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Now is a singular time. COVID-19 has upended our lives and 
sent us home. At the same time, society has called us back to 
our laboratories to solve the daunting challenges of vaccines, 
testing and therapies.

Alongside our biomedical research colleagues, the IPI team has risen to the task.

While the virus dismantled our laboratory routines, we put together new ones 
to respond in this new viral era. We wrapped up key experiments, put samples 
and cells into safe long-term storage and figured out how we would restore 
critical functions when we came back. At home, we focused on writing critical 
manuscripts, diving deep into analysis of existing data and critically evaluating 
our pipeline and processes. We also enacted a rush of grant writing to support 
new approaches to fight cancer, efforts to pioneer discoveries in neurobiology 
and work in fighting coronavirus. We stayed connected to each other and the 
science through journal clubs, lab and group meetings and presentations. We 
embraced the time away for strategic thought and deep reflection about future 
directions. 

As the pandemic grew, some of our team returned to take on anti-COVID efforts. 
We implemented careful safety measures and now begin again in earnest with 
renewed vigor and purpose. 

Having the fortune to be at IPI the same number of months before the COVID-19 
shut down as after, my perspective of the organization in these times is uniquely 
balanced. I am amazed at how well and quickly the scientists at such a young 
organization have come and held together in these last several months, redoubling 
their efforts to realize the dream of IPI’s founder, Timothy Springer. As we 
collectively harness protein technologies to speed the science and discovery of 
new diagnostics and therapies, we are well on our way toward impacting  
the world.

ALEX BURGIN
Executive Director

From the Executive Director
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A Word on Philanthropy in these 
COVID-19 Times

IPI’s founder Timothy 
Springer, PhD, made 
headlines recently with 
news that his early 
investment in Moderna had 
reaped high rewards. The 
company’s stock surged in 
April upon the promise of 
its mRNA-1273 coronavirus 
vaccine, the first to begin 
human trials. Viewing 
this as a call to action 
rather than a feather in his 
investment cap, Springer 
has taken the news as an 
opportunity to reflect upon 
his philanthropy. Here, he 
tells his story of why.

“I was introduced to philanthropy 
by Fred Rosen, who was President 
of the Center for Blood Research 
(CBR). He recruited me in 1988, 
made me vice president and raised 
an endowed chair for me. 

Ten years later, after my success 
as a founder of LeukoSite, I 
decided to try to raise an endowed 
professorship myself. I learned 
how hard it was. I only succeeded 
in raising a fraction of what was 
needed. Even when I donated my 
own money, I still could only pull 
together half of the total. 

Years later, Fred was terminally ill 
and so sick that he could not attend 
his own retirement celebration. 
I knew that Fred had a term life 
insurance policy, $1M, that was 
going to fund an endowed chair.  
At his party, I talked to a fundraiser, 
who suggested that I combine the 
money that I had raised with Fred’s, 

Timothy Springer, PhD
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I wanted to give 
the money to 
something that 
I envisioned 
could have a 
tremendous 
impact 
scientifically and 
therapeutically. 
That was IPI.

so that we would have enough for 
the professorship. I told him, ‘I’ll do 
that. Thank you for asking me.’ 

And I was holding Fred’s hand while 
he was on his deathbed, telling 
him that I was going to donate 
that money. He could not express 
himself very well, but I knew he was 
deeply moved, because the gift 
would live, as he liked to say, ‘in 
perpetuity.’ 

After that, I realized that 
philanthropy was so time 
consuming that it would be 
more efficient for me to just start 
companies and donate the money 
I made. I did that, and I donated 
an endowed professorship for 
structural biology to Harvard 
Medical School. I gave another 
chair to Boston Children’s Hospital. 
I really enjoy doing this.

Then came Moderna, which I 
helped put together. My investment 
did well, and I had the capacity 
to give even more. I wanted to 
give the money to something 
that I envisioned could have a 
tremendous impact scientifically 
and therapeutically. That was IPI. 
Its flagship mission is to use a 
new type of technology to make 
highly selective, well-characterized 
antibodies to all cell-surface and 
extracellular proteins on human 
cells. I was so excited about this 

new technology. But it was so 
expensive to set up, at the time it 
could only be done by companies.

Consulting a diverse group of 
advisors, I found great enthusiasm 
for the mission of IPI. I knew it 
had to be a nonprofit, because a 
company wouldn’t be able to make 
the antibodies open source. That is 
something we can uniquely do at a 
nonprofit. The other thing is that a 
nonprofit can never be sold. 

I want to point out that the start-up 
process for IPI was actually a big 
challenge. I knew it could be done: 
I had previously started for-profits 
and had relied on a co-investing, 
venture capital firm for all the nuts 
and bolts. But this time I had to do 
the nuts and bolts, often with the 
help of colleagues who donated 
their time. I am really proud of what 
IPI has grown into. 

We are able to recruit very highly 
talented people because they love 
the idea of a nonprofit mission, 
but also a strong platform which 
nobody can afford in an academic 
environment. The combination 
makes us competitive in recruiting 
highly talented individuals. We can 
do something that has never been 
done before.”
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Two years post-launch, the Institute 
for Protein Innovation (IPI) has 
transformed from an idea by a 
visionary into a full-blown institution 
that can fill a critical niche in 
biomedical research. We are a 
growing nonprofit that operates at 
the intersection of academia and 
industry. That unusual combination 
allows us to wield cutting-edge 
protein technologies to explore and 
make discoveries. By building our 
capacity to operate at scale, we 
also can take on initiatives much 
larger than any traditional academic 
project.

A Library, a Pipeline and a Result

One such effort is our flagship 
Antibody Initiative, designed 
to make high-quality synthetic 
antibodies against every 
extracellular protein in the human 
body. We aim to dole out their 
sequences open source to the 
scientific community for use and 
validation. The transparency can 
help solve serious problems with 
reproducibility that have plagued 
scientific studies and slowed the 
pace of research. That Initiative is 
well underway.

