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As the Center for Network Systems 
Biology at Boston University enters its 
fourth year since its establishment in Fall 2017, 
we are turning our attention away from the 
unique challenges imposed by COVID-19 this 
past year to revisit our core mandate – namely, 
to explore the molecular basis of the cellular 
processes and functions that are critical to 
human health and disease. With the tailwinds 
of the pandemic seemingly receding, we can 
relax our guard a bit and revisit the state of 
our current scientific initiatives, goals, and 
capabilities with the aim of best positioning 
our research team for the road ahead. Our 
mission remains to address important 
emerging biomedical questions, satisfy unmet 
scientific needs, and create exciting new 
research opportunities. As we ramp up our in-
person experiential capacity to the level that 
served our Center so well in its first few years 
of existence, it is time to also contemplate 
what the ‘new normal’ will bring as we chart 
a suitably compelling path going forward. 
With the Center’s formal five-year-review 
now looming on the horizon, it is equally 
important to contemplate what has worked 
well so far and what could be improved as 
we prepare to navigate the excitingly fast 
paced but potentially turbulent waters ahead. 
With these dual perspectives in mind – 
anticipating the thrilling but uncertain waves 
of the approaching rapids while preparing for 
uncharted waters lying further downstream – it 
is clear that our choices promise to shape our 
future as a flagstone of the university scientific 
enterprise over the coming years. We will do 
well to harness the collective voices of our 
diverse and vibrant community of creative, 
collaborative, and dedicated scientists. 

Beyond introspection, my expectation is for 
us to Recognize the unique roles, strengths, 
and humanity of our team members, while 
working together to Renew, Reinforce, and 
Reimagine our Center’s purpose as we work 
towards a shared vision for the future. Despite 
the trying events of the past year, now more 
than ever I am grateful for, and humbled by, 

the dedication, determination and ambitions 
of our trainees and staff. I recognize some have 
had their convictions sorely tested, yet look to 
them to tap into the hidden strength that lies 
within to drive the CNSB forward into higher 
gear as we enter an important new phase 
of scientific enquiry with a sense of passion, 
conviction, and a yearning to create a better 
future for our colleagues, our families, and 
our society at large. In my service as Center 
Director, I am determined to empower our 
trainees and staff as they are the cornerstone 
of all of our endeavors and achievements over 
the past year, and no doubt in the future, and 
I take inspiration from the dynamic group of 
skilled, capable and hopeful scientists we 
have assembled who resonate with different 
backgrounds, aspirations and experiences. 
This past year has shown that some of the 
more profound ongoing challenges our 
nation faces can only be overcome by the 
tireless contributions of scientists who seek 
knowledge, truth, and equitable solutions. It 
is my expectation that we will continue to pull 
in unison as we strive for the most meaningful, 
impactful, and lasting science we are capable 
of achieving together. To achieve this quest, 
the CNSB commits to:

Renew our efforts, somewhat hampered 
by the pandemic but now progressing back 
up to full steam again, to develop and use 
innovative proteome-scale technologies to 
probe an ever-increasing diversity of model 
biological systems, to explore the biochemical 
pathways by which cells and tissues respond to 
perturbations such as pathogenic stress, and 
to unravel the fundamental mechanistic basis 
of biological processes relevant to human 
health and disease.

Reinforce our commitment to bridge 
disciplines, building on our productive 
partnerships with researchers in industry, 
our collaborators across both the Medical 
and Charles River Campuses, including our 
colleagues in the Center for Regenerative 
Medicine, the BioDesign Center, the Center 

for Molecular Discovery, the National 
Emerging Infectious Diseases Laboratories, 
as well as in the Departments of Biochemistry, 
Biology, Bioinformatics, Bioengineering, 
Chemistry, Microbiology, Pharmacology and 
Experimental Therapeutics. By assembling 
a highly cooperative and responsive team 
across traditional organizational boundaries, 
we will strive to expand on a powerful research 
paradigm that proved to be critical to our 
successful, highly collaborative COVID-related 
studies. Optimizing, nurturing, and sustaining 
this model is key to maximizing CNSB’s lasting 
impact on biomedical research at BU. 

Reimagine what scientific breakthroughs 
our platform technologies are capable 
of achieving when fully realized, whether 
improving basic understanding of how 
pathogens invade and subvert human cells 
and why the immune system often shuts 
down in the face of such an assault, to 
mapping the biophysical architecture of 
the human brain and defining how small 
molecule compounds can alter pathological 
processes to slow diseases such as heart 
failure and cancer. 

Recognize that the advances that are 
emerging from our scientific endeavors over 
the past twelve months have been driven by 
the exceptional inquisitiveness, resolve, and 
ingenuity of each and every member of the 
CNSB during these unprecedented times. I am 
grateful for their fortitude, commitment, and 
trust as we work towards better days ahead. 

Andrew Emili

The Director
LETTER FROM

“We will harness 
the collective 
voices of our 
diverse and  
vibrant  
community.”
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AT A GLANCE
Interesting facts 
and numbers

Members come from

7 COUNTRIES 
and 

7 US STATES
USA (CA, CT, MA, NC,  
NY, PA, TN), Canada,  
China, Egypt, India,  
Indonesia, and Peru

PEOPLE

BU School of Medicine: 30
•  Biochemistry: 7
•  Medicine  

(including CReM): 12
•  Pharmacology  

and Experimental  
Therapeutics: 3 

•  Microbiology: 8  
(including the NEIDL)

BU School of Dentistry: 1  
BU School of Public Health: 2
BMC: 2
Charles River Campus: 18
•  Biology: 7
•  Biomedical Engineering: 5
•  Bioinformatics, Computing and 

Data Sciences: 3
•  Chemistry: 3

NUMBER OF AFFILIATED AND COLLABORATING  
LABORATORIES THIS PAST YEAR:

FUNDING. Grants awards (Direct/ Indirect):

$3,304,760 $1,394,675

5,615 
4

SCIENCE 
Number of samples 
analyzed by CNSB 
over past year:

Number & cumulative 
size of data CNSB re-
searchers generated:

5,615

Data files

Terabytes
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Mission Statement
I. MISSION

Meetings looked different this 
year, but collaboration with 
colleagues never ceased.

Network Systems Biology is the 
study of the physical and functional 
interactions of biomolecules that 
mediate the diverse complex biolog-
ical systems that are crucial to health 
and disease. It is also an emerging 
strength of Boston University. Eluci-
dating the biological networks that 
drive human health, development 
and pathology is fundamental to a 
deeper mechanistic understanding 
of cellular processes and disease, 
and their targeted alterations using 
rational therapeutics. 

The mission of the Center for Net-
work Systems Biology is to develop, 
enhance and disseminate transforma-
tive macromolecular profiling tech-
nologies to support multi-disciplinary 
collaborative research in Network 
Systems Biology at the Medi-
cal and Charles 
River campuses 
of Boston Uni-
versity to enable 
ground-breaking 
biological discovery 
in the coming years.



II. STRATEGIC GOALS

Center Strategic Plan
The CNSB aims to be a world leader 
in protein interactome mapping 
and interdisciplinary biomedical 
research. The Center’s highly 
collaborative “welcome to all” 
environment supports ambitious, 
transformative, and clinically relevant 
projects that generate important 
basic mechanistic insights, secure 
new avenues of funding, and have 
long-term translation impact. 
Our research program benefits 
enormously from the Center’s 
expertise in precision mass 
spectrometry and our diverse 
and unique blend of molecular, 

computational and applied 
scientists and trainees who provide 
complementary skills and diverse 
perspectives. Our integrative 
team-based approach aims for 
high productivity, while mentoring 
the professional development of 
highly capable trainees, who are 
capable and eager to establish 
their mark in the national and 
international research scene. We 
remain a nimble operation, attuned 
to responding to changing needs, 
challenges and opportunities, 
as reflected by our sharp pivot 
last year to work synergistically 

with other groups, most notably 
the NEIDL, CReM, and the BU 
Center for Molecular Discovery, 
to contribute to mechanistic 
understanding to combat the viral 
pathogen driving the COVID-19 
pandemic. Our efforts are 
supported by dedicated staff (see 
organizational chart), who provide 
requisite expertise (primarily mass 
spectrometry and bioinformatic 
analysis) and professional 
services (grant management, 
procurement, community outreach) 
in a cost-efficient, effective, and 
timely manner. 

“The Center’s 
highly collaborative 
‘welcome to all’ 
environment 
supports ambitious, 
transformative, and 
clinically relevant 
projects.”



I. ESTABLISH BU AS A LEADER  
IN MAPPING  
MOLECULAR NETWORKS 

Molecular interactions are crucial 
to virtually all cellular processes 
that underlie human development, 
health, and disease. Elucidating how 
such networks function normally, 
or become altered in pathological 
contexts, is fundamental to under-
standing the mechanistic basis of 
biological systems and their causal 
roles in clinical disorders. The prima-
ry objective of the Center is to map 
these systems of interacting biomol-
ecules (proteins, metabolites, and 
nucleic acids) and investigate how 
they drive the cellular functions and 
pathways essential to human health 
and pathobiology. This research 
is multi-disciplinary in nature, and 
builds on and enhances the research 
and reputation of BU in the domain 
of molecular Systems Biology, 
establishing an internation-
ally recognized academic 
center for scientific 
innovation and 
excellence that at-
tracts, trains, and 
nurtures talent-
ed investigators 
at the forefront 
of this rapidly 
evolving field. 

II. FOSTER COLLABORATIVE 
INTERDISCIPLINARY  
RESEARCH AT BU 

Researchers with the CNSB devise 
new technologies and applications 
that support diverse new research 
initiatives across both the Medical 
and Charles River campuses. Our 
Center is a hub for a growing cadre 
of collaborating basic and transla-
tional researchers, clinicians, data 
scientists (bioinformaticians, statis-
ticians, mathematicians), chemists, 
bioengineers and other innovators 
tackling important biomedical prob-
lems. The Center continues to build 
and nurture a highly collaborative 
and productive research community 
throughout BU. 

III. PROVIDE ACCESS TO INNOVATIVE 
TECHNOLOGIES TO ENABLE  
INTER-DISCIPLINARY RESEARCH

The Center endeavors to pioneer 
and deploy powerful technologies 
for the systematic large-scale exper-
imental study and computational 
analysis of molecular interaction 
networks critical to human health 
and disease. The CNSB provides a 
broad and growing array of affiliated 
scientists and collaborating research-
ers with timely access to our state-
of-the-art infrastructure, expertise, 
and leadership in this domain. The 
Center’s primary platform is based 
on precision mass spectrometry and 
an associated array of methods for 
quantitative, high-resolution pro-
teomic profiling of macromolecular 
networks in different tissues and 
cell types down to their subcellular 
compartments. The Center con-
tinues to build a rigorous compu-

tational framework that lever-
ages statistical inference, 

artificial intelligence, 
and integrative data 

science techniques 
to combine 

and leverage 
complemen-
tary types of 
data to solve 
challenging 
biomedical 
problems at 

the forefront of 
the field. 

WE HAVE THE FOLLOWING  
OVERARCHING STRATEGIC GOALS: 

II. STRATEGIC GOALS



MULTI-DISCIPLINARY GRANTS
RECENTLY FUNDED:

Grant funded projects 
and their rationale

a. 

1R01AI146941-01A1
“Mapping Protein Interaction Networks Essential for Gonococcal Pathogenesis” 
NIH RO1 (NIAID) $3,134,870
GRAY-OWEN, PARKINSON & EMILI (Contact PI)

Neisseria gonorrhoeae (Ngo) is the 
etiological agent of the sexually trans-
mitted infection (STI) gonorrhea, a high 
morbidity disease with ~100 million 
cases worldwide each year. Alarmingly, 
therapeutic and pharmacologic ap-
proaches to treat gonorrhea are under 
threat by the global emergence of “su-
perbug” strains resistant to all clinically 
useful antibiotics. Gonococci are ex-
quisitely adapted to life in humans, to 
the extent that they have shed much of 
the metabolic capacity typical of other 
bacteria and depend upon unique 
strategies that allow for replication 
and immune evasion while colonizing 
human mucosal tissues. Reflecting this 
specialization, Ngo genomes encode 
less than half the number of proteins 
observed in more prototypical bacteria 
such as E. coli. A biological enigma is 
how the neisserial genome has evolved 
to exploit a variety of mucosal niches 
and how strain variation contributes to 
pathogenesis. 

Our hypothesis is that acquiring this 
knowledge will have major clinical 
value because it would reveal process-
es uniquely required by gonococci 
but not commensal species, either 

because they have distinct functional 
capabilities or because the smaller 
neisserial genome lacks functional 
redundancy that allows other bacteria 
to overcome environmental or other 
stresses. The core goal of our multi-
disciplinary research program is the 
generation of global protein inter-
action networks that offer a detailed 
systems-based understanding of the 
specialized cellular apparatus used by 
Ngo during infection. While transcrip-
tional profiling and genetic screens 
have provided valuable insights into 
Ngo biology, these studies would gain 
significant benefit through their inte-
gration with comprehensive roadmaps 
detailing the organization of protein 
complexes that support growth and 
infection phenotypes. Key to the 
clinical relevance of this project is a 

focus on the impact of strain variation 
through investigations of infectious 
clinical isolates of Ngo, supported by 
complementary investigations of the 
population genomics of Ngo. We will 
combine quantitative mass spectrom-
etry, network analysis, comparative 
genomics, and targeted mutagenesis 
with in vitro and in vivo phenotype 
analysis to illuminate macromolecular 
protein assemblies that are critical to 
infection and clinical persistence within 
the genital mucosa. 

By the end of this grant, we will have: 
identified key conserved components 
of the physical circuitry driving gono-
coccal growth, infection, and adapta-
tion to human mucosal tissues; provid-
ed mechanistic insights into its unique 
pathobiology; and laid the foundation 
for future clinical intervention strate-
gies to combat infectious disease.

“Key to the 
clinical relevance 
of this project is 
a focus on the 
impact of strain 
variation.”
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EXISTING

1U01CA243004-01A1 
“Multiscale analysis of metabolic inflammation as a driver of breast cancer”
National Cancer Institute – Research Projects in Cancer Systems Biology
$2,836,855
EMILI, MONTI, MUTHUSWAMY (HMS), DENIS (Contact PI)

Women with breast cancer and 
co-morbid Type 2 diabetes (T2D) 
have up to 40% worse overall survival 
compared to non-diabetic women; this 
co-morbidity burden is disproportion-
ately high among vulnerable cohorts, 
such as patients at safety net hospitals 
in the US, where it can affect half of the 
patient population. Yet, current models 
of breast tumor progression and im-
munotherapy are based on data from 
metabolically healthy cancer patients, 
ignoring metabolic /inflammatory com-
ponents of T2D. Preliminary and pub-
lished data support an overall hypoth-
esis: specific metabolic and immune 
exhaustion networks in breast cancer 
patients with co-morbid T2D promote 
tumor aggressiveness. We propose an 
innovative multiscale modelling frame-
work to identify these networks by 
integrating metabolic, inflammatory, 
and immune signatures in multi-omics 
cancer models encompassing RNA-
seq and phosphoproteomics data. 
We take a systems biology approach 
to combine innovative computational, 
clinical, and patient-derived tumor 
organoid experiments to investigate 
interactions among putative driver 
genes, T2D, and immune exhaustion, 
with tumor progression/aggressive-
ness as the primary outcome variable 
in estrogen receptor-negative (ER-) 
breast cancer, which has poor prog-
nosis and is highly prevalent among 
safety net hospital patients. We will 

model how T2D rewires signaling 
hubs, nodes, and edges in newly 
diagnosed breast cancer patients, 
then test these networks in breast 
organoid models. We will develop a 
unified model through three Aims. 

Aim 1: Determine how T2D repro-
grams immune exhaustion and metab-
olism in the tumor microenvironment 
of ER- breast cancer. We will apply 
RNAseq and scRNAseq to primary 
ER- breast cancer cells and tumor 
immune infiltrates to compare diabet-
ics and non-diabetics to construct a 
preliminary network supplemented 
with TCGA data. Differential gene 
and pathway analyses will elucidate 
regulatory relationships and key hubs. 
We hypothesize that the connectivity 
of the ER- cluster in T2D will be altered 
and denser than in ND or T2D+M. 

