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C O V E R S T O RY

dyadic international, inc.
The Global Quest for A Vaccine Drives
Dyadic’s C1 Adoption

C

ovid-19 continues to wreak havoc
across the nation, and the rest of
the world. Unemployment is sky
high, economies are teetering on depression
and citizens are too fearful of the disease to
even contemplate a return to life as normal.
The commonly accepted solution to this
coronavirus would be a vaccine, allowing
citizens to return to life as normal, and pharmaceutical companies across the planet are
in a desperate chase to develop a working
vaccine for Covid-19. Thankfully progress is
being made on many fronts.

Mark Emalfarb, CEO
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But, it’s not just enough to create a vaccine.
There are over 8 billion humans on earth
and, in order to get the pandemic under
control, it’s going to require massive production of vaccines on a scale never before
seen and at a low enough cost to affordably distribute the cure on a global basis.
It is this desperate need for faster, cheaper
production of biologics that is pushing the
governments of western countries to pursue
their own vaccine strategies in parallel with
the private sector. And, in the case of the
US, the EU and Israel, major government
organizations are collaborating with Dyadic
(Nasdaq: DYAI) as a possible solution to the
dual issue of developing mass production of
a SARS-CoV-2 vaccine at a reasonable price.
Dyadic has been reengineering its industrially proven hyper-productive gene expression platform for the manufacturing of biologic vaccines and drugs for several years
now. The existing process of producing biologics in CHO (Chinese Hamster Ovaries)
has been around since the early days of the
biotech industry. It’s a known commodity,
but it and other existing cell lines currently
being used to produce biologics such as
E. coli, baculovirus and yeast have certain
flaws. These are particularly evident in the
limited production quantities that can be
created and, in particular, CHO cells translate into longer and more expensive biomanufacturing processes. In the pharmaceutical
world, until now, cost of production hasn’t
been a gating factor. However, the need to
address Covid-19 is changing that and, in

the process, potentially driving the adoption
of Dyadic’s C1 platform.

can dyadic accelerate the
production and reduce the
costs oF BioloGics?
Dyadic International is a progressive and
interesting company in more ways than one.
Founded by Mark Emalfarb in 1979, this
commercially proven gene expression company has its roots in industrial biotechnology where Mark Emalfarb pioneered the
use of pumice stones & cellulase enzymes
in the stone washing of blue jeans. It was
in the early 1990’s when Russian scientists employed by Emalfarb, discovered the
Thermothelomyces heterothallica fungus (formerly Myceliopthora thermophila), which the
Company named C1.
Over the past two decades, the C1 technology has been developed into a next generation protein expression and production
system for gene discovery, development,
expression and production of enzymes and
other proteins.
The journey of how Mark Emalfarb
evolved from blue jeans to genetics, turning
genes (DNA) into more accessible & affordable medicines, is quite intriguing. I would
suggest that, if you’d like to understand this
background better, along with gaining an
understanding of who Mark Emalfarb is,
you should listen to an interview with Mark
on SoundCloud.com (The Innovation Show,
Episode 48).
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However, for the purposes of this paper,
we are going to skip over the early days of the
discovery and formulation of C1. Instead, we
will look at what is special about C1, how it
was successfully adopted in the industrial
biotechnology industry, and how it is being
developed as a potential game-changing protein expression and production system for
use in the animal and human biopharmaceutical industries.

What is a protein expression and production system (“Gene Expression
System”)?
Protein make up about 15% of the mass of
the average human. Protein molecules are
essential to us in an enormous variety of different ways. Much of the fabric of our body is
constructed from protein molecules. Muscle,
cartilage, ligaments, skin and hair - these are
all mainly protein materials.
In addition to these large-scale structures
that hold us together, smaller protein molecules play a vital role in keeping our bodies
working properly. Hemoglobin, hormones
(such as insulin), antibodies, and enzymes
are all examples of these less obvious proteins.
Most genes contain the information needed to make functional proteins. The journey
from gene to protein is complex and tightly
controlled within each cell. It consists of two
major steps: transcription and translation.
Together, transcription and translation are
known as gene expression.
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Protein production is the biotechnological
process in which an organism makes proteins.
It is typically achieved by the manipulation
of gene expression in a cell such that the cell
expresses (produces) a recombinant protein.
There is a large market for proteins, but
how do you manufacture them? Proteins, a
biologic, are grown and harvested from cells.
This is not done in a petri dish, but in large
vats wherein an rDNA for a protein is introduced to an “expression host”. The expression host is an organism that expresses or
produces large amounts of the target protein
in a fermentation vessel.
There are many possible expression hosts
including mammalian, bacterial, insect and
fungal. Each one has different strengths
and weaknesses. The key to a successful
expression host is an ability to produce
commercial quantities of the desired protein structure and activity with a high yield
and low cost.
Mark Emalfarb discovered a unique and
highly expressive fungal host through his

