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AIM	
  
The aim of this work is to support stakeholders in the life science community in their ambition to
leverage and harvest from the new research facilities ESS and MAX IV currently being built in Lund.
Since the stakeholders are disparate; they both belong to platform organizations such as Medicon
Village and to private companies of larger or smaller scale, our work is defined as follows.
I)

II)
III)

We have made an inventory of areas, problems and questions that industrial users are currently
addressing and potentially could be studying based on planned or proposed instruments at MAX
IV. This inventory can function as an inspiration for marketing activities and examples that can
be used for further out-reaching activities. The inventory is included as an appendix to this
report.
We have summarized the key important factors for success in achieving direct increased and
improved industrial usage of any large-scale resource or academic lab of value for the life
science society.
We have initiated a To Do list with suggestions of accountable organizations.

BACKGROUND	
  (the	
  report)	
  
Swedish life science has been experiencing a decline in various numbers. Several seminars and
workshops have focused on the alarming situation for life science in Sweden in general and in the
southern region, Skåne, in particular. In this situation the establishment of the two facilities MAX IV
and ESS provides a new edge that the life science community wants to explore the possibilities of.
However, the establishment of these facilities is being followed by the research community around the
world and many voices have been raised that speak about how their area of interest is going to evolve
as a result, and a sense of worry has been expressed from members of the life science community, in
particular the sponsor of this work, Medicon Village. The worry is that too much attention is being
given to materials science and the development of new products in the new materials area while life
science interests might be ignored and have less representation. Thus there existed a strong demand
for a summary such as the present report, in particular focusing on how the life science industry can
work and leverage from the new facilities.

Authors’	
  comments	
  
For us, and for any pragmatic problem solver in the field of new solutions, there is no major
discrepancy between the two areas; New Materials and Life Science. It is easy to make an infinite list
of examples of where these fields come together; biofilm studies on medical implants or heat
exchangers, new meso-porous inorganic particles for catalysis or solubilisation of poorly soluble
pharmaceutical drugs, algae farms on highways to absorb carbon dioxide and produce omega 3 fatty
acids, protein building blocks that connect with metals to create a biodegradable electrical conducting
nanowire etc.
There is no fundamental difference between how companies in the two fields benefit from the
facilities, what services they need to implement so that this results in improved company value. Some
fields and areas are more used to these instruments and capacities but this variation is not a difference
between industries working with within life science or not.
However, there are differences between industries and sample types that can be of large importance
and that can be used on a general level to make a distinction between the two areas. This could be the
distinction between more or less sensitive samples, which of course requires different levels of logistic
care at the facilities.
There are currently and historically differences between how the areas are represented at the facilities.
For example, personnel at MAX IV have a strong background in material physics rather than life
sciences. Another example is the representation in various advisory boards, where the international
Calipso group of industrial synchrotron users has representation from material and engineering
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companies but there is no longer any life-science representation. From the academic point of view this
might not be a problem. Science and applications are considered anyway, but for industrial users that
might need extraordinary support this could cause a lot of problems, leading to suboptimal industrial
use.
Finally of course, with the general trend that interest in life science has been declining while the
interest for new materials, smart materials and nanomaterials has increased, the environment for these
two areas has become increasingly different in terms of funding and external interests.
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AUTHORS,	
  METHOD	
  AND	
  REFERENCES	
  
We, the authors Anna Stenstam and Björn Walse, represent two companies known as mediator
companies that work on a contract basis for industrial clients in projects where we use instruments at
national and international large facilities such as MAX IV to take the projects further. We have used
our, in total, more than 25 years of experience from working at the interface between academia and
industry in the present work. In addition we have consulted our peers in other mediator companies and
finally we have of course used earlier reports and user feedback that we have found valuable. In
particular, the report by Anna Stenstam and Karin Bryskhe from 2013 should be mentioned. That
report was not focused on the area of life science but on learning how to succeed when adding
scientific value to industry in general.
We have not made a status report on all activities that are currently ongoing at the facilities in Sweden
or elsewhere and we have not investigated all academic collaborations and the different industrial
collaborations or potential interest that can be hidden in these. When we refer to various examples it is
because we know about these studies, groups or companies and not because they are illustrative of a
statistical fact. In addition, the ideas presented here are valid for both MAX IV and ESS but the
section that describes the current and future industrial use is more focused towards MAX IV.
This report has been circulated for comments to Harald Lindström, Region Skåne, Ulrika Lindmark,
Science Village Scandinavia, Sindra Petersson Årsköld, ESS and Thomas Lundqvist, MAX
Laboratory, during the spring 2015.

Earlier	
  reports	
  referred	
  to	
  in	
  the	
  present	
  work	
  	
  
• An Industrial Science Team – a way to utilize present capacities and harvest future innovations at
large scale facilities ESS and MAXIV? A report sponsored by Vinnova and written by Anna
Stenstam and Karin Bryskhe in January 2013. This early report included results from the following
investigations in addition to our own findings:
• Ramböll Management, Näringslivets förväntade nytta av MAX IV 2010.
• Oxford Research Industrins framtida kopplingar till ESS och MAX IV, 2012 (TITA report)
• Kitagawa and Wigren, Circle. From Basic Research to Innovation: Entrepreneurial Intermediaries
for Research Commercialization at Swedish ‘Strong Research Environments’, 2010
• Elspeth F. Garman, Developments in X-ray Crystallographic Structure Determination of Biological
Macromolecules, Science 343, 1102 (2014)
To which we in this report add
• Grete Jensen and Lise Arleth (KU), Dansk biovidenskabelig udnyttelse af faciliteterne ESS og MAX
IV. Visionspapir for undersöttelse af en bred industriel og forskningsmaessig anvendelse. April
2013.
• University of Copenhagen and the future use of neutron and X-ray sources. May 2013.
• “Vinst för Sverige – Den forskande läkemedelsbranschens betydelse för samhället” Magnus
Jiborn et al. 2014, Vetsam på uppdrag av LIF.
• ”Idéplattform – för en stärkt svensk life science-sektor” sammanställning av work-shop 2014
arrangerad av LIF.
• ”En handlingsplan för life science- 25 åtgärder för att stärka Sveriges kokurrenskraft” av LIF,
Swedish Medtech och SwedenBio 2014.
• ”Första steg mot en svensk life science-strategi, förslag från Forska!Sverige” uppdaterad januari
2014.
• ”From vision to action: delivery of the Strategy for UK Life Sciences” 2014 (two years on)
• “Strategy for UK Life Sciences” 2012

Other	
  personal	
  references
Interview with Marc Obiols Rabasa, ILO at Physical Chemistry, Lund University (SAXS, WAXS)
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Interview with Martin Bech, Researcher at Medical radiation physics, Lund University (MedMAX)
Feedback from Tommy Nylander, Professor at Physical Chemistry, Lund University (surface
adsorption)

Scientific	
  articles	
  etc.	
  
1. EXAFS study of inorganic pharmaceuticals in Physiological Media Obata et al. Photon
Factory Activity Report 2006 #24 Part B, 2007
2. Femtochemistry. Past, present, and future Ahmed H. Zewail, Pure Appl. Chem., 72(12), 2000
3. From small angle neutron scattering to the production line: optimising the industrial
processing of personal care products I Tucker et al (Unilever) and J Penfold (ISIS)
4. Protein conformational changes induced by adsorption onto material surfaces: an important
issue for biomedical applications of material science. T. Ballet et al. Bullet Pol Ac Sci Tech Sci
58(2) 2010
5. X-ray Reflectometry, Grazing Incidence Small Angle X-Ray Scattering, Small Angle
Scattering. G. Renaud. Book chapter?
6. Neutrons for biologists: a beginner’s guide, or why you should consider using neutrons
7. Jeremy H. Lakey J. R. Soc. Interface 6 2009
8. Biological physics at large facilities: from molecule to cell. Giuseppe Zaccai J. R. Soc.
Interface 6 2009
9. Nonlamellar lipid liquid crystalline model surfaces for biofunctional studies Maria Wadsäteret
al. Soft Matter, 9, 2013
10. Interaction of Toxic Metals with Complex Biofilm/Mineral/Solution Interfaces. Alexis S.
Templeton. SSRL Science Highlight – November 2001
11. Presentation, Micro-fluidics, Lab-on-a-chip systems and their applications to biomolecular
investigations, Lise Arleth,
12. The status of strontium in biological apatites: an XANES/EXAFS investigation. J Synchrotron
Radiat. 21, 2014
13. Tenboer et al., 2014, Time-resolved serial crystallography captures high-resolution
intermediates of photoactive yellow protein, Science, 346, 1242-1246.
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INTRODUCTION	
  to	
  industrial	
  life	
  science	
  use	
  at	
  	
  
synchrotrons	
  and	
  neutron	
  facilities	
  
The direct industrial life science usage at synchrotron and neutron facilities can effectively be summed
up to include pharmaceutical companies use for the early stage research (macromolecular
crystallography with neutrons and X-rays, MX, single crystal X-ray crystallography and biomolecular
small-angle X-ray and neutron scattering, bio-SAXS and bio-SANS), solid state characterization (Xray powder diffraction, XRPD) and large cosmetic companies use for basic R&D to study
microstructures in creams and gel-based products (small-angle X-ray scattering, SAXS and smallangle neutron scattering, SANS). There are of course other users but taken together these are
exceptions, or perhaps first-movers. It is easy to suggest that they use the facilities because of their
history or geographic location. One example is Camurus, a pharmaceutical (drug-delivery platform)
company, which is a spin-off from Lund University with a retained relation to academia. They use
SAXS at synchrotrons, just as they did in their early history, but at that time it was lab-bench SAXS.
The academic groups that are working on problems using X-ray or neutron facilities of direct or
indirect interest for the life science industry are frequent but it can perhaps still be said that the
dominant instrument types are the same; SAXS, SANS, XRPD and MX. For example, the study on
bone fracture healing by Ulf Olsson et al. (SAXS) or the formation of cataracts by Anna Stradner et al.
(SAXS and SANS).
It is clear that academic use is broader and it is possible to find studies, for example, that use Extended
X-Ray Absorption Fine Structure, EXAFS (Obata et al. on inorganic pharmaceuticals), Grazingincidence small-angle X-ray scattering, GISAX, and neutron reflectometry (Nylander et al. on protein
adsorption to lipid layers), X-ray standing waves, and XSW (Templeton et al. on the interaction of
toxic metals with biofilms).
The reason that academic use is broader is most probably because the academic studies can be more
open-ended, which of course is correlated with a higher risk of non-tangible results, which is less
attractive to many industrial users. To take the step from analyzing a protein crystal with MX, which is
a relatively standardized measurement (which will be explained later), to use SAXS to study a noncrystalline hydrogel incorporating the protein is far from trivial.
The distinction between measurement and experiment should be acknowledged. Measurements can be
standardized, turned into protocols, validated and automatized. Experiments need sample and/or
instrument adjustments, optimization in iterations, and might not succeed at all due to bad signal-tonoise ratio, broad signals, interfering signals, instability during measurement etc. Of course, more of
the methods of an experimental character could be developed into standardized measurements for
certain sample types and uses but this needs resources aligned with an ambition and strategy at the
facilities.
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CREATION	
  OF	
  A	
  BENEFICIAL	
  ENVIRONMENT	
  FOR	
  LIFE	
  SCIENCE	
  
