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Creating a Future for Seafood Where the Ocean Thrives. B.
CHEN. Finless Foods, Inc. 6460 Hollis St., Suite B,
Emeryville, CA 64908. Email: brandon@finlessfoods.com

Cellular agriculture is an emerging opportunity that addresses
the challenges associated with the growing human population
and the issues we face with current agriculture practices. The
future of food will rely on applying advanced biotechnology
to grow animal cells without raising livestock and produce
seafood without catching a fish. While the researchers from
both academia and industry are working toward these goals, a
number of technical problems remain unresolved. In this pre-
sentation, we will discuss the potential solutions that can en-
able the successful translation of the laboratory bench to full-
scale manufacturing and product launch.
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Robust Development of Muscle and Fat Cell Lines from
Fishes for Food Applications. L. MADDEN, C. Benson, V.
Calmo, and M. Garcia. BlueNalu, Inc., 6197 Cornerstone Ct.
E , Su i t e 1 11 , S a n D i e go , CA 92121 . Ema i l :
lmadden@bluenalu.com

Seafood demand continues to increase while the supply is
increasingly vulnerable due to global challenges such as cli-
mate change and pollution. Cell-based seafood is a potential
solution to create a new supply of seafood products produced
using cells. These products could achieve year-round avail-
ability, price stability, and a supply chain that supports grow-
ing global demand for healthy proteins. The fundamental
building blocks of seafood products are cells – predominantly
muscle and fat. It has been widely established that fish contain
precursor cells for muscle and fat, however, previous studies
showed limited growth. To grow a sufficient amount of cells
for seafood manufacturing, robust and stable cells lines are
required. A platform technology was developed to generate

stable cell lines from a wide range of fish species, including
commercially valuable and vulnerable Bluefin Tuna and Red
Snapper. These cells are capable of exceeding fifty population
doublings while retaining key functional properties. Fish mus-
cle cell lines exhibit expression of muscle specific protein,
such as sarcomeric alpha actinin, and are capable of fusion
into myofibers. Fat cell lines are readily loaded with lipid
droplets, including nutritionally important Omega 3 fatty
acids, and exhibit characteristic rounded morphology. The
ability of fish muscle and fat cells to maintain function may
aid in achieving substantially equivalent nutritional profiles in
cell-based seafood products. In addition to nutrition, the mus-
cle protein or fat cell lipid content can contribute to sensory
attributes of products such as taste, texture, odor, and mouth
feel. Successful use of fish cells in this new class of products
will enable a supply chain with potential for enhanced sustain-
ability and food security.
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Using Zebrafish to Optimize Cellular Agriculture. D. L.
STACHURA. California State University, Chico,
Department of Biological Sciences, Chico, CA 95929.
Email: dstachura@csuchico.edu

Cellular agriculture is the production of agricultural products
from cell cultures rather than from whole plants or animals,
growing cells outside of the organism in a controlled labora-
tory setting. Producing meat from cell cultures rather than
from slaughtered animals is more efficient because only the
needed tissue (muscle, fat, cartilage, etc.) is being produced,
whereas during slaughter a large part of the animal is wasted.
It also reduces serious animal welfare and environmental is-
sues associated with industrial animal agriculture.
Traditionally this concept has centered on the growth of mam-
malian (mostly pork and beef) or avian (mostly chicken) cells
and tissues to replace meat, but cellular agriculture is also
easily extended to a multitude of fish species to replace indus-
trial aquaculture systems and wasteful fishing techniques
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associated with many seafoods. Over the past 20 years,
zebrafish (Danio rerio) have been utilized as a model for
many developmental processes. They are small, inexpensive
to house, and extremely fecund. They develop externally and
are transparent, allowing the visualization of development.
Their genome is annotated, and they share many similarities
with other vertebrates in terms of gene regulation that dictates
tissue specification and differentiation. Therefore, our labora-
tory has been using zebrafish to optimize cellular agriculture
techniques, isolating and growing primary zebrafish cells that
can be coaxed into differentiating into muscle and fat, two
primary components needed for cellular aquaculture. By
growing undifferentiated embryonic cells and by forcing fi-
broblasts to express master regulators of mesodermal differ-
entiation we are identifying factors that will allow serum-free
media to be formulated for commercial aquaculture.
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Use of Fish Cell Lines to Assess the Toxicity of Heavy Fuel
Oil (HFO). N. C. BOLS1, C. C. Chen1, X. Liu1, J. M.
Bornstein2, R. S. Brown2, L. E. J. Lee3, and P. V. Hodson3.
1University of Waterloo, Department of Biology, Waterloo,
ON N2L 3G1, CANADA; 2Department of Biology and
School of Environmental Studies, Queen’s University,
Kingston, ON K7L 3 N6, CANADA; and 3University of the
Fraser Valley, Department of Biology, Abbotsford, V2S 7M8,
CANADA. Email: ncbols@uwaterloo.ca

