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The Limulus amebocyte lysate (LAL) assay is one of the most important bio-safety tests used in the 
pharmaceutical industry to detect endotoxins, which are toxic chemicals excreted by bacteria, and to ensure 
product safety and purity. Horseshoe crabs’ blue blood is the source of LAL. Horseshoe crabs are routinely 
captured and bled. Although after the bleeding process many horseshoe crabs are released back into their 
natural habitat, a significant percentage die. Several research groups successfully developed a synthetic 
alternative to LAL with the recombinant Factor C (rFC) as the active ingredient. Unfortunately, the synthetic 
alternative is not being utilized in the industry and the bleeding of horseshoe crabs continues. We plan to 
improve the already developed synthetic assay by co-expressing rFC along with another intracellular serine 
protease zymogens, recombinant Factor B (rFB), to increase accuracy and specificity. We plan to deliver 
the new alternative to the biomedical industry and to the general public in the form of a spray for detection 
of endotoxins. Our efforts will serve to highlight that horseshoe crabs no longer need to suffer as valid 
synthetic alternatives are readily available. We also hope that our research will educate the public and 
pressure policy makers to convince biomedical companies and regulatory agencies to stop exploiting 
horseshoe crabs and incorporate synthetic alternatives into routine practice. 

Keywords: Amebocyte lysates, Limulus test, Limulus amebocyte lysate, recombinant Factor C, 
bacterial endotoxins, lipopolysaccharides, horseshoe crab (Tachypleus tridentatus), innate 
immunity, clotting factors, recombinant technologies 

      

 
* The authors were mentored by Barbara Tevelev from BioBuilderClub, Bozeman High School, Bozeman, Montana, United States. Please 
direct correspondence to: Adrian Luck, adrian.luck@bsd7students.org; Barbara Tevelev, btevelev@gmail.com. This is an Open Access 
article, which was copyrighted by the authors and published by BioTreks in 2023. It is distributed under the terms of the Creative 
Commons Attribution License, which permits non-commercial re-use, distribution, and reproduction in any medium, provided the 
original work is properly cited. 

mailto:btevelev@gmail.com


BioTreks 

40 

orseshoe crabs (Tachypleus 
tridentatus) are arthropods of the 
family Limulidae and the only living 

members of the order Xiphosura (Walls et al, 
2002). Horseshoe crabs have been around for 
over 200 million years, making them even 
older than the dinosaurs (Kin and 
Blazejowski, 2014; Walls et al, 2002). Their 
body is divided into three sections, the 
prosoma or head, abdomen or opisthosoma, 
and the tail which is called the telson (Figure 
1). The head of the horseshoe crab resembles 
a large letter U and contains most of their 
body, including their heart, brain, eyes, 
nervous system and glands. The opisthosoma 
is the triangular body of the crab and holds 
muscles, spines and gills. The telson or tail of 
the crab is not dangerous or poisonous. It is 
used to help the crabs flip over when they are 
turned upside down (National Wildlife 
Federation et al, 2022).  

Horseshoe crabs have an open circulatory 
system with a long and tubular heart that runs 
down the middle of their head and abdomen 
(Medzhitov and Janeway, 2000; Walls et al., 
2002). Horseshoe crabs have no veins and 
their blood flows freely through their body 
cavity being in direct contact with different 
tissues. Unlike most other animals, horseshoe 
crabs blood does not contain hemoglobin 
which is a protein that transports oxygen in 
many animals. Instead, it contains 
hemocyanin, a chemical that gives horseshoe 
crabs’ blood a blue color and distributes 
oxygen (Medzhitov & Janeway, 2000; Walls 
et al., 2002). Their open circulatory system 
puts horseshoe crabs at risk as pathogens like 
bacteria and viruses come in direct contact 
with blood and can spread quickly. To adapt, 

