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 “A hidden connection is stronger than an obvious one” 
Heraclitus of Ephesus 535–475 BC

The underlying unity that connects all people together forms the 
basis of humanity, but this is often hidden from sight, and can 
become frayed in challenging times, threatening the most 
vulnerable members of society.

Likewise, inside the microscopic cells of the human body, 
dynamic bonds link many of the thousands of different molecules 
that support life, but these too are often hidden from view, and 
can become weakened or broken, leading to devastating 
diseases such as cancer, diabetes and neurodegeneration. 

So we understand that the connections that are vital or 
fundamental to health cannot be easily seen with normal  
sight. Rather, they require vision, inquiry and discernment.

This is the core mission of the Boston University Center  
for Network Systems Biology. 

As we approach our third year of operations, it is important to 
take stock by looking back to see just how far we have 
progressed over the past two years. We are also looking forward 
to chart a course that best positions the Center to benefit from 
the most impactful scientific openings that lie ahead, and so 
contribute to the advancement of biomedicine, while avoiding 
the turbulence that increasingly clouds the biomedical enterprise 
in the US.

This past year has been both uniquely rewarding,  
and challenging, for the CNSB.

On the one hand, we have benefitted enormously from the 
recruitment of an extremely talented group of scientists to our 
team; we have started publishing notable publications in the 
network systems biology domain that are garnering attention 
from the broader scientific community; we have secured 
considerable grant funding from national agencies such as the 
NIH and from industry partners; and we have embarked on 
dozens of new multidisciplinary collaborative projects that 
promise to solve important research questions while opening  
up new research directions.

On the other hand, we have experienced growing pains by 
testing and stretching the capabilities of our team of scientists  
to their limits; by reaching and maintaining full capacity of our 
current infrastructure; and by producing an overwhelming 
abundance of data – all of which truly represent problems  
of opportunity.

This duality forms the basis of the CNSB’s inaugural symposium 
– Network Systems Biology: Looking Back, Moving Forward. 
Scheduled for this fall in partnership with the Genome Science 
Institute, the symposium promises to showcase scientific 
advances, both conceptual and technical, at the Center and in 
the field, while also defining major hurdles that researchers at the 
CNSB and beyond are striving to overcome in the coming years. 

With the CNSB scientific engine now running at full bore to churn 
out scientific discoveries round the clock, and with the Center 
likely to be even busier as we approach 2020, we are grateful for 
the incredible support the BU administration and scientific 
community has shown us, across both the Charles River and 
Medical campuses. We welcome the chance to further our impact 
– in line with our Center’s informal motto of “Go Big, or Go 
Bigger!” – and welcome the chance to work in synergy with the 
new leadership of the cross-campus Data Sciences Initiative to 
contribute CNSB’s expertise and perspective to advance 
Biomedical Machine Learning and Artificial Intelligence at BU.

In closing, I would like to emphasize that the CNSB was 
conceived to find and nurture the connections that make BU a 
special place to do cutting-edge research: It is designed to be a 
home for scientific progress for years to come. 

Sincerely,

Andrew Emili, CNSB Director
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Network Systems Biology aims to describe the physical 
and functional interactions of cellular biomolecules that 
mediate the diverse complex biological processes crucial 
to human health and disease. It is the focus of the Center 
for Network Systems Biology, and an emerging strength 
of Boston University. Elucidating the biological networks 
that support human health and development normally, 
and which go awry in pathology, is fundamental to a 
deeper mechanistic understanding of biological and 
disease processes. 

I. ESTABLISH BU AS A WORLD LEADER IN MAPPING MOLECULAR NETWORKS 

Molecular interactions are crucial to all cellular processes and central to human health and disease. Elucidating how such net-
works form and function normally during development, and how they become altered in disease contexts, is central to under-
standing the fundamental mechanistic basis of biological systems and their causal pathobiological relationship to important 
clinical disorders such as neurodegeneration, cancer and heart disease. The primary objective of the Center is to investigate 
how systems of interacting biomolecules support the cellular functions and pathways essential to human health and disease, 
and how these systems go awry in disease states. By establishing an internationally recognized academic powerhouse for 
research excellence that attracts, trains and nurtures talented investigators at the forefront of the field, the CNSB aims to 
enhance the impact, reach and reputation of BU at the leading edge of the field of systems biology and beyond.

II. FOSTER COLLABORATIVE INTERDISCIPLINARY RESEARCH AT BU 

Researchers affiliated with the CNSB devise and support ambitious new multi-disciplinary research initiatives that 
bridge research teams across both the Medical and Charles River campuses. Our Center is a focal point for a growing 
cadre of basic and translational researchers tackling important biomedical problems. Our team includes bioengineers, 
computational biologists, chemists, molecular biologists, clinicians and other scientists. The Center will continue to 
build and nurture a highly collaborative, forward-looking and entrepreneurial research community at BU. 

III. PROVIDE UNIVERSITY-WIDE ACCESS  
TO INNOVATIVE TECHNOLOGIES AS  
A NEW RESEARCH PARADIGM 

The Center is deploying innovative experimental technologies 
for the systematic large-scale study of molecular interaction 
networks critical to human health and disease. The CNSB also 
provides affiliated researchers with timely access to state-of-
the-art infrastructure and expertise. The platform includes 
precision mass spectrometry and other technologies for 
quantitative molecular profiling. Over the coming year, the 
Center will continue to build an ambitious and rigorous 
experimental and computational framework that leverages 
statistical inference, artificial intelligence and integrative 
‘big data’ analytics. Our framework will combine and mine 
different types of ‘omics data to solve complex biomedical 
problems at the forefront of the field of systems biology.

MISSION STATEMENT

AT THE CNSB, WE HAVE THE FOLLOWING OVERARCHING GOALS: 

CNSB aims to be a world leader in interdisciplinary biomedical research. The Center’s 
open-concept, highly collaborative environment supports ambitious, clinically relevant 
projects with many avenues for translation. Our research program benefits enormously 
from the Center’s unique blend of molecular and computational biologists, as well as 
physical and applied scientists, who provide complementary skills and perspectives. Our 
work is supported by a capable administrative staff, who provide professional services 
(grant management, secretarial support, and procurement) in an efficient manner.

CENTER STRATEGIC PLAN

PROJECTS AND 
THEIR RATIONALE 
NEUROBIOLOGY PROJECTS 
Neurodegenerative disorders such as Alzheimer’s disease (AD), 
Chronic traumatic encephalopathy (CTE), Amyotrophic lateral 
sclerosis (ALS), frontotemporal degeneration (FTD), and other 
forms of dementia are a leading cause of death and debilitation. 
While it is clear that neuronal networks become pathologically 
rewired in the afflicted brain, the mechanisms driving disease 
progression remain unclear. There is also a pressing need for 
early-stage disease markers for improved diagnosis.

Working with local experts at BU, and other institutions in  
Boston, who study the unique pathobiology of such neurodegen-
erative disorders, the CNSB aims to identify the molecules and 
pathways that control degeneration of nerve cells in such  
disease. The goal is to develop innovative tools to detect,  
blunt and perhaps reverse the relentless process of brain  
degeneration that causes dementia.

To facilitate these objectives, the CNSB 
has initiated an ambitious plan to develop a 
National NIH-funded (P41) NeuroProteomics Center 
(NPC), located on the Boston University Medical Cam-
pus. The NPC will meet emerging local and national 
research needs to elucidate the dynamics of neuronal 
protein networks in response to neurodegenerative 
disorders. This new Center will operate in an out-
standing, integrated, cooperative, multidisciplinary 
research environment focused on addressing driv-
ing biomedical research needs related to under-
standing and treating major human neuropatho-
logical diseases that take a devastating toll on US 
society. The NeuroProteomics Center is designed 
to address critical unmet biomedical needs by 
characterizing protein-protein, protein-RNA 
and protein-ligand interactions that are central 
to the neurodegenerative process. Existing 

“…a pressing  
need for early-
stage disease 

markers for 
improved 

diagnosis”



methods demonstrate 
the feasibility of protein 
interaction analysis in the 
central nervous system, 
but lack the precision, 
selectivity and sensitivity 
necessary for unbiased 
mapping of regional 
and cell-type specific 
networks. Most neuronal 

proteins, such as tau, are 
long-lived, post-translation-

ally modified, polymorphic 
and alternatively spliced, multi-

plying the number  
of functional forms in these 

networks. Existing methods lack the 
power to follow changes in neuronal 

protein isoforms, modifications and associ-
ation partners in different, dynamically changing 

cellular contexts. The NPC will focus on the molec-
ular processes determining pathological susceptibility and 
progression. These emerge from the rewiring of neuronal 
networks that cannot be comprehensively characterized 
using existing technologies.

