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Vision

Goals

To be the leading international professional society in
industrial microbiology and biotechnology

1. Provide information to increase global knowledge,
understanding, and application of industrial microbiology
and biotechnology.

Mission
Empower our members and others to address current
and future challenges facing humanity using industrial
microbiology and biotechnology.

Core values
Scientific excellence (innovation, rigor, multi-disciplinary
science and engineering, translational technology)
Leadership (collaboration, continuity, advocacy)

2. Organize preeminent meetings in our core scientific
disciplines.
3. Publish the leading journal in industrial microbiology and
biotechnology.
4. Promote and increase diversity in all aspects of the
Society, with membership open to anyone interested in our
vision and mission.
5. Enhance the value of membership in the Society for both
individual and corporate members.

Diversity (promotion, inclusion, openness, internationality)
Responsibility (ethics, integrity, transparency, societal
impact)

6 Offer educational/professional development opportunities
for the membership and the general public.

Communication (education, information, outreach,
responsiveness)

7. Communicate our activities and accomplishments in
industrial microbiology and biotechnology to both the
global scientific community and the general public.

Passion for science (fun, inspiration)

8. Expand our global reach.
9. Ensure the financial and operational stability of the
Society.
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Newsworthy
Reproduced from the AIBS Public Policy Report, Volume 23, Issue 7

NSF Launches New Directorate for Technology,
Innovation, and Partnerships
On March 16, the National Science Foundation (NSF) announced the establishment of the
Directorate for Technology, Innovation, and Partnerships or TIP—the agency’s first new
directorate in more than 30 years. According to NSF, the new directorate “creates breakthrough
technologies; meets societal and economic needs; leads to new, high-wage jobs; and
empowers all Americans to participate in the U.S. research and innovation enterprise.” The
directorate is charged with supporting and scaling use-inspired and translational research.
NSF Director Sethuraman Panchanathan says TIP will “accelerate discovery and innovation
to rapidly bring new technologies to market and address the most pressing societal and
economic challenges of our time.”
Through TIP, NSF plans to launch a set of integrated initiatives that will advance critical
and emerging technologies, such as artificial intelligence, biotechnology, cybersecurity,
microelectronics, and quantum computing; accelerate the translation of research results
into real world applications; and support new education pathways to build a diverse and
skilled technical workforce. Notably, the new directorate will establish regional “innovation
engines” throughout the nation, which will advance use-inspired research, entrepreneurship,
and workforce development to empower regional industries and economies.
A large part of NSF’s existing innovation and translation portfolio, including the NSF
Convergence Accelerator, Innovation Corps (I-Corps), Partnerships for Innovation, and
America’s Seed Fund programs, will be repositioned under the new TIP Directorate.
It was announced that the new directorate will be led by Dr. Erwin Gianchandani, who will
serve as the inaugural NSF Assistant Director for Technology, Innovation and Partnerships.
Gianchandani previously served as the Senior Advisor for Translation, Innovation and
Partnerships for over a year and as the Deputy Assistant Director for Computer and Information
Science and Engineering for six years. He has a background in computational systems biology
and earned his bachelor’s degree in computer science and his master’s and doctoral degrees
in biomedical engineering from the University of Virginia.
Congress approved the establishment of a new technology directorate at NSF when it passed
FY 2022 appropriations legislation. However, the new directorate’s name and scope are still
being debated in Congress as part of competing authorization measures to advance U.S.
innovation and competitiveness with China. The U.S. Innovation and Competition Act (S. 1260),
which was approved by the Senate last summer, proposes that the ‘Directorate for Technology
and Innovation’ should advance research in 10 “key technology focus areas,” which should be
periodically reviewed and revised. The America COMPETES Act of 2022 (H.R. 4521), which was
passed by the House in February, proposes that the ‘Directorate for Science and Engineering
Solutions’ should broadly focus on applying research to address “societal challenges” such
as climate change, STEM education, global competitiveness in critical technologies, national
security, and social and economic inequality. Lawmakers hope to negotiate a final bill by this
spring.
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Newsworthy
Reproduced from the AIBS Public Policy Report, Volume 23, Issue 7

Senate Panel Advances Pandemic Legislation
with ARPA-H Authorization
The Senate Health, Education, Labor, and Pensions (HELP) Committee has advanced
bipartisan legislation to strengthen the nation’s public health and medical preparedness
and response systems. The bill incorporates a number of provisions from previously
introduced bills, including an authorization measure to launch a new Advanced Research
Projects Agency for Health (ARPA-H).
The Prepare for and Respond to Existing Viruses, Emerging New Threats, and Pandemics
Act, or PREVENT Pandemics Act (S. 3799), sponsored by HELP Committee Chair Senator
Patty Murray (D-WA) and Ranking Member Senator Richard Burr (R-NC), aims to improve
coordination among public health preparedness agencies, enhance the nation’s capability
to detect and monitor emerging infectious diseases, strengthen supply chain and
government stockpiles of medical products, and accelerate biomedical research to develop
countermeasures for pandemic threats, among other things.
The bill includes a provision to establish ARPA-H within the National Institutes of Health,
while requiring that its headquarters not be located “inside of, or in close proximity to, the
National Capital region,” including on any part of NIH campuses. For FY 2022, Congress
has appropriated $1 billion to the Department of Health and Human Services (HHS) to
establish ARPA–H.
Notably, the pandemic bill also incorporates the Tracking Pathogens Act (S. 3534), which
builds on funding provided for COVID-19 genomic sequencing and surveillance and seeks
to strengthen pathogen genomics to prepare for future outbreaks.
Furthermore, the HELP committee adopted an amendment from Senator Roger Marshall (RKS) that prohibits federally funded research involving “pathogens of pandemic potential”
from being conducted in a foreign institution located in a “country of concern,” as
determined by the Director of National Intelligence.
The PREVENT Pandemics Act also includes several research security provisions, such as a
measure that would prohibit intramural researchers at NIH from participating in foreign
talent programs and require NIH-funded researchers conducting extramural research to
disclose their participation in such programs and provide the agency with copies of all
related documentation.
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In Memoriam
Prepared by George E. Pierce, Professor at Georgia State University

Memorial for Edward Arcuri
Edward J. Arcuri, PhD, former President of SIM (now SIMB) from 1994 to 1995, died
September 13, 2021, after a long illness. After obtaining his PhD from Rensselaer Polytechnic
Institute (RPI). in 1978, Ed spent his entire professional life in the pharmaceutical industry,
first in fermentation process research, scale-up and process development, and finally in
manufacturing and operations. During his career, he was a highly regarded and extremely
sought-after individual who worked for several companies - both large and small, well
established and start-ups. He earned the distinction of being involved in the development
and manufacturing of over a dozen products. In an industry where a person can spend an
entire career without being involved in the development of one product, being involved
in over 12 is a testament to Ed and the people he worked with over the 40+ years of his
outstanding career.
This reflection on Ed Arcuri is the result of the contributions and thoughts of the many
people that worked with Ed. What people saw in Ed was forged early.
At RPI, much of the equipment and instrumentation was core and available to all. If you
got in early, you were generally first in line. My first introduction to Ed was at 4:00 AM. No
one got in earlier. Ed maintained this schedule for the rest of his career. In Ed’s case it also
meant that you could be sure he would be in bed no later than 8:30 PM. There are stories
abound of senior management waking Ed up at 9:00 PM.
Ed’s research for his MS and PhD was complex and involved, and required fastidious
attention to detail. Before Covey, Day Planners, and Palm Pilots, Ed was a compiler of lists
and priorities. He never lost sight of where he was going, what needed to be done, and
by when. A data/detail junkie, Ed’s basic response was always, “I want it now.”
His habit of preparing lists led to a life-long quest for writing implements, especially
fountain pens, for journals/diaries with quality papers and bindings, and ink. For relaxation,
he would sketch with pen and ink.
Those not in microbiology also were aware of Ed. That was Ed the crooner, who could
break into song at any moment. He could be working in the lab and spontaneously
start singing. Anyone who worked with Ed can tell you stories about Ed’s singing. Never
being pretentious, Ed would tell you, tongue in cheek, that his goal was to become “Nick
Valentine” lounge singer. Fortunately for all of us, this goal was not achieved.
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In Memoriam
Ed’s experience at RPI went well beyond obtaining
a PhD. The relationship Ed formed with his mentor
Henry Ehrlich, professor at RPI and a pioneer
of geomicrobiology, was of deep respect and
admiration. Not only was he Ed’s advisor and mentor,
but Henry also personally intervened at a critical time
in Ed’s life to ensure that financial difficulties would
not derail Ed’s studies. Ed and Henry would have each
other’s back for the rest of their lives. Ed’s approach
to science, to the world, and to those he worked with
and knew, were crystalized at RPI.
Jim Lago at Merck, in Rahway, was putting together
a group under Steve Drew to focus on process
development. Steve and Randy Gresham brought Ed
to Merck in 1983 to work for Randy in fermentation
process research. Ed’s hiring was an experiment, the
first microbiologist in a group of chemical engineers.
His first project was with the antibiotic, Dianemycin.

Edward J. Arcuri, Ph.D., former
President of SIM. Photo provided
by Karen Arcuri.

