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Durable SARS-CoV-2 antibodies bind to two viral targets at once
"Bivalent" antibodies can continue to neutralize Omicron and Omicron lineages

LA JOLLA, CA—A new study led by scientists at La Jolla Institute for Immunology (LJI) shows how
ideal antibodies against SARS-CoV-2 hit their marks.

That's right: marks. Instead of targeting a single binding site on the SARS-CoV-2 Spike protein, these
powerful antibodies bind to two of these sites at once. Through this "bivalent" binding, the
antibodies can lock key viral structures into position, preventing the virus from infecting host cells.

The new findings, published in Cell Reports, suggest bivalent antibodies retain efficacy against both
early SARS-CoV-2 variants and several later Omicron variants. Now scientists are looking at how we
might harness their power in new antibody therapeutics and even more effective COVID-19
vaccines.

"The ideal antibodies exist," says Kathryn Hastie, Ph.D., an LJI Instructor and the Director of the
Antibody Discovery Center at LJI. Hastie led the new study alongside LJI Postdoctoral Researcher
Heather Callaway, Ph.D., Sharon Schendel, Ph.D., and LJI President and CEO Erica Ollmann Saphire
Ph.D. "Now the question is, how do we preferentially boost those?"

The new research was made possible through the Coronavirus Immunotherapy Consortium
(CoVIC), a global effort with Saphire as Director and Schendel as Program Manager.

Antibodies vs. Omicron

Current COVID-19 vaccines are designed to teach the body to recognize the SARS-CoV-2 Spike
protein. Spike is important because it recognizes and latches onto host cells through a region called
the receptor binding domain (RBD). Each spike has three copies of the RBD. An antibody that can
bind to a target (called an epitope) on the RBD has a chance to jam up this machinery and stop
infection.

[Learn more: From Alpha to Epsilon: Consortium study illuminates surfaces of Spike most resistant
to antibody escape]

https://www.cell.com/cell-reports/fulltext/S2211-1247(23)00025-6
https://covic.lji.org/
https://www.lji.org/news-events/news/post/from-alpha-to-epsilon-consortium-study-illuminates-surfaces-of-spike-most-resistant-to-antibody-escape/
https://www.lji.org/news-events/news/post/from-alpha-to-epsilon-consortium-study-illuminates-surfaces-of-spike-most-resistant-to-antibody-escape/


The problem is that SARS-CoV-2 keeps mutating, and many once-powerful antibodies can't
recognize their usual targets on RBDs. Building vaccines and therapies that will withstand future
variation both hinge on figuring out what surviving antibodies have in common.

Callaway and Hastie analyzed nearly 400 antibodies sent by scientists around the world to the
CoVIC, which is headquartered at LJI. They narrowed down this huge pool and found 66 potent
antibodies that could neutralize Omicron lineage BA.1 and early sub-lineages such as BA.1.1 and
BA.2. By the time they tested antibodies against Omicron lineages BA.4/5, only seven antibodies had
neutralizing power.

The issue was, these surviving antibodies targeted the same spot as other antibodies that didn’t
withstand the mutations in Omicron. It was time to see how this unique group of neutralizing
antibodies was getting the job done. Callaway used an imaging technique called cryo-electron
microscopy and biochemical analysis to see exactly how these antibodies bound to molecules in the
RBD.

"It became clear there was a pattern," says Callaway. "The successful antibodies overcome loss of
affinity for Omicron by simultaneously binding two RBDs in the Spike."

The best neutralizing antibodies hung on with both hands. They didn't bind their targets, one at a
time, especially strongly, but by locking together two adjacent RBDs at once,  even Omicron had a
tough time escaping. Bivalent binding equaled antibody survival against the latest variants.

A closer look at bivalent antibodies

An antibody's basic structure resembles the letter Y. The two arms at the top of the Y are called the
fragment antigen-binding regions (Fabs). The two Fabs on each antibody have the same molecular
structure, and Fabs work like keys seeking a lock (an epitope).

Scientists conducting structural analyses of how antibodies bind proteins often use only the Fab
region, and images in textbooks have focused on how single Fabs bind to single sites. The new study
suggests that this previous focus can lead to the wrong impressions.

Instead, the LJI team has shown the importance of imaging the intact, complete antibody as it exists
in nature, a type of analysis only possible with new and powerful electron microscopes. By doing so,
the team could distinguish what survived vs. what fell to the wayside upon emergence of Omicron.
Antibodies that use both their arms to anchor two RBDs at once withstood viral evolution.

Going forward, the researchers will continue to test the CoVIC pool of antibodies against new
SARS-CoV-2 variants. This information is essential to development of better vaccines – that will
elicit immunity that lasts multiple seasons of viral evolution. The Saphire Lab is also engineering
such immunogens that will retain broad activity through time.



The power of CoVIC

The very fact that researchers were able to analyze a broad pool of nearly 400 antibodies has been a
major step forward for science.

As Saphire explains, the broad scope of the CoVIC antibody panel comprising hundreds of
therapeutic candidates contributed by over 60 groups in both corporate and academic
settings—combined with side-by-side comparisons using a range of techniques—revealed enough
of this rare antibody population to explain what features made them special.

"The scale of the study allowed the team to study enough Omicron 'survivors' to find general rules
about what made them successful," says Saphire.

"CoVIC demonstrated that collaboration allowing studies on a larger scale can lead to better
insights, " Schendel adds.

Schendel says that having both the Salt Lake City-based biotech company Carterra and the
laboratory of Professor Georgia Tomaras, Ph.D., at Duke University as partner reference labs in the
CoVIC was especially important for sorting the different neutralizing antibodies into
epitope-binding "communities," based on where they target SARS-CoV-2.

Learning more about these antibodies can guide creation of next-generation antibody cocktails that
are more resistant to ever-emerging SARS-CoV-2 variants.

Going forward, it will be important to know if promising antibodies are competing with each other
or complementing each other.  The LJI researchers also say it's critical to look at how new vaccines
present the Spike protein to the immune system. The more accurate the immunogen version of
Spike is, and the more accurately it presents the arrangement and spacing of the component parts,
the more likely it will elicit neutralizing antibodies.

"We really need to think about preserving the fold, geometry and overall appearance of the Spike
protein," Schendel says.
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