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ABOUT GUJARAT BIOTECHNOLOGY RESEARCH CENTRE

Gujarat Biotechnology Research Centre is established as an autonomous society
under Department of Science and Technology, Government of Gujarat for tackling
societal problems of state priority through cutting-edge Biotechnological
intervention. The organization is well equipped with advanced research
infrastructural facilities related to genomics, bioinformatics, Biobanking, and
bioprospecting. The focus of GBRC is not only to undertake conduct cutting-edge
research in the frontier areas of biotechnology but also conducting translational
research leading to the development product/ prototype/ process development with
application in healthcare, agriculture, environment, marine etc. GBRC is also
evolving as a state-of-art shared laboratory facility by extending its infrastructure to
outside organization/Institutions/Industries/Students for their research purposes.

ABOUT TECHNOLOGY

17.

GBRC has developed a few in-house technologies which have been approved for
licensing. These technologies are expected to be better and cost effective compared
to those available on the market. The following technologies available for licensing:
1. Overproduction and purification of recombinant Serratiopeptidase

2. A probiotic bacterium to enhance milk production in lactating cattle

3. Overproduction and purification of active recombinant tissue Plasminogen

Activator (tPA)

4. Molecular methods for identification and discrimination of Ocimum tenuiflorum

syn sanctum and Ocimum basilicum

5. Molecular methods for identification and discrimination of Piper sp. and Carica

papaya

6. Molecular methods for identification and discrimination of Bacopa monnieri L. and

Centella asiatica L.

Developing probiotic formulation to treat endometritis in bovines
Kit for sex determination in date palm

HLA Typing Kit Based on Targeted Exon Sequencing

0. Varietal identification and seed genetic purity testing in wheat

1
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layers
12. Naive Camelid Phage Display Platform for Rapid Nanobody Discovery

13. Probiotic-Based Feed Supplement: Enhancing Milk Yield and Livestock Health

with Brevibacillus agri MX26

14. Thermostable Superoxide Dismutase (SOD) from Geobacillus spp. GBRC-

MXT211
15. Molecular assay for detection of Influenza A virus (IAV) and HS subtype
16. Natural Prodigiosin Pigment for Textile Dyeing
Synbiotic formulation for gut health
Detailed explanation about the technologies are in the following pages.

. Phytase feed additive for improving egg quality and phosphorus availability in



1. Overproduction and purification of recombinant

Serratiopeptidase

Background

Serratiopeptidase is one of the important
proteases which belong to the serine protease
family. It is an extracellular zinc-containing
metalloprotease that is produced by Serratia
marcescens having molecular weight of about
53kD. It has shown therapeutic (anti-
inflammatory, anti-fibrinolytic and analgesic)
as well as industrial applications (detergents,
food processing, leather, paper and brewing
etc.). The evolution of Serratia marcescens as
an opportunistic pathogen associated with
various infections has led researchers to think
and develop an alternate strategy for its
industrial production.

Serratiopeptidase is also taken as a supplement
to augment the overall health of the
cardiovascular system. It has also shown to
reduce the cancer metastasis by thinning its
extracellular matrix as well as to solubilize
non-living tissues such as mucous, plaques
and blood clots. It has the potential to cure and
treat several disorders such as atherosclerosis,
arthritis, bronchitis, carpal tunnel syndrome,
fibrocystic breast disease, Crohn’s disease, leg
ulcers, traumatic swelling, fibromyalgia,
breast engorgement, migraine, Alzheimer’s
disease, sinusitis, hepatitis, lung disorders,
arthritis, diabetes, carotid artery blockage,
thrombosis, uterine fibroids.

Currently the industrial production of
serratiopeptidase makes use of natural S.
marcescens strain. However, many challenges
and issues have arisen to use this strain
because of pathogenic nature, lack of genetic
tools, unclear mechanism of the utilization of
cheaper carbon and nitrogen sources,
industrial -scale fermentation and process. The
bacteria is also reported to cause pneumonia,
septicemia, and as well is associated with
cystic fibrosis. Therefore, a pressing need has
arisen to find an alternative approach for the

production of active and efficient
serratiopeptidase

Technology

GBRC make successful cloning, expression
and purification of active serratiopeptidase,
using Escherichia coli BL21 [DE3] and pET
SUMO vector. Further it also optimize
synthetic media and culture conditions for
enhanced serratiopeptidase production. Initial
optimization of physical parameters was done
followed by a screening of different carbon
and nitrogen sources. The significant media
components for serratiopeptidase production
as shown by factorial screening experiment
were subjected to Response Surface

Methodology (RSM) based optimization.

Salient Features: In Bioreactor study, final
yield of 2.5 + 0.764 g L-1 of protein was

obtained having 8382+291 U mg-1 of
specific caseinolytic activity.

Potential Applications and Benefits

The success of the application of a statistical
model for designing an optimized media for
enhanced serratiopeptidase production also
suggests a new insight for the scale up of
serratiopeptidase towards industrial
applications.

Technology Status

Technology is ready and the optimized media

yielded 2.5 £ 0.764 g L-1 of protein was

obtained having 8382+291 U mg-1 of specific

caseinolytic activity.
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2. A probiotic bacterium to enhance milk production in

lactating cattle

Background

The growing concerns towards antibiotic
resistance have nudged producers to use
natural options — the lactic acid bacteria
(LAB) remain one of the most utilized
strains in the poultry feed, impacting the
probiotics in animal feed market size.
Furthermore, several customers are looking
for antibiotic free products. Therefore,
probiotics are becoming more popular in
livestock farming. Probiotics
were enhanced the growth of many
domestic animals improved the efficacy of
forage digestion and quantity and quality of
milk, meat and egg
(https://doi.org/10.1186/s13099-018-0250-
0).

