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“The past six 
months have 
been uniquely 
challenging, 
inspiring and 
fulfilling.”

LETTER FROM THE DIRECTOR

Boston University, same as the country
and the world at large, is at a historical 

crossroads. We are facing biomedical and 
socioeconomic headwinds from a 
pandemic and other storms that have the 
potential to rock our institution – and 
society – to its very foundations. As we 
contemplate and prepare for the return of 
the academic school year – one for the 
ages wrought with exceptional challenges 
and uncertainties – the R’s that underlie 
education in this new environment come 
to mind: Resilience, Relevance, Rigor, and 
Resourcefulness. These notions form the 
bedrock of the Center for Network 
Systems Biology as we navigate forward 
through unprecedented turbulence with a 
sense of purpose, commitment, and 
confidence as a collective of dedicated 
and capable scientists. We are determined 
to overcome obstacles, assume 
responsibility for our privileges, and seize 
opportunities to counter this pandemic 
and other pressing societal needs in a 
meaningful, impactful, and lasting way.

Understanding the scale of the
COVID-19 threat, recognizing our 

Center’s mandate is to tackle fundamental 
biomedical problems, and taking 
inspiration from the brave staff at Boston 
Medical Center and the School of 
Medicine, as director of the CNSB, I 
decided in mid-March that we needed to 
make an abrupt pivot and redirect all 
available resources, infrastructure and 
scientific capabilities to the novel 
coronavirus that was just then starting to 
hit the Boston area. The past six months 
have been uniquely challenging, inspiring 
and fulfilling. We managed to keep our 
stride in the face of myriad obstacles, 
adapt as individuals, as a group and as an 
institutional hub, and stretch our 
capabilities to the limit. Now, as we 
change gears yet again to transition back 

to a new normal, we can look back at what 
was accomplished, while revisiting core 
projects that had been set aside.

Collaboration across disciplines, a
concept baked into the DNA of the 

CNSB, has allowed our team to adapt 
quickly to COVID-19. We have been able 
to address important biomedical 
questions in a rapidly changing research 
environment. Kudos to our partners at 
Boston University’s National Emerging 
Infectious Diseases Laboratories (NEIDL), 
the Center for Regenerative Medicine 
(CReM), our colleagues in the 
Departments of Biochemistry and Biology, 
and numerous other collaborators at both 
the Medical and Charles River Campuses, 
and to the selflessness commitment of our 
trainees and staff who chose to rise to the 
occasion and support each other through 
a harrowing stretch. We have managed to 
accomplish more and see further as 
scientists by working in concert and 
standing on each other’s shoulders. 
Indeed, we have glimpsed the outlines of 
a powerful new research paradigm: 
building a dynamic, cooperative and 
responsive team across traditional 
organizational boundaries to address a 
complex, urgent need. Optimizing, 
nurturing, and sustaining this model is key 
to maximizing the CNSB’s impact in the 
near and far future. 

Networks – at the molecular, social and
organizational level – are the lifeline 

through which our scientific team has been 
able to: improve basic understanding of 
how the SARS-CoV-2 virus invades and 
subverts the biochemical systems of human 
lung cells, determine how the ‘interactome’ 
architecture of the human brain is 
structured normally and becomes 
progressively perturbed in 
neurodegenerative diseases such as 

Alzheimer’s, and define how signal 
transduction cascades, metabolite–protein 
crosstalk, and other forms of intracellular 
regulation define cell behavior and fate 
during development and in pathological 
conditions such as diabetes and cancer.

Scientific advances come from
transformative discoveries driven by 

inquisitiveness, determination, and grit. 
Each and every member of the CNSB has 
a unique perspective, skillset, and role to 
play. Our Center is a highly dynamic 
environment that supports a myriad of 
new initiatives that engage multiple 
disciplines, driven by the common goal of 
making important scientific advances. 
With the support of sizeable investments 
from BU, Industry, and the NIH, we are 
leveraging a world-class infrastructure to 
enable the systematic mapping of 
connectivity diagrams with exceptional 
biomedical significance, scope, and 
resolution. Our work is uncovering 
unexpected causal associations, 
fundamental functional relationships, and 
clinically actionable targets that are laying 
the groundwork for future therapies.

Biomedicine provides hope for our
society in the form of potentially safe, 

effective, and widely available vaccines 
and therapeutics for COVID-19, and other 
ongoing threats to humanity. As we 
contemplate a new scholarly year, the 
CNSB has a renewed sense of resolve, 
purpose, and commitment. We are 
grateful to the administration, our 
scientific advisory board, and our affiliates 
for their unwavering support this past year, 
and their continued trust and guidance 
over the coming months as we chart out a 
path towards another exciting, productive, 
and successful year ahead.  

Andrew Emili
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AT A GLANCE
Interesting facts and 
numbers

PEOPLE
Members come from six countries: 
USA (CA, NC, MA, TX), India, 
China, Rwanda, Egypt, Peru, and 
Canada 

SCIENCE 

32
Number of collaborator (PIs/labs) 
projects the CNSB engaged in over 
the past year

 
 
 2146
Number of samples analysed by 
CNSB over past year

Number & cumulative size of data 
CNSB researchers generated
  6892 data files
  
 7.53 Terabytes

FUNDING
Grants awards

Direct 
 $3,359,125
 
Indirect
 $1,389,833
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Network Systems Biology is the study of the physical and 
functional interactions of biomolecules that mediate the 
diverse complex biological systems that are crucial to 
health and disease. It is also an emerging strength of 
Boston University. Elucidating the biological networks 
that drive human health, development and pathology is 
fundamental to a deeper mechanistic understanding of 
cellular processes and disease.

The mission of the Center for Network Systems Biology is 
to develop, enhance and disseminate transformative 
technologies to support multi-disciplinary collaborative 
research in Network Systems Biology at the Medical and 
Charles River campuses of BU to enable ground-breaking 
biological discovery in the coming years.

“The Center’s 
highly collaborative 

‘welcome to all’ 
environment 

supports ambitious, 
transformative, and 

clinically relevant 
projects.”

MISSION STATEMENT

CENTER STRATEGIC PLAN

CNSB aims to be a world leader in 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, open new 
avenues for funding, and have long-term potential for 
translation impact. Our research program benefits 
enormously from the Center’s unique blend of molecular, 
computational and applied scientists, who provide 
complementary skills and diverse perspectives. Our 
integrative team-based approach aims for high 
productivity and impact, while mentoring the 
development of highly capable trainees, who are eager 
to establish their mark in the national and international 
research scene. We remain a nimble operation, attuned 
to changing opportunities and needs, as reflected by our 
sharp pivot in early spring to work closely and 
productively with other groups, most notably NEIDL, 
CReM, and the BU Center for Molecular Discovery, to 
contribute to mechanistic understanding of the viral 
pathogenesis driving the COVID-19 pandemic. Our 
efforts are supported by dedicated and capable staff 
(see organizational chart), who provide requisite 
expertise (bioinformatic programming) and professional 
services (grant management, procurement, community 
outreach) in an efficient, nurturing manner.

I .   MISSION II .   STRATEGIC GOALS
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I. ESTABLISH BU AS A 
WORLD 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 understanding the 
mechanistic basis of biological systems 
and their causal roles in clinical disorders. 
The primary objective of the Center 
is to map these systems of interacting 
biomolecules and investigate how they 
drive the cellular functions and pathways 
essential to human pathobiology. This 
research is multi-disciplinary in nature, 
and builds on and enhances the research 
and reputation of BU in the domain of 
Network Systems Biology, establishing 
an internationally recognized academic 
center for scientific innovation and 
excellence that attracts, trains and 
nurtures talented 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 the Medical and 
Charles River campuses. Our Center 
is a focal point for a growing cadre of 
basic and translational researchers, 
clinicians, computational biologists 
and data scientists (bioinformaticians, 
statisticians, mathematicians), chemists, 
bioengineers and other innovators 
tackling important biomedical problems. 
The Center continues to build and nurture 
a highly collaborative and successful 
entrepreneurial research community 
throughout BU.

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

The Center endeavors to pioneer powerful 
new experimental technologies for the 
systematic large-scale study of molecular 
interaction networks critical to human 
health and disease. The CNSB provides 
a broad and growing array of affiliated 
researchers with timely access to state-of-
the-art infrastructure and expertise. The 
Center’s main platform is based around 
precision mass spectrometry and an 
array of methods for quantitative, high-
resolution molecular profiling of different 
tissues and cell types down to single 
cells and their subcellular compartments. 
The Center continues to build a rigorous 
computational framework that leverages 
statistical inference, artificial intelligence 
and integrative data science techniques 
to combine and leverage complementary 
types of data to solve challenging 
biomedical problems at the forefront of 
the respective field. 

WE HAVE THE FOLLOWING 
OVERARCHING STRATEGIC GOALS

MULTI-DISCIPLINARY GRANT APPLICATIONS 
(FUNDED OR HIGH PROBABILITY OF FUNDING)
“ULTRA-HIGH PRECISION MASS SPECTROMETER”
NIH (HEI) Grant (1S10OD026807) Awarded $1,159,106

Principal Investigator Andrew EMILI

A. GRANT FUNDED PROJECTS  
 AND THEIR RATIONALE

II.  STRATEGIC GOALS
“The Center endeavors 

to pioneer powerful 
new experimental 

technologies.”

The Boston University (BU) 
Department of Chemistry seeks NIH 
support to acquire a Thermo Scientific 
Orbitrap Fusion Lumos Tribrid Mass 
Spectrometer (Fusion Lumos) for its 
Charles River Campus (CRC). This 
instrument would enable investigators 
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 would 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 Stabilization/
Thermal Profiling, Affinity Capture, and 
other chemical-proteomic 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 researchers 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 is 
critical to the research programs of 
a number of Major Users (Professors 
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 Laboratory (TDL), 
developed by Professors Emili and Porco 

in 2017. The University’s commitment is 
demonstrated 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 maintenance, 
operations and training will rest with 
Dr. McComb. The training of young 
scientists in the use and interpretation 
of precision mass spectrometry and 
chemical proteomics will not only 
facilitate their own research objectives 
but will also provide valuable additional 
technical knowledge and skills for 
successful future careers in academia, 
government and industry.
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While the number of microbes in 
the human body is comparable to 
the number of our own cells, our 
understanding of their role in human 
health is still largely a mystery. The 
growing number of reports that specific 
changes in microbiota are associated 
with almost any imaginable disease, still 
leaves open a number of fundamental 
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 
interdependency. A wealth of information 
on microbiome–human interactions is 
derived from ongoing sequencing efforts 
and high-throughput measurements of 
microbiome-related phenotypes, which 
provide very insightful and increasingly 
detailed snapshots of taxonomic and 
functional changes in the microbiome 
and related human response, but 
which leave unanswered the basic 
question of which microbes, under what 
environmental condition, can causally 

affect what cellular processes. Our 
proposed project takes a complementary 
approach 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 regulation. 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 
ligand-bound nuclear receptors affect 
downstream binding to DNA promotors, 
and use computational modeling of 
molecular structures and genome-scale 
biochemical pathways to provide a 
detailed molecular understanding of the 
diet–microbiome–human information 
flow. In order to enable the highly 
interdisciplinary endeavor 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 microbial consortia, chemical 
proteomics mass spectrometry, high-
throughput detection of transcription 
factor activity 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 specific 
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 molecular rules and health 
implications of microbiome–human 
symbiosis.

