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This paper describes the scientific career and accom-
plishments of Professor Wladek Minor, who holds an
endowed chair at the University of Virginia in Charlottes-
ville, USA. Prof. Minor is a coauthor of data process-
ing software used by macromolecular crystallographers
world-wide, as well as of structural biology servers and
of a repository for raw diffraction data. He made major
contributions to the validation of biostructural data, with
special focus on drug design targets and reproducibility
in biomedical research. He is among the most highly cit-
ed molecular biologists ever.
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Professor Wladek Minor (Fig. 1) will celebrate his
75th birthday in May 2021. He holds an appointment as
the Harrison Distinguished Professor of Molecular Phys-
iology and Biological Physics at the University of Vir-
ginia, Charlottesville, United States of America.

Wladek was educated in Poland, obtaining his M.Sc.
degree in 1969 and his Ph.D. in 1977, both from the
Physics Department at the University of Warsaw. His
background during that period was in solid state phys-
ics and he initially worked in the group of Professor
Bronistaw Buras, a renowned physicist and the author of
a high school textbook used throughout Poland. For a
number of years, Wladek collaborated very closely with
Tomasz Giebultowicz, who then worked in Warsaw and
later became professor of physics at Oregon State Uni-
versity, Corvallis, USA. In addition to his very successful
scientific work as a physicist at that time, Wladek was
also involved in extensive teaching of undergraduate and
graduate students in Warsaw.

Wladek’s career took a major turn when he moved
to the United States in 1985, arriving in West Lafay-
ette, Indiana, to take up a postdoctoral position at the
Physics Department. Once he and his wife, Dr. Iwona
Minor, settled there, she joined the group of Profes-
sor Michael Rossmann, one of the icons of macromo-

Figure 1. Portrait of Professor Wladek Minor drawn by Marcin
Minor, 2020.

lecular crystallography. Professor Rossmann was a true
leader in the field of crystallography of proteins and vi-
ruses, with an amazing portfolio of breakthrough accom-
plishments, including participation in the determination
of the first protein structures and development of the
method of molecular replacement, which still remains
one of the main tools for macromolecular structure so-
lution. Wladek quickly became aware of the advantages
of switching his research to the most exciting area and
he joined Professor Rossmann’s group as well. The ten
years spent at Purdue University, first as a postdoctoral
research associate, and later as a research scientist, were
exceedingly formative for Wladek’s future career. He
had to establish himself in a completely new field and
quickly became very adept in solving crystal structures of
macromolecules, such as enzymes and even viruses.
While at Purdue, Wladek started a very successful col-
laboration with his younger acquaintance from Warsaw,
Zbyszek Otwinowski, currently professor of biochem-
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istry at the University of Texas Southwestern Medical
Center, Dallas, USA. While still at Purdue, Wladek and
Zbyszek commenced work on a tandem of computer
programs, Denzo and Scalepack, as well as their graphics
interface XDisplayl’, which for a long time became the
tools of choice for processing X-ray diffraction data ob-
tained from macromolecular crystals.

Wladek’s next major move took place in 1995, when
he secured a faculty position at the University of Vir-
ginia and when, together with Zbyszek Otwinowski, he
co-founded a company, HKIL Research, Inc. (https://
www.hkl-xray.com/), with Iwona Minor as the company
CEO. This established a very successful two-track ca-
reer that he has been pursuing until now, with academic
work performed at the university, and commercial work,
aimed at making crystallographic software accessible to
both academia and industry, done in the company. In
2007, Wladek received the Inventor of the Year Award
from the University of Virginia Patent Foundation, and
throughout the years HKIL Research made substantial
contributions to the University budget through royalties.

It is hard to overestimate the importance of Wladek’s
contributions to structural biology, and especially to
methods development in this important area of science.
His paper, entitled “Processing of X-ray diffraction data
collected in oscillation mode” (Otwinowski ez al., 1997),
written together with Zbyszek Otwinowski, became one
of the most highly cited structural biology papers in
history, having garnered more than 37,000 citations as
of the end of 2020. For many years, the methods and
software for data processing that were described in that
seminal publication have been used to determine the
crystal structures of the majority of proteins and other
macromolecules throughout the world. Wladek has con-
tinued his work with the development of methods that
would lead not only to efficient processing of diffrac-
tion data, but also to the possibility of solving crystal
structures with just a few clicks of the computer mouse.
He developed an integrated package named HKI.-3000
that he described in another seminal publication (Minor
et al., 2006). HKI.-3000 integrates many computer pro-
grams available as part of CCP4 (Winn ef al., 2011), as
well as several utilities developed by his lab (Porebski ez
al., 2016) and by other leaders in crystallographic soft-
ware (Kowiel ef al, 2014). The continuously optimized
settings for the programs integrated within HKI.-3000 al-
low seamless structure solution and refinement by both
experts and novices in the field. Wladek is very often
sought as an expert consultant for improvement of vari-
ous data collection facilities at a number of synchrotron
centers worldwide.

