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Chapter 19

Nucleic Acids

Opening Essay
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Figure 19.1
Human Insulin Products Now Being Used

Source: Photo courtesy of Mr. Hyde,http://commons.wikimedia.org/wiki/File:Inzul%C3%ADn.jpg.
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19.1 Nucleotides
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Figure 19.2The Nitrogenous Bases Found in DNA and RNA
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Figure 19.3The Pyrimidine and Purine Nucleotides
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Figure 19.4Structures of Two Important Adenine-Containing Nucleotides
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19.2 Nucleic Acid Structure
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Figure 19.5Structure of a Segment of DNA

A similar segment of RNA would have OH groups on each C2�, and uracil would replace thymine.
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Secondary Structure of DNA
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Figure 19.6DNA Double Helix

(a) This represents a computer-generated model of the DNA double helix. (b) This represents a schematic
representation of the double helix, showing the complementary bases.
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Figure 19.7Complementary Base Pairing

Complementary bases engage in hydrogen bonding with one another: (a) thymine and adenine; (b) cytosine and
guanine.
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Figure 19.8Difference in Widths of Possible Base Pairs
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19.3 Replication and Expression of Genetic Information
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Figure 19.9A Schematic Diagram of DNA Replication

DNA replication occurs by the sequential unzipping of segments of the double helix. Each new nucleotide is brought
into position by DNA polymerase and is added to the growing strand by the formation of a phosphate ester bond.
Thus, two double helixes form from one, and each consists of one old strand and one new strand, an outcome called
semiconservative replications. (This representation is simplified; many more proteins are involved in replication.)
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Figure 19.10A Schematic Diagram of RNA Transcription from a DNA Template

The representation of RNA polymerase is proportionately much smaller than the actual molecule, which
encompasses about 50 nucleotides at a time.

�>7FJ;H���'K9B;?9��9?:I

�
��+;FB?97J?ED�7D:��NFH;II?ED�E<� ;D;J?9�"D<EHC7J?ED ��



EXAMPLE 2

��FEHJ?ED�E<�J>;�J;CFB7J;�IJH7D:�E<�7�=;D;�>7I�J>;�I;GK;D9;
��X-���- � -- �X��
�0>7J�?I�J>;�I;GK;D9;�E<�DK9B;EJ?:;I�?D�J>;�+'��J>7J
?I�<EHC;:�<HEC�J>?I�J;CFB7J;�

,EBKJ?ED

�EKH�J>?D=I�CKIJ�8;�H;C;C8;H;:�?D�7DIM;H?D=�J>?I�GK;IJ?ED�����J>;��'�
IJH7D:�7D:�J>;�+'��IJH7D:�8;?D=�IODJ>;I?P;:�7H;�7DJ?F7H7BB;B������+'��?I
IODJ>;I?P;:�?D�7����JE����:?H;9J?ED��IE�JH7DI9H?FJ?ED�8;=?DI�7J�J>;����;D:�E<
J>;�J;CFB7J;�IJH7D:������H?8EDK9B;EJ?:;I�7H;�KI;:�?D�FB79;�E<
:;ENOH?8EDK9B;EJ?:;I��7D:�����J>OC?D;��-��87I;�F7?HI�M?J>�7:;D?D;�������
87I;�F7?HI�M?J>�KH79?B��.��?D�+'����7D:�9OJEI?D;�����87I;�F7?HI�M?J>�=K7D?D;
� �
�->;�I;GK;D9;�?I�:;J;HC?D;:�JE�8;���X�  .��.����.X����97D�7BIE�8;
MH?JJ;D�7I���X.����.��.  �X���


SKILL-BUILDING EXERCISE


 ��FEHJ?ED�E<�J>;�J;CFB7J;�IJH7D:�E<�7�=;D;�>7I�J>;�I;GK;D9;
��X��� - ��-- ��-�-X��
�0>7J�?I�J>;�I;GK;D9;�E<�DK9B;EJ?:;I�?D�J>;�+'�
J>7J�?I�<EHC;:�<HEC�J>?I�J;CFB7J;�

->H;;�JOF;I�E<�+'��7H;�<EHC;:�:KH?D=�JH7DI9H?FJ?ED�messenger RNA�C+'���
ribosomal RNA�H+'����7D: transfer RNA�J+'��
�->;I;�J>H;;�JOF;I�E<�+'��:?<<;H�?D
<KD9J?ED��I?P;��7D:�F;H9;DJ7=;�E<�J>;�JEJ7B�9;BB�+'���-78B;��
���)HEF;HJ?;I�E<
�;BBKB7H�+'��?D���
�C+'��C7A;I�KF�EDBO�7�IC7BB�F;H9;DJ�E<�J>;�JEJ7B�7CEKDJ�E<�+'�
M?J>?D�J>;�9;BB��FH?C7H?BO�8;97KI;�;79>�CEB;9KB;�E<�C+'��;N?IJI�<EH�7�H;B7J?L;BO
I>EHJ�J?C;��?J�?I�9EDJ?DKEKIBO�8;?D=�:;=H7:;:�7D:�H;IODJ>;I?P;:
�->;�CEB;9KB7H
:?C;DI?EDI�E<�J>;�C+'��CEB;9KB;�L7HO�799EH:?D=�JE�J>;�7CEKDJ�E<�=;D;J?9
?D<EHC7J?ED�7�=?L;D�CEB;9KB;�9EDJ7?DI
��<J;H�JH7DI9H?FJ?ED��M>?9>�J7A;I�FB79;�?D�J>;
DK9B;KI��J>;�C+'��F7II;I�?DJE�J>;�9OJEFB7IC��97HHO?D=�J>;�=;D;J?9�C;II7=;�<HEC
�'��JE�J>;�H?8EIEC;I��J>;�I?J;I�E<�FHEJ;?D�IODJ>;I?I
�"D,;9J?ED��
���&KJ7J?EDI�7D:
 ;D;J?9��?I;7I;I� ��M;�I>7BB�I;;�>EM�C+'��:?H;9JBO�:;J;HC?D;I�J>;�I;GK;D9;�E<
7C?DE�79?:I�:KH?D=�FHEJ;?D�IODJ>;I?I


�>7FJ;H���'K9B;?9��9?:I

�
��+;FB?97J?ED�7D:��NFH;II?ED�E<� ;D;J?9�"D<EHC7J?ED ��



-78B;��
� )HEF;HJ?;I�E<��;BBKB7H�+'��?DEscherichia coli

Type Function
Approximate Number

of Nucleotides
Percentage of

Total Cell RNA

C+'� 9E:;I�<EH�FHEJ;?DI ��S����� Q�

H+'� 9ECFED;DJ�E<�H?8EIEC;I ��S���� ��

J+'�
7:7FJ;H�CEB;9KB;�J>7J�8H?D=I�J>;
7C?DE�79?:�JE�J>;�H?8EIEC;

��S�� �

Ribosomes� 7H;�9;BBKB7H�IK8IJHK9JKH;I�M>;H;�FHEJ;?DI�7H;�IODJ>;I?P;:
�->;O
9EDJ7?D�78EKJ�����H+'��7D:�����FHEJ;?D��>;B:�JE=;J>;H�8O�DKC;HEKI�DED9EL7B;DJ
?DJ;H79J?EDI��IK9>�7I�>O:HE=;D�8ED:?D=��?D�7D�EL;H7BB�IJHK9JKH;�9EDI?IJ?D=�E<�JME
=BE8KB7H�F7HJ?9B;I�E<�KD;GK7B�I?P;


&EB;9KB;I�E<�J+'���M>?9>�8H?D=�7C?DE�79?:I��ED;�7J�7�J?C;��JE�J>;�H?8EIEC;I�<EH�J>;
9EDIJHK9J?ED�E<�FHEJ;?DI��:?<<;H�<HEC�ED;�7DEJ>;H�?D�J>;�A?D:I�E<�7C?DE�79?:�;79>�?I
IF;9?<?97BBO�:;I?=D;:�JE�97HHO
���I;J�E<�J>H;;�DK9B;EJ?:;I��ADEMD�7I�7codon� ��ED�J>;
C+'��:;J;HC?D;I�M>?9>�A?D:�E<�J+'��M?BB�7::�?JI�7C?DE�79?:�JE�J>;�=HEM?D=�9>7?D

��EH�CEH;�?D<EHC7J?ED�ED�I;GK;D9;I��I;;,;9J?ED��
���)HEJ;?D�,ODJ>;I?I�7D:�J>;
 ;D;J?9��E:;� 
���79>�E<�J>;����7C?DE�79?:I�<EKD:�?D�FHEJ;?DI�>7I�7J�B;7IJ�ED;
9EHH;IFED:?D=�A?D:�E<�J+'���7D:�CEIJ�7C?DE�79?:I�>7L;�CEH;�J>7D�ED;


