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SIMB Strategic Plan
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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SIMB News Instructions to Authors
Interested in becoming a featured author in SIMB News?
We’re welcoming submissions from new authors adhearing to the following instructions:

The text should be prepared using Microsoft Word, with a
minimum of 11 pt font and double-spacing throughout all
text, tables, references and figure captions. All tables and
figures captions should be separated from the text at the
end of the manuscript. All figures must be sent as separate
files, as instructed below. Provide a separate title page with
the authors’ names. Include a sentence or two of relevant
biographical information and research interests (and email
address) for each author in an “About the author” section
(located after the “References”). Detailed contact information
(address and telephone/fax numbers) should be provided for
the corresponding author.

Style
Consult the CBE Style Manual (6th ed.) and issues of SIMB News
for style and format.

Symbols, acronyms and
measurement
Define all symbols and spell out all acronyms the first time
they are used. All weights and measures must be in the metric
system (SI units). Abbreviations may be used for units of weight
or measurement that describe data without definition.

Figures and photos
Acceptable formats: EPS, TIFF, JPG, and PDF are the acceptable
file formats for figures and photos. Original native documents
may be requested if any issues with the figure quality arise.

File submission
All figures must be submitted as separate files either
electronically or on a CD/DVD. Figures embedded in Word files
will not be accepted.

Figure resolution
All figures and photos should be high quality. Raster line art and
grayscale or color work should be a minimum of 300 ppi (pixels
per inch) resolution at the desired print dimensions. Enlarging
the dimensions of an image will also reduce its resolution
inversely. For example, if the dimensions are increased by 25%
then the resolution will be reduced by 25%.
Lower quality images may be sent for initial submission to
meet file size restrictions, however the higher quality files
will be requested before any approved article will be sent for
production. All articles will be placed on hold until the higher
quality images are received.

References
Typically no more than 50 references should be cited in feature
articles and no more than 10 in PPR columns and biographies.
In the text, citations must take the form: (Authors’ last name,
date). Multiple citations should be listed in alphabetical order:
(Authors’ last name, date; Authors’ last name, date). Use the first
author’s name and “et al.” for all in-text citation of works with
more than two authors or editors; list every author or editor in
the “References cited” list. All works cited in text must be listed
alphabetically in references cited; works not cited must not be
listed.

References for journals listed at the end of the article should
be in alphabetical order and cited in this order: first author’s
surname and initials, other authors’ names (surname and
initials), year of publication, full title of article, abbreviated
name of the journal (the PubMed/NCBI Journal search function
can be used to determine abbreviations; http://www.ncbi.nlm.
nih.gov/entrez/query.fcgi?CMD=search&DB=journals), volume
number, and first and last relevant page numbers. For books,
provide in this order: first author’s surname and initials, other
authors’ names (surname then initials), year of publication,
title of the article, title of the book preceded by “In:”, editor’s
surname and initials, other authors’ names (surname then
initials), first and last page numbers, and publisher’s name and
location.

The editors reserve the right to reject manuscripts that do not
comply with the above requirements. The author(s) will be
held responsible for false statements or failure to fulfill these
requirements.

Example citations are:

Electronic submissions

Baltz, R.H. 2001. Molecular genetic and combinatorial
biology approaches to produce novel antibiotics. In:
Antibiotic resistance and development, Hughes. D. and
Anderson, D., eds., pp 233-257 (Amsterdam; Harwood
Academic Publishers).

Acceptance/Rejection
Authors will be notified of acceptance or rejection of their
paper. If a paper is rejected, the author will be notified of the
reason, and will be able to resubmit the paper once any issues
have been resolved. Authors whose papers are accepted will
be sent a Copyright Transfer form. Authors must provide a
signed Copyright Transfer Statement for their paper before it
can be published.

Please submit your articles electronically to Melanie Mormile,
Editor-in-Chief. Files must be submitted via email.
Melanie R. Mormile
Email: mmormile@mst.edu

Brikun, I.A., Reeves, A.R., Cernota, W.H., Luu, M.B., and
Weber, J.M. 2004. The erythromycin biosynthetic gene
cluster of Aeromicrobium erythreum. J Indust Microbiol
Biotechnol 31:335-344
“In press” articles may be included in the Reference list but a
preprint may be requested for review. Citations of unpublished
data or personal communications should appear only in the
text parenthetically. Refer to recent issues of SIMB News for
additional formatting styles.

Legal requirements
The author(s) guarantee(s): that the manuscript will not be or
has not been published elsewhere in any language without the
consent of the copyright holder; that the rights of third parties
will not be violated; and that the reviewers, editors, publisher,
or SIMB will not be held legally responsible should there be
any claims for compensation.
SIMB and SIMB News are not responsible for obtaining figure
permissions. Authors wishing to include third-party images,
figures, tables, charts, graphs, photos, slides, or text passages
that they did not originate, must obtain the owner’s permission
to include the material with the understanding that the entire
work may be distributed as a unit in any medium. Evidence that
such permission has been granted must be submitted along
with their manuscripts. If the figures, images, photos, etc. were
created by the authors, a statement to this effect should be
included with the figures.
rev. 03.2022
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Newsworthy
Reprinted with permission from the Science History Institute

Metabolic Engineer Jay Keasling to Receive
Science History Institute’s Prestigious Othmer
Gold Medal
Noted synthetic biotechnology pioneer to be recognized as part of Science History
Institute’s annual Heritage Day celebration on May 11, 2022.
The Science History Institute is pleased to announce that metabolic engineer Jay Keasling
will be the 2022 recipient of the Othmer Gold Medal. The prestigious award is presented
as part of the Institute’s annual Heritage Day celebration, which will take place this year
on Wednesday, May 11.
Keasling, a professor of chemical and biomolecular engineering and bioengineering at
the University of California, Berkeley, has been a leader in synthetic biotechnology since
the field’s beginnings in the 1990s. His work focuses on developing foundational tools for
engineering metabolism inside cells and to use those tools to solve important societal
problems. His lab has created a variety of tools for regulating metabolic pathways inside
cells, novel metabolic pathways to produce unnatural molecules, and robust microbial
hosts for producing chemicals under a variety of industrial conditions. These tools were
used to produce the antimalarial drug artemisinin, a variety of commodity and specialty
chemicals, and biofuels. He is also a senior faculty scientist at Lawrence Berkeley National
Laboratory (Berkeley Lab) and CEO of the Joint BioEnergy Institute, a U.S. Department of
Energy bioenergy research center led by Berkeley Lab dedicated to developing advanced
biofuels.
“We are delighted to add Dr. Keasling to the storied list of Othmer Gold Medal winners,” said
Institute president and CEO David Cole. “He has long been considered one of the greatest
minds in synthetic biotechnology, especially in the field of metabolic engineering. His
success in developing synthetic biology tools to engineer the antimalarial drug artemisinin
and his innovative work in biofuel manufacturing exceed the criteria for this award, and
we are eager to honor him at the award ceremony in May.”
The medal is named after Donald Othmer (1904–1995), the noted researcher, editor,
engineer, inventor, philanthropist, professor, and coeditor of the Kirk-Othmer Encyclopedia
of Chemical Technology. Like the medal’s namesake, winners must have made extraordinary
contributions in not just one aspect of the materials sciences but in many. The roster of
past winners includes some of the most versatile and multitalented individuals in the
scientific community.
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Newsworthy
The Othmer Gold Medal is cosponsored by four affiliated organizations: the American
Chemical Society, the American Institute of Chemical Engineers, the Chemists’ Club, and
the Société de Chimie Industrielle (American Section).
The award ceremony will be part of a virtual celebration available for public participation
on May 11, 2022, that will be presented live from the Science History Institute. For more
details on the event, please visit sciencehistory.org/heritageday.
About Jay Keasling
Jay Keasling is a professor in the Department of Chemical & Biomolecular Engineering
and the Department of Bioengineering, and the Philomathia Chair in Alternative Energy at
the University of California, Berkeley. He serves as faculty senior scientist in the Biological
Systems and Engineering Division of the Biosciences Area at Lawrence Berkeley National
Laboratory and CEO of the Joint BioEnergy Institute.
Keasling is a pioneer in engineering microbes and metabolism. During the early 2000s,
he led a UC Berkeley research team to use engineered yeast to synthetically produce
artemisinin, the powerful antimalarial drug. Researchers at the Keasling Lab are now
using the same technology to produce other pharmaceuticals, commodity chemicals, and
cellulosic biofuels.
Keasling received a BS in chemistry and biology from the University of Nebraska and an MS
and PhD in chemical engineering from the University of Michigan. He also did postdoctoral
research in biochemistry at Stanford University. He is a member of the National Academy
of Engineering and the National Academy of Inventors.
Jay Keasling will also be plenary speaker at the 2022 SIMB Annual Meeting & Exhibition.
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Fit to Print
K. Thomas Klasson, PhD, Research Leader, Commodity Utilization Research, USDA-ARS