Technology

A probiotic bacterium, GBRC-TATVAM-
ISO20 has been isolated from the rumen
liquor. The specific advantage of this
culture 1is, it is isolated from the same
environment where its application is
anticipated. Based on plates assay, the
bacterium is also able to hydrolyse xylan,
pectin, starch, cellulose, and phytate,
making it a potential candidate for animal
feed supplement. The cell-free supernatant
of the bacterial culture was tested for
cytotoxicity on Caco-2 cells using the MTT
assay, which revealed no toxicity. Animal
toxicity on rats with a dose 10° CFU/day for
a month demonstrated no toxicity of the
isolated bacterium. A field level pilot study
(12 animals, 6 in each control and test
group) revealed ~15% increase [9.87+1.78
(0™ day) to 11.43+1.52 (30w day) L/day] in
the milk yield during late lactation period in
Kankrej cattle.

Milk yield production

A feeding trial was conducted at
Sardarkrushinagar Dantiwada Agricultural
University. Six lactating Kankrej cattle
were fed with 1°10 CFU/day and 6 animals
were control. A significant increase in the
milk yield was observed in the cattle fed
with probiotic bacterium (Figure 1).
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Figure 1: The results of the feeding trial in
lactating cattle showing increase in milk
yield in the treatment group. Control group
fed with TMR and Treatment group fed
with 110 CFU/day of GBRC-TATVAM-
ISO20.

Salient Features: A dose of 1710

CFU/day of GBRC-TATVAM-ISO20
enhance milk yield in dairy cattle

Potential Applications and Benefits

GBRC-TATVAM-ISO20, a probiotic
isolated from the rumen, improves feed
utilization by breaking down complex plant
materials, leading to better nutrition from
low-cost feed. Its safe use and observed
~15% increase in milk yield can directly
benefit poor dairy farmers by enhancing
productivity and income without requiring
costly inputs

Technology Status

Technology is ready to serve dairy and animal
animal

husbandry sector to increase
productivity and thus farmer’s income.
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3. Overproduction and purification of active recombinant tissue
Plasminogen Activator (tPA)

Background

Thrombolytic therapy is used extensively and
successfully to treat cardiovascular and
cerebrovascular  diseases, like  acute
myocardial infarction (AMI) and stroke,
which are substantial contributors to illness
and death globally. Thrombolytics such as
plasminogen  activators  catalyze  the
conversion of plasminogen to plasmin, and
plasmin's fibrinolytic properties break up
intractable ~ fibrin  clots.  Tissue-type
plasminogen activator (tPA) being the first
drug approved by Food and Drug
Administration (FDA) from this category.
Reteplase is a 355 amino acid single-chain
non-glycosylated deletion mutant of tPA. It
consists of only Kringle II and protease
domains. Because of the absence of Kringle I
and EGF domains, rPA fails to bind with
human hepatocellular specific receptors, and

were optimized for enhanced rPA production.
Initial optimization of extraction and
purification of active rPA from Inclusion
Bodies done by various physical and chemical
parameters. Refolding of proteins followed by
activity assays for clot lysis and Fibrinolytic
activity of rPA analyzed by in vitro assays.

Salient Features: In Bioreactor study, final

yield

Potential Applications and Benefits

The success of the application of a statistical
model for designing an optimized media for
enhanced rPA production also suggests a new

this prolongs the half-life of reteplase in blood.
It has a 600-fold higher affinity towards fibrin
than tPA. Recombinant tPA is being marketed
with the brand names such as Alteplase,
Reteplase and Tenecteplase out of which
Alteplase has similar structure as human tPA.
Tenecteplase has modification at three sites in
comparison to human tPA and Reteplase is
truncated and non —glycosylated version of
tPA. Most of the commercially available rPA
is non-glycosylated, purified from inactive
inclusion bodies; over expressed in
Escherichia coli.

Technology

GBRC has achieved successful cloning,
expression, and purification of active
recombinant tissue Plasminogen Activator,
Reteplase (rPA) utilizing E. coli Rosetta
gami? strain from Novagen®. Further culture
conditions under flask and bioreactor level

insight for the scale up of rPA towards
industrial applications.

Technology Status

Technology is ready and the optimized
media yielded of 85.2 g L-1 of protein was
obtained.
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4. Molecular methods for identification and discrimination of
Ocimum tenuiflorum syn sanctum and Ocimum basilicurm

Background

O. basilicum L. (sweet basil) and O.
tenuiflorum L. syn O. sanctum (holy basil) are
the two economically and medically
significant species. O. basilicum L. is mainly
used as a fragrance enhancer in the food and
perfume industries due to its aromatic
secondary  metabolites.  Moreover, O.
basilicum L. has prominently displayed
antibacterial, anticonvulsant, anti-
inflammatory,  antioxidant, antidiabetic,
antistress, antihyperlipidemic, anticancer,
hepatoprotective and immunomodulatory
properties. Hence, it is usually used in Unani
and Siddha medicinal systems. On the other
hand, Tulsi (O. tenuiflorum L.) is one of the
most sacred plants in Ayurvedic and Indian
tradition. It is referred to as an ‘Elixir of Life’
and the ‘Queen of herbs’ and is widely used
for therapeutic as well as cosmetic purposes.
Both the species have higher trade value
globally. Trade volume of O. basilicum seeds
1s 100-200 MT/year and O. tenuiflorum is one
the most cultivated medicinal plant with
market demands of 2000-3000 MT/year
(http://www .rcfceast.org/wp-
content/uploads/2019/03/chapter11.pdf; Last
accessed on 04/06/2024). However, as both
plants have similar morphology, sometimes it
is difficult to discriminate them. The primary
requirement for any valuable herbal product is
an authentic plant species used in its
formulation. Therefore, we have developed a
simple and cost-effective PCR method for the
identification of Ocimum basilicum and
Ocimum tenuiflorum.