“DECIPHERING THE MICROBIOME–HOST  
INTERACTION CODE AT THE MOLECULAR LEVEL”
RM1 - Collaborative Program Grant for Multidisciplinary Teams

Emili, Kozakov, Menichetti, Rakoff-Nahoum, Segre (Contact)

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 disproportionately high among 
vulnerable cohorts, such as patients at 
safety net hospitals in the U.S., where it 
can affect half of the patient population. 
Yet, current models of breast tumor 
progression and immunotherapy are 
based on data from metabolically 
healthy cancer patients, ignoring 
metabolic /inflammatory components 
of T2D. Preliminary and published 
data support an overall hypothesis: 
specific metabolic and immune 
exhaustion networks in breast cancer 
patients with co-morbid T2D promote 
tumor aggressiveness. We propose 
an innovative multiscale modeling 
framework 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/aggressiveness 
as the primary outcome variable in 
estrogen receptor-negative (ER-) breast 
cancer, which has poor prognosis 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 reprograms 
immune exhaustion and metabolism 
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 three groups of patients 
(T2D, T2D+ metformin-medicated 
(T2D+M), non-diabetic (ND) controls) 
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-derived organoids, including 
organoid-primed T cells (OpT), to test 
the computational model for metabolism 
and immune checkpoints. We will 
evaluate mechanistic hypotheses that 
T2D medications, immune checkpoint-
blocking antibodies and chemical 
inhibitors of BET bromodomain proteins 
(which regulate checkpoint expression) 
overcome immune exhaustion to 
improve OpT cell metabolism and 
tumor cell killing. TCR sequencing will 
reveal emergent OpT oligoclonality; 
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 analyses 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.

“MULTISCALE ANALYSIS OF METABOLIC INFLAMMATION AS 
A DRIVER OF BREAST CANCER” 
National Cancer Institute - Research Projects in Cancer Systems Biology

Emili, Monti, Muthuswamy (HMS), Denis (Contact)
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Lung adenocarcinomas are responsible 
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 propagation 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 pulmonary 
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 anticipate will serve as the first 
model of the earliest stages of lung 
adenocarcinoma 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 oncogene. We 
found this oncogene robustly 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, 
upregulating 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 cassettes 
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 increased proliferation, 
dysplasia, and karyotypic instability of 
iPSC-derived AEC2s, in other words a 
new model system of adenocarcinoma 
induction from human AEC2s.

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 numerous 
sarcomeric proteins that regulate cardiac 
contractility have been identified as an 
important cause of this disease, but it 
remains unclear how the intrinsic changes 
in contractility of cardiac myocytes lead 
to the fibrotic changes that are caused 
by other stromal cell types residing 
in the heart muscle. While current 
experimental models have provided a 
descriptive basis for disease progression, 
there is no clear understanding of which 

cell types, and their interactions, are 
necessary for the pathogenesis leading 
to fibrosis. The Chen lab has developed 
a microtissue platform where iPSC-
derived 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 containing iPSC-CMs 
harboring mutations associated with 
HCM plus normal, unmutated stromal 
cells leads to a fibrotic phenotype, 
suggesting crosstalk between myocytes 
and stromal cells provides a direct 
mechanism for HCM-induced fibrosis. 
Concurrently, 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 regulating 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 quantitative proteomic 
profiling, this project aims to establish a 
new collaboration between the Chen and 
Emili groups identifying the paracrine 
interactions 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 mechanisms of HCM-
induced fibrosis.

“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

Kotton (CReM), Chen (BDC) & Emili (CNSB)

“MASS SPECTROMETRY-BASED IDENTIFICATION OF 
PARACRINE SIGNALS DRIVING FIBROSIS IN A NEW 
MODEL OF HYPERTROPHIC CARDIOMYOPATHY”
Kilachand Multi-Cellular Design Program Pilot Project 

Chen (BDC) & Emili (CNSB)

“This project aims 
to establish a new 

collaboration 
between the 

Chen and Emili 
groups.”
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With unrelenting speed, human 
transmission of SARS-CoV-2, the 
causative agent of COVID-19, is causing 
a massive societal burden. Elucidating 
how the virus infects host cells is crucial 
to understanding its mechanisms of 
pathogenesis and devising rational 
treatments. During infection, the viral 
Spike (S) glycoprotein engages with 
angiotensin-converting enzyme 2 (ACE2), 
a surface glycoprotein on epithelial 
cells of the lung, intestine, kidney 
and vasculature, leading to host-cell 
internalization of virus particles. ACE2 
is the primary receptor of SARS-CoV-2 
(and SARS-CoV) Upon binding to 
ACE2, viral glycoprotein S undergoes a 
conformational change that predisposes 
it to proteolytic cleavage by another cell-
surface protease, type II transmembrane 
serine protease 2 (TMPRSS2). This 
cleavage breaks S into S1, encompassing 
the receptor binding domain (RBD) that 
interacts with the extracellular ACE2 
peptidase domain, and S2, inducing 
membrane fusion and infection. The 
high-density glycan shield on S obstructs 

accessibility to neutralizing antibodies, 
confounding vaccine and treatment 
options. An atomic resolution structure 
of the S/RBD of SARS-CoV-2 complexed 
to ACE2 peptidase domain was just 
reported, and, as with SARS-CoV, ACE2 
likely interacts with high affinity via a 
carbohydrate-binding (lectin) domain 
on glycoprotein S. We hypothesize 
that the endogenous patterns of ACE2 
glycosylation impact its engagement 
with the viral Spike glycoprotein, and 
other relevant host proteins, potentially 
impacting the tissue selectivity and 
clinical severity of SARS-CoV-2 infection. 
However, the glycan composition and 
site-specific glycoform distributions of 
these key glycoproteins in susceptible 
human tissues, e.g., lung, that are 
recognized by glycoprotein S are not 
known. The presence of specific glycan 
antigens has been implicated in viral 
adhesion and susceptibility to SARS-
CoV-2 infection. Such a relationship has 
previously been reported for blood-type 
selectivity in binding of SARS-CoV-1 in 
DC/L-SIGN-mediated infection. ACE2 

associates with other host proteins, 
including TMPRSS2, which cleaves ACE2, 
augmenting virus uptake, and viral S, 
activating membrane fusion. TMPRSS2 is 
co-expressed with ACE2 in human lung 
and other tissues, but its glycosylation 
and cellular binding dynamics during 
infection are unknown. Without definitive 
knowledge regarding which glycoform(s) 
mediate viral adhesion and host cell 
entry, we are flying blind as to how 
to prevent infection, design effective 
vaccines or protein-based (biologic) 
treatments or predict disease severity. 
Here, we combine protein expression, 
affinity purification, and proximity-
ligation to obtain the S glycoprotein of 
SARS-CoV-2, and endogenous human 
lung-derived ACE2 and TMPRSS2 that 
underlie the host–virus interaction. We 
will then use high performance mass 
spectrometry to characterize the native 
glycoform patterns of prioritized target 
proteins. If time permits, we will also 
investigate glycosylation of human lung-
derived DC/L-SIGN, which may impact 
blood-type specificity.

Neisseria gonorrhoeae (Ngo) is 
the etiological agent of the sexually 
transmitted infection (STI) gonorrhea, a 
high morbidity disease with ~100 million 
cases worldwide each year. Alarmingly, 
therapeutic and pharmacologic 
approaches to treat gonorrhea are 
under threat by the global emergence 
of ‘superbug’ strains resistant to all 
clinically useful antibiotics. Gonococci 
are exquisitely 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 processes 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 allow other 
bacteria to overcome environmental 
or other stresses. The core goal of our 
multidisciplinary research program is the 
generation of global protein interaction 
networks that offer a detailed systems-
based understanding of the specialized 
cellular apparatus used by Ngo during 
infection. While transcriptional profiling 
and genetic screens have provided 
valuable insights into Ngo biology, 
these studies would gain significant 
benefit through their integration 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 spectrometry, 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 gonococcal 
growth, infection and adaptation to 
human mucosal tissues, provided 
mechanistic insights into its unique 
pathobiology, and laid the foundation for 
future clinical intervention strategies to 
combat infectious disease.

“DEFINING THE SPIKE-ACE2 GLYCOPROTEIN  
INTERFACE DRIVING SARS-COVID-2 INFECTION”
BUMC CTSI COVID-19 Related Research Award

Costello (CBMS), Cummings (HMS), Emili (CNSB; Contact PI)

“MAPPING PROTEIN INTERACTION NETWORKS 
ESSENTIAL FOR GONOCOCCAL PATHOGENESIS”
NIH RO1 (NIAID

Gray-Owen, Parkinson & Emili (Contact PI)
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Viral infections are the leading cause 
of human disease and death worldwide. 
Over the past decade, (re)emerging 
viruses 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 components to 
rewire cellular pathways and functionally 
remodel the cellular machinery to drive 
viral propagation and bypass innate 
immune responses remain outstanding 
fundamental questions. 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 
characterize viral–host crosstalk central 
to coronavirus infection, propagation 
and persistence. These include defining 
structure–function relationships of 
host protein networks impacted by 
coronaviruses. Our projects will enable 
breakthrough studies of the fundamental 
mechanisms driving viral proliferation. 
These include mapping of dynamic viral–
host protein interactions that occur at 
the host cell surface, pericellularly during 
invasion, in the cytosol and nucleus 
during replication, and within other 
organelles during viral maturation and 
shedding. We also will 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 by changes 
in phosphorylation, methylation, 
acetylation, 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 experimental 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 dedicated Research Fellow who 
will bridge our groups, nurturing a 
community interested in revealing the 
unique biology of coronaviruses, and 
potentially other viruses down the road.

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. Specifically, 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 proteomic 
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 characterization of 
candidate immunity transcription 
factors, such as NF-κB 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 tracer 
viruses in different bat cell lines.

“MAPPING PATHOGENIC CORONAVIRUS VIRAL–HOST 
PROTEIN INTERACTION ENVIRONMENTS FOR TARGET 
DISCOVERY”
Merck Exploratory Science Center Fellowship Program (“MESC 
Fellowship”)

Saeed (NEIDL) & Emili (CNSB; contact PI)

“TRANSCRIPTION FACTOR PROFILING FOR SARS-COV-2 
TOLERANCE/SYMBIOSIS REGULATION”
NSF-RAPID grant (Award #9500310716)

Siggers, Emili, Gilmore (contact PI)
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will bring to this 
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Viral infections are a major cause of 
disease and death worldwide, and (re-)
emerging viruses wreak havoc with human 
health: Zika, dengue, Ebola, influenza, 
and most recently SARS-CoV-2, which 
radically differ from each other in genetic 
composition, biochemical properties and 
tropism. Understanding the virus–host 
molecular interface is crucial to containing 
the spread of deadly pathogens. A key 
focus is viral effector proteins that play 
pivotal roles in host cell recognition, 
invasion, propagation and pathogenesis, 
yet the unique mechanisms by which 
each of these interacts physically and 
functionally with host protein networks 
and pathways to reshape the cellular 
milieu and drive viral propagation and 
pathogenesis remain fundamental 
questions. Few viral–host interactions 
have been assessed in a native 
physiological context, such as primary 
cells and tissues, and the functional 
consequences of engagement with host 
proteins are not well understood. Given 
the diversity and impact of emergent viral 
pathogens, such as SARS-CoV-2, there is a 
pressing need to develop and disseminate 

new technologies to enable mapping the 
compendium of molecular interactions 
that occur between viruses and host 
cells. To bridge this gap, we will create 
the National Center for Viral Proteomics 
(NCVP) to develop and deploy innovative, 
dependable, and effective proteomics 
technologies to unlock the basic 
principles governing virus–host protein 
interactions in infected cell and tissue 
contexts. The Center will address unmet 
biomedical demand for streamlined 
state-of-the-art proteomics technologies 
to systematically characterize viral–host 
protein–protein and protein–pathway 
interactions central to viral propagation 
and phenotypic outcomes. The NCVP 
will create and distribute a portfolio of 
analytical technologies optimized for the 
study of fundamental structure–unction 
relationships governing the response of 
human protein networks and pathways 
impacted by infectious viruses. Our bold 
Technical Development Projects address 
the needs of Driving Biomedical Projects 
that comprise diverse viruses such as 
flaviviruses (ZIKV, DENV, YFV), filoviruses 
(Ebola, Marburg), coronaviruses (SARS-

CoV-2, MERS-CoV), and influenza, but 
the utility, effectiveness and generality 
of the tools we create will be more 
broadly applicable. These include 
innovative methods for measuring viral–
host protein crosstalk during infection; 
technologies to determine the impact of 
viral proteases on host cellular pathways 
with high spatiotemporal resolution; 
and precise mass spectrometry data 
acquisition methods to analyze both 
viral and host multi-protein complexes 
and post-translational modifications in 
single cells. The NCVP will distribute 
this powerful suite of technologies 
nationally by request, invitation, and 
via: (1) high impact publications and 
dedicated project-centric web portals, 
(2) remote training of a new generation 
of researchers in systems virology, and 
(3) hosting informative online workshops 
and in silico scientific events. This timely, 
forward-looking initiative will introduce 
technologies that illuminate the unique 
biology of viruses through approaches 
that are highly complementary to parallel 
advances in imaging, genomics and 
chemistry.