Aim 2: We will generate patient-de-
rived organoids, including orga-
noid-primed T cells (OpT), to test the 
computational model for metabolism 

and immune checkpoints. We will 
evaluate mechanistic hypotheses that 
T2D medications, immune check-
point-blocking antibodies and chem-
ical inhibitors of BET bromodomain 
proteins (which regulate checkpoint 
expression) overcome immune exhaus-
tion to improve OpT cell metabolism 
and tumor cell killing. TCR sequencing 
will reveal emergent OpT oligoclonal-
ity; deep immunophenotyping will 
reveal T2D-driven signaling networks. 

Aim 3: Determine abnormal signaling 
networks impacting cancer immunity 
in organoid and OpT models. We will 
perform deep phosphoproteomic 
profiling of primary tumors, organoids, 
circulating T cells and OpT cells, from 
the three metabolic groups, then use 
pathway projection and network anal-
yses to refine our integrated model. 
Together, our unique systems biology 
approach will capture the complex 
interactions among tumor, immune 
infiltrates, and metabolic genes to 
address the cancer burden of T2D.

a. Grant funded projects and their rationale



LKR# 192864  
“Mapping Pathogenic Coronavirus Viral–Host Protein Interaction Environments for Target Discovery”
Merck Exploratory Science Center Fellowship Program (“MESC Fellowship”)
$305,250
SAEED (NEIDL) & EMILI (CNSB; Contact PI)

Viral infections are the leading cause of 
human disease and death worldwide. 
Over the past decade, (re)emerging vi-
ruses have wreaked havoc with human 
health: Zika virus, dengue virus, Ebola 
virus, influenza virus, and most recently 
SARS-CoV-2, which radically differ from 
each other in genetic composition, 
biochemical properties, and tropism. 
Of particular concern, moving forward, 
is the emergence of additional novel 
coronaviruses. 

While it is clear that viruses target 
different host proteins to mediate host 
cell recognition, invasion, propagation, 
and pathogenesis, the mechanisms by 
which viruses commandeer these com-
ponents to rewire cellular pathways 
and functionally remodel the cellular 

machinery to drive viral propagation 
and bypass innate immune responses 
remain outstanding fundamental ques-
tions. To address this gap, Mohsan 
Saeed (National Emerging Infectious 
Disease Laboratories, NEIDL) and 
Andrew Emili (Director, Center for 
Network Systems Biology at Boston 
University) have joined forces to start 
a Center for Viral Proteomics with the 
goal of unlocking the basic principles 
governing coronavirus–host protein 
interactions in pathophysiologically 
relevant contexts. The Center will 
respond to the burgeoning biomedical 
need for streamlined state-of-the-art 
methodologies to systematically char-
acterize viral–host crosstalk central to 
coronavirus infection, propagation, and 
persistence. These include defining 

structure–function relationships of host 
protein networks impacted by corona-
viruses. Our projects will enable break-
through studies of the fundamental 
mechanisms driving viral proliferation. 
These include mapping of dynamic 
viral–host protein interactions that 
occur at the host cell surface, pericellu-
larly during invasion, in the cytosol and 
nucleus during replication, and within 
other organelles during viral matura-
tion and shedding. We will also study 
infected primary cells, organoids, and 
animal models to monitor the response 
of the host proteome during infection. 

Our work will define virus-mediated 
allosteric regulation, proteolysis, and 
formation or disruption of host protein–
protein interactions, as well as changes 
in phosphorylation, methylation, acetyl-
ation, ubiquitination, and glycosylation 
that impact cellular protein folding and 
activity in different host cell-types. Our 
Center will also study the impact of 
polymorphisms, alternative splicing, 
and metabolite/small molecule binding 
on viral lifecycles. We will balance ex-
perimental rigor, throughput, and cost. 
After demonstrating the power of our 
approaches in collaborative projects, 
the Center will share the tools, data, 
and findings we generate via a dedicat-
ed Research Fellow who will bridge our 
groups, nurturing a community inter-
ested in revealing the unique biology 
of coronaviruses, and potentially other 
viruses down the road.

“We will balance 
experimental rigor, 
throughput, and 
cost.”



R01AG064932 
Genetic Modifiers of Protein Interaction Networks in Tauopathy
04/01/2019 – 03/31/2024 (Project Period)
$3,245,787
WOLOZIN (MPI/PD) & EMILI (MPI) 

a. Grant funded projects and their rationale

The goal of this proposal is to de-
termine how ApoE polymorphisms 
modify comprehensive maps and 
subnetworks of protein complexes 
that are central players in the dys-
function occurring in Alzheimer’s 
disease (AD). We will use the emerg-
ing power of quantitative network 
proteomics in the Emili laboratory 
combined with proximity profiling to 
systematically characterize the major 
protein assemblies that occur in a 
classic disease model of tauopathy.
This research will be propelled 
by discoveries from the Wolozin 
laboratory demonstrating that a 
dynamic network of protein in-
teractions drives tau biology and 
changes with the course of disease. 
The work will be further informed 
by cross-referencing key network 
members to large genetics and 
genomics datasets focused on AD 
risk, neuropathological outcomes, 
and human brain expression data 
to enable prioritization of network 
members exhibiting disease-linked 
gene–gene interactions. These 
advanced interactome screening 
technologies are uniquely suit-
ed for unbiased interrogations of 
disease-related protein networks in 
the brain. We hypothesize that tau 
and RNA binding protein interac-
tomes exhibit a progressive evolu-

tion 
with disease 
progression in 
tauopathy, and that 
the structure of the inter-
actomes is modified by genetic risk 
factors for AD. Aim 1 will deter-
mine how APOE alleles modify 
neuronal interactomes with disease 
progression. We will cross PS19 
P301S tau mice with mice carrying 
humanized ApoE3 or ApoE4 and 
compare protein–protein inter-
action networks for tau and the 
RNA binding proteins TIA1 (which 
interacts with pathological tau) and 
G3BP (which does not interact with 
pathological tau). Aim 2 will deter-
mine how APOE alleles
modify responses to propagated 
pathological tau. We will compare 
how propagation of different tau 

strains changes 
the proteins that inter-

act with pathological tau, and how 
expression of specific ApoE isoforms 
modifies the pattern of tau propaga-
tion and the nature of the resulting 
tau interactomes. Aim 3 will deter-
mine how reduction of key protein 
interactors modifies AD-related 
networks, and disease progression 
in tauopathy. This work will examine 
how reducing key network compo-
nents modifies related interactome 
networks and disease progression 
in PS19xApoE3 or E4 mice under 
conditions of normal disease pro-
gression or accelerated progression 
induced by tau propagation.

“This research 
will be propelled 
by discoveries 
from the Wolozin 
laboratory.”

Juan Gaertn
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RF1AG061706
Systems-level functional proteomics analysis assemblies in 
Alzheimer’s disease and mouse models of tauopathy
02/15/2019 – 01/31/2024 (Project Period)
$3,945,190
WOLOZIN (MPI/PD) & EMILI (MPI) 

The goal of this proposal is to com-
prehensively map and identify the 
subnetworks of synaptic protein 
complexes that are central players in 
the synaptic dysfunction occurring 
with neurodegeneration. We will use 
the emerging power of quantitative 
network proteomics in the Emili lab-
oratory to systematically characterize 
the major protein assemblies present 
at normal and diseased synapses on 
a proteome scale. This research will 
be propelled by discoveries from the 
Wolozin laboratory demonstrating 
that a dynamic network of protein 
interactions drives tau biology and 
changes with the course 

of disease. Interpreting these per-
turbed assembly networks, though, 
demands knowledge of the locali-
zation and compositional specificity 
of such complexes. The unbiased 
interactome screening technology 
developed by the Emili laboratory is 
uniquely suited for unbiased interro-
gations of synaptic protein networks. 

We hypothesize that selective dis-
ruption of specific synaptic protein 
assemblies mediates the function-
al degeneration associated with 
tauopathy. Aim 1 will determine how 
synaptic protein complexes differ 

between general 

cortical and cholinergic neurons. We 
will isolate and biochemically sepa-
rate synaptic assemblies from total 
cortical and cholinergic (ChAT:GFP) 
synapses, using FACS to further 
purify ChAT:GFP synapses. Separat-
ed assemblies will be characterized 
by precision mass spectrometry and 
integrative data mining (machine 
learning) procedures to determine 
their composition and post-transla-
tional modification states, and to map 
dynamically changing interactions 
implicated in altered synaptic func-
tion during normal aging. Aim 2 will 
determine how the macromolecular 
structures of synaptic protein assem-
blies change with aging and AD. We 
will analyze cortical synaptosomal 
complexes from P301S tau and P301S 
tau x TIA1+/- mice, the latter of which 
exhibited delayed degeneration. Key 
drivers in synaptic dysfunction will 
be identified and verified in AD and 
control human samples by co-immu-
noprecipitation. Aim 3 will identify 
complexes that are critical drivers of 
synaptic function by disrupting prior-
itized assemblies using genetic and 
opticogenetic tools. This work will 
determine key regulators of synaptic 
function in health and disease, and 
will also produce expanded genetic 
tools and outstanding targets for 
future approaches using bio-engi-
neered regulation.

Juan Gaertn
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NIH (HEI) Grant (1S10OD026807) 
“Ultra-High Precision Mass Spectrometer” 
Awarded: $1,159,106
PI: EMILI

a. Grant funded projects 
and their rationale

The Boston University (BU) Depart-
ment of Chemistry has received NIH 
support to acquire a Thermo Scien-
tific Orbitrap Fusion Lumos Tribrid 
Mass Spectrometer (Fusion Lumos) 
for its Charles River Campus (CRC). 
This instrument will enable investiga-
tors on the CRC and collaborators to 
advance research in chemical biology 
and move into new areas that enrich 
student and postdoctoral training. 
In particular, the instrument’s unique 
and flexible capabilities will enhance 
active research projects focusing on 
determining the molecular targets 
(mechanism of action) of bioactive 
small molecules using innovative liquid 
chromatography mass spectrometry 
(LC/MS) techniques. These include 
target identification by Ligand Sta-
bilization/Thermal Profiling, Affinity 
Capture, and other chemical-proteom-
ic methods that depend on precision 
LC/MS to obtain accurate quantitative 
and qualitative information on the 
direct binding targets of bioactive 
compounds of interest to research-
ers in the departments of Chemistry, 
Biochemistry, Biology, Biomedical 
Engineering, and School of Medicine 
at BU, collaborators at Massachusetts 
Institute of Technology and in the 
pharmaceutical industry. 

Acquisition of this instrument was 
critical to the research programs of 
a number of Major Users (Profes-
sors Beeler, Brown, Cheah, Hansen, 
Harris, Koehler, Kotton, Kramnik, Liu, 
Porco, Schaus, Vegas, Whitty and 
Wolozin), Minor Users (Professors 
Connor, Elliott and Feng), one group 
in the pharmaceutical industry, as 
well as other potential collaborators. 
The requested instrument will also 
play a pivotal role in a joint research 
platform, the Target Discovery Lab-
oratory (TDL), developed by Pro-
fessors Emili and Porco in 2017. The 
University’s commitment is demon-
strated by its investment in the 
infrastructure for multi-user research 
instruments and by its provision of 
partial salary support for five years 

totaling $280,000 for the expert 
TDL LC/MS spectrometrist (Dr. Mark 
McComb) as well as support towards 
the instrument’s service contract 
($111,035). TDL faculty, along with 
Dr. Norman Lee from the Chemistry 
Chemical Instrumentation Center 
(CIC) will direct and supervise use 
of the instrument while the mainte-
nance, operations and training will 
rest with Dr. McComb. The training 
of young scientists in the use and 
interpretation of precision mass 
spectrometry and chemical pro-
teomics will not only facilitate their 
own research objectives but will also 
provide valuable additional technical 
knowledge and skills for successful 
future careers in academia, govern-
ment, and industry.
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The overall goal of this research is 
to further our understanding of the 
molecular processes that underlie 
species-specific infection of cells 
with an emergent virus, namely the 
coronavirus SARS-CoV-2. Specifical-
ly, this research will provide insights 
into transcription factor-based 
differences between host cells of 
bat origin, which can tolerate SARS-
CoV-2 infection in a non-pathogenic 
manner, vs human and other bat cells 
that do not have this tolerance. The 
research involves the collaboration 
of three PIs with complementary 
approaches that they will bring to 
this project. 

Five major experimental goals will be 
addressed: (1) the characterization of 
transcriptional and nuclear proteom-
ic profiles that distinguish different 
bat cell lines; (2) the use of a novel 
protein-binding microarray to profile 
active transcription factors among 
these cell lines; (3) the characteri-
zation of candidate immunity tran-
scription factors, such as NF- B and 
IRFs, that are likely different between 
SARS-CoV-2 tolerant and susceptible 
cell lines; (4) the effects of SARS-
CoV-2 gene products on identified 
transcription factors in the various 
cell lines; and (5) the potential for 
replication of novel SARS-CoV-2 trac-
er viruses in different bat cell lines. 

NSF2031624 
“Transcription Factor Profiling for SARS-CoV-2 
Tolerance/Symbiosis Regulation”
NSF-RAPID grant (Award #9500310716) 
$199,999
SIGGERS, EMILI, GILMORE (Contact PI)
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“A new human iPSC in vitro system  
to model the inception of lung adenocarcinoma”
J&J Innovation Lung Cancer Initiative - Year 2 Renewal Grant Awarded
$247,686
KOTTON (CReM), CHEN (BDC) & EMILI (CNSB)

a. Grant funded projects 
and their rationale

Lung adenocarcinomas are respon-
sible for significant global mortality 
and there is a need for improved 
treatments. While a growing number 
of studies indicate that these tumors 
arise from alveolar epithelial type 2 
cells (AEC2s) in the distal lung, drug 
development to treat early stage 
disease has been limited in part by 
the lack of a human model system that 
recapitulates the initiation and prop-
agation of early oncogenesis from 
AEC2s. Primary AEC2s from patients 
are difficult to access and even when 
these cells are harvested from explant 
lung tissue, no methods yet exist to 
stably maintain AEC2s in culture for 
more than 2-3 passages. 

Our proposal is propelled by a 
multi-disciplinary team of pulmo-

nary physician-scientists, stem cell 
biologists, systems biologists, and 
biomedical engineers who return 
for year 2 to further advance our 
proteomic analysis of a novel in vitro 
human model system that we an-
ticipate will serve as the first model 
of the earliest stages of lung ade-
nocarcinoma evolution from human 
AEC2s. We will produce and analyze 
iAEC2s over one year of continuous 
serial passaging with maintenance of 
normal karyotype as well as a stable 
functional and molecular phenotype 
of AEC2s. In year 1 of this funded 
proposal, we successfully tested the 
effects of induction of a known lung 
adenocarcinoma-relevant oncogene: 
KRASG12D in human iAEC2s that 
were gene-edited to carry this onco-
gene. We found this oncogene ro-
bustly activated MAPK signaling and 

surprisingly led to a rapid shift of 
AEC2s away from a mature program 
towards a stem/progenitor lung 
epithelial molecular phenotype, up-
regulating genes of proliferation and 
progenitor markers while maintaining 
NKX2-1 expression. Importantly, a 
similar approach has been used by 
others to engineer iPSC-derived 
models of pancreatic and intestinal 
oncogenesis. Our approach utilizes 
the targeting of dox-inducible cas-
settes carrying each oncogene (e.g., 
activated KRAS or mutated EGFR, 
or CTNNB1) to the “safe harbor” 
AAVS1 locus in our iPSC line, which 
we hypothesize will result in in-
creased proliferation, dysplasia, and 
karyotypic instability of iPSC-derived 
AEC2s, in other words a new model 
system of adenocarcinoma induction 
from human AEC2s.