Heavy fuel oil (HFO) is predominately residue from
refinery distillation of crude oil and commonly used as
a fuel for ship engines. Occasionally during transporta-
tion and use, HFO spills into rivers, lakes and seas, but
the impact of HFO on aquatic animals, such as fish, is
difficult to assess because HFOs are highly viscous,
chemically complex, and diverse. For identifying HFO
toxic components and their mechanisms of action, fish
cell lines rather than fish offer potential experimental
advantages of being less costly and more rapid. A sig-
nificant chemical class in HFOs are polycyclic aromatic
hydrocarbons, many of which cause toxicity by activat-
ing the aryl hydrocarbon receptor (AhR) and inducing
CYP1A1. Among several fish cell lines, the AhR-
CYP1A1 pathway operated vigorously only in the rain-
bow trout liver cell line, RTL-W1. After fractionation
by low temperature vacuum distillation into F2, F3,
F3–1, F3–2 and F4, HFO 7102 and its fractions were
applied to RTL-W1 cultures as High-Energy Chemically
Enhanced Water Accommodated Fractions (HE-
CEWAFs), with the dispersant Corexit 9500. Low
Corexit concentrations by themselves caused neither cy-
totoxicity nor CYP1A1 induction. HFO 7102 and its
fractions did induce CYP1A1. Induction decreased with

prolonged exposure, suggesting HFO 7102 and its frac-
tions could transitorily exert toxicity.
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The Quest for a Marine Invertebrate (Sponge) Cell Line:
Lessons Learned. SHIRLEY A. POMPONI1,2, Megan
Conkling1, Kylie Hesp2, Dirk Martens2, and Rene H.
Wijffels2. 1Florida Atlantic University – Harbor Branch
Oceanographic Institute, Fort Pierce, FL 34946 and
2Wageningen University - Bioprocess Engineering,
Wageningen, NETHERLANDS. Email: spomponi@fau.edu

We recently reported the development of rapid cell division
from dissociated and cryopreserved marine demosponge cells
cultured in optimized nutrient media. Building on this break-
through, we established a continuous cell line of the deepwa-
ter sponge Geodia barretti that underwent nearly 100 popula-
tion doublings and could be passaged more than 45 times. Not
unlike the development of mammalian and insect cell lines,
our quest to develop a marine invertebrate (sponge) cell line
involved many challenges, failures, incremental improve-
ments, and serendipitous discoveries. Similarly, we learned
that there is no single protocol that works for each species of
sponge: every species is different and may respond different-
ly. Moreover, most assays, stains, and protocols for cell cul-
ture are designed for mammalian cells and must be adapted for
use in seawater-based cultures. But our failures and successes
generated new and unanticipated hypotheses to test. We re-
fined cryopreservation methods, optimized cellular stains and
metabolic probes, stimulated cell division with growth factors
and mitogens, obtained transient expression of immortalizing
genes, formed interspecific sponge hybridomas, established 3-
D cultures, and eventually established cell lines from dozens
of species. We also discovered unpredictable interspecific and
individual variation that led to the biggest lesson we learned:
select the “right” model species.
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Cell Cultre System: Production of an Infectious Clone of
Dicistrovirus and Iflavirus. K. BITRA1, N. Chougule1, A.
Bressan1, J. Monserrate1, D. Lehtinen1, and E. Jan2. 1BASF,
3500 Paramount Parkway, Morrisville, NC 27560 and 2Life
Sciences Center, 2350 Health Sciences Mall, Department of
Biochemistry and Molecular Biology, University of British
Columbia, CANADA. Email: kavita.bitra@basf.com

Detailed investigation of virus replication is facilitated by the
construction of a full-length infectious clone of the viral ge-
nome. To date, this has not been achieved for many insect
viruses in families Dicistroviridae and iflaviridae. These vi-
ruses have smaller genomes that possesses a single-stranded
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RNA positive-sense RNA genome preceded by an internal
ribosome entry site that drives translation of structural and
nonstructural proteins. Cricket paralysis virus (CrPV) belongs
to Dicistroviridae, and an infectious clone is developed in
Drosophila Schneider line 2 (S2) cells. Cell culture system
that is permissive to viral replication and translation of viral
proteins is necessary for the development of a successful in-
fectious clone. In this study, we focused on the development
of infectious clones of Dicistrovirus and iflaviruses in S2 cells
and Spodoptera derived Sf9 cells. We showed that CrPV,
Halyomorpha halys (HhIV) and Spodoptera exigua iflavirus
2(SeIV2) replicate in Sf9 cells as demonstrated by the detec-
tion of negative viral strand RNA. Cytopathic effects were not
observed, and the viral protein translation is blocked which
might have impaired the production of an infectious virus
particle. The generation of the infectious clones provides a
powerful tool for investigating the viral life cycle, replicon
vector development and may further understanding of funda-
mental host-virus interactions in different insect cell lines.
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Insect Midgut Cell Cultures to Study and Optimize Cellular
Uptake of dsRNA for RNAi-mediated Pest Control. GUY
SMAGGHE. Ghent University, Lab Agrozoology, Coupure
links 653, Ghent, BELGIUM. Email: guy.smagghe@ugent.be