Pending multi-center grant application (led by CNSB)

“NATIONAL CENTER FOR VIRAL PROTEOMICS (NCVP)”
P41 Biomedical Technology Research Resource

Slavov (Northeastern), Saeed (Neidl), Emili (CNSB; contact PI)

Human health and development depend 
on dynamic networks of physical and 
functional interactions between the 
protein products of genes. However, 
the identity and composition of these 
molecular ‘machines’ and how they work 
together to support cellular processes 
critical to human development and health 
are still largely unknown. Despite immense 
progress in genomics, it remains unclear 
which proteins interact physically, and 
functionally, 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, 
neurodegeneration and cardiovascular 
disease. Because improper molecular 
connectivity, through mutation or 
environmental perturbation, leading to 
aberrant protein function is now widely 
recognized 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, 
researchers at the CNSB have reported 
thousands of previously unknown 
protein–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 Biotechnology 
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 
modules that are altered in major clinical 
conditions such as tumors, Alzheimer’s 
disease and diabetes. Because aberrant 
protein function underlies most if not 
all diseases, mapping and manipulating 
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 pharma/industry partners, 
scientists affiliated with the CNSB have 
the long-term objective of translating 
the mechanistic knowledge we obtain 
from our network discoveries into new 
diagnostic tools and therapeutic avenues.

To enable this forward-looking research 
program, we employ multidisciplinary 
strategies based on complementary 
experimental approaches, including high 
resolution imaging, protein biochemistry, 
quantitative mass spectrometry, and 
genetic engineering. Notably, the CNSB is 
developing technology to probe:

(i) Organellar compartments in normal 
and diseased cells and tissues to define 
flux through core biological systems 
that determine cell homeostasis, stress 
responses, differentiation, and cell fates;

(ii) Define ligand engagement, 
immune-cell signaling, and tumor–
microenvironment crosstalk, to define 
clinically actionable targets;

(iii) Define viral–host interaction networks, 
most notably of SARS-CoV-2 and other 
important emerging infectious pathogens.

Our research platform aims to address 
fundamental biomedical problems: What 
are the features and principles of cellular 
and viral protein networks? How are they 
organized normally and how do they 
become disrupted in disease? 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, 
biomedicine and clinical management?

B. SCIENTIFIC AND  
 TECHNICAL THEMES
MAPPING MACROMOLECULAR 
NETWORKS ESSENTIAL TO HUMAN 
HEALTH AND DEVELOPMENT

II.   STRATEGIC GOALS
“We employ 

multidisciplinary 
strategies based on 

complementary 
approaches.”
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Yet most of the protein interactions 
relevant to human biology, viral 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 than is 
generally appreciated. Exploring network 
states, dynamics and heterogeneity, in 
individual single cells and even down 
to subcellular compartments, is critical 
to the development of basic biological 
understanding, and the creation of 
more effective theranostics for precision 
medicine.

GLOBAL INTERACTOME MAPS 
FOR HUMAN TISSUES
An overarching goal of the CNSB is to 
map the physical and functional 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 
technologies, that leverage our 
world-class infrastructure and our vast 
network of expert collaborators, with 
the goal of generating human ‘maps’ 
of unprecedented 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 capture 
transient assemblies, while also defining 
the structural basis of binary protein 
interaction interfaces. We are also 
developing orthogonal separation 
techniques to label and enrich the protein 
members of specific organelles, such 
as the endoplasmic reticulum and the 
synaptosomes, to probe macromolecular 
assemblies unique to particular 
subcellular compartments.

TRANSLATION TO THE CLINIC
In addition to SARS-CoV-2, another 
focus over the coming year is to map 
the protein networks active in diseased 
organs, in particular the human brain 
in neurodegenerative disorders such 
as Alzheimer’s disease and cancer, 
that are leading causes of mortality yet 
whose etiology and progression are still 
poorly understood. Changes in protein 
interactions are known to underlie 
disease susceptibility in certain cases, but 
most of the clinically relevant associations 
and functional dependencies remain to 
be uncovered. Bioinformatic predictions 
can be unreliable and biased, and only 
limited experimental studies have been 
reported to date.

Advances in our protein mapping 
capabilities offer the potential for 
breakthrough biomedical discoveries. 
By measuring and comparing protein 
networks in healthy and pathologic 
cells and tissues from validated animal 
models, patient explants and phenotyped 
cell cultures, researchers at the CNSB 
will identify macromolecules critical 
for function that are perturbed during 

earliest stages of disease onset, prior 
to overt clinical presentation. Of special 
interest are enzymes and receptors that 
are potential pharmaceutical targets. 
Biochemical, cell biology and 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 clinically 
actionable information as possible leads 
for new treatments for 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. Knowing 
how compounds interact with cellular 
proteins is essential to evaluate their 
mode-of-action and 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 spectrometry-

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 examining ligand–protein 
interactions in an unbiased manner, 
we aim to deconvolute 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 determine fundamental structure–
function relationships that elicit a desired 
biological response. Ramping up our 
platform with major new funding from 
the NIH in the form of a newly awarded 
$1.15m High-End Instrumentation (HEI) 
grant for a dedicated mass spectrometer 
for the Target Discovery Laboratory 
co-led by Prof Emili and John Porco 
(CRC-Chemistry; BU Center for Molecular 
Discovery), we plan to characterize 
the mode-of-action and 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 
human cells, particularly in the context 
of microbial metabolites arising from the 
microbiome, enabling deeper modeling, 
functional analyses 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 industry 
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 
human cells. By documenting differences 
in the molecular association networks 
in response to microbial communities, 
our new research effort will 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 
serve as clinically useful markers and 
therapeutic leads.

NEW RESEARCH PROJECTS & 
TECHNOLOGY DEVELOPMENT 
FOR 2020-2021

Over the coming year, CNSB aims to become 
recognized as a leader in viral network biology. 
Scientists at the Center have already pioneered 
systematic protein ‘interactome’ 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 have proven to be 
informative about specific human diseases.

I I .   STRATEGIC GOALS
“Advances in our 
protein mapping 
capabilities offer 
the potential for 

breakthrough 
biomedical 

discoveries.”
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With unrelenting speed, human 
transmission of SARS-CoV-2, the 
causative agent of COVID-19, is causing 
a massive societal burden. Elucidating 
how the virus infects human cells is 
crucial to understanding its mechanisms 
of pathogenesis and devising rational 
treatments. The unique experimental 
and computational toolkit built at the 
CNSB has allowed us 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, In particular, 
working with multiple collaborators at the 
BU NEIDL, including Profs. Mohsan Saeed, 
Elke Mulberger, Robert Davies, Tonya 
Colpitts, John Connor, as well as at the BU 
Center for Regenerative Medicine (CReM), 
including Profs. Darryl Kotton, Andrew 
Wilson, and Finn Hawkins, we have used 
our quantitative mass spectrometry 
pipeline to reveal dynamic associations 
that occur upon viral infection in a 
transient and spatiotemporally regulated 
manner. The targeted interactome 
mapping techniques developed by the 
CNSB have allowed our team, consisting 
of collaborators from across both 
campuses, to examine which viral–host 
protein interactions or components 
correlate with the pathogenic process 
under conditions of viral replication, 
accelerated progression, or inhibition 
induced by anti-viral compounds. Our 
primary scientific goal has been to use the 
tools on hand and work closely with expert 
virologists and other BU researchers to 
study the basic rewiring that occurs early 
on during infection of human cells, the 
mechanistic relationships impacting key 
host networks, and causal associations 
driving viral propagation, pathogenesis 
and clinical outcomes. We have 
endeavored to generate viral–host protein 
‘connectivity’ diagrams of unprecedented 
quality, scope and utility for SARS-
CoV-2. Of special interest are changes in 
interaction partners of viral proteins that 
predict pharmaceutical targets. Ongoing 
drug testing is producing promising leads, 
which together with biochemical, cell 
biology and genetic follow-up studies by 
our team, are validating a number of the 

dynamic viral–host interactions our Center 
has discovered. These results are the 
basis of an important manuscript currently 
under consideration for publication, 
and resources will be disseminated 
widely among the burgeoning virology 
community to motivate additional follow 
up translational studies.

More generally, the technologies the 
CNSB develop, deploy and disseminate 
are motivated in part by the current 
pandemic and the increasingly prevalent 

emergence of virulent pathogens and 
their likely future impact on human 
health. In order to understand the basic 
mechanisms that drive viral incidence 
and disease progression in vulnerable 
communities with comorbidities, it is 
necessary first to frame the problem from 
the point of view of the impact of viruses 
on human cell biology. The technologies 
we aim to create this coming year will 
lead to exciting new opportunities 
to assess the mechanism of action 
of antiviral compounds arising from 
phenotypic screens by our colleagues at 
the NEIDL, that modulate unknown host 
targets. The realization that the SARS-
CoV-2 virus, phenotypic disorders and 
therapeutics all impact common cellular 
processes demands trans-disciplinary 
approaches. Our collaborative efforts 
to explore the biophysical interface of 
viruses with host cells and tissues may 
help mitigate their impact on susceptible 
US populations.

At CNSB, we are fortunate to have a 
diverse team of people representative 
of different ages, genders, racial 
backgrounds, and cultural identities, 
which contributes to the strength of the 
Center. We do not take it for granted that 
people from across the USA and around 
the world will wish to join our group on 
the strength of our research alone, and 
believe retention rests on the strength of 
our commitment to foster an environment 
that welcomes and nurtures people in 
their entirety. 

As the nation continues to grapple with 
issues of racial inequity, we believe it is 
imperative that the CNSB team reflect 
on the many ways the institution of 
science has historically disenfranchised 

certain groups of people, and continues 
to do so, and be aware that we are 
not immune from perpetuating these 
attitudes. In coordination with the 
Department of Biochemistry, we will be 
administering a climate survey in the 
coming year aimed at exploring issues 
of inequity within the department, the 
results and recommendations of which 
the Center looks forward to analyzing 
and implementing. Meanwhile, CNSB 
will continue to encourage engagement 
with the many talks and events offered at 
Boston University on the topic of racial 
inequity in academia, in the sciences, and 
at the medical school. 

CNSB’S COMMITMENT 
TO DIVERSITY AND 
COMBATING RACISM 
STATEMENT

II.  STRATEGIC GOALS
“We believe retention 

rests on the strength 
of our commitment to 
foster an environment 

that welcomes and 
nurtures people in 
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Our priorities this past year were: (1) 
to generate and disseminate impactful 
science; (2) to secure substantive external 
funding for our existing projects and 
for important new initiatives; and (3) to 
mentor trainees and nurture collaborative, 
trans-disciplinary projects with diverse 
partners across both BU campuses and 
beyond. As noted above, the CNSB was 
very successful in each of these spheres, 
having a banner year despite the impact of 
COVID-19.

The CNSB’s research program this past 
year was very dynamic – we continually 
engaged in new projects, local 
collaborators and outside experts to 
address evolving scientific needs, research 
goals, and funding opportunities. In 
fact, we did a hard pivot in early spring 
to address fundamental mechanistic 
questions related to the causative 
agent driving the pandemic, and have a 
submitted manuscript out for review at a 
top tier journal that builds on our highly 
collaborative efforts.

