->?1?1 U'K9B;?9 9?:IV 9>7FJ;H <HEC J>; 8EBAHE:K9J?ED JE >:C?I1JHO :D:H7B (H=7D?9 7D: ?EBE=?97B
?D::N >JCB L

->?| 8EEA ?1 B?9;DI;: KD:;HR;7J?L; ECCEDIS8O D917 >JJF 9H:7J?L:9ECCEDI EH=B?9:DI;1 80 D9 I7

B?9:Dl; ,:;; J>; B?9;DI; <EH CEH; :;J7?Bl 8KJ J>7J 871?97BBO C;7DI OEK 97D I1>7H; J>?| SEEA 71 BED= 7| OF
9H:;:?J J>; TKJ>EH 8KJ I;; 8;BEM :ED JC7A; CED;O <HEC ?J 7D::E C7A;?J 7L7?B78B; JE ;L;HOED:; ;:Bl; KD:;H .
17C; J;HCI

->?|1 9EDJ;DJ M71 799;1178B; 71 E< ;,9;C8;H 7D: ?J M71 :EMDBE7:;: J>;D 8:0 ,9>C?JP
>JJF B7H:8K9A;J EH2D 7D ;<<EHJ JE FH;I;HL; J>; 7L7?B787?B?JO E< J>?| 8EEA

'EHC7BBO J>; 7TKJ>EH 7D: FK8B?I>;H MEKB: 8; 9H::?J;: >;H; IEM;L;H J>; FK8B?I>;H >71 71A;: <EH J>; 9KIJECTF
H;7J?L; ECCEDI 7JJH?8KJ?ED JE J>; EH?=?D7B FK8B?I>;H 7KJ>EHI J?JB; 7D: 8EEA .+" JE 8; H;CEL;: ::?J?E
F;H J>; FK8B?I>;H | H;GK;lJ J>;?H D7C; >71 8;;D H;CEL;: ?D IEC; F7II7=;| &EH; ?D<EHC7J?ED ?17L7?B78B; ED .
FHE@;9JJJH?8KJ?ED FZ3JF 8EEAI B7H:8K9A;J EH= 7JJH?8KJ?ED >JCB KJC6IEKHY9; >;7:;H

EH CEH; ?D<EHC7J?ED ED J>; IEKH9; E< J>?I 8EEA EH M>0 ?J ?| 7L7?B78B; <BH; FHHEE&BJIMl] BEC; F7=;
>JJF  8EEAI B7H:8K9A;J EH= 2EK 97D 8HEMI; EH :EMDBE?7: 7::?J?ED7B 8EEAI J>;H;
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Chapter 19

Nucleic Acids

Opening Essay

EBBEM?D= J>; ?D?J?7B ?IEB7J?ED E< ?DIKB?D ?D :?78;J?79 F7J?;DJI 9EKB: 8; JH;7J;: M?J> ?DIKB?D E8J7
J>; F7D9H;71;l E< 97JJB; 7D: F?=|l .D<EHJKD7J;BO IEC; F7J?;DJI ;;L;BEF;: 7D 7BB;H=?9 H;79J?ED JE J>?| ?DIK
8;97KI; ?J1 7C?DE 797?: |;GK;D9; M7I DEJ ?:;DJ?97B JE J>7J E< >KC7D ?DIKB?D "D J>; | 7D ?DJ;DI; H;l;7H9>
:<<EHJ 8;=7D J>7J ;L;DJK7BBO B;: JE J>; FHE:K9J?ED E< =;D;J?97BBO ;D=?D;;H;: >KC7D ?DIKB?DTJ>; <?HIJ =
:D=?D;;H;: FHE:K9J JE 8; 7TFFHEL;: <EH C;:?97B KI; -E 799ECFB?I> J>?1<;7J H;|;7H9>;HI <?HIJ >7: JE :;J;HC?D
>EM ?DIKB?D ?1 C7:; ?D J>; 8E:O 7D: J>;D <?D: 7 M70 E< 97KI?D=J>; I7C; FHE9;ll JE E9Q9KH ?D DED>KC7D
EH=7D?ICI IK9>71879J;H?7 EH O;71J 9;BBI &7DO 71F;9Jl E< J>;l; :?I19EL;H?;l 7H; FH;I;DJ;: ?D J>?1 9>7FJ;H ED
DK9B;?9 797?:1

Figure 19.1
Human Insulin Products Now Being Used

Source: Photo courtesy of Mr. Hitpe//commons.wikimedia.org/wiki/File:Inzul%C3%ADn.jpg

E=I>7L; FKFF?;1 J>7J =HEM KF JE 8; :E=I EN;l >7L; A?JI J>7J =HEM KF JE 8;
<EN;I HEC L?HKI;I JE >KC7DI ;79> IF;9?;1 H;FHE:K9;l 7<J;H ?JI EMD A?D:
KHJ>HCEH; M?J>?D ;79> CKBJ?9;BBKB7H EH=7D?IC ;L;HO J?IIK; ?| 9ECFEI;: E<
IF;9?<?9 JE J>7J J?IIK; 0>7J 799EKDJI <EH J>?I IF;9?<?9?J0O 7J 7BB B;L;BI E<


http://commons.wikimedia.org/wiki/File:Inzul%C3%ADn.jpg
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D ;BED=7J;: J>H;7:B?A;
IJHK9JKH; 9ECFEI;: E< FHEJ;
7D: ' J>7J 9EDJ77?DI J>;
=;D;J?9 8BK;FH?DJ

->; 871?79 KD?J E< >;H;:?JO

H;FHE:K9J?ED !EM :E;l 7 <;HJ?B?P;: ;== UADEMV J>7J ?J I>EKB: :;L;BEF ?DJE 7
A7D=7HEE 7D: DEJ 7 AE7B7 0>7J C7A;I IJEC79> 9;BBI FHE:K9; =71JH?9 79?: M>;H
F7D9H;7J?9 9;BBI FHE:K9; ?DIKB?D ->; 8BK;FH?DJ <EH J>; H;FHE:K9J?ED 7D: J>;
C7?DJ;D7D9; E< ;79> EH=7D?IC ?1 <EKD: ?D J>; DK9B;? E< ?J1 9;BBI 9ED9;DJH7J;:
:BED=7J;: J>H;7:B?A; [JHK9JKH;| 9¢B®mMosomes ->;I; 9ECFB;N IJHK9JKH:;I
9EDI?1J?D=E< ' 7D: FHEJ;?DI 9EDJ77?D J>; 871?79 KD?JI E< >;H;:?#en@gBB;:

->: DKC8;H E< 9>HECEIEC;| 7D: =,D;l L7H?;I M?J> ;79> IF;9?;1 IKC7D 8E:O

9:BBI >7L; F7?HI E< 9>HECEIEC;| >7L?D= S 1?7<<:H;DJ =;D;l

,F;HC 7D: ;== 9;BBI 9EDJ7?D EDBO 7 I?D=B; 9EFO E< ;79> 9>HECEIEC; J>7J?| J>
9EDJ7?D EDBO ED; C;C8;H E< ;79> 9>HECEIEC; F7?H ->KI| ?D I;NK7B H;FHE:K9J?
J>; :DJ?H; 9ECFB;C;DJ E< 9>HECEIEC;| ?1 79>?;L;: EDBO M>;D 7D ;== 7D: IF;HC

9EC8?D; D:M ?D:?L?:K7B H:9;?L:1 >7B< ?2JI >;H;:?J7HO C7J;H?7B <HEC ;79> F7H;:I

7BB?D= J>; KD?J E<>;H;:?JO 7 U=;D;V C;H;BO =?L;| ?J 7 D7C; KJM>7JH;7BBO 7
=,D;1 7D: >EM ?1 J>; ?D<EHC7J?ED J>;0 9EDJ7?D ;NFH;ll;: (D; :;<?D?J?ED E< 7 =;C
?13>73 23?17 1;,=C;DJ E< ' J>7J 9EDIJ?JKJ;l J>; 9ter, a specific polypeptitie

=D;1 7H; I;)=C;DJI E< ' M; D;;: JE B;7HD CEH; 78EKJ J>; IJHK9JKH; 7D:
F>OI?EBE=7?97B <KD9J?ED E< ' 0; 8,=?D 80 BEEA?D= 7J J>; IC7BB CEB,9KB;| D;;
JE<EHC ' 7D:+' H?8EDK9B;?9 79?: TJ>; DK9B;EJ?:;l

°D
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19.1 Nucleotides

CEDEC;H KD?J J>7J ?| B?DA
JE=;J>;H JE <EHC DK9B;?9 79

>:J;HE9O9B?9 7C?D; M?J>J
D?JHE=;D 7JECI ?D 7 I?N
C;C8;H H?D=

>:J;HE9O9B?9 7C?D;
9EDI?1J?D=E< 7 FOH?C?:?D;
<Kl;: JE7 <?L; C;C8;HH?D=
M?J> IJME D?JHE=;D 7JECI

LEARNING OBJECTIVE

";DJ?<0 J>; :?<<;H;DJ CEB;9KB;| J>7J 9EC8?D; JE <EHC DK9B;EJ?:;l

->; H;F;7J?D= EH CEDEC;H KD?JIJ>7J 7H; B?DA;: JE=;J>;H JE <EHC DK9B,?9 79?
ADEMD Mucleotides ->; ;ENOH?8EDK9B;?9 79?: ' E<7 JOF?97B C7CC7B?7D
9;BB 9EDJ77?DI 78EKJ YVKOB;EJ?:;l 'K9B;EJ?:;1 97D 8; <KHJ>;H 8HEA;D :EMD JE
F>EIF>EH?979?: (7 F;DJEI; IK=7H 7 IK=7H M?J> <?L; 97H8ED 7JECI 7D:7
D?JHE=;DEKI 871, 7 871, 9eDJ7?D?D= D?JHE=;D 7JECI

o v D B b IR o v oureglifl> ) 10 orumT

"< J>: F:DJEI; IK=7H ?1 H?8EIl; J>; DK9B:EJ?:; ?| CEH; IF;9?<?97BBO H;<;HH:: JE 7I -
ribonucleotiderD: J>; H;IKBJ?D= DK9B;?9 79?: ?I H?8EDK9B;?9 79?: +' "< J>; IK=7H
ENOH?8EI; J>; DK9B;EJ?:; ?ti@oxyribonucleotidéD: J>; DK9B;?9 79?: ?I '

->; D?JHE=;DEKI 871;1 <EKD: ?D DK9B;EJ?:;| 7H; 9B7I1?gyinTidines EH

_purines )OH?C?:?D;l 7H; >;J;HE9O9B?9 7C?D;l M?J> JME D?JHE=;D 7JECI ?D 7 I?
».C;C8;H H?D= 7D: ?D9BK:; KH79?B J>0C?D; 7D: 90JEI?D; EH CEH; ?D<EHC7J?E

78EKJ >;J;HE9Q9B?9 7C?D;I>TFJ;H  (H=7D?9 9?:17D: 71;1 7D: ,EC; E<

ME>2H ;H?L7J2L:l ,;9J?ED C?D:1 71 711 )KH?D;l 7H; >;J;HE9O9B?9

7C?D;1 9EDI?IJ?D= E< 7 FOH?C?:?D; H?D= <KlI;: JE 7 <?L; C;C8;H H?D= M?J> JME
D?JHE=;D 7JECI :D?D; 7D: =K7D?D; 7H; J>; CT@EH FKH?D;l <EKD: ?D DK9B;?9 7
?=KH; ->; '"?2JHE=:DEKI 71;1 EKD:?D ' 7D: +'

