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Characterization of carboxylating enzymes and genes for
sequestration of carbon dioxide

Developing bacterial isolates by continuous enrichment and molecular characterization-
growth, optimization and production-reactors.
Enzyme facilitates carbon dioxide fixation-
Carbonic anhydrase enzyme assay, purification and characterization, optimization.
Cloning, sequencing and characterization of carbonic anhydrase gene.
Enzyme fixes carbon dioxide-sequestration process-

Ribulose-1,5-bisphosphate carboxylase (RuBisCo)- assay, partial purification, Western blot
analysis, characterization and optimization.

SDS-PAGE-MLDI-TOF/MS for RuBisCo.
Other carboxylating enzymes-
2- Dimentional gel electrophoresis MALDI-TOF/MS- & nano drop LC-MS

Whole genome sequencing and metagenomic strategies
Production of biofuel and biomaterials

Biodiesel

Calium-silcon-phosphate

Exopolysaccharide production

Bioplastic.



Characterization of carboxylating enzymes and genes for
Sequestration of carbon dioxide by Serratia sp. ISTO4

a. Carbon dioxide
sequestrating bacterium,
identified & molecular
characterization.

b. Sequestration of carbon
dioxide for biomass
lipids, hydrocarbon, ester.

c. In situ transesterification' =

for biofuel- biodiesel
production.

d. Production of
exopolysaccharide and
polyhydroxyalkalonate.

e. Energy efficient, cost
effective less emission
biodiesel.

2D gel electrophoresis and MALDI-TOF/MS analysis of Carbon
dioxide concentrating Serratia sp
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Whole genome sequece analysis of Serratia sp. for biofuel and
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Circos representation of genes compared with the genome for Serratia
sp. ISTDO4.
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Production of biomaterials by carbon dioxide sequestrating bacterla
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Catalytic biocomposite
materials

Carbonic anhydrase
Calcite

An alternative to fossil
fuel derived plastics is in
the form of bioplastic,
PHA
(Polyhydroxyalkanoates)

-~

Extracellular polymeric Nanobiocomposite
substances (EPS) are high materials
molecular weight
biocompatible and
biodegradable biomaterials
secreted by microorganisms

Biodiesel

\ /Screening of the bacterial strains
isolated from sewage

sludge/Environmental samples




Production of lipid by Serratia sp. ISTD04
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Production of lipids by bacteria, Serratia sp. ISTD04, (a); bacterium stained by
nile Red (A) ; stained by DAPI (B); and by both DAPI and nile red (C) under confocal
microscopyv and TEM (D)
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Characterization of biodiesel- FAME produced by Serratia sp.
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Energy balance of Biodiesel Production

Energy balance per ton biodiesel produced:
> Energy output— > energy input (for 1 ton biodiesel)

Energy input
>

Process

- raw materials
- chemicals
-fuels

- steam

- electricity

- water

Comparable lipid content (up
to 25% w/w)

Naturally producing
Cost free
Mitigate disposal pressure

Energy output
>

- per ton biodiesel

- glycerin

- Other products
EPS
PHA
Biopyrrole

High oil content (up to 95%)
Rapid growth rate

Less affected by climate
Not require arable land



Production of biodiesel from carbon dioxide sequestrating
bacteia and municipal sludge

-

1. Bacteria growing in fermenter, 2. Sewage sludge from JNU STP amended with bacteria in a 200L reactor, 3.
Dried and crushed Amended sludge solids 4. Transesterification using Methanol, 5. Recovery of Methanol

6. Hexane purification of biodiesel, 7. Hexane recovery, 8. Biodiesel obtained 9. Generator successfully tested using
1% to 5% Biodiesel blend



Physical parameters of biodiesel and engine testing

Properties of biodiesel
K. viscosity : 2.13 cSt at 40°C

Total acidity : 0.30 mg of KOH/gm
Flash point : 37°C

Specific gravity : 0.8320 at 15°C
Cetane number by calculation : 56
Cloud point: -10°C

Pour point: -18°C

Heating value (GCV) : 45796 KJ/kg.

Energy efficiency

1 to 5% blended biodiesel were tested in genset (2.5 kW) show the enhanced run time from
11 minutes/100 ml (conventional diesel) to 19 minute/100 ml (5% blended diesel v/v).

Emission analysis

5% blended diesel emission were analyze by gas analyzer CO, 16-18%, CO 0.10-0.11%, HC 40-
47 ppm, 02 17-18%, which is quite comparable to conventional diesel emission measured by
gas analyzer which is CO, 15-18%, CO 0.09-0.11%, HC 38-45 ppm, O, 16-18%.



Production of recombinant carbonic anhydrase for synthesis
of bio-composite materials
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Production and partial purification of lipase enzyme

Sampling and isolation of bacteria
1. Lipase producing baceria- Psychrophilic bacterial strains isolated from sediment samples
from Pangong lake (33°43'04.59”N:78°53'48.48"E), Ladakh, J & K, India.

