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The Structure and Function of Protein

Proteins are the most abundant macromolecules in living cells and constitute 50 percent
or more of their dry weight. They are found in all cells and all parts of cells. Proteins also oc-
cur in great variety; hundreds of different kinds may be found in a single cell. Moreover,
proteins have many different biological roles since they are the molecular instruments
through which genetic information is expressed. It is therefore appropriate to begin the study
of biological macromolecules with the proteins, whose name means “first” or “foremost”.

The key to the structure of the thousands of different proteins is the group of relatively

simple building-block molecules from which proteins are built. All proteins whether from the

most ancient lines of bacteria or from the highest forms of life, are constructed from the
same basic set of 20 amino acids, covalently linked in characteristic sequences. Because each
of these amino acids has a distinctive side chain which lends it chemical individuality, this
group of 20 building-block molecules may be regarded as the alphabet of protein structure.
In this paper we shall also examine peptides, short chains of two or more amino acids
joined by covalent bonds. What is most remarkable is that cells can join the 20 amino acids in
many different combinations and sequences, yielding peptides and proteins having strikingly
different properties and activities. From these building blocks different organisms can make
such widely diverse products as enzymes, hormones, the lens protein of the eye, feathers,
spider webs, tortoise shell, nutritive milk proteins, enkephalins (the body’s own opiates), anti-

biotics, mushroom poisons, and many other substances having specific biological activity.

Amino acids have common structural features

When proteins are boiled with strong acid or base, their amino acid building blocks are
released from the covalent linkages that join them into chains. The free amino acids so formed
are relatively small molecules, and their structures are all known. The first amino acid to be
discovered was asparagines, in 1806. The last of the 20 to be found, threonine, was not
identified until 1938. All the amino acids have trivial or common names, sometimes derived
from the source from which they were first isolated. Asparagines was first found in aspata-
gus, as one might guess; glutamic acid was found in wheat gluten; and glycine (Greek,

glykos, “sweet”) was so named because of its sweet taste.

All of the 20 amino acids found in proteins have as common denominators a carboxyl

group and an amino group bonded to the same carbon atom. They differ from each other in

their side chains, or R groups, which vary in structure, size, electric charge, and solubili-
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ty in water. The 20 amino acids of proteins are often referred to as the standard, primary, or
normal amino acids, to distinguish them from other kinds of amino acids present in living or-
ganisms but not in proteins. The standard amino acids have been assigned three-letter abbre-
viations and one-letter symbols, which are used as shorthand to indicate to composition and
sequence of amino acids in polypeptide chains.

General structure of an amino acid. This structure is common to all but one of the a-ami-

no acid (Proline, a cyclic amino acid, is the exception) . The R group or side chain attached
R

o . . . @ |
to the « carbon is different in each amino acid. H;N—CH—COOH
a

Nearly all amino acids have an asymmetric carbon atom

We note that all the standard amino acids except one have an asymmetric carbon atom,
the « carbon, to which are bonded four different substituent groups, i.e., a carboxyl
group, an amino group, a R group, and a hydrogen atom. The asymmetric « carbon atom is
thus a chiral center. As we have seen, compounds with a chiral center occur in two different
isomeric forms, which are identical in all chemical and physical properties except one, the

direction in which they can cause the rotation of plane-polarized light in a polarimeter. With

the single exception of glycine, which has no asymmetric carbon atom, all of the 20 amino

acids obtained from the hydrolysis of proteins under sufficiently mild conditions are optically

active. i.e., they can rotate the plane-polarized light in one direction or the other. Because
of the tetrahedral arrangement of the valence bonds around the a carbon atom of amino acids
the four different substituent groups can occupy two different arrangements in space, which
are nonsuperimposable, mirror images of each other. These two forms are called optical iso-
mers, enantiomers, or stereoisomers. A solution of one stereoisomer of a given amino acid
will rotate plane-polarized light to the left (counterclockwise) and is called the levorotatory
isomer [ designated (—)]; the other stereoisomer will rotate plane-polarized light to the
same extent but to the right (clockwise) and is called the dextrorotatory isomer [ designated
(+)] . An equimolar mixture of the (+) and (—) forms will not rotate plane-polarized
light. Because all the amino acids (except glycine) when carefully isolated from proteins do
rotate plane-polarized light, they evidently occur in only one of their stereoisomeric forms in
protein molecules.