Ed met his future wife, Karen King, at Merck & Co. Karen was working with Eugene Cordes
in biochemistry at the time. Karen and Ed soon married and settled down in New Jersey,
where they embarked on their life-long passion of dogs and horses. After purchasing their
first house, all subsequent homes were selected for their compatibility for the many dogs
and horses.
It was while at Merck & Co. that Ed showed his interest and talents in taking discoveries
from the lab, and from these discoveries, develop a process that could meet the demands
and requirements of a pharmaceutical product. In his pharma- journey Ed would continue
to accrue and integrate process research, compliance, manufacturing, and operations;
assembling teams that could and did bring their collective talents and experiences to bear
on successful drug development.
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In Memoriam
Ed quickly advanced at Merck and was assigned a coveted corner office. Shortly after
occupying his new office, a Senior Executive stopped by to see Ed. The executive noted
that while Ed had sufficient Hay Points for a corner office, the 6-foot desk in the office was
too large. Merck facilities personnel removed 1-foot of the desktop, making it now a Hay
Point appropriate 5-foot desk.
Ed continued his passion to move discoveries to pharmaceutical development at Smith
Kline Beecham, and upon Ed’s return to Merck & Co (West Point) he oversaw 13 departments
and over 300 people.
Over the course of Ed’s professional development, Ed Arcuri stories also were collected.
While working in the Philadelphia area, recent events in Pharma resulted in media interest
in pharma. This resulted in a TV crew doing some up close questioning of individuals as
they left the company site. The lead reporter, Connie Chung, asked Ed several questions,
which he answered quite well. In concluding the interview, she asked Ed what his position/
title was. He told her; he was a director. She responded, what does a director do? Without
batting an eye, Ed said: “I am a director - we don’t do anything.” This was Ed: no pretense
and never, ever passing up an opportunity for a joke. Fortunately, Ed’s superiors knew Ed
well and valued him. Off the record, they thought it was funny, but told Ed, “don’t ever
do that again.”
Ed’s presidency at SIM in 1994 is notable for several key events. In concert with previous
Presidents Joe Cooney (1992), and Jennie Hunter-Cevera (1993), extensive introspection
within the Society, discussions at all levels, and serious planning, the Society acquired its
own headquarters building in 1994-1995. In retrospect, this decision, which was warranted,
wise, and was what needed, and a no-brainer. The second event was initiated when Ed was
President-elect. Ed had Randy Gresham undertake a study to ascertain the interest and
support for a specialized meeting in fermentation research and development. Working in
conjunction with the American Chemical Society and Malcolm Lily and John Wood, the
Society inaugurated the first RAFT (Recent Advances in Fermentation Technology) in 1995.
Since that time, RAFT and Special Focus Meetings have been a fixture within the Society
and serve to augment the Annual Meeting.
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In Memoriam
It was while at Aviron, in 1999, Ed first became involved with the development of Flu
Mist and continued this effort through to completion with the approval and release by
MedImmune (which acquired Aviron). Flu Mist, released in the fall of 2003 was the first ever
nasal spray vaccine. This development story was initiated by the research and discoveries
of Dr. Hunein Maassab, at the University of Michigan 40 years earlier.
In 2013, Ed joined the Applied & Environmental Microbiology Group at Georgia State
University. Unfortunately, and only in retrospect, were aspects of the disease, Lewy body
dementia, to show that would claim Ed’s life beginning to surface.
At each stage in his career, Ed was mentored by strong individuals who had a passion
about what they did and how they did it. Ed never forgot his mentors and advisors, and
never forgot those he worked with over the span of his career. He learned to build teams
with talented individuals who respected each other, and who focused on the goals and
what needed to be done. Ed’s research and development of pharmaceutical products
were demanding with hard deadlines, all of which were tailor made for building stress. Ed
trusted those he worked with and was confident in their abilities. His own style of humor,
and often making himself the center of this humor, was a pressure relief for a job that could
consume a person with stress.
Ed Arcuri, a consummate industrial microbiologist who knew how to put together a team,
and have that team pursue a development goal with focus and energy, will be remembered
by his friends and professional colleagues for his passion, perseverance, humor, and
friendship. Rest in peace, Ed. You are missed by all of us who were lucky enough to know
you.
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An Early 21st Century
Perspective on
Antibiotic Resistance
Evolution, Global
Response, and
Possible Solutions
Introduction
Since the discovery of the first antibiotic penicillin in 1928 by Alexander Fleming, antibiotics were
initially considered miracle drugs to treat bacterial infectious diseases. As more and more novel
antibiotics were introduced between 1940 and 1960, a pattern of widespread antibiotic resistance
emerged. Antibiotic resistant infections have now become a threat to modern medicine. According
to the Centers for Disease Control and Prevention (CDC), at least 2.8 million people are infected with
antibiotic resistant bacteria leading to 35,000 deaths each year in the United States. The negative
impacts of antibiotic resistance are not only related to morbidity and mortality but also at the
healthcare level by increased resource utilization to help ensure the best possible health outcomes

Photo by Gaël Gaborel - OrbisTerrae on Unsplash

for patients while saving the organization and the patient money. Despite the apparent need for the
development of novel drugs to treat bacterial infections, pharmaceutical companies are focusing
their resources on more profitable novel drugs effective for treating chronic disease such as cancer.
The production of novel antibiotics may also be hindered by the fact that antibiotic resistance genes
(ARGs) are prevalent in many natural environments including the human and animal gut microbiome.
This is a consequence of the many antibiotic resistant mechanisms that exist. At the present time
there is an interest in the use of non-antibiotic treatment for bacterial infections. Phage therapy
and fecal microbiota transfer (FMT) are already used as alternatives to the standard antibiotic
treatment with good results. Several other novel non-antibiotic treatments are in the process of being
developed.
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Treatment of Infectious Diseases during
Ancient Civilization
With the large-scale introduction of antibiotics in the
1940s, deaths caused by infection fell by 70% (Plackett,
2020). Considering that antibiotics were then viewed as
miracle drugs that saved many lives, one wonders how
bacterial infections were treated in the pre-antibiotic
era. There is historical evidence that ancient civilization
treatments used herbs, honey and even animal feces
(Keyes et al., 2003). The topical application of moldy bread
was widely used with beneficial effects reported from
Egypt, China, Serbia, Greece, and Rome (Gould, 2016).
The beneficial effects of moldy bread were reported
by John Parkinson (1567-1640) (Figure 1) in his book:
Theatrum Botanicum published in 1640 (Figure 2) and
were associated with wound healing. It is believed that in
ancient times a modern antibiotic may have been available
as traces of tetracycline were detected in human skeletons
excavated in Nubia and during the Roman occupancy of
Egypt. Its source is unknown (Basset et al., 1980). Another
example of exposure to antimicrobials was through
the remedies used particularly in traditional Chinese
medicine. The best know example is a potent anti-malarial
drug qinghaosu (artemisinin) that was used by Chinese
herbalists for thousands of years as a remedy for many
diseases. It was extracted in the 1970s from Artemisia
plants (Cui and Su, 2009).

New Era of Treatment Using Heavy Metals
The discovery of animalcules by Antonie van Leeuwenhoek
(1621-1723) (Figure 3) led to the establishment of the
association between individual species of bacteria and
disease by Robert Koch (1843-1910) (Figure 4) and Louis
Pasteur (1822-1895) (Figure 5). Based on this association
heavy metals such as arsenic, bismuth and mercury were
used as treatment for gonorrhea and syphilis (Levy, 2002).
Treatment was primarily administered to the upper classes
either systemically or locally. Symptoms were usually
improved but the side effects were usually more severe
than the disease (Playfair, 2004).

Beginning of the Modern Era of Antimicrobial
Therapy
The modern era of antimicrobial therapy was started by
Paul Ehrlich (1854-1915) (Figure 6) a Nobel Prize winning
German physician and scientist. He used dyes to develop
stains for the histological examination of tissues such as
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Figure 1: John Parkinson

the Ziehl-Nielsen stain for Mycobacterium tuberculosis and
the Gram stain. He noted that some stains were toxic for
bacteria. He was a strong believer in the idea of a “magic
bullet”, a phrase he coined himself, that selectively targets
only disease-causing microbes and not the host. This was
based on the discovery that some new synthetic dyes
could stain certain microbes and not others. Using this
approach Ehrlich and his team discovered the arsenicbased chemical, Salvarsan, that proved to be an effective
treatment for syphilis. Salvarsan is probably the first truly
modern antimicrobial agent, though not considered
an antibiotic because antibiotics (meaning anti-biotic
= anti-life) are generally considered to be microbial
products. Salvarsan was later replaced by penicillin. The
term antibiotic was first used by Selman Waksman who
discovered streptomycin. It should be noted that Ehrlich’s
systematic screening approach for developing novel dyes
became a drug strategy approach in the pharmaceutical
industry that resulted in thousands of drugs identified for
use in clinical practice that included various antimicrobial
drugs.
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combination proved to be effective
in treating streptococcal infections
in mice. However, Prontosil was not
effective as an antimicrobial agent
when in vitro laboratory experiments
were performed. But then in 1935
it was realized that the new dye
component of Prontosil was not
necessary as Prontosil was reductively
metabolized to sulfanilamide
(p-aminobenzenesulfonamid) by
intestinal bacteria. This finding
started the sulfa drug era during
which time various derivatives of
sulfanilamide were made because
of the ease by which sulfanilamide
could be chemically modified. The
different chemical alterations of
sulfanilamide have led to different
sulfa drugs including sulfisoxazole,
sulfamethoxazole, sulfadiazine,
sulfasalazine. By the 1940s
sulfonamides were widely used but
resistance to sulfanilamide occurred
in the early 1940s (Shambaugh, 1966).
This is the first time antimicrobial
resistance was observed.

The Antibiotic Era
Penicillin

Figure 2: Theatrum Botanicum published in 1640.

Scientists at Bayer in Germany used Ehrlich’s systemic
screening approach which led to the sulfonamide drug
era. In 1931, sulfanilamide which had been synthesized
in 1908, was combined with a dye that produced the
first sulfa drug Prontosil (sulfonamidochrysoidine). This
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The beginning of the antibiotic era/
age started in 1928 with the discovery
of penicillin by Alexander Fleming,
a Scottish physician, microbiologist,
and Professor at St. Mary’s Hospital in
London (Figure 7). He observed the
absence of bacterial growth on an agar
plate around the mold contaminant
Penicillium rubens (Fleming, 1929;
Aminov, 2010). Fleming realized that
there would be many challenges
translating what he observed in the laboratory into a
widely accepted medical treatment for bacterial infections.
For many years Fleming was persistent in trying to make
penicillin available as the first known human antimicrobial
agent. However, in 1940 Fleming’s interest in pursuing

SIMB NEWS

57

feature

Figure 3: Anthony van Leeuwenhoek.

Figure 4: Robert Koch.

penicillin as an antibiotic waned mainly because of his
inability to purify penicillin. Howard Florey (1898-1968)
(Figure 8), a pharmacologist and pathologist, and Ernst
Chain (1906-1979) (Figure 9), a biochemist working in
Oxford, published a paper in 1940 describing a technique
they used to purify the penicillin antimicrobial agent
(Gould, 2016). This led to the first medical use of penicillin
in the mid-to-late 1945 and its wide use in treating soldiers
at the end of World War II for battlefield wound infections
and pneumonia. Resistance to penicillin was first reported
in 1947. It occurs when a bacterial strain that is exposed to
penicillin produces an extracellular enzyme, penicillinase,
that inactivates penicillin. It is noteworthy that in his
Nobel lecture in 1945 Fleming already warned about the
dangers of misusing penicillin with the following quote:
“It is not difficult to make microbes resistant to penicillin
in the laboratory by exposing them to concentrations not
sufficient to kill them, and the same thing has occasionally
happened in the body”. Howard Florey and Ernst Chain
also received the Nobel prize in 1945.

at the Rutgers University’s Agriculture School, for the
discovery of streptomycin. In 1910 Selman immigrated
from Ukraine (then part of Russia) to be with family
members in Metuchen, N.J. He then earned a Bachelor
of Sciences degree at the nearby Rutgers University
where during his senior year he spent time growing
and researching a wide array of soil microbes. During
his Master’s year he concentrated on actinomycetes
only. Though slow growing and complex bacteria, they
became his favorite microorganisms for future studies,
especially Streptomyces griseus. Microbiologists very often
have a favorite laboratory bacterial strain most likely
because they can be readily grown and manipulated.
He then took several actinomycetes to the University
of California, Berkeley, where he received his Ph.D. in
1918 in Biochemistry. He then returned to the Rutgers
Agricultural School and received an appointment as a
microbiologist at the Experiment Station and as Lecturer
in Soil Microbiology. In 1925 he was appointed Associate
Professor and Professor in 1930.