Kilachand Seed Award
“Mass Spectrometry-Based Identification of Paracrine Signals Driving Fibro-
sis in a New Model of Hypertrophic Cardiomyopathy” 
Kilachand Multi-Cellular Design Program Pilot Project & Fellowship
CHEN (BDC) & EMILI (CNSB) 

Hypertrophic cardiomyopathy 
(HCM) affects 1:500 to 1:200 of the 
population and is the leading cause 
of sudden cardiac death in young 
people. Clinical presentation of HCM 
includes myocyte disarray, thickening 
of the left ventricular wall, diastolic 
dysfunction, and fibrosis. Tissue 
remodeling from fibrosis replaces 30 
to 50% of the myocardium in end-
stage HCM and is a key determinant 
in patient outcome. Mutations in nu-
merous sarcomeric proteins that reg-
ulate cardiac contractility have been 
identified as an important cause of 
this disease, but it remains unclear 
how the intrinsic changes in contrac-
tility of cardiac myocytes lead to the 
fibrotic changes that are caused by 
other stromal cell types residing in 
the heart muscle. While current ex-
perimental models have provided a 
descriptive basis for disease progres-
sion, there is no clear understanding 
of which cell types, and their inter-
actions, are necessary for the patho-
genesis leading to fibrosis. 

The Chen lab has developed a 
microtissue platform where iPSC-de-
rived cardiomyocytes (iPSC-CMs) 
form a multicellular syncytium to 
model human mutations that lead 
to dilated cardiomyopathy, and 
demonstrated reduced force output 
and impaired growth-regulatory 
signaling. Recently, the Chen lab has 
discovered that microtissues contain-

ing iPSC-CMs harboring mutations 
associated with HCM plus normal, 
unmutated stromal cells leads to a fi-
brotic phenotype, suggesting cross-
talk between myocytes and stromal 
cells provides a direct mechanism for 
HCM-induced fibrosis. Concurrent-
ly, the Emili group has established 
a new mass spectrometry-based 
method to identify paracrine factors 
expressed by specific cell types 
within a multicellular context. The 
Emili group is a leading pioneer in 
using mass spectrometry-based 
proteomics to discover perturbed 
signaling pathways in a variety 
of disease models, including 
those involved in regu-
lating cardiac function, 
making it ideal for 
studying cardiac 
disease processes. 
Using CRISPR/
Cas9-edited iPSC 
lines harboring 
mutations in 
myosin heavy 
chain (MYH7) 

co-cultured with stromal cells, 
together with advances in quantita-
tive proteomic profiling, this project 
aims to establish a new collaboration 
between the Chen and Emili groups 
identifying the paracrine interac-
tions between cardiomyocytes and 
stromal cells to better understand 
the development of fibrosis in HCM. 
The data obtained in this project will 
directly enable a new grant proposal 
focused on elucidating the mecha-
nisms of HCM-induced fibrosis.

“This project aims 
to establish a new 
collaboration 
between the 
Chen and Emili 
groups.”
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PENDING (UNDER REVIEW):

a. Grant funded projects and their rationale

Multi-center grant application (led by A Emili/CNSB) 
“National Center for Viral Interactomics (NCVI)”
RM1 Biomedical Technology Research Resource
$7,379,452
SLAVOV (Northeastern), MUHLBERGER (NEIDL), EMILI (CNSB; Contact PI)

Viruses are a major cause of 
disease and death worldwide. 
Emerging and re-emerging RNA 
viruses, such as Zika, dengue, 
Ebola, influenza, and SARS-CoV-2, 
are commanding increased scien-
tific interest and rapid growth in 
biocontainment facilities across 
the US. Given the diversity and 
threat of viral pathogens, there is 
a pressing need to develop and 
disseminate robust technologies 
to speed up the discovery of the 
mechanisms used by these and 
other viruses to physically and 
functionally disrupt host cell mo-
lecular networks to support viral 
propagation. 

Our team has shown that mapping 
the viral–host interface can provide 
a fundamental understanding of 
the unique basic biology of virus-
es, but many US researchers have 
limited access to relevant proteomic 
technologies. Since viruses differ 
radically in gene composition, bio-
chemical properties, and tropism, it 
is challenging to decipher the cellu-
lar targets of viral effector proteins 
mediating host cell recognition, 
invasion, and propagation. Viral–
host protein–protein interactions 
are especially hard to assess for 
pathogens in a native cellular con-
text in high containment facilities, 

such that the cellular consequences 
of viral–host protein engagement 
are often not well understood. To 
bridge this gap, the National Center 
for Viral Interactomics (NCVI) will 
develop and share validated, fit-for-
purpose technologies to empower 
US researchers with the ability to 
unlock the fundamental principles 
governing the virus–host interface 
in model systems and during infec-
tion by pathogens. 

The Center will address the bur-
geoning unmet need for stream-
lined analytical workflows and for 
training, particularly among bi-
osafety facilities, to identify struc-
ture–function relationships driving 
viral propagation and phenotypic 
outcomes. Our Technical Develop-
ment Projects address the needs of 
Driving Biomedical Projects com-
prising flaviviruses (Zika, dengue, 
yellow fever), filoviruses (Ebola, 
Marburg), coronaviruses (SARS-
CoV-1/-2, MERS), and other virus-
es, generating and disseminating 
powerful, high impact tools that 
are effective, easily deployed and 
broadly applicable. These include 
technologies for (1) determining 
the cellular targets of viral effector 
proteins with high spatiotemporal 
resolution; (2) measuring viral–host 
pathway-level crosstalk throughout 

an infection cycle; and (3) studying 
the role of cellular heterogeneity 
on susceptibility to viral infection 
with single-cell sensitivity. The NCVI 
will stimulate uptake of our validat-
ed suite of technologies by the US 
researcher community and other 
BTDDs via:
(1) high impact publications, detailed 
protocols, and groundbreaking pro-
ject datasets on a central web portal;
(2) freely sharing our viral tagging/
expression plasmids, chemical-pro-
teomic reagents, and software tools; 
and
(3) informative in-person training and 
internships, scientific workshops, and 
active social media outreach. By
providing access and training in much 
needed viral proteomic technologies, 
the NCVI aims to generate funda-
mental insights into viral–host inter-
actomes in a way that complements 
existing center capabilities and
stimulates the development of the 
field of molecular systems virology. 



“Deciphering the microbiome–host interaction code at the molecular level”
RM1 – Collaborative Program Grant for Multidisciplinary Teams 
EMILI, KOZAKOV, MENICHETTI, RAKOFF-NAHOUM, SEGRE (Contact PI)

While the number of microbes in the 
human body is comparable to the 
number of our own cells, our under-
standing of their role in human health 
is still largely a mystery. The grow-
ing number of reports that specific 
changes in microbiota are associated 
with almost any imaginable disease 
still leaves open a number of funda-
mental questions, both about the 
causality of these associations (are 
microbial changes triggering human 
health changes or responding to 
them?), as well as about the possible 
mechanisms of such broad interde-
pendency. A wealth of information 
on microbiome–human interactions 
is derived from ongoing sequencing 
efforts and high-throughput measure-
ments of microbiome-related pheno-
types, which provide very insightful 
and increasingly detailed snapshots 
of taxonomic and functional changes 
in the microbiome and related human 
response, but which leave unan-
swered the basic question: Which 
microbes, under what environmental 
condition, can causally affect what 
cellular processes? Our proposed 
project takes a complementary ap-
proach to this question, with the goal 
of directly testing and understanding 

how microbially produced 
small molecules could 
interfere with some of 
the most important 
layers of human cell 
control and regula-
tion. In particular, 
we will collect small 
molecules produced 
by artificial microbial 
consortia grown under 
realistic dietary regimes, 
and test their capacity to 
bind human nuclear receptor 
proteins, using an innovative 
mass spectrometry-based pull-down 
assay. We will further measure how li-
gand-bound nuclear receptors affect 
downstream binding to DNA promo-
tors, and use computational mode-
ling of molecular structures and ge-
nome-scale biochemical pathways to 
provide a detailed molecular under-
standing of the diet-microbiome-hu-
man information flow. In order to 
enable the highly interdisciplinary en-
deavor described in our proposal, we 
have assembled a team that includes 
expertise in microbiome metabolism 
modeling, global analysis of chemical 
composition of food, experimental 
ecology of human-associated micro-

bial consortia, chemical proteomics 
mass spectrometry, high-throughput 
detection of transcription factor activ-
ity through DNA chips, and molecular 
structure modeling through docking 
and machine learning. We anticipate 
that our project will yield unique 
insight into how diet-dependent 
microbiota modulate human cellular 
processes and lead to the formulation 
of both general principles and specif-
ic molecular avenues through which 
the microbiome can influence many 
aspects of human health. At the same 
time, our work will demonstrate the 
feasibility of an integrated approach 
that could be scaled up to additional 
categories of human proteins and 
environmental perturbations of the 
microbiome, complementing other 
ongoing efforts to unravel the molec-
ular rules and health impacts.
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MAPPING MACROMOLECULAR NETWORKS  
ESSENTIAL TO HUMAN HEALTH AND DEVELOPMENT

Scientific and  
technical themes

b. 

Human health and development de-
pend on dynamic networks of physical 
and functional interactions between 
the protein products of genes. How-
ever, the identity and composition of 
these molecular “machines” and how 
they work together to support cellular 
processes critical to human devel-
opment and health are still largely 
unknown. Despite immense progress 
in genomics, it remains unclear which 
proteins interact physically, and func-
tionally, to drive the formation and 
function of the different cell types and 
tissues of the human body, or how 
these assemblies and networks are 
perturbed in clinical disorders such as 
cancer, infections, neurodegeneration, 
and cardiovascular disease. Because 
improper molecular connectivity, 
through mutation or environmental 
perturbation, leading to aberrant 
protein function is now widely recog-
nized as a root cause of pathology, we 
expect that our interaction maps will 
facilitate the development of more 
effective diagnostics and treatments. 

As pioneers in network biology, re-
searchers at the CNSB have reported 
thousands of previously unknown pro-
tein–protein interactions in genetically 
tractable models such as yeast, fly, and 
worm. This includes the largest maps 
to date of protein macromolecules in 
diverse cells, from microbes [Nature, 
2004; Nature, 2005; Nature Biotech-
nology, 2017] to human [Cell, 2012; 
Nature, 2015; Cell Systems, 2019]. 
We continue to break new ground by 
documenting the molecular interaction 
networks of primary human cell types 
and tissues – which has never been 
attempted systematically before. Our 
multipronged collaborative studies 
also aim to define the regulatory mod-
ules that are altered in major clinical 
conditions such as tumors, Alzheimer’s 
disease, and diabetes. Because aber-
rant protein function underlies most if 
not all diseases, mapping and ma-
nipulating human protein interaction 
networks with targeted therapeutics is 
a key requirement for future advances 
in precision medicine. With our expert 
basic and clinical collaborators, which 
include medicinal chemists and phar-
ma/industry partners, scientists affiliat-
ed with the CNSB have the long-term 
objective of translating the mechanistic 
knowledge we obtain from our net-
work discoveries into new diagnostic 
tools and therapeutic avenues. 
To enable this forward-looking re-

search program, we employ multidis-
ciplinary strategies based on comple-
mentary experimental approaches, 
including high resolution imaging, 
protein biochemistry, quantitative mass 
spectrometry, and genetic engineer-
ing. Notably, the CNSB is successfully 
developing and deploying technology 
to probe: 
(i) Organellar compartments in nor-
mal and diseased cells and tissues to 
define flux through core biological 
systems that determine cell homeosta-
sis, stress responses, differentiation, 
and cell fates; 
(ii) Define ligand engagement, im-
mune-cell signaling, and tumor-mi-
croenvironment crosstalk, to define 
clinically actionable targets; 
(iii) Define the pathogen–host interface 
of viruses and other important (re-)
emerging infectious pathogens, such 
as gonorrhea. 
Our research platform aims to address 
fundamental biomedical problems: 
What are the features and principles 
of cellular protein networks? How are 
they organized normally during de-
velopment and how do they become 
disrupted in disease states? Why do 
some patients with the same disease 
have a complicated clinical course and 
others a milder phenotype? How can 
we exploit this knowledge to improve 
human health, biomedical discovery, 
and clinical management? 

II. STRATEGIC GOALS



NEW RESEARCH PROJECTS &  
TECHNOLOGY DEVELOPMENT FOR 2021-2022 

Yet most of the protein interactions 
relevant to human biology, infection 
and disease-related processes remain 
to be discovered. Our central premise 
is that the protein “interactome” is 
highly dynamic and specialized at the 
cell type and tissue level, as it is greatly 
impacted by the alternate programs 
of expression, alternative splicing, and 
posttranslational regulation, more than 
is generally appreciated. Exploring 
network states, dynamics, and heter-
ogeneity, in individual single cells and 
even down to subcellular compart-
ments, is critical to the development 
of basic biological understanding, and 
the creation of more effective thera-
nostics for precision medicine. 

GLOBAL INTERACTOME MAPS FOR 
MAMMALIAN CELLS AND TISSUES 
An overarching goal of the CNSB is 
to map the physical and function-
al links connecting human protein 
complexes, biological systems, and 
disease processes. Building on our 
ground-breaking work with simpler cell 
model systems, we have started this 
decade off with the goal of achieving 
a major leap forward by investigating 
human protein interaction networks in 
a variety of different cell types, organs, 
and pathophysiological contexts. 
To achieve this ambitious objective, 
we are developing high-throughput 
protein interaction mapping technol-

ogies, that leverage our world-class 
infrastructure and our vast network of 
expert collaborators, with the goal of 
generating human “maps” of unprec-
edented scope, quality, and resolution 
that will serve as exceptionally valuable 
community resources, the starting 
point for novel clinical tools, and the 
basis of high-impact publications. 

Since protein interactions are dynamic, 
a major technical focus is to devise 
quantitative workflows that can cap-
ture transient assemblies, while also 
defining the structural basis of binary 
protein interaction interfaces. We have 
made significant progress on both 
fronts and have developed orthogonal 
labeling techniques to enrich the in-
teracting protein members of specific 
organelles, such as the endoplasmic 
reticulum and the synaptosomes, to 
probe macromolecular assemblies 
unique to particular subcellular com-
partments. 

TRANSLATION TO THE CLINIC 
In addition to SARS-CoV-2, another fo-
cus over the coming year is to map the 
protein networks altered in diseased 
cells and organs, including the mucosa 
after infection by the human patho-
genic bacteria such as Neisseria gonor-

rhea, the human brain in neurodegen-
erative disorders such as Alzheimer’s 
disease, and in heart and other tissues 
impacted by obesity, kidney disease 
and cancer, that are leading causes 
of mortality yet whose etiology and 
modes of progression are still poorly 
understood. While changes in certain 
protein interactions are known to 
underlie disease susceptibility, most 
of the clinically actionable associations 
and functional dependencies remain to 
be uncovered. Bioinformatic predic-
tions can be unreliable and biased, 
since only limited experimental studies 
have been reported to date. 

This is where the CNSB steps in. 
Advances in our protein mapping 
capabilities offer the potential for 
breakthrough biomedical discoveries. 
By measuring and comparing protein 
networks in healthy and patholog-
ic cells and tissues from validated 
animal models, patient explants and 
phenotyped cell cultures, researchers 
at the CNSB will identify macromol-
ecules critical for function that are 
perturbed during the earliest stages 
of disease onset, prior to overt clinical 
presentation. Of special interest 

Over the coming year, the CNSB aims to be firmly established as a recognized leader in 
network molecular biology. Scientists at the Center have pioneered global protein “interac-
tome” mapping as a powerful research paradigm. Existing team members were the first to 
report near comprehensive protein interaction maps for E. coli [Nature 2017], transformed 
human cell lines [Cell 2012], and diverse metazoans such as fly, worm, and mouse [Nature 
2015; Cell Systems, 2020]. Strikingly, many of the protein complexes Center trainees are 
discovering are proving to be informative about specific human diseases. 

“Advances in our 
protein mapping 
capabilities offer 
the potential for 
breakthrough 
biomedical 
discoveries.”
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are enzymes and receptors that are 
potential pharmaceutical targets. 
Biochemical, cell biology and molec-
ular genetic studies have identified 
chemical “probes” for just a small 
subset of “druggable” proteins, but 
the native ligands of most regulatory 
proteins are still unknown. The CNSB 
aims to contribute causal mechanistic 
information as possible new targets 
and leads for new treatments for in-
fections and other chronic diseases. 

