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The paper reports the efficient UV and terahertz generation froma 1.29 mm thick and Typel, f = 28.9° cut BiB3 O
(bismuth triborate, BIBO) crystal using femtosecond and nanoseconds laser pulses. We have employed 800 nm
wavelength pulses of 50 and 140 fs obtained from a Ti:sapphire laser amplifier and oscillators at 1 kHz and 80 MHz
repetition rates, respectively. The conversion efficiency of second-harmonic generation (SHG) was ~ 50% while
that obtained for terahertz (THz) generations was of the order of 1.85 x 10™>%. In addition, LDS-698 dye laser
radiation tunable between 650-700 nm was also used as a source for SHG between the 325-350 nm range. The dye
laser was pumped by SHG (532 nm) radiation from an electro-optically Q-switched Nd:YAG laser having a pulse
tepetition rate of 10 Hz and a pulse width of 10 ns. A conversion efficiency of 4.01% was obtained for generation
of UV at 343.5 nm. Finally, we have measured the transmission, refractive index, absorbance, and conductivity
properties of BIBO crystal in the THz domain. We also ascertained the coherence length, relative permittivity and

reflectivity of the crystal.
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1. INTRODUCTION

There is a continuous need for growing new nonlinear optical
materials with improvised linear and nonlinear optical prop-
erties which can cover a wide range of transmission between
the deep-UV to far-infrared range. It is possible to generate
efficient deep-UV to mid-IR radiation by employing differ-
ent types of nonlinear frequency conversion processes such as
second-harmonic generation (SHG), sum-frequency mixing
and difference-frequency mixing (DEM), etc. Some of the
well-known nonlinear crystals such as KH,PO, (KDP), KD * B
B-BaB, 0O, (8-BBO), LiB;3Os (LBO), LAR, KTiOPO,4(KTP),
BNA, DAST, etc., are widely used for making efficient non-
linear devices. In addition, some of the selected inorganic and
organic crystals such as BBO, KTE, DAST, BNA, etc., can
also be used for the generation of powerful terahertz (THz)
radiation using DFM, plasma generated from filamentation of
femtosecond laser, and optical rectification techniques [1-6].
Among all the BBOs is the first very promising borate group
crystal which has found potential applications in the generation
of deep-UV to terahertz radiation due to its excellent oprical
and nonlinear properties. Bhar ez 4/. have reported the best use
of the phase-matching condition for efficient deep-UV-vis
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radiation using frequency mixing techniques. They have used
Q-switched nanosecond pulse in their study and employed sum
frequency generaron (SFG) and SHG techniques [7-9]. There
are many more groups who have used femtosecond pulse for
powerful UV generation from BBO crystal using the 800 nm
wavelength [10,11]. The same femtosecond laser isalso used for
THz generation and measurement of refractive indices in the
THzdomain [12,13].

The BiB3Oy (bismuth triborate, BIBO) crystal was intro-
duced by Hellwig et a/. in 1998 [14-17]. Itis a highly promising
negative biaxial nonlinear optical crystal that belongs to mono-
clinic group C; and apart from having a large nonlinear optical
coefficient and laser high damage threshold, it is nonhygro-
scopic as well. It offers an oprical transparency between the
160 nm to 2.7 pum region. The UV transmission cutoff of BIBO
is at much deeper wavelength than BBO and it offers large effec-
tive nonlinearity (dut = 3.2 pm/V). Its nonlinear coefficient
is 3.5—4 times higher than that of LBO and 1.5-2 times higher
than that of BBO. These attractive properties have recently been
explored to demonstrate the potential of BIBO for ethcient
SHG using continuous wave [18,19], long pulse, nanosecond,
picosecond [20,21], and femtosecond pulsed lasers [22-26].
For example, conversion efficiencies of SHG at 532 nm in the
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ARTICLE INFO ABSTRACT

Keyword::

Random lasing

Scattering in silica nancsphere
Tunable visible light emission

A simple and low-cost approach for producing tunable and low threshold RL emission in the visible region is
reported by using a fluorescent laser dve as gain medium and light scattering is achieved in silica nanospheres
(8NS) under the pump light of 532 nm, obtained by second harmonic gencration of a Q-switched Nd: YAG laser
fundamental radiation of 1064 nm wavelength. Depending upon the size (a) of the scatterer particles in com-
parison to the wavelength (4) of the pump light, the scattering mechanism can be classified into different cat-
egories. However, to demonstrate various RL parameters for scatterer particles residing in Rayleigh scattering (a
< &) and Geometrical optics regime (a > > i) in RhoG dye doped PVA film, we have deliberately synthesized two
different sized SNS (notably, 400 nm and 1000 nm). Also, to demonstrate the tuning in the RL emission by
enhancement in pump photon density the gain medium has been enclosed within two glass slides. The perfor-
mances of developed three RL systems, one made with bare film ($1), one cover with cne glass slide (52) and
another one in which the gain medium is enclosed between two glass slides {(53) have been compared. It has been
demonstrated experimentally that in the developed RL system with 400 nm SNS particles, RL emission in the
incoherent regime is obtained. On the other hand, in the case of 1000 nm SNS particles, RL emission in the
coherent regime is demonstrated. The tunable random lasing emission covering 585-592 nm wavelength regions
with the lowest emission line-width of 4.2 nm and the lowest RL threshold of 1.59 mJ/em” is obtainad from the
developed RL systems. The demonstrated low cost and simple strategy for the development of tunable RL devices
provided here will find novel applications in laser-based imaging, RL based sensing, and other optoelectronic
devices.

1. Introduction geometrical configurations, optical propertiss of gain/scattering media,

structural distinctions of the seattering particles etc. However, enclosing

Thanks to the recent progress in the industrial applications of CW
and pulsed laser sources. Although conventional laser sowrces are
proved to be very effective tor their various applications in fundamental
and applied research fields, but still there exist a lot of challenges [1-6].
Therefore, there is a recent surge in the development of laser sources and
particularly a lot of impetus has been given in the development of
random lasers (RLs) by employing various luminescent materials as gain
media [1-4]. However, unlike conventional laser sources, which include
(i) a pump source, (ii) a gain medium, and (iii) optical resonators, RLs
use a different approach for its operation. Random scattering of light
provided by jumbled nano/microstructures present inside a gain me-
dium offers a substitution of optical cavity to achieve lasing [2-£]. The
generation of light in Rls mainly relies on several factors, like

* Corresponding author.,

the whole random medium into a waveguide feedback configuration
gives additional degrees of freedom to simultaneously tune the emission
regimes along with decreasing the lasing threshold through various
approaches, such as through pump volume amplification techniques,
increasing the pump photon density via wave guiding, changing the
cavity length (I), or by changing scattering strength [3-5]. Further, the
optical feedback mainly depends on the scattering mean free path (l,.)
and transport mean free path (l) of a randomized system. Any change in
l;e may also cause the transition of RL emission from incoherent to
coherent regime and vice versa [5-9]. However, three distinet scattering
regimes can be defined [7], as given below, depending upon the size of
the nanoparticles/microparticles used as scatterer particles in RL
systems.
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The random laser (RL) is now becoming an essential tool for various photonics applications, and a plethora of
rescarch advancements in RL coupled with developments in the field of techniques of syntheses of various nanos-
tructured materials is taking place. Burt the realization of tuning the peak emission wavelength of RL is still very
challenging. However, in this report we have demonstrated an emission peak shifted tunable low threshold inco-
herent RL in the visible region in a gain medium of a commercially available dye laser material and by employing
the rarely used scatterer materials of triangular silver nanoparticles (TSN), microbubbles, and the waveguiding
mechanism. The scattering properties of trapped microbubbles, along with the localized surface plasmon reso-
nance property of TSN of appropriate concentration within waveguided thin films composed of glass substrates,
have been methodically investigated to demonstrate the reduction in lasing threshold and tunability in the peak
emission wavelength. A two-fold reduction in RL threshold by addition of TSN in the disordered system, along
with a considerable narrowing down of the emission spectra to a few nanometers, are obtained. Furthermore, the
peak emission wavelength shift of 6 nm is reported by suitably changing the system configuration by the addition of
an optimum concentration of TSN along with trap ped microbubbles. The as-developed system shows high-quality
laser performance with the maximum value of § = 0.64, a quantity describing the ratio of the number of stimulated
radiative photons within RL and the toral number of emissive photons. We propose that the total internal reflec-
tions from the microbubble surface, along with plasmonic enhancement and scattering from the TSN, mediate
the waveguided RL to achieve the low threshold. Therefore, this report is an early step towards demonstrating effi-
cient RL in a ternary scarttering system. Many more avenues for investigating this developing research issue may be