SIMB Awards Prizes at Virtual 2022 Greater
New Orleans Science & Engineering Fair in
February
This year, SIMB sponsored two awards at the Virtual 2022 Greater New Orleans Science
and Engineering Fair (GNOSEF). GNOSEF was held by Tulane University in New Orleans
on February 14-17, 2022 and encourages independent student research in science and
engineering; promotes the understanding and appreciation of sciences; encourages
youth to pursue science, math, or engineering careers; stimulate interest and support
for science and math programs in area schools; promote collaboration and interaction
between area students and scientists and engineers from the community and/or the
world. The GNOSEF is one of the oldest such fairs in the nation, with the first held in
1956 and hosts about 300 6th-12th grade students annually. SIMB sponsored a 1st place
award of a Certificate and a $75 gift card for Junior Division and a $125 gift card for the
Senior Division to an individual student who demonstrate the best microbiology- or
biotechnology-related project. This year was a unique experience as there was not
an opportunity to speak with the students who were responsible for the projects.
Instead, written reports, photos taken during experiments, and sometimes a slide
deck was provided for review. Past SIMB Director, Dr. K. Thomas Klasson, served as
judge and reviewed entries by the young scientists who had projects best fitting our
criteria. A total of 159 projects were evaluated for their relevance to microbiology and
biotechnology.
A student from John Curtis Christian School in River Ridge, Louisiana, took home the
SIMB Award in the Junior Division for the work investigating the amount of bacteria and
fungi contamination in air conditioner (AC) window units and its dependance on the
age of the AC. Indoor AC grille surfaces were sampled with sterile Q-tips, steaked onto
agar plates, and incubated for 4 days at room temperature, after which the number of
colonies were counted. The results showed that older (>5 years old) AC unit had more
bacterial contamination than newer ones (1-3 and 4-5 years old), and all had more
contamination than found in new (unused) AC’s, which served as controls. The trend
was not that clear when fungal contaminations were considered, where intermediate
age (4-5 years old) AC’s had the most fungal contamination. Four ACs for each age
category were samples, along with two new AC window units (controls).
A student from Holy Cross School in New Orleans, Louisiana won the SIMB Award in the
Senior Division for the work on the quantification of bacteria on rental shoes, bowling
ball finger holes, and scoring touch screens found at a bowling alley. After disinfection
of the surfaces with Lysol, which is a standard procedure, the surfaces were tested
8
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Fit to Print
again. Each surface type was sampled five times with sterile cotton swabs and streaked
onto medium agar petri dishes. After incubation for 24 hours, the colonies were counted
and recorded. The experiment was performed three times and the results showed that
there was a clear indication that Lysol cleaning reduced the bacterial count significantly
but did not completely eliminate all bacteria. Before sanitation, scoring touch screens were
the most contaminated of the surfaces tested, followed by the bowling balls.
Both of these aspiring researchers were well-deserving of the SIMB Award and have a
great future in the field of science. SIMB congratulates them and wishes them all the best.
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Jasneet Grewal, Mikołaj Wołacewicz,
Weronika Pyter, Namrata Joshi,
Lukasz Drewniak and Kumar Pranaw
Original Citation:
Grewal J, Wołacewicz M, Pyter W, Joshi N, Drewniak L and Pranaw K (2022) Colorful Treasure from
Agro-Industrial Wastes: A Sustainable Chassis for Microbial Pigment Production. Front. Microbiol.
13:832918. doi: 10.3389/fmicb.2022.832918
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Colorful Treasure
from Agro-Industrial
Wastes: A Sustainable
Chassis for Microbial
Pigment Production
Abstract
Colors with their attractive appeal have been an integral part of human lives and the easy cascade
of chemical catalysis enables fast, bulk production of these synthetic colorants with low costs.
However, the resulting hazardous impacts on the environment and human health has stimulated an
interest in natural pigments as a safe and ecologically clean alternative. Amidst sources of natural
producers, the microbes with their diversity, ease of all-season production and peculiar bioactivities
are attractive entities for industrial production of these marketable natural colorants. Further, in
line with circular bioeconomy and environmentally clean technologies, the use of agro-industrial
wastes as feedstocks for carrying out the microbial transformations paves the way for sustainable
and cost-effective production of these valuable secondary metabolites with simultaneous waste
management. The present review aims to comprehensively cover the current green workflow of
microbial colorant production by encompassing the potency of waste feedstocks and fermentation
technologies. The commercially important pigments viz. astaxanthin, prodigiosin, canthaxanthin,
lycopene, and β-carotene produced by native and engineered bacterial, fungal, or yeast strains
have been elaborately discussed with their versatile applications in food, pharmaceuticals, textiles,
cosmetics, etc. The limitations and their economic viability to meet the future market demands have
been envisaged. The most recent advances in various molecular approaches to develop engineered
microbiological systems for enhanced pigment production have been included to provide new
perspectives to this burgeoning field of research.
January • February • March 2022
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INTRODUCTION
Color has been a part of human lives for centuries and has
been an integral component to increase the desirability
of any product. Apart from multiple cultural meanings,
color has enormous market potential in food, agriculture,
cosmetic, textile, pharmaceutical, and nutraceutical
sectors. The molecules capable of bestowing color,
owing to their ability to absorb light in the visible range
are referred as pigments. Nevertheless, by chemical
definitions, pigments are insoluble colored substances
while colorants are soluble colored substances (Rana et al.,
2021). By 2027, the market value of dyes and pigments is
expected to reach 33.2–49.1 billion dollars (Chatragadda
and Dufossé, 2021). Though synthetic petro-derived
colorants have dominated the industries due to low
cost and high yield, the rising concerns about their nonbiodegradability, carcinogenicity, and environmental
toxicity have enthused both industry and researchers
to find natural and safe alternatives. In this context,
natural and eco-friendly biopigments have sparked great
interest due to their non-toxicity, biodegradability, noncarcinogenicity, and non-allergenicity which increases
their consumer acceptance, prevents occupational health
hazards while negating environmental concerns (PaillièJiménez et al., 2020; Aman Mohammadi et al., 2021;
Mussagy et al., 2021).
Among natural sources, microbial pigments are an
attractive target as compared to plant or animal sources
due to their fast growth, all-season availability, and ease
of regulating microbial cell factories for high production
yields. Therefore, microbial pigment production by
fermentative technology is a dynamic toolkit to produce
a plethora of stable and safe pigments. Nonetheless,
economic and marketing difficulties remain the key
concern for microbial production at a commercial
scale (Ramesh et al., 2019; Aman Mohammadi et al.,
2021). The microbial growth medium is one of the vital
parameters contributing to fermentative production cost.
Therefore, the use of inexpensive waste substrates as a
growth medium can translate to the low cost of pigment
production. In this context, the agro-industrial residues
have the potential to serve as ideal substrates for microbial
pigment production. These residues left unutilized add
to waste generation which is expected to reach 3.40
billion metric tons by 2050 (Usmani et al., 2020; Sodhi et
al., 2021). The unregulated dumping of waste has already

12
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made waste management a humongous challenge, which
requires serious addressal to prevent environmental
and health hazards. The conventional methods of waste
management via landfilling, open dumping, burning, or
incineration of waste have been ridiculed as they lead
to an increase in carbon footprint. Henceforth, the focus
has shifted on waste valorization which provides the dual
benefit of sustainable production of value-added products
and waste management. Conventionally, most of the
technological advancements focused on the generation
of biofuels or bioenergy from these waste feedstocks
(Jatoi et al., 2021). However, recently, they have emerged
as potent substrates for the production of a myriad of
value-added products viz. enzymes, platform chemicals,
bioactive molecules. etc. (Grewal and Khare, 2017, 2018;
Grewal et al., 2020; Lu et al., 2022). On similar lines, these
agro-industrial residues have been found to be suitable
as nutrient supports for the growth of microorganisms
and produce pigments by both submerged and solidstate fermentation (SSF). This approach not only combats
environmental problems but also provides a sustainable
and cost-effective framework for developing the circular
bioeconomy (Banu et al., 2021; Muscat et al., 2021;
Yaashikaa et al., 2022).
Since a majority of the agro-industrial residues are
lignocellulosic in nature, their recalcitrance necessitates
pretreatment of these residues before microbial
conversion. Various pretreatment approaches viz. physical,
chemical, physico-chemical, or biological have been
applied for different lignocellulosics with each offering its
own advantages and constraints (Ali et al., 2020; Haldar
and Purkait, 2020; Mankar et al., 2021). These pretreatment
processes aid in the structural deconstruction of complex
polymeric linkages, allowing improved accessibility to
hydrolytic enzymes during saccharification (Grewal et
al., 2017; Zhang H. et al., 2021). For further microbial
bioprocessing of these untreated or pretreated residues for
pigment production, both submerged and SSF techniques
have been effectively used (Aman Mohammadi et al., 2021;
Rana et al., 2021; Sodhi et al., 2021).
The present work comprehensively encompasses
utilization of various agro-industrial residues for pigment
production. The production of pigments from various
native microbial sources viz. bacteria, fungi, and yeast
has been elaborately discussed along with an emphasis
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on fermentation technologies. Further, the recent
perspectives on different molecular, genetic, or metabolic
approaches for creating engineered strains with a high
titer of stable pigment production have been appraised.
The versatile applications of microbial pigments are also
encompassed. Overall, the illustration of all these diverse
aspects will help to contribute to the development of
cost-effective bioprocesses for the production of natural
colorants from waste feedstocks with positive societal,
industrial, and environmental implications.

