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Graduate student days at MIT
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When the organizers of this issue Bbphysical
Chemistry—which honors my good friend David

Waugh, did not believe in service contracts. Rather
he thought that graduate students should all be inti-

Yphantis—asked me to write something about our mately familiar with the detailed workings of the
early days as graduate students at MIT, | was hap- laboratory’s crown jewels, meaning its Spinco
py to agre€. Nevertheless, as | began to write, Model E Analytical Ultracentrifuges, and | soon
doubts crept in. | realized that those days were 50 assumed my position under a centrifuge as well.

years ago and | had to ask myself how | could
possibly know that my recollections were even
moderately accurate. This is a valid question
since—having heard old tales from others where |
remembered the events quite differently—it is clear
that memory is a faulty and selective device. Even-
tually, however, the comforting thought struck that
anyone who might be in a position to argue with
me was likely either to be dead or to have as faulty
a memory as my own. So | have plowed ahead.
Given that disclaimer, | do remember that | met
Dave’s feet several weeks before | met his head.
When | first came into the Waugh lab at MIT, Dave

Dave Yphantis graduated from Harvard College
with a B.A. degree in June of 1952. | pursued a
parallel track as an undergraduate at MIT, also in
the class of 1952, but was enrolled in a combined
5-year B.S.—M.S. program in biophysics and
obtained both of those degrees in 1953. During my
last year in that program, | did my Master’s thesis
research in David Waugh's lab on the assembly
and stability of the calcium caseinate micelles of
skim milk, which involved much use of the ana-
lytical ultracentrifuge. Thus, both Dave Yphantis
and | spent a lot of time working with these won-
derfully well engineered and designed, but far from

was already established as a beginning graduatefool-proof, devices.

student, and | certainly knew about him. However,
he (or whoever it way seemed to spend all his
time lying underneath the Model E Analytical

Dave was already the laboratory guru on ultra-
centrifuge techniques when | started my research
since—as | recall—he had already been working

Ultracentrifuges—aligning the optics, replacing the many hours per week in the lab as an undergrad-
drive, etc.—and as a consequence we were alwaysuate researcher while enrolled at Harvard. From the
tripping over his feet, but rarely saw the rest of beginning he had an amazingly strong grasp of
him. | soon learned that our Ph.D. advisor, David both the mathematical basis and the technical
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1Please note that this brief and personal account should
be viewed as supplementary to the more extensive history of
Dave’s career that the organizers have put together for this
issue[1].

aspects of ultracentrifugation, and even as a begin-
ning graduate student he was the person whom
everyone in the lab consulted when we had a ques-
tion about the equipment, how to use it and how
to interpret the results.

The population of the Waugh lab was an amus-
ing and heterogeneous mixture of physical bio-
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chemists of varying interests, and David Waugh often quite imaginary, since the first real globular
presided over the resulting chaos in a calm and protein structures were just starting to emerge from
genial fashion. He was good with people and gave the crystallographic work of Kendrew and Perutz
us all our heads and the opportunity to develop our in England at the time.

own interests, abilities and approaches. He was an David Waugh was himself basically interested in

excellent physical biochemist himseléne of the

first who had an intuitive and well-developed grasp
of proteins and how they might interact with one
anothey, and the projects going on in his lab
ranged from blood-clotting to the development of

understanding the forces involved in protein fold-
ing and in protein—protein interactions, and actu-
ally came up with a mostly qualitative—but very

prescient—view of what subsequently came to be
called hydrophobic bonding, which he published in

ultracentrifuge theory and instrumentation. | part in a huge review on protein interactions that
believe that most of his grantprobably in large  appeared in Advances in Protein Chemistry in
part from the US Navy Research Office in those 1954 [4].> Waugh's ideas, like those being devel-
days, as well as from the fledgling basic research oped on the same subject by Kauzmdbh were
support agencies NIH and N®Rere intended to  based on the results of Frank and Evéiis Debye
support blood-clotting research and ultracentrifuge [7] and others on the anomalous thermodynamics
development, and my work on casein micelles was Of solutions of small nonpolar molecules in water.
justified as a model system for blood-clotting. This These results suggested that water might be differ-
was not totally unreasonable, since | was studying ently structured around nonpolar solutes and led to
the stability of casein micelles in solution and the the notion of minimizing nonpolar-water surface
mechanisms whereby they coagulated when certaincontacts, ‘iceberg’ formation and other aspects of
components of them were cleaved by the proteo- What we call hydrophobic bonding today. While
lytic enzyme, rennir2,3]. Kauzmann and then Tanfoi@] were probably the