Specifically, the IPI team constructed 
and validated a highly diverse 
library of 15 billion snippets of 
protein targets displayed on the 
surface of yeast. We developed 
and optimized a robust and unique 
high-throughput antibody selection 
strategy. We employed that method 
to produce antibodies targeting 
key components of the immune 
systems with vast implications in 
basic research and pharmaceutical 

development. (See By the Numbers, 
pg. 9.)

To date, IPI has made roughly 5,000 
high-quality antibodies against 
more than 200 protein targets. 
We are now quickly creating 
the means to disseminate the 
sequences and make the purified 
synthetic antibodies available 
to the research community. In 
this first generation, we have 
also identified strong candidates 
specific to neurobiological targets. 
As part of a broader strategy, we 
aim to distribute IPI antibodies to 
a community of developmental 
neurobiologists, where we see a 
substantial unmet need. (See pg. 
16.)

Putting It All to Work

Like all biomedical research 
institutions these days, IPI casts 
its recent activities into a pre- and 
post-coronavirus framework. Before 
March 2020, IPI was building; first, 
our antibody machine (above), 
followed by the more extensive 
laboratory and administrative 
infrastructure to turn the crank and 

Executive Summary

IPI has transformed 
from an idea by a 
visionary into a full-
blown institution 
that can fill a critical 
niche in biomedical 
research. 
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keep the engine running. Post-virus, 
we are moving ahead, pursuing 
exciting new paths, including 
COVID-19, as well as other new 
initiatives and collaborations. 

More specifically, we built a robust 
framework and brought in Rob 
Meijers, PhD, as Head of Biological 
Discovery, to produce, purify and 
characterize not only the antibodies 
but also protein targets en masse. 
(See pg. 10.) 

We constructed a platform, 
grounded in macromolecular 
modeling, to engineer genetically-
encodable peptides with novel 
and predicted functions. (See pg. 
17.) These efforts have scored 
sponsored research and federal 
grants to design peptides de 
novo that may serve as the basis 
for a whole new class of protein 
diagnostics and therapeutics. 
The IPI team is now in fast pursuit 
of COVID-19 projects that use 
the peptides in novel anti-viral 
strategies. 

More on the COVID-19 front: We 
are producing proteins from the 

coronavirus and feeding them 
into our pipeline to generate novel 
antibodies targeting parts of the 
virus that no one else can access. 
These efforts could hand powerful 
protein tools to researchers, as well 
as diagnostic creators and drug 
developers, so that the world better 
understands this virus, can track 
its spread and provide people with 
desperately needed therapies to 
end the pandemic’s destruction. 

We also leveraged our deep 
experience in protein interactions 
to pilot a cell communication 
project. (See pg.15.) It hinges on 
the concept of “listening” to cells as 
they talk to each other via receptors 
and their corresponding protein 
ligands on the cells’ surfaces. We 
have created a high throughput 
platform to understand how this 
dialogue is taking place and 
uncover new targets for diseases.

The Next Generation

A key component of our mission 
is to promote and advance the 
protein sciences for scientists early 
on in their careers. We are aware 
of a severe gap in knowledge 
of the protein sciences in new 
graduates, particularly in the area 
of antibodies as basic research 
tools. To address this knowledge 
gap, we are now providing critical 
laboratory opportunities and 
cross-training. (See pg. 22.) These 
efforts will increase, as we adopt 
new strategies to prepare the next 
generation of protein scientists 
with the skills to design even more 
powerful tools for the future.

We are now quickly 
creating the means 
to make our 
purified synthetic 
antibodies available 
to the research 
community.
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They say, “a man who wears many 
hats doesn’t like his haircut.” In this 
unprecedented time of COVID-closed 
salons, maybe that is the momentary 
case for Alex B. Burgin, PhD, IPI’s new 
Executive Director.

Bad hair or not, Burgin has worn a plethora 
of headwear in all sectors of science: 
pharmaceutical, biotech, academia and 
nonprofit.

This pedigree makes him ideally suited to take 
the reins at IPI, guiding the organization through 
its maturation from start-up to growth and 
delivery phase.

Question: Why did you leave the Broad 
Institute to join IPI?

Burgin: This was a very conscious decision 
on my part. I love pushing the envelope doing 
cutting-edge work, but I want to do it for a 
purpose. Like the Broad, IPI is a mission-driven 
nonprofit, at the boundary of industry and 
academia. The difference is that IPI is more 
focused on the protein sciences, an area about 
which I am passionate. I wanted to help lead 

proteins to their full potential to make an impact 
on the world.

Q: What do you think that impact is?

Burgin: As a nonprofit, IPI can fill an important 
niche in biomedical research. Like academia, 
we can make some significant, exploratory 
discoveries. Like a biotech company, we can 
build capabilities that can operate at scale. IPI 
has a really special role of balancing the two.

Q: What will this balance achieve?

Burgin: We can achieve large-scale efforts like 
our Antibody Initiative. The goal is to make high-
quality antibodies against every extracellular 
protein. Having that would transform the way we 
are doing science. What if those antibodies were 
right at our fingertips today, and anybody could 
use them? Imagine being able to validate targets 
and find new therapeutics immediately.

Q: What do you feel you have accomplished in 
your first 100 days?

Burgin: IPI was moving from launch to growth 
phase, hiring great people to advance the 
science but sending them to work without much 

JUNE 2017 
Yeast display library 
completed

NOVEMBER 2016 
First employee hired 

MARCH 2018 
IPI moves into 
headquarters at  
4 Blackfan Circle

IPI EVOLVES

Q&A with IPI’s new Executive Director
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organizational structure. Thus, my first focus 
was on building that framework: developing an 
organizational chart, for example. I revamped the 
leadership team, bringing together an outstanding 
group of people with the right skill sets. 

Q: How do you see IPI advancing 
scientifically?

Burgin: Now we have an excellent antibody 
library, and we can clearly make many high-
quality antibodies really efficiently. The next 
step is fine-tuning, improving the science so 
that we are not just selecting antibodies but 
creating new technologies to do the selection 
and characterization even better. We have ideas 
for how to make antibodies and other proteins 
with entirely new features. We need to make our 
pipeline scientifically amazing. 