Technology

We have designed primers specific to O.
tenuiflorum and O. basilicum. A multiplex
PCR has been developed and optimized for
unequivocal identification of these species
in herbal raw material as well as in dried

powder. The primers and PCR assay have
been validated using standard mixtures of
both the species along with Vitex negundo.
Results revealed specificity and selectivity
of the primers for both the species. The
minimum detection limit of detection of O.
tenuiflorum is 25% when present in mixture
with O. basilicum. The sensitivity of
primers was further improved up to
approximately 10-100 times with digital
PCR assay.

Potential Applications

The rapid and cost-effective PCR-based
approach developed in this study could be
used to detect O. tenuiflorum and O. basilicum
in  herbal  formulations and  their
discrimination.

Technology Status

Technology is ready to use and has been
validated with standard and market herbal
formulations.

Indian patent
202021056915).

application No.:

Salient Features:

PCR based single tube assay for the detection
of O. tenuiflorum and O. basilicum in herbal
powder formulations.

Can be mixed with
spavious’ cownterfed
herbal matenal

Oomum basibaim

Species-specific assay




5. Molecular methods for identification and discrimination of
Piper sp. and Carica papaya

Background

The spice made from the fruits of Piper
nigrum has economic and medicinal
importance. It is a phenomenal species with an
immense and immemorial presence in food
and cuisine around the world, with the
entitlement of “The King of Spice”. Other than
as a spice, it can be used as an antioxidant,
anti-inflammatory, antibacterial, antifungal,
and antitumor agent. Estimated annual
demand of P. nigrum as herbal raw drug in
Indian  market s 1000-2000  MT
(http://www.rcfceast.org/wpcontent/uploads/2
019/03/chapter11.pdf; Last accessed on
04/06/2024). Due to the high demand, as well
as export and trade, the quality is threatened
by the mixture of cheap and morphologically
similar materials, mainly Carica papaya
seeds. Therefore, we have developed a simple
and cost-effective  PCR method for the
identification of Piper nigrum and mixing of
Carica papaya with Piper nigrum.

Technology

We have designed primers specific to Piper
spp. and Carica papaya. A multiplex PCR has
been developed and optimized for unequivocal
identification of these species in raw material
as well as in dried powder. The primers and
PCR assay has been validated using standard
mixtures of both the species. Results revealed

specificity and selectivity of the primers for
both the species. The minimum detection limit
of Carica papaya seed is 1% when present in
mixture with P. nigrum in the tested
compositions. The primers for PN and CP
were found to be specific and sensitive enough
to amplify the target sequence down to 0.1 ng
of total genomic DNA. Simplex, duplex, and
dPCR assays were able to detect 1.0% (w/w)
adulteration of CP seeds in a simulated
blended formulation. dPCR assay has further
improved senility of assay.

Salient Features:

PCR based single tube detection method for

identification of Piper spp and to check the
presence of papaya seeds in piper powders.

Potential Applications

The rapid and cost-effective PCR-based test
developed in this study could be used to detect
mixing Carica papaya seeds with product
containing Piper spp.

Technology Status

Technology is ready to use and have been
validated with standard and market herbal
formulations.



6. Molecular methods for identification and discrimination of
Bacopa monnieri L. and Centella asiatica L.

Background

Brahmi is herbal therapeutics used in Indian
traditional medicinal systems for treating
neurological and psychiatric disorders like
memory loss, cognitive deficits, and impaired
mental function. It is widely sold in the
market, with the name “Brahmi’’ being used
to describe both Bacopa monnieri and
Centella asiatica. These two species are a
classic illustration of confusing and
misrecognized species because of parallel
evolving knowledge systems, currently used
polynomial nomenclature in Sanskrit, varying
perceptions in various communities, and
vernacular equivalent. Due to overlapping
therapeutic properties, both Brahmi are
described as Medhya Rasayana (brain tonic),
however in Charaka Samhita C. asiatica is
included in medhya rasayna, and over the
period, B. monnieri is also used for the same.
In Indian markets the annual demand of B.
monnieri is 1000-2000 MT whereas for C.
asiatica annual demand is 500-1000 MT
(http://www.rcfceast.org/wpcontent/uploads/2
019/03/chapter11.pdf; Last accessed on
04/06/2024).

Technology

We have designed primers specific to Centella
asiatica. PCR assays have been developed
and optimized for unequivocal identification
of Bacopa monnieri and Centella asiatica in

herbal raw material as well as in dried powder.
The primers and PCR assay has been validated
using standard mixtures of both the species.
Results revealed specificity and selectivity of
the primers for both the species. Detection of
both the species when present in 25% in
mixture was detected. It can be further tested
at lower levels of adulteration.

Potential Applications

The rapid and cost-effective PCR-based test
and approach developed in this study could be
used to detect Bacopa monnieri and Centella
asiatica in herbal raw material as well as in
dried powder.

Technology Status

Technology is ready to use and have been
validated with standard and market herbal
formulations.

Salient Features:

PCR based detection methods for detection of

Bacopa monnieri and Centella asiatica in
brahmi based herbal powders.

Patent Application No. for : 202221035088.



7. Developing probiotic formulation to treat endometritis

Background

Uterine diseases cause infertility and repeat
breeding conditions in bovines (cattle and
buffaloes in Indian scenario) leading to
decreased reproductive efficiency followed by
effect on production and increased odds of
early culling of animals from herd. This
phenomenon ultimately ends wup with
astonishing economic losses to the dairy
industries. During transition period it is
common that cattle and buffalo have
nutritional requirements that exceed their
dietary intake potential. This leads to a state of
negative energy balance during which, body
tissue reserves mobilize to provide energy.
The Calving process, on the other hand, allows

environmental and opportunistic
microorganisms to move, transit, remain, and
invade the reproductive system. The

traditional broad spectrum antibiotic therapy
has limited success considering non-specific
polymicrobial infection during the postpartum
period and also develops antimicrobial
resistance. This phenomenon made researcher
to think on alternative approaches. Of late, in
human use of LAB gave promising results.
However, in bovines no such data is available
on the role of LAB in vaginal microbiota as
well its effect on animal health. Here in this
work we have isolated various probiotics
cultures from healthy uterus of buffalo and
cow and screened them for their potential
probiotic activities. From these isolates after
detailed In-vivo and In-vitro testing, potential
consortia had been formulated and tested in
the field trial.

