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Figure 11.1 Genetic Transformation of Nonvirulent Pneumococci

EXPERIMENT

HYPOTHESIS: Material in dead bacterial cells can genetically transform living bacterial
cells.

RESULTS

Mouse dies Mouse healthy Mouse healthy Mouse dies
Living S strain No bacterial cells No bacterial cells Living S strain
cells found in found in heart found in heart cells found in
heart heart

CONCLUSION: A chemical substance from one cell is capable of genetically transforming

another cell.
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Nucleotides are biomolecules
that play an important role in
energy and information transfer.
Single nucleotides include the
energy-transferring compounds
ATP (adenosine triphosphate)

Nucleotide

A nucleotide consists of (1) one or more phosphate
groups, (2) a 5-carbon sugar, and (3) a carbon-nitrogen
ring structure called a

nitrogenous base. NH

205 gl g3
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¢ Single Nucleotide Molecules

Single nucleotide molecules have two critical functions in the human

body: (1) Capture and transfer energy in high-energy electrons or
phosphate bonds, and (2) aid in cell-to-cell communication.

(ATP) 53 51 cgo (5 083

Nucleotide consists of Base + Sugar + Phosphate Groups + Other Component Functi
ATP = Adenine + Ribose + 3 phosphate groups '.QJ’O),Q M ’093 h.iy 0'9;9 &
ADP = Adenine + Ribose + 2 phosphate groups
Energy capture and transfer
NAD = Adenine + 2Ribose + 2 phosphate groups + Nicotinamide NADPH 9 NADH 9 FADHZMLO 39 S0 »U talw e s}w
)‘su 0”“5« J J

FAD = Adenine + Ribose + 2 phosphate groups + Riboflavin

cAMP = Adenine + Ribose + 1 phosphate group Cell-to-cell communication
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(a) Pentoses: five-carbon sugars
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a) The structure of ATP. b) The breakdown and synthesis of ATP.

Figure 2.26 Adenosine triphosphate (ATP).
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Figure 2-20 The Structure of Nucleic Acids. Nucleic acids are long chains of nucleotides.

) Nucleotide structure

Phosphate
group

Sugar

Nitrogenous
base

I8 Nitrogenous bases in nucleic acids

z]
<

'_{L Adenine — / (
o]

N,

H-#
’:E Guanine N / N—H
-
\ \ NH,
H  NH,

Phosphate @
group Yy é ]|
Deoxyribose D)5 “ 2 S
Adenine {M

Hydrogen bond

DNA strand 2

RNA molecule. An RNA molecule
has a single nucleotide chain. Its
shape is determined by the
sequence of nucleotides

H 7\ and by the interactions
CL' ﬂ Cytosine N among them.
° o -
é HC 0
c\ Thymine HM —H
& T || (ONA only) \ _<
o
C. H o
‘2} ) E] DNA molecule. A DNA molecule has
(t f Uracil H N—H a pair of nucleotide chains linked by
= U || (RNA only) N—< hydrogen bonding between
o complementary base pairs.
10w A Comparison of RNA and DNA
Characteristic RNA DNA
Sugar Ribose Deoxyribose
Nitrogenous Bases Adenine Adenine
Guanine Guanine
Cytosine Cytosine
Uracil Thymine
Number of Nucleotides in a Varies from fewer than 100 nucleotides Always more than 45 million nuclectides
Typical Molecule to about 50,000
Shape of Molecule Single strand Paired strands coiled in a double helix
Function Performs protein synthesis as directed Stores genetic information that controls protein synthesis
by DNA
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Phosphodiester
bond

Figure 14.7 Structure of a single strand of DNA. The
phosphodiester backbone is composed of alternating sugar and
phosphate groups. The bases are attached to each sugar.
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Hydrogen bond

: B 5 | 5t 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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+ Two strands of DNA form a double helix.
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Dispersive

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.
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E. coli cells grown
in >N medium

Cells shifted to
14N medium —= "N medium and
allowed to grow

Samples taken at

’ . . three time points
and suspended in
cesium chloride
solution

0 min 20 min 40 min
0 rounds 1 round 2 rounds

}

¥

‘ Samples are centrifuged

AN
A\ )\ BV /\
NN

0 rounds 1 round 2 rounds
A\/ 0
amaied
|
\ 1
|
IVL 2
g
Top Bottom Rounds of
replication

Figure 14.11 The Meselson-Stahl experiment. Bacteria
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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) (all intermediate) (half intermediate, half light)
INTERPRETATION \ l POV
Before the bacteria reproduce v TRRRRR —> FORNRNRR After two generations, half the
(;L for the first time in the light RRRRR DNA was intermediate and
s medium (at O minutes), all = RN half was light only; there was
DNA (parental)is heavy. N no heavy-only DNA.
Parent New
strand®y  strand Oy

ke
5
G
a
ha
‘¢

EEISIEISTN This pattern could only have been observed if each DNA molecule contains a template strand from
the parental DNA; thus DNA replication is semiconservative.
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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.

DNA polymerase

@ 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.

Identical DNA
double helices

Newly made
DNA strands

@ 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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Figure 2-17 Amino Acids and the Formation of Peptide
Bonds.

Amino group
Central carbon

Carboxyl group

R group (variable side chain
of one or more atoms)

E) structure of an Amino Acid. Each amino acid consists of a central
carbon atom to which four different groups are attached: a
hydrogen atom, an amino group (-NH,), a carboxyl group
(-~COOH), and a variable group generally designated R.

SYNTHESIS

DEHYDRATION l IHYDROLYSIS

Peptide bond

B} Peptide Bond Formation. Peptides form when a dehydration
synthesis reaction creates a peptide bond between the carboxyl
group of one amino acid and the amino group of another. In this
example, glycine (for which R = H) and alanine (for which R = CH3)
are linked to form a dipeptide.
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Figure 2.21 The structure of proteins. In the diagrams of
secondary structure, the R groups have been omitted so that the
basic backbone can be seen more easily.
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Figure 3.21 Interactions that contribute to a protein’s shape. Aside from
the bonds that link together the amino acids in a protein, several other weaker forces and
interactions stabilize protein structure. @. 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
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.
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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 body.
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and lose its shape. This loss of structure is called denaturation.
Denatured proteins are biologically inactive.
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