To address these challenges, our Center will develop in-
novative new analytical and bioinformatics technologies 
that are required to define the altered neuronal protein 
networks that proceed and drive pathological per-
turbations in function. Our technology development 

efforts respond to the needs of driving biomedical  
projects that comprise neuropathological disorders such  
as AD, FTD, CTE, and ALS.

Together with the CNSB, the NPC will pursue technical 
research and development projects that produce new 
technologies for breakthrough studies of the mechanisms 
driving neuropathophysiology. Together with staff of the 
CNSB, the NPC will develop: improved protein labeling, 
processing, and detection methods for more efficient, sensitive 
and reproducible quantification of neuronal protein-protein, 
protein-RNA, and protein-ligand interactions; innovative 
technologies to determine the impact of specific components 
in these networks; integrative data acquisition methods to 
characterize the dynamics of alternatively spliced/mutated/
PTM-modified protein subnetworks with single cell resolution; 
and bioinformatics tools to analyze, visualize and communicate 
these results. The NPC will: demonstrate the power of our new 
technologies on a set of collaborative, interdisciplinary driving 
biomedical projects; disseminate our tools and data widely via 
high impact publications and web portals; train a new generation 
of scientists in appropriate uses of our multi-omics technologies 
and computational tools; host hands-on national workshops and 
in silico scientific training events. 

We expect the NPC initiative to showcase the power of a 
rigorous systems biology approach to study the biochemistry 
of neuronal protein networks in healthy and disease states in a 
manner that complements advances in cell imaging, single cell 
sequencing, and CRISPR/CAS-based functional screens. 
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By examining ligand-protein interactions in an unbiased 
manner, without requiring compound immobilization 
or labeling, our goal is to deconvolute the mode-of-
action and ‘off targets’ of drug leads, chemical probes, 
and endogenous metabolites. By comparing the 
binding profiles of bioactive compounds versus inactive 
analogues, the CNSB platform allows determination of 
fundamental structure-function relationships that elicit a 
biological response. With the goal of obtaining funding 
to ramp up our platform this coming year, we plan to 
characterize bioactive compounds of special interest to 
BU scientists, including novel compounds to treat cancer 
and other important clinical applications. 

In parallel to this initiative, a productive team 
of researchers at the CNSB – encompassing the 
Segre, Vajda, and Emili labs – have produced an 
unprecedented ‘map’ of all the protein-metabolite 
(native small molecule) interaction networks that occur 
inside a bacterial cell: an accomplishment which has 
never been done on a large scale before. This work is 
highly innovative and is enabling deeper mechanistic 

understanding. It has a high likelihood of knowledge 
translation to improve drug discovery pipelines. The 
CNSB’s technology is currently the only one proven to 
be capable of direct, near-comprehensive mapping 
of hundreds to thousands of native protein-
metabolite assemblies in cells and can potentially 
be applied to study the interactome networks of 
human cells.  
 
By documenting differences in the molecular 
association networks of healthy and diseased 
specimens, our program will reveal how proteins 
and bioactive compounds interact in cells and 
how these networks impact cancer progression 
and clinical outcomes. Some of the protein 
complexes we discover could serve as clinically 
useful markers and therapeutic targets. 
Subsequent translation into potentially new 
therapeutics will benefit from the CNSB’s 
growing consortium of top-notch clinical 
collaborators and our proximity to the local 
pharmaceutical industry.

CATCHING DISEASE (CANCER)  
AT ITS EARLIEST STAGES 

“Knowing how 
a drug lead 

interacts with 
proteins in a 
tumor cell is 

essential”

Many anti-cancer therapeutics are under development in the Boston area, but most will 
fail. Knowing how a drug lead interacts with proteins in a tumor cell is essential to evaluate 
its mode-of-action, potency and potential toxicity, but this information is often lacking. In 
collaboration with the Center for Molecular Discovery, headed by Prof. John Porco, the 
CNSB aims to address this gap systematically by probing the interactions of therapeutic 
lead compounds from a diverse array of academic partners with the goal of improving  
pre-clinical efficacy. Researchers at the CNSB have devised powerful mass spectrometry 
assays to measure the selective binding of bioactive molecules (synthetic compounds or 
natural products) with cellular proteins and multi-protein complexes in cancer cells  
versus healthy tissues.

View our  
latest  
animation at  
cnsb.bu.edu/

http://cnsb.bu.edu/
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As pioneers in network biology, researchers at the 
CNSB have already reported thousands of protein 
interactions for model systems, like yeast, fly and 
worm. These include the largest map to date 
of protein macromolecules involved in drug 
resistance in microbes, which we published 
last year in Nature Biotechnology (Babu et 
al, 2018). Now, we aim to break new ground 
by documenting the unique diversity of the 
protein interaction networks of key human 
cells and tissues – particularly the central 
nervous system – which has never been 
done before. Our multipronged initiatives 
will define key determinants that are 
perturbed in neurodegeneration and 
other important neuropathologies as well 
metabolic disorders, cancer, kidney and 
heart failure, and other significant clinical 
conditions. Because aberrant protein 
function likely underlies most, if not 
all, human disease, understanding 
and manipulating protein interaction 
networks is a key requirement 
for more effective ‘precision’ 
medicine, particularly with regards 
to the at-risk patient population 
served by the Boston School of 
Medicine. With our extended 
and growing network of expert 
basic biologists and clinical 
collaborators, and emerging 
industry partner Johnson and 

Johnson, scientists affiliated with the CNSB aim to translate the 
mechanistic knowledge we obtain from our ongoing network 
discoveries into transformative new diagnostic tools and 
therapeutic leads.  
 
To achieve this goal, we are employing multidisciplinary 
strategies based on innovative new experimental methods, 
including high resolution network biochemistry, quantitative mass 
spectrometry, and genetic engineering to probe:  
 
(i) Subcellular compartments of normal and diseased neurons 
within the human brain to define the neurobiological circuits that 
are critical to neurotransmission, stress resistance and patient 
outcomes;  
 
(ii) Intracellular signaling modules that determine cell behavior, 
cell fates, and tissue homeostasis and crosstalk in vivo;  
 
(iii) Protein biomarkers of early stage cellular transformation and 
tissue dysfunction that precede the emergence of lung cancer 
and other clinically important diseases.  
 

Our research program aims to address fundamental biomedical 
problems: What are the features and principles of protein 
networks in the human brain, and how are they perturbed in 
diseases such as Alzheimer’s and CTE? Why do some patients 
with the same disease have a complicated course while others 
present a milder phenotype? How can we exploit this knowledge 
to reduce human suffering and improve human health? 

Our central premise is that the human protein ‘interactome’ 
is highly specialized at the cell type and tissue level, and 
more impacted by the alternate programs of expression, 
alternative splicing and posttranslational regulation than is 
generally appreciated. Exploring network states, dynamics and 
heterogeneity is critical to the development of basic biological 
understanding, and the creation of more effective theranostics 
for precision medicine. 

TRANSLATION TO THE CLINIC 
Advances in our protein mapping capabilities offer great 
potential for breakthrough biomedical discoveries. By measuring 
protein networks in healthy and pathologic cells and tissues 
from validated animal models, patient explants and phenotyped 
cell cultures, researchers at the CNSB are now able to identify 
macromolecular assemblies whose functions are perturbed 
during disease onset and progression. Of special interest are 
enzymes and receptors that are potential pharmaceutical targets. 
Biochemical, cell biology and genetic studies have identified 
interactors for just a subset of “druggable” proteins, but the 
native ligands, binding partners and functions of most are still 
unknown. This gap limits the amount of clinically actionable 
information that is available to develop more effective new 
treatments for chronic diseases. 

