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Jan Hermans (1933-2018): Red-blooded Biophysicists study

Hemoglobin*

Jan Hermans received his PhD in Physical Chemistry from the Univer-

sity of Leiden in 1958 and then had a 2-year postdoctoral fellowship
at Cornell with Harold Scheraga. Next, he worked for 2 years at Amer-
ican Viscose Corporation. In 1964, after a year in Genoa with Gianni
Rialdi he joined the Department of Biochemistry and Nutrition at the
University of North Carolina at Chapel Hill, where he immediately
attracted the first of 17 graduate students and 24 postdoctoral
trainees he would mentor.

Jan's enduring interest was in studies of protein structure and

dynamics. While still a graduate student at Leiden, John Kendrew or
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Max Perutz came to Leiden for a seminar on protein crystallography
work. But Jan missed the talk as his advisor told him that the work
was uninteresting. He later often remarked that he regretted not hav-
ing had the opportunity to study crystallography, and his future work
made fundamental contributions to the interpretations of electron
density maps and macromolecular simulations.

Jan's choice of research projects reflected something he repeat-
edly told associates: you must make something useful. His research
contributions confirm that he was truly motivated by this belief: his
researches can be grouped into tool development and the use of theo-
retical and computational approaches to help understand the physics
of biochemical processes.

His articles are imaginatively resourceful, yet constrained by a
high regard for experimental data. An early example is an article co-
authored with Harold Scheraga and Nobel laureate Melvin Calvin,*
observing that, whereas thermal melting temperatures themselves are
not directly related to thermodynamic parameters, melting tempera-
ture differences induced by shifts in pH, deuteration, and more
recently by mutagenesis, are proportional via the overall enthalpy

change to changes in the free energy of folding.

Denaturation

His early independent work focused on experimental studies of the
thermodynamic parameters of a-helix formation and protein folding
via studies of denaturation. His articles from that era were notable for
incorporating statistical thermodynamics into his interpretations? and
for detailed consideration of the important question of two-state
behavior.® An especially prescient article, given recent interest in
natively disordered proteins, reported data from denaturation of lyso-
zyme and myoglobin consistent with the notion that incompletely
denatured proteins maintain approximately the same secondary struc-

tures observed in the folded protein.

Coagulation

The University of North Carolina has for a long time had an exceptional
research epicenter for the study of bleeding disorders and thrombosis.
For a number of years Hermans played an important role in that unique
focus, which led him to study the physical chemistry of polymer-protein

interactions. That work included a statistical-mechanical treatment of

Proteins. 2019;87:171-173.

wileyonlinelibrary.com/journal/prot

© 2019 Wiley Periodicals, Inc. | 171


http://wileyonlinelibrary.com/journal/prot

172 | WILEY PROTEINS

IN MEMORIAM

how polymer exclusion limits protein solubility.® At the time of its publi-

cation, Jan viewed this article as his finest achievement.

Protein crystallography and refinement

Recognizing the central importance of experimental data on protein
structures, Jan joined the American Crystallographic Association in the
late 1960s. With considerable foresight, he published a solution to the
computational problem of retaining the underlying modularity of mac-
romolecules for purposes of modifying their atomic coordinates.® That
algorithm revolutionized macromolecular crystallography because it
became central to the development, first in the UNC Department of
Computer Science GRIP system and subsequently Alwyn Jones's
widely-used Frodo and O programs implementing user-interfaced com-
puter graphic representations to automate construction and refinement
of protein models. He co-authored the first publication to successfully

interpret an electron density map entirely via computer graphics.”

Molecular dynamics

His interests in crystallography led him to recruit the first crystallogra-
phers to UNC, and to take up the problem of crystallographic refine-
ment in a sabbatical with Lyle Jenson at the University of
Washington, Seattle, where he began a long-standing collaboration
with Keith Watenpaugh, leading to the development of a multi-
purpose refinement and molecular dynamics program called SIGMA.
He re-directed his entire research team to solving problems associated
with molecular dynamics, and organized the first workshop on this
topic in the United States at UNC in 1984.2 He served as associate
editor and later on the Editorial Board of Proteins: Structure, Function
and Genetics. His influence made that journal a top-tier venue for arti-

cles on molecular dynamics.

Single point charge water model

Key to the efficient use of computing power to model protein behav-
ior was the challenging problem of how to represent water. Hermans
solved this problem in a seminal article with Herman Berendsen,
Wilfred van Gunsteren, and Johan Postma.’ This work was announced
in Jan's most highly cited article,'® which has been cited more than
5500 times. As with the computer representation of protein as a

tree,® this computer modeling algorithm remains essential today.

