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a b s t r a c t

Training researchers for positions in the United States biopharmaceutical industry has long been driven
by academia. This commentary explores how the changing landscape of academic training will impact
the industrial workforce, particularly with regard to the development of protein therapeutics in the area
of biophysical and higher order structural characterization. We discuss how to balance future training
and employment opportunities, how academic-industrial partnerships can help young scientists acquire
the skills needed by their future employer, and how an appropriately trained workforce can facilitate the
translation of new technology from academic to industrial laboratories. We also present suggestions to
facilitate the coordinated development of industrial-academic educational partnerships to develop new
training programs, and the ability of students to locate these programs, through the development of
authoritative public resources.

© 2016 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.

Training researchers for positions in the U.S. biopharmaceutical
industry has long been driven by academia. Academic institutions
confer the postbaccalaureate degrees (MA, MS, MSc, MPhil, and
PhD) held by most industrial scientists. Upon attaining a PhD
degree, scientists from fundamental disciplines typically pursue
postdoctoral training before seeking permanent employment.
Those from more applied science and engineering programs often
begin new industrial positions immediately. Thus, both pre- and
postdoctoral training is an opportunity for young research scien-
tists and engineers to acquire the skills needed for success in
developing, formulating, and characterizing new protein thera-
peutics. At the same time, young researchers bring expertise from
their academic trainingdparticularly in protein biophysical and
higher order structural characterizationdthat holds the promise of
advancing promising therapeutics. These skills can be particularly
valuable in translating new technologies from academic to indus-
trial laboratories.

These relationships function most productively when training
and employment opportunities are balanced, as they have been for
many decades. The importance of this relationship is raised in the
companion commentary.1 However, recent years have seen seismic
changes in the academic research and training environment. There
was a precipitous rise and then a precipitous fall of the Congres-
sional budget allocation for the National Institutes of Health (NIH),
and to a lesser extent other federal funding agencies such as the
National Science Foundation (NSF). This financial turmoil, combined
with a maturing biotechnology industry, has resulted in a diver-
gence between the number of “newly minted” PhDs with training
in biophysical sciences and engineering, and their employment
opportunities. Moreover, changes in federal funding priorities have
led to diminished support for the development of technologies
central to characterizing protein therapeutics, especially those in
the area of biophysical and higher order structural characterization.

As the number of PhDs trained in these areas will likely decrease
going forward, it is essential that their training match the present
and future needs of their industry employers. This time of flux
is thus both a challenge and an opportunity. Given the time lag
between the initiation and completion of PhD training, it is
important that both communities be proactive in addressing these
questions. In this commentary, we consider how strengthening
partnerships between academic and industrial institutions can help
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provide a workforce skilled in the study of protein biophysical
properties and higher order structuredtools critical in continuing
the prodigious development of biologic therapeutics.

Our discussion is organized around a few key questions. The
first asks “How many”? That is, what is the optimum number of
industrial scientists that should be trained? Second, how can
academiceindustrial partnerships help young scientists acquire
the skills needed by their future employer, and how can such
partnerships help guide the choice of fundamental research topics
and focus areas for academic laboratories? Finally, how can an
appropriately trained workforce facilitate the translation of new
technology from academic to industrial laboratories? This last
question has recently taken on increased importance since as put
succinctly in the New York Times, “Companies' R&D is moving
away from the R toward the D”.2 Finally, we offer some sugges-
tions for coordinating the development of academiaeindustry
partnerships.

Question 1: How Many Industrial Scientists Should be Trained
in Biophysical and Structural Characterization?

A vigorous debate ongoing in academic forums is whether our
nation is training too many PhD level scientists. For academic fac-
ulty positions, the answer to this question regarding the present is
clearly “yes.” However, the answer with regard to 10 years in the
future and for industrial research is less clear. This distinction is
critically important given the many years of study and appren-
ticeship required to mint a qualified and capable PhD researcher.
The ongoing contraction in both academic and industrial research
employment opportunities is being addressed by an ongoing
contraction in graduate and postdoctoral training. However, given
the lack of synchrony in economic cycles, it is quite possible that an
upturn in future employment opportunities will converge with a
shortage of appropriately trained scientists. We recommend ana-
lyses that consider attrition of skilled workers from the present job
candidate pool, along with reasonable predictions of future
opportunities, so that qualified candidates will be available to the
industry a decade in the future. If timely support from the federal
government, which currently supports most of the training of sci-
entists and engineers in these fields through research or training
grants, is not forthcoming, it will be important for the biophar-
maceutical industry to underwrite graduate training in the study of
protein characterization so that a sufficient pool of qualified sci-
entists will be available.