2. ldentification-The isolate identified by 16S rDNA sequencing as Pseudomonas sp. ISTPL3.

3. Growth attributes of bacterial strain characterized in different temperature, pH and
salinity conditions indicated psychrotolerant, alkalophilic, maximum growth 5% NaCl
concentration and tolerant to 50%, v/v Methanol, Ethanol and Propanol.

4. Partial purification-Lipase was purified by precipitation, dialysis, chromatography and
Sephadex G-100 gel filtration, molecular weight approx. 31 kDa by SDS-PAGE, resulting in a
purification fold of 6.53 and yield of 5.45%.

5. Upon biochemical characterization lipase active in organic polar solvents and sensitive to
detergents.

6. Assay method- Lipase was determined spectrophotometrically using p-NPP (Para nitro
phenyl palmitate) as asubstrate. One unit of lipase activity was defined as the amount of
enzyme which

liberated 1 umol of p-nitro phenol per min from p-nitro phenyl palmitate.



Preparation of catalytic biocomposite materials by calcite and

activated biochar

Pine wood biochar- phosphoric acid and water (1:1 v/v) to soak for
12 h, pyrolyzed at 300 °C for 5 h, washed and dried, and reactivated
by KOH (2.0M).

The biochar catalysts prepared by impregnation of activated biochar
(7%) with calicite (3%), stirring for 1 h, drying 105 ©C for 24 h,
followed by 2 h activation at 600-800 ° C within nitrogen
atmosphere.

The glass ceramic bioactive material prepared by sol-gel process
(0.2053 g Si powder, 0.192 g NaNO; 0.6 g calcite ) to maintain the
molar ratio of SiO,, Na,O and CaO respectively similar to crystalline
phase Na,Ca,Si;O, dried and heating from 200-1200°C.

Enzyme was immobilized on 5 ml syringe filled with 2 g biomaterials,
washed, lipase enzyme adsorbed, recirculated. After 24 h, column
was washed three-times with 0.1 MPhosphate Buffer (pH 7) and the
elute was assayed for lipolytic activity by p-NPP assay and protein
content by Bradford method. Immobilization yield (1Y) and Sol-gel methods at
immobilization efficiency (IE) were calculated. different temperature




Characterization of catalytic biocomposite materials-I
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Characterization of catalytic biocomposite materials-II
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The XRD analysis indicated important features
similar to melt-derived Na,O-containing glass
ceramics formation of crystalline phase Na,Ca,Si;O,



Production of biodiesel by catalytic biocomposite materials

Lipid from Serratia sp. ISTD04 extracted by
Dyer methods.

Transesterification performed using
lipid:methanol molar ratio (1:6)

and catalysts-immobilized lipase (100 mg)/ (a)
is biochar+lipase, (b) biochar+calcite+lipase, (c)
biochar+glass ceramics+lipase and NaOH (1%)
and shaken for 3 h at 300 rpm.

Samples were left overnight for settling of
different layers.

The top layer of biodiesel separated,
concentrated, hexane purification subsequent
to which the biodiesel content was analyzed
through GC/MS.

Reusability of immobilized enzyme indicated
immobilization of lipase on calcite enhances
more stability and activity and improves
recyclability (7 times) makes the use of
enzyme as catalysts much more cost effective
and viable.

Fatty acid methyl ester content in biodiesel (%)

BB Transesterified by NaOH
Imm obilized lipase on cal cte & biochar
@ immobilized lipase glassceramic & biochar

1 L. 10-Nondecanoic acid, methyl ester; 2. 9- Octadecanaicacid, methyl ester; 3.Tetradecanoic acid, methyl ester, 4.

1 Methylpalmitate; 5. Methyltetradecanoate; . Methyl myristoleate: 7. Pentadecanoicacid, methyl ester: . trans-

1 13-Octadecenaicacid, methyl ester; 9, Hexadecanoic acd, methyl ester; 10, 2-Hexadecenaicacid, methyl eter (Z)
11, 9-Hexadecenoic acid, methyl ester; 12. Cyclopropaneoctanaic acid, 2-hexyl-, methyl ester; 13.9- Octadecenaic acid,

: methyl ester, E)-; 14,9,12,15-Octadecatrienoic acid, methyl ester, (2,2,2)-; 15, Eicosanaic acid, methyl ester; 16, cis-11-

{ Eicosenoicacid, methyl ester; 17, Docosanoic acid, methyl ester; 18, Nonadecanoicacid, methyl ester

NN

A6 6 A % 9 8 N A
Types of fatty acid methyl ester
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Production of biomaterials by carbon dioxide sequestratlng bacterla
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EPS production from Serratia sp. ISTD104 and its application in dye decolourization
Production of EPS in 20 litre bioreactor : 8g/litre

Leachate treatment and
color removal

120

100 - T

%Decolarization of dyes
o)
(@]

1) Trypan blue (2) Acryl orange (3) Methyl orange (4) Bromothymol
blue (5) Aniline blue (6) Crystal violet after 1ml of bacteria culture
supernatant Experiments were carried out in triplicate (meantSD)

Kaolin test for
flocculating activity



Production of PHVs by Serratia sp. ISTD04

Serratia sp.