Technology

We have developed a probiotic formulation,
which were originally isolated from vaginal

10

in bovines
microflora of healthy buffalo and cow. Their
probiotics  characteristics were  studied
phenotypically and genotypically.

Applications of these probiotic consortia was
done on animals with endometritis.

Estrous induction was found in formulation
one and two at rates of 44% and 51%
respectively and both the formulations showed
apregnancy rate of60% and 68%
respectively.

Potential Applications

New approach to treat endometritis in dairy
animals.  Probiotic ~ bacteria  produce
antimicrobial peptides and organic acids that
has potential to inhibit pathogens. New
probiotic formulation has as probiotics can be
used to prevent and/or treat bovine
endometritis. There is growing concern about
the potential impact of extensive antibiotics
used in livestock, which is resulting in the
spread of AMR (Anti-Microbial Resistant)
strains. Infections caused by multi-drug-
resistant strains can be combated by the use of
probiotic formulation.

Inoculation of formulated Using
cultures  obtained  from

formulation

healthy cows and buffaloes Endometritis

s
medication to cure the



8. Kit for sex determination in date palm

Background

The Date palm (Phoenix dactylifera L.) is one
of the chief flowering plants included in the
family of Arecaceae. In India, the area for date
palm cultivation is around 18286 ha with
171522 MT production. In India, date palm is
cultivated among the major parts Kutch region
of Gujarat and few regions of Rajasthan. In
date palm is dioecious plant in which
inflorescence has male and female flowers on
different plant. Traditionally, Date palm plants
are produced from seed, and because of
dioecious nature, seed produced plants contain
approximately the same number of males and
females plants. Additionally, only female
plants produced fruits, and few male plants
were needed only for pollination and
fertilization with female ovules. Hence, the
selection of female plants is the most crucial
procedure for the economic cultivation of date
palms. The sex of seedlings can be find out
only in the flowering stage and it produces
mostly at the age of 4-8 years of the plant. So,
the initial gender determination of date palm is
very important for farmers for increasing
profits.

Technology

GBRC has developed DNA based molecular
technique to detect sex of the plant at very
early age. The technique very robust and based
on simple PCR test. PCR based sex
determination of date palm with Glycerol-3
phosphate acetyl transferase (GPAT3) male
specific primer and LOXS5.1 as positive
control. GPAT3 plays important role in male
fertility. According to results GPAT3
amplification only occur in male date palm

11

samples, not in female. So that, if result of
PCR

amplification produced two bands than male
and if one band than it is female.

Potential Applications and Benefits:

e The sex determination of seedlings at early
stage could help to improve breeding
efforts by generating experimental gender
specific genetic pools that will promote
date palm genetic improvement.

e It also helps to farmers for removing
unwanted extra male plants at seedling
stage and by which it can increase
production of date palm.

Salient Features: PCR based method which can

detect sex of date palm.

Technology Status

Technology is ready and already tested for
more than 300 date palm leaf samples
collected from different areas of Gujarat, India
and it can successfully distinguish male and
female sex of date palm.




9. HLA Typing Kit Based on Targeted Exon Sequencing

Background

HLA typing through targeted exome
sequencing (TES) is an advanced molecular
technique used to identify specific alleles of
Human Leukocyte Antigen (HLA) genes,
which are located in the major
histocompatibility complex (MHC) on
chromosome 6 and play a pivotal role in
immune response regulation and transplant
compatibility. Unlike traditional methods such
as serological typing or low-resolution PCR-
based approaches, TES focuses on sequencing
the exonic regions of HLA genes, providing
high-resolution, allele-level data critical for
precise donor-recipient matching in organ and
hematopoietic stem cell transplantation. In this
process, DNA is extracted, and specific HLA
loci (e.g., HLA-A, -B, -C, -DRBI, -DQB1) are
selectively amplified using primers designed
to capture the highly polymorphic regions of
these genes. The amplified DNA is then
sequenced using next-generation sequencing
(NGS) platforms, generating comprehensive
data that 1s analysed with specialized
bioinformatics tools to assign HLA alleles
based on reference databases like the IPD-
IMGT/HLA database. TES offers advantages
over other methods by detecting novel alleles,
resolving ambiguities in  heterozygous
samples, and providing detailed genotypic
information, though it requires sophisticated
computational pipelines and can be challenged
by the complexity of HLA polymorphism and
pseudogene interference. This approach is
increasingly utilized in clinical settings for
transplantation, disease association studies,
and personalized medicine, where precise
HLA typing is essential for predicting
immune-related outcomes.

12

Technology

GBRC has developed targeted exon
sequencing based technique for HLA typing
The kit enables targeted exon sequencing of 11
HLA loci using NGS. Applications include
clinical HLA typing and immunogenetics
research.

Covered HLA Loci:

- MHC Class I: HLA-A, B, C
- MHC Class II: HLA-DPA1, DPB1, DQAI,
DQBI1, DRB1, DRB3, DRB4, DRB5

Potential Applications and Benefits:

e Transplantation: Ensures precise HLA
matching for organ and stem cell
transplants, reducing rejection risk.

e Disease Research: Identifies HLA
allele associations with autoimmune
disorders, infections, and cancers.

e Personalized Medicine:  Supports
tailored immunotherapy and predicts
drug hypersensitivity reactions.

e Vaccine  Development:  Informs
vaccine design by analyzing HLA-
related immune responses.

e Population Genetics: Studies HLA
diversity for insights into ancestry and
evolution.

Salient Features: Sequencing based HLA typing

for clinical and non-clinical samples.

Technology Status

Technology is ready and already tested for few
samples.