->;�JME	:?C;DI?ED7B�IJHK9JKH;�E<�7�J+'��CEB;9KB;�>7I�J>H;;�:?IJ?D9J?L;�BEEFI�
H;C?D?I9;DJ�E<�7�9BEL;HB;7<���?=KH;��
��-H7DI<;H�+'�� �
�(D�ED;�BEEF�?I�7�I;GK;D9;
E<�J>H;;�DK9B;EJ?:;I�J>7J�L7H?;I�<EH�;79>�A?D:�E<�J+'�
�->?I�JH?FB;J��97BB;:�J>;
anticodon � ��?I�9ECFB;C;DJ7HO�JE�7D:�F7?HI�M?J>�J>;�9E:ED�ED�J>;�C+'�
��J�J>;
EFFEI?J;�;D:�E<�J>;�CEB;9KB;�?I�J>;�799;FJEH�IJ;C��M>;H;�J>;�7C?DE�79?:�?I
7JJ79>;:


�
 ��9;BBKB7H�IK8IJHK9JKH;�M>;H;
FHEJ;?DI�7H;�IODJ>;I?P;:


�
 ��I;J�E<�J>H;;�DK9B;EJ?:;I�ED
J>;�C+'��J>7J�IF;9?<?;I�7
F7HJ?9KB7H�7C?DE�79?:


�
 ��I;J�E<�J>H;;�DK9B;EJ?:;I�ED
J>;�J+'��J>7J�?I
9ECFB;C;DJ7HO�JE��7D:�F7?HI
M?J>��J>;�9E:ED�ED�J>;�C+'�


�>7FJ;H���'K9B;?9��9?:I

�
��+;FB?97J?ED�7D:��NFH;II?ED�E<� ;D;J?9�"D<EHC7J?ED �



Figure 19.11Transfer RNA

(a) In the two-dimensional structure of a yeast tRNA molecule for phenylalanine, the amino acid binds to the
acceptor stem located at the 3� end of the tRNA primary sequence. (The nucleotides that are not specifically
identified here are slightly altered analogs of the four common ribonucleotides A, U, C, and G.) (b) In the three-
dimensional structure of yeast phenylalanine tRNA, note that the anticodon loop is at the bottom and the acceptor
stem is at the top right. (c) This shows a space-filling model of the tRNA.
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19.4 Protein Synthesis and the Genetic Code

LEARNING OBJECTIVES
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Figure 19.12Binding of an Amino Acid to Its tRNA

Figure 19.13The Elongation Steps in Protein Synthesis
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Figure 19.14The Genetic Code
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19.5 Mutations and Genetic Diseases

LEARNING OBJECTIVE
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Figure 19.15Three Types of Point Mutations
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Figure 19.16An Example of Radiation Damage to DNA

(a) The thymine dimer is formed by the action of UV light. (b) When a defect in the double strand is produced by the
thymine dimer, this defect temporarily stops DNA replication, but the dimer can be removed, and the region can be
repaired by an enzyme repair system.
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Looking Closer: Recombinant DNA Technology

&EH;�J>7D�������>KC7D�:?I;7I;I�>7L;�8;;D�I>EMD�JE�>7L;�7�=;D;J?9
9ECFED;DJ��97KI;:�EH�?D�IEC;�M7O�CE:KB7J;:�8O�J>;�F;HIEDWI�=;D;J?9
9ECFEI?J?ED
�&EH;EL;H��?D�J>;�B7IJ�:;97:;�EH�IE��H;I;7H9>;HI�>7L;�IK99;;:;:�?D
?:;DJ?<O?D=�C7DO�E<�J>;�=;D;I�7D:�;L;D�CKJ7J?EDI�J>7J�7H;�H;IFEDI?8B;�<EH
IF;9?<?9�=;D;J?9�:?I;7I;I
�'EM�I9?;DJ?IJI�>7L;�<EKD:�M7OI�E<�?:;DJ?<O?D=�7D:
?IEB7J?D=�=;D;I�J>7J�>7L;�IF;9?<?9�8?EBE=?97B�<KD9J?EDI�7D:�FB79?D=�J>EI;�=;D;I
?D�7DEJ>;H�EH=7D?IC��IK9>�7I�7�879J;H?KC��M>?9>�97D�8;�;7I?BO�=HEMD�?D�9KBJKH;