The development of very efficient methods of struc-
ture determination was crucial for the multi-year effort
named “structural genomics”, aimed at determining pro-
tein structures on a truly industrial scale. Wladek be-
came critically involved with several structural genomics
centers (CSGID, MSCG, NYSGRC, Enzyme Function
Initiative), where he was responsible for data manage-
ment, structure solution tools, as well as quality control
of the crystal structures. These centers were all working
in that area and they made very strong impact on our
understanding of the relationship between the structure
and function of biological macromolecules. The struc-
tural genomics projects have been also very important
in providing knowledge that has led to the development
of new and better drugs. The databases and web serv-
ers (e.g. https://csgid.org/pages/home) developed by
Wladek were (and still are) absolutely crucial for the suc-
cess of these projects because they allowed for efficient

handling of thousands of protein targets and millions of
experiments. A summary of the accomplishments of the
structural genomics initiatives was published by Wladek
in 2016 (Grabowski ¢f al, 2016a). At the same time, he
noticed that while the structural genomics initiatives were
very efficient in generating new experimental data, there
was a significant lag in the analysis of the results, as well
as their delivery to the scientific community (Chruszcz
et al., 2010). Therefore, he became involved in work on
the development of webpage tools that would efficiently
distribute the results of the structural genomics groups
(Berman ez al, 2009; Gabanyi e al, 2011; Gerlt et al,
2011; Berman ef al., 2015).

Wladek’s other major contribution to the field of
structural biology is in the area of validation and im-
provement of published crystal structures. Well over
175,000 structures are currently present in the Protein
Data Bank (PDB) (Berman ¢ 4/, 2000) and while the
majority of them are without any major flaws, by the
sheer number it is inevitable that the quality of some of
them is not always fully acceptable. Together with an in-
ternational group of scientists known in popular parlance
as “The Polish Crystallographic Mafia” he has been
deeply involved in verifying and correcting many crys-
tal structures (Wlodawer ¢z 4/, 2018), including structures
of such important drug targets as metallo-B-lactamases
(Raczynska et al., 2018), proteins binding the anticancer
drug cis-platin (Shabalin ez 4/, 2015), or proteins encoded
by or interacting with the new SARS-CoV-2 coronavirus,
the agent responsible for the pandemic of COVID-19
(Wlodawer ez al., 2020; Brzezinski ez al., 2020). Wladek is
a coauthor of approximately 450 structures in the PDB.

Wladek’s special attention is always directed towards
proper modeling of metals and metal binding sites. The
story of his work on metal validation started with a
comment of a reviewer of one of his manuscripts. The
reviewer noticed that a calcium binding site in the de-
scribed structure was not modeled in an optimal way,
and the distances between the metal and the coordinat-
ing oxygen atoms were slightly too long. This prompted
Wladek not only to correct that structure, but also initi-
ated a completely new project that resulted in the crea-
tion of the CheckMyMetal Validation Server (Zheng et
al., 2008; Zheng et al., 2014; Zheng e/ al., 2017). Initially
Wladek was concentrating on metals in protein mol-
ecules, but later he also expanded his interest to RNA
structures (Zheng ef al., 2015). The story of the develop-
ment of the tools for analysis and validation of metal
binding sites illustrates well one of the most important
aspects of Wladek’s aptitude to deal with something
that initially looks like a problem, for example a criti-
cal review of a manuscript. Specifically, Wladek always
chooses to excel himself and his research group in order
to overcome problems or difficulties and treats them as
opportunities to improve his scientific skills, as well as
using them as a guidepost to explore new research di-
rections. On the same note, his scientific curiosity and
genuine enthusiasm when working on research projects
allow him to easily attract people who are interested in
the solution of a particular scientific problem.

Wladek’s laboratory at the University of Virginia has
become a hub for training a new generation of structural
biologists. At least ten former members of his laboratory
now hold professorship or equivalent appointments in a
number of scientific institutions in Poland, United States,
and other countties  (https://minorlab.org/people/
alumni/). Others work in top wotld companies such as
Google, which employs three of Wladek’s former train-
ees. To date, Wladek’s laboratory lists 113 alumni, many
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Figure 2. The overall structure of the equine serum albumin-dexamethasone complex.