M A J OR C L A S SE S OF P IGME N T S A ND
MICROBIAL SOURCES
In general, the natural pigments can be majorly classified
into the following categories based on their structural
characteristics: (i) melanins; (ii) quinones: anthraquinone,
naphthoquinone, and benzoquinone; (iii) benzopyran
derivatives: flavonoids and anthocyanins; (iv) isoprenoid
derivatives: iridoids and carotenoids; (v) tetrapyrrole
derivatives: heme and chlorophylls; and (vi) other
N-heterocyclic compounds: betalains, phenazines, flavins,
phenoxazines, purines, and pterins (Delgado-Vargas et
al., 2000). The different classes of microbes, i.e., bacteria,
fungi, yeast, and algae produce a diverse array of pigments
viz. carotenoids, flavins, anthraquinones, violacein, and
prodigiosin, of which most prominent ones are discussed
below.

January • February • March 2022

Carotenoids, one of the most diverse class of pigments
belongs to a subfamily of isoprenoids and is constituted
by eight isoprene units. They are further categorized into
carotenes and xanthophylls. Carotenes are constituted
by carbon and hydrogen whereas the xanthophylls or
oxycarotenoids contain carbon, hydrogen, and oxygen
(Delgado-Vargas et al., 2000; Gmoser et al., 2017). Amidst
these carotenoids, capxanthin, lutein, astaxanthin,
canthaxanthin, lycopene, and β-carotene have very high
market demand (Gmoser et al., 2017; Ramesh et al., 2019).
The global market of carotenoids growing at a compound
annual growth rate (CAGR) of 2.6% is expected to reach
2 billion dollars by 2027 (Mussagy et al., 2021). However,
the chemical synthesis constitutes 80–90% of carotenoids
supply for the market and hence, to counter their sideeffects, the microbial sources are gaining high demand
(Saini and Keum, 2019; Chatragadda and Dufossé, 2021).
Though some companies such as Cyanotech (United
States), Algatech (Israel), and Parry Nutraceuticals (India)
have started producing carotenoids by biotechnological
route, their market share is substantially smaller than
synthetic producers (Mussagy et al., 2021). The pathway of
carotenoid biosynthesis and its regulation has been the
subject of immense interest across diverse producers and
is among the critical and popular targets for modulating
pigment production (Delgado-Vargas et al., 2000; Usmani
et al., 2020).
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genetically modified microbial sources (Zha and Koffas,
2017; Usmani et al., 2020).

Bacterial Pigments

Lycopene, identified as a class A nutrient by WHO (World
Figure 1

Health Organization) and FAO (United Nations Food and
Agriculture Organization) is an unsaturated lipophilic
isoprenoid pigment with multiple physiological functions
and myriad applications especially in preventive health
care (Li L. et al., 2020). The global lycopene market,
expanding at a CAGR of 5.0% is expected to reach
161 million dollars in 2025 from the net worth of 126
million dollars estimated in 2020 (Mussagy et al., 2021).
Anthocyanins are another class of important glycosylated
pigments responsible for different attractive colors and
majorly produced by plants as secondary metabolites. Its
market value is expected to reach 228.4 million dollars
in 2027 from the net worth of 192.5 million dollars
estimated in 2020 (Mussagy et al., 2021). Nonetheless, the
engineering of the anthocyanin biosynthetic pathway is
under intensive research to produce this pigment from

14
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Many of the bacteria appear highly attractive due to
the color they exhibit viz. Gordonia jacobaea, Serratia
marcescens (red); Chromobacterium sp. (purple); Erwinia
chrysanthemi, Corynebacterium insidiosum, Vogesella
indigofera (blue); Chryseobacterium sp., Hymenobacter
sp., Micrococcus (yellow); Chryseobacterium artocarpi,
Kocuria sp. (red-yellow), Pseudomonas sp. (green) (Venil
et al., 2020a). Carotenoids, prodigiosin, tambjamines,
melanins, quinones, and violacein are the most
commonly produced bacterial pigments. These have
been reported to exhibit antioxidant, antimalarial, and
anticarcinogenic properties which make them suitable
for food or biomedical applications (Pailliè-Jiménez
et al., 2020; Sajjad et al., 2020). For carotenoids, the
widest distributed class of biopigments with high
commercial value, the genus Dietzia and Paracoccus
are major producers (Gharibzahedi et al., 2014; Maj et
al., 2020). It has been well established that the crt gene
cluster is necessary for Paracoccus strains to produce
carotenoids. Their pigment biosynthesis pathway
and respective gene functions have been examined
and characterized by several studies (Ide et al., 2012;
Honda et al., 2020; Maj et al., 2020). Apart from these,
Micrococcus roseus, Corynebacterium michiganense,
Bradyrhizobium sp., Brevibacterium sp., Agrobacterium
sp., Streptomyces sp., and G. jacobaea are among the
popularly reported carotenoids producers (Ram et al.,
2020; Venil et al., 2020a).

Fungal and Yeast Pigments
Some filamentous fungi exhibit a wide spectrum of
colors viz. red pigments by Talaromyces sp., deep blood
red by Cordyceps unilateralis, orange by Herpotrichia
rhodosticta, etc. The fungi belonging to families
of Chlorociboriaceae, Monascaceae, Sordariaceae,
Trichocomaceae, Chaetomiaceae, Nectriaceae, Xylariaceae,
Hypocreaceae, Cordycipitaceae, Pleosporaceae, etc., are
reported as prominent pigment producers (Ramesh et al.,
2019; Pailliè-Jiménez et al., 2020). However, many pigmentproducing fungi viz. Penicillium sp., Aspergillus sp., and
Fusarium sp. also secrete secondary toxic metabolites or
mycotoxins, which in turn becomes a safety constraint for
their commercial applications. However, these bottlenecks
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are affected by the type of microbial strain, the flux of
carbon oriented towards the correct pigment pathway as
well as country regulations. For example, though Monascus
sp. is popularly used for the production of fermented
food products in Asian countries for 1,000 years, their use
as food colorants is not approved in the United States
or European Union due to the co-production of citrinin,
exhibiting hepatotoxic, nephrotoxic, or carcinogenic
properties (Gmoser et al., 2017; He et al., 2021).
Nevertheless, the major azaphilone pigments produced
by Monascus sp. are of immense interest for varied
applications. These include yellow pigment (ankaflavin
and monascin), red pigment (rubropunctamine and
monascorubramine), and orange pigment (monascorubrin
and rubropunctatin) (Dufossé, 2018b; He et al., 2021).
Similarly, Blakeslea trispora is another fungal sp. that has
been of immense interest for lycopene production and
has been intensively investigated by both researchers
and industries. This strain in both native and engineered
forms has exhibited great potential for high titer lycopene
production (Li L. et al., 2020). Another mold that has
been widely reported for β-carotene production at an
industrial scale is Phycomyces blakesleeanus (Mata-Gómez
et al., 2014). The filamentous fungi such as Neurospora sp.
are also being investigated for harnessing their pigment
potential due to their GRAS (generally recognized as safe)
status and non-mycotoxigenic nature (Gmoser et al., 2017;
Meruvu and Dos Santos, 2021).
The specific genera of yeast viz. Pichia, Rhodotorula,
Xanthophyllomyces, Rhodosporidium, Sporobolomyces,
and Sporidiobolus are also potent producers of various
carotenoids and other pigments. The most commonly
produced carotenoids by yeast include β-carotene,
torulene, astaxanthin, and canthaxanthin (Mata-Gómez
et al., 2014; Rapoport et al., 2021). For the optically active
astaxanthin, the 3R, 3,R isomeric form is produced by
Xanthophyllomyces dendrorhous. The torularhodin
produced by Sporobolomyces or Rhodotorula genera has
robust antimicrobial properties which makes it suitable for
many pharmaceutical applications (Rapoport et al., 2021).