helptul for the future development of affordable and robust optoelectronic devices.  © 2023 Optica Publishing Group

hitps://doi.crg/10.1364/JOSAB. 481489

1. INTRODUCTION the gain length /; (/; is defined as the length over which the

The fascinating realm of random lasers (RLs), also designated intensity of light is amplified by a factor ¢), owing to which the

as “mirror-less lasers,” has inspired remarkable curiosity in the
scientific community, leading to deep dives into the novel terri-
tory of the interaction of light with martter having randomness
[1,2]. Since the first theoretical prediction given by Letokhov
[3], random lasing action has been investigated in varieties

gain surpasses the overall loss in the system [4]. In contrary to
conventional lasers, in RLs, strong light scattering by random
scatterers present within the gain medium could improve the
confinement of light that may result in the development of
closed optical loops within the gain medium thatare inherent to
coherent RLs [5]. On the other hand, while light gets scattered

of physical arrangements, gain media, and scatterer particles.

Lasing action in a random medium is generally achieved by sig-
nificantly expanding the trajectory of the light inside a volume,
and amplification occurs due to multiple scattering, raising

0740-3224/23/051039-08 Journal © 2023 Optica Publishing Group

multiple times by the scatterers placed within the gain medium,
some selected modes may obtain a higher dwell time within the
medium. Consequently, they can sustain over longer scattering
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ARTICLE INFO ABSTRACT

Keywordz: Graphene oxide (GO) and silver nanoparticles (AgNPs) are recently been widely employed in various sectors
Graphene oxide including in photonics applications due to their fascinating properties. On the other hand, huge interests are
i‘"ﬁl‘“ Ph”‘"’" """"“‘:' shown by the researchers for development of scatterer materials for achieving random laser (RL) with improved

h::::d prop performances. In this work, the GO/Ag nanocomposite material comprising of GO nanosheets and AgNPs have

been prepared and its remarkable nonlinear optical (NLO) properties are employed for the first time to
demonstrate RL in the visible region by the introduction of disorder and multiple scattering within the ampli-
fying medium of Rhodamine-B dye. Interestingly by changing the cuvette path lengths, here we have shown that
the gain volume within the amplifying media can be varied effectively, which directly influence the lasing
threshold. The larger value of NLO coefficients in GO/Ag scatterer induced greater refractive index contrast (4n)
between the scatterer and surrounding medium and thus enhances the light-matter interactions in the GO/Ag
nanocomposite and consequently the lasing threshold for RL generation is reduced significantly by 50 % than
that of bare GO as scattering center. This report opens an exciting prospect of using NLO properties of GO/Ag
nanocomposite for achieving enhanced scattering in different gain media for demonstration of low threshold RL,
which may revolutionize the future development of RLs.

1. Introduction

In recent decades, the field of photonics has witnessed a remarkable
advancement, with a growing emphasis on the development of novel
light sources and laser technologies. Among these developments, the
phenomenon of random lasing has emerged as a captivating and
promising area of research [1]. In random lasers (RLs), amplification of
light is provided from multiple scattering events within the disordered
configuration of dye and scartering medium []. Since. the theoretical
prediction by Letokhov in 1967 [2], RLs have gained considerable
attention in the scientific community. After the first experimental
demonstration of coherent RL in ZnO [4]. rigorous theoretical and
experimental investigations on RLs have been carried out in different
gain media [5 9). The intrinsic properties of RL, such as low threshold,
robustness against external perturbations, and potential for compact and
versatile designs for chip-scale optoelectronic devices, have picked up
the interest of researchers of inter-disciplines. Most importantly, the

* Corresponding author.
E-mail address: phumbhakar phy@ nitdgp ac.in (P. Kumbhakar).
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efficacy of RL depends on various nanostructures present within the
disordered media. In this regard, scattering centers present within an
active media is significant in determining its RL characteristics such as
the lasing threshold, modal characteristics etc. Particularly, the size,
geometrical shape. concentration of scatterers within the gain medium
greatly impacts its emission characteristics. In recent years, there has
been a growing demand of emploving discrete categories of
nano,/micro-structures in gain media. Particularly, these scattering
media including metal [10], semiconductor [11]. metal organic frame-
work [12], biological structures [13,14], liquid erystals [15], external
feedbacks [10,17], micto-bubbles [1:] etc., which have been exten-
sively emploved for generation of coherent [19] or white [20] RL
emission, however with some drawbacks. Interestingly, the intrinsic
nonlinearity in two-dimensional (2D) materials enables the manipula-
tion of gain and absorption profiles, which plays a pivotal role in con-
trolling the threshold for RLs. These 2D materials can be tailored to
exhibit tunable and highly efficient nonlinear responses, affecting the

Received 10 February 2024; Received in revised form 5 April 2024; Accepted 15 April 2024
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MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding is made on this the ..../.7%.... day of
...... w2z ch. o........ 2011 between Oil and Natural Gas Corporation Limited
(ONGC), a company registered under the Companies Act 1956, having its
registered office at Jeevan Bharti Building, Tower-ll, 124 Indira Chowk, New
Delhi-110001 and one of its offices at Dehradun (herein after referred to as
ONGC which expression shall unless repugnant to the context include its
representatives, successors and permitted assignees) of the FIRST PART and

Burdwan University Burdwan established under / registered under
Nk Pangsd.. 195 9 Act, having its office at Burdwan, West Bengal

(hereinafter reférred to as Burdwan University which expression shall unless
repugnant to the context include its representatives and successors and
permitted assignees) of the SECOND PART.

Whereas the Burdwan University has been established for the purposes, among
others, for imparting education in Science, Arts, and the learned professions and
of furthering advancement of learning and original research.

And Whereas ONGC is engaged in the business of hydrocarbons exploration
and exploitation and has decided to institute ONGC Scholarships in Burdwan
University.

Now Therefore in consideration of the mutual covenants set out in this MoU, the
parties hereby agree on the terms and conditions details hereunder:

1. OBJECTIVE:

To strengthen industry—academia linkage by instituting ONGC Scholarships in
Burdwan University for rewarding, encouraging and assisting meritorious
students for higher studies in the petroleum upstream related education.

2. RESPONSIBILITIES AND COMMITMENTS:

In the spirit and context of the purpose of this MOU the parties agree to assist
each other, to be committed to professional excellence, to communicate on a
regular basis and to encourage open dialogue and cooperation between ONGC

and Burdwan University.
3. SCHOLARSHIP

i) There will be two scholarships in Burdwan University.

i) These scholarships will be called “ONGC Scholarships” and the scholarship
holders will be called as “ONGC Scholars”.