Q: What about IPI’s goal to provide antibodies 
open source to the research community and 
industrial collaborators?

Burgin: The next step is to get a peer-reviewed 
publication that explains to the world what we 
have done. We are also planning to get high-
quality antibodies into the hands of researchers 

and show the community that what we have 
created is valuable. We are forming some key 
strategic alliances to license IPI antibodies.

Q: What about protein technologies outside  
of antibodies?

Burgin: I am excited about Chris Bahl’s work 
with miniproteins, a key cutting edge technology 
that will impact the world. He has just formed 
a partnership with Draper Laboratories. We are 
also piloting a Cell Communication project, 
run by Wei Yang. It is early on but an exciting 
approach to see which cells are talking to each 
other via specific proteins on their surface. Rob 
Meijers’ efforts in neurobiology to get antibodies 
to researchers and round out our efforts.

Q: What do you want people to know about 
IPI during these extraordinary times?

AB: Academia does a lot of really good things, 
as does industry. But there is a real desperate 
need for organizations like IPI to fit unmet 
needs. IPI has an exceptional role: bringing in an 
academic’s discovery mindset, marrying it with 
industry’s scale and taking on big audacious 
projects. It’s a special place.

MAY 2018 
IPI officially launches

DECEMBER 2019 
IPI hires first  
Executive Director

SEPTEMBER 2018 
First recombinant 
antibody produced 

MAY 2020 
IPI licenses  
first antibody
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At its launch, IPI began its ambitious Antibody 
Initiative, an effort to develop well-validated, 
open-source antibodies that target every 
extracellular and secreted protein in humans. To 
build this unprecedented resource, the IPI team:

• constructed and validated a highly diverse 
library: 15 billion synthetic human antigen-
binding fragments (Fabs) displayed on the 
surface of yeast.

• developed and optimized a robust high-
throughput antibody selection strategy, 
screening 24 antigens in parallel. 

• produced antibodies targeting members 
of the immunoglobulin superfamily (IgSF), 
with huge implications in basic research and 
pharmaceutical development.

How we do it

Our process deploys eight rounds of “selection.” 
Simply, we take our library of billions of yeast 
cells and step-by-step extricate only those that 
specifically bind to an antigen of interest. The 
steps allow for both the elimination of candidates 
that cross react with non-targeted proteins 
(negative selection) and enrichment of specific 
binders to target antigens (positive selection). 
To monitor the selection and enrichment, we 
sample yeast at every step to allow for Fab DNA 
sequencing. Each yeast cell carries a different 
Fab on its surface, and it is the Fab that provides 
its specific antigen-binding capacity.

To convert attractive Fabs into full length 
antibodies, we insert their DNA sequence into a 
mouse or human immunoglobulin construct and 
express it recombinantly using mammalian cells. 
IPI’s Protein Group then purifies the resulting 

antibodies and validates their specificity with 
various tests, including the measurement of 
antibody binding to target antigen.

Making it Better

At IPI, we are continually optimizing all steps of 
the selection process and creating smart tools 
and means to predict which candidates will 
eventually pass our high-quality standard. For 
example, we used our sequencing data to not 
only demonstrate the high quality of our yeast 
Fab display library but also to inform us of how to 
fine-tune earlier steps in the pipeline and better 
select specific Fabs for antibody production and 
characterization. 

We further established a comprehensive 
database of the complimentary determining 
regions (CDR) within our Fabs: the regions of the 
ultimate antibodies that determine specificity. 
This progress allows us to identify and flag the 
sequences of poly-reactive Fabs and eventually 
predict which candidates will be promiscuous 
and should be excluded in selection and 
production. 

Using sophisticated analysis, we have also 
uncovered many fascinating behaviors and 
patterns within our library. For example: we 
learned that particular antibody frameworks 
tend to win out in our yeast library selection; the 
Fabs selected for specificity tend to possess 
very different CDR sequences and biophysical 
properties, as compared to poly-reacting Fabs. 
These tools and findings will be critical in 
selecting our current antibody repertoire and in 
designing our next generation library.

The IPI Antibody Pipeline is Up  
and Running
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IPI BY THE NUMBERS

5,036 
Antibodies Produced 

30
Employees

2,300 
Antibodies Characterized

IPI has an 
exceptional 
role: bringing 
an academic’s 
discovery mindset, 
marrying it with 
industry’s scale 
and taking on big 
audacious projects. 
It’s a special place. 

2
Years Since IPI Launch

235
 Total Antigens
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The IPI Antibody Pipeline

Synthesize target DNA.

Basis of Screen
Each yeast carries a different 
antibody fragment (Fab)  that 

may bind the target.

Fab

Positive MACS
Target on magnetic beads binds 
to specific Fabs. Nonbinders are 

eliminated. (Repeated 2x)

Negative MACS
Empty magnetic beads bind 

to nonspecific Fabs.   
Binders are eliminated. 

Positive FACS
Target binds to specific Fabs. 
Fluorescent chemical  detects 

binders. (Repeated 3x) 

Negative FACS
Insect cell extract binds 

nonspecifc Fabs. Binders  are 
eliminated. (Repeated 2x)   

Antibody Candidates
~100 of strongest specific 

binders remain. 

Express target from DNA 
via mammalian cells. 

Add tag (biotin)  to 
track target. 

Purify target. 

Target Production

Antibody Screen
IPI has created a synthetic antibody library in 15 billion yeast.
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https://en.wikipedia.org/wiki/Magnetic-activated_cell_sorting
https://en.wikipedia.org/wiki/Magnetic-activated_cell_sorting
https://www.abcam.com/protocols/fluorescence-activated-cell-sorting-of-live-cells
https://www.abcam.com/protocols/fluorescence-activated-cell-sorting-of-live-cells
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Sequence DNA of 
best candidates.

Capture ELISA
384-well plate coated with target. Binds 

antibodies (Abs), added in increasing 
concentration. More binding = greater signal.

