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1. Biography

Jean-Luc Ferrer studied for his engineering degree from the prestigious Ecole Centrale

Paris in 1987. After obtaining a Diplôme d’Etudes Approfondies (DEA) in Physical

Chemistry from Université Paris VI, Jean-Luc Ferrer undertook a doctoral thesis in

physics on the dynamics of the spectrum of a free-electron laser at the Bruyères-le-châtel

research centre of the CEA (Commissariat à l’Energie Atomique). This work enabled

him to obtain a doctorate degree from Université Paris XI in 1990 (Iracane & Ferrer,

1991). At the end of the same year, Jean-Luc was recruited by the Direction des Science

du Vivant (DSV) at the CEA in Grenoble and joined the Laboratoire de Cristallographie

et Cristallogenèse des Protéines (LCCP). This laboratory, directed by one of us (JCF-C),

had just been created by Michel Suscillon, Director of DSV, as part of the Protein 2000

program, to boost the development of structural biology in France. This initiative had

been taken following the decision, in January 1989, to build the European Synchrotron

Radiation Facility (ESRF) in Grenoble, that became operational in 1994. Once at the

LCCP, Jean-Luc joined Michel Roth’s team, whose mission was to build the Collaborative

Research Group (CRG) French beamline BM02-D2AM. This beamline, 50% dedicated

to protein crystallography, was especially designed to support X-ray multi- and single-

wavelength anomalous dispersion (MAD and SAD) data collection (Ferrer et al., 1998).

In 1992, the LCCP joined the Institut de Biologie Structurale (IBS), which resulted

from the merging of the CEA’s Protein 2000 program with its CNRS counterpart

IMABIO. From the very start, Jean-Luc distinguished himself by his interest and skills in
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both the technical and the scientific aspects, sometimes very

complex, of beamline construction, and of the determination

of protein crystal structures. Concerning the latter, he main-

tained a very fruitful collaboration with Professor Joseph P.

Noel at the Salk Institute (La Jolla, USA), where he spent

sabbatical leave in 1996 and 2005. Jean-Luc’s work concen-

trated mainly on the structural biology of phenylpropanoid

synthesis in plants: he co-authored 20 papers with Professor

Noel on this and related subjects, that were published in

prestigious international journals (Ferrer et al., 1999).

After Michel Roth’s retirement in 2001, Jean-Luc became

head of the new CRG French beamline for protein crystal-

lography BM30A-FIP (Ferrer, 2001). Initially intended as a

national platform, the FIP line became over the years an

essential tool for both the French and the international

communities of protein crystallography. As before, but now

with newly acquired responsibilities, Jean-Luc displayed a

great deal of creativity, persistence and dynamism in

exploiting the advantages of synchrotron radiation for protein

crystallography. For example, he was able to anticipate the

automation of crystallography beamlines and helped develop,

at the ESRF, the first crystal sample loader based on a robotic

arm. He also had the excellent idea of using the same robotic

arm directly as a goniometer, which, for the first time, allowed

X-ray data collection directly from crystals still in the drops of

a crystallization plate. This ingenious development paved the

way for the in situ crystallographic approach to ligand

screening for drug design (Emamzadah et al., 2009; le Maire et

al., 2011). In 2009, he ensured the technological transfer of

these different innovations by founding the start-up biotech-

nology company NatX-ray.

Upon the restructuring of the IBS in 2011, Jean-Luc became

head of the Synchrotron Group (GSY). As part of the

program of the ESRF aimed at creating a new extremely

bright X-ray source (EBS), Jean-Luc was able to secure

funding towards the rebuilding and upgrading of the FIP

beamline in order to continue providing the best possible

service to the community. He followed this beamline upgrade

project to its end, which will become BM07-FIP2 next autumn

when the ESRF reopens.

2. Achievements and legacy

Putting Jean-Luc Ferrer’s achievements and legacy in a proper

perspective requires winding the clock back two decades to

the turn of the millennium, when structural genomics (SG)

projects were being proposed and set into motion.

SG’s aim of harvesting ‘low-hanging fruit’ (i.e. solving on a

massive scale novel structures from easily grown crystals of a

good size giving good diffraction) gave a tremendous boost to

macromolecular crystallography (MX) infrastructure in

general by underwriting coordinated, wide-ranging techno-

logical developments and automation efforts (including the

necessary invention, standardization and commercialization of

new equipment and consumables) that arguably would not

have taken place without it, and that laid the technological

foundations for the large-scale use of MX in structure-based

drug discovery (SBDD). These efforts converged on the

operational paradigm of a highly automated workflow struc-

tured around the notion of ‘one complete dataset from one big

crystal per loop in a big beam’ that has underpinned much of

high-throughput MX for SBDD to this day.