1
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iif) The department / course and degreé for which ONGC Scholarships will be
instituted are presented in following table:

Sl. | Department/ Course Degree
No.

1 Chemistry M.Sc

2 Physics M.Sc.

iv) The criteria for selection of student for award of ONGC

Scholarship, the
scholarship amount and scholarship duration will be as follows:

Sl. | Degree | Yearin which Qualifying criteria Scholarship Scholarship
No. scholarship Amount Duration
will be given (Rs per month)
1 M.Sc. Second Year First rank in M.Sc. 5000 1Year
First Year
4. OBLIGATION OF BURDWAN UNIVERSITY BURDWAN:
1 DU WAN UNIVERSITY BURDWAN:
i) The Burdwan University will select the student for award of ONGC Scholarship

as per the criteria detailed in 3.iv) above.

ii) The Burdwan University after the selection of sty
will intimate Head ONGC Academy, Kaulagarh Road
written report giving detail of the student selected. Biodata
selected student will also be enclosed with the report.

iii) The Burdwan University
Academy, Kaulagarh Roa
Scholarships in an acade

will send a written demand note to Head, ONGC
d, Dehradun for release of the fund for two ONGC
mic year for disbursement to the ONGC Scholars.

iv) The Burdwan University will receive the fund for ONGC Scholarships from
ONGC and will disburse the same to the ONGC Scholars regularly.

v) The Burdwan University will submit the ONGC Sc
report in respect of an academic year to Head
Road, Dehradun confirming that the ONGC
ONGC Scholarship amount

the next academic year.

holarship fund utilization
» ONGC Academy, 9, Kaulagarh
Scholar has received the entire
due to him, before requesting for release of fund for

b . :




5. OBLIGATION OF ONGC:

). ONGC will award two ONGC Schol

arships in the Burd iversi
dstalled below: ps in the Burdwan University as
ﬁl. Department / Course Degree
0.
1 Chemistry M.Sc
2 Physics M.Sc.

if) ONGC will release the total fund for two ONGC Scholarships (scholarship at a
rate of Rs. 5000 per month) in respect of an academic year after receiving the
ONGC Scholar selection report and a written demand note from the Registrar of

Burdwan University to Head, ONGC Academy, 9, Kaulagarh Road, Dehradun for
release of the total fund for ONGC Scholarships.

6. VALIDITY OF MOU:

This MOU is effective from the academic year 2011-12. The ONGC reserves the
right to terminate this MOU at any point of time.

7. DISPUTE RESOLUTION:

In the event of any dispute or difference between the parties hereto, such dispute
or difference shall be resolved amicably by mutual consultation or through the
good offices of Head ONGC Academy. In case such resolution is not possible,
then the unresolved dispute or difference shall be referred to a committee
consisting or two members each from ONGC and the Burdwan University with
Director (HR) of ONGC as it's head, the decision of the committee shall be
binding upon both the parties. Provided, however, any party aggrieved by such
decision may make a further reference for setting aside or revision of the

decision to the CMD of ONGC whose decision shall bind the parties finally and
conclusively.

8. APPLICABLE LAW AND JURISDICTION:

All question disputes or differences arising under out of or in connection with the

MOU shall be governed by Indian Laws, both procedural and substantive and
shall be subject to exclusive jurisdiction of Courts at Dehradun.

9. AMENDMENT:

This MOU may be amended in writing with the mutual consent of both parties.

b o 3

» o i



10.

OPERATION, CONDUCT AND IMPLEMENTATION:

Burdwgn University and ONGC agree to nominate specific personnel for
operational, conduct and implementation of this MOU.

a. Head ONGC Academy, ONGC shall be the sole operator on behalf
of ONGC.
Address :Head ONGC Academy,
KDMIPE Campus, 9, Kaulagarh Road, Dehradun-248195

Phone No. ; 0135-2754283
Fax No. : 0135-2758832
b. Registrar, Burdwan University shall be the sole operator on behalf

of the Burdwan University.

Address :Registrar,
Burdwan University, Burdwan, West Bengal
Phone No. 4
Fax No.

The document signed by both the parties constitutes the entire understanding
between ONGC and the Burdwan University, Burdwan.

In witness whereof, the parties to this MOU through their authorized

representatives have affixed their signatures on this MOU on the day and year
first hereinabove mentioned.

Signed: A;"\/‘J Signed: WWW

On behalf of Burdwan University Burdwan On behalf of ONGC
Name: st oS M HAN J>f’r/\j Name: DR.TARUN CHAKRAZIRT)

Registrar Burdwan,:l.)g}\{{eﬁrlgit(x Burdwan | Head ONGC Academy, Dehradun
o \2 SAN (ARG Charao
' iF UNIVERSITY OF BURDWA!
Date: f?'?}‘zOFgURDWAN-st-t W Date: 1y.03.301
Place: P w~D W R Place: B URMAWAN
Witness: S aeapbe Maghslpadle, Witness: /Z“’"‘M X
oue V\X: l?-ob.\;.ou > ,7’}(7/0”.
4% o Head of ( Pest. s RANERS E £)
Y o
' [ausnzs527097]
Ch R ofeet
4 (PARITRA Con TTOPADH Y HY)

HeD ) CJM{.ry
The wawc?’ oFf Beoedonng
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WISHEAT /File No.:BSI- 295/1 (Misc.)/2025-Tech. /1 209 Date: 25*June, 2025

TO WHOM IT MAY CONCERN

This is to certify that Botanical Survey of India, Ministry of Environment, Forest and Climate
Change, Govt. of India, is having a Memorandum of Understanding (MoU) with the Department of
Botany, The University of Burdwan, since 2014 toward scientific and Academic collaboration. As per
the term and condition of the MoU, currently both the Organizations are in the process of renewing the
MoU with renewed objectives. It is also to certify that, during the period of 2019 to till date, both BSI
and The Department of Botany pursued activities which establishes strong linkages and collaboration
between the two institutes

1. Scientists of BSI registered their research students for Ph. D in Botany under the University of
Burdwan.
Conducted several collaborative research works and produced Ph.Ds

Shared research facilities for research.

Shared Herbarium facilities.
Faculty of University of Burdwan worked as expert member for recruitment of research

bkl i

personnel.
6. Organized jointly Botanical Science Congress in March 2024.

The faculty members from the University of Burdwan who have made a strong linkages and
collaboration with BSI are Prof. Soumen Bhattacharjee (Coordinator, UGC Center for Advanced Study),

Dr. Asok Ghosh etc.

The Scientists of BSL, who have made a strong linkages and collaboration with the Department of
Botany, The university of Burdwan are Dr S.S. Dash (Scientist F & Additional Director, BSI), Dr. Tapan
Sil (Scientist E), Late Dr. B. K. Sinha (Scientist F), Dr Avishek Bhattacharjee (Scientist E) etc.

Hope in future we will carry forward our close association for academic and research.

( TH. &I/ S. S. Dash)
&wnfars T / Scientist ‘F’
(werdy, mﬁm / In-charge, Tech. Section)

/’;;‘\ww \" L.FE ‘
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MEMORANDUM OF UNDERSTANDING (MOU) BETWEEN
THE UNIVERSITY OF BURDWAN, WEST BENGAL AND
BOTANICAL SURVEY OF INDIA (BSI) [A NATIONAL BODY
SETUP IN 1890 TO SURVEY THE COUNTRY FOR ITS
BOTANICAL RESOURCES WITH HEADQUARTER AT CGO
COMPLEX, 3*” MSO BUILDING, BLOCK-F, SECTOR-I,
SALT LAKE CITY, KOLKATA-64]

Botanical Survey of India, the nodal research organization
supported by Ministry of Environment and Forests, always plays a
significant role in fulfilling nation’s commitment to various
International conventions like Convention on Biological Diversity
(CBD), Convention on International trade in International
Endangered species of wild Flora and Fauna (CITES), etc. It has
ample expertise in exploring, identifying, creating inventories and
documenting the rich diversity of plant resources of the country
with particular reference to protected areas and fragile ecosystems.
Its activities also include identification of endemic, endangered and
threatened species, conservation of threatened taxa, collection and
identification of ethnobotanically important plant resources, etc.