“What are the features and 
principles of protein networks in 
the human brain, and how are 
they perturbed in diseases such 
as Alzheimer’s and CTE?”

For example, 
patients with 
hypertension, 
diabetes or 
neurodegenerative 
disorders often 
present with 
irreversible 
end-stage 
cardiac disease. 
Previous studies 
of cardiomyopathic 
hearts by researchers 
working with the CNSB 
have identified markers 
of early-stage heart failure, 
a major healthcare epidemic. 
One candidate, IGFBP7, is an 
excellent prognostic as well. In patients 
with asymptomatic hypertrophy, 
elevated blood IGFBP7 predicts cardiac 
dysfunction much earlier and with higher 
sensitivity and specificity than existing 
clinical assays. Remarkably, IGFBP7 
predicts hypertensive patient outcomes 
(randomized to placebo), establishing 
broad clinical utility. Yet while trials of our 
other markers, now licensed to Roche 
Diagnostics, are ongoing, we still do not 
know how these proteins work together 
or how they interact with other cardiac 
proteins in normal or failing hearts, which 
is essential to understand biological 
function and causal disease relationships. 

MAPPING MACROMOLECULAR  
NETWORKS ESSENTIAL 
TO HUMAN HEALTH AND 
DEVELOPMENT

 
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 the molecular ‘machines’ that support cellular 

processes critical to human development and health  
are still largely unknown. Yet despite the immense 

progress in genomics, it remains unclear which proteins 
associate together to support the formation and function 
of different cell types and tissues or how these networks go 
awry in clinical disorders like cancer, neurodegeneration and 
cardiovascular disease. Because improper connectivity leading 
to aberrant protein function is now recognized as a root cause 
of pathology, we expect that our interaction maps will drive 
the development of more effective diagnostics and treatments. 

“…the human 
protein 

‘interactome’  
is highly 

specialized at 
the cell type 

and tissue 
level…”



Currently, a key bottleneck that is slowing the 
growth of the center’s collaborative studies is 
limited instrumentation. With one of the Center’s 
two mass spectrometer instruments dedicated 
to methods development, training, and 
specialized assays, such as metabolomics (the 
study of small bioactive chemical compounds 
produced by biological systems), our 
other instrument has reached maximum 
capacity for both routine analyses and 
more demanding stem cell and clinical 
applications where limiting samples 
demand the highest possible sensitivity; 
even when operating 24/7, wait times 
have doubled over the past year. It is 
very hard to grow the Center and take 
on new projects with important new 
collaborators, such as the  
CTE profiling initiative, without 
impacting all other projects. The 
solution is to expand capacity 
by acquiring a third mass 
spectrometer instrument, a new 
ThermoFisher Exploris model, 
dedicated to clinical specimens 
and other precious samples.

CHALLENGES

Assuming our infrastructure needs are addressed, a second 
challenge due to our growth and the potential for broad impact 
is in data mining. Molecular interaction networks and Systems 
Biology present some of the most promising and challenging 
theoretical and applied research problems in Data Science. This 
is due to the complexity of the data and the questions they pose, 
and their potential impact of discoveries in this domain on human 
health. Historically, some of the most interesting and important 
advances in applied statistics, machine learning and artificial 
intelligence have arisen from the network biology domain. All 
members of the CNSB, as well as many other faculty across the 
Boston University Medical Campus are keen to contribute to the 
Charles River Campus-centered initiative to boost research and 
education in Data Science, and applaud the creation of the BU 
Faculty of Computing and Data Sciences. Data Science research 
and education is already a strength at the CNSB, and an area 
where the Center currently ‘stands out’ compared to its peers. 
With the central role of Data Science in the ongoing efforts of the 
Center, as well as virtually all areas of biomedicine, it is essential 
for the CNSB to continue to innovate as a leader in the growing, 
competitive landscape of Network Data Sciences. 

As such, the CNSB proposes to take the lead in the creation 
of a Center for Biomedical Machine Learning (CBML) 
dedicated to the development and application of innovative 

computational strategies to overcome current barriers limiting 
the utility of artificial intelligence to address the biomedical 
concerns of the CNSB, particularly as they relate to the care of 
the underprivileged patient population served by BUMC/BMC. 
The CNSB/CBML aims to eliminate bias (in terms of software 
design, deployment and distribution) in computational inference 
while overcoming challenges associated with interpreting and 
leveraging high complexity molecular/genomic profiles and 
electronic health records to improve patient outcomes. Ideally, 
the CMBL would be physically adjacent to the CNSB, as a unit 
within the BUMC Branch of the Faculty of Computing and Data 
Sciences (BUMC CDS). By leveraging the unique data and multi-
disciplinary collaborations of the CNSB, the CBML will arm the 
next generation of laboratory scientists with the basic knowledge, 
analytical skills, and algorithmic literacy needed to define and 
stay on the cutting edge of high-impact biomedical research.

Graduate and undergraduate training within the CNSB/CBML 
program will provide valuable skills in a critically important 
area while providing a unifying platform for interdisciplinary, 
inter-professional collaborative research. This is critical to the 
long-term objective of the CNSB to be recognized as a leader 
in integrative network biology, nationally and beyond. Scientists 
at the Center have already pioneered systematic ‘interactome’ 
mapping as a powerful research paradigm. Existing team 
members were also the first to report near comprehensive 
physical and functional interaction maps for yeast [Nature 2006, 
2012], E. coli [Nature 2005], human cell lines [Cell 2012], and 
diverse metazoans such as mouse, fly and worm [Nature 2015]. 
Strikingly, many of the protein ‘modules’ we discover are highly 
informative about specific human diseases. Yet many more such 
interactions remain to be discovered. 

The CNSB’s research program is dynamic – we 
continually engage new experts to address new 
program needs and opportunities. For example, 
to pinpoint the maladaptive impact of changes 
in human and microbial interaction networks we 
observe in response to physiological stress, we will 
work closely with biologists on both campuses, to 
access state-of-the-art functional assays, cell and 
animal models, and clinical specimens to establish 
pathophysiological relevance. A key challenge 
is to generate high-confidence interaction data. 
We are employing several strategies to meet this 
challenge. These include clearly defined metrics 
to ensure we meet our scientific objectives. We 
are also implementing an electronic dashboard 
to facilitate the lifecycle of each project. Our 
translation efforts will benefit from building 
stronger ties to local healthcare partners to 
maximize opportunities for long-term clinical 
relevance and impact. 

The CNSB also aims to strengthen industry 
partnerships, and to offer practica 
(internships) that provide valuable hands-
on experience. By working closely with 
renowned biologists and clinical scientists 
at BU, and 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. 

The CNSB is centered around a highly collaborative and productive research facility. While 
the CNSB has ramped up dramatically in terms of staff, research capabilities and scientific 
initiatives this past year, it faces a number of daunting challenges. These reflect the ongoing 
challenge of securing sustained funding to the center, ensuring we have sufficient capacity 
to support our rapidly growing efforts in neuroproteomics as well as take on exciting 
new projects with our colleagues at the CReM, the NEIDL, the BDC, and the CMD, while 
fostering a cross-campus community beyond the core unit, and ensuring computational 
innovation that matches the advances in technology.

“The CNSB 
proposes to 

take the lead in 
the creation of 

a Center for 
Biomedical 

Machine 
Learning 
(CBML)”
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“The CNSB  
aims to 
strengthen 
industry 
partnerships, 
and to provide 
valuable  
hands-on 
experience”



The CNSB sponsors and supports diverse activities 
aimed at addressing its primary research mandate. These 
activities bring broader national and international attention 
to BU’s leadership efforts in the Network Systems Biology 
domain. These 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) defining the fundamental biophysical 
organization of macromolecular networks and their functional relationships 
to biological processes, pathways, organelles, cells, tissues, organs and 
intact organisms. 