horseshoe crabs’ blood evolved to contain 
amebocytes which are special immune cells 
that produce LAL (Medzhitov and Janeway, 
2000; Walls et al., 2002; Krisfalusi-Gannon, 
2018). The LAL system allows the horseshoe 
crabs to quickly and effectively combat 
infections and protect from bacterial 
endotoxins (John et al., 2010; Krisfalusi-
Gannon, 2018). LAL is a coagulation system 
for detecting and removing pathogens and 
harmful toxins (Figure 2). The system is 
induced and controlled by three main 
endotoxin-sensitive, intracellular serine 
protease zymogens: Factor C, Factor B, and 
Factor R. Factor C is activated by the 
endotoxin (John et al., 2010; Krisfalusi-
Gannon, 2018). The activated Factor C then 
activates Factor B which in turn activates the 
proclotting enzyme. The proclotting enzyme 
triggers clotting enzymes that coagulate 
around endotoxins and bacteria forming 
gelatines. The proclotting enzyme can also be 
initiated by Factor G when in the presence of 
β-D-glucan. The Factor G stimulates the 
proclotting enzyme and continues the 
reaction.  

It is the LAL's endotoxin binding and 
clotting ability that makes horseshoe crabs’ 
blood so valuable to the pharmaceutical and 
medical industries (John et al., 2010; 
Krisfalusi-Gannon, 2018; Walls et al., 2002). 
Many of the pharmaceutical products are 
made using bacterial systems and bacterial 
endotoxins which may be potential 
contaminants. Also, medical devices that are 
used during surgeries, for administration of 
medicines, and during a variety of medical 
procedures may be potentially contaminated 
by bacteria and bacterial endotoxins. 
Endotoxins are fever inducing substances 
that are harmful to humans and so all 
materials produced in living cells must be 
tested for such contaminants (Bolden et al., 
2017; Bolden, 2019). Bacteria and bacterial 
endotoxins when left in drug products and on 
medical devices will hurt humans, cause 
hemorrhaging, inflammation, and other ill 
effects. Respectively, purity tests are 
important. The LAL from horseshoe crabs’ 
blood is a critical component for testing 
purity of pharmaceutical products such as 
vaccines, proteins, antibodies and other 
biotherapeutics as well as medical devices 
such as needles, surgical instruments, and 

H 

 
Figure 1. Horseshoe crab anatomy. Dorsal view 
showing head/prosoma, simple eyes, compound 
eyes, abdomen/opisthosoma, and tail/telson 
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medical aids (Bolden et al., 2017; Bolden, 
2019; Krisfalusi-Gannon, 2018).   

Horseshoe crabs are harvested in large 
numbers and bled to obtain LAL (Smith et al., 
2020). They are lined up on tables and straws 
are pierced through their arthrodial 
membrane; the tubes leak their blood into 
bottles (Figure 3). Such vampirism along 
with other negative environmental factors 
causes horseshoe crab numbers to dwindle. 
Over 500,000 specimens are captured from 
the wild for bleeding each year and many are 
killed during the process (Smith et al., 2020). 
It is estimated that the mortality rate of this 
procedure is 15%, which kills up to around 
75,000 crabs every year (Atlantic States 
Marine Fisheries Commission, 2019). 
Another alarming observation is the 
staggering drop in the number of female 
horseshoe crabs returning to the beaches 
where specimens were harvested (Leschen et 
al., 2010). While most researchers focused on 
calculating survival rates of bleeding, some 
studies demonstrated that post-bleeding 
causes reduced behavioral activity and 

physiological changes that potentially altered 
immune function and survival and mating 
activity (Anderson et al., 2013; Kurz & 
James-Pirri, 2002; Owings et al., 2019). 

The decrease in horseshoe crabs’ 
population also impacts the aquatic 
ecosystem, endangering other species 
(National Wildlife Federation et al., 2022). 
Horseshoe crabs can be found in the North 
American Atlantic coastline, the Indian 

 
 
Figure 2. Schematic representation of the LAL reaction. Shown are the endotoxin pathway leading to 
coagulogen conversion and an alternative beta glucan activated pathway. 
 