H?D=
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Figure 19.2

->: <EHC7J?ED E< 7 8ED: 8;JM;;.D E< J>; F;DJEI; IK=7H 7D:"' E< J>; FOH?C?:?D;
871; EH' E< J>; FKH?D; 871; @E?DI J>; F;DJEI; IK=7H JE J>; D?JHE=;DEKI 87I; "D J:
<EHC7J?ED E< J>?| 8ED: 7 CEB;9KB; E< M7J;H ?I H8EEL;: ECFEI?J?ED E<
'K9B:EJ?::1 ?D ' 7D: +' IKCC7H?P;1 J>; 1?C?B7H?J?;1 7D: :?<<;H;D9;l1 ?D J>;
9ECFEI?J?ED E< DK9B;EJ?:;1 ?D ' 7D: +'

Note

->; DKC8;H?D= 9EDL;DJ?ED ?1 J>7J FH?C;: DKCS8;HI :;1?=D7J; J>; 7JECI E< J>;
F;DJEI; H?D= 7D: KDFH?C;: DKCS8;HI :;1?=D7J; J>; 7JECI E< J>; FKH?D; EH
FOH?C?:?D; H?D=

-78B; ECFEI?J?ED E<'K9B;EJ?:;I ?D ' 7D: +'

FKH?D; 87l 7:,D?D; 7D: =K7D?D; | 7:;D?D; 7D: =K7D?0,;

FOH?C?:?D; 871]190JEI?D; 7D: J>OC?D;| 90JEI?D; 7D: KH79?B

'K9B;EJ?::l
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'K9B;EJ?::l

9?:1

F,DJEI; IK=7H JENOH?8EI; H?8El,

?DEH=7D?9 797t F>EIF>EH?9 797: Y |! )(

->; D7C;l 7D: IJHK9JKH;I E< J>; CT@EH H?8EDKO9B;EJ?:;1 7D: ED; E< J>;
ENOH?8EDKO9B;EJ?:;| 7TH; =?L;2=KMH; ->; JOH?C?:?D; 7D: )KH?D;
'K9B;EJ?::

Figure 19.3

F7HJ <HEC 8;?D=J>; CEDEC;H KD?JI E< ' 7D: +' J>; DK9B;EJ?:;l 7D: IEC; E<
J>;?H ;;H?L7J7?L;1 >7L; EJ>;H <KD9J?EDI 71 M;BB :;DEI?D; :?F>EIF>7J; ) 7D:
7:;DEI?D; JH?F>EIF>7J; -) [>EMD ?D=KH; JHK9JKH:I E< -ME "CFEHJ7DJ
:D?D; EDJ7?D?D="K9B;EJ?:;| >7L; 7 HEB; ?D 9;BB C;J78EB?IC J>7J M; M?BB

219K ?D>7FJ;H  D;H=0 &;J78EB?IC &EH;EL;H 7 DKCS8;H E< 9E;DPOC;l
?D9BK:?D=<B7L?D 7::D?D; :?DK9B:EJ?:; D?9EJ?D7C?:; 7::D?D; :?DK9B;EJ?:;
7D: 9E;DPOC; 9EDJ77?D 7:;D?D; DK9B;EJ?:;l 71 IJHK9JKH7B 9ECFED;DJI
EH CEH; ?D<EHC7J?ED ED 9E;DPOCA7EJ;H  C?DE 9?:1 )HEJ:?DI 7D:
DPOC:I ,;9J?ED DPOC; E<79JEHI 7D: /?2J7C?DI
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'K9B;EJ?::l

Figure 19.45tructures of Two Important Adenine-Containing Nucleotides

CONCEPT REVIEW EXERCISES

797:
7 L}
8 +
B7117<0 ;79> 9ECFEKD: 71 7 F;DJEI; IK=7H 7 FKH?D; EH 7 FOH?C?:2D;

7 7:D7?D;

8 =K7D?D;

9 :ENOH?8EI;
. J>0C7?D;

;. H?8EI;

< 90JEI?D;
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ANSWERS

7 D?JHE=;DEKI 87I; 7:;D?D; =K7D?D; 90JEI?D; 7D: J>OC?D;
ENOH?8EI; 7D:! )(

8 D?JHE=:DEKI 87I; 7:;D?D; =K7D?D; 90JEI?D; 7D: KH79?B H?8EIl; 7D:
X

7 FKH?D;

8 FKH?D;

9 F;DJEI; IK=7H
. FOH?C?:?D;

;. F;DJEI; IK=7H
< FOH?C?:?D;

KEY TAKEAWAYS

R 'K9B;EJ?:;| 7TH; 9ECFEI;: E< F>EIF>EH?9 797: 7 F;DJEI; IK=7H H?8EI; EH
ENOH?8EI; 7D: 7 D?JHE=;D 9EDJ7?D?D= 87l; 7:;D?D; 90JEI?D,;
=K7D?D; J>0C?D; EH KH79?B

R +?8EDK9B;EJ?:;| 9EDJ7?D H?8El; M>?B; ;;ENOH?8EDK9B;EJ?:;| 9EDJ7?D
. ENOH?8EI,

'K9B;EJ?::l
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EXERCISES

0>7J ?1 J>; IK=7H KD?J ?D ;79> DK9B;?9 79?:

7+
8 1

";;DJ?<0 J>; C7T@EH D?JHE=;DEKI 87I;1 ?D ;79> DK9B;?9 79?:
7 1
8 +

EH ;79> [JHK9JKH; 9?H9B; J>; IK=7H KD?J 7D: ?:;DJ?<0 J>; DK9B;EJ?:; 71 7
H?8EDKO9B;EJ?:; EH 7 ;;ENOH?8EDK9B;EJ?:;

8

EH ;79> IJHK9JKH; 9?H9B; J>; IK=7H KD?J 7D: ?:;DJ?<0O J>; DK9B;EJ?:; 71 7
H?8EDK9B;EJ?:; EH 7 :;ENOH?8EDK9B;EJ?:;

'K9B;EJ?::l
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'K9B;EJ?::l
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EH ;79> IJHK9JKH; 9?H9B; J>; D?JHE=;DEKI 871; 7D: ?:;DJ?<0 ?J 71 7 FKH?D,;
FOH?C?:7D;

'K9B;EJ?::l
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ANSWERS

7 H?8EIl;

8 ::ENOH?8EI;
7

8

7

'K9B;EJ?:;



>7FJ;H 'K9B;?9 971

'K9B;EJ?::l



>7FJ;H  'K9B;?9 97?:I

19.2 Nucleic Acid Structure

FEBOC;H <EHC;: 80 B?DA?DO
DK9B;EJ?:;l JE=;J>;H

->; DK9B;?9 79?: J>7J IJEH;|
=;D;J?9 ?D<EHC7J?ED

->; DK9B;?9 79?: H;IFEDI?8B;
<EH KI?D=J>; =;D;J?9
?D<EHC7J?ED ;D9E:;: ?D '

LEARNING OBJECTIVES

":DJ?<0 J>; IME JOF;| E< DK9B;?9 79?:1 7D: J>; <KD9J?ED E< ;79> JOF;
;I9H?8; >EM DKOB;EJ?:;| 7H; B?DA;: JE=;J>;H JE <EHC DK9B;?9 797?:1
;I9H?8; J>; I;9ED:7HO IJHK9JKH; E< ' 7D: J>; ?CFEHJ7D9; E<
9ECFB;C;DJ7HO 87I; F7?H?D=

Nucleic acids 7H; B7H=; FEBOC;HI <EHC;: 80 B?DA?D= DK9B;EJ?:;l JE=;J>;H 7D: 7
<EKD: ?D ;L;HO 9;B&oxyribonucleic acid (DNA) ?I J>; DK9B;?9 79?: J>7J IJEH;|
=:D;J?9 ?D<EHC7J?ED "< 7BB J>; ' ?D 7 JOF?97B C7CC7B?7D 9;BB M;H; IJH;J9>;:
;D: JE ;D: ?J MEKB: ;NJ;D: CEH; J>7D Ribonucleic acid (RNA) ?I J>; DK9B;?9

79?: H;IFEDI?8B; <EH KI?D= J>; =;D;J?9 ?D<EHC7J?ED ;D9E:;: ?D ' JE FHE:K9; J>;
J>EKI7D:l E< FHEJ;?DI <EKD: ?D B?L?D= EH=7D?ICI

Primary Structure of Nucleic Acids

'K9B;EJ?:;| 7TH; @E?D;: JE=;J>;H J>HEK=> J>; F>EIF>7J; =HEKF E< ED; DK9B;EJ?:;
9EDD;9J?D= ?D 7D ;1J;H B?DA7=; JE J>; (! =HEKF ED J>; J>?H: 97H8ED 7JEC E< J>
IK=7H KD?J E< 7 I;)9ED: DK9B;EJ?:; ->?| KD?J @E?DI JE 7 J>?H: DK9B;EJ?:; 7D: J>
FHEQ9;Il ?1 H;F;7J;: JE FHE:K9; 7 BED= DK9B;?9 79?: 9=KMD) JHK9JKH:; E< 7

+=C.DJE< '’ ->; 879A8ED; E< J>; 9>77D 9EDI?1Jl E< 7BJ;HD7J?D= F>EIF>7J; 7L
IK=7H KD?JI :;ENOH?8EI; ?D ' 7D: H?8El; ?D +' ->; FKH?D; 7D: FOH?C?:?D;
871;1 8H7D9> E<< J>7?I 879A8ED,;

Note

79> F>EIF>7J; =HEKF >7I| ED; 79?:?9 >O:HE=;D 7JEC J>7J ?| ?ED?P;: 7J
F>OI?EBE=?97B F! ->?| ?| M>0 J>;I; 9ECFEKD:I 7H; ADEMD 7Id2Ki3B;?9
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'K9B;?9 97?: ,JHK9JKH,;

Figure 19.55tructure of a Segment of DNA

A similar segment of RNA would have OH groups on each C2, and uracil would replace thymine.

%7?A; FHEJ;?DI DK9B;?9 79?:1 >7L; 7 FH?C7HO IJHK9JKH; J>7J ?I :;<?D;: 71 J>; I;,GK

E< J>;?H DK9B;EJ?:;| .DB?A; FHEJ;?DI M>?9>>7L; :?<<;H:DJA?D:| E<7C?DE 79

J>:H; 7TH; EDBO :?<<:H:DJ A?D:l E< DK9B:EJ?:;| ?D DK9B;?9 79?:] EH 7C?DE 79?:

I;GK;D9;l ?D FHEJ;?DI J>; 9EDL;DJ?ED ?1 JE MH?J; J>; 7C?DE 797?:1 ?D EH:;H IJ7HJ

M?J> J>; ' J;HC?D7B 7C?DE 79?: "D MH?J?D= DK9B;EJ?:; |;GK;D9;| <EH DK9B;?9 7

J>: 9EDL;DJ?ED ?I JE MH?J; J>; DK9B;EJ?:;| KIK7BBO KI?D=J>; ED; B;JJ;H

788H;L?7J?EDI <EH J>; 871;1 I>EMDR=¥H; JHK9JKH; E<7 ,;=C;DJE< '

IJ7HJI?D= M?J> J>; DK9B;EJ?:; >7L?D=7 <H;; F>EIF>7J; =HEKF M>?79> ?| ADEMD 7
:D: 7D: ?D:?97J; J>; DK9B;EJ?:;| ?D EH:;;H EH ' 7 BEM;H9@PRI E<J;D MH?JJ;D

?D <HEDJ E< J>; I;GK;D9; JE ?D:?97J; J>7J J>; CEDEC;HI 7H; ;;ENOH?8EDK9B;EJ?