In another notable example, to pinpoint 
the maladaptive impact of changes in 
protein interaction networks we have 

observed in response to physiological 
stress, such as Alzheimer’s disease, we 
worked closely with neurobiologists on 
both campuses, to access state-of-the-art 
functional assays, cell and animal models, 
and clinical specimens to establish the 
pathophysiological relevance of our 
findings. A key deliverable was generating 
high-confidence interaction data, and a 
major publication (Pourhaghighi et al, Cell 
Systems, 2020).

We employed several strategies to 
monitor quality. These included clearly 
defined metrics to ensure we meet our 
scientific objectives. We also used an 
electronic dashboard throughout the 
lifecycle of each project to distribute 
results in a timely, online manner. Our 
translation efforts benefited from our 
close ties to healthcare partners at BU 
and beyond to maximize opportunities for 
long-term clinical impact.

Moving forward, the CNSB aims to remain 
nimble, responsive, adaptive and decisive. 
By working closely with renowned basic 
biologists, virologists and clinical scientists 
at BU, and several industry partners, the 
CNSB aims to generate human protein 

‘connectivity’ diagrams of unprecedented 
quality, scope and utility. By charting 
new directions at the forefront of 
translational proteomics, we aim to push 
the boundaries in network biology. By 
translating our findings into high-impact 
papers, community resources and clinical 
tools, we aim to maximize return on 
investment. By fostering skilled trainees, 
we aim to enable productive careers 
and wider knowledge dissemination in 
academia, industry and medicine.

DATA SCIENCES
As a founding faculty member of the 
major new BU initiative in Computing 
& Data Sciences, Prof. Emili has been 
an outspoken, experienced and tireless 
advocate for the need to implement a 
sound and visionary graduate training 
program in Data Sciences, particularly in 
the rapidly advancing area of Machine 
Learning as applied to the Biosciences 
and Molecular Networks. He has provided 
the central leadership of the CDS program 
with timely advice, guidance and the full 
support of the CNSB capabilities to make 
the fledgling PhD program a resounding 
success across both the Charles River and 
Medical Campuses.

The CNSB sponsors and supports 
diverse activities aimed at addressing its 
primary research mandate, and bringing 
broader national and international 
attention to BU’s leadership efforts in the 
Network Systems Biology domain, which 
include: (i) documenting macromolecular 
interactions critical to human health; 
(ii) exploring how perturbations to 

molecular interaction networks are 
associated with developmental, mutant 
or environmental phenotypes and 
human pathologies; (iii) define the 
fundamental biophysical organization 
of macromolecular networks and their 
relationships to biological processes, 
pathways, organelles, cells, tissues, 
organs and intact organisms.

D.   HOW PRIORITIES AND 
STRATEGIC GOALS WERE 
MET THIS YEAR

CENTER ACTIVITIES – 
OUTREACH, EDUCATIONAL 
PROGRAMS, AND EVENTS

The CNSB is primarily focused on the development, 
application and dissemination of innovative tools, 
methods and datasets that create lasting resources 
for BU, our collaborators, and the broader biomedical 
research communities. To support the widest 
possible engagement, 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 computational biology/modeling, the 
CNSB aims to deliver an unprecedented platform for 
exploring molecular networks and their links to 
human health and disease.

I I .   STRATEGIC GOALS
“To support the 
widest possible 

engagement, we are 
implementing 

ongoing outreach 
and skills training 

programs.”
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JOSÉE DUPUIS
Professor and Chair of 
Biostatistics at Boston 
University School of Public 
Health.  
Prof. Dupuis’ group develops 
and applies statistical methods 
for genome-wide association 
studies, gene by environment 
interactions, genetic meta-
analysis and rare variant 
analysis, with emphasis on 
novel approaches to analyze 
genetic data collected on 
large families.

DIMA KOZAKOV
Associate Professor in Applied 
Mathematics & Statistics, Stony 
Brook University. 
Prof. Kozakov develops 
mathematical, efficient and 
accurate algorithms to model 
macromolecular structure and 
function on a genome scale, 
and to design therapeutic 
molecules.

SENTHIL MUTHUSWAMY 
Director of Cell Biology at 
Cancer Center, Medicine, Beth 
Israel Deaconess Medical 
Center, Associate Professor, 
Medicine, Harvard Medical 
School.
The Muthuswamy lab develops 
three-dimensional models of 
carcinoma to identify protein 
pathways regulating cancer 
biology and to screen for 
therapeutics.

JOHN PORCO
Director, Center for Molecular 
Discovery, Professor of 
Chemistry, Boston University. 
The Porco group investigates 
chemical syntheses of complex 
molecules and synthesis of 
complex chemical libraries of 
novel structural types.

DANIEL SEGRE
Professor of Biology, 
Bioinformatics, and Biomedical 
Engineering, Boston University.  
The Segre group studies 
the dynamics and evolution 
of metabolism in individual 
microbial species and in 
microbial ecosystems, 
focusing on fundamental 
principles of biological 
organization, human disease, 
metabolic engineering, and 
environmental sustainability.

TREVOR SIGGERS
Associate Professor of Biology, 
Member BioDesign Center, 
Boston University.  
The Siggers lab uses 
integrative biochemical and 
genomic approaches and 
quantitative modeling to study 
gene regulation in the immune 
and inflammatory systems.

NEVAN KROGAN
Director of the Quantitative 
Biosciences Institute, Professor 
of Cellular and Molecular 
Pharmacology at the University 
of California San Francisco. 
Senior Investigator at the J. 
David Gladstone Institutes.  
Prof. Krogan’s research is 
focused on using quantitative 
system approaches to help 
understand complex biological 
mechanisms, often related to 
disease areas.

OTHER INVITED 
SPEAKERS
Gordon Mills – Precision 
Oncology, OHSU (Sept 
2019)

Sachdev 
Sidhu – 
Synthetic 
Biology, 
Donnelly 
Center, 
University 
of Toronto 
(Nov 2019)

The following research 
scientists gave scintillating 
presentations at our 
symposium:

MICHAEL WASHBURN 
Director of Proteomics 
Center, Stowers Institute for 
Medical Research; Professor 
of Pathology & Laboratory 
Medicine, University of Kansas 
Medical Center.  
Prof. Washburn is a leader in 
applying mass spectrometry 
techniques to identify and 
quantify protein interactions in 
a systematic manner.

CATHY COSTELLO
Director, Center for Biomedical 
Mass Spectrometry, William 
Fairfield Warren Distinguished 
Professor of Biochemistry, 
Boston University. 
Prof. Costello’s group 
develops innovative methods 
to establish the structures 
of biopolymers in order to 
understand their structure–
activity relationships as 
related to health, growth and 
development, and disease.

RICHARD SMITH
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of Proteome Research, 
Pacific Northwest National 
Laboratory, Director of the 
NIH Research Resource for 
Integrative Biology.  
Prof. Smith is a leader in 
proteomics and his group 
develops advanced analytical 
and physiochemical 
methods and high-resolution 
separations and mass 
spectrometry, and their 
applications in biomedical 
research.

GARY BADER
Professor of Molecular 
Genetics, The Donnelly Centre 
for Cellular and Biomolecular 
Research, University of 
Toronto. 
Prof. Bader develops and 
applies computational 
approaches to study the 
organization and evolution of 
biological systems.

ALBERT-LÁSZLÓ (LASZLO) 
BARABASI
Director, Center for Complex 
Network Research (CCNR), 
Robert Gray Dodge Professor 
of Network Science, 
Northeastern University.  
Prof. Barabasi’s research 
focuses on how networks 
emerge, what they look like, 
and how they evolve, and 
how networks impact on 
understanding of complex 
systems.

CHRISTINE CHENG
Assistant Professor of 
Biology, Hariri Fellow, Boston 
University. 
Prof. Cheng’s lab studies 
transcriptional regulatory 
networks and aims to 
develop a comprehensive 
understanding of how aberrant 
regulatory circuits contribute 
to human disease.

HIGHLIGHTS OF FY20  
CNSB EVENTS – 2019–2020
Symposium Meeting 2019

The inaugural symposium of the BU Center for Network Systems Biology (where 
everything is possible) took place at Boston University Medical Campus in October 2019, 
with a distinguished panel of expert speakers who are respected leaders in proteomics, 
bioinformatics and genomics technologies. The central theme was focused on the 
development and application of innovative experimental and computational approaches 
to explore the molecular networks underlying human biology, health and disease. The 
symposium was well attended by a diverse mixture of local, national and international 
students, fellows, and scientists from academia and industry.
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Prof. Krogan’s research is 
focused on using quantitative 
system approaches to help 
understand complex biological 
mechanisms, often related to 
disease areas.
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bioinformatics and genomics technologies. The central theme was focused on the 
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to explore the molecular networks underlying human biology, health and disease. The 
symposium was well attended by a diverse mixture of local, national and international 
students, fellows, and scientists from academia and industry.
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The CNSB core faculty have been very 
active with the installation, training and 
operation of state-of-the-art precision 
mass spectrometers and other high-
tech instrumentation at the CNSB. Our 
instruments are sufficiently sensitive 
to analyze only a single plate of cells. 
Our depth of coverage has improved 
markedly since we recently acquired a new 
generation, ultrafast scanning Exploris 
tandem mass spectrometer this spring, 
which can identify and quantify up to 
10,000+ proteins per run. CNSB scientists 
have found that they can isolate, identify 
and quantify hundreds of endogenous 
protein complexes from human cells and 
tissue using gentle extraction buffers. 
This allows us to potentially map protein 
networks even in limited clinical samples, 
allowing exciting new collaborations with 
clinical scientists at BU and beyond.

The Center continues to develop and 
disseminate proteomics technologies 
in concert with our scientific partners, 
via high impact publications, scientific 
presentations, publicly accessible 
reports on social media, workshops, 
and other outreach mechanisms. Our 
overarching goal to achieve National 
Impact is indicated in the funded project 
descriptions. To maximize Community 
Engagement, we prioritize dissemination 
of our Center’s technologies across the 
BU research community, and beyond, 
starting from a diverse initial network of 
local collaborators drawn to the CNSB 
because our synergistic technologies 
enhance their own research capabilities. 
By distributing new technologies at the 
forefront of viral proteomics throughout 
the nation that forge new directions for 
functional inference regarding how viral 
processes dictate phenotypic outcomes, 
our Center will push the boundaries of 
systems virology. We aim to achieve 
ambitious goals by communicating 
our innovative activities through timely 
publications 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). We also plan 
to organize informative and engaging 
online workshops, local meetings and 
conferences and encourage participation 
by scientists from across the nation. We 
will write annual reports, reviews, and 
book chapters, illustrating the benefits, 
troubleshooting and practical applications 
of the technologies we develop, and 
submit patents. We will continue to 
distribute open source software tools, 
promote data sharing, serve on editorial 
boards, and contribute to the activities of 
professional societies.

As part of an inclusive strategy, we have 
been using social media to document 
major Center-related activities, project-
related websites and the publicly available 
tools and datasets we generate. We 
have also been distributing information 
about these scientific advances at more 
general biology meetings, such as the 
Keystone Symposium series, in addition 

to more specialized meetings dedicated 
to proteomics technologies such as ASMS 
and HUPO. Our Center is focused on 
hands-on training of postdoctoral fellows, 
graduate and undergraduate students, 
and visiting scientists from BU and other 
local academic institutions, as well as 
collaborators and industry scholars. With 
the assistance of a dedicated Outreach 
Officer, we plan to make announcements 
at national and international research 
conferences to bring attention to the 
technologies and valuable resources 
developed by the Center. As part of an 
inclusive strategy, we will use social media 
to document Center activities, program-
related websites and the publicly available 
tools and datasets we generate. We 
also make a substantive effort to include 
under-represented minorities. Training 
activities include hands-on laboratory 
instruction in microscale sample 
preparation, proteomics, data processing 
and bioinformatics, with an emphasis 
on BSL2-level studies that are more 
widely practical. Bioinformatics training 
also includes use of open source ‘omics 
software, such as Cytoscape, and in-house 
software packages such as MultiOmics 
Notebook and EPIC.