The University of Burdwan sincerely sought the
collaboration of BSI so that both the organizations can enter into an
understanding in protecting the fragile microcosm of unique
biodiversity glorifying the Golapbag campus of the University and
adding value to the existing knowledge base, teaching and research
activities involving the Department of Botany in the process.

The Department of Botany of the University of Burdwan,

established in 1964 under the leadership of the eminent teacher and
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scientist, Prof. P. N. Bhaduri, Ph. D (London), is one of the pioneer
institutes of Plant Science with apt reputation in both teaching and
research. Since then the department has successfully completed
DSA phase I, II, IIT and COSIST. In fact, it is the first Department
of this University which was considered as a Centre for Advanced
Study (CAS) by the UGC in the year 2007 and presently
department is in the second year of phase II of CAS scheme. As a
mark of record of excellent research, members of the faculty of this
Department have published more than 1600 research papers in
various peer reviewed journals of national and international repute.
More than 200 research students have been admitted to PhD degree
under the guidance of faculty members of this department. Apart
from teaching, the department is trying to strengthen R & D
linkage with different Scientific Institutions with the objective to
enhance collaborative research work and develop knowledge base
with non commercial application.

So, for fulfilling the objective as stated the authorities of
both the organizations decided to collaborate in the following
issues for mutual benevolence in matters of phytodiversity
conservation and development of research and academic activities
based thereupon.

1. Acharya Jagadish Chandra Bose Indian Botanic Garden, BSI
will help in preparing a proposal by the Botany Department,
University of Burdwan for inclusion of the Golapbag
campus of the University as ‘Protected Site’ by the state

government for conservation of its plant diversity in the



greater interest of the society since this area together with
Ramnabagan Wildlife Sanctuary which constitutes a green
patch in the periurban area to sustain a wide diversity of
fauna and abate pollution to optimize the environment of
Bardhaman city has been experiencing threats of biodiversity
impoverishment especially of the rare species. Moreover
aesthetic attributes of the campus emanating from variation
in microhabitats (terrestrial, semiaquatic and aquatic),
occupancy by both indigenous and exotic species of trees,
herbs, shrubs and vines, ornamentals and  the faunal
diversity especially of birds (migratory waterfowls sustained
by the wide variety of aquatic plants) is highly praiseworthy
deserving periodic surveillance for protection.

~ BSI will help the Department of Botany, University of
Burdwan to develop its existing herbarium and enrich with
digital images of plant specimens especially from Type
section of Central National Herbarium (CAL), and provide
other related infrastructural facilities. For developing the
existing departmental Herbarium, its integration with the
activities of BSI is deemed essential.

_ BSI will help the Department of Botany, University of
Burdwan for developing a Botanic garden in Golapbag
campus of the University, where BSI will take active role in
sharing its expertise to develop the garden.

_ BSI shall train the technical staff and research scholars of the

University for Taxonomic Documentation.



BSI will organize trainings, workshops on collection, processing of
specimens, their preservation etc.

Both BSI and the Department of Botany, University of Burdwan, West
Bengal can exchange plant specimens, especially of the Flora of West
Bengal.

Both the BSI and Department of Botany, University of Burdwan, West
Bengal can be involved in faculty exchange programme.

BSI will facilitate and sponsor research in some common thrust areas
where faculties and scientists from both the Institutes can work in

collaborative projects.

In its turn, the University of Burdwan will contribute through its Botany

Department in the following issues:

i B

University will recognize the BSI scientist as research guide and will
recognize BSI as a research organization for Ph. D. programme as per the
existing statutory norms of the University of Burdwan.

Department of Botany will collect medicinal plants from the district and
the adjoining areas where the local healers use them for therapeutic
purpose and share the same along with the data-base of ethnomedicinal
plants (which are not the part of any codified, classical traditional Indian
medicinal system) with BSI.

Department will also submit the proposals to DST, Govt. of West Bengal
and other Central agencies for getting appropriate funding in order to
carry out the assigned responsibilities to be undertaken by the
organization.

Department shall donate the duplicate herbarium specimens for
preservation in CAL and other herbaria of BSL

Department will assist in carrying out advanced biochemical and

molecular characterization of plant specimens.



6. University will

give priority access to BSI scientists for availing

University Science Instrumentation Centre (USIC) facilities

7. University and Department in particular shall simultaneously identify its

own Taxonomists and the Taxonomists of its affiliated Colleges for

identifying plants and submitting authenticated samples.

8. Any other academic responsibility which may be assigned to the

Department based on its expertise, available resources and feasibility for

mutual benefit shall be discharged as far as practicable.
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Sl. NO. 04

Memorandum of Understanding

For

IRNSS Navigation Receiver Field Trial and Data Collection

Between
Space Applications Centre
Indian Space Research Organization
Department of Space, Government of India

Ahmedabad - 380015

And

THE UNIVERSITY OF BURDWAN
RAJBATI, BURDWAN, WEST BENGAL, 713104

Do


Sl. NO. 04


This MOU is entered into nnﬂday of Defeuwrbar— 2015

BETWEEN

Space Applications Centre, Jodhpur Tekra, Ambawadi Vistar P.O., Ahmedabad, 380015,
a centre of Indian Space Research Organization, Department of Space, Government Of
India (hereinafter called "SAC" which expression shall where the context so admits
include its successors and permitted assignees) of the one part,

AND

THE UNIVERSITY OF BURDWAN, RAJBATI, BURDWAN WEST BENGAL. 713104

1.0 Preamble:

Whereas, Space Applications Centre (hereinafter referred o as "SAC" which exprassion
shall where the context so admits include its successors and permitted assignees) of the
one part and “THE UNIVERSITY OF BURDWAN" (hereinafter referred to as "BU" which
expression shall where the context so admits include its successors and permitied
assigness) of the one part BU, both are parties o this MoU;

Whereas, SAC is involved in design and development of space-bome instruments for
ISRO missions and development and operationalization of applications of space
technology for national development. The applications cover communication,
broadecasting, navigation, disaster monitoring, metecrology, oceancgraphy, environment
monitoring and natural resources survey, SAC designs and develops all the transponders
for the INSAT and GSAT series of communication satellies and the optical and
microwave sensors for IRS series of remote sensing satellites, Navigation payloads for
IRNSS and GAGAN programme. Further, SAC develops the ground transmitireceive
systems (earth stations/ ground terminals) and data/image processing systems;

Whereas, The University of Burdwan is a leading University in West Bengal engaged in
teaching and research in different fields of knowledge and learning. One of the fields of
training and research of the University is use of space based technologies and satellite
based navigation systems (GNSS, hereinafter). The University has a GNSS laboratory

used for training and research purposes and is willing to extend the activities using
IRNSS and GAGAN.
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2.0 Effective Date and Duration of MoU: This Mol is effective from the date of its

signing and is valid for a duration 2 (Two) years from the date of signing. It may be
extended further in writing based on mutual consent.

3.0 Scope of MoU:

Scope of the MoU involves Site identification, site preparation, and Installation of the
IRNSS receiver. IRNSS Navigation Data collection and analysis to be carmied out on
regular basis for verification and for other mutually agreed topics of research for both
parties. Depending upon the requirement ceriain scientific experiments can be planned
and executed within overall MoU umbrella. With mutual consent, both the Parties can
extend the period of data collection and observation locations (sites).

