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1 Introduction

1.1 Background

In order to have a better understanding of the role of chemistry in biological research today, the Royal Society of
Chemistry (RSC) commissioned Face to Face: UK Chemistry-Biology Interface, which was carried out by People
Science & Policy Ltd (PSP) during 2007. BBSRC, EPSRC, MRC and the Wellcome Trust contributed funding.

The overall aim was to provide evidence to underpin recommendations to academic and other research institutions
and to funding bodies in the UK regarding how best to foster high quality research across the chemistry-biology
interface. It was also the intention to provide insight for other research at the interface between disciplines.

The project comprised:
_ interviews with the BBSRC, EPSRC, MRC and the Wellcome Trust (spring 2007);

_ areview of the existing literature on interdisciplinary and multidisciplinary research and research at the chemistry-
biology interface;

_ anInternet survey of 446 scientists working at the chemistry-biology interface (May/June 2007); and

_ six follow-up case studies with survey respondents, which involved 27 researchers (July/August 2007).

1.2 Previous studies

The review of previous studies made it clear that success and improvements in multidisciplinary and interdisciplinary
work require the coordination of all those involved academia, industry, research funders and Government.
Evidence in the literature implies that research conducted across traditional disciplines may require signi cant
changes to traditional academic ways of working, university structures, research funding and the research (and
researcher) assessment mechanisms.

1.3 Importance of chemistry-biology interface research

A fairly high level of knowledge transfer was reported which suggests that research at the chemistry-biology
interface has social and economic value. Over a third (35%) of the respondents said that their work had led to a
patent, 12% that it had led to the establishment of a new company, 7% that they had developed new therapy(ies)
and 7% that they had developed new medicine(s). The eld is therefore contributing to the current Government
agenda on wealth creation.

About the RSC

Since 1841, the RSC has been the leading society and professional body for chemical scientists and we are committed to
ensuring that an enthusiastic, innovative and thriving scienti ¢ community is in place to face the future. The RSC has a global
membership of over 44,000 and is actively involved in the spheres of education, quali cations and professional conduct. It
runs conferences and meetings for chemical scientists, industrialists and policy makers at international and local level. It is

a major publisher of scienti ¢ books and journals, the majority of which are held in the RSC Library and Information Centre.
In all its work, the RSC is objective and impartial, and is recognised throughout the world as an authoritative voice of the
chemical sciences.

Face to Face Summary Report 2008 | 1



2 Infrastructure and Environment

2.1 Recommendations
Researchers need to be proactive in  nding collaborators and developing relationships.

This reportidenti ed a number of activities in higher Education Institutes (HEIs) to support research at the interface.
However universities need to assess whether they are providing an appropriate infrastructure to enable chemistry-
biology interface research to ourish. The results of this report suggest that there are de cits. Institutions should
look at their structures to identify administrative barriers that impede collaboration, such as di erent departmental
cost structures, and seek harmonisation. They should also proactively bring heads of department together to
identify mutual bene ts for their departments that could arise from collaboration.

2.2 Working practices

The driving force behind working practices was the nature of the work being done and the contribution required
from each discipline. Key to successful collaboration seems to be a shared vision for the work around a speci ¢
problem and an acknowledgement that experts in both disciplines have more than subject knowledge and
techniquesto o er.

The most common working relationship involves cross-departmental collaboration within an institution. Physical
proximity and personal interaction facilitate collaboration and are important to the success of the collaboration
but common goals and good personal relationships can overcome distance and enable collaboration between
institutions.

The case study discussions revealed that researchers nd collaborators in a variety of ways, including:
_ the reputation of individual researchers or groups;

_ meeting at conferences;

_ searching the web for researchers with relevant expertise;

_ being referred to relevant individuals by colleagues in their department;

_ from published articles; and, of course,

_ some are themselves found by other researchers.

Six in ten respondents (61%), said that the interaction between chemistry and biology is very critical to their research
and a further 34% that it is fairly critical. Hence chemists are seen as playing an integral role in research at the
chemistry-biology interface. They do not just provide a service to the biological research community; their input is
more fundamental.

2.3 Institutional support

Many institutions appear to have developed ways to support interdisciplinary research and some have identi ed
research at the chemistry-biology interface as a speci c area for support. Over six in ten (63%) respondents felt that
their institution enabled research at the chemistry-biology interface. The main actions that had been taken were
to bring people together by convening seminars and similar activities and to establish interdisciplinary centres.
Mechanisms that enable people to meet relatively informally appear to be key.