AGRO-INDUSTRIAL WASTES AS LOW-COST
SUBSTRATES FOR PIGMENT PRODUCTION
The high production cost for microbe derived pigments
is a severe deterrent, especially at pilot or industrial scale,
to compete with synthetic pigments as safe alternatives.
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The expensive synthetic medium used for culturing
microbes for pigment production is one of the critical
factors affecting the cost of biotechnological synthesis.
In this perspective, the agro-industrial wastes available
in abundance have immense potential to be harbored as
low-cost substrates for decreasing the production cost
(Venil et al., 2017; Usmani et al., 2020). The processing
of agricultural crops, post-harvesting operations and
by-products of industrial processes generate enormous
amounts of residues which if left untreated act as
pollutants to the environment. The valorization of these
wastes by utilizing them as feedstocks for pigment
production helps in combating environmental and
health hazards while simultaneously adding value to the
development of economical bioprocess. Nonetheless,
their effective utilization will depend on the nature of
their raw composition and will influence the processing
steps. For example, lignocellulosic wastes such as
corncob, sugarcane bagasse, rice straw, wheat straw,
and rice husk will require the deployment of an optimal
and economical pretreatment approach before they
can be used for hydrolyzate production by the action of
saccharifying enzymes (Sodhi et al., 2021; Zhang H. et al.,
2021). Apart from biomass-derived hydrolyzates used as
a nutrient source for pigment production via submerged
fermentation, the use of waste substrates as matrix via SSF
has also been widely reported (Gmoser et al., 2019; Chen et
al., 2021; Dos Santos et al., 2021; Kumar Shetty et al., 2021).
The schematic representation of valorization of agrowastes for pigment production is denoted in Figure 1 .
The effective usage of various waste substrates for
pigment production will depend on the availability of
waste, its raw composition and the nutrient requirement
of fermenting microorganisms. The ability of Talaromyces
atroroseus GH2 to co-utilize glucose and xylose enabled
economically competitive pigment production (16.17 ±
0.37 OD500 nm) from acid hydrolyzate of corncob without
nutrient supplementation (Morales-Oyervides et al.,
2020b). The detoxification of lignocellulosic hydrolyzates
used as a nutrient source, is another processing step
that could be required to improve the titer of pigment
production. The study employing loquat (Eriobotrya
japonica) kernels as a substrate for carotenoids production
by Rhodotorula glutinis MT-5 reported 72.36 and 62.73
mg/L of carotenoids from the fermentation of detoxified
and non-detoxified loquat kernel extract respectively
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(Taskin and Erdal, 2011). Similarly, the Ca(OH)2 mediated
detoxification of brewer’s spent grain (BSG) hydrolyzate
enabled its utilization by Monascus purpureus CMU001
to give a red pigment yield of 22.25 UA500 (Silbir and
Goksungur, 2019). In another approach, a mutant strain
of M. purpureus M523 was generated by the use of
atmospheric and room temperature plasma (ARTP)
screening system, which exhibited high tolerance to nondetoxified acid hydrolyzate of rice husk. The employment
of this mutant strain spores immobilized in sodium
alginate, enabled pigment production of 80.7 U/mL from
rice husk (Zhang S. et al., 2021).
The problem of toxicity of simultaneous mycotoxin
production by many pigment-producing fungi was
effectively countered in the work of Gmoser et al. (2019)
as the edible filamentous fungi Neurospora intermedia
was shown to produce 1.2 kg pigment per ton of waste
bread valorized. Similarly, the pigment (0.565 AU/mL)
produced by Talaromyces purpureogenus CFRM02 after
utilizing Cicer arietinum (Bengal gram) husk as a substrate
for fermentation was proved to be non-toxic making it
potentially applicable as a natural colorant for food or
other nutraceutical applications (Pandit et al., 2019).
In another interesting study (Hilares et al., 2018),
employing lignocellulosic hydrolyzate, red pigment
production by Monascus ruber Tieghem IOC 2225 was
2.5 times higher using sugarcane bagasse hydrolyzate
as compared to glucose-based medium under similar
conditions. Thus, it was inferred that the complexity of
the medium could influence the metabolic pathway and
consequently, affect the titer and diversity of secondary
metabolites produced by the fermenting microbe.
In another approach, the cells of Chromobacterium
violaceum were immobilized on sugarcane bagasse to
form a continuous column system which resulted in the
production of 0.15 g/L of violacein (Venil et al., 2017). The
use of glycerol, a by-product of biodiesel manufacture as a
carbon source by R. glutinis TISTR 5159 led to concomitant
production of lipids (6.05 g/L) as well as carotenoids
(135.25 mg/L) in a stirred tank bioreactor (Saenge et
al., 2011). Among the pioneer reports on biopigment
production by Streptomyces genus utilizing agro-industrial
wastes, Schalchli et al. (2021) reported 1.75 mg/g pigment
production by Streptomyces sp. strain SO6 utilizing potato
waste as the sole nutrient source. Recently, cost-effective
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scaled-up production of prodigiosin (6886 mg/L) by S.
marcescens TUN02 was achieved in a 14-L bioreactor
system by using groundnut cake as the sole carbon/
nitrogen source. The anti-nematode activity exhibited by
purified prodigiosin exhibited potential for agricultural
applications (Nguyen et al., 2022). Table 1 summarizes
the various agro-industrial wastes used for pigment
production by various microbes via both submerged as
well as SSF.

