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Section 21.12 Determining the Primary Struct

describes the three-dimensional structure of the entire polypeptide. If a protein has fnore
han one polypeptide chain, it has quaternary structure. The quaternary structure of
aprotein is the way the individual protein chains are arranged with respect to each other.

Proteins can be divided roughly into two classes. Fibrous proteins contain long
 chains of polypeptides that occur in bundles. These proteins are insoluble in water.
 Allthe structural proteins described at the beginning of this chapter, such as keratin
and collagen, are fibrous proteins. Globular proteins are soluble in water and tend
o have roughly spherical shapes. Essentially all enzymes are globular proteins.

-
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b CHAPTER 21  Amino Acids, Peptides, and Proteins

« the regional planarity about cich peptide bond, which limy, the
formations of the peptide chain (Section 21.7).
/ * maximizing the number of peptide groups that engage ip 1, droge
=0-----H—N (i.e., hydrogen bonding between the carbonyl oxygen of one amin, a". 0N
\ and the amide hydrogen of another). Cid pyge .5
* adequate separation between nearby R groups to avoid stepy ¢ hing; ,
repulsion of like charges. Ange

Ve a-Helix
f secondary structure is the a-helix. .In an a-helix, the back

g;;;zggdz coils aroaur:d the long axis of the protein molecule (Flgufe 21,;;?;'; :f I

is stabilized by hydrogen bonds—each hydrogf_:n atlaf:hed to an amide nzitroge“i

drogen bonded to a carbonyl oxygen of an amino acid four residues away, T

stituents on the a-carbons of the amino acids p{otmdf: outward from the helix ~ ..

minimizing steric hindrance. Because the amino a_clds have .lhc L'Conﬁgura‘tion

[a-helix is a right-handed helix) A right-handed helix rotates ina c"{ckWis:: P
\as.i"t'srpi'rzﬂs down. Each turn of the helix contains 3.6 amino acid residues, ang the ;
peat distance of the helix is 5.4 A.

re21.8 p

.segment of a protein in
-helix.

soking up the longitudi-
xis of an a-helix.

Not all amino acids are able to fit into an a-helix. A proline residue, for exam:
ple, forces a bend in a helix because the bond between the proline nitrogen and th
a-carbon cannot rotate to enable it to fit readily into a helix. Two adjacent amino
acids that have more than one substituent on a B-carbon (valine, isoleucine, or thre
onine) cannot fit into a helix because of steric crowding between the R groups. Two
adjacent amino acids with like-charged substituents cannot fit into a helix because:
of electrostatic repulsion between the R groups. The percentage of amino acid
residues coiled into an a-helix varies from protein to protein, but on average about,
25% of the residues in giobular proteins are in a-helices. ‘

- 3-D Molecule:
3 An a-helix

B-Pleated Sheet

The second t_ype of secondary structure is the B-pleated sheet. In a 8-pleated sheet,
the polypeptide backbone is extended in a zigzag structure resembling a series of
pleats. A B-pleated sheet is almost fully extended—the average two-residue repeat
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Secton 21,13 Setondary Structyre

| - - 0
{ (7.0 A. The hydrogen bonding in a B-pleated sheet 5

| s ide chains. The adjacent hydrogen-bonded peptide chaine o - "12h-

; boriﬂgipe jon or in opposite directions. In a paralle) B-pl
k e

rec 2 . . eated sheeh lhe 1
- drun in the same direction. In an antiparallel B-pleated sheet, the ag!acent
\ chaif® un in Opposite directions (Figure 21.9). Acjacent
‘ chaiﬂs
kr
] N-terminal
yterminal x N-terminal -
f‘"-«n ; Cr’o"!i'_‘N ai G,
SR o 4
::(}'.-.:{,:/
gamsaaHCop b 7 :
S v ; R*CH T e
| AR : s \ ';.""'P'
/7
| § o b e ;;,N-‘—H-v--Ozc,.‘.,
. RELEHE. s Ny, ey
G
A N
. i H--N SRR MO SR & ____0 3 /’
v m-;u }}C R / 3 i B
- AT Ny
Cterminal  C-terminal C-terminal N H;;;n?;a]u/
parallel Antiparallel
“" ure 21-9 . A
> s‘eg F,:-.gent ofa B-pleated sheet drawn to illustrate its pleated character.