Free energies from simulations

Jan was one of the first to grasp the opportunity that simulations pre-
sented for enumerating all states, and hence for estimating free
energy changes for various processes. He returned repeatedly to the
problem of ensuring that simulations accurately represent equilibria,
in order to maximize what simulations tell us about thermodynamics.
He showed that MD simulations could produce realistic free energies
for simple systems like the alanine dipeptide.!* He also was first to
tackle the difficult problem of using simulations to estimate binding
free energies.'? An essential and recurring requirement for larger scale
simulations of folded proteins was to treat solvent water as realisti-

cally as possible. This required artful blending of discrete and

continuum models for solvent water,*3-15

which he rapidly validated
by establishing that decoys from CASP competition had higher free

energies than the corresponding crystal structures.*®

Estimating forces from natural backbone and side
chain variances

One of the more useful of his later efforts came from his preoccupa-
tion with how different sources of variance impact simulations.*” That
enquiry later gave rise to several publications in which he used results
from simulations to characterize the natural variation in protein back-
bone!® and side chain configurations from the structural database.*?°
These semi-empirical studies provided a unique estimate of the forces
that can result from intramolecular packing interactions, and defined,
apparently for the first time, the extent to which distortions observed

in crystal structures could result from such effects.?*

Hermans and Lentz

Jan famously maintained that you can never hope to really understand
thermodynamics, you can just know it. Nevertheless, he explained its
implications with clarity, helping others to steer between the rocks
and shoals of physical biochemistry without scraping their bottoms
too badly. Gary Pielak put it this way: “Jan was one of the most bril-
liant people | ever met. He would tell me something, and | would not
understand. Three days later it would come to me, because it involved
about 10 steps. He saw all ten, in order, at once.” His logical train was
indeed very much like that of a computer program, making even sim-
ple programs he wrote quite difficult to follow because they approxi-
mated machine language.

Nowhere was this more clarity more evident than in the textbook
written for the central course in the UNC Biophysics Program.?? Co-
author Barry Lentz recalls that “Sharing the writing of that book was
special. Imagine such an extensive collaboration between a stubborn
Dutchman and a fiery and equally stubborn Irishman.” Indeed, publi-
cation of Hermans and Lentz was a prolonged process, in part
because it charts such a remarkable path through those rocks and
shoals.

Living large

Jan's life was finely balanced. He had an outsized enthusiasm for fam-
ily, fellowship, music, adventure, and the scientific method. His role as
father showed brightly when he took a detour to Dallas en route to
his sabbatical in Seattle to outfit his daughter, Janneke, with a prom
dress from Neiman Marcus. “| remember that trip to Neiman Marcus
like it was yesterday,” Janneke remembers. “Friso and | were wearing
look-alike jeans and jean jackets and hair cuts, and had been on the
road for many days, most of which, it felt like, had been in Texas. At
Neiman Marcus, Jan bought me a very stylish dress that | can picture
clearly, and then we had a luncheon on the top floor, topped off with
a desert of swan-shaped meringues floating in a red strawberry sauce.
Real fancy and ladylike, until we had to hit the road again.” He leaves
a wife, Cynthia, two of his own children, three adopted children, and

seven grandchildren. Jan's life-long love of sailing took many of his
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scientific friends on his two ocean-going sloops, the Scimitar and the
Dogstar as far off the east coast as Bermuda, as far north as New
England and as far south as the Caribbean. In addition, there were sail-
boat charters in the Salish Sea, the Virgin Islands, and the Aegean Sea
with colleagues and friends. His unerring judgment deferred local
maneuvering near moorings squarely in the hands of his wife, Cynthia.
After a day of sailing and safe anchoring, Dutch chocolate, cheeses,
and rum drinks were frequently enjoyed in a “happy hour.” In the eve-
nings he and Cynthia infected many of their friends with the dice-
game 5000, whose outcome fascinated Jan because it is an endlessly

enchanting blend of chance and skill.

Hooft; Lucretius

Jan was also a well-versed linguist with a more than passing knowl-
edge of Latin and Greek, Dutch, German, Italian and French. Prompted
by a luncheon discussion, he joined a group led by a classics professor
at UNC who were translating page by page De rerum natura, the
splendid 6000-line poem of Lucretius. After his retirement as Profes-
sor of Biochemistry in 2011, Jan undertook a major effort to translate
Nederlandsche Historién, by P.C. Hooft (1581-1647) from old Dutch
into English. The original is a contemporary, 1100-page history of the
Dutch revolution in the period 1555 to 1587, half of which first
appeared 1642, and the other half posthumously in 1654.

Jan died at home December 20, 2018 after a long battle with pan-
creatic cancer. He expressed a desire that gifts be directed to organi-
zations like Compassion and Choices and The Death with Dignity
Center.
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