->; <?D7B DK9B;EJ?:; >71 7 <H;; (! =HEKF ED J>; 97H8ED 7JEC 7D: ?1 978B;: J>;

end ->; I;GK;D9; E< DK9B;EJ?:;I ?D J>; ' |;=C;DJ I>EMD ?D?=KH;

JHKO9JKH; E<7 ;=C:DJ E< ' MEKB: 8, MH?JJ,.D : :-:: M>?9>7I

E<J;D <KHJ>;H 788H;L?7J;: JE: - EH @KIJ -
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->; ;9ED:7HO 1IJHK9JKH; E<

,F;97<?9 871; F7?H?D=I ?D J>;
' :EK8B; >;B?N

'K9B;?9 97?: ,JHK9JKH,;

Secondary Structure of DNA

->; J>H;; :?C;DI?ED7B IJHK9JKH; E< ' M71J>; IK8B@;9J E< 7D ?DJ;DI?L; H;l;7H9>

;<<EHJ ?D J>; B7J; |JE;7HBO | "D?3?7B MEHA H;L;7B;: J>7J J>; FEBOC;H >7:"
H;=KB7H H;F;73?D= IJHK9JKH; "D HM?D >7H=7<< E< EBKC87?7 .D?L;HI?JO |>|
J>7J 3>, CEB7H 7CEKDJ E< 7:;:D?D; 7D ' M71 7BM70I ;GK7B JE J>7J E< J>0C?D
- ,?C?B7HBO >; I>EM;: J>7J J>, CEB7H 7CEKDJ E< =K7D?D; M71J>;17C; 71 J>7.
E<90JEI?D; >7H=7<< :H;M DE 9ED9BKI?EDI <HEC >?| MEHA 8KJ EJ>;HI IEED :

J 7C8H?:=; .D?L;HI?JO ?D #7C;1 07JIED 7D: H7D9?l H?9A 7DDEKD?9;:
J>7JJ>;0 >7:7 CE:;B <EH J>; I;,9ED:7HO IJHK9JKH; E< ' .1?D=J>; ?D<EHC7J?ED
<HEC >7H=7<<WI ;NF;H?C;DJI 71 M;BB 71 EJ>;H ;NF;H?C;DJI 7D::7J7 <HEC J>; 1|
IJK:?;l E< +EI7B?D: H7DAB?D M>7?9> ?DLEBL;: IEF>?1J?97J;: 9>;C?IJHO F>0I1?9I
C73>;C7J?91 07JIED 7D: H?9A MEHA;: M?J> CE:;Bl J>7J M;H; DEJ KDB?A; 7 9>7B:
9EDIJHK9J?ED I;J 7D: <?D7BBO 9ED9BK:;: J>7J ' ?1 9ECFEI;: E< JME DK9B;?9 79?
9>7?DI HKDD?D= 7DJ?F7H7BB;B JE ED; 7DEJ>;HTJ>7J ?| 1?:; 80 1?:; M?J> J>; :D:
ED; 9>7?D D:NJ JE J>; :D: E<J>;EJ>H &EH:EL;H 71J>;?H CE:;B I>EM;: J>; IME
9>77DI 7H; IM?1J;: JE <EHfuWble helix T7 IJHK9JKH; J>7J 97D 8; 9ECF7H;: JE 7
IF?H7B [J7?H971; M?J> J>; F>EIF>7J; 7D: IK=7H =HEKFI J>; 879A8ED; E< J>; DK9B

FOH?C?:?D; 87I;1 <79; J>; ?DI?:; E< J>; >;B?N M?J>=K7D?D; 7BM70Il EFFEI?J; 90J
7D: 7:;D?D; 7BM70I EFFEI?J; J>0C?D; ->;l; IF;9?<?9 87I; F7?HI H;<;HH;: JE 71
complementary bases 7H; J>; IJ;FI EH JH;7:1 ?D EKH 1J7?H97I; 7D7BEKB)

' EK8B; I:B?N
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'K9B;?9 97?: ,JHK9JKH,;

Figure 19.6ONA 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.

->; |IJHK9JKH; FHEFEI;: 80 07JIED 7D: H?9A FHEL?:;: 9BK;l JE J>; C;9>7D?ICI 80
M>?9> 9:BBI 7H; 78B; JE :?L7?:; ?DJE JME ?:;DJ?97B <KD9J?ED?D=:7K=>J;H 9;BBI
=:D;J?9:7J7 7H; F7Il;: JE D;M =,D;H7J?EDI 7D: ;L;D >EM FHEJ;?DI 7H; 8K?BJ JE
H;GK?H;: IF;9?<?97J?EDI BB J>;l; 78?B?J?;| :;F;D: ED J>; F7?H?D= E< 9ECFB;C;D.
8711 ?=KH; ECFB;C;:DJ7HO 71;)7?H?D=I>EMI J>; JME I;JI E< 871; F7?HI

7D: ?BBKIJH7J;1 IME J>?D=I ?HIJ 7 FOH?C?:?D; ?I F7?H;: M?J> 7 FKH?D; ?D ;79>
J>7J J>; BED=:?C;DI?EDI E< 8EJ> F7?HI 7H; ?:;DJ?97B DC "<JME FOH?C?:?D
M;H; F7?H;: EH IME FKH?D;l M;H; F7?H;: J>; IME FOH?C?:?D;| MEKB: J7A; KF B;ll
IF79; J>7D 7 FKH?D; 7D: 7 FOH?C?:?D; 7D: J>; JME FKH?D;l MEKB: J7A; KF CEH;
IF79; 71 ?BBKIJH7J;: ?BKH; ?<<:H:D9; ?D 0?:J>| E<)EII?8B; 71;)7?HI"<

J>:1; F7?H?D=I M;H; ;L;H JE E99KH J>; IJHK9JKH; E< ' MEKB: 8; B?A; 7 IJ7?H97I;
C7:: M?3> 1J7?HI E< :?<<:H:DJ M?:J>1 EH J>; JME IJH7D:| E< J>; :EK8B; >:B?N JE <
D;7JBO 7 FOH?C?:?D; CKIJ 7BM70OI 8; F7?H;: M?J> 7 FKH?D; ->; |;9ED: J>?D= OEk
I>EKB: DEJ?9; 7B>KH; ECFB;C:DJ7HO 71;)7?H?D=?1 J>7J J>; 9EHH;9J
F7?H?D=;D78B;| <eHC7J?ED E< J>H;; ?DIJ7D9;l E< >O:HE=;D 8ED:?D= 8;JM;;D =K
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7D: 90JEI?D; 7D: JME 8;IM;;D 7:;D?D; 7D: J>0OC?D; ->; 7::?J7L, 9EDJH?8KJ?ED E<
J>?1>0:HE=;D 8ED:?D= ?CF7HJI =H;7J 1J78?B?JO JE J>; ' :EK8B; >;B?N

Figure 19.CTomplementary Base Pairing

Complementary bases engage in hydrogen bonding with one another: (a) thymine and adenine; (b) cytosine ¢
guanine.

'K9B;?9 97?: ,JHK9JKH,;
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Figure 19.®ifference in Widths of Possible Base Pairs

CONCEPT REVIEW EXERCISES

7 '7C; J>; IME A?D:| E< DK9B;?9 797:1
8 0>?9> JOF; E< DK9B;?9 797?: IJEH;I =;D;J?9 ?D<EHC7J?ED ?D J>; 9;:BB

0>7J 7H; 9ECFB;C;DJ7HO 87I;l

0>0 ?1 ?J IJHK9QJIKH7BBO ?CFEHJ7DJ J>7J 7 FKH?D; 871; 7BM70OI F7?H M?J> 7
FOH?C?:?D; 871; ?D J>; ' :EK8B; >;:B?N

'K9B;?9 97?: ,JHK9JKH,;
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'K9B;?9 9?: ,JHK9JKH,;

ANSWERS

7 :ENOH?8EDKO9B;?9 79?: ' 7D: H?8EDK9B;?9 79?: +'

8 ]

J>; IF;97<?9 871; F7?H?D=I ?D J>; ' :EK8B; >;B?N ?D M>?9> =K7D?D; ?| F7?H;:
M?J> 90JEI?D; 7D: 7:;D?D; ?I F7?H;: M?J> J>0C?D;

-> M?:J> E<J>; ' :EK8B; >;B?N ?I A;FJ 7J 7 9EDIJ7DJ M?:J> H7J>;H J>7D
D7HHEM?D= ?< JME FOH?C?:?D;| M;H; 79HEII <HEC ;79> EJ>;H EH M?:;D?D-
JME FKH?D;l M;H; 79HEIlI <HEC ;79> EJ>;H

KEY TAKEAWAYS

R ' ?1J>; DK9B;?9 79?: J>7J IJEH;| =;D;J?9 ?D<EHC7J?ED +' ?IJ>;
DK9B;?9 79?: H;IFEDI?8B; <EH KI?D= J>; =;D;J?9 ?D<EHC7J?ED ?D ' JE
FHE:K9; FHEJ;?DI

R 'K9B;EJ?:;| 7TH; @E?D;: JE=;J>;H JE <EHC DK9B;?9 79?:|1 JI>HEK=> J>;
F>EIF>7J; =HEKF E< ED; DK9B;EJ?:; 9EDD;9J?D= ?D 7D ;I1J;H B?DA7=; JE J>
(! =HEKF ED J>; J>?H: 97H8ED 7JEC E< J>; IK=7H KD?J E< 7 |;9ED:
DK9B;EJ?:;

R 'K9B;?9 797?: I;GK;D9;l 7H; MH?JJ;D 137HJ?D= M?J> J>; DK9B;EJ?:; >7L?D=7
<H;; F>EIF>7J; =HEKF J>; ;D:

R -ME ' IJH7D:I B?DA JE=;J>;H ?D 7D 7DJ?F7H7BB;B :?H;9J?ED 7D: 7H;
JM?1J;: JE <EHC 7 :EKS8B; >;B?N ->: D?JHE=;DEKI 87I;| <79; J>; ?DI?:; E<
J>; >:B?N K7D?D; ?I 7BM70Il EFFEI?J; 90JEI?D; 7D: 7:;D?D; ?1 7BM70I
EFFEI?J; J>0OC?D;
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EXERCISES

EH J>?1 I>EHJ +' 1,=C;DJ

7 7?::DJ?<O J>; :D:7D:J>; :D:E<J>; CEB;9KB;
8 9?7H9B; J>; 7JECI J>7J 9ECFH?I; J>; 879A8ED; E< J>; DK9B;?9 79?: 9>7?D

9 MH?J; J>; DK9B;EJ?:; I;GK;D9; E< J>?I +' [;=C;DJ

EH J>?1 I>EHJ ' |;=C;DJ

7 7?::DJ?<O J>; :D:7D:J>; :D:E<J>; CEB;9KB;
8 9?7H9B; J>; 7JECI J>7J 9ECFH?I; J>; 879A8ED; E< J>; DK9B;?9 79?: 9>7?D

9 MH?J; J>; DK9B:EJ?:; I:GK:D9; E< J>?] ' |:=C:DJ

'K9B;?9 97?: ,JHK9JKH,;
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0>?9> D?JHE=;DEKI 871; ?D " F7?HI M?J> ;79> D?JHE=;DEKI 87I;

7 90JEI?D;
7::D?D;

9 =K7D?D;
. J>0C7?D;

(o]