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

Triphenyl phosphate is a selective PPARγ 
modulator that does not induce brite 
adipogenesis in vitro and in vivo. Kim S, 
Rabhi N, Blum BC, Hekman R, Wynne K, 
Emili A, Farmer S, Schlezinger JJ. Arch 
Toxicol. 2020 Jul 18. PMID: 32683515

Mapping signalling perturbations in 
myocardial fibrosis via the integrative 
phosphoproteomic 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 Jul 13. 
PMID: 32661320

MKRN2 Physically Interacts with GLE1 to 
Regulate mRNA Export and Zebrafish 
Retinal Development. Wolf EJ, Miles A, 
Lee ES, Nabeel-Shah S, Greenblatt JF, 
Palazzo AF, Tropepe V, Emili A. Cell Rep. 
2020 May 26;31(8):107693. PMID: 32460013

* BraInMap Elucidates the 
Macromolecular Connectivity Landscape 
of Mammalian Brain. Pourhaghighi R, Ash 
PEA, Phanse S, Goebels F, Hu LZM, Chen 
S, Zhang Y, Wierbowski SD, Boudeau S, 
Moutaoufik MT, Malty RH, Malolepsza 
E, Tsafou K, Nathan A, Cromar G, Guo 
H, Abdullatif AA, Apicco DJ, Becker LA, 
Gitler AD, Pulst SM, Youssef A, Hekman R, 
Havugimana PC, White CA, Blum BC, Ratti 
A, Bryant CD, Parkinson J, Lage K, Babu 
M, Yu H, Bader GD, Wolozin B, Emili A. 
Cell Syst. 2020 Apr 22;10(4):333-350.e14. 
PMID: 32325033

Assessment of separation methods 
for extracellular vesicles from human 
and mouse brain tissues and human 
cerebrospinal fluids. Muraoka S, Lin W, 
Chen M, Hersh SW, Emili A, Xia W, Ikezu 
T. Methods. 2020 May 1;177:35-49. PMID: 
32035230

Modulation of lymphocyte-mediated 
tissue repair by rational design of 
heterocyclic aryl hydrocarbon receptor 
agonists. Chen J, Haller CA, Jernigan FE, 
Koerner SK, Wong DJ, Wang Y, Cheong 
JE, Kosaraju R, Kwan J, Park DD, Thomas 
B, Bhasin S, De La Rosa RC, Premji AM, 
Liu L, Park E, Moss AC, Emili A, Bhasin 

M, Sun L, Chaikof EL. Sci Adv. 2020 Jan 
15;6(3):eaay8230. PMID: 31998845

* A Mutation in Hnrnph1 That 
Decreases Methamphetamine-Induced 
Reinforcement, Reward, and Dopamine 
Release and Increases Synaptosomal 
hnRNP H and Mitochondrial Proteins. 
Ruan QT, Yazdani N, Blum BC, Beierle JA, 
Lin W, Coelho MA, Fultz EK, Healy AF, 
Shahin JR, Kandola AK, Luttik KP, Zheng K, 
Smith NJ, Cheung J, Mortazavi F, Apicco 
DJ, Ragu Varman D, Ramamoorthy S, Ash 
PEA, Rosene DL, Emili A, Wolozin B, 
Szumlinski KK, Bryant CD. J Neurosci. 2020 
Jan 2;40(1):107-130. PMID: 31704785

Protein-Protein Interaction Profiling in 
Candida albicans Revealed by Biochemical 
Purification-Mass Spectrometry (BP/MS). 
Pourhaghighi R, O’Meara TR, Cowen LE, 
Emili A. Methods Mol Biol. 2019;2049:203-
211. PMID: 31602613

EPIC: software toolkit for elution profile-
based inference of protein complexes. Hu 
LZ, Goebels F, Tan JH, Wolf E, Kuzmanov 
U, Wan C, Phanse S, Xu C, Schertzberg 
M, Fraser AG, Bader GD, Emili A. Nat 
Methods. 2019 Aug;16(8):737-742. PMID: 
31308550

* Mapping global protein contacts. 
Vajda S, Emili A. Science. 2019 Jul 
12;365(6449):120-121. PMID: 31296755

Global proteomic analyses define an 
environmentally contingent Hsp90 
interactome and reveal chaperone-
dependent regulation of stress granule 
proteins and the R2TP complex in a fungal 
pathogen. O’Meara TR, O’Meara MJ, Polvi 
EJ, Pourhaghighi MR, Liston SD, Lin ZY, 
Veri AO, Emili A, Gingras AC, Cowen LE. 
PLoS Biol. 2019 Jul 8;17(7):e3000358. PMID: 
31283755

* Publications that have two or 
more Center/affiliated faculty are 

identified with an asterisk.
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have found that they can isolate, identify 
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This allows us to potentially map protein 
networks even in limited clinical samples, 
allowing exciting new collaborations with 
clinical scientists at BU and beyond.
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presentations, publicly accessible 
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overarching goal to achieve National 
Impact is indicated in the funded project 
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local collaborators drawn to the CNSB 
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enhance their own research capabilities. 
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forefront of viral proteomics throughout 
the nation that forge new directions for 
functional inference regarding how viral 
processes dictate phenotypic outcomes, 
our Center will push the boundaries of 
systems virology. We aim to achieve 
ambitious goals by communicating 
our innovative activities through timely 
publications 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). We also plan 
to organize informative and engaging 
online workshops, local meetings and 
conferences and encourage participation 
by scientists from across the nation. We 
will write annual reports, reviews, and 
book chapters, illustrating the benefits, 
troubleshooting and practical applications 
of the technologies we develop, and 
submit patents. We will continue to 
distribute open source software tools, 
promote data sharing, serve on editorial 
boards, and contribute to the activities of 
professional societies.

As part of an inclusive strategy, we have 
been using social media to document 
major Center-related activities, project-
related websites and the publicly available 
tools and datasets we generate. We 
have also been distributing information 
about these scientific advances at more 
general biology meetings, such as the 
Keystone Symposium series, in addition 

to more specialized meetings dedicated 
to proteomics technologies such as ASMS 
and HUPO. Our Center is focused on 
hands-on training of postdoctoral fellows, 
graduate and undergraduate students, 
and visiting scientists from BU and other 
local academic institutions, as well as 
collaborators and industry scholars. With 
the assistance of a dedicated Outreach 
Officer, we plan to make announcements 
at national and international research 
conferences to bring attention to the 
technologies and valuable resources 
developed by the Center. As part of an 
inclusive strategy, we will use social media 
to document Center activities, program-
related websites and the publicly available 
tools and datasets we generate. We 
also make a substantive effort to include 
under-represented minorities. Training 
activities include hands-on laboratory 
instruction in microscale sample 
preparation, proteomics, data processing 
and bioinformatics, with an emphasis 
on BSL2-level studies that are more 
widely practical. Bioinformatics training 
also includes use of open source ‘omics 
software, such as Cytoscape, and in-house 
software packages such as MultiOmics 
Notebook and EPIC.

The CNSB has also established strong 
collaborative partnerships, and has 
secured substantive funding, with 
Johnson & Johnson, who have opened 
a substantive work space in the same 
building (Conte/K) and immediately 
adjacent to the Center on the medical 
campus, and with Merck, who are working 
closely with us to apply their proprietary 
new photo-proximity ligation technology 
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Triphenyl phosphate is a selective PPARγ 
modulator that does not induce brite 
adipogenesis in vitro and in vivo. Kim S, 
Rabhi N, Blum BC, Hekman R, Wynne K, 
Emili A, Farmer S, Schlezinger JJ. Arch 
Toxicol. 2020 Jul 18. PMID: 32683515

Mapping signalling perturbations in 
myocardial fibrosis via the integrative 
phosphoproteomic 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 Jul 13. 
PMID: 32661320

MKRN2 Physically Interacts with GLE1 to 
Regulate mRNA Export and Zebrafish 
Retinal Development. Wolf EJ, Miles A, 
Lee ES, Nabeel-Shah S, Greenblatt JF, 
Palazzo AF, Tropepe V, Emili A. Cell Rep. 
2020 May 26;31(8):107693. PMID: 32460013

* BraInMap Elucidates the 
Macromolecular Connectivity Landscape 
of Mammalian Brain. Pourhaghighi R, Ash 
PEA, Phanse S, Goebels F, Hu LZM, Chen 
S, Zhang Y, Wierbowski SD, Boudeau S, 
Moutaoufik MT, Malty RH, Malolepsza 
E, Tsafou K, Nathan A, Cromar G, Guo 
H, Abdullatif AA, Apicco DJ, Becker LA, 
Gitler AD, Pulst SM, Youssef A, Hekman R, 
Havugimana PC, White CA, Blum BC, Ratti 
A, Bryant CD, Parkinson J, Lage K, Babu 
M, Yu H, Bader GD, Wolozin B, Emili A. 
Cell Syst. 2020 Apr 22;10(4):333-350.e14. 
PMID: 32325033

Assessment of separation methods 
for extracellular vesicles from human 
and mouse brain tissues and human 
cerebrospinal fluids. Muraoka S, Lin W, 
Chen M, Hersh SW, Emili A, Xia W, Ikezu 
T. Methods. 2020 May 1;177:35-49. PMID: 
32035230

Modulation of lymphocyte-mediated 
tissue repair by rational design of 
heterocyclic aryl hydrocarbon receptor 
agonists. Chen J, Haller CA, Jernigan FE, 
Koerner SK, Wong DJ, Wang Y, Cheong 
JE, Kosaraju R, Kwan J, Park DD, Thomas 
B, Bhasin S, De La Rosa RC, Premji AM, 
Liu L, Park E, Moss AC, Emili A, Bhasin 

M, Sun L, Chaikof EL. Sci Adv. 2020 Jan 
15;6(3):eaay8230. PMID: 31998845

* A Mutation in Hnrnph1 That 
Decreases Methamphetamine-Induced 
Reinforcement, Reward, and Dopamine 
Release and Increases Synaptosomal 
hnRNP H and Mitochondrial Proteins. 
Ruan QT, Yazdani N, Blum BC, Beierle JA, 
Lin W, Coelho MA, Fultz EK, Healy AF, 
Shahin JR, Kandola AK, Luttik KP, Zheng K, 
Smith NJ, Cheung J, Mortazavi F, Apicco 
DJ, Ragu Varman D, Ramamoorthy S, Ash 
PEA, Rosene DL, Emili A, Wolozin B, 
Szumlinski KK, Bryant CD. J Neurosci. 2020 
Jan 2;40(1):107-130. PMID: 31704785

Protein-Protein Interaction Profiling in 
Candida albicans Revealed by Biochemical 
Purification-Mass Spectrometry (BP/MS). 
Pourhaghighi R, O’Meara TR, Cowen LE, 
Emili A. Methods Mol Biol. 2019;2049:203-
211. PMID: 31602613

EPIC: software toolkit for elution profile-
based inference of protein complexes. Hu 
LZ, Goebels F, Tan JH, Wolf E, Kuzmanov 
U, Wan C, Phanse S, Xu C, Schertzberg 
M, Fraser AG, Bader GD, Emili A. Nat 
Methods. 2019 Aug;16(8):737-742. PMID: 
31308550

* Mapping global protein contacts. 
Vajda S, Emili A. Science. 2019 Jul 
12;365(6449):120-121. PMID: 31296755

Global proteomic analyses define an 
environmentally contingent Hsp90 
interactome and reveal chaperone-
dependent regulation of stress granule 
proteins and the R2TP complex in a fungal 
pathogen. O’Meara TR, O’Meara MJ, Polvi 
EJ, Pourhaghighi MR, Liston SD, Lin ZY, 
Veri AO, Emili A, Gingras AC, Cowen LE. 
PLoS Biol. 2019 Jul 8;17(7):e3000358. PMID: 
31283755

* Publications that have two or 
more Center/affiliated faculty are 

identified with an asterisk.

FACILITIES AND TRAINING PUBLICATIONS

I I .   STRATEGIC GOALS II I .   SCHOLARLY WORK
AND OUR CENTER’S ROLE



2928

CHRISTINE CHENG PHD
Assistant Professor of Biology 
Field of Study  Systems 
biology of transcriptional 
regulation.