The Economic Viability of Pigment Production
from Valorization of Agro-Industrial Residues
In a promising study by Dursun et al. (2020), a detailed
techno-economic analysis for industrial bioprocess
of astaxanthin production from wheat bran by X.
dendrorhous using SSF was carried out. The results
depicted a $3.9 million gross profit for astaxanthin
production, strengthening the agro-industrial waste
valorization as a feasible technology for pigment
production. Similarly, the cost for violacein production
by C. violaceum UTM5 was decreased to 235.70 USD by
using liquid pineapple waste as compared to 281.20 USD
in nutrient broth (Aruldass et al., 2015). The produced
pigment also exhibited good stability and anti-microbial
activity against two strains of Staphylococcus aureus,
one of which was methicillin-resistant. In another
study (Saejung and Puensungnern, 2020) supporting
the economic viability of using wastes, the use of
molasses-based medium for carotenoid production
by Rhodopseudomonas faecalis PA2 reduced cost by
90.88% as compared to synthetic chemical medium
despite exhibiting similar carotenoid productivity in
both media. Moreira et al. (2018) used yeast strainRhodotorula mucilaginosa CCMA 0156 to ferment
coffee waste and reported a production cost of $5.04/g
β-carotene while the commercial value of synthetic
β-carotene was around $10.40/g. Further, the exhibited
antimicrobial and antioxidant properties of the obtained
pigment added value to this natural product produced
at lower costs. Recently, the study (Mehri et al., 2021)
employing demineralized whey, a dairy industry waste,
for red pigment production by M. purpureus reported
equivalent operational cost (~14.92 dollars/kg) in
comparison to using glucose as the equivalent nutrient
source. These studies suggest it is imperative to evaluate
the economic feasibility of waste derived fermentation
processes. However, still there are no extensive research
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studies available to critically evaluate the technoeconomic and life-cycle assessment (LCA) aspects of
waste derived biorefineries to sustain the viability of
pigment production at industrial scale. Nonetheless,
the evaluation of economic viability coupled with social
and political implications of altering the health and
environmental hazards by sustainable technologies will
pave a way for production of natural pigments.
Overall, though utilization of by-products is a
sustainable strategy for minimizing environmental
contamination and concomitant pigment production,
it has major bottlenecks. One of the major challenges
encountered is the limited potential of natural pigment
producers, which have been majorly used for production Figure 2
from agro-industrial wastes. Therefore, the use of
genetic, metabolic or protein engineering could be viable
strategy for developing improved strains for pigment
illegitimate recombination between the pABW1 vector
production, which has been elaborated in further sections. carrying crt and the natural paracoccal plasmid pAMI2. This
plasmid was transferred to two fast-growing but colorless
GENETIC AND METABOLIC ENGINEERING
Paracoccus strains by triparental mating (using E. coli
APPROACHES FOR ENHANCED PIGMENT
DH5α strain as helper strain). The transformed strains, i.e.,
PRODUCTION BY STRAIN IMPROVEMENT
Paracoccus aminophilus CRT1 and Paracoccus kondratievae
CRT2 could effectively grow on industrial effluents, i.e.,
Microorganisms generally are considered conducive for
flue gas desulfurization (FGD) wastewater supplemented
pigment production due to the ease, safety, and short
with molasses and produced 127.09 and 58.80 ng/mL
span of the fermentation cycle without being limited
carotenoids, respectively. Using an analogous approach,
by geographical or seasonal influence. Nonetheless, the
Furubayashi et al. (2021) reported for the first time, the
development of molecular biology has made it possible
microbial production of capsanthin, a characteristic
to manipulate the genome of microorganisms to such
carotenoid found generally in Capsicum annuum. A
an extent that we can obtain new features as well as
heterologous capsanthin bio-synthetic pathway was
upregulate the selective expression of genes to get
engineered in Escherichia coli by expressing eight genes
high yields of the desired product. In this way, efficient
microbiological systems can be created for the valorization which included five zeaxanthin biosynthesis genes from a
of biomass with the simultaneous production of valuesoil bacterium (Pantoea ananatis), zeaxanthin epoxidase
added products such as pigments (Usmani et al., 2020;
(ZEP) and capsanthin/capsorubin synthase (CCS) from C.
Wan et al., 2020; Wang et al., 2021). Table 2 summarizes
annuum and isopentenyl diphosphate isomerase (IDI)
the engineered microbes for pigment production using
from green alga (Haematococcus pluvialis). After critical
different genomic or metabolic strategies.
upregulation of carotenogenic genes and minimizing
by-product formation, the production level of 0.5 mg/L
The simplest and most frequently used technique is the
capsanthin was attained.
use of expression plasmids to obtain higher expression
of specific genes. This approach was effectively used
Henke et al. (2016) engineered the carotenoid biosynthetic
by Maj et al. (2020) for the in vivo creation of plasmids
pathway for astaxanthin production by regulating the
which transformed colorless strains of Paracoccus sp. into
expression of heterologous genes encoding CrtY lycopene
efficient producers of xanthophylls and carotenes. Briefly,
cyclase, CrtW β-carotene ketolase, and CrtZ hydroxylase in
the crt gene cassette derived from the Paracoccus marcusii recombinant Corynebacterium glutamicum. The obtained
OS22 was used for creation of new plasmid pCRT01 by
volumetric productivity of 0.4 mg/L/h was competitive
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with the industrially used microalga Dunaliella bardawil.
In their further study (Henke et al., 2018), an engineered
C. glutamicum was developed for the combined
overproduction of secreted l-lysine with the cell-associated
carotenoids, β-carotene, lycopene, decaprenoxanthin,
zeaxanthin, astaxanthin, and canthaxanthin. Further,
the successful use of pentose sugars, i.e., arabinose
and xylose as feedstock for co-production of l-lysine
and β-carotene made this engineered strain a potential
choice for valorizing mixed sugars generated from
lignocellulosic wastes. The engineering of C. glutamicum
was also attempted for anthocyanin production by
co-expressing two genes, i.e., anthocyanidin synthase
(ANS) and 3-O-glucosyltransferase (3GT) from Petunia
hybrida and Arabidopsis thaliana, respectively. The
controlled regulation of expressed anthocyanin pathway
and optimized fermentation parameters resulted in the
production of 40 mg/L cyanidin 3-O-glucoside (C3G) from
catechin (Zha et al., 2018).
A new assembly scheme reported by Coussement
et al. (2017) also helped in the optimization of the
lycopene biosynthesis pathway in engineered E. coli to
achieve 448 mg lycopene/g cell dry weight (CDW). The
approach involved combining Single Strand Assembly
(SSA) methods (Coussement et al., 2014) and Golden
Gate Assembly (Engler et al., 2008) into one integrated
workflow. The targeted assembly step consisted of
combining appropriate libraries derived from carrier
plasmids (pCP) with the appropriate expression plasmids
(pEX) for assembly of Golden Gate to achieve efficient
transformants with threefold increased lyocopene titers.
The study exhibited efficient assembly of multigene
pathways with minimal effort.
In a new paradigm in recombinant production, a
synthetic consortium of 4-strain polyculture of E. coli
was developed to produce 9.5 + 0.6 mg/L of callistephin,
the red pigment in strawberries (Jones et al., 2017). The
polyculture platform overexpressed 15 heterologous
enzymes, enabling de novo production of anthocyanins
from glucose. The study exemplified the potential
of polycultures in metabolic engineering to express
complex biosynthetic pathways in non-natural hosts.
Another study by Levisson et al. (2018) also attempted
engineering Saccharomyces cerevisiae for the production
of pelargonidin 3-O-glucoside, an anthocyanin by
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introducing the biosynthetic genes from A. thaliana
and Gerbera hybrida. Though the yield obtained (0.01
μmol/g CDW) was low, the work highlighted the potential
bottlenecks such as enzyme kinetics, specificity,
anthocyanin export which if circumvented could provide
a future framework for sustainable production of
anthocyanins.
Another promising technique, i.e., Multiplex Automated
Genome Engineering (MAGE) strategy can serve as a
complementary tool to de novo genome synthesis,
enabling efficient in vivo tuning of genomes for
specific applications. This method allows the creation
of combinatorial genomic diversity by targeting
multiple locations on the chromosome. Wang et al.
(2009) automated this technology with the construction
of prototype devices and applied it to increase the
production of lycopene in E. coli. The simultaneous
modification of 24 genetic components in the 1-deoxyD-xylulose-5-phosphate (DXP) pathway resulted in the
creation of 4.3 billion genomic variants per day, which led
to the isolation of variants with lycopene titers increased
more than fivefold.
Another interesting approach that has garnered attention
for engineering secondary metabolism is “Multivariate
Modular Metabolic Engineering” (MMME), which attempts
to reduce regulatory complexities by grouping multiple
genes into modules. The various modular engineering
approaches for the overproduction of carotenoids have
been comprehensively reviewed by Li C. et al. (2020). In
context to optimizing carotenoid production using MMME,
the biosynthesis pathway is divided into four distinct
steps: central carbon module, cofactor module, isoprene
supplement module, and carotenoid biosynthesis module.
The redirection of carbon flux toward the production
of carotenoids while minimizing by-product formation
remains the focus of regulating the above four modules.
Apart from the selection and engineering of key enzymes,
increasing carotenoid storage and membrane-localized
expression of enzymes are effective strategies that have
been used to achieve better yields (Li C. et al., 2020; Wang
et al., 2021). In the context of increasing tolerance of
microbial producers to lipophilic carotenoids, the study
of Ma et al. (2019) offered valuable insights. The lipid
engineering was combined with a systematic metabolic
approach to develop an engineered oleaginous biorefinery
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platform in S. cerevisiae which enabled overproduction
of lycopene. To increase lycopene accumulation in the
non-oleaginous S. cerevisiae host, key genes related to
fatty acid synthesis and triacylglycerol (TAG) production
were overexpressed. This was followed by overexpression
of fatty acid desaturase (OLE1) to control TAG fatty acyl
composition and regulation of droplet size by deleting
seipin (FLD1). The overexpression of key genes, engineered
TAG composition, and regulated LD size resulted in a 25%
increase in lycopene yield reaching 70.5 mg lycopene/g
CDW.
In a novel strategy to control the metabolic flux in complex
metabolic pathways, Kang et al. (2019) engineered
modular enzyme assemblies to develop enhanced
cascade catalysis for pigment production. The study
successfully demonstrated the effectiveness of scaffoldfree enzyme assemblies in both engineered E. coli and
S. cerevisiae. Briefly, the two critical enzymes, i.e., IDI
and geranylgeranyl diphosphate synthase (CrtE) were
assembled together with help of short peptide tags (RIAD
and RIDD). This led to the formation of a pathway node
that prevented indirect diffusion and improved production
efficiency. The resultant metabolic control caused a 58%
increase in the production of lycopene in S. cerevisiae
cells, reaching 2.3 g/L. Similarly, 5.7-fold higher carotenoid
production was achieved in engineered E. coli.
In another combined approach of metabolic engineering
and mutagenesis, the production of 217.9 mg/L
astaxanthin was achieved by engineered S. cerevisiae
without the addition of inducers (Jin et al., 2018).
The heterologous expression of two key enzymes in
astaxanthin production, i.e., β-carotene hydroxylase
(CrtZ) and β-carotene ketolase (CrtW) was achieved in S.
cerevisiae, which was followed by ARTP mutagenesis to
achieve the highest yield in yeast along with uncovering
of new molecular targets for enhancing the isoprenoid
production.
Apart from conventional model organisms like E. coli and
S. cerevisiae, the oleaginous yeast Yarrowia lipolytica with
its GRAS status has also served as an important industrial
host for the expression of heterologous genes. Hence,
various studies (Celin ,ska et al., 2017; Gao et al., 2017;
Larroude et al., 2018) have attempted engineering of this
cell factory for pigment production. The construction of
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11 β-carotene synthetic genes with iterative integration of
multiple copies of those genes enabled the production of
4 g/L β-carotene in engineered Y. lipolytica. As compared
to the commonly used industrial producer, i.e., B. trispora
the achieved titer was 1.4-fold higher. Further, the lipid
droplets could serve as storage sink for synthesized
carotenoids, preventing cytotoxicity to cells (Gao et al.,
2017). In another study by Larroude et al. (2018), usage
of the Golden Gate DNA assembly toolbox and promoter
shuffling helped to identify the best promoter-gene pairs
for β-carotene production in engineered Y. lipolytica.
Combining the synthetic biology approach and fedbatch fermentation optimizations, the titer of 6.5 g/L was
achieved for β-carotene with concomitant production of
lipids (42.6 g/L).
Overall, all the recent works support the potential of
engineering microbial cell factories to overcome the
limitations exhibited by native pigment producers.
Though many studies have reported improved production
at a laboratory scale, the use of engineered microbes
for pigment production in an integrated biorefinery
system, especially by waste valorization, remains a
challenge. Nonetheless, the pigments produced by the
biotechnological route are promising for a plethora of
applications which are discussed subsequently.