0>79> D?JHE=;DEKI 871; ?D +' F7?HI M?J> ;79> D?JHE=;DEKI 871,

7 90JEI?D;
7::D?D;

9 =K7D7?D;
. J>0C7?D;

(o]

IEM C7DO >0O:HE=;D 8ED:I 97D <EHC 8;JM;;D J>; IME IJH7D:1 ?D J>; I>EHJ '
[;=C;DJ I>EMD 8;BEM

IEM C7DO >0O:HE=;D 8ED:1 97D <EHC 8;JM;;D J>; JME IJH7D:1 ?D J>; I>EHJ '
I;=C:DJ I>EMD 8;BEM

'K9B;?9 97?: ,JHK9JKH,;
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ANSWERS

7 =K7D?D;
J>0C?D;
9 90JEI?D;
. 7::D?D:;

(o]

8:JM::D ;79> -87I; F7?H 7D: 8;JM::D ;79> 87I; F7?H

'K9B;?9 97?: ,JHK9JKH,;
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19.3 Replication and Expression of Genetic Information

->; FHEQ;Il 2D M>?9> J>; '
2D 7 :?7L2:?D= 9;BB 2| 9EF?;:

LEARNING OBJECTIVES

:I9H?8; >EM 7 D;M 9EFO E< ' 21 |0DJ>;1?P;:
:I9H?8; >EM +' 2| I0DJ>;1?P;: <HEC
";DJ?<0 J>; :17<<;H;DJ JOF;| E< +' 7D: J>; <KD9J?ED E< ;79> JOF; E< +

0; FH;L?EKIBO 137J;: J>7J ;;ENOH?8EDK9B;?9 79?: ' IJEH;| =;D;J?9 ?D<EHC7J?EL
M>?B; H?8EDK9B;?9 79?: +' ?I H;IFEDI?8B; <EH JH7DIC?JJ?D= EH ;NFH;lI?D==;
?D<EHC7J?ED 80 :?H;9J?D= J>; I0ODJ>;I1?l E< J>EKI7D:I E< FHEJ;?DI <EKD: ?D B?L
EH=7D?ICI KJ>EM :E J>; DK9B;?9 79?:| F;H<EHC J>;I; <KD9J?EDI ->H;; FHE9;ll;l
7H; H;GK?H;: replication?D M>?9> D;M 9EF?;l E< ' 7H; C7:; transcription

?D M>?9> 7 [;=C;:DJ E< ' ?IKIl;: JEFHE:K9; +' 7D: translation?D M>?9> J>;
?D<EHC7J?ED ?D +' ?1 JH7DIB7J;: ?DJE 7 FHEJ;?D I;GK;D9; EH CEH; ?D<EHC7J’
FHEJ;?D I;GK;D9;l 1;;;9J?ED  )HEJ;?D ,0DJ>:;I1?| 7D: J>; :D;J?9 E:;

Replication

"M 9;BBI 7H; 9EDJ?DKEKIBO <EHC?D= ?D J>; 8E:0 J>HEK=> J>; FHE9;ll E< 9;BB :~
EH J>?1 JE >7FF;D J>; ' ?D 7 :?L?:?D=9;BB CKIJ 8; 9EF?;: ?D 7 FHE9;|l ADEMD 71
replication  ->; 9ECFB;C;DJ7HO 87I; F7?H?D= E< J>; :EK8B; >;B?N FHEL?:;| 7 H;7:(
CE:;B <EH >EM =;D;J?9 H;FB?97J?ED E99KHI "< J>; JME 9>77?DI E< J>; :EK8B; >;B"
FKBB;: 7F7HJ :?IHKFJ?D= J>; >O:HE=;D 8ED:?D= 8;JM;;D 871; F7?HI ;79> 9>7?D 97
79J 71 AemplateEH F7JJ;HD <EH J>; 10DJ>;1?1 E<7 D;M 9ECFB;C;DJ7HO ' 9>7?D

->; DK9B;KI 9EDJ77?DI 7BB J>; D;9;1I7HO ;DPOC;| FHEJ;?DI 7D: DK9B;EJ?:;| H;GK?!
<EH J>?110DJ>;1?1 I>EHJ I;=C;DJ E< ' ?I UKDP?FF;: V IE J>7J J>; JME IJH7D:I ?D
J>; 1;)=C;DJ 7H; I;F7H7J;: JE L HL; 71 J;CFB7J;l <EH D;M * ' FEBOC;H7I; 7D

;DPOC; H;9E=D?P;l ;79> 87I; ?D 7 J;,CFB7J; IJH7D: 7D: C7J9>;l ?J JE J>;
9ECFB;C;DJ7HO 871; ?D 7 <H;; DK9B;EJ?:; ->; ;DPOC; J>;D 97J7BOP;| J>; <EHC7J?
E<7D ;I1J;H 8ED: 8;JM;;D J>; F>EIF>7J; =HEKF E< J>; DK9B;EJ?:; 7D: J>; (!

;D: E<J>; D;M =HEM?D= ' 9>7?D "D J>?I M70 ;79> 1JH7D: E< J>; EH?=?D7B '
CEB;9KB; ?1 Kl;: JE FHE:K9; 7 :KFB?97J; E< ?JI <EHC;H FF+KB,H

,9>:C7J?9 ?7=H7C E< ' +;FB?97J?ED>7J;L;H ?D<EHC7J?ED M7l ;D9E:;: ?D J>;

EH?=?D7B ' :EK8B; >;B?N ?| DEM 9EDJ77?D;: ?D ;79> H;FB?97J; >;B?N 0>:D J>; 9;E
?2L?:;1 ;79> :7K=>J;H 9;:BB =;JI ED; E< J>:I; H;FB?97J;1 7D: J>KI| 7BB E< J>;
?D<EHC7J?ED J>7J M71 EH?=?D7BBO FEIIl;ll;: 80 J>; F7H;DJ 9;BB
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Figure 19.9\ Schematic Diagram of DNA Replication

DNA replication occurs by the sequential unzipping of segments of the double helix. Each new nucleotide is b
into position by DNA polymerase and is added to the growing strand by the formation of a phosphate ester bo
Thus, two double helixes form from one, and each consists of one old strand and one new strand, an outcom:e
semiconservative replicatiofftis representation is simplified; many more proteins are involved in replication.)

EXAMPLE 1

[;=C;DJ E<ED; IJH7D: <HEC 7 ' CEB;9KB; >71 J>; |,GK;D9;
X- - - X 0>7J7?1J>; I,GK;D9; E< DK9B;EJ?:;| ?D J>; EFFEI?J;
EH 9ECFB;C;DJ7HO ' 9>77?D

,EBKJ?ED

$DEM?D=J>7J J>; JME IJH7D:I 7H; 7DJ?F7H7BB;B 7D: J>7J - 871; F7?HI M?J>
M>?B; 87I; F7?HI M?J> J>; |;GK;D9; E< J>; 9ECFB;C;DJ7HO IJH7D: M?BB 8;
X -- -X 97D 7BIE8; MH?3J,D7l- - -

SKILL-BUILDING EXERCISE

[;=C;:DJ E<ED; IJH7D: <HEC 7 ' CEB;9KB; >71 J>; |;GK;D9;
X - - --X 0>7J7?1J3> I;GK;D9; E< DK9B;EJ?::l ?D J>;
EFFEI?J; EH 9ECFB;C;DJ7HO ' 9>7?D

+,FB?97J?ED 7D: NFH;II?ED E< ;D;J?9 "D<EHC7J?ED
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->: FHE9;Il ?D M>?9> +' ?|
IODJ>;I?P;: <HEC 7 '
J;CFB7J;

0>7J :EM; C;7D M>;D M; I70 ?D<EHC7J?ED ?I ;D9E:;: ?D J>; ' CEB;9KB; D
EH=7D?ICWI ' 97D 8; 9ECF7H;: JE 7 8EEA 9EDJ7?D?D= :?H;9J?EDI <EH 711;,C8B?D
CE:;;B 7?HFB7D; EH <EH AD?JJ?D=7 IM;7J;H %;JJ;HI E<J>; 7TBF>78;J 7H; THH7D=
MEH:I 7D: J>;I; MEH:I :?H;9J J>; ?D:?L?:K7B JE F;H<EHC 9;HJ7?D EF;H7J?EDI M?J.
IF;97<?9 C7J;H?7BI "< 7BB J>; :?H;9J?EDI 7H; <EBBEM;: 9EHH;9JBO 7 CE:;B 7?HF
IM;7J:H ?I FHE:K9;:

"D ' J>; F7THJ?9KB7H I;GK;D9;l E< DK9B;EJ?:;| 7TBED= J>; 9>7?DI ;D9E:; J>;
:?H;9J?7EDI <EH 8K?B:?D= 7D EH=7D?IGa#K1;¥ 0l ED; J>?D= ?D D=B?I> Vas

C;7DI 7TDEJ>;H J>; I;GK;D9; E<87I;l -C;7DIED; J>?D= 7D:- C;7DI
IEC;J>?D=:?<<;H;DJ BJ>EK=>J>;H; 7H; EDBO <EKH B;JJ;HITJ>; <EKH DK9B;EJ?:
J>; =D;J?9 9E:; E< ' J>;?H I,GK;D9?D=7BED=J>; ' IJH7D:1 97D L7HO IE M?:;BO
J>7J ?D<EHC7J?ED IJEH7=; ?1 ;1I;DJ?7BBO KDB?C?J;:

Transcription

EH J>; >;H;:?J7HO ?D<EHC7J?ED ?D ' JE 8; KI;<KB ?J CKIJ 8; U;NFH;ll;: V J>7J ?I
Kl;: JE :?H;9J J>; =HEMJ> 7D: <KD9J?ED?D= E< 7D EH=7D?IC ->; <?HIJ |1J;F ?D J>;
FHE9;II;1 J>7J 9EDIJ?JKJ; ' ;NFH;II?ED ?1 J>; I0DJ>;I?l E< +' 80 7 J;CFB7J;
C;9>7D?IC J>7J ?1 ?D C7DO M70I 7D7BE=EKI JE ' H;FB?97J?ED ;97KI; J>; +'
J>7J ?110DJ>;1?P;: ?1 7 9ECFB;C;DJ7HO 9EFO E< ?D<EHC7J?ED 9EDJ7?D;: ?D ' +
I0DJ>;1?1 ?1 H;<;HH;: JEtréanscription

->H; 7H; J>H;; A;O :?7<<;H;D9;l 8,IM;;D H;FB?97J?ED 7D: JH7DIOH?FJ?ED  +'
CEB;9KB;l 7H; CK9> I>EHJ;H J>7D ' CEB;9KB;| EDBO 7 FEHJ?ED E<ED; ' IJH7D:
?1 9EF?;: EH JH7DI9H?8;: JE C7A; 7D +' CEB;9KB,; +' ?18K?BJ<HEC
H?8EDK9B;EJ?:;| H7J>;H J>7D ;;ENOH?8EDK9B;EJ?:;l  ->; D;MBO I0DJ>;I?P;: +'
IJH7D: :E;I DEJ H;C7?D 71IEQ?7J;: M?J> J>; ' I;GK;D9; ?J M71 JH7DI9H?8;: <HEC

->; ' ;GK;D9; J>7J ?1 JH7DI9H?8;: JE C7A; +' ?1 97BB;: J>;template strand

M>?B; J>; 9ECFB;C;DJ7HO I;GK;D9; ED J>; EJ>;H ' IJH7D: ?1 97BB¢aiting=H
informational strandE ?D?J?7J; +' 10DJ>;I?l J>; JME ' IJH7D:| KDM?D: 7J