CENTER ACTIVITIES 
– INNOVATIVE 
SCIENCE, INAUGURAL 
SYMPOSIUM (+SAB 
MEETING) AND OTHER 
OUTREACH EVENTS

To support widest possible engagement, we have 
implemented successful outreach and skills training programs. 
Our goals in respect to community engagement over the 
coming year are to: 

1. Host the First CNSB Symposium this fall  
(October 21, 2019), entitled “Network Systems Biology: 
Looking Back, Moving Forward”. The diverse array of Invited 
speakers include local and nationally recognized scientists 
who are leaders in the Network and Systems Biology fields. 
We anticipate good turnout for the one-day symposium 
on the Medical Campus Hiebert Lounge, which will be 
co-hosted with the Genome Science Institute, since it will 
showcase innovation by BU faculty affiliated with the CNSB 
along with a number of other prominent scientists in the field 
more generally. 

The following day, the Core members of the CNSB  
will hold an in camera center review meeting with  
members of our distinguished scientific advisory board. 

2. Continue to support a multidisciplinary environment  
that exposes different labs and trainees to emerging  
research concepts, methods and collaborative  
opportunities in Network Systems Biology. 

3. Extend our leadership in the field by generating 
‘connectivity’ diagrams that are both unprecedented in 
scope and broadly useful to the (neuro)biology community, 
our academic and industry partners, and other respected 
biomedical scientists at BU and other national and 
international institutions. 

4. Continue to invest to ensure that we have the capacity to 
grow while remaining scientifically nimble and innovative.

5. Ensure the careful nurturing and development of 
our trainees in a supportive, dynamic and stimulating 
environment that prepares them well for productive 
long-term careers in the Biomedical Sciences. 

6. Enhance scientific communication, by providing 
informative and accessible online presentations, 
scientific workshops, high impact publications and 
an enhanced and engaging social media presence 
as an integral strategy for community outreach 
beyond the institutional confines of the CNSB.

HOW PRIORITIES AND  
STRATEGIC GOALS WERE 
MET THIS YEAR

By establishing productive collaborations with the 
Wolozin group, and other leading neurobiologists 

at BU, our research program aims to define the links 
connecting multi-protein complexes, biological pathways 
and disease processes that occur in the mammalian brain 
and neuronal cell models. Building on our historical work 
with simpler models, and recent advances in technology 
by our group and others, we are pushing for a great leap 
forward by investigating the interaction networks of the 
central nervous system in different pathophysiological 
contexts. To achieve this, we continue to leverage our 
unique protein interaction mapping technologies, our 
world-class infrastructure, and our network of expert 
collaborators to generate human ‘maps’ of the CNS of 
unprecedented scope, quality and resolution that we 
can subsequently develop into valuable community 
resources, useful clinical tools, and high-impact 
publications. 

Assuming we can build capacity, another goal for 
this coming year is to expand our capabilities 
to map the protein networks active in different 
cell types, tissues and disease contexts, such 
as cancer and diabetes, which are leading 
causes of mortality whose etiology and 
progression are still poorly understood. 
Changes in protein interactions, due to 
mutation or pathway imbalance, are 
known to underlie disease susceptibility 
in certain cases, but it is likely that many 
more macromolecular associations and 
functional dependencies remain to 
be uncovered. Current bioinformatic 
predictions have uncertain reliability, 
and only limited unbiased 
experimental studies have been 
reported to date. 

Since protein interactions are 
highly dynamic, and involve both 
transcriptional regulation and a 
myriad of downstream controls 

that occur in a cell-specific context (e.g. different neurons), a 
central objective of the CNSB is to devise workflows that can 
capture the formation of protein assemblies at a single cell level, 
while also defining the structural basis of protein interaction 
interfaces. We are keen to develop orthogonal protein isolation 
techniques to study the protein networks present in specific 
brain structures and organelles, particularly key subcellular 
compartments of neurons, such as synaptosomes, and that 
of other specialized resident cell types in the human brain, 
such as microglia. 

Over the longer term, our objective remains on building a 
transformative research enterprise synonymous with scientific 
breakthroughs, high impact publications, and increasing the 
impact of community engagement across both BU campuses. To 
achieve this end, the CNSB will continue to devote considerable 
effort towards the mentoring of junior researchers, from 
undergraduates to graduate students and post-doctoral fellows, 
recruited from across the US and the rest of the world. 

A key priority of the CNSB this past year has been to generate the first 
interactome map for the human brain in health and disease. A related 
scientific priority was to build on our positive momentum and progress to 

date, our established analytical excellence, and our many new productive 
partnerships with neurobiologists with the goal of breaking new ground 

towards understanding neurological disorders, such as Alzheimer’s and CTE, 
while still addressing fundamental research questions of importance to the 

broader BU research community. 
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9-9:30
Andrew Emili - Boston University  

CNSB Director

93:0-10
Gary Bader - University of Toronto

10-10:30
Daniel Segre - Boston University (Biology)

10:30-11
Coffee Break

11-11:30
Trevor Siggers - Boston University 

 (Biology)

11:30-12
Richard Cummings - HMS Lunch

12:00-1
Nevan Krogan - UCSF  

(Intro by Nelson Lau, GSI)

1-1:30
Laszlo Barabasi - NE

1:30-2
Evan Johnson / 
 Josh Campbell

2-2:30
Coffee Break

2:30-3
Michael Washburn - Stowers

3-3:30
Christine Cheng - BU Biology

3:30-4:30
Short talks  - Pete Ash, 

Indranil Paul, Lulu Jiang, Weiwei Lin

4:30-5:00
Vasan Ramachandran - 

Boston University

5-5:45
Closing guest speaker

NETWORK SYSTEMS BIOLOGY

LOOKING BACK,  
MOVING FORWARD
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Where Everything is Possible . . .



HIGHLIGHTS OF FY18  
CNSB EVENTS — 2018-2019

 

Boston University School of Medicine 
Department of Biochemistry  

 

SEMINAR 
Monday, October 22nd, 2018 

12:00pm in K-103 
 

  
Dr. Alberto Paccanaro 

Professor in Machine Learning & Computational Biology 
Centre for Systems and Synthetic Biology & 

Department of Computer Science 
Royal Holloway, University of London 

London, England 
 

“Answering questions in biology and medicine by 
making inferences on networks” 

 
 

Host: Dr. Andrew Emili/CNSB 
617-358-4280 

 

Boston University School of Medicine 
Department of Biochemistry  

 

SEMINAR 
Monday, November 19th, 2018 

12:00pm in K-103 
 

  
Dr. David Wishart 

Professor  
Departments of Computer Science & Biological Science  

University of Alberta 
Alberta, Canada 

 
“Metabolomics in Precision Medicine” 

 
 

Host: Dr. Andrew Emili/CNSB 
617-358-4280 

 

Boston University School of Medicine 
Department of Biochemistry  

 

SEMINAR 
Monday, November 5th, 2018 

12:00pm in K-103 
 

  
 

Dr. Gary Bader 
Professor of Molecular Genetics 

University of Toronto 
Toronto, Canada 

 
 

“Pathway analysis of genomics data - From 
correlation to causation to drug discovery” 

 
 

Host: Dr. Andrew Emili/CNSB 
617-358-4280 

Metabolomics: 
From Mass Spec to Integration
Tuesday, September 18 | 12:10-1:30 PM (pizza & refreshments  at 12:00 PM)

Silvio O. Conte Medical Research Center (K Building), Boston University
71 East Concord Street – Rm K103, Boston, MA 02118

Please join Cambridge Isotope Laboratories, Inc. and 
Dr. Andrew Emili, Symposium Chair (Professor of Biology 
and Biochemistry at Boston University; Director of Center 
for Network Systems Biology), for a lunch and learn symposium...

Dr. Andrew Percy Senior Applications Chemist, Mass Spectrometry | Cambridge Isotope Laboratories, Inc.