TREVOR SIGGERS PHD
Associate Professor of 
Biology; Member of the 
Nanotechnology Innovation 
and the Biological Design 
Center
Field of Study Systems 
biology and regulation 
of immune system and 
inflammatory responses.  

GERALD DENIS PHD
Associate Professor of 
Pharmacology and Medicine; 
Co-Director, BU-BMC Cancer 
Center Education
Field of Study Molecular 
oncology, chromatin control of 
transcription in cancer.

STEFANO MONTI PHD
Associate Professor of 
Medicine and Biostatistics  
Field of Study Computational 
Biomedicine and network 
inference.  

PETER ASH PHD
Res. Prof. Pharmacology & 
Neurology 
Field of Study Molecular 
biology of neurodegeneration.

MARK CROVELLA (CS) PHD
Professor and former Chair in 
the Department of Computer 
Science
Field of Study Systematic 
modeling and graphical 
analysis of networks

VALENTINA PERISSI 
PHD Associate Professor, 
Biochemistry; Executive 
committee, Boston Nutrition 
Obesity Research Center 
Field of Study: Epigenetics, 
Endocrinology and 
Metabolism 

JOHN PORCO PHD
Director, Center for Molecular 
Discovery; Co-Director (w 
A. Emili) of the BU Target 
Discovery Laboratory
Field of Study Synthetic 
Organic Chemistry

DAVID HARRIS MD-PHD
Professor and Chair of 
Biochemistry
Field of Study  
Neurodegenerative disorders, 
prions and Alzheimer’s disease.

XARALABOS (BOB) 
VARELAS PHD
Associate Professor of 
Biochemistry
Field of Study Molecular 
mechanisms of cell 
proliferation, differentiation 
and survival during 
development and disease

NATIONAL EMERGING 
INFECTIOUS DISEASES 
LABORATORIES (NEIDL) 

MOHSAN SAEED PHD
Assistant Professor of 
Biochemistry; Investigator, 
NEIDL. 
Field of Study Systems 
biology of host–virus interface 
and biochemistry of viral 
proteases.

ELKE MUHLBERGER PHD
Associate Professor of 
Microbiology; Investigator, 
NEIDL 
Field of Study Ebola (EBOV) 
and Marburg virus (MARV) and 
host pathogenesis.

THE CENTER FOR 
REGENERATIVE 
MEDICINE (CREM) 

DARRYL KOTTON MD/PHD
David C. Seldin Professor in 
the Departments of Medicine, 
Pathology and Laboratory 
Medicine; founding Director 
of the Center for Regenerative 
Medicine 
Field of Study iPSC biology 
and lung development, disease 
and regeneration.

ANDREW WILSON MD
Assistant Professor of 
Medicine, Director of the 
Alpha-1 Center
Field of Study Molecular 
Pulmonology

AFFILIATED FACULTY
Collaborate extensively with center members, including regular project meetings. 
Members have priority access to facility resources, and enhanced project coordination.

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

The CNSB has forged extensive links to 
research faculty and associated 
educational initiatives at both the 
Charles River and Medical Campuses, 
including the Graduate Program in 
Bioinformatics, a premier cross-campus 
mentoring venue at BU.

IV.   FACULTY &
STAFF ENGAGEMENT

A. CORE & AFFILIATED FACULTY,   
 STAFF, STUDENTS, FELLOWS
THE CNSB IS AN EMERGING HUB FOR INTER-DISCIPLINARY 
RESEARCH AND TRAINING

ANDREW EMILI
Director CNSB, PhD Professor 
of Biochemistry and Biology. 
Field of Study Systems 
Biology, Molecular Networks, 
Molecular Biology of cellular 
processes and pathways. 

BENJAMIN WOLOZIN
MD/PhD Professor of 
Pharmacology and 
Neurology. 
Field of Study Molecular 
and cell biology of 
neurodegeneration. 

MARK MCCOMB, 
Facility Manager CNSB, PhD 
Associate Research Professor 
of Biochemistry. 
Field of Study Proteomics, 
Mass spectrometry, Molecular 
profiling of disease processes 
and cellular pathways. 

CNSB CORE MEMBERS
Participate in central goals and activities of the center, including weekly  
group activities/ team meetings.

“The CNSB is  
an emerging  
hub for inter-

disciplinary 
research and 

training.”
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CHRISTINE CHENG PHD
Assistant Professor of Biology 
Field of Study  Systems 
biology of transcriptional 
regulation.

TREVOR SIGGERS PHD
Associate Professor of 
Biology; Member of the 
Nanotechnology Innovation 
and the Biological Design 
Center
Field of Study Systems 
biology and regulation 
of immune system and 
inflammatory responses.  

GERALD DENIS PHD
Associate Professor of 
Pharmacology and Medicine; 
Co-Director, BU-BMC Cancer 
Center Education
Field of Study Molecular 
oncology, chromatin control of 
transcription in cancer.

STEFANO MONTI PHD
Associate Professor of 
Medicine and Biostatistics  
Field of Study Computational 
Biomedicine and network 
inference.  

PETER ASH PHD
Res. Prof. Pharmacology & 
Neurology 
Field of Study Molecular 
biology of neurodegeneration.

MARK CROVELLA (CS) PHD
Professor and former Chair in 
the Department of Computer 
Science
Field of Study Systematic 
modeling and graphical 
analysis of networks

VALENTINA PERISSI 
PHD Associate Professor, 
Biochemistry; Executive 
committee, Boston Nutrition 
Obesity Research Center 
Field of Study: Epigenetics, 
Endocrinology and 
Metabolism 

JOHN PORCO PHD
Director, Center for Molecular 
Discovery; Co-Director (w 
A. Emili) of the BU Target 
Discovery Laboratory
Field of Study Synthetic 
Organic Chemistry

DAVID HARRIS MD-PHD
Professor and Chair of 
Biochemistry
Field of Study  
Neurodegenerative disorders, 
prions and Alzheimer’s disease.

XARALABOS (BOB) 
VARELAS PHD
Associate Professor of 
Biochemistry
Field of Study Molecular 
mechanisms of cell 
proliferation, differentiation 
and survival during 
development and disease

NATIONAL EMERGING 
INFECTIOUS DISEASES 
LABORATORIES (NEIDL) 

MOHSAN SAEED PHD
Assistant Professor of 
Biochemistry; Investigator, 
NEIDL. 
Field of Study Systems 
biology of host–virus interface 
and biochemistry of viral 
proteases.

ELKE MUHLBERGER PHD
Associate Professor of 
Microbiology; Investigator, 
NEIDL 
Field of Study Ebola (EBOV) 
and Marburg virus (MARV) and 
host pathogenesis.

THE CENTER FOR 
REGENERATIVE 
MEDICINE (CREM) 

DARRYL KOTTON MD/PHD
David C. Seldin Professor in 
the Departments of Medicine, 
Pathology and Laboratory 
Medicine; founding Director 
of the Center for Regenerative 
Medicine 
Field of Study iPSC biology 
and lung development, disease 
and regeneration.

ANDREW WILSON MD
Assistant Professor of 
Medicine, Director of the 
Alpha-1 Center
Field of Study Molecular 
Pulmonology

AFFILIATED FACULTY
Collaborate extensively with center members, including regular project meetings. 
Members have priority access to facility resources, and enhanced project coordination.

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

The CNSB has forged extensive links to 
research faculty and associated 
educational initiatives at both the 
Charles River and Medical Campuses, 
including the Graduate Program in 
Bioinformatics, a premier cross-campus 
mentoring venue at BU.
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POSTDOCTORAL 
FELLOWS

DR. SUPRAMA DATTA
Suprama’s primary focus is to 
study the physical interface 
linking metabolism and the 
proteome using chemical 
proteomic approaches 
and to map these supra-
networks coordinating cellular 
metabolism and proteome 
under different physiological 
conditions. She aims to 
understand protein functions 
and reveal the “druggable” 
proteome in cells from their 
interactions with endogenous/
exogenous small molecules. 
Her keen interest in infectious 
diseases has also brought 
some key collaboration 
with reputed NEIDL groups 
(Mohsan Saeed’s group) 
and Merck & Co. As a newly 
appointed Visiting Research 
Fellow affiliated with the 
Merck Exploratory Science 
Center, Suprama is applying a 
versatile chemical proteomics 
pipeline to map host–microbe 
interactions to better 
understand how coronaviruses 
infect and overcome human 
cell systems.

DR. AVIK BASU
Avik studies dynamic protein 
interaction networks in a 
neurobiology context. The 
main goal of his research is 
to determine how changes in 
protein–protein interactions 
at the synapse occur during 
Alzheimer’s Disease (AD). 

Using genetically engineered 
cell and animal models, Avik 
is applying a novel in vivo 
proximity labelling technique 
(micromapping) to identify 
the protein networks at 
the pre- and post-synaptic 
densities. Additionally, 
Avik is using biochemical 
approaches coupled with 
mass spectrometry to 
identify protein complexes in 
synaptosomes isolated from 
postmortem brain tissue at 
various disease stages. During 
the COVID pivot, Avik has 
employed micromapping to 
determine how SARS-CoV-2 
binds to and invades host 
human cells.

DR. RAGHUVEERA GOEL
Raghuveera is engaged in 
multi-level proteomics profiling 
of cancer and normal cells 
of the lung and breast. He 
is further implementing a 
novel and optimized method 
to interrogate cell–cell 
communication in these 
cells. The overarching goal 
of his work is to identify 
and characterize molecular 
deficits underlying malignant 
transformation and disease 
progression.

DR. WEIWEI LIN
Weiwei is an expert analytical 
chemist who has been 
developing and optimizing 
an entirely new and powerful 
unified mass spectrometry 
approach for joint proteomic 
and nanoflow metabolomic 
analysis (PANAMA), which 

generates reproducible, high-
sensitivity, high-resolution 
protein and metabolite data in 
parallel that is applicable to a 
broad array of biospecimens 
with minimal sample 
consumption. For the coming 
year, she plans to use her 
platform to examine alterations 
in metabolism and in synaptic 
protein assemblies resulting 
from Alzheimer’s disease.

GRADUATE 
STUDENTS

AHMED YOUSSEF
Ahmed is a PhD student in the 
BU Bioinformatics program. 
During his first year in the Emili 
lab, his research has spanned 
different computational 
approaches to studying 
protein interaction networks. 
Current projects include 
investigating and modeling 
the dynamics of protein 
interactions in response to 
different growth stimuli, as well 
as using single-cell sequencing 
data to infer cell-specific 
protein interactomes.

BENJAMIN BLUM
Benjamin is finishing his 
dissertation work applying 
integrative multi-omic network 
models to study the impacts of 
network rewiring, ranging from 
protein–protein interactions 
to signaling cascades and 
metabolic changes, in diseases 
such as cancer and viral 
infections. He has been closely 
engaged in the analysis of data 
generated by the Center from 

collaborative studies of SARS-
CoV-2 and meta-analysis of the 
molecular profiles of different 
human cell types.

JARROD MOORE
Jarrod is an MD/PhD 
candidate who joined the Emili 
laboratory last fall. Since then, 
he has fulfilled his coursework 
requirements, was a featured 
student for the Biochemistry 
department, and passed the 
oral portion of his qualifying 
exam. His research is focused 
on using systems biology 
approaches to map the 
aberrant signaling pathways 
in pathologies, including 
Barrett’s Esophagus (BE) and 
Hypertrophic Cardiomyopathy. 
To this end, he has been 
collaborating closely with the 
Chen BioDesign laboratory 
(Charles River Campus) and 
Beth Israel Deaconess Medical 
Center. Moreover, he received 
a Multicellular Design Program 
Fellowship to support his 
cardiac project and foster 
scientific collaboration with 
the Chen group. Currently, 
he is focused on submitting a 
manuscript from his BE work 
and on his pending F30 grant.