In addition to Dave Yphantis and me, the lab first to put these ideas on a quantitative footing,
also contained John Fitzgerald, a genial Irishman, the precursor notions were certainly floating
and his wife Marie, both of whom were graduate @around in the Waugh lab in the early 1950s and we
students, as well as their 3-year-old daughter ~all were very conscious of their importance in
Molly, who roamed the labs getting underfoot and interpreting our micellar studie@ncluding, in par-
beaming brightly at us afl. Another interactive lab ticular in my case, the temperature dependence of
colleague was Francois Lamy, an exuberant Protein—protein interactions in forming micelles
Frenchman, who livened things up immensely with and relate_d Issues In protein aggregation _and
his unfettered pronouncements on every conceiv- blood-clotting. | have always felt that David
able issue, all delivered in his version of French Waugh did not receive the recognition that he
English. As | recall, the Fitzgeralds and Francois deserved for his role in developing these early
worked on various aspects of the blood-clotting 'd€as- o .
program. Walter Koltun, who was more serious of . The Iaboratorles_ in the Department of B|ology
mien and always seemed to be wearing a tie, was" those days functioned as pretty independent fief-

also in the lab. Walter subsequently gained some gg?;hgt%tetrh:ngr;%izt?ng?:;gﬁsmI:?grgslognvgl'g}e
fame as the developer of the commercial version ’ : w ponsi

of the PCK(Pauling—Corey—Koltunatomic mod- for nucleating a number of formal and informal
els, which we all used to build molecular represen- inter-laboratory collaborations. In those days the

tations of proteins and their binding ligands and to Department of Biology was very quantitatively ori-

teSt.Our ideas of how they might interact. | should %1t is worth noting that the section that dealt with these
remind the reader that our molecular models were issyes was preceded by an acknowledgement that read: ‘The
- author is indebted to Mr. David A. Yphantis for his co-oper-

2] note that, to my great surprise, | recently encountered ation in preparing particularly this section and the section on
Molly again as a charming and well-established Full Professor urea.’ Clearly Dave Yphantis was ahead of his time in this area
of Biochemistry at the University of Massachusetts! as well.
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ented, and while it covered biochemistry pretty
thoroughly with a strong group of biochemists and
enzymologistgBernie Gould, Irwin Sizer, Ed Her-

bert and John Buchanan, who came somewhat lat-

er), it was probably the nation’s first relatively
comprehensive  biophysics department. The
Department Chair(and unchallenged leader and
driving force) was F.O. Schmitt who, shortly after
Dave Yphantis and | graduated with our Ph.D.
degrees, called together the nation’s leading bio-
physicists and physical biochemists at the land-
mark Boulder Conferencg)], which is generally
viewed as the ‘official’ beginning of biophysics as
a defined discipline on the national and interna-
tional level.

The so-called biophysicists at MIT were divided
into a ‘Noah’s Ark’ of methodological specialties,
including an X-ray diffraction lab presided over by
Richard Bear, who worked on fibrous proteins
(mostly collagen, and whose graduate students at
the time included Carolyn Cohen and Paul Gallop;
an electron microscopy laboratory led by Cecil
Hall; a spectroscopy lab headed by John Loofbur-
row, whose graduate students included Allan
Munck and Hal Wyckoff; and a bioelectronics lab
under the direction of Kurt LioA.

FO. Schmitt was a cellular physiologigin
modern parlance he would probably be called a
cell biologish. He was interested in all aspects of
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working loosely under F.O. Schmitt’s jurisdiction
on projects ranging from the function of nerve
axons and membrand§&ritz Sjostrandl to muscle
fibers (Hugh Huxley.

This was the background within which Dave
Yphantis and | worked, and it was truly an exciting
environment. As indicated above, the labs and pro-
jects tended to mix a lot at the graduate student
level, and we organized our own graduate student
seminar series in which we told one another about
our work and about interesting articles that we had
read> Dave's work was of wide interest in this
setting because a number of our graduate student
colleagues saw the potential of putting their pro-
teins into the analytical ultracentrifuge, and Dave
was the portal through whom these collaborations
generally flowed.

