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Preface

This second edition continues the tradition of the first, to present experimen-
tal procedures that will be applicable to many proteins and that can be per-
formed in an average laboratory, without the need for specialized equipment.

A first priority in characterizing any new protein is to identify it by its pri-
mary structure. Very often, a new protein is found to be homologous in
sequence to a protein of known function and to share at least some of those
functional properties. The latest techniques for identifying proteins are
described in Chapter 1.

It is very often the case that a new protein is first identified genetically, so its
gene and primary structure are known before the protein itself has been
noticed. It is not unusual for the protein in its natural state to be present in only
minute quantities, so that its purification is impractical. This is most often the
case with proteins of the greatest functional specific activity and of the greatest
pharmaceutical use. This low level of natural occurrence is no longer-a major
obstacle to characterizing and making practical use of the protein, for it is
almost routine to produce a protein in large quantities by expressing its cloned
gene. The most useful host for this procedure is Escherichia coli, and the pro-
cedures for expressing any cloned gene in this way are described in Chapter 2.

Genes expressed in E. coli or other hosts often produce their polypeptide
chains in an unfolded, insoluble state. This is frequently the greatest obstacle
to producing large quantities of a protein in a useful form. The expressed
protein must be induced to adopt its native, functional state before it will be
useful. The general procedures for doing so are described in Chapter 3.

A common theme of protein function is that it invariably involves the pro-
tein interacting physically with other molecules; a protein never acts in isola-
tion, but always acts upon something. So a major concern is to characterize
the interaction of the protein with these other molecules. Chapter 4 describes
the methods for doing so, concentrating on membrane-bound proteins, espe-
cially receptors, which play such a central role. The thorny question of the
significance and molecular basis of co-operativity in ligand binding, especially
the more frequent negative co-operativity, is addressed, along with suggested
procedures for clarifying the situation.

Electrophoresis is a major technique in studying protein structure (see
Protein structure: a practical approach and Gel electrophoresis of proteins: a
practical approach), and it is becoming a very useful technique for studying
protein function also. Central to this is the ability to blot a protein band or
spot from a polyacrylamide gel onto a membrane to which it sticks tightly.
Somewhat miraculously, a significant fraction of these bound molecules can be
induced to refold and to regain their ligand-binding properties. As described
in Chapter 5, these functional properties can be characterized very easily.



Preface

Biologically relevant ligand binding occurs almost invariably at specific
sites on proteins, and it is important to identify and characterize all such
binding sites. One of the most direct methods for doing so is by affinity
labelling, described in Chapter 6. A reactive group is incorporated into a lig-
and and thereby reacts with the protein much more rapidly when bound than
when free in solution, due to the very high ‘effective concentrations’ that can
occur in ligand-protein complexes. With larger ligands, such as other protein
molecules, the interacting macromolecules can be identified by cross-linking
them covalently in the complex, using reagents with two reactive groups, one
at each end of a suitable linker moiety. Techniques for doing so are described
in Chapter 7. The procedures described in these two chapters are illustrated
for specific classes of ligands, but they should be readily adapted to other
complexes and ligands.

One of the most biologically important areas of protein function is in the
control of gene expression, which invariably involves proteins binding to
DNA and to RNA. Most of the regulatory proteins occur in very small
quantities within the cell and have consquently been very difficult to study.
Many of the techniques used have relied upon the properties of the nucleic
acids, rather than the protein itself. These involve the identification .of-
DNA-protein complexes by the change in electrophoretic mobility of a small ‘
fragment of DNA produced by its binding to a protein; such complexes are
usually extremely tight and long-lived, so that they can survive an electro-
phoretic separation, as in ‘bandshift gels’. The specific sites on the DNA
occupied by the protein can be identified by the aptly-named ‘footprinting’
technique. Chapter 8 describes these techniques using purified sequence-
specific DNA-binding proteins, while Chapter 9 describes how to use them to
identify such proteins in crude extracts, and then how to purify them with the
use of DNA affinity chromatography. (The general techniques of protein
purification and affinity chromatography with other ligands are described in
the volumes Protein purification: a practical approach and Affinity chroma-
tography: a practical approach.)

The quickest way to identify the functional groups of a protein, even with
the advent of protein engineering, remains the classical approach of chemical
modification, described in Chapter 10. Once they have been identified, their
functional roles can be delineated using the more specific approach of site-
directed mutagenesis and protein engineering.

Comparable simple techniques for characterizing protein structure are to
be found in the companion volume Protein structure: a practical approach.
For a comprehensive description of the properties of proteins, see the second
edition of my volume Proteins: structures and molecular properties (W. H.
Freeman, New York, 1993).