The mFo — DFc electron density for dexamethasone is shown as a green mesh. Albumin subdomains are shown in different colors and
labeled with Roman numerals and letters. The dexamethasone molecule is shown in stick representation with C atoms in yellow, O at-
oms in red, and the F atom in cyan. The chemical structure of dexamethasone is displayed in the same orientation as the stick mod-
el. Reproduced with permission of the International Union of Crystallography from a paper by Shabalin and coworkers (Shabalin et al.,

2020).

of whom recall having a very creative and collaborative
time in his laboratory. At its peak in 2010-2013, the lab-
oratory had about 25 members, which enabled a unique
multidisciplinary environment of structural biologists,
software developers, and data scientists. Wladek also co-
authored a number of teaching texts that are widely used
by students in the field of macromolecular crystallogra-
phy (Wlodawer ¢ al, 2013) and created a public data-
base for the deposition of primary crystallographic data
(Grabowski e al, 2016b). One of his mottos is “trans-
parency, quality and reproducibility”.

For many years Wladek’s laboratory has been a meet-
ing place of students and postdocs from Poland who
worked at the University of Virginia. In fact, thanks to
Wladek and Professor Zygmunt Derewenda, a signifi-
cant fraction of students in the University of Virginia’s
Interdisciplinary Biophysics Program came from Poland.
However, visitors to Wladek’s lab are not only associated
with the science departments located at Pinn Hall (for-
merly Jordan Hall) of the University of Virginia School
of Medicine. Wladek has a custom of walking with a cup
of coffee through buildings and links of the School of
Medicine complex and discussing with lab members in-
teresting ongoing projects. As the discussions are often
in Polish, they attract attention of various passersby, and
very often result in their invitation to the laboratory or
to Wladek’s home. The legendary meetings organized at
Wladek’s home also provide numerous opportunities for
students and other lab members to meet in a less formal
setting with top scientists working not only in the field
of structural biology.

Wladek and Iwona’s home is not only a meeting place
for both, scientific and Polish communities, but quite
often (before the time of Airbnb) is a temporary hostel
for people who had just arrived in Charlottesville to be-
gin their work at the University of Virginia. Therefore,
it is also not unusual for Professor Minor to serve as a
“taxi service” and to help newcomers in finding a place
to live, as well as to familiarize them with the city. In

several cases, Wladek also helped the spouses of arriving
scientists to find a job, for example at HKL Research.
Therefore, it is not surprising that many of Wladek’s
former mentees continue to work with him long after
they have finished their official training in his laboratory.
In fact, some of the new young scientists working in
Wladek’s group are students of his former mentees.

There is something special about Wladek’s personality
and his research attitude, as he is able to attract people
with different scientific backgrounds, such as biology,
bioinformatics, chemistry, computer science, medicine,
physics, etc. It allows the group members to approach
the projects on which they are working from completely
unexpected perspectives, as well as learning from each
other. Wladek’s approach is to involve people in many
collaborative interactions; this strategy has resulted in an
impressive productivity of his group. Similarly, he en-
courages his postdoctoral research associates to explore
new research topics, which they could later use to start
their independent careers.

Wladek’s scientific career is an odyssey of agility: he
worked in and switched between multiple scientific disci-
plines. He started in physics and then moved to protein
crystallography, which is still his main field. While be-
ing primarily focused on protein crystallography, he also
successfully ventured into software development, data-
bases, bioinformatics, data science, and various biomedi-
cal projects, most recently the fight against COVID-19
(Wlodawer ez al., 2020; Brzezinski ez al., 2020), including
structural investigations of the transport by albumin of a
COVID-19 drug, dexamethasone (Shabalin e/ af., 2020)
(Fig. 2).

Whereas many scientists reaching the age of 75 are re-
tired and no longer active, Wladek is not yet ready to be
put out to pasture. Although he is occasionally talking
about retiring and focusing on his other passion — ski-
ing (Fig. 3) — we seriously doubt that he will slow down
his research any time soon. Here, we would like to note
that even skiing is not completely distracting Wladek
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Figure 3. Wladek Minor engaged in his other important pursuit
- skiing in the Italian Alps, winter 2019.

from science, as he has a custom of calling his labora-
tory from a ski lift to check on the progress of projects.
He published a dozen important papers in 2019 and an-
other dozen in 2020. His career and achievements are
a true inspiration to others and the source of pride for
“Polish science”.
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