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The present world pandemic caused by the novel coronavirus (SARS-CoV-2) has resulted in flu 
like symptoms and respiratory problems, known as COVID-19, for around 20% of the people 
infected, many of which require hospitalization. This virus seems entirely new to the human 
population and; thus, virtually no one has pre-existing immunity to it. However, up to 80% of the 
people that become infected with the virus have either mild or no symptoms, making identification 
of infected individuals difficult without widespread testing of those who were asymptomatic. 
Furthermore, the commonly referenced Reverse Transcription-PCR-based assays that we currently 
use are only able to identify individuals that have actively replicating SARS-CoV-2 virus within 
them, meaning that these tests can only identify currently infected patients and cannot distinguish 
immune individuals from those who have never been infected.  

Any individual that has experienced a SARS-CoV-2 infection and recovered, whether 
symptomatic or not, will express antibodies against key SARS-CoV-2 proteins. Based on past 
experience with similar viruses and the most up to date data on SARS-CoV-2, many of these 
antibodies will detect the Spike protein that is located on the viral surface. The Spike protein plays 
a key role in the viral infection process and antibodies that detect this protein not only flag the 
virus for an immune system response, but also neutralize the viral infection process; thus, 
conferring host immunity. Determining who has already been infected and is producing antibodies 
that can neutralize the virus (seroconversion and immunity) will be key to returning societal 
functions to normal and allocating resources to treat those still infected and symptomatic. For 
example, frontline medical workers who do not have Spike protein antibodies, and are thus likely 
not immune to the virus, can be placed in different roles than those who demonstrate some level 
of antibody response that should be protective. Much more broadly, population-scale testing to 
evaluate potential herd immunity or at least prioritize who can return to work rather than self-
isolate, will be integral to resuming normal daily life. This will require testing millions of people. 
To this end, these antibody tests must be reliable, cost effective, and amenable to scale-up. 

One easy and reliable assay to identify SARS-CoV-2 positive individuals is to screen for 
antibodies against the SARS-CoV-2 spike protein in their blood.  This can be done with a simple 
Enzyme-Linked Immunosorbent Assays (ELISA) assay using a very small amount of blood drawn 
from a fingertip. Conventional low-cost ELISA assays are a workhorse technique in modern 
diagnostics and research labs alike. These assays detect whether or not antibodies in a subject’s 
blood serum stick to an immobilized form of a virus. This immobilized part of a virus is usually a 
single protein, or subdomain of that protein.  

There are several requirements for the production of SARS-CoV-2 spike protein for use in ELISA 
assays; it must have the correct amino acid sequence, it must be folded correctly, and it must be 
glycosylated at the correct sites. For large scale testing, the protein must also be able to be produced 
at large scale at an affordable cost. All of these requirements make algae uniquely position for the 



production of the SARS-CoV-2 spike proteins for large scale ELISA testing; Algae are eukaryotes 
so they can produce complex correctly folded proteins, like the spike protein, where bacterial 
system, like E. coli, are unable to correctly fold these proteins. Algae are also able to make the 
required post-translational modification of glycosylation, while yeast and other fungal production 
systems often hyperglycosylated proteins, making them unrecognizable by antibodies. Finally, 
algae can be quickly scale for inexpensive growth, making protein production in algae system very 
economic. Under our DOE funded PEAK program, we have developed the synthetic biology tools 
that allow for the rapid production of many recombinant proteins in green algae, including proteins 
like the SARS-CoV-2 spike protein. 

Under our DOE PEAK program, we were tasked with developing a system for the production of 
high value recombinant proteins, to act as co-products prior using the remaining algae biomass 
biofuels production. The system we developed is not protein dependent, meaning any target 
recombinant protein can be produced using this system, which we are now using to produce a 
portion of the SARS-CoV-2 spike protein for use in ELISA assays (As diagrammed in the figure 
below). We will produce the recombinant protein while the Knight Laboratory at the UCSD 
Medical Center will use this recombinant protein to develop ELISA assays for population-scale 

screening to identify 
individuals with antibodies to 
the SARS-CoV-2 virus, 
individuals that are likely to 
be immune to the virus. 