Cell Display
Target on cell surface used to profile 

antibody specificity and affinity. 

Specificity ELISA
Abs that bind non-target 
molecules are eliminated.

Dynamic Binding
Automated biosensor tracks 
antibody binding over time. 

Western Blot
Target is processed and separated by 
size. Specific antibodies bind target. 

(Target amino acid sequence) 

Size Exclusion 
Chromatography

Method to separate antibodies by 
size, largest to smallest.

Analyze DNA 
sequences.

Insert DNA 
sequences into 

vector.

Express recombinant 
antibodies using 
mammalian cells.

Purify recombinant 
antibodies.

Antibody Production

Antibody Characterization
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On an Australian website, 
called Careers with Stem,* 
there is an article entitled, 
“We wrote down every 
science career we can think 
of.” The authors list a slew of 
typical biology, chemistry and 
physics jobs. And then an 
ensemble of unconventional 
gigs, like activist, fireworks 
chemist and (the-not-so-
popular-in-college-catalogs) 
volcanologist. 

While Stephen Fuchs, PhD, does 
not study volcanoes, his position 
with IPI nonetheless defies scientific 
convention. It involves business 
acumen to help IPI develop its 
strategy for distributing antibodies; 
development skills to broker 
partnerships with companies that 
license IPI proteins; politics around 
meeting government officials and 
writing federal grants. 

“We needed a person who 
understands the science to pull all 
these things together,” says Alex 
Burgin, Executive Director. “Steve 
is one of those rare, special people, 
who can be strategic because of a 
deep knowledge of the science.”

Indeed. Fuchs is well-grounded 
in protein structure and function, 
coming to IPI last November from 
his previous post as Assistant 
Professor at Tufts University. He 
has studied the chemistry and 
biophysics of enzymes, the biology 

of post-translational modifications 
and the molecular genetics of yeast. 
Early on, he majored in music but 
dropped it for chemistry. “I loved 
both music and science,” he says, 
“and one of them was only fun 
when it was a hobby.” 

He is passionate about education 
and, in fact, chose Tufts because he 
“wanted a decent mix of teaching 
and research.” 

What drove him through these 
varied interests and what steers 
him into the many nonscientific 
aspects of IPI is his love of solving 
problems. “I don’t necessarily care 
what the problem is,” he says. “I 
just like to fix it.”

At IPI, the problem (which he views 
more as a question) involves the 
Institute’s maturation from a start-
up mindset—conceiving, building 
and developing—to the current 
focus on running, optimizing and 
reaching out. 

“I realized IPI is full of really 
smart people who are interested 
in the science,” he says. But 
scientific prowess alone will not 
answer, for example, whether IPI 
should package and distribute its 
antibodies in-house or outsource 
to a commercial group better 
versed in shipping, customs and 
customer service. 

Another aspect of the decision 
involves selection schemes for IPI’s 
5,000 first-generation antibodies. 

Breaking with Convention
Stephen Fuchs, PhD, joins IPI as Strategic Advisor

Stephen Fuchs, PhD,
offers IPI a unique 
combination of experiences 
in protein chemistry, 
yeast biology and science 
education.
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The Institute’s initial strategy was 
to design 24 synthetic, de novo 
antibodies against each member of 
several high-profile protein families 
(more than 200 target antigens). 
That work was completed before 
the events of COVID-19 shut IPI 
laboratories down. 

Upon reopening, leadership has to 
determine which of this first wave 
are most attractive to researchers 
as reagents—and then set up the 
infrastructure for marketing and 
distribution. 

It is a complex problem at best, 
which has Fuchs rolling up his 
sleeves.

He is also making deals, for 
example, with Becton Dickinson 
and Company (BD), a manufacturer 
and seller of reagents that will be 
the first to license IPI antibodies. 
He is helping drive potential 
collaborations with the Chan 
Zuckerberg Institute related to its 

work on the Human Cell Atlas, a 
scientifically-driven initiative to 
map and characterize all cells in 
the human body. Fuchs is also 
spearheading pilot projects to 
develop protein science curricula 
and training for high school and 
higher education.

In essence, Fuchs is now using 
the science he knows towards 
an end rather than simply as a 
means. That end is IPI’s mission 
to harness protein technologies 
to accelerate science and create 
new therapeutics. It is a cause 
that Fuchs has enthusiastically 
embraced.

“To me, IPI is a new idea and a 
new way of doing things,” he 
says. “Ten years from now, we 
will have identified a better way 
to do science, a better way to 
communicate it and a better way to 
train people in it. I am so excited to 
be part of the whole thing.”

* https://careerswithstem.com.au/science-careers-list/

To me, IPI is a
new idea and a
new way of doing
science.

https://careerswithstem.com.au/science-careers-list/
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Antibodies need targets, and targets 
need manufacturing. Hence, IPI’s 
Protein Group is expressing, purifying 
and characterizing antibodies—and 
their targets—using high throughput 
state-of-the art robotics. Headed 
by Rob Meijers, PhD, (see pg. 16), 
the team deploys its deep structural 
knowledge to design antigen 
constructs and use these for antibody 
production. 

It turns out that eukaryotic organisms produce 
large numbers of extracellular proteins that 
are either secreted or harbor regions exposed 
outside of the cell. These represent up to a third 
of all proteins produced and are hugely important 
because they orchestrate many biological 
processes and have tremendous implications in 
all diseases. 

Yet, researchers have been unable to 
characterize most extracellular proteins, in part 
due to their complexity—they are often modified 
after their initial production with sugar, phosphate 
and methyl groups, for example, and interact 
in complicated ways. Also, researchers have 
lacked a robust screening system to investigate 
interactions between large numbers of different 
extracellular proteins.

The Immunoglobulin Superfamily Campaign

As one of its first efforts, IPI launched a 
campaign to generate antibodies to the regions 
of cell surface receptors that are positioned 
outside cells. There is a saying: “nature is a 
tinkerer and not an inventor.” Indeed, cells 
borrow existing modules of protein sequences 
(called domains) to create new structures, rather 
than reinventing them from scratch. For this 
reason, similar domains can be found in proteins 
with different functions.

