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ELECTIVE COURSE - MICROBIAL BIOTECHNOLOGY
OBJECTIVES:
To impart the potential applications of microbial and molecular biotechnology in medicine,

agriculture and various other current industrial processes.

UNIT I: Microbial production of therapeutic agents and vaccines: History — Microbial vs molecular
biotechnology and Commercialization — concerns and consequences - Pharmaceuticals - interferons and
growth hormones, enzymes: DNase | and alginate lyase, Monoclonal antibodies - HIV therapeutic
agents. Subunit vaccines: Herpes simplex virus, Foot and mouth disease virus, TB, Peptide vaccines —
genetic immunization — vector vaccines.

UNIT I1I: Microbial production of commercial products Microbial production of restriction
endonucleases: Pstl, Dye: Indigo, Antibiotics: Synthesis of Novel antibiotics. Biopolymers: Xanthan
gum and PHA. Microbial production of alcohol, lactic acid, streptomycin, L- glutamic acid, lipase and
riboflavin.

UNIT 111: Production of PGPR, biofertilizers and biocontrol agents: Plant growth promoting
bacteria (PGPR) — genetic engineering of nitrogenase gene cluster, hydrogenase and Nodulation. Mass
cultivation of microbial biofertilizers: Cyanobacteria (Sprirulina), Azolla and other nitrogen fixers
(Rhizobia, Azospirillum, Azotobacter and VAM) Biocontrol of pathogens: Siderophores, antibiotics and
enzymes. Release of genetically engineered organisms - Ice nucleation and anti-freeze proteins.
Microbial herbicides. Microbial insecticides (Pseudomonas and Bacillus thrungiensis): - genetic
engineering of Bt strains — Bt cotton — viral insecticides — entomopathogenic fungi.

UNIT IV: Plant and algal biotechnology and bioremediation: Ti plasmid derived vector systems -
Development of insect, virus and herbicide resistant plants, stress and senescence tolerant plants,
modification of flower nutritional content, sweetening by genetic engineering. Plant as bioreactors.
Production of food, colourant and fuel from microalgae.

UNIT V: Animal biotechnology and IPR Transgenic animals: methods of creating transgenic mice,
cattle and sheep. Human gene therapy — in vivo and ex vivo gene therapy. Molecular diagnostics for
genetic diseases. Biosafety and Bioethics. Intellectual Property Rights: Patents - copy right and
neighboring rights, patents for invention, - Drafting and filing a patent application, exploitation of

patented invention. Indian patent laws.



UNIT I: Microbial production of therapeutic agents and vaccines:

e The term ‘biopharmaceutical’ was first used in the 1980s and came to describe a class of
therapeutic protein produced by modern biotechnological techniques, specifically via genetic

engineering.

e Biomedical research continues to broaden our understanding of the molecular mechanisms

underlining both health and disease.

e Research undertaken since the 1950s has pinpointed a host of proteins produced naturally in the
body which have obvious therapeutic applications.

e Examples include the interferons, and interleukins, which regulate the immune response;
growth factors such as erythropoietin, which stimulates red blood cell production; and

neurotrophic factors, which regulate the development and maintenance of neural tissue.

Antibiotics:

Antibiotics are microbial poisons made paradoxically by microbes. Antibiotics arise as a result of
resource competition. To minimize competition some microbes produce antibiotics to restrict the growth
of other microbes. Microbes that makes antibiotic are not susceptible to them — they have a Kevlar body
suit of sorts. Let’s look at two examples of antibiotics that you are probably familiar with that are

produced by fungi and bacteria.

Penicillin:

» Penicillin is an antibiotic made by a fungus. Remember Alexander Fleming’s famous experiment
in 1929.

> Fleming had a plate of Staphylococcus aureus that was contaminated by some fungus.

» This fungus was later identified as Penicillium notatum. He observed that around the fungal
colony there was a clear zone, (i.e. a zone free of bacterial growth), suggesting that the fungus

produced a substance that prevented S. aureus from growing


http://www.jbc.org/content/255/9/3977.long

The substance turned out to be an antibiotic that works by inhibiting the bacterial cell wall
enzyme, D-alanine carboxypeptidase.

This enzyme catalyzes the formation of bonds between peptidoglycan polymers in the bacterial
cell wall. If this enzyme cannot function, the cell wall is weakened, resulting in bacterial death.
The substance was later named penicillin and heralded the birth of the golden age of antibiotics.
The name penicillin comes from the latin penicillum for “painter’s brush”, apparently because

the edges of the fungal growth looked like a paintbrush!

Tetracycline, Streptomycin, Daptomycin:

>

The discovery that a fungus could naturally produce a bug-killing substance led to the idea that
other microbes might do the same.

Actinomycetes (also known as Actinobacteria) is a model organism of antibiotic production.

Living predominantly in the soil, Actinomycetes are exposed to many different environmental
challenges, such as competing with other bacteria for resources.

Therefore, this little bacterium came up with a whole bunch of weapons such as tetracyclin,
streptomycin and daptomycin. Think of it like a sort of weird hunger games where the victor not
only removes all the competitors, but is able to multiply in doing so.

While the use of micro-organisms as synthetic factories is growing, there are no bacteria or fungi
currently used to produce antibiotics.

Part of the issue is that the pathways to antibiotic production are highly complex and difficult to
engineer in a way that will give a high product yield that can also be tolerated by the microbe
producing it.

Even with E. coli, one of the most well studied bacteria, scientists have not been able to adapt it
for antibiotic production.


http://twistedbacteria.blogspot.ca/2007/06/actinomycetes-and-actinobacteria.html

Vaccines:

Vaccines Made of Entire Pathogen:

» While antibiotics are used to treat microbial infections, vaccines are used to prevent infections.
Vaccines can work by using parts of the pathogen or a whole inactive pathogen to stimulate the
immune system.

» When our body meets a live pathogen during an infection, the pathogen is recognized by a
primed immune system and can swiftly mount a response to eradicate the infection.

» There are many different types of vaccine and the topic is a broad one (and I’'m not even going to
get to adjuvants!), with new types of vaccines being researched as | write.

> For example, the rise of Zika virus infections around the globe and what it might do to the fetus
in a pregnant woman has put global health agencies and governments on high alert to push for

vaccine development.
Live Attenuated Vaccine

- The measles, mumps and rubella (MMR) vaccine consists of all three live attenuated
viruses mentioned above.

- Attenuated means - It means that the virus (or bacteria) grows well in laboratory settings
and can generate an immune response but it does not make you as sick compared to the
original agent.

- Two other examples of live attenuated vaccines are Poliovirus vaccine that prevents
poliomyelitis and Bacillus Calmette-Guérin (BCG) vaccine that prevents tuberculosis

caused by Mycobacterium tuberculosis.
Inactivated Vaccines

- Consisting of dead bacteria or viruses are safer than live attenuated vaccines but are weaker
at boosting the immune systems and several rounds of vaccination are needed.
- Examples of inactivated vaccines include the Bordetella pertussis vaccine that prevents

whooping cough.



Vaccines Made of Microbial Parts

Toxoid Vaccines

Some diseases such as tetanus and diphtheria are mainly the result of toxins produced by the
micro-organisms. Tetanus, an awful condition caused by Clostridium tetani that enters your body if you
have an injury, is the direct result of the tetanus toxin released by the bacteria. Tetanus toxin, inactivated
by formalin, is the vaccine given to protect against tetanus. The tetnus toxoid vaccine is produced by

growing the bacteria in culture and harvesting the toxin.

Subunit Vaccines

Consist of other bits (usually proteins) of a microbe. Determining which part of the microbe will
generate the best immune response can be tricky but some have managed it. An example of a subunit
vaccine is the one called acellular Pertussis vaccine against whooping cough. To confuse matters, this in
fact consists of the Pertussis toxin together with filamentous haemagglutinin, fimbrial antigens and

pertactin which are other microbial immunogenic proteins — quite a mix!
DNA Vaccines

These are the newest types of vaccines and are not yet approved for use in the clinic. Here, DNA
encoding parts of bacteria or viruses is given to the patient. The plasmid DNA will be taken up by the
patient’s own cells and displayed on the cell surface to generate an immune response. The idea is to
stimulate your cells to manufacture and deliver the foreign antigen to alert the immune system! And it
gets better. Instead of just using plasmid DNA itself, the DNA can also be packaged within a virus or a
bacterium that serves as a carrier to deliver the DNA into cells! These are called vector vaccines where
the bacterial or viral vectors are the “mailman”. The advantage of a DNA vaccine is that it can be

rapidly modified to keep up with a mutating virus like the human immunodeficiency virus (HIV).

+«+ Two main ways of destroying disease-causing microbes:

- by using microbial poisons such as antibiotics that are produced by microbes themselves
- by using vaccines to prime the body’s immune system to be ready for an infection. In the

next installment.


http://onlinelibrary.wiley.com/doi/10.1002/btpr.292/pdf
http://cid.oxfordjournals.org/content/53/3/296.full

History of Biotech can be divided into three phases:

1. Ancient Biotechnology
2. Classical Biotechnology
3. Modern Biotechnology

Ancient Biotechnology (Pre-1800)

Most of the biotech developments before the year 1800 can be termed as ‘discoveries’ or
‘developments’. If we study all these developments, we can conclude that these inventions were based
on common observations about nature.

Humans have used biotechnology since the dawn of civilization.

After domestication of food crops (corn, wheat) and wild animals, man moved on to other new
observations like cheese and curd. Cheese can be considered as one of the first direct products
(or by-product) of biotechnology because it was prepared by adding rennet (an enzyme found in
the stomach of calves) to sour milk.

Yeast is one of the oldest microbes that have been exploited by humans for their benefit. The
oldest fermentation was used to make beer in Sumeria and Babylonia as early as 7,000BCE.

By 4,000BCE, Egyptians used yeasts to bake leavened bread.

Another ancient product of fermentation was wine, made in Assyria as early as 3,500BCE.

The Chinese developed fermentation techniques for brewing and cheese making.

500 BCE: In China, the first antibiotic, moldy soybean curds, is put to use to treat boils.
Hippocrates treated patients with vinegar in 400 BCE.

In 100BCE, Rome had over 250 bakeries which were making leavened bread.

A.D. 100: The first insecticide is produced in China from powdered chrysanthemums.

The use of molds to saccharify rice in the koji process dates back to at least A.D. 700.

13th century: The Aztecs used Spirulina algae to make cakes.

One of the oldest examples of crossbreeding for the benefit of humans is mule. Mule is an
offspring of a male donkey and a female horse. People started using mules for transportation,
carrying loads, and farming, when there were no tractors or trucks.

By the 14th century AD, the distillation of alcoholic spirits was common in many parts of the
world.

Vinegar manufacture began in France at the end of the 14th century.

1663: Cells are first described by Hooke.

1673-1723: In the seventeenth century, Antonie van Leeuwenhoek discovered microorganisms
by examining scrapings from his teeth under a microscope.

1675: Leeuwenhoek discovers protozoa and bacteria.

1761: English surgeon Edward Jenner pioneers vaccination, inoculating a child with a viral
smallpox vaccine.

Classical Biotechnology (1800-1945)

The Hungarian Karoly Ereky coined the word “biotechnology” in Hungary during 1919 to describe a
technology based on converting raw materials into a more useful product. In a book entitled
Biotechnologie, Ereky further developed a theme that would be reiterated through the 20th century:
biotechnology could provide solutions to societal crises, such as food and energy shortages.

1773-1858: Robert Brown discovered the nucleus in cells.
1802: The word “biology” first appears.



1822-1895: Vaccination against small pox and rabies developed by Edward Jenner and Louis
Pasteur.

In 1850, Casimir Davaine detected rod-shaped objects in the blood of anthrax-infected sheep and
was able to produce the disease in healthy sheep by inoculation of such blood.

1855: The Escherichia coli bacterium is discovered. It later becomes a major research,
development, and production tool for biotechnology.

In 1868, Fredrich Miescher reported nuclein, a compound that consisted of nucleic acid that he
extracted from white blood cells.

1870: Breeders crossbreed cotton, developing hundreds of varieties with superior qualities.

1870: The first experimental corn hybrid is produced in a laboratory.

By 1875, Pasteur of France and John Tyndall of Britain finally demolished the concept of
spontaneous generation and proved that existing microbial life came from preexisting life.

1876: Koch’s work led to the acceptance of the idea that specific diseases were caused by
specific organisms, each of which had a specific form and function.

In 1881, Robert Koch, a German physician, described bacterial colonies growing on potato slices
(First ever solid medium).

In 1888, Heinrich Wilhelm Gottfried Von Waldeyer-Hartz, a German scientist, coined the term
‘Chromosome.’

In 1909, the term ‘Gene’ had already been coined by Wilhelm Johannsen (1857-1927), who
described ‘gene’ as carrier of heredity. Johannsen also coined the terms ‘genotype’ and
‘phenotype.’

1909: Genes are linked with hereditary disorders.

1911: American pathologist Peyton Rous discovers the first cancer-causing virus.

1915: Phages, or bacterial viruses, are discovered.

1919: The word “biotechnology” is first used by a Hungarian agricultural engineer.

Pfizer, which had made fortunes using fermenting processes to produce citric acid in the 1920s,
turned its attention to penicillin. The massive production of penicillin was a major factor in the
Allied victory in WWII.

1924: start of Eugenic Movement in the US.

The principle of genetics in inheritance was redefined by T.H. Morgan, who showed inheritance
and the role of chromosomes in inheritance by using fruit flies. This landmark work was named,
“The theory of the Gene in 1926.”

Alexander Fleming discovered ‘penicillin’ the antibacterial toxin from the mold Penicillium
notatum, which could be used against many infectious diseases. Fleming wrote, “When I woke
up just after dawn on September 28, 1928, I certainly didn’t plan to revolutionize all medicine by
discovering the world’s first antibiotic, or bacteria killer.”

1933: Hybrid corn is commercialized.

In 1940, a team of researchers at Oxford University found a way to purify penicillin and keep it
stable.

1941: The term “genetic engineering” is first used by a Danish microbiologist.

1942: The electron microscope is used to identify and characterize a bacteriophage- a virus that
infects bacteria.

1942: Penicillin is mass-produced in microbes for the first time.

Modern Biotechnology (1945-present)

The Second World War became a major impediment in scientific discoveries. After the end of

the second world war some, very crucial discoveries were reported, which paved the path for modern
biotechnology.



The origins of biotechnology culminate with the birth of genetic engineering. There were two

key events that have come to be seen as scientific breakthroughs beginning the era that would unite
genetics with biotechnology: One was the 1953 discovery of the structure of DNA, by Watson and
Crick, and the other was the 1973 discovery by Cohen and Boyer of a recombinant DNA technique by
which a section of DNA was cut from the plasmid of an E. coli bacterium and transferred into the DNA
of another. Popularly referred to as “genetic engineering,” it came to be defined as the basis of new
biotechnology.

In Britain, Chaim Weizemann (1874-1952) developed bacterial fermentation processes for
producing organic chemicals such as acetone and cordite propellants. During WWII, he worked on
synthetic rubber and high-octane gas.

1950s: The first synthetic antibiotic is created.

1951: Artificial insemination of livestock is accomplished using frozen semen.

In 1953, JD Watson and FHC Crick for the first time cleared the mysteries around the DNA as a
genetic material, by giving a structural model of DNA, popularly known as, ‘Double Helix
Model of DNA.’

1954: Dr. Joseph Murray performs the first kidney transplant between identical twins.

1955: An enzyme, DNA polymerase, involved in the synthesis of a nucleic acid, is isolated for
the first time.

1955: Dr. Jonas Salk develops the first polio vaccine. The development marks the first use of
mammalian cells (monkey kidney cells) and the first application of cell culture technology to
generate a vaccine.

1957: Scientists prove that sickle-cell anemia occurs due to a change in a single amino acid in
hemoglobin cells

1958: Dr. Arthur Kornberg of Washington University in St. Louis makes DNA in a test tube for
the first time.

Edward Tatum (1909-1975) and Joshua Lederberg (1925-2008) shared the 1958 Nobel Prize for
showing that genes regulate the metabolism by producing specific enzymes.

1960: French scientists discover messenger RNA (MRNA).

1961: Scientists understand genetic code for the first time.

1962: Dr. Osamu Shimomura discovers the green fluorescent protein in the jellyfish Aequorea
victoria. He later develops it into a tool for observing previously invisible cellular processes.
1963: Dr. Samuel Katz and Dr. John F. Enders develop the first vaccine for measles.

1964: The existence of reverse transcriptase is predicted.

