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Preface

This is the second of two volumes of “Enzyme Structure” devoted to
physical methods. (Part C, Volume 26 of “Methods in Enzymology,”
appeared recently.) Although coverage of the various techniques is not
exhaustive, it is hoped that the intent of presenting a broad coverage of
currently available methods has been reasonably fulfilled.

These volumes present not only techniques that are currently widely
available but some which are only beginning to make an impact and
some for which no commercial standard equipment is as yet available.
In the latter cases, an attempt has been made to guide the reader in
assembling his own equipment from individual components and to help
him find the necessary information in the research literature.

In the coverage of physical techniques, we have departed somewhat
in scope from the traditional format of the series. Since, at the termimation
of an experiment, physical techniques frequently require much more
interprétation than do organic ones, we consider that brief gections on
the theoretical principles involved are highly desirable as dre sections
on theoretical and mathematical approaches to data evaluation and 'on
assumptions and, consequently, limitations involved in the applications of
the various methods.

The division of the material between the two parts is arbitrary. Thus,
there is a considerable amount of overlap between general categories, and,
at times, the descriptions of closely related techniques are found divided
between Parts C and D. We do not believe, however, that this should
hinder the reader in his use of these volumes for, in every case, each
chapter is a completely self-contained unit.

We wish to acknowledge with pleasure and gratitude the generous co-
operation of the contributors to this volume. Their suggestions during
its planning and preparation have been particularly valuable. We also
wish to thank the staff of Academic Press for their many courtesies.

C. H. W. Hirs
SERGE N. TIMASHEFF
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"[1] Ultracentrifugal Studies with Absorption Optics
and a Split-Beam Photoelectric Scannerl

By H. K. ScHacEMAN and Stuart J. EDELSTEIN
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. 3
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I. Introduction

As in other areas of research on the ultracentrifuge during the past
50 years, we have witnessed remarkable progress in the development,
adaptation, and application of a variety of optical methods for viewing
‘sedimentation processes. Emphases and goals have changed markedly as
new problems in biology were recognized, the demands of research
workers became more exacting, and the developments in technology
opened new avenues for further explorations. In describing the present
use and application of the photoelectric scanning absorption optical sys-
tem, it behooves us to note that the first optical system employed by
Svedberg and his colleagues 50 years ago was based on the absorption

1This research was supported in part by US. Public Health Service Research
Grants GM 12159 to HK.S. from the National Institute of General Medical
Sciences and HI, 13591 to SJ.E. from the National Heart and Lung Institute,
and by National Science Foundation Research Grants GB 4810X to H.K.S. and
GB 8773 to SJ.E.
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of light by the sedimenting macromolecules.2 Their absorption optical
system, which seems inconvenient, inaccurate, and unwieldy by today’s
standards, was replaced within 15 years by the schlieren optical system.>5-
This latter system provided dircet viewing of the movement and distri-
bution of molecules in a centrifugal field. But this extraordinarily con-
venient schlieren optical system gave way in part about 15 years ago
because of the pressing demands for enhanced accuracy. Hence, many
sedimentation experiments, and particularly sedimentation equilibrium
studies, are analyzed today by means of interference optics.® Meanwhile,
the requirements for greater sensitivity and the need of biochemists to
distinguish among the various chemical species present in solutions led
to the rebirth of the light absorption optical system which had been
discarded prematurely and ignored too long.”

Accompanying the renewed and widespread use of absorption optics
" for the study of nucleic acids was a growing frustration with a system
which had been denounced variously as “inflexible,” “inaccurate,” “in-
convenient,” “laborious,” “time-consuming,” and even “impossible.”
Hence efforts were initiated in the late 1950’s to incorporate into the
optical system some of the products of the technological revolution which
had occurred since Svedberg and his co-workers developed and employed
absorption optics. The resulting photoelectric scanner has been used
widely during the past decade for many types of sedimentation studies.
Meanwhile the requirements of the workers have increased again, and
the scanner in the form used in most laboratories is no longer considered
satisfactory. Thus major changes in it are occurring. In this article we
first review the advantages of the absorption optical system in relation
to the schlieren and interference systems. This comparison in the next
section highlights the principal defect, insufficient accuracy, of absorption
opties. Following that, we consider the basic principles of split-beam
scanners and the virtues and deficiencies of instruments based on the
use of double-sector ultracentrifuge cells. Later sections deal with the
applications of existing techniques for a host of sedimentation velocity
and equilibrium studies. Both interacting and noninteracting systems are

12T, Svedberg and J. B. Nichols, J. Amer. Chem. Soc. 45, 2910 (1923).

*T. Svedberg and K. O. Pedersen, “The Ultracentrifuge.” Oxford Univ. Press,
London and New York, 1940.

2J. St. L. Philpot, Nature (London) 141, 283 (1938).

*H. Sveusson, Kolloid-Z. 87, 181 (1939).

*H. Svensson. Kolloid-Z. 90, 141 (1940).

*E. G. Richards and H. K. Schachman, J. Phys. Chem. 63, 1578 (1959).