Streptomycin

It is generally recognized that the research that was
done to make streptomycin an effective antibiotic was a
team approach and involved three separate time periods

In 1952 a Nobel Prize was also awarded to Selman
Waksman (Figure 10), a soil microbiology Professor
58
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as described by H. Boyd Woodruff, one of Waksman’s
students (Woodruff, 2014).
» The first period that lasted only one year was back in
1923 when Waksman and his student Robert Starkey
discovered that actinomycetes, considered complex soil
bacteria, were killing many common bacteria that were
also growing there. However, the idea that an antibiotic
might be present among soil actinomycetes was not
being seriously considered (Waksman and Starkey, 1923).
» The second antibiotic period was between 1939 and
1943 during which time Streptomyces griseus was
isolated from farm soil of the Rutgers Agriculture
School and was found to produce an antibiotic and
subsequently named streptomycin. It was the first
nontoxic antibiotic administered to animals (Schatz et
al., 1944).
» During the third period that started almost immediately
after streptomycin was discovered, Waksman
approached the Mayo Clinic where a new tuberculosis
screening technique had been developed using guinea
pigs. The guinea pigs responded well to streptomycin,
the first drug found to be effective (Feldman and
Hinshaw, 1944). Larger amounts of streptomycin were
produced that were used in the Mayo Clinic to treat
tuberculosis in humans. The treatment was found to be

Figure 5: Louis Pasteur.
April • May • June 2022

effective and so streptomycin became the first effective
antibiotic against tuberculosis.
As a research leader, Waksman was also recognized for
the establishment of a new type of submerged culture
procedure. This submerged culture procedure was
strongly recommended by Waksman to the workers at
Merck’s Microbiology Department for the production of
penicillin. It involved very large, aerated tanks that were
able to produce a desired product from top to bottom of
the large tank. This enabled great volumes of drugs to be
manufactured in contrast to the usual surface cultures of
actinomycetes for which from hundred up to thousands of
trays were needed to achieve a relatively small volume of
antibiotic.

The Golden Age
The introduction of sulphanilamide in 1935 became the
start of antimicrobial drug production of sulfonamides
which was followed by the discovery of antibiotics
produced by naturally occurring microorganisms that
became the “Golden Age” of antibiotic discovery. More
than 20 novel classes of antibiotics were produced
between 1930 and 1962 (Coates et al., 2011). An antibiotic
class is defined as a grouping of different drugs that have
similar chemical and pharmacologic properties. Examples
of classes of antibiotics produced during that time are

Figure 6: Paul Ehrlich.
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Figure 7: Alexander Fleming.

penicillins with 15 derivatives, cephalosporins with 26
derivatives and tetracyclines with 7 derivatives.
During this time emphasis was put on discovering
antibiotics in naturally occurring microorganisms based
on the discovery of penicillin from Penicillium rubens
by Fleming and streptomycin from Streptomyces griseus
in soil by Waksman. Based on these developments,
Dr. E. C. Kornfield, an organic chemist at Eli Lilly had
the ingenious idea to request Christian missionaries to
provide soil samples from various exotic places they
visited. He obtained a sample from Borneo in 1952
that grew Streptomyces orientalis capable of producing
vancomycin that became available for medical treatment
in 1958. (Levine, 2006). However, by this time antibiotic
resistance started to emerge during the Golden Age.
Efforts were then made to adapt existing drugs to counter
antimicrobial resistance. A good example is methicillin
which was developed in 1959 by Beecham as the first
penicillinase-resistant penicillin that made it resistant
to the penicillinase (beta-lactamase) enzyme due to a
modification of the original penicillin structure (Gould,
2016).

End of the Golden Age
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Teixobactin is the last completely
original class of antibiotics that
was discovered after 1980 and was
discovered in 2015. It is produced by
a new species of β-proteobacteria
named Eleftheria terrae which
belongs to a new genus related
to Aquabacteria (Piddock, 2015). It
is considered an unculturable soil
bacterium that was isolated by using
the new iChip technology (Nichols
et al., 2010). In 2018 NovoBiotic
Pharmaceuticals, LLC was awarded a
3-year, $3MM SBIR Phase II NIH NIAID
grant “Preclinical development of
teixobactin, a new antibiotic”. This
grant was to support the continuing
development of teixobactin as a novel
agent to treat drug-resistant bacterial
infections such as methicillin resistant
Staphylococcus aureus (MRSA) and
vancomycin resistant Enterococcus
faecalis (VRE). It has already been shown that teixobactin
exhibits antimicrobial activity against skin infections
caused by MRSA strains by inhibiting peptidoglycan
biosynthesis (Ling et al., 2015). In 2021, NovoBiotic
Pharmaceuticals, LLC received a $ 6.2 million, 5-year NIAID/
NIH grant entitled “Developing Teixobactin for Respiratory
Infections”. It has also been shown that teixobactin is
highly effective in several in vivo models of respiratory
infections including bacterial pneumonia. The focus of the
new grant is to further develop teixobactin for treating
drug resistant respiratory infections, as well as investigate
other effective routes of administration such as inhalation.
As the end of the Golden Age is marked by a shortage of
novel classes of antibiotics that have been discovered,
it is also marked by questionable long-term survival
of pharmaceutical companies that are bringing FDA
approved antibiotics to the market. This issue is addressed
by McKenna (2020) regarding Paratek Pharmaceuticals, a
company that had spent more than 20 years developing
and testing an antibiotic named omadacycline (Nuzyra),
which went on sale in the United States in 2019 for
use against bacterial infections. The following website
provides more information on this issue: https://www.
nature.com/articles/d41586-020-02418-x.
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Mechanisms of Antibiotic Resistance
It is generally believed that bacteria have acquired
sophisticated mechanisms to escape the bactericidal
effects of drugs. It is a process that most likely occurred
over millions of years of evolution in natural environments.
It is interesting that Alexander Fleming already warned
about the potential problem that bacteria might develop
resistance against penicillin. Sulfonamides, though being
antimicrobial drugs, are not referred to as antibiotics
because they were produced synthetically and unlike
antibiotics do not come from a natural environment.
Below, several mechanisms are described that bacteria
have developed to survive the treatment of antimicrobial
agents as referenced in Munita and Arias (2016). Each
mechanism is described in detail in their paper, thus only
brief summaries of the mechanisms will be provided here.

Decreased antibiotic penetration and efflux
Decreased permeability: Many antibiotics used in clinical
practice have intracellular targets except for Gram negative
bacteria where the targets are located in the cytoplasmic
membrane (inner membrane). Therefore, it is necessary for
the antibiotic to penetrate the outer and/or cytoplasmic
membrane. Bacteria have developed means to prevent the
antibiotic from reaching their targets by decreasing the
uptake of the antibiotic/antimicrobial molecule.
Efflux pumps: Extrusion of a compound by a bacterial cell
can also lead to antimicrobial resistance.

Changes in target sites

Modification of the antibiotic
molecule
Chemical alteration of the
molecule: It is well known that Gram
negative and Gram positive bacteria
produce enzymes that can introduce
chemical changes in the antimicrobial
molecule. The antibiotics that are
most affected by this mechanism
of antibiotic resistance are those
that inhibit protein synthesis
at the ribosomal level. One of
the best examples of resistance
via modification of the drug is
the presence of aminoglycoside
modifying enzymes (AMEs) that
covalently modify the hydroxyl or
amino group of the aminoglycoside
molecule.
Destruction of the molecule: An
example is beta-lactam resistance
that relies on the destruction of
these compounds by the action of
beta-lactamases. These enzymes
destroy the amide bond of the betalactam ring, rendering the antibiotic
ineffective.
Figure 8: Howard Florey.
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Target protection: The
genetic determinants
coding for proteins that
mediate target protection
have been found in the
bacterial chromosome.
However, most of the
clinically relevant genes are
carried by mobile genetic
elements (MGEs).
Modification of the target
site:
1. Mutation of target site. A
good example is resistance
to oxazolidinones (linezolid
and tedizolid). These drugs
are synthetic bacteriostatic
antibiotics with broad
Gram positive activity that
Figure 9: Ernst Chain.
exert their mechanism by
interfering with the positioning of the aminoacyl-RNA
thereby inhibiting protein synthesis. Linezolid is the most
widely used antibiotic of this class, as tedizolid was only
recently approved for clinical use.
2. Enzymatic alteration of the target site. One of the best
characterized examples of resistance through enzymatic
modification of the target site is the methylation of the
ribosome catalyzed by an enzyme encoded by the erm
genes (erythromycin ribosomal methylation) which results
in macrolide resistance.
3. Complete replacement or bypass of the target site.
Bacteria are capable of evolving new targets to accomplish
similar biochemical functions of the original target but
are not inhibited by the antimicrobial molecule. Another
route to avoid the antimicrobial action is to “bypass” the
metabolic pathway they inhibit by overproducing the
antibiotic target.

competition for nutrients and there is a need to overcome
molecular attacks mounted by other rival organisms in
order to gain “the upper hand”. Inside a particular host,
bacterial organisms are constantly attacked by the host’s
immune systems, so they must constantly adapt and cope
with these stressful situations.

Modes of Acquisition of Antibiotic-Resistant
Genes (ARGs)
It is generally considered that antibiotic resistance is a
consequence of evolution via natural selection which
leads to survival of bacteria. There are several modes that
bacteria use to transfer newly acquired ARGs directly to
offspring known as vertical gene transfer (VTR). They also
can transfer newly acquired resistance traits to related
or unrelated groups via horizontal gene transfer (HGT)
using conjugation, transduction, and transformation. The
acquisition of ARGs is believed to be a naturally occurring
phenomenon because bacteria present in soil samples
taken from remote areas not overtaken by humans or
animals grow on agar plates containing antibiotics.

Resistance due to global cell adaptation.
Vertical Gene Transfer (VGT)
Through years of evolution bacteria have developed
sophisticated mechanisms to cope with environmental
stressors and pressures to survive the most hostile
environments including the human body. There is
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It is well known that bacteria can respond and adapt to
new environments by acquiring genetic traits caused by
mutations that lead to modification of gene function.
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These modified genetic traits are then transmitted to the
offspring during DNA replication.

