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Preface

The introduction of modern instrumental methods has revolutionized ex-
perimental biochemistry. The training of future life scientists must include
both a theoretical and practical exposure to current biochemical tech-
niques and concepts. The purpose of this textbook is to give students a
thorough experience in modern experimental biochemistry. The book is
designed for a teaching laboratory, accompanying a lecture course for
junior-senior students. Its primary use will be in the undergraduate cur-
riculum for students who have had one year of organic chemistry with
laboratory. These students are principally in chemistry, biochemistry,
biology and preprofessional {premedical, predental, preveterinarian) pro-
grams. This type of laboratory is probably offered in every four-year
college and university, but the differences among these courses are vast.
Biochemjical equipment, staff expertise, scheduling, and student back-
grounds vary considerably; hence, present laboratory courses are tailored
to match local realities. This laboratory textbook was designed to respond
to the needs, desires, and equipment limitations present in most bio-
chemical teaching laboratories. Every effort has been made to produce a
book that not only trains students in modern biochemical techniques, but
one that does so in a flexible and generally usable fashion.

The book is divided into two parts. Part I, Theory and Experimental
Techniques, introduces students to background material that is usually
not provided in lecture courses nor readily available in existing laboratory
textbooks. Since some laboratory procedures are used in several experi-
ments, all of this information is consolidated in Part I for easy reference.
Basic theory and practical information are offered for each experimental
technique. This section will also become a useful reference for students
during future research work.

Twenty-six experiments representing all areas of biochemistry are in-
cluded in Part II. This broad coverage should lead to a well-rounded
experience for the student and also allow the instructor to choose ex-
periments that are appropriate or adaptable under a variety of local
conditions.

The general outline for each experiment is as follows.

INTRODUCTION, THEORY, AND OBJECTIVES

In this section it is assumed that a student has studied the general sub-
ject in lecture. Only a summary or review of significant aspects of back-
ground is included. The general discussion includes practical information
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that is generally not available in biochemistry textbooks. The general
thrust of the experiment is explained, and a flow chart of the experiment
is presented, if appropriate. This outline of the experiment allows the
student to recognize the importance of each part of the experiment to the
achievement of the overall objective.

EXPERIMENTAL

Following a list of all materials and supplies is a carefully written pro-
cedure for the experiment. It is divided into logical parts for ease of
completion and to facilitate the interruption of an experiment, if necessary.

ANALYSIS OF RESULTS

In this section the student is instructed in the proper collection and
handling of data from the experiment. Each table or graph that is to be
constructed is explained and sample calculations are outlined. Typical
data for the experiment may be disclosed to the student but only to aid
the student in interpretation of results.

QUESTIONS AND PROBLEMS

Several questions and problems are provided at the end of each experi-
ment. Some questions will deal with various details of the experiment,
and numerical problems are emphasized.

In the development of each experiment, primary consideration was
given to the use of modern procedures and techniques. Students will learn
procedures that are now used in actual laboratory settings, whether aca-
demic or industrial. Each experiment presents a challenging laboratory
situation or problem to be solved by the student. In each experiment, a
technique is introduced that allows students to obtain and evaluate some
property of a biomolecule or biosystem. For each set of experiments deal-
ing with a particular class of biomolecules, students proceed through three
levels of investigation:

1. Isolation and purification of a macromolecule or cell fraction/
organelle

2. Physical and chemical characterization of the macromolecule or cell
fraction

3. Biological characterization or study of dynamic function
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If students proceed through these three levels, they will gain an under-
standing and appreciation of the essence of biochemistry—the relation-
ship between chemical structure and biological function.

\A

Sequences of experiments that illustrate this process are:
Structure and Function of a-Lactalbumin

EXPERIMENT 4: Isolation and Purification of a-Lactalbumin,
a Milk Protein
EXPERIMENT & Characterization of a-Lactalbumin

EXPERIMENT 8 Evaluation of a Regulatory Enzyme System:
Lactose Synthetase

. Lipids

EXPERIMENT 9: Isolation, Purification and Partial
Characterization of a Lipid Extract from Nutmeg

EXPERIMENT 10: Characterization and Positional Distribution
of Fatty Acids in Triacylglycerols

EXPERIMENT 12: Characterization of Erythrocyte Membrane
Using Lipolytic Enzymes
DNA

EXPERIMENT 15 DNA Extraction from Bacterial Cells

EXPERIMENT 16: Characterization of DNA by Ultraviolet
Absorption Spectrophotometry

EXPERIMENT 21: Ethidium Fluorescence Assay of Nucleic
Acids: Binding of Polyamines to DNA

DNA Recombination Techniques

EXPERIMENT 17: Growth of Bacteria and Amplification of
ColE1 Plasmids

EXPERIMENT 18: Preparative-Scale Isolation and Purification
of ColE1 Plasmids

EXPERIMENT 19: The Action of Restriction Enzymes on a
Bacterial Plasmid or Viral DNA

EXPERIMENT 20: Rapid, Microscale Isolation and
Electrophoretic Analysis of Plasmid DNA

Following Parts I and II is an appendix containing useful information

including physical properties of biomolecules and solutions to selected
questions. An instructor’s manual describing the preparation of all re-
agents is available from Addison-Wesley.