At a conference in 1964, Tatum laid out his vision of “new” biotechnology: “Biological
engineering seems to fall naturally into three primary categories of means to modify organisms.
These are: 1. The recombination of existing genes, or eugenics. 2. The production of new genes
by a process of directed mutation, or genetic engineering. 3. Modification or control of gene
expression, or to adopt Lederberg’s suggested terminology, euphenic engineering.”

1967: The first automatic protein sequencer is perfected.

1967: Dr. Maurice Hilleman develops the first American vaccine for mumps.

1969: An enzyme is synthesized in vitro for the first time.

1969: The first vaccine for rubella is developed.

1970: Restriction enzymes are discovered.

1971: The measles/mumps/rubella combo-vaccine was formed.

1972: DNA ligase, which links DNA fragments together, is used for the first time.

1973: Cohen and Boyer perform the first successful recombinant DNA experiment, using
bacterial genes.



In 1974, Stanley Cohen and Herbert Boyer developed a technique for splicing together strands of
DNA from more than one organism. The product of this transformation is called recombinant
DNA (rDNA).

Kohler and Milestein in 1975 came up with the concept of cytoplasmic hybridization and
produced the first ever monoclonal antibodies, which has revolutionized diagnostics.

Techniques for producing monoclonal antibodies were developed in 1975.

1975: Colony hybridization and Southern blotting are developed for detecting specific DNA
sequences.

1976: Molecular hybridization is used for the prenatal diagnosis of alpha thalassemia.

1978: Recombinant human insulin is produced for the first time.

1978: with the development of synthetic human insulin the biotechnology industry grew rapidly.
1979: Human growth hormone is synthesized for the first time.

In the 1970s-80s, the path of biotechnology became intertwined with that of genetics.

By the 1980s, biotechnology grew into a promising real industry.

1980: Smallpox is globally eradicated following 20-year mass vaccination effort.

In 1980, The U.S. Supreme Court (SCOTUS), in Diamond v. Chakrabarty, approved the
principle of patenting genetically engineered life forms.

1981: Scientists at Ohio University produce the first transgenic animals by transferring genes
from other animals into mice.

1981: The first gene-synthesizing machines are developed.

1981: The first genetically engineered plant is reported.

1982: The first recombinant DNA vaccine for livestock is developed.

1982: The first biotech drug, human insulin produced in genetically modified bacteria, is
approved by FDA. Genentech and Eli Lilly developed the product. This is followed by many
new drugs based on biotechnologies.

1983: The discovery of HIV/AIDS as a deadly disease has helped tremendously to improve
various tools employed by life-scientist for discoveries and applications in various aspects of
day-to-day life.

In 1983, Kary Mullis developed polymerase chain reaction (PCR), which allows a piece of DNA
to be replicated over and over again. PCR, which uses heat and enzymes to make unlimited
copies of genes and gene fragments, later becomes a major tool in biotech research and product
development worldwide.

1983: The first artificial chromosome is synthesized.

In 1983, the first genetic markers for specific inherited diseases were found.

1983: The first genetic transformation of plant cells by TI plasmids is performed.

In 1984, the DNA fingerprinting technique was developed.

1985: Genetic markers are found for kidney disease and cystic fibrosis.

1986: The first recombinant vaccine for humans, a vaccine for hepatitis B, is approved.

1986: Interferon becomes the first anticancer drug produced through biotech.

1986: University of California, Berkeley, chemist Dr. Peter Schultz describes how to combine
antibodies and enzymes (abzymes) to create therapeutics.

1988: The first pest-resistant corn, Bt corn, is produced.

1988: Congress funds the Human Genome Project, a massive effort to map and sequence the
human genetic code as well as the genomes of other species.

In 1988, chymosin (known as Rennin) was the first enzyme produced from a genetically
modified source-yeast-to be approved for use in food.

In 1988, only five proteins from genetically engineered cells had been approved as drugs by the
United States Food and Drug Administration (FDA), but this number would skyrocket to over
125 by the end of the 1990s.

In 1989, microorganisms were used to clean up the Exxon Valdez oil spill.



1990: The first successful gene therapy is performed on a 4-year-old girl suffering from an
immune disorder.

In 1993, The U.S. Food and Drug Administration (FDA) declared that genetically modified
(GM) foods are “not inherently dangerous” and do not require special regulation.

1993: Chiron’s Betaseron is approved as the first treatment for multiple sclerosis in 20 years.
1994: The first breast cancer gene is discovered.

1995: Gene therapy, immune-system modulation and recombinantly produced antibodies enter
the clinic in the war against cancer.

1995: The first baboon-to-human bone marrow transplant is performed on an AIDS patient.
1995: The first vaccine for Hepatitis A is developed.

1996: A gene associated with Parkinson’s disease is discovered.

1996: The first genetically engineered crop is commercialized.

1997: lan Wilmut, an Irish scientist, was successful in cloning an adult animal, using sheep as
model and naming the cloned sheep ‘Dolly.’

1997: The first human artificial chromosome is created.

1998: A rough draft of the human genome map is produced, showing the locations of more than
30,000 genes.

1998: Human skin is produced for the first time in the lab.

1999: A diagnostic test allows quick identification of Bovine Spongicorm Encephalopathy (BSE,
also known as “mad cow” disease) and Creutzfeldt-Jakob Disease (CJD).

1999: The complete genetic code of the human chromosome is deciphered.

2000: Kenya field-tests its first biotech crop, virus-resistant sweet potato.

Craig Venter, in 2000, was able to sequence the human genome.

2001: The sequence of the human genome is published in Science and Nature, making it possible
for researchers all over the world to begin developing treatments.

2001: FDA approves Gleevec® (imatinib), a gene-targeted drug for patients with chronic
myeloid leukemia. Gleevec is the first gene-targeted drug to receive FDA approval.

2002: EPA approves the first transgenic rootworm-resistant corn.

2002: The banteng, an endangered species, is cloned for the first time.

2003: China grants the world’s first regulatory approval of a gene therapy product, Gendicine
(Shenzhen SiBiono GenTech), which delivers the p53 gene as a therapy for squamous cell head
and neck cancer.

In 2003, TK-1 (GloFish) went on sale in Taiwan, as the first genetically modified pet.

2003: The Human Genome Project completes sequencing of the human genome.

2004: UN Food and Agriculture Organization endorses biotech crops, stating biotechnology is a
complementary tool to traditional farming methods that can help poor farmers and consumers in
developing nations.

2004: FDA approves the first antiangiogenic drug for cancer, Avastin®.

2005: The Energy Policy Act is passed and signed into law, authorizing numerous incentives for
bioethanol development.

2006: FDA approves the recombinant vaccine Gardasil®, the first vaccine developed against
human papillomavirus (HPV), an infection implicated in cervical and throat cancers, and the first
preventative cancer vaccine.

2006: USDA grantsDow AgroSciences the first regulatory approval for a plant-made vaccine.
2006: The National Institutes of Health begins a 10-year, 10,000-patient study using a genetic
test that predicts breast-cancer recurrence and guides treatment.

In 2006, the artist Stelarc had an ear grown in a vat and grafted onto his arm.

2007: FDA approves the H5N1 vaccine, the first vaccine approved for avian flu.

2007: Scientists discover how to use human skin cells to create embryonic stem cells.

2008: Chemists in Japan create the first DNA molecule made almost entirely of artificial parts.

10



2009: Global biotech crop acreage reaches 330 million acres.

In 2009, Sasaki and Okana produced transgenic marmosets that glow green in ultraviolet light
(and pass the trait to their offspring).

2009: FDA approves the first genetically engineered animal for production of a recombinant
form of human antithrombin.

In 2010, Craig Venter was successful in demonstrating that a synthetic genome could replicate
autonomously.

2010: Dr. J. Craig Venter announces completion of “synthetic life” by transplanting synthetic
genome capable of self-replication into a recipient bacterial cell.

2010: Harvard researchers report building “lung on a chip” — technology.

In 2010, scientists created malaria-resistant mosquitoes.

2011: Trachea derived from stem cells transplanted into human recipient.

2011: Advances in 3-D printing technology lead to “skin-printing.”

2012: For the last three billion years, life on Earth has relied on two information-storing
molecules, DNA and RNA. Now there’s a third: XNA, a polymer synthesized by molecular
biologists Vitor Pinheiro and Philipp Holliger of the Medical Research Council in the United
Kingdom. Just like DNA, XNA is capable of storing genetic information and then evolving
through natural selection. Unlike DNA, it can be carefully manipulated.

2012: Researchers at the University of Washington in Seattle announced the successful
sequencing of a complete fetal genome using nothing more than snippets of DNA floating in its
mother’s blood.

2013: Two research teams announced a fast and precise new method for editing snippets of the
genetic code. The so-called CRISPR system takes advantage of a defense strategy used by
bacteria.

2013: Researchers in Japan developed functional human liver tissue from reprogrammed skin
cells.

2013: Researchers published the results of the first successful human-to-human brain interface.
2013: Doctors announced that a baby born with HIV had been cured of the disease.

2014: Researchers showed that blood from a young mouse can rejuvenate an old mouse’s
muscles and brain.

2014: Researchers figured out how to turn human stem cells into functional pancreatic B cells—
the same cells that are destroyed by the body’s own immune system in type 1 diabetes patients.
2014: All life on Earth as we know it encodes genetic information using four DNA letters: A, T,
G, and C. Not anymore! In 2014, researchers created new DNA bases in the lab, expanding life’s
genetic code and opening the door to creating new kinds of microbes.

2014: For the first time ever, a woman gave birth to a baby after receiving a womb transplant.
2014: An international team of scientists reconstructed a synthetic and fully functional yeast
chromosome. A breakthrough seven years in the making, the remarkable advance could
eventually lead to custom-built organisms (human organisms included).

2014 & Ebola: Until this year, ebola was merely an interesting footnote for anyone studying
tropical diseases. Now it’s a global health disaster. But the epidemic started at a single point with
one human-animal interaction — an interaction which has now been pinpointed using genetic
research. A total of 50 authors contributed to the paper announcing the discovery, including five
who died of the disease before it could be published.

2014: Doctors discovered a vaccine that totally blocks infection altogether in the monkey
equivalent of the disease — a breakthrough that is now being studied to see if it works in
humans.

2015: Scientists from Singapore’s Institute of Bioengineering and Nanotechnology designed
short strings of peptides that self-assemble into a fibrous gel when water is added for use as a
healing nanogel.
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2015 & CRISPR: scientists hit a number of breakthroughs using the gene-editing technology
CRISPR. Researchers in China reported modifying the DNA of a nonviable human embryo, a
controversial move. Researchers at Harvard University inserted genes from a long-extinct woolly
mammoth into the living cells — in a petri dish — of a modern elephant. Elsewhere, scientists
reported using CRISPR to potentially modify pig organs for human transplant and modify
mosquitoes to eradicate malaria.

2015: Researchers in Sweden developed a blood test that can detect cancer at an early stage from
a single drop of blood.

2015: Scientists discovered a new antibiotic, the first in nearly 30 years, that may pave the way
for a new generation of antibiotics and fight growing drug-resistance. The antibiotic, teixobactin,
can treat many common bacterial infections, such as tuberculosis, septicaemia, and C. diff.

2015: A team of geneticists finished building the most comprehensive map of the human
epigenome, a culmination of almost a decade of research. The team was able to map more than
100 types of human cells, which will help researchers better understand the complex links
between DNA and diseases.

2015: Stanford University scientists revealed a method that may be able to force malicious
leukemia cells to change into harmless immune cells, called macrophages.

2015: Using cells from human donors, doctors, for the first time, built a set of vocal cords from
scratch. The cells were urged to form a tissue that mimics vocal fold mucosa — vibrating flaps in
the larynx that create the sounds of the human voice.

2016: A little-known virus first identified in Uganda in 1947—Zika—exploded onto the
international stage when the mosquito-borne illness began spreading rapidly throughout Latin
America. Researchers successfully isolated a human antibody that “markedly reduces” infection
from the Zika virus.

2016: CRISPR, the revolutionary gene-editing tool that promises to cure illnesses and solve
environmental calamities, took a major step forward this year when a team of Chinese scientists
used it to treat a human patient for the very first time.

2016: Researchers found that an ancient molecule, GK-PID, is the reason single-celled
organisms started to evolve into multicellular organisms approximately 800 million years ago.
2016: Stem Cells Injected Into Stroke Patients Re-Enable Patient To Walk.

2016: Cloning does not cause long-term health issues, study finds

2016: For the first time, bioengineers created a completely 3D-printed ‘heart on a chip.’

2017: Researchers at the National Institute of Health discovered a new molecular mechanism
that might be the cause of severe premenstrual syndrome known as PMDD.

2017: Scientists at the Salk Institute in La Jolla, CA, said they’re one step closer to being able to
grow human organs inside pigs. In their latest research they were able to grow human cells inside
pig embryos, a small but promising step toward organ growth.

2017: First step taken toward epigenetically modified cotton.

2017: Research reveals different aspects of DNA demethylation involved in tomato ripening
process.

2017: Sequencing of green alga genome provides blueprint to advance clean energy, bioproducts.
2017: Fine-tuning ‘dosage’ of mutant genes unleashes long-trapped yield potential in tomato
plants.

2017: Scientists engineer disease-resistant rice without sacrificing yield.

2017: Blood stem cells grown in lab for the first time.

2017: Researchers at Sahlgrenska Academy — part of the University of Gothenburg, Sweden —
generated cartilage tissue by printing stem cells using a 3D-bioprinter.

2017: Two-way communication in brain-machine interface achieved for the first time.
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Today, biotechnology is being used in countless areas including agriculture, bioremediation and
forensics, where DNA fingerprinting is a common practice. Industry and medicine alike use the
techniques of PCR, immunoassays and recombinant DNA.

Genetic manipulation has been the primary reason that biology is now seen as the science of the future
and biotechnology as one of the leading industries.

Microbial biotechnology vs molecular biotechnology:

«+ Biology including microbiology is concerned with the study of whole organisms. Physiology
is concerned with the study of the biological function of those organisms at a macro level.
%+ Molecular biology is concerned with the structure and function of the large molecules that

make biochemistry possible.
Interferons:

Interferons are proteins synthesized in various host cells, encoded by the host genes, in response
to double-stranded RNA (dsRNA). Interferon circulates and has the role to protect uninfected cells by

inhibiting viral protein synthesis.

% Interferons (IFNs) were the first family of cytokines to be discovered. In 1957 researchers
observed that if susceptible animal cells were exposed to a colonizing virus, these cells
immediately become resistant to attack by other viruses.

¢+ This resistance was induced by a substance secreted by virally-infected cells, which was named
‘interferon’ (IFN).

¢+ Humans produce at least three distinct classes, IFN-a, IFN-b and IFN-g.
Biological effects,

Induction of cellular resistance to viral attack.

Regulation of most aspects of immune function.

Regulation of growth and differentiation of many cell types.

Sustenance of early phases of pregnancy in some animal species.

PRODUCTION OF INTERFERONS BY GENETIC ENGINEERING:

s A DNA sequence coding for the product was synthesized and inserted into E. coli. The

recombinant product accumulates intracellularly as inclusion bodies
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+ Large-scale manufacture entails an initial fermentation step. After harvest, the E. coli cells are
homogenized and the inclusion bodies recovered via centrifugation. After solubilization and
refolding, the interferon is purified to homogeneity by a combination of chromatographic steps.

+ The final product is formulated in the presence of a phosphate buffer and sodium chloride. It is
resented as a 30 mg/ml solution in glass vials and displays a shelf- life of 24 months when stored
at 2-8°C".

Recovery OF RECOMBINANT HUMAN IFN-B

[ ECWR Rawanteaen I‘_’ I Cellular recovery J
IB recovery
(centrifugation) «— Homogenization
| Butanol extraction | —— | Refolding ]

Size exclusion | : Size exclusion
Chromatography Chromatography

Formulation and filling l—) [ Freeze - diying
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Interferon toxicity:

R/
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R/
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Like most drugs, administration of IFNs can elicit a number of unwanted side effects.
Minor side effects - Range of flu-like symptoms, e.g. fever, headache, chills.

Serious potential side effects

- Anorexia

- Strong fatigue

- Insomnia

- Cardiovascular complication
- Autoimmune reactions

- Hepatic decompression

Interferons represent an important family of biopharmaceutical products.

They have a proven track record in the treatment of selected medical conditions, and their range
of clinical applications continues to grow.

It is also likely that many may be used to greater efficacy in the future by their application in

combination with additional cytokines

PRODUCTION OF recombinant HUMAN GROWTH HORMONE (Hgh):

Human growth hormone is a polypeptide hormone synthesized in the anterior pituitary. It
promotes normal body growth and lactation and influences various aspects of cellular
metabolism.