MATTHEW LAWTON
Matt recently passed his 
qualifying exams and officially 
became a Ph.D. candidate in 
the Emili lab. He has submitted 
an NIH F31 proposal 
encompassing much of his 
dissertation work investigating 
signaling downstream of 
chimeric antigen receptors 

(CAR T cells) to better 
design immunotherapies. 
Matt finished his required 
coursework and began writing 
a review manuscript examining 
recent advances in systems 
biology approaches, focusing 
on phosphoproteomics, in the 
field of T-cell biology, which 
was submitted near the end of 
summer. Matt has co-authored 
three other manuscripts 
coming out of the lab and 
been involved in a SARS-
CoV-2 study investigating 
viral interactions with the 
human immune system. 
Recently, Matt has been busy 
establishing an in vitro T-cell 
culture model that he aims to 
use to understand the basis 
of immune exhaustion seen in 
cancer and other disorders.

ALEJANDRO N. RONDÓN 
ORTIZ
Alejandro joined the CNSB 
in May 2020, right after he 
completed his rotations in 
the Biology-Neurobiology 
PhD program. Now past the 
delay caused by COVID-19, 
he is currently developing 
genetic tools to identify 
protein interactions in specific 
cell types of the brain, 
and investigate how these 
networks are affected in 
neurodegenerative disorders. 
He is performing this project 
in collaboration with the group 
of Dr. Benjamin Wolozin, a 
core member of the CNSB. 
Additionally, he is interested in 
developing cell culture-based 
brain organoid models and 
using these to understand how 
viruses such as SARS-CoV-2 
and Zika cause neuropathies.  

UNDERGRADUATE 
STUDENTS

ISABELLA TURCINOVIC
Over the past year, Isabella 
Turcinovic has worked 
closely with the Center’s 
TIRF microscope and nano-
spectrophotometer, with 
the aim of developing 
fluorescence-based protein 
sequencing techniques. She is 
collaborating with Dr. Anderson 
(Ichun) Chen at the BU’s MNI 
CORE facility, as well as with 
the Beeler Chemistry group, 
to examine and optimize novel 
dyes. In the coming year, she 
hopes to apply this technique 
to cell and tissue enlarged 
through expansion microscopy.

JOHANNA WEFES-POTTER
This time last year, Johanna 
dedicated herself to 
completing her honors thesis 
project under the supervision 
of CNSB post-doctoral 
fellow Dr. Raghuveera Goel. 
The project, titled Profiling 
the Proteomic Landscape 
of Human Breast Cancer 
Subtypes, sought to determine 
the molecular profiles of 
subtypes using nine breast 
cancer cell lines. She has 
generated novel, publishable 
data and is working towards 
a manuscript submission later 
this year.

CNSB TRAINEES
CNSB trainees participate in 
interactive multi-disciplinary 
research

Mentorship and teamwork form a 
cornerstone of the CNSB research 
program. 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 
impact, not short-term results. In addition 
to honing trainees’ experimental skills, 
conceptual knowledge and bioinformatics 
capabilities, the CNSB demands trainees 
exercise creativity and critical judgement. 
Scientific communication, including 
presentations, workshops, high impact 
publications and social media, are central 
to the broader community outreach of 
the CNSB. Trainees draft and review 
manuscripts, and present and defend 
their work in formal Center meetings. 
We tailor our management approach 
to individual trainees’ backgrounds, 
strengths and shortcomings, 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 
collaborative projects while providing 
stable financial support and exposure to a 
cutting-edge research platform, trainees 
at the CNSB emerge both as well-rounded 
scientist ‘citizens’ and as knowledgeable 
experts in molecular biology, ‘omics and 
network biology. Our overarching guiding 
principles are that trainees be considerate 
colleagues, that they pursue their 
work with passion and document their 
findings rigorously, and that they publish 
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.

IV.   FACULTY &
STAFF ENGAGEMENT



3130

POSTDOCTORAL 
FELLOWS

DR. SUPRAMA DATTA
Suprama’s primary focus is to 
study the physical interface 
linking metabolism and the 
proteome using chemical 
proteomic approaches 
and to map these supra-
networks coordinating cellular 
metabolism and proteome 
under different physiological 
conditions. She aims to 
understand protein functions 
and reveal the “druggable” 
proteome in cells from their 
interactions with endogenous/
exogenous small molecules. 
Her keen interest in infectious 
diseases has also brought 
some key collaboration 
with reputed NEIDL groups 
(Mohsan Saeed’s group) 
and Merck & Co. As a newly 
appointed Visiting Research 
Fellow affiliated with the 
Merck Exploratory Science 
Center, Suprama is applying a 
versatile chemical proteomics 
pipeline to map host–microbe 
interactions to better 
understand how coronaviruses 
infect and overcome human 
cell systems.

DR. AVIK BASU
Avik studies dynamic protein 
interaction networks in a 
neurobiology context. The 
main goal of his research is 
to determine how changes in 
protein–protein interactions 
at the synapse occur during 
Alzheimer’s Disease (AD). 

Using genetically engineered 
cell and animal models, Avik 
is applying a novel in vivo 
proximity labelling technique 
(micromapping) to identify 
the protein networks at 
the pre- and post-synaptic 
densities. Additionally, 
Avik is using biochemical 
approaches coupled with 
mass spectrometry to 
identify protein complexes in 
synaptosomes isolated from 
postmortem brain tissue at 
various disease stages. During 
the COVID pivot, Avik has 
employed micromapping to 
determine how SARS-CoV-2 
binds to and invades host 
human cells.

DR. RAGHUVEERA GOEL
Raghuveera is engaged in 
multi-level proteomics profiling 
of cancer and normal cells 
of the lung and breast. He 
is further implementing a 
novel and optimized method 
to interrogate cell–cell 
communication in these 
cells. The overarching goal 
of his work is to identify 
and characterize molecular 
deficits underlying malignant 
transformation and disease 
progression.

DR. WEIWEI LIN
Weiwei is an expert analytical 
chemist who has been 
developing and optimizing 
an entirely new and powerful 
unified mass spectrometry 
approach for joint proteomic 
and nanoflow metabolomic 
analysis (PANAMA), which 

generates reproducible, high-
sensitivity, high-resolution 
protein and metabolite data in 
parallel that is applicable to a 
broad array of biospecimens 
with minimal sample 
consumption. For the coming 
year, she plans to use her 
platform to examine alterations 
in metabolism and in synaptic 
protein assemblies resulting 
from Alzheimer’s disease.

GRADUATE 
STUDENTS

AHMED YOUSSEF
Ahmed is a PhD student in the 
BU Bioinformatics program. 
During his first year in the Emili 
lab, his research has spanned 
different computational 
approaches to studying 
protein interaction networks. 
Current projects include 
investigating and modeling 
the dynamics of protein 
interactions in response to 
different growth stimuli, as well 
as using single-cell sequencing 
data to infer cell-specific 
protein interactomes.

BENJAMIN BLUM
Benjamin is finishing his 
dissertation work applying 
integrative multi-omic network 
models to study the impacts of 
network rewiring, ranging from 
protein–protein interactions 
to signaling cascades and 
metabolic changes, in diseases 
such as cancer and viral 
infections. He has been closely 
engaged in the analysis of data 
generated by the Center from 

collaborative studies of SARS-
CoV-2 and meta-analysis of the 
molecular profiles of different 
human cell types.

JARROD MOORE
Jarrod is an MD/PhD 
candidate who joined the Emili 
laboratory last fall. Since then, 
he has fulfilled his coursework 
requirements, was a featured 
student for the Biochemistry 
department, and passed the 
oral portion of his qualifying 
exam. His research is focused 
on using systems biology 
approaches to map the 
aberrant signaling pathways 
in pathologies, including 
Barrett’s Esophagus (BE) and 
Hypertrophic Cardiomyopathy. 
To this end, he has been 
collaborating closely with the 
Chen BioDesign laboratory 
(Charles River Campus) and 
Beth Israel Deaconess Medical 
Center. Moreover, he received 
a Multicellular Design Program 
Fellowship to support his 
cardiac project and foster 
scientific collaboration with 
the Chen group. Currently, 
he is focused on submitting a 
manuscript from his BE work 
and on his pending F30 grant.

MATTHEW LAWTON
Matt recently passed his 
qualifying exams and officially 
became a Ph.D. candidate in 
the Emili lab. He has submitted 
an NIH F31 proposal 
encompassing much of his 
dissertation work investigating 
signaling downstream of 
chimeric antigen receptors 

(CAR T cells) to better 
design immunotherapies. 
Matt finished his required 
coursework and began writing 
a review manuscript examining 
recent advances in systems 
biology approaches, focusing 
on phosphoproteomics, in the 
field of T-cell biology, which 
was submitted near the end of 
summer. Matt has co-authored 
three other manuscripts 
coming out of the lab and 
been involved in a SARS-
CoV-2 study investigating 
viral interactions with the 
human immune system. 
Recently, Matt has been busy 
establishing an in vitro T-cell 
culture model that he aims to 
use to understand the basis 
of immune exhaustion seen in 
cancer and other disorders.

ALEJANDRO N. RONDÓN 
ORTIZ
Alejandro joined the CNSB 
in May 2020, right after he 
completed his rotations in 
the Biology-Neurobiology 
PhD program. Now past the 
delay caused by COVID-19, 
he is currently developing 
genetic tools to identify 
protein interactions in specific 
cell types of the brain, 
and investigate how these 
networks are affected in 
neurodegenerative disorders. 
He is performing this project 
in collaboration with the group 
of Dr. Benjamin Wolozin, a 
core member of the CNSB. 
Additionally, he is interested in 
developing cell culture-based 
brain organoid models and 
using these to understand how 
viruses such as SARS-CoV-2 
and Zika cause neuropathies.  

UNDERGRADUATE 
STUDENTS

ISABELLA TURCINOVIC
Over the past year, Isabella 
Turcinovic has worked 
closely with the Center’s 
TIRF microscope and nano-
spectrophotometer, with 
the aim of developing 
fluorescence-based protein 
sequencing techniques. She is 
collaborating with Dr. Anderson 
(Ichun) Chen at the BU’s MNI 
CORE facility, as well as with 
the Beeler Chemistry group, 
to examine and optimize novel 
dyes. In the coming year, she 
hopes to apply this technique 
to cell and tissue enlarged 
through expansion microscopy.

JOHANNA WEFES-POTTER
This time last year, Johanna 
dedicated herself to 
completing her honors thesis 
project under the supervision 
of CNSB post-doctoral 
fellow Dr. Raghuveera Goel. 
The project, titled Profiling 
the Proteomic Landscape 
of Human Breast Cancer 
Subtypes, sought to determine 
the molecular profiles of 
subtypes using nine breast 
cancer cell lines. She has 
generated novel, publishable 
data and is working towards 
a manuscript submission later 
this year.

CNSB TRAINEES
CNSB trainees participate in 
interactive multi-disciplinary 
research

Mentorship and teamwork form a 
cornerstone of the CNSB research 
program. 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 
impact, not short-term results. In addition 
to honing trainees’ experimental skills, 
conceptual knowledge and bioinformatics 
capabilities, the CNSB demands trainees 
exercise creativity and critical judgement. 
Scientific communication, including 
presentations, workshops, high impact 
publications and social media, are central 
to the broader community outreach of 
the CNSB. Trainees draft and review 
manuscripts, and present and defend 
their work in formal Center meetings. 
We tailor our management approach 
to individual trainees’ backgrounds, 
strengths and shortcomings, 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 
collaborative projects while providing 
stable financial support and exposure to a 
cutting-edge research platform, trainees 
at the CNSB emerge both as well-rounded 
scientist ‘citizens’ and as knowledgeable 
experts in molecular biology, ‘omics and 
network biology. Our overarching guiding 
principles are that trainees be considerate 
colleagues, that they pursue their 
work with passion and document their 
findings rigorously, and that they publish 
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.

IV.   FACULTY &
STAFF ENGAGEMENT



3332

MICHAEL WASHBURN 
Director of Proteomics 
Center, Stowers 
Institute for Medical 
Research; Professor of 
Pathology & Laboratory 
Medicine, University of 
Kansas Medical Center. 
Prof. Washburn is a 
leader in applying 
mass spectrometry 
techniques to identify 
and quantify protein 
interactions in a 
systematic manner.