Horizontal Gene Transfer (HGT)
ARGs can be transmitted to related but also unrelated
types of bacteria. HGT enables bacteria to respond and
adapt to their environment much more rapidly than by
VGT by acquiring large DNA sequences from another
bacterium in a single transfer. The three well known modes
of transfer are described below.
Conjugation
Conjugation also known as lateral gene transfer is a
process in which a bacterium transfers genetic material to
another bacterium that is not an offspring. In addition, it
consists of physical transfer of an ARG. This mode involves
a living donor bacterium that contains
a conjugative plasmid, also known as
a resistance transfer factor (R plasmid)
and a living recipient bacterium
that does not. Cell to cell contact is
required to transmit the plasmid. This
usually happens via donor conjugative
pili. A conjugative plasmid is selftransmissible via the tra genes and it
replicates independently from donor
DNA replication. Many plasmids are
equipped to transfer ARGs to like
species but also to unrelated species.
The ability of bacteria to adapt to new
environments as a part of bacterial
evolution most frequently results
from the acquisition of large DNA
sequences from another bacterium by
conjugation
The first reported R plasmids were
discovered in Japan, when after
World War II various sulfonamides
were used for treatment of bacillary
dysentery caused by Shigella
dysentery. These drugs were very
effective in treating the disease up
to about 1949 by which time Shigella
isolates were sulfonamide resistant.
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The newer antibiotics, streptomycin, tetracycline, and
chloramphenicol initially produced good results, but
only for a few years. The first Shigella strains resistant to
tetracycline or streptomycin were isolated in 1953. Strains
that were multiple resistant were however not found
until 1955 (Watanabe, 1963a, Mitsuhashi, 1965) at which
time multiple resistant E. coli strains were also discovered.
The transferable nature of the resistance was not known
until 1960 when it was demonstrated that this transfer
occurs in vitro (Akiba et al., 1960). An interesting additional
property of R plasmids is their ability to increase survival
of their host exposed to toxic/mutagenic chemicals. This
was initially observed with plasmid R205 also referred
to as R-Utrecht that had been isolated in Utrecht, The
Netherlands (MacPhee, 1973). This plasmid provides
resistance to ampicillin, sulfonamide, and tetracycline.
Another plasmid R46, referred to as R-Brighton that was
isolated in Brighton, United Kingdom, provides resistance

Figure 10: Selman Waksman.
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to ampicillin, streptomycin, sulfonamide, and tetracycline.
It protects Salmonella typhimurium against ultraviolet
light as evidenced by a higher survival that is mediated
by recombinational DNA repair that leads to mutations.
A derivative of plasmid R46, plasmid pKM101, that had
retained ampicillin resistance was superior in enhancing
survival and UV induced mutagenesis. Plasmid pKM101
was introduced into several Salmonella strains that are
used in the Ames Salmonella microsomal mutagenicity
assay because it enhances chemical induced mutagenesis
(Mortelmans 2006, Mortelmans, 2019).
Transduction
Bacteriophages are involved in transduction which
involves the transfer of a DNA fragment from one
bacterium to another. There are two forms of transduction:
generalized transduction and specialized transduction.
» Generalized transduction: This may occur when lytic and
temperate bacteriophages are in the process of being
assembled. Occasionally a small fragment of bacterial
DNA gets incorporated in the capsid. When such phages,
called transducing phages, infect a bacterium the
donor DNA is injected in the recipient bacterium and
is incorporated in the recipient DNA by homologous
recombination.
» Specialized transduction: This may occur during the
lysogenic life cycle of temperate phages. During
spontaneous induction a small piece of host DNA may
be incorporated in the phage genome. This small host
DNA is then replicated together with the phage DNA
which then gets incorporated in the phage capsid. When
the recombinant phage DNA infects another recipient
cell it will be inserted into the bacterial chromosome and
remain there during the lysogenic cycle.
Transformation
In transformation a DNA fragment from a dead degraded
bacterium can be transferred into a competent recipient
bacterium. It is then exchanged with a piece of the
recipient’s DNA. However, this transfer only involves
homologous recombination with the transferred DNA
fragment having nearly the same nucleotide sequence
as the recipient’s nucleotide sequence. Another mode of
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transformation is a sequence of DNA, a transposon, that
can be moved around to different positions within the
genome of a single cell, a process called transposition.
This mode of transformation is mediated by the enzyme
transposase that binds to the ends of a transposon and
aids in the movement of the transposon to another part of
the genome. The enzyme uses a cut and paste mechanism
to insert the transposon.

One Health Model to Tackle Antimicrobial
Resistance (AMR)
The One Health approach is defined as “the mutual
attempt of various disciplines working locally, nationally
and worldwide – to accomplish optimal health for humans,
livestock and our environment.” (Fletcher, 2015). It
recognizes the interconnection between people, animals,
plants, and their shared environments. This includes
focusing on the potential that anthropogenic activities can
lead to the presence of AMR in the environment.
In the United States, the CDC’s One Health Office is the
agency’s lead for One Health activities domestically and
globally. Established in 2009, it is the first formal office
dedicated to One Health established in a US federal
agency. The office is located within the National Center
for Emerging and Zoonotic Infectious Diseases at CDC in
Atlanta, GA. The CDC’s One Health web site is: https://www.
cdc.gov/onehealth/who-we-are/index.html.
It is now generally accepted that antimicrobial resistance
is mediated by ARGs. A major finding was made in 1973
when evidence emerged that environmental ARGs were
found to be genetically similar to clinical ARGs. The
inference was made that the clinical ARGs must have
originated from antibiotic producing soil actinomycetes
(Kim and Cha, 2021, Benveniste and Davies, 1973 and
D’Costa et al., 2006). Therefore, it can be argued that
antibiotic resistance is a consequence of evolution via
natural selection in the soil environment. The resistome
concept originated in the soil environment and was
introduced by D’Costa et al., 2006. The soil resistome,
defined as “resistance determinants present in the soil”,
led to the belief that multidrug antibiotic resistance
in environmental bacteria was more prevalent than
previously assumed. The resistome concept expanded to
include its presence in different environments as described
in detail by Kim and Cha, 2021 and summarized below.
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Environmental resistome: the environment can be
classified into natural and built environments, and the
natural environment can be divided into aquatic and
terrestrial environments. The aquatic environments
include marine ecosystems such as oceans and estuaries
while freshwater systems include rivers, lakes, and
wetlands.

promotion. The latter two are strongly associated with
the overuse of antibiotics in animals maintained under
crowded conditions. In addition to livestock animals,
wild animals are also known to be a source of ARG
dissemination as it was shown that the resistome of
human-contacted wild animals revealed more diverse
ARGs than that of contacted animals.

Soil resistome: the natural soil environment is regarded
as a major reservoir of the antibiotic resistome, including
intrinsic resistance and acquired resistances genes,
however only some of these ARGs can acquire mobility
that can subsequently emerge in clinical settings.

Human resistome: the resistome of the commensal
bacterial community in the human microbiome is regarded
as an important reservoir and dissemination route for
clinical ARGs. The human skin microbiome may be
implicated in ARG transmission, while the gut microbiome
may be responsible for the emergence of ARGs.

River resistome: freshwater environments including rivers
are considered reservoirs and dissemination routes for
ARGs. It has been shown that there is a larger increase in
ARGs in human-impacted river sites than in the pristine
river sites, indicating the effects of anthropogenic
activities on the river resistome.
Wastewater and Wastewater Treatment Plant (WWTP)
resistome: wastewater sources are considered hotspots
for the proliferation of antibiotic-resistant bacteria (ARB)
and ARGs. They are among the major interfaces between
humans and the environment. They are the site of
collection of household waste including excrement (urine/
stool that includes microbiome bacteria).
Agriculture resistome: Anthropogenic activities play a
major role in the bacterial make-up of the agricultural
soil with manure and reclaimed wastewater having been
identified as important human and animal waste products.
Agricultural sites such as plant production environments in
which manure and wastewater are frequently used for soil
amendment have been recognized as important routes
for ARG transmission from humans and animals in the
environment.

In addition to the concept of One Health the general
public can also play a role in antibiotic stewardship. The
following recommendations were posted on the Mayo
clinic website https://www.mayoclinic.org/antibiotics/art20045720:
» Avoid pressuring your doctor to give you an antibiotic
prescription. The general population can also help
in reducing the incidence of emerging antimicrobial
resistance (AMR) by recognizing the interconnection
between people, animals, plants, and their shared
environments.
» Practice good hygiene to avoid bacterial infections that
need antibiotic treatment.
» Make sure you and your children receive recommended
vaccinations. Some recommended vaccines protect
against bacterial infections, such as diphtheria and
whooping cough (pertussis).
» Reduce your risk of getting a foodborne bacterial
infection. Don’t drink raw milk, wash your hands, and
cook foods to a safe internal temperature.

Aquaculture resistome: the abundant use of antibiotics
as prophylactic and therapeutic agents in aquaculture can
induce selection, evolution and HGT of ARB and ARGs in
the environment.

» Use antibiotics only as prescribed by your doctor. Take
the prescribed daily dosage and complete the entire
course of treatment.

Animal resistome: According to the WHO antibiotics are
used in live-stock animals for three purposes: therapeutic
veterinary medicine, disease prevention, and growth

» Never take leftover antibiotics for a later illness. They
may not be the correct antibiotic and would not be a full
course treatment.
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a period of several weeks with a weekly dose reduction.
If this treatment is not successful a fecal microbiota
transplant is recommended. Most stool donors are family
members because it is believed that they most likely have
the same make-up of the gut microbiome because of their
shared diet. FMT can also be used in other gastrointestinal
diseases such as Crohn’s disease and ulcerative colitis. FMT
can be administered by several procedures: colonoscopy,
enema and nasoduodenal tube. At the present time there
are no established approved procedures for the transfer
of fecal microbiota as FMT is considered an experimental
treatment not approved by the FDA.

Figure 11: Frederick Twort.

» Never take antibiotics prescribed for another person.

Alternatives to Antibiotic Treatment
There is great interest in developing novel non-antibiotic
treatment for bacterial infections. Currently developed
non-antibiotic treatments are fecal microbiota transfer
(FMT) and phage therapy.