Dwarfism caused by insufficient production of HGH by the pituitary gland.

HGH can treat dwarfism — to help under sized children reach their normal height and size.

Recombination process —
1. DNA coding for growth hormone is inserted into the plasmid.
2. Introduction of recombined plasmid into E.coli host cell

3. Engineered E.coli cell is allowed to multiply in the fermentor.
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RECOVERY OF HUMAN GROWTH HORMONE:

Homogenization
E.Coli fermentation | > | Centrifugation —3| of resuspended
cell paste

4

Anion - Exchange Ammonium Polyetheleneimine
chromatography | € sulphate ¢&——| precipitation of
) : precipitation Nucleic acid
Ammonium )
Cation - Exchange N sulphate Gel filtration

chromatography Chromatography

precipitation

» Cytokines constitute the single most important group of biopharmaceutical substances. As
coordinators of the immune and inflammatory response, manipulation of cytokine activity can
have a major influence on the body’s response to a variety of medical conditions.

» Administration of certain cytokines can enhance the immune response against aw wide range of

infectious agents and cancer cells.
DNase | Production:

A deoxyribonuclease (DNase, for short) is an enzyme that catalyzes the hydrolytic cleavage of
phosphodiester linkages in the DNA backbone, thus degrading DNA.

Modes of action

Some DNases cut, or "cleave", only residues at the ends of DNA molecules
(exodeoxyribonucleases, a type of exonuclease). Others cleave anywhere along the chain (endodeoxy

ribonucleases, a subset of endonucleases).

Some are fairly indiscriminate about the DNA sequence at which they cut, while others,

including restriction enzymes, are very sequence-specific.
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Some cleave only double-stranded DNA; others are specific for single-stranded molecules; and

still others are active toward both.

DNase enzymes can be inhaled using a nebuliser by cystic fibrosis sufferers. DNase enzymes

help because white blood cells accumulate in the mucus, and, when they break down, they release DNA,

which adds to the 'stickiness' of the mucus. DNase enzymes break down the DNA, and the mucus is

much easier to clear from the lungs.

Therapeutic DNase I:

>

>

Types

Cystic fibrosis (CF) is one of the most commonly occurring genetic diseases (1 in 2500 in
northern Europe)

Cystic fibrosis (CF), also known as mucoviscidosis, affects most critically the lungs, and also the
pancreas, liver and intestine

It is characterized by abnormal transport of chloride and sodium across an epithelium, leading to
thick, viscous secretions i.e., Underlying cause is identified to the malfunction of ion transport
Major clinical symptom is the production of viscous mucus in the respiratory track

Patients are susceptible to frequent lung infections and some patients develop antibiotic
resistance bacteria and hence, bacteria accumulate leading to a viscous mucous secretion,
clogging the bronchia and bronchioles.

Thick mucous = alginate that is secreted by the bacteria + DNA released when bacterial cells and
degenerating leucocytes that accumulate in response to infection are lysed The role of DNase |
can hydrolyse long polymeric DNA chains into shorter oligonucleotides and the purified enzyme
can be delivered in an aerosol mist to the lungs of CF patients to prevent respiratory distress.

The enzyme could decrease the mucus viscosity in the lungs and allow patients for easy
breathing, thus reducing the severity and pain of the patient.

This enzyme was approved for use by the US FDA in 1994

The two main types of DNase found in metazoans are known as deoxyribonuclease | and

deoxyribonuclease 1.

Other types of DNase include micrococcal nuclease.
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DNases, or deoxyribonucleases, are enzymes that specifically cleave and degrade DNA. In
molecular biology, DNase (namely DNase 1) is used to degrade DNA in applications such as RNA
isolation, reverse transcription preparation, DNA-protein interactions, cell culture, and DNA
fragmentation. Clinical uses of DNase include breaking down of mucus to clear up respiratory tracts.

Other types of DNases include DNase Il (or acid DNase) and shrimp DNase.
Alginate Lyase:

Alginate lyases are group of enzymes which catalyze depolymerization of alginate into
oligosaccharides. Alginate lyase have been widely used in many applications such as in production of
bioactive oligosaccharides, control of polysaccharide rheological properties, and polysaccharide

structure analysis.

» Alginate lyase Alginate, a polysaccharide polymer of B-D mannuronate and a-L glucoronate,
form an elastic gel, which is related to its viscosity and molecular weight.

» The excretion of alginate by mucoid strains of pseudomonas aeruginosa may infect the lungs
of cystic fibrosis patient contributing significantly to the viscosity of the mucous.

» Hence treatment of cystic fibrosis depends on the DNase | therapy and depolymeriztion of
the alginate which would help to clear blocked airways.

» Since the enzyme alginate lyase can liquefy viscous bacterial alginate which in addition to

DNase | is good therapeutic agent of cystic fibrosis
Monoclonal antibodies production:
1. Immunization:

Immunization is necessary to present an antigen in a suitable form to induce the most vigorous
humoural immune response to an animal. This essential step will result in the production of cells

secreting antibody against your chosen antigen

2. Hybridoma Production:

A hybridoma is a cell line arising from one hybrid cell that is capable of secreting a monoclonal
antibody specific to one epitope of your antigen permanently in culture. The hybrid cell is produced

through the fusion of specific antibody producing B-cell from an immunized animal.
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Production of a mouse hybrid cell:

- During the fusion process, B cells are isolated from the mouse spleen, mixed with the
mouse myeloma cell line and fusion is induced with polyethylene glycol.

- The resulting hybridomas are then cultured in tissue culture medium containing
Hypoxathine, Aminopterin, Thymidine (HAT), a step which kills any unfused myeloma
cells that might outgrow the other weaker hybridoma cells.

- Unfused B cells have limited powers of division and will die off naturally in culture.

- Ten days after the fusion process, culture supernatant is collected and tested for the

presence of the desired antibody.
3. Cloning:

- The objective of cloning the cells producing the antibody of interest is to ensure that the
desired hybridoma cell line produced is obtained from a single fused cell.

- After a fusion, many different hybrid cells will be present in a single well resulting in the
growth of multiple colonies in each well.

- Your specific antibody-secreting colony is therefore likely to be mixed with other cells
that are either non-secreting or which are producing an antibody of undesired specificity.

4. Freezing and Thawing of cell line:

Hybridoma and myeloma cell lines are stored by freezing the cells at a controlled rate
(approximately 1°C per minute) in an appropriate cryoprotectant. This procedure allows the cell line to

be preserved indefinitely.
Freezing Method

e Only cells that are healthy and rapidly dividing should be frozen.

« One or two days before freezing, split the cells 1:10 into fresh medium and maintain in culture.
e On the day of freezing, count the cells.

« You need to have between 2 to 5x10° cells in each freezing vial.

o Transfer the appropriate volume of cells to a sterile centrifuge tube.

e Spin at 300g for 5 minutes.

o Carefully remove as much supernatant as possible without disturbing the pellet.
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e Gently resuspend the cell pellet in 1.5ml of freezing medium containing 10%
Dimethylsulphoxide (DMSO, from Sigma D2650) in 90 % FCS previously heat-inactivated).

o Transfer 1.5ml of the resulting cell suspension into a freezing vial (Thermo 375418).

o Seal the vial (finger tight) to prevent liquid nitrogen from entering the vial.

o Place the sealed vials in a special freezing container (Thermo Scientific 5100-0001) which
allows the cells to cool down slowly.

o Close the freezing container and place at -80°C for at least 4 hours.

o Transfer the vials of frozen cells to liquid nitrogen.

o Extended storage of cells at -80°C is not recommended.

o Prolonged exposure to DMSO s toxic to cells. For example, handling more than 10-20 vials at

any one time will lead to extended exposure of the cells to DMSO prior to freezing.
Thawing Method

e Remove the frozen vial from the liquid N2 storage.

o Loosen the cap of the vial slightly to release the pressure inside.

e Thaw the cells in a 37°C water bath.

e Keep the lid of the freezing vial above the surface of the water to lessen the chances of
contamination.

e When the cells are almost thawed (only a small piece of ice) move the vial to the tissue culture
hood.

o Wipe the outside of the vial with 70% ethanol and remove the top.

« Carefully remove the cell suspension using a sterile Pasteur pipette.

« Transfer the contents to a centrifuge tube containing 10 ml of appropriate culture médium (See
Appendix I — remember myeloma medium should not contain HAT).

e Spin the cell suspension gently at 300g for 5 min.

e Carefully remove the medium without disturbing the pellet.

o Gently resuspend the cells in 10ml of fresh appropriate culture medium and place in a small T25
flask (Corning 3056).

e Take 1ml from this flask and add to 9mls of complete culture medium in another small flask.
This step ensures that at least one concentration of cells is suitable for continued culture.

o Place the flasks in a 5% CO> incubator with their tops loosened enabling gaseous exchange to

occur.
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Applications of Monoclonal Antibodies

1. Isolation and purification: Monoclonal antibodies can be used to purify individual
molecule from a mixture even when they are present in low concentration, e.g. interferon
and coagulation factor VIII.

2. ldentification of cells and clones: For example Tw, and Tc cells are identified by using
anti-CD4 and anti-CD8 mADb.

3. Diagnostic reagents: The antigen detection kits employ various mAb tagged with
detection molecules, such as fluorescent dye or enzyme to detect the specific antigens in

the clinical specimen such as:

« Detection of infections, such as hepatitis B, serogrouping of streptococci, etc.

e Pregnancy detection test-by using monoclonal antibody against human chorionic gonadotropin.

e Blood grouping can be done by using anti-A and anti-B monoclonal antibodies.

e Tumor detection and imaging: By using mAb specific for tumor antigens secreted by tumor
cells (e.g. prostate-specific antigen).

« Tissue typing for transplantation can be done by using anti-HLA monoclonal antibodies.

4. Monitoring proteins and drug levels in serum.
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5. Passive immunity: For post-exposure prophylaxis against various infections, mAb
targeting specific antigens of the infecting organism can be administered. Examples
include-immunoglobulins against hepatitis B, rabies, and tetanus.

6. Therapeutic use: Monoclonal antibodies are used in the treatment of various
inflammatory and allergic diseases and cancers. Monoclonal antibodies (mAbs) are
useful to treat some of the cancer types.

7. Naked mAbs (antibodies without attached drug or radioactive material) are the most
common type of mADs used to treat cancer. So far, the US FDA has approved more than
a dozen mAbs e.g. alemtuzumab, trastuzumab to treat certain cancers. Similarly,
basiliximab is used to treat transplant rejection while belimumab treats systemic lupus
erythematosus.

8. Used as immunotoxin: mAb conjugated with bacterial/ chemical toxins (e.g.
diphtheria toxin) can be used to kill the target cells such as cancer cells. Here, mAb
against surface receptors helps in binding to the target cells and the toxin helps in target
cell killing.

9. Used as enzymes: Abzyme is a monoclonal antibody with catalytic activity.

Monoclonal antibodies - HIV therapeutic agents:

Successful highly active antiretroviral therapy (HAART) has allowed the long-term effects of
HIV infection and chronic medication toxicity to become the primary cause of death and
disability.

However, HIV-positive patients are at greater risk for cardiovascular disease and cancers due
to excessive inflammation, and HAART does not eliminate HIV-related inflammation even if the
patient adheres to treatment perfectly. Viral eradication, impossible at present, would solve this
challenge.

A monoclonal antibody strain active against an extensive portion of the HIV viral diversity
could prevent (as a vaccine) or control HIV replication.

As a result, it could reduce the pill burden associated with current HAART standard of care.

Monoclonal antibodies are of great interest in HIV because HIV-1 has evolved several strategies
to evade humoral immunity.
One of the virus's key strategies is protecting highly conserved and important structures from

antibodies generated by the human immune system.
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%+ The monoclonal antibody 3BNC117 targets the CD4 binding site on the viral envelope of HIV-1.
3BNC117 has been shown to prevent HIV infection in animal models and suppress viremia in
human subjects. It was more effective than HAART for post-exposure prophylaxis in animal
models.

% A phase 1 human study found 3BBNC117 enhances humoral immunity to HIV-1, especially in
viremic subjects. In all but 1 of the 15 subjects, 3BNC117 showed an increased neutralizing

response against different autologous HIV strains.

X/
°e

Its actions were less pronounced in patients who had been treated with HAART previously. The
study’s findings indicate that the agent's mechanism may reduce or eliminate host reservoir in
combination with other strategies.

% Broad-spectrum HIV-targeting monoclonal antibodies, such as 3BNC117, may be a key
approach to HIV cure in the future. Further research on effective combinations for long-term
control or eventual cure is ongoing.

Subunit vaccines: - Second generation vaccines were developed to reduce the risks from live vaccines

These are subunit vaccines, consisting of specific protein antigens (such as tetanus or diphtheria

toxoid) or recombinant protein components (such as the hepatitis B surface antigen). They can generate

Tw and antibody responses, but not killer T cell responses.

Subunit vaccines are composed of a part of the virus particle responsible for inducing protective
immunity. A subunit vaccine produced by recombinant DNA techniques would provide an efficient

and inexpensive alternative method for the control of this commercially important disease.

ADH Promoter

Transform yeast cells

@@ Select the cells
on tryptophan free
C’p medium
Yeast cells @

Culture cloned yeast
cells

A_(

Sediment yeast cells
Lyse cells and
purify HBsAG

23


https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Tetanus
https://en.wikipedia.org/wiki/Diphtheria
https://en.wikipedia.org/wiki/Toxoid
https://en.wikipedia.org/wiki/Recombinant_DNA

Herpes Simplex Virus Vaccines

Herpes Simplex Virus 1 and 2 (HSV-1 and HSV-2), also known as Human Herpes virus 1 and 2
(HHV-1 and HHV-2), are two members of the Herpesviridae family, which infect humans. Both HSV-1
and HSV-2 producing most cold sores and most genital herpes respectively are ubiquitous and
contagious.

The virus can be spread when an infected person is producing and shedding the virus. Symptoms
of Herpes Simplex Virus infection include mucous membranes of the nose, mouth, lips or genitals and
watery blisters in the skin. Sometimes, the viruses cause very atypical or mild symptoms during
infections. However, they can also cause more troublesome forms of herpes simplex. Regarded as
neurotropic and neuroinvasive viruses, HSV-1 and HSV-2 can persist in the body by becoming latent
and hiding from the immune system in the cell bodies of neurons.

After the initial or primary infection, some infected people experience sporadic episodes of viral
reactivation or outbreaks. In the outbreak, the virus in a nerve cell becomes active and is transported via
the neuron's axon to the skin, where virus replication and shedding occur and cause new sores. In

addition, it is one of the most common sexually transmitted infection viruses.
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The Development of HSV Vaccine
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Multiple vaccine candidates with diverse platforms have been studied in the preclinical phase

and several are being tested in clinical trials.

%+ The most widely used product for HSV vaccines in human clinical trials has been glycoprotein
subunit vaccines.

% Glycoprotein D is expressed on the viral surface and responsible for most neutralizing antibody
activity and, therefore, is a rationale target.

% There are several live-attenuated or replication-defective virus vaccine candidates in the
preclinical phase. A replication-defective HSV-2 vaccine (HSV529) has entered Phase | trials for
both preventive and therapeutic indications.

% A live-attenuated virus deleted in gD2 prevented skin, neural and vaginal disease in the mouse
model, and also is the first construct to eliminate establishment of latency in the dorsal root
ganglia.

% Novel delivery methods of glycoproteins, including lentiviral vectors expressing glycoprotein B

and intranasal delivery, are being explored. Glycoprotein candidates with novel platforms are

still being investigated.

Vaccine Production for Foot and Mouth Disease:

RNA
core
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¢ Polypeptides which act as antigens of foot and mouth disease virus (FMDV) are produced by
microorganisms which have been transformed with plasmids produced using recombinant DNA

technology.
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A suitable plasmid has a gene sequence (produced by chemical synthesis or by reverse

L)

transcription) which encodes a polypeptide comprising one or more immunogenic determinants
of one or more FMDV proteins, and optionally a fusion protein preferably linked via a cleavage
site, the gene sequence being under the control of a promoter.

% For example, an E. Coli K12 strain was transformed with plasmid pFM;.

% This is based on plasmid pBR322, with the DNA sequence of codons 8 to 210 of the VP, gene of
FMDV type A1z 119ab connected to the LE' protein (from pBR322) so as to be in the same
reading frame.

% This assembly is under the control of the E. Coli trp operon. The transformant E. Coli was
cultured and caused to express the LE'-VP, fusion protein.

% This was isolated and shown by competitive radio immunoassay to have similar antigenic

properties to purified natural VP, protein.