4.0 Methodology:
4.1 Suitable Site Selection
4.2 Instaliation and commissioning of IRNSS Receiver
4.3 Continuous IRNSS and GPS data logging, analysis of the data

4.4 Transmission of IRNSS and GPS data to SAC as and when demanded by SAC
Data transmission mechanism can be mutually worked out.

5.0 Deliverables:

5.1 SAC deliverables { 1, ii & iii through ACCORD Software & Systems Pvi. Lid }

I IRNSS receiver and data processing systems as detailed in Annexure-1,
(Delivery @ site)

ii. Number of receiver unils allocated as per SAC recelver Allocation

committee's recommendation in view of your response to EQI for IRNSS
Receiver deployment

fii. User and operations manual (Delivery @ site)
iv, Format for Quarterly (Every Three months) status report

5.2 BU deliverables

i All necessary logistics so that IRNSS Receiver shall be established to
collect positional data in raw and RINEX formal received from IRNSS, GPS
constellation with 1 sec update rate

il Send a Quarterly status Report on usage/performance of receiver to SAC in
a prescribed format.

iii. Send the Receiver data to SAC as and when asked for

W—
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6.0 Guidelines on Receiver / Data Usage:

The data is to be used strictly for internal research purpose only. The Receiver is for
experimentation and field trial only and should not be used for any operational purpose.
IRNSS constellation is evolving and has not been declared operational for Position

Navigation and Time. So the results/performance of IRNSS should be viewed in that
context.

7.0 Responsibility of Each Party:
SAC and BU shall jointly work towards IRNSS system verification using data collected
from IRNSS receivers. In addition, following are the specific responsibilities.

7.1 BU:

711 All the logistics support, site identification, site preparation, required for
setting up of IRNSS Receiver will be provided by BU.

7.12 Installation of the IRNSS Receiver at the site will be carried out by ACCORD
SYSTEMS

713 Utmost care to be taken in handling the IRNSS Receiver.
714 Send the Receiver Data to SAC when asked for

7.15 Safety and security of the IRNSS Recalver

716 IRNSS data reception, processing, archival to be done by "

7.2 SAC:

721 SAC will provide IRNSS Receiver Unit(s) and Recelver operation manual(s)
on returnable basis (As detailed in Annexure-1)

722 SAC will provide technical assistance to BU in working out modalities of
« Data collection, data sharing, etc.

723 SAC will provide technical assistance to BU in proper operation and
maintenance of IRNSS Receiver

724 8AC will provide technical assistance to BU in identifying appropriate
research areas considering capabilities of this Receiver

8.0 Project schedule:

81 Selection of Suitable Site(s) within 10 days from the date of signing Mol by BU
8.2 |Installation and Commissioning of IRNSS Receiver by M/S ACCORD,

H5—
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8.3 Regular data collection and analysis will be carried out for the duration of the MoU
from the date of Installation and Commissioning of IRNSS Receiver

9.0 Training:
MIS ACCORD will provide necessary training and guidelines for site identification,

recelver operations. SAC will provide guidelines for data collection, processing and data
transfer

10.0 Project Monitoring:

10.4 SAC and BU shall identify focal person(s) who shall be responsible for
organizational matters and interfacing for day to day operation, such as functioning
of IRNSS Receiver, security etc. Each party shall pursue its independent research
using data from these IRNSS Receiver, with mutual consultation.

10.2 A periodic Quarterly status report should be generated by BU regarding Receiver

operations. A User meet to share results, experience will be held at SAC every six
months.

411.0 Functionaries

2, YAGNESH R, PATEL, Sci/Engr-SF, SNTD/DCTG

12.0 Confidentiality:

121 During the tenure of MoU and thereafter both parties undertake on their behalf and
on behalf of their employees/representatives to maintain strict confidentiality and
prevent disclosure thereof of all the information and data exchangedfgenerated
pertaining 1o this agreement. However, the data may be published and shared
jointly for scientific publication after mutual consent in writing.

12.2 BU will not disclose any research result and Foreground information, generated oul
of or involving the data, its derivative or information thereof from the IRNSS

W
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Receiver established (at given site) as per termis of this Mol to any third party
without seeking prior written permission.

13.0 Intellectual Property Rights :

All the research resulls and foreground Information as well as foreground Intellectual
Froperty Rights, generated out of or involving the data, its derivative or information
thereof, from IRNSS Receiver and sites established as per terms of this MoU whether or
not legally protected, shall be owned by SAC. BU will be free to use such data for their
internal R&D purposes with intimation to SAC.

Notwithstanding any provisions mentioned above or any future licensing agreements,
SAC shall be deemed to have all rights including non-exclusive, irrecaverable and royalty-
free license for the unlimited development and use of any and all Foreground information
and Foreground Intellectual Praperly Rights. generated out of or involving the data, its
derivative or information thereof, from the IRNSS Receiver established (at given site) as
per terms of this MoU, whether or nol legally protected. for the purposes of Hs own
applications.

14.0 Change In Scope of Work:
Any change in scope of work would be with mutual consent of both the parties in writing.

15.0 Modifications to MoU:
15.1 Any amendment or modifications of this MOU shall be in writing by both parties.

15.2 The modifications/changes shall be effective from the date on which they are made/
executed, unless otherwise agreed to.

16.0 Force Majeure:

Neither party shall be held responsible for non-fulfillment of their respective obligation
under this MoU due to circumstances beyond their control but not fimited to war, flood,
cyclones, riots, strikes etc. If such condition continues beyond six months, the parties
shall then mutually decide about the future course of action. Either party shall intimate
each other of any such event.

17.0 Indemnity:

BU shall exercise reasonable skill, care and diligence in the performance of this MoU
activity and Indemnify and keep indemnified SAC in respect of any loss, damage or claim
howsoever arising out of related to breach of MoU. statuary duty or negligence by BU or

. ﬁ",_
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its employees, agents or subcontractors in relation to the performance or otherwise of the
sefvices to be provided under this MoU.

18.0 Termination of Mou:

18.1  During the validity of the MolJ, if it is found that if the IRNSS system is not in use,
misuse or due care is not taken, SAC has right to dismantie/uninstall the IRNSS Receiver
established as per terms of this Mol with intimation to BU.

182 Similarly If BU considers it necessary to dismantle the IRNSS Receiver established
as per terms of this MoU for unavoidable reason at a given site, BU will try to provide an
alternate site for the IRNSS observations and facilitate SAC to relocate IRNSS Recsiver.
If however, BU fails In providing such alternate, SAC will be free to dismantie/uninstall

and remove the IRNSS Receiver established as per terms of this MoU along with
accessories.