 
Figure 3. An example of horseshoe crab 
exploitation (Jaquci, et al., 2020) 
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Ocean and along the coast of Asia in the 
Pacific Ocean. Every year in the late spring 
and early summer, horseshoe crabs gather 
from the deep in order to breed. Their eggs 
are a vital source of nutrients for various 
species of birds, reptiles, and fish. They play 
a critical role in the ecosystem and ensure that 
many different species get the nutrients they 
need (National Wildlife Federation et al., 
2022). With the death of many horseshoe 
crabs this fragile ecosystem is suffering. 

However, there still may be hope for 
these critters. Scientists have designed and 
developed a synthetic alternative to LAL: 
rFC (Maloney et al., 2018; Bolden and Smith, 
2017; Bolden, 2019). Similar to LAL, rFC 
detects endotoxins released by bacteria. 
Although the synthetic version existed on the 
market for over 15 years, and it was officially 
approved for usage by the regulatory agency 
in 2020, its usage in the pharmaceutical 
industry is lacking (Bolden, 2019; Dubczak 
et al., 2021; Gorman, 2020; Maloney et al., 
2018; Piehler, 2020). Single source supplier 
concerns and lack of inclusion in 
pharmaceutical companies may be the culprit 
(Gorman, 2020). Because companies and 
suppliers have been transacting for a long 
time, it is difficult for them to break the chain, 
restructure workflows, make organizational 
changes, and potentially lose profit by 
changing procedures that are already in place.  

Despite some initial setbacks, great 
benefits await the companies that decide to 
transition away from LAL. Certain studies 
have shown that rFC and other coagulation 
factors in LAL, rFB, are as good if not better 
than LAL (Kobayashi et al, 2015; Mizumura, 
2017; Piehler, 2020). In fact, the horseshoe 
crab’s LAL system contains Factor G. Factor 
G is disadvantageous because it does not 
activate coagulation in presence of 
endotoxins. Instead, it activates in the 
presence of β-D-glucan, which initiates the 
clotting cascade regardless of endotoxic 
presence and thus will produce a false 
positive result (Iwanaga, 2007). It would be 
extremely beneficial to companies to use 
synthetic alternatives produced without 
Factor G, such as rFC assays and our 
proposed spray, as these products have a 
potential to enhance the overall performance 
of the procedure by increasing specificity and 
accuracy of the assay. The costs of 

production may also be lower for synthetic 
alternatives, as they do not require the 
collection and handling of horseshoe crabs 
and can be produced on a bigger scale. Some 
pharmaceutical companies, such as Pfizer, 
are already leading efforts to switch to 
synthetic alternatives and dedicating many 
resources to convince other businesses to join 
the paradigm shift. This shift must take place 
globally. Pharmaceutical companies across 
the world and respective regulatory agencies 
must align in supporting the change to the 
synthetic alternatives of LAL assay. 
Decrease in cost and increase in assay 
performance as well as environmental 
responsibility should be sufficient drivers for 
the private sector to make this possible. 

In order to protect horseshoe crabs and 
the fragile aquatic ecosystem that they are 
part of, we want to further optimize and 
expand the usage and application of rFC and 
rFB. We hope to create a spray which 
contains not only rFC but also rFB in a stable 
solution at room temperature and pressure. 
The two coagulation factors will increase 
sensitivity of the purity assay as well as 
broaden its application. Our solution can be 
used to test for presence or absence of 
endotoxins and any residual bacterial 
components. The solution can be used to test 
clearance of medical devices, lot testing of 
drug substances and products and potentially 
lot testing of foods. The reagents in the spray 
will work in conjunction with UV light. The 
rFC and rFB will bind to endotoxins and upon 
the binding reaction, a fluorophore will be 
activated and detected in the UV range by 
exposing the sprayed surface to UV light. In 
contrast to the original LAL assay, which was 
based on visual inspection of a coagulation 
reaction in a glass tube and relatively newer 
detection via absorbants using a 
spectrophotometer or an absorbance 
microplate reader.  Our method is simpler 
and requires less instrumentation. 

