DNA and Its Role in Heredity

Question: Can the presence of dead bacterial cells genetically transform living bacterial cells?

The virulent S strain bacteria Dead S strain cells are mixed with
are killed by heating. a,

living, nonvirulent R strain bacteri

METHOD

RESULTS
Mouse dies €D Mouse healthy Mouse dies @O
Living S strain cells No bacterial cells No bacterial cells Living S strain cells
found in heart found in heart found in heart found in heart

Conclusion: A chemical component from one cell is capable of genetically transforming another cell.

11.1 Genetic Transformation of Nonvirulent Pneumococci (Page 214)
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Question: Which component of a bacteriophage—DNA or protein—is the hereditary
material that enters a bacterial cell to direct the assembly of new virus particles?

Experiment 1 Experiment 2

T2 phage are grown in a medium
containing 335 (S is an element in
proteins but not in DNA).

T2 phage are grown in a medium
containing 2P (P is an element in
DNA but not in proteins).

32P-containing DNA METHOD 3G containing protein coats

O D~ 2
w ( Bacteria& ! —1 ( Bacterm&

The labeled viruses are used
to infect bacteria.

After a short time, mixing in
a blender detaches viruses
from bacterial cells.

Centrifuging forces the
bacterial cells to the bottom ¢
of the tube, forming a

peltet. Supernatant fluid
contains the viruses.

RESULTS

Most of the 32P s in Most of the 335 isin
the pellet with the the supernatant fluid

bacteria. with the viruses,

Supernatant
Pellet fluid

Conclusion: DINA, not protein, enters bacterial cells and directs the assembly of new viruses,
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11.3 The Hershey-Chase Experiment (Page 216)




DNA AND ITS ROLE IN HEREDITY

Pairs of complementary bases form
hydrogen bonds that hold the two
strands of the DNA double helix together,

Each phosphate group links the 3'
carbon of one sugar to the 5' carbon of

the next sugar along the backbone, 3’ end
5" end
5" end 3’ end 5 4
tran
O, OH y
OPO; continues Strand

continues

TA pairs have two
hydrogen bonds.

CG pairs have three
hydrogen bonds.

/HzC b

[

Q

0O=r— 0o
!
Strand
continues Strand
\[The strands both run in a 5"-to-3" N
direction—they are antiparallel.
y P 5 end
3" end

11.7 Base Pairing in DNA Is Complementary (Page 219)
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Question: Does DNA replicate semiconservatively, or by some other mechanism?

DNA AND ITS ROLE IN HEREDITY 131

METHOD
Grow bacteria in
&N (heavy) medium.

Before the bacteria reproduce

g;&:

Sample after
40 minutes

the first time in the light medium, Sample at Sample after
all DNA (parental) is heavy. 0 m”iutes 20 muiutes
RESULTS cni T
MN/MN (light) DNA — -
14N/ ®N (intermediate) DNA
BN/BN (heavy) DNA——
B |
Parental lrstt'
(all heavy) genera 10N

(intermediate)

f

INTERPRETATION 2 " ——
/ \
Parental New \ ————
strand (B strand 14 N VAN

|
Second
generation
(half are all light)

Transfer some bacteria to N (light)
medium; bacterial growth continues.

)

Samples are taken after 0 minutes,
20 minutes (after one round of
replication), and 40 minutes (two
rounds of replication).

If each strand served as a template
for a new strand, DNA of the first
generation would be of an
intermediate density, and half the
DNA from the second generation
would be intermediate and half light.
This is what was in fact observed.

Conclusion: DNA replication is semiconservative.

11.9 The Meselson-Stahl Experiment (Page 221)




(a) Circular chromosome (b) Linear chromosome

There are many origins

The origin of
of DNA replication.

replication binds to the
replication complex.

Origin of replication

DNA is replicated from
several origins
simultaneously.

i

the complex, and Parental strand

comes out replicated.

DNA is spooled through ¢

New strand

Replication continues.

Replication
forks

S O

are interlocked.

An enzyme, DNA
topoisomerase,
separates the two
DNA’s from each other.

&)

/
©)

11.12 Replication in Small Circular and Large Linear Chromosomes (Page 224)
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(a) The virus: T2 bacteriophage

Head

Sheath

Tail P T S -

fiber

AN e

T2 bacteriophage

(b) Life cycle of the T2 bacteriophage attaches to the surface of — - = e ——p —
E. coli and injects its DNA.