19.0 Arbitration:

In the event of any dispute of difference between the parties hereto, such disputes or
differences shall be resolved amicably jointly by Director, SAC and Registrar, BU

20.0 Jurisdiction: Ahmedabad shall be the Jurisdiction,

In witness whereof. the parties hereto have signed this MOU on the

‘ﬁ‘?mk\'{f“ i

;;{,T L | 11 N e
(Shri TAPAN MISRA) (Dr D K Panjg)
Director, Registrar,
Space Applications Centre (SAC), The University of Burdwan
"m‘"""“ g REGISTRAR
J (]
Space Apiassons o * THE UNIVERSITY OF BURA
AT | Abmedene oy ik *  BURDWAN-713104
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List of deliverabies for (1 set of) IRNSS/GPS/SBAS Receiver

Annexure-1

—

Sl. No. Item Description o::t't-,r_4
1. IRNSS/GPS/SBAS Receiver 1
2, AC-DC Adapter 1
3, DC-DC Adapter 1
4 Antenna 1
5.. | Antenna base plate 1
6. Antenna mounting rod 1
78 Battery 1
8. Charger for battery L
a TNC [M) to TNC (M), 15 m low-loss RF cable 1
10. | TNC [M] te TNC (M), 2 m low-loss RF cable 1
11. | SMA (M) to SMA (M), 2 m RF cable ~ 2 |
12, [ Cat5E Ethernet cable 1
13. | R5232-USB converter cahle 1
14. | DC-DC adapter input cable 1
15. | DC-DC adapter output cable 1
16. | Battery to receiver power cable 1
17. | Car Cigarette connector to receiver power cable 1
18. | 3 Pin AC power cable for charger 1
19. | User Guide 1
20. | CD containing GU| & other drivers 1
21l. | M4 Allen key 1
22. | Adjustable Spanner 1
23. | M4 Allen screws with nuts for receiver 4
24. | M4 Allen screws with nuts for DC-DC adapter 4
25. | M4 Allen screws with nuts for antenna 4
26. | Carry Case 1

A5
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RW MBI U-F=IG T ST e
_{ Rrre—171001 (Rox)
e ICAR - CENTRAL POTATO RESEARCH INSTITUTE
Shimla-171 001, HP (India)

No.F ST/18-1/2015 Dated: 22™ February, 2016
e Feldr
la '__ )

2 Jui Prakash Keshri,
Professor & Incharge, CRSFM.

Coordinator, DBT, HRD Programme, S L ] N O . _O 5

Centre of Advanced Studies in Bouny,
The University of Burdwan,
Burdwan 713 104 (W)

FAX: 91-0342-2556260/64452. ¢ il keshnjp digmail.com, keshri_jpi@yahoo.com
Subject: Allotment of breeder seef. regurding

ST,

Phis has reference to vour leqer dited O February, 2016 addressed 10 Director,
ICAR-CPRI Shimia In this repd please find enclosed herewith Xerox copy of Mol for
vour record. It is to inform you thar (he Dircetor, CPRY, Shimla has alloted 15 qtls of breeder
seed of Kuffi Jyoti from CPRS. Jalandhar, You may contact Head, CPRS, Jalandhar (Mob
no.- Y465820837) for further necessany information.

Yours faithfully,

Y
S lb
{Sanj/ﬁmnna} VP’

Aeting Head, Divigion of Seed Fechnology

Enel. As above

Copy 10: The Head, CPRS, Post Mag No. |, Milel Town, Jalamdhnr, (Punjab) {Mob no.-
BI65820837 ) for Information please

"--“_'-—l"'--"'-'-“i""-ﬂ--h-l-qiv e p——

b L e .

Telephones: EPABX: 26248730 "H25182, 2625074, 2625073, 2621480, 2625181,

2624575, 2624501 Fax: O177-2624460, ¢-mail: headseedepei®gmall.com Website:
http://eprieret in
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MEMORANDUM OF AGREEMENT
BETWEEN
THE INDIAN COUNCIL OF AGRICULTURAL RESEARCH
AND
PRIVATE SEED PRODUCERS
FOR
ENHANCEMENT OF SEED PRODUCTION CHAIN OF POTATO IN THE COUNTRY

1. This MOU signed on 7"“{ {:r‘u
1a

2018 belween the Indian Councll of Agroultural
Research (ICAR), Kiishl Bhawan, New Pelhi, a sociely reqislered undar the Socielies
Registration Acl, 1860 and lo be !mplﬂmtn't at Central Polato Research Institute
Shimta (Ihrough s Direclor) herainafler refarred 10 as ‘CPR|' which is an institute of
ICAR in the first Instance and M/s Crop Research & seod Multiplication Farm here
in after reforred

as CRSMF a lirm engnged in potato seed praduction.

Pije 1 ¢|'8
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2 E;hﬂf;?:;;h: ICAR s charged with the responsibillly to undertake, aid, blomote and
ot b gricullural and Animal Husbandry education and research and Jis
pplication in practice, and to do things as it may consider necessary incidental and
conductive to E‘he atlainment of these objectives while the CPRI, Shimla is an apex
level national institution charged with the responsibllity to undertake research and
development in all aspecls of potato cultivation including production of nucleus and
breacer seed of polato through conventional and high-tech system al five various
regional stations/centres situated in different states in India,

3 And whereas M's (CRSMF, The Universily of Burdwan, PO-Rajbati, Burdwan-
713104, West Bengal) owns minimum of 15 acre land and Is engaged in production of
potato seed for the past lhree years and maintains farms in good condition with all
necessary infrastructure where large scale multiplication of breeder seed in
subsequent twofthree stages je. Foundation Seed-| (FS-1). Foundation Seed-l| (FS-II)
and Cerlified Seed (CS) is to be undertaken.

4. And whereas in the case of cooperalives (socleties), it should have a minimum core
strength of 25 members. In case of NGOs it should be a registered NGO, having clear
cul mandaled activities related to Agriculture Sector. Besides it should cwn & minimum
of 15 acre land for undertaking seed production In three clonal cycles,

5. And whereas the CPRI| and Privale Seed Organizalion/Progressive Potate
Growers/NGOs/Cooperative Soclety inspired by their commen objeclives of prameting
alternate seed production chain for polato o maximize the avallability of
cerufied/quality seed in the country have decided to enter |nto this agreement

§ And whereas Mis CRSMF 15 desirous of collaborating with CPRI in potato seed
mulliplication in three clonal cycles viz. foundation seed-| (FS.), foundation seed-li
(FS-1I) and certified seed (CS) with a view (0 enhance availabllity of potato quality seed

io the polate cultivators of the couniry,

7. And whergas M/s CRSMF will undertake all aclivities/steps that are required for
preduction of FS-1, FS-2 and cerlilled seed as per seed certification standard CPR|
will not be responsible for any lapse on their part leading 1o rejection by the seed

certification agency

8 And whereas M/s CRSMF will ascertain qualily of the seed al CPRI premises at the
ime of its lifling Any complainls regarding seed gqualily. thereafller will nut be

enleftained al all,

% And whereas M/s CRSMF is bound lo multiply the breeder seed supplied by CPRI in
three clonal generations (FS-1, F5-2 and cerlified seed). He will dispose-off anly the

certified sead and nol of earlier clonal generation viz, F§-1 and FS-2

10 And whereas M/s CRSMF will keep record of seed production at each stage 1e F§-1
F&-2 and certified The seed inspection reparl/cenificale from the seed certilying
agency will be submitled to CPRI that will Include area cerfilied and seed produced

annually

11.And whereas M/s CRSMF will be solely responsible for digpose-off the cefied seed
and CPRI in no way will be held responsible In case ol non-dispusal of the sead
Slocks

3 etahiaaT sAAE GBS T hagdmme w LERET

13 And whereas the Interested puues/firmsifarmers/INGO will apply (ul aliotment of
breeder seed o CPPI by furiishing the details about thelr establishment vie land

holding, farm infrastructuie, investiment capacily, technical knowhow it the arsa of
Page 2ol 3



8
il

UL

mll'ﬁ"}—c-ﬁf;ﬂh

ﬁﬁ;mzhﬂ'ﬂl:r‘l XL

BURDR AN N
TARAR,.O

potato seed production (with supporting document), The NGOs and cOGperalives will
submit details of their establishmenl as above including Registration No. & cerlificate,

validity and number of farmer members,

14..¢.nd_ whereas the CPRI will select the growers/firms/NGO/Society based on mert and
subject to availabilily of sesd stocks.