IF;9?7<?9 1?J;1 7TBED=J>; ' CEB;9KB; +?8EDK9B;EJ?:;| 7TH; 7JJH79J;: JE J>;
KD9E?B?D= H;=?ED E< J>; ' CEB;9KB; 8;=?DD?D=7JJ>; :D:E<J>;J;,CFB7J,
IJH7D: 799EH:?D= JE J>; HKB;| E< 87I; F7?H?D= ->0OC?D; ?D ' 97BBI <EH 7:;D?D;
+' 90JEI?D; IF;9?7<?;1 =K7D?D; =K7D?D; 97BBI <EH 90JEI?D; 7D: 7:;D?D; H;GK?H:;
KH79?B +' FEBOC;H7I;T7D ;DPOC;T8?D:l J>; 9ECFB;C;DJ7HO H?8EDK9B;EJ?:; 7C
97J7BOP;I J>; <EHC7J?ED E< J>; ;1J;H B?DA7=; 8;JM;;D H?8EDKO9B;EJ?:;| 7 H;79J7
L;HO I?C?B7H JE J>7J 97J7BOP;: 80 ' FEBOC?HKH; 9>:C7J?9

?7=H7C E<+' -H7DI9QH?FJ?ED <HEC 7 ' -;:CFB7J;0DJ>;I1?| E< J>; +' |IJH7D:

J7A;1 FB79; ?D J>; JE :?H;9J?ED 7DJ?F7H7BB;B JE J>; J;,CFB7J; IJH7D: (DBO 7
;=C;DJ E< J>; +' CEB;9KB; ?I >O:HE=;D 8ED:;: JE J>; J;CFB7J; IJH7D: 7J 7DO

+,FB?97J?ED 7D: NFH;II?ED E< ;D;J?9 "D<EHC7J?ED
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J?C; :KH?D=JH7DI9H?FJ?ED 0>;D JH7DI9H?FJ?ED ?I 9ECFB;J;: J>; +' ?I H;B;7I;:
7D: J>; ' >:B?N H;<EHCI ->; DK9B:EJ?:; I:GK;D9; E< J>; +' |IJH7D: <EHC;:

:KH?D= JH7DI9H?FJ?ED ?| ?:;:DJ?97B JE J>7J E< J>; 9EHH;IFED:?D= 9E:?D= IJH7D
" :N9;FJ J>7J . H;FB79;l -

Figure 19.1@ 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.

+,FB?97J?ED 7D: NFH;II?ED E< ;D;J?9 "D<EHC7J?ED
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EXAMPLE 2

FEHJ?ED E< J>; J;,CFB7J; IJH7D: E< 7 =;D; >71 J>; I;GK;D9;
X- - - X 0>737?1J3> I;GK;D9; E< DK9B;EJ?:;l ?D J>; +' J>7J
?1 <EHC;: <HEC J>?I J;CFB7J;

,EBKJ?ED

EKH J>?D=I CKIJ 8; H;C;C8;H;: ?D 7DIM;H?D= J>?| GK;[J?ED J>; '

[JH7D: 7D: J>; +' IJH7D: 8;?D=10DJ>;I1?P;: 7TH; 7DJ?F7/H7BB;B  +' ?I

IODJ>;1?P;: ?D 7 JE :?H;9J?ED IE JH7DI9H?FJ?ED 8;=?DI 7JJ>; ;D:E<

J>; J;CFB7J; IJH7D:  H?8EDKO9B;EJ?:;l 7H; Kl;: ?D FB79; E<

“ENOH?8EDKO9B;:EJ?:;I 7D: J>0OC?D; - 87I; F7?HI M?J> 7::D?D;

871; F7?HI M?J>KH79?B . ?D +' 7D:90JEI?D; 87I; F7?HI M?J>=K7D?D;
->: |:GK;D9; ?I :;J;HC?D;: JE8; X .. .X 97D 7BIE 8;

MH?JJ,D71 X. .. X

SKILL-BUILDING EXERCISE

FEHJ?ED E< J>; J;,CFB7J; IJH7D: E< 7 =;D; >71 J>; ,GK;D9;
X - - --X 0>7J?1J>; ;GK;D9; E< DK9B;EJ?:;| 7D J>; +
J>7J 7| <EHC;: <HEC J>?I J;CFB7J;

->H;; JOF;l E<+' 7H; <EHC;: :KH?D= JH7DI9H?F#?&d3enger RN&+'

ribosomal RNAI+'  7D: transfer RNAI+'  ->:I; J>H;; JOF;| E< +' :?<<;H ?D
<KD9J?ED I?P; 7D: F;H9;DJ7=; E<J>; JEJ7B 9:BBB:' )HEF:HJ?:l 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;97KIl; :79> CEB:9KB:; E< C+' ;N?1JI <EH 7 H;B7J?L;[
I>EHJ J?C; ?J ?1 9EDJ?DKEKIBO 8;?D=:;=H7:;: 7D: H;I0DJ>;I?P;: ->; CEB;9KB7H
:?C;DI?EDI E< J>; C+' CEB;9KB; L7HO 799EH:?D= JE J>; 7TCEKDJ E< =;D;J?9
?D<EHC7J?ED 7 =?L;D CEB;9KB; 9EDJ7?DI <J;H JH7DI9H?FJ?ED M>?9> J7A;| FB
DK9B;KI J>; C+' F7II;1 ?DJE J>; 90JEFB7IC 97HHO?D=J>; =;D;J?9 C;lI7=; <HEC

" JE J>; H?8EIEC;| J>; 1?J;] E< FHEJ;?D IODJ>;1?1 ,*®J?ED &KJ7J?EDI 7D:

:D:J?9 2?1710 M; I>7BB I;; >EM C+' :?H;9JBO :;J;HC?D:;l1 J>; :GK:D9; E<

7C?DE 797?:1 :KH?D=FHEJ;?D IODJ>;1?I

+,FB?97J?ED 7D: NFH;II?ED E< ;D;J?9 "D<EHC7J?ED
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9;BBKB7H IK8IJHK9JKH; M>;H;

FHEJ;?DI 7H; 10DJ>;17P;:

I;J E< J>H;; DK9B;EJ?:;| ED
J>; C+' I>7JIF;97<?;1 7
F7HJ?9KB7H 7C?DE 79?:

I;.J E< J>H;; DK9B;EJ?:;| ED
J>; J+' J>7J 7?1
9ECFB;C;DJ7HO JE 7D: F7?H
M?J> J>; 9E:ED ED J>; C+'

-78B; JHEF;HJ?;| E< ;BBKB7H +'Edgherichia coli

Tvhe Function Approximate Number Percentage of

yp of Nucleotides Total Cell RNA
C+' 9E:;l <EH FHEJ;?DI S Q
H+' 9ECFED;DJ E< H?8EIEC;] S

7:7FJ;H CEB;9KB; J>7J 8H?D=I1 J>;

I 7C?DE 797?: JE J>; H?8EIEC;

Ribosomes 7H; 9:BBKB7H IK8IJHK9JKH;| M>:H; FHEJ;?DI 7H; IODJ>;I1?P;: ->:0
9EDJ7?D 78EKJ H+' 7D: FHEJ;?D >;B: JE=;J>;H 80 DKC;HEKI DED9EL7B;DJ
?DJ;H79J?EDI 1K9> 71 >O:HE=;D 8ED:?D= ?D 7D EL;H7BB IJHK9JKH; 9EDI?IJ?D=E
=BE8KB7H F7HJ?9B;| E< KD;GK7B I?P;

&EB;9KB;l E< J+' M>?79> 8H?D=7C?DE 79?:1 ED; 7J 7 J?C; JE J>;, H?8EIEC;| <EH J

9EDIJHK9J?ED E< FHEJ;?DI :?<<;H <HEC ED; 7DEJ>;H ?D J>; A?D:| E< 7C?DE 797

IF;97<?97BBO :;1?=D;: JE 97THHO |;:J E<J>H;; DK9B;:EJ?:;| AD&ddén7| ED J>;

C+' ;;J;HC?D;l 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 |;GK;D9;;9J?ED JHEJ;?D ,ODJ>:1?1 7D: J>;

:D;J?9 E:; 79> E< J>; 7C?DE 79?1 <EKD: ?D FHEJ;?DI >717J B;71J ED;

9EHH;IFED:?D= A?D: E< J+' 7D: CEIJ 7C?DE 797?:1 >7L; CEH; J>7D ED;

->; JME :?C;DI?ED7B IJHK9JKH; E< 7 J+' CEB;9KB; >71 J>H;; :?1J?D9J?L; BEEFI
H:C?D?19;DJ E< 7 9BEL;HBZKH; -H7DI<;H +' (D ED; BEEF ?1 7 I;GK;D9;
E< J>H;; DK9B;EJ?:;1 1>7J L7H?;| <EH ;79> A?D: E< J+' ->?1 JH?FB;J 97BB;: J>;
anticodon ?19ECFB;C;DJ7HO JE 7D: F7?HI M?J> J>; 9E:ED ED J>; C+' JJ>;
EFFEI?J; ;D: E<J>; CEB;9KB; ?1 J>; 799;FJEH 1J;C M>;H; J>; 7C?DE 797?: ?I
7JJ79>;:

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



>7FJ;H  'K9B;?9 97?:I

Figure 19.1Transfer 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 acce
stem is at the top right. (c) This shows a space-filling model of the tRNA.

CONCEPT REVIEW EXERCISES

"D ' H;FB?97J?ED 7 F7H;DJ ' CEB;9KB; FHE:K9;| IME :7K=>J;H CEB;9KB;I
0>7J ?1 J>; <7J; E< ;79> |JH7D: E< J>; F7H;DJ ' :EK8B; >;:B?N

0>7J ?1 J>; HEB; E< ' ?D JH7DISH?FJ?ED 0>7J ?| FHE:K9;: ?D JH7DI9H?FJ?EL

0>79> JOF; E< +' 9EDJ7?DI J>; 9E:ED 0>?9> JOF; E<+' 9EDJ7?DI J>;
7DJ?9E:ED

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

79> 1JH7D: E< J>; F7H;DJ ' :EK8B; >;B?N H;C7?DI 71IE9?7J;: M?J> J>; D;MBO
I0DJ>;I?P;: ' IJH7D:

" I;HL;1 71 7 J;CFB7J; <EH J>; IODJ>;1?I E< 7D +' IJH7D: J>; FHE:K9J E<
JH7DI9H?FJ?ED

9E:ED C+' 7DJ?9E:ED J+'

KEY TAKEAWAYS

R "D ' H;FB?97J?ED ;79> IJH7D: E< J>; EH?=?D7B ' I;HL;I 71 7 J;CFB7J;
<EH J>; IODJ>;1?l E< 7 9ECFB;C;DJ7HO IJH7D:

R "D JH7DIOH?FJ?ED 7 [;=C:DJE< ' I;HL;l1 71 7 J;CFB7J; <EH J>; IODJ>;1?I
E<7D +' I:GK:D9;

R ->H;; JOF;l E< +' 7H; <EHC;: :KH?D=JH7DI9H?FJ?ED C+' H+' 7D:

EXERCISES

<
+

;I9H?8; >EM H;FB?97J?ED 7D: JH7DI9H?FJ?ED 7H; I?C?B7H
;I9H?8; >EM H;FB?97J?ED 7D: JH7DIOH?FJ?ED :?<<;H

FEHJ?ED E< J>; 9E:?D= IJH7D: <EH 7 =?L;D =;D; >71 J>; :GK:DO;
Ko oo o3

7 0>7J7?1J>; I:GK;D9; E< 9ECFB;C;DJ7HO J;CFB7J; IJH7D:
8 0>7J7?1J> I;:GK;:D9; E< J>; C+' J>7J MEKB: 8; FHE:K9:: :KH?D=
JH7DI9H?FJ?ED <HEC J>?I1 |;=C;DJ E< '

