 - - - 10700 12 3 1085.87/ 860

dung slurry +
anaerobically
screened PB
medium

7475.64/ 1883.20

DISCUSSION

There are numerous reports on cyanobacterial bio-
fuelation abilities [21]. In this experimental study, we have
rechecked cynobacterial gaseous fuels (like; hydrogen and
methane) generation ability in addition with carbon dioxide
assimilation capability through photosynthesis i.e., biologi-
cal visiblephoton absorption or Biophotonics. Photosyn-
thetic bacteria are nature made ‘anode’ that can convert
visible-photon’s energy to bioelectricity and biohydrogen
[22]. From gas chromatographic (GC) analysis we have
found hydrogen within the fuel gas mixture. Cyanobacteria
produce carbon dioxide during anaerobic digestion but that
carbon dioxide is reduced by hydrogen produced during
photosynthesis and methane percentage as well as flame
temperature of the fuel gas increases to 860°C, higher than
liquid petroleum gas (LPG; flame temperature 750-760°C).

‘V3-Metagenomeics’ identifies cyanobacteria from the
orders YS2 and Streptophyta as active fuel gas producers
(Fig. 2). Gas chromatographic analysis of volatile fatty acids
(VFAs) reveals the high levels of straight chain fatty acids
like; formate (2288.11 mg/L), propionate (2668.9 mg/L),
butyrate (1233.3 mg/L) and ‘most interesting’ gluconate
(1093.9 mg/L) than in normal cow dung slurry (formate:
1632.21 mg/L; propionate 1461.7 mg/L and butyrate
1123.9 mg/L but no gluconate).

Presence of high level of VFAs in the cyanobacterial
digestion makes pH of the slurry acidic (pH = 5.9) than nor-
mal digestion (pH = 6.2) (Table 4). As VFAs are believed as
the indicator of the reactor then presence of gluconate in
the cyanobacterial digested slurry indicates cyanobacterial
photosynthesis inside the photo-anaerobic digester. For
this, we have found only 17.6% carbon dioxide in the fuel
gas mixture produces by cyanobacterial community only
while, anaerobic digestion by all cow dung microbiome
produces gas mixture with 31.9% carbon dioxide.

Reculture of the cyanobacterial community from the
digested slurry after the determined hydraulic retention
time (HRT = 3 months) has been successfully carried out by
using the methods describe above. Identification of the
cyanobacterial community does not show any contamina-
tion due to using of specific culture media, PB. So, one-time
cyanobacterial isolation may reuse in several next Times as
digested-slurry inoculums and common people do not feel
any problem during fuel generation.

The techniques have been used in the making of photo-
anaerobic digester is so simple and not beyond the
knowledge and physical strength of single man. Common
people can build it easily in their home as per their daily

energy requirement. Reuses of environment hazard ‘waste
plastic mineral bottles” may also be an important technique
for environment pollution control in future. This photo-
bioreactor may also help in sustainable development in
energy sector by producing ‘green energy’ through algal or
bacterial photosynthesis and percent decrement of green-
house gas CO,.

CONCLUSIONS

Photosynthetic bacterial application in biofuel produc-
tion, is again proved a successful method of greenhouse
gases sequestration. The result obtained, in this experi-
mental study using a special group of bacterial community
may vary if, another group of bacterial community is used.
But this laboratory scale method of biomass conversion will
show direction how waste biomass can be utilized to gener-
ate valuable fuel gas in commercial scale. This result may
also very if, other cattle manure will use.
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