Because the substituents (R) on the a-carbons of the amino acids on adjacent
chains are close to gach othfer, the chains can nestle closely together to maximize
hydwgen-bonding .interactlons only if the substituents are small. Silk, for ex-
ample, a protein with a large number of relatively small amino acids (glycine
~ gnd alanine), has large segments of B-pleated sheets. The number of side-by-side
- srands in a B-pleated sheet ranges from 2 to 15 in a globular protein. The aver-
age strand in a B-pleated sheet section of a globular protein contains six amino
acid residues. |

Wool and the fibrous protein of muscle are examples of proteins with secondary
structures that are almost all a-helices. Consequently, these proteins can be
stretched. In contrast, the secondary structures of silk and spider webs are predominantly
Ppleated sheets. Because the B-pleated sheet is a fully extended structure, these
proteins cannot be stretched.

N

Coil Conformation

Generally less than half of a globular protein is in an a-helix or B-pleated sheet (Fig-

e 21.10). Most of the rest of the protein is still highly ordered but is difficult to de-

scribe. These polypeptide fragments are said to be in a coil conformation or a loop
#onformati on.
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21.14

TERTIARY

STRUCTURE OF

PROTEINS IR
N~ \OQ

Max Ferdinand Perutz and

John Cowdery Kendrew were
the first to determine the ter-
tiary structure of a protein.
Using X-ray diffraction, they
determined the tertiary struc-
ture of myoglobin (1957) and
hemoglobin (1959). For this
work they shared the 1962
Nobel Prize in chemistry.

The tertiary structure of a protein is the three-dimensional arrangement of all the
atoms in the protein. Proteins fold spontaneously in solution in order to maximize.
their stability. Every time there is a stabilizing interaction between two atoms, free.
energy is released. The more free energy released (the more negative the AG") the
more stable the protg_g_@ a protein tends to fold in a way that maximizes the ntim-
ber of stabilizing interactions (Figure 21.11). :

The stabilizing interactions that occur in folding are covalent bonds, hydrogen
bonds, electrostatic attractions, and hydrophobic (van der Waals) interactions. The
interactions can occur between peptide groups (atoms in the backbone of the protein), -
between side-chain groups (a-substituents), and between peptide and side-chain
groups. Because the side-chain groups help determine how a protein folds, the terg 4
tiary structure of a protein is determined by its primary structure.

Disulfide bonds are the only covalent bonds that can form when a protein folds.
The other bonding interactions that occur in folding are much weaker but, because
there are so many of them (Figure 21. 12), they are the most important interactions

in determining how a protein folds.
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lino Acids, Peptides, and Proteins

Most proteins exist in aqueous environments. Therefore, they tend to fold
way that exposes the maximum number of polar greups to the aqueous €nVironment
~ and that buries the nonpolar groups in the interior of the protein, away fro

The interactions between nonpolar groups are known as hydrophobic mteTa‘c?(t,en
Hydrophobic interactions increase-the-stability-of a protein by Increasing the entrons.
of water molecules. Water molecules that surround nonpolar groups are EfgﬁT§‘gmpy

- when two nonpolar groups come together, the surface area in contact w)c-
water decreases, decreasing the amount of structured water. Decreasing structy §th
creases entropy. Increasin ntropy decreases the free e e

the stability. (Recall that A(&—./A H® —TAS°.) (» Lug qurgy, which INnCreaseg

i

n :
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21.15
QUATERNARY
STRUCTURE OF
PROTEINS

. of hemoglobin is shown in Figure 21.13.

Proteins that have more than one peptide chain are called oligomers. The individyg
chains are called subunits. A protein with a single subunit is called a monome;- Onal:.;»
with two subunits is called a dimer, one with three subunits is called a m'mer,: an;i
one with four subunits is called a tetramer. Hemoglobin is an example of a tetramer:.-
It has two different kinds of subunits and two of each kind. The quaternary strucqyg

The subunits are held together by the same kinds of interactions that hold the i,
dividual protein chains in a particular three-dimensional conformation—hydrophobje -
interactions, hydrogen bonding, and electrostatic attractions. The quaternary strye.
ture of a protein describes the way the subunits are.arranged in space. Some of the pos.
sible arrangements of the six subunits of a hexamer are shown here.. 4

[N PRI T SR RO
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Destroying the highly organized tertiary structure of a protein is called denaturatiqy, |
Anything that breaks the bonds responsible for maintaining the three-dimensionai 1
shape of the protein will cause the protein to denature (unfold). Because these bopgs |
are weak, proteins are easily denatured. The totally random conformation of 3 de.

natured protein is called a random coil. 1
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