Fecal Microbiota Transplant
A fecal microbiota transplant (FMT) can restore the gut’s
healthy microbial balance. It consists of transferring stool
from a healthy donor to a recipient who has an unbalanced
gut microbiota that causes diarrhea or gut discomfort.
Fecal transplants have been successfully used in patients
with a Clostridium difficile infection for which vancomycin
is the only remaining effective antibiotic. When an initial
treatment with vancomycin is not successful a follow up
with vancomycin is used but in a tapered fashion, i.e., over
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The first known application of fecal material was
performed by Ge Hong a Chinese physician in the fourth
century. It was orally used under the name “yellow soup”
in patients with severe diarrhea (Zhang et al., 2012).
During the Second World War warm camel stool was used
by German soldiers for treatment of bacterial dysentery
(Smits et al., 2013). These treatments were performed
empirically as little was known about the makeup of stool.
But that changed dramatically with the start of the Human
Microbiome Project (HMP) that was launched by the
National Institutes of Health in 2007 (Kho and Lal, 2018).
The study revealed that the human body harbors a wide
range of microbes including bacteria, viruses, fungi, and
protozoa living symbiotically on and inside the human
body. This collection of microbes is known as the human
microbiome and contains 10 times more microorganisms
compared to human cells. This is significant in terms of
the overall genetics. Human cells have 46 chromosomes
with a fixed number of genes. The human microbiome
consists of trillions of microorganisms with many different
species each with their own genetic make-up. Based
on this discovery it is now recognized that the human
microbiome affects human health and disease. The HMP
study should really be considered as a major discovery
in terms of specifically revealing the nature/make-up of
the gut microbiome. The HMP study revealed that the
human intestinal tract contains more than 100 trillion
microorganisms and weighs about 200g. It can be inferred
that the knowledge of the makeup of the gut microbiome
can be translated to knowledge of the microbial makeup
of the stool.
Prior to the Human Microbiome Project there was limited
knowledge about the microbial makeup of the gut. This
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changed with the work of Dr. W.E.C. Moore, Department
of Anaerobic Microbiology, Virginia Polytechnic Institute
and State University, Blacksburg, Virginia. He was a pioneer
in performing anaerobic microbiology experiments with
oral and gut bacteria using strict anaerobic conditions.
He successfully identified several gut anaerobic bacteria
such as Bacteroides fragilis, Bifidobacterium longum,
Clostridium perfringens, Fusobacterium prausnitzii and
many others. In 1988 he was awarded the Porter Award
from the U.S. Federation of Culture Collection for his work
with human anaerobic bacteria. He started his speech
by the now famous “funny” quote (Moore, 1988): “Thirty
years ago (when bacteria still belonged to the Plant
Kingdom and college students were advised not to train
in microbiology because with penicillin we wouldn’t need
any more bacteriologists) much more was known about
the human bacterial flora than we know today. It was
scientific fact that the human intestinal flora was E. coli,
enterococci, and some lactobacilli. The rest of the bacteria
there were dead because they wouldn’t grow”.
Considering that the current procedures for FMT are
experimental in nature there is a growing interest
in getting away from the actual transfer of stool to
alternative procedures that may be safer. For instance,
there have been cases in which inadequately screened
donor stool that was transferred to C. difficile patients
contained potentially deadly pathogens. Another incentive
to pursue the development of a pill formulation is that
there is a decline in reliable sources of donor stool in
the United States. Several companies are now pursuing
the development of pills that will have a more defined
collection of microbes from human stool and that can
be protected by patents and marketing as a drug in the
United States. One option is a pill named SER0109 that
contains spores from human feces that was developed by
Seres Therapeutics. It has passed a phase 3 clinical trial and
is now headed for clinical approval (Servick, 2022).

Phage Therapies
A historical overview was provided by Vandamme and
Mortelmans (2018) on bacteriophage research and
applications including a write-up on phage therapy. The
following is a short summary on the development of
phage therapy.
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Figure 12. Felix d’Herelle.

Bacteriophages were discovered in 1915 by the British
bacteriologist Frederic Twort (Figure 11) and by
the French-Canadian microbiologist Felix d’Herelle
(Figure 12). Phage therapy was apparently quickly
recognized as a treatment for bacterial infections. The
first and successful phage therapy treatment occurred
in August 1919 in Paris. The phage treatment consisted
of a Shigella-bacteriophage culture that was orally
administered by d’Herelle to treat five children who
suffered Shigella induced dysentery. The first recorded
therapeutic use was reported by Bruynoghe and Maisin
in 1941 when a Staphylococcus skin infection with
cutaneous boils was successfully treated. In 1925, d’Herelle
successfully used phage therapy in Alexandria to treat
patients with bubonic plague. Actual phage therapy
originated in eastern Europe especially in Georgia.
Research was conducted in Georgia by George Eliava who
met d’Herelle at the Pasteur Institute in Paris. In 1923, he
founded the Eliava Institute in Tbilisi that was devoted
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to phage therapy. It is now operational in Tbilisi as the
George Eliava Institute of Bacteriophage, Microbiology
and Virology. Phage therapy has also become prominent
in Poland. The Phage Therapy Unit at the Hirszfeld Institute
of Immunology and Experimental Therapy in Wroclaw
established in 2005 is the first center within the European
borders and has become the model for other centers in the
world facing the issue of antibiotic resistance.
While there was the Golden Age of phage therapy in
Eastern Europe (Russia, Georgia, and Poland) there was
little interest in the Western world. There was skepticism
and doubt of its effectiveness. The widespread use
of penicillin in the 1940s, especially during WWII, to
successfully treat bacterial infections led to a nearly
complete disinterest in phage therapy at least in the US
and in the West. This disinterest continued when novel
antibiotics were discovered such as streptomycin and
tetracycline. Currently, there is a revival of interest in the
west. Since 1990 several small companies in the US are
specializing in phage therapy and on phage-based control.
There are several advantages for using phages to treat
bacterial infections:
» Phages attach to specific bacterial surface receptors and
inject their viral genome in the cell. The host cell then
takes over and produces the elements that make up the
viral particles. Sufficient elements are made to construct
about 100 phages per bacterium at which time a signal is
generated to lyse the bacterium. These newly produced
phages then in turn can each attach to other bacteria
which results over time in neutralizing the bacterial
infection.
» Phage therapy can be administered in various ways –
topically, orally, and by nebulization/inhalation directly
into body tissues or intravenously.
» The production of phages and phage dose preparation
is based on fermentation processes and therefore can
easily be prepared on a large scale.
Because there is a great variety of phages in nature, there
is less of a chance that resistance might develop. However,
when resistance does develop a screening round for new
phages that are active against the resistant strain can be
quickly done.
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There are also disadvantages of using phage therapy:
» Because of high host specificity of the phages, the
pathogenic bacterial genus must be identified. This can
postpone the treatment.
» The host specificity of the phages limits their ability
to treat a wide range of bacterial infections. Phage
mixtures (called cocktails), which can be compared to
broad-spectrum antibiotics, have been used to widen
their effectiveness at treating a wider scope of bacterial
infections.
» Phages can act as antigens and in some cases may evoke
undesirable immunological reactions such as phage
inactivation.
» Phages can also mutate and their behavior under
anaerobic conditions has not been well determined.

Ne w Non -A n t ibio t ic T her apie s under
Consideration
Non-antibiotic therapies using standard
laboratory procedures
Kumar et al. (2021) have briefly described several concepts
of novel non-antibiotic therapies that are currently being
pursued. Below is a short description of these concepts
each having multiple references within the Kumar et al.
2021 reference.
» Stem Cell-derived antimicrobial peptides:
Mesenchymal stem cells (MSCs) exhibit promising
abilities to promote immunomodulation, tissue healing
and control of excessive inflammation. It was recently
established that human MSCs synthesize factors that
behave as antimicrobial peptide (AMPs) that eradicate
bacteria through multiple mechanisms including
inhibition of bacterial cell wall synthesis.
» Hemofiltration Devices: Hemofiltration, also known
as renal replacement therapies, is used in intensive
clinical care settings. The device is used to suppress
the cytokine storm which is important to prevent
organ damage in several cases of critical illnesses and
infections. The hemofiltration devices bind to and
remove circulating bacterial products, inflammatory
www.simbhq.org
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mediators, and cytokines as well as some pathogens
circulating in blood.
» Quorum-Sensing Inhibitors: Quorum sensing is
involved in intracellular communication between
bacteria that enhances their survival. An array of natural
and synthetic molecules can block quorum sensing. This
approach can prevent the formation of biofilms thereby
preventing prevent quorum sensing.
» Nanoantibiotics: Nanoparticulate materials can be
used either to deliver antimicrobial substances or
may contain antimicrobial substances. Nanoparticles
can act as carriers for targeted drug delivery, can
have antibacterial properties of their own via several
mechanisms such as disruption of the bacterial cell wall,
biofilm inhibition, modulation of the immune response
in the host, generation of reactive oxygen species
and damage to key DNA and protein molecules of the
resistant bacteria. Due to these diverse mechanisms of
action, nanoantibiotics are likely to be effective against
antibiotic resistant bacteria.

Using computational methods to search for
antimicrobial peptides in the human body
The following website briefly describes how researchers
used computational methods to discover antimicrobial
peptides in the human body: https://www.nih.gov/newsevents/nih-research-matters/searching-new-antibioticshuman-body
The research was led by Dr. Cesar de la Fuente-Nunez from
the University of Pennsylvania. It is well known that almost
all living organisms produce peptides that help defend
the body from infection. Many have other functions, such
as helping with digestion and blood circulation. But they
also appear to play a role in the body’s defense against
pathogens. To identify peptide antibiotics, the team
used artificial intelligence to screen the entire human
proteome—the set of all proteins in the human body.
They searched for peptides hidden in the proteome,
called encrypted peptides, with specific traits that hint
at antibacterial properties. The study was funded in part
by NIH’s National Institute of General Medical Sciences
(NIGMS). Results were published on November 4, 2021, in
Nature Biomedical Engineering.
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Lessons Learned from the Antibiotic Era
There has been an evolving response to antibiotic
resistance between 1945 and 2018 (Podolsky, 2018).
» A relatively optimistic view when the pharmaceutical
industry was able to keep up with antibiotic resistance
by searching for novel antibiotics (1945-1963).
» Concern over the discovery of antibiotic resistance
transmission via extrachromosomal plasmids but
without changing the approach looking for novel
antibiotics (1963-1981).
» Recognition that antibiotic resistance had become a
shared global problem as defined by Stuart Levy and
the Prudent Use of Antibiotics which states that “The
mission of the Alliance for the Prudent Use of Antibiotics
(APUA) is to strengthen global defenses against
infectious disease ensuring access to effective treatment
and promoting appropriate antibiotic use to contain
drug resistance” (1981-1992).
» Increasing concern about antibiotic resistance that was
linked to emerging infections and led to increasing
collective attention and funding (1992-2013).
» Increased concerns about the effect that antibiotic
resistance exerts on global emerging infections, social
justice, and development goals (2013-2018).
Overall, it may be said that the One Health approach is
a first step to tackle AMR on a global scale. Considering
the discovery of the presence of ARGs in different
environmental settings, even in settings where there is an
absence of human involvement, points to the power of the
microbial world where microbes have been around since
the beginning of life on the planet.
¥
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Legends to Figures and Copyright Information
•

Figure 1: John Parkinson. This work is in the public domain in
its country of origin and other countries and areas where the
copyright term is the author’s life plus 100 years or fewer.

•

Figure 2: Theatrum Botanicum published in 1640. This work is in the
public domain in its country of origin and other countries and areas
where the copyright term is the author’s life plus 100 years or fewer.

•

Figure 3: Anthony van Leeuwenhoek. This work is in the public
domain in the United States because it was published (or registered
with the U.S. Copyright Oﬃce) before January 1, 1926.

•

Figure 4: Robert Koch. This work is in the public domain in
the United States because it was published (or registered
with the U.S. Copyright Oﬃce) before January 1, 1926.

•

Figure 5: Louis Pasteur. Copyrighted work is available under
Creative Commons Attribution 4.0 International (http://
creativecommons.org/licenses /by/4.0/deed.en).