It has to be stressed that factors for a beneficial environment for life science (and research in general)
have been investigated and reported by numerous organizations over the past few years as the area has
experienced challenges. In this text we refer to the following reports in addition to our own
experience:
• “Vinst för Sverige – Den forskande läkemedelsbranschens betydelse för samhället” Magnus
Jiborn et al. 2014, Vetsam på uppdrag av LIF.
• ”Idéplattform – för en stärkt svensk life science-sektor” sammanställning av work-shop 2014
arrangerad av LIF.
• ”En handlingsplan för life science - 25 åtgärder för att stärka Sveriges kokurrenskraft” av LIF,
Swedish Medtech och SwedenBio 2014.
• ”Första steg mot en svensk life science-strategi, förslag från Forska!Sverige” uppdaterad
januari 2014.
• ”From vision to action: delivery of the Strategy for UK Life Sciences” 2014 (two years on)
• “Strategy for UK Life Sciences” 2012
The most important growth engine factors based on the reports are:
1. Secure the access to competence. Education and academic research with larger possibility for
risk-based fundamental science than today’s low-risk application for funding of applied
science.
2. The establishment of a Life Science Committee that continuously works towards better
translation between academia, industry and society (health organizations etc).
3. Clinical test beds with access to competence in the regulatory areas and easy access to
regulatory authorities.
4. Sustainable funding. New funding products for long-term development projects.
5. The physical environment and its role as a fundament for meetings, discussions, learning,
communication and secondment.
In addition to the above, and in relation to MAX IV and ESS, further important factors can be
extracted for increased industrial usage of, and innovation management around, the facilities. There
are today organizations and actors, private and public, who successfully are increasing industrial usage
of advanced technologies and who commercialize innovations from academia. To improve these
factors it is important to consider regional and local experiences and listen to the users, which
supplements the more general reports referred to above. An abstract of such learning is the subject of
the next chapter “How to harvest the potential”.
In the UK report “from vision to action” it is clearly stated that to succeed with ambitions to create a
beneficial and sustainable environment it is important to clearly identify the executive body for each
suggestion/project and the lines of accountability. Therefore, we suggest that the first task for a subgroup formed from the life science group behind the present initiative is to carefully read the
suggested reports and extract the most relevant key findings, and from these define actions in relation
to MAX IV and ESS. In addition the group should suggest executive bodies for the implementation of
chosen projects. This is further discussed in the chapter “What can be done and who should take the
lead”.
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HOW	
  TO	
  HARVEST	
  THE	
  POTENTIAL	
  –	
  in	
  particular	
  for	
  life	
  science	
  
When the potential of MAX IV and ESS is discussed several aspects are realizable and important;
established companies’ usage within their current frame, new companies’ possibilities to take
important steps as well as spin-offs from both within the facilities themselves, from academic groups
and from the industry. In addition, there is the general potential of the region and field as a whole. It is
the possibility to attract companies and other work-places to the region due to that it is simply
“happening” and it is the possibility to attract the best scientists, leaders and managers to academia,
industry and society. To succeed with the larger more general goals the first need to be a success. To
be a success for the industry we need to listen to them and continuously monitor and learn what their
needs are. We need to move from the classic “solution looking for a problem” that is the approach of
institutions around universities that try to commercialize fantastic academic results. Instead we should
learn how to work with “problems looking for a solution”. Thus, we need to listen to the industry
leaders because they are here and generously tell us what problems they have and thereafter we can
become even better and, like the industry, listen directly to the society.
For life science it is particularly important to ensure that life science representatives from both
academia and industry are part of forums and groups on the topic of MAX IV, ESS, Science Village
Scandinavia etc. Today this is not always the case and these forums are often dominated by other
interests, such as physics, materials and engineering. The engagement in these groups should be longterm from all members with no end in sight, and instead should aim for continuous development of
culture, collaboration and goals.
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HOW	
  TO	
  INCREASE	
  INDUSTRIAL	
  USAGE	
  
How to increase the industrial usage of large-scale facilities such as MAX IV and ESS (or any
academic advanced instrumentation or insight) was the topic of the Vinnova report by Stenstam and
Bryskhe from 2013, which was written together with representatives from MAX IV and ESS. The
conclusions from the former report are confirmed in this short study through interviews and
discussions. It is also the topic of a manuscript in preparation that is being put together by the
members of the international group of industrial users called Calypso (led by Anna Stenstam). The
essence of this is described below.

A	
  functional	
  interface	
  is	
  needed	
  by	
  more	
  than	
  the	
  industrial	
  users	
  
A functional interface between the resource and a user is needed, no matter if the user is from an
academic group or from industry. The interface might need to offer different services to the two
different users, but for academia the need for services is also increased as the experiments are
becoming more complex, the projects more cross-disciplinary and the methods more of a “one time
only piece of the puzzle” for the scientist. For example, the users of MedMAX are envisioned to be
experts in archeology, biology or medicine rather than physicists, i.e. scientists with a focus other than
that of to optimize the synchrotron experiment per se or of being informed about the development of
various methods at the facilities.

Mediator	
  companies	
  as	
  functional	
  interfaces	
  
An effective interface is more than a portal. A portal can list possibilities, it can be a guide for external
potential users of a resource and a portal can introduce new connections. A functional interface is
more than this; it needs to be anchored in both worlds, functioning as translator and interpreter,
personal assistant and counselor. An interface is comprised of people who educate themselves about
both sides in order to be of value for both. An interface is nothing on its own, it is shaped by the two
interacting structures.1 The mediator companies surrounding MAX IV in Lund are an important part of
such a functional interface and an establishment that stakeholders in the region can take advantage of.
For life science in particular this network is well established, as all of the involved companies
collaborate with companies within Pharma, Biotech, MedTech and Personal Care. In 2014 a national
network was established with the purpose of strengthening the various support functions for life
science product development. This is called LSIS (Life Science Innovation Support) and has already
been invited for strategic discussions with the Swedish Government and other national organizations
such as SwedenBio and Forska!Sverige. The possibility to use LSIS as a national link from the
facilities to industrial users within life science has presented itself and should be considered. Through
LSIS new connections can be made for projects as well as education and ideas for secondments and
joint ventures.

The	
  role	
  of	
  a	
  mediator	
  
The role of a mediator can be to measure on a sample but it is much more common that the role of the
mediator is extended to be the one understanding the problem at hand, expressing the hypothesis to be
tested, designing the experiment (alone or with a beamline scientist) and after measurements and
analysis, wrapping the result in the correct context to be finally reported in front of a management
board that demands a clear answer and advice. This takes time. This requires that the mediator has a
deep understanding of the business and field of industry, on top of the science.
It is also important to acknowledge the relationship between an industrial client and a mediator
scientist (consultant) and the important factors that make up this relationship. Several aspects of this
relationship are mentioned in interviews (Stenstam and Bryskhe, 2013). The relationship should be
long-term and preferably on the individual level, i.e. the scientists at the facility or on the mediator
side should stay-on and consequently not be employed as post-docs or in similar time-limited

1
2

From Stenstam and Bryskhe’s report 2013
From Stenstam and Bryskhe, 2013
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positions. The mediator should be able to speak the languages of both science and industry, to respect
the knowledge and focus of industry with sincere interest.

Important	
  issues	
  
Even in cases where facilities choose to focus their industrial relations through mediators, several
steps in the process must work well and smoothly also in this business relationship. If the mediators
risk losing a customer due to slow feedback from the facility or too much bureaucracy, the mediators
will go elsewhere and find other solutions for their clients.
IPR2
IP questions are an inherent part of the negotiation phase between an industrial user and a mediator. It
is therefore extremely important that mediators have the freedom to take decisions in favor of the
agreement and project without other stakeholders restricting this. It is possible to discuss alternative
solutions but it is always easier to simply accept that the client has full ownership of upcoming IP and
results. This must not necessarily hinder the mediator or facility from successfully harnessing future
innovations, enabling spin-offs and inspiring entrepreneurship! It is in the paid projects that the team
(mediator plus facility) learns about the client’s problems and needs, which results in valuable
understanding of the different markets that should be utilized. This is discussed in further detail under
the heading “Harnessing Innovation”. In our experience, working mostly with scientists at Swedish
research facilities and universities, it is relatively easy to agree on terms that allow the client to own or
share upcoming IP.
Agreements3
It is important to consider all different agreements in the process and handle them all with care,
professionalism and flexibility so that there is mutual benefit from the collaborations. In our
experience, a private company is definitely best suited to the need for flexibility. In some cases, largescale facilities (or EU as in the case of Science Link) insist on the right to disclose the user’s name and
project description. In these cases it is beneficial for certain clients that their name can be hidden
behind a mediator company.
Representatives from MAX IV and ESS ensure that this is an issue they can find solutions to that are
accepted by both parties. Our point is that this flexibility in terms of IP agreements is far from selfimplied today, especially for companies used to more restricting circumstances. The initial marketing
activities are therefore facilitated by communicating that there indeed is such flexibility. For a private
service company this is expected and the customers are not hindered by preconceptions.
It is also important for an industrial user that the supplier of a service can adapt to the company in
question’s vendor system. This is rarely a problem for a mediator company that must comply with
various vendor and supplier protocols on a daily basis, but could be a problem for the facilities
themselves. These vendor protocols can concern various details including safety, security, auditing
permissions and data handling.
Cost and Timing
Feasibility studies in a project are extremely important not only in order to see if the experiment works
but also to test the collaboration, to prove the scientific approach and most importantly to use the
momentum from the start. The positive energy that a project and its stakeholders have when an
agreement is first signed must be taken advantage of and the risk of losing momentum with time
should be seriously acknowledged. Therefore something must be done in the collaboration as soon as
the agreement is made! This can be a problem when working with the large-scale facilities where
waiting times can be fairly long and this is one clear reason to have more flexible access modes at the
facilities. Momentum should be used and not lost. Thus, in collaboration with large-scale facilities,
2
3

From Stenstam and Bryskhe, 2013
From Stenstam and Bryskhe. 2013
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everything that is and can be done to improve the access and establishment of short-tracks is of value.
In combination, the advantage of the mediator network makes it possible to do other experiments, and
of course theoretical work, before any photon or neutron experiment. This part of the service is thus
very crucial also for the momentum of the project.
All facilities discuss lower prices for feasibility beam time and there are several initiatives that
decrease these to cost-free. It is understandable that the facilities cannot give beam time away for free
if the surrounding service is too large, and this is another advantage of the relationship with the
mediator company. However, mediator companies will not negotiate, discuss and plan with any
customer only to please the facility. A successful project and relationship must be probable. Thus,
between a facility and mediators there must be ongoing discussion about cost and timings to create a
win-win situation of value.
Several initiatives to lower the cost are financed by political organizations that favor small and
medium sized companies (SMEs). This discriminates against the larger companies, which are assumed
to have more money for explorative projects. However it is very common that the research department
of a larger company is indeed smaller than many SMEs and operates with a similarly small budget. It
is important to recognize that the industrial contacts that want to pursue something new together with
a facility such as a synchrotron or neutron facility often meet large internal competition and debate.
These individuals are daring and need support to prove that the idea is worth time and effort in front of
managers and company boards. It is also of importance to understand that if the larger company
experiences the value, it is likely to have the means to pay for future use, while a small company may
never have the funds to continue, even if there has been initial support and valuable results to show for
it. As an example of the former we can cite AstraZeneca, who are still (to our knowledge) not using
synchrotrons regularly for anything but structural biology and need to be shown the great value for
later stage product developers. As an example of the opposite situation we can examine one of the
small companies assisted through Science Link that cannot find the means to continue with the tests
despite the experimental method having been proven to be exactly what they needed in their process
development.
Quality Assurance
Today quality work is not an inherent part of Swedish university departments and their labs. The labs
have various levels of quality assurance where most are not at all using systems that are considered
hygiene factors for industry, such as log-books, regular systems for calibration and controls etc. As
external users of several of these labs in Lund, the authors can bear witness to several situations that
never would be acceptable for an industrial client, especially not in the highly regulated areas of life
science such as Pharma and MedTech. It is possible that this type of systematic quality assurance
(QA) is deemed superfluous in many fundamental science contexts, but we stress the importance of
QA within the support functions and labs that want to be a part of the larger ecosystem that we are
addressing in this report. Mediators and other external users need to know that the instrumentation is
fully operational, and that measurements can be comparable from time to time, even though their visits
may be infrequent.