15.A maximum of 40 quintal breeder sead will be allotizd to each aliotiee subject 10
availabillty of sesd stocks and capacily of the organizationdfirm. )

18 And Whareas the CPRI is willing to provide the nacessary technical knowhow, advice
and training on usual payment basis if required by them.

17 Activities undertaken under the MOU shall be in accordance with the rules and norms
governing consultancies, contracl research, confract servica and transfar intellactual
property involving Institutes of the ICAR. The parties of Ihis agreemen may, by mutual

coneent. add, medify, amend or delete any work, phrases, or article of the agreament

18, The agreement shall be effective for @ minimum period of three years. The MOU can
be terminated by either party by serving notice to the other parly by glving 3 manths

natice.
18,15 the event of non-compliance of any of the aricles gnshrined In the MolU, CFPRI
reserves the right 1o lerminate the Mol and black list the firm for future.

30, In case of any dispute between the lwo parties arising out af or in esrinection with Tis
agreement, the same shall be referred 1o the sule arbitrair appointed by the

Secretary, Departmenl of Agricultural Ressarch and Education (DARE) & Directot
General, ICAR and the decision of Arbitrator would be final

IN WHEREAS WHEREOF, the parties hersuglo have signed this on .w}!?.Mla af

For first party

' g{ Pal Singh)

Director. CPRI, Shimia ar

(o

~..2015 al Shimla,

i

For second Party

Mis Qwnerfproprigtar of the Agency

W Prandan k. Keshnin caarge
(Dr. Jal Prakash Keshigrop nE-EaR TH AND SEED
MULTIFLICRA

a1 ; : : TIoH PARM
indian Council of Agricullural Rasearch In charge, CRSMF SR WAN UNIVERSTY
Frofessar TALABAG 1 BURDWAN

ViineEss

Canlre of Advanced Studies in Botany
The Universily of Burdwan

Burdwan 713104

Wesl Bengal. India

Witnens' E | n-'y-..tb--' R\-}f;m-—

1 (Dr. Sabyasachi Patra)

P - T

1. {Or. K.K Pandey)

s PO e |

i.'.:i:J‘s';un of Seed Technology E:REMF. The University of Burdwan
CPRI, Shimla .
Nty Se_

2 {0r Wipandra Natl De)
Eslate CHiicer
The University of Burdwan,

/

2 Head ol Station
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Deoxyelephantopin—a novel PPARy agonist regresses pressure
overload-induced cardiac fibrosis via IL-6/5TAT-3 pathway in crosstalk
with PKC&

Anirban Banik ", Ratul Datta Chaudhuri *, Shubham \'ashishma » Soumyadeep Gupta
Abhik Kar *, Abhijit Bandyopadhyay ', Bmhwa_nt Kundu ", Sagartirtha Sarkar
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ARTICLE INFO
Erymins rwmuwyummmnmwﬂmmmmmmmur
B ywirphuntogpin I A Recegaon-gamens (FPARG b psedularing an Buperrophic
TRy s therapeutics has been reatricerd due to major vide-cfiecn. The present study aims 0o crmbase the anis-frutc
it Mgt gy potensial of a navel PFPARy agonist, decvpelephantopia [P in candias hyperirop
hmdmmﬂﬁ-m-mmmmmkwwmmhmwnﬂq_
WMWHMMMHH: ik sesinnieg and by s ijuwrﬂnhlhﬂm
that DEP the exhoeardiogeaphic § by '] !lloﬂﬂ:l
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DEF a8 0 PFANLY agonist stably intevacting with the ligand-bindsy domain of FPARy. DEP specificaliy down-
rmhdhﬁpﬂ!nmmmmﬂrmmﬂh‘ liated colligrn proe iow i &
FRARy-thependent manser, as d by PPARy slleneing and site-direrbed mutupreeils of DEP inherseting
FRARy ressducs. Ahhough DEP kopaiosd STAT-3 h'|llr.l|ﬂ'-l, i e ot have asy effoct an e sgaticam [ater-
Rewtkeirs (L1 & devel implying jonsible crosatall of the 1L-8/5TAT-3 wuis wish other sipnaling medistoe, Mecha-
misticalty, DI increased the bindimg of PRARY with Protein Kinase C-delta (PECS) which impeded the membrane
sranslocation and activation of PRCA, duwnregulating STAT-3 phosphorylation and resuliani Fhrosis. This study,
therefure, for the first time demonstrates DEP = a novel cirdioprotective FPARy agonist. The therapeutic po-
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tential of DEF as an anti-fibeutic remedy can be exploited againat byperirophic heari faihire im the future.

1. Introduction

In the lag few decades, pressune overload-induped pathologseal
eardiae hyperophy lending o heart filine ha become a muajor bealth
concern. There has been subsiantial progress in anderstanding the mo-
lecular drivers of hypertrophic pathogenesis. The owicome of such
studies has primarily been the identification of potential therapeutic
wasgeis to manage clinkcal manifestations soch a8 venaricular fbrosis
Dae such clazs of antl-ly pertrophic therapeutics is the thinzelikkinedions
(TED) group of Peroxisome Prolifefatos-Activaied

(PPARY) Tigands (Vamumoig o al . M0 Aodioma e al ., 2002 the nee
* Comespending authar.
E-miail addieid! o i rtithe suilass il corm (5 Saskoath

It ek e 10 0L | b SR [T RAE]

of which has often boen restricted due to memerous off-target. effeces
(Chigarepman of ol . 20015) Therefone, there i an mnmet peed for aller.
mative PRARy-modulating carndiepeotective remedies. The m study
was intended to explone the thermpeutie p fal af decxyel

[DEP] a5 a novel P'P.ﬁlgwrlummuanmﬂ l'lbmlic nq;ul[
against hypertrophic heart failure.

PPARy. & membser of the nuckear receptor superfamily, Is oamsernip-
thopally upregulated in hyperrophiod hearis whese it mediates down-
siream pre-hypeeirophle signals, notably in the absence of excpenms
Bponkes [Brisheons o1 &l 200% Raneriee o Al 20300 Interestingly,
agonist binding (o PRARY acts as & functional switch regulating the

Recelved 27 Janmary 202, Heceved in revised form 3 Juse 2003 Accepied & Mine X123

Avillabde enlise 15 Hise 20270
D01 4- 29900 2008 Elsevier B.W. All rights reserved.

A Ban eval
pposing effects of liganded v unliganded PIRARy in renal inflammaton
{Wen # al "Il-rLdeh&m.khlh:rnrnullhszﬂ:ﬂ'mnl

menting cardiac FPARY during hyperimphy are dependens

binding remains largely unkoown, Although the PRAR-independent
role of DEP has been studied i cancer cells (2on o1 ol 2008), the
PPAR-dependent Tunction of DEP and its implicasion bn pathological
eandiac hypertrophy lave not been explored il now.