Understanding this dynamic, the IPI team came 
up with a strategy. It would first create antigens 
based on the structures of cell surface receptors 
that share at least one domain. The team 
chose the domain of a family of proteins called 
immunoglobulins, as they play an essential role in 
the body’s immune system: attaching to foreign 
substances, such as viruses, and helping destroy 
them. This domain-specific approach would 
test the high throughput processes for protein 
production at IPI. It would also yield important 
information about the immunoglobulin receptors 
themselves.

Before the COVID-19 outbreak, the Protein Group 
collaborated with the Molecular Interaction Group 
on the Antibody Pipeline (See: The Antibody 
Pipeline By the Numbers) to produce 2,304 unique 
synthetic recombinant antibodies using mammalian 
cells. The Protein Group then fully characterized 
the resulting antibodies for their binding ability, 
specificity and behavior. As the Group returns to 
the lab after the initial COVID-19 shut down, it is 
focused on optimizing its processes and planning 
future efforts. The team is: 

• adding in batch-to-batch controls to test 
whether purified recombinant antibodies 
cross react with proteins other than their 
intended targets. The team is currently able to 
assay 1200 antibodies per week. 

• developing a rapid, preliminary screen based 
on very small-scale expression of antigens. 
The test can determine whether enough 
protein can made for use in the Antibody 
Pipeline and estimate a minimal expression 
threshold for targets.

• using the experience obtained from the IgSF 
antibody generation campaign to launch new 
campaigns for receptor/target systems where 
there are currently no strong antibody tools 
for basic studies.

What Comes Out Hinges on  
What Goes In
News from the Protein Group
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Cells use countless receptors and ligands to 
communicate with other cells. To understand 
how this dialogue is taking place, we have 
established a state-of-the-art cell-based high 
throughput screening platform to identify novel 
interactions between receptors and their partner 
ligands on the same or different cells. This will 
form the basis of a new initiative at IPI to pinpoint 
the molecular basis for cell talk in areas such as 
cancer development and progression.

We are pleased to report that we can now screen 
any human membrane protein for its binding to 

24 targets within a six-month time frame. We 
have gathered constructs for more than 5000 
human membrane proteins and already identified 
the interaction between two IgSF members, both 
implicated in cancer. The interaction appears 
to be specific, since we can completely block 
it using multiple antibodies against either of 
the two IgSF proteins. We also validated the 
interaction using mouse orthologs of the two 
human proteins. Stay tuned for further progress. 

The Cell Communication Project
News from the Molecular Interaction Group

Tracking the Data 

A key to the Antibody Initiative’s success is a means to accurately track and store 

all of the data generated. With the help of local software company, Arrayo, IPI 

bioinformaticians have implemented a Laboratory Information Management System 

(LIMS) with a web interface that tracks the experimental stage of each antigen and 

corresponding antibody. Our bioinformaticians are creating plug-ins to harvest and 

interpret data stored in the LIMS from our high-throughput instrumentation. Once 

the LIMS is operational, IPI will have a powerful tool to provide detailed information 

about our antibody library to the research community.
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Dutch structural 
biologist, Rob 
Meijers, PhD, 
came to IPI 
from EMBL 
in Hamburg, 
Germany, to 
continue a 
transformation 
he saw 
happening in 

his field. Scientists had been using 
protein crystallization and other tools 
to solve protein structures and better 
understand their shape and function. 
Meijers realized that the field needed 
to become “more proactive: to use 
structural knowledge to design or 
redesign proteins and interfere with 
biological processes.”

He initially focused on neuroscience, where 
he saw a tremendous need for biomarkers. 
Neuroscience-based targets are generally 
conserved between species. Thus, those 
targets have lacked corresponding antibodies 
(typically made in animals) that can identify and 
track potential markers of function or disease. 
Forced to rely on the more laborious tools of 
genetics, neuroscientists have fallen behind in 
understanding their systems, as compared to 
other domains such as oncology.

Meijers saw IPI as “basically the first organization 
to be able to make antibodies that are specific 
for neurobiological proteins/receptors.” He 
was also struck by IPI’s capacity to scale 
antibody production and characterization. 
“The automation here is amazing,” he says. “At 
another level.”

Thus, in his first months at IPI last summer, 
Meijers had to quickly learn a high throughput 
mindset and apply it to fields like neuroscience. 
His predecessors had created the first 
generation of IPI antibodies to target families of 
proteins, such as Wnt, that have demonstrated 
importance in developmental biology. Wnt 
translates in neuroscience to areas such as axon 
guidance, which Meijers had been studying at 
EMBL. During axon guidance, a developing 
neuromuscular system has to train the axons of 
thousands of neurons to cross over the spinal 
cord, left to right side, and vice versa (see the 
main feature). Scientists could much more 
quickly unravel the complexities of this and other 
processes if there were recombinant antibodies 
targeted at key neuronal receptors.

To date, IPI has made 5,000 high-quality 
antibodies against more than 200 protein targets. 
In this first generation, there are likely strong 
candidates specific for neurobiological targets. 
As part of a broader strategy, then, Meijers aims 
to first distribute IPI antibodies to a community 
of developmental neurobiologists. He will build 
excitement and awareness at the Molecular 
Mechanisms of Neuronal Connectivity meeting 
at Cold Spring Harbor Laboratory, scheduled for 
September 8-12, 2020. In tandem this fall, he will 
invite key thought leaders to a special workshop 
at Rockefeller University to raise enthusiasm 
about the potential of IPI antibodies. During a 
day of scientific presentations at Rockefeller, 
Meijers will kick off the IPI antibody distribution 
and joint validation effort. 

“We want the community to know that we are 
making a large panel of high-quality antibodies 
that will be available very soon,” he sums. 
“And we are looking forward to engaging the 
best scientists to start validating this promising 
resource.”