CATHY COSTELLO
Director, Center for 
Biomedical Mass 
Spectrometry, William 
Fairfield Warren 
Distinguished Professor 
of Biochemistry, Boston 
University. 
Prof. Costello’s group 
develops innovative 
methods to establish 
the structures of 
biopolymers in order 
to understand their 
structure–activity 
relationships as related 
to health, growth and 
development, and 
disease.

NEVAN KROGAN
Director of the 
Quantitative 
Biosciences Institute, 
Professor of Cellular 
and Molecular 
Pharmacology at the 
University of California 
San Francisco. Senior 
Investigator at the 
J. David Gladstone 
Institutes.
Prof. Krogan’s research 
is focused on using 
quantitative system 
approaches to help 
understand complex 
biological mechanisms, 
often related to disease 
areas.

RICHARD SMITH
Chief Scientist, Director 
of Proteome Research, 
Pacific Northwest 
National Laboratory, 
Director of the NIH 
Research Resource for 
Integrative Biology.  
Prof. Smith is a leader 
in proteomics and 
his group develops 
advanced analytical 
and physiochemical 
methods and high-
resolution separations 
and mass spectrometry, 
and their applications in 
biomedical research.

GARY BADER
Professor of Molecular 
Genetics, The Donnelly 
Centre for Cellular and 
Biomolecular Research, 
University of Toronto. 
Prof. Bader develops 
and applies 
computational 
approaches to study 
the organization and 
evolution of biological 
systems.

CNSB SCIENTIFIC ADVISORY BOARD

The following luminary research scientists serve on the CNSB’s SAB:

Summary
The Center for Network Systems Biology 
(CNSB) at Boston University (BU) has 
done an extraordinary job building 
itself up since inception two years ago, 
developing a world class proteomics 
facility and attracting a range of staff 
and trainees (now numbering almost 20, 
which is very impressive). The scientific 
focus on neurobiology/proteomics is 
outstanding. The CNSB is establishing 
itself and BU as a world leader in mapping 
molecular networks in human disease 
and pathogens. A healthy network of 
collaborations and collaborative grants 
has been developed, though a clear 
strategy for diversifying funding streams 
will be critical for future sustainability of 
the Center.

The new drug/metabolite target 
identification by pull down technology is 
very exciting and could be a major new 
strength of the Center. It could be the 
basis of a new Center grant. It greatly 
synergizes with local computational 
expertise in small molecule–protein 
computational docking.

The number of collaborative connections 
that have been established in such a 
short time of two years is very impressive. 
Going forward, identifying a small number 
of core strengths to build on will be 
important.

Recommendations
• BU should hire additional 
bioinformatics/computational biology 
faculty who can synergize with the CNSB, 
in particular in the area of computational 
systems biology.

• CNSB should try to identify 
philanthropic sources of funding by 
connecting with the development 
office and preparing a prospectus that 
identifies funding opportunities to help a 
benefactor build a legacy, such as naming 
of the Center.

• The BU data science initiative must 
include a biomedical pillar to ensure it 
makes a strong impact across vital sectors 
of society and the economy. This will 
synergize with CNSB’s mission.

• Continue to focus on identifying 
synergies within the community and to 
identify new research strengths, though 
the neuroproteomics and metabolite 
target identification focus areas are 
outstanding and definitely good 
opportunities to continue pursuing. 
The metabolite project is an intensely 
interesting and internationally unique area 
of science that promises to have a great 
impact in the areas of therapy and drug 
development.

• It may be a good idea to hold 
a computational systems biology 
symposium that invites potential 
collaborators to explore the regional 
collaborative landscape and build new 
collaborations.

• Establishing a CNSB outpost on 
the Charles River campus would be 
advantageous to strengthen collaborative 
connections across the BU ecosystem. 
For example, a drop-in collaboration 
center would serve to strengthen the 
communication between groups across 
the campuses. Perhaps this center could 
focus on computational biology.

CNSB SAB REPORT 2019
OCTOBER 22, 2019
SAB members contributing: Nevan Krogan, Michael 
Washburn, Dick Smith, Catherine Costello, Gary Bader

“The CNSB is 
establishing itself 

and BU as a world 
leader in mapping 

molecular networks 
in human disease 
and pathogens.”
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and physiochemical 
methods and high-
resolution separations 
and mass spectrometry, 
and their applications in 
biomedical research.

GARY BADER
Professor of Molecular 
Genetics, The Donnelly 
Centre for Cellular and 
Biomolecular Research, 
University of Toronto. 
Prof. Bader develops 
and applies 
computational 
approaches to study 
the organization and 
evolution of biological 
systems.

CNSB SCIENTIFIC ADVISORY BOARD

The following luminary research scientists serve on the CNSB’s SAB:

Summary
The Center for Network Systems Biology 
(CNSB) at Boston University (BU) has 
done an extraordinary job building 
itself up since inception two years ago, 
developing a world class proteomics 
facility and attracting a range of staff 
and trainees (now numbering almost 20, 
which is very impressive). The scientific 
focus on neurobiology/proteomics is 
outstanding. The CNSB is establishing 
itself and BU as a world leader in mapping 
molecular networks in human disease 
and pathogens. A healthy network of 
collaborations and collaborative grants 
has been developed, though a clear 
strategy for diversifying funding streams 
will be critical for future sustainability of 
the Center.

The new drug/metabolite target 
identification by pull down technology is 
very exciting and could be a major new 
strength of the Center. It could be the 
basis of a new Center grant. It greatly 
synergizes with local computational 
expertise in small molecule–protein 
computational docking.

The number of collaborative connections 
that have been established in such a 
short time of two years is very impressive. 
Going forward, identifying a small number 
of core strengths to build on will be 
important.

Recommendations
• BU should hire additional 
bioinformatics/computational biology 
faculty who can synergize with the CNSB, 
in particular in the area of computational 
systems biology.

• CNSB should try to identify 
philanthropic sources of funding by 
connecting with the development 
office and preparing a prospectus that 
identifies funding opportunities to help a 
benefactor build a legacy, such as naming 
of the Center.

• The BU data science initiative must 
include a biomedical pillar to ensure it 
makes a strong impact across vital sectors 
of society and the economy. This will 
synergize with CNSB’s mission.

• Continue to focus on identifying 
synergies within the community and to 
identify new research strengths, though 
the neuroproteomics and metabolite 
target identification focus areas are 
outstanding and definitely good 
opportunities to continue pursuing. 
The metabolite project is an intensely 
interesting and internationally unique area 
of science that promises to have a great 
impact in the areas of therapy and drug 
development.

• It may be a good idea to hold 
a computational systems biology 
symposium that invites potential 
collaborators to explore the regional 
collaborative landscape and build new 
collaborations.

• Establishing a CNSB outpost on 
the Charles River campus would be 
advantageous to strengthen collaborative 
connections across the BU ecosystem. 
For example, a drop-in collaboration 
center would serve to strengthen the 
communication between groups across 
the campuses. Perhaps this center could 
focus on computational biology.
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“The CNSB is 
establishing itself 

and BU as a world 
leader in mapping 

molecular networks 
in human disease 
and pathogens.”

IV.   FACULTY &
STAFF ENGAGEMENT
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The Center for Network Systems Biology 
is a University-wide interdisciplinary 
research center reporting to the University 
Provost through the Vice President and 
Associate Provost for Research at Boston 
University. The CNSB is virtual, and so 
does not consist of any predefined space. 
Membership will include outstanding 
current systems biology and molecular 
biology faculty who are housed in a range 
of locations on both the Charles River 
Campus and the BU School of Medicine. 
Professor Emili, the Founding Director, has 
a substantive newly renovated lab space 
at the Silvio Conte (K) research building, 
located on the Medical Campus, where 
he has established state-of-the-art mass 
spectrometry and computational facilities.

Professor Andrew Emili, recruited to 
BU through the Provost’s Senior Hiring 
Initiative with joint appointments in 
the Department of Biochemistry at the 
Medical Campus and the Department 
of Biology on the Charles River Campus, 
was appointed by the Provost as the 
CNSB’s Founding Director for a renewable 
five-year term, effective July 1, 2017. 
Professor Emili is a pioneer and leader 
in global ‘interactome’ mapping as a 
research paradigm, and his research group 
has reported ground-breaking studies 
documenting the molecular interaction 
maps of human cells and other model 
systems. Dr Emili’s laboratory will serve as 
a hub in the Center by providing access to 
research instrumentation and experimental 
expertise needed for collaborative 
projects involving other CNSB research 
faculty using experimental techniques 
in Network Systems Biology. The Conte 
building also has ample first floor space 
for hosting social gatherings, seminars, 
conferences, and workshops organized by 
the Center. The Director is responsible for 
the overall activities of CNSB, including 
personnel, financial resources, and the 
use of the Center’s facilities, as well as the 
establishment of collaborative research, 
education and training programs and their 
implementation.

The Director intends to recruit a dedicated 
Senior Project Manager, who will be a 
seasoned and accomplished scientist with 
a notable track record in Network Systems 
Biology, who will assist in the establishment 
and management of intra-/extra-mural 
research collaborations, in all scientific 
outreach activities, and in budgetary 
compliance. The Director is also supported 
by an Administrative Coordinator, as well 
as by the administrative structure of the 
Departments of Biochemistry and Biology, 
who will help oversee the Center’s vital 
operations (e.g., grants administration, 
meetings, finance). The CNSB research 
activities are also supported by three Core 
components:

The Administrative Core, led by the 
Director, Professor Andrew Emili, who 
manages, coordinates, and supervises 
all scientific, outreach and budgetary 
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 
skills training programs. Drawing 
together an outstanding team of experts 
in molecular networks, proteomics, 
functional genomics, mass spectrometry, 
computational biology, and systems 
biology, the Administrative Core will 
nurture scientific expertise, foster new 
collaborative enterprises, and provide 
guidance for future growth initiatives 
at BU. The Administrative Core is 
responsible for training, workshops and 
all other outreach activities. These include 
sponsoring regular visiting seminars and 
a yearly retreat with prominent outside 
guest speakers in the area of Network 
Systems Biology, as well as hosting 
informative project websites, social 
media and virtual tutorials, and hosting 
‘hands on’ physical training sessions and 
workshops to disseminate skills needed 
for network data generation and analysis, 
and to share key findings with both the BU 
and broader scientific communities.

The Technology Core deploys cutting-
edge high-throughput technologies 
(e.g., quantitative proteomics, imaging, 
metabolomics, etc.) for systems-level 
analysis of samples generated by the 
Center’s projects, starting primarily in the 
mass spectrometry facility but also via 
other emerging technology platforms, 
such as super resolution imaging.

The Data, Bioinformatics and 
Modeling Core performs sophisticated 
computational analyses related to 
the Center’s projects. These include 
integrative molecular-level investigations 
of protein networks, signaling pathways 
and disease/genomic associations. The 
Core provides real-time data access for 
collaborating team members, facilitating 
data exchange. Once a project is 
completed and published, the compiled 
data and models will be made available 
to the broader scientific community via 
public databases as well as by dedicated 
web portals supported and managed by 
the Core. 

“The CNSB research 
activities are 

supported by three 
Core components: 

Administrative; 
Technology; and 

Data, Bioinformatics 
and Modeling.”

IV.   FACULTY &
STAFF ENGAGEMENT

B. CURRENT STAFFING –  
 ORGANIZATIONAL CHART
LEADERSHIP, TECHNICAL & ADMINISTRATIVE STAFF – 
ORGANIZATIONAL STRUCTURE AND GOVERNANCE
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FACEBOOK www.facebook.com/BUCNSB

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 will serve as a leading hub from 
which to chart the dynamic molecular networks critical to 
human cells and tissues.

“The CNSB will 
serve as a leading 
hub from which to 
chart the dynamic 

molecular networks 
critical to human 

cells and tissues.”

“The CNSB supports 
ambitious research 
initiatives to map 
protein interaction 
networks in different 
biomedical 
contexts.”
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