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FIGURE 5

Schematic structure of the water molecule
H,0. The 2p_ and 2p, orbitals yields
bonds making an angle of approximately
90° (the real angle is 104° because of the

electrostatic repulsion between the two
protons).

FIGURE 7

Schematic structure of the acetylene molecule
C,H,. For each carbon atom, two electrons are
in the sp_ hybrid orbitals (cf. fig. 6) and contri-
bute to the C—H and C —C bonds (¢ bonds). l.n
addition, two electrons are in the p, and p, orbi-
tals and form additional bonds between the two
carbon atoms (7 bonds, weaker than ¢ bonds),
shown by the vertical lines in the figure. The C -C
bond is therefore a * triple bond .

FIGURE 9

Schematic structure of the ethylene molecule C,H,. The two carbon atoms form a double bond
with each other : one ¢ bond due to sp? orbitals of the type of those shown in figure 8 (the other two sp?
hybrid orbitals at 120° with this one form the C —H bonds), and one 7 bond, due to the overlapping
of the p, orbitals.



FIGURE 10

Schematic structure of the methane
molecule. The sp3 orbitals produce
bonds arranged like the straight lines
Joining the center of a tetrahedron to
its four corners (angles of 109°28').

The interatomic bond vector.
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A FIGURE 3-1 Gallery of protein structural models

(@) The nuclear pore, a complex of pr s with a total
molecular weight (MW) of 1.2 x 10%, an outer diameter of
133 nm, a height of 70 nm, and a central hole 42 nm in
diameter. Transport of molecules into and out of the nucleus
oceurs through such pores located in the nuclear membrane
(Figure 5-33). (b) An actin filament, a polymer built by end-
to-end association of identical actin subunits. Each subunit

measures 5.5 nm on a side and 3.5 nm thick. This figure
shows 14 subunits, alternately colored red, white, and blue.
The cell cytoplasm is criss-crossed by actin filaments that are
as long as 50-100 um and have various functions in the cell
(Chapter 22). (c) Reverse transcriptase, an enzyme present in
RNA viruses that copies the viral RNA genome into DNA
Reverse transcriptase from the AlDS-causing virus HIV mea-
sures 11 x 3.0 x 4.5 nm. RNA to be copied lies in a groove
on the surface of the enzyme. (d) Two B subunits of DNA
polymerase (red and yellow) from E. coli clamped around a
DNA moalecule (light blue). The ring has an outer diameter of
8.0 nm and an inner diameter of 3.5 nm. DNA polymerase is
required for DNA synthesis; this association of the 8 sub-
units and DNA assures that polymerase remains complexed
with DNA during DNA replication (Chapter 10). [Part (a) from
J. E. Hinshaw, B. O. Carragher, and R. A. Milligan, 1992, Cel
69:1133; part (b) from M. F. Schmid et al., 1994, J. Cell Biol.
124:341; part (c) from T. A. Steitz et al., 1992, Science
256:1783; part (d) from Kuriyan et al., 1992, Cell 69:425]



A FIGURE 3-8 Various graphical representations of the
structure of Ras, a guanine nucleatide-binding protein. GDP
is shown as a white stick figure in parts a-c and as a red
stick figure in part d. (a) The C, trace of Ras highlighting the
course of the backbone. Evident from this view is how the
polypeptide is packed into the smallest possible volume.

(b) Ball-and-stick model of Ras showing the location of every
carbon (green), nitrogen (blue), oxygen (orange), and sulfur
lyellow). (c] A schematic diagram of Ras showing how B
strands (arrows) and « helices (cylinders) are organized in the

Primary Secondary
S o B B J
B

protein. Note the turns and loops connecting pairs of helices
and strands. (d) The water-accessible surface of Ras. Painted
on the surface are regions of positive charge (blue) and neg-
ative charge (red). Here we see that the surface of a protein
Is not smooth but has lumps, bumps, and crevices. The
molecular basis for specific binding interactions lies in the
uneven distribution of charge over the surface of the protein
[Courtesy of Gareth White. Adapted from L Tong, et al.,
1991, J. Mol. Biol. 217:503.]
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Figure 1.3 The “handedness” of amino acids.
Looking down the H-C, bond from the
hydrogen atom, the L-form has CO, R, and

N substituents from Cq going in a clockwise
direction. There is a mnemonic to remember
this; for the L-form the groups read CORN in
clockwise direction.
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Figure 1.4 The disulfide is usually the end
product of air oxidation according to the
following schematic reaction scheme:

cystine

S, 2 ~CH,SH + % 03 = ~CHp-$-$-CHj + H,0
Disulfide bonds form between the side chains
/ of two cysteine residues. Two SH groups from
it cysteine residues, which may be in different
disulfide bond parts of the amino acid sequence but adjacent

in the three-dimensional structure, are
oxidized to form one 5-§ (disulfide) group.



Hydropathy plots illustrate the random copolymer model of proteins.
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Primary structure of hemagglutinin. The region 68-195 is used by influenza virus to hind to animal
cells. (Fig. from [1] and reprinted from A. Wilson et al, Nature 289, 366 (1931)).

Elements of the secondary structure of proteins.
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(Figs from [12]).
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(Fig. from [2], a drawing by @§

J. Richardson).
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Catabolite activator protein (CAP).






Figure 2.2 The o helix is one of the major elements of secondary
structure in proteins. Main-chain N and O atoms are hydrogen-bonded
to each other within o helices. (a) Idealized diagram of the path of the
main chain in an o helix. Alpha helices are frequently illustrated in this
way. There are 3.6 residues per turn in an o helix, which corresponds
t0 5.4 A (1.5 A per residue). (b) The same as (a) but with approximate
positions for main-chain atoms and hydrogen bonds included. The
arrow denotes the direction from the N-terminus to the C-terminus,

(c) Schematic diagram of an o helix. Oxygen atoms are red, and N
atoms are blue, Hydrogen bonds between O and N are red and striated.
The side chains are represented as purple circles. (d) A ball-and-stick
model of one o helix in myoglobin. The path of the main chain is
outlined in yellow; side chains are purple. Main-chain atoms are not
colored. (e) One turn of an o helix viewed down the helical axis. The
purple side chains project out from the a helix.
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