Understanding	
  the	
  role	
  of	
  MAX	
  IV,	
  ESS	
  and	
  instrumentation	
  in	
  the	
  projects	
  
For the facilities, and all concerned with the facilities, it is important to understand that the actual
instrumental time (beam time in this case) especially for MAX IV is going to be extremely short in
future cases, while data analysis and surrounding services such as interpretation and presenting will
increase and sample preparation will stay the same, and thus will increase in relation to beam time.
Already today the instrument time is a minority of the allocated time for most mediator companies
pursuing industrial projects4 and the same is increasingly so also for academic projects. Employees at
the facilities will therefore need to be interested in performing much more than experiments and
measurements; they will need to help make data understandable.

4

Approximately 15% of all hourly resources according to example CR in Stenstam and Bryskhe’s report 2013
13

Support	
  functions	
  are	
  necessary	
  
It is clear that in order to increase industrial use several different support functions will be necessary
adjacent to MAX IV and ESS. These could be physical labs for sample preparation, access to mediator
companies, educational initiatives etc. The academic users may have access to most of these functions
at their universities but industrial users that non-routinely prepare samples for measurement at the
facilities might lack important functions or specialized equipment. Below we have listed a number of
different functions that if available in the close vicinity of the facilities will promote and increase the
industrial use.
•
•
•
•
•
•
•
•
•
•
•
•

Network of mediator companies and information about what they can do
Sample preparation facilities (i.e. protein production etc.)
Crystallization facilities
Isotope labeling facilities
Animal care facilities
Laboratory with equipment to enable the checking of sample status, such as microscopes,
interferometers, etc.
Possibility to measure the same sample several times (with days or weeks inbetween)
People to discuss the experimental design with
Data analysis facilities
Simulation capacity to improve experiments and analysis (the initiative NExT VRe at ESS is
supported by CRC)
Academic workshops for quick access to competent specialists that are experienced in
working with non-engineers
Educational initiatives – new methods, new possibilities

Attracting	
  local	
  establishment	
  of	
  industrial	
  users	
  
Finally, attracting industrial users to co-localize with the facilities will also promote increased
industrial use. If companies localize within the geographic vicinity of the large-scale facilities and
place staff with the ambition to use the facilities it is clear that the industrial use will increase quite
dramatically. If they do this one must assume that they value the closeness and have identified it as
important for their business. This is of course a dream scenario but is probably needed over the longterm in order to contribute to the success of the facilities. How could this be achieved? This is
probably the subject of an investigation and report by itself but we will list some suggestions for
initiatives that could contribute to enhanced attractiveness.
1. Increase the number of beamlines devoted to life science. For example, at MAX IV only one
beamline (BioMAX) is currently funded for MX, which is the most common application used
by industrial users (see chapter about MX later in this report). All plans to promote and
increase the industrial use will probably fail if the MicroMAX beamline is not built. This is
not yet financed. Similar arguments can also be used for the MedMAX imaging beamline. At
the ESS the one instrument primarily directed towards life science (NMX) is under pressure to
include materials science applications and other instruments for e.g. SANS serve a wide range
of scientific communities, from magnetism to structural biology. In this situation it is
imperative for the facility to employ instrument scientists with a strong life science profile.
2. Establish and co-localize various research institutes that conduct high profile research close to
MAX IV and ESS (preferably at Science Village Scandinavia, SVS). If world-class research is
conducted in the area it will be interesting also for life science companies to relocate to the
area.
3. Try to establish research institutes that focus on research that frequently needs and will benefit
from MAX IV and/or ESS. For example, a Structural Genomics Consortium (SGC) node
(which has previously been proposed in this blog post5) or a structural biology research
5

http://www.saromics.com/Blog/index.php?post=impressions-from-boston-by-bjrn-walse-ceo-saromicsbiostructures
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institute (as proposed in the recent structural biology vision paper from Medicon Valley
Alliance6).
4. Establish advanced sample preparation facilities adjacent to MAX IV and ESS that can be
used by research institutes, universities, mediator companies and industrial users.
5. Create an attractive atmosphere and environment around the facilities that will create a climate
that is beneficial towards local establishment. If SVS becomes a success both the facilities and
the region will benefit immensely.
6. Study and investigate how other facilities have co-localized support functions in close vicinity
to a large-scale facility. Some examples:
a. The Membrane Protein Laboratory at the Diamond Light Source in Oxford
b. The EMBL outstation “ESRF Biological Support Laboratory” at ESRF in Grenoble
c. EMBL outstation for integrated sample preparation and characterization at DESY in
Hamburg
d. The Laboratory of Biomolecular Research at PSI in Villigen
e. The advanced protein crystallography facility (a 35 million USD investment!) at APS
in Illinois

	
  

6

http://www.mva.org/system/files/public/5%20-%20OTHER/Visions%20Paper_Structural%20biology.pdf
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HOW	
  TO	
  HARVEST	
  THE	
  POTENTIAL	
  OF	
  INNOVATION	
  
The environment at and around the facilities and associated universities has great potential for new
products, new companies and new jobs. In this chapter we want to address how to harvest this
potential for innovation with ideas from earlier reports and our own experience. In Circle’s report
from 2012 two different perspectives are discussed. Firstly “needs-driven research” or “The Pull”.
Secondly “research-inspired innovation” or “The Push”. With a smart eco-system consisting of
mediator companies in a web building up a platform for a science-business relationship, both pulling
and pushing can be achieved in parallel and we believe there are strong benefits to aiming for such a
flexible performance.
To truly be innovative, not only must a scientist be bold, recognize innovation when they experience it
and learn to act upon it, whole organizations need to try new ways and methods. For example, as is
discussed in reports such as ”Idéplattform – för en stärkt svensk life science-sektor” the Swedish
hospitals and health sector need to find new ways to test and implement new products. The clinics also
need to be better equipped to be able to offer good environments for clinical studies; something that is
getting worse as the responsible doctor does not even know for sure in what department the patient
will end up getting a hospital bed! In addition, management in itself needs to be innovated, and there
are several initiatives on this topic inspired by the needs and possibilities of the situation. It is possible
that Sweden can have a good position when it comes to management innovation as we are already
relatively transparent. The problem in Sweden could be the lack of accountability in Swedish
organizations, in particular the non-private organizations. This is something that could be changed
with new ideas on this subject. We recommend the life science community and stakeholders interested
in this report to follow what is happening in this area7, and consider the possibility to be first and offer
a unique environment where innovation is not only part of the R&D departments.

Pulling	
  and	
  pushing	
  
The mediator company network has relations with industry, learns about the actual needs and will be
able to pull these needs to the different research facilities where solutions can be explored, either in
collaboration with industry or as a spin-off. The mediator network will be in the position to identify
general bottlenecks and needs within different industrial branches and match this with new solutions
discovered at the facilities. With funding, or other possibilities to take a larger risk, the mediator
companies themselves could venture down a product or process development route based on identified
needs. This could lead to a spin-off from the mediator company or from the facility. Internationally
there are companies such as NineSigma or InnoCentive that have made pulling into a business of its
own. For life science in Sweden engagement in these two players could be encouraged, or a national
portal similar to theirs could be facilitated through the mediator network or through Vinnova.
Of course, the mediator companies and ILOs (industrial liaison office) are, if they work on
understanding industry, in a good position to work also in the other direction, pushing results from
academia/facilities out to a market. In the TITA report from Oxford Research an example is given
with SARomics and MAX IV as one of the pieces of Galecto Biotech. Another example is CR
Development with the products OncoPulse, VascoPulse and IsoPulse. The company is a spin-off from
the Chemical Centre with CR as a facilitating intermediate between Lund University and Lund
University Hospital clinics.

Inspiration	
  and	
  Innovation	
  Management	
  
Inspiration to start seeing one’s own or someone else’s research results as possible innovations is
clearly needed and we believe that Sweden has the possibility to take “the entrepreneurial course” to
another level. Our suggestion is that an entrepreneurial course is made available and participation is
encouraged for all employees at MAX IV and ESS, based on a European Committee Report indicating

7

”Masters of Business Creativity” led by Karl McFaul, ESS mentored by Leif Edvinsson, Prof Em. Lund
University School of Economics.
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that entrepreneurship education makes a difference8 (ref). This should be as much a part of the culture
as is safety and fire drills. It is important that as many individuals as possible start wearing those
imaginary glasses that make you observe potential innovations or general needs of large impact. By
this we do not mean that all scientists or engineers should become entrepreneurs, absolutely not! But
learning some of the language of business and seeing more of what the non-scientists are seeing is an
important parameter for success. For life science the course could be taken further and made
obligatory for hospital employees and PhD students in chemistry, biology and medicine. A course
such as this, based on tools from Stanford Research Institute is already given by Maria Andersson
(Lund University and Enza Biotech) and Anna Stenstam and could be expanded further.
Researchers who have started to think about the idea to spin-off or try to commercialize an idea should
have other people with similar experience to talk to in their immediate environment, preferably people
who have a similar background to the researchers themselves. The physical fact (Vinnova report from
Circle 2012) is that it is beneficial when some people behind a spin-off stay on the site for the others
to see and talk to. Both CR and Saromics have hosted many scientists from the chemical center for
unofficial discussions on innovation and entrepreneurship who first want to talk to a peer, before
turning to officials in the innovation system. We therefore believe that the mediator company network
can have an important role, not only for established companies who need help but also for individuals
considering starting a new company or who simply want to take their idea to a sounding board.
Greg Satell in “How to manage Innovation” introduced an Innovation Matrix that generalizes various
different organizations and innovation strategies. Thinking about the situation around MAX IV and
ESS it is easy to see that the innovative environment would fit well into the two quadrants
“Breakthrough Innovation” and “Basic Research”. Pulling needs into possible solutions in the
environment is related to the Breakthrough Innovation quadrant, where the company Innocentive is a
known example and we also know, for example, that P&G has its own portal for open innovation and
a long history of working with it. Pushing results into a society where companies can be attracted is an
example of innovation management from “Basic Research”. By increasing the number of individuals
in the environment who understand innovation the third quadrant “Disruptive Innovation” is
increasingly possible and finally by attracting companies to the environment that can use the results
from others for well-defined purposes of their own we reach the fourth quadrant of Sustaining
Innovation.