Figure 1. System for the 
production of SARS-CoV-2 
spike protein in algae.  (1) 
The SARS-CoV-2 virus spike 
protein amino acid sequence is 
codon optimized for algae 
expression, and ordered as a 
synthesized DNA fragment. 
(2) The gene fragment is 
inserted into our algae 
expression vector and (3) 
propagated using 
conventional E. coli-based 
recombinant DNA techniques. 
(4) The purified plasmid is 
transformed into algae and 
transformants are initially 
selected using antibiotic 
resistance encoded in the 
expression vector. (5) Since 
the Spike-protein is linked to a 
green fluorescent protein tag, 
hundreds of thousands of 
individual transformants can  



be screened for high expression based on fluorescent signal and the top ~1% isolated. Further 
strain improvement can be conducted through breeding and mutagenesis strategies (6) Once the 
best recombinant protein expressing strains have been generated, they are scaled-up in controlled 
cultivation conditions (6) and the recombinant SARS-CoV-2 spike protein purified from the algal 
biomass (7). Finally, in collaboration with the UCSD medical school, the algal-derived spike 
protein will be tested for use in ELISA assays for screening human blood for the presence of 
SARS-CoV-2 antibodies (8). 

How did DOE funding allow us to be able to produce a viral protein in algae? 

Under our DOE funded PEAK project, we have been developing an effective high-throughput 
process for recombinant protein expression in green algae. This system was developed for the 
production of any recombinant proteins as high-value co-products to help reduce the cost of the 
overall algae biomass used to produce renewable fuels. 
 
Specifically, new methods developed through PEAK project used to express SARS-CoV-2 spike 
protein include: 

• Improved expression vectors for more reliable transformation and higher expression. 
• Highly streamlined strain selection and recombinant protein expression screening 

techniques using fluorescence-based high-throughput screening. 
• Upgraded strain cultivation and protein extraction methods with a direct route to 

commercial-scale up. 
• Strain improvement methods based on breeding that allow for rapidly increases in 

recombinant protein expression levels. 
 

The SARS-CoV-2 spike protein is no different than any other recombinant protein and can be 
expressed in algae as a valuable protein co-product.  To produce these protein co-products, we 
have developed state of the art transformation vectors that have quickly become our best tool for 
recombinant protein expression in algae. When these expression vectors are coupled with high-
throughput screening, breeding, and mutagenesis, we can quickly go from an initial transformant 
to a strain producing recombinant proteins at significantly higher quantities. Having the ability to 
rapidly generate and screen millions of strains has allowed us to significantly increase the rate at 
which we identify transgenic algae expressing elevated titers of recombinant protein. Optimization 
of this process under DOE PEAK funding has positioned us with the opportunity to apply our tools 
to aid in the current COVID-19 crisis by quickly producing quantities of the SARS-CoV-2 spike 
protein to be used for large scale screening of COVID-19 immune individuals.  Identifying the 
immune individuals will be an enormous help in restarting our economy, once this initial phase of 
the pandemic has passed. 

 



 

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10
Mar 23-30 Mar 31-Apr 6 Apr 7-13 Apr 14-20 Apr 21-27 Apr 28-May 4 May 5-11 May 12-18 May 19-25 May 26-Jun 1

1) In Silico modeling of SARS-CoV-2 spike protein
1.a) Codon optimization of transgene
1.b) Commercial synthesis of gene fragement
2) Build DNA into expression vector and plasmid
3) Vector QC and amplification
4) Transformation into algae
5) Initial post-transformation selection and grow-out
5.a) Screening of transformants with FACS
5.b) Down selection of screened colonies

5.c) Confirmation of spike protein expression and 
pilot ELISA assays using crude lysate

6) Scale-up of recombinant algae strain
7) Protein purification from algae culture
8) Strain improvement on best expressing strains
8.a) ELISA assays using purified protein

Task


