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1908 Perrin “... work on the discontinuous structure of
matter, and especially for his discovery of
sedimentation equilibrium .” (1926 Nobel prize)

1908- Svedberg earns Ph.D. “Studien zur Hehre von den
kolloiden Losungen” Produced relative uniform agueous
metal sols, and characterized their diffusion

1911 Estrup & Svedberg determine frictional force on
individual particles using Zsigmondy’s

“ultramicroscope” to follow sedimentation of individ ual
colloid particles and by measuring D

1916-1917 Odeén used an “automatically recording
balance” to follow 1-g sedimentation for determining
particle size distributions of colloids



1922 Rinde & Svedberg use modified cream
separator to obtain 22xg, allowing
characterization of smaller colloids

1923 Svedberg takes a sabbatical leave at U.
Wisconsin, working with J.W. Williams

He & Nichols to build a 150xg centrifuge

1924 Nichols & Svedberg build machine capable
of 12,000 rpm, 7000xqg... first “ultracentrifuge”

Both use oil turbine drives

Characterize colloids smaller than could be
seen by the ultramicroscope



Turbulence was a major
problem in early centrifuges

On voyage home from
US, Svedberg realizes
that sample cells have
to be sector shaped

1925-1926 Lysholm &
Svedberg build a machine
capable of 42,000 rpm and
100,000xg

Funded by Andersson
Medical Research Fund
and from the Nobel
Chemical Fund

Machine occupies three
rooms on two floors of
specially built “blockhouse”
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Born in Flerang, Valbo in Gavleborg, Sweden August
30, 1884

Father, Elias, is a “works manager”
Little known about his mother, Augusta Alstermark

Product of public schools

Koping school, Orebro High School, Gothenburg
Modern School, graduating in 1903

Joined Uppsala University, 1904
BA 1905, MA 1907, PhD 1908
Remained at Uppsala throughout his career
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1905 Assistant- Chemical Institute
1907 Lecturer in chemistry

1909 Lecturer and Demonstrator of
physical chemistry

1912 Professor of Physical Chemistry

Arne Tiselius was his research assistant
Was made emeritus 1949

1949- Director of the Gustaf Werner
Institute for Nuclear Chemistry, retaining
the position until his death in 1971
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The Svedberg Ultracentrifuge

Fig.3. The nltracentrifuge (longitudinal ard cress-section).
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“I'm still not quite sure how | avoided blowing up myself and
the chemistry building. In the low-speed ultracentrifuge, a
flow of hydrogen gas was maintained between the rotor and
the chamber walls, to facilitate heat conduction. The H, went
In from a tank, but where it came out into the closed room
was unclear to me. Apparently that concerned me little, for |
smoked incessantly in the room.” Ken Van Holde (1996)
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5. llMlumination and photographic system, together with stroboscopic tachometer,
for the ultracentrifuge :

(A) water-cooled lamp housing  (H) objective

(B) [\'Ilﬂ[‘ () motor

(C) water filter (K} stroboscopic disc
(D7) light filter (L) resistor

(E) shutter (M) generator

(N} hot-wire ammeter
() camera graduated in r.p.m.

(F) ultracentrifuge
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Fig. 10 is a series of exposures of a 0.9% solution of a compound of carbon Table 1. ]I.;i_ln]ug!nbjll_

Sedimentafion  equilib

' : - ' (speed = 8,708 r.p.m.;  centrifugation time = 39 hours; T = 293 ;
I 1)) = 2035 V= 0749

TN,

E Xy £a &£y

(om) (o) (%) %) M
4.61 4.56 1.220 1.001 71,300
4.50 4.51 1.061 0.930 67,670
T T 4.51 4.40 0.930 0.832 58,330
Fig,. 100 Centrifugation of a solution of the compound of carbon monoxide and hacmo- 4-40 441 0.832 o732 67,220
globinin afield of force 94,000 times gravity; time between exposures *: hour; concen- 4.41 4—36 0732 3-639 T2.050
tratbon scale at top. 4'36 431 0_639 0_564 &)'w)
4.31 426 0.564 0.496 76,570
g 100 = 4.26 4.21 0.406 0.437 60,420
E 4.21 4.16 0.437 ©.308 66,400
¥ Mean: 67,87¢
E ?5-.| -
¥ | Sedimentation  speed.
{concentration = 096%: T =303 V =0.755; D = 0.070)
0%
Interval  Ax x-med.  speed dx/dr; wix M
(hours) per (1 hour)  (em)  (r.p.m.) {emfsec) !
= 051 0074 4525 36,300 536 X 108 67,770
i I -L.5 ©0.078 4.060T1 10,400 5.44 ¥ 1071 68,720
! I.5=2 ©.078 4.070 10,300 5.47 ® 10°13 60,000
L) ors LT z =2.5 Q.077 4.757 39,300 534 X 10~ '5?.450
: . | anoe o B o e 2.5-3 - o080 4840 39200 544 X 107U 68,720
|:!5_ 11, The comcentration distrbubion in a solution of the 4,|||1||-x9-|u||.|. of carbon mon- Mean: 681350