Image from Greg Satell, Forbes

Ambassadors,	
  secondments	
  and	
  exchange	
  
In order to move from “a solution looking for a problem” to “a problem looking for a solution” one
has to leave the lab. For innovation, creativity, energy, advice, leadership and growth it is important to
8

Effects and Impacts of Entrepreneurship in Higher Education. European Commission. March 2012
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mix, mingle and meet, to see as much as possible from various working places and needs and to learn
and understand as much as possible about other peoples’ restrictions and dreams. Thus, a system for
exchange between facilities, departments, companies and work places such as clinics should be
developed. How this should be arranged will not find its solution in this report but is a question for
several stakeholders to take seriously. Exchange between Medicon Valley and Silicon Valley and
Cosmetic Valley is one idea, secondments between facilities and companies is another, dedication to
take on young students from highschool is a third and joint diploma workers is a fourth. The ESS
organization is well suited for secondments and staff exchange, and the user program is inherently
based on people movement. There are opportunities for other actors to plug into these processes by
engaging in e.g. the establishment of scientific support laboratories.

Money	
  
Funds for testing a new idea are needed. Users and employees at MAX IV/ESS can be given the
possibility to apply for support from a MAX IV/ESS innovation fund to move their idea onward to a
commercial result. For example X MSEK from MAX IV/ESS is matched by money from, for
example, Wallenberg/Crafoord and larger industries such as AstraZeneca for goodwill etc. A Dragon’s
Nest situation can be created where ideas are pitched based on the Stanford NABC model.
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WHAT	
  CAN	
  BE	
  DONE	
  AND	
  WHO	
  SHOULD	
  TAKE	
  THE	
  LEAD	
  
Here, we list ideas that we believe are beneficial for life science in Sweden in relation to the
establishment of the two facilities in Lund. This list should be complemented continuously and in the
first points below we suggest how the list can be created and maintained.
1. A committee with a life science focus should be formed. This should be extremely long-term
and not only focus on MAX IV or ESS, but on life science in general and have the core
purpose to develop the area. The committee must consist partly of people from industry, small
and large businesses and from support functions such as mediator companies. The individuals
in the committee should change after a few years but the balance between representatives
should be maintained. This committee should be a working group and have a budget covering
costs as well as intellectual work. Finding the funds for this could be the task of IVA. We
propose that Hans Bergström (IVA, initiator of Forska!Sverige) is contacted by Anna
Stenstam and that Hans Bergström is given the role of forming and leading the work of the
committee.
2. What the committee should do first is to form a task force of 3-4 people. The first task of the
task force should be to carefully read the listed existing reports on the status of the industrial
life science field and related strategies for sustainable growth of the field from Sweden, UK,
Denmark and others and extract the most relevant key findings and from these define actions
in relation to MAX IV and ESS. In addition the group should suggest executive bodies for the
implementation of chosen projects.
3. In order to ensure there is national interest in the question, we suggest that the committee
supports the initiative Science & Business (initiated by Region Skåne but managed by
Yasemin Arhan Modéer to involve the whole country). This initiative was presented to
Medicon Village on January 29th 2015 in order to allow for a good placement of the life
science-related “Three Eyes” project that is connected to the S&B platform. We suggest that
Yasemin Arhan Modéer approach IVA and Svenskt Näringsliv (as suggested at the Science &
Business meeting on Jan 13th).
4. Help to promote and secure funding for the life science beamlines MicroMAX and MedMAX
at MAX IV. At least the promotional work should be a first task for the task force mentioned
above.
5. Influence ESS to dedicate the NMX instrument exclusively to structural biology.
6. MAX IV and ESS could attend specific branch meetings together with mediator companies,
for example the MedTech meetings, Nordic Life Science Days, In Cosmetic meetings or more
academic meetings such as ECIS (European Colloid and Interface Science) or international
structural biology meetings. It would be a smart move to join ReForm and the facilities should
keep a presence there. We believe the facilities and mediator companies should present
together. Since MAX IV and ESS need to secure and increase the industrial usage of their
facilities they should take the executive bodies for road trips to visit meetings and individual
companies. The ILO offices at both facilities should be responsible for these joint road trips.
Mediator companies can assist by contributing with relevant company contacts within life
science.
7. Based on the fact that the medical technology area is very broad (from band-aids to pace
makers) it is difficult to address this industrial group. We believe that Medicon Village
together with Swedish Medtech could take an active part here by inviting people to meetings
and through meetings and symposia could create a forum for the more high-tech life science
aspects of the medical technology area. Medtech, as opposed to Pharma, is an area of life

19

science that is not declining and that fits well into the Swedish history of innovation and
engineering.
8. The issue of funding for product development is already being addressed by many
organizations and politicians. To supplement this work it is important to highlight the
uniqueness of the combination of large-scale infrastructures and innovative companies. The
possibility for efficient access through mediator companies and their networks can give the
innovators an edge. We suggest that an investigation is made to determine how many products
on the market have been developed with the use of synchrotron or neutron facilities. The
results (if positive) could be used to attract users as well as investors. This task is complicated
and time consuming and needs funding. We suggest that IVA finds the form for this work and
analysis.
9. The authorities of importance for product development within life science must have a
presence in all regions. It must be easy to get answers and advice from organizations such as
Läkemedelsverket for developing companies in the areas of both pharma and medtech and this
is facilitated by easy access and meeting possibilities. We suggest that IVA takes this question
further and perhaps assigns regional leaders in the Connect network, which has a national
presence, or the like.
10. Science Village Scandinavia (SVS) should take the lead in developing the physical
environment and its relation to innovation and collaboration. We believe that it is important to
show the world that it is possible to enjoy the work experience at MAX IV and ESS. The
focus should be on both scientific support functions and recreational possibilities. This
supports all efforts to recruit users as well as industry leaders and academic champions. We
have learned that the detailed planning for several service functions has already been
prospected. Consequently it is the right time to start initiatives for scientific support functions.
If needed, representatives with experience from facilities in other countries can support the
existing SVS management with information on the pros and cons of these physical
environments. Experienced users can be found in the mediator companies and user groups
such as MING (MAX IV Industrial user group). As users, the authors of this report can state
the importance of, for example:
a. Advanced sample preparation facilities
b. World-class scientific institutes or research facilities
c. Good housing possibilities, perhaps also with the possibility to cook together in order
to promote interactions
d. Recreational possibilities, such as a sports club or for musicians a place where
instruments could be rented and bands could practice (the latter would be unique!).
We suggest also other facilities for creativity and that a relationship with Skissernas
Museum should be established. Make room for easy access stuff, such as a table
tennis table, play station sets etc. Not all want to play tennis or go to the gym… Also,
add less macho stuff such as yoga facilities.
e. We believe that it is important to nominate and make public the first restaurateurs in
SVS.
11. We suggest that an entrepreneurial course is given to employees at MAX IV, ESS and SVS to
increase the number of individuals who can see and evaluate innovations and business needs.
(At a later stage the course should be offered also to university employees at associated
universities such as Chalmers, KTH, Linköping University etc). Funding to lower the price for
the course could come from Vinnova. We suggest that Teknopol takes responsibility to
discuss this with Vinnova and arrange for the first course.
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12. It needs to be stressed that the information from the facilities, in particular MAX IV, is still far
from being consumer-friendly. In this work it has again been demonstrated that even though
the willingness to share is clear, the capability to explain in less technical terms is rare. We
propose that we who do this daily should assist in the work of writing new material for the
facility, which should be done together with a professional bureau and led by the
communications officers at the facilities. We further propose that in order to do this well, we
are given resources to interview the current beamline scientists. This is something that was not
possible to allocate time to in this project. Funding should come from the facilities.
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APPENDIX:	
  
INDUSTRIAL	
  USE	
  IN	
  VARIOUS	
  LIFE	
  SCIENCE	
  AREAS	
  
Here follows a description of a selection of life science areas that we have chosen as examples to
illustrate the field and a way of researching the needs in this field with regards to the facilities. Other
areas could have been chosen, for example Chemical Reactions, but here the present authors are less
experienced and less able to be to produce a good review, but examples could come from
photosynthesis, eye-protein work and the use of EXAFS to follow bone-mass increase and the
interaction between calcium and strontium. We have chosen to start with an application area and see
which “beamline” this led us to. In order to make this a tool for extension we have also chosen to
illustrate our results in a table that follows these descriptions.
Hence, the following areas are examples and do not form a complete list.
• Imaging
• Molecular Crystallography
• Formulations
• Surface Adsorption
• Other
Every area is written with the same general outline:
• General description of the area
• Current use
• Future use
• List of beamlines of interest for the area

	
  

22

IMAGING	
  
General	
  description	
  
Generally, it is always very attractive to be able to get an image of the sample or system of study. This
is due to the new understanding that images can give, but also because of the pedagogic and
communicative benefit of an image that can complement other, more complex data.
Specifically, imaging with nanometer resolution is attractive due to the fact that many of the life
science systems and products display characteristics, i.e. macroscopic properties, which are highly
dependent on the sample’s nano- and microstructure. This could be the swelled lamellar structure of
the subcutaneous cell layer, the liquid crystal structure of drug delivery systems or the hydrogel
porosity of a protein encapsulation.
X-rays have been used to create images since the very beginning for a range of areas, such as medical
X-rays and customs control. It is however also known that X-rays can destroy samples, in particular
more sensitive biological samples, and radiation damage has in the past limited 3D X-ray imaging, i.e.
tomography, to more durable samples. In addition, chemistry and biology labs are traditionally
equipped with other facilities, such as electron microscopes (SEM and TEM) and the medical and
microbiological users are familiar with staining and histology methods. However, with the new
possibilities such as phase contrast and coherent diffraction imaging that have emerged recently the
step to starting to use techniques at synchrotron facilities should be of interest as long as the facilities
can show that they are prepared to meet users with the specific demands that their samples have. These
specifics can be quality logistics, for example, where samples are guaranteed to be kept in certain
environments, animal facilities, the possibility to measure the same samples over extended times
(weeks or months) and specific sample environments, for example cryogenic.
The benefit of X-rays is their deep penetration, which means that a sample, for example a cell, can be
imaged as a whole, while SEM only can image the surface and TEM only a thin section. The
drawback of X-rays is radiation damage due to the lighter carbon-based samples needing to be
exposed for longer (with traditional X-ray sources) due to low contrast.
Imaging with neutrons has the advantage of even higher penetration than X-rays and gives different
contrast, particularly for light elements. This allows visualization of large objects such as entire plants
with high contrast. The achievable resolution, however, is much lower than with X-rays and the
exposure times are much longer.
Current	
  use	
  
Today, X-ray imaging in general serves other fields than life science, such as catalysis and material
defect analysis, while the life science community at large uses other microscopy methods. At Max Lab
there is currently an imaging possibility at MAX II, the SPELEEM instrument for photoemission
electron microscopy, which according to the resultant academic publications does not serve the life
science community. There are however several examples from synchrotron facilities around the world
where the new methods, more applicable to soft and light life science samples, have been successfully
applied. In addition, the current in-vivo beam lines attract users from academic life science fields and
the team behind the proposed MedMAX is trying to broaden the user group by inviting new
participants to use the current facilities.
The new methodologies that are in use at other facilities, and have the potential to increase the use of
X-ray imaging for the life science community, are coherent diffraction microscopy and phase contrast
imaging. Examples of the first can be found, for example, at ESRF where yeast and bacteria cells have
been studied with nanometer resolution. Also, the combination of ultra-short X-ray pulses can reduce
the risk of radiation damage and open up for new uses where one, through the short pulse, can utilize
the high energy and consequently higher resolution without damaging sensitive samples such as
proteins. 9 Examples of phase contrast imaging are found from facilities with instruments like the
9