10. Varietal identification and seed genetic purity testing in

Background

Varietal identification and seed genetic purity
testing in wheat are critical processes in
agriculture to ensure the authenticity and
quality of wheat varieties, which directly
impact crop performance, yield, and market
value. Wheat (Triticum spp.) exhibits
significant genetic diversity, with numerous
varieties developed for various traits and
environmental adaptability. Varietal
identification involves distinguishing between
wheat  cultivars using  morphological,
biochemical, or molecular markers, such as
DNA-based techniques like SSR (Simple
Sequence Repeats) or SNP (Single Nucleotide
Polymorphism) analysis, to confirm the
identity of a variety. Seed genetic purity
testing assesses whether a seed lot conforms to
the genetic characteristics of its declared
variety,  detecting  contamination  or
admixtures from other varieties or off-types.
These processes are essential for quality
control in seed production, certification, and
trade, ensuring farmers have access to reliable
seeds that maintain desired agronomic traits
and support food security. Molecular methods,
particularly those leveraging next-generation
sequencing, have become increasingly
prevalent due to their precision and ability to
handle the complex polyploid genome of
wheat. Traditionally, varietal identification
relies on the Grow-Out-Test (GOT), a time-
and resource-intensive process requiring 6—8
months, extensive field conditions, and trained
field personnel. With the advancement of
genomics and molecular  diagnostics,
molecular marker-based methods offer a
precise, rapid, and reproducible alternative for
varietal testing.

13

wheat

Technology

GBRC has developed a novel invention which
presents a time-saving and cost-effective
PCR-based assay for the identification and
differentiation of twelve wheat varieties of
Gujarat. The innovation leverages high-
throughput  Next-Generation = Sequencing
(NGS) to discover unique molecular markers,
and validates them using PCR. The assay
significantly reduces the time, cost, and
subjectivity associated with traditional GOT-
based methods. It is highly accurate, specific,
and suitable for large-scale testing, with
potential use in both research and regulatory
contexts.

Salient Feature: Rapid varietal
identification and seed genetic purity testing

within 6-8 days instead of months of GOT trials.

Potential Applications and Benefits:
e Seed Certification: Quick and accurate

varietal  verification  for  seed
agencies/traders.

e Breeding Programs: Fast varietal
confirmation in  wheat variety
development programs.

e [PR Protection: DNA fingerprinting
for Plant  Variety  Protection

(PPV&FR, UPOV).

e Quality Control: Seed companies can
implement in-house varietal tracking.

e Research and Germplasm
Management: Useful for genotype
validation and database creation.

e Time and Cost Efficiency: Reduces
testing from months to days, and per-
sample cost to approx. 350 INR.

Technology Status

Technology is ready for varietal identification
and already tested for seed genetic purity
testing of few varieties.



11. Phytase feed additive for improving egg quality and
phosphorus availability in layers

Background

Poultry meat and eggs are vital sources of
protein and nutrition for the growing global
population. Phosphorus is an essential
mineral for all life forms; in the poultry
industry, balanced intake and efficient
absorption of phosphorus are critical for
optimal ~ metabolic function  and
performance. This mineral is necessary to
support skeletal development in growing
birds and to enhance egg quality. Common
plant-based feed ingredients, such as seeds,
cereals, grains, and legumes, contain high
levels of phytic acid. Phytic acid binds with
phosphorus, iron, zing, calcium,
magnesium, and certain amino acids to
form insoluble complexes, which reduces
their  bioavailability and leads to
micronutrient deficiencies. Phytase is a
phosphatase enzyme that breaks down
these phytate complexes, releasing
inorganic phosphate and myo-inositol for
the bird to utilize.

Technology

A recombinant phytase technology has
been developed using the phytase gene
derived from one of a rumen-isolated strain.
The technology enables recombinant
production and purification of a moderately
thermostable and pH-stable phytase
enzyme with a molecular weight of
approximately 39.41 kDa. The developed
enzyme exhibits optimum activity at pH 5.5
and 37°C. The enzyme demonstrates
favourable stability characteristics,
retaining approximately 70% of its activity
after incubation at 65°C for 15 min and
97% of its activity at pH 5.5 after 48 h.
Structural characterization using far-UV
circular dichroism spectroscopy confirmed
the presence of a well-folded protein
structure, supporting the biochemical
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functionality and stability of the
recombinant enzyme. The efficacy of the
developed phytase technology was
validated through a feeding trial in layer
poultry.  Supplementation  with  the
recombinant B. paralicheniformis phytase
resulted in a significant improvement (p <
0.05) in eggshell thickness, observed with a
one of the commercial phytase and the
control group.
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Figure 1: pH and temperature stability of
the recombinant phytase.

Salient Features: A dose of 300
FTU/Kg of feed significant (p < 0.05)
eggshell thickness

improvement in
compared to one of the commercial

Potential Applications and Benefits: The
developed technology therefore provides a
promising microbial enzyme-based feed
additive for enhancing phytate degradation
and improving the bioavailability of
phosphorus and other essential minerals in
poultry diets. Its favourable thermal and pH
stability, together with demonstrated efficacy
in layer poultry, indicates its potential for

application in commercial poultry feed
formulations to improve eggshell quality,
mineral utilization, animal health, and
productivity.

Technology Status

Technology is ready to serve the poultry
industry. GBRC will pride a clone, media
composition and optimum conditions for the
expression of the enzyme.



12. Naive Camelid Phage Display Platform for Rapid
Nanobody Discovery

Background

Camelid heavy-chain antibodies naturally
lack light chains and contain a variable
heavy-chain domain (VHH), also known as
a nanobody. VHHs are compact single-
domain binders of approximately 15 kDa,
with high solubility, stability and ease of
engineering compared with conventional
antibodies. A naive nanobody library is
generated from the B-cell repertoire of non-
immunized camelids, providing a broad and
diverse collection of VHH sequences. This
diversity enables discovery of binders
against a wide range of targets, including
antigens for which prior immunization is
not available.

