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Title page illustration:
Path matrix for optimal alignment of amino acid sequences
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Preface

Protein chemists and molecular biologists of the future will look back upon the 1980s
as the renaissance of protein and DNA chemistry, a period marked by an explosive
improvement of their respective technologies in sensitivity, rapidity, and automation. In
contrast, the late 1970s and early 1980s may be regarded as the rise and fall of protein
sequencing due to the rapidity and ease in the sequencing of DNA, a technique that
convinced some researchers that protein sequencing was obsolete and on the verge of its
demise.

The change in strategy in protein structure determination from the 1970s to the mid-
1980s reflects this change from imminent demise to renaissance. The approach for the
complete structure determination of a large protein in the 1970s was to isolate many
peptide fragments and to sequence and align them in the protein chain by identity with
overlapping segments. By contrast, a commonly used strategy of the mid-1980s is to
determine the amino terminal or internal sequence of a large protein; chemically synthe-
size this peptide segment; prepare antibodies to the synthetic peptide, or prepare a cDNA
probe coding for this segment; screen a gt10 or gt11 library, for example, with the cDNA
probe or antibody to isolate the gene coding for the entire protein; sequence this DNA
and rapidly deduce the entire structure of the protein of interest. Thus, in many ways the
two techniques are in synergy.

Most investigators today look with optimism to this growing synergism between the
determination of DNA and protein structure. For example, an amino acid sequence of a
protein can be deduced from the sequence of its genes, but this deduction indicates
nothing about the posttranslational processing required for determining the functionality
of many mature proteins. For the role of a mature protein to be fully understood, the
structure of the fully processed, active protein must be determined by protein chemical
methods.

This volume is divided into two major parts. The first is devoted to protein and DNA
sequencing. It is introduced by a short chapter on protein isolation methods. Initially, a
section on electroblotting was planned along with a short chapter on electroelution in
purifying peptides and proteins but, since there still remain numerous problems with
electroblotting, such as low capacity of the glass filters and low recoveries, this section
has been omitted. Also in this first half of the book, one chapter is included on the
structure determination of relatively complex glycoproteins using mass spectrometry.

With respect to DNA structure determination, both current enzymatic and chemical
methods are described, with the very new automated DNA sequencer being highlighted.
This machine enables researchers to consider for the first time the possibility of sequenc-
ing the entire human genome. The first half of the book ends with a discussion of
computer analysis of both DNA and protein structures.

xi



xii Preface

The second part of this volume is itself divided in half, with one section devoted to
peptide synthesis (examples and techniques) and the other to chemical synthesis of DNA
probes and genes. Recent improvements of both peptide and DNA synthesis have paral-
leled the rapid advances in protein and DNA sequence determination. Examples of rapid
synthesis of large polypeptides with up to 140 amino acids are now beginning to appear
in the literature. In addition, novel methods have also been developed recently for the
extremely rapid and simultaneous synthesis of multiple peptides and improvements in
the cleavage of peptides from their support and removal of protecting groups have been
advanced. Similarly, the improvement and refinement of the chemical synthesis of DNA
probes have resulted in the ability to prepare large DNA probes in excess of 150 nucleo-
tides in length in only two or three days (with cycles of nucleotide addition of only 20
minutes) at very low cost (about $4.00/nucleotide).

Methods for purifying these probes have also been improved and simplified while
chemical methods for condensing the DNA segments have recently been developed so
that synthesis of entire genes is now feasible. Finally, the technique of site-directed
mutagenesis enables scientists to design new genes coding for proteins of altered or
improved function such as enzymes with altered specificity and kinetics. Advances such
as these may make possible the use of gene therapy in treating human disease.

This volume concludes with selected examples in which these techniques have been
combined to attack complex biological problems (some with potential clinical implica-
tions) which it has not, until now, been possible to approach. For these reasons we have
chosen this time to prepare this volume, aware that it is truly an exciting time for science.

David H. Schlesinger
New York
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Electroelution of the Subunits of Beef Heart
NAD-Dependent Isocitrate Dehydrogenase

Julie Ivory Rushbrook

INTRODUCTION

NAD-isocitrate dehydrogenase is a com-
plex enzyme responding to numerous allo-
steric effectors and to modulation by its own
substrates. The regulatory molecules, which
include NADH, NADPH, ATP, and ADP
(Chen and Plaut, 1963), reflect the energy
and redox states of the cell, in keeping with
the role of the enzyme as a control point for
the tricarboxylic acid cycle. While kinetic and
binding studies have been carried out for
many years, it is relatively recently that the
complexities of the protein’s subunit compo-
sition have become apparent.