DRUG DEVELOPMENT
Many therapeutics are already under 
pre-clinical development in the Boston 
area, including potential antivirals to 
treat COVID-19, but most will fail for 
lack of complete understanding of 
their mode of action and off target 
effects. Knowing how compounds 
interact with cellular proteins is 
essential to evaluate their potential 
toxicity, but this critical information 
is often lacking for many compound 
leads. The CNSB aims to address 
this gap by probing the interactions 
of bioactive small molecules under 
development by our many partners 

with the goal of improving pre-clinical 
efficacy. Our team of researchers have 
devised powerful mass spectrom-
etry-based assays to measure the 
binding of synthetic compounds and 
endogenous metabolites to individual 
proteins and multi-protein complexes 
in human cells and tissues. By exam-
ining ligand–protein interactions in an 
unbiased manner, we aim to deconvo-
lute the primary mode-of-action and 
“off targets” of new chemical probes, 
drug leads, and endogenous ligands. 
By comparing the binding profiles of 
bioactive compounds versus inactive 
analogues, the CNSB can also deter-
mine fundamental structure–function 
relationships that elicit a desired 
biological response. Ramping up our 
platform with major recent funding 
from the NIH in the form of a $1.15m 
High-End Instrumentation (HEI) grant 
for a dedicated mass spectrometer 
for the Target Discovery Laboratory 
co-led by Prof Emili and John Por-
co (CRC-Chemistry; BU Center for 
Molecular Discovery), we are just now 
ramping up efforts to characterize 
the structure–activity relationships 

of dozens of promising bioactive 
compounds under development by 

BU scientists, including compounds 
to treat SARS-CoV-2, cancer and other 
important clinical applications. 

In parallel to this initiative, the CNSB 
aims to produce global maps of 
protein–small molecule interaction 
networks in cells, particularly in the 
context of microbial metabolites aris-
ing from the microbiome, enabling 
deeper modelling, functional analy-
ses and knowledge translation of the 
impact of endogenous microbes on 
human biology, cellular metabolism, 
and health. This multi-disciplinary 
work will benefit greatly from our 
top-notch team of collaborators, as 
well as our close proximity and new 
links to the pharmaceutical indus-
try in the Boston area. This work is 
highly innovative. Our technology 
is the only one currently capable of 
direct mapping of native protein–
metabolite assemblies in cells in a 
global, unbiased manner. By docu-
menting differences in the molecular 
association networks in response to 
microbial communities, our new re-
search effort should reveal how host 
proteins and microbial compounds 
interact physically and functionally to 
rewire physiology and impact clinical 
outcomes. We anticipate that some 
of the bacterial ligands we discover 
could potentially serve as clinically 
useful therapeutic leads.



COVID-19

Challengesc. 
II. STRATEGIC GOALS

The past year has been uniquely 
challenging, and yet fulfilling, for the 
Center. With unprecedented speed, 
COVID-19 has had a global impact. 
Recognizing that elucidating how 
the virus infects human cells is vital 
to understanding its mechanisms of 
pathogenesis and for devising rational 
treatments, we deployed the unique 
experimental and computational 
platform of the CNSB to interrogate 
the host proteins, pathways, and 
processes selectively targeted by the 
different viral effectors expressed by 
SARS-CoV-2 during a time-course of 
infection. Continuing this work with 
multiple collaborators at the BU NEIDL, 
including the laboratories of Profs. Mo-
hsan Saeed, Elke Mulberger, Robert 
Davies, John Connor, and Profs. Darryl 
Kotton and Andrew Wilson of the BU 
Center for Regenerative Medicine, we 
used our quantitative mass spectrom-
etry infrastructure to reveal dynamic 
associations that occur upon viral 
infection in a transient and spatiotem-
porally regulated manner. The target-
ed interactome mapping techniques 
developed by the CNSB allowed our 
team to map viral–host protein inter-
actions and components linked to viral 
replication and reveal anti-viral targets. 
We endeavored to generate viral–host 
protein “connectivity” diagrams of 
unprecedented scope for SARS-CoV-2, 
to better predict useful pharmaceutical 
targets. Ongoing drug testing with 
the NEIDL and our collaborators at 
the BU Center for Molecular Discovery 
is producing promising leads which, 

together with biochemical studies by 
the CNSB, promise to reveal important 
new leads and modes of viral inhibi-
tion. These results will form the basis of 
additional manuscripts, and are sure to 
motivate additional follow up transla-
tional studies. 
Although at times stretched to the 
limit, we managed to keep our stride 
in the face of this dynamic obstacle, 
and adapt as a team and as a quali-
ty-focused technology partner. Now, 
as we change gears yet again to 
transition back to the “new normal”, 
we plan to leverage what was learned 
and accomplished while revisiting core 
projects that were temporarily idled. 
Moving forward, a substantive fraction 
of the projects and technologies the 
CNSB develops, deploys, and dissem-
inates remain motivated in part by the 
recognition that virulent pathogens 
are likely to have future impacts on 
human health. In order to understand 
the basic mechanisms that drive viral 
incidence and disease progression in 
vulnerable communities with comor-
bidities, we are committed to studying 

the problem from the point of view of 
the impact of viral proteins on human 
cell network biology. The realization 
that the SARS-CoV-2 virus, phenotypic 
disorders, and therapeutics all impact 
a small set of cellular processes in 
common demands trans-disciplinary 
approaches that benefit each field. Our 
collaborative efforts aim to explore the 
biophysical interface of viruses with 
host cells and tissues to help mitigate 
their impact on susceptible US popu-
lations. Likewise, the technologies we 
create and deploy over the coming 
year should lead to exciting new op-
portunities to assess the mechanism of 
action of antiviral compounds arising 
from phenotypic screens by our col-
leagues at the NEIDL, that modulate 
unknown host targets. 
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c. Challenges

CNSB’S COMMITMENT TO RACIAL  
EQUITY AND DIVERSITY

At CNSB, we are fortunate to have 
assembled a team of talented and 
aspirational people representative 
of different ages, genders, racial 
backgrounds, and cultural identi-
ties, all of which contribute to the 
strength of the Center. We do not 
take it for granted that people from 

around the nation, and world, seek 
to join our group on the strength 
of our research alone, and believe 
retention rests on the vigor of our 
commitment to foster an inclusive, 
empowering, and nurturing environ-
ment that welcomes people in their 
entirety. 

“We believe retention 
rests on the strength 
of our commitment to 
foster an environment 
that welcomes and 
nurtures people in 
their entirety.”



How priorities and strategic goals 
were met this year

d. 
II. STRATEGIC GOALS

Impacted by the pandemic, our priori-
ties this past year were: (1) to generate 
and disseminate impactful science 
relevant to infections by SARS-CoV-2, 
as well as other important pathogens 
and diseases; (2) to secure substan-
tive external funding for our existing 
projects and to support important new 
initiatives; and (3) to mentor trainees 
and nurture collaborative, trans-disci-
plinary projects with diverse partners 
across both BU campuses and beyond, 
despite the constraints imposed by the 
pandemic guidance. As noted above, 
the CNSB was successful in each of 
these endeavors, despite the disrup-
tive impact of COVID-19. 

The CNSB’s research program this past 
year was also dynamic – we continually 
engaged in new projects, with diverse 
local collaborators and outside experts 
to address evolving scientific needs, 
research goals, and funding opportuni-
ties. Our hard pivot last year to address 
fundamental mechanistic questions 
related to SARS-CoV-2, which involved 
close collaborations with multiple 
groups across both campuses, has led 
to multiple impactful publications and 
grant submissions, some still pending. 
By working closely with neurobiol-
ogists on both campuses, we have also 
managed to pinpoint the impact of 
changes in protein interaction networks 
in Alzheimer’s and other neurodegen-
erative disorders, such as CTE. We 
have devised new metaboproteom-
ic strategies to monitor metabolic 
changes on a global scale in parallel 

COMPUTING AND DATA SCIENCE 
INITIATIVE 
As a founding faculty member of the 
major new BU Faculty in Computing 
& Data Sciences, Prof. Emili has been 
an outspoken advocate for the need 
to implement a visionary graduate 
training and cross-campus research 
program in Data Sciences, particu-
larly in the rapidly advancing area of 
Machine Learning as applied to the 
Biosciences and Molecular Networks. 
He has provided the leadership of 
the CDS program with timely advice, 
guidance, and the full support of CNSB 
expertise to support ongoing faculty 
recruitment efforts and to ensure the 
future success of the fledgling aca-
demic program.

with our standard proteomic workflows, 
opening up new insights into metabolic 
dysregulation in diseases such as obesi-
ty and chronic kidney disease. 

Our increasing push into translation 
oriented scientific areas is benefiting 
from our close ties to multi-disciplinary 
healthcare partners at BU that are max-
imizing the opportunities for long-term 
clinical impact. Moving forward over the 
coming year, and onto the Center’s next 
five years, the CNSB aims to remain a 
nimble, responsive, adaptive, and deci-
sive scientific enterprise. By continuing 
to work closely with renowned basic bi-
ologists and clinical scientists at BU, and 
in industry, the CNSB aims to generate 
human protein connectivity diagrams 
of unprecedented quality, scope, and 
utility. By charting new directions at 
the forefront of chemical proteomics 
and translational proteomics, we aim 
to push the boundaries in network 
biology. By continuing to translate 
our findings into high-impact papers, 
community resources and widely used 
software tools, we aim to maximize 
recognition of the center on the na-
tional level while achieving new federal 
funding that builds on seed institutional 
investments. By fostering skilled train-
ees, the CNSB enables lifelong pro-
ductive careers and wider knowledge 
dissemination in academia, industry, 
and medicine that benefits Boston, 
Massachusetts, and the Nation.



Center activities – Outreach,  
Educational Programs, and Events 

III. SCHOLARLY WORK AND OUR CENTER’S ROLE 

The CNSB sponsors and supports di-
verse activities aimed at addressing 
its primary research mandate, and 
bringing broader national and inter-
national attention to BU’s leadership 
efforts in the Network Systems Biol-
ogy domain, which include: (i) docu-
menting macromolecular interactions 
critical to human health; (ii) exploring 
how perturbations to molecular 
interaction networks are associated 
with developmental, mutant or en-
vironmental phenotypes and human 
pathologies; (iii) defining the funda-
mental biophysical organization of 
macromolecular networks and their 
relationships to biological processes, 
pathways, organelles, cells, tissues, 
organs, and intact organisms. 

The CNSB is primarily focused on the development, application, and dissemination of inno-
vative tools, methods and datasets that create lasting resources for BU, our collaborators, 
and the broader biomedical research communities. To support the widest possible engage-
ment, we are implementing ongoing outreach and skills training programs. By drawing 
together an outstanding team of experts in network biology, systems biology, molecular 
biology, chemical biology, metabolomics, proteomics, functional genomics, and computa-
tional biology/modeling, the CNSB aims to deliver an unprecedented platform for exploring 
molecular networks and their links to human health and disease. 

“To support the 
widest possible 
engagement, we 
are implementing 
ongoing outreach 
and skills training 
programs.”



HIGHLIGHTS OF FY21 - COLLABORATING PI PROJECTS/
GRANTS CNSB – 2020–2021

PI Campus/Dept/Center Project Grant submitted?

Ruslan  
Afasizhev BUSM – Dentistry  

Trypanosome complex 
formation 

No 

Michael 
Blower BUSM – Biochemistry 

Rad21 interactome  
and genome instability

Yes   
(R21)

Markus  
Bosmann 

BUSM – Medicine;   
Pulmonary center 

Platelet biology  
and  SARS-CoV-2

Yes  
 (CTSI grant)

Cynthia 
Bradham CRC – Biology

Signaling in model   
organisms 

Yes  
 (pilot grants)

Camron 
Bryant

BUSM – Pharmacology & 
Experimental Therapeutics

Opioid addiction,   
receptors,  
cellular responses

Yes  
 (UO1 pending)

Esther  
Bullitt BUSM – Biophysics

SARS-CoV-2  
and macromolecular  
structures

Yes (NIH/SIG + 
 Chan-Zuckerberg  

Initiative)

Josh  
Campbell 

BUSM – Medicine; 
Computational biology  

Prostate cancer   
and cell signaling

Yes  (R01)

Christopher 
Chen CRC – BME / BDC

Signaling and fibrosis in 
cancer cells and hyper-
trophic cardiomyocytes

Yes   
(multiple small awards)

Vipul  
Chitalia BUSM – Medicine

CKD, dialysis,  
and  metabolomics

Yes

Daniel  
Cifuentes BUSM – Biochemistry 

Zebrafish development, 
viruses, and RNA-binding 
proteins 

Yes   
(R21)

John  
Connor

BUSM – Microbiology; 
NEIDL

SARS-CoV-2 and   
anti-viral screens

Yes (NIH, RO1)  
Kilachand 
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PI Campus/Dept/Center Project Grant submitted?

Mark   
Crovella

CRC – Computer Science 
/ Computing and Data 
Sciences

Computational analysis of 
biological networks

Yes   
(Hariri)

Alberto  
Cruz-Martin CRC – Biology / GPN Synaptic remodeling Pending

Rob   
Davey

BUSM – Microbiology; 
NEIDL

SARS-CoV-2  and anti-viral 
screens

Pending

Sarah   
Davies CRC – Biology

Coral molecular biology 
and signaling

No

Florian 
Douam BUSM – NEIDL 

Cellular responses to 
SARS-CoV-2 infection of 
human lung 

Yes   
(RO1)

Rachel 
Fearns

BUSM – Microbiology; 
NEIDL

RSV polymerase  
interactome

Yes  
(Chan-Zuckerberg  

Initiative)

Juan   
Fuxman Bass CRC – Biology 

Transcription factor   
interactions and regulation

Pending

Mikel   
Garcia-  
Marcos

BUSM – Biochemistry 
Non-canonical GPCR   
signaling

Yes  
 (RO1)

Lee   
Goldstein

BUSM – Medicine – 
Alzheimer's Center

Proteomic analysis of AD, 
CTE and Traumatic   
Brain Injury

Yes   
(Darpa)

Mark   
Grinstaff CRC – Chemistry

Target identification by 
cellular phenotyping

Pending

David   
Harris BUSM – Biochemistry 

Neurobiology, AD,   
receptor interactions,   
and signaling 

Yes   
(R21, plus others)

Finn  
Hawkins BUSM – Medicine – CReM Basal cell biology Pending

Andy   
Henderson BUSM – Micro

HIV T-cell peptide   
presentation

Yes  (RO1)



PI Campus/Dept/Center Project Grant submitted?

Angela   
Ho CRC – Biology / GPN

Synaptic regulation and 
Alzheimer’s Disease

Yes   
(RO1)

Tsuneya 
Ikezu

BUSM – Pharmacology & 
Experimental Therapeutics

Exosomes,  cargo, and AD
Yes   

(RO1)

Dennis  
Jones

BUSM – Medicine;   
Cancer center 

Breast cancer – T cell   
signaling crosstalk

Yes   
(Pilot CTSI)

Matt   
Jones BUSM – Medicine

Miwi2 interactome and 
bacterial pneumonia

Pending

Kostya   
Kandror BUSM – Biochemistry Adipolysis and longevity

Yes  
 (RO1)

Darrell   
Kotton BUSM – Medicine – CReM

Alveolar cell biology, 
SARS-CoV-2

Yes  
 (J&J awarded)

Nelson   
Lau BUSM – Biochemistry 

Mosquitos and   
non-coding RNAs

Pending

Kim   
McCall CRC – Biology

Protein interactions during 
programmed cell death

No 

Elke   
Muhlberger

BUSM – Microbiology; 
NEIDL     

SARS-CoV-2 and   
filoviruses

Yes   
(NIH, RM1) 

Valentina 
Perissi BUSM – Biochemistry 

Mitochondrial protein  in-
teractions and signaling in 
cancer and obesity

Yes  
(RO1)

Thomas  
Perls BUSM – Medicine Long-Life  multi-omic study 

Yes   
(U54)

John  
Porco CRC – Chemistry

Drug target identification 
initiative 

Yes  
 (RO1, HEI)

Wendy  
Qiu BUSM – Medicine

Signaling changes in 
Alzheimer’s disease 

Yes   
(RO1)
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PI Campus/Dept/Center Project Grant submitted?