Holland, Michigan R. F. B



Acknowledgments

This book would not have been possible without the superior assis-
tance of Mrs. Norma Plasman who typed several revisions and the final
manuscript. I am grateful for the many hours she spent on the project.

I would also like to thank students, too numerous to mention, who
struggled through the first drafts of these experiments and provided ex-
cellent recommendations for changes. I am especially indebted to Anna
Kalmbach and Dean Welsch, who each spent a summer testing and retest-
ing the experiments. [ also relied on the expert advice of many reviewers,
including Hugh Akers (Lamar University), John R. Cronin (Arizona State
University), Patricia Dwyer-Hallquist (Appleton Paper Inc.), Robert N.
Lindquist (San Francisco State University), Kenneth A. Marx (Dartmouth
College), Richard A. Paselk (Humboldt State University), William M.
Scovell (Bowling Green State University), Ev Trip (University of British
Columbia), Dennis Vance (University of British Columbia), and Ronald
S. Watanabe (San Jose State University). Bob Rogers, Stuart Johnson,
and Emily Silverman at Addison-Wesley constantly provided excellent
supervision and assistance with the project.

ix



Contents

Theory and Experimental Techniques 1

1

Introduction to the Biochemistry
Laboratory 3

Safety in the Laboratory 4

The Laboratory Notebook 5

Cleaning Laboratory Glassware 7
Quantitative Transfer of Liquids 9
Preparation and Storage of Solutions 21
The Biochemical Literature 23
References 29

MmO w>

General Laboratory
Procedures 3

pH Measurements, Buffers, and Electrodes 31
Dialysis (McPhie, 1971) 44

Microfiltration 49

Lyophilization (Freeze-Drying) 53
Measurement of Protein Solutions 55
References 59

mONw>

Separation and Identification of
Biomolecules by Chromatography 61

Introduction to Chromatography 61

Paper and Thin-Layer Chromatography 63
Gas Chromatography (GC) 67

Adsorption Column Chromatography 75
Ion-Exchange Chromatography 80

Gel Exclusion Chromatography 87

High Performance Liquid Chromatography 96
Affinity Chromatography 108

References 115

TQAQmMmUNwp

Xi



Xii

Contents

Characterization of Biomolecules by
Electrophoretic Methods 119

A

B.
C.
D.

Introduction to Electrophoresis 120
Methods of Zone Electrophoresis 121
Isoelectric Focusing of Proteins 135
(Vesterberg, 1971; Wrigley, 1971)
Practical Aspects of Electrophoresis 139
References 142

Spectrophotometry of
Biomolecules 145

A
B.

OmmUOn

Basic Principles of Absorption Spectrophotometry 145

Instrumentation for Measuring the Absorption of
Visible-Ultraviolet Light 151

Applications of Absorption Spectrophotometry 154

Basic Principles of Fluorescence Spectroscopy 162

Instrumentation for Fluorescence Measurements 165

Application of Fluorescence Measurements 166

Basic Principles of Polarimetry 169

References 173

Radioisotopes in
Biochemistry 175

Sowp

Origin and Properties of Radioactivity 175
Detection and Measurement of Radioactivity 179
Practical Aspects of Scintillation Counting 182
Safety Rules for Handling Radioactive Materials 187
References 189

Centrifugation 191

A. Basic Principles of Centrifugation 191
B. Instrumentation for Centrifugation 195
C. Applications of Centrifugation 200

References 206 »

Statistical Analysis of Experimental
Measurements 209

A
B.

Analysis of Experimental Data 209
Determination of the Mean, Sample Deviation, and
Standard Deviation 211



Contents Xiii

C.

The Normal Distribution Function 212

D. Confidence Limits 214
E. Statistical Analysis in Practice 215

References 217

9 Introduction to Molecular Cloning of
DNA 219

Onwp

Qmm

Recombinant DNA 219
Cloning Organisms 221
Cloning Vehicles 222
Preparation of DNA Fragments for Insertion

into the Vehicle 223
Joining the DNA Fragment to the Vehicle 224
Introduction of Recombinant DNA into the Host Cell 227
Analysis and Characterization of Recombinant DNA 231
References 233

Experiments 235

D -

10.