Optical activity of a stereoisomer is expressed quantitatively by its specific rotation, de-
termined from measurements of the degree of rotation of a solution of the pure stereoisomer

at a given concentration in a tube of a given length in a polarimeter:

-

()% = observed rotation, deg
@D " Tength oftube, dmX concentration, g/ml.

the abbreviation dm stands for decimeters (0. 1m) .
The temperature and the wavelength of the light employed (usually the D line of sodium,
598nm) must be specified. For the specific rotation of several amino acids, some are levoro-

tatory and others dextrorotatory.
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Periodic structures: the alpha helix, beta pleated sheet, and collagen helix

Can a polypeptide chain fold into a regularly repeating structure? To answer this ques-

tion, Pauling and Corey evaluated a variety of potential polypeptide conformations by build-

ing precise molecular models of them. They adhered closely to the experimentally observed

bond angles and distances for amino acids and small peptides. In 1951, they proposed two

periodic polypeptide structures, called o helix and B pleated sheet.

The o helix is a rod-like structure. The tightly coiled polypeptide main chain forms the
inner part of the rod, and the side chains extend outward in a helical array. The o helix is
stabilized by hydrogen bonds between the NH and CO groups of the main chain. The CO
group of each amino acid is hydrogen bonded to the NH group of the amino acid that is situ-
ated four residues ahead in the linear sequence. Thus, all the main-chain CO and NH groups
are hydrogen bonded. Each residue is related to the next one by a translation of 1. 5 A® along
the helix axis and a rotation of 100°, which gives 3.6 amino acid residues per turn of
helix. Thus, amino acids spaced three and four apart in the linear sequence are spatially quite
close to one another in an « helix. In contrast, amino acids two apart in the linear sequence
are situated on opposite sides of the helix and so are unlikely to make contact. The pitch of
the o helix is 5.4 A, the product of the translation (1.5 A) and the number of residues per
turn (3.6) . The screw-sense of « helix can be right-handed (clockwise) or left-handed
(counterclockwise) ; the « helices found in proteins are right-handed.

The o helix content of proteins of known three-dimensional structure is highly varia-
ble. In some, such as myoglobin and hemoglobin, the o helix is the major structural mo-
tif. Other proteins, such as the digestive enzyme chymotrypsin, are virtually devoid of «
helix. The single-stranded « helix discussed above is usually a rather short rod, typically less
than 40 A in length. A variation of the « helical theme is used to construct much longer rods,
extending to 1000 A or more. Two or more o helices can entwine around each other to from a
cable. Such o helical coiled coils are found in several proteins: keratin in hair, myosin and
tropomyosin in muscle, epidermin in skin, and fibrin in blood clots. The helical cables in
these proteins serve a mechanical role in forming stiff bundles of fibers.

The structure of the o helix was deduced by Pauling and Corey six years before it was
actually to be seen in the X-ray reconstruction of the structure of myoglobin. The elucidation

of the structure of the q helix is a landmark in molecular biology because it demonstrated that

the conformation of a polypeptide chain can be predicted if the properties of its components

are rigorously and precisely known.