“Standardizing MS Metabolomics for Improved Quantification”

Benjamin Blum PhD Student | Boston University

“Computational Methods for Integrative Proteomics and Metabolomics Analysis”

Dr. Weiwei Lin Postdoctoral Fellow | Boston University

“Nanoflow Liquid Chromatography/Mass Spectrometry Platform for Dual 
Metabolomic and Proteomic Analysis”

Dr. Shany Ofaim Postdoctoral Fellow | Boston University

“E. coli Pull Down Data Analysis in a Genome Scale Metabolic Model Context”

Megan Egbert PhD Student | Boston University

“Structural Analysis of Metabolite-Protein Interactions Identified in Mass 
Spectrometry Pull Down Data”

Dr. Norman Lee Director of Chemical Instrumentation Center | Boston University

“Metabolomics Research Support – A Core Facility Approach”

Steve Fischer Market Director for Life Science Research | Agilent

“Accelerating Metabolomics with Integrated Omics Approaches”

Speakers

 

Boston University School of Medicine 
Department of Biochemistry  

 

SEMINAR 
Monday, December 10th, 2018 

12:00pm in K-103 
 

  
 

Dr. Mike MacCoss 
Professor of Genome Sciences 

University of Washington 
 

“Improving the Reproducibility and Robustness of 
Quantitative Proteomics Measurements” 

 
 

Host: Debbie Chang/Students 
617-358-4280 

 

Boston University School of Medicine 
Department of Biochemistry  

 

SEMINAR 
Monday, September 10th, 2018 

12:00pm in K-103 
 

  
 

Dr. Peter Uetz 
Associate Professor,  

Center for the Study of Biological Complexity 
Virginia Commonwealth University 

 
“Protein interaction networks in bacteria: evolution of 

adaptive systems”   
 

Host: Andrew Emili, CNSB 
617-358-4280 

THE CNSB IS AN EMERGING  
HUB FOR INTER-DISCIPLINARY 
RESEARCH AND TRAINING
The CNSB’s primary focus is on the development, 
application and dissemination of innovative tools, 
methods and datasets that create lasting resources 
for our scientific team and collaborators, for BU, and 
the broader biomedical research communities. By 
drawing together an outstanding team of experts in 
molecular biology, systems biology, chemical biology, 
structural biology, computational biology, and ‘omics 
(metabolomics, proteomics, genomics), the CNSB aims to 
deliver unprecedented insights into the molecular networks 
of the brain and other tissues and their links to human health 
and disease. 
CNSB researchers are engaged in many active research 
collaborations with other leading groups at BU and throughout 
the Boston area, including labs at Harvard Medical School, MIT and 
beyond. The CNSB has also forged extensive links to educational initiatives at 
both the Charles River and Medical Campuses, including the Graduate Program in 
Bioinformatics, a premier cross-campus mentoring venue at BU.
Notable scientific projects that have advanced significantly this past year include:

MAPPING THE CONNECTIVITY  
NETWORKS OF THE BRAIN 
Connectivity webs mediate the unique biology of 
the mammalian brain. Yet while cell circuit maps are 
increasingly available, knowledge of the underlying 
molecular networks remains limited. To address this 
gap, a research team led by the Emili group at the 
CNSB has applied multi-dimensional biochemical 
fractionation with precision mass spectrometry 
and machine learning to survey endogenous 
macromolecules in the adult mouse brain. A 
multi-disciplinary research team consisting of labs 
affiliated with the CNSB have now defined a global 
‘interactome’ of multi-protein complexes that underlie 
much of the unique biology of the mammalian central 
nervous system, most never reported before. These 
brain-selective assemblies have distinct physical and 
functional attributes and show regional and cell-type 
specificity. A striking number of complexes are also 
linked to neurological disorders and disease variants 
with broad pathophysiological relevance. Using 
reciprocal pulldowns and a transgenic model, we 
validated a putative 28-member RNA-binding protein 
complex associated with amyotrophic lateral sclerosis, 
establishing regulatory functions in alternative 
splicing and disease progression. We anticipate that 
publication of this unique Brain Interaction Map 
resource – the BraInMap – will facilitate mechanistic 
exploration of the molecular machinery driving core 
processes and diseases of the central nervous system 
and serve as the launch pad for ongoing new high 
impact follow-up studies by CNSB affiliated scientists. 

Publications by the center in this domain to date 
include:

*Macromolecular connectivity landscape  
of mammalian brain

Reza Pourhaghighi, Peter E. A. Ash*, Sadhna Phanse*, 
Florian Goebels, Siwei Chen, Yingying Zhang, Edyta 
Malolepsza, Kalliopi Tsafou, Aparna Nathan, Shayne 
D. Wierbowski, Samantha Boudeau, Lucas Z. M. Hu, 
Mohamed T. Moutaoufika, Ramy H. Malty, Graham 
Cromar, Hongbo Guo, Ali Al Abdullatif, Daniel J. 
Apicco, Lindsay A. Becker, Aaron D. Gitler, Ahmed 
Youssef, Antonia Ratti, Camron D. Bryant, John 
Parkinson, Kasper Lage, Mohan Babu, Haiyuan Yu, 
Gary D. Bader, Benjamin Wolozin* and Andrew Emili* 
(2019) in revision (Cell). 

EPIC: Software Toolkit for Elution Profile-Based 
Inference of Protein Complexes

Lucas ZhongMing Hu, Florian Goebels, June H. Tan, 
Eric Wolf, Uros Kuzmanov, Cuihong Wan, Sadhna 
Phanse, Changjiang Xu, Mike Schertzberg, Andrew 
G. Fraser, Gary D. Bader, and Andrew Emili. 
Nature Methods (2019) vol. 16, pages 737–742. 

Current (ongoing) research, funded by a NIH 
RO1 grant awarded to the Wolozin and Emili 
groups of the CNSB, and a second pending 
NIH RO1 grant:
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Our current goal is to 
comprehensively map and 
identify the subnetworks 
of synaptic protein 
complexes that are central 
players in the synaptic 
dysfunction occurring with 
neurodegeneration. We are 
using the emerging power 
of quantitative network 

proteomics in the Emili 
laboratory to systematically 

characterize the major protein 
assemblies present at normal 

and diseased synapses on a 
proteome scale. This research will be 

propelled by recent discoveries from the 
Wolozin laboratory demonstrating that a 

dynamic network of protein interactions drives 
tau biology and changes with the course of disease. 

Interpreting these perturbed assembly networks, though, 
demands knowledge of the localization and compositional 
specificity of such complexes. The unbiased interactome 
screening technology developed by the Emili laboratory 
is uniquely suited for unbiased interrogations of synaptic 
protein networks. We hypothesize that selective disruption of 
specific synaptic protein assemblies mediates the functional 
degeneration associated with tauopathy. 

Our first aim is to determine how synaptic protein 
complexes differ between general cortical and cholinergic 
neurons. We will isolate and biochemically separate 
synaptic assemblies from total cortical and cholinergic 
(ChAT::GFP) synapses, using FACS to further purify 
ChAT::GFP synapses. Separated assemblies will 
be characterized by precision mass spectrometry 
and integrative data mining (machine learning) 
procedures to determine their composition and 
posttranslational modification states, and to map 
dynamically changing interactions implicated in 
altered synaptic function during normal aging. 
Our second aim is to determine how the 
macromolecular structures of synaptic protein 
assemblies change with aging and AD. We 
will analyze cortical synaptosomal complexes 
from P301S tau and P301S tau x TIA1+/- 
mice, the latter having exhibited delayed 
degeneration. Key drivers in synaptic 
dysfunction will be identified and verified 
in AD and control human samples by 
co-immunoprecipitation. Our third aim 
is to identify complexes that are critical 
drivers of synaptic function by disrupting 
prioritized assemblies using genetic 
and optogenetic tools. This work will 
determine key regulators of synaptic 
function in health and disease. It will 
also produce expanded genetic 
tools and outstanding targets for 
future approaches using bio-
engineered regulation.

CTE (Kilachand grant submission with McKee, Boas, Goldstein, 
Wolozin and others) 

Contact sport athletes and military veterans who experience 
repetitive head impacts (RHI), such as concussions and the 
asymptomatic smaller hits, subconcussions, are at risk for long-
term neurologic problems including the development of chronic 
traumatic encephalopathy (CTE). CTE is a devastating disease that 
can only be diagnosed after death and has no known treatments. 
Millions of Americans are at risk for CTE including athletes, military 
veterans and victims of domestic abuse. There is a critical need to 
develop biomarkers to diagnose CTE during life and to develop 
effective therapies.