Putting IPI Antibodies in the Hands  
of Neuroscientists

IPI’s new Head of Biological Discovery unveils his strategy

Rob Meijers, PhD

https://www.embl.org
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Antibodies sit at the core of IPI’s 
mission. But at the front lines of 
innovation stands IPI’s Protein 
Design Laboratory, accelerating 
the development of novel therapies 
by wielding cutting-edge tools of 
protein science.

The Laboratory is grounded in 
macromolecular modeling, manipulating 
the software suite Rosetta, for example, 
to engineer genetically-encodable 
macromolecules with novel and predicted 
functions. Led by Chris Bahl, the IPI team 
has focused on G protein-coupled receptors 
(GPCRs), the largest and most diverse group of 
membrane receptors. The GPCR family plays 
a role in an incredible array of body functions. 
One-third to one-half of all marketed drugs act 
by binding to GPCRs. 

This year, IPI scored a three-year, $672,000 
“Trailblazer” R21 grant from the National Institute 
of Biomedical Imaging and Bioengineering. The 
Protein Design group is deploying its signature 
computational methods to design peptides de 
novo that mimic G proteins, which bind to and 
modulate the conformation of GPCRs. Not only 
might these constructs help basic researchers 
understand how these essential receptors work, 
but the peptides may serve as the basis for 
a whole new class of protein diagnostics and 
therapeutics. 

In addition, the IPI team won support from 
Morphic Therapeutic to use computational 
protein design and modeling to speed the 
development of therapies that target integrin 
proteins. 

To enable these efforts, the group has created 
a new framework for representing protein 
structures, created new algorithms, and built a 
robust infrastructure to design proteins without 
the need for a supercomputer. These new 
innovations could enable entirely new methods in 
artificial intelligence to predict and design protein 
structures. The first wave of publications was 
recently published by the IPI team in the journal 
Protein Science.1

Looking forward, IPI officially joined global 
efforts to fight COVID-19, as Chris and Phil 
Demokritou at the Harvard T.H. Chan School of 
Public Health just received a  National Science 
Foundation grant to design and produce 
synthetic peptides that neutralize SARS-
CoV-2. The peptides will be incorporated into 
engineered nanostructures for use in disinfecting 
aerosols. These could inactivate the virus both 
in the air and on surfaces. IPI has partnered with 
Draper Laboratories to leverage computational 
protein design in the development of rapid, 
cost-effective viral diagnostics. The Laboratory 
is also designing a library of synthetic, disulfide-
rich miniproteins. These promise to be powerful 
tools for reagent, diagnostic and therapeutic 
applications. Stay tuned!

Building Proteins from Scratch to Make 
Discoveries, Diagnostics and Drugs

News from IPI’s Protein Design Laboratory

1. Ford, A.S., Weitzner, B.D., and Bahl, C.D., (2020). Integration of the Rosetta suite with the python software stack via reproducible 
packaging and core programming interfaces for distributed simulation. Protein Science, 29:43-51.
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In the 1960’s, crossing wires 
meant accidentally hearing 
another phone conversation 
on the same analog 
line. Today, neurological 
processes have their own 
versions of crossed wires, 
as the developing nervous 
system must train the axons 
of thousands of neurons 
to cross over the spinal 
cord, left to right side and 
vice versa. This process, 
called axon guidance, is 
orchestrated by neuronal 
receptors that are extremely 
conserved among mammals, 
to the tune of 95% or greater 
sequence identity.

While this conservatism is critical 
to the body—because mistakes 
can lead to debilitating disease—
conservation of receptors has 
long frustrated the neurobiology 
community because any attempt 
to use mice to create monoclonal 
antibodies against the receptors 
has been unsuccessful. The 
immune system of the animals 
typically cannot distinguish human 
proteins from murine homologs.

Confounding the situation further, 
multiple receptors with similar 
domains can all bind the same 
ligands—and in some cases, each 
other. “There is a tremendous 
amount of cross-talk,” Meijers 
explained. “So, it would be really 

great if you could make specific 
antibodies for each component.”

The Antibody Initiative and Its 
Superfamily Campaign

Meijers was enticed by the 
Antibody Initiative and its initial 
focus on the immunoglobulin (IgG) 
superfamily. The proteins play an 
essential role in how cells of the 
immune and nervous systems 
recognize each other and initiate 
crucial processes. 

Meijers gleaned a list of targets 
against which the IPI team had 
created antibodies via yeast display 
(See the Antibody Pipeline). He 
joined and then began planning 
how to disseminate them to the 
neurobiology community, as they 
would represent tools that fill an 
unmet need to specifically probe 
and track key neural receptors. (see 
Putting Antibodies into the Hands 
of Neuroscientists).

IPI Delves into the Complexities  
of Neurobiology 
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There is a 
tremendous 
amount of  
cross-talk between 
receptors,” Meijers 
says. “So, it would 
be really great if 
you could make 
specific antibodies 
for each.”

The Story of Netrin

In the meantime, there are other 
ways IPI is helping to solve the 
specific puzzle of axon guidance. 
Meijers take on this begins in the 
spinal cord, where developmental 
crossover occurs. Researchers’ 
initial thinking was that a neuronal 
cell body sits near the roof plate 
of the cord and deploys an axon 
downward toward the floor plate. 
Attracted by a gradient of guidance 
cues, the growth cone of the axon, 
loaded with an array of specific 
receptors, senses changing 
guidance cues and crosses over to 
the other side.

One of those cues is a soluble 
protein called netrin, named after 
the Sanskrit word meaning “one 
who guides.” Scientists had long 
proposed a model for neural 
crossover involving attraction and 
repulsion. 

Simply, axons expressing a 
neurological receptor, called 
“deleted in colon cancer” (DCC), 
begin in cell bodies at the roof 
plate of the spinal cord and crawl 
along gradients of netrin expressed 
at the floor plate. If an axon flips 
and expresses a receptor called 
“Uncoordinated 5” (UNC5), the 
axon is repelled and moves in the 
opposite direction.