Technology

GBRC has developed a camelid naive VHH
phage-display platform for rapid nanobody
discovery without the need for animal
immunization. The naive VHH repertoire is
displayed on filamentous phage and
screened against a target antigen by

iterative  bio-panning. The workflow
enables enrichment of target-specific
binders, followed by recovery and

characterization of individual nanobody
clones. Because the library is derived from
a non-immunized repertoire, the platform
can be applied to diverse or previously
uncharacterized antigens and can accelerate
the early stages of nanobody development.

Potential Applications and Benefits

* Rapid identification of antigen-specific
nanobodies for infectious disease and
cancer research.

* Discovery of binders for diagnostic kits,
biosensors, molecular imaging and protein
detection.

* Generation of nanobody candidates for
therapeutic development, targeted delivery
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and other biologics.

* Broad applicability to diverse or
unknown antigens without requiring prior
animal immunization.

 Small size, high stability and ease of
engineering make VHHs suitable for
research and next-generation biologics.

Technology Status

The naive camelid VHH phage-display
library has been successfully generated and
validated by next-generation sequencing
(NGS), comprising 129,016 unique CDR3
nucleotide clonotypes and representing
approximately 27.5% of the Chaol-
estimated  true  diversity (469,901
clonotypes), with a convergence ratio of
1.154. The established platform supports
library amplification, phage recovery,
titration, and antigen-specific bio-panning,
and is now ready for screening against
diverse  target antigens for rapid
identification of antigen-specific nanobody
candidates.
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Salient Feature: Rapid discovery of high-
affinity, target-specific nanobodies from a
naive camelid VHH

highly diverse
repertoire




13. Probiotic-Based Feed Supplement: Enhancing Milk
Yield and Livestock Health with Brevibacillus agriMX26

Background

In order to improve livestock health, gut
microbial balance, nutrient uptake, and
productivity, probiotics are becoming more
widely  acknowledged as  sustainable
substitutes for feed additives based on
antibiotics. In this regard, the thermophilic,
Gram-positive, spore-forming  bacterium
Brevibacillus agri MX26, which was isolated
from a hot spring environment, is a good
candidate for development as a novel probiotic
for cattle. Significant promise for use in
animal feed is indicated by its spore-forming
properties, antibacterial potential, enzyme-
producing capacity, and initial evidence of
increased milk yield. In order to offer a
reliable, scalable, and sustainable method of
improving cattle health and production, the
suggested technology focuses on the
development, formulation, dose optimization,
stability, and application of B. agri MX26 as a
probiotic feed supplement.

Technology

Brevibacillus agri MX26, a probiotic
candidate that was isolated from the Tuwa
hot spring and characterized for its potential
use as a livestock feed supplement, showed
broad carbohydrate-degrading activity,
including cellulase, xylanase, pectinase,
amylase, mannanase, agarase, and alginate
lyase activities, indicating its potential to
improve the breakdown and utilization of
complex feed components and helps
animals for better feed conversion. The
bacterial culture was tested for cytotoxicity
on Caco-2 cells using the MTT assay,
which revealed no toxicity. The strain also
showed very good cell adhesion efficiency
on Caco-2 cells Toxicity study on rats with
a dose 10° CFU/day for one month found to
be not toxic. A pilot study in animal field
trials of 12 Kankrej cattle who are in

16

lactation period (6 in each control and test
group) shown ~10% increase (12.40+1.51
(day 0) to 13.87+1.75 (day 30) L/day) in the
milk yield.

Milk yield production

Animal feeding trial was conducted at
Sardarkrushinagar Dantiwada Agricultural
University. Six Kankrej cattle were selected
on the basis of their lactating phase and
were fed with 10° CFU/day and 6 animals
were control. Everyday daily milk yield
was tested for month. A noteworthy
increase in the milk yield was observed in
the cattle fed with probiotic bacterium
(Figure 1).

Treatment

Milk Yield (Liter)

Week 1 Week 2 Week 3 Week 4

Control

25.0

20.0
—8— Animal 1

15.0 ~®— Animal 2

10.0

Milk Yield (Liter)

5.0 #— Animal 6

0.0
Week 1 Week 2 Week 3 Week 4

Figure 1: Weekly milk yield of Kankre;j
cattle following supplementation with
Brevibacillus agri MX26. Milk yield
(L/day) was monitored over four weeks in
six treatment animals receiving B. agri
MX26 and six control animals.



Potential Applications and Benefits
Brevibacillus agri MX26 may be used as a
probiotic feed supplement to enhance feed
consumption, gastrointestinal health, and milk
production in dairy animals. Its wide range of
enzymes that break down carbohydrates may
make it easier for complex feed components to
be broken down and used, which could
increase nutrient availability and feed
conversion efficiency. Its development as a
safe, sustainable substitute for antibiotic-
based feed additives is supported by its proven
in-vitro and in-vivo safety as well as the noted
~10% increase in milk yield in Kankrej cattle.
The technology has potential uses in dairy
farming and other livestock production
systems where better animal performance and
less reliance on antibiotics are needed. It can
be developed as a direct-fed microbe or added
to cattle feed or feed additives.
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Salient Feature: Thermostable, safe,
spore-forming B. agri MX26 probiotic
with broad carbohydrase activity and

demonstrated potential to enhance
milk yield in dairy cattle.

Technology Status

The technology 1is ready for further
translation and application in the dairy
animal sectors as a probiotic feed
supplement, with demonstrated safety and
preliminary evidence of improved milk
productivity. The technology has strong
potential to enhance animal productivity,
reduce dependence on antibiotic-based feed
additives, and thereby contribute to
improved farmer income and sustainable
livestock production.