FEHJ?ED E< J>; 9E:?D= IJH7D: <EH 7 =2L;D =;D; >7I J>; ;GK;D9;
Koo oo a0k

7 0>7J7?1J>; I;GK;D9; E< 9ECFB;C;DJ7HO J;CFB7J; |IJH7D:
8 0>7J71J>; I;GK;D9; E< J>; C+' J>7J MEKB: 8; FHE:K9;: :KH?D=
JH7DI9H?FJ?ED <HEC J>?1 |;=C;DJ E< '

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

EJ> FHES;II;I H;GK?H; 7 J;,CFB7J; <HEC M>?9> 7 9ECFB;C;DJ7HO 1JH7D: ?I

IODJ>;1?P;:
7 X-- - - -X
8 X. . X

+,FB?97J?ED 7D: NFH;II?ED E< ;D;J?9 "D<EHC7J?ED
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19.4 Protein Synthesis and the Genetic Code

->: ?2::DJ?<?97J7ED E< ;79>
=HEKF E< J>H;; DK9B;EJ?:;| 7
?JI FTHJ?9KB7H 7C?DE 797:

->: FHE9;Il ?D M>?9> J>;
?D<EHC7J?ED ;D9E:;: ?D C+'
?1 Kl;: JE :?H;9J J>; I;GK;D9?D
E< 7C?DE 797?:1 JE I0ODJ>;1?P;
FHEJ;?D

D:

~

LEARNING OBJECTIVES

;I9H?8; J>; 9>7H79J;H?13?91 E< J>; =;D;J?9 9E:;
;I9H?8; >EM 7 FHEJ;?D ?1 IODJ>;1?P;: <HEC C+'

(D; E< J>; ;;<?D?J?EDI E< 7 =,D; ?1 7| <EBBEMI 7 1;=C;DJ E< :;;ENOH?8EDK9B;?9 79
' 97HHO?D=J>; 9E:; <EH 7 IF;9?<?9 FEBOF;FJ?:; 79> CEB;9KB; E< C;lI;D=;H +'
C+'" ?17JH7DI9H?8;: 9EFO E< 7 =;D; J>7J ?1 Kl;: 80 7 9;BB <EH I0DJ>;1?P?D=7

FEBOF;FJ?:; 9>7?D "< 7 FHEJ;?D 9EDJ7?DI JME EH CEH,; :?<<;H;DJ FEBOF;FJ?:; 9

79> 9>7?D ?1 9E:;: 80 7 :?<<;H;DJ =,D; 0; JKHD DEM JE J>; GK;|J?ED E< >EM J>;

I;GK;D9; E< DK9B;EJ?:;| ?D 7 CEB;9KB; E< H?8EDK9B;?9 79?: +' ?IJH7DIB7J;: ?D.

7C?DE 797?: I;GK;D9;

IEM 97D 7 CEB;9KB; 9EDJ7?D?D= @KIJ :?<<;H;DJ DK9B;EJ?:;l IF;9?<0 J>; |;GK;D¢
J>; 7C?DE 797?:13>7J E99KH ?D FHEJ;?DI "< ;79> DK9B;EJ?:; 9E:;: <EH 7C?DE 7¢
J>;:D ESL?EKIBO J>; DK9B;?9 79?:1 9EKB: 9E:; <EH EDBO 7C?DE 79?:| 0>7J?<7C
79?:1 M:H; 9E:;: <EH 80 =HEKFI E< DK9B;EJ?:;| ->;H; 7THEH :?<<;H:;DJ
9EC8?D7J?EDI E< DK9B;EJ?:l . .. 7TD:IEED ,K9>7 9E:; ?I CEH;

:NJ;DI?L; 8KJ 1J?BB DEJ 7:;GK7J; JE 9E:; <EH 7C?DE 79?:1 'EM;L;H ?< J>;
DK9B:EJ?::| 7TH; 7THH7D=;: ?D =HEKFI E< J>; DKC8;H E< :?<<;H;DJ FEII?8B;
9EC8?D7J?EDI?IEH :H; M; >7L; 7 9E:; J>7J ?1 ;:NJ;DI?L; ;:DEK=> JE :?H;9J J>;
I0DJ>;1?l E< J>; FH?C7HO IJHK9JKH; E< 7 FHEJ;?D CEB;9KB;

->: genetic code 97D J>;H;<EH,; 8; :;19H?8;: 7ihe identification of each group of
three nucleotides and its particular amino-&¢idGK;D9; E< J>;I; JH?FB;J =HEKFI ?D
J>; C+' :?9J7J;1 J>; I;,GK;D9; E< J>; 7C?DE 79?:1 ?D J>; FHEJ;?D 79> ?D:?L?:K7B
J>H;; DK9B;EJ?:; 9E:?D=KD?J 71 M; >7L; I;;D ?1 97B&d@n

YJHEJ;?D 10DJ>;1?1 ?1 799ECFB?I>;: 80 EH:;HBO ?DJ;H79J?EDI 8;JM;;D C+' 7D: J>;
EJ>:H H?8EDK9B:?9 79?:| JH7DI<H +' 4J+'5 7D: H?8EIEC7B +' 4H+'5 J>;
H?8EIEC; 7D: CEH; J>7D :DPOC:| ->; C+' <EHC;: ?D J>; DK9B:KI| :KH?D=
JH7DIOH?FJ?ED ?I JH7DIFEHJ;: 79HEII J>; DK9B;7H C;C8H7D; ?DJE J>; 90JEFB7IC
H?8EIEC;IT97HHO?D= M?J> ?J J>; =;,D;J?9 ?DIJHK9J?EDI ->; FHE9;ll ?D M>?9> J>;
?D<EHC7J?ED ;D9E:;: ?D J>; C+' ?I KI;: JE :?H;9J J>; |;GK;D9?D= E< 7C?DE 797l
7D: J>KI KBJ?C7J;BO JE I0ODJ>;1?P; 7 FHEJ;?D ?I| H;<;Hidnsl&ioh
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;<EH; 7D 7C?DE 797: 97D 8; ?D9EHFEH7J;: ?DJE 7 FEBOF;FJ?:; 9>7?D ?J CKIJ 8;
73J79>;: JE ?2JI KD?GK; J+' ->?1 9HK9?7B FHES;Il H;GK?H;l 7D ;DPOC; ADEMD 71
7C?DE790B J+' 10DJ>;J71?2=KH; ?D:?D=E<7D C?DE 9?: JE "JI J+'

->H; ?17 IF;97<?9 7C?DE790B J+' I0DJ>;J71; <EH ;79> 7C?DE 79?: ->7?| >?7=> :;=H;;

E< IF;97<?9?J0O ?1 L?J7B JE J>;, ?DO9EHFEH7J?ED E< J>; 9EHH;9J 7C?DE 79?: ?DJE
<J;H J>; 7C?DE 79?: CEB;9KB,; >71 8;;D 8EKD: JE ?JI J+' 97HH?;H FHEJ;?D 10DJ>;l
97D J7A; FB792=KH; ->; BED=7J?ED ,J;FI ?D )HEJ;?D ,0DJ>;I?F?9JI 7
19>;,C73?9 13;FM?I; H;FH;I;DJ7J?ED E< J>?| 7BB ?CFEHJ7DJ FHES;II

Figure 19.12

Figure 19.13

JHEJ;?D ,0DJ>;I1?1 7D: J>; ;D;J?9 E:;
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'K9B;?9 97:1

7HBO ;NF;H?C;DJ;HI M;H; <79;: M?J> J>; J71A E< :;J;HC?D?D= M>?9> E< J>;
FEII?8B; 9E:EDI IJEE: <EH ;79> E< J>; 7C?DE 79?:1 ->; 9H79A?D=E< J>; =;D;J?9
9E:; M71J>; @E?DJ 799ECFB?I>C;DJ E< |;L;H7B M;BB ADEMD =;D;J?9?IJITDEJ78B!
$>EH7D7 &7HI>7BB '?H;D8;H= )>?B?F %;:;;H 7D: ,;L;HE (9>E7T<HEC JE
->:=:D;J?9 :?9J?ED7HO J>;0 9ECF?B;: IKCC7H?RPzRB; ->: :D:J?9

E:: I>EMIJ>7J 9E:EDI9E:; <EH 7C?DE 79?:1 7D: 9E:EDI I;HL; 71 1?=D7BI <EH
J>: J;HC?D7J?ED E< FEBOF;FJ?:; IODJ>;1?l CK9> B?A; J>; F;H?E: 7JJ>; :D: E<7
1;DJ;D9; 'EJ?9;J>7J EDBO C;J>?ED?D; . 7D:JHOFJEF>7D . >7L;I1?D=B;
9E:EDI BB EJ>;H 7C?DE 79?:1 >7L; JME EH CEH; 9E:EDI

Figure 19.14 he Genetic Code

JHEJ;?D ,0DJ>;I1?1 7D: J>; ;D;J?9 E:;



>7FJ;H  'K9B;?9 97?:I

EXAMPLE 3

FEHJ?ED E< 7D C+' CEB;9KB; >71 J>; I:GK:;D9;
X. .. X 0>7J7C?DE 797?: I;GK;D9; :E;l J>?1 9E:; <EH

,EBKJ?ED

A ?2=KH; ->: :DJ?9 E:; JE ;J;HC?D; M>7J 7C?DE 79?: ;79> |;J

E< J>H;; DK9B;EJ?:;| 9E:ED 9E:;| <EH +;C;C8:H J>7J J>; |;GK;D9; ?I H;7:
[J7HJ?D= <HEC J>; ;D:7D:J>7J7 FHEJ;?D ?I IODJ>;I?P;: J7HJ?D= M?J> J>;
'J;HC?D7B 7C?DE 79?: ->; I;GK;D9; X. .. X 9E:lI<EH

C,JFHE 7H=L7B 7IF

SKILL-BUILDING EXERCISE

FEHJ?ED E< 7D +' CEB;9KB; >71 J>; I,GK;D9;
X.. .. . X 0>73J7C?DE 79?: I;GK;D9; :E;l 3>?| 9E:; <EH

KHJ>;H ;NF;H?C;DJ7J?ED J>H;M CK9> B?=>J ED J>; D7JKH, E< J>; =;D;J?9 9E:; 7I
<EBBEMI

->: 9E:; ?I L?HIK7BBO KD?L;HI7B 7D?C7B FB7DJ 7D: 879J;H?7B 9;BBI

J>: |7C; 9E:EDI JE IF;9?<0 ;79> 7C?DE 79?: M?J>7 <;M ;N9;FJ?EDI

->; 9E:; ?1 U:;=;D;H7J;v ?D 7BB 8KJ JME 97I;1 C;J>?ED?D; 7D:

JHOFJEF>7D CEH; J>7D ED; JH?FB;J 9E:;| <EH 7 =?L;D 7C?DE 797:

->: <?HIJ JME 87I;1 E< ;79> 9E:ED 7H; CEIJ 1?7=D?<?97DJ J>; J>?H: 87,

E<J;D L7H?;l ->?1IK==;1J1J>7J 7 9>7D=; ?D J>; J>?H: 871; 80 7

CKJ7J?ED C70 13?BB F;HC?J J>; 9EHH;9J ?DO9EHFEH7J?ED E< 7 =?L;D

79?: ?DJE 7 FHEJ;?D EH CEH; ?D<EHC7J?ED ED CKJAYHD I;;
&KJ7J?EDI 7D: ;:D:J?9 21713 ->; J>?H: 871; ?1 IEC;J?C;l

97BB;: J>; UMES88B;V 871,

->; 9E:; ?1 9EDJ?DKEKI 7D: DEDEL;HB7FF?D= J>1OKBB;EJ?:;I

8;JM;;D 9E:EDI 7D: 7:@79;DJ 9E:EDI :E DEJ EL;HB7F

->: J>H;; J;HC?D7J?ED 9E:EDI 7H; H;7: 80 IF;9?7B FHEJ;?DI 97BB;:

H:B:71; <79JEHI M>?9> |?=D7B J>; ;:D: E< J>; JH7DIB7J?ED FHEO9;lI

->; 9E:ED . 9E:;l <EH C;J>?ED?D; 7D: ?I 7BIE J>; ?D?J?7J?ED 9E:ED

->KI C;J>?ED?D; ?1 J>; <?HIJ 7C?DE 797?: ?D ;79> D;MBO 10DJ>;1?P;:

FEBOF;FJ?:; ->?1 <?HIJ 7C?DE 79?: ?I KIK7BBO H;CEL;: ;DPOC7J?97BE

JHEJ;?D ,0DJ>;I1?1 7D: J>; ;D;J?9 E:;
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8;<EH; J>; FEBOF;FJ?:; 9>7?D ?1 9ECFB;J;: J>; L71J CT@EH?JO E<
FEBOF;FJ?:;1 :E DEJ 8;=?D M?J> C;J>?ED?D;

CONCEPT REVIEW EXERCISES

0>7J 7H; J>; HEB;I E< C+' 7D: J+' ?D FHEJ;?D IODJ>;I?|
0>7J ?1 J>; ?D?3?7J?ED 9E:ED

0>7J 7H; J>; J;HC?D7J?ED 9E:EDI 7D: >EM 7H; J>;0 H;9E=D?P;:

ANSWERS

C+' FHEL?:;1 J>; 9E:; J>7J :;:J;HC?D;l J>; EH:;H E< 7C?DE 797?:1 ?D J>;
FHEJ;?D J+' JH7DIFEHJI J>; 7C?DE 79?:1 JE J>; H?8EIEC; JE ?D9EHFEH7J; 2L
J>; =HEM?D= FHEJ;?D 9>7?D
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EXERCISES

0H?J; J>; 7DJ?9E:ED ED J+' J>7J MEKB: F7?H M?J> ;79> C+' 9E:ED

7 X..X
8§ X X
9 X X
o X X

0H?J; J>; 9E:ED ED C+' J>7J MEKB: F7?H M?J> ;79> J+' 7DJ?9E:ED

7 X.X
8 X X
9 X X
o X X

->; F;FJ?:; >EHCED; ENOJE9?D 9EDJ7?DIl 7C?DE 79?: KD?JI 0>7J ?I J>;

&OE=BE8?D 7 FHEJ;?D J>7J |IJEH;| ENO=;D ?D CKI9B; 9;BBI >7I 8;;D FKH?<?;
7 DKC8;H E< EH=7D?ICI| ->; FHEJ;?D <HEC 7 IF;HC M>7B; ?| 9ECFEI;: E<
7C?DE 79?: KD?JI 0>7J ?1 J>; C?D?CKC DKCS8;H E< DK9B;EJ?:;1 J>7J CKIJ 8;
FH;I;DJ ?D J>; C+' J>7J 9E:;| <EH J>?| FHEJ;?D

. ?=KH; ->: :D:J?9 E:; JE ?::DJ?<0 J>; 7C?DE 797?:1 97HH?;: 80
179> J+' CEB;9KB:; ?D N;H9?I;

d; ?2=KH; ->: :'D:J?9 E:; JE ?::DJ?<0 J>; 7C?DE 79?:1 97HH?;: 80
;79> J+' CEB;9KB; ?D N;H97I;

A, ?=KH; ->: :D:J?9 E:; JE :J;HC?D; J>; 7C?DE 79?: I:GK;D9;
FHE:K9;: <HEC J>?1 C+' |;GK;D9; X. . X

A ?=KH; ->: :D:J?9 E:; JE ;J;HC?D; J>; 7C?DE 797: |;:GK;D9;
FHE:K9;: <HEC J>7?| C+' |;GK:D9; X. .. X
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19.5 Mutations and Genetic Diseases

DO 9>;C?97B EH F>0I1?797B
9>7D=; J>7J 7TBJ;HI J>;
DK9B:;EJ?:; I;GK;D9; ?D '

9>7D=; ?D M>?9> ED;
DK9B;EJ?:; ?I IK8IJ?JKJ;:
7. EH :;B;J;:

LEARNING OBJECTIVE

J19H?8; J>; 97KI;| E< =;D;J?9 CKJ7J?EDI 7D: >EM J>;0 B;7: JE =;D;J?9
2171

0; >7L; 1;:D J>7J J>; I:GK:;D9; E< DK9B:EJ?::1 ?D 7 9;BBWI :;ENOH?8EDK9B;?9 79?:

" ?21M>7J KBJ?C7J;BO :;J;HC?D;l J>; I;GK;D9; E< 7C?DE 797?:1 ?D FHEJ;?DI C7:;
80 J>; 9;BB 7D: J>KI ?1 9H?J?97B <EH J>; FHEF;H <KD9J?ED?D= E< J>; 9;BB (D H7
E997I1?EDI >EM;L;H J>; DK9B;EJ?:; I:GK;D9; ?D ' C70 8; CE:?<?;:;?J>:H
IFEDJ7D;EKIBO 80 ;HHEHI :KH?D=H;FB?97J?ED E99KHH?D=7FFHEN?C7J;BO E
:L;HO 87BB?ED DK9B;EJ?:;| EH <HEC ;NFEIKH; JE >;7J H7:?7J?ED EH 9;HJ7?D
9>:C?97BI DO 9>;C?97B EH F>0I1?97B 9>7D=; J>7J 7BJ;H| J>; DK9B;EJ?:; |;GK;D9;
' ?197BB;: 7 mutation 0>;D 7 CKJ7J?ED E99KHI ?D 7D ;== EH IF;HC 9;BB J>7J
J>:D FHE:K9;l 7 B?L?D= EH=7D?IC ?J M?BB 8; ?D>;H?J;: 80 7BB J>; E<<IFH?D= E=
EH=7D?IC

ECCED JOF;l E< CKJ7J?EDI ?D98kKastitution7 :?<<;H;DJ DK9B;EJ?:; ?I
IK81J?JKJ;: insertionJ>; 7::?J?ED E< 7 D;M DK9B;EJ?:; d&etionJ>; BEII E<7
DK9B;EJ?:; ->;I; 9>7D=; M?J>?D ' 7H; 97BBpoint mutations 8;97KI; EDBO
ED; DK9B:EJ?:; ?1 IK8I1J?JKJ;: 7::;: EH ::B;J;: ?=KH; ->H:: -OF:l E<)E?DJ

&KJ7J?EDI ;97KIl; 7D ?DI;HI?ED EH :;B;J?ED H;IKBJI ?D 7 <H7C; 1>?<J J>7J 9>7D=;

J>; H;7:?D= E< IK8I;GK;DJ 9E:EDI 7D: J>;H;<EH; 7BJ;HI J>; ;DJ?H; 7C?DE 79?:
I;GK;D9; J>7J <EBBEMI J>; CKJ7J?ED ?DI;HJ?EDI 7D: :;B;J?EDI 7H; KIK7BBO CEH,;
>7HC<KB J>7D 7 IK81J?JKJ?ED ?D M>?9> EDBO 7 |?D=B; 7C?DE 79?: ?| 7TBJ;H;:
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9>;C?97B EH F>0I1?97B 7=;D
J>7J 97KI; CKJI7J?EDI

Figure 19.15 hree Types of Point Mutations

->: 9>:C?97B EH F>0I?97B 7=;DJI J>7J 97KI; CKJ7J?EDI 7h@aBens

N7CFB;l E< F>01?97B CKJ7=;DI 7H; KBJH7L?EB;J ./ 7D: =7CC7 H7:?7J?ED +7:?7
;N;HJI 231 CKJ7=;D7?9 ;<<;9J ;?J>;H :?H;9JBO EH 80 9H;7J?D= <H;; H7:?97BI J>7J ?L
>7L; CKJ7=;D?9 ;<<;9J1 +7:?7J?ED 7D: <H;; H7:?97BI1 97D B;7: JE J>; <EHC7J?ED E:
8ED:I 8;JM;;D D?JHE=;DEKI 87I; ?D ' EH ;N7CFB; ;NFEIKH; JE ./ B?=>J 97D
H;IKBJ ?D J>; <EHC7J?ED E< 7 9EL7B;DJ 8ED: 8;JM;;D JME 7:@79;DJ J>0OC?D;| ED
IJH7D: FHE:K9?D=7 J>0C?D; :?Q#KH; D N7CFB; E<+7:?7J?ED 7C7=;

JE ' "< DEJ H;F7?H;: J>;:?C;H FH;L;DJl J>; <EHC7J?ED E< J>; :EK8B; >;B?N 7.
J>; FE?DJ M>;H; ?J E99KHI ->; =;D;J?9 :?Ix&roderma pigmentos@iB7KI;: 80 7

B79A E< J>; ;DPOC; J>7J 9KJI EKJ J>; J>0OC?D; :?C;HI ?D :7C7=;: ' "D:?L?:K7BI
7<<;9J;: 80 J>?1 9ED:?J?ED 7H; 78DEHC7BBO [;DI1?J?L; JE B?=>J 7D: 7H; CEH; FHE
IA?D 97D9;H J>7D DEHC7B ?D:?L?:K7BI

&KJ7J?EDI 7D: ;D;J?9 ?I;715]
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>:H;:?J7HO 9ED:?J?ED 97KI;
80 7D 7BJ;H;: ' I;GK;D9;

Figure 19.16

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

,EC:;J?C:;| =;D; CKJ7J?EDI 7H; 8:D;<?9?7B 8KJ CEIJ E< J>;C 7H; :;JH?C;DJ7B EH
:N7CFB; ?<7 FE?DJ CKJ7J?ED E9Q9KHI 7J 7 9HK9?7B FEI?J?ED ?D 7 ' I;,GK;D9; J>
7<<:9J;: FHEJ;?D M?BB B79A 8?EBE=7?97B 79J?L?JO F;H>7FI H;IKBJ?D= ?D J>; :;7
"D IK9> 97I;1 J>; 7TBJ;H;: ' I;GK;D9; ?I BEIJ 7D: M?BB DEJ 8; 9EF?;: ?DJE :7K=>J;H
9;:BBI 'EDB;J>7B CKJ7J?EDI ?D 7D ;== EH IF;HC 9;BB C70 B;7: JE C;J78EB?9
78DEHC7B?J?;| EH >;H;:?J7HO :?I;71;1 ,K9> :?1;7I;1 7H; 97B&rn errors of
metabolisnEHyenetic diseases F7HJ?7B B?1J?D= E< =;D;J?9 :?I;71;1 ?1 FH;I;DJ;: ?D
-78B; LEC; +:FH:I:DJ7J?L; :D:J?9 ?1;71:1 ?D IKC7DI 7D: J>; )HEJ;?D EH

DPOC; +;IFEDI?8B; 7D: JME IF;97<?9 :?I;71;1 7H; :?I19KIl;: ?D J>; <EBBEM?D=

[;9J7EDI "D CEIJ 97151 J>; ;;,<;937L,; =;D; H;IKBJI ?D 7 <7?BKH; JE IODJ>;I?P; 7
F7HJ?9KB7H ;DPOC;

-78B; ,EC; +;FH;1;DJ7J7?L; ;D;J?9 ?I;71;1 ?D IKC7DI 7D: J>; )HEJ;?D EH
DPOC; +;,IFEDI?8B;

Disease Responsible Protein or Enzyme
7BA7TFJEDKH?7 >ECE=;DJ?1?9 79?: EN?:7I,
= . . ’). . - = ? .
~7B79JEI:C?7 7B79JEIl; F>EIF>7J; KH?:0B JH7DI<;H7I; =7B79JEA?D7I;|EH .)