Prior to these initiatives, the numerous successive steps of a

typical MX structure determination workflow were carried out

by human operators, whose interventions involving decisions

or computational tasks were supported by interactive software

tools aimed at providing the investigator with the fullest

possible exposure to the scientific context and the specific data

pertaining to each structure. Indeed, the prevailing standard at

the time was that of interactivity through user-friendly GUIs

(i.e. in effect ‘getting the human into the loop as directly and in

as immersive a manner as possible’), in striking contrast to the

imperative of complete automation (i.e. ‘getting the human

out of the loop’ as comprehensively as possible) that was being

promoted by SG and SBDD.

It is in this context that the French FIP beamline at the

ESRF took up the challenge of providing its users with the

facilities needed for supporting SG projects. By its very defi-

nition, SG involved the de novo determination by experi-

mental (MAD) phasing of large numbers of structures, and the

FIP team worked creatively towards the systematic automa-

tion of all steps involved in both the alignment of the beamline

and its operation in production mode (Roth et al., 2002). Jean-

Luc Ferrer took the lead in linking existing programs for the

sequence of steps involved downstream of data collection

itself into a very early instance of what would nowadays be

called an auto-processing pipeline directly coupled to a

beamline (Ferrer, 2001). The combined resource described by

Roth et al. (2002) and Ferrer (2001) was at the time second to

none in terms of automated MX. The team maintained its lead

by next designing and deploying the CATS robotic sample

changer (Ohana et al., 2004) combining a commercial six-axis

Stäubli robot with an original design for a combination of

‘grips’ and ‘flipping grips’ that enabled the robot to deliver

crystals held in both screw-cap and magnetic base vials while

keeping them in liquid nitrogen during the entire operation,

thus minimizing ice formation and crystal damage. The design

of these tools was patented, and the whole technology was

transferred to the IRELEC company that went on to sell the

CATS sample changer to numerous beamlines around the

world (Jacquamet et al., 2009).

In the first wave of automation to which the FIP develop-

ments just reviewed belong, the introduction of robots took

place in a stepwise manner to provide an exact replacement

for the very same actions that were previously performed by

the human operator who was being systematically displaced.

This was done without any kind of ‘refactoring’ (i.e. redis-

tribution of functionalities) between those now robotized

steps.

A major stumbling block remained in the automated

workflows that resulted from this piecewise robotization, viz.

the persistent need for human intervention (and hence an

obligatory breakpoint in automation) in the harvesting of

crystals out of their growth and/or soaking media and their
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conversion to diffraction-ready samples suitable for shipping

to a synchrotron beamline, as well as in the subsequent

centring in the X-ray beam of the crystal(s) in each sample to

enable the collection of diffraction data to proceed. The early

anticipation of these impediments had led McPherson to

propose the idea of in situ crystallography as early as 2000 in a

paper that was truly remarkable for its foresight (McPherson,

2000), and to demonstrate the feasibility of crystal detection

by diffraction and limited data collection with a manually

assembled crystallization plate on an in-house X-ray source.

Fresh from their experience in harnessing the power of the

Stäubli robot to create the CATS sample changer, the FIP

team were able to come up with a versatile practical imple-

mentation of McPherson’s idea by a brilliant piece of ‘thinking

out of the box’: while the other automated sample changers

available at the time (Muchmore et al., 2000; Cohen et al.,

2002) were based on four-axis robots, the availability of two

extra axes on the Stäubli robot, combined with the use of an

additional specific plate gripper, made it possible to program

the robot arm in such a way as to endow it with the extra

functionalities of both a centring stage and a goniometer axis.

This then made it possible to screen for diffraction-quality

crystals in crystallization drops by directly placing the 96-well

crystallization plates themselves in an intentionally broadened

synchrotron X-ray beam at room temperature; then using the

advanced level of automation already available on the FIP

beamline to scan the drops while recording their scattering

pattern, looking for Bragg spots to detect whether they

contained diffracting crystals; and finally performing a limited-

range (�30�) data collection by rotating a confirmed crystal in

the beam.