In the same year, Pauling and Corey discovered another periodic structural motif,
which they named the g pleated sheet (B because it was the second structure they elucidated,
the a helix having been the first) . The B pleated sheet differs markedly from the o helix in
that it is a sheet rather than a rod. The polypeptide chain in the B pleated sheet is almost fully
extended rather than being tightly coiled as in the o helix. The axial distance between adja-

cent amino acids is 3. 5 A in contrast with 1.5 A for the a helix. Another difference is that the

[1] 1A=0. Inm,
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B pleated sheet is stabilized by hydrogen'bonds between NH and CO groups in different poly-
peptide strands, whereas in the « helix the hydrogen bonds are between NH and CO groups
in the same polypeptide chain. Adjacent strands in a B pleated sheet can run in the same direc-
tion (parallel B sheet) or in opposite directions (antiparallel 8 sheet) . For example, silk fi-
broin consists almost entirely of stacks of antiparallel B sheets. Such 8 sheet regions are a re-
curring structural motif in many proteins. Structural units comprising from two to five paral-
lel or antiparallel 8 strands are especially common.

The collagen helix, a third periodic structure, will be discussed in detail. This special-
ized structure is responsible for the high tensile strength of collagen, the major component

of skin, bone, and tendon.

Polypeptide chains can reverse direction by making B turn
Most proteins have compact, globular shapes due to frequent reversals of the direction

of their polypeptide chains. Analyses of the three-dimensional structures of numerous pro-

teins have revealed that many of these chain reversals are accomplished by a common struc-

tural element called the B turn. The essence of this hairpin turn is that the CO group of resi-

due n of a polypeptide is hydrogen bonded to the NH group of residue (n+3) . Thus, a pol-

ypeptide chain can abruptly reverse its direction.

Levels of structure in protein architecture
In discussing the architecture of proteins, it is convenient to refer to four levels of
structure (Fig. 1.1) . Primary structure is simply the sequence of amino acids and location of

disulfide bridges, if there are any. The primary structure is thus a complete description of

;300000

~Ala-Glu-Val-Thr-Asp-Pro-Gly- a helix

a7

"y

B sheet

(a) Primary structure (b) Secondary structure

Domain

(¢)Tertiary structure (d) Quaternary structure

Fig. 1.1 Protein structure

From primary to quaternary structure
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the covalent connections of a protein. Secondary structure refers to the steric relationship of
amino acid residues that are close to one another in the linear sequence. Some of these steric
relationships are of a regular kind, giving rise to a periodic structure. The « helix, the B
pleated sheet, and the collagen helix are examples of secondary structure. Tertiary structure
refers to the steric relationship of amino acid residues that are far apart in the linear se-
quence. It should be noted that the dividing line between secondary and tertiary structure is
arbitrary. Proteins that contain more than one polypeptide chain display an additional level of
structural organization, namely quaternary structure, which refers to the way in which the
chains are packed together. Each polypeptide chain in such a protein is called a sub-
unit. Another useful term is domain, which refers to a compact, globular unit of protein
structure. Many proteins fold into domains having masses that range from 10 to 20 kD. The domains

of large proteins are usually connected by relatively flexible regions of polypeptide chain.

Amino acid sequence specifies three-dimensional structure ’
. Insight into the relation between the amino acid sequence of a protein and its conforma-
tion came from the Work of Christian Anfinsen on ribonuclease, an enzyme that hydrolyzes
RNA. Ribonuclease is a single polypeptide chain consisting of 124 amino acid residues. It con-
tains four disulfide bonds, which can be irreversibly oxidized by performic acid to give cyste-
ic acid residues. Alternatively, these disulfide bonds can be cleaved reversibly by reducing
them with a reagent such as f-mercaptoethanol, which forms mixed disulfides with cysteine
side chains. In the presence of a large excess of B-mercaptoethanol, the mixed disulfides also
are reduced, so that the final product is a protein in which the disulfides (cystines) are fully
converted into sulfhydryls (cysteines) . However, it was found that ribonuclease at 37°C
and pH7 cannot be readily reduced by B-mercaptoethanol unless the protein is partially unfol-
ded by denaturing agents such as urea or guanidine hydrochloride. Although the mechanism
of action of these denaturing agents is not fully understood, it is evident that they disrupt
noncovalent interactions. Polypeptide chains devoid of cross-links usually assume a random-
coil conformation in 8 mol/L urea or 6 mol/L guanidine HCI, as evidenced by physical prop-
erties such as viscosity and optical rotary spectra. When ribonuclease was treated with B-mer-
captoethanol in 8 mol/L urea, the product was a fully reduced, randomly coiled polypeptide
chain devoid of enzymatic activity. In other words, ribonuclease was denatured by this treatment.
Anfinsen then made the critical observation that the denatured ribonulease, freed of
urea and $-mercaptoethanol by dialysis, slowly regained enzymatic activity. He immediately
perceived the significance of this chance finding: the sulfhydryls of the denatured enzyme be-
came oxidized by air and the enzyme spontaneously refolded into a catalytically active
form. Detailed studies then showed that nearly all of the original enzymatic activity was re-
gained if the sulfhydryls were oxidized under suitable conditions. All of the measured physical
and chemical properties of the refolded enzyme were virtually identical with those of the native
enzyme. These experiments showed that the information needed to specify the complex three-dimen-
sional structure of ribonuclease is contained in its amino acid sequence. Subsequent studies of other