Infection - - -

Pl Viral genes take over the
host's synthetic machinery. — == = —
The bacterium breaks open, ] i
refeasing about 200 viruses.

11.2 T2 and the Bacteriophage Reproduction Cycle (Page 215) o B




Ll Synthesis of the
leading strand is
continuous,

is synthesized as
Okazaki fragments,

SIWMWIW
o) —

Okazaki fragments

3 STIVITITITTT] “STITYTTRITYTIIOINITYY
y

11.16 The Two New Strands Form in Different Ways (Page 225)
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&

Primase forms an RNA pr!mea

Lagging RNA primer Primage RNA primer
strand

3y 5° 4 5

5 3’

DNA polymerase 11

-

DNA polymerase lll adds nucleotides
to the new Okazaki fragment only at

i the 3' end, continuing until it
' / encounters the primer on the
zaki previous Okazaki fragment.
’ \ '’ . 1
r ) j 3/
DNA polymerase i
% DNA polymerase | hydrolyzes the
~ primer and replaces it with DNA.
3’ TIVTTTIETIY 1]
4 b .

of the phosphodiester linkage that
finally links the two Okazaki

DNA ligase then catalyzes formation
fragments

S;
3"

@0

11.17 The Lagging Strand Story (Page 226)
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These spots
are caused

by diffracted
X-rays.

eam of X-rays

X-ray source Lead screen Photographic
plate

11.4 X-Ray Crystallography Revealed the Basic Helical Structure of the DNA Molecule (Page 217)

...isalways
equal to the

]

In DNA, the amount @

amount of
pyrimidines

of purines (A + G)... :

Purines = Pyrimidines

(T+ Q).

11.5 Chargaff’s Rule (Page 217) N

The blue bands represent
the two sugar-phosphate
chains.

Pairs of bases form
horizontal connections
between the chains.

Phosphorus

Minor
groov e

Carbon in
sugar-phosphate
“backbone”

The two chains run in
opposite directions:

59

Hydrogen————

o Oxygen o Major

s,
= [

5 3,.»-'.'
|(— 2nm——){

11.6 DNAIs a Double Helix (Page 2718)




DNA AND ITS ROLE IN HEREDITY 137

RESEARCH METHOD
A DNA molecule When the mixture dNTPs and DNA The process is repeated, By repeating the process,
with a target cools, primers bond polymerase are added to doubling the amount of many copies of the original
sequence to be to the single- synthesize two new DNA. DNA can be produced
copied is heated stranded DNA, strands of DNA. in a short time.
to denature it. }/
[ (s 3 "
(===
N . mm—
—_—— - e
i \ _, Ay 7
Primer New DNA ~— = e - -
B =
N @ ey
5 I == =T -
3’ SISOET=T 5 =
H_J
Target P 5 ™ e
sequence _, =
New DNA / . m—
| s O e e,
L Daaes s = ,
\ P = ™ ¢=mms <
_,
GEEN . —  —
QEETTER O -,

11.20 The Polymerase Chain Reaction (Page 229)
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Original DNA After one round
of replication

Semiconservative replication would produce molecules
with both old and new DNA, but each molecule would
contain one complete old strand and one new one. ) - -

Conservative replication would preserve the original o
molecule and generate an entirely new molecule,

Dispersive replication would produce two molecules o
with old and new DNA interspersed along each strand.

11.8 Three Models for DNA Replication (Page 220)




138 CHAPTER ELEVEN

el
[E= >
a
@ Base Base
B AT, G orC) (A, T,G, orC)
Moo R R
O—P—O0—P—0—P—0—CH, O—P—0—P—0O0—P—0O0—CH, *O—I’—O*I;—O—P‘O—CHZ
[On O O [on [on O~ o~ o~ o
Ribonucleoside Deoxyribonucleoside Dideoxyribonucleoside H 3 . H
triphosphate (NTP) triphosphate (ANTP) triphosphate (ddNTP) H H
(b) Absence of OH at 3' position
— , means that additional
A single-stranded DNA fragment is isolated 5 EABEEUNNSIANESRGSNER 3 nuclectides cannot be added.
for which the base sequence is to be
determined (the template}. ddCTP ddGTP ddTTP ddATP

C G} T A
Each of the 4 ddNTP’s is
bound to a fluorescent dye. \\//

with primer, DNA polymerase, 4 dNTP’s, and

A sample of this unknown DNA is combined
the fluorescent ddNTP’s. Synthesis begins.

