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The Era of Cross-Disciplinary Research for Medical Advances Is Coming—Briskly
A Conversation with JOACHIM FRANK
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(Y Columbia University Medical Center 2) Dental and Craniofacial Regeneration Foundation, New York, NY 10032)

Perhaps most exciting, combining scientific
acumen and engineering ingenuity will facilitate the
creation and accumulation of knowledge on human
biology today. The Nobel Prize in Chemistry this year
was awarded to three biophysicists; Jacques Dubochet,
Joachim Frank, and Richard Henderson, for their
breakthrough contributions to developing cryo-electron
microscopy ( cryo-EM) for the high-resolution structure
determination of biomolecules in solution. The
application of this technique has opened the human
eyes to the structures of proteins and eventually unravel

the mysteries of life’ s mechanisms.

Dr. Joachim Frank described himself as a very visually
oriented person paying attention to very small details.
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The Nobel Prize Committee for Chemistry singled
out the fact that Dr. Joachim Frank developed the
image analysis methods to allow many 2D images from
ensembles of biomolecules in solution to be put together
and produce a 3D image from them.

In this
orientations  and

approach, determining the relative

angles between the individual
molecules is the most challenging problem. These
difficulties made the accomplishments of Dr. Joachim
Frank truly remarkable.

Dr. Joachim Frank (b.1940), born and educated in

Germany, is a scientist and writer. He is also a

photographer who has three published portfolios. He
received degrees equivalent to Bachelor and Master
degree in physics, and a PhD in Biophysics. In his
doctoral and postdoctoral research, he developed methods
of digital image analysis as applied to electron microscopy
and also worked on problems of electron optics.

When he was a senior research scientist at the
Wadsworth Center in Albany, New York, Dr. Frank
developed the single-particle reconstruction approach
and applied it to the investigation of the mechanism of
translation on the ribosome. In 1977, he conceived the
random conical method, a strategy for determining the
angles of molecules lying randomly on the grid.
Computer programs that realized this idea and brought
it to fruition by 1987 were written by Michael
Radermacher, his first postdoctoral student. Over the
years, using cryo-EM and single-particle reconstruction
methods, and flexible fitting of X-ray structures
available since 2000, the dynamics of the decoding and
translocation mechanisms were revealed.

In 2008 he moved to take on his current position
as a Professor of Biochemistry and Molecular
Biophysics and of Biological Sciences at Columbia
University. Dr. Frank and his family are going to
Stockholm in Sweden for the Nobel Prize ceremony and
celebration in December. Recently before their
departure I interviewed him in his lab at Columbia
University Medical Center. Our conversation has been

edited for length and clarity.

e
The Front Door of Dr. Joachim Frank’s lab at
Columbia University Medical Center
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Dr. Joachim Frank and I, at the time of the interview in November of 2017

JC (Joy Cheng): Oh hello! My name is Joy Jiayi
Cheng, 1’ m a bioengineer. 1 am the Co-founder of
Dental and Craniofacial Regeneration Foundation.
Congratulations on receiving the prestigious Nobel Prize
in Chemistry! It is a privilege interviewing with you.
JF (Joachim Frank) ; Oh thank you very much!
JC. This year the Nobel Prize is awarded to cryo-EM
as a powerful tool for solving structures of molecules in
solutions. Why do we need to solve the structures of
macromolecules and their complexes to atomic
resolution in solutions?

JF: Well, as you know, there is a powerful method for
solving structures of molecules that can be crystallized ;
the method of X-ray crystallography. But the problem
is, there are many many molecules that cannot be
crystallized. So those that cannot be solved in this way
can now be solved by cryo-EM. In the single-particle
method, molecules are completely detached from each
other; they are completely “single”. They are exactly
as they are in solution. Alright? So you can think of
single-particle cryo-EM as a new, complementary way
of solving structures - one that shows these structures
in their native form. X-ray crystallography left a very
big gap in structure research. It was left because of the
difficulty to get molecules crystallized, or, even if they
could be crystallized, the crystals still did not diffract
high resolution which means they are too much
disordered to get information from that.

JC. The Nobel Prize has been awarded to the field of
structural biology many times since 1962, why does it
continue to be awarded to this field?

JF. Well, you know, chemistry and biochemistry is
really about the relationship and interaction between
molecules. And in order to say something about life
functions we need to determine these interactions. For
this to happen, we need to know their structure. So [

think, as time goes on, structural biology, or a
comprehensive knowledge of biomolecular structure,
becomes more and more important in biology.