14. Thermostable Superoxide Dismutase (S0D) from
Geobacillus spp. MXT211.

Background

Superoxide dismutase (SOD) is an
important antioxidant enzyme that protects
cells against oxidative stress by catalysing
the dismutation of superoxide radicals
(O2¢7) into molecular oxygen (O:) and
hydrogen peroxide (H20:). SODs have
significant applications in pharmaceutical,
nutraceutical, cosmetic, food,
biotechnology and industrial processes
where protection against oxidative damage
is required. Most commercially available
SOD preparations have limitations related
to thermal stability and activity under harsh
processing conditions. Therefore,
thermostable SODs from thermophilic
microorganisms  represent  promising
biocatalysts for applications requiring
elevated temperatures and improved
enzyme stability.

Technology

The technology involves the production and
utilization of a thermostable antioxidant
enzyme, Mn-dependent superoxide
dismutase (Mn-SOD), derived from the
thermophilic bacterium Geobacillus spp
GBRC-MXT211. The native SOD
produced by GBRC-MXT211 was
characterized as a Mn-SOD based on its
biochemical properties and inhibitor-
response profile. The enzyme showed
resistance to 5 mM hydrogen peroxide and
5 mM sodium azide, supporting its robust
antioxidant characteristics.

A thermostable Mn-dependent SOD from
the thermophilic bacterium Geobacillus spp
GBRC-MXT211 MXT211, exhibiting
activity at ~90°C. The enzyme retained
SOD activity across the tested temperature
and pH ranges, demonstrating its potential
as a thermostable antioxidant biocatalyst.
The thermophilic origin of MXT211 and
the stability of its SOD make the enzyme
particularly attractive for processes where
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conventional antioxidant enzymes may lose
activity.
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Figure 1: Temperature stability, pH

stability, and SOD activity of purified Mn-
SOD from Geobacillus spp MXT211 under
the respective experimental conditions.

Potential Applications and Benefits

Cosmetic industry, Food and nutraceutical
industry, Pharmaceutical and biomedical
applications

Benefits
Direct  purification  from  cell-free
supernatant  (CFS), eliminating cell

disruption and simplifying downstream
processing for cost-effective scale-up.
Potentially  better suited to high-
temperature processes than conventional
mesophilic SODs. Provides an indigenous
microbial source for development of a
value-added antioxidant enzyme.

Technology Status

The SOD-producing thermophilic isolate
Geobacillus  spp MXT211 has been
identified and the native Mn-SOD has been
characterized for its biochemical properties,



molecular mass and activity under tested
temperature and pH conditions. The
enzyme has demonstrated promising
thermostability and resistance
characteristics, establishing its potential as

a candidate thermostable antioxidant
enzyme.
Overall Technology Readiness:

Technology is ready for scale up production
and bulk purification optimization.
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Thermostable native
Geobacillus  spp.

Salient Features:
Mn-SOD from

MXT211 with broad pH tolerance, direct

CFS recovery, robust stability, and
strong potential for industrial
antioxidant applications.



15. Molecular assay for detection of Influenza A virus
(IAV) and H5 subtype

Background

Bird flu is an infectious disease of avian
species caused by the influenza A virus (IAV)
and pose a serious worldwide threat to animals
and human health. In poultry birds, the virus
causes either a common and mild or highly
lethal form of the disease. The mild form may
go undetected and cause minor symptoms and
drop in animal performance (e.g., egg
production). The Highly Pathogenic Avian
Influenza (HPAI) affects multiple internal
organs and has a high mortality rate (90-100%
within 48 hours). To date, major outbreaks of
HPAI of bird influenza have been caused by
H5 and H7 subtypes of IAV. The HPAI
possess a distinctive set of amino acids in the
cleavage site of the hemagglutinin (HA) gene
that distinguishes them from all other avian
influenza viruses.

HS5NI1 is one of the high pathogenic strains of
avian influenza A, currently spreading across
the world, primarily by migratory birds.
Although it is largely confined to birds, human
infection is possible when having direct or
close contact with H5N1-infected poultry. The
mortality rate ranges from 50 to 70% in
humans when infection occurs. Though H5N1
transmission between humans has not yet been
confirmed, it has the potential to infect
humans. The World Health Organization
(WHO) raised concerned as this strain as the
greatest threat to cause a human influenza
pandemic.

It is recognized that timely and reliable
detection of the H5 subtype of the [AV is
essential for the effective containment of an
avian influenza outbreak. GBRC, one of the
first Gujarat’s labs involved in routine
surveillance programs funded by national and
international agencies, has optimized an assay
to detect this deadly virus.

Technology
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The assay is designed to be used with RNA
samples already determined to be positive for
IAV RNA. The design version 1.0 utilizes the
power of Real-Time PCR and Minor Groove
binding (MGB) TagMan® probes to detect the
Influenza A virus (Only TagMan®) and its H5
subtype (TagMan® MGB). It consists of two
separate assays, one designed to detect
Influenza A (using the Matrix gene as a target)
and one specific to H5 subtypes (using the
hemagglutinin (HA) gene as a target). Internal
analysis indicates that the influenza and HS5
subtype assays perform well. Bioinformatic
analysis has indicated that the primers and
probes used in this assay can detect the
majority of Type A and subtype HS5 strains,
including clades 2.3.4.4b and 2.3.4.4h.

Potential application

The assay is a qualitative assay for detection
of Influenza A Virus (IAV) and H5 subtype
using RNA samples extracted from clinical
and environmental samples.

Status

Version 1.0 of this assay is ready use, and its
performance is found to be better when
compared with one of the commercial kits.

INFA + H5

Figure 1: RT-PCR results for identification
Influenza A Virus (IAV) and H5



16. Natural Prodigiosin Pigment for Textile Dyeing

1. Introduction

Prodigiosin is a naturally synthesized red
pigment belonging to the tripyrrole alkaloid
family, primarily produced by the Gram-
negative bacterium Serratia marcescens. This
bioactive pigment has garnered significant
scientific and commercial interest due to its
remarkable multifunctional ~ properties,
including antioxidant, antimicrobial,
anticancer, and textile dyeing applications.