Vaccine for Tuberculosis:

The bacterium responsible for TB, called Mycobacterium tuberculosis (Mtb), is transmitted by
people infected with pulmonary (lung) TB who release Mtb into the air through coughing, sneezing or
spitting. Approximately 1/3 of the world’s population carry the disease but don’t have any symptoms
(known as latent infection), however approximately 10% of these people will likely develop active
disease during their lifetime and become capable of transmitting the bacterium.

The TB epidemic continues in spite of an available, cost-effective and broadly implemented
vaccine for infants — Bacille Calmette-Guerin (BCG) — and the carefully managed use of drugs for those
who do become infected through directly observed therapy (DOTSs). This is because BCG vaccination is
only partially effective: it provides some protection against severe forms of pediatric non-pulmonary
TB, such as TB meningitis, but is unreliable against adult pulmonary TB, which accounts for most of the
TB disease burden (and transmission) worldwide.

In addition, infection with Human Immunodeficiency Virus (HIV) infection can increase the
likelihood of TB acquisition by up to 25-fold, and resistance to previously effective TB drug regimens is

increasing.
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Peptide Vaccine:

A peptide vaccine is any peptide which serves to immunize an organism against a pathogen.
Peptide vaccines are often synthetic and mimic naturally occurring proteins from pathogens.

v The vaccine in which peptide of the original pathogen is used to immunize an organism.

v' The best known example is foot and mouth disease, where protection was achieved by
immunizing animals with a linear sequence of 20 amino acids.

v Synthetic peptide vaccines would have many’ advantages. Their antigens are precisely defined
and free from unnecessary components which may be associated with side effects.

v' They are stable and relatively cheap to manufacture. Furthermore, less quality assurance is
required.” Changes due to natural variation of the virus can be readily accommodated, which
would be a great advantage for unstable viruses such as influenza.

v’ Synthetic peptides do not readily stimulate T cells.

v’ It was generally assumed that, because of their small size, peptides would behave like haptens
and would therefore require coupling to a protein carrier which is recognized by T- cells.

v It is now known that synthetic peptides can be highly’ immunogenic in their free form provided

they contain, in addition to the B cell epitope, T- cell epitopes recognized by T- helper cells.
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Such T-cell epitopes can be provided by carrier protein molecules, foreign antigens. or within the

synthetic peptide molecule itself.
v’ Synthetic peptides are not applicable to all viruses. This approach did not work in the case of
polioviruses because the important antigenic sites were made up of 2 or more different viral

capsid proteins so that it was in a concise 3-D conformation.

Conventional peptide Personalized Peptide
vaccine Vaccine (PPV)

Common antigens Pre-selected antigens
Pre-existing immunity (-) Pre-existing immunity (+)
Antigen-specific memory cells (-) Antigen-specific memory cells
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Advantage of peptide vaccine:

*

Production and quality control simpler

S

No NA or other viral or external proteins, therefore less toxic.

X/
X4

L)

Safer in cases where viruses are oncogenic or establish a persistent infection

>

Feasible even if virus cannot be cultivation

K/
*

D)

Disadvantages:

May be less immunogenic than conventional inactivated whole-virus vaccines

v
v Requires adjuvant

v" Requires primary course of injections followed by boosters
v’ Fails to elicit CMI (Cell Mediated Immunity)
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Genetic Immunization:

Genetic immunization represents a novel approach to vaccination. This technology involves
transfer of a gene encoding an antigenic protein cloned in expression vectors to a host, leading to the

induction  of an immune response.

immunogen
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DNA vaccines

DNA vaccines are third generation vaccines. They contain DNA that codes for specific proteins
(antigens) from a pathogen. The DNA is injected into the body and taken up by cells, whose normal
metabolic processes synthesize proteins based on the genetic code in the plasmid that they have taken
up. Because these proteins contain regions of amino acid sequences that are characteristic of bacteria or
viruses, they are recognized as foreign and when they are processed by the host cells and displayed on

their surface, the immune system is alerted, which then triggers immune responses.
Advantages of Nucleic Acid-Based Immunization

e No risk for infection

e Antigen presentation by both MHC class | and class 11 molecules

o Polarise T-cell response toward type 1 or type 2

« Immune response focused on antigen of interest

o Ease of development and production

o Stability for storage and shipping

e Cost-effectiveness

« Obviates need for peptide synthesis, expression and purification of recombinant proteins and use

of toxic adjuvants
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e Long-term persistence of immunogen
« Invivo expression ensures protein more closely resembles normal eukaryotic structure, with

accompanying post-translational modifications

Disadvantages of Nucleic Acid-Based Immunization:

e Limited to protein immunogens (not useful for non-protein based antigens such as bacterial
polysaccharides)

e Risk of affecting genes controlling cell growth

e Possibility of inducing antibody production against DNA

e Possibility of tolerance to the antigen (protein) produced

e Potential for atypical processing of bacterial and parasite proteins

Vector Vaccines:
% Vector vaccines are liquid or freeze-dried preparations of one or more types of live micro-
organisms (bacteria or viruses) that are non-pathogenic or have a low pathogenicity for the target
species and in which have been inserted one or more genes encoding antigens that stimulate an
immune response protective against other micro-organisms

% A live vector vaccine is a vaccine that uses a chemically weakened virus to transport pieces of
the virus in order to stimulate an immune response.

%+ The genes used in this vaccine are usually antigen coding surface proteins from the pathogenic
organism. They are then inserted into the genome of a non pathogenic organism such as

Adenovirus was they are expressed on the cells surface and can elicit an immune response.

Viral vector advantages:
Infects human cells but some do not replicate
*Better presentation of antigen
*Generate T cell response
Drawbacks:
*Can cause bad reactions
*Can be problems with pre-exisiting immunity to virus

*Often can only accommodate one or two antigens
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UNIT II: Microbial production of commercial products Microbial production of restriction
endonucleases:

Restriction enzyme:

e A restriction enzyme, restriction endonuclease, or restrictase is an enzyme that cleaves DNA
into fragments at or near specific recognition sites within molecules known as restriction sites.
e These enzymes are found in bacteria and archaea and provide a defence mechanism against

invading viruses.

Pstl:

% Pstl is a type Il restriction endonuclease isolated from the Gram negative species,

Providencia stuartii.

Providencia stuartii

A X4

Providencia stuartii (commonly P. stuartii), is a Gram negative bacillus that is commonly

found in soil, water, and sewage.

X/

% P. stuartii is the most common of the 5 species found in the genus Providencia, with

Providencia rettgeri, Providencia alcalifaciens, Providencia rustigianii, P_heimbachaeP.

stuartii is the genomic source for the restriction endonuclease, Pstl.

% Some other important information about P. stuartii is that it is motile via flagella, non-

sporulating, non-lactose fermenting, catalase positive and oxidase negative.
¢ It can also grow in anaerobic conditions and on Simmon’s Citrate Agar.
Production of Pstl:

Restriction Endonucleases recognise and cut DNA at a specific palindromic base sequences, normally 4,
6 or 8 bases long, and are used selectively to cut DNA into defined fragments at sites known as

'restriction sites'

|

Different restriction endonucleases are obtained and purified from different species of bacteria

|

These enzymes are made in bacteria to degrade viral DNA
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|

Cutting DNA with restriction enzymes can produce fragments with either blunt or sticky ends

l

Different restriction enzymes recognise different DNA sequences

l

The product of a restriction enzyme can have either sticky ends or blunt ends as shown below.

Examples of restriction endonucleases are:

EcoRI - recognises the sequence 5’GAATTC'3 - sticky ends
BamHI - recognises the sequence 5’GGATCC'3 - sticky ends
Hhal - recognises the sequence 5’'GCGC'3 - sticky ends
Xhol - recognises the sequence 5’CTCGAG'3 - sticky ends
HindlIll - recognises the sequence 5’ AAGCTT'3 - sticky ends
Pstl - recognises the sequence 5’CTGCAG'3 - sticky ends

Sau3A - recognises the sequence 5'GATC'3 (produces the same sticky ends as BamHI upon

cutting)
Haelll - recognises the sequence 5’GGCC'3 - blunt ends

Function of Pstl

Pstl cleaves DNA at the recognition sequence 5'-CTGCA/G-3' generating fragments with 3'-
cohesive termini.

This cleavage yields sticky ends 4 base pairs long.

Pstl is catalytically active as a dimer.

The two subunits are related by a 2-fold symmetry axis which in the complex with the substrate

coincides with the dyad axis of the recognition sequence.

It has a molecular weight of 69,500 and contains 54 positive and 41 negatively charged residues.

Recognition Sequence Cut Site

S'CTGCAG 3 5--CTGCA G--3'
3'GACGTC %' 3'--G ACGTC—5'
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The Pstl restriction/modification (R/M) system has two components: a restriction enzyme that

cleaves foreign DNA, and a methyltransferase which protect native DNA strands via histone

methylation.
The combination of both provide a defense mechanism against invading viruses.

The methyltransferase and endonuclease are encoded as two separate proteins and act
independently.

In the Pstl system, the genes are encoded on opposite strands and hence must be transcribed
divergently from separate promoters.

The transcription initiation sites are separated by only 70 base pairs.

A delay in the expression of the endonuclease relative to methylase is due to the inherent
differences of the two proteins.

The endonuclease is a dimer, requiring a second step for assembly, whereas the methylase is a

monomer.

Applications of Pstl:

7
L X4

R/
o

Pstl is a useful enzyme for DNA cloning as it provides a selective system for generating hybrid
DNA molecules.
Its use is not limited to molecular cloning; it is also used in

- restriction site mapping

- genotyping

- Southern blotting

- restriction fragment length polymorphism (RFLP)

- SNP (Single Nucleotide Polymorphism).

Production of Indigo Dye by Microbes:

*
A X4

Indigo dye is an organic compound with a distinctive blue color

Colonies of the bacterium Escherichia coli, genetically modified to produce the dye indigo
(blue).

In addition, introduction of the gene for the enzyme xylene oxidase, which is encoded in the
TOL plasmid, can convert tryptophan to indoxyl, which then spontaneously oxidizes to indigo

A commercially important blue pigment that is used to dye both cotton and wool

Isolated from plant but is currently synthesized chemically

Ability to produced indigo from bacteria opens the possibility of developing an efficient and

economical commercial microbial process for its production.
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Biosynthesis of Indigo

* A number of bacteria, most notably Pseudomonas species have the ability to use a variety of
organic compound such as naphthalene, toluene, xylene etc.

* The genes encoding the enzymes for these degradation of organic compounds are located on
large naturally occurring plasmids.

* Plasmid NAH7 has two separate and distinct operons that allow pseudomonas to grow on
naphthalene as the sole carbon source.

* As a first step, NAH7 was digested and ligated with Hind III in plasmid PBR322 and
introduced in E.coli.

 E. coli contains the enzyme tryptophanase, E. coli, the cells have the ability to synthesize

indigo from tryptophan.

Steps of microbial indigo production

+ Conversion of tryptophan in the growth medium to indole by the enzyme tryptophanase, which is
produced by the E. coli host cell

+ Oxidation of indole to cis-indole-2,3-dihydrodiol by naphthalene dioxygenase, which is encoded
by the DNA that was cloned from the NAH7 plasmid

+ Spontaneous elimination of water

+ Air oxidation to form indigo

+ Thus, the combination of enzymes from two different pathways and two different organisms
resulted in the synthesis of an unexpected compound, the dye indigo

+ In addition, introduction of the gene for the enzyme xylene oxidase, which is encoded in the

TOL plasmid, can convert tryptophan to indoxyl, which then spontaneously oxidizes to indigo.

NH,

|
@-] CH,-CH-COOH Tryptophanase @_J Naphthalene
_——-———_._—.’ — - R
N N dioxygenase
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0 :
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" 7 of water H OH
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Commercial Importance of Indigo
= Used to make hair dyes
= Used for textile dyeing and printing
= Indigo is as a dye for cotton yarn
= Production of denim cloth for blue jeans
= Small amounts are used for dyeing wool and silk
= Indigo carmine or indigo, is an indigo derivative which is also used as a colorant

= |tisalso used as a food colorant.

Antibiotic/Antimicrobial Compounds:

» Antibiotic: Chemical produced by a microorganism that Kkills or inhibits the growth of another

microorganism

« Antimicrobial agent: Chemical that kills or inhibits the growth of microorganisms

Microbial Sources of Antibiotics:

Microorganism Antibiotic

Gram-Positive Rods

Bacillus subtilis Bacitracin
Bacillus polymyxa Polymyxin
Actinomycetes
Streptomyces nodosus Amphotericin B
Streptomyces venezuelae Chloramphenicol
Streptomyces aureofaciens Chlortetracycline and
tetracycline
Streptomyces erythraeus Erythromycin
Streptomyces fradiae Neomycin
Streptomyces griseus Streptomycin
Micromonospora purpureae Gentamicin
Fungi
Cephalosporium spp. Cephalothin
Penicillivm griseofulvum Griseofulvin
Penicillium notatum Penicillin
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Modes of Antimicrobial Action:

Inhibition of cell wall synthesis:
Penicillins, cephalosporins,
bacitracin, vancomycin

Inhibition of protein synthesis:
Chloramphenicol, erythromycin,
tetracyclines, streptomycin

.
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mRNA
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Injury to plasma membrane:
Polymyxin B

Industrial production techniques

1. Fermentation

» Industrial microbiology can be used to produce antibiotics via the process of fermentation,

where the source microorganism is grown in large containers (100,000-150,000 liters or

more) containing a liquid growth medium.

» Oxygen concentration, temperature, pH and nutrient levels must be optimal, and are

closely monitored and adjusted if necessary.

» As antibiotics are secondary metabolites, the population size must be controlled very

Protein

Enzymatic
activity,
synthesis of
essential
metabolites

Inhibition of synthesis
of essential metabolites:
Sulfanilamide, trimethoprim

carefully to ensure that maximum yield is obtained before the cells die.

» Once the process is complete, the antibiotic must be extracted and purified to a crystalline

product.

> This is easier to achieve if the antibiotic is soluble in organic solvent. Otherwise it must

first be removed by ion exchange, adsorption or chemical precipitation.

2. Semi-synthetic

» A common form of antibiotic production in modern times is semi-synthetic.
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» Semi-synthetic production of antibiotics is a combination of natural fermentation and

laboratory work to maximize the antibiotic.

» Maximization can occur through efficacy of the drug itself, amount of antibiotics

produced, and potency of the antibiotic being produced.

» Depending on the drug being produced and the ultimate usage of said antibiotic

determines what one is attempting to produce.

» An example of semi-synthetic production involves the drug ampicillin. A beta lactam

antibiotic just like penicillin, ampicillin was developed by adding an addition amino group
(NH?>) to the R group of penicillin.

» This additional amino group gives ampicillin a broader spectrum of use than penicillin.
Methicillin is another derivative of penicillin and was discovered in the late 1950s, the key
difference between penicillin and methicillin being the addition of two methoxy groups to
the phenyl group.

» These methoxy groups allow methicillin to be used against penicillinase producing
bacteria that would otherwise be resistant to penicillin.

3. Synthetic

» Not all antibiotics are produced by bacteria; some are made completely synthetically in the
lab.

» These include the quinolone class, of which nalidixic acid is often credited as the first to
be discovered.

» Like other antibiotics before it the discovery of nalidixic acid has been chalked up to an
accident, discovered when George Lesher was attempting to synthesize chloroquine.

>
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Uses of Antibiotics:

>
>
>
>
>

Antitumor antibiotics

Food preservative antibiotics

Antibiotics used in animal feed and veterinary medicine
Antibiotics for control of human and plant diseases

Antibiotics as tools in molecular biology

Biopolymer: Xanthan gum:

>

Xanthan gumis a polysaccharide with many industrial uses, including as

additive

o

a common food

» Itis an effective thickening agent and stabilizer to prevent ingredients from separating

» It can be produced from simple sugars using a fermentation process, and derives its name from

the species of bacteria used, Xanthomonas campestris.

Introduction:

» Xanthan gum is a natural extra cellular polysaccharide which is produced by the fermentation of

>
>

glucose/sucrose by Xanthomonas campestris
It is soluble in cold water & exhibits high pseudoplastic flow
Polysaccaride is resistant to enzymatic digestion
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> Its viscosity is highly stable over a wide pH and temperature
» Its Molecular formula is C 35 H 44 029

Manufacturing Process

The manufacturing process for both Xantham Gum and Gellan Gum are very similar:-

» Xanthan gum is produced by aerobic submerged fermentation using the bacterium
Xanthomonas campestris, a micro-organism which is found naturally on cabbages.

» Gellan gum is produced by the same process using the bacterium Pseudomonas elodea.