Mechanisms that were reported to be in place in institutions to support multidisciplinary and interdisciplinary
research include:

_ facilitating physical proximity and promoting interaction at a personal and departmental level (although
infrastructure is seen as important, it is not pre-eminent in facilitating e ective collaboration);

_ interdisciplinary centres (including physical buildings and virtual centres);
_ regular inter-departmental seminars;

_ joint undergraduate course provision;

2 | Face to Face Summary Report 2008

_ cross-departmental PhDs;
_ joint faculty appointments; and
_ physically adjacent chemistry and biological sciences laboratories.

Survey respondents also suggested that institutions could consider restructuring around research topics, rather than
disciplines, to support interdisciplinary research.

Respondents identi ed a number of barriers to research at the chemistry-biology interface, including:

institutional structures that are designed to maximise RAE scores;

=

a lack of coordination between departments;

Y

competition between departments for funding and other resources; and

=

a lack of suitable laboratory space.

=

2.4 Lessons from industry

Academia, it was thought, could learn from industry s goal-oriented culture and focus on solving problems. Industry
has the ability to organise teams with the relevant expertise to address a speci ¢ problem, which is not always
possible in academic institutions structured around traditional disciplines. However, most respondents understood
that industry and academia have fundamentally di erent perspectives, roles in the research process, timescales

and objectives. While there are lessons that can be learned from industry, many valued the di erences and what
they perceived as the freedom of academia and there was an awareness that the industrial model is not necessarily
transferable to academia.

However, researchers in academia should be aware of the areas industry is not focusing on which they could
potentially develop.
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3 Research Funding

3.1 Recommendations

There has been a concerted e ort by funding bodies to develop new funding routes for multidisciplinary science,
including at the chemistry-biology interface. However, the funding process is somewhat fragmented and there
remains a perception that the complex array of schemes o ered by the funding agencies is not entirely user-friendly
and that there is a lack of clarity between the Research Councils on remit. Further communication is therefore
required between grant funders and potential grant holders in order to optimise funding mechanisms.

Key initiatives to help clarify the funding process could include:
_ road shows by all funders;

_ the Research Councils developing a more systematic way of deciding which Research Council a project should be
directed towards;

_ aharmonisation of the Research Councils application requirements and processes;

_ the production of a written, step by step guide of the funding process for the chemistry-biology research
community, either in hard copy or as a web portal; and

_ better guidance for reviewers to ensure that appropriateness of method carries more weight than the cutting
edge nature of the method.

At the application stage, more and better communication is required between grant funders and potential grant
holders in order to make optimum use of existing funding mechanisms and administrative procedures. Applicants
should also seek advice directly from BBSRC, EPSRC and MRC at any time in the grant application process but

speci cally prior to submission of a formal application.

3.2 Funding levels and sources

The majority (63%) of respondents agreed that Chemistry-biology interface research in the UK needs more ring-
fenced funding but a quarter (24%) neither agreed nor disagreed. There was a tendency for those in chemistry
departments to be more likely to agree than for those in biological science departments, with 66% of those in
chemistry departments agreeing compared to 49% of those in biological science departments.

BBSRC was the most often cited funder of participants research for the last three years (but BBSRC provided the
largest sample for this survey). Unsurprisingly, those in biology departments were much more likely than those
in chemistry departments to receive funding from BBSRC (86% compared to 50%), while those in chemistry
departments were more likely to be funded by EPSRC (61% compared to 21%).

Considering all respondents, only two of the total sample had been funded solely by industry in the last three years,
although 25 (6%) reported that industry was their main funder. Nearly a fth (18%) had not received any funding
from BBSRC, EPSRC or MRC and for 37% of the sample none of these Research Councils were their main source of
funding. This 37% were funded by the Wellcome Trust (24%), industry (15%), the EU (11%) and Cancer Research UK
(10%).

3.3 Funding programmes

In addition to main stream responsive mode funding, such as BBSRC's Biomolecular Sciences (BMS) and EPSRC s

Life Science Interface Programmes (LSI), funders run a number of schemes to support research at the chemistry-
biology, and other interfaces. None were universally known by survey respondents, although interestingly Discipline
Hopping Grants were almost as widely known as the LSI Programme and were looked upon favourably by case study
participants. Only 10% of respondents had heard of none of the schemes.