Using the Biochemical Literature 237

. Analytical Methods for Amino Acid Separation and

Identification 241
Sequential Analysis of a Dipeptide or Tripeptide 255
Isolation and Purification of «-Lactalbumin, a Milk
Protein 273
Characterization of a-Lactalbumin 289
Protein-Ligand Interactions: Binding of Fatty Acids
to Serum Albumin 301

. Kinetic Analysis of the Tyrosinase-Catalyzed Oxidation

of 3,4-Dihydroxyphenylalanine 315

Evaluation of a Regulatory Enzyme System: Lactose
Synthetase 339

Isolation, Purification, and Partial Characterization
of a Lipid Extract from Nutmeg 349

Characterization and Positional Distribution of
Fatty Acids in Triacylglycerols 361



Xiv

Contents

11.
12.

13.
14.

15.
16.

17.
18.

19.

20.

21

22.

23.
24.

25.

26.

Polarimetric Analysis of Carbohydrates 373

Characterization of Erythrocyte Membrane Using
Lipolytic Enzymes 385

Characterization of a Glycoprotein, Hemoglobin A, 397

Photoinduced Proton Transport and Phosphorylation
by Spinach Chioroplasts 413

DNA Extraction from Bacterial Cells 425

Characterization of DNA by Ultraviolet Absorption
Spectrophotometry 437

Growth of Bacteria and Amplification of ColE1 Plasmids 447

Preparative-Scale Isolation and Purification of ColEl
Plasmids 453

The Action of Restriction Enzymes on Bacterial
Plasmid or Viral DNA 461

Rapid, Microscale Isolation and Electrophoretic
Analysis of Plasmid DNA 471

Ethidium Fluorescence Assay of Nucleic Acids:
Binding of Polyamines to DNA 479

The Preparation and Characterization of a Beef Heart
Mitochondrial Fraction 489

Enzymes as Diagnostic Reagents in Medicine 499

Determination of Vitamin C in Foods and Biological
Fluids 515

Electrophoresis of Blood Lipoproteins on Cellulose
Acetate 523

The Radioimmunoassay of Prostaglandins F in Plasma 531

Appendix 1. Properties of Common Acids and Bases 543
Properties of Common Buffer Compounds 545

pK, Values and pH, Values of Amino Acids 547
Molecular Weights of Some Common Proteins 549
Common Abbreviations used in this Text 551

Units of Measurement 553

Table of Atomic Masses (Based on Carbon-12) 555
Values of ¢ for Analysis of Statistical

Confidence Limits 557

Solutions to Selected Questions 559

Appendix 11
Appendix III.
Appendix IV.

Appendix V.
Appendix VI.
Appendix VIIL.
Appendix VIIIL.

Appendix IX.

Index 573




1

Theory
and Experimental
Technigues







Chapter 1

Introduction to the
Biochemistry
Laboratory

Welcome to biochemistry laboratory! This is not the first chemistry labo-
ratory course for most of you, but I believe you will find it to be among
the most exciting and dynamic of those in which you have enrolled. Most
of the experimental techniques and skills that you have acquired over the
years will be of great value in this laboratory. However, you will be in-
troduced to several new procedures. Your success in the biochemistry lab-
oratory will depend, to a great extent, on your mastery of these specialized
techniques and on your understanding of chemical-biochemical principles.

As you proceed through the schedule of experiments for this term,
you will, no doubt, compare your work with previous laboratory expe-
riences. In biochemistry laboratory you will seldom run reactions and
isolate products on a gram-size scale as you did in the organic laboratory.
Rather, you will work with milligram or even microgram quantities, and
in most cases the biomolecuies will be dissolved in solution so you never
really “see” the materials under study. But, you will observe the dynamic
chemical and biological changes brought about by biomolecules. The tech-
niques and procedures introduced in the laboratory will be your “eyes”
and will monitor the biochemical events occurring.

This chapter is an introduction to procedures that are of utmost im-
portance for the safe and successful completion of a biochemical project.
It is recommended that you become familiar with Sections A-F before
you begin laboratory work.
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A. SAFETY IN THE LABORATORY

The concern for laboratory safety can never be overemphasized. Most
students have progressed through at least two years of laboratory work
without even a minor accident. This record is, indeed, something to be
proud of; however, it should not lead to overconfidence. You must always
be aware that chemicals used in the laboratory are potentially toxic, irri-
tating, or flammable. Such chemicals are a hazard, however, only when
they are mishandled or improperly disposed. It is the author’s experience
that accidents happen least often to those students who come to each lab-
oratory session mentally prepared and with a complete understanding of
the experimental procedures to be followed. Since dangerous situations
can develop unexpectedly, though, you must be familiar with general safety
practices, facilities, and emergency action. Students must have a special
concern for the safety of classmates. Carelessness on the part of one stu-
dent can often cause injury to other students.