MULTIFACETED APPLICATIONS OF MICROBIAL
COLOR PALETTES
The plentiful pigments produced by the microbial world
have widespread applications in different industrial sectors
(Narsing Rao et al., 2017; Chatragadda and Dufossé, 2021;
Orlandi et al., 2021; Rana et al., 2021). The characteristic
bioactivities of these secondary metabolites endow
them with peculiar functional attributes which can be
exploited for tailored applications via biotechnological
tools (Figure 2). Though pigments have been used in
cosmetics, bio-indicators, sensors, diagnostic devices,
nano-optics, paints, plastics, etc., their indispensable
usage in the three main commercial sectors is discussed
elaborately.

Pigments in the Pharmaceutical Industry
The current pandemic of SARS-CoV-2, the emergence of
microbial superbugs and alarmingly increasing multidrugresistance infections have put a high impetus on
biomedical research to find putative compounds with anti-
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Table 1

pathogenic activity. In this context, microbial pigments
have garnered high attention for their pharmacological
activities. The majority of the microbial pigments viz.
prodigiosin, carotenoids, violacein, flavins, melanins, and
quinones have been reported to exhibit antimicrobial,
antiproliferative, antioxidant, antiviral, and many more
bioactive properties (Narsing Rao et al., 2017; Venil et al.,
2020a; Orlandi et al., 2021). Lately, microbial pigments
sourced from marine ecosystems have captivated great
pharmacological interest due to their therapeutic potential
(Torregrosa-Crespo et al., 2018; Chatragadda and Dufossé,
2021; Nawaz et al., 2021). Recently, an astaxanthin pigment
purified from a marine endophytic bacteria Pontibacter
korlensis AG6 was shown to exhibit a cytotoxic effect
on the human breast cancer cell line (MCF-7) along with
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significant antibacterial and anti-oxidant
properties (Pachaiyappan et al., 2021).
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In another study (Abdelfattah et al.,
2019), the prodigiosins produced from an
actinomycete, isolated from a marine sponge
exhibited gastroprotective effects equivalent
to the standard anti-gastric ulcer agent
omeprazole. Their antioxidant and antiinflammatory mechanisms made them potent
pharmaceutical targets for preventing gastric
damage. Similarly, the prodigiosin produced by
two marine isolates, i.e., Streptomyces sp. and
Zooshikella sp. exhibited effective antibacterial
activity against S. aureus and other human
pathogenic strains (Ramesh et al., 2020). The
C50 carotenoid bacterioruberin produced
by haloalkaliphilic archaeon Natrialba sp. M6
demonstrated caspase-mediated apoptotic
anticancer properties as well as antiviral
potency against hepatitis B and C virus
(Hegazy et al., 2020).
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Amidst the fungal pigments, though many
species such as Penicillium, Aspergillus,
+#!&&*$4@>??
Talaromyces, and Fusarium have been reported
!%&'! & -%0'&4
@>??
to exhibit anti-microbial and antioxidant
activities (Lagashetti et al., 2019; Morales+&,  *, ! ,$64
@>??
Oyervides et al., 2020a), the Monascus sp.
$!+'*& &-&,'*&+-#4
@>>F
pigments have been most widely studied
as more than 50 pigments with different
colorations have been identified from it. The
Monascus sp. pigments have been reported
to exhibit anti-inflammatory, anti-diabetic, anti-obesity,
anticancer, and antimicrobial properties making them
promising biomolecules for pharmaceuticals (Vendruscolo
et al., 2016; Kim and Ku, 2018; He et al., 2021).
& ,$64@>??

Pigments in the Food Industry
The foods with colorful attractive appearances along
with nutritional and health-promoting properties for
increased consumer acceptance, are always in demand
in the food industry. Therefore, the natural and safe
food colorants as an alternative to synthetic ones such
as vat green, tartrazine, reactive blue, and sunset yellow
are highly sought after in food industries (Rana et al.,
2021). The market potential of microbial carotenoids is

www.simbhq.org

feature

expanding rapidly in the food industry
due to the safe enhancement of food
organoleptic properties along with the
addition of nutraceutical attributes such
as elimination of free radicals, protecting
against aging, and many other diseases
(Mussagy et al., 2021; Rana et al., 2021).
However, the use of microbial pigments as
colorants is also challenging as these might
fade or lose shelf life due to their higher
sensitivity to environmental conditions
like light, pH, temperature, oxygen, heat,
etc. Therefore, packaging approaches like
microencapsulations, nano-emulsions, and
nanoformulations are envisaged as effective
strategies to improve their stability in
food matrices (Sen et al., 2019; Juric , et al.,
2020). The encapsulation of violet pigment
produced by C. violaceum in Gum Arabic
followed by spray-drying was shown to be a
safe and stable natural colorant for jelly and
yogurt (Venil et al., 2015).
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Many of the microbial pigments such as
β-carotene, lycopene from B. trispora,
astaxanthin from various bacteria, algae, and
X. dendrorhous, Arpink red from Penicillium
oxalicum, pigments from Monascus
  
sp., riboflavin from Ashbya gossypii,
Debaryomyces globosus, Eremothecium
 
   
ashbyii, and Candida guilliermondii are
already being used commercially in various
foods and beverages (Sen et al., 2019;
Table 2
Venil et al., 2020a; Meruvu and Dos Santos,
2021). Though, many other microbial strains especially
fungal sp. exhibit potential as food colorants but requires
to be subjected to extensive toxicity and quality tests
before being approved by regulatory food authorities
for commercial usage (Dufossé, 2018a; Chatragadda and
Dufossé, 2021; Poorniammal et al., 2021). The market
potential of anthraquinone and azaphilone-producing
strains such as Talaromyces sp., Penicillium sp. along with
toxin-free production of Monascus sp. pigments for foodgrade colorations has been highlighted by various studies
(Dufossé, 2018b; He et al., 2021; Poorniammal et al., 2021).
Apart from human consumption, the carotenoid pigments
have high demand as food additives for animals or aquatic
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organisms (Meléndez-Martínez et al., 2020; Pereira da
Costa and Campos Miranda-Filho, 2020). The carotenoid
producing R. faecalis PA2 was cultured in domestic
wastewater and shown to exhibit price competitiveness
for use as animal feed additive (Saejung and Ampornpat,
2019).

Pigments in the Textile Industry
More than 200,000 tons of dye effluents are generated
annually, which cause persistent pollution and pose health
hazards (Narsing Rao et al., 2017). To counter the perilous
environmental challenges, health risks, allergenicity poised
by synthetic dyes, the use of microbial pigments as safe
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colorants have generated a fervent interest in the textile
sector. Further, the added advantage of incorporating
antimicrobial properties to develop protective clothing
will help to reduce hospital-acquired infections as well
as increase consumer acceptance, especially in the
post-pandemic era. Recently, the antimicrobial pigment
prodigiosin produced from S. marcescens SB08 was
shown to exhibit effective and stable dyeing efficiency
for cotton as well as silk fabrics. The antimicrobial effect
was also demonstrated in the pigment-soaked textile
yarn materials (Venil et al., 2021). Similarly, another study
reported formulation of nano-suspension dyeing, based
on prodigiosin production by S. marcescens. The work
testified to the cost-effectiveness of the green process
of dyeing acrylic fabric, which also endowed it with
antibacterial functionality along with rich color (Ren et al.,
2021).

environmental consequences are driving the shift from
linear to closed-loop bioeconomy. In this context, the
development of microbial cell factories for pigment
production using agro-industrial residues seems a rational
approach. Though the utilization of these cheap and
renewable feedstocks is enticing, the real-time scaled
up production and downstream processing of microbial
pigments has many challenges. The development of
simpler downstream approaches along with enhanced
stability and shelf life of microbial pigments by
entrapment strategies like nano-emulsions, encapsulation
will help in paving the road toward market sustainability in
competition with synthetic commodities. Overall, fostering
these innovative and green bioprocesses to commercial
scale will require extensive research efforts from interdisciplinary pursuits and the amalgamation of supportive
regulatory policies.