The key to preventing and treating CTE is to lessen the initial brain 
injuries associated with RHI. Our studies show that concussions and 
subconcussions damage the brain microvasculature and blood brain 
barrier (BBB) producing neuroinflammation and impaired clearance 
of abnormal proteins. Our team hypothesizes that reducing the 
microvascular damage caused by concussions and subconcussions 
will prevent the development of CTE. To this end, we are applying a 
multi-disciplinary approach to investigate the brain microvasculature 
(neurovascular unit and glymphatic clearance system). We will 
analyze changes in the molecular wiring of the human brain 
microvasculature in individuals exposed to sports-related head 
trauma and in mice exposed to head impact trauma. We will identify 
the critical microvascular alterations that occur after RHI in mice 
and humans in order to develop novel biomarkers for concussions, 
subconcussions and CTE and we will test potential treatments for 
CTE in mice. This proposal has the potential to dramatically reduce 
the risks of CTE associated with contact sports and effectively 
prevent and treat CTE.

JOHNSON & JOHNSON - PRE-LUNG CANCER INITIATIVE 
STUDIES (PILOT GRANTS) 

(Varelas/Emili): Understanding the etiology of airway 
carcinomas via network biology 

Lung carcinomas are the leading cause of cancer-related deaths in 
the United States and worldwide (AmericanCancerSociety, 2012) 
with non-small cell lung cancers (NSCLCs) making up approximately 
85-90% of such cancers. Squamous cell lung carcinomas (SqCLC) 
are a subset of NSCLCs that arise in the bronchi (airways) of the 
lungs and treatments for these cancers are limited. Very little is 
known about the molecular signals that transform a normal airway 
epithelial cell to a tumorigenic state. Current dogma is that airway 
damage (such as that induced by smoking or environmental 
toxins) transforms the airway into a precancerous state, such as 
that observed in dysplastic airway lesions in patients with lung 
disfunction, and that precancerous cells are predisposed to 
tumorigenesis. The molecular signals that initiate and sustain 
the precancerous state, however, are very poorly understood. 
Knowledge of such cues may therefore offer an opportunity to 
identify and/or intercept lung cancer onset. 

Recent studies, including collaborative Pre-Cancer Genome Atlas 
(PCGA) studies between J&J and our team as well as studies 
from the Cancer Genome Atlas (TCGA) have revealed gene copy 
number, mutation, and expression alterations associated with 
precancerous airway disease and early stage SqCLC development. 
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Indeed, our team’s analyses of RNA-sequencing data collected 
from endobronchial biopsies and brushings obtained from high-risk 
subjects undergoing lung cancer treatment have revealed different 
molecular subtypes that associate with clinical phenotypes. While 
informative, these gene-related alterations offer a limited picture 
of the signals that contribute to the hope of identifying novel 
biomarkers and/or therapeutic targets for intercepting the onset of 
lung cancer.

Our multidisciplinary team brings together exceptional expertise 
in airway epithelial biology and “omics” level mass spectrometry. 
The team consists of the laboratories of : Dr. Xaralabos (Bob) 
Varelas, an emerging leader in lung cancer biology and epithelial 
signaling; Dr. Andrew Emili, founding director of the CNSB and a 
pioneer in network proteomics and “omics” biology; Dr. Jennifer 
Beane, a computational biologist with expertise in lung cancer 
bioinformatics; and Dr. Sarah Mazzilli, an expert in squamous cell 
lung cancers and premalignant airway disease. The team also has 
established collaborations with clinical and basic research faculty 
at Boston University and beyond that will facilitate translation and 
molecular characterization of novel findings. This includes faculty 
in the biomedical engineering department, who are developing 
methods to track live single cell metabolic changes that we plan 
to include in our future follow-up experiments. The team has been 
working together for the past two years on various aspects of lung 
cancer biology, including studies focused on defining genomic 
alterations and gene expression changes in premalignant patient 
tissues.

(Kotton/Emili/Chen): Human iPSC in vitro system to model the 
inception of lung adenocarcinoma

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 two to three passages. 
To this end, we are exploiting a new in vitro 
human model system the Kotton lab has developed, 
that is able to generate an inexhaustible, self-
renewing source of primary-like AEC2s based on the 
directed differentiation in vitro of normal or patient-
specific induced pluripotent stem cells (iPSCs). We 
refer to AEC2-like cells generated from iPSCs as 
“iAEC2s”, and we serially passage these cells as 
epithelial-only spherical organoids that we term 
“alveolospheres.”

Our published ability to gene edit these iPSCs 
and their AEC2 progeny in vitro presents a 
unique opportunity to study how the stage- 
and time-dependent induction of known 
adenocarcinoma-associated oncogenic genes 
and pathways (RAS, WNT, FGF-PI3K/AKT, 

“The team has 
been working 

together for the 
past two years 

on various 
aspects of  

lung cancer  
biology”
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TP532,3,8) in human 
AEC2s directly leads 
to augmented self-
renewal, dysplasia, and 
early oncogenesis in 
a reductionist AEC2 
model system. The 
overarching goal of this 
work is the development 
and systematic molecular 

characterization of this 
new model system for the 

temporal study of the early 
stages of oncogenesis. Using 

a systems biology approach, we 
will fully characterize the global 

transcriptomes and intracellular vs 
secreted proteomes of the above model 

system as iPSC-derived lung organoids 
transform over time from normal iAEC2s into 

hyperproliferative carcinoma-like cells. This approach 
will allow us to understand the kinetics of changes in genomic 
integrity, transcriptomes, proteomes, phosphoproteomes, 
metabolomes, and secretomes over time following dox-
induced activation of the above oncogenes. If indicated, 
future renewal years of this proposal can involve drug 
screens, biomarker identification, effects of smoke 
exposure, and testing the induction of new oncogene 
candidates identified in the “early stage lung cancer 
atlas” of the laboratory of Dr. Avrum Spira. 

Our project brings together a multi-disciplinary 
team of pulmonary physician-scientists, stem cell 
biologists, systems biologists, and biomedical 
engineers to engineer 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. Successful modeling of human lung 
adenocarcinoma with this system has many 
future applications. For example, it would 
enable testing of the relative roles of known 
or new mechanisms of oncogenesis, the 
interaction of these changes with tobacco 
smoke exposure, and the discovery of novel 
biomarkers of disease using unbiased time 
series profiles of these earliest moments of 
human lung adenocarcinoma initiation. 

OTHER NOTABLE PROJECTS 

A major goal of systems biology is to 
generate different kinds of “big” data 
to reconstruct the molecular networks 
operating within cells. These 
approaches have led to notable 
recent progress defining metabolic, 
protein-protein interaction (PPI), 
gene-regulatory, and signaling 
networks, but integrating these 
networks into predictive models 
remains a largely unsolved 

problem, especially given how dynamic cell states are. In 
particular, knowledge of protein-small molecule macromolecular 
interactions is vital for mechanistic understanding of biological 
processes, pathway crosstalk, and metabolic control, yet only 
limited ad hoc characterization of native small molecule ligands 
has been reported to date. In previous studies by scientists 
associated with the CNSB, we characterized the protein 
interactome of the microbe Escherichia coli on an unprecedented 
scale [e.g. Science, Nature, PLoS Biology, Nature Biotechnology] 
and found that the vast majority of metabolic enzymes interact 
with other proteins. 

Surprisingly, the significance of most of these interactions 
remains unclear, but we hypothesize that protein interaction 
networks have a much larger impact on bacterial metabolism 
and physiology than previously thought. Anecdotal evidence and 
our preliminary studies confirm that, but more data is needed 
to quantify the significance of this vast interface between the 
interactome and metabolome during metabolic remodeling.

In current ground breaking collaborative research led by 
the CNSB, a team composed of the Segre, Vajda, and Emili 
laboratories is systematically investigating the physical interface 
that links the metabolic and protein interaction networks in E. coli 
in vivo under physiologic growth conditions and how these 
impact the functional pathways and the metabolome in E. coli, 
and most likely all other bacteria. Together, we have recently 
completed a systematic chemical-proteomic survey of in vivo 
protein-metabolite associations present in Escherichia coli K-12. 
We have affinity-purified over >500 polyhistidine-tagged E. coli 

proteins, including previously unannotated enzymes and virtually 
all essential proteins and transcription factors, and have identified 
stably associated endogenous compounds by precision mass 
spectrometry. 