Lee   
Quinton BUSM – Medicine

Protein network rewiring 
during infection

Yes   
(RO1)

Mohsan 
Saeed

BUSM – Microbiology; 
NEIDL

SARS-CoV-2 and  viral 
degradomics 

Yes  
 (NIH, RM1)

Paola  
Sebastiani BU School of Public Health Long-Life multi-omic study 

Yes  
 (U54)

Trevor   
Siggers CRC – Biology 

Transcription factor  inter-
actions and regulation

Yes   
(RO1)

Allyson  
Sgro CRC – BME / BDC Dictyostelium proteome

Yes   
(BDC MDP awarded)

Raphael 
Szalat BMC

Protein kinase signaling  in 
multiple myeloma

Pending

Andrew  
Wilson BUSM – Medicine – CReM

Smoking, vaping, and 
bronchiolar cell responses

Yes   
(RO1 Supplement)

Benjamin  
Wolozin

BUSM – Pharmacology & 
Experimental Therapeutics

Protein interaction   
networks in  
 Alzheimer’s Disease 

Yes   
(multiple RO1 awards)

Wilson 
Wong CRC – BME / BDC

Signaling in T cells and 
CAR-T

Yes   
(RO1)



FACILITIES AND TRAINING
Despite the constraints and supply 
disruptions imposed by the covid 
restrictions, remarkably over the past 
year, CNSB core staff and trainees have 
managed to be very active with the 
installation, training and operation of 
three new state-of-the-art precision 
mass spectrometers. A top-of-the-
line instrument, the Orbitrap Eclipse, 
funded by an NIH award to Prof. 
Emili, was installed at the CNSB’s newly 
established sibling “Target Discovery 
Laboratory” that was renovated and 
opened up in the Life Sciences and 
Engineering Building on the Charles 
River Campus, while another two new 
generation ultrafast scanning Exploris 
tandem mass spectrometers have been 
deployed at the Medical Campus facil-
ity to identify and quantify thousands 
of proteins from minute amounts of 
biomaterial. CNSB scientists have been 
using this powerful new infrastructure 
to isolate, identify and quantify up to 
10,000+ proteins per run, including the 
components of endogenous protein 
complexes from human cells, and are 
documenting changes in the protein 
post-translational states due to altered 
intracellular signaling cascades in animal 
models of disease. These powerful new 
platform capabilities will allow Center 
personnel to map protein networks in 
even limiting amounts of clinical sam-
ples, while supporting an exciting new 
array of collaborations with biomedical 
researchers on both BU campuses and 
beyond for years to come. 

The past year was remarkably pro-
ductive as the Center continued to 
develop and disseminate proteom-
ics technologies in concert with our 
scientific partners, via high impact 
publications, scientific presentations, 
publicly accessible reports on social 
media, workshops, and other outreach 
mechanisms. Meeting our overarching 
goal of achieving National Impact is 

indicated in the publication and funded 
project descriptions provided below. To 
maximize Community Engagement, we 
prioritize dissemination of our Center’s 
technologies across the BU research 
community, building out from a strong 
core network of established local 
collaborators who work closely with the 
CNSB because our synergistic technol-
ogies enhance their own research capa-
bilities. By providing access to powerful 
technologies at the forefront of pro-
teomics throughout both campuses, 
the CNSB aims to forge new directions 
for functional inference regarding how 
cellular processes dictate phenotypic 
outcomes, pushing the boundaries of 
systems biology. We aim to achieve 
ambitious goals by communicating our 
innovative activities through timely pub-
lications in leading scientific journals, 
via scholarly presentations at national 
and international conferences, and via 
our project web portals, as well as by 
regular social media updates (Twitter, 
Facebook and our Center website). As 
the ramp-up from COVID restrictions 
eases, we plan to organize informative 
and engaging online workshops and 
meetings that encourage participation 
by scientists from across the nation. 
We will continue to write reviews and 
book chapters illustrating the benefits, 
troubleshooting, and practical applica-
tions of the technologies we develop, 
and submit patents where warranted. 
We will continue to distribute open-
source software tools, promote data 
sharing, and contribute to the activities 
of professional societies. 

Our Center is focused on hands-on 
training of postdoctoral fellows, grad-
uate and undergraduate students, and 
visiting scientists from BU and other 
local academic institutions, as well as 
collaborators and industry scholars. As 
part of an inclusive strategy, we have 
been using social media to docu-

ment major 
Center-related 
activities, project-related websites 
and the publicly available tools and da-
tasets we generate. We have also been 
distributing information about these 
scientific advances at general biology 
meetings, such as the Keystone Sympo-
sium series, in addition to more special-
ized meetings dedicated to proteomics 
technologies such as ASMS and HUPO. 
With the assistance of a dedicated 
Outreach Officer, we plan to make 
announcements at national and inter-
national research conferences to bring 
attention to the technologies and valua-
ble resources developed by the Center. 
As part of an inclusive strategy, we plan 
to use social media to document Center 
activities, program-related websites and 
the publicly available tools and datasets 
we generate. We are also committed to 
making a substantive effort to include 
under-represented minorities in our 
training activities, including hands-on 
laboratory instruction in microscale 
sample preparation, proteomics, data 
processing and bioinformatics analysis 
including the use of open source ‘omics 
software, such as Cytoscape, and in-
house packages such as MultiOmics 
Notebook and EPIC.

The CNSB has established strong 
collaborative partnerships with industry, 
and has secured substantive funding 
with Johnson & Johnson, who have 
opened a substantive workspace in the 
same building (Conte/K) immediately 
adjacent to the CNSB on the medical 
campus, and with Merck, who are 
working closely with us to apply their 
proprietary new photo-proximity labe-
ling technology to identify the host-cell 
surface protein targets of SARS-CoV-2. 

III. SCHOLARLY WORK AND OUR CENTER’S ROLE 

Intothelight Photography/Shutterstock.com
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Publications 
and our role

III. SCHOLARLY WORK AND OUR CENTER’S ROLE 

Figure adapted from a cover spread of an article 
from Avik Basu et al. from the CNSB summarizing 
recent applications of functional proteomics and 
systems biology approaches to study protein–pro-
tein interaction networks central to normal neuronal 
function, during neurodevelopment, and in neuro-
degenerative disorders. The cover image represents 
how protein-protein interactions change in a normal 
(left) versus a diseased brain (right). These alterations 
in protein interactions and functional modules can 
lead to different disease phenotypes and in some 
cases even significantly impact the gross anatomy 
of the brain. This publication describes the multi-
ple methods that have been devised to detect and 
understand these interactions, which might help 
us to accomplish better disease management. The 
cover artwork was designed by Yi Zheng, a freelance 
graphics artist associated with the Emili lab.

*Actionable Cytopathogenic Host Responses of Human Alveolar Type 2 Cells to SARS-CoV-2. 
Hekman RM, Hume AJ, Goel RK, Abo KM, Huang J, Blum BC, Werder RB, Suder EL, Paul I, 
Phanse S, Youssef A, Alysandratos KD, Padhorny D, Ojha S, Mora-Martin A, Kretov D, Ash 
PEA, Verma M, Zhao J, Patten JJ, Villacorta-Martin C, Bolzan D, Perea-Resa C, Bullitt E, Hinds 
A, Tilston-Lunel A, Varelas X, Farhangmehr S, Braunschweig U, Kwan JH, McComb M, Basu A, 
Saeed M, Perissi V, Burks EJ, Layne MD, Connor JH, Davey R, Cheng JX, Wolozin BL, Blencowe 
BJ, Wuchty S, Lyons SM, Kozakov D, Cifuentes D, Blower M, Kotton DN, Wilson AA, Mühlberg-
er E, Emili A. Mol Cell. 2020 Dec 17;80(6):1104-1122.e9. PMID: 33259812 Free article. 
Human transmission of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), causative 
pathogen of the COVID-19 pandemic, exerts a massive health and socioeconomic crisis. The virus 
infects alveolar epithelial type 2 cells (AT2s), leading to lung injury and impaired gas exchange, but 
the mechanisms driving infection and pathology are unclear. We performed a quantitative phosphop-
roteomic survey of induced pluripotent stem cell-derived AT2s (iAT2s) infected with SARS-CoV-2 at 
air-liquid interface (ALI). Time course analysis revealed rapid remodeling of diverse host systems, 
including signaling, RNA processing, translation, metabolism, nuclear integrity, protein trafficking, and 

cytoskeletal-microtubule organization, leading to cell cycle arrest, genotoxic stress, and innate immunity. Comparison to analogous data 
from transformed cell lines revealed respiratory-specific processes hijacked by SARS-CoV-2, highlighting potential novel therapeutic avenues 
that were validated by a high hit rate in a targeted small molecule screen in our iAT2 ALI system.

SARS-COV-2 AND OTHER PATHOGENS

https://pubmed.ncbi.nlm.nih.gov/33417854/


*SARS-CoV-2 desensitizes host cells to interferon through inhibition of the JAK-STAT pathway.
Chen DY, Khan N, Close BJ, Goel RK, Blum B, Tavares AH, Kenney D, Conway HL, Ewoldt JK, 
Kapell S, Chitalia VC, Crossland NA, Chen CS, Kotton DN, Baker SC, Connor JH, Douam F,  
Emili A, Saeed M. bioRxiv. 2020 Oct 28:2020.10.27.358259. PMID: 33140044 Free article. 
SARS-CoV-2 can infect multiple organs, including lung, intestine, kidney, heart, liver, and brain. The 
molecular details of how the virus navigates through diverse cellular environments and establishes repli-
cation are poorly defined. Here, we performed global proteomic analysis of the virus–host interface in a 
newly established panel of phenotypically diverse, SARS-CoV-2-infectable human cell lines representing 
different body organs. This revealed universal inhibition of interferon signaling across cell types following 
SARS-CoV-2 infection. We performed systematic analyses of the JAK-STAT pathway in a broad range of 
cellular systems, including immortalized cell lines and primary-like cardiomyocytes, and found that several 
pathway components were targeted by SARS-CoV-2 leading to cellular desensitization to interferon. These 
findings indicate that the suppression of interferon signaling is a mechanism widely used by SARS-CoV-2 
in diverse tissues to evade antiviral innate immunity, and that targeting the viral mediators of immune 
evasion may help block virus replication in patients with COVID-19.

SARS-CoV-2 Spike Protein Interacts with Multiple Innate Immune Receptors. Gao C, 
Zeng J, Jia N, Stavenhagen K, Matsumoto Y, Zhang H, Li J, Hume AJ, Mühlberger E, van 
Die I, Kwan J, Tantisira K, Emili A, Cummings RD. bioRxiv. 2020 Jul 30:2020.07.29.227462. 
PMID: 32766577 Free article. 
The spike (S) glycoprotein in the envelope of SARS-CoV-2 is densely glycosylated but the functions of 
its glycosylation are unknown. Here we demonstrate that S is recognized in a glycan-dependent man-
ner by multiple innate immune receptors including the mannose receptor MR/CD206, DC-SIGN/CD209, 
L-SIGN/CD209L, and MGL/CLEC10A/CD301. Single-cell RNA sequencing analyses indicate that such 
receptors are highly expressed in innate immune cells in tissues susceptible to SARS-CoV-2 infection. 
Binding of the above receptors to S is characterized by affinities in the picomolar range and consistent 
with S glycosylation analysis demonstrating a variety of N- and O-glycans as receptor ligands. These 
results indicate multiple routes for SARS-CoV-2 to interact with human cells and suggest alternative 
strategies for therapeutic intervention.

*Loss of G-Protein Pathway Suppressor 2 Promotes Tumor Growth Through Activation of 
AKT Signaling. Chan S, Smith E, Gao Y, Kwan J, Blum BC, Tilston-Lunel AM, Turcinovic 
I, Varelas X, Cardamone MD, Monti S, Emili A, Perissi V. Front Cell Dev Biol. 2021 Jan 
7;8:608044. PMID: 33490071 Free article. 
G Protein Pathway Suppressor 2 (GPS2) is a multifunctional protein that exerts important roles in in-
flammation and metabolism in adipose, liver, and immune cells. GPS2 has recently been identified as a 
significantly mutated gene in breast cancer and other malignancies and proposed to work as a putative 
tumor suppressor. However, molecular mechanisms by which GPS2 prevents cancer development and/
or progression are largely unknown. Here, we have profiled the phenotypic changes induced by GPS2 
depletion in MDAMB-231 triple negative breast cancer cells and investigated the underlying molec-
ular mechanisms. We found that GPS2-deleted MDA-MB-231 cells exhibited increased proliferative, 
migratory, and invasive properties in vitro, and conferred greater tumor burden in vivo in an orthotopic 
xenograft mouse model. Transcriptomic, proteomic and phospho-proteomic profiling of GPS2-deleted 
MBA-MB-231 revealed a network of altered signals that relate to cell growth and PI3K/AKT signaling. 
Overlay of GPS2-regulated gene expression with MDA-MB-231 cells modified to express constitutively 
active AKT showed significant overlap, suggesting that sustained AKT activation is associated with 
loss of GPS2. Accordingly, we demonstrate that the pro-oncogenic phenotypes associated with GPS2 

deletion are rescued by pharmacological inhibition of AKT with MK2206. Collectively, these observations confirm a tumor suppressor 
role for GPS2 and reveal that loss of GPS2 promotes breast cancer cell proliferation and tumor growth through uncontrolled activation of 
AKT signaling. Moreover, our study points to GPS2 as a potential biomarker for a subclass of breast cancers that would be responsive to 
PI3K-class inhibitor drugs.

Dengue Virus Infection of Aedes aegypti Alters Extracellular Vesicle Protein Cargo to 
Enhance Virus Transmission. Gold AS, Feitosa-Suntheimer F, Araujo RV, Hekman RM, 
Asad S, Londono-Renteria B, Emili A, Colpitts TM.  Int J Mol Sci. 2020 Sep 10;21(18):6609. 
PMID: 32927629 Free article. 
Dengue is the most burdensome vector-borne viral disease in the world. Dengue virus (DENV), the etiological 
cause of dengue, is transmitted primarily by the Aedes aegypti mosquito. Like any arbovirus, the transmission 
cycle of dengue involves the complex interactions of a multitude of human and mosquito factors. One point 
during this transmission cycle that is rich in these interactions is the biting event by the mosquito, upon which 
its saliva is injected into the host. A number of components in mosquito saliva have been shown to play a 
pivotal role in the transmission of dengue. However, one such component that is not as well characterized 
is extracellular vesicles. Here, using high-performance liquid chromatography in tandem with mass spec-
trometry, we show that dengue infection altered the protein cargo of Aedes aegypti extracellular vesicles, 
resulting in the packaging of proteins with infection-enhancing ability. Our results support the presence of 
an infection-dependent pro-viral protein packaging strategy that uses the differential packaging of pro-viral 
proteins in extracellular vesicles of Ae. aegypti saliva to promote transmission. These studies represent the 
first investigation into the function of Ae. aegypti extracellular vesicle cargo during dengue infection.

https://pubmed.ncbi.nlm.nih.gov/33140044/
https://pubmed.ncbi.nlm.nih.gov/32766577/
https://pubmed.ncbi.nlm.nih.gov/33490071/
https://pubmed.ncbi.nlm.nih.gov/32927629/
https://pubmed.ncbi.nlm.nih.gov/32927629/


Intracellular Density of Wolbachia Is Mediated by Host Autophagy and the Bacterial Cyto-
plasmic Incompatibility Gene cifB in a Cell Type-Dependent Manner in Drosophila melano-
gaster. Deehan M, Lin W, Blum B, Emili A, Frydman H. mBio. 2021 Jan 12;12(1):e02205-20. 
PMID: 33436431 Free article. 
Autophagy is an intracellular degradation pathway involved in innate immunity. Pathogenic bacteria have 
evolved several mechanisms to escape degradation or exploit autophagy to acquire host nutrients. In the 
case of endosymbionts, which often have commensal or mutualistic interactions with the host, autophagy is 
not well characterized. We utilized tissue-specific autophagy mutants to determine if Wolbachia, a vertically 
transmitted obligate endosymbiont of Drosophila melanogaster, is regulated by autophagy in somatic and 
germ line cell types. Our analysis revealed core autophagy proteins Atg1 and Atg8 and a selective auto-
phagy-specific protein Ref(2)p negatively regulate Wolbachia in the hub, a male gonad somatic cell type. 
Furthermore, we determined that the Wolbachia effector protein, CifB, modulates autophagy-Wolbachia in-
teractions, identifying a new host-related pathway which these bacterial proteins interact with. In the female 
germ line, the cell type necessary for inheritance of Wolbachia through vertical transmission, we discovered 
that bulk autophagy mediated by Atg1 and Atg8 positively regulates Wolbachia density, whereas Ref(2)p had 
no effect. Global metabolomics of fly ovaries deficient in germ line autophagy revealed reduced lipid and 

carbon metabolism, implicating metabolites from these pathways as positive regulators of Wolbachia. Our work provides further understanding 
of how autophagy affects bacteria in a cell type-dependent manner.