proteins have established the generality of this principle, which is a central one in molecular biol-
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ogy: sequence specifies conformation.

A quite different result was obtained when reduced ribonuclease was reoxidized while it was
still in 8 mol/L urea, This preparation was then dialyzed to remove the urea. Ribonuclease
reoxidized in this way had only 1% of the enzymatic activity of the native protein. Why was
the outcome of the experiment different from the one in which reduced ribonuclease was
reoxidized in a solution free of urea? The reason is that wrong disulfide pairings were formed
when the random-coil form of the reduced molecule was reoxidized. There are 105 different
ways of pairing eight cysteines to form four disulfides; only one of these combinations is en-
zymatically active. The 104 wrong pairings have been picturesquely termed “scrambled” ribo-
nuclease spontaneously converted into fully active, native ribonuclease when trace amounts
of B-mercaptoethanol were added to the aqueous solution of the reoxidized protein. The added
B-mercaptoethanol catalyzed the rearrangement of disulfide pairings until the native structure
was regained, which took about the hours. This process was driven entirely by the decrease
in free energy as the “scrambled” conformations were converted into the stable, native con-
formation of the enzyme. Thus, the native form of ribonuclesae appears to be the thermody-

namically most stable structure.

Functions of proteins

Proteins are undoubtedly the most functionally diverse of biomolecules. In general,
globular proteins function by recognizing other molecules to which they specifically
bind. Such precise binding is possible because the protein molecule has a site that is comple-
mentary to a site on the molecule recognized. However, this binding is not fixed and rigid
but, rather, existsin a dynamic equilibrium with recognition, binding and release occurring
continuously. At any moment the proportion of bound molecules depends upon (a) the rela-
tive concentrations of the protein and the molecule to which it binds, and (b) the strength
of association between them. The latter depends on how well the complementary sites fit to-
gether and the types of interactions involved, for example, hydrophobic, ionic, hydrogen
bonding, which occurs between the sites. Once binding does occur, there is a conformational
change in the protein-bound molecule, or in the complex of protein and protein-bound mole-
cule. This change is the signal that initiates the biochemical activity associated with the pro-
tein and forms the basis for the remarkable range of biological roles exhibited by proteins.

The formation of proteins is under the direct control of DNA. The growth and differenti-
ation of cells, organs and organisms result from the orderly expression of information con-
tained in the DNA molecules. However a chicken and egg situation exists, since the forma-
tion of proteins, and indeed the replication of DNA, requires the activity of pre-existing
proteins.

Much of biochemistry is concerned with the remarkable protein catalysts called en-
zymes. Many reactions that normally proceed at barely measurable rates are typically acceler-
ated by a factor of 108-10!! by the presence of the appropriate enzyme. In comparison with
chemical catalysts, enzymes are also amazingly specific; a given enzyme catalyses only a sin-

gle transformation or group of similar reactions. Their catalytic power, their specificity and
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the fact that their activity can be regulated, mean that enzymes ensure that metabolism pro-
ceeds in an orderly fashion.