JC: Other than the three Laureates, are there other
pioneers who have also contributed a lot to cryo-EM?

JF: There are many many. 1 don’ t really know
whether I should single any one out. That’ s very
difficult. Because they have contributed to the answers
to so many different technical questions, they made
astonishing discoveries, and so forth. So it’ s very
I do want to say that the EM
community has been sort of very happy about the

difficult to say.

selection. People 1 spoke to, and people who sent me
messages felt that the different aspects of the whole
development were very well represented.

JC: Do you think the development of cryo-EM is
finished? What should people do next?

JF: Well, it’ s not:-- the development is not finished,
and neither is the application of the existing technique.
Even with the existing technique, I think it will take
years to apply it, to--- to all the molecules that we want
to know the structure of. There are many channel
structures, receptors--- These are all proteins that are
most happy in membrane, in a lipid environment.
They all are very hard to solve by X-ray
crystallography. And there are so many of them. They
are so important in medicine. It will take years to get
the structures of all these proteins.

Now as far as the development is concerned, I
think, this is far from complete. The cameras, for
instance, I’ ve been told, will become more powerful
than they are now, meaning it will get even easier
reach atomic resolution than it is now, and faster. We
will see the development of at least semi — automated
ways of solving structures. And then there are also
developments that are completely in the infancy now.
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One of them is time-resolved cryo-EM to look at
structures that are very short-lived, structures that only
live for some number of milliseconds, you know,
maybe 20 milliseconds, 100 milliseconds. So if you
use ordinary cryo-EM, then the whole step of specimen
preparation takes too long to observe any of those
structures.

Another development that 1’ m particularly
interested in is to use the data that we collect from
cryo-EM in a more exhaustive way than it has been
done before. Right now the maximum likelihood
algorithms used single out the conformational states that
are most often encountered. However, there is actually
a continuum of states that are left out by this approach.
There is now a new kind of analysis that allows us to
map all existing states.

Besides, Dr. Frank also discussed with me the
most important criteria for him to select his PhD
students. of very
That * s

sometimes very hard. Recommendation letters don’ t

“1’ m looking for evidence
independent thinking and intelligence.
tell you what ‘ specimen’ you’ re dealing with. An
interview is very important to me.” said Dr. Joachim
Frank with a smile. “I’ m looking for diversity to keep
balance. Because this is a sort of an interdisciplinary
lab, we’ 1l need influx from computer science, math,
biochemistry--- many different areas. ”

There aren’ t many medical advances that have
not taken advantage of sophisticated tools. After a brief
interview, | was left imagining the potential impact on
the biotechnological and pharmaceutical field. The
technology developed and application of cryo-EM will
revolutionize how drug is screened, designed and
modified. It can be used to help visualize exquisite
protein structures, from antibiotic-resistant proteins to
the surface of HIV virus etc.
intelligently designed novel drugs can be born to “fix”
Thanks to

scientists and engineers from a variety of backgrounds’

and numerous

b

the abnormal proteins causing diseases.

innovation and commitment to excellence, this field is
being propelled into the future.

Last but not the least, I would like to reuse
Joachim Frank’s own words here: “Glancing over the
peripatetic history of the single-particle reconstruction
method, from its obscure beginning in 1978 to its
present wide acceptance makes me realize that the
technique has succeeded in a way nobody imagined.
For one, I would not have predicted that a molecule,
after the harsh treatment of freeze-plunging and without
support of companions in a crystal matrix, would allow
us to see molecular detail at its very periphery. ”

JOY JIAYI CHENG, BSc(Pharm), MM(Med), MSc
Joy is a bioengineer and research scientist with a
Bachelors in Pharmaceutical Sciences, dual Masters in
Pharmacology & Biotechnology and a PhD candidate in
Dentistry. She is a member of ORS ( Orthopaedic
Research Society ), NYAM ( New York Academy of
Medicine ) and TERMIS ( Tissue Engineering and
Regenerative Medicine International Society ). She’ s
the co-founder of New York State registered Dental and
Craniofacial Regeneration Foundation expected to lead
state-of-the-art scientific education, research and
clinical translation on reconstruction of dental, oral,
maxillofacial and craniofacial tissues for better
treatments and cures.

E-mail ; joyjiayicheng@ gmail. com
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