Earbler staiies have documented the incased membrane trans-
bocation and activation of Protein Kinase C-delta (PEC &) in the pathe-
logically hypertrophied heirt §Nabor oo sl 20045 Choterjer 01 al
2019) Agonisi-dependent induction of PPARy reduces membrane
transloration of MRCa due o incressed ssoclation between PPARY and
PR {Van Enetben of ol 2007 birwever, whither similis btesaction
between the induced PPARy and PECS modulates cardiae
ology s still unknows, On the other hand, PECS 0 known: 1o lnunn
with Signal Transducer and Acrivator of Transcription (STATE3 upon
wreis and phosphorylate it o indveoe i ramscriptbonal activioe

Hrnpemn Joamal of Marmacckagy 959 (0ST) 175841

of Health (NIH Publication No. 85-23, revised 1996) and approved by
the Irstituthonal Animal Ehics Commities, Unhersity of Calcutta

(CCSEA), Mindiry of Environment, Forest and Climate Change, Giv-
ernment of Indie

23 bolaron and malrenmee of adult cardioe flvoblas

Acult cardiac fibrablasts were harvestied from heart rissues of 24
weeks old male rais by collagenase dispersion methad (i ooul, 2002%
Briefly, the snimals were euthanieed in o pre-filled carbon diozhde (OO0
chamber with LM% concentration of COgz. The harvesiod heart tissue
was thoroughly minced and digested with collagenase type 2 (B0
unltsml DMEM), The digested cell suspension was centrifuged and the
abtained cell pelbel was r ded im (redbly prep mieia
supplemented with 10% freial bovine serum (FES). lsolated fibrobiasts
were confirmed by staining with ontl-vimentin antibody (Cell Signaling

[Mervoririy-TRitmmait of al, 200 Gartsbeln et al, 20060 Induction of
IL-E/STAT-3 axis s already wellreported o augr
fibrosis during pressure overlaad kypertraphy (Mo gl 2000K Taking

cois from all these reports, weo hypothesized thar the ant-fibratie po-
tential of DEP o the hypertrophied hearm might be dependen upon a
pemible FEARy PROASTAT. 3omedinted pathway. Taken together, the
present stuely Is the first which explones the cardisprovective efficacy
amd the mechanksm of acthon of DEP 43 a PPARy agonist. This bs afso fhe
first report that determines the relative effeces of PPARy aung

Technobogy, Cab, Mo, 57410 {Fa e pl, 20200 The cells wone maininined
at 37 *C and 5% 00 in cell cultane flasks and subsequently pusaged.

24 Generation of kypertrophy dn vieo

TH-B0% confbuent serumestarved adull candiac fibroblats were
treatesd with 107" mol/L (Sarl ) anghstensinll (Angll), The Angll was

in the ligand-bound v, unbound conformation as a possible therapeutic
ameenarh sosing eardiar B

denished 16 the cells an every 6 h for the 24 b of toral incubation
period (Mir et al, 20070
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The role of arsenic resistant Bacillus aryabhattai MCC3374 in
promotion of rice seedlings growth and alleviation of arsenic

phytotoxicity
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# Ad resistant Bocillus aryabhattal ASE strain solated from contaminated rhizosphere.
= ASE strain could molerate As (v) and As (1) wptn 100 mM and 30 mM respectively.

o it exhibited IAA and siderophore production, P-solubilization and ACCD activily.

» High As remanval and bosccumulation of ASS confirmed from variow fm vifro stodies.

« It improved rice seedling growth under As(V)-spiled soil by reducing phytetcoicity,
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ABSTRACT

The biological agents have been uiilired a5 an alfordable alvernative fo conventional costly metal
remediation technologes for Lt few years. The present investigation introduces arsenic (As) restant
plant growth promoting rhizobacteria (PCGPR) Bolsted from the As-contaminated agricultural feld of
West Bengal, Inclia that alleviates arsenic-induced tooucity Jind exhibited mamy plant growth promoting
traits (PCPL The isolated strain designated as ASS has dentified 28 Bocillus aryobhaitel based on
phenotypic characteristics, physio-blochemical tests, MALDI-TORMS bic-typing FAME analysis and 165
DNA sequence homology. The strain found (o exhibil fve limed more reditlande (o arienale than
arsenite with minimum mhibkitory concentrations (MIC) being 100 mbd and 20 mM respectively. The
result showed that sccomulation of As was evidenced by SEM- EDAX, TEM-EDAX studies, The inlra-
celhular sccumulation of srsenic was also confirmed as in bacterial biomass by AAS, FTIR, XRD and XRF
analyses. The increated rate of As (V) reduction by this strain found 1o be exploited for the remisdiation of
arsenic in the contaminated dgriculiural Beld The sirain also found (o exhibil important PCP fraiis vie,
ACC deaminase sctivity (2022 nmol s-ketobutyrate/mg proteinfh], LA produdtion (166 pgimi] Ny fixs-
thon (032 pgN Mued/hjmg profeind) and siderophore production (72X) ctc. Positive influenced of ASS
drain on ride seedlings growth promotien under Ad stredd wad observed considering the several
maorphological, liochemical parameierns incuding anBoxidants activities a8 compared with an uninoc-
ulsied set. This this strain might be exploited for stress amelioration and plani growth enhancemeni of
rioe cultiviar under arsendc spiked agriculiural soil.

© 2018 Elsevier L. All rights reserved.

L Introduction

Abbreviations: MALDITORMY, Mutrix stoeed Lter desorplon lontation-tirmne
ol fhight muis wpectrometny; FAME, Farty aod methyl cnter; SEM, Scanning elec.
tron mudrescopys TEM, Transmeddion clectnon micnoeogry’; EOMX, Energy disperiine
Xeray spectroscopy; FTIL Foorter transform nfrared spectrosoopy; XRE, Xeray
fluomescenee.

* Corpegponding authar,
Eemail addrerc pal rroc ol com (P Ghosh).

s fjdovong) 100 M Lchemosphere 20IR07. 148
OO5-6513)0 2018 Bsevier Lid. All rghts feserved,

Arsenic is a toxtic metaliod caused serious health probiems were
described as “the greatest mass poisoning in human history™ by
World Health Ovganization {WHO. 2001 ) and recognized as “Class-
1 human carcinogen” by the USEPA (United States Environmental
Protection Agency) as a global concern (Mg ef al, 2003) In the
periodic table, Arsenic (As) belongs 1o a group 15, period 4, P block
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Chapter 3 ) J

Role of ACC Deaminase as a Stress =
Ameliorating Enzyme of Plant Growth-
Promoting Rhizobacteria Useful in Stress
Agriculture: A Review

Pallab Kumar Ghosh, Tarun Kumar De, and Tushar Kanti Maiti

Abstract The crop production is inhibited by a large number of both biotic and
abiotic stresses. These stresses include presence of toxic heavy metals, high salt,
flood, drought, temperature, wounding. various pathogens, etc. The agricultural
production was intensified by management of these stresses with increased use of
chemicals, and it needs more attention for incoming population explosion. These
chemical inputs caused several harmful effects on the environment and sustainable
agriculture. It is ne3cessary to decrease dependence of chemical input for sustain-
able agriculture with a holistic approach and also essential for environmental pro-
tection. One such possible approach is the use of |-aminocyclopropane- | -carboxylate
(ACC) deaminase-producing plant growth-promoting rhizobacteria (PGPR) to pro-
tect the crop plants from the harmful effects of both biotic and abiotic stresses. The
enzyme ACC deaminase (EC 4.1.99.4) regulates stress ethylene production by cata-
lysing ACC into a-ketobutyrate and ammonia. Various research works have docu-
mented the application of ACC deaminase-producing PGPR under both normal and
stressed conditions responsible for the increased growth, health and productivity of
crop plant. These beneficial rhizobacteria may decrease the dependence on agro-
chemicals (fertilizer and pesticides) to stabilize the agroecosystems and maintained
sustainable agriculture. Different biochemical and biophysical properties of this
enzyme and its regulation have been briefly described. This review also describes
the role of ACC deaminase enzyme in plant growth and production by ameliorating
different stress conditions including heavy metal, salinity, drought, flood. tempera-
ture. etc. Finally, the latest paradigms for useful apphication of ACC deaminase-
containing plant growth-promoting rhizobacteria in different agroecosystems have
been discussed comprehensively under stress conditions to highlight the recent
scenario with the aim to develop future insights.
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