The resulting high-quality physical interaction network 
encompasses hundreds of chemically diverse ligands, including 
many previously unknown multimeric associations. These include 
enzyme substrates and products, metabolite fragments, and 
chemical analogues, linked to central and secondary metabolism 
and lipid precursors. We have also established evidence for 
enzymatic channeling, allosteric feedback, and systems level 
crosstalk among previously unlinked microbial metabolic 
pathways. 

The unique breadth of this biochemical ‘interactome’ provides 
unprecedented insights into the physicochemical and functional 
landscape of the adaptive mechanisms controlling core processes 
essential to growth and adaptive fitness, and a rational basis 
for drug discovery. We are close to concluding this work by 
functionally characterizing specific metabolic pathways and 
interactions in-depth, and are now drafting a joint high impact 
manuscript: 

*Landscape of the Proteome-Metabolome Interface in 
Escherichia coli 

Hui Peng, Megan E. Egbert*, Shany Ofaim*, Sadhna Phanse*, 
Hongbo Guo, Oxana Pogoutse, Mohan Babu, Milton Saier, 
Trevor Moraes, Gabriel Moreno-Hagelsieb, Daniel Segre*, Sandor 
Vajda*, and Andrew Emili* (2019) in preparation.

Over the past year, the 
CNSB has been engaged in 
additional collaborative studies 
with Faculty in the following BU 
Departments and Programs: 

Bioengineering/BioDesign - Chris Chen, 
Ahmad (Mo) Khalil, Wilson Wong

Bioinformatics - Mark Crovella (CS), Simon 
Kasif (supported by a joint Hariri seed grant) 

Biology - Christine Cheng, Angela Ho, 
Frank Naya, Kim McCall, Uwe Beffert, Ulla 
Hansen, Tom Gilmore, Sarah Davies 

Chemistry - John Porco, Scott Schaus, 
Aaron Beeler 

Biochemistry - David Harris, Kostya 
Kandror, Nelson Lau, Steve Farmer, Daniel 
Cifuentes, Mikel Garcia-Marcos, Valentina 
Perissi, Bob Varelas

The Center for Regenerative Medicine 
(CReM) - Darryl Kotton, George Murphy,  
Gustavo Mostoslavsky

School of Medicine + School of Public 
Health - David Sherr, Jennifer Schlezinger, 
Ian Rifkin, Isabel Dominguez, Avi Spira, 
Evan Johnson, Gerald Denis, Stefano 
Monti, Paola Sebastiani, Kim Bertrand, 
Vipul Chitalia, Tsuneya Ikezu, Ben 
Wolozin, Tom Kepler 

NEIDL/Dentistry/Microbiology - 
Ruslan Afasizshev, Tonya Colpitts, John 
Connor, Mohsan Saeed

“Our  
project  
brings  
together  
a multi-
disciplinary 
team” 



A) SIGNIFICANT ACADEMIC INTEREST 
AND RESEARCH ACTIVITY IN NETWORK  

AND/OR SYSTEMS BIOLOGY
 

B) A HISTORY OF PARTICIPATION IN CNSB RESEARCH 
ACTIVITIES INCLUDING COLLABORATION, SERVICE, 
ATTENDANCE AT MEETINGS AND EVENTS, AND 
CONTRIBUTION TO THE CENTER’S RESOURCES AND/OR 
PLATFORMS

C) COLLABORATION WITH, AND ACKNOWLEDGEMENT 
OF, CNSB MEMBERS, IN THE SUBMISSION OF PAPERS 
AND GRANTS 

D) DEMONSTRATED COMMITMENT TO ACADEMIC 
EXCELLENCE AND THE EDUCATIONAL GOALS  
OF THE CNSB, INCLUDING SUPPORT AND MENTORING  
OF AFFILIATED FACULTY MEMBERS, POST- DOCTORAL 
FELLOWS AND STUDENTS

Full-time Boston University faculty members are eligible for membership 
upon invitation by the Director, or after direct request, with decisions 
about membership made by the Academic Advisory Committee. While 
retaining all primary responsibilities in their home departments, they 
will engage in research activities relevant to the goals of the Center for 

Network Systems Biology. New faculty members will be evaluated on an 
ad hoc basis by the Administrative Core, while renewal of existing faculty 

memberships in the Center will occur during an annual review process. 
Eligibility for membership is based on: 

ACADEMIC MEMBERSHIP

Faculty who are invited to become members in the Center for Network Systems Biology are drawn from a range of institutional 
units on the Charles River Campus and the BU Medical Campus. These currently include but are not limited to the 
Departments of Biochemistry, Biology, Chemistry, Medicine and Biomedical Engineering.

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) 

CNSB AFFILIATED FACULTY 
Affiliated Center members have priority access to facility resources, and enhanced project coordination.  
They include:

John Porco, PhD 
Professor of Chemistry. 
Field of Study: 
Chemical synthesis of 
natural products and 
bioactive compounds. 

Sandor Vajda, 
PhD Professor of 
Bioengineering. 
Field of Study: 
Structural 
bioinformatics. 

Christine Cheng, 
PhD Assistant 
Professor of Biology. 
Field of Study: 
Systems biology 
of transcriptional 
regulatory networks. 

Stefano Monti, 
PhD Associate 
Professor of Medicine 
and Biostatistics. 
Field of Study: 
Computational 
Biomedicine. 

Daniel Segre, 
PhD Professor of 
Bioengineering.  
Field of Study: 
Structural 
bioinformatics. 

Joseph Zaia, PhD  
Professor of 
Biochemistry. 
Field of Study: 
Glycoproteomics of 
the cell surface and 
extracellular matrix. 

Gerald Denis, PhD 
Professor of Medicine. 
Field of Study: 
Molecular oncology, 
metabolic remodelling 
and the tumor micro-
environment.

(COLLABORATE EXTENSIVELY WITH CENTER MEMBERS, INCLUDING REGULAR PROJECT MEETINGS) 

Aaron Beeler, 
PhD Professor of 
Chemistry.  
Field of Study: 
Chemical synthesis 
of chemical probes.

Sarah Davies, PhD 
Professor of Biology. 
Field of Study: 
Molecular biology 
of environmental 
adaptation in coral.

Juan Fuxman-Bass, 
PhD Professor of 
Biology.  
Field of Study:  
Mapping transcriptional 
regulatory networks.

Simon Kasif, 
PhD Professor of 
Bioengineering. 
Field of Study: 
Computational 
network biology.

Trevor Siggers,  
PhD Professor  
of Biology. 
Field of Study:  
Decoding 
transcriptional 
regulatory  
recognition codes.

Xaralabos Varelas 
(Bob), PhD Professor 
of Biochemistry,
Field of Study: 
Molecular oncology 
and lung cell biology.

Valentina Perissi, 
PhD Professor 
of Biochemistry. 
Field of Study: 
Molecular signaling 
and metabolic 
remodelling.

Wilson Wong, 
PhD Professor of 
Bioengineering. 
Field of Study: 
Synthetic cell 
biology. 
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CNSB STAFF
Avik Basu, Postdoctoral Associate
Suprama Datta, Postdoctoral Associate
Raghuveera Goel, Postdoctoral Associate
Pierre Havugimana, Research Scientist
Christian Heckendorf, Research Fellow
Ryan Hekman, Research Technician
Julian Kwan, Research Scientist
Weiwei Lin, Postdoctoral Associate
Mark Mccomb, Research Associate Professor
Indranil Paul, Research Scientist
Denise Sanchez, Administrative Manager

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 dedicated space beyond 
some communal meeting and support rooms adjacent to the 
laboratory of the Founding Director, Professor Emili. Prof. Emili’s 
group occupies a substantive 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 associated  
computational facilities.

Faculty (Core + Affiliated) membership consists of outstanding 
BU faculty who are either active and/or have shown long-term 
commitments to either experimental or computational systems 
biology and the study of molecular networks of biological 
systems relevant to their own groups. Core members include 
Director Emili as well as Prof Wolozin, a close collaborator 
and a widely recognized leader in the molecular biology 
neurodegenerative disorders, such as ALS and Alzheimer’s 
disease, whose labs are in adjacent buildings connected via a sky 
bridge. Affiliated faculty are housed in a range of locations on 
both the Charles River Campus and the BU School of Medicine. 