Mechanistically, netrin dimerizes 
two DCC receptors that are 

expressed by the same axon 
growth cone. This brings together 
the cytosolic tails and forms a 
supramolecular complex, which 
signals the attraction response. For 
repulsion, netrin either pairs two 
DCC receptors or a DCC and an 
UNC5, the latter bearing its own 
netrin binding site similar to that 
found on DCC.

There’s More to the Story

But there is a darker side to DCC, 
based on its name and role in colon 
cancer. Some scientists believe 
that DCC becomes unstable when 
netrin is absent. A lack of the 
guidance cue triggers apoptosis, 
due to cleavage of the cytosolic 
tail. The idea makes sense in 
that the healthy colon contains a 
significant number of epithelial cells 
that will be shed, self-destructing 
when no longer exposed to netrin. 
When deleted, DCC does not drive 
apoptosis, and the mutated cell 
survives to bind to other cells and 
promote cancer.

Meijers’ group at EMBL seemed 
to confirm the DCC/UNC5 switch 
(from attraction to repulsion). They 
solved the crystal structure of a 
DCC fragment bound to a netrin 
molecule and found a cluster of five 
arginine residues on netrin.1 These 
created such a positive charge in 
the binding grooves that the netrin 
should never have complexed with 
DCC. The team accomplished this 

1. Finci, L.I., et al, (2014). The crustal structure of netrin-1 in complex with DCC reveals the bifunctionality of netrin-1 as a guidance cue. 
Neuron, 83, 839-849.

https://en.wikipedia.org/wiki/Netrin
https://en.wikipedia.org/wiki/Sanskrit
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artificial binding with the help of 
negative ions from the solvent that 
fit in and neutralized the arginine 
charges. 

In the spinal cord, there is no 
neutralizing solvent. But Meijers’ 
team hypothesized that some of 
the many varieties of negatively-
charged heparan sulfate molecules 
neutralize the positive arginine 
residues, allowing netrin to bind 
DCC. Other heparan sulfate 
molecules could promote UNC5 
binding, signaling repulsion. Thus, 
the cluster of differing heparan 
sulfates represent an environmental 
cue that can quickly switch the 

trajectory of the axon from DCC-
mediated attraction to UNC5-
mediated repulsion.

A French group confirmed that the 
arginine clusters on netrin harbored 
a binding site for both DCC and 
UNC5. Specifically, the researchers 
mutated two of the arginine 
residues; the resulting netrin did not 
bind to UNC5.2 

Again, emphasizing the massive 
need for antibodies to study these 
systems, Meijers noted that the 
French group could not make an 
antibody directly to DCC at its 
netrin-binding site, which has been 

2. Grandin, M., et al. (2016). Structural Decoding of the Netrin-1/UNC5 Interaction and its Therapeutic Implications in Cancers. Cancer Cell 
29, 173–185.

3. Liu, Y., et al. (2018). Structural Basis for Draxin-Modulated Axon Guidance and Fasciculation by Netrin-1 through DCC. Neuron 97, 1261-
1267.e4.

4. Meijers, R., Smock, R.G., Zhang, Y., and Wang, J.-H. (2020). Netrin Synergizes Signalling and Adhesion through DCC. Trends in 
Biochemical Sciences 45, 6–12.

Guidance Model

Netrin source

Detail

Adhesion Attraction Model

Previous models (top) 
proposed that two DCC 
receptors are pulled together 
by guidance cues like netrin 
to direct the growth cone 
to the netrin source. This 
connects the axon to its 
target neuron.

Structural studies support 
a new model in which 
netrin mediates adhesion 
between two different 
cells. Netrin anchored on 
the other cell surface in 
different densities guides 
the growth cone to its target 
through mechanosensitive 
interactions.

At the tip of a neuron’s 
axon is a hand-
shaped growth cone, 
decorated with cell 
surface receptors 
(sticks) like DCC.
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I am going to 
hijack IPI’s 
technology,” 
Meijers says. 
“And more quickly 
unravel the 
intricacies of  
axon guidance.”

conserved through evolution for 
more than 300 million years. The 
group had to make an antibody 
to a netrin peptide that contained 
three of the five arginine residues. 
That anti-netrin 1 antibody is now in 
clinical trials.

And More Still

Just as Meijers thought they had 
found the answer, another group 
published a paper showing that 
netrin has yet another DCC-
binding site, raising the total to 
three sites that bind DCC and 
one that chooses UNC5.3 Adding 
more complexity, netrin is only 
one member of the relay team 
that guides the axon across the 
midline of the spinal cord. Another 
guidance cue upstream of this 
relay race is called draxin, which 
Meijers’ team found interferes with 
the binding of DCC to netrin and 
structurally impedes two receptors 
on the same cell from coming 
together.4 

This block would not preclude the 
joining of two receptors on different 
cells, however. Thus, Meijers and 
collaborators proposed a new role 
for netrin in neuronal cell adhesion, 
pulling two cells together by 
crosslinking their DCC receptors 
and dissolving those links to prompt 
cells to detach.

To test this idea, Meijers and his 
collaborators cultured neurons 
and counted how many times 
axons adhered to each other, in 

the presence or absence of netrin 
or draxin. It turns out the netrin is 
aided by draxin, bringing different 
axons together, bundling them and 
sending them en masse across the 
spinal cord. This sheds new light 
on previous axon guidance models 
and offers a new mechanism, 
conditional adhesion, through which 
axons step down a sticky carpet of 
dynamic guidance cues.5 

The Role of IPI

To advance this hypothesis, Meijers 
needs a simpler, cell-based system. 
“I had to kill a lot of rats,” he said, 
as he set forward to prove his 
model of netrin/draxin adhesion. 

He found that system at IPI. His 
colleague Wei Yang had developed 
a platform to study molecular 
interactions in vitro and used that to 
launch the most recent IPI Initiative, 
called the Cell Communication 
Initiative. Using a cell-based 
system, Yang can transfect into 
cells receptors tagged with different 
colors. With corresponding assays, 
he can detect a color change if two 
molecules expressing receptors/
ligands of interest aggregate and 
cells adjoin. 