Systems level 
To alleviate reliance on horseshoe crabs’ 
blood, we plan to create a synthetic substitute 
for LAL in the form of rFC and rFB. The 
currently available synthetic alternative relies 
only on rFC. By including rFB in addition to 
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rFC, we hope to increase the assay’s 
specificity and accuracy by eliminating false 
negatives (as may be the case with synthetic 
rFC) and false positives (as may be the case 
with the harvested LAL from horseshoe 
crabs) (Figure 4). Both Factor C and Factor 
B are serine-protease zymogens essential for 
the horseshoe crab coagulation cascade. 
Factor B is the primary substrate for 
activation of Factor C (Kobayashi et al, 2015; 
Mizumura, 2017). And so, addition of rFB 
may help to improve rFC sensitivity.   

We plan to create a spray of rFC and rFB 
that can be readily available for use in the 
pharmaceutical, medical and food industry to 
quickly test for endotoxins (Figure 5). The 
same spray can be also used in home settings 
to ensure cleanliness and test contamination 

 
Figure 4. Current and proposed endotoxin detection systems. a.) LAL cascade from exploitation of 
horseshoe crab vs. b.) proposed synthetic option of combining rFC and rFB proteins fused to Enhanced 
Green Fluorescent Protein (EGFP) 

 
Figure 5. Proposed rFC-rFB+EGFP spray 
solution. The spray may be used to test for 
endotoxins across different items: medical 
devices, medicines, foods, and home items. 
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levels on surfaces and foods. 

Device level 
Using recombinant DNA technology, we 
propose to design a mammalian chinese 
hamster ovary (CHO) plasmid expression 
system to produce rFC and rFB (Figure 6). A 
yeast system could be used for initial proof of 
principle, while the main production should 
be completed via the CHO system because of 
its high output and consistent productivity. 

We plan to run tests to understand the safety 
and effectiveness of our product. If the tests 
prove successful, we hope that our spray of 
rFC and rFB provides an efficient, high-
yielding, affordable and safe solution for the 
pharmaceutical industry and the public while 
saving the horseshoe crab population and 
helping to stabilize the ecosystem.  

We plan to provide the rFC and rFB in a 
stable spray solution that can bind to harmful 
endotoxins and bacteria. Subsequently, a 
fluorophore attached to the rFC and rFB will 
trigger a fluorescent output which will be 

 

 
 

Figure 6. Experimental flow chart for production of rF-rFB+EGFP spray. a.) The CHO expression vector 
contains rFC and rFB genes fused with EGFP as well as the neomycin resistance gene. The vector is 
transfected into CHO cells and grown in a selection media containing neomycin. After the selection process 
with neomycin, only cells with the expression vector are able to survive.  b.) The rFB-rFC+EGFP expressing 
cells are cultured to increase protein production, purified into the final product substance, and packaged as 
a spray for general use  
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detectable by UV light. Upon binding of rFC 
and rFB to endotoxins, the EGFP will be 
activated and detected when exposed to 
ultraviolet light (Figure 6). 

Below, we designed an expression vector 
for transfection into CHO cells. By using a 
mammalian host system, we are preventing 
potential contamination that may occur when 
using a bacterial host system such as 
Escherichia coli. Using E. coli may or may 
not result in false positives, and so 
eliminating any known risk is optimal. 
Furthermore, mammalian cells are known to 
be more productive and thus resulting in 
increased titer of the proteins we seek to 
produce. The expression vector contains 
genes for rFC and rFB fused to EGFP and a 
neomycin resistance gene for selection. The 
CMV promoter and SV40 late 
polyadenylation signal are transcriptional 
elements that are known to increase gene 
expression and may result in increased 
protein production as well as stability 
(Radhakrishnan, 2008). 

