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Figure 3-17 The Nucleus. The diagram and electron micrograph show important nuclear structures. The arrows A\ ’.S o Ea S)w‘m w"“s)g 9 L”; l@"i )u"l‘» )3 9 AS)L) )|)§ Adnldd )3 LQ 03 |°l§
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(a) Possible offspring with a multiple-allele trait: blood type
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There are two strains of Streptococcus pneumoniae.
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Figure 11.1 Genetic Transformation of Nonvirulent Pneumococci
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Figure 2.26 Adenosine triphosphate (ATP).
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Table 2-5 A Comparison of RNA and DNA

Figure 2-20 The Structure of Nucleic Acids. Nucleic acids are long chains of nucleotides.

Phosphate -8
group

Deoxyribose

Hydrogen bond

B RNA molecule. An RNA molecule
has a single nucleotide chain. Its
shape is determined by the
sequence of nucleotides
and by the interactions
among them. -

Adenine | | Thymine)

E] DNA molecule. A DNA molecule has
a pair of nucleotide chains linked by

hydrogen bonding between
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Animal group Most aquatic animals

Nitrogenous waste Ammonia NH; or
Ammonium ions NH4*

Energy required None
for production

Amount of water High
required for excretion

Toxicity of waste High
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Phosphodiester
bond
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Figure 14.4 A phosphodiester bond.
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phosphate groups. The bases are attached to each sugar.
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Hydrogen bond

: b 5 | 5t 5 :
5t 5 &t 5
©-0— B-0-

5 5 5

FIGURE 2.4 Hydrogen bonds form between a bonded electronegative
atom, such as nitrogen or oxygen, which bears a partial negative charge,
and a bonded hydrogen atom, which bears a partial positive charge.
Hydrogen bonds (about 0.18 nm) are typically about twice as long as the
much stronger covalent bonds.
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The enzyme DNA
polymerase adds the
next deoxyribonuclectide
to the —OH group at the
3 end of the growing strand
and releases pyrophosphate. |
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[ Nucieotides are added | DNA polymerase
| tothe 3" end.
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5" end r
/ g
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riphosphate i J -
(dCTP) W | ____| Bonds linking the

5end \ ~— phosphate groups are
broken. The formation of

O O more stable phosphate
fons releases energy to
Phosphate ions | drive the reaction.

45 ¢

Conservative

Figure 14.10 Three possible models for DNA
replication. The conservative model produces one entirely new
molecule and conserves the old. The semiconservative model produces
two hybrid molecules of old and new strands. The dispersive model
produces hybrid molecules with each strand a mixture of old and new.

Semiconservative Dispersive
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Figure 14.11 The Meselson-Stahl experiment. Bacteria AL (50 15N 9 14N03’9)1,33 93953l b (09390 (gl .h...l’.‘i.n ‘,."ﬁ' L d,ﬂ’n
grown in heavy "N medium are shifted to light "N medium and grown for
two rounds of replication. Samples are taken at time points corresponding to
zero, one, and two rounds of replication and centrifuged in cesium chloride
to form a gradient, The actual data are shown at the bottom with the
interpretation of semiconservative replication shown schematically.
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DNA replicates semiconservatively.
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@ DNA strands separate as the enzyme helicase unwinds them.
Helicase

@ The enzyme primase builds RNA primers on the existing
DNA strands to give DNA polymerase a place to begin
building the new strands of DNA.

l DNA polymerase -
//z..* S y
Sy
( P iy />|
o
N @ DNA polymerase catalyzes the
covalent addition of free nucleotides to
the growing new DNA strands. Note that the
new strands of DNA are being built simultaneously
in opposite directions.
Newly made Identical DNA
DNA strands double helices
—
& €
k'\ LAYANAY /’
e

@ The end result is two identical double helices, each with one old strand and one newly formed
strand of DNA. For this reason, the whole process is called semiconservative replication.
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5 Figure 14.15 Replication is
semidiscontinuous. The 5-t0-3'
synthesis of the polymerase and the
antiparallel nature of DNA mean that

Lagging strand

only one strand, the leading strand, can
(discontinuous)

be synthesized continuously. The other
Open helix and
replicate further

Open helix S strand, the lagging strand, must be
and replicate
& IO

made in pieces, each with its own
primer.

Leading strand
(continuous)

548

Template Strand New Strand Template Strand New Strand

Sugar—
phosphate |
backbone

Figure 14.12 Action of DNA polymerase. DNA polymerases add nucleotides to the 3" end of a growing chain. The nucleotide added
depends on the base that is in the template strand. Each new base must be complementary to the base in the template strand. With the addition of each
new nucleoside triphosphate, two of its phosphates are cleaved off as pyrophosphate.
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FIGURE 2.34 The three-dimensional structure of myoglobin. (a) The
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polypeptide chain changes direction. The position of the heme is indi-
cated in red. (#) The three-dimensional structure of myoglobin (heme
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van der Waals

attractions, which are weak attractions between atoms due to oppositely polarized
electron clouds, can occur. e. Polar portions of the protein tend to gather on the outside
of the protein and interact with water, whereas the hydrophobic portions of the protein,

including nonpolar amino acid chains, are shoved toward the interior of the protein.

Figure 3.21 Interactions that contribute to a protein’s shape. Aside from
Hydrophobic the bonds that link together the amino acids in a protein, several other weaker forces and
exclusion interactions stabilize protein structure. a. Hydrogen bonds can form between the
different amino acids. b. Covalent disulfide bridges can form between two cysteine side
chains. ¢. lonic bonds can form between groups with opposite charge. d. van der Waals
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Figure 2-8 The Effect of Enzymes on Activation Energy.

Enzymes lower the activation energy required for a reaction to proceed

readily (in order, from 1 to 4) under conditions in the bodly.
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@ When the substrates bind the
enzyme, both the substrates
and the enzyme change shape.

—

@ The product and enzyme
dissociate, and the enzyme
returns to its original shape.

@ The substrates enter the
transition state and are
converted into products.
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Figure 3.25 Protein denaturation. Environmental changes, v = . . X - . -~ . - . ]
such as variation in temperature or pH, can cause a protein to unfold Vi) (CLp Ol CA,‘\."QS C)l}:}b 4?-,93-‘)3 39) (5P O jl oslo ():l-,e-,! “ 0' dl’a-’l Ols-d ﬁ}Jl dS‘“ g dl.pb a o8
and lose its shape. This loss of structure is called denaturation. "

Denatured proteins are biologically inactive.
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FIGURE 3.17 The relationship between the rate (velocity) of an

enzyme-catalyzed reaction and the substrate concentration.
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