work in developing a gene expression system
for producing enzymes used for a variety of
industrial uses such as stone washing jeans,
and biofuels. This discovery and subsequent
improvements led Mark Emalfarb to what is
now called the C1 Technology Platform.
Dyadic originally pursued the potentially
less lucrative but much easier to enter industrial market for C1. This was a shrewd move
and it paid off. Over the years from 1996
through 2015, C1 gained a very strong foothold in industrial biotechnology, winning
business with customers and licensees such
as Abengoa, DuPont, BASF and Shell Oil.
This success validated C1’s ability to
produce high-quality enzymes at high
yields and purity. Through their efforts,
C1 has become a well-regarded expression host in many industrial applications.
All of which culminated with the sale of
Dyadic’s Industrial Biotechnology business
to DuPont on December 31, 2015 for $75
million in cash.

But, it’s not just enough to create a vaccine. There
are over 8 billion humans on earth and, in order
to get the pandemic under control, it’s going to
require massive production of vaccines on a scale
never before seen and at a low enough cost to
affordably distribute the cure on a global basis.
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Money in the Bank,
Biopharmaceutical
Industry Awaits
At the time of the sale of the industrial business to DuPont, Dyadic had various options.
They could have scaled back research and
development and returned a lot of money
to investors. Instead, they purchased $ 22
million dollars of the company’s outstanding
shares and took a portion of the proceeds
from the sale to DuPont to pursue the more
expensive, but potentially much more lucrative, field of biopharmaceuticals.
Taking a fresh look at the biopharmaceutical industry, the landscape had changed. On
a secular basis, there is an ever-increasing
focus on the high cost of biologic drugs.
Biopharmaceutical companies were selling
billions of dollars of lifesaving treatments for
patients suffering from debilitating diseases.
However, the expense of developing and producing these biotherapeutics has priced many
people in developed nations out of the market
for these therapies; and they are all but impossible to afford in the less developed countries,
where many of these sufferers reside.
This desire to make drugs less expensively
comes at a time when the whole healthcare
industry is under growing pressure from
insurers, regulators and the public at large to
reduce prescription drug costs. In the eyes of
many, the cost of healthcare has gotten out
of control across the World and big pharma
is seen as the primary culprit. Biologic drugs
already make up ~ 40% of prescription drugs
and are not only the fastest growing segment
of prescription drugs, but also the most
expensive drugs.

The Biotechnology
Bottleneck
The Covid-19 pandemic highlights the inefficiencies of the pharmaceutical industry and
the bureaucracy, politics and red tape within
the federal government to effectuate real
disruption in the manufacturing of biologic
vaccines and drugs.