Wikipedia ref. S Marchesini, et al. (2003). "Coherent X-ray diffractive imaging: applications and limitations".
Optics Express 11 (19): 2344
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proposed MedMAX. This provides a possibility of finer contrasts also in soft tissue that could
distinguish between grey and white matter in the brain, for example, or between different cell
structures or morphological variations in tissue.
Neutron imaging is currently mainly used in materials and cultural heritage research, but there are
examples in e.g. plant science. For neutron imaging the life science applications are still largely
unexplored. For example, the tissue localization of boron-containing drugs for neutron capture therapy
could be studied with good time resolution.
Future	
  use	
  
The ambition for MAXIV in terms of imaging must be to go from singular academic examples of life
science imaging to a large portfolio of good examples. The anticipated user group of MedMAX is
according to MAXIV “researchers within the fields of medicine, biology, paleontology and cultural
heritage”. There are examples to be found for each and every one of these areas but they are still few.
The group around MedMAX is however active trying to increase the number of cases.
MedMAX
As a simple introduction to the field it can be said that all those who today use histology sampling of
any kind in their research, or for evaluation of effect, should have an interest in thinking about the
possibilities to use MedMAX. Whenever there is an interest in morphology and changes in
morphology, the instrument can yield exciting new possibilities.
For MedMAX it is important to put the technique into other contexts where it has value-adding
potential. There is a benefit to being part of a network together with other imaging resources in Lund
(CT/PET/MRI/IR), the clinical research at the University Hospital as well as the protein determination
work using other beamlines and the drug delivery/formulation research at LU. This is not as easy, or is
currently not taken full advantage of at the other European sites and this is something where MAXIV,
Lund and the Region could differentiate.10
For MedMAX it can be envisioned that many users will be naïve to X-ray technology in general, and
synchrotron light in particular, as the users can be groups focused on paleontology, medicine, insects
and so forth. Thus, the users – also in a purely academic context – need to be served and assisted to
make great results possible, as well as transferred into a workable format. It is in the interests of all
labs to get the results published.
It goes without saying that an in-vivo instrument station needs to be equipped with everything
concerning animal wellbeing and approvals. This is a significant engagement but the in-vivo
possibilities are examples of those that are both easy to communicate and will truly always be crossdisciplinary and a node for meetings and innovation in itself. Without the in-vivo beamline, much of
this would be missed out on.
The proposed studies at MedMAX can also be such that one would like to run measurements on the
same sample (animal) more than once, for example for a short amount of time several days in a row,
or every fourteen days for some weeks. Good collaboration between the study group and the facility
scientists must be established in order to achieve this and good animal care must be provided.
Examples for MedMAX studies are “images of the progress of sound waves through the inner ear,
where bone and implants can be studied together”11
List	
  of	
  beamlines	
  of	
  interest	
  for	
  the	
  area	
  of	
  Imaging	
  
MAX-IV
• MedMAX (proposed, of greater interest if the in-vivo facility is included)
• CoSAXS with the diffraction imaging possibility (CDI or XDM).
10

11

Interview with Martin Bech
Crister Ceberg (quote from LTH-nytt No 1, 2013)
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•
•

NanoMAX
FemtoMAX, where there is the possibility to pulse the beam ultra-short and thereby study
samples otherwise too sensitive for X-rays.

ESS
•

ODIN
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MOLECULAR	
  CRYSTALLOGRAPHY	
  
General	
  description	
  
X-ray crystallography of biological macromolecules (or macromolecular crystallography) is
unprecedentedly the most common industrial application of synchrotron facilities worldwide.
Macromolecular crystallography (MX) enables the three-dimensional (3D) structure of large
biomolecules like proteins, peptides and nucleic acids to be determined. Information about the 3D
structural information of biomolecules is essential for the understanding of their interactions and
function and contributes to the understanding of biochemical and biological mechanisms and disease
pathways. Therefore it is not too difficult to understand why structure determination of proteins and
nucleic acids by macromolecular crystallography is so popular by industrial users, as the generated 3D
structural information can be used for the design of pharmaceuticals and thus play a central role in
drug discovery.
Neutron crystallography complements X-ray crystallography by revealing also the hydrogen atoms,
which are generally not visible in X-ray structures. Hydrogen constitutes ~50% of the atoms in
biological macromolecules and often plays a key role in their function. The limitations in available
neutron sources have so far limited the use of neutron macromolecular crystallography to a small
number of systems. ESS will enable significant progress in this field.
Macromolecular crystallography
Macromolecular crystallography is a rapidly growing activity. Worldwide, scientists are using more
than 130 X-ray synchrotron beamlines to study biological molecules. To date X-ray crystallography
has been used to determine approximately 90 percent of the nearly 105,000 protein structures
submitted to the Protein Data Bank (http://www.pdb.org), the worldwide repository for 3D structure
information on large biological molecules, and the vast majority of those used synchrotron X-rays.
The rapid growth of this field can be attributed to the technical evolution of storage ring sources for
the currently available third-generation synchrotron sources in conjunction with fast and accurate Xray detectors, which have revolutionized macromolecular crystallography for the collection of
diffraction data. In addition, the very high synchrotron source flux densities (photons per s per mm2)
generated by these sources allow weakly diffracting or smaller crystals to be used for structure
determination, increasing the number of solved macromolecular structures.
Table 1. Number of MX beamlines at some common synchrotron facilities.
Synchrotron facility

Total no. of
beamlines

Beamlines dedicated
to MX

Percentage of MX

Advanced Photon Source

72

15

21%

Diamond Light Source

29

5

17%

ESRF

46

8

17%

Swiss Light Source (PSI)

21

3

14%

PETRA	
  III	
  (DESY)	
  

14	
  

2	
  

14%	
  

SPring-‐8	
  

57	
  

7	
  

12%	
  

MAX IV

13*

1

8%

*Currently funded
Sample-handling automation has also dramatically increased the speed and accuracy with which
scientists can obtain their results. Ten to fifteen years ago they could typically examine only
approximately 20 crystals during an 8-hour shift on a beamline, and collect data from a handful of
them. Today most synchrotron beamlines are equipped with sample-mounting robots that transfer
crystals from a liquid nitrogen dewar to the goniometer (sample holder) into a stream of 100 K

26

nitrogen gas, meanwhile keeping the samples cryo-cooled. The increased reliability of these robots has
led to users being able to manipulate their samples and measure the data remotely, over the Internet.
During a single shift they can now look at some 100 crystals and also collect datasets from 20 to 30 of
these.
The currently funded MX beamline at MAX IV, BioMAX, will have a state-of-the-art sample changer,
a low X-ray noise sample environment and a large area pixel detector that together with high level
software will give high data quality and high throughput, including fast feedback from data analysis.
In addition, to fully exploit this beamline remote access will be implemented, which means that beam
time can be planned more efficiently (e.g. that empty time slots can be filled) and the facility can be
used in a more effective way. This, together with the uniquely low emittance properties of MAX IV,
will enable very short data collection times and will typically enable one to two data sets per minute
beam time to be collected.
Macromolecular crystallography is an established method and data collection is routinely conducted at
synchrotron facilities around the world. The beamlines are built to conduct the same type of
measurements each time and seldom need to be rebuilt or adjusted to fit a new type of experiment.
Most technical development right now focuses on improving automatic sample handling and
increasing the speed and sensitivity of detectors.
The quote below, taken from the ESRFnew’s editorial page, describes the situation at the ESRF
synchrotron facility in Grenoble, France (the largest in Europe), quite well.
“From the first days of ESRF’s operation, macromolecular crystallography has been a key component
of the life science strategy. Having grown substantially over the past 15 years, structural biology now
accounts for almost 50% of the visits made by the user community.” Sean McSweeney and Serge
Pérez, ESRFnews, September 2010.
At ESRF external visits are made both by academic and industrial users but from this statement it is
possible to draw the conclusion that the majority of visits from industry are to conduct
macromolecular crystallography.
Neutron macromolecular crystallography – despite the much smaller number of structures – is also a
rapidly growing method. In total 47 of the 81 available neutron structures have been deposited in the
last five years, with 14 in 2014-15. This reflects and increased availability of dedicated
diffractometers, decreasing requirements in crystal size and improved methods for growing crystals.
Small molecule X-ray crystallography
It is not only the 3D structures of macromolecules that can be determined with X-ray crystallography.
Small molecule single crystal diffraction can be used to determine the structure of any small molecule
in the form of a crystalline solid, such as salts, sugars or organic small molecules (for example
pharmaceuticals). Accurate structure determination provides here a vital piece of information from
many different aspects, especially within the pharmaceutical field, and can actually make the
difference between a successful pharmaceutical product development and a failure. Since many of the
critical properties, such as solubility, are partly a direct consequence of crystal packing, understanding
the structural features can provide the necessary information for a slight molecular redesign (while
maintaining biological activity) to induce a different packing and result in different properties. As
synchrotron sources become more powerful, and as the methodology and instrumentation become
more advanced, it is possible to study crystals of decreasing quality and size, thus making the
technique viable to an increasing number of systems that were previously very difficult, if not
impossible, to study with single-crystal techniques. The use of synchrotron radiation for single crystal
diffraction is necessary when structures are too complex, or crystals are of insufficient quality or size
to allow structure determination from the relatively low intensity of a laboratory X-ray diffractometer.
The size of single crystals, especially of small organic molecules, is frequently an issue and high
quality synchrotron may be the only possible solution.
Additionally, in cases where it is actually not possible to produce single crystals, crystal structures can
frequently be solved from (poly crystalline) powder data. It is important to note that also in this case
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the higher quality that is possible to obtain using synchrotron radiation compared to conventional Xray techniques can make it possible to solve structures that otherwise would not have been possible to
sort out.
An important application of powder diffraction methods is to certify that an already available X-ray
powder diffraction pattern of a given substance actually reflects a pure crystalline phase instead of a
mixture of polymorphs. A solved single crystal structure provides the necessary information to verify
the characteristic powder pattern and then facilitates the possibility of obtaining a necessary patent
protection for the desired crystalline modification, and ultimately the product.
Current	
  industrial	
  use	
  of	
  MX	
  