Xanthomonas campestris is produced from a pure culture of bacterium by an aerobic submerged in

fermentation process.

The steps of manufacture of Xanthomonas campestris is as follows A well aerated medium containing
nitrogen— source, glucose and various trace elements is chosen. Some times in some industries Corn
syrup is chosen as the medium the medium must contain good amount of nutrition required by the

bacteria

The medium is inoculated with Xanthomonas— campestris. Now the inoculated medium is transferred to

an agitator. This is where the bacteria is incubated.

In this sugary environment the bacterium replicates rapidly and forms around trillion identical cells in 48
hours/ after few days the bacteria have used all the carbohydrates present in the medium/broth and

produce a polysaccharide.
This polysaccharide Is called xanthan gum

When the final fermentation process is finished th&roth is pasteurized to kill all the bacteria present in

the broth & xanthan gum is recovered by precipitation with isopropyl alcohol.

The recovered xanthan gum is then hydrated to remove water and is dried, milled and finally packed.

The xanthan gum is now ready to be sold for— commercial uses.
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Applications of Xanthan Gum:

YV V. V V V V

In foods, xanthan gum is common in salad dressings and sauces.

It helps to prevent oil separation by stabilizing the emulsion, although it is not an emulsifier.
Xanthan gum also helps suspend solid particles, such as spices.

Xanthan gum helps create the desired texture in many ice creams.

Toothpaste often contains xanthan gum as a binder to keep the product uniform.

Xanthan gum also helps thicken commercial egg substitutes made from egg whites, to replace
the fat and emulsifiers found in yolks. It is also a preferred method of thickening liquids for those
with swallowing disorders, since it does not change the color or flavor of foods or beverages at
typical use levels.

In gluten-free baking, xanthan gum is used to give the dough or batter the stickiness that would
otherwise be achieved with gluten. In most foods it is used at concentrations of 0.5% or less.
Xanthan gum is used in wide range food products, such as sauces, dressings, meat and poultry
products, bakery products, confectionery products, beverages, dairy products, others.

In the oil industry, xanthan gum is used in large quantities to thicken drilling mud. These fluids
carry the solids cut by the drilling bit to the surface.

In cosmetics, xanthan gum is used to prepare water gels. It is also used in oil-in-water emulsions

to enhance droplet coalescence
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Biopolymer — Polyhydroxyalkanoates (PHA) Production:

» Polyhydroxyalkanoates or PHAs are polyesters produced in nature by numerous
microorganisms, including through bacterial fermentation of sugars or lipids

» When produced by bacteria they serve as both a source of energy and as a carbon store. More
than 150 different monomers can be combined within this family to give materials with
extremely different properties.

» These plastics are biodegradable and are used in the production of bioplastics.

» They can be either thermoplastic or elastomeric materials, with melting points ranging from 40
to 180 °C.

Biosynthesis

Biosynthesis PHA, a culture of a micro-organism such as Cupriavidus necator is placed in a suitable

medium and fed appropriate nutrients so that it multiplies rapidly.

Once the population has reached a substantial level, the nutrient composition is changed to force the

micro-organism to synthesize PHA.

The yield of PHA obtained from the intracellular granule inclusions can be as high as 80% of the

organism's dry weight.

The biosynthesis of PHA is usually caused by certa% deficiency conditions (e.g. lack of macro elements

such as phosphorus, nitrogen, trace elements, or lack of oxygen) and the excess supply of carbon sources
Polyesters are deposited in the form of highly refractive granules in the cells.

Depending upon the microorganism and the cultivation conditions, homo- or copolyesters with different

hydroxyalkanic acids are generated.

PHA granules are then recovered by disrupting the cells. Recombinant Bacillus subtilis str. pPBE2C1 and

Bacillus subtilis str. pPBE2C1AB were used in production of polyhydroxyalkanoates (PHA) and it was
shown that they could use malt waste as carbon source for lower cost of PHA production.

PHA synthases are the key enzymes of PHA biosynthesis. They use the coenzyme A - thioester of (r)-
hydroxy fatty acids as substrates.

{
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The two classes of PHA synthases differ in the specific use of hydroxy fatty acids of short or medium

The resulting PHA is of the two types:

chain length.

Poly (HA SCL) from hydroxy fatty acids with short chain lengths including three to five carbon

atoms are synthesized by numerous bacteria, including Cupriavidus necator and Alcaligenes

latus (PHB).

Poly (HA MCL) from hydroxy fatty acids with medium chain lengths including six to 14 carbon

atoms, can be made for example, by Pseudomonas putida.

Stage 1

Production of biomass

Cell proliferation under
balanced growth conditions

N4

Fermentation

Stage 2

Accumulation of PHA polymer

Accumulation of storage polymer under
nutrient limited growth conditions

P

Harvesting

[ 4 )Y

Recovery

Non-solvent-based Solvent-based

*Solubilization of *Extraction of PHA

non-PHA biomass with solvents

*Centrifugation or *Precipitation with
ultrafiltration methanol/water

Processing

~ 4
~ ~

Application

Applications:

Polyhydroxyalkanoates have a great variety of characteristics,

Commodities: Specialties:
pure, in composites

or coatings chiral synthons

e.g., medical devices,

and their

sustainability,

biodegradability, and biocompatibility mean that many industries would benefit from utilizing them

further. Here are some applications in which PHAs have become very useful:

Single use packaging for foods, beverages, consumer products, etc

Medical applications like sutures, bone marrow scaffolds, bone plates, etc

Agricultural foils and films
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Production of Alcohol:

Yeasts are the main fermentor and alcohol producer in the production of wine, beer and other
alcohol drinks. The main yeast species used is Saccharomyces cerevisiae. It ferments the sugars, coming

from different sources, e.g., grapes for wine, barley for beer, to alcohol and carbon dioxide.
Production process
1. Feedstock

The feedstock for ethanol production can be any material containing appreciable amounts of sugar or
substances that can be converted to sugar. Conventional production uses sugar (from sugar cane and
sugar beet), starch (from corn, wheat or potatoes) or other polysaccharides. The production process of
second generation ethanol, also called cellulosic alcohol, uses cellulosic feedstock (e.g. from agricultural

residues) which require further pretreatment.
2. Metabolic conversion

% In a fermentation process sugar (glucose, fructose or other monosaccharides) is converted to
ethanol by microbes (mostly varieties of the yeast Saccharomyces cerevisiae), which are
inoculated to the feedstock.

% The monosachharides originate either directly from disaccharides, which are broken up via
invertase enzymes, or from starch which is hydrolysed with amylase enzymes.

¢ In addition to ethanol, water and carbon dioxide are prdouced also.

% The glucose-to-ethanol reaction is represented by the equation below:
CeH1206 +2 ADP + 2 Pi — 2 CoHsOH + 2 CO2 + 2 HoO + 2 ATP

% Common processes produce a fermentation broth with concentration of 5% - 10% ethanol per
volume, as ethanol itself is toxic to the microorganisms. More advanced facilities are able to

increase the concentration up to 20% due to the use of adapted and specialized yeasts.
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Sugar feedstock Starch feedstock Lignocellulosic feedstock
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Starch hydrolysis
(Liquefaction by a-amylase)

Pretreatment

Juice extraction

h

A J

Starch hydrolysis

(Saccharification by glucoamylase) Enzyme Hydrolysis

Fermentable sugars

|

Yeast fermentation

h 4

X
Distillation/ dehydration

h

Anhydrous ethanol

Applications:

+ Alcoholic Drinks

+ Industrial methylated spirits

+ Use of ethanol as a fuel

+ Ethanol as a solvent

+ Methanol as a fuel

+ Methanol as an industrial feedstock

Lactic Acid Fermentation:

+« Lactic acid fermentation is a metabolic process by which glucose and other six-carbon sugars

(also, disaccharides of six-carbon sugars, e.g. sucrose or lactose) are converted into cellular

energy and the metabolite lactate, which is lactic acid in solution.

«+ It is an anaerobic fermentation reaction that occurs in some bacteria and animal cells, such as

muscle cells
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Process of Production:
Lactic acid produced two ways

1. In homolactic fermentation, one molecule of glucose is ultimately converted to two molecules
of lactic acid.

2. Heterolactic fermentation, in contrast, yields carbon dioxide and ethanol in addition to lactic
acid, in a process called the phosphoketolase pathway.

% Homofermentative process

Homofermentative bacteria convert glucose to two molecules of lactate and use this reaction to
perform substrate-level phosphorylation to make two molecules of ATP:

Glucose + 2 ADP + 2 Pi — 2 lactate + 2 ATP

% Heterofermentative process

Heterofermentative bacteria produce less lactate and less ATP, but produce several other end
products:

Glucose + ADP + Pj — lactate + ethanol + CO2 + ATP

Examples include Leuconostoc mesenteroides, Lactobacillus bifermentous, and Leconostoc lactis.

Glucose
Homolactic Heterolactic
v

Glucose-6-P Glucose-6-P
Fructose-6-P 6-phosphogluconate
Fructose-1, 6-DP Ribulose-5-P

Glyceraldehyde-3 P; Dihydroxyacetone-P ~ Glyceraldehyde-3-P Acetyl-P
<
H,0
2 PIruvate Pyrfvate Acetaldehyde
2 Lactate Lactate Ethanol
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Uses of Lactic acid:

*

=

+*

This medication has 2 types of ingredients (emollient, keratolytic) that work together to treat or
prevent dry, rough, scaly, itchy skin (such as that caused by eczema, keratosis, Xerosis).

Dry skin is caused by a loss of water in the upper layer of the skin.

Emollients are substances that soften and moisturize the skin and decrease itching and flaking.
Emollients/moisturizers work by forming an oily layer on the top of the skin that traps water in

the skin. Petrolatum, lanolin, mineral oil, and dimethicone are common emollients.

Lactic acid, salicylic acid, and urea are keratolytics.

They increase moisture in the skin by softening/dissolving the horny substance (keratin) holding
the top layer of skin cells together.

This helps the dead skin cells fall off and helps the skin keep more water in. Higher strengths of
urea are used to treat corns, callous, and some nail problems (e.g., ingrown nails).

Urea is also used to help remove dead tissue in some wounds to help wound healing.

Streptomycin:

Streptomycin is an aminoglycoside antibiotic produced by the soil actinomycete Streptomyces

griseus. It acts by binding to the 30S ribosomal subunit of susceptible organisms and disrupting the

initiation and elongation steps in protein synthesis. It is bactericidal due to effects that are not fully

understood.

1.

Introduction:

» Streptomycin is a bactericidal antibiotic drug belonging to class aminoglycosides.
» Used against TB
» Derived from actinobacterium Streptomyces griseus.

» Used against gram negative bacteria especially.

» Dihydrostrepomycin prepared by hydrogenation of streptomycin with platinum as catalyst & is

2.

commercially more successful.

Chemical composition:

» Chemically, it contains 3 sugars derived from glucose with C, N, O & H elements.
» Chemical formula — C21H39N7012
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3. Medium:

» Medium is a nutritive substance in which cultures are grown for scientific purposes.

» The culture medium for streptomycin consists of

1. Carbon source: starch, dextrin, glucose, glycerol & other economically

available material.

2. Nitrogen source: natural agricultural by-products, soybean meal, corn steep
liquor, cotton seed flour, casein hydrolyte, or yeast & its extract. Inorganic N salts like

ammonium sulphate & ammonium nitrates are also used.

3. Animal oils, vegetable oils and mineral oils are also used.

4. Culture:

» S.griseus spores maintained in soil stocks or lyophilized in carrier are inoculated into

sporulation medium which builds up mycelial inoculum.

5. Fermentation process:

» Spores of S.griseus are inoculated into a medium to establish a culture with high mycelial
biomass for introduction into inoculum tank, using inoculum to initiate the fermentation
process.

> Yield in production vessel responds to high aerationo & agitation conditions. Other
conditions involve

- Temperature range 25-30°C
- pHrange 7-8
- Time 5-7 days
» The fermentation process for production of Streptomycin involves 3 phases.
PHASE 1:
- Initial fermentation phase and there is little production of streptomycin.
- Rapid growth with production of mycelial biomass.
- Proteolytic enzymatic activity of S.griseus releases NH3 from soya meal, raising the
pHto 7.5
- Characterized by release of ammonia.
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- Carbon nutrients of soya meal are utilized for growth. Glucose is slowly utilized
with slight production of Streptomycin.
PHASE 2:
- Little production of mycelia.
- Glucose added to the medium & the NH3 released from soya meal are
consumed.
- pH remains fairly constant ranging between 7.6 to 8.
PHASE 3:
- Final phase of fermentation.
- Depletion of carbohydrates from medium.
- Streptomycin production ceases & bacterial cells begin to lyse.
- Ammonia from lysed cells increases the pH.

6. Recovery & purification:

>
>

YV V VYV V

7. uses

Mycelium is separated from broth by filtration & streptomycin is recovered.

Recovery process — broth is acidified, filteredv & neutralized. Then its subjected to
column containing cation exchange resin to adsorb Streptomycin from the broth &
column is washed with water & streptomycin eluted with HCI before concentration in
vacuo almost to dryness.

The streptomycin is dissolved in methanol & filtered.

Acetone is used in filterate to precipitate the antibiotic.

Percipitate is washed with acetone & dried in vacuo.

Purification is done by dissolving in methanol to form pure S. chloride complex. Further

by, adsorbing it onto activated charcoal & eluting with acid alcohol.

4+ Treatment of diseases

1. Tuberculosis
2. Plague

3. Veterinary medicine against gram negative bacteria.

+ Pesticidev & fungicide.
+ Cell culture.
+ Protein purification.
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Glutamic Acid
Glutamic acid is an amino acid used to form proteins. In the body it turns into glutamate. This is
a chemical that helps nerve cells in the brain send and receive information from other cells. It may be
involved in learning and memory. It may help people with t hypochlorhydria (low stomach acid) or
achlorhydria (no stomach acid).
» Glutamic acid is an a-amino acid that used in— biosynthesis of proteins.
» It contains an a-amino group which is in the— protonated -NH3+.
» An a-carboxylic acid group which is in the— deprotonated —COO. And a side chain carboxylic
acid.
» Polar negatively charged (at physiological pH), aliphatic— amino acid.

» It is non-essential in humans, meaning the body can— synthesize it.

Uses of Glutamic acid:
» [Food Production:
- As flavor enhancer, to improve flavor.
- As nutritional supplement.
> Beverage: As flavor enhancer:
- in soft drink and wine
» Cosmetics® As Hair restorer:
- in treatment of Hair Loss.
- As Wrinkle: in preventing aging.
» Agriculture/Animal Feed:
- As nutritional supplement: in feed additive to enhance nutrition.
» Other Industries:

- Asintermediate: in manufacturing of various organic chemicals.
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Biosynthesis of Glutamic acid

** An amino acid precursor is converted to the target amino acid using 1 or 2 enzymes.

++ Allows the conversion to a specific amino acid without microbial growth, thus
eliminating the long process from glucose.

+» Raw materials for the enzymatic step are supplied by chemical synthesis.

** The enzyme itself is either in isolated or whole cell form which is prepared by
microbial fermentation.

Reactants. Products Enzymes
Glutamine + H;O = Glu +NH, GLS, GL52
MNACGIu + H,0 = Glu + Acetate [unknown)
a-ketoglutarate + NADPH + NH," = Glu + NADPF™ + H,O GLUDL, GLUD2
o-ketoglutarate + g-amino acid = Glu + o-oxo acid transaminase
1-pyrroline-5-carbowylate + NAD™ +H,0 - Glu+ NADH ALDH4AL
l'».l-ﬁ::rnf'lirr'llr\-c::u-L-gItha\rr'leme+mi = Glu + 5-formimino-FH, FTCD

Methods of Production of Glutamic acid:

» The manufacturing process of glutamic acid by fermentation comprises: -
a. fermentation,
b. crude isolation,
c. purification processes.

» There are 3 types of fermentation are used:
(1) Batch Fermentation.
(2) Fed-batch Fermentation.

(3) Continuous Fermentation.

1) Batch Fermentation:

» Widely use in the production of most of amino acids.

» Fermentation is a closed culture system which contains anw initial, limited amount of nutrient.

» A short adaptation time is usually necessary (lag phase) before cells enter the logarithmic growth
phase (exponential phase).

> Nutrients soon become limited and they enter the stationary phase in which growth has (almost)
ceased.

» In glutamic acid fermentations, production of the acid normally starts in the early logarithmic

phase and continues through the stationary phase.
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>
>

For economical reasons the fermentation time should be as short as possible with a high yield of
the amino acid at the end.

