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ABSTRACT  In his poetry, Walt Whitman sings, “I am large, I contain multitudes.” Most healthy 
organisms are made up of a multitude of cells and cell types, but none of these cells acts 
alone. Likewise a cell in homeostasis contains many organelles, but none of these organelles 
work on their own. How these diverse cells and how these different organelles communicate 
with each other in time and space are scientific questions that intrigue me. At the same time, 
like these cooperating cells and organelles, my research is constantly reshaped and trans-
formed by interacting with different people, from my encouraging mentors, energetic 
trainees, and inspiring colleagues. These personal collaborations motivate and advance my 
research toward understanding cellular communications that promote metabolic health and 
organism longevity.

INTERORGANELLAR 
COMMUNICATION AND 
INTERDISCIPLINARY 
COLLABORATION
A eukaryotic cell is a crowded community 
with many different cellular organelles car-
rying out specific cellular functions. Among 
them, lysosomes are well known as scaven-
gers for recycling, mitochondria are fa-
mous as the powerhouse for supplying 
energy, and the nucleus holds the genetic 
code, a blueprint for all cellular activities. 
Instead of being solo players, these cellular 
organelles maintain a harmony to sustain 
cellular homeostasis and ultimately organ-
ism fitness. I trained in the biology of aging 
with a long-time focus on organism-level 
regulation. Recently, unexpected findings 
in my group revealed a lysosome-to-
nucleus retrograde lipid signaling pathway 
and its crucial role in regulating longevity (Folick et al., 2015). This 
discovery inspired us to dive into subcellular levels and investigate 

the signaling role of the lysosome in inter-
organellar communications to promote 
healthy aging. To do this, my group uses 
multidisciplinary approaches to under-
stand how lysosomes communicate with 
the nucleus and mitochondria in different 
cell types, and how this communication is 
disrupted by metabolic stresses and dur-
ing the aging process.

Our favorite research system is Cae-
norhabditis elegans, a versatile animal 
model with whole-body transparency and 
ease-of-use genetics. For many cellular 
biologists, “seeing is believing.” Fortu-
nately, these tiny multicellular animals 
provide an elegant platform for visualizing 
cellular phenotypes with subcellular reso-
lution at the whole-organism level. For 
many geneticists, high-throughput screens 

are particularly intriguing, because they often lead into uncharted 
territories. With the ease of its genetic manipulation and screening, 
C. elegans also acts as a powerful system for systematic discovery of 
new mechanisms. These cellular imaging and genetic screening ap-
proaches are solid platforms for our research. Equally important, 
however, to the strengths of this wonderful model system, are the 
collaborations that we are a part of. We work closely with scientists 
in the fields of biochemistry (Rudy Zechner, David Moore) and 
structural and chemical biology (Eric Ortlund, Jin Wang). These col-
laborations, either short-term (for one experiment) or long-term (for 
continuous projects), are always stimulating and rewarding. Because 
we work in very different fields, our collaborators and we often look 
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inquiries feasible. As time goes by, we are happy to see that our one 
drink together has become many more drinks, coffee at the coffee 
corner, and many more lunches. These collaborations have become 
much more than just scientific endeavors; they have led to strong 
friendships, where we are able to share our happiness and provide 
encouragement and support to each other through difficult times. 
Although science is unpredictable, interaction with them always 
guarantees fun and new ideas.

SEEING THE INVISIBLE AND BECOMING A FRESHMAN
Claude Bernard highlighted, “Every time that a new technique or 
instrument comes along, we invariably see scientific progress and 
questions to which this means of analysis can be applied.” Since 
Robert Hooke’s microscope first revealed the cell walls in cork tissue, 
advances in microscopic techniques have been transforming the 
ways we study biology, by simply making the invisible visible. Lipid 
molecules are one of the most important biological components, 
with broad and vital effects on cell and organism physiology. Unlike 
proteins, lipid molecules are typically invisible to fluorescence mi-
croscopy. Technological innovation in stimulated Raman scattering 
microscopy has overcome this limitation and has made it possible to 
visualize lipid molecules in living cells and organisms with diffrac-
tion-limited spatial resolution (Freudiger et al., 2008). Using this 
technique, my group is studying the spatiotemporal dynamics of 
lipid molecules under different physiological and pathological con-
ditions (Wang et al., 2011; Fu et al., 2014; Yu et al., 2017). On the 
basis of the fast imaging speed of stimulated Raman scattering mi-
croscopy in live animals, we can now also harness its power with 
functional genomic screens in C. elegans to discover lipid regulatory 
genes and mechanisms (Wang et al., 2011; Yu et al., 2017).