The recent technological development described above has increased both the user friendliness and
throughput of synchrotron beamlines. This, in addition to increased availability, has led to many inhouse systems being decommissioned.
In general synchrotron facilities do not charge for beam time if the user's research is nonproprietary
and the results are published using open literature sources. Users performing proprietary research pay
a fee based on the specific cost recovery. This fee varies between synchrotron facilities and the
different access modes (described below). The user may then take title to any inventions made during
the proprietary research program, and treat as proprietary all technical data generated during the
program. For obvious reasons this is the preferred way for industrial users that do not intend to publish
the results in the open literature.
There are several different ways that the current industrial users can get access to beam time for their
proprietary research. Below is a list of the most common.
1. On-site data collection
This access mode is only used by experienced users who want to have full control of the data
collection themselves. Normally they book a 4 or 8-hour shift or longer and travel to the
synchrotron, which in most cases involves staying one or more nights in a hotel. The users have to
bring crystals in a dewar themselves or ship them by courier prior to the visit.
2. Data collection by remote access
If the experienced users do not want to travel to the synchrotron facility they can ship crystals
prior to their booked time slot and let the synchrotron staff mount them in the sample-handling
robotics at the beamline. Today most synchrotrons use standardized containers that hold the
crystals, which can be placed directly into the sample-handling system (e.g. Uni-puck). This
system enables the users to mount their crystals at home and there is no need for the synchrotron
staff to handle individual crystals at all. The users can then manipulate the samples themselves and
have exact control of the data collection process over the Internet. After data collection the
synchrotron staff send back the container to the user by courier service.
Synchrotron visits mean not only time dedicated to collecting data but also time spent in travelling
to the facility by at least one but often more research scientists. Thus, remote access offers a
convenient data collection solution for the experienced industrial user as an alternative to on-site
visits, without any compromise in control. The remote access service costs a little bit more than
renting beam time for on-site data collection.
3. Data collection by mail-in service
A demand is created for other type of services if synchrotron visits are too frequent or if the
number of samples is low and the visits start to affect the efficiency of the company workload. In
these situations a busy team can often benefit from access to an extra pair of hands and an efficient
solution to this problem is the mail-in data collection service for industrial users. Here the
industrial users ship their samples to the synchrotron and provide detailed instructions for data
collection. The samples are then handled, data collected, and most often processed via automated
software pipelines by staff at the synchrotron facility (or by a private company that runs the
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service). Normally the staff are members of the facility’s Industrial Liaison team. After data
collection the samples are shipped back, together with a report and, if requested, a data backup.
The data collection results are also available immediately online and the user can re-specify data
collection instructions after a check of the diffraction images. This service is suitable for less
experienced users instead of on-site visits or remote access. The users still need to be experienced
in X-ray crystallography but need less knowledge of data collection at a synchrotron beamline.
Most synchrotrons nowadays offer this type of service with various levels of engagement. At
ESRF they have even branded the service for easier identification (MXpress). At Swiss Light
Source (SLS) the Industrial Liaison team only performs the initial booking and contract handling.
All sample handling and data collection are outsourced to the private company Expose GmbH.
The mail-in service costs approximately the same as the cost of renting one hour of beam time for
on-site data collection.
4. Data collection by a mediator or other service company
Some industrial customers prefer to ship crystals to a mediator or a service company instead of
using the mail-in service provided by the synchrotron facility. By doing this the mediator
company takes full responsibility for the data collection process and ensures delivery of the best
possible data to the customer. This is a very common practice among industrial users who do not
have the required expertise in synchrotron data collection or simply do not have the time and
resources to handle it themselves and would rather use a private contractor than the services
offered by the synchrotron facilities. In these cases it is the mediator company that books the time
slot at the synchrotron. In addition, the mediator company can also perform data processing and
analysis and perform structure determination and refinement of the collected data and send the
final result to the customer. This is a premium service and the cost is several times more expensive
than renting beam time for on-site data collection.
Examples of this are the mediator companies Shamrock Structures LLC in Illinois, which provides
data collection services at Advance Photon Source (APS), and Expose GmbH that offers the same
service at SLS.
5. Data collection using industrial users privately owned beamlines
Some companies that are hard-core users have funded their own beamlines in order to ensure
access to a certain amount of beam time. This is not very common and to our knowledge it exists
only at two synchrotrons.
At SLS the PXII beamline is jointly funded by the Max Planck Society (MPG) and the
pharmaceutical companies Novartis and Hoffmann La Roche. In addition, the PXIII beamline,
also at SLS, is jointly funded by a partnership between the Paul Scherrer Institute and a
consortium of Swiss and international pharmaceutical companies (Novartis, Actelion
Pharmaceuticals, Boehringer Ingelheim and Proteros Biostructures). At APS Eli Lilly & Company
has funded and built the 31-ID beamline, which they currently also operate.
When MAX-lab constructed the 911 beamline at MAX II, financial support was contributed by
AstraZeneca and Novo Nordisk. As a consequence these companies have earmarked access to
beam time but they still have had to pay the industrial fee for beamline rent.
6. Full service by a mediator or other service company
Above we have described a number of different ways industrial users can perform data collection.
These ways differ depending on the expertise of the industrial user and in all cases it is supposed
that the industrial users themselves prepare the samples, i.e. crystallizing their proteins, which is
required in order to perform data collection. A potential industrial user might not have the
expertise, knowhow, equipment or the resources to prepare protein crystals themself. In fact, to
crystallize a protein is a research field on its own. It requires highly skilled and experienced
personnel and advanced equipment. The majority of companies world-wide that in one way or
another have a need for protein structure information do not have this capability in-house. They
therefore engage a mediator or other service companies or academic groups to pursue their
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projects. The projects could be very different in nature but typically involve crystallization and
structure determination of the customers’ protein or protein complex. In some cases the customer
supply the protein material used for crystallization and in other cases the service company is
engaged to produce the protein material as well, so called “gene-to-structure” projects.
The gene-to-structure concept
Here the mediator or service company performs all steps in the project. This includes everything
from designing and synthesizing the gene to utilizing their expertise in protein expression and
production and to collecting data and performing structure determination.
The off-the-shelf protein structure concept
The popularity of specialized drug discovery technologies, such as structure-based drug design
(SBDD) and fragment-based drug discovery (FBDD), has led to a dramatically increased demand
by the pharmaceutical and biotechnology industry for structural information for proteins in
complexes with drug candidates. This increase in demand has led to the establishment of several
service companies offering expertise in the area of SBDD and FBDD. As part of their total
portfolio of services, these companies often offer their own products in the form of “off-the-shelf”
three-dimensional structures of the most in-demand protein targets in complex with their
customers' compounds, in a timely and cost-effective manner. Instead of these proteins being
supplied by the customer themselves the service company offers ready-made crystals of these
carefully chosen target proteins from which they can produce crystal structures together with the
customer’s drug candidates with a minimal turnaround time (”off-the shelf”-products). This
product has gained a lot in popularity, especially among the big pharmaceutical companies. This is
mostly because it lowers the risk of not receiving any result. As the service company already has
shown and proven that they can crystallize the off-the-shelf protein (often in complex with some
example small-molecule ligand) the likelihood of succeeding with the customers’ ligands is high.
The faster turnaround time and lower cost compared to pursuing the same project in their own labs
are also factors that contribute to the popularity. This service is currently not offered by any
synchrotron facility. It is only provided by specialized mediator or service companies.
7. Collaborations with academic groups
Finally, the industrial user can of course also gain access to synchrotron data by establishing
collaboration with an academic group that performs the whole project or selected parts.
Traditionally this has been the most common way for the industry to get access to 3D structure
information when the field was young and limited to academic experts. It is still used by some
industrial users but has decreased due to lack of efficiency and issues about intellectual property
rights.
Potential	
  future	
  use	
  of	
  MX	
  
About 30% of the proteins coded by the human genome are membrane proteins. In addition, roughly
half of all modern drug targets belong to a membrane protein class called G-Protein Coupled
Receptors (GPCRs), and their structural elucidation is one of the major highlights of recent research
(Nobel Prize 2012). Determining the structure of these receptors represents a major challenge for
conventional techniques because the crystallization step usually relies on controlled dehydration of a
solution of protein and the use of highly specialized detergent systems, such as liquid cubic phases
(LCP).
Once in a cryo-loop and flash-cooled (usually no added cryo- protectant is needed) for cryo-data
collection, the LCP often becomes opaque, and any crystals within it become invisible. As a result it
will be difficult to collect data at a regular beamline, as it will be impossible to aim the X-ray beam on
the crystal. At more modern beamlines with very narrow beams (micro focus beamlines) use of
automated grid scans of the X-ray beam over the loop area to detect crystal diffraction have alleviated
this problem, and intense work to image such crystals by X-ray microradiography and
microtomography is ongoing.
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In the search for suitable crystallization conditions for membrane proteins it is often highly
informative to test the diffraction properties of potential crystals obtained from a broad crystallization
screen. This necessity has prompted beamline scientists at a number of synchrotrons to adapt the
beamlines so that entire 96-well crystallization plates can be mounted in the X-ray beam and translated
to enable irradiation of individual wells containing putative crystals. In some cases a limited rotation
capability has also been incorporated into the beamline hardware and software, so that complete
ensemble data sets constituted of images from many crystals can be collected and can result in
successful structure solution, without the necessity for any post-growth handling of crystals.
The success of these strategies also relies heavily on the high speed of data collection and on the
advent of extremely fast pixel array X-ray detectors (PADs).
These interesting new possibilities will be realized at the new MAX IV Laboratory synchrotron
facility. Below is a short description of the beamlines planned for MX.
The ESS long-pulse spallation source and its high brightness moderators are ideally suited for
macromolecular crystallography. The NMX macromolecular diffractometer will allow structures to be
determined from orders of magnitude smaller crystals in days instead of weeks. This will not only
increase the number of neutron structures to be determined, but will also open up entirely new
possibilities, for example to study membrane proteins that was previously not feasible with neutron
crystallography.