Specific transport proteins are a feature of living systems. The well-know blood protein,
haemoglobin, transports O, in the blood of vertebrates. Examples of transport proteins in
the serum are albumin, which can transport fatty acids; lipoproteins, which carry choles-
terol and other lipids; and transferring, which transports iron. Invertebrates have copper-
containing proteins called haemocyanins, which have O2-carrying roles parallel to those of
the vertebrate haemoglobins.

Other transport proteins have a different function. They are situated in biological mem-
branes and allow materials to be transported across the membrane. For example, the Na*t
K*-ATPase is a protein that pumps Na®, out of cells and Kt into cells, at the expense of
metabolic energy.

Proteins play a key role in the co-ordination of metabolism. For example, neurons
respond to specific signals via protein receptors on their surfaces. Indeed, many of these
“signals” are chemical ones, consisting of peptides or small proteins. Co-ordination in multi-
cellular types is often mediated by hormonal signals; and in animals the hormone receptors
and, indeed, some hormones themselves are proteins.

The movement of organisms is achieved by a dynamic function of protein mole-
cules. Some bacteria are motile using extended appendages called flagella. Eukaryotic cells use cilia
and flagella in locomotion, but multicelluar animals move using skeletal muscle. All of these loco-
motory activities depend upon the co-ordinated movements of sets of fibrous proteins.

Protein molecules are responsible for the mechanisms by which organisms protect them-
selves against parasites and toxins. Scavenging white blood corpuscles, called leukocytes,
recognize invading microorganisms by means of protein receptor molecules on their surfaces,
and then engulf them. Antibodies are serum proteins that can combine with antigens such as
bacterial toxins, leading to their neutralization. Other proteins such as flbrmogen. circulate
in the blood and are able to from fibrous mats to seal wounds.

Mechanical support is given by several types of fibrous proteins ‘both inside and outside
cells. Tubulin forms extended microtubules within the cytoplasm, which help determine the
shape of the cell. Other proteins are found extracellularly and help organize the matrix that
surrounds the cell. Collagen is a widely distributed extracellular protein, which imparts a

high tensile strength to tissues such as cartilage, bone and the skin.

Haemoglobinopathies

Survival of vertebrates is not possible without haemoglobin. However, many humans
survive with partially defective haemoglobins. One such condition is sickle cell anaemia where
because of mutation, and amino acid on the surface of the protein molecule is altered produ-
cing a haemoglobin that precipitates in the decoy state and therefore does not transport O, ef-
fectively. This condition leads to deformation of the red cells ( “sickling”) which become
trapped in the capillaries and haemolysis occurs, resulting in anaemia.

Sickle cell disease is fairly common, especially amongst the North American black pop-
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ulation, but it is rather unusual as a “haemoglobinopathy” or haemoglobin disease. The ami-
no acid change results in there being a “sticky patch” on the g-polypeptide chain of deoxyhae-
moglobin, leading to the aggregation and precipitation described above. The mutation arose
by chance at some time in the past. Much more likely events to occur (and many hundreds of
haemoglobin mutations are now known) are ones in which the haem pocket is modified so
that haem does not bind or function properly, or ones in which the a or the B chains are not
constructed properly.

The various parts of the haemoglobin, like all quaternary proteins, fit and stay togeth-
er because they are complementary in shape, charge, hydrophobicity, etc.In particular,
the Fe?t -containing haem group is a highly hydrophobic molecule and requires to be placed in
a hydrophobic pocket in the molecule, where it is held and carries out its function of binding

oxygen reversibly. Mutations that result in the amino acid residues lining the haem pocket

being replaced by ones that are less hydrophobic or more bulky may result in a failure to bind

haem or failure to bind oxygen properly (i.e. not at all or irreversibly) . Many such muta-

tions are known and characterized. In the majority of cases only one type of subunit is affect-
ed. Thus, although the remaining unmutated subunits can potentially bind haem and oxygen
normally, they often do not do so. Having only two oxygen-binding centers in the molecule,
instead of four, does not allow for the usual subunit interactions which influence the binding
and release of O, instead of behaving in the required way generating a sigmoidal binding
curve, the oxygen-binding curve may be much more like that of myoglobin. Consequently,
oxygen is not transported successfully.