•

•

Figure 6: Paul Ehrlich. This work is in the public domain in its
country of origin and other countries and areas where the copyright
term is the author’s life plus 70 years or fewer. This ﬁle has been
identiﬁed as being free of known restrictions under copyright law.
(http://creativecommons.org/publicdomain/mark/1.0/deed.en).
Figure 7: Alexander Fleming. The photograph was scanned and
released by the Imperial War Museum on the IWM Non-Commercial
License. This image is in the public domain because it is a mere
mechanical scan or photocopy of a public domain original, or -from
the available evidence – is so similar to such a scan or photocopy
that no copyright protection can be expected to arise. The

original itself is in the public domain because “This work created
by the United Kingdom Government is in the public domain”.
•

Figure 8: Howard Florey. This image is Crown Copyright because
it is owned by the Australian Government or that of the states or
territories, and is in the public domain because it was created or
published prior to 1972 and the copyright has therefore expired.
The government of Australia has declared that the expiration of
Crown Copyrights applies worldwide. This has been conﬁrmed by
correspondence received by the Volunteer Response Team.

•

Figure 9: Ernst Chain. This ﬁle is made available under the Creative
Commons CC0 1.0 Universal Public Domain Dedication. The person
who associated a work with this deed has dedicated the work to the
public domain by waiving all of their work worldwide under copyright
law, including all related and neighboring rights, to the extent
allowed by law. You can copy, modify, distribute and perform the
work, even for commercial purposes, all without asking permission.

•

Figure 10: Selman Waksman. This photo is a work for hire created
prior to 1968 by a staﬀ photographer at New York World-Telegram
& Sun. It is part of a collection donated to the Library of Congress
and per the instrument of gift is in the public domain.

•

Figure 11: Frederick Twort. The photo was taken around 1900. From
Wikimedia Commons, the free media repository. Source: Obituary
Notices of Fellows of the Royal Society, Vol. 7, No. 20, November
1951m pp. 504-517. The ﬁle is lacking the author information.
Because the work was published abroad before 1978 it is in the
Public Domain in copyright terms in the United States.

•

Figure 12. Felix d’Herelle. The photo was taken around
1910. Credit goes to the Canadian Medical Hall of Fame and
Irma Council (the artist). Approval received 15 2018.

Submit 2023 Pre-Meeting
Workshop Proposals
SIMB workshops are typically held in conjunction with and prior to the SIMB annual meeting or an SIMB
special conference, on either a Saturday or Sunday. Workshops can be held in person or be virtual. Leading
a workshop is open to anyone, so if you have an idea let us know!

Workshops are being accepted for:
•
•
•
•

Symposium on Biomaterials for Fuels and Chemicals (SBFC) - Saturday, April 29, 2023 - Portland, OR
SIMB Annual Meeting - Sunday, July 30, 2023 - Minneapolis, MN
RAFT® - Recent Advances in Fermentation Technology - Saturday, October 28, 2023 - Naples, FL
Virtually at any point of the year

Submit your proposal by October 1, 2022
https://www.simbhq.org/docs/education/WorkshopProposalForm2023.pdf

April • May • June 2022
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44th Symposium on
Biomaterials, Fuels and
Chemicals (SBFC)
by Davinia Salvachúa
After the cancellation of the 2020 SBFC and the virtual 2021
SBFC, it was a pleasure to hold the 2022 SBFC in-person in
New Orleans, from May 1st to May 4th. Despite the current
challenges with the pandemic, the symposium had a great
attendance, 207 people from government, industry, and
academia and from 14 different countries.
We were privileged to open the symposium with an
incredible Keynote Speaker, Professor Kristala L. J. Prather
from MIT, who walked us through exciting synthetic biology
studies conducted in her laboratory for the generation of
biochemical precursors.
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This year’s program contained three topical tracks, with
four sessions each. The “Biofuels, Bioproducts, and
Synthetic Biology” track included topics on the production
of advanced diesel- and jet-range fuels, the generation
of biochemical precursors that serve as building blocks,
advanced lignin upgrading strategies, and the development
of synthetic biology tools for a diversity of microbial hosts.
The “Alternative Feedstocks and Biosynthetic Materials”
track featured the metabolism of CO2-capturing microbes,
the production of biomaterials utilizing integrated biological
and catalytical methods, and the upgrading of waste
streams to valuable compounds, which included food waste
and gases such as CO and H2. Lastly, the track “Engineering

www.simbhq.org
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and Deconstruction of Biomass and Recalcitrant Polymers”
included topics on plastics- and cellulose-degrading
enzymes as well as machine learning to better design new
enzymes, technologies to conduct biomass deconstruction,
and metabolic engineering advances in plant to improve
bioenergy crops.
The symposium also included two poster sessions and two
special topic sessions. One of the latter sessions covered
state-of-the-art, high-throughput technologies and paths
towards automated foundries and the other covered
recent advances in biotechnology to produce alternative
food proteins. All the sessions covered in the 2022 SBFC
represented the most exciting and current research
areas that the research and industrial communities are
progressing towards developing a viable bioeconomy and a
more sustainable future.
At the end of the Symposium, a variety of awards were also
presented including the 2022 Charles D. Scott Award to
Steve Lewis from POET and awards for outstanding posters
and presentation from students. The engagement of all the
attendees was exceptional all the way through the end of
the meeting.

with such an experienced and dedicated team to make this
in-person symposium a reality: Carrie Eckert (Co-Chair),
Scott Baker (Past Chair), and Tina Hockaday, Haley Cox,
Chris Lowe, Jennifer Johnson, Suzi Citrenbaum, and James
Earle (SIMB). In addition, I want to say a big thank you to
the Topic Area Chairs and Session Conveners, who dealt
with last-minute changes due to the pandemic, and to our
sponsors INFORS HT and KATZEN International. I am very
much looking forward to the 45th SBFC in Portland, Oregon,
April 30–May 3, 2023, where the Program Chair will be Carrie
Eckert and her Co-Chair will be Kevin Solomon. If you would
like to be part of the organization or provide any input
for the upcoming 2023 SBFC, please contact Carrie Eckert
(eckertca@ornl.gov).
I hope to see everyone again next year in Portland!
Davinia Salvachúa
National Renewable Energy Laboratory
2022 SBFC Program Chair

Overall, it was an honor and privilege to be the Program
Chair of the 2022 SBFC and I am thankful to have worked

April • May • June 2022

SIMB NEWS

73

meetings

2022 SIMB Annual
Meeting & Exhibition
Hyatt Regency San Francisco
San Francisco, CA
Regular Registration
Ends on July 13, 2022.

Housing Block
Closes on July 15, 2022.

Program Chair
Mark Blenner, University of Delaware

Congratulations to the SIMB
Awards and Honors recipients who
will be recognized!

August 7–10, 2022
www.simbhq.org/annual

» Charles Thom Award: Dr. Terry Papoutsakis, University
of Delaware
» SIMB Early Career Award: Dr. Kevin Solomon,
University of Delaware
» SIMB Fellowship: Ms. Debra Chadick and Dr. Mahendra
Jain
» Diversity Travel Awards: Taylor Andrzejak, Nicholls
State University and Amanda Godar, Arizona State
University
» Student Awards: Carol D. Litchfield Best Student Oral
Presentation Award and a poster presentation award
(winners determined onsite and announced during
Banquet)

» Charles Porter Award: Dr. Janet Westpheling,
University of Georgia
74
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Pre-Meeting Workshops

Keynote Speaker

Sunday, August 7, 2022
1. Fermentation Basics Workshop: Tim Cooper
2. Introduction to Design of Experiments (DoE) for
Bioprocess Analysis and Optimization: Marcello Fidaleo,
University of Tuscia
3. The BioCyc.org Microbial Genome Web Portal: Peter D.
Karp, SRI International

Wide-ranging Program Topics:
Biocatalysis
Cell Culture and Fermentation
Environmental Microbiology
Metabolic Engineering
Natural Products

JAY KEASLING, PH.D., PHILOMATHIA PROFESSOR
OF ALTERNATIVE ENERGY, UNIVERSITY OF
CALIFORNIA, BERKELEY

And others including:

Sponsor and Exhibit

» DEI
» Animal products from fermentation and synthetic
biology

Be represented with Booths and Sponsor Packages
Claim your favorite spot or sponsorship opportunity while
it’s still available!

» Decreasing the time for a DBTL cycle
» Microbial (and cell free) engineering of protein
secretion
» Specific sessions for Students and Posters

https://www.simbhq.org/annual/exhibitsponsor/

Career Fair and Placement
Activities
Looking to see what’s out there in the job market? Come by
the Career Fair near the Placement Desk on Monday, August
8, to see the companies who have tables and are actively
looking to hire, including BASF and LanzaTech. Don’t forget
to bring resume or CV copies printed out!
There will also be a job posting board at the Placement
Desk (near registration). Coffee, Careers, and Conversations
held at the Placement Desk during every break is where
Placement Committee Chair Elisabeth Elder and other SIMB
members will be to answer any questions and help with
resumes.

April • May • June 2022
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Sponsor and Exhibit: Be
represented with Booths and
Sponsor Packages
Claim your favorite spot or sponsorship opportunity while
it’s still available! Join the esteemed list below by emailing
meetings@simbhq.org or visiting the website via the QR
code.

Thank you to our current list of Annual Meeting Sponsors and Exhibitors:
Sponsors:

Exhibitors:

CURIE CO

ABER INSTRUMENTS LTD.

DSM

AGILE BIOFOUNDRY

APPLIED MATERIALS

BIO-TECHNICAL RESOURCES

CORTEVA

BIOLOG, INC.

EXXONMOBIL

BLUESENSE

GENOMATICA

GETINGE

MANUS BIO

GLOBAL BIOINGREDIENTS

PIVOTBIO

HAMILTON COMPANY

POET

HIDEN ANALYTICAL, INC.

LANZATECH

ILS AUTOMATION

FRANCES TEMPLETON FUND

INFORS USA
INSCRIPTA, INC.
METTLER-TOLEDO PROCESS ANALYTICS
ROCHE CUSTOM BIOTECH
SCIENTIFIC BIOPROCESSING, INC.
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RAFT® 2022
Hyatt Regency Coconut Point
Bonita Springs, FL
Early Registration Ends on July 13
Exhibit and Sponsor Prospectus
Now Available!
Program Chairs
Chair: Mark Berge, Astra Zeneca
Co-chair: Kat Allikian, South Pacific Sera

Pre-Meeting Workshop:
Saturday, November 5, 2022
ADVANCED FERMENTATION CONCEPTS

November 6–9, 2022
www.simbhq.org/raft
Program Topics and Sessions
» Overcoming fermentation failure: Lessons learned
» Alternative fermentation systems
» Fermentation foods for today and tomorrow
» Natural product biosynthesis
» Alternative systems to animal cell culture
» Model driven strain & fermentation process
development
» Future faces of fermentation
» Posters

Organizers:
Tim Cooper, Danimer Scientific; Chris Stowers, DSM

April • May • June 2022
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Awards and Nominations
David Perlman Award

retired from the role in 2020. During his tenure, Mike was
responsible for a large team of scientists globally dedicated
to the discovery and production of hundreds of bio-derived
products including Industrial and Diagnostic Enzymes,
Biomaterials, Functional Proteins, Probiotics, Chemicals,
Vitamins, and Amino Acids that served the fields of Animal
Health and Nutrition, Human Health and Nutrition, Home
and Personal Care, Household Cleaning, Fuels, Grain
Processing, Foods, Textiles, and Microbial Control. In
these roles ,Mike established numerous laboratories and
manufacturing facilities around the globe. Dr. Arbige served
on numerous nonprofit and for profit boards during his
career.
Today, Mike is involved in both investment and advisory
capacities, with numerous start-up organizations that
address the challenges of sustainable human and animal
Foods, sustainable novel materials and the development
of key technologies for enabling the future success of
Industrial Biotechnology.