Imaging the future: the emerging era of single-cell spatial proteomics. Paul I, White C, Turci-
novic I, Emili A. FEBS J. 2020 Dec 22. PMID: 33351222. 
The proteome of a human cell is partitioned within organelles, such as the nucleus, and other subcellular 
compartments, such as the cytoplasm, forming a myriad of membrane-bound and membrane-free ultras-
tructures. This compartmentalization allows discrete biochemical processes to occur efficiently in isolation, 
with relevant proteins localized to appropriate niches to fulfill their biological function(s). Proper delivery and 
dynamic exchange of proteins between compartments underlie the regulation of many cellular processes, 
such as cell signaling, division, and programmed cell death. To this end, cells deploy dedicated trafficking 
mechanisms to ensure correct protein localization, as mis-localization can result in pathology. In addition 
to trafficking, variation in the expression, modification, and physical associations of proteins within and be-
tween cells can result in biological heterogeneity, motivating the need for single-cell measurements. In this 
review, we introduce diverse platform technologies developed for subcellular proteomics and high-through-
put systems biology, with the aim of providing mechanistic insights into fundamental cell biological pro-
cesses underlying healthy and diseased states, and valuable public data resources. In contrast to the rapidly 
advancing field of single-cell genomics, the single-cell spatial proteomics toolbox remains in its infancy but 
is poised to make considerable advances in the coming years.

*Protein Interaction Network Biology in Neuroscience. Basu A, Ash PE, Wolozin B, Emili A. 
Proteomics. 2021 Feb;21(3-4):e1900311. PMID: 33314619  Free article. 
Mapping the intricate networks of cellular proteins in the human brain has the potential to address 
unsolved questions in molecular neuroscience, including the molecular basis of cognition, synaptic 
plasticity, long-term potentiation, learning, and memory. Perturbations to the protein–protein inter-
action networks (PPIN) present in neurons, glia, and other cell-types have been linked to multifactorial 
neurological disorders. Yet while knowledge of brain PPINs is steadily improving, the complexity and 
dynamic nature of the heterogeneous central nervous system in normal and disease contexts poses 
a formidable experimental challenge. In this review, the recent applications of functional proteomics 
and systems biology approaches to study PPINs central to normal neuronal function, during neurode-
velopment, and in neurodegenerative disorders are summarized. How systematic PPIN analysis offers 
a unique mechanistic framework to explore intra- and inter-cellular functional modules governing neu-
ronal activity and brain function is also discussed. Finally, future technological advancements needed 
to address outstanding questions facing neuroscience are outlined. 

TPR is required for the efficient nuclear export of mRNAs and lncRNAs from short and 
intron-poor genes. Lee ES, Wolf EJ, Ihn SSJ, Smith HW, Emili A, Palazzo AF.  Nucleic Acids 
Res. 2020 Nov 18;48(20):11645-11663. PMID: 33091126 Free article. 
While splicing has been shown to enhance nuclear export, it has remained unclear whether mRNAs 
generated from intronless genes use specific machinery to promote their export. Here, we investigate 
the role of the major nuclear pore basket protein, TPR, in regulating mRNA and lncRNA nuclear export 
in human cells. By sequencing mRNA from the nucleus and cytosol of control and TPR-depleted cells, 
we provide evidence that TPR is required for the efficient nuclear export of mRNAs and lncRNAs that 
are generated from short transcripts that tend to have few introns, and we validate this with reporter 
constructs. Moreover, in TPR-depleted cells, reporter mRNAs generated from short transcripts accu-
mulate in nuclear speckles and are bound to Nxf1. These observations suggest that TPR acts down-
stream of Nxf1 recruitment and may allow mRNAs to leave nuclear speckles and properly dock with the 
nuclear pore. In summary, our study provides one of the first examples of a factor that is specifically 
required for the nuclear export of intronless and intron-poor mRNAs and lncRNAs.
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TECHNOLOGY DEVELOPMENT:

https://pubmed.ncbi.nlm.nih.gov/33436431/
https://pubmed.ncbi.nlm.nih.gov/33351222/
https://pubmed.ncbi.nlm.nih.gov/33314619/
https://pubmed.ncbi.nlm.nih.gov/33091126/


Applicability of Chromatographic Co-Elution for Antibiotic Target Identification.  
Schäkermann S, Wüllner D, Yayci A, Emili A, Bandow JE. Proteomics. 2021 
Jan;21(1):e2000038. PMID: 32951352.  
Identification of the molecular target is a crucial step in evaluating novel antibiotics. To support target 
identification, a label-free method based on chromatographic co-elution has previously been developed. 
Target identification by chromatographic co-elution (TICC) exploits the alteration of the elution profile 
of target-bound drug versus free drug in ion exchange (IEX) chromatography to identify potential target 
proteins from elution fractions. The applicability of TICC for antibiotic research is investigated by evaluating 
which proteins, that is, putative targets, can be monitored in Bacillus subtilis. Co-elution of components of 
known protein complexes provides a read-out for how well the native state of proteins is conserved during 
chromatography. Rifampicin, which targets RNA polymerase, is used in a proof-of-concept study.

Mapping signalling perturbations in myocardial fibrosis via the integrative phosphoproteom-
ic profiling of tissue from diverse sources. Kuzmanov U, Wang EY, Vanderlaan R, Kim DH, 
Lee SH, Hadipour-Lakmehsari S, Guo H, Zhao Y, McFadden M, Sharma P, Billia F, Radisic M, 
Gramolini A, Emili A. Nat Biomed Eng. 2020 Sep;4(9):889-900. PMID: 32661320.  
Study of the molecular basis of myocardial fibrosis is hampered by limited access to tissues from human 
patients and by confounding variables associated with sample accessibility, collection, processing, and 
storage. Here, we report an integrative strategy based on mass spectrometry for the phosphoproteomic 
profiling of normal and fibrotic cardiac tissue obtained from surgical explants from patients with hyper-
trophic cardiomyopathy, from a transaortic-constriction mouse model of cardiac hypertrophy and fibrosis, 
and from a heart-on-a-chip model of cardiac fibrosis. We used the integrative approach to map the relative 
abundance of thousands of proteins, phosphoproteins and phosphorylation sites specific to each tissue 
source, to identify key signaling pathways driving fibrosis and to screen for anti-fibrotic compounds target-
ing glycogen synthase kinase 3, which has a consistent role as a key mediator of fibrosis in all three types 
of tissue specimen. The integrative disease-modelling strategy may reveal new insights into mechanisms of 
cardiac disease and serve as a test bed for drug screening.

Global Landscape of Native Protein Complexes in Synechocystis sp. PCC 6803. Xu C, Wang 
B, Yang L, Zhongming Hu L, Yi L, Wang Y, Chen S, Emili A, Wan C. Genomics Proteomics 
Bioinformatics. 2021 Feb 23:S1672-0229(21)00037-1. PMID: 33636367.  Free article. 
Synechocystis sp. PCC 6803 is a model organism for studying photosynthesis, energy metabolism, and 
environmental stress. Though known as the first fully sequenced phototrophic organism, Synechocystis still 
has almost half of its proteome without functional annotations. In this study, we used co-fractionation and 
liquid chromatography-tandem mass spectrometry (LC/MS/MS) to define 291 multi-protein complexes, en-
compassing 24,092 protein–protein interactions (PPIs) among 2062 distinct gene products. This information 
not only revealed the roles of photosynthesis in metabolism, cell motility, DNA repair, cell division, and other 
physiological processes, but also showed how protein functions vary from bacteria to higher plants due to 
changes in interaction partners. It also allowed us to uncover the functions of hypothetical proteins, such as 
Sll0445, Sll0446, and Sll0447, participating in photosynthesis and cell motility, and Sll1334 in regulating fatty 
acid biogenesis. Here we present the most extensive protein interaction data for Synechocystis so far, which 
provides critical insights into fundamental molecular mechanisms in cyanobacteria.

PDX-derived organoids model in vivo drug response and secrete biomarkers. Huang L, 
Bockorny B, Paul I, Akshinthala D, Frappart PO, Gandarilla O, Bose A, Sanchez-Gonza-
lez V, Rouse EE, Lehoux SD, Pandell N, Lim CM, Clohessy JG, Grossman J, Gonzalez R, 
Del Pino SP, Daaboul G, Sawhney MS, Freedman SD, Kleger A, Cummings RD, Emili A, 
Muthuswamy LB, Hidalgo M, Muthuswamy SK. JCI Insight. 2020 Nov 5;5(21):e135544. 
PMID: 32990680.  Free PMC article. 
Patient-derived organoid models are proving to be a powerful platform for both basic and translational 
studies. Here we conduct a methodical analysis of pancreatic ductal adenocarcinoma (PDAC) tumor orga-
noid drug response in paired patient-derived xenograft (PDX) and PDX-derived organoid (PXO) models 
grown under WNT-free culture conditions. We report a specific relationship between area under the curve 
value of organoid drug dose response and in vivo tumor growth, irrespective of the drug treatment. In 
addition, we analyzed the glycome of PDX and PXO models and demonstrate that PXOs recapitulate the 
in vivo glycan landscape. In addition, we identify a core set of 57 N-glycans detected in all 10 models 
that represent 50%–94% of the relative abundance of all N-glycans detected in each of the models. Last, 
we developed a secreted biomarker discovery pipeline using media supernatant of organoid cultures 

and identified potentially new extracellular vesicle (EV) protein markers. We validated our findings using plasma samples from patients with 
PDAC, benign gastrointestinal diseases, and chronic pancreatitis and discovered that 4 EV proteins are potential circulating biomarkers for 
PDAC. Thus, we demonstrate the utility of organoid cultures to not only model in vivo drug responses but also serve as a powerful platform 
for discovering clinically actionable serologic biomarkers.

OTHER COLLABORATIONS:
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*Organoids Model Transcriptional Hallmarks of Oncogenic KRAS Activation in Lung Epithe-
lial Progenitor Cells. Dost AFM, Moye AL, Vedaie M, Tran LM, Fung E, Heinze D, Villacor-
ta-Martin C, Huang J, Hekman R, Kwan JH, Blum BC, Louie SM, Rowbotham SP, Sainz de 
Aja J, Piper ME, Bhetariya PJ, Bronson RT, Emili A, Mostoslavsky G, Fishbein GA, Wallace 
WD, Krysan K, Dubinett SM, Yanagawa J, Kotton DN, Kim CF. Cell Stem Cell. 2020 Oct 
1;27(4):663-678.e8.PMID: 32891189 
Mutant KRAS is a common driver in epithelial cancers. Nevertheless, molecular changes occurring early 
after activation of oncogenic KRAS in epithelial cells remain poorly understood. We compared transcrip-
tional changes at single-cell resolution after KRAS activation in four sample sets. In addition to patient 
samples and genetically engineered mouse models, we developed organoid systems from primary mouse 
and human induced pluripotent stem cell-derived lung epithelial cells to model early-stage lung adeno-
carcinoma. In all four settings, alveolar epithelial progenitor (AT2) cells expressing oncogenic KRAS had 
reduced expression of mature lineage identity genes. These findings demonstrate the utility of our in vitro 
organoid approaches for uncovering the early consequences of oncogenic KRAS expression. This resource 

provides an extensive collection of datasets and describes organoid tools to study the transcriptional and proteomic changes that distin-
guish normal epithelial progenitor cells from early-stage lung cancer, facilitating the search for targets for KRAS-driven tumors.

Triphenyl phosphate is a selective PPAR  modulator that does not induce brite adipogen-
esis in vitro and in vivo. Kim S, Rabhi N, Blum BC, Hekman R, Wynne K, Emili A, Farmer S, 
Schlezinger JJ.  Arch Toxicol. 2020 Sep;94(9):3087-3103. PMID: 32683515. 
Triphenyl phosphate (TPhP) is an environmental PPAR  ligand, and growing evidence suggests that it is 
a metabolic disruptor. We have shown previously that the structurally similar ligand, tributyltin, does not 
induce brite adipocyte gene expression. Here, using in vivo and in vitro models, we tested the hypothe-
sis that TPhP is a selective PPAR  ligand, which fails to induce brite adipogenesis. C57BL/6 J male mice 
were fed either a low or very high-fat diet for 13 weeks. From weeks 7–13, mice were injected intraperi-
toneally, daily, with vehicle, rosiglitazone (Rosi), or TPhP (10 mg/kg). Compared to Rosi, TPhP did not 
induce expression of browning-related genes (e.g., Elovl3, Cidea, Acaa2, CoxIV) in mature adipocytes 
isolated from inguinal adipose. To determine if this resulted from an effect directly on the adipocytes, 
3T3-L1 cells and primary human preadipocytes were differentiated into adipocytes in the presence of 
Rosi or TPhP. Rosi, but not TPhP, induced expression of brite adipocyte genes, mitochondrial biogene-
sis, and cellular respiration. Further, Rosi and TPhP induced distinct proteomes and phosphoproteomes; 
Rosi enriched more regulatory pathways related to fatty acid oxidation and mitochondrial proteins. We 
assessed the role of phosphorylation of PPAR  in these differences in 3T3-L1 cells. Only Rosi protected 

PPAR  from phosphorylation at Ser273. TPhP gained the ability to stimulate brite adipocyte gene expression in the presence of the CDK5 
inhibitor and in 3T3-L1 cells expressing alanine at position 273. We conclude that TPhP is a selective PPAR  modulator that fails to protect 
PPAR  from phosphorylation at Ser273.

Interaction of tau with HNRNPA2B1 and N6-methyladenosine RNA mediates the progres-
sion of tauopathy. Jiang L, Lin W, Zhang C, Ash PEA, Verma M, Kwan J, van Vliet E, Yang Z, 
Cruz AL, Boudeau S, Maziuk BF, Lei S, Song J, Alvarez VE, Hovde S, Abisambra JF, Kuo MH, 
Kanaan N, Murray ME, Crary JF, Zhao J, Cheng JX, Petrucelli L, Li H, Emili A, Wolozin B.   
Molecular Cell, 81, 1–19 October 21, 2021. PMID: 34453888. 
The microtubule-associated protein tau oligomerizes, but the actions of oligomeric tau (oTau) are un-
known. We have used Cry2-based optogenetics to induce tau oligomers (oTau-c). Optical induction of 
oTau-c elicits tau phosphorylation, aggregation, and a translational stress response that includes stress 
granules and reduced protein synthesis. Proteomic analysis identifies HNRNPA2B1 as a principle target 
of oTau-c. The association of HNRNPA2B1 with endogenous oTau was verified in neurons, animal mod-
els, and human Alzheimer brain tissues. Mechanistic studies demonstrate that HNRNPA2B1 functions 
as a linker, connecting oTau with N6 -methyladenosine (m6 A) modified RNA transcripts. Knockdown of 
HNRNPA2B1 prevents oTau or oTau-c from associating with m6 A or from reducing protein synthesis and 
reduces oTau-induced neurodegeneration. Levels of m6 A and the m6 A-oTau-HNRNPA2B1 complex are 
increased up to 5-fold in the brains of Alzheimer subjects and P301S tau mice. These results reveal a 

complex containing oTau, HNRNPA2B1, and m6 A that contributes to the integrated stress response of oTau.
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III. SCHOLARLY WORK AND OUR CENTER’S ROLE 

CNSB TRAINEES ENGAGE IN INTERACTIVE  
MULTI-DISCIPLINARY RESEARCH

CNSB TRAINEES
POSTDOCTORAL FELLOWS

Mentorship and teamwork form a 
cornerstone of the CNSB research 
experience. By establishing an open, 
well-rounded relationship with each 
trainee to guide self-motivated scientific 
inquiry and scholarship, our goal is to 
cultivate research integrity, rigorous 
inquiry and scientific excellence. Our 
trainees address important biomedical 
questions with the goal of long-term im-
pact, not short-term results. In addition 
to honing trainees’ experimental skills, 
conceptual knowledge and bioinfor-
matics capabilities, the CNSB demands 
trainees exercise creativity and critical 
judgement. Scientific communication, 
including presentations at national and 
international conferences and work-

shops, high impact publications, and 
postings on social media, are central to 
the broader community outreach of the 
CNSB. Trainees draft and review man-
uscripts, and present and defend their 
work in regular Center meetings. We tai-
lor our management approach to indi-
vidual trainees’ backgrounds, strengths, 
and stage of development, aiming 
for balance through regular coaching, 
critical feedback, and encouragement 
to ensure they grow intellectually while 
striving for research excellence. Since 
some trainees come from abroad, we 
also work hard to overcome language 
and cultural barriers. 
By engaging trainees in highly col-
laborative projects, while providing 

stable financial support and exposure 
to a cutting-edge research platform, 
trainees at the CNSB emerge as 
well-rounded scientist “citizens” who 
are knowledgeable domain experts 
well versed in molecular biology, ‘om-
ics, data analysis and network biology. 
Our overarching guiding principles 
are that trainees learn to be consider-
ate colleagues, that they pursue their 
work with passion and document their 
findings rigorously, and that they pub-
lish thoughtful, high impact papers in 
premier peer-reviewed journals. Every 
member of the CNSB is encouraged 
to attend and present their work at 
relevant research conferences and 
workshops. 