Many patients with haemoglobinopathies are heterozygotic for the haemoglobinopathy in
question; they have both a defective and a normal gene, so that effectively 50% of the hae-
moglobin they synthesize is normal. There may be a high rate of destruction of the abnormal hae-
moglobin which further lessens the problem. Also several of the genes for the polypeptide chains of
haemoglobin are present in multiple copies. Consequently, only one of the genes may have mutated,
while the others, even in homozygotes, still produce normal polypeptides.

In some individuals the results of the mutation may be slight and not noticed until sensi-
tive blood screening is carried out. In others, it may be sufficiently severe as to cause debili-
tating anemia and other conditions. Many individuals probably do not survive because they
are homozygous for the condition. However, this depends partly on how severe the defect is.

Haemoglobin variants are commonly detected by electrophoresis of a solution of the pro-
tein. When amino acids are changed as a result of a mutation, there may be a modification of
the charge on the molecule, which may then display a higher or lower mobility than that of
normal haemoglobin. Such screening may be done cheaply. Obviously, to determine which
amino acid is altered requires a more extensive study, including peptide mapping and partial
sequencing. Haemoglobin variants are usually named from the town/hospital where the case
was first detected (e. g. Hb “Memphis”), although this gives the uninitiated little useful in-
formation. Hb Mempbhis is actually a rather unusual variant in which there are mutations in
both the « and the B chains. It might more helpfully be described as:

23Glu-Gln ,6Glu-Val
@ B
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Obviously, mutations do not necessarily have to be single amino acid substitutions, and
do not have only to affect the haem pocket. Many mutations on the surface of the molecule
are known, which have almost no effect on the properties of the molecule (sickle cell hae-
moglobin is the exception to this rule).

As well as single amino acid changes, there may be double changes, changes in both «
and B chains, deletions resulting in a failure to make chains, mutations that change a stop
codon so that a much larger than normal polypeptide is produced, and so on. It is probably
true to say that almost all variations have been encountered. The present-day distribution of
defective haemoglobins has arisen from the accumulation of harmless mutations, early death
of individuals with harmful mutations, and survival of some individuals because although
they have a harmful mutation, this confers a selective survival advantage such as increased
resistance to malaria, as is the case with sickle cell disease.

As a result of a great deal of experimental work (protein sequencing and, later DNA
sequencing), an enormous amount is known about the haemoglobinopathies called thalassae-
mias. Almost all the possibilities that potentially could occur, do so. These include: deletion
of one or more a chain genes per haploid genome; deletion of the B chain genes (unbalanced
synthesis of chains may result in the production of homotetrameric molecules such as Hbay in
B-thalassaemia, which are unstable and precipitate or oxidize very rapidly); chain-termina-
tion mutation (e. g. Hb “Seal Rock”) ; absent, reduced or inactive mRNA; gene fusion; and
increased globin chain degradation. '

Haemoglobin variants may now be detected in the fetus by molecular biology techniques
and parents may be counselled about abortion. Although sickle cell disease may confer resist-
ance to malaria, and consequently a selective survival advantage, there is usually little that
can be done in any of the haemoglobinopathies in terms of medical treatment, other than to
cope with crises and pain. Because there is anaemia, blood transfusions may be used, but in

the longer term, repeated blood transfusion is not helpful.