Meijers plans to “hijack that 
technology,” and more quickly 
unravel the intricacies of axon 
guidance and the role of DCC 
in tumor metastasis, bringing a 
much better understanding of the 
underlying biology in a host of 
biological conditions.

5. Xu, K., et al. (2014). Neural migration. Structures of netrin-1 bound to two receptors provide insight into its axon guidance mechanism. 
Science 344, 1275–1279.
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Graduate school prepares 
scientists for the workplace. 
But for those of us who 
want to temporarily forego 
graduate studies, the 
transition to the workplace 
from undergrad can be 
daunting. What can a 
science-minded graduate 
do with an undergraduate 
degree to prepare for a 
career in science?

I learned one answer: get a 
job in the nonprofit sector. 

My story begins as undergraduate 
student at Roger Williams 
University, in Bristol, RI. I had 
always loved the ocean and grew 
up with a dad that scuba dives. 
Going into college, it made sense 
to explore marine biology. I started 
that as a freshman. However, a 
year later, my convictions wavered. 
Thus, I switched my major to 
biology to broaden my horizons and 
give me time. 

I mistakenly assumed I had to 
complete an internship in order 
to graduate. My first lesson: 
getting one is very hard and not 
guaranteed. But I persisted and 
scored a slot at a biotech nonproft, 
MassBiologics, a University of 
Massachusetts Medical School 
affiliate that manufactures vaccines. 
I was so eager. I thought the 

internship would introduce me to 
life after college.

It certainly did. In fact, my 
internship prepared me for college 
instead of college preparing me for 
my internship. Walking in, I realized 
that had not taken many courses 
relevant to the biotech industry. I 
had never seen half of the machines 
that MassBiologics was using. 
Even if I had learned the equipment 
protocol at school,  
I had to relearn it on newer high-
tech equipment. 

Even more fundamental, I was 
exposed to real-life problem solving 
and rapid thinking. In my undergrad 
classes these analyses were largely 
done with or by my professor. I 
also had a lab partner who might 
come up with the solution before I 
really could think about it. During 
my Mass Biologics internship, my 
supervisor encouraged me to figure 
things out on my own. This turned 
out to be a critical skill.

When I returned to school after my 
internship, I actually understood 
what courses I needed to take and 
why I was taking them. I sought 
out microbiology, biotech and cell 
biology courses. I was also prepped 
for longer workdays, which served 
me well as I was trying to catch up 
after I switched majors; I ended up 
one day each week taking three 
consecutive 3-hour lab classes.

The Nonprofit Path:  
A Good Way to Figure Things Out

By Lexi Gurney

During my 
Mass Biologics 
internship, 
my supervisor 
encouraged me to 
figure things out 
on my own. This 
turned out to be a 
critical skill.
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When I graduated, I persisted 
on the nonprofit route. I learned 
about a position at the Institute for 
Protein Innovation (IPI), a nonprofit 
research organization, based on the 
Harvard Medical School campus. 
IPI was developing and using 
cutting-edge protein technologies 
to advance biomedical research. I 
was particularly enthusiastic about 
their Antibody Initiative, which 
aimed to create biological research 
tools, called antibodies, to detect 
and track every extracellular protein 
produced by the human body. 
The antibody sequences were to 

be provided to researchers open-
source to solve a major problem 
with reproducibility in scientific 
studies. No resource like this 
existed. Who wouldn’t want to be 
a part of a unique and impactful 
project like this? 

Now, being a part of this research 
and knowing the company is 
getting closer to achieving its 
mission, I am excited to go to 
work. Each day, I am getting 
crucial experience in a start-up 
environment, in which everything 
does not flow smoothly and we as a 
team have to solve these problems. 
There are huge opportunities for 
cross training, where I can get as 
much hands on experience as 
possible. 

Here’s what I can say to anyone 
else who is thinking about going 
the nonprofit route, whether after 
undergrad or graduate school.

You can acquire a lot of different 
skills. 

Because IPI is like a start-up, our 
groups are not structured in silos 
and we are small enough that we all 
have to pitch in to get things done. 
First in, I learned the protocols 
for the jobs I specifically do. As I 
became proficient, I moved on to 
new assays that the other half of 
my group performs. Cross training 
also gave me the ability to learn 
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how to juggle many things at once; 
the more I practice a protocol the 
easier it becomes to juggle another 
one. This will definitely set me up 
for success in the future. 

You get the best of both 
academia and industry

By nature, a nonprofit is neither an 
academic nor industrial lab. At IPI, 
I have the freedom to discover and 
try out new things, as I might in a 
university lab. I also have access 
to the equipment and resources 
that allow me to work on a high 
throughput, biotech-like pipeline. 
My favorite part of training has been 
learning how to use IPI’s extensive 
robots. The training taught me 
to be very aware of everything, 
as a minor detail can have huge 
consequences. I also have the 
possibility to learn how to write 
automation methods, a skill that will 
be useful wherever I go. 

You have access to a diverse 
network of collaborators 

Because as a nonprofit, IPI 
collaborates with all sectors of 
science, I have had chances to 
meet many people from different 
backgrounds working in different 
venues such as medical labs, 
universities and biotech companies. 
Being able to talk with these 
people about their experiences and 
networks is very beneficial as I start 
to imagine my dream position.

If you are an undergrad college 
student majoring in science, but not 
sure what you want to do, consider 
working for a non-profit organization. 
It can be a kind of diverse ecosystem 
where you can live, learn and set 
yourself up for success. 

A non-profit 
organization is a 
diverse ecosystem 
where you can 
live, learn and set 
yourself up for 
success.

Looking Forward 

While we anticipate global uncertainty in the near future, we look forward with 

optimism. We are confident that IPI and its biomedical research partners can help 

tackle even the most daunting of foes, however tiny. We stand on our scientific 

platforms and boldly jump into the work that we must do. This is exactly why we were 

created: to solve big problems using protein solutions and forever impact the world.
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Thank you all for your support. 
We look forward to  

another exciting year ahead. 
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