SUPRAMA DATTA 
Suprama is studying 
the interaction of 
endogenous cellular 
metabolites and other 
bioactive small molecules with human 
proteins, including nuclear receptors 
which are master regulators of human 
cell gene expression that are linked to 
diverse human diseases and are im-
portant drug targets of broad interest 
to the biomedical research commu-
nity. As a newly appointed Visiting 
Research Fellow now affiliated with 
the Merck Exploratory Science Center, 
Suprama is also applying innovative 
chemical proteomics methods to ex-
amine how the SARS-CoV-2 virus, the 
causative agent behind the COVID-19 
pandemic, recognizes, binds to, and 
enters human cells.

RAGHUVEERA GOEL 
Raghuveera is en-
gaged in multi-level 
proteomics profiling 
of cancer and normal 
cells of the lung and breast, with 
the goal of characterizing molec-
ular deficits underlying malignant 
transformation and disease pro-
gression. A unique dimension of 
his work also relates to uncovering 
molecular trajectories adopted 
by stem cells that give rise to 
adipocytes and bronchial epithe-
lial cells. He is further applying 
high-throughput precision meth-
ods to interrogate macromolecular 
interaction networks and decipher 
cell–cell communication underlying 
multi-cellular crosstalk in the tumor 
micro-environment. 

WEIWEI LIN 
Weiwei has been 
developing and 
optimizing a mass 
spectrometry platform 
for proteomic and nanoflow metabo-
lomic analysis (PANAMA), which gen-
erates reproducible, high-sensitivity, 
high-resolution protein and metabo-
lite data in parallel for a broad array 
of biospecimens with minimal sample 
consumption. She is also examin-
ing the synaptic protein complex of 
Alzheimer’s disease.



AHMED YOUSSEF 
Ahmed is a PhD 
student in the bioin-
formatics program. 
His research is focused 
on developing computational ap-
proaches to study dynamic protein in-
teraction networks relevant to human 
health and disease. These projects 
include investigating the dynamics 
of protein interactions in response to 
different growth conditions, as well as 
using single-cell sequencing data to 
infer cell-level protein interactomes.

JARROD MOORE
Jarrod is an MD/PhD 
candidate whose 
research is focused 
on mapping the aber-
rant signaling pathways in Barrett’s 
Esophagus and Hypertrophic Cardi-
omyopathy. To this end, he collabo-
rates with both the Chen laboratory 
(Charles River Campus) and Harvard 
Medical School to study these diseas-
es using in vitro and in vivo models. 
He is supported by a fellowship from 
the Multicellular Design Program of 
the BU BioDesign Center.

MATTHEW  
LAWTON 
Matt is a PhD candi-
date in Biochemistry 
who joined the Emili lab in 
spring of 2018. His research is focused 
on the investigation of signaling and 
proteomic changes in T lymphocytes 
relevant to tumor biology and immune 

ETHAN  
ADDLESTONE 
Ethan is a graduate 
student in the Molec-
ular Biology, Cell Biolo-
gy and Biochemistry (MCBB) Program 
who joined the Emili Lab in May 2021. 
Ethan’s interests are in the fields of 
precision medicine and drug target-
ing. During his time with the CNSB, 
Ethan is focused on chemical pro-
teomic approaches to examine the 
interactions and targets of candidate 
drug compounds with human cells.

STANLEY  
GOLDSTEIN 
After several years 
studying drug dis-
position in industry, 
Stan joined the Emili lab in May 2021 
through the PhD program in Biomo-
lecular Pharmacology. He hopes to 
build expertise in mass spectrometry 
while using it as a tool to investigate 
drug action. Currently, Stan is work-
ing on a chemoproteomic platform to 
identify the protein targets of bioac-
tive small molecules, with the goals 
of improving phenotypic screening 
strategies, repurposing drugs, and 
discovering molecular probes. Stan 
also has a pet interest in psychophar-
macology and will collaborate with Dr 
Camron Bryant and the Laboratory 
of Addiction Genetics to identify pro-
teins involved in opioid addiction.

ARI (BEN)  
FITZSIMMONS 
Ben is a PhD student 
in the biomedical 
engineering program 
who joined the Emili lab in May 2021. 
He is co-advised by Dr. Ahmad ‘Mo’ 
Khalil. His project involves develop-
ing a mass spectrometry pull-down 
workflow for identifying native and 
exogenous ligands of human nuclear 
receptors in the Emili Lab. This will 
transition into developing synthetic 
nuclear receptors using the Khalil 
Lab’s eVOLVER system.

exhaustion. He has compared phos-
phorylation dynamics in chimeric anti-
gen receptor (CAR) T cells and during T 
cell exhaustion. He has also worked in 
collaboration with other labs, perform-
ing proteomics and phosphoproteom-
ics on projects ranging from immune 
cells in diabetes, to special “organoid 
primed T cells”, to immune-inhibitory 
mechanisms of cancer cells.

ALEJANDRO N. 
RONDÓN ORTIZ
Alejandro joined the 
Emili Laboratory in 
May 2020, right after he 
completed his rotations in the Biolo-
gy-Neurobiology PhD program. He is 
currently developing genetic tools to 
identify protein interactions in neurons 
and how these are affected in neuro-
degenerative disorders. He is co-su-
pervised by Dr. Benjamin Wolozin 
and is performing his project in close 
collaboration with Dr. Peter Ash. Addi-
tionally, he is interested in developing 
organoid models to examine how the 
brain is affected by COVID-19.

SAMANTHA (SAMI) 
CLAYTON 
Sami is a new PhD 
student in the bioin-
formatics program who 
joined the Emili lab in May 2021. She is 
co-advised by Dr. Stefano Monti. Her 
main interests are in how networks are 
perturbed in disease and how they 
can be leveraged to develop thera-
peutics. She is currently working on 
using a multi-omics approach to study 
the basis of metabolic alterations in 
aggressive forms of breast cancer.

III. SCHOLARLY WORK AND OUR CENTER’S ROLE 

GRADUATE  
STUDENTS

“Mentorship  
and teamwork 
form a 
cornerstone 
of the CNSB 
research 
experience.”
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UNDERGRADUATE  
STUDENTS

MARJORIES 
VASQUEZ 
Marjories is a current 
Biology Major specializ-
ing in cell biology, molecular biology, 
and genetics. She is working alongside 
Dr. Goel to study molecular factors 
that promote breast cancer using a 
proteomic approach.

CHRISTIAN  
ARTHUR 
Christian is an under-
graduate studying 
Biomedical Engineering 
who joined the Emili Lab this summer 
(2021). He is interested in the applica-
tion of microscopy and related tech-
niques in various forms of research 
in biological studies. He is currently 
working closely with Dr. Anderson 
(Ichun) Chen from the BOAS Lab and 
BU’s MNI Core Facility and the Beeler 
Chemistry Research Group to analyze 
and optimize novel dyes for single 
molecule protein sequencing.

RESEARCH STAFF

PIERRE  
HAVUGIMANA
Pierre completed his 
PhD thesis under the 
supervision of Dr An-
drew Emili before working 
at high-profile laboratories in the US 
and Europe. He joined the CNSB as 
a Research Scientist in 2017, focused 
on innovative interactomics mapping 
technology as well as the procurement 
and set up of high-spec equipment. 
Pierre is now on sabbatical leave 
helping researchers around the globe 
to set up high performing proteomics 
laboratories..

INDRANIL PAUL
Indranil develops and 
applies high-through-

put precision mass spectrometry 
methods to study biological ques-
tions of outstanding interest, such as 
the molecular basis of the epithelial 
to mesenchymal transition involved 
in cancer cell dissemination and 
metastasis.

RYAN HEKMAN 
  Ryan had a back-
ground in qualitative 
molecular biology 
techniques when mass 
spectrometry captured his 
interest for its quantitative nature. He 
is excited to be working in the field 
of biology when more quantitative 
techniques are revolutionizing its 
landscape, and hopes to help develop 
more powerful applications for mod-
ern instrumentation. Ryan’s current 
projects include phosphoproteomic 
profiling of tissues and cells, as well as 
identifying novel drug–protein inter-
actions.

AVIK BASU 
Avik is interested in 
mapping dynamic 
protein interaction 
networks. The main 
goal of his research is how the pro-
tein–protein interaction landscape at 
neuronal synapses changes during 
Alzheimer’s Disease progression. 
Using genetically engineered mouse 
models, Avik has developed a novel 
in vivo proximity labelling technique 
to identify protein networks in pre- 
and post-synaptic density in collab-
oration with Dr. Benjamin Wolozin. 
Avik is also applying innovative 
labelling methods to identify novel 
neuronal receptor protein interaction 
networks and how these are altered 
during homeostatic plasticity in col-
laboration with the Hengye Man lab. 
Additionally, Avik manages multiple 
collaborative projects across many 
labs within BU and outside involving 
phospho/proteomics/proximity labe-

ling and immunoprecipitation mass 
spectrometry.

NOAH LAMPL 
Noah joined the 
Emili Lab in June 
2021, directly after 
graduating from Wash-
ington & Jefferson College. During 
his sophomore year of college, he 
was awarded the Maxwell Summer 
Internship, which supported his 
research in a Molecular and Cellular 
Biology Lab at American University. 
Since then, he has been interested in 
learning the processes of discovering 
how cellular and protein interactions 
may untimely contribute to a patient’s 
clinical outcome. In the Emili lab, he 
will be assisting Dr. Lin in her meta-
bo-proteomic profiling research while 
he develops his own project ideas.

CHRISTIAN  
HECKENDORF 
Christian has been 
developing a com-
putational pipeline to 
standardize the analysis of metab-
olomics data, in tandem with the 
central proteomics pipeline of the 
laboratory. He is also building a 
data warehouse to link experimental 
chemo-proteomic data with known 
protein–drug interactions and asso-
ciated information to streamline the 
discovery process.

JAYMIE R. ZAPATA
Jaymie is the admin-
istrative coordinator 
for the Center, man-
aging the purchase of 
supplies and equipment, as well as 
heading the Center’s social media 
efforts. Jaymie is a dual degree 
master’s candidate at BU’s School of 
Public Health and School of Social 
Work. Her focus is on advancing 
health equity for marginalized pop-
ulations.
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PETER ASH, PhD, 
Research Assistant 
Professor in the 
Pharmacology & Ex-
perimental Therapeu-
tics department at the 
Boston University School of Medicine
Field of Study: Molecular biology of 
neurodegeneration. 

Dr. Ash currently lectures on 
Amyotrophic Lateral Sclerosis and 
has spoken about environmental 
toxicant-agonists and modelling 
TDP-43 proteinopathy in the 
nematode C. elegans. He has also 
served as the PI for the American 
Parkinson Disease Association 
Fellowship. 

MARK CROVELLA 
(CS), PhD,  
Professor and 

former Chair in the Department of 
Computer Science 
Field of Study: Computer networking 
and network science.  

Much of his work has been on im-
proving the understanding, design, 
and performance of parallel and 
networked computer systems, main-
ly through the application of data 
mining, statistics, and performance 
evaluation. In the networking arena, 
he has worked on characterizing the 
Internet and the World Wide Web. 
He has explored the presence and 
implications of self-similarity and 
heavy-tailed distributions in network 
traffic and Web workloads. He has 
also investigated the implications of 
Web workloads for the design of scal-
able and cost-effective Web servers. 
In addition, he has made numerous 
contributions to Internet measurement 

and modeling; and he has examined 
the impact of network properties on 
the design of protocols and the con-
struction of statistical models. In the 
network science arena, he has focused 
on the analysis of social, biological, 
and data networks.

GERALD DENIS, 
PhD, Associate 
Professor of Phar-
macology and Med-
icine; Co-Director, 
BU-BMC Cancer Center 
Education
Field of Study: Molecular oncolo-
gy, chromatin control of transcrip-
tion in cancer.  

The goal of Dr. Denis’s research is to 
understand the fundamental mech-
anisms of transcriptional control 
of growth and development, and 

THE CNSB IS A MAJOR HUB FOR  
INTER-DISCIPLINARY RESEARCH AND TRAINING 

AFFILIATED FACULTY:
Members have priority access to facility resources, and enhanced project coordination. 

Core & affiliated faculty,  
staff, students, fellows

a. 
IV. Faculty & Staff engagement

CNSB researchers are engaged in active 
collaborations with other leading groups in 
the Boston area, including labs at both BU 
campuses and at Harvard Medical School, MIT 
and beyond. 

The CNSB has forged extensive links to nu-
merous research faculty and associated educa-
tional initiatives at both the Charles River and 
Medical Campuses, including the new Faculty 
in Computing and Data Sciences and the Grad-
uate Program in Bioinformatics, both premier 
cross-campus mentoring venues at BU.



contribute to broadly regulate the 
cellular responses to external stimuli 
and changes in bioenergetics needs 
through transcriptional and non-tran-
scriptional functions.

DANIEL SEGRÈ, 
PhD, Professor of 
Bioengineering 
Field of Study: 
Structural bioinfor-
matics. 

The Segrè lab develops theoreti-
cal approaches and computational 
models for the study of complex bio-
logical networks with special atten-
tion to the dynamics and evolution 
of metabolism, whose complex web 
of small-molecule transformations 
underlies fundamental aspects of 
biological organization, from ener-
gy transduction to cell–cell com-
munication. In addition to helping 
understand how biological systems 
function and evolve, the Segrè lab 
seeks to apply their methods to the 
design and optimization of engi-
neered networks for bioenergy and 
biomedicine applications.

TREVOR  
SIGGERS, PhD, 
Associate Pro-
fessor of Biology; 
Member of the 
Nanotechnology 
Innovation and the Biological De-
sign Center
Field of Study: Systems biology and 
regulation of immune system and 
inflammatory responses. 

The Siggers lab uses computational 
and experimental approaches to 

particularly, how chromatin-based 
disruptions of the eukaryotic cell cycle 
can lead to malignancy. His lab focus-
es on the BET bromodomain proteins, 
a family comprised of BRD2 (originally 
named RING3), BRD3 and BRD4 in 
somatic cells, which are important as 
transcriptional co-regulators. 

DAVID HARRIS, 
MD-PhD, Professor 
and Chair of Bio-
chemistry
Field of Study: 
Neurodegenerative 
disorders, prions, and Alzheimer’s 
disease. 

The Harris laboratory investigates the 
molecular and cellular mechanisms 
underlying two classes of human 
neurodegenerative disorders: prion 
and Alzheimer’s diseases. His work 
has two broad objectives: first to 
understand how prions and other 
misfolded protein aggregates cause 
neurodegeneration, neuronal death 
and synaptic dysfunction; second, 
to aim to use our knowledge of the 
cell biology of prion and Alzheimer’s 
diseases to develop drug molecules 
and other therapeutic modalities for 
treatment of these disorders.