Glossary

protein ['prouti:n] n. (A4L®) HEHF; adi. BHEKEK
macromolecule [ .meekreu'molikju:l] n. K47, B4T
amino acid n. & W, %

covalent [kau'veilont] adj. ({£®) FHEFMHE, LMK
peptide [‘peptaid] n. Zfik

organism ['a:genizem] n. AYik, HHLIK

enzyme [‘enzaim] n. (44k) B

enkephalin [enkefeeli:n] n. JfinE ik

opiate ['supiit] n. FHH; adj. RHRE; v. B
asparagine [aspaeradzin] n. K ([]) &E, RABK®
trivial [‘triviel] adj. BiZHE9, MEREH, MAREH
asparagus [espeerages] n. K (|]) &g, &

® T REME, FR.
® “fb” Fom “fb%”, ERF.
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glutamic acid [glu:'teemikeesid] n. BEBR

gluten ['gluten] n. BHEH. MW, FER
denominator [dinomineite] n. (¥ &, mAE
carboxyl group Ik

amino group &3

side chain &%, (REWH) HHE

solubility [.soljubbiliti] n. W, &, BHRE
asymmetric [eesimetrik] adj. AR, RIFFRE
substituent [sab'stitjuant] n. H(ft; adj. BRH
hydrogen ['haidraudzen] n. &

chiral ['tfiral] adj. ({b) F (fE) HHK

isomeric form [&l 4% 74

plane-polarized light i {f #iz Ot

polarimeter [ paularimite] n. fR)Git

tetrahedral ['tetre’hedral] adj. 7 PO K, DY 1A K
valence bond

optical isomer n. FEXFHE, HEXRHY
enantiomer [inentiouma] n. (fb) XMt (¥ &
stereoisomer [ stioriou'aisomal n. ({b) SLikRH A
levorotatory isomer /£ JiE 5 #4 {f&

dextrorotatory isomer £ JiE 5 # {4&

decimeter ['desimiita(r)] n. 43K

sodium ['ssudjem, -diem] n. (fk) 4

o helix o BRJiE

B pleated sheet BT &K

coil [koil] v. #®%, &

* hydrogen bond A&

axis ['seksis] n.

pitch [pitf] n. $2FE

chymotrypsin [kaima'tripsin] n. (L) BREEFLEEE, JBE 2E 1 iy
keratin ['keratin] n. (44k) fEH

tropomyosin [ tropau'maiesin] n. (k) JFEHEKEH
epidermin [epidermin] n. KX (—FHRERE EZRSWTEED)
fibrin [‘faibrin] n. (4 (i) FHREA, (ML) L4
fiber [‘faiba] n. £ 4

silk fibroin #®#£EH

collagen ['koladzen] n. R, BJE

tensile ['tensail] adj. AIRIKEY. KK

tendon ['tenden] n. (f#) fi&

reversal [riveisel] n. MR, &, M, ¥
Bturn BH#: A

hairpin ['heepin] n. &3k

primary structure  (FREE®) —HKLEH

© “RpE” KRB, ER.
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disulfide bridge — #f; 4

secondary structure " Zg 4k

steric ['stierik, 'sterik] n. (fk) Zs[EE, ik, [

tertiary structure =42 45Hy

quaternary structure PU%g 4y

domain [deu'mein] n. %y

ribonuclease [raibau'njusklieis] n. (A44k) B8 G
irreversible [iriva:sebl,-sib-]  adj. 7 fE#[El 4. AREEUH B
performic acid 3 4 B i@

cysteic acid i & iz

mercaptoethanol [ makaeptou'eBanol] n. (fk) Hitz gz
cystine ['sistiin, -tin] n. (A1k) BEEME. NFHHER
sulfhydryl [salfhaidril] n. #i3t, WS

guanidine hydrochloride n. %,’;@BIII’

viscosity [viskositi] n. &, &

dialysis [dai'selisis] n. (fk) BH#r: 405

aqueous ['eikwiss] n. K, WREKREY

dynamic [dainemik] adj. 37169, 3520, AL
hydrophobic [ haidreufeubik] adi. BKE. FERFEK . Zokmn, BRI Y
ionic [ai'onik] adj. BTy