L0000 * 2 -
5 Culture %

< Valerate filtfte

24

22 -

PHB/V

20

18 Q
i -OH -C-N-

% Tramsmittance

16 1 CH

' B
A 14- -CH-CH -

12 1

— T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumber(cm”)

(A) GC-MS chromatogram of PHASs; (B) FTIR analysis of
PHAS



Preparation of bio-composite material from PHV of Serratia
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Agri-voltaic

At

Amity University Haryana




* Create Agri-voltaic plant under conventional ground mounted solar

PV plant
* Involvement of Local Community in developing the plant

* Analyze the opportunities and Challenges involved in the process
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Study to be
conducted

Growth of Plant

Leaf Index

Impact on the Chlorophy!
Diseases of plant

Weed density

Soiling of the panels
Temperature of the panels
Output from the PV powerplant

Economics




Flowering & Fruit Bearing in
Plants after 1 month




Some of the
Findings

-~

«Growth of p|

W SR RS

shade.
*Chlorophyll content in plants grown under the shade and under sunlight
were found to be same.

*Provide shelter to birds and animals.

*Have threat from Wild animals like peacock, blue bucks




Outcomes

* 1 Major Project conducted by M Sc Renewable Energy final
year student.

* 2 Research Paper under preparation to be communicated
to Journal.
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State of Art Laboratory Infrastructure for Research & Development developed by
ACOAST

Amity University Haryana (AUH), Gurugram, has a well-established Institute, Centre of
Excellence, ACOAST/ACESH, with a cutting-edge technology-based Air Quality Monitoring
System (AQMS) that is being dedicated towards real-time monitoring of Air Quality, which
has direct bearing on the ground-reaching solar radiation. We take this opportunity to highlight
some of these resources to emphasize on our commitment for testing of solar PV material
against environmental conditions, and forecasting of incoming solar radiation through the
presence of various atmospheric constituents including aerosols and precursor gases which

attenuate the incoming

State-of-the-Art Laboratory Support ﬁ

» Climate Research Laboratory
» Solar Radiometry Laboratory
» Air Quality Monitoring and Diagnosis Laboratory

[ = | Parameters
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. Polar Nephelometer Next-Generation
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Fig. 5. Experimental Facilities Operating at AUH for Air Quality and Allied Studies.



solar radiation. The Climate Research Laboratory (CRL), including solar radiometers
(measuring solar irradiance over a spectral region covering from UV to NIR), is depicted in
Figure 3. The Benzene, Toulene, Xylene, MP Xylene, Wind Speed, Wind Direction,
Temperature, AQMs is a versatile, real-time system that yields 24x7 high-resolution data
composed of 22 parameters (PM1, PM2s, PM1o, CO, CO2, NOx, NO2, NO, NHz, SO, Os,
Benzene, Ethyl Humidity, Pressure and Rainfall), describing the quality of air in and
around the AUH campus in Panchgaon and its surroundings. Air Quality studies have also
been carried out by AUH during dust storms and festive periods (Devara et al., 2017), and
significant results related to Particulate Matter (primary aerosols) and Gas Constituents
(secondary aerosols) over Panchgaon (a rural station, ~50 km away from Delhi) have been
published (Devara et al., 2016; Devara, 2018; Abhijit et al., 2018; Dumka et al., 2019).

The above emission inventory over a rural station, in conjunction with such data from
other network stations in the country, serves as a valuable reference (benchmark) input to the
models to predict or forecast the incoming solar radiation under different atmospheric
conditions such as clear-sky, cloudy-sky, diverse visibility and other turbulent conditions. In
AQMS, one can see the Front-view of AQMS with Display Board on the top at AUH, Gurgaon
and Calibration Units inside, Rack-mounted PM, Gas Analyzers and Data Portal. Besides the
above-mentioned versatile experimental facilities, we also have been using multi-spectral
NASA-AERONET sun-sky radiometer, which measure aerosol optical depth that indirectly
indicate the solar attenuation in the atmosphere under clear-sky conditions. Very recently, we
have also installed a polar nephelometer which measures the linear visibility (directly related
to the atmospheric turbidity and hence to ground-reaching solar radiation) and (ii) an
Aethalometer which measures black carbon or elemental carbon concentration that contributes

absorption of solar radiation and hence warming of the atmosphere.
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