LEADERSHIP,  
TECHNICAL  
& ADMINISTRATIVE  
STAFF – ORGANIZATIONAL 
STRUCTURE AND 
GOVERNANCE

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 groundbreaking 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, 
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Training/Career Development: The Center provides 
a unique research environment, exposing trainees 
to advanced proteomic, molecular genetic, cell 
biological, genomic and computational concepts, 
techniques and technologies. The Director, Prof. 
Emili has a proven track record in effective 
mentorship and training. Since 2000, he has 
mentored 147 HQP, including 30 post-doctoral 
fellows (PDFs), 18 graduate students, 12 
analysts, 18 highly skilled technicians (9 mass 
spectrometrists), and >75 undergraduates, 
many of whom now occupy senior leadership 
positions in academia, industry and healthcare, 
such as Prof. Gerard Cagney (U. College 
Dublin), Prof. Lekha Sleno (University of 
Quebec in Montreal), Assoc. Prof. Thomas 
Kislinger (University of Toronto), Assist. Prof. 
Dajana Vuckovic (Concordia University), 
Assist. Prof. Mohan Babu (University of 
Regina), Senior Staff Scientist Gareth 
Butland (Lawrence Berkeley National 
Labs), and Prof. Cuihong Wan (Central 
China Normal University). He has also 
hosted 13 visiting scholars from Asia, 
Europe and the US, most recently 
Dr. Fei Bian, who spent a year at the 
CNSB, as a guest faculty from the 
Shandong Academy of Agricultural 
Sciences in China. 

While most trainees remain 
in academia, some opt for 
biotech careers. The CNSB 

offers the interdisciplinary experience desired by our industry 
partners such as Johnson and Johnson, which leads to job 
opportunities. For example, a recent graduate from the Emili lab, 
Dr Jonathan Olsen, is now thriving as a senior scientist at Eli Lilly. 
The entrepreneurial environment supported by the CNSB will 
enhance career options for those trainees interested in long-term 
leadership positions in industry.
By establishing an open, well-rounded relationship with 
each trainee, and guiding self-motivated scientific inquiry 
towards independent scholarship, the CNSB aims to cultivate 
independence, leadership, scientific excellence and teamwork. 
Our trainees are mandated to address fundamental biomedical 
research questions with the goal of long-term impact, not 
short-term results. In addition to honing trainees’ experimental 
skills and bioinformatics capabilities, we demand that they 
exercise robust critical judgement. All trainees draft and review 
manuscripts, and present and defend their work in formal lab 
discussions. We tailor our management and support 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 many come from abroad, 
the CNSB aims to overcome language and cultural barriers. 
By engaging in highly collaborative projects, while providing 
stable financial support and exposure to a cutting-edge research 
platform, our trainees emerge both as well-rounded scientist 
‘citizens’ and knowledgeable experts in network systems biology, 
‘omics and bioinformatics. Our overarching guiding principles 
are that they be considerate colleagues, that they pursue 
and document their findings rigorously, and that they publish 
thoughtful high impact papers in solid journals. Every member of 
the Center, including technicians, is also encouraged to attend 
international research conferences.

FELLOWS AND STUDENTS
Dr. Julian Kwan (postdoc); Dr. Weiwei Guo (postdoc); Dr. Suprama Datta (postdoc);  
Dr. Indranil Paul (postdoc); Dr. Pierre Havugimana (postdoc); Dr. Raghuveera Paul (postdoc)
Mr. Matt Lawton (GS, PiBS); Mr. Benjamin Blum (GS, PiBS); Mr. Ahmed Youssef (GS,  
Bioinformatics); Mr. Ali Amin-Mansour (GS, Bioinformatics); Mr. Jarrod Moore (GS,  
Medical Sciences); Mr. Jason Lenihan (GS, Medicinal Chemistry); MS. Isabella Turcinvoic  
(US, Biochemistry and Molecular Biology)
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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 CNSB research activities are collectively supported by 
three Core components: 

The Administrative Core, led by the Director, 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 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 nurtures scientific expertise, 
fosters new collaborative enterprises, and 
provides guidance for future growth initiatives 
at BU. 

The CNSB has a dedicated Project Manager, 
Dr. Julian Kwan, who is a seasoned, engaging 
and accomplished scientist with a record 
of accomplishment in Network Systems 
Biology, who assists in the establishment 
and management of both intra- and extra-
mural research collaborations, particularly 
with Faculty located at the Charles River 
Campus. Dr. Kwan also participates in 
the CNSB’s scientific outreach activities, 
and in budgetary and biosafety 
compliance. 

The Administrative Core is 
also supported by a part-time 
Administrative Coordinator, as 
well as by the administrative 
structure of the Department of 
Biochemistry, who help oversee 
the Center’s vital operations 

(e.g., grants administration, arranging meetings, and financial 
activities).

The Administrative Core is responsible for training, workshops 
and all other outreach activities. These include: sponsoring 
regular visiting seminars and a scientific symposium with 
prominent outside guest speakers in the area of Network 
Systems Biology; hosting informative project websites, social 
media and virtual tutorials; ‘hands on’ physical training sessions 
and workshops to disseminate skills needed for network data 
generation and analysis; sharing key findings with both the BU 
and broader scientific communities. 

The Technology Core – currently headed by Research 
Associate Professor Mark McComb, an authority and 20-year 
veteran in protein mass spectrometry and bioinformatics data 
analysis – deploys cutting-edge experimental technologies 
(e.g. quantitative proteomics, imaging, metabolomics, etc.) 
for systems-level analysis of the many samples generated or 
processed by the Center. In addition, the Center benefits from 
the exemplary analytical methods and rigorous standards 
developed of Research Scientist Indranil Paul, an expert in 
quantitative proteomics and network biology.

While the Technical Core is focused primarily on the demands 
of operating a high-throughput mass spectrometry facility, it is 
also active in nurturing complementary emerging technology 
platforms, such as super resolution protein imaging.

The Data Analysis, Bioinformatics and Modeling Core performs 
sophisticated computational analyses related to all of the Center’s 
many ongoing projects. These include integrative models 
to explore the functional significance of protein interaction 
networks and genomic correlates, to investigate the dynamic 
drivers of signaling pathways, and to infer the causal basis of 
disease. The Core provides real-time access to data and results 
for collaborating team members, facilitating data exchange and 
the provision of pilot results for grants, manuscripts, meeting 
abstracts and other submissions. 

Once a project is completed and published, the compiled 
data and models are made available to the broader scientific 
community via data release to public databases and dedicated 
web portals that are supported and managed by the Core. 

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. 

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 come from abroad, we will also work hard 
to overcome language and cultural barriers. 

By engaging in highly collaborative projects, while receiving 
stable financial support and exposure to a cutting-edge research 
platform, trainees at the CNSB will 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. 

CNSB TRAINEES PARTICIPATE  
IN INTERACTIVE MULTI-
DISCIPLINARY RESEARCH



Catherine Costello, PhD 
William Fairfield Warren  
Distinguished Professor, 
Director School of 
Medicine Biological Mass 
Spectrometry Center, BU. 
Field of Study: 
Glycobiology and precision 
mass spectrometry.

Richard Smith, PhD 
Director of Proteomics,  
Pacific Northwest National 
Laboratory. 
Field of Study: 
Proteomics and precision 
mass spectrometry.

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

Nevan Krogan, PhD 
Director Quantitative 
Biology Institute, Senior 
Investigator Gladstone 
Institutes, Professor UCSF 
School of Medicine.  
Field of Study: 
Experimental  
Network Biology.

Gary Bader, PhD 
Professor of Molecular 
Genetics, University of 
Toronto. 
Field of Study: 
Computational Network 
Biology.

Michael Washburn, PhD 
Director of Proteomics 
Center, Stowers Institute  
for Biomedical Research. 
Field of Study:  
Computational Network 
Biology. 

Gerard Cagney, PhD 
Principal Investigator,  
Conway Institute,  
University College Dublin. 
Field of Study: 
Experimental Network 
Biology.

Michael MacCoss, PhD 
Professor Genome  
Sciences, University  
of Washington. 
Field of Study:  
Quantitative  
mass spectrometry  
and MS informatics.
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