A second reason not to continue the fermentation in the late stationary phase is the appearance of
contaminant- products.

The lag phase can be shortened by using a higher concentration of seed inoculum.

The seed is produced by growing the production strain in flasks and smaller fermenters.

(2) Fed-batch fermentation:

>

Batch fermentations which are fed continuously, or intermittently, with medium without the
removal of fluid.

In this way the volume of the culture increases with time.

The residual substrate concentration may be maintained at a very low level.

This may result in a removal of catabolite repressive effects and avoidance of toxic effects of
medium components.

Oxygen balance.

The feed rate of the carbon source (mostly glucose) can be used to regulate cell growth rate and

oxygen limitation, especially when oxygen demand is high in the exponential growth phase.

(3) Continuous fermentation:

>

In continuous fermentation, an open system is set up.

» Sterile nutrient solution is added to the bioreactor continuously.

» And an equivalent amount of converted nutrient solution with microorganisms is simultaneously

removed from the system.

Process of Production:

Natural product such as sugar cane is used.
Then, the sugar cane is squeezed to make molasses.

The heat sterilizes raw material and other nutrients are put in the tank of the fermenter.

The microorganism (Corynebacterium glutamicum) producing glutamic acid is added to the

fermentation broth.
The microorganism reacts with sugar to produce glutamic acid.

Then, the fermentation broth is acidifie#and the glutamic acid is crystallized.
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» Separation and purification: After the fermentation process, specific method is require to
separate and purify the amino acid produced from its contaminant products, which include:

v Centrifugation.
Filtration.
Crystallisation.
lon exchange.
Electrodialysis.

Solvent extraction.

A N N NN

Decolorisation.
v" Evaporation.
The glutamic acid crystal is added to the sodium hydroxide solution and converted into
monosodium glutamate (MSG).
MSG is more soluble in water, less likely absorb moisture and has strong umami taste.
The MSG is cleaned by using active carbon, which has many micro holes on their surface.
The clean MSG solution is concentrated by heating and the monosodium glutamate crystal is
formed.
The crystal produce are dried with a hot air in a closed system.
Then, the crystal is packed in the packaging and ready to be sold.

Lipase Enzyme:

A lipase is any enzyme that catalyzes the hydrolysis of fats (lipids). Lipases are a subclass of the

esterases. Lipases perform essential roles in digestion, transport and processing of dietary lipids (e.g.

triglycerides, fats, oils) in most, if not all, living organisms.

Lipases are also called as Glycerol ester hydrolases

They are a subclass of esterases

It splits fats into mono or di- glycerides and fatty acids.

They are extracellular enzymes

Mainly produced by Fungi Eg: Aspergillus, Mucor, Rhizopus, Peniciilum etc

Bacteria producing lipases include species of Pseudomonas, Achromobacter and Staphylococcus.
Yeasts like Torulopsis and Candida are also commercially used.
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Applications
% Primarily marketed for therapeutic purposes as digestive enzymes to supplement pancreatic

lipases.
% Since free fatty acids affect the odor and taste of cheese, and the cheese ripening process is
affected by lipases, microbial affects during the aging process can be due to lipase action.
¢ In the soap industry, lipases from Candida cylindraceae are used to hydrolyze oils.
Methods of Enzyme Production:
1. Semisolid Culture

2. Submerged Culture

1. Semisolid Culture:
The enzyme producing culture is grown on the surface of a suitable semi-solid substrate (Moistened

Wheat or Rice Bran with nutrients)

Preparation of Production Medium — Bran is mixed with solution containing nutrient salts.
pH is maintained at a neutral level. Medium is steam sterilized in an autoclave while stirring.
The sterilized medium is spread on metal trays upto a depth of 1-10 centimeters.
Culture is inoculated either in the autoclave after cooling or in trays.

High enzyme concentration in a crude fermented material.

Advantages of Semi-solid culture:
+ It involves comparatively low investment
+ Allows the use of substrate with high dry matter content. Hence it yields a high enzyme
concentration in the crude fermented material.
+ To cultivate those moulds which cannot grow in the fermenters due to wall growth.

+ Allows the moulds to develop into their natural state

Disadvantages of Semi-solid culture:
+ Requires more space and more labour
+ Involves greater risk of infection

+ Difficult to introduce automation in such systems
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2. Submerged Culture
Fermentation equipment used is the same as in the manufacture of antibiotics.

It’s a cylindrical tank of stainless steel and it is equipped with an agitator, an aerating device, a cooling
system and various ancillary equipment (Foam control, pH monitoring device, temperature, oxygen
tension etc).

Good growth is not enouih to obtain a higher enzyme yield.

Presence of inhibitors or inducers should also be checked in the medium.

Example — Presence of Lactose induces the production of - galactosidase.

As the inducers are expensive, constitutivimutants are used which do not require an inducer.
Glucose represses the formation of some enzymes (a-amylases).

Thus the glucose concentration is kept low.

Either the glucose can be supplied in an incremental manner or a slow metabolizable sugar (Lactose or
metabolized starch) Certain surfactants in the production medium increases the yield of certain

zymes.

Non- ionic detergents (eg. Tween 80, Triton) are frequently used.
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Advantages of Submerged culture:
#+ Requires less labor and space
+ Low risk of infection
+ Automation is easier
Disadvantage of Submerged Culture:

+ Initial investment cost is very high.

Riboflavin (Vitamin B2):

Riboflavin, also known as vitamin B, is a vitamin found in food and used as a dietary
supplement. Food sources include eggs, green vegetables, milk and other dairy product, meat,
mushrooms, and almonds. Some countries require its addition to grains

Only a limited number of bacteria are known to produce vitamin B12, three of which—
Pseudomonas denitrificans, Bacillus megaterium, and Propionibacterium freudenreichii—are used for

commercial production
Uses of Riboflavin:

#+ Vitamin B2 helps break down proteins, fats, and carbohydrates.

+ |t plays a vital role in maintaining the body's energy supply.

55



#+ Riboflavin helps convert carbohydrates into adenosine triphosphate (ATP).
4+ The human body produces ATP from food, and ATP produces energy as the body requires it.

Production Process:

> In this case study, a batch process using E. Ashbyii with a capacity of around 1000 tons/year is
analyzed.

» Upstream processing consists of preparation of medium and associated continuous counter-
current sterilization.

> Feed components are: 70% glucose syrup, yeast and malt extract, sunflower oil, sulfuric acid,
and concentrated salt solution at room temperature.

» Fermentation is operated batch-wise with 10% inoculum ratios.

» Downstream processing starts with harvesting followed by crystallization, centrifugation
(decanter), and final drying (spray dryer)

» The requested purity of riboflavin is 70%. The residual 30% consists of salts and biomass.

» The product is obtained as dry powder or as granulate.
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UNIT I11: Production of PGPR, biofertilizers and biocontrol agents:

PGPR:
Plant growth-promoting rhizobacteria (PGPR) are a heterogeneous group of beneficial root-
associated bacteria that improve plant health and/or growth by diverse mechanisms.
WHAT IS
PLANT GROWTH PROMOTING RHIZOBACTERIA (PGPR)?

Rhizo—Bacteria

Symbiotically supports

lant growth
RHIZOSPHERE i

Mechanisms of action

+ PGPRs enhance plant growth by direct and indirect means, but the specific mechanisms involved
have not all been well characterized.
+¢+ Direct mechanisms of plant growth promotion by PGPRs can be demonstrated in the absence of

plant pathogens or other rhizosphere microorganisms, while indirect mechanisms involve the

ability of PGPRs to reduce the harmful effects of plant pathogens on crop yield.
+» PGPRs have been reported to directly enhance plant growth by a variety of mechanisms:
- fixation of atmospheric nitrogen transferred to the plant,
- production of siderophores that chelate iron and make it available to the plant root,
- solubilization of minerals such as phosphorus, and

- synthesis of phytohormones.

++ Direct enhancement of mineral uptake due to increases in specific ion fluxes at the root surface

in the presence of PGPRs has also been reported.

3

25

PGPR strains may use one or more of these mechanisms in the rhizosphere.
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++ Molecular approaches using microbial and plant mutants altered in their ability to synthesize or
respond to specific phytohormones have increased understanding of the role of phytohormone
synthesis as a direct mechanism of plant growth enhancement by PGPRs.

% PGPR that synthesize auxins and cytokinins or that interfere with plant ethylene synthesis have

been identified.
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Genetic engineering of nitrogenase gene cluster (Nif):
Structure and Operation of Nitrogenase:

Active nitrogenase can be reconstituted by the addition of purified Mo-Fe and Fe proteins of
different microorganisms. For examples, proteins of Klebsiella pneumoniae and Bacillus polymyxa and
those of blue-green algae and photosynthetic bacteria have been combined to reconstitute active

nitrogenases, capable of reducing acetylene to ethylene.

During catalysis by nitrogenase, protons and nitrogen compete for electrons. Therefore, in an
atmosphere containing nitrogen, hydrogen evolution occurs simultaneously with ammonia formation.
This evolution of hydrogen diverts 25-35% of the total reductants available for the nitrogenase reaction,
which is regarded as an intracellular wastage of energy in the overall process of nitrogen fixation, and

the reaction can be summarized
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Nitrogenase contains the two proteins molybdoferredoxin and azoferredoxin. This MoFe
cofactor is unique to nitrogen fixation and distinct from the Mo-pterin cofactor of other Mo proteins

(e.g., nitrate reductase, xanthine oxidase).
Organization of Nif Genes:

> Nitrogen fixation is carried out by three groups of genes.

» These are;

- Nod gene (responsible for nodule formation),
- Nif gene (responsible for nitrogen fixation) and

- Hup gene (responsible for nitrogen uptake).

> All these three types of genes are present in a group on a single chromosome. This makes their
copying and transfer mechanism simple for genetic engineering purposes.

» Though the mechanism of nodule formation is complex nod gene is responsible for nodule
formation as well as host recognization and specificity. However, a few genes located on
plasmids can produce nodules. Plasmid of R. leguminosarum is less than 10 kb even then it has
property to recognize host and nodule formation.

Nod gene:

Most of the biological nitrogen fixing bacteria contains a large plasmid called mega-plasmid. In
several functions it is similar to Ti plasmid and contains genes responsible for auxin and cytokinin
production. Excess production of these plant growth regulators helps in nodule formation. According to
Rosenberg (1981) several special genes are present along with nod genes. Such plasmids are absent in

non-symbiotic bacteria.

59



A nod gene is a group of genes containing Nod A, B, C, D genes having 8.5 kb length. These
genes form polypeptides of different lengths (196, 197, 402, 211 amino acid). Nod genes of different

rhizobium species have almost 70% homologies which are called common Nod genes.
Nif genes:

This gene is responsible for nitrogen fixation and present in the genome of symbiotic and non
symbiotic nitrogen fixing bacteria. In symbiotic bacteria Rhizobium, it is present near nod genes on the
megaplasmid, while in non-symbiotic cyanobacteria it is present on the main DNA. Initially Nif gene

has been transferred in E. coli.

In higher plants, chloroplast is a cell organelle which might have been originated from
prokaryotes, therefore attempt are made to transfer Nif gene into chloroplast. Easy availability of ATP

and NADPH: in chloroplast also makes them ideal recipient for this gene transfer.

Most of the cereal plants are monocots and any such effort to transfer such Nif gene will
revolutionize the yield, economics and environmental pollution. However, there are many difficulties in

transferring, integration and expression of a prokaryotic gene into a monocot.
Hup gene:

Gene responsible for nitrogen uptake is Hup gene. In symbiotic bacteria this gene recycles the
hydrogen produced during nitrogen fixation as shown in the Figure. Hydrogen produced at different
steps is assimilated in the reduction of nitrogen. In most of the legumes 30-50% energy (in the form of
ATP) is spent on hydrogen liberation. This results in loss in capacity of nitrogen fixation. If this
hydrogen can be recycled by nitrogenase enzyme we can save a lot of energy, and this can be carried out
by improved Hup gene.

Klebsiella pneumoniae strain M5 al (Enterobacteriaceae) is a free living bacteria which has
been studied extensively for genetics of nitrogen fixation. This bacterial genome is quite similar to that
of E. coli and Salmonella typhimurium. Therefore most of the techniques of genetic engineering can be

applied to Klebsiella.
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Nif Gene Organization in Klebsiella:

Several mutants of Klebsiella were developed by growing the bacteria on medium containing a
mutagen, methyl-nitro nitro-so-guanidine. Different mutants obtained were used in transformation,
transduction to map the Nif gene (Table). This provided the information that Nif gene is downstream to
histidine operator (Fig.). On the basis of this Nif gene of Klebsiella was transferred in E. coli on the
basis of homology in the plasmid and not in genomic DNA. Nif gene organization of Klebsiella is

similar to that of Azotobacter, Asospirillum, Clostridium and prokaryotic blue-green algae.
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Fig. Hydrogen evolution and utiization.

Table .. Description and product of Nif genes of Klebsiella.

Nif H Structural gene 35kd protein, a subunit of nirogenase reductase.
Nif D Structural gene 56kd, P subunit of nitrogenase,
Nif K Structural gene 50kd, a subunit of nitrogenase, helps in banscription of Nif H-D and

NifEand N | 46 and 50 kd protein formation; helps in formation of Fe-Mo co-factor and protein for

Nif B.
Nif Mand 3 | Formation of 18 kd protein which activates nitrogenase reductase.
Nif F 17 kd protein, function of clectron transpont factor.

Nif Qand V | Function unknown.
Nif A and L Important role in expression of other Mif genes, product unknown.
Nif J 120 kd stroctural gene, important for activity of nitrogenase.
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Regulation of Nitrogen Fixation:

All the nif genes in Klebsiella are clustered and coordinately regulated (Fig. 11.5). E. coli to
which the nif genes of Klebsiella have been transferred can fix N2. In both the original Klebsiella and
the E. coli nitrogenase is expressed only in the absence of both Oz and NHs in the growth medium. The
nif genes are regulated by the nifLA operon. The nitrogen regulators NtrC (= GInG), and NtrB
determine whether or not the nifLA operon is expressed (depending on the presence of ammonia or

organic nitrogen).

In the absence of ammonia or organic nitrogen the NtrC protein is phosphorylated by the NtrB
protein. NtrC-P then binds to the upstream region of the nifLA operon and activates transcription. NtrA
(= GInF = RpoN = 654) is the nitrogen sigma factor, which is needed for expression of the nifLA operon
and the nif structural genes. NtrA is an alternative sigma factor used by RNA polymerase to recognize

many genes involved in nitrogen metabolism which are not recognized by the standard sigma factor.

The nif A gene encodes a protein required for switching on all of the nif genes except the
regulatory genes nifLA themselves. If nif A protein is made, its function is to activate the other nif
genes. The nifL gene is required for O repression. In the absence of NifL protein, nitrogenase is made
in the presence of O (but is inactivated by O2). When oxygen is present, the nifL protein binds to nif A

and prevents it from activating the other nif genes.

The greater study of the infectious process and the genes involved and the physiological aspects
will lead to better nitrogen use by plants grown on nitrogen-poor soils in agriculture and can reduce the

requirement for chemical fertilizers.

kth gnd his nif shu

Klebsiella DNA

14 nif genes
Fig. Nif genes on Klebsiella DNA and details of Nif genes.

Hydrogenase:
Hydrogenase is an enzyme those catalyses the reversible oxidation of molecular hydrogen, as
shown below: Hydrogen uptake is coupled to the reduction of electron acceptors such as oxygen, nitrate,

sulfate, carbon dioxide, and fumarate.
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Nodulation:
Nodulation is a symbiotic interaction between soil bacteria and plant hosts, most notably
between rhizobia and legumes. This interaction is important for plant hosts, since it enables them to

access atmospheric nitrogen made available by the bacteria.

Root Hair

rhizobium

e formation

initiation of nodul

Nodule

—|N,+8H*+8e +16 ATP = =L 2NH, + H, + 16 ADP + 16 P,

Biological Nitrogen Fixation

BIOFERTILIZERS - DEFINITION:
Biofertilizer is a Natural organic fertilizer known that helps to provide all the nutrients required
by the plants and helps to increase the quality of the soil with a natural microorganism environment.
& The use of chemical fertilizers and pesticides has caused tremendous harm to the soil, food &
fiber products and environment
Biofertilizers, an environmentally friendly fertilizer now used in most advanced countries
Biofertilizers are organisms that enrich the nutrient quality of soil

The main sources of Biofertilizers are bacteria, fungi, and cynobacteria

DURIOCIROCIOE

The most striking relationship that these have with plants is symbiosis, in which the partners

derive benefits from each other.
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ADVANTAGES OF BIO-FERTILIZERS

Cost effective.