0?J>�J>;I;�J;9>D?GK;I��ADEMD�7Irecombinant DNA technology��J>;�78?B?JO�JE�9KH;
C7DO�I;H?EKI�=;D;J?9�:?I;7I;I�7FF;7HI�JE�8;�M?J>?D�EKH�=H7IF


"IEB7J?D=�J>;�IF;9?<?9�=;D;�EH�=;D;I�J>7J�97KI;�7�F7HJ?9KB7H�=;D;J?9�:?I;7I;�?I�7
CEDKC;DJ7B�J7IA
�(D;�H;7IED�<EH�J>;�:?<<?9KBJO�?I�J>;�;DEHCEKI�7CEKDJ�E<�7
9;BBWI��'���EDBO�7�C?DKJ;�FEHJ?ED�E<�M>?9>�9EDJ7?DI�J>;�=;D;�I;GK;D9;
�->KI�
J>;�<?HIJ�J7IA�?I�JE�E8J7?D�IC7BB;H�F?;9;I�E<��'��J>7J�97D�8;�CEH;�;7I?BO�>7D:B;:

�EHJKD7J;BO��H;I;7H9>;HI�7H;�78B;�JE�KI;restriction enzymes�7BIE�ADEMD�7I
H;IJH?9J?ED�;D:EDK9B;7I;I���:?I9EL;H;:�?D������M>?9>�7H;�;DPOC;I�J>7J�9KJ��'�
7J�IF;9?<?9��ADEMD�DK9B;EJ?:;�I;GK;D9;I��O?;B:?D=��'��<H7=C;DJI�E<�I>EHJ;H
B;D=J>
��EH�;N7CFB;��J>;�H;IJH?9J?ED�;DPOC;EcoRIH;9E=D?P;I�J>;�DK9B;EJ?:;
I;GK;D9;�I>EMD�>;H;�7D:�9KJI�8EJ>��'��IJH7D:I�7I�?D:?97J;:�

(D9;�7��'��IJH7D:�>7I�8;;D�<H7=C;DJ;:��?J�CKIJ�8;�9BED;:��J>7J�?I��CKBJ?FB;
?:;DJ?97B�9EF?;I�E<�;79>��'��<H7=C;DJ�7H;�FHE:K9;:�JE�C7A;�IKH;�J>;H;�7H;
IK<<?9?;DJ�7CEKDJI�E<�;79>�JE�:;J;9J�7D:�C7D?FKB7J;�?D�J>;�B78EH7JEHO
��BED?D=
?I�799ECFB?I>;:�8O�?DI;HJ?D=�J>;�?D:?L?:K7B��'��<H7=C;DJI�?DJE�F>7=;I
�879J;H?7B�L?HKI;I��J>7J�97D�;DJ;H�879J;H?7B�9;BBI�7D:�8;�H;FB?97J;:
�0>;D�7
879J;H?7B�9;BB�?D<;9J;:�8O�J>;�CE:?<?;:�F>7=;�?I�FB79;:�?D�7D�7FFHEFH?7J;�9KBJKH;

�>7FJ;H���'K9B;?9��9?:I

�
��&KJ7J?EDI�7D:� ;D;J?9��?I;7I;I ��



C;:?KC��?J�<EHCI�7�9EBEDO�E<�9;BBI��7BB�9EDJ7?D?D=�9EF?;I�E<�J>;�EH?=?D7B��'�
<H7=C;DJ
�->?I�J;9>D?GK;�?I�KI;:�JE�FHE:K9;�C7DO�879J;H?7B�9EBED?;I��;79>
9EDJ7?D?D=�7�:?<<;H;DJ��'��<H7=C;DJ
�->;�H;IKBJ�?I�7DNA library��7�9EBB;9J?ED�E<
879J;H?7B�9EBED?;I�J>7J�JE=;J>;H�9EDJ7?D�J>;�;DJ?H;�=;DEC;�E<�7�F7HJ?9KB7H
EH=7D?IC