We selected electroporation as a 
preferred method of choice for transfection. 
Electroporation uses an electrical pulse to 
create temporary pores in the cell membrane 
through which the rFC and rFB containing 
vector will pass and integrate within the host 
genome. After transfection, we will allow the 
cells to recover for 48 hrs in media containing 
cellastim, which is a recombinant human 
serum albumin that enhances recovery and 
performance of cell growth. On the 3rd day, 
we plan to add a selection marker, neomycin, 
to eliminate untransfected cells. The 
neomycin is toxic to the cells that do not 
contain the neomycin resistance gene. Only 
cells with successful integration of the entire 
expression vector will be able to survive the 
selection procedure as they will obtain a 
neomycin resistance gene. The transfected 
pools of cells will be cultured and passaged 
into media+neomycin until viable cell 
density drops below 50%, after which point 
the selection marker will be removed from 
the media. This is done by spinning down the 
cells, removing the media with neomycin, 
and resuspending the cells in fresh media 
(without neomycin). Cells will be allowed to 
recover until viable cell density reaches 
above 90%.  

Post-selection recovery, the surviving 

pools of cells will be cultured in nutrient rich 
media to enhance growth and productivity. 
The cells will be assessed from day 3 and day 
4 passaging cultures to determine the titer 
levels and quality of rFC and rFB proteins via 
high-performance liquid chromatography 
(HPLC). Once we obtain positive results and 
proper product quality data from passaging 
cultures, we will focus on developing a fed-
batch production process as well as harvest 
and purification process (out of scope for the 
initial experiments) (Kobayashi et al., 2015; 
Liu et al., 2010). 

Parts level 
Our approach involves designing a single 
expression plasmid capable of stably 
integrating within the CHO mammalian host. 
The expression plasmid is designed for co-
expression of both rFC and rFB fused to 
EGFP (Figure 7). Upon successful 
integration within the host genome, the 
expression plasmid carries a neomycin 
resistance gene which will confer resistance 
to the host during selection. Blastcidin 
resistance gene was also added in case there 
may be a need for additional more stringent 
selection. Cells which integrate the entire 
expression plasmid will survive selection and 
will be screened for production of 
rFC+EGFP and rFB+EGFP. The EGFP is a 
commonly used green fluorescent protein, 
which will be utilized to confirm if the 
plasmid is integrated within the host genome 
and allow detection with UV light in the final 

Figure 7. Diagram of the rFC-rFB+EGFP 
expression vector for the CHO mammalian host 
system 
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spray product. For all of the genes of interest, 
each open reading frame (ORF) is preceded 
with a CMV promoter and a Kozak sequence. 
CMV is a strong mammalian promoter and 
Kozak facilitates translation initiation of 
ATG start codon downstream of the Kozak 
sequence. Downstream of each ORF, we 
included SV40 late poly A tail which allows 
transcription termination and 
polyadenylation of mRNA transcribed by Pol 
II RNA polymerase. 

Other elements included are the pUC ori 
and -Amp, which serve to amplify and 
generate plasmid substrate for transfection. 
The pUC ori facilitates plasmid replication in 
E. coli and regulates high-copy plasmid 
number (500- 700). The -Amp confers 
ampicillin resistance and allows E. coli to be 
resistant to ampiciIIin during plasmid 
selection and amplification step. 

All the vector elements are described in 
detail in Table 1. 

 Safety 
We plan to adhere to good laboratory 
practices and to wear personal protective 
equipment such as gloves, goggles and lab 
coats. 

The CHO cells, CHO expression systems 
and all of the components associated with 
CHO cell culture and recombinant protein 
production are safe to use. All of these 
reagents are common in the mammalian 
research laboratories and are considered non-
hazardous. CHO cells and their respective 
reagents have been used in laboratory 
settings for over 100 years.  