One of the highlights of the year for the Depart-
ment of Biology was our annual ‘open house’,
when each laboratory displayed its instruments and
methods for the edification of the local community.
The ultracentrifuges were the major show-pieces of
our lab, of course, and Dave Yphantis presided
over these demonstrations and explanations with
elan and enthusiasm. | remember particularly being
involved in one of these events just days after |
had joined the lab. Since | did not know much,
Prof. Waugh assigned me to simply running the
chamber hoist up and down on one of the ultra-

the molecular interactions that he reckoned must centrifuges—making a loud and satisfying noise—

underlie cell and organelle function, and he tried
to integrate his methodologists to work on common
problems. The Department also included some
adjunct scientists who were listed as Instructors,
had M.D. degrees and were, in part, also affiliated

with the Massachusetts General Hospital and Har-
vard Medical School. These included Jesse Scott,

Bert Vallee, Jerome Gross and Betty-Ben Geren,

and many of the Department’'s graduate students

worked collaboratively with these individuals as
well, since Prof. Schmitt clearly foresaw the poten-
tial of mixing medical issues with biophysical

approaches to cellular problems. In addition, senior
scientists from elsewhere wandered in and out,

4 Professors Bear and Lion shared an office, which caused

and explaining how fast the rotor would spin and
the astonishing number of ‘g’s’ that could be gen-
erated. | entered into the spirit of the thing with
enthusiasm and whefin my view at the timg an
aged and obviously interested gentleman wandered
over to my station | started regaling him with my
meager collection of facts and cautioning him not
to be alarmed by the noise when | lowered the
chamber. My listener was very amiable about all
this, and when | noticed Dave Waugh waving his
arms at me from the other side of the room | took
these gestures to represent encouragement, and so
redoubled my explanatory efforts. When finally my
listener escaped from my clutches Dr Waugh came

51 remember that one of my early talks in this forum dealt
with John Schellman’s thermodynamic treatment of the helix—

much merriment among undergraduates who wandered pastcoil transition, which had just appeared in the Carlsberg journal

and read the names on their door.

[101.
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over to tell me that the person | had been thus Dave’s solution to the temperature problem was,
regaling was, in fact, John Edsall, who hardly in concept, more elegant. He suspended a thin
needed such explanations! Prof. Edsall and | sub- black metallic disk at a fixed distance between the
sequently became acquainted and he very kindly bottom of the rotofalso painted blackand a tem-
invited me to give my very first extramural semi- perature reference block at the bottom of the cham-
nar on my work at Harvard. He did, apparently, ber, and by measuring the temperature of the disk
remember the ‘open house’ incident, and we had a and of the block using thermocouples, and know-

good laugh over it.

At this time Dave Yphantis was working hard
on attempting to devise theoretical solutions of the
Lamm equation with boundary conditions appro-
priate for the centrifuge[11], but his primary
delight—then as ever after—was practical work
(including sophisticated machiningo make the
ultracentrifuge easier to use and to permit elegant
(and simplified experiments. The multiple-chan-
nel short-column centerpiece for the ultracentrifuge
cell, which took advantage of the earlier demon-
stration by Van Holde and Baldwif12] that short
columns of solution would reach equilibrium much
faster and thus permit equilibrium runs to be done
in much less time, was one ultimate product of
these early effortd13], and the notion of using

ing the geometry of the system, he was able to
calculate the temperature of the rotor with great
precision and without physical contact. A related
problem, however, was then to provide a method
of controlling a heater to maintain the rotor at a
constant temperature against the cooling induced
by adiabatic expansion and by the refrigeration
coils that were built into the walls of the rotor
chamber. Dave solved this by winding thin wires
around a frame that was suspended inside the
chamber and running a current through them when
heat was required. This gadget, which looked rath-
er like a king's crown, operated on the same prin-
ciple as a toaster, but—unfortunately—it was very
difficult to control the thermal expansion of the
wires when they were heated. Thus, one turn of

radiative energy transfer to measure the tempera-Wire would inevitably sag down and short-circuit

ture of the rotor without direct contact was another
[14].

the next, and the whole thing would vaporize with
a ‘poof’, sending Dave back to the drawing board

This temperature measurement issue had been arf® find wire with more desirable coefficients of

ongoing problem, because if you wanted to get
accurate sedimentation data you had to know the
temperature of the spinning rotor. The procedure
that had been devised by the Spinco engineers a
the time was to mount the equivalent of a phono-
graph needle vertically on the bottom of the rotor.
This needle spun in a pool of liquid mercury at the
bottom of the rotor vacuum chamber to achieve
electrical contact of the temperature measuring cir-
cuits with the rotor. The technique worked well but
was fraught with difficulties—including the prob-
lem that if the needle on the bottom of the rotor
became even slightly bent it would splash mercury
all over the inside of the rotor chamber, doubtless
releasing toxic mercury fumes into the laboratory
through the output of the oil diffusion vacuum
pump. (In those days we were relatively unaware
of the dangers of low levels of mercury vapors,
and spent lots of time with our heads in the rotor
chamber just above the open mercury ppol.

thermal expansion and to design a better winding
pattern for the wire around the crown-shaped
frame. Dave was generally the soul of calm and

tequanimity, but | do remember strings of unchar-

acteristic curses erupting when his heating device
would short-circuit for the umpteenth time.