. Supplement to fertilizers.

. Eco-friendly (Friendly with nature).

" Reduces the costs towards fertilizers use, especially regarding nitrogen and phosphorus
" Bio-fertilizers improve soil texture and yield of plants

" They do not allow pathogens to flourish

. They do not cause any harm to the environment.

TYPES OF BIOFERTILIZERS:

Biofertilizer

'
' v v v v '

Nitrogen Azolla Phosphate Vesicular Plant Growth  Sulphur
fixer solubilizing Arbuscular Promoting solubilizing
microbs DMycorrhzes Rhizobacteria microbs
(VAMD (PGPR)
Azolla
filiculoides
L » Azolla rubra

v v

Bacteria Blue green

—» Rlhizobium | Anabaena
L » Azotobacter M5 dte

5 DMycobacterium |5 Tolypothrix

- L » Anabaenopsis
» Azospuillum

L » Bacillus etc.
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Nitrogen Biofertilizers:-

= This type of biofertilizer helps the soil to correct its nitrogen level

= Nitrogen is an essential component for plant growth but plants need it in a limited amount

~ Different soils have different requirement for nitrogen that is why it depends on the cultivated
crops that which type of nitrogen biofertilizer should be used.

= Azotobacter is a biofertilizer which provides the required amount of nitrogen to the plant from
the soil.

Phosphorus Biofertlizers:-

X4

Phosphorus is also a limiting factor and plants need it in particular amount

*,

X4

Phosphorus biofertlizers help the soil to correct the phosphorus level

*,

% As nitrogen biofertilizers depend on the cultivating crops, phosphorus biofertlizers do not
depend on the cultivating crops

X4

Rhizobium is the phosphorus biofertilizer.

*,

Compost Biofertlizers:-

» Compost biofertilizers are animals’ wastes which are degraded by the bacteria and used as the
best naturally occurring biofertlizers
» They not only protect the plants from diseases nut also help them to grow in a healthy

environment

Azotobacter Biofertlizers:-

v Azotobacter is a bacterium that lives freely in the environment and has the ability to fix the
atmospheric nitrogen into soil

v It is used in the cultivation of many important crops because it is the important source of
providing nitrogen to the plants

v It enables the plant to germinate and grow without being effected from any harmful microbes.
Phosphate Solubilizers:-

¥ Phosphate Solubilizers have the ability to dissolve the fixed phosphate and convert it in the form

which can be utilized by the plants
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¥ They produce enzymes, hormones and organic acids
¥« These components make possible the solubilization of insoluble phosphate so that it can easily

be used by the plants
Cyanobacteria
INTRODUCTION:

% Cyanobacteria are photosynthetic bacteria formerly known as blue-green algae

% Most are found in the soil and in freshwater and saltwater environments

% The majority of species are unicellular, but some may remain linked and form filaments

% Cyanobacteria, which are autotrophic, serve as important fixers of nitrogen in food chains

% In addition, cyanobacteria, a key component of the plankton found in the oceans and seas,
produce a major share of the oxygen present in the atmosphere, while also serving as food for
fish

%+ Some species of cyanobacteria coexist with fungi to form lichens

Type of toxins

%+ Cyanobacteria can produce several toxins, but two types of toxins are of particular concern and
are tested for: Microcystins and Anatoxin-A.

% Microcystins are a group of hepatoxins (toxins that affect the liver). Microcystins are very stable
and do not break down quickly in water.

% Anatoxin A is a potent neurotoxin (toxins that affect the nervous system) which can cause
lethargy, muscle aches, confusion, memory impairment, and, at sufficiently high concentrations,

death.
EXAMPLES:

Cyanobacteria are those bacteria that obtain their energy through photosynthesis just like plants.

Some examples are Nostoc, Oscillatoria, Gloeocapsa.

ISOLATION:

Culture studies The fresh field samples were subjected to enrichment cultures in culture tubes
and agar petriplates in sterile medium. The visible cyanobacterial masses were collected and washed in

sterile water. A small quantity of the cyanobacterial aggregate was put in 10 ml of sterile culture
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medium and used as initial inoculum. The isolation was carryout by the streak and spread plate methods.
Subculturing was done repeatedly, whereby pure cultures of some species (unicyanobacterial isolates)
were obtained. The cultures were periodically examined under research microscope for assessing their

pure nature. Liquid cultures were maintained in conical flasks and solid cultures in agar plates / slants.

Algalization:

It was Japanese workers (Watanabe and coworkers) who developed techniques for mass
cultivation of blue-green algae to be used as biofertilizer in paddy fields. Venkataraman (1961) coined
the term ‘algalization' to denote the process of application of blue-green algal culture in field as
biofertilizer. He initiated algalization technology in India and demonstrated the way how this technology

could be transferred to farmer level who hold small lands

The main objectives of the programme were

- (i) to develop low cost indigenous technology for mass production of cyano bacteria,

- (i) to isolate regional specific fast growing and better N> - fixing strains,

- (iii) to develop starter inoculum,

- (iv) to demonstrate the farmers in field, and

- (v) to study the benefits on both economy and ecology. As a result of these studies
cyanobacterial biofertilizer was found very useful, especially for small and marginal
farmers of the country with the view point of both economy and ecology.

The Blue-Green Algae (Cyanobacteria):

Role of the blue-green algae (e.g. Aulosira, Anabaena, Cylindrospermum, Nostoc, Plectonema,
Tolypothrix) in the paddy fields was realized much earlier. In water-logging condition, the cyanobacteria
multiply, fix atmospheric N2 and release it into the surroundings in the form of amino acids, proteins
and other growth promoting substances. Recent works done at Central Rice Research Institute,
(Cuttack), Indian Council of Agricultural Research (New Delhi) and other centres, e.g. Centre of
Advanced Study in Botany, Banaras Hindu University, Varanasi are of much importance.

67



Contribution of nitrogen by some of the nodulated legumes when used as green manure/cover

crop.
N2 fixing system Amount of N contributed
(a/ha)
Green manure legumes :
Sesbania aculeata — Rhizobium 70-120
Leucaena leucocephala - Rhizobium 500-600
1. | Beans (broad beans / lupines /soybean / lentil, 60-210
etc.) — Rhizobium
Fodders (Trifolium / Medicagol Melilotus, etc. ) - 100-300
Rhizobium

Cover crop legumes :

2. Lablab purpureus — Rhizobium 240
Glycine jawanica — Rhizobium 210
Non-legumes :

3. Casuarina equisitifolia - Frankia 100

Alnus — Frankia 30-300
Others :

4. Azolla - Anabaena 25-190
Grasses - Azospirillium 15-100

Mass cultivation of cyanobacterial biofertilizers:

++ For outdoor mass cultivation of cyanobacterial biofertilizers, the regional specific strains
should be used.

¢+ Mixture of 5 or 6 regional acclimatized strains of cyanobacteria, e.g. species of Anabaena,
Aulosira, Cylindrospermum, Gloeotrichia, Nostoc, Plectonema, Tolypothrix are generally
used for starter inoculum.

¢ The following four methods are used for mass cultivation :
- (i) cemented tank method.,
- (ii) shallow metal troughs method,
- (iii) polythene lined pit method, and

- (iv) field method. The polythene lined pit method is most suitable for small and marginal
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farmers to prepared algal biofertilizer. In this method, small pits are prepared in field and
lined with thick polythene sheets. Mass cultivation of cyanobacteria is done by using any of
the four methods under the following steps:

(i) Prepare the cemented tanks, shallow trays of iron sheets or polythene lined pits in an open area.
Width of tanks or pits should not be more than 1.5 m. This will facilitate the proper handling of
culture.

(ii) Transfer 2 -3 Kg soil (collected from open place for Im 2 area of the tank) and add 100 g of
superphosphate. Water the pit to about 10 cm height. Mix lime to adjust the pH 7. Add 2 ml of
insecticide e.g. malathion to protect the culture from mosquitoes. Mix well and allow to settle down
soil particles.

(iif) When water becomes clear, sprinkle 100 g of starter inoculum on the surface of water.

(iv) When temperature remains between 35-40° during summer, optimum growth of cyanobacteria is
achieved. Always maintain the water level to about 10 cm during this period,

(v) After drying, the algal mat will get separated from the soil and forms flakes. During summer about
1 kg pure algal mat per m? area is produced. These are collected, powdered, kept in sealed
polythene bags and supplied to the farmers.

(vi) The algal flakes can be used as starter inoculum if the same process is repeated.

Field Applications:

Prepare a solution of 125 gm. aof jaggery (gurh) in one litre of
water and mix one packet (200gm.) Phosphate Solubalizing

Seed Treatment Bacteria to form a slurry. Sprinkle this slurry over the seeds
required for one acre of crop, mix thoroughly and shade dry the
seeds before sowing

Prepare a thick mixture of 2 pockets (400 gm) of Phosphate

: Solubalizing Bacteria in 20-25 litre of water in big flat container.
Seedling treatment ] o ]

Dip the roots of seedlings in it for 1/2 hr and then transport them in

field.

Mix 5 packets (1000gm) of culture powder in 50 kg. of

) F.Y.M./Vermicompost/Nadep compost/Soil spread in one acre field
Soil Treatment _ ) ) ] )

at the time of last ploughing before sowing or with the first

irrigation.
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Azolla:

Azolla is an aquatic heterosporous fern which contains an endophytic cyanobacterium, Anabaena
azollae, in its leaf cavity. The significance of Azolla as biofertilizer in rice field was realized in Vietnam.
Recently, it has become very popular in China, Indonesia, Philippines, India and Bangladesh

A total of six species of Azolla are known so far viz., A. caroliniana, A. filiculoides, A. mexicana,
A. microphylla, A. nilotica, A. pinnata and A. rubra. Out of these A. pinnate is commonly found in
India. The global collections of several species of Azolla are maintained at CRRI (Cuttack). Within the
leaf cavity filaments of Anabaena azollae are present. Dr. P.K. Singh, at CRRI has done an outstanding
work on mass cultivation of Azolla and its use as biofertilizer in rice and other crop fields.

Mass cultivation of Azolla

Microplots (20m?) are prepared in nurseries in which sufficient water (5-10 cm) is added. For
good growth of Azolla, 4-20 Kg P.Os/ha is also amended. Optimum pH (8.0) and temperature (14-30°C)
should be maintained. Finally, microplots are inoculated with fresh Azolla (0.5 to 0.4 Kg/ m?). An
insecticide (furadon) is used to check the attack of insects. After three, week of growth mat formed by

Azolla is harvested and the same microplot is inoculated with fresh Azolla to repeat the cultivation.

Azolla mat is harvested and dried to use as green manure. There are two methods for its
application in field: (a) incorporation of Azolla in soil prior to rice plantation, and (b) transplantation of
rice followed by water draining and incorporation of Azolla. However, reports from the IRRI
(Philippines) reveal that growing of Azolla in rice field before rice transplantation increased the yield

equivalent to that obtained from 30Kg N/ha as urea or ammonium phosphate.

Moreover, Azolla shows tolerance against heavy metals viz. As, Hg, Pb, Cu, Cd, Cr, etc. It
tolerates low concentration but at high levels a setback in biochemical pathways is caused. A. pinnata
absorbs heavy metals into cell walls and vacuoles through evolution of specific metal resistant enzymes.
Therefore, heavy metal resistant species such as A. pinnata can also be incorporated as green manure in
rice field near the polluted areas where heavy metal concentration is between 0.01 and 1.5 mg/liter. Due
to development of chemical industries and discharge of effluents into water bodies, heavy metal
concentration is gradually increasing day by day. Industries where work of electroplanting, fertilizers,
tanning etc. are done, they act as a chief source for soil and water pollution. For example, disturbed

vegetation in aquatic system around Damodar river valley in India has received a great attention.
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FIELD APPLICATION

Seed Treatment

Seedling treatment

Soil Treatment

Use of Azolla

e Azolla covering water surface reduce light penetration of soil surface, resulting in the
depreciation in the germination of weeds (70% of the weed). Thus growth of azolla reduces

Prepare a solution of 125 gm. aof jaggery (gurh) in one litre of
water and mix one packet (200gm.) Phosphate Solubalizing
Bacteria to form a slurry. Sprinkle this slurry over the seeds
required for one acre of crop, mix thoroughly and shade dry the

seeds before sowing

Prepare a thick mixture of 2 pockets (400 gm) of Phosphate
Solubalizing Bacteria in 20-25 litre of water in big flat container.
Dip the roots of seedlings in it for 1/2 hr and then transport them in
field.

Mix 5 packets (1000gm) of culture powder in 50 kg. of
F.Y.M./Vermicompost/Nadep compost/Soil spread in one acre field
at the time of last ploughing before sowing or with the first

irrigation.

aquatic weeds in flooded rice fields.

e The integrated use of azolla with rice and fish farming has been developed. The integrated

approach can enhance a farmer's income while reduce the use of pesticide and fertilizers and

consequently environmental pollution.

e It can fix atomospheric nitrogen, carry out photosynthesis and uptake nutrients from its

surrounding environment through its root system.

« It has wide range of use including fodder for dairy cattle, pigs, chicken, ducks and fish.

o The application of azolla as biofertilizer on agriculture crops, in order to provide a natural

source of crucial nutrients nitrogen, can be very beneficial for the future.

e Due to fact that rice paddy field from an ideal environment for azolla.

e Improve the nutritional status of the soil.

e Azolla has been used as green manure.

« Improve yields by 15-20 per cent.

e Azolla can be used as an animal feed a human food, a medicine and water purifier.
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o It may also be used for the production of hydrogen fuel the production of biogas the control
of mosquitoes and the reduction of ammonia volatilization which accompanies the application of

chemical nitrogen fertilizer.

NITROGEN FIXERS:

Bacteria that change nitrogen gas from the atmosphere into solid nitrogen usable by plants are
called nitrogen-fixing bacteria. These bacteria are found both in the soil and in symbiotic relationships

with plants.

¥ Nitrogen-fixing bacteria are microorganisms present in the soil or in plant roots that change
nitrogen gases from the atmosphere into solid nitrogen compounds that plants can use in the soil

v Examples: Rhizobium sp. Frankia, Azolla

Rhizobium - ISOLATION IDENTIFICATION CHARACTERIZATION AND APPLICATION

Rhizobium:

% They are Gram-negative

< motile

% non-sporulating rods

ISOLATION OF Rhizobium:

Yeast Extract Mannitol Agar (YEMA) plates were prepared and sterilized by autoclaving

v

Legume plants (Groundnut) were carefully uprooted and washed under running water to remove

the adhesive soil particles
v
Healthy unbroken pink nodules were selected
v
Surface Sterilization of root nodules by 0.1 % mercuric chloride and 3-5% hydrogen peroxides

v

The nodules were immersed in sterilizing agents for 4-5 minutes and then washed with sterile distilled

water.

W
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Then they are washed in 70% ethyl-alcohol followed by washing with sterile distilled water again

7

Crushed nodular extract (1 ml) suspension was diluted with 9 ml of sterile distilled water (10%)
making the dilution from 102 to 108
v
Suspension (0.1 ml) of nodular extract was inoculated into sterile YEMA plates
v
Inoculated Petri plates were incubated for 4-7 days in an incubator at 37°C.

METHOD 1 METHOD 2

After incubation

Single colonies

IDENTIFICATION AND CHARACTERIZATION OF Rhizobium

CELLULAR -

Staining Gram-negative

Morphology Rods 0.5-0.9 x 1.2-3.0 um. Commonly pleomorphic under adverse growth conditions

Motility Motile by one polar or subpolar flagellum or two to six peritrichous flagella

Specialized Fimbriae have been described on a few strains Usually contain granules of poly-B- hydroxyl
structures butyrate which are refractile by phase-contrast microscopy. Non spore forming

Division

COLONIAL -

Solid Colonies are circular, convex, semi translucent, raised and mucilaginous, usually 2-4 mm in diameter
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surface  within 3-5 days on yeast-mannitol-mineral salts agar.

Liquid Pronounced turbidity develops after 2 or 3 days in agitated broth
CLASSIFICATION OF Rhizobium:

Rhizobium is not part of a species because it is not a species. Rhizobium is the name of a genus
of bacteria that fix nitrogen. Inside the genus is a multitude a species. Its name comes from Greek (Riza

= Root and Bios = Life). Rhizobim's bacteria that are part of its genus are all aerobic bacteria.

Domain: Eubacteria

Kingdom:  Bacteria

Phylum: Proteobacteria
Class: Alpha Proteobacteria
Order: Rhizobiales:
Family: Rhizobicacea
Genus: Rhizobium

Examples of Rhizobium sp.

