
BEYOND BIOPHYSICS
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“In biology, we use several
arguments to convince ourselves
that problems that require calculus
can be solved with arithmetic if one
tries hard enough and does
another series of experiments.”
YURI LAZEBNIK [1]

Cell Biology and Biophysics
A conversation with Isabel Fabregat-Romero
Carlo Manzo, UVIC-UCC, Vic (Spain).
 

ften, when asked by freshmen students what Biophysics
is, I jokingly tell them to look at the Wikipedia. Those who
go beyond the first sentence, containing a formal and

rather obvious definition, can read: “Biophysical research shares
significant overlap with biochemistry, molecular biology, physical
chemistry, physiology, nanotechnology, bioengineering,
computational biology, biomechanics, developmental biology and
systems biology.” But then I generally get a second question: “Does
it mean that biophysics is a bit of everything?” My answer to this is
obviously positive. However, I feel the need to add that being “a bit of
everything” reflects the deep level of contamination and
interdisciplinarity reached by life sciences in general, which I

interpret as one of the strengths of modern research. In this scenario, barriers among scientific disciplines are getting
fainter and precise definitions often still exist for mere practical purposes, such as labeling classes and departments.

Still, a superficial reading of the first paragraphs of the Wikipedia page might suggest that biophysics is just a container
constantly being filled with whatever research goes beyond the good old biology that one can find in the textbooks,
provided it has some mathematical formulas so to be associated to physics. In my personal (and obviously biased)
opinion, this is a rather restrictive view, because it does not reflect one of the main contributions of biophysical research
to the development of life sciences. I’ll try to expose my point.

I’m sure many of you are familiar with the YURI LAZEBNIK paper “Can a
biologist fix a radio? – or, what I learned studying apoptosis” [1]. The paper
consists of a cynical, although hilarious, critique deconstructing the
methodological approach commonly used in biological investigations, which
is often accused of lacking a standard and quantitative language to
unambiguously describe and communicate results. In LAZEBNIK’S words: “In
biology, we use several arguments to convince ourselves that problems that
require calculus can be solved with arithmetic if one tries hard enough and
does another series of experiments.” According to the author, this flaw has limited a faster and more efficient
development of biology, as compared to e.g. engineering, that also involves complex systems but has managed to
incorporate the necessary technical language. Opponents of LAZEBNIK’S view tend to argue that developing such a
mathematical description is an unrealistic effort and would instead require a lot of new experimental data.

I would not enter in the minefield of discussing whether this is actually the case or not. The fact is that an engineer-like
approach that can really help to decipher all the details of living things has not been developed, at least to date. Among
the multitude of bio-disciplines, the one offering the closest methodology to the one hoped for by YURI LAZEBNIK is
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probably represented by systems biology, which has helped to understand how molecules interplay in living systems.
However, if we trust RICHARD FEYNMAN quote “What I cannot create, I do not understand”, to comprehend living organisms
we must wait for a reverse-engineering approach, and for this, we must keep a close eye on research being conducted
by the synthetic biologists.

In this antagonistic scenario,
Biophysics has often offered an
elegant synthesis, by bringing in
the quantitative tools for
sophisticated experiments,

together with the mathematical approach for precise modeling and falsifiable
predictions. Interestingly, Cell Biology has been one of the disciplines that
has benefited the most from this union. Just think about the quantitative
description of many cellular processes, such as the membrane potential, ion
channels and the diffusion across the membrane, the mechanisms of
intracellular transport and sorting of molecules, to name a few… The strong
link between these fields is clearly demonstrated by a brief internet search,
showing that several universities worldwide offer courses, graduate
programs, workshops or have departments of “Cell Biology and Biophysics”. Citing the editorial team of the homonym
journal “In all, cell biology and biophysics has become an integrative hub of much modern biological research to address
biological questions” [2].

To discuss about this liaison, I met with ISABEL FABREGAT ROMERO, principal investigator of the research group “TGF-beta
and cancer” at IDIBELL and CIBEREHD, associate professor at the Universitat de Barcelona and president of the
Spanish Society for Cell Biology – SEBC .

CM: It is still rather rare to find a woman at the top of a scientific institution.

IF: Indeed, men continue to outnumber women in management positions at the university and research
institutes. Sometimes, women are less ambitious and are afraid to get top position that would rob a lot of time
from their private life. My situation was slightly simplified by the fact that I gave birth to my daughter at a
relatively young age, so when I started as an independent researcher, she did not need the care of a newborn
and I could dedicate myself to building up my research group. As a scientist and as president of the SEBC, I am
trying to push young female researchers to pursue their careers. I try to convince them that both professional and
personal life can be compatible if the time is well distributed. Something is moving, see e.g. the fellowship
programs favoring mothers, but more efforts are needed.

CM: you have been president of the SEBC for almost 8 years. What has been the main focus of your term?
What’s the balance?

IF: As a small society, we preferred not to take part in big actions. We have rather attempted to build up a
society of loyal and active members, providing financial support – mainly directed to young fellows – for
participation to conferences and for doctoral studies. We have been working to improve the scientific level of our
annual congress that in recent years has reached the international stage. We have incorporated sponsoring
companies and, overall, we have been able to increase the number of members by about 25% during my two
terms.