Early work established that the enzymes
from beef heart and pig heart contained sub-
units of 40,000 daltons which aggregated to
form multiples of four units (Giorgio et al.,
1970; Shen et al., 1974; Fan et al., 1975). A
consideration of the numerous allosteric ef-
fectors suggests that these subunits might well
be nonidentical. This was shown to be the

case for the enzymes from both sources—four
nonidentical species of molecular weights
close to 40,000 being identified in the enzyme
from beef heart (Rushbrook and Harvey,
1978), three in that from pig heart (Rama-
chandran and Coleman, 1980).

In the case of the beef-heart enzyme, het-
erogeneity was first apparent on SDS-gel
electrophoresis of a highly purified prepara-
tion (Rushbrook and Harvey, 1978). Four
closely spaced bands were found, separated
each from the other by approximately 1 mm,
present in the ratio 1:1:0.9:0.4. Nondenatur-
ing first-dimension polyacrylamide gel elec-

Department of Biochemistry, SUNY-Health Science
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4 Rushbrook

trophoresis at several pH values followed by
second-dimension SDS-gel electrophoresis
showed that the enzymatically active band in
the first dimension gave rise to the four bands,
confirming these as subunits of the enzyme.
The subunits were subsequently shown to dif-
fer by electrophoresis in urea and by two-
dimensional peptide-mapping (Rushbrook and
Harvey, 1978). The electroelution procedure
described here provided purified subunits for

peptide-mapping.

MATERIALS AND METHODS

Chemicals were from the sources described
previously (Rushbrook and Harvey, 1978).
Methods other than electroelution were car-
ried out as previously described (Rushbrook
and Harvey, 1978).

Electroelution was carried out in a Buchler
Polyanalyst tube gel apparatus (Haake-Buch-
ler Instruments, Inc., 244 Saddle River Rd.,
Saddle Brook, NJ, 07662). Units supplied by
Biorad (Biorad Laboratories, 1414 Harbour
Way South, Richmond, CA 94804) or Hoef-
fer (Hoeffer Scientific Instruments, 654 Min-
nesota St., San Francisco, Ca 94107) may
also be used. See also the Discussion section.

ELECTROELUTION PROCEDURE

Separation of the subunits in a 10% poly-
acrylamide SDS-slab gel is shown in Figure
1-1. For preparative runs, 3-mm-thick slab
gels were used and approximately 40 ug of
protein was applied/0.8-mm-length well, for
a total of 0.51 mg (3.2 nmol). The gel was
stained briefly for 10 minutes in 0.25%
Coomassie Brilliant Blue in 20% trichlorace-
tic acid and destained for 10 minutes in 7.5%
acetic acid, 5% tert-butyl alcohol. The bands
were cut out with a razor blade; like bands
were combined and inserted into electropho-
resis tubes whose lower ends were securely
covered with nylon net (Fig. 1-2). A piece of
dialysis tubing was knotted securely three
times at one end and the other end was placed
over the net covering the gel tube. The upper

Fig. 1-1. Separation of the four subunits of NAD-
dependent isocitrate dehydrogenase by SDS-gel elec-
trophoresis. The subunits (bracket) were separated
on a 10% polyacrylamide gel; 1.8 pg protein/well.

end of each assemblage was inserted into a
grommet in the upper buffer compartment of
a Buchler Polyanalyst tube gel apparatus, and
the free end of the dialysis tubing was se-
curely fastened to the upper part of the gel
tube.
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Fig. 1-2. Modification to gel tube for electropho-
retic elution. Gel pieces containing protein are re-
tained in the tube by nylon net securely fastened to
the bottom of the tube. Dialysis tubing, knotted three

Electrophoresis buffer (0.05 M Tris chlo-
ride, 0.5% SDS, 0.5% mercaptoethanol, pH
8.0) was placed in the upper and lower buffer
compartments, care being taken that the lower
buffer level was well below the top of the
dialysis tubing around each gel tube. Electro-
phoresis was carried out at room temperature
for 21 hours at 80 V constant voltage. Starting
and ending currents were approximately 24
and 9 mA respectively. The integrity of each
dialysis tubing receiving chamber was indi-
cated by the presence of the Coomasie Bril-
liant Blue dye used to stain the protein.
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GEL TUBE

times, encloses the lower end of the tube and serves
as the reservoir into which protein elutes. The lower
buffer level must be well below the top of the dialysis
tubing.

The Gel tube assemblies were removed
from the apparatus. Elution buffer above the
gel slices in each tube was discarded and that
inside the dialysis tubing was carefully col-
lected. Eluted protein was precipitated by the
addition of 10 volumes of a cold acidified
acetone solution (1:40, 1 N HCl:acetone),
separating protein from both SDS and Coom-
assie Brilliant Blue. The subunits were re-
duced and alkylated in guanidine hydrochlo-
ride and subjected to peptide-mapping as de-
scribed (Rushbrook and Harvey, 1978).
From a comparison of the intensity of individ-