12

MicroCap Review Magazine

Despite President Trump’s Executive
Order # 13887 “Executive Order on
Modernizing Influenza Vaccines in the
United States to Promote National Security
and Public Health” nothing seems to change.
The Executive Order clearly indicates that
the current technologies used to manufacture vaccines are insufficient to meet the
response needs in the event of a pandemic,
which can emerge rapidly and with little
warning.
The Order clearly points out a need to
“diversify domestic vaccine-manufacturing
capacity to use innovative, faster, and more
scalable technologies, including cell-based and
recombinant vaccine manufacturing, through
cost-sharing agreements with the private sector, which shall include an agreed-upon pricing strategy during a pandemic.” Further, it
calls for “Support, in collaboration with the
DOD, BARDA, and CDC, of applied scientific
research regarding developing cell lines and
expression systems that markedly increase the
yield of cell-based and recombinant influenza
vaccine manufacturing processes.”
With governments laser-focused on this
issue of improving production yields and
lowering costs, one can assume that they
have access to all the latest developments in
biologic manufacturing. Thus, when Dyadic
was selected by the Frederick National
Laboratory to engineer its patented and
proprietary C1 cell lines to produce a number of Covid-19 vaccine candidates which
will be utilized by the Vaccine Research
Center (VRC) part of the National Institute
of Allergy and Infectious Diseases (NIAID)
and at the National Institute of Health
(NIH), it was a resounding endorsement for
the potential game-changing technology of
C1. It’s not only the NIH, which is simply
the latest government backed organization
indicating that C1 has the potential to be
one of their potential production platforms;
NIH’s endorsement follows on the heels
of C1 programs such as ZAPI, and the C1
Covid-19 vaccine collaborations in conjunction with ZAPI scientists from University
Utrecht, TIHo University and Erasmus

Medical Center, and the Israel Institute For
Biological Research (IIBR).
ZAPI, (Zoonotic Anticipation and
Preparedness Initiative), is a division of the
Innovative Medicines Initiative (IMI) which
is run by the European Union in partnership
with the European pharmaceutical industry.
ZAPI brought together experts in human
and animal health to create new platforms
and technologies that facilitate a fast, coordinated and practical response to new infectious diseases as soon as they emerge, Dyadic
has been involved with ZAPI since 2015.
IIBR, the Israel Institute for Biological
Research, was established in 1952 as a governmental research institute, founded by
a group of scientists from the IDF Science
Corps and from academic organizations.
Dyadic and the IIBR began their collaboration in January 2018 and have previously
developed a proprietary enzyme, the recombinant IIBR Fc-fusion enzyme that provided longer lasting protection against nerve
agents such as sarin and VX gas than Acetyl
Choline Esterase, which is commonly used.
In February of this year, Dyadic announced
that they were joining the global fight against
the coronavirus outbreak by expanding their
collaboration with the IIBR.
These organizations and scientists are
some of the best and brightest in the infectious disease industry and they are all government funded with deep pockets. By
working with all three, Dyadic has completed a trifecta of impressive relationships;
the governments of Europe, Israel and now the
US are all working with C1 to accelerate their
vaccine development programs.

Beyond Vaccines, Other
Avenues Are Progressing
as Well
While vaccine development is driving adoption at this time, there is also a race going
on for the cure. Prevention is best, but what
happens when someone has the disease? In
addition to vaccines, C1 has the potential to
produce monoclonal antibodies (mAbs) in
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high amounts more rapidly than using CHO
cells or other production methods. In fact,
the data derived from Dyadic’s research collaborations with top-tier big pharma companies shows that the mAbs produced from
C1 bind and neutralize equally to those
produced from CHO cells.
Thus, the same productivity advantages
for C1 exists in mAbs as in vaccines; more
rapid manufacturing processing of greater
amounts of lower cost mAbs to treat diseases
including Covid-19.
C1’s productivity also has the potential
to provide even greater benefits for biologic vaccines and drugs for use in animal
health, both for farm animals and companion animals. As opposed to drugs for
use in humans, in animal health, the cost
of manufacturing is much more important.
Dyadic is already in collaboration with and
receiving research funded from all four of
the largest global animal health pharmaceutical companies. This work is ongoing, and
Dyadic expects to see a number of animal
health products entering the market as the
collaborations continue to progress.

The Corona Virus is
Pushing Dyadic Towards
the Goal Line
From an investor standpoint, this is certainly
an exciting time. Until recently, Dyadic, which
has several years of cash on its balance sheet
with no debt, had been an interesting stock but
investors were rightly concerned about when
things would begin to gel for the Company.
Now Covid-19 has permanently altered and
potentially sped-up the timeline for the development of a vaccine produced from Dyadic’s
C1 technology. Because Covid-19 is bringing
greater attention and focus on the need to
make a vaccine cheaper, faster and in greater
volume, Dyadic suddenly finds itself incredibly well positioned in the eye of the storm.
Investors have been waiting to see Dyadic
get a biologic vaccine and/or drug produced
from C1 into human trials. While it appears
that C1 is going to be a safe platform for