After viewing our stimulated Raman scattering microscopy 
system, I have had many visitors ask me, “What is your training 
background?” Jumping out of one’s comfort zone and entering new 
fields as a freshman can be challenging, but at the same time 
exciting. In 2011, we started to build a stimulated Raman scattering 
microscopy system in the lab. Investing significant amounts of 
money, time, and effort on this chemical imaging technique was not 
an easy decision for me as a newly independent principal investiga-
tor, even more so when considering my lack of previous training in 
optical physics or engineering. Thanks to the generous support of 
Sunney Xie and Wei Min, we succeeded in operating this imaging 
system in my lab, and the accessibility to this microscope on a daily 
basis truly makes a difference to our research. Importantly, this chal-
lenging and productive experience has widened our horizons and 
brought optics and engineering postdoctoral scientists to the lab to 
work not only on technological development but also on biological 
questions. For myself, participating at conferences on optics, chem-
istry, and engineering have been eye-opening experiences to see 
what tools are available in other fields. I am really looking forward to 
the future application of these techniques to biological research to 
transform our ways of investigation.

at the same biological questions from very different angles. The dy-
namic interactions between our labs frequently trigger new ways of 
thinking and experimenting, leading to new levels of mechanistic 
characterization. More importantly, trainees in my group have 
greatly benefited from these fruitful collaborations. It is a joy to ob-
serve them as they learn how to effectively communicate and coop-
erate with scientists from different scientific backgrounds, and how 
to integrate distinct disciplinary approaches into their research. I 
believe that all of these skills are critical components for success in 
their future careers.

CROSS-SPECIES COMMUNICATION AND SYNERGISTIC 
COLLABORATION
Like the many organelles in a cell and the many cells in an organism, 
all organisms live in a broader ecological system, sharing the same 
environment with other species including microbes. Interspecies 
communication that orchestrates cellular organelle homeostasis 
with the outside environment is a new research area in my group. In 
particular, we are interested in interspecies communication between 
microbes and their hosts. Not only are there many different types of 
microbes living together with us, but even within the same group of 
microbes, their genetic and biochemical profiles are dynamically 
shaped by environmental factors. Thus, when responding to envi-
ronmental stimuli, changes in microbes and hosts occur simultane-
ously and are like the two sides of one coin. So instead of looking at 
microbial phylogenetic heterogeneity, we focus on how changes in 
microbial gene expression and subsequent metabolic products im-
pact host metabolism and longevity (Sowa et al., 2015; Han et al., 
2017; Lin and Wang, 2017). We have been taking unbiased ge-
nome-screening and metabolomic approaches. One interesting 
finding we got is that specific metabolic products of bacteria can 
fine-tune mitochondrial dynamics to actively regulate the host’s 
metabolic fitness and longevity (Han et al., 2017; Lin and Wang, 
2017). This mode of communication might not be totally surprising, 
given the close evolutionary association between bacteria and eu-
karyotic mitochondria, but it is truly exciting to witness how bacterial 
metabolic products serve as chemical messengers for this cross-
species communication and to understand the underlying molecular 
mechanisms.

When I was looking for an independent faculty position, one 
piece of advice that I truly valued was to look for synergistic col-
leagues. Genetically speaking, synergy occurs when the contribu-
tion of two mutations to the phenotype exceeds the additive effects 
of the individual mutation. For a scientific collaboration, synergy oc-
curs when scientists in different fields join their creativity and exper-
tise to raise new questions and open new lines of inquiry. One as-
pect of science that I find most intriguing is unpredictability. This is 
not only a key feature of research involving unbiased screens -since 
it is hard to tell where they will lead, but also comes from the dy-
namic interactions with the scientists surrounding me. I never pic-
tured myself working on bacteria when I started my independent 
position at Baylor College of Medicine in Houston 7 years ago. 
Now, a team of graduate students and postdoctoral scientists in my 
group study the interactions between bacteria and C. elegans, and 
they often comment that when we start to look at bacteria, it feels 
like we know almost nothing about C. elegans. Interestingly, this 
new area of my research started from by chance having a drink with 
my bacterial genetics colleagues (Christophe Herman, Jade Wang) 
at the annual departmental retreat. They inspired and motivated me 
to take a closer look at how bacterial gene expression and meta-
bolic reprogramming influence the host’s physiology, and impor-
tantly they provided their synergistic expertise to make these new 
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