One of the highlights of those years in the
Waugh lab were periodic visits from Howard
Schachman, our chidbut, of course, delightfully
enthusiastic and interactivecompetitor in the
development of ultracentrifugation methdds. Eve-
ryone loved Howie; he was a ‘pied piper’ and
many of the younger generation of physical bio-
chemists(including me followed him back to his
lair in Berkeley, where we did collaborative exper-
iments with his equipment and enjoyed wonderful
interactions with him, his students and also his

8 His classic book, written in 1959, is still the ‘bible’ of the
field as far as straight-forward descriptions of centrifugation
techniques are concernétb].
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wife Ethel. In fact one of my fondest memories is ecules and macromolecular complexes of biologi-
of the 2-week period | spent in Howie's lab as a cal interest during those years.
postdoc, living with Howie and Ethel and their Dave Yphantis also started another initiative that
(then young sons. | spent the days running two was crucial to the perpetuation of the ultracentri-
Model E machines at once, including during a mild fuge field, in that he organized and led analytical
earthquake when the rotors wobbled and the ultracentrifuge workshops at his home base at the
machines swayed. My heart was in my throat— University of Connecticut for many years. At these
how would | explain to Howie that | had destroyed workshops he gathered together the younger aca-
both of his centrifuges in one swoop—although demics in the field to teach ultracentrifuge theory
obviously with a bit of help from Mother Nature! and practice to interested graduate students and
Fortunately, however, the shaking subsided, the postdocs, helping in this way also to maintain the
machines ran on and disaster did not strike. We got national expertise in analytical ultracentrifugation,
terrific data and were able to establish a remarka- Which otherwise could easily have withered away.
bly accurate value for the molecular weight of the These workshops, sponsored by the NSF, clearly
monomers of muscle myosifil6]; partially—as  Played(and continue to playa major role in hold-
we found out later—because the concentration ing the ultracentrifuge community together and
dependence and the excluded volume of the mol- helped keep the field alive until modern molecular
ecule happened to cancel one another in a mostPiologists began to appreciate the value of actually
obliging manner. knowing the frictional properties and molecular
Howard and Dave Waugh were good friends, Welghts. of the conformationally labile and ollgo_—
and Howie early recognized that Dave Yphantis merization-prone macromolecules that comprise
represented a ‘fising star in this field. In fact, ©Ur Present-day macromolecular machines and sig-

: e . ling networks.
Howie and Dave Yphanti€in his subsequent posi- ha
tions) were principally responsible for keeping Dave and | worked hard, and both graduated

analytical ultracentrifugation alive during the long from MIT with Ph.D. degrees in 1955. They were

hiatus between the functional demise of Spitbg three wonderful years for both of us, and we have
then a part of the Beckman Instrument Company both probably irritated our respective graduate stu-
in the late 1970s and the development and mar- dents on more than one occasion since by pointing

keting of the new analytical ultracentrifugéthe out that in the "good old days’ it did not take 5-7
XL-A and later the XL-) by Beckman in the years to get a Ph.D. degree. Of course, those were

. o . also simpler days, there was not that much back-
1980s an_d 1990s. Dur!ng that dificult era, the field ground information to accumulate, grants were
of a_nalytlcal uItra_c_entrlfugatlon was mglntglned by easy to obtain, the field was much smaller and—
an informal coalition of academic scientists lead

) ¢ i at least in the areas in which we worked—every-
by Howie and Dave(which also included Tom e \yas extremely friendly, helpful and non-

Laue, Walter Stafford and other "Yphantis descen- competitive.

dants), and some former Beckman ultracentrifuge  After graduation Dave and | both stayed on for

field service peopldincluding Floyd Vickers and 3 year in the Waugh lab as postdoctoral fellows,
other9, who worked as freelance consultants and gnd then Dave went off to become a biophysical
ultracentrifuge repair experts. These workers, again scientist at the Argonne National Laboratory and

led by Dave Yphantis, who kept huge stocks of eventually an assistant professor at Rockefeller
Model E components piled up in his lab and gen- University, while | headed down to Bethesda to

erously gave them away to any of his friends who work as a postdoc with Manuel Morales on myosin

needed them, made it possible for the old Model (hence the sojourn with Howie Schachman