R. alamii, R. alkalisoli, R. cellulosilyticum, R. gallicum, R. indigoferae, R.

leguminosarum, R. leucaenae,R. loessense, R. lupini, R. mesoamericanum, R. nepotum, R. oryzae, R.

petrolearium, R. phaseoli, R. pisi
MASS PRODUCTION OF Rhizobium BIOFERTILIZER

Methods of Cultivation:

Following are the steps of mass cultivation of Rhizobium:

Sterilize the growth medium and inoculate with broth of mother culture prepared in advance
Incubate for 3-4 days at 30 - 32°C
v
Test the cultures for its purity and transfer to a large fermenter, wait for 4-9 days for bacterial growth

(for good bacterial growth make the device for its aeration)

7
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Allow to grow the bacteria either in a large fermenter containing broth or in small flasks as per demand

v
Check the quality of broth
v
Blend the broth with sterile carrier e.g. peat, lignite, farmyard manure and charcoal powder
v
Pack the culture in polyethylene bags and keep at 25°C
v
Check the quality of carrier culture
v
Store at 4°C in a controlled-temperature room
v
Supply to farmers
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METHODS OF SEED INOCULATION WITH RHIZOBIAL CULTURE:

5 Dissolve 10 per cent sugar or gur (jaggery) in water by boiling it for some time

& Leave the content to cool down. Gum arabic solution (10% ) may also be added to the solution
 This serves as sticker for Rhizobium cells to seeds

& Mix this carrier based culture of Rhizobium to form the inoculum slurry

5 For one hectare, 400 g charcoal based culture would be sufficient for mixing the seeds
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& Transfer the inoculum slurry on seeds and mix properly
& The number of rhizobial cells/ seed should be between 10° to 10°

5 Spread the seeds in shade for drying on cement floor or plastic sheets

Water in a container

— 50 g sugar or gur (jaggery)
—  Boil for 15 min
—  Gum arabic (200 g)
—  Cool it
Sticker solution
l —  Rhizobial culture
L — Mixproperly
Inoculum slurry
I — Add seeds, mix properly
I — Dry seeds in shade, keep it covered

Seeds coated with rhizobial cells

& —  Sow it in the field
APPLICATION OF BIOFERTILIZERS:

1. Seed treatment or seed inoculation
2. Seedling root dip
3. Main field application

Seed treatment

& One packet of the inoculant is mixed with 200 ml of rice kanji to make a slurry

& The seeds required for an acre are mixed in the slurry so as to have a uniform coating of the
inoculant over the seeds and then shade dried for 30 minutes

¢ The shade dried seeds should be sown within 24 hours

5 One packet of the inoculant (200 g) is sufficient to treat 10 kg of seeds.
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Seedling root dip

¥¢ This method is used for transplanted crops
¥ Two packets of the inoculant is mixed in 40 litres of water

¥ The root portion of the seedlings required for an acre is dipped in the mixture for 5 to 10 minutes

and then transplanted

Main field application

%+ Four packets of the inoculant is mixed with 20 kgs of dried and powdered farm yard manure and

then broadcasted in one acre of main field just before transplanting.

APPLICATION OF Rhizobium BIOFERTILIZER:

It is a low cost and easy technique

It can be used by small and marginal farmers

It is free from pollution hazards and increase soil fertility

Secrete growth promoting substances like IAA, IBA, NAA, aminoacids, proteins, vitamins, etc.

Y V VYV V

They add sufficient amount of organic matter in soil

» The bioferilizers increase physico-chemical properties of soils such as soil structure, texture,
water holding capacity, cation exchange capacity and pH by providing several nutrients and
sufficient organic matter

» It fix nitrogen from air to plant

MECHANISM OF BIOLOGICAL NITROGEN FIXATION

Biological nitrogen fixation can be represented by the following equation, in which two moles of
ammonia are produced from one mole of nitrogen gas, at the expense of 16 moles of ATP and a supply

of electrons and protons (hydrogen ions):
N2+ 8H+ + 8e" + 16 ATP = 2NH3s + Hz+ 16ADP + 16 Pi

This reaction is performed exclusively by prokaryotes (the bacteria and related organisms), using
an enzyme complex termed nitrogenase. This enzyme consists of two proteins - an iron protein and a

molybdenum-iron protein, as shown below.
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The reactions occur while N2 is bound to the nitrogenase enzyme complex. The Fe protein is first
reduced by electrons donated by ferredoxin. Then the reduced Fe protein binds ATP and reduces the
molybdenum-iron protein, which donates electrons to N2, producing HN=NH. In two further cycles of
this process (each requiring electrons donated by ferredoxin) HN=NH is reduced to H2N-NH, and this

in turn is reduced to 2NHs.

Depending on the type of microorganism, the reduced ferredoxin which supplies electrons for

this process is generated by photosynthesis, respiration or fermentation.

oxidised ferredoxin reduced ferredaoxin
f.-'
T t—
reduced Fé protein oxidised -fFe protein
4ATP—" De- > 4pDP
== S ——__
oxidised Mo fée protein reduced Mb Fe protein
S 2e- =T
P — — i:;——__. T — . 2 H
HN = NH N,
H.N - NH, HN = NH
2 NH, H.N - NH,

Formation of a root nodule
Multiple interactions are involved in the formation of root nodules:

1) The Rhizobium bacteria divide and form colonies. These get attached to the root hairs and epidermal

cells.
2) The root hairs get curled and are invaded by the bacteria.

3) This invasion is followed by the formation of an infection thread that carries the bacteria into the

cortex of the root. The bacteria get modified into rod-shaped bacteroides.
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4) As a result, the cells in the cortex and pericycle undergo division, leading to the formation of root
nodules.

5) The nodules finally get connected with the vascular tissues of the roots for nutrient exchange.
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Non-Symbiotic N2-Fixing Bacteria:

The non-symbiotic nitrogen fixing bacteria do not require a host plant. In 1891, Winogradsky
observed that when soil was exposed to the atmosphere, the nitrogen content of the soil was recorded to

be increased.

¢+ Anaerobic bacterium Clostridium pasteurianum was found responsible for such an increase of
the nitrogen content in soil

< In 1901, Beijerinck proved that there were also free-living aerobic bacteria, Azotobacter
chroococcum that could fix atmospheric nitrogen

¢+ Another bacterial group, Granulobacter (purple colour) obtains nitrogen directly from the
atmosphere

+«» Aerobic soils of tropical climatic regions, the acid tolerant Na-fixer Azotobacter beijerinckia is
most abundant Azospirillum spp. also fixes N2-non-symbiotically and help to many crops for

their growth and yield

Azospirillum:

~ Azospirillum, a free-living nitrogen-fixing bacteria closely associated with grasses
= Gram negative
» Motile bacteria
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Microaerophilic

Non-fermentative
Secretes some fungicides, enzymes but in minute amount

Belonging to the order Rhodospirillales

¥y ¥ ¥ ¥ ¥

Associated with roots of monocots, including important crops, such as wheat, corn and rice

Azospirillum
Scientific classification

Kingdom: Bacteria

Phylum:  Proteobacteria
Class: Alphaproteobacteria
Order: Rhodospirillales
Family:  Rhodospirillaceae

Genus: Azospirillum

Type species
Azospirillum lipoferum

Species
A. brasilense, A. canadense, A. doebereinerae, A. fermentarium, A. formosense
A. halopraeferens, A. humicireducens, A. irakense, A. largimobile, A. lipoferum
A. melinis, A. oryzae. A. picis, A. rugosum

Isolation of Azospirillum
The roots are separated from the plants and thoroughly washed in running tap water
v
Then, they are transferred into 1 L flasks containing 0.5 L of sterile tap water and shaken for 30 minutes

7

The procedure is repeated three times, after which the same procedure is repeated with distilled water

three times
v
The washed roots are moved to a sterile Petri dish and are cut into minuscule pieces with scissors
pretreated with alcohol and burnt in the flame of an alcohol lamp
v
The root pieces are transferred into tubes containing 6mL of semi liquid selective media
v
The tubes are incubated at 30°C or at 37°C for 3-5 days
v
0.1 mL of culture liquid is transferred to the tubes containing fresh medium and incubated for 5-7 days

7
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On semiliquid medium, azopirilla form a special subsurface growth ring
v
The tubes with special microaerophilic growth are inspected, and the microbial growth ring is observed

under the microscope

v
The samples with special helical movement are checked and selected
v
Dilutions of the inoculum are plated on the same agar medium and incubated for 3-5 days
v
The isolated colonies are selected
1.0 mi 1.0ml 1.0ml 1.0 mil

i i e

Original 9mlH,0 9ml H,0 9 mlH,0 9ml H,0
sample (10 dilution) (102 dilution) (103 dilution) (10~ dilution)

1.0ml

Mix with warm
agar and pour.

IDENTIFICATION:
= Preliminary identification is made with the immunodiffusion method
= The strains forming precipitation bands are selected
= Physiological and biochemical tests, immunochemical analysis, and 16S rRNA gene sequence

analysis are used for the identification of isolated cultures

COLONY APPEARANCE:
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CELLULAR -

Staining Gram-negative to Gram-variable.

Morphology Plump, slightly curved and straight rods, about 1.0 um in diameter and 2.1-3.8 um in
length, often with pointed ends.

Motility Motile in liquid media by a single polar flagellum. On solid media at 30°C numerous

lateral flagella of shorter wavelength are also formed.

Specialized Intracellular granules of poly-B-hydroxybutyrate present. Enlarged, pleomorphic
structures forms may occur in old, alkaline cultures or under conditions of excess oxygen
Division

COLONIAL -

Solid surface: Colonies on potato agar are typically light or dark pink, often wrinkled and non-slimy.

Liquid : Turbidity

MASS CULTIVATION OF Azospirillum:
Sterilize the growth medium and inoculate with broth of mother culture prepared in advance
Incubate for 3-4 days at 30 - 32°C
v
Test the cultures for its purity and transfer to a large fermenter, wait for 4-9 days for bacterial growth

(for good bacterial growth make the device for its aeration)

v
Allow to grow the bacteria either in a large fermenter containing broth or in small flasks as per demand
v
Check the quality of broth
v
Blend the broth with sterile carrier e.g. peat, lignite, farmyard manure and charcoal powder
v
Pack the culture in polyethylene bags and keep at 25°C
v
Check the quality of carrier culture
v
Store at 4°C in a controlled-temperature room
v
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Supply to farmers

Stock Culture h
= Broth in Big Flasks
for Cultuning
Supply 1o Farmers |
|
-
Quality Check After
Different Durations
Packaging
* |
Fermentation for Large Scale
Production
L4
Broth Quakty Check
- l_ : g 5 i
Blended with carrier Sterilization

APPLICATION OF BIOFERTILIZERS

1. Seed treatment or seed inoculation
2. Seedling root dip
3. Main field application

Seed treatment

One packet of the inoculants is mixed with 200 ml of rice kanji to make a slurry. The seeds
required for an acre are mixed in the slurry so as to have a uniform coating of the inoculants over the
seeds and then shade dried for 30 minutes. The shade dried seeds should be sown within 24 hours. One

packet of the inoculants (200 g) is sufficient to treat 10 kg of seeds.

Seedling root dip
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This method is used for transplanted crops. Two packets of the inoculant is mixed in 40 litres of
water. The root portion of the seedlings required for an acre is dipped in the mixture for 5 to 10 minutes
and then transplanted.

Main field application

Four packets of the inoculant is mixed with 20 kgs of dried and powdered farm yard manure and

then broadcasted in one acre of main field just before transplanting.
MECHANISM OF NITROGEN FIXATION:

Reduction takes place on the surface of the enzyme

¢+ Six electrons are required to reduce one mole of N to two moles of ammonia.
N2 + 8H+ +8e- +16 ATP ------- 2 NH3+16 ADP+ 2H+ +16pi

It is postulated that, atoms of N2 are separated torch charge in the valency of metal ion (mo)
bound to the enzyme involved in reduction of N2. For every electron transfer, 4 ATP moles are required.
+ Hydrogenase -Uptake hydrogenase (HUP+) converts the release d hydrogen during N2 fixation,

and cycled back the Hydrogen for energy generation by this they contribute 9-10 %ATP
requirement for N2 fixation process
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Reduction process

N, Dinitrogen

2H" 2e- l

HN = HN Diimide

2H+, 2e- l
H,N- NH, Hydrazine

2H+, 2e- l

HO,HN- NH,OH Hydroxyl amide

2H+, 2e- l

2 NH; Ammonia

Azotobacter

» Azotobacter is a genus of usually motile

» Oval or spherical bacteria that form thick-walled cysts and may produce large quantities of

capsular slime
» They are aerobic
» Free-living soil microbes which play an important role in the nitrogen cycle
» Binding atmospheric nitrogen, which is inaccessible to plants, and releasing it in the form of

ammonium ions into the soil (nitrogen fixation)

» Diazotrophs (Diazotroph: "Di": two + "A": without + "Zoo": life + "Troph™: pertaining to food
or nourishment. "Azote": Nitrogen (French). Named by French chemist and biologist Antoine
Lavoisier, who saw it as the part of air which cannot sustain life)

» Used by humans for the production of biofertilizers, food additives, and some biopolymers

» The first representative of the genus, Azotobacter chroococcum

» Discovered and described in 1901 by the Dutch microbiologist and botanist Martinus

Beijerinck
> Azotobacter species are Gram-negative bacteria
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» Found in neutral and alkaline soils

Scientific classification

Domain: Bacteria
Phylum: Proteobacteria
Class: Gammaproteobacteria

Order: Pseudomonadales

Family: Pseudomonadaceae/Azotobacteraceae

Genus: A;thbacter
Beijerinck, 1901

Species
Azotobacter agilis
Azotobacter armeniacus
Azotobacter sp. AR
Azotobacter beijerinckii
Azotobacter chroococcum
Azotobacter sp. DCU26
Azotobacter sp. FA8
Azotobacter nigricans
Azotobacter paspali
Azotobacter salinestris
Azotobacter tropicalis
Azotobacter vinelandii

ISOLATION OF Azotobacter:

Ashby’s medium:
Mannirol 200 g
K,;HPO4 0.2¢g
MgSO4.7H,0 02 g
NaCl 02¢g
K,S804 0.1g
C3C03 5.0 g
Agar 15.0 g

Distilled water  1000.0 ml
Dissolve mannitol, MgS04. 7H20, NaCl, K2S04 and CaCO0s in 200 ml distilled water. Dissolve

K2S04 separately in 100 ml distilled water (to prevent precipitation) in another flask. Mix both solutions
and make up the volume to 1000 ml. Sterilize at 15 Ibs (121°C) for 15 minutes and use.
Or

Waksman medium No.77 (N-free Mannitol Agar Medium for Azotobacter)
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Mannitol
CaCO3
K2HPO4

Mg SO4.7H20
NaCl

Ferric chloride
MnS04.4H20
N-free washed
Agar

pH

Distilled Water

: 1009
: 5090
- 05¢
: 029
: 029
. Trace
. Trace

: 1509

7.0
: 1000 ml

Pour Ashby’s medium into sterile Petri plates and allow them to solidify.

2. Sieve the soil through 2 mm sieve, weigh two 10 g samples, keep one sample in an oven over night at

150°C. Weigh this sample to find out the percentage of moisture in soil.

3. Add the other 10 g soil sample into the 90 ml water blank, shake for 20-25 minutes on the magnetic

shaker.

4. Make serial dilutions of this sample though sterile water blanks as mentioned under bacteria.

5. Add 1 ml of each dilution on to the agar plates, rotate the plates for even spreading of inoculum and
incubate at 28°C for 3-4 days.

COLONY APPEARANCE: Azotobacter colonies appear as flat, soft, mucoid and milky colonies.

MASS PRODUCTION OF Azotobacter:

i. Mother culture:

A pure growth of any organism on a small scale is called as a mother culture

7

Mother culture is always prepared in a conical flask of 500 or 1000 ml

7

Capacity and then this mother culture is used for further production

7

For this purpose, one liter conical flasks are taken to which 500 ml of broth of nitrogen free medium
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is added and these flasks are then plugged with non-absorbent cotton, sterilized in an auto slave for
15-20 minutes at 75 Ibs pressure for 15 minutes

v
Flasks are then inoculated with mother culture with the help of inoculating needle aseptically

7

The flasks are transferred to shaker and shaking is done for 72-90 hours so as to get optimum growth

of bacteria in broth. Bacteria are multiplied by binary method i.e. cell division

2
After about 90 days, the number of per milliliters comes to about 100 crores

7

Total growth of bacteria in this broth means starter culture or mother culture, which should carefully
be done, since further purity of biofertilizer or quality of biofertilizer depends upon ho