The experiments in this book are designed with an emphasis on safety.
However, no amount of planning or pretesting of experiments substitutes
for awareness and common sense on the part of the student. All chemicals
used in the experiments outlined here must be handled with care and re-
spect. Some chemicals and procedures will require special attention. When
this is the case, a precautionary note will appear at the beginning of the
experimental procedure. Here, the dangerous properties of the chemicals
will be described along with recommendations for safe handling, first aid,
and proper disposal.

So that all students are equally aware of potential laboratory hazards,
it is imperative that a set of rules be developed for each laboratory situa-
tion. The following can serve as guidelines.*

1. Some form of eye protection is required at all times. Safety glasses
with wide side shields are recommended, but normal eyeglasses with
safety lenses may be permitted. Contact lenses should never be worn in
the laboratory. Naturally, there is controversy surrounding the use of
contacts (see Kingston, 1981). The major problem with contact lenses
is that they reduce the rate of sclf-cleansing of the eye. If a chemical
splatters into the eye of a contact lens wearer, he or she will possibly
have greater injury because of less effective irrigation of the eye. Fur-
thermore, the wearer may be reluctant to use an eye wash for fear of
losing the contact lenses.

' Adapted from Safety in Academic Chemistry Laboratories, 3rd Edition, August, 1979.
A publication of the American Chemical Society Committee on Chemical Safety.
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2. Never work alone in the laboratory.

(58

. Be familiar with the physical properties of all chemicals used in the
laboratory. This includes their flammability, reactivity, toxicity, and
proper disposal.

. Eating, drinking, and smoking in the laboratory are strictly prohibited.
. Unauthorized experiments are not allowed.
. Mouth suction should not be used to fill pipets or to start siphons.

Become familiar with the location and use of standard safety features
in your laboratory. All chemistry laboratories should be equipped
with fire extinguishers, eye washes, safety showers, fume hoods, chem-
ical spill kits, first-aid supplies, and containers for chemical disposal.
Any questions regarding the use of these features should be addressed
to your instructor or teaching assistant.

-V N

Rules of laboratory safety are not designed to impede productivity nor
should they instill a fear of chemicals or laboratory procedures. Rather,
their purpose is to create a healthy awareness of potential laboratory
hazards and to improve the efficiency of each student worker. The list
of references at the end of this chapter includes books and manuals de-
scribing proper and detailed safety procedures.

B. THE LABORATORY NOTEBOOK

The biochemistry laboratory experience is not finished when you com-
plete the actual experimental procedure and leave the laboratory. All
scientists have the obligation to prepare written reports of the results of
experimental work. Since this record may be studied by many individuals,
it must be completed in a clear, concise, and accurate manner. This means
that procedural details, observations, and results must be recorded in a
laboratory notebook while the experiment is being performed. The note-
book should be hardbound with quadrille ruled (gridded) pages, and used
only for biochemistry laboratory. This provides a durable, permanent
record and the potential for construction of graphs, charts, etc. It is recom-
mended that the first one or two pages of the notebook be used for a
constantly updated Table of Contents. Although your instructor may have
his or her own rules for preparation of the notebook, the most readable
notebooks are those in which only the right-hand pages are used for
record-keeping. The left-hand pages may be used for your own notes, re-
minders and calculations. The following outline may be used for each
experimental write-up. The basic outline follows that required by most
biochemical research journals. Note that Parts I-1Ib are labeled as Prelab
and should be completed before you enter the laboratory.
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Brief Outline of Experimental Write-up

" I. Introduction

(a) Objective or purpose
(b) Theory

(c) References

Prelab

11. Experimental
(a) Table of materials and reagents
| (b) List of equipment
(c) Record of procedure
III. Data and Calculations
(a) Record of all raw data
(b) Method of calculation with statistical analysis
(c) Present data in tables, graphs, or figures when
appropriate
I'V. Results and Discussion
(a) Conclusions
(b) Compare results with known values
(c) Discuss the significance of the data
(d) Was the original objective achieved?

Details of Experimental Write-up
I. Introduction

This section begins with a three- or four-sentence statement of the
objective or purpose of the experiment. For preparing this statement, ask
yourself, “What are the goals of this experiment?” This statement is fol-
lowed by a brief discussion of the theory behind the experiment. If a new
technique or instrumental method is introduced, give a brief description
of the method. Include chemical or biochemical reactions when appro-
priate. Any references (textbooks, journals, etc.) used to prepare this sec-
tion should be listed at the end.

II. Experimental

Begin this section with a list of all reagents and materials used in the
experiment. The sources of all chemicals and the concentrations of solu-
tions should be listed. Instrumentation is listed with reference to company
name and model number.

The write-up to this point is to be completed as a Prelab. The ex-
perimental procedure followed is then recorded in your notebook as you
proceed through the experiment. The detail should be sufficient so that a