This refactoring of functionalities shifted the role of robots

in the automation process beyond the mere pointwise repla-

cement of human interventions in the traditional human

workflow. In the developers’ own words (Jacquamet et al.,

2004) this new system completely changes the design of the

experimental setup by merging functions that were previously

considered to be distinct. This radical innovation was hailed as

a ‘seminal experiment’ by the Diamond group (Aller et al.,

2015) who have since built a whole beamline (VMX-i) dedi-

cated to in situ crystallography (Sanchez-Weatherby et al.,

2019). It also triggered the development of numerous new

crystallization plates designed specifically to minimize the

X-ray background and increase the rotation angle achievable

in such in situ data collection experiments. Last but not least,

this work marked a return to considering the potential of

room-temperature diffraction experiments, with the increased

speed of radiation damage being compensated by the avoid-

ance of the complications and hazards of cryo-protection and

by the use of multiple crystals.

Subsequent further elaborations of advanced modes of use

of the Stäubli robot arm produced the G-Rob (for Goni-

ometer Robot) (Heidari Khajepour et al., 2013a,b), while the

replacement of its sixth axis by an air-bearing goniometer axis

to reduce the size of its sphere of confusion led to the

RoboDiff (Nurizzo et al., 2016), a key constituent of the ESRF

MASSIF-1 fully automated beamline (Bowler et al., 2015).

Original developments based on the G-Rob continued at the

FIP beamline with the design of a versatile Visualization

Bench (Heidari Khajepour et al., 2013a) and with the robotic

harvesting of crystals it made possible (Heidari Khajepour et

al., 2013b), establishing a seamless connection between

harvesting and data collection through a Crystal Listing

capability that circumvented the need to subsequently centre

each crystal in the conventional way. In a separate line of

developments, the needs of SBDD for a human-free, fully

automated means of exposing crystals to ligands prior to high-

throughput compound screening by in situ diffraction were

considered in a collaboration with a group in Montpellier,

which led to the further innovation of ‘dry soaking’ (le Maire

et al., 2011; Gelin et al., 2015). The technological know-how

embodied in the G-Rob was patented in 2008 by the French

CEA, with Jean-Luc Ferrer and his prominent FIP team

member Lilian Jacquamet (deceased 2007) as joint inventors,

and served as the basis for the creation in 2009 of the

NatX-ray start-up company by Jean-Luc himself, Nathalie

Larive and Xavier Vernède.

During the past few years, Jean-Luc and his team returned

to the need to provide access to the capabilities of the FIP

beamline to users located anywhere in the world in the most

flexible and integrated manner possible, and were front

runners in doing so through a web-based user interface.

WIFIP was released in September 2015 and made FIP one of

the very first beamlines offering the full remote control of an

MX experiment through an interface based entirely on web

services (Sallaz-Damaz & Ferrer, 2017).

It is worth noting that the totally different context of

structural biology’s pursuit of X-ray structure determination

for ever more challenging targets (i.e. high-hanging fruit) led

to parallel developments along the seemingly very different

track of micro-crystallography, with its distinct emphasis on

micro-beams, rapid sample micro-positioners and next-

generation X-ray sources. These developments, however,

shared the same requirement for automated handling of small

and fragile crystals as those that led to in situ crystallography

and for refactoring the diffraction experiment away from its

traditional ‘one complete dataset from one crystal’ paradigm.

This common concern resulted in a substantial degree of

convergence between these distinct tracks: ultimately, the

exciting recent development of serial crystallographic

experiments on micro-crystals held on fixed-target micro-

fabricated sample grids and shifted at great speeds by high-

accuracy micro-positioners (see e.g. Roedig et al., 2016; Cohen

et al., 2014; Baxter et al., 2016; Owen et al., 2017) can be seen as

an extrapolation and miniaturization of the original experi-

ment by the FIP group [see Fig. 7 in Jacquamet et al. (2004)],

adapted to micro-crystals and to next-generation X-ray

sources.

In summary, the last two decades have seen strongly inno-

vative and distinguished contributions from Jean-Luc Ferrer

and his FIP team. In spite of the modest resources available to

him, he produced ground-breaking and highly influential

advances in the technologies now being deployed on an

unprecedented scale to search for drugs against SARS-CoV-2
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replication enzymes and thus limit the worldwide impact of

COVID-19. His success emanated from his wholehearted

commitment to structural biology, from his daring initiatives

based on the strong engineering background he put to the

service of that commitment and, last but not least, from his

determination to disseminate his innovations through entre-

preneurship, undeterred by the bureaucratic complexities

surrounding technology transfer procedures from public

research organizations into the private sector. It is a great loss

to the MX community that he passed away so prematurely.
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