=7B79JEl; ;F?C;H7I,

TKO>:H ?I;71; =BK9E9;H;8HEI?:71;

= . 0 . )
EKJ 7D: %;19>"0>7D >0OFEN7DJ>?D; =K7D?D; F>EIF>EH?8EIOB JH7DI<;H7I,

IOD:HEC;

&KJ7J?EDI 7D: ;D;J?9 ?I;715]
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H <79JE

>:CEF>?B77 Z:FJ?>;CEF>?B?9 <79JEH <79JEH /™" EH >H?IJC71 <79JE
>ECE9OIJ?DKH?7 901J7J>?ED?D; 10DJ>;J7I,

C7FB; IOHKF KH?D;
2ITIL

8H7D9>;: 9>7?D A;JE 797?: :;>O:HE=;D7l; 9ECFB;N

&9 H:B; IOD:HEC;

CKI9B; F>EIF>EHOBT7I;

'2,C7DD )?9A ?1;71;

IF>?D=ECO;B?D7l,

F>;DOBA;JEDKH?7 )$.

F>;DOB7B7D?D; >O:HENOB7I;

1?9AB; 9;:BB 7D;C?7 >:CE=BE8?D
-70,79>1 :21:71; >:NEI7C?D?:7I;
JOHEI?D;C?7 <KC7HOB79;JE79;J7J; >O:HEB7I; EH JOHEI?D; 7C?DEJHTI

DI<:H7I:

LED ?:HA; :?I;7I;

=BKO9EI; F>EIF>7J7I;

0?BIED :?I;7I;

0?BIED :?1;71; FHEJ;?D

)$. H;IKBJI <HEC J>; 78I;D9; E< J>; ;DPOC; F>;DOB7B7D?D; >O:HENOB7I; 0?J>EKJ
J>7?1;DPOC,; 7 F;HIED 97DDEJ 9EDL;HJ F>;DOB7B7D?D; JE JOHEI?D; M>79> ?| J>
FH;9KHIEH E< J>; D;KHEJH7DIC?JJ;HI :EF7C?D; 7D: DEH;F?D;F>H?D; 71 M;BB 71 J:
IA?D F?=C;DJ C;B7D?D

0>;D J>?1 H;79J?ED 97DDEJ E99KH F>;DOB7B7D?D; 799KCKB7J;l 7D: ?1 J>;D 9EDI
JE >?=>;H J>7D DEHC7B GK7DJ?J?;| E< F>;DOBFOHKL7J; ->;:?1;71; 79GK?H;: 2JI [
<HEC J>; >7=> B;L;Bl E< F>;DOBFOHKL7J; 7 F>;DOB A;JED; ?D KH?D; NO9;II?L;

7CEKDJI E< F>;DOBFOHKL7J; ?CF7?H DEHC7B 8H7?D :;L,BEFC;DJ M>?9> 97KI;! |

C;DJ7B H;J7H:7J?ED

&KJ7J?EDI 7D: ;D;J?9 ?L;7151
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)$. C70 8; :?7=DElI;: 80 71170?D= 7 I7CFB; E< 8BEE: EH KH?D; <EH F>;DOB7B7D?D
ED; E<?JI C,J78EB?J;l &;:?97B 7KJ>EH?J?;I H;9ECC;D: J;13?D=;L;HO D;M8EHDWI
8BEE: <EH F>;DOB7B7D?D; M?J>?D >JE M;;Al 7<J;H 8?HJ> "< J>; 9ED:?J?ED ?
5J;93;: C,DJ7B H;J7H:7J?ED 97D 8; FH;L;DJ;: 80 ?CC;:?7J;BO FB79?D= J>; ?D<7DJ
7 :?;J 9EDJ7?D?D= B?JJB; EH DE F>;DOB7B7D?D; ;97KI; F>;DOB7B7D?D; ?I FB;D.
D7JKH7BBO FHE:K9;: FHEJ;?DI J>; BEM F>;DOB7B7D?D; :?;J :;F;D:l ED 7 I0ODJ>;J?
FHEJ;?D IK81J?JKJ; FBKI L;HO IC7BB C;7IKH;: 7CEKDJI E< D7JKH7BBO FHE:K9;: <I
<EH; :?;J7HO JH;7JC;DJ M71 ?DJHE:K9;: ?D J>; ;7HBO | I;L;H; C;:DJ7B
H;J7H:7J?ED M71 7 9ECCED EKJ9EC; <EH 9>7?B:H;D M?J>)$. )JH?EH JE J>; |
E<F7J?;DJI M?J>)$. >7: 7D ?DJ;BB?=;D9; GKEJ?;DJ "* B;llJ>7D 7D: >7:™
I9EH;I 8;BEM ,?D9; J>; ?DJHE:K9J?ED E< :?;J7HO JH;7JC;DJI >EM;L;H EL;H E:
9>7B:H;D M?J>)$. >7L; :;L;BEF;: DEHC7B EH D;7H DEHC7B ?DJ;BB?=;D9; ->;
?D9?:;D9; E<)$. ?D D;M8EHDI ?I 78EKJ ?D ?D'EHJ> C;H?97

Note

L;HO 137J; >71 C7D:7J;: J3>7J I9H;;D?D= <EH )$. 8; FHEL?:;: JE 7BB D;M8EHDI

»LH7B =;D;J?9 :?1;71;1 7H; 9EBB;9J?L;BO 97J;=EHMPpid-Atorage diseases?F?:I

7H; 9EDIJ7DJBO 8;?D=10DJ>;I?P;: 7D: 8HEA;D :EMD ?D J>; 8E:O |E ?< J>; ;DPOC;l
J>7J97J7BOP; B?F?: :;=H7:7J?ED 7H; C?1I?D= J>; B?F?:| J;D: JE 799KCKB7J; 7D: 9
7 L7H?;J0 E< C;:?97B FHES8B;CI 0>:D 7 =;D;J?9 CKJ7J?ED E99KHI ?D J>; =;.D; <EH
:DPOC; >;NEI7C?D?:7l; <EH ;N7CFB; =7D=B?EI?:;l 97DDEJ 8; :;=H7:;: 8KJ
799KCKB7J; ?D 8H7?D J?IIK; 97KI?D=J>; =7D=B?ED 9;BBI E< J>; 8H7?D JE 8;9EC;
:DB7H=;: 7D: DED<KD9J?ED7B EH CEH; ?D<EHC7J?ED ED =7D=>B®iR::l |;;
%?F?:1 9J?ED  &;C8H7D;1 7D: &,C8H7D; %?F?:1 ->?1=;D;J79 :?I;71,

ADEMD TTay-Sachs diseaBer:1 JE 7 H;=H;!I?ED ?D :;L;BEFC;DJ :;C;DJ?7

F7H7BOI?I 7D: 8B?D:D;ll M?J> :;7J> KIK7BBO E99KHH?D= 8;<EH; J>; 7=; E< J>H;;
?1 9KHH;DJBO DE JH;7JC;DJ 8KJ -70 ,79>1 :?1;71; 97D 8; :?7=DEIl;: ?D 7 <;JKI 80
71170?D=J>; 7TCD?EJ?9 <BK?: 7CD?E9;DJ;I?l <EH >;NEI7C?D?:71; 8BEE: J;|J 97I
?:;DJ?<0 -70 ,79>1 97HH?;HITF,EFB; M>E ?D>;H?J 7 :;<;9J?L; =;D; <HEC EDBO ED;
H7J>;H J>7D 8EJ> F7H;DJIT8;97KI; J>;0 FHE:K9; EDBO >7B< J>; DEHC7B 7CEKDJ
>'NEI7C?D?:7l; 7BJ>EK=>J>;0 :E DEJ ;N>?8?J IOCFJECI E< J>; :?I;7I;

&KJ7J?EDI 7D: ;D;J?9 ?I;715]
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Looking Closer: Recombinant DNA Technology

&EH; J>7D >KC7D :?1;71;1 >7L; 8;;:D I>EMD JE >7L; 7 =;:D;J?9

9ECFED;DJ 97KI;: EH ?D IEC; M70 CE:KB7J;: 80 J>; F;HIEDWI =;D;J?9
9ECFEI?J?ED &EHEL;H ?D J>; B71J :;97:; EH IE H;l;7H9>:HI >7L; IK99;;::: ?D
?::DJ?<0?D= C7DO E< J>; =;D;l 7D: ;L;D CKJ7J?EDI J>7J 7H; H;IFEDI?8B; <EH
IF;97<?9 =:D;J?9 :?1;71;1 'EM 19?;DJ?1JI >7L; <EKD: M70I E< ?:;:DJ?<0O?D= 7D:
?IEB7J?D==,D;l J>7J >7L; IF;9?<?9 8?EBE=?97B <KD9J?EDI 7D: FB79?D= J>EI; =
?D 7DEJ>;H EH=7D?IC IK9> 71 7 879J;H?KC M>79> 97D 8; ;71?BO =HEMD ?D 9KE
0?J> J>;1; J;9>D?GK;l ADEMD rdcombinant DNA technolalyy, 78?B?JO JE 9KH;
C7DO I;H?EKI =;D;J?9 :?1;71;1 7FF;7HI JE 8; M?J>?D EKH =H7IF

"IEB7J?D= J>; IF;97<?9 =;D; EH =;D;l1 J>7J 97KI; 7 F7THJ?9KB7H =;D;J?9 :?1;71; ?1 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> 9EDJ77?DI J>; =;D; I:GK;D9; ->KI
J>: <?HIJ J71A ?1 JE E8J7?D IC7BB;H F?;9;l E< ' J>7J 97D 8; CEH; ;71?BO >7D:B;:
EHJIKD7J;BO H;l;7H9>;HI 7H; 78B; JEesttiction enzymesBIE ADEMD 71
H;1IJH?9J?ED ;D:EDK9B;7I;l :?I9EL;H;: ?D M>?9> 7H; ;DPOC;| J>7J 9KJ '

7J IF;9?7<?9 ADEMD DK9B;EJ?:; I;GK:D9;l O?;:B:?D= ' <H7=C:;DJI E< I>EHJ;H
B;D=J> EH ;N7CFB; J>; H;|IJH?9J?ED ;0RORH;9E=D?P;| J>; DK9B;EJ?:;

I;GK;D9; I>EMD >;H; 7D: 9KJI 8EJ> ' |JH7D:I 71 ?D:?97J;:

(D9; 7 ' 1IJH7D: >718;;D <H7=C;DJ;: ?J CKIJ 8; 9BED;: J>7J ?I CKBJ?FB;
?::DJ?97B 9EF?;l E< ;79> ' <H7=C;DJ 7H; FHE:K9;: JE C7A; IKH; J>;H; 7H;
IK<<?97?;DJ 