->;�D;NJ�J7IA�?I�JE�I9H;;D�J>;��'��B?8H7HO�JE�:;J;HC?D;�M>?9>�879J;H?7B�9EBEDO
�EH�9EBED?;I��>7I�?D9EHFEH7J;:�J>;��'��<H7=C;DJ�9EDJ7?D?D=�J>;�:;I?H;:�=;D;
��
I>EHJ�F?;9;�E<��'���ADEMD�7I�7hybridization probe��M>?9>�>7I�7�DK9B;EJ?:;
I;GK;D9;�9ECFB;C;DJ7HO�JE�7�ADEMD�I;GK;D9;�?D�J>;�=;D;��?I�IODJ>;I?P;:��7D:
7�H7:?E79J?L;�F>EIF>7J;�=HEKF�?I�7::;:�JE�?J�7I�7�UJ7=
V�2EK�C?=>J�8;�MED:;H?D=
>EM�H;I;7H9>;HI�7H;�78B;�JE�FH;F7H;�IK9>�7�FHE8;�?<�J>;�=;D;�>7I�DEJ�O;J�8;;D
?IEB7J;:
�(D;�M7O�?I�JE�KI;�7�I;=C;DJ�E<�J>;�:;I?H;:�=;D;�?IEB7J;:�<HEC�7DEJ>;H
EH=7D?IC
��D�7BJ;HD7J?L;�C;J>E:�:;F;D:I�ED�ADEM?D=�7BB�EH�F7HJ�E<�J>;�7C?DE
79?:�I;GK;D9;�E<�J>;�FHEJ;?D�FHE:K9;:�8O�J>;�=;D;�E<�?DJ;H;IJ��J>;�7C?DE�79?:
I;GK;D9;�?I�KI;:�JE�FHE:K9;�7D�7FFHEN?C7J;�=;D;J?9�9E:;�<EH�J>;�=;D;��7D:�J>?I
DK9B;EJ?:;�I;GK;D9;�?I�J>;D�FHE:K9;:�IODJ>;J?97BBO
��->;�7C?DE�79?:�I;GK;D9;
KI;:�?I�97H;<KBBO�9>EI;D�JE�?D9BK:;��?<�FEII?8B;��C7DO�7C?DE�79?:I�IK9>�7I
C;J>?ED?D;�7D:�JHOFJEF>7D��M>?9>�>7L;�EDBO�7�I?D=B;�9E:ED�;79>
�

�<J;H�7�FHE8;�?:;DJ?<?;I�7�9EBEDO�9EDJ7?D?D=�J>;�:;I?H;:�=;D;��J>;��'��<H7=C;DJ
?I�9B?FF;:�EKJ��7=7?D�KI?D=�H;IJH?9J?ED�;DPOC;I��7D:�IFB?9;:�?DJE�7DEJ>;H
H;FB?97J?D=�;DJ?JO��KIK7BBO�7�FB7IC?:
Plasmids7H;�J?DO�C?D?	9>HECEIEC;I�<EKD:
?D�C7DO�879J;H?7��IK9>�7IEscherichia coli�E. coli�
���H;9EC8?D;:�FB7IC?:�MEKB:
J>;D�8;�?DI;HJ;:�?DJE�J>;�>EIJ�EH=7D?IC��KIK7BBO�J>;�879J;H?KCE. coli���M>;H;�?J
MEKB:�=E�JE�MEHA�JE�FHE:K9;�J>;�:;I?H;:�FHEJ;?D


�>7FJ;H���'K9B;?9��9?:I

�
��&KJ7J?EDI�7D:� ;D;J?9��?I;7I;I ��



)HEFED;DJI�E<�H;9EC8?D7DJ��'��H;I;7H9>�7H;�;N9?J;:�78EKJ�?JI�=H;7J�FEJ;DJ?7B
8;D;<?JI
��D�;N7CFB;�?I�J>;�FHE:K9J?ED�E<�>KC7D�=HEMJ>�>EHCED;��M>?9>�?I
KI;:�JE�JH;7J�9>?B:H;D�M>E�<7?B�JE�=HEM�FHEF;HBO
��EHC;HBO��>KC7D�=HEMJ>
>EHCED;�M7I�7L7?B78B;�EDBO�?D�J?DO�7CEKDJI�E8J7?D;:�<HEC�97:7L;HI
�'EM�?J�?I
H;7:?BO�7L7?B78B;�J>HEK=>�H;9EC8?D7DJ��'��J;9>DEBE=O
��DEJ>;H�=;D;�J>7J�>7I
8;;D�9BED;:�?I�J>;�=;D;�<EH�;F?:;HC7B�=HEMJ>�<79JEH��M>?9>�IJ?CKB7J;I�J>;
=HEMJ>�E<�IA?D�9;BBI�7D:�97D�8;�KI;:�JE�IF;;:�J>;�>;7B?D=�E<�8KHDI�7D:�EJ>;H
IA?D�MEKD:I
�+;9EC8?D7DJ�J;9>D?GK;I�7H;�7BIE�7�FEM;H<KB�H;I;7H9>�JEEB�
FHEL?:?D=�;DEHCEKI�7?:�JE�I9?;DJ?IJI�7I�J>;O�C7F�7D:�I;GK;D9;�=;D;I�7D:
:;J;HC?D;�J>;�<KD9J?EDI�E<�:?<<;H;DJ�I;=C;DJI�E<�7D�EH=7D?ICWI��'�


"D�7::?J?ED�JE�7:L7D9;C;DJI�?D�J>;�ED=E?D=�JH;7JC;DJ�E<�=;D;J?9�:?I;7I;I�
H;9EC8?D7DJ��'��J;9>DEBE=O�C7O�79JK7BBO�B;7:�JE�9KH;I
�0>;D�7FFHEFH?7J;
=;D;I�7H;�IK99;II<KBBO�?DI;HJ;:�?DJEE. coli��J>;�879J;H?7�97D�8;9EC;�C?D?7JKH;
F>7HC79;KJ?97B�<79JEH?;I��FHE:K9?D=�=H;7J�GK7DJ?J?;I�E<�?DIKB?D�<EH�F;EFB;�M?J>
:?78;J;I��9BEJJ?D=�<79JEH�<EH�F;EFB;�M?J>�>;CEF>?B?7��C?II?D=�;DPOC;I�
>EHCED;I��L?J7C?DI��7DJ?8E:?;I��L799?D;I��7D:�IE�ED
�+;9;DJ�799ECFB?I>C;DJI
?D9BK:;�J>;�FHE:K9J?ED�?DE. coliE<�H;9EC8?D7DJ��'��CEB;9KB;I�9EDJ7?D?D=
IODJ>;J?9�=;D;I�<EH�J?IIK;�FB7IC?DE=;D�79J?L7JEH��7�9BEJ	:?IIEBL?D=�;DPOC;�J>7J

�>7FJ;H���'K9B;?9��9?:I

�
��&KJ7J?EDI�7D:� ;D;J?9��?I;7I;I ��



97D�H;I9K;�>;7HJ�7JJ79A�L?9J?CI��7I�M;BB�7I�J>;�FHE:K9J?ED�E<�L799?D;I�7=7?DIJ
>;F7J?J?I����>KC7DI��7D:�>EE<	7D:	CEKJ>�:?I;7I;��97JJB;�


,9?;DJ?IJI�>7L;�KI;:�EJ>;H�879J;H?7�8;I?:;IE. coli?D�=;D;	IFB?9?D=�;NF;H?C;DJI
7D:�7BIE�O;7IJ�7D:�<KD=?
�)B7DJ�CEB;9KB7H�8?EBE=?IJI�KI;�7�879J;H?7B�FB7IC?:�JE
?DJHE:K9;�=;D;I�<EH�I;L;H7B�<EH;?=D�FHEJ;?DI��?D9BK:?D=�7D?C7B�FHEJ;?DI��?DJE
FB7DJI
�->;�879J;H?KC�?IAgrobacterium tumefaciens��M>?9>�97D�97KI;�JKCEHI�?D
C7DO�FB7DJI�8KJ�M>?9>�97D�8;�JH;7J;:�IE�J>7J�?JI�JKCEH	97KI?D=�78?B?JO�?I
;B?C?D7J;:
�(D;�FH79J?97B�7FFB?97J?ED�E<�?JI�FB7IC?:I�MEKB:�8;�JE�;D>7D9;�7
FB7DJWI�DKJH?J?ED7B�L7BK;�8O�JH7DI<;HH?D=�?DJE�?J�J>;�=;D;�D;9;II7HO�<EH�J>;
IODJ>;I?I�E<�7D�7C?DE�79?:�?D�M>?9>�J>;�FB7DJ�?I�DEHC7BBO�:;<?9?;DJ��<EH
;N7CFB;��JH7DI<;HH?D=�J>;�=;D;�<EH�C;J>?ED?D;�IODJ>;I?I�?DJE�F?DJE�8;7DI�
M>?9>�DEHC7BBO�:E�DEJ�IODJ>;I?P;�>?=>�B;L;BI�E<�C;J>?ED?D;�


Note

+;IJH?9J?ED�;DPOC;I�>7L;�8;;D�?IEB7J;:�<HEC�7�DKC8;H�E<�879J;H?7�7D:�7H;
D7C;:�7<J;H�J>;�879J;H?KC�E<�EH?=?D
EcoRI?I�7�H;IJH?9J?ED�;DPOC;�E8J7?D;:
<HEC�J>;�+�IJH7?D�E<E. coli
�->;�HEC7D�DKC;H7B�"�?D:?97J;I�J>7J�?J�M7I�J>;�<?HIJ
H;IJH?9J?ED�;DPOC;�E8J7?D;:�<HEC�J>?I�IJH7?D�E<�879J;H?7


CONCEPT REVIEW EXERCISES




7
 0>7J�;<<;9J�97D�./�H7:?7J?ED�>7L;�ED��'��
8
 "I�./�H7:?7J?ED�7D�;N7CFB;�E<�7�F>OI?97B�CKJ7=;D�EH�7�9>;C?97B�CKJ7=;D�

�


7
 0>7J�97KI;I�)$.�
8
 !EM�?I�)$.�:;J;9J;:�7D:�JH;7J;:�

�>7FJ;H���'K9B;?9��9?:I

�
��&KJ7J?EDI�7D:� ;D;J?9��?I;7I;I ��



ANSWERS


 7
 "J�97D�B;7:�JE�J>;�<EHC7J?ED�E<�7�9EL7B;DJ�8ED:�8;JM;;D�JME�7:@79;DJ
J>OC?D;I�ED�7��'��IJH7D:��FHE:K9?D=�7�J>OC?D;�:?C;H


8
 F>OI?97B�CKJ7=;D

�
 7
 J>;�78I;D9;�E<�J>;�;DPOC;�F>;DOB7B7D?D;�>O:HENOB7I;
8
 )$.�?I�:?7=DEI;:�8O�7II7O?D=�7�I7CFB;�E<�8BEE:�EH�KH?D;�<EH�F>;DOB7B7D?D;

EH�ED;�E<�?JI�C;J78EB?J;I��JH;7JC;DJ�97BBI�<EH�7D�?D:?L?:K7B�JE�8;�FB79;:�ED�7
:?;J�9EDJ7?D?D=�B?JJB;�EH�DE�F>;DOB7B7D?D;


KEY TAKEAWAYS

R ->;�DK9B;EJ?:;�I;GK;D9;�?D��'��C7O�8;�CE:?<?;:�;?J>;H�IFEDJ7D;EKIBO
EH�<HEC�;NFEIKH;�JE�>;7J��H7:?7J?ED��EH�9;HJ7?D�9>;C?97BI�7D:�97D�B;7:�JE
CKJ7J?EDI


R &KJ7=;DI�7H;�J>;�9>;C?97B�EH�F>OI?97B�7=;DJI�J>7J�97KI;�CKJ7J?EDI

R  ;D;J?9�:?I;7I;I�7H;�>;H;:?J7HO�:?I;7I;I�J>7J�E99KH�8;97KI;�E<�7

CKJ7J?ED�?D�7�9H?J?97B�=;D;


�>7FJ;H���'K9B;?9��9?:I

�
��&KJ7J?EDI�7D:� ;D;J?9��?I;7I;I ��



EXERCISES


 ��FEHJ?ED�E<�J>;�9E:?D=�IJH7D:�E<�7�=;D;�M7I�<EKD:�JE�>7L;�J>;�I;GK;D9;
��X�- � � ��---� ����--�X��
���CKJ7J?ED�E99KHH;:�?D�J>;�=;D;��C7A?D=
J>;�I;GK;D9;���X�- � � ���--� ����--�X��


7
 ":;DJ?<O�J>;�CKJ7J?ED�7I�7�IK8IJ?JKJ?ED��7D�?DI;HJ?ED��EH�7�:;B;J?ED

8
 0>7J�;<<;9J�MEKB:�J>;�CKJ7J?ED�>7L;�ED�J>;�7C?DE�79?:�I;GK;D9;�E<�J>;

FHEJ;?D�E8J7?D;:�<HEC�J>?I�CKJ7J;:�=;D;��KI;�?=KH;��
���->;� ;D;J?9
�E:;� ��

�
 ��FEHJ?ED�E<�J>;�9E:?D=�IJH7D:�E<�7�=;D;�M7I�<EKD:�JE�>7L;�J>;�I;GK;D9;
��X�-  ���-��-����� �- -X��
���CKJ7J?ED�E99KHH;:�?D�J>;�=;D;��C7A?D=
J>;�I;GK;D9;���X�-  ���-��-���� �- -X��


7
 ":;DJ?<O�J>;�CKJ7J?ED�7I�7�IK8IJ?JKJ?ED��7D�?DI;HJ?ED��EH�7�:;B;J?ED

8
 0>7J�;<<;9J�MEKB:�J>;�CKJ7J?ED�>7L;�ED�J>;�7C?DE�79?:�I;GK;D9;�E<�J>;

FHEJ;?D�E8J7?D;:�<HEC�J>?I�CKJ7J;:�=;D;��KI;�?=KH;��
���->;� ;D;J?9
�E:;� ��

�


7
 0>7J�?I�7�CKJ7=;D�
8
  ?L;�JME�;N7CFB;I�E<�CKJ7=;DI


�
 �EH�;79>�=;D;J?9�:?I;7I;��?D:?97J;�M>?9>�;DPOC;�?I�B79A?D=�EH�:;<;9J?L;�7D:�J>;
9>7H79J;H?IJ?9�IOCFJECI�E<�J>;�:?I;7I;


7
 )$.
8
 -7O	,79>I�:?I;7I;

ANSWERS


 7
 IK8IJ?JKJ?ED
8
 )>;DOB7B7D?D;��...��MEKB:�8;�H;FB79;:�M?J>�B;K9?D;���..�


�
 7
 7�9>;C?97B�EH�F>OI?97B�7=;DJ�J>7J�97D�97KI;�7�CKJ7J?ED
8
 ./�H7:?7J?ED�7D:�=7CC7�H7:?7J?ED��7DIM;HI�M?BB�L7HO�

�>7FJ;H���'K9B;?9��9?:I

�
��&KJ7J?EDI�7D:� ;D;J?9��?I;7I;I �



19.6 Viruses

LEARNING OBJECTIVE
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Figure 19.17Viruses

Viruses come in a variety of shapes that are determined by their protein coats.
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Figure 19.18Life Cycle of a Retrovirus
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Career Focus: Genetics Counselor

��=;D;J?9I�9EKDI;BEH�MEHAI�M?J>�?D:?L?:K7BI�7D:�<7C?B?;I�M>E�>7L;�8?HJ>
:;<;9JI�EH�=;D;J?9�:?IEH:;HI�EH�7�<7C?BO�>?IJEHO�E<�7�:?I;7I;��IK9>�7I�97D9;H��M?J>
7�=;D;J?9�B?DA
���=;D;J?9I�9EKDI;BEH�C7O�MEHA�?D�7�L7H?;JO�E<�>;7BJ>	97H;
I;JJ?D=I��IK9>�7I�7�>EIF?J7B��JE�E8J7?D�<7C?BO�C;:?97B�7D:�H;FHE:K9J?L;
>?IJEH?;I��;NFB7?D�>EM�=;D;J?9�9ED:?J?EDI�7H;�?D>;H?J;:��;NFB7?D�J>;�97KI;I�
:?7=DEI?I��7D:�97H;�E<�J>;I;�9ED:?J?EDI��?DJ;HFH;J�J>;�H;IKBJI�E<�=;D;J?9�J;IJI�
7D:�7?:�J>;�?D:?L?:K7B�EH�<7C?BO�?D�C7A?D=�:;9?I?EDI�H;=7H:?D=�=;D;J?9�:?I;7I;I
EH�9ED:?J?EDI
���9;HJ?<?;:�=;D;J?9I�9EKDI;BEH�CKIJ�E8J7?D�7�C7IJ;HWI�:;=H;;
<HEC�7D�799H;:?J;:�FHE=H7C
��FFB?97DJI�JE�J>;I;�=H7:K7J;�FHE=H7CI�KIK7BBO
>7L;�7D�KD:;H=H7:K7J;�:;=H;;�?D�8?EBE=O��FIO9>EBE=O��EH�=;D;J?9I


Source: Photo courtesy of the United States National Institutes for Health,http://commons.wikimedia.org/
wiki/File:Geneticcounseling.jpg.
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Chapter Summary

To ensure that you understand the material in this chapter, you should review the meanings of the bold terms in the
following summary and ask yourself how they relate to the topics in the chapter.
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