STEFANO  
MONTI, PhD, 
Associate Professor 
of Medicine and 
Biostatistics
Field of Study: Com-
putational Biomedicine and network 
inference. 

Dr. Monti’s research integrates 
systems biology, machine learning, 
and bioinformatics approaches to 
investigate the molecular drivers 
of human disease, with the goal 
of advancing prevention and care. 
This multidisciplinary effort relies 
on the development of novel com-
putational methodologies, and on 
the design of experiments based 
on the generation and integrative 
analysis of high-throughput mul-
ti-omics data, with the goal of iden-
tifying novel therapeutic targets 
and developing accurate diagnostic 
and prognostic biomarkers. Spe-
cific areas of research include the 
study of the molecular mechanisms 
of tumor initiation and progres-
sion and of the role played in it by 
environmental exposure, as well as 
the study of the biological factors 
contributing to healthy aging and 
extreme longevity.

VALENTINA 
PERISSI, PhD, 
Associate Profes-
sor, Biochemistry; 
Co-PI and Direc-
tor, Boston Nutrition 
Obesity Research Center
Field of Study: Epigenetics, Endo-
crinology and Metabolism. 

The Perissi lab investigates how 
different inputs are integrated and 
translated in fine-tuning of tran-
scriptional regulation via the action 
of signal transduction pathways, 
ubiquitin conjugating machineries 
and chromatin remodeling enzymes. 
Her current focus is on understand-
ing how different components of the 
NCoR/SMRT corepressor complex 

“CNSB researchers 
are engaged in 
active collaborations 
with other leading 
groups in the 
Boston area.”



examine gene regulation at multiple 
levels. At the molecular level, their 
research examines how transcription 
factor proteins binding together 
on DNA control elements integrate 
signaling events and direct gene 
transcription. 

SANDOR VAJDA, 
PhD, Professor of 
Bioengineering 
Field of Study: 
Structural bioinfor-
matics. 

The Vajda lab is developing relia-
ble and robust methods of mo-
lecular modeling tools based on 
rigorous biophysical and engi-
neering principles. The lab seeks 
to implement them as web-based 
servers to be used and thereby 
validated by the broad biomedical 
community.

XARALABOS (BOB) 
VARELAS, PhD; 
Associate Profes-
sor of Biochem-
istry
Field of Study: Mo-
lecular mechanisms of cell prolifer-
ation, differentiation and survival 
during development and disease. 

Research in the Varelas lab is fo-
cused on gaining insight into the 
molecular mechanisms by which 
cell fate is coordinated with cell 
proliferation and survival during 
animal development and disease. 
The lab is particularly interested 

in understanding the roles of the 
transcriptional regulators YAP 
and TAZ (YAP/TAZ), which are key 
effectors of the Hippo signaling 
pathway.

BENJAMIN 
WOLOZIN, 
MD/PhD, Prof. 
Pharmacology & 
Neurology 
Field of Study: Molec-
ular biology of neurodegeneration. 

Dr. Wolozin’s research seeks to un-
derstand the mechanisms underlying 
neurodegenerative diseases, and 
then to use this understanding to 
develop novel interventions for dis-
ease.  Much of his research focuses 
on the central concept of regulated 
protein aggregation. 

JOSEPH ZAIA, PhD, 
Professor of Bio-
chemistry 
Field of Study: 
Glycoproteomics of 
the cell surface and 
extracellular matrix.

Dr. Zaia’s lab develops mass spec-
tral methods for glycomics, pro-
teomics, and glycoproteomics that 
enable comparison of struc-
tures as a function of bi-
ological variables. 
His research 

aims to develop a fundamental 
understanding of the manner in 
which cell surface and extracellular 
matrix molecular structure varies 
according to disease mechanisms. 
His collaborative projects concern 
cancer, neurological diseases, and 
viral disease.

JOHN PORCO, PhD, 
Director, Center for 
Molecular Discov-
ery; Co-Director 
(w/ A. Emili) of the 
BU Target Discovery 
Laboratory
Field of Study: Chemical synthesis 
of bioactive compounds.

Research in the Porco Group is 
focused in two major areas: the 
development of new synthetic 
methodologies for efficient chemi-
cal synthesis of complex molecules 
and synthesis of complex chemical 
libraries, the latter conducted at 
the Boston University Center for 
Molecular Discovery. Synthetic 
methodologies developed in the 
Porco Laboratory include copper 
(I)-mediated formation of ena-
mides, oxa-electrocyclization/
dimerization of dienals enroute to 

IV. Faculty & Staff engagement
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Field of Study: iPSC biology and 
lung development, disease, and 
regeneration. 

The Kotton lab’s goal is advancing 
our understanding of lung disease 
and developmental biology with a 
focus on stem cell biology and gene 
therapy. One focus of the Kotton 
lab is defining the genomic and 
epigenomic programs that regulate 
lung cell fate; a longer-term goal 
is the de novo generation of the 
full diversity of lung lineages and 
transplantable 3D lung tissues from 
pluripotent stem cells.

ANDREW  
WILSON, MD, 
Assistant Profes-
sor of Medicine, 
Director of the 
Alpha-1 Center
Field of Study: Molecu-
lar Pulmonology. 

The 4 core areas of Dr. Wilson’s re-
search are: I) to confirm the clinical 
significance of the iPSC platform 
to model in vivo patient biology 
and demonstrate its potential 
for testing potential therapeutic 
agents; II) to better understand the 
genetic factors and mechanistic 
drivers that predispose subsets of 
AATD patients to develop clinical 
disease; III) to elucidate the mech-
anistic contribution of putative 
COPD susceptibility genes to lung 
disease pathogenesis; and IV) to 
develop gene or cell-based thera-
pies for AATD.

MOHSAN SAEED, 
PhD, Assistant Pro-
fessor of Biochem-
istry; Investigator, 
NEIDL
Field of Study: Sys-
tems biology of host–virus interface 
and biochemistry of viral proteases. 

The Saeed laboratory investigates the 
role that viral proteins, particularly viral 
proteases, play in remodeling host 
cells and creating a favorable environ-
ment for virus replication. To this end, 
they take a two-pronged approach: 
they employ modern systems biolo-
gy methods to get a global view of 
the virus–host interface and then use 
classical molecular biology and bio-
chemistry techniques to gain deeper 
mechanistic insights. The major focus 
of the Saeed laboratory is to identify 
and characterize host proteins that are 
cleaved by viral proteases.

THE CENTER  
FOR REGENERATIVE  
MEDICINE (CREM):

DARRELL  
KOTTON, MD/
PhD, David C. 
Seldin Professor in 
the Departments of 
Medicine, Pathology 
and Laboratory Medicine; founding 
Director of the Center for Regenera-
tive Medicine

complex epoxyquinoids; enanti-
oselective oxidative dearomatiza-
tion using chiral copper complexes 
and molecular oxygen; photocy-
cloaddition using oxidopyryliums 
en route to the rocaglamides and 
related natural products, and cat-
alytic ester-amide exchange using 
group (IV) metal alkoxide-activator 
complexes.

NATIONAL EMERGING 
INFECTIOUS DISEASES 
LABORATORIES (NEIDL):

ELKE  
MÜHLBERGER, 
PhD, Associate 
Professor of Mi-
crobiology; Investi-
gator, NEIDL
Field of Study: Ebola (EBOV) and 
Marburg virus (MARV) and host 
pathogenesis.

The Mühlberger lab studies differ-
ent aspects of the filovirus infection 
cycle. One focus of her work is to 
dissect the mechanisms of filovirus 
genome replication and transcrip-
tion with the goal to identify deter-
minants of virulence including work 
on Lloviu virus, a new member of the 
filovirus family, whose pathogenicity 
in humans is not known. Another 
focus of her research is centered 

around the host response to 
filovirus infection. Tools 

the lab uses for this 
work include 

minigenome 
systems and 

recom-
binant 
viruses. 

“The CNSB has 
forged extensive 
links to numerous 
research faculty 
and associated 
educational 
initiatives.”
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LEADERSHIP, TECHNICAL & ADMINISTRATIVE STAFF – 
ORGANIZATIONAL STRUCTURE AND GOVERNANCE

Current staffing –  
Org chart

b. 
IV. Faculty & Staff engagement

The Center for Network Systems Biol-
ogy is a university-wide interdiscipli-
nary research center reporting to the 
University Provost through the Vice 
President and Associate Provost for 
Research at Boston University. While 
the Emili group now occupies two 
laboratories, one on the Charles River 
Campus and a larger main facility 
on the Medical Campus that house 
state-of-the-art mass spectrometry 
and associated instrumentation, the 
CNSB is largely virtual, and so does 
not consist of any contiguous prede-
fined space. Membership includes 
outstanding systems biology and mo-
lecular biology faculty who resonate 
with the Center’s research themes 
and who are housed in a range of 
locations on both the Charles River 
and Medical Campuses. 

As the Founding Director, Profes-
sor Andrew Emili was recruited 
to BU through a Senior Hiring 
Initiative with joint appoint-
ments in the Department 
of Biochemistry at the 
Medical School and the 
Department of Biology on 
the Charles River Campus, 

and appointed by the Provost as 
the CNSB’s Founding Director for 
a renewable five-year term, effec-
tive July 1, 2017. Professor Emili is a 
pioneer and leader in global “in-
teractome” mapping as a research 
paradigm, and his research group 
continues to report ground-breaking 
studies documenting the molecu-
lar interaction maps of human and 
model cell and tissue systems. Dr 
Emili’s laboratory serves as a central 
hub in the Center’s operations by 
providing timely access to research 
instrumentation and experimental 
expertise needed for collaborative 
projects involving other CNSB 

research faculty using experimental 
techniques in the realm of quantita-
tive and functional proteomics and 
the emerging domain of Network 
Systems Biology. Although put 
on hold this past year, the Conte 
building facility has ample first floor 
space for hosting social gatherings, 
seminars, conferences, and work-
shops organized by the Center. The 
Director is responsible for the overall 
activities of the CNSB, including per-
sonnel, financial resources, and the 
use of the Center’s facilities, as well 
as the establishment of collaborative 
research, education and training pro-
grams and their implementation. 



The Director is supported by Senior 
Staff members, including a Facili-
ty Manager, a Lab Manager and a 
Project Manager, who are seasoned 
and accomplished senior scientists 
with notable track records in pro-
teomics, mass spectrometry and 
network biology, who assist in the 
establishment and management of 
intra-/extra-mural research collabo-
rations, in maintenance and oper-
ation of infrastructure, in scientific 
outreach and training activities, and 
in biosafety and budgetary compli-
ance. The Director is also supported 
by an Administrative Coordinator, 
as well as by the administrative 
structure of the Departments of 
Biochemistry and Biology, who 
help oversee the Center’s vital 
operations (e.g., grants administra-
tion, meetings, finance). The CNSB 
research activities are supported by 
three Core components: 

The Administrative Core, led by the 
Director, Professor Andrew Emili, 
manages, coordinates, and supervis-
es all scientific, outreach and budg-
etary activities. A key objective of 
the Administrative Core is to support 

wide user uptake of network systems 
biology concepts and methods by 
implementing ongoing outreach and 
platform dissemination programs. 
Drawing together an outstanding 
team of experts in molecular biolo-
gy, proteomics, functional genomics, 
mass spectrometry, computational 
biology, and systems biology, the 
Administrative Core nurtures scien-
tific expertise, fosters new collab-
orative enterprises, and provides 
guidance for future team and grant 
initiatives. The Administrative Core 
is responsible for training, work-
shops, and other outreach activities. 
These include sponsoring prominent 
outside guest speakers in the area of 
network systems biology, as well as 
hosting informative project websites, 
social media and virtual tutorials, 
and “hands on” physical training 
sessions to disseminate skills needed 
for proteomics and network biology 
data generation and analysis, and to 
share key findings with other BU re-
search groups and broader scientific 
communities. 

The Technology Core deploys cut-
ting-edge high-throughput technol-

ogies (e.g., quantitative proteomics, 
metabolomics) for systems-level 
analysis of samples generated by 
the Center’s collaborators and in 
house projects, focused primarily on 
our high-performance mass spec-
trometry facilities, but also via other 
emerging technology platforms, 
such as chemical biology and molec-
ular imaging.  

The Data, Bioinformatics and 
Modeling Core performs sophis-
ticated computational analyses 
related to the Center’s projects 
and data analysis needs. These 
include integrative molecular-level 
investigations of protein networks, 
signaling pathways and disease 
associations. The Core provides 
real-time data access to collabo-
rating team members, facilitating 
data exchange. Once a project 
is completed and published, the 
compiled data and models are 
made available to the broader sci-
entific community via dissemina-
tion to public databases as well as 
through the creation of dedicated 
web portals supported and man-
aged by Core personnel. 
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Social media 
MISCELLANEOUS

http://cnsb.bu.edu @BUCNSB www.facebook.com/BUCNSB W

The Center for Network Systems 
Biology maintains an active pres-
ence on both Facebook and Twitter. 
Through these platforms the Center 
can engage with peer organiza-
tions, highlight our research, pro-
mote the work of colleagues at BU 
and beyond, and keep current on 
advances and discourse in the field 
of mass spectrometry and function-
al proteomics.  

In early 2021, the CNSB redoubled 
efforts to increase its engagement 
with Twitter, a fast-paced platform for 
real-time information sharing. As a re-
sult, we have seen a 416% increase in 
hits to our Twitter page with an aver-
age of 4,800 page views per month, 
and a steadily improving (13%) 
increase to our follower 
count. The CNSB 
currently averag-
es 5 tweets per 
month, and con-
tent includes 
a mixture of 
spotlights of 
our students 
and researchers, 
publication an-
nouncements, and 
re-blogs of critical 
research of interest 
and import to our 
scientific community.

200% increase 
over past year!

https://cnsb.bu.edu/
https://twitter.com/BUCNSB
http://www.facebook.com/BUCNSB 


The CNSB has created a few series 
of videos to promote and explain 
its operations, as well as teach 
incoming candidates scientific pro-
tocols developed by more senior 
members of the team. 

One animated series describes the 
mission, research, and structure 
of the CNSB, and these videos are 
available on YouTube, LabTube, and 
embedded in both our Facebook 
and web pages.

A second series of live filming 
demonstrates step-by-step meth-
odology (for example, sample 
desalting, tissue homogenization, 
operating an HPLC system, and 
solid phase micro-extraction of 
metabolites). These will be used 
both internally and with collabo-
rators to preserve as well as share 
knowledge of the CNSB platform 
processes with the outside world 
for years in the future.

Videos: 

Website:
The CNSB website  
(https://cnsb.bu.edu)  
displays our mission, current research 
areas and affiliated faculty, an archive 
of annual reports, links to useful re-
sources, databases and publications 
from our team, and news updates 
in the form of an embedded Twitter 
feed and blog. The website serves 
as a place for interested candidates, 
funders, and collaborators to learn 
about who we are and what we do. 
In fall 2021 we will be revamping the 
website to streamline user interface 
and highlight trainee experiences.

W

https://cnsb.bu.edu


The Center for Network 
Systems Biology at Boston 
University supports ambitious 
research initiatives to map 
protein interaction networks in 
different biomedical contexts. 
CNSB provides essential 
interdisciplinary knowledge 
as well as the technical 
prowess to get to the heart 
of network systems biology. 
With collaborative research 
programs based across both 
Boston University campuses – 
BU Medical Center and Charles 
River – the CNSB serves as 
a leading scientific hub from 
which to chart the dynamic 
molecular networks critical to 
human health and disease. 

Andrew Emili,  
PhD, Director of the CNSB 
and Professor of Biochemistry, 
Biology, Computing 
and Data Sciences. 

The Center for Network Systems 
Biology of Boston University 
is located in the Silvio Conte 
Building (K-320) of the Medical 
Campus at 71 E. Concord St., 
Boston, MA 02118; and on the 
Charles River Campus in the Life 
Science & Engineering Building 
(LSEB – 712), 24 Cummington 
Mall, Boston, MA 02215. 

Contact: aemili@bu.edu;   
http://cnsb.bu.edu/   
phone: 617-353-2439 (CRC) /  
617-358-4511 (BUMC)  