3.4 Funders and funding mechanisms

Half of the respondents (50%) agreed or agreed strongly that The interface of chemistry-biology is not understood
by funders and 19% disagreed. This perception on the part of respondents, most of whom have bene ted indirectly
or directly from funding at the chemistry-biology interface, suggests a signi cant communications gap. Those
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whose main funder was BBSRC, EPSRC or MRC were more likely to disagree with this statement than those with
other organisations as their main funder.

Those based in chemistry departments were more likely to agree that The interface of chemistry-biology is not
understood by funders than those based in biological science departments (61% compared to 42%). Interestingly,
PIs were more likely to disagree than non-Pls (23% compared to 10%), which may suggest that once researchers
are more engaged in the funding process, whether as applicants or as reviewers and members of grant awarding
committees, they are more aware of Research Council processes and funding opportunities.

Six per cent of respondents said that the Research Councils were able to deal with applications for chemistry-biology
grants very adequately, although 38% felt that they deal fairly adequately with applications. However, only 9% said
that the Research Councils dealt with applications not at all adequately while 10% acknowledged that it varies.

3.5 Grantapplications

3.5.1 Writing applications

Forty-four per cent of respondents said that writing grant applications for research at the chemistry-biology interface
was more di cult than applying for funding for single discipline projects and only 5% said that it was less di  cult.
Those based in chemistry departments seemed to nd it more di cult than those based in biological science
departments (53% compared to 44%).

The most commonly cited reason for interface applications being more di cult to write was the need to iterate
applications with co-applicants. Using an expert from one discipline to ensure that each subject is comprehensible
to someone from the other discipline, was a way by which researchers tried to ensure that their application would be
understood by all reviewers.

Sometimes researchers were applying for funding for research at the chemistry-biology interface to funders with
whom they were not familiar and this was said to be more di cult. Respondents also said that there tended to be
more queries from funders for interdisciplinary and multidisciplinary applications. They also said thatitis di cult
to cost multidisciplinary research, compared to single discipline research, because of the need to collate costs from
more than one department. Researchers also raised the question of costs as a potential barrier for research at any
interface, where one postdoctoral scientist from each discipline might be needed to progress a project.

3.5.2 Reviewing grant applications

There was a feeling among the case study participants that the UK pool of potential reviewers within any sub- eld
of the chemistry-biology interface is small. Over half (57%) agreed with the statement that Itisdi cult to get
funding in the UK because grant reviewers do not have the right expertise. Those based in chemistry departments
were more likely to agree strongly than those in biological science departments (34% compared to 17%). These
perceptions may be a result of the way in which researchers receive feedback on grant proposals.

The appropriateness of reviewers was explored in the case study discussions. It was reported that in research at the
chemistry-biology interface often the chemistry is not cutting edge, even though the ndings from the research
would be new. This means that reviewers with a chemistry background may not see the proposed work as worthy
of funding, although the biological questions may be important. This was seen as a major barrier to funding and it
was suggested that this situation may be common to all multidisciplinary research.

The US was held up as a good example of how to support and conduct research at the chemistry-biology interface.
Implicit in these discussions was a sense that chemists and biologists there had greater respect for each others
expertise. It seemed that chemists in the US had a better understanding of addressing biological questions and
biologists a better understanding of the importance of chemistry to moving biology forward, than their equivalents
in the UK.

3.6  What could funders do?

The results from the questionnaire show support from the chemistry-biology interface research community for what
the Research Councils are already doing. However, very few respondents, just 2%, indicated that they thought that
there was nothing more that the Research Councils could do to better support research at the chemistry-biology
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interface.

Advice and support is available from BBSRC, EPSRC and MRC to help researchers during the drafting of applications
to ensure that applications are submitted to the correct Research Council.

However the case studies demonstrate that not all applicants are either aware that it is possible to, or see the need
to, seek advice from the Research Councils remit.
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4 Current Health of Chemistry-Biology Interface Research

4.1 Recommendations

This study focused on the infrastructure  both institutional and funding for research at the chemistry-biology
interface. Hence while there was some attempt to scope out the eld scienti cally, that was not the main thrust

of this project. However, we have found the eld to be broad and disparate and would suggest that a scienti ¢
review of the eld, perhaps an international comparative study, would be bene cial in assisting funders and research
institutions to identify areas for support and development. This report provides information on structures and
systems.

Nevertheless, this report has found that research institutions must ensure that interface training is available to PhD
level across departments.