Amidst the fungal genera, the biopigments produced by
Monascus, Aspergillus, Talaromyces, Fusarium, Penicillium,
Trichoderma, Scytalidium, Chlorociboria, Curvularia,
Cordyceps, Alternaria, and Phymatotrichum have been
reported for dyeing versatile fabrics (Venil et al., 2020b; He
et al., 2021; Meruvu and Dos Santos, 2021). Nonetheless,
the evaluation of the toxicity of these fungal metabolites
remains a concern before their application. In a study
by Hernández et al. (2019) the pigments produced
by Penicillium murcianum and Talaromyces australis
were found to be safe for dyeing after the cytotoxicity
of lixiviates of dyed wool fabrics as well as fungal
pigments was checked on mammalian cell lines NIH/3T3
and HEK293. Apart from native microbial producers,
genetic engineering strategies can also boost pigment
usage in textile industries. In this context of producing
sustainable dyes, a promising study by Ghiffary et al.
(2021), demonstrated the production of indigoidine by
creating an engineered C. glutamicum. The metabolically
engineered C. glutamicum strain produced the highest
titer reported so far, i.e., 49.30 g/L indigoidine from
fed-batch fermentation. In comparison to synthetically
produced blue dyes, the produced pigment was shown
to exhibit similar color properties and fastness on cotton
fabrics.

Various biotechnological tools viz. metabolic
engineering, mutagenesis, homologous or heterologous
overexpression, and other genetic manipulations will play
a vital role in strain improvement for high-titer pigment
production utilizing residues. Nonetheless, to counter
the concerns in using native or engineered microbial
pigments for commercial usage, requires passing through
quality and toxicological tests to achieve regulatory
bodies approval. In addition to advanced understanding
of complex intertwined biosynthetic metabolic pathways
and development of engineered microbial platforms, the
biological and physicochemical fermentation conditions
need to be optimized for high product yield with minimal
contaminants or by-products. In summary, the realization
of trash to treasure approach will depend on a functionally
integrated bioprocess developed by technological
advancements and optimizations for each contributing
parameter, i.e., from pretreatment of feedstocks,
fermentation technologies, tailored microbial strains,
effective extraction, and purification protocols to stable
product formulation.

CONCLUSION AND FUTURE PERSPECTIVES
The depleting fossil reserves, increasing population, waste
generation, carbon footprint, and resulting detrimental
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Symposium on
Biomaterials, Fuels and
Chemicals (SBFC) 2022
Astor Crowne Plaza
New Orleans, LA
Program Chairs: Davinia Salvachua, NREL (Chair); Carrie
Eckert, ORNL (Co-chair)

Regular In-Person Registration Closes
on April 13, 2022
(Onsite registration will be available at increased prices)

NEWLY ANNOUNCED: Virtual
Registration Available

May 1–4, 2022
www.simbhq.org/sbfc
Want to sponsor the SBFC conference, in-person or virtually?
Get your product or service in front of this audience before,
during, and after by contacting sponsorship@simbhq.org or
learning more: www.simbhq.org/sbfc/meeting-sponsorship/.

Tracks and Session Topics:
Track 1: Biofuels, bioproducts, synthetic
biology
» Advanced biofuels

Can’t get travel approval or not yet comfortable to gather
in large groups? SIMB hears you and will be streaming a
majority of the sessions from New Orleans directly to you.

» Lignin upgrading

Keep up with SBFC from your home or office if you can’t
make it to New Orleans. For full details including registration
rates, learn more at www.simbhq.org/sbfc.

» Advances in synthetic biology tools
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» Biochemical conversion for chemical and material
precursors
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Track 2: Alternative feedstocks and
biosynthetic materials
» Single carbon feedstocks: Native and synthetic C1
metabolism
» New biomaterials

Keynote Speaker
Kristala L. J. Prather
Arthur D. Little Professor
Executive Officer, Department of Chemical Engineering, MIT
(Sunday, May, 1 from 4:15 to 5:30 pm)

» Electrocatalysis and microbial fuel cells
» Organic waste valorization

Track 3: Engineering and
deconstruction of biomass and
recalcitrant polymers
» Biomass active enzyme discovery, mechanisms, &
engineering
» Processing strategies for biomass deconstruction
» Engineering bioenergy crops
» Plastic deconstruction

Special Sessions:

KRISTALA PRATHER

Key Evening events:

» Biotechnology for the production of food alternative
proteins

Sunday, May 1

» Next generation sequencing, high throughput
technologies, and automated found

Opening reception with poster presentations

Poster Abstracts
There is limited time for you to be part of this amazing
program. Submit your abstract for a poster presentation
now! The submission site is open until April 1, 2022.

Monday, May 2
Poster reception

Tuesday, May 3
Hospitality Suite Sponsored by KATZEN International
Special topic sessions

Wednesday, May 4
Banquet and Awards Ceremony

January • February • March 2022
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2022 SIMB Annual
Meeting & Exhibition
Hyatt Regency San Francisco
San Francisco, CA
Early Registration Ends on April 11,
2022.
Program Chair: Mark Blenner, University of Delaware

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

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

Wide-ranging Program Topics:
BIOCATALYSIS
CELL CULTURE AND FERMENTATION
ENVIRONMENTAL MICROBIOLOGY
METABOLIC ENGINEERING
NATURAL PRODUCTS
AND OTHERS INCLUDING:
» DEI
» Animal products from fermentation and synthetic
biology
» Decreasing the time for a DBTL cycle
» Microbial (and cell free) engineering of protein
secretion
» Specific sessions for Students and Posters
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Keynote Speaker

Sponsor and Exhibit: Just opened

Jay Keasling, PhD, Philomathia Professor of Alternative
Energy, University of California, Berkeley

Claim your favorite spot or sponsorship opportunity while
it’s still available!

More info and links once
prospectus is posted, so be sure
to check simbhq.org/annual
regularly!

JAY KEASLING, PHD

Awards: Apply or Nominate until
April 15
» Charles Porter Award: This award recognizes
meritorious service to SIMB
» Charles Thom Award: Honor researchers for their
exceptional merit in industrial microbiology and
biotechnology
» Early Career Award: Distinguish and encourage young
investigators
» SIMB Fellowship: Special grade of SIMB membership for
significant research and/or service contributions
» Waksman Outstanding Teaching Award: Recognize the
important role of educators
» Student Awards: Carol D. Litchfield Best Student Oral
Presentation Award and Carol D. Litchfield Best Poster
Presentation Award

January • February • March 2022
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RAFT® 2022
Hyatt Regency Coconut Point
Bonita Springs, FL
Registration Opens in May 2022
Program Chairs
Mark Berge, Astra Zeneca (Chair); Kat Allikian, Nourish
Ingredients (Co-Chair)

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

Pre-Meeting Workshop:
Saturday, November 5, 2022

» Alternative systems to animal cell culture
» Model driven strain & fermentation process
development

Advanced Fermentation Concepts
» Future faces of fermentation

Organizers:

» Posters

Tim Cooper, Danimer Scientific; Chris Stowers, DSM
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2022 Perlman Award Recipient
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.

MICHAEL ARBIGE, PHD

Awards
Student Diversity Travel Award
Application closes on August 19, 2022!

January • February • March 2022
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Natural Products: 4th
International Conference
on Discovery and
Development in the
Genomic Era
Manchester Grand Hyatt
San Diego, CA

January 8–12, 2023
www.simbhq.org/np

A joint conference with Society for Antibiotics Japan (SAJ)
and the Korean Society for Microbiology and Biotechnology

Honorary Co-chairs

(KMB).

David Cane, Brown University
Jon Clardy, Harvard Medical School

Call for posters coming soon
Program Chairs:
Ben Shen, Scripps Florida
Yi Tang, University of California, Los Angeles
Alison Narayan, University of Michigan
Kaity Ryan, University of British Columbia
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Keynote Speaker
Frances Arnold, California Institute of Technology

Banquet Speaker
Phillip Crews, University of California, Santa Cruz

www.simbhq.org

meetings
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.

Sessions will include the following
topics:
Genome mining, metabolomics and
synthetic biology
Natural product discovery
Natural product isolation and structural
elucidation
Biosynthesis and enzymology
Biocatalysis and protein engineering
New MCA and drug discovery

TIME TO
RENEW!
Individual and corporate
membership renewals for
2022 are due!
Visit www.simbhq.org to
renew today.

January • February • March 2022
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NEW FOR 2021
FULLY OPEN ACCESS AND IMMEDIATE PUBLICATION
Editor-in-Chief: Ramon Gonzalez | Impact Factor: 

Vol 48 | Issue 1
JANUARY 2021

JIMB
Journal of Industrial Microbiology and Biotechnology

Journal of Industrial Microbiology & Biotechnology (JIMB) now
publishes all research open access and as soon as it’s available,
ensuring that both theoretical and applied microbiologists can easily
keep up to date in this fast-moving field.
JIMB provides reviews and reports of original research in the field
of applied microbiology and biotechnology. An international journal
JIMB covers all aspects relating to the study of microorganisms and
the industrial application of microbiology.

Explore the journal online to:

•
•
•
•
CLICK TO VISIT
Journal of Industrial
Microbiology & Biotechnology

Browse our extensive special issues archive
Read articles by subject
Sign up for email alerts to be notiﬁed of newly published content
Find out more about publishing in JIMB

NOW OPEN ACCESS
Special Issues

Subjects:
Biocatalysis
Environmental Microbiology

Don’t miss JIMB’s Special Issues. On key topics
in the ﬁeld they are invaluable resources for
research and teaching purposes.