protein manufacturing, until it actually is
approved to go into man, there would be
nagging questions and valuation would suffer. Before Covid-19, it was anyone’s guess as
to when a C1 produced vaccine and/or drug
would be used in a human trial. Now the
answer is simple. If animal tests of a SARSCoV-2 vaccine based on C1 are proven
safe in the upcoming months, human trials
should follow. C1 could be entering human
trials sometime in early Q4 of 2020.
Just entering human trials will be a major
hurdle cleared for Dyadic and should spark
a complete revaluation by the market. It
is widely known that C1 is cost-effective
and incredibly productive…but safety comes
first with the FDA. Getting a clean bill of
health, like C1 achieved in 2009 with the
FDA Generally Recognized As Safe “GRAS”
notification for use in manufacturing food &
feed enzymes for Dyadic’s industrial biotech
business, is a potential game-changing event
that should speed the adoption and use of C1
for producing biopharmaceuticals.
Beyond simply entering humans, there’s a
more than reasonable chance that a vaccine
based on C1 could prove to be the most efficacious one in the market. Most of the vaccines
in development that you hear about in the
press are based on RNA or DNA. These vaccines are similar to gene therapy in that they
are put into cells in an effort to induce production of anti-bodies. Interesting, but can they
succeed? We certainly hope so, but keep in
mind that there are currently no FDA approved
DNA or RNA vaccines for any pathogen.
Meanwhile, the C1 expressed vaccine candidates being tested are all based on the
recombinant protein (antigen) method. This
is a tried and true methodology of vaccine
production and certain experts believe this
method stands a higher likelihood of success in preventing Covid-19. If a Covid-19
vaccine is commercialized using C1 in the
manufacturing process it could be wildly
profitable for the Company.
The world is desperate for a vaccine
for Covid-19 and a return to normalcy.
Economies are suffering and people are

dying. A vaccine cures all this and that’s
why there’s a huge rush to develop a safe and
effective vaccine as soon as possible. But,
simply coming up with the solution is not
enough, it needs to be produced in sufficient
quantities and at a low price such that it can
help the 8 billion inhabitants of planet earth.
Existing manufacturing processes appear
to fall short in their ability to produce the
required doses of vaccines the world might
need, forcing governments to make difficult
decisions regarding allocations within and
beyond their borders. This, at least initially,
begs the question of whether any country
will have enough doses for their own population.
Backed by the deepest pockets in the
world, i.e. the US government, Dr. Anthony
Fauci is driving vaccine development towards
the goal line. He has made it clear that time is
of the essence and no holds are barred in this
quest. Having recently collaborated with the
Frederick National Laboratories, Dyadic has
brought their C1 platform onto the playing
field. Humanity can only hope that Dr. Fauci
pushes a vaccine over the goal line. Investors
would be wise to consider that Dyadic could
very well be in the end zone. n
Please visit the company’s website for more information: www.dyadic.com.
This material contains forward-looking statements. In addition, from time to
time, we or our representatives may make forward-looking statements orally or
in writing. We base these forward-looking statements on our expectations and
projections about future events, which we derive from the information currently available to us. Such forward-looking statements relate to future events
or our future performance, including: our financial performance and projections; our growth in revenue and earnings; and our business prospects and
opportunities. You can identify forward-looking statements by those that are
not historical in nature, particularly those that use terminology such as “may,”
“should,” “expects,” “anticipates,” “contemplates,” “estimates,” “believes,” “plans,”
“projected,” “predicts,” “potential,” or “hopes” or the negative of these or similar
terms. In evaluating these forward-looking statements, you should consider
various factors, including: our ability to change the direction of the Company;
our ability to keep pace with new technology and changing market needs; and
the competitive environment of our business. These and other factors may cause
our actual results to differ materially from any forward-looking statement.
Forward-looking statements are only predictions. The forward-looking events
discussed in this document and other statements made from time to time by us
or our representatives, may not occur, and actual events and results may differ
materially and are subject to risks, uncertainties and assumptions about us. We
are not obligated to publicly update or revise any forward-looking statement,
whether as a result of uncertainties and assumptions, the forward-looking
events discussed in this document and other statements made from time to time
by us or our representatives might not occur.
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