MICHAEL V. ARBIGE, PHD
Dr. Michael V. Arbige is a 40 year veteran of the biotech
community, most recently holding the position of Vice
President of R&D for DuPont’s BioSciences group. Mike
received his BS in Microbiology from the University of
Rhode Island (1977) and PhD from the University of New
Hampshire in Microbiology (1982).

Lecture and award given on Sunday, November 6, during
the Welcome session.

Student Diversity Travel Award
Application closes on August 19, 2022

Mike joined the Industrial Biotech startup Genencor Inc. a
joint venture between Genentech and Corning Glass, as one
of its first scientists in 1982. It was there, in his early days,
that Mike led the Fermentation and Strain Development
teams in developing some of the first ever rDNA and
protein engineered products ever to enter the marketplace.
Over subsequent years, Dr. Arbige held various technical
leadership roles, including Vice President of Process
Development (1990-1997), Vice President of Research
(1997-1999), and eventually, Executive Vice President of
Technology (1999-2005). He was the technical lead for the
Genencor IPO in 2000 which was one of the largest at that
time. Mike continued in this leadership role after Genencor
was acquired by the European company Danisco in 2005,
then after Danisco was acquired by DuPont in 2010, until he
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Natural Products: 4th
International Conference
on Discovery and
Development in the
Genomic Era
Manchester Grand Hyatt
San Diego, CA
A joint conference with the Society for Actinomycetes Japan
and the Korean Society for Microbiology and Biotechnology

Early Registration Now Open, Ends
on August 8.
Housing Now Open, Rate of $189
Per Night!

January 8–12, 2023
www.simbhq.org/np
Program Chairs
Ben Shen, Scripps Florida
Yi Tang, University of California, Los Angeles
Alison Narayan, University of Michigan
Kaity Ryan, University of British Columbia

Honorary Co-chairs
David Cane, Brown University
Jon Clardy, Harvard Medical School

April • May • June 2022
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Keynote Speaker

Philosophical Society, and the US National Academies of
Science, Medicine, and Engineering. She was appointed to
the Pontifical Academy of Sciences by Pope Francis in 2019.
Arnold received her B.S. in Mechanical and Aerospace
Engineering from Princeton University and her Ph.D. in
Chemical Engineering from the University of California,
Berkeley.

Banquet Speaker
PHILLIP CREWS, UNIVERSITY OF CALIFORNIA,
SANTA CRUZ

Program Summary
The program will consist of seven sessions over four and a
half days, a poster session, networking receptions, two midweek workshop tutorials for attendees only, an afternoon
group outing and free evening to explore San Diego and
more.

FRANCES ARNOLD, CALIFORNIA INSTITUTE OF
TECHNOLOGY
Topic: “Innovation by Evolution: Bringing New Chemistry to
Life”

Sessions will include the following
topics:
» Genome mining, metabolomics and synthetic biology
» Natural product discovery

Frances Arnold is the Linus Pauling Professor of Chemical
Engineering, Bioengineering and Biochemistry at the
California Institute of Technology.

» Natural product isolation and structural elucidation
» Biosynthesis and enzymology
» Biocatalysis and protein engineering

In 2018, Arnold received the Nobel Prize in Chemistry for
pioneering directed evolution methods used to make
enzymes for applications in sustainable chemistry across
medicine, consumer products, agriculture, fuels and
chemicals. In 2021, she was appointed Co-Chair of the
Presidential Council of Advisors for Science and Technology
(PCAST) by President Biden.
Co-inventor on more than 60 issued US patents and
active in technology transfer, Arnold co-founded Gevo,
Inc. in 2005 to make fuels and chemicals from renewable
resources, Provivi, Inc. in 2014 to develop non-toxic modes
of agricultural pest control, and Aralez, Inc. in 2019 to
develop sustainable biocatalytic processes for producing
medicines and chemicals. She is a Director of Illumina and
Alphabet and also serves on the Board of Trustees of the
Gordon Research Conferences. Arnold has been elected to
the American Academy of Arts and Sciences, the American
80
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» New MCA and drug discovery

Join the program as a poster
presenter, abstract submissions
now open.
Support this meeting through
Sponsorship and NEW Tabletop
Exhibits
Check out the multiple sponsorship opportunities available
now as another way to be part of this unique event.
Coming in July, keep an eye out for the brand-new
opportunity to represent a company or organization at this
conference through tabletop exhibits. Visit https://www.
simbhq.org/np/exhibitsponsor/ for more information.

www.simbhq.org

book review

by Elisabeth Elder
The Story of Life: Great Discoveries in Biology
Sean B. Carroll
2019
ISBN: 9780393631562 (paperback)
W. W. Norton & Company, New York, NY

During my 40+ year career, I had opportunities to
teach a number of introductory courses including
general biology for biology majors, general biology
for nonmajors, environmental science for students
who would have loved to be anywhere but in a
science class, medical microbiology, and human
anatomy and physiology. While these courses
varied in content, the books assigned had common
features such as multiple chapters, detailed
contents, and the need for a commitment to read
them. In a recent scan through the publisher’s
website, a listing for The Story of Life written by
Sean B. Carroll caught my eye with the indication
that the content was written in story format. My
request for a copy resulted in a rapid delivery and
an interesting read.
The nineteen chapters are housed in five parts
which are ones found in most introductory biology
books. The preface explains Sean Carroll’s use of

April • May • June 2022

stories to introduce students to major discoveries in
biology.
Part I, The Process of Science, uses the discovery of
Helicobacter pylori involvement in ulcers and the
mistakes made in vaccine involvement in autism to
show the importance in the scientific method. The
researchers featured in these chapters are Robin
Warren*, Barry Marshall*, and Andrew Wakefield.
Part II, Heredity, starts with the importance of fruit
fly research in proving chromosomes are involved in
heredity.
The following two chapters cover the importance of
bacterial experiments and the structure of DNA in
heredity and mutations.
The final chapter in this part moves to gene therapy
to correct blindness. The work featured in this part
was performed by T. H. Morgan*, Frederick Griffith,
Oswald Avery, James Watson*, Francis Crick*, Jean
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Bennet, and Albert Maguire. Part III, Evolution and
the Origins of Biological Diversity, contains six
chapters covering the story of life by focusing on
evolution by natural selection; fossil records proving
when and where animals flourished; eukaryotic
organelles developing from symbiotic bacteria;
development of Archaea; hominid development;
and the retention of Neanderthal DNA in humans.
The impacts of Charles Darwin, Alfred Wallace,
Charles Walcot, Lynn Margulis, Carl Woese, Mary
and Louis Leakey, and Svante Pääbo are discussed
in these chapters.

The book would be an asset for high school
students, for early college students, for people
reviewing topics covered during their early
education, and for families/students involved in
home schooling.
*Indicates Nobel Prize Winner

Part IV, Ecology, contains four chapters that focus on
food, food chains, and the founding of ecology; the
importance of predators along with conservation
strategies; island biogeography and how it applies
to conservation; and the impacts of carbon dioxide
in the atmosphere. Charles Elton, Robert Paine, E. O.
Wilson, Daniel Simberloff, and Charles Keeling are
featured in these chapters.
Part V, Physiology and Medicine, contains three
chapters which cover cloning and reprogramming
cells; antibody diversity and specific immune
responses; and roles of brain hemispheres. The
people covered in this part are John Gurdon*,
Susumu Tonegawa*, and Roger Sperry*.
The writing style in the chapters/parts entices the
reader to remember details covered in lectures and
in detailed textbooks while putting the major focus
on the people involved and how they interacted.
The different chapters could easily have contributed
to many of the classes I taught. Each chapter
concludes with a list of questions which encourage
the readers to review the materials presented. The
book also contains an appendix that provides a
short review of the scientific process plus notes for
the parts/chapters, a bibliography, and an index.
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Upcoming SIMB Meetings
AUG. 7–10, 2022
SIMB Annual Meeting &
Exhibition
San Francisco Hyatt Regency
• San Francisco, CA
www.simbhq.org/annual

JAN. 8–12, 2023
4th International Conference
on National Products
Discovery & Development in
the Genomics Era
Manchester Grand Hyatt • San
Diego, CA

NOV. 6–9, 2022
Recent Advances in
Fermentation Technology
(RAFT®)
Hyatt Regency Coconut Point
• Bonita Springs, FL
www.simbhq.org/raft

APR. 30–MAY 3,
2023
45th Symposium on
Biomaterials, Fuels and
Chemicals (SBFC)
Hilton Portland • Portland, OR
www.simbhq.org/sbfc

www.simbhq.org/np

Upcoming Industry Meetings
JUNE 26–JULY 1,
2022
Strategies to Disrupt
Resistance in Infectious
Diseases, Cancer and
Agriculture (GRC)
Bryant University • Smithfield, RI
https://grc.org/drug-resistanceconference/2022

April • May • June 2022

MAR. 11–12, 2023
International Conference on
Microbiome Research (ICMR)
Miami, FL
https://waset.org/microbiomeresearch-conferences

JULY 16–21, 2023
Applied and Environmental
Microbiology
Mount Holyoke College •
South Hadley, MA
https://www.grc.org/
applied-and-environmentalMicrobiology-conference/2023
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SIMB Placement Committee
The Placement Committee has been an active part of the Society for Industrial Microbiology and
Biotechnology (SIMB) for forty years. For the first eighteen years the Chair was Jim Karwowski who worked
at Abbott Laboratories. For the next twenty years the Chair was Bob Berger who worked for Marcor, then
for Global plus had his own company, B/B Associates. The current Chair is Elisabeth Elder who served on
the faculties of Georgia Southwestern State University, Louisiana State University at Alexandria, and Auburn
University. Lisa Lee, who works for Procelys, is the remaining member of the Committee. The activities of the
Committee are supported through the efforts of Tina Hockaday and Jennifer Johnson, members of the SIMB
Headquarters Staff.
The activities of the Committee have included:
» Holding job fairs/career workshops during SIMB meetings/conference
» Working with Corporate Members to locate potential employees
» Providing job postings for Corporate Members as well as companies/institutions in areas where meetings
are held
» Providing facilities for companies to interview potential employees
» Working with Individual Members to locate potential positions
» Maintaining resume files for Corporate Members/companies/institutions to peruse
» Reviewing resumes for Individual Members
Please feel free to reach out to us if there are ways the Committee could meet your individual and/or
corporate needs at elisabeth.elder@gsw.edu and l.lee@procelys.lesaffre.com.
Also please feel free to volunteer to serve on any of the SIMB committees. A listing of the committees, along
with contact information for chairmen, is printed on the following page. Visit careers.simbhq.org to post a
job or to look at current job openings.
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committee corner