Discussions 
Our design strives to transition the global 
pharmaceutical industry and supporting 
regulatory agencies away from using the 
limulus amebocyte lysate (LAL) assay, 
which is produced through the exploitation 
and bleeding of horseshoe crabs, to an 
animal-friendly synthetically derived spray. 
This is the central objective of our plan, but 
other distinct advantages and disadvantages 
should be taken into account when discussing 
the potential success of our bacterial spray. 

An important part of our approach is 
designing a single expression plasmid that 
would integrate both rFC and rFB within the 
CHO mammalian host simultaneously. This 
increases efficiency and reduces the potential  
costs of having to complete separate 
processes for rFC and rFB transfer, which 
may require a more intense selection process 

Table 1. Elements of the rFC-rFB+EGFP 
expression vector. 
Name Siz

e 
(bp) 

Type Description Application 
Notes 

CMV  589 Promoter Human 
cytomegalovirus 
immediate early 
enhancer/promote
r 

Strong 
promoter; may 
have variable 
strength in 
some cell 
types. 

Kozak  6 Miscellaneou
s 

Kozak translation 
initiation 
sequence 

Facilitates 
translation 
initiation of 
ATG start 
codon 
downstream of 
the Kozak 
sequence. 

SV40 
late pA  

222 PolyA_signal Simian virus 40 
late 
polyadenylation 
signal 

Allows 
transcription 
termination 
and 
polyadenylatio
n of mRNA 
transcribed by 
Pol II RNA 
polymerase. 

-Neo  795 ORF Neomycin 
resistance gene 

Allows cells to 
be resistant to 
geneticin 
(G418). 

-Bla 396 ORF Blasticidin 
resistance gene 

Allows cells to 
be resistant to 
blasticidin. 

BGH pA  225 PolyA_signal Bovine growth 
hormone 
polyadenylation 
signal 

Allows 
transcription 
termination 
and 
polyadenylatio
n of mRNA 
transcribed by 
Pol II RNA 
polymerase. 

pUC ori 589 Rep_origin pUC origin of 
replication 

Facilitates 
plasmid 
replication in 
E. coli; 
regulates high-
copy plasmid 
number (500- 
700). 

AmpiciIIi
n 

861 ORF AmpiciIIin 
resistance gene 

Allows E. coli 
to be resistant 
to ampiciIIin. 

rFC 
fused to 
EGFP 

 ORF Recombinant 
Factor C; 
intracellular serine 
protease 
zymogens 

 
 
 
Genes of 
Interest 

rFB 
fused to 
EGFP 

 ORF Recombinant 
Factor B; 
intracellular serine 
protease 
zymogens 

EGFP  720 ORF Enhanced green 
fluorescent 
protein; codon 
optimized based 
on a variant of 
wild type GFP 
from the jellyfish 
Aequorea victoria 

Commonly 
used green 
fluorescent 
protein; ranked 
high in 
brightness, 
photostability 
and pH 
stability among 
all fluorescent 
proteins. 
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and extra optimization. Additionally, 
selecting a cell line with two successfully 
integrated vectors through clone screening 
will require genetic characterization and 
more analytics. By combining the 
expressions of both proteins into a single 
vector, we increase the chances of both genes 
integrating within the host genome, while  
 decreasing the complexity of the selection 
process. We also reduce the number of 
resistance genes needed for selection, as only 
one set would be needed per pair of rFC and 
rFB expression genes, lowering theoretical 
costs of production. 

 Another significant benefit of our plan is 
the improved accuracy and specificity of the 
synthetic substitute. Our spray will include 
rFB, which may help detect endotoxins that 
the current rFC assay might miss, eliminating 
false negatives. The spray may also exceed 
the capability of the LAL assay, for its system 
contains FG which can be falsely triggered to 
form clotting cascades by the β-D-glucan, 
leading to false positives (Iwanaga, 2007). 
By combining rFC with rFB, while 
eliminating FG, we optimize the accuracy of 
the assay. 