onide and haemoglobin 12, 1, 195 2, 245, and 3 hours after the beginning of centrifuga-
tiom; Field 81,000 times gravity (curves ane corrected for reduction in concentration
due to wedge-shape of cell and field inhomogeneity)
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Svedberg married four times
1909-1916 Andrea Andreen
1916-1937 Jane Frodi
1938-1948 Ingrid Bloquist
1948-1971 Margaret Hallen

He had 12 children

6 sons
6 daughters




Painting, particularly landscapes

Botany
Keenly interested in “disjunct distributions”

Connection to NH... Potentilla found only on Mt.
Washington, in Greenland and Sweden




In the US, Willlams at Wisconsin, Groden at
the Rockefeller built centrifuges

Still turbine (oil and air) driven

Williams worked with Longsworth on
refractive optics

Philpot and Cook
Swenson
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Born 1898
Educated at Yale
PhD physics
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Jenie Beanis fa fis fehovarory ar the Unteersdny of Viegiade, From Jease Beaoms Papera

“To D Jessee '1’-’5&“‘#5. ; \RG- 21 [ BOEAT L, University Archives, T Alhert amd amd Shieley Small Special Collections
Weth apprreciation an best wishes f Litwary, Unleersiry of Vieginda Librar)
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1924 Ph.D. on rapidly rotating
mechanisms

Designed as a shutter to investigate
guantum absorption events

Used air-driven turbines

Introduced the flexible shaft letting the
rotor find its own center of gravity

Used a vacuum to limit friction
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Magnetic suspension and drive

Small rotors
Achieved >3,000,000 rpm

Used to determine the
gravitational constant
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Jesse Beams. Spiral notebook. ca. 1940-41. On this page. Beams summarises three types of
ultracentrifuging. including the *straight centrifuging method in which the materials enter
and leave the machine in a manner similar to that of the cream separator.” From Jesse
Beams Papers (RG-21/80.861), University Archives. The Albert and and Shivley Small

Special Collections Library, University of Virginia Library
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Sharples,
Sorvall, LKB
patents and
threats

Ken van Holde Buzz Baldwin

Angela Creager (2002) “The Life of a Virus: TMV as a n Experimental
Model, 1930-1965,” University of Chicago Press.
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Wendell Stanley 1935 purification of TMV
Appreciated new physical methods
Purification used preparative ultracentrifuge
1946 Nobel Prize

Rockefeller Foundation and Infantile

Paralysis Foundation funding
Svedberg, McBain, Williams, Beams

Sharples ‘Supercentrifuge’

RCA electron microscope
Tiselius electrophoresis
Edsall flow birefringence
Williams dipole measurment

Howard Schachman
Technician
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PhD with Jesse Beams 1935

Rumored Beams stole a
number of Pickel’'s ideas

Pickel's 1936 ultracentrifuge
similar to the Model E

1947, decided on an electrically
driven ultracentrifuge

Founded Specialty Instruments
Co. (Spinco)
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Bauer & Pickels (1937) “AN IMPROVED AIR-DRIVEN TYPE OF ULTRACENTRIFUGE FOR
MOLECULAR SEDIMENTATION "J. of Expt. Med., 65:565- 586
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B.S. MIT
1941 Chemical engineering

Worked as Stanley’s technician

Enlisted in Navy in WWII to help with
virus research- worked with Pickels

Introduced Pickels to Hanafin
Glass Engineering Lab
Built a preparative at UCSF

Pickels was asked to repair the UCSF
centrifuge

1946 SpinCo founded
PhD Princeton
1948 Max Lauffer
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Mechanical speed control
30 rpm settings set by gears

Schlieren optics
No temperature control

ModelD E
Built 7 in the first year
$13,200
Company ~bankrupt

Produced Model B L
$4300



MSE MK Il & Centriscan competitors
Helped disseminate AUC as a useful technique
Model E was considered simpler & more reliable