List	
  of	
  MAX-‐IV	
  beamlines	
  of	
  interest	
  for	
  MX	
  
BioMAX beamline at MAX IV
BioMAX is currently the only MX beamline that is funded at the MAX IV Laboratory. It will have a
state-of-the-art sample changer, a low X-ray noise sample environment and a large area pixel detector
that, together with high-level software, will give high data quality and high throughput including fast
feedback from data analysis. In addition, BioMAX will be rapidly tunable in the energy range 5-25
keV, which is suitable for most phasing experiments (important for multiple wavelength anomalous
dispersion (MAD) used for solving the phase problem when proteins with unknown structure are
studied). The highly parallel beam at MAX IV (yielding low emittance) will also be an excellent
source for collecting data from crystals with very large unit cells, for example for macromolecular
systems of very large size, such as viruses, ribosomes and other large membrane protein complexes.
Such studies also represent one of the fastest growing, cutting edges of the field, offering high
potential for exciting novel scientific discoveries. Finally, to fully exploit this beamline, remote access
will be implemented.
MicroMAX beamline at MAX IV
A number of synchrotron beamlines are now providing particular special facilities, such as microfocus
beams (diameters down to 1 µm). With the necessary supporting software, these beams can be used to
map the diffraction properties of a crystal so that the best place for data collection can be selected and
the likelihood of collecting a successful data set increases. In addition, to minimize background and
maximize the signal-to-noise ratio, the beam and crystal size should be matched. Thus, these
microbeams are ideal for use with microcrystals, where many crystals can be mounted on one loop and
then individually irradiated (especially well-suited for membrane protein studies).
MicroMAX will be a revolutionary beamline, designed explicitly to exploit the uniquely low
emittance properties of MAX IV. MicroMAX will both extend the capacity of MAX IV for
macromolecular crystallography by allowing diffraction data to be collected from microcrystals using
tried and trusted approaches to structural biology, but pushing these to a new state-of-the-art, while
also providing a world-leading platform on which to develop completely new ways of collecting
diffraction data from microcrystals using synchrotron radiation.
Therefore adapting cryo-microcrystallography to allow very high-throughput serial data collection
creates a win-win situation that combines the possibilities of X-ray Free Electron Laser-based (XFEL)
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serial crystallography (see below) with proven synchrotron-based approaches. MicroMAX is intended
to bridge the gap between what is possible with conventional synchrotron-based crystallography at
storage rings, and what is possible using serial femtosecond crystallography at an XFEL. The concept
is to apply the proven approach of synchrotron-based microcrystallography with sorting and merging
of diffraction data from a very large number of microcrystals, in combination with a variety of sample
delivery technologies adapted and developed for application at a synchrotron-based beamline. In
addition, room-temperature serial crystallography at synchrotron sources will rely upon a lower X-ray
fluence than XFEL studies, yet there exists a domain and time-scale where room temperature data can
be collected from microcrystals (~ 1 to 5 um), facilitating micro-crystal screening, micro-crystal
optimization, data-collection free of freezing artefacts and time-resolved diffraction studies. The
MicroMAX beamline MAX IV is not yet funded.
FemtoMAX beamline at MAX IV
This beamline at the MAX IV Short Pulse Facility (SPF) is designed for ultrafast X-ray experiments
on the femtosecond time scale, which will facilitate studies of the structure and dynamics of various
materials. Such studies are of fundamental importance for key scientific understanding of ultrafast
chemical reactions, ultrafast phase transitions and ultrafast biochemical reactions. The key technology
behind future breakthroughs in this area is the generation and detection of very short and very intense
X-ray pulses. The femtosecond X-ray beamline at the MAX IV SPF will have pulse lengths on the
time scale of molecular vibrations (100 fs) at wavelengths matching inter-atomic distances (Å). A
femtosecond laser system will provide optical pulses for excitation of the samples synchronized to the
incoming X-ray pulses. Two different detectors will enable both time-resolved X-ray diffraction and
time-resolved EXAFS experiments.
XFEL
The current construction of the MAX IV storage ring does not include an XFEL facility, but
preparations have been made so that it could be added in the future.
At the Stanford Linear Accelerator Center (SLAC) the XFEL Linac Coherent Light Source, or LCLS
has pioneered structure determination from nanocrystals. Recently an international team of scientists
showed that they could get the rough 3D structures of proteins from tiny protein nanocrystals, which
may be much easier to create than the larger crystals needed for traditional synchrotron-based X-ray
diffraction. The nanocrystals were suspended in water and squirted through the powerful LCLS X-ray
laser beam, which pulses 120 times a second. In the instant before the intense X-rays destroyed a
nanocrystal, detectors recorded a flash of X-ray diffraction information. Finally, the scientists used
sophisticated computer programs to merge the data from hundreds of thousands of nanocrystals to
reveal the protein’s structure.
This new transformative technology, known as Serial Femtosecond Crystallography (SFX) promises
to provide a way in which new structures can be experimentally phased for proteins and protein
complexes for which only nanocrystals can be grown.
Furthermore, serial femtosecond crystallography using ultra short pulses from XFELs enables studies
of the light-triggered dynamics of biomolecules. Recently a team of researchers12 used microcrystals
of photoactive yellow protein (a bacterial blue light photoreceptor) as a model system and obtained
high-resolution, time-resolved difference electron density maps of excellent quality. These allowed the
determination of structures of reaction intermediates to a resolution of 1.6 Angstroms. This result
opens the way to the study of reversible and nonreversible biological reactions on time scales as short
as femtoseconds under conditions that maximize the extent of reaction initiation throughout the
crystal.

12

Tenboer et al., 2014, Time-resolved serial crystallography captures high-resolution intermediates of
photoactive yellow protein, Science, 346, 1242-1246.
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NMX at ESS
The NMX macromolecular diffractometer is optimized for macromolecular crystallography, but has a
secondary science case in materials science. It is a quasi-Laue time-of-flight instrument with a very
flexible robotic detector positioning system. This allows rapid data collection from small unit cells
without restricting data collection on larger unit cells, such as are common for membrane proteins.
NMX has completed the preliminary engineering design phase and is on track to be among the first
instruments at the ESS.
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FORMULATIONS	
  
General	
  description	
  
In formulations chemical components are combined to generate a specific effect that is greater than the
chemicals would have on their own. The formulation description is used in particular in the
pharmaceutical, food and cosmetics industries, but is increasingly also used for
paint/pigment/ink/coating products or processes. One way of describing the concept of formulation is
to talk about encapsulation; the techniques to keep molecules, ingredients or surfaces apart or confined
by structuring barriers that can be functionalized to release its content in a more or less controlled
process. This is used for example when designing controlled release drug vehicles in the
pharmaceutical industry, but can equally well be applied to agricultural fertilizers or cosmetic
perfumes.
Formulation is always coupled to functionality and formulations are always developed in relation to a
desired function. Formulation is thus a truly applicable science and technology. To formulate is a
highly value-adding step that could be introduced to almost any product and subsequently be an
important part of almost any process and industry.
One important aspect of formulated products is that the formulation gives rise to a microstructure that
plays a large role in product performance. This in turn means that since the structure-function
relationship is general, methods that can characterize this microstructure are of high interest and can
be transferred from one industrial area to another.
In contrast to crystallography, where the interest is in knowing more about the specific molecule under
study in atomic (Angstrom) detail, for scientists studying formulations the interest is on the
interactions between molecules in molecular (nanometer) detail. These could be the interactions
between the same molecule at high concentrations, between an active pharmaceutical compound and
molecules known as excipient molecules in the same sample, or between the various ingredients and
surfaces that these could be in contact with throughout process, storage or use.

Current	
  use	
  	
  
The current industrial use related to formulation sciences is to our knowledge very much based on
SAXS and the study of liquid crystalline phases. Examples of these are the lamellar phase of gel
networks in cosmetic products, such as hair products, or the liquid crystalline nanoparticles that are the
basis for the drug delivery company Camurus in Lund. In addition to traditional SAXS, grazing
incidence SAXS (GISAXS) is a method that probes the interaction of the molecules at interfaces. It is
to be noted that the interaction with surfaces is a very important parameter for formulation scientists
and developers.
The academic society in the field of formulation science is related to the academic disciplines of
Physical Chemistry, Biophysical Chemistry, Food Technology, Nanotechnology, Surface Chemistry
and Soft Matter. In these disciplines SAXS has been used for a long time and is well represented at
conferences and meetings. As an example, SAXS or X-ray reflectometry is mentioned in 10% of the
abstracts of the common conference ECIS, where ESRF participated with a presentation on the
industrial use of SAXS. For these users the methods are mature and well established. These academic
users are relatively well-connected to industry and collaborations are common, as exemplified by the
Department of Physical Chemistry at Lund University and the projects performed together with P&G,
L’Oreal, Astra Zeneca, Tetra Pak, Hemocue, Camurus and Cognis/BASF13.

Future	
  use	
  
Today the usage of synchrotron methods is dominated by static studies (studying the structures in the
samples), and a natural step of interest is the possibility to study the dynamics. This in turn might be
limited by the detectors rather than beam coherence and brilliance. Already today processes such as
13

Annual Report 2012, Physical Chemistry, Lund University.
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gelation and ripening are studied by various light scattering methods and using XPCS (X-ray photon
correlation spectroscopy) which will be one feature of the planned CoSAXS beamline. Another
natural step is the study of migration from the formulation to interfaces, which destabilizes the
products and may well cause important phase changes of the ingredients at these interfaces. For these
studies reflectometry or GISAXS would be necessary; something that probably will be offered by the
proposed DiffMAX instrument as it can be used for surface studies (grazing incidence X-ray
scattering). A third area of interest is the combination of scattering methods (such as SAXS and
WAXS) with rheological tests and measurements. This will give information on what happens to the
structures (or absence of structure) when the sample is sheared or under flow, which of course is of
interest from a processing (e.g. mixing) and usage (e.g. chewing or injecting) point of view.
Regarding EXAFS, there are already studies related to the formulation area, for example in the field of
inorganic pharmaceuticals, but this is an area where interest is expected to increase since these
inorganic pharmaceuticals are important for treatments such as anti-tumor, anti-rheumatic and antidiabetes treatments. 1415

List	
  of	
  beamlines	
  of	
  interest	
  for	
  the	
  area	
  of	
  Formulation	
  
MAX-IV
•

CoSAXS, featuring
SAXS (small angle X-ray scattering),
WAXS (wide angle X-ray scattering),
XPCS (X-ray photon correlation spectroscopy)
CDI (coherent diffraction imaging)

•
•

DiffMAX, featuring grazing incidence X-ray diffraction for studies of surfaces; for example
the adsorption of proteins and development of thin films.
EXAFS

ESS
•
•

LoKI (small angle neutron scattering)
SKADI (small angle neutron scattering)

14

EXAFS study on the local atomic structures around iron in glycosylated haemoglobin. Phys Med Biol.2001
Mar;46(3):N71-7.

15

EXAFS study of inorganic pharmaceuticals in physiological media. Photon Factory Activity Report 2006.
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SURFACE	
  ADSORPTION	
  
General	
  description	
  
Surfaces and interfacial processes are crucial for many processes in nature as well as in numerous
biomedical, biotechnology industrial applications. There are numerous reasons for industry to study
what happens when their products are interacting with surfaces, whether this be in process, packaged
on the shelf or in use. Surface interactions and processes can be beneficial as well as of major
disadvantage. Examples of cases where adsorption to surfaces is wanted and should be controlled and
designed for:
•
•
•
•

Lipids on a solid substrate as biomimetic membranes in bioanalytical sensors
Cellulose or protein-coated materials for improved cell growth
Smart polymer films that switch in response to external stimuli (applications within drug
delivery, muscle reconstruction and diagnostics to name a few).
Nanostructured surfaces for use in analyses as well as in devices such as medical implants,
tissue culture etc.

Contrary cases are where adsorption to surfaces hampers a process and reduces the performance of a
device. This involves cleaning and/or reducing the deposit by surface modification, where of course
interfacial processes again need to be controlled and studied. Examples of unwanted surface
adsorption/deposition in life science are:
•
•

•

Key protein (e.g. active drug compound) adsorption to process and packaging material giving
rise to conformational changes of the protein and subsequent loss of activity.
Proteins in the environment (e.g. blood or milk) adsorbing to a sensor and reducing its
sensitivity or capacity (fouling). If the surface is not a sensor but heating equipment the effect
can be inefficient heat transfer (with possible negative consequences for sterilization) and
downtime due to required cleaning of the process equipment, with expected significant
increase of processing costs.
Build-up of biofilms, with incorporated bacteria, onto medical devices.

It is important to note that the studies of surfaces and surface processes go beyond the study of solid
surfaces in air or in a vacuum. Of importance also are the interfaces between air and water, lipid and
water, oil and water etc. One example is the pharmaceutical product, an aqueous formulation that is
shipped and inevitably agitated, giving rise to air bubbles. At the increased air-water interface the
active compound (a protein or peptide) is adsorbed, leading to potential loss of activity, fibrillation or
foaming. Foams could also be much wanted in certain products while often unwanted in many
processes.
The study and understanding of surfaces and interfaces, the behavior of polymers, peptides, proteins at
surfaces and methodologies for modifying surfaces is a well-established field of science with several
Swedish academic groups active and conducting internationally leading research in the field.

Current	
  use	
  
Surfaces and interfaces are studied with several laboratory techniques that can be complemented by
large scale instrumentation, such as X-ray reflectivity (XR) and grazing incidence X-ray diffraction or
scattering (e.g. GISAXS) as well as the corresponding neutron techniques.
The former technique, XR, yields information on the thickness, density profile and roughness of a
surface-deposited layer, which of course is the first question to ask in a study. Is there a layer? Is the
layer homogenous, in patches, or does it have the intended nanoscale pattern? Does the layer thickness
correspond to one or more protein layers, to denatured or intact proteins, to a swelled or compressed
film?
The latter technique, GISAXS, yields information about the internal structure of the surface film or
deposited layer (i.e. the lateral and vertical structure) with nanometer resolution. With GISAX it is
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also possible to obtain information from different levels of the interfacial layer buried closer to, and
further away from, the substrate surface.