It has also identi ed a need for further conference and seminar activities to raise awareness, stimulate interest from
chemists and generally bring people together. The RSC, in collaboration with the biological associations, is well
placed to organise such conferences but both disciplines must ensure that the titles for joint events are accessible
to those from both disciplines. In particular, there is no regular conference in the UK that draws international

level speakers and acts as a focus for the community. The RSC should also consider revising its membership and
accreditation to enable those working at the chemistry-biology interface to become members of the RSC.

4.2 Respondents

Researchers working at the chemistry-biology interface form a very diverse group, working on a wide variety of
research topics. As individual researchers they enjoy the challenge of working at the chemistry-biology interface and
feel both disciplines are needed to address their research questions. Many are motivated by the possible bene ts to
society of their research.

Respondents were presented with a list of disciplines and asked to indicate the subject of their rst degree. Half
(52%) indicated that they had a rst degree in chemistry, one in seven (14%) a rst degree in a biological science
and onein ve (21%) were initially quali ed in biochemistry. Respondents to the survey were divided fairly evenly
among chemistry departments, biological sciences departments and interdisciplinary centres. Just 5% were based
in stand alone research institutes, mainly MRC and BBSRC Units. One in ve were women.

4.3 Reasons for working at the interface

The reasons given for working at the interface between biology and chemistry reveal the problem-solving focus
of researchers who also enjoy a challenge. Nearly all respondents (88%) said that they had chosen to work at the
interface of chemistry and biology because their research topic needs both disciplines to address their research
guestions. Over half (55%) said that they felt it was a more useful way of addressing problems and 41% that it
was likely to generate real bene ts to society. Some enjoyed the challenge, with around a third saying each of the
following: it is more challenging (33%); it is more dynamic (37%) [than single discipline research]; and to remain at
the cutting edge of the eld (35%).

4.4 The nature of research at the interface

Respondents were asked What is the main question your research is trying to address? The Chair of the Steering
Group categorised the responses into the following areas:

_ analytical research medical goals

_ biocatalysis medicinal chemistry

_ biological goals membranes

_ biomaterials metals in proteins

_ biosynthesis natural product synthesis
_ biotechnology nucleic acid

_ carbohydrates protein folding

Y
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_ chemical genetics _ protein function

_ chemical proteomics _ protein structure function

_ computational _ post-translational modi cations (PTMs)
_ drug delivery _ signalling molecules

_ general chemistry _ structure

_ imaging _ systems biology

_ interactions

This analysis shows that UK researchers are working on a wide variety of topics at the chemistry-biology interface.
The nature of each category is discussed in the full report.

4.4.1 Research at the interface — a single discipline?

There is currently a debate about the extent to which the chemistry-biology interface is, or ought to be, regarded as
asingle discipline and the degree to which the eld is interdisciplinary or multidisciplinary. An understanding of this

is important for the funding of individual research projects, research infrastructure and researcher training. Whether
teams with di erent skills (a multidisciplinary approach) or individuals with dual skill sets (an interdisciplinary approach)
are required has implications for the size of grants, collaborative arrangements and the training of PhD students.

The questionnaire attempted to explore the status of research at the chemistry-biology interface and responses
revealed no consensus on whether the eld is developing into an independent discipline. Results also suggest there
is ambiguity among researchers as to whether the eld is interdisciplinary or multidisciplinary. Indeed, analysis of
the answers to the questionnaire revealed that a third (34%) said that chemistry-biology interface research is both
multidisciplinary and interdisciplinary.

This was explored further in the case study interviews and it was found that interface researchers see the eld

as both multidisciplinary and interdisciplinary. Researchers working at the interface were said to need an
understanding of both disciplines to be able to work at the interface; but they were also said to need the expertise of
those with a grounding in each discipline to work together to solve fundamental problems.

4.5 Chemistry and progress in medical research

Some 82% of respondents agreed with the statement Medical research is dependent on chemistry to move forward
in understanding basic biological systems. Perhaps also unsurprisingly, those based in chemistry departments were
more likely to agree than those based in biological science departments (87% compared to 77%) and were more
likely to agree strongly (49% compared to 28%).

Respondents were also asked whether they agreed or disagreed that Medical research is dependent on chemistry to
develop new medicines and therapeutic strategies. Again, 86% agreed or agreed strongly, with those in chemistry
departments more likely to agree strongly.

4.6 The state of research at the interface

An attempt was made to gauge the health of the eld in the UK but researchers were very unwilling or unable to
comment. Some 43% of respondents to the survey neither agreed nor disagreed with the statement Research at
the chemistry-biology interface in the UK is currently very healthy. This is a very high level for this response. Over a
third agreed (35% agreed but only 3% agreed strongly) and one in ve disagreed (18%) or disagreed strongly (1%)
with the statement.