Importantly, industry support in a proactive and collaborative
way will offer opportunities to drive fundamental research in areas
that are most useful for the broader needs of the biotechnology
industry, rather than relying on the hope that federal funding
agencies and academic review panels will understand and predict
the realities of those needs. For example, a major challenge that
directly impacts the analysis of protein higher order structure is the
overall decrease in federal research support for technology devel-
opment, including new technologies and instrumentation to probe
and quantify protein biophysical and structural properties, as
support for other types of inquiry currently take precedence. In
particular, many of the physical considerations essential to the
development of protein therapeutics are not considered a high
priority for federal support of academic laboratories. These include
stability and structure at high concentrations, the impact of ther-
apeutically necessary excipients, and changes in physical properties
that control viscosity and aggregation state(s). Thus, it may be
essential for industry to more aggressively underwrite the devel-
opment of the tools and instrumentation it needs for the charac-
terization of higher order structure of protein therapeutics.

Question 2: How Can We Best Train the Future
Biopharmaceutical Workforce?

There is an old challenge for the newlyminted PhD commencing
an industrial research careerdindependence must be tempered by
the ability to work within a team on projects whose creation and
termination resides in the hands of individuals higher up the chain
of command. Recognition that these skills are essential to PhDs
regardless of their career path has resulted in communication,
management, and career training becoming available in many
graduate programs. Indeed, the NSF, and more recently the NIH,
mandate career skills training as a component of their support of
graduate research study. Although these general career develop-
ment programs are clearly an important step, there is more that can
be carried out to teach students skills specific to pharmaceutical
biotechnology research. We highlight below possible changes from
both the academic and industrial sides of the equation regarding
how to train the next generation of researchers in understanding,
characterizing, and studying higher order protein structure.

1. A tacit belief that lingers in academic graduate training is that a
student must work by himself or herself if they are to become
independent. However, in an era when multidisciplinary
collaborative studies are the rule rather than exception, we need
to replace solitude with team-based work and explore the
guidelines for granting the PhD degree to embrace collaboration
inwhich the student plays a driving or directing role. In addition
to defining academic expectationsmore realistically, this change
would shift student training toward the biopharmaceutical
work model where projects are typically carried out by teams
that hand off a successful project as a potential therapeutic
moves along the project pipeline. Thus, redefinition of the PhD
degree from “a demonstration of the ability to conduct inde-
pendent research” to “a demonstration of critical thinking and
evaluation, and the ability to direct novel research in a team-
based environment” would serve the prevailing models of
both academic and industrial research endeavors.

With regard to higher order structural and biophysical analysis
specifically, we envision an increased emphasis on fundamental
mechanisms and theory, but applied toward industry-relevant
issues such as protein aggregation, reversible self-association,
folding and stability, and so forth. This approach may be espe-
cially desirable if the research project is part of an academ-
iceindustry collaborative effort, where a student can benefit from
an effective co-advising role for an industrial scientist or mentor, as
can the academic mentor.

2. The evaluation of students during their training has historically
been conducted using the strictures and language of academia.
A good example of this culture is the Qualifying Examination
typically taken by students at the end of the didactic portion of
their graduate training, upon whose passage they begin full
time research. “The Qual” typically includes writing and
defending an NIH or NSF style research proposal that is crafted
around one or several Specific Aims or Objectives. The blank stare
you will receive if you ask most students to describe their
project in terms of Milestones or Deliverables highlights a cul-
tural divide between academia and industry, one that typically
falls along the line between basic and applied research. The
sooner students appreciate this distinction, the more adept
they will become at navigating the industrial research arena.
Evaluating students in the language and goals of their future
employers will give them a head start developing the skills and
mind-sets most beneficial for industrial research. It will also
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