Template
strand

The newly synthesized fragments
of various lengths are separated

ddATP A is picked up, synthesis stops. by electrophoresis.
A series of fragments of different lengths

is made, each ending with a ddNTP,

“

A kY )
v~ _—Primer

The results are illustrated here by what
binds to a T in the unknown strand. If
e (sequence known)

Electrophoresis P

A Longest fragment

NHAEEPANOOO SN

detected by a laser beam.
G Shortest fragment

5

The sequence of the newly
synthesized strand of DNA
can now be deduced...

Each strand fluoresces a color — =
that identifies the ddNTP that 1all & e Detector
terminated the strand. The color Laser ==
at the end of each fragment is ——
—— G
|

|
.'I ( | ﬂ i II; [I_

1 1Y | TN
...and converted to the sequence , ,

of the template strand, }\\ AATCTGGGCTATTCGG 5

£ TTAGACCCGATAAGCCCGCA

11.21 Sequencing DNA (Page 230)
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Growing Template Growing
strand strand strand
5 end 5" end 3’ end

Sugar

Base

The enzyme DNA polymerase llI
adds the next deoxyribonucteotide,
with the base C, to the —OH group
at the 3’ end of the growing strand.

Nucleotides are added
to the “growing"” end.

Pyrophosphate ion

Bonds linking the phosphate
groups are broken, releasing
energy to drive the reaction. Phosphate ions

11.10 Each New DNA Strand Grows from its 5" End to its 3" End (Page 223)

Parent DNA  Origin of
strands replication (orl)/RepIication complex — = .

e

(a) Replication DNA moves - - -
complex moves (

Two replication complexes move
apart as the DNA replicates in two
directions away from the origin.

The replication complexes
are stationary and the DNA
threads through.

11.11 Two Views of DNA Replication (Page 223) - S
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@) 0)
Daughter
strands

Removal of the RNA primer leads to_\
the shortening of the chromosome
after each round of replication.

37 Chromosome shortening eventually

- - leads to cell death. =

3 ' S, . \
1 Telomerase
5 ¢ /  RNA primer

Telomere
I’arint DNA

_ 3 An RNA in telomerase actq
_ — as a template for DNA.
This enzyme adds the
¢ telomeric sequence to the

3" end of the chromosome.

¢ The original length of the

5 chromosomal DNA has been
T e eoeeeoams S T Do) PR T 3 restored. Note the gap

dEm=c dEwaEs SaEE wheretha primer for DNA

replication has been
removed.

11.18 Telomeres and Telomerase (Page 227)

(7) DNA proofreading

18 During DNA replication, an
incorrect base may be added
to the growing chain.

The proteins of the replication
complex immediately excise
the incorrect base.

DNA polymerase adds
the correct base and
replication proceeds.

(b) Mismatch repair

base was mispaired. excise the mismatched base the correct bases.

[{ During DNA replication, a 1 The mismatch repair proteins TNA polymerase add
and some adjacent bases.

q&/

) Excision repair

A base in DNA is damaged The excision repair proteins DNA polymerase adds the
so that it is not functional. excise the damaged base correct bases by 5’-te-3"
and some adjacent bases, replication of the short strand.

11.19 DNA Repair Mechanisms (Page 228)
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Primase binds to the
template strand and
synthesizes an RNA
& primer.

Primase

Di/\‘A template

IAE R ’
M S

When the primer is “RNA primer
complete, primase is
released. DNA
polymerase binds and

DNA
polymerase {II

synthesizes new DNA. / v
¥ il o
5!
\4
3 FYTIVIVITVITITTITIN TR 5

e ) L 4
New DNA ) i e e S — S S

11.14 No DNA Forms without a Primer (Page 225)

DNA polymerase |} T ] — —
elongates both strands.
Leading strand - de ethis T
template \X

Helicase unwinds
the double helix.

39
5/ [ § — S— T

Leading/

strand Okazaki

Laggi fragment e

aggIng RNA primer

strand \ \
3 s T .
5 / . ) Single-strand DNA-binding - _

proteins make the templates

Lagging strand

template available to primase and

DNA polymerase i,

Primase
makes primer.

11.15 Many Proteins Collaborate at the Replication Fork (Page 225)