Heidelberg, Germany BrEC.
March 1997
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Abbreviations

AAA amino acid analysis

AMPS-BDB adenosine 5'-O-[S-(4-bromo-2,3- ioxobutyl)]
thiophosphate

AMPS-BOP adenosine 5'-O-[S-(3-bromo-2-oxopropyl)|
thiophosphate

A absorbance at wavelength x nm

2-BDB-T¢A 2" 5'-DP  2-[4-bromo-2 3-dioxobutylthio]-1,N¢-
ethenoadenosine 2',5'-diphosphate

BPG 2,3-bis(phospho)glycerate

BPTI bovine pancreatic trypsin inhibitor (aprotinin,
Trasylol™)

BSA bovine serum albumin

BSP bromosulfophthalein

Caps 3-(cyclohexylamino)-1-propanesulfonic acid

CBS- 4-carboxybenzenesulfonyl-

CD circular dichroism

cDNA complementary DNA

CDNB 1-chloro-2,4-dinitrobenzene

CHAPS 3-[(3-cholamidopropyl)dimethylammonio|-1-
propane sulfonate

2D two-dimensional

DBBF fumaroyl bis(3,5-dibromosalicylate)

DBST trimesyl dibromosalicyl

DEAE diethylaminoethyl

DMEM Dulbecco’s modified Eagle medium

DMS dimethylsulfate

DMSO dimethyl sulfoxide

DNase deoxyribonuclease

DOC deoxycholate

DON 6-diazo-5-oxonorleucine

DTE dithioerythritol

DTNB 5,5"-dithionitrobenzoic acid

DTT dithiothreitol

ECL enhanced chemiluminescence

EDC 1-ethyl-3-[3-(dimethylamino)propyl]carbodiimide
hydrochloride

EDTA ethylenediaminetetraacetic acid

EGF epidermal growth factor

EGTA ethylene glycol-bis(B-aminoethyl ether)-N,N,N',N’-

tetraacetic acid



ELISA
Ey
Fab

FCS

Fmoc

4-FSB
5'-FSBA
5'-FSBAzA
GdmCl
(GlcNAc),
GMPS-BDB

GMPS-BOP

GSH
GSSG
Hepes

HSE
HSF
IB

Ig
IPG
IU

kb
kDa
LDH
LDL
MAP
mBBr
M,C,H

mol. wt
Mops

M,

mRNA

MS

NAD"
NADH
NBS
NMNS-BOP

NMR
NTB

Abbreviations

enzyme-linked immunosorbent assay

molar absorbance at wavelength x, when specified
immunoglobulin fragment, antigen binding
fetal calf serum

9-fluorenylmethyl chloroformate
4-(fluorosulfonyl) benzoic acid
5’-p-fluorosulfonylbenzoyl adenosine
5'-p-fluorosulfonylbenzoyl-8-azidoadenosine
guanidinium chloride

trimer of N-acetylglucosamine

guanosine 5'-0-[S-(4-bromo-2,3-dioxobutyl)]
thiophosphate

guanosine 5'-O-[S-(3-bromo-2-oxopropyl)]
thiophosphate

glutathione, thiol form

glutathione, disulfide form

N-2-hydroxyethyl piperazine-N'-2-ethanesulfonic
acid

heat shock element

heat shock factor

inclusion body

immunoglobulin

immobilized pH gradient

International Unit; catalysis of 1 wmol substrate per min

kilobase

kilodalton

lactate dehydrogenase

low-density lipoprotein

methyl acetyl phosphate

monobromobimane

4-(N-maleimidomethyl) cyclohexane-1-carboxyl
hydrazide

molecular weight (dimensionless)
3-(N-morpholino)propanesulfonic acid

relative molecular mass (dimensionless)
messenger RNA

mass spectrometry

nicotinamide adenine dinucleotide

reduced nicotinamide adenine dinucleotide
N-bromosuccinimide

nicotinamide ribose 5'-0-[S5-(3-bromo-2-oxopropyl)]
thiophosphate

nuclear magnetic resonance
2-nitro-5-thiobenzoic acid

XX



NTSB
oligo
PAGE
PBS
PCR
PDA
PDI
PEG
pl
Pipes
PMSF
PPI
PTH
PVDF
rGH
RNase
RP
RU
S-BDB-G
SD
SDS
SPDP
SPR
STI
STII
TB
TBE
TCA
TEMED
TFA
TIR
TLC
TNBS
TNM
TPCK
tRNA
TSH
TTDS
TTK

uv
WSB

Abbreviations

2-nitro-5-thiosulfobenzoate
oligonucleotide

polyacrylamide gel electrophoresis
phosphate-buffered saline

polymerase chain reaction

piperazine diacrylamide

protein disulfide isomerase
polyethylene glycol

isoelectric point

piperazine-N, N'-bis(2-ethanesulfonic acid)
phenylmethylsulfonyl fluoride
peptidyl-prolyl-cis/trans-isomerase
phenylthiohydantoin

polyvinylidene difluoride

rat growth hormone

ribonuclease

reversed-phase

resonance units
S-(4-bromo-2,3-dioxobutyl)-glutathione
Shine-Dalgarno

sodium dodecyl sulfate

N-succinimidyl 3-(2-pyridyldithio)propionate
surface plasmon resonance

soybean trypsin inhibitor

stable enterotoxin II

Tris-borate

Tris—borate-EDTA

trichloroacetic acid

N,N,N',N' tetramethylethylenediamine
trifluoroacetic acid

translation initiation region

thin-layer chromatography
2.4.6-trinitrobenzenesulfonic acid
tetranitromethane
N-tosyl-L-phenylalanine chloromethyl ketone
transfer RNA

thyroid stimulating hormone

trimesyl tris(3,5-dibromosalicylate)
transcription factor Tramtrack

unit

ultraviolet

washing sample buffer
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