In recent years, RNAi has been established as a promising
novel control approaches against important pest insects. The
strategy aims to control pest insects by exploiting the natural
RNAi gene silencing mechanism to knock down genes that
are essential for the insect’s survival. The most practical ap-
proach to achieve this is by orally administering dsRNA, spe-
cific for the target gene. However, the sensitivity of insects to
RNAi triggered by exogenous dsRNA is highly variable.
Factors affecting RNAi sensitivity in insects include the sta-
bility, cellular uptake, cytoplasmic release of dsRNA in the
insect body and biosafety for instance in natural enemies and
pollinators. Here, we present our data on variable RNAi re-
sponses and the barriers involved for different insect pest spe-
cies. Furthermore, we present our data on dsRNA delivery
strategies that are being developed to improve RNAi efficacy,
especially with the use of insect cell cultures. These include
cationic polymers, specifically designed to form stable com-
plexes with dsRNA. We emphasize the use of insect cell cul-
tures here.
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Glycoengineered Baculovirus-Insect Cell Systems for Diverse
Biomedical Applications. Ajay B. Maghodia1, Christoph
Geisler1, Hideaki Mabashi-Asazuma2, and DONALD L.
JARVIS1,2. 1GlycoBac, LLC, 1938 Harney Street, Laramie,

WY 82072 and 2University of Wyoming, Department of
Molecular Biology, Laramie, WY 82071. Email :
dljarvis@uwyo.edu

The baculovirus-insect cell system is widely used as a plat-
form for recombinant protein production. However, one of its
major limitations is insect cell glycosylation pathways cannot
produce recombinant glycoproteins with mammalian-type N-
glycans. In addition, some insect cells produce recombinant
glycoproteins with core apha 1,3-fucosylated N-glycans,
which are allergenic in humans. The inability to produce
mammalian-type N-glycans and ability to produce allergenic
N-glycans precludes the use of the baculovirus-insect cell and
other insect-based systems for therapeutic glycoprotein
manufacturing. However, we and others have shown the
baculovirus-insect cell system can be glycoengineered to
extend its N-glycan processing functions, eliminate core
alpha 1,3-fucosylation, and enable the production of “hu-
manized” recombinant glycoproteins. We are now focused
on efforts to refine and extend these previous results. Our
overall goal is to produce more advanced glycoengineered
baculovirus-insect cell systems that can produce recombi-
nant glycoproteins with pre-determined, highly homoge-
neous glycosylation patterns for various biomedical appli-
cations, including therapeutic glycoprotein manufacturing.
In this presentation, I will briefly review our efforts to
humanize protein N-glycosylation in the baculovirus-
insect cell system and increase human-type N-glycan elon-
gation efficiencies. I will discuss how we developed
CRISPR-Cas9 tools for the baculovirus-insect cell system
and used them to knock out an endogenous gene that en-
codes an N-glycan trimming function, which antagonizes
elongation. Finally, I will discuss how we are beginning to
use our new, glycoengineered baculovirus-insect cell sys-
tems for diverse biomedical applications.
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Genetically Modified Insect Cell Lines: An Invaluable
Platform for Fundamental and Applied Research Programs.
JACOB CORCORAN. Biological Control of Insects
Research Laboratory, USDA, ARS, 1503 S. Providence Rd.,
Columbia, MO 65203. Email: jacob.corcoran@usda.gov

Agricultural pest insects are primarily controlled through
the deployment of biological agents, such as natural pred-
ators and parasites, techniques such as mating disruption,
and the application of broad-spectrum insecticides.
Unfortunately, many traditional insecticides have detri-
mental off-target effects on native species and natural
predators, and their effectiveness is disappearing due to
increasing resistance in insect populations. As such, there
is a tremendous need for the development of novel,
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species-specific pest control technologies. Insect cell lines
can support the development of novel insecticides by pro-
viding an opportunity to focus research efforts on targeted
physiological processes and protein functions. However,
standard insect cell lines typically have limited usefulness
in insecticide development programs because they are not
derived from the target pest insects, or if they are, they do
not express the target proteins of candidate insecticides at
sufficient levels to allow detectable protein function using
currently available molecular techniques. Here we discuss
plasmid-mediated genetic modification of insect cell lines
to express proteins of interest. Using various examples,
including traditional and novel insecticide targets such

as neurotransmitter and olfactory receptors, respectively,
we show that heterologously expressed receptors are func-
tional in cell lines using assays that detect ligand-induced
receptor activation. These genetically modified cell lines
provide the opportunity to address fundamental biological
questions regarding receptor-ligand interactions, protein-
protein interactions, and the signaling pathways used.
More importantly, these cell lines display stable, regulated
expression of heterologously expressed proteins and large
signal to background ratios amenable to high-throughput
screening campaigns, providing a platform for the identi-
fication of novel, targeted pest control technologies.
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