“Previously, UC had to be run in the subbasement behind 3-foot
thick walls of reinforced concrete.... Required constant
attention... a willingness to spend most of your time flat on your
back in a puddle of ail...™

Grant programs in the US
15 AUCs in the world at the end of WWII
By 1951, there were 72 Model Es
By 1958, 300 Model Es
By 1966, over 1000
Used for purity checks
Molecular weight determinations
Used for lipid profiles

1 Creager, quoting Fraser



Synthetic boundary
Low molecular weight compounds
Extinction coefficient determinations
Diffusion measurements

Boundary forming centerpieces
Concentrated solutions
Active enzyme assays

Short column methods for rapid equilibrium

New optical systems
Absorbance & absorbance scanner
Interference optics
Fluorescence optics
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The drive motor was modified B-25 flap motor
False- just a high-quality, high-speed electric motor
The chamber was a sawed-off Naval deck gun

False- probably due to early Pickels/Schachman
working with Naval instrument makers from the
Washington Navy Yard gun shops

The AH-6 lamp was used in WWII searchlights
Carbon arcs used in searchlights

AH-6/BH-6 used for lithography, early television &
research

Still available



SDS gels replaced a
major use of the
Model E

1972, Beckman

decides to stop

manufacturing the E
~1400 had been built
between 1946 &
1972

Last Model E

removed from service

in 2008
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Glen Richards
David Teller
David Yphantis
Jack Correia
Carl Paul

Dick Domanic
Walter Stafford

Robley Williams, Jr
Jim Osborn & ‘pin 21’

Laurie Nichol
Steve Harding
Arthur Rowe
Joachim Behlke
Michael Creeth
Otto Ristau

Les Halliday
James Lee
Larry Rosenberg
Ken van Holde
Marc Lewis

ET Adams

Bill Harrington
Geoffrey Gilbert
John Cann

Jeff Lary

Mike Johnson
Dieter Schubert
Peter Schuck

Detlev Reisner
Dave Cox

Peter Munk
Walter Machtle
Rudy & Audrey Haschemeyer
Peter Todd
Fumio Arkawa
Don Winzor
Geoff Howlett
Peter Wills

David DeRosier
Stu Edelstein
Helmut Coelfen
Serge Timasheff
George Na
Tsutomo Arikawa
Dennis Roark
Verne Schumaker
Hiroshi Fujita
Buzz Baldwin
Gerson Kegels
Greg Ralston
Don McRorie
John Philo
Emory Braswell
Todd Schuster
Preston Hensley
Stuart Edelstein
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By 1971, 7600 papers
referenced using AUC

Pickels’ contributions were
always credited to Spinco
Resented lack of

appreciation for his
innovation

Nominated for Medal of
Freedom

Howard Schachman
pushed Lou Rosso and
Arnold Beckman to develop
a new AUC

Jim Osborn ‘colored the
truth’ about the AUC market
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Beckman announces a
new AUC

Absorbance optics
For equilibrium
sedimentation

In 1992 the XLA IS
released

1993 ‘brainstorming’
the XLA
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Designed in 1986
First 10 units released in 1989
UV absorbance detection
Computer controlled data acquisition
Interference optics developed in 1989
Added in 1994

Fluorescence optics developed in 1999
Added in 2008
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The XLA uses 20-year old technology
Parts are obsolete
Full AUC potential not realized

Situation Is similar to 1985

SmithKline-Beckman
AUC lost in a large corporation
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Multiple detectors

Simultaneous
acquisition

New detectors
Improve detectors

Image from W. Machtle, L. Borger; Analytical Ultracentrifugation, Springer 2006
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Not designed for optics
Cramped space
Vacuum compatibility
Safety compromised
Difficult to duplicate

MWL in XL vacuum chamber. Image from Helmut Co6elfen
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Spin Analytical, Inc.
Three 50 mm optical tracks

Optics outside vacuum
chamber

8-hole, 60K fiber composite
rotor

Same cells, windows as XLA/I
Encourage hardware developers

Open architecture bus + drivers

Hardware interfaces available
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Top optical bench
10 m accuracy servo
Full duplex optical encoder
Cell imaging
MWA
IF
Scanning
Confocal FI/MWF
Linear motor 2 m accuracy
Full duplex optical encoder

Bottom optical bench
Fixed position

%
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MW A
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MWF
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Multi-wavelength absorbance
Multi-wavelength fluorescence
Low angle light scattering
MALS

Interference

Schlieren

Raman, IR




Protocol services

/

Optical system 1 Optical system 2 Optical system 3

Data services
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