Those who took part in the case study element of the project were also unwilling to comment on the broad eld
outside their own area of expertise. The discussions during the case study visits suggested this high level of neither
agreeing nor disagreeing stems from the fragmented nature of research at the chemistry-biology interface, as shown
by the wide variety of areas of research in which the respondents were working.

The most commonly cited area of strength in research at the chemistry-biology interface, stated by 26% of all
respondents, was structural biology/enzyme function/structure function/protein folding. This accords with
the conclusion of the Whitesides report, which identi ed protein chemistry as an area of strength. The second
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most commonly cited area was medicinal chemistry which included not only medicinal chemistry, but also drug
discovery, drug delivery, drug design and informatics and chemical genetics. This was given by 18% of respondents.

Respondents were asked what they thought were the current hot topics in chemistry-biology research. The two
areas most often cited by respondents were synthetic chemistry and protein chemistry.

4.7 Research outputs

Researchers were asked about the outputs from their research that they considered to be at the chemistry-biology
interface, academic papers (92%), new knowledge (89%) and the training of new researchers (81%) were the most
likely outcomes stated.

4.7.1 Publication

Eight out of ten respondents had had a chemistry-biology interface research paper accepted for publication in the
last 12 months and only one in seven (14%) had not submitted a publication in the area during the same period.
Work was most commonly accepted for publication in the Journal of Biological Chemistry and the Journal of the
American Chemical Society. In the case study research, being published was an issue for some more than others but
there is no appetite for more journals and a strong feeling that there are already too many.

The questionnaire did not ask about ease of publication but some of the case study researchers said that a lot of
journals are interested in their work and that having articles accepted for publication is not a problem. Several new
journals have been launched in the last ve or six years and this may have helped by increasing the number of
outlets. In contrast, others felt that publishing interface research was more di  cult than getting single discipline
research accepted for publication. These di ering views may be a result of the research elds or the background
and experience of the researchers. However, even those who found it relatively easy to have their work published
acknowledged that papers covering very new topics can be di  cult to place, not least because it is not clear where
to submit them.

4.7.2 Career progression

Impact factors and name order conventions are di erent in biology and chemistry. Impact factors tend to be higher
in biology than in chemistry and hence a biologist who publishes in chemistry journals could potentially lose out

in the 2008 RAE and when being assessed for promotion. In biology name order on papers matters for esteem
because the convention is for the last author to be the most senior researcher and the rst author to have carried out
most of the research. In chemistry a variety of methods are used, including listing names alphabetically.

4.8 The future of research at the interface

Almost all respondents (93%) said that they would continue to work at the chemistry-biology interface and the main
reason for this was because their research topic needs this approach. Half (49%) of those intending to continue said
that they would do so because they had a good collaborative arrangement in place. Some 16% said that they would
do so because their university sees the eld as a priority area.

A sizable minority (42%) said that they did not think that current undergraduates would be equipped to do research
at the chemistry-biology interface. Those in chemistry departments were much more optimistic about this than
those in other departments, including those in interdisciplinary centres. There was a feeling that students had to be
open to new ways of looking at things, rather than academically gifted enough to master two disciplines. If the eld
is to develop it is essential that appropriate training is provided at undergraduate and postgraduate levels in order
that the UK maintainsasu cient community of skilled researchers active in this eld.

There was concern that recruitment at post-doctoral level for researchers at the chemistry-biology interface is very
di cultinthe UK. Getting good PhD students for the eld was also thought to be problematic but less challenging
then nding post-doctoral researchers. The di erent ways in which EPSRC and BBSRC fund PhD studentships was
also said to cause di culties.
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5 Recommendations for RSC
The RSC should:
_ bring people together through seminars and workshops;

work more closely with biological professional societies to support joint events;

-

Y

ensure that titles for joint events are welcoming for those from both disciplines;
_ work with the funders to reduce the barriers to interdisciplinary and multidisciplinary working;

_ promote ways of working that have supported the development of collaborations in some HEIs to other HEIs;
_ identify industrial champions who can raise the pro le of chemistry-biology research in industry more widely;
_ support a regular large scale international conference every three years;

_ enable those working at the chemistry-biology interface to become members of the RSC;

_ award prizes for work in the eld; and

publish occasional special editions of existing journals but the RSC should not launch a new journal.

Y
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