 However, multiple disadvantages and 
setbacks are present in our design as well. 
The production and use of synthetic rFC has 
already been demonstrated by many research 
groups, but the utilization of rFB is not 
common and may require qualification and 
validation proof (Piehler, 2020). Multiple 
years of concurrent sample testing by LAL 
and rFC+rFB assays might be needed to 
prove the synthetic alternative comparable.  
The biggest challenge lies in popularizing 
synthetic rFC and rFB for use in the 
biomedical and pharmaceutical industry. 
Bleeding horseshoe crabs may be more cost-
effective as the LAL assays are already 
established as a staple of biosafety testing and 
are commonly accepted by regulatory 
agencies. Even though many research groups 
have improved the synthetic rFC assays and 
lowered production costs, the main obstacle 
is not the cost, but the acceptance of synthetic 
alternatives by the world’s regulatory and 
governing organizations. For now, only the 
FDA and the European Pharmacopoeia 
recognize the use of rFC as a valid alternative 
to LAL (Council of Europe, 2020). 
Unfortunately, the US Pharmacopoeia (USP) 

is hesitant in declaring the rFC testing 
methods equivalent to LAL assays, thus 
discouraging US drugmakers from changing 
their practices (Jimenez, 2021). Furthermore, 
South American, Chinese, and Middle 
Eastern regulatory institutions only approve 
LAL results. Thus, a company with synthetic 
test results and product clearance would be at 
a disadvantage as multitudes of countries, 
including the US, may not validate such 
testing. Therefore, to maintain testing 
consistency and retain access to the global 
market, pharmaceutical companies are forced 
to use the LAL assay, continuing the 
exploitation of the horseshoe crab. To make 
a difference, pharmaceutical companies and 
the public must advocate for change across 
the world. 

Next steps 
To continue pursuing our goal of eliminating 
global horseshoe crab exploitation in return 
for our synthetically derived spray, we plan 
to refocus our efforts outside the lab and 
connect with a range of professionals who 
may offer feedback and support.  

We hope to interview scientists and 
subject matter experts from pharmaceutical 
organizations like Pfizer, Eli Lilly, Hyglos 
GmbH, and various universities, who may 
point out nuances and setbacks we should 
expect when trying to integrate our system 
into accepted practices (Maloney et al., 
2018). Explaining our methods and current 
plan, we would look forward to getting 
feedback on how to appeal to big 
organizations. We will consult policy makers 
and the current chapters in pharmacopeias to 
learn what tests are needed to qualify our 
spray as an alternative method. We hope to 
contact the leading manufacturers of LAL, 
such as Lonza, Charles River Labs, and 
Associates of Cape Cod, who may have 
influence over USP policies, to better 
understand the appeal of LAL and what 
effective means could be used to spread a 
similar popularity of our synthetic alternative 
(Jimenez, 2021). We hope to talk to the 
leading rFC manufacturers as well, like 
Novartis AG and Hyglos GmbH, to learn 
more about improving consistency and 
reducing handling time for our spray (Onkar, 
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2023). We would try to contact government 
officials, like the US Senate Committee on 
Environment and Public Works to ask to 
modify regulatory policies to make rFC + 
rFB assays more accepted and widespread. 
We also hope to write to conservation 
companies and their representatives like 
Ryan Phelan, the co-founder and executive 
director of Revive & Restore (a California-
based conservation non-profit), and Deborah 
Cramer, a representative of the 
Massachusetts Horseshoe Crab Recovery 
Initiative, who have spoken out for the 
incorporation of rFC testing into standard 
practices, and ask them to consider 
advertising our spray as well (Jimenez, 2021; 
Welcome to Massachusetts Horseshoe Crab 
Recovery Initiative, 2023). We plan to 
introduce our idea to a range of 
environmental activists, who may not have 
been aware of horseshoe crab exploitation, 
and would support our humanitarian concern 
for the animals. Thus, we could gain the 
support needed to challenge the accepted 
practices and bring change for the better. 
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