CM: Scientific research becomes every day more interdisciplinary.

IF: It is definitively true, producing and publishing relevant research requires the fusion of elements coming from
several disciplines. Classifying most of the modern publications among cell biology, molecular biology,
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It would be exciting to put
together biophysicists and cell
biology, to foster collaborations
by matching the demand for
solving biological problems with
the supply of biophysical tools
and methods

biochemistry and biophysics has become rather tricky due to the intermingling of these subjects. In the last
years, in my research field (cell biology of cancer), I have also noticed that clinicians are increasingly
appreciating the contributions from basic sciences. This is happening in spite of differences in language and
jargon and the passive resistance of some old school mindset that can sometimes make communicating with
each other difficult. I see this contamination very positively: in this way, we can genuinely link basic and applied
research to obtain the so coveted translational research, besides the promises of research proposals. Moreover,
this is the way to go to enable in a near future personalized treatments, taking into account the patients’
variability and cancer mutations.

CM: In this interdisciplinary scenario, what is the role of a society focused on a single discipline?

IF: I think that one of the roles of scientific societies is to provide a
stratification of scientists based on expertise. Let us imagine you want
to explore a new field and you are looking for an expert to ask for
advice or collaborate with, the affiliation to a society works like the
indexing for a search engine, making it easier to find the expert you are
looking for. However, at the same time, a person or a research group
can be found under different categories.
Another point is to favor contacts and interactions among members
through the organization of annual meetings and other activities. A small society like the SEBC gives the
possibility of having “Gordon conference-sized” congresses, without parallel sessions and with plenty of
networking, thus allowing us to create a community. With respect to congresses organized by bigger societies, I
guess this is a main reason of attraction, in particular for students and early career researchers. Of course, this
does not exclude the organization of shared meetings and workshops  with companion societies. As an example,
in 2017 we organized a joined congress with the Spanish Society of Genetics and the Spanish Society of
Developmental Biology. It was a great success and – in spite of the difference in the number of members – we
registered a larger participation of SEBC affiliates. We were impressed and we think that is due to the fact that
we have been able to earn the loyalty of our members.
I would have loved to organize more joint workshops. For example, it would be exciting to put together
biophysicists and cell biology, to foster collaborations by matching the demand for solving biological problems
with the supply of biophysical tools and methods. Unfortunately, often it is difficult due to time constraints and
logistic. In this sense, we also miss support from institutions.

CM: How do you think biophysicists are helping or can help the cell biologists?

IF: If I think about biophysics, microscopy is the first thing that comes to mind, due the massive use that
biologists make of it. The recent advances in super-resolution techniques are providing a new view on many
cellular processes. However, I find that many biologists are not fully aware of the potential of these novel
techniques. Moreover, the fact that they are still evolving and thus often require the support of experts is probably
preventing a wider application in our field.
Along the line of my research, concerning signaling in liver cancer through clinical and animal model studies, it
would be extremely informative to apply the new tools of cell mechano-transduction, to get more insights on
collective migration, cell contractility, cell-cell interactions and its relation to cancer. I would really love to start a
collaboration on this topic.

CM: Earlier, you mentioned the use of personalized medicine and the differences found in patients with same
conditions/treatments. This somehow connects to the current discussion on data reproducibility, p-hacking, …

IF: Besides fraudulent cases of misuse of data analysis, which I think will be highly reduced by the public
sharing of the raw data required by many journals, there are other aspects that I consider important in relation to
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the use of statistics . In particular in clinical studies, it is not rare to find highly heterogeneous datasets. The
heterogeneity reflects significant characteristics of the sample and, as such, should be taken into account. Just
to keep it simple, if we find differences of up to two orders of magnitude when measuring the level of a marker in
cancer patients, by summarizing the data through their average we throw away a lot of useful information.
Methods to properly condense and represent these data without washing out their heterogeneity must be
definitively popularized and diffused among experimentalists.
More generally, we often deal with data that require advanced statistical treatment, beyond the classical
methods. However, sometimes they are treated by means of textbook statistical analysis, just because the
journal demands for a p-value and one does not know what else to apply. This is partly caused by the lack of
training in statistics provided to biology students. Considering the importance of quantitative experiments and
data analysis, the teaching of statistics must be definitively potentiated.

Before the interview, I had prepared a list of questions, but I could not ask them all. Actually, I only asked the firsts two
or three of the list. From that, the chat flew naturally: more and more hints for further discussion were popping up. I was
noting down Isabel’s answers and, at the same time, using a corner of the page to quickly log reminders of new topics,
about which I would have liked to know her thinking. Stepping down the stairs of IDIBELL, I was recalling all the
questions I did not ask, while trying to figure out the punch line of the interview. All in all, forcing a bit the definitions, I felt
like embedded in a hypothetical fractal structure: science itself – as well as many of the systems it studies – can be
analyzed in a reductionist fashion, one discipline at the time. It is up to us to contaminate the disciplines, so that
emergent properties can arise.
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