Fermentation, Cell Culture
& Bioengineering

•

Recent Advances in Fermentation
Technology 2020

Metabolic Engineering
& Synthetic Biology

•
•
•

Frontiers in Industrial Microbiology and Biotechnology 2020

•
•
•

Synthetic Biology

•
•

Metabolic Engineering

Natural Products
Applied Genomics &
Systems Biotechnology
Bioenergy, Biofuels
& Biochemicals
Biotechnology Methods
& Techniques
Food Biotechnology
& Probiotics
Genetics & Molecular Biology
of Industrial Organisms

Frontiers in Industrial Microbiology and Biotechnology 2019
Natural Product Discovery and Development in the
Genomic Era – 2019
Arnold Demain - Industrial Microbiologist Extraordinaire
Natural Product Discovery and Development in the
Genomic Era
Microbial Genome Mining

Published in partnership with Oxford University Press



book review

by Elisabeth Elder
Lyme Disease and Relapsing Fever Spirochetes
Justin D. Radolf and D. Scott Samuels, editors
2021ISBN: 978-1-913652-61-6 (paperback) and 978-1-913652-62-3 (ebook)
Caister Academic Press, UK

When I started reading this book, I wondered if I
could write a comprehensive review without taking
up a large portion of an issue of the SIMB News. That
was a question my husband also raised when I was
about halfway through reading the book, all 760
pages of it. However, this was a book I particularly
wanted to read since both the son of a friend and a
neighbor were among the early reported cases of
Lyme disease in the United States.
As a bit of history, Justin D. Radolf and D. Scott
Samuels (editors) published Borrelia: Molecular
Biology, Host Interactions and Pathogenesis in
2010. This was the first book that covered the
impacts of pathogenic Borrelia. The same editors
expanded the information on Borrelia in Lyme
Disease and Relapsing Fever Spirochetes which
was published in 2021 and is a comprehensive
text on all aspects of the organism. The newer
publication greatly expanded on the earlier volume
especially in the areas of genomics, genetics,
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evolutionary biology, vector biology, physiology,
pathology, pathogenicity, immune responses,
and immune evasion. It also covers a historical
account of information on Lyme borreliosis in
Europe and the United States, the diversity in the
species, their replication and perpetuation, gene
regulation and transcriptomics/gene regulation,
metabolism, their cell envelope, and motility. The
book describes the ticks involved in the disease as
well as their interactions with the microbes and the
pathogenicity of the microbes. A large part of the
information that has been gained on the bacterium
and its impact came through the study of animal
models and through genetic manipulations. Live
imaging and studies of the immune responses
to Borrelia have made vast contributions to the
understanding to the impacts of the organism.
Prevention of Lyme disease will be dependent on
the development of effective vaccines for use in
humans and domestic animals. While the newer
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book review

book addresses the many updates that have
occurred in the study of Borrelia, it also points out
the number of controversies that remain unsolved
in chronic Lyme disease and post-treatment Lyme
disease syndrome.
Human cases of Lyme disease are caused by
genospecies of Borrelia burgdorferi spread by
Ixodes ricinus ticks. The first case in the United
States was reported in 1970 with large increases in
the numbers of cases staring in the early 1990s and
continuing through today. While the disease is most
common in the northeast and the upper Midwest,
cases have been reported throughout the country
with close to 300,000 people treated for the disease
annually. That is very close to the number of cases
each year in Europe where cases are frequently
reported in the Baltic states, southern Sweden,
Austria, and Slovenia. New cases are most common
between June and August with children between 5
and 15 plus people over 60 being most commonly
infected. The disease is initially localized in the area
of the tick bite where a bulls-eye mark may occur. It
spreads through the skin and can be carried in the
circulatory system throughout the body causing
arthritis plus cardiac and neurological problems.
Early symptoms look as if the person has the flu but
during the summer. Since the bulls-eye pattern may
not occur or may occur in an area that is difficult to
see, there is a definite need for diagnostic tests to
provide accurate identification of the disease. The
direct tests detect protein antigens or a pathogenspecific nucleic acid. Indirect tests detect antibodies
(IgM and IgG) plus mRNA, metabolites, and T-cells.
If detected early, the disease can be treated with a
2-to-3-week course of antibiotics. If not, the disease
can cause permanent problems with headaches,
neck pain, and drooping facial muscles being very
common. Borrelia DNA has been found in dogs,
mice, and nonhuman primates for long periods
38
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after antibiotic treatment. Subclinical as well as
clinical infections can be found in cows, horses,
dogs, cats, and nonhuman primates where arthritis
is a common symptom. Veterinary vaccines are
available with human vaccines currently in clinical
trials.
This book would be a great addition to libraries
used by veterinarians, physicians, microbiologists,
and immunologists as well as scientists studying
emerging diseases. Many sections would be
interesting reading for people dealing with the
disease.
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calendar

Upcoming SIMB Meetings
MAY 1–4, 2022

AUG. 7–10, 2022

Symposium on Biomaterials,
Fuels & Chemicals (SBFC)

SIMB Annual Meeting &
Exhibition

Astor Crowne Plaza • New
Orleans, LA

San Francisco Hyatt Regency
• San Francisco, CA

www.simbhq.org/sbfc

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 9–13, 2022
ASM Microbe
Marriott Marquis •
Washington, DC
https://asm.org/Events/ASMMicrobe
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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

JULY 16–21, 2022
Applied and Environmental
Microbiology
Mount Holyoke College •
South Hadley, MA
https://www.grc.org/
applied-and-environmentalMicrobiology-conference/2023
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Have you taken advantage of the
SIMB Career Center?
https://careers.simbhq.org
The latest Corporate Member survey indicated that
the SIMB Career Center was a top benefit of SIMB
Corporate Membership.

COMPANIES/ORGANIZATIONS
Job posting rates for one, three and ten 30-day
online packages provide significant discounts for
SIMB corporate members.
Additional fee based enhancements to job postings
can include
- Job Posting Videos

INDIVIDUAL MEMBERS
If you are seeking a position, post your resume, apply
for jobs and receive job alerts.

Complimentary
enhancements:
Career Learning Center includes video and written
presentations designed to instruct and entertain.

Additional fee-based
enhancements include:

- Social Recruiting

- Career Coaching

- “Featured jobs” offering prominent visibility to job
seekers

- Resume Writing
- Reference Checking

SIGN UP FOR SIMB
CORPORATE MEMBERSHIP
TODAY!
https://www.simbhq.org/corporate-membership/
or contact: Jennifer Johnson, Director of Member
Services, Jennifer.johnson@simbhq.org

SIMB PLACEMENT
COMMITTEE
• Elisabeth Elder
• Lisa Lee

For assistance with job postings at all SIMB meetings, the Career Workshop held during the SIMB Annual
Meeting, navigating the Career Center site, or Resume Review during the year, contact SIMB Placement Chair
Elisabeth Elder via email: elisabeth.elder@gsw.edu

committee corner
SIMB Committee

Chair

Email

Term
expires

Members

Staff liason

Annual Meeting 2022

Mark Blenner

blenner@udel.edu

2022

See Program Committee

Tina Hockaday,
Haley Cox

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 Outreach/
Exhibits

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, Tina
Hockaday

Corporate Sponsorship

Yoram Barak

yoram.barak@amat.com

2023

Andreas Schirmer

aschirmer@genomatica.com

2023

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

sthbagley@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

Nigel Mouncey

njmouncey@gmail.com

2022

George Garrity

Jennifer Johnson

Jennifer Johnson
Haley Cox

JIMB

Ramon Gonzalez

ramon.gonzale@usf.edu

2025

JIMB Editors

SIMB News

Melanie Mormile

mmormile@mst.edu

2023

Elisabeth Elder, Leo H. Liu,
Kristine Mortelmans, Vanessa
Nepomuceno

nfong@nucelis.com

2022

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

Katherine Devins

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

Noel Fong

Special Conferences
SBFC 2022 Chair

Term
Davinia Salvachua

davinia.salvachua@nrel.gov

2022

Co-chair

Carrie Eckert

carrie.eckert@nrel.gov

2022

Past chair

Scott Baker

scott.baker@pnnl.gov

2022

Mark Berge

mark.berge@astrazeneca.com

2022

Kat Allikian

kat@nourishing.io

2022

Ben Shen

shenb@scripps.edu

2023

Co-chair

Alison Narayan

arhardin@umich.edu

2023

Co-chair

Kaity Ryan

ksryan@chem.ubc.ca

2023

Co-chair

Yi Tang

yitang@g.ucla.edu

2023

RAFT® 2022 Chairs

Natural Products 2023 Chair
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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
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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:

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, Nourish

www.simbhq.org/raft

MULTITRON STANDARD MICROBIAL STARTER KITS