Future	
  use	
  
The techniques originate from the hard matter community but just as it has been important to
characterize nano-dot patterns on semi-conductors, nano-patterns of proteins, antibodies or peptides
can be made very useful and need to be controlled and characterized.
The advantage with the XR and GISAXS at the new generation light sources, such as MAX IV are
that it is possible to use very small samples and focus the beam to very small areas. These small
samples can be biological compounds available only in small quantities, and therefor studied in
microchannels, with lab-on-a chip techniques. Another future example is the study of adsorption at
different patches of a surface, for example different facets of a crystal structure. The latter has been
shown to be of importance for protein assembly on solid surfaces, something that is crucial for the
engineering of biomolecule composite architectures. (Nature 2014). The interfacial interactions
between inorganic (substrate) and organic (bio-) is an important field of study that will be essential in
the future where we want to make use of preferential adsorption and binding.

Picture taken from Nano Lett., 2013, 13 (2), pp 840–846, Ruan et al. “Tailoring Molecular Specificity
Toward a Crystal Facet: a Lesson From Biorecognition Toward Pt{111}”
In addition, also in the surface adsorption area, time-resolved data is of interest. There is adsorption
and desorption, rearranging of molecules on the surface, swelling and compaction; events that are of
value to study in real time, hence the need for computational power and applied mathematics. Applied
mathematics is also of importance, as the data will need to be fitted, compared with simulations and
experiments and optimized through a feedback system that focuses on experimental parameters such
as geometry and sample orientation, for example. The expressed need for applied mathematics by the
GISAXS users can be found on the ALS (Berkeley) web page.16

List	
  of	
  beamlines	
  of	
  interest	
  for	
  the	
  area	
  of	
  Surface	
  Adsorption	
  
MAX-IV
•

16

GISAXS, in particular if it is equipped with, or prepared for, the possibility of reflectometry
(XR) (not determined today)

http://camera.lbl.gov/projects/gisaxs/gisaxs-current-and-future-work
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• BALDER with combined ATR-IR and diffuse reflectance methods could potentially be used
for studies of surface adsorption and interface processes, respectively.17 	
  
ESS

• FREIA (neutron reflectometry)	
  
	
  

OTHER	
  
General	
  description	
  
In the four different areas described above we have not covered all possible industrial applications.
Although small-angle scattering was discussed in the part covering formulations another important
application that is also worth mentioning is small-angle scattering of biological macromolecules.
Small-angle scattering is a fundamental method for structure analysis of materials, including
biological materials, and it particularly allows one to study the structure of a variety of objects such as
solutions of biological macromolecules. Small-angle X-ray scattering (SAXS) and small-angle neutron
scattering (SANS) are the two complementary techniques known jointly as small-angle scattering
(SAS). When used to study biological materials in aqueous solution the scattering pattern is
orientation averaged. These SAS patterns are collected at very small angles (a few degrees). SAS is
capable of delivering structural information in the resolution range between 1 and 25 nm, and of repeat
distances in partially ordered systems of up to 150 nm in size. In biological applications SAS is used
to determine the structure of a particle in terms of average particle size and shape. One can also get
information on the surface-to-volume ratio. The X-ray or neutron scattering curve (intensity versus
scattering angle) is used to create a low-resolution model of a protein. One can further use the X-ray or
neutron scattering data and fit separate domains (3D structure individually determined by X-ray
crystallography) into the "SAXS envelope". This application is particularly well suited for the study of
antibody - antigen complexes. In comparison to other structure determination methods, such as X-ray
crystallography, SAS allows one to overcome some restraints. For example, SAS can be used for
small molecules as well as for large multi-molecular assemblies. SAS measurements are quick to
perform and require little effort for sample preparation. However, with SAS it is not possible to
measure the positions of the atoms within the molecule.

List	
  of	
  beamlines	
  of	
  interest	
  for	
  other	
  application	
  areas	
  
MAX-IV
• CoSAXS, featuring SAXS (small angle x-ray scattering)
ESS
•
•

LoKI (SANS)
SKADI (SANS)

	
  
17

This is a suggestion from Anna based on the BALDER presentation at MING.
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Instrument	
  

Current	
  and	
  potential	
  examples	
  of	
  

Company	
  type

industrial	
  applications

MAX	
  IV	
  
type	
  of	
  Area

and	
  questions	
  a	
  company	
  could	
  ask
MX	
  

X-‐ray	
  structure	
  determination	
  of	
  macromolecules	
  for	
  
target	
  validation,	
  structure-‐based	
  drug	
  design	
  and	
  
fragment-‐based	
  drug	
  design
Small-‐molecule	
  single	
  crystal	
  structure	
  determination	
  
on	
  pharmaceutical	
  molecules	
  

Micro	
  diffraction	
  
imaging
Diffraction	
  
topography
FTIR
SAXS

Structure-‐performance	
  of	
  base	
  formulation	
  in	
  hair	
  
products	
  and	
  fabric	
  conditioners	
  etc.	
  Colloidal	
  
structures.	
  
If	
  we	
  add	
  a	
  dye,	
  will	
  it	
  distribute	
  evenly	
  or	
  diffuse	
  to	
  the	
  
interfaces?

Pharmaceuticals	
  

Molecular

(early	
  to	
  late	
  stage)	
  
Industrial	
  enzymes
Cosmetics

Formulation

Hygiene
Laundry

Failure	
  analysis.	
  Discoloration	
  of	
  packaging	
  material.	
  

Pharmaceuticals	
  

Materials?

Whose	
  fault	
  is	
  it,	
  my	
  supplier	
  or	
  my	
  process?

(post	
  marketing)

Microstructure	
  of	
  prototype	
  formulation	
  for	
  structure-‐
rheology	
  relation	
  

Cosmetics

Formulation

Food

Health

Medical	
  Device

Health

How	
  many	
  ions	
  can	
  you	
  have	
  in	
  the	
  gel	
  before	
  it	
  
collapses?
Reflectometry

Surface	
  oxidation	
  state	
  to	
  check	
  process	
  modification	
  
effects	
  on	
  packaging	
  material
Can	
  I	
  use	
  in-‐process	
  controls	
  to	
  assure	
  that	
  my	
  final	
  
packaging	
  will	
  keep	
  my	
  product	
  safe?

EXAFS	
  (BALDER)

Binding	
  of	
  metals	
  to	
  organic	
  material.	
  How	
  does	
  it	
  
bind?	
  
Is	
  my	
  process	
  optimized	
  for	
  binding	
  of	
  the	
  metal	
  I	
  need	
  
to	
  have	
  in	
  place	
  to	
  assure	
  absorption	
  of	
  a	
  particular	
  
toxic	
  substance?	
  Can	
  I	
  tune	
  my	
  process?	
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Adsorption	
  of	
  proteins	
  on	
  surfaces

Medical	
  Device	
  
Biotechnology

Health

Medical	
  Device

Health

Pharmaceuticals	
  
(Early	
  stage)

Molecular,	
  Interactions

High	
  throughput	
  stem	
  cell	
  environment	
  screening.

Pharmaceuticals	
  

Molecular

Is	
  there	
  a	
  particular	
  environment	
  or	
  density	
  that	
  is	
  
preferred	
  for	
  the	
  cells	
  I	
  grow?	
  

(Early	
  stage)

Effect	
  of	
  combination	
  product	
  on	
  skin	
  or	
  skin	
  models.

Pharmaceuticals	
  

Can	
  I	
  produce	
  a	
  smart	
  surface	
  that	
  the	
  peptide	
  I	
  want	
  to	
  
measure	
  with	
  my	
  device	
  preferentially	
  adsorbs	
  to?
Reflectometry

Analysis	
  of	
  surface	
  modification	
  (peptide)	
  
homogeneity.
Will	
  all	
  of	
  the	
  surface	
  be	
  repulsive	
  for	
  bacteria	
  or	
  will	
  I	
  
have	
  problems	
  at	
  the	
  edges?

NanoMAX

Microfluidics	
  and	
  very	
  small	
  quantities
Interactions	
  of	
  specific	
  drugs	
  and	
  the	
  ion	
  channels	
  in	
  
cells.	
  	
  

NanoMAX

SAXS	
  (MedMAX?)

Molecular/Formulation

(Late	
  stage)
FemtoMAX

Eye	
  protein	
  

Pharmaceuticals

Molecular

FemtoMAX

UV	
  effect	
  on	
  sun	
  screening	
  actives

Cosmetics

Molecular

FemtoMAX

Membrane	
  protein,	
  i.e.	
  target	
  characterization

Pharmaceuticals

Molecular

EXAFS	
  (Balder)

Characterization	
  of	
  hydrogels	
  doped	
  with	
  e.g.	
  iron.	
  

Pharmaceuticals

Formulation

EXAFS/IR	
  (Balder)

Adsorption	
  behaviors;	
  metal-‐bacteria,	
  organic	
  
molecule-‐metal	
  surface.	
  

Fertilizers,	
  Crop

Environmental

EXAFS

Enzyme	
  binding	
  site	
  characterization	
  for	
  better	
  
bioprocessing	
  conditions.	
  Bridging	
  and	
  interaction	
  
with	
  substrate/formulation.	
  

Pharmaceuticals,	
  

Molecular

Bioprocessing

Environmental/Energy

Fibre	
  characterization.	
  In-‐situ	
  studies	
  of	
  spinning	
  of	
  
protein-‐threads	
  (biological	
  threads).

Medical	
  Devices

Health

SAXS/WAXS/
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List	
  of	
  acronyms	
  
3D
APS
ESS
CDI
CoSAXS
CT
DESY
EMBL
ESRF
EXAFS
FBDD
FTIR
GISAXS
GPCR
ILO
IP
IPR
IR
IVA
LCLS
LCP
LSIS
MING
MRI
MX
QA
PAD
PET
PSI
R&D
SANS
SAS
SAXS
SBDD
SEM
SFX
SGC
SLAC
SLS
SME
SPF
SVS
TEM
WAXS
XFEL
XPCS
XR
XRPD
XSW

Three-dimensional
Advanced photon source
European Spallation Source
Coherent diffraction imaging
Coherent SAXS
Computerized tomography
The German Electron Synchrotron facility
European Molecular Biology Laboratory
The European Synchrotron Radiation Facility
Extended X-Ray absorption fine structure
Fragment-based drug discovery
Fourier Transform Infrared spectroscopy
Grazing-incidence small-angle X-ray scattering
G-Protein Coupled Receptor
Industrial liaison office
Intellectual property
Intellectual property rights
Infrared spectroscopy
Ingenjörsvetenskapsakademin
Linac Coherent Light Source
Liquid cubic phases
Life Science Innovation Support
MAX IV Industrial Network Group
Magnetic resonance imaging
Macromolecular crystallography
Quality assurance
Pixel array X-ray detector
Positron emission tomography
Paul Scherrer Institute
Research and development
small-angle neutron scattering
small-angle scattering
Small angle X-ray scattering
Structure-based drug design
Scanning electron microscope
Serial Femtosecond Crystallography
Structural Genomics Consortium
Stanford Linear Accelerator Center
Swiss Light Source
Small and medium sized enterprise
Short Pulse Facility
Science Village Scandinavia
Transmission electron microscope
Wide angle X-ray scattering
X-ray Free Electron Laser
X-ray photon correlation spectroscopy
X-ray reflectivity
X-ray powder diffraction
X-ray standing waves
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