Despite its immense potential, the widespread
commercial application of prodigiosin has
been historically constrained by three critical
limitations: (1) high production costs due to
expensive growth media, (2) low yields in
conventional liquid fermentation, and (3)
complex extraction and purification processes.
The global natural pigments market, projected
to reach approximately USD 6.5 billion by
2027, is driving urgent demand for cost-
effective, sustainable production technologies.
The Indian natural food colorants market alone
is a significant driver. Valued at around USD
0.1 billion in 2025, it's projected to grow at a
strong CAGR of 8.02% through 2034

Our technology addresses these limitations
through an integrated approach combining
statistical optimization, solid-state
fermentation (SSF) using agricultural waste,
and efficient purification protocols, delivering
a commercially viable platform ready for
industrial scale-up.

2. Technology

Statistical optimization was performed using a
two-stage design for prodigiosin production
from oil refinery waste product — peanut using
Plackett-Burman and Box-Behenker design.
Our method yielded 800mg of pigment from
20g of substrate (~40,000 mg/kg) under
standard laboratory optimised protocol with
lowest cost as per the literature review.
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3. Applications

The purified pigment was characterised for
potential applications: Prodigiosin exhibits
strong free radical scavenging activity,
making it suitable for nutraceutical and anti-
aging cosmetic formulations. The pigment
demonstrates broad-spectrum activity against
bacterial pathogens and dermatophytic fungi,
offering potential for pharmaceutical and
topical antimicrobial applications. Prodigiosin
shows selective cytotoxicity against cancer
cells with minimal effect on normal cells,
positioning it as a promising candidate for
anticancer drug development. The pigment
effectively stains natural and synthetic fabrics
with good fastness properties, serving as an
eco-friendly alternative to synthetic dyes in the
textile industry.

4. Technology Status

Laboratory scale production optimization and
validation for the pigment has been completed.
The technology is further strengthened by
comprehensive pigment characterization and a
cost-benefit analysis confirming its economic
feasibility and functional potential.

Media optimization for
growth on PNOC

% »'»
. 1

Figure 1: Graphical representation of the
technology

Purified Pigment from biomass  Application - Fabric Staining of
and Identification Purified Pigemnt

Fabric staining activity




17. Synbiotic formulation for gut health

1. Background

The human gastrointestinal tract harbors an
extraordinarily dense and diverse microbial
community, comprising approximately 100
trillion microorganisms - a number that
exceeds the total human cells. This gut
microbiota functions as a virtual metabolic
organ, profoundly influencing host physiology
through three primary mechanisms: Metabolic
functions, Immunomodulatory functions and
Barrier functions.

In healthy conditions, the gut microbiota exists
in a state of dynamic equilibrium,
characterized by stability, resilience, and
symbiotic interaction with the host. Disruption
of this balance—termed dysbiosis—has been

strongly linked to metabolic disorders,
inflammatory  conditions, and immune
dysfunctions, underscoring the critical
importance of maintaining or restoring

microbial equilibrium.

Probiotics - when combined with prebiotics
(non-digestible substrates that selectively
stimulate beneficial microorganisms), they
form synbiotics, offering a synergistic
approach to microbiome modulation. The
global probiotics market is projected to exceed
USD 100 billion by 2030, driven by escalating
consumer demand for preventive healthcare,
functional foods, and evidence-based
nutraceuticals. However, the efficacy, safety,
and mechanistic basis of probiotic
interventions remain highly strain-specific,
necessitating rigorous, systematic
characterization of candidate strains at both
phenotypic and genotypic levels.

Technology

. Probiotic Isolation & Genome-Guided
Safety: The process begins with the selective
isolation of autochthonous (native) microbial
strains  with  demonstrable  probiotic
potential. All candidate strains undergo
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exhaustive phenotypic screening, including
tolerance to gastrointestinal stresses (acid,
bile salts), auto-aggregation, and co-
aggregation against common pathogenic
strains. Crucially, advanced whole-genome
sequencing (WGS) is employed as a
mandatory safety checkpoint. Genomic
analysis confirms the complete absence of
transferable antibiotic resistance genes,
virulence factors, and mobile genetic
elements, while simultaneously identifying
functional genes responsible for adhesion
and immunomodulatory properties.

Postbiotic ~ Antimicrobial =~ Mechanism:
Beyond the viable cells, the technology
harnesses the potent antimicrobial power of
postbiotics—the cell-free, bioactive
metabolic byproducts of the selected
probiotic strains. These postbiotics act as
broad-spectrum antimicrobial agents through
a synergistic mechanism. They comprise:

oOrganic acids that lower environmental

pH, creating a hostile milieu for
pathogens.
oBacteriocins (antimicrobial peptides)

that directly target and disrupt the cell
membranes of competing pathogenic
bacteria.

This multi-targeted, biochemical
approach inhibits pathogenic biofilm
formation, disrupts quorum sensing, and
prevents pathogen colonization without
relying on traditional antibiotics.

Applications

o Standardized, Scalable Technology:
The integration of genomic sequencing
with  metabolic  profiling  of
formulation and a consistent, high-
quality product suitable for large-scale
industrial production.



o Sustainable Safety Profile: Rigorous
phenotypic and genotypic screening
eliminates the risks associated with
AMR gene transfer or toxin
production, ensuring a clean-label,
biologically safe product for animal
health.

e Versatile Formulation: The technology
allows for flexible commercial
deployment, offering either live
probiotic cultures or standardized cell-
free postbiotic extracts depending on
the specific therapeutic needs and
manufacturing constraints.

e Broad-Spectrum Antimicrobial
Alternative: The platform provides a
safe, natural, and residue-free
alternative to conventional antibiotics
for combating polymicrobial and
multi-drug resistant (MDR) infections.

Technology Status

e The technology is ready for further
translation and application in animal
model as nutraceutical supplement to
evaluate probiotic efficacy and safety.

Figure 1: Graphical representation of the
technology

23