metabolism [me'teebalizem] n. #HPEICH, 10k
haemoglobin [hi:mau'gloubin] n. %, %A

albumin [albjumin] n. HEH, AEH

cholesterol [ka'lestaraul, -rol] n. JH & fix

haemocyanin [hi:meu'saienin] n. I H&E M, MM, mnikEH
appendage [o'pendidz] n. MEY, Wik, MR

flagella [fla'dzelo] n. #i¥y, #if

cilia ['silis] n. §#, 4F

corpuscle ['ko:pas(e)l]  n. [ 40

matrix ['meitriks] n. #FF; R, WE. 8K

sickle cell anaemia n. % J1 7% 21 40 i 7% 1fi 5

hydrophobicity n. BiAk#:

sigmoidal n. STEMZ; adj. S

haemoglobinopathy ['hi:mau.glaubinopsbi] n. (&) 4% [5%
substitution [sabstitju:fen] n. H#&, BAIEM, KA, B
codon ['keuden] n. () HHETF

malaria [ma'lesrie] n. JE&, BX

thalassaemias adj. #liH ¥ %% 1M (4

abortion [o'bo:fon] n. W=, B, LM, K, dl, Hi=

I

1. The key to the structure of the thousands of different proteins is the group of relatively

simple building-block molecules from which proteins are built.

FESC: ST b 7 Rl AN [ B 1 54 6 X 2 — 1 28 R 2B 1 MO0 T8 B B 40
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All of the 20 amino acids found in proteins have as common denominators a carboxyl
group and an amino group bonded to the same carbon atom.

PR, EEAFR AN 20 FRERERRATE I, B— M REM — R E AR —
kT E

. With the single exception of glycine, which has no asymmetric carbon atom, all of the 20

amino acids obtained from the hydrolysis of proteins under sufficiently mild conditions are

optically active.

PESC. Bk H ERRBE A FRER R T oh . RS T K AR 2 BT R B 20 PR AL MR AR R
A etk .

. To answer this question, Pauling and Corey evaluated a variety of potential polypeptide

conformations by building precise molecular models of them. They adhered closely to the
experimentally observed bond angles and distances for amino acids and small peptides.
B3 N TRAE XA M, Pauling 1 Corey 3 aoF A4 8 0 A R A O 0 — AR B AT g
(9 2 A 2 AT T HH B R4 T . AT O 45 S AR o 40 T 50 I 0L 2% ) 0 4k T /0N K1
i B B .

 The elucidation of the structure of the « helix is a landmark in molecular biology because

it demonstrated that the conformation of a polypeptide chain can be predicted if the prop-
erties of its components are rigorously and precisely known.

PR, o WEELE A I B TR T M i — SR R AR, RO BRI T AR R T
SR 2 R R P T 3 4% 25 BRI AR G SR T LA T L SR 1Y

. Analyses of the three-dimensional structures of numerous proteins have revealed that many of

these chain reversals are accomplished by a common structural element called the § turn.
S, N TR I = A S5 4 BT 8 7 ) S o B 1 45 H T A VF 2 R bl — Rl A
P78 A 1 [7) 45 44 70 R BT A R

. Mutations that result in the amino acid residues lining the haem pocket being replaced by

ones that are less hydrophobic or more bulky may result in a failure to bind haem or fail-
ure to bind oxygen properly (i. e. not at all or irreversibly) .

Mutations & Eif, M that 3| G5B MNABHE £, &iEMNA P lining 5| § BLET #5015
Y€ residues 5 iE . being replaced J&BL1E 43 A {F residues E1i& ., that are less*-bulky /&
28 M AT ones, may result in B E. AN HBUILLL R 4R R 2R MR K
W 7K T 59 5 A B K B % T AR 5 R A AR R ] B8 S BN BE45 A I 41 K 304 BB IE
R4 (MRERGEARATHEE ) .

(H. ZEL, BEE, NKH. WAME% . EWLENS TFEYERE. KE: FRRFHR

., 1994.)