Es to keep runningand churning out great data  described above

in many laboratories. And this, in turn, made it Dave and | remember our graduate school days
possible for many of us to continue to use these as being extremely happy and liberating, and obvi-
instruments to obtain solution data on macromol- ously our experiences during that time set us both



22 PH. von Hippel / Biophysical Chemistry 108 (2004) 17-22

on life-long tracks of doing and appreciating
research in what was then called ‘quantitative biol-
ogy’ at MIT and is now more commonly referred
to as physical biochemistry or perhaps ‘solution
biophysics’. Although we ended up on opposite
sides of the country and in relatively different
research specialties, and thus have obviously seen
one another over the years much less than we
would have wished, we have remained close
friends and | have had many occasions to be grate-
ful to Dave for his good advice and generous help
when our lab was hung up on some ultracentrifuge
problem. Dave has obviously played a similar role
in the scientific and personal lives of many others,
thus accounting, in part, for the enthusiastic partic-
ipation of so many in the present ‘festshrift’ in his
honor. | hope that he will enjoy this personal
account of our early years together and will forgive
any inaccuracies that may have slipped in. | join
Dave’s many other friends, former students and
collaborators in wishing him and Lorna many more
happy and productive years in Connecticut, in Cre-
te and wherever else their travels happen to take
them.

References

[1] J.J. Correia, M.L. Johnson, T. Laue, W.F. Stafford, R.C.
Williams, Spinning with Dave: David Yphantis’ contri-
butions to ultracentrifugation, Biophys. Chem., 108
(2004 23-41.

[2] P.H. von Hippel, D.F. Waugh, Casein: monomers and
polymers, J. Am. Chem. Soc. 11955 4311-43109.

[3] D.F. Waugh, P.H. von Hippek-casein and the stabili-
zation of casein micelles, J. Am. Chem. Soc.(1856)
4576-4582.

(4]
(5]
(6]

[7

—

[8

o)

[9

—_

(10]

(11

(12

[13]

(14]

[15]

(16]

D.F. Waugh, Protein—protein interactions, Adv. Protein
Chem. 9(1954) 325-437.

W. Kauzmann, Some factors in the interpretation of pro-
tein denaturation, Adv. Protein Chem. (#1959 1-63.
H.S. Frank, M.W. Evans, Free volume and entropy in
condensed systems. Ill. Entropy in binary liquid
mixtures; partial molal entropy in dilute solutions; struc-
ture and thermodynamics in aqueous electrolytes, J.
Chem. Phys. 131945 507-532.

P. Debye, Light scattering in soap solutions, Ann. NY
Acad. Sci. 51(1949 575-592.

C. Tanford, The Hydrophobic Effect: Formation of
Micelles and Biological Membranes, Wiley, New York,
1973.

J.L. Oncley, F.O. Schmitt, R.C. Williams, M.D. Rosen-
berg, R.H. Bolt(Eds), Biophysical Science—A Study
Program, Revs. Mod. Phys. 31959 1-568.

J.A. Schellman, The stability of hydrogen-bonded pep-
tide structures in aqueous solution, Comp. Rend. Lab.
Carlsberg Sefie chimique. 28955 230-259.

D.A. Yphantis, D.F. Waugh. Ultracentrifuge Character-
ization by Direct Measurement of Activity. |. Theoretical
and 1. Experimental, J. Phys. Chem. 60956) 623—
629 and 630-635.

K.E. Van Holde, R.L. Baldwin, Rapid attainment of sed-
imentation equilibrium, J. Phys. Chem. 6€L959
734-743.

D.A. Yphantis, Rapid determination of molecular
weights of peptides and proteins, Ann. NY Acad. Sci.
88 (1960 586-601.

D.A. Yphantis, D.F. Waugh, Rotor temperature meas-
urement and control in the ultracentrifuge, Rev. Sci.
Insts. 23(1952 609-614.

H.K. Schachman, Ultracentrifugation in Biology, Aca-
demic Press, New York, 1959.

P.H. von Hippel, H.K. Schachman, P. Appel, M.F. Mora-
les, On the molecular weight of myosin, Biochim. Bio-
phys. Acta 28(1958 504-507.



	Graduate student days at MIT
	References