K. V. Shooter and J. A. V. Butler, Trans. Faraday Soc. 52, 734 (1956).

*V. N. Schumaker and H. K. Schachman, Biochim. Biophys. Acta 23, 628 (1957).
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illustrated. Experimental aspects, and particularly pitfalls and remedies,
are treated in the following scetion. Finally we discuss the recent develop-
ment of scanners connected to on-line computers which, though not
widely tested as yet, show considerable promise in yiclding greatly en-
hanced accuracy.

II. Comparison of Absorption Optics with
Other Optical Systems

The ideal optical system for the ultracentrifuge should be sensitive,
convenient, discriminating, versatile, and accurate. All these demands
cannot as yet be met by any single system, but the absorption optical
system shows considerable promise in fulfilling satisfactorily most of
the criteria which research workers would agree upon.

A. Sensitivity

Sensitivity was apparent cven in the original optical system devised
by Svedberg and his co-workers.? Since many biological macromolecules
absorb appreciable amounts of light in the near or far ultraviolet region
of the spectrum, their migration or redistribution in a centrifugal field
can be measured readily by an absorption optical system equipped with
a ‘monochromator.? For nucleic acids the absorbance at 260 nm is so
great that solutions containing only a few micrograms per milliliter can
be analyzed readily.”® Comparable absorbances with protein solutions
can be achieved with light of wavelength about 220 nm, with the result
that proteins can be studied now at these same great dilutions.*®'* These
same macromolecules when added to dilute aqueous solutions cause such
small increments in refractive index that neither schlieren optics nor
interference optics can rival the absorption method in terms of sensi-
tivity. For some biopolymers, such as polysaccharides, this sensitivity
does. not prevail since there is little absorption of light by the polymer
in a wavelength range which is readily accessible for experimentation.
Thus sensitivity must be gauged in terms of the spectral properties of
the macromolecules and the solvent. Although some substances could
be detected and analyzed readily with infrared light, the experimentation
may not be feasible because the solvent itself may absorb most of the
light.

*H. K. Schachman, L. Gropper, S. Hanlon, and F. Putney, Arch. Biochem. Biophys. .
99, 175 (1962).

®H K. Schachman, in “Ultracentrifugal Analysis in Theory and Experiment”
(J. W. Williams, ed.), p. 171. Academic Press, New York, 1963.

1 H, K. Schachman and 8. J. Edelstein, Biochemistry 5, 2681 (1966).
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B. Convenience

Convenience has been achieved only recently with the development
of the photoelectric scanning system.’>! Prior to the construction of the
scanner, the absorption system was woefully inadequate. Not only were -
the operations time-consuming and laborious but there was, in addition,
the overwhelming psychological drawback that the research worker was
unable to observe the sedimentation process during the experiment. The
tedium and the delay in analyzing cxperiments were eliminated when
the photoelectric scanner replaced the photography and the required

- densitometry.? Even in its earliest, primitive form the scanner produced
rapidly and directly plots of comcentration (really absorbance) and con-
centration gradient versus position in the cell. Subscquent developments
which permit multiplexed operations have yielded even greater con-
venience since many different samples can be studied in a single ultra-
centrifuge experiment. Since the clectrical pulses from the photomultiplier
are digitized and interfaced conveniently to dedicated computers'®-2! the
scanner has the added ‘convenience of automation. Developments in this
area arc just beginning, but alrcady the results with on-line computer
operations are so promising that the absorption optical system compares
favorably with the schlieren and interference optical systems. '

C. Discrimination

- The absorption optical system has the great advantage of diserimina-
tion since different components can he distinguished one from another
by way of variations in their absorption properties. In contrast, the
schlieren and interference optical systems are inadequate since these
methods are responsive to changes in refractive index only and since most
solutes cause approximately equal increments in refractive index. Hence
schlieren and interference optics afford no possibility for distinguishing
or identifying different chemical species in solution. By judicious choice
of the wavelength of light with the ahsorption system the research worker

*H. K. Schachman, Brookhaven Symp. Biol. 13, 49 (1960).

#J. G. T. Aten and A. Schouten, J. Sci. Instr. 38, 325 (1961).

8. Hanlon, K. Lamers, G. Lauterbach, R. Johnson, and H. K. Schachman, Arch.
Biochem. Biophys. 99, 157 (1962). )

* K. Lamers, F. Putney, I. Z. Steinberg. and H. K. Schachman, Arch. Biochem.
Biophys. 103, 379 (1963).

*J. C. Deschepper and R. Van Rapenbush, C. R. Acad. Sci. 258, 5999 (1964).

8. P. Sprage,’S. Travers. and T. Saxton, Anal. Biochem. 12, 259 (1965).

®*W. L. Van Es and W. S. Bont, Anal. Biochem. 17, 327 (1966).

®8. P. Spragg and R. F. Goodman, Ann. N.Y. Acad. Sci. 164, Art. 1, 294 (1969).

* R. Cohen, private communication, 1971.

" R. H. Crepeau, S. J. Edelstein, and M. J. Rehmar, Anal. Biochem. 50, 213 (1972).