SIMB Committee

Chair

Email

Term
expires

Members

Staff liason

Annual Meeting 2022

Mark Blenner

blenner@udel.edu

2022

See Program Committee

Haley Cox, Tina
Hockaday

Archives

Debbie Chadick

dchadick@embarqmail.com

2022

Ann Kulback

Jennifer Johnson

Audit Committee

Jeff Schwartz

JLSmicro@aol.com

2022

Debbie Yaver

Haley Cox

Awards/Honors

Raj Boopathy

ramaraj.boopathy@nicholls.edu

2023

Cathy Asleson Dundon, Tom
Jeffries, Dale Monceaux, Susan
Bagley, Sara Shields-Menard,
Mahendra Jain, Thomas Klasson,
Stephanie Gleason

Haley Cox

Corporate Affairs

Steve Van Dien

svandien@persephonebiome.
com

2023

Yoram Barak, Andreas Schirmer,
Jonathan Sheridan, Priti Pharkya,
Lisa Lee, Melisa Carpio, Kevin
McHugh, and George Barringer

Jennifer
Johnson, Haley
Cox

Diversity

Sheena Becker

sheena.becker@corteva.com

2023

Noel Fong, Laura Jarboe, Felipe
Sarmiento, Vanessa Nepomuceno

Education and
Outreach

Katy Kao

katy.kao@gmail.com

2022

Mark Berge, Steve Van Dien, Noel
Fong, Laura Jarboe

Haley Cox

Elections

Kristien Mortelmans

kristien.mortelmans@sri.com

2022

Badal Saha

Jennifer Johnson

Ethics Committee

Susan Bagley

stbagley@mtu.edu

2022

Scott Baker, Neal Connors

International Outreach

Susanne Kleff

kleff@msu.edu

2023

Scott Baker, Tim Davies, George
Garrity, Peter Punt, Thomas
Klasson, Erick Vandamme, Michael
Resch

Investment Advisory

Dick Baltz

rbaltz923@gmail.com

George Garrity

garrity@msu.edu

Meeting Sites

Haley Cox

haley.cox@simbhq.org

-

BOD and meeting chairs

Membershipindividual

Michael Resch

michael.resch@nrel.gov

2022

Laura Jarboe, Thomas Klasson,
Steve Van Dien

Jennifer Johnson

Nominations

Jan Westpheling

janwest@uga.edu

2022

Richard Baltz, Susan Bagley, Adam
Guss

Haley Cox

Placement

Elisabeth Elder

elisabeth.elder@gsw.edu

2023

Planning

Nigel Mouncey

njmouncey@gmail.com

2022

Publications

Jennifer Johnson

Nigel Mouncey

njmouncey@gmail.com

2022

George Garrity

JIMB

Ramon Gonzalez

ramon.gonzale@usf.edu

2025

JIMB Editors

SIMB News

Melanie Mormile

mmormile@mst.edu

2023

Kristine Mortelmans, Vanessa
Nepomuceno, Elisabeth Elder

nfong@nucelis.com

2022

Hal Alper, John Trawick, Jennifer
Headman, Sheena Becker, Katy
Kao, Mark Berge, Laura Jarboe

Haley Cox
Katherine Devins

Presidential Ad Hoc Committees
Membership benefits
(incl. career outreach)

Noel Fong

Special Conferences
RAFT® 2022 Chairs

Natural Products 2023 Chair
Co-chairs

SBFC 2023 Chair

Term
Mark Berge

mark.berge@astrazeneca.com

2022

Kat Allikian

kat@nourishing.io

2022

Ben Shen

shenb@scripps.edu

2023

Alison Narayan

arhardin@umich.edu

2023

Kaity Ryan

ksryan@chem.ubc.ca

2023

Yi Tang

yitang@g.ucla.edu

2023

Carrie Eckert

carrie.eckert@nrel.gov

2023

Co-chair

Kevin Solomon

kvs@udel.edu

2023

Past chair

Davinia Salvachua

davinia.salvachua@nrel.gov

2023

April • May • June 2022
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Become a
SIMB
Corporate
Member
Member Benefits:
• Meeting Registration Discounts (Each $500 voucher
is good toward any SIMB meeting registration fee)
Silver - 1 $500 voucher
Gold – 2 vouchers
Diamond - 3 vouchers
Other Current Benefits:
• Recognition and corporate profile in SIMB News
• Discounted exhibit booths
• Discounted advertisements and job postings
Visit www.simbhq.org/corporate-membership
86
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2022 SIMB Corporate Membership Application
Choose Your Corporate Level:
 Institutional Level $700  Bronze Level $1000  Silver Level $2000  Gold Level $2500

 Diamond Level $3500

Name of Company:
Company Website:
Company Description (50 words or less):

Social Media Handle(s):
**Send corporate representative(s) and company logo with completed application to membership@simbhq.org

How Did You Hear About SIMB?
Colleague/Networking
SIMB Meeting Announcement
Direct Mail
SIMB News
Social .FEJB

SIMB Local Section
SIMB Member
J*.#
SIMB Website
SIMB Meeting Attendance

Choose Your Industry Segment:
Fermentation (non-food or beverage)
Cell Culture
Metabolic Engineering/Strain Engineering
Molecular Biology/Synthetic Biology Tools
Development
Biocatalysis/Enzymology/Biochemistry/Enzyme
Engineering
Biomass Pretreatment, Deconstruction, and
Conversion
Antibiotics/Secondary Metabolites/Natural
Products/Pharmaceuticals

Microbiome Research/
Metagenomic
Microbial Control/Biocides and
Disinfectants/Clinical & Medical
Microbiology
Environmental Microbiology/
Bioremediation
Food Microbiology and Safety
Brewing, Winemaking, and
Fermented Foods

Systems Biology, Omics, Computational
Biology, and Bioinformatics
Process Development & Biochemical
Engineering
Agriculture/Plant Biology
Marine, Aquatic Biology & Algae
Mycology/Fungal Biotechnology
Analytical Chemistry, QA/QC
Regulatory Affairs, IP, and Sustainability

Payment

Authoring Officer who is to receive all billing information:

Federal Tax ID# 35-6026526

Name:

Total Amount Enclosed $ ______________________________________________
 Invoice my company  Check enclosed (payable to SIMB). Check must be drawn
from a US bank.
 Charge to: { Visa { MC { AMEX
 Wire Transfer (Additional Fees Apply)

Title:
Address:
City/State/Zip:

Card #:

Country:

Exp. Date:

P:

Signature:

Email:

Name on Card:

Send Payment To:
April • May • June 2022

F:

Your company and its corporate representative(s) have reviewed and agree with
the SIMB Code of Conduct 
(form will not be processed if box is not checked)
Society for Industrial Microbiology & Biotechnology • 3929 Old Lee Highway Suite 92A • Fairfax VA 22030-2421
P: 703.691.3357 x23 • F: 703.691.7991 • E: membership@simbhq.org • www.simbhq.org
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2021 SIMB Corporate Membership Application
Company Representative who will receive
membership including publications:
Please do not send me SIMB
information via email
Please do not include me on
any SIMB mailing lists
Please do not include my
information in the SIMB online
membership directory

Additional Company Representative
(Gold and Diamond Level only)

Please Select a Delivery Method
for SIMB News

Please do not send me SIMB
information via email
Please do not include me on
any SIMB mailing lists
Please do not include my
information in the SIMB online
membership directory

 SIMB News MAIL Print Copy
 SIMB News0OMJOF"DDFTT0/-:

Name:

Name:

Title:

Title:

Address:

Address:

City/State/Zip:

City/State/Zip:

Country:

Country:

P:

F:

P:

Please Select a Delivery Method
for SIMB News
 SIMB News MAIL Print Copy
 SIMB News0OMJOF"DDFTT0/-:

F:

Email:

Email:

Additional Company Representative
(Gold and Diamond Level only)

Additional Company Representative
(Diamond Level only)

Please do not send me SIMB
information via email
Please do not include me on
any SIMB mailing lists
Please do not include my
information in the SIMB online
membership directory

Please Select a Delivery Method
for SIMB News

Please do not send me SIMB
information via email
Please do not include me on
any SIMB mailing lists
Please do not include my
information in the SIMB online
membership directory

 SIMB News MAIL Print Copy
 SIMB News0OMJOF"DDFTT0/-:

Name:

Name:

Title:

Title:

Address:

Address:

City/State/Zip:

City/State/Zip:

Country:

Country:

P:

F:

Email:

P:

Please Select a Delivery Method
for SIMB News
 SIMB News MAIL Print Copy
 SIMB News0OMJOF"DDFTT0/-:

F:

Email:

:PVSDPNQBOZBOEJUTDPSQPSBUFSFQSFTFOUBUJWF T IBWFSFWJFXFEBOE
agree with the SIMB Code of Conduct 
(form will not be processed if box is not checked)
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November 6–9, 2022
Hyatt Regency Coconut
Point, Bonita Springs, FL

2022 RAFT® Chairs:
Mark Berge, AstraZeneca
Kat Allikian, South Paciﬁc
Sera

www.simbhq.org/raft

SIMB

ANNUAL MEETING

MINIFORS 2 BENCHTOP BIOREACTORS

BOOTH 29

Meet the benchtop bioreactor
powered by easy integration
A benchtop system with the options you need.
M
Minifors
2 is one of the only benchtop bioreactors available
with
w plug-and-play integration of critical peripherals. Simply
plug-in an external scale, OD sensor or exhaust gas sensor
p
and follow the built-in touchscreen to get started.

Unpack. Autoclave. Start.
M
Minifors
2 arrives ready-to-go. No need to sort and assemble
STAHMF@MCO@QSRNQUDRRDKOQDO
)TRSÖKKHSVHSGLDCH@ QTM
S
the autoclave and you are ready to go.

A versatile benchtop tool.
W
Whether
you work with e. coli, yeast or other microbial cells,
Minifors 2 starts fast and delivers reliable performance batch
M
aafter batch. With interchangeable vessels ranging from 1.5
L to 6.0 L and low minimum working volumes, you can take
on a range of fermentation projects.
Minifors 2 Benchtop Bioreactor

To learn more about INFORS HT
Minifors 2 Bioreactors, contact Infors USA:
LEARN MORE ABOUT MINFORS 2

Shakers | Bioreactors | Bioprocess Platform Software
www.infors-ht.com

855-520-7277
usla-sales@infors-ht.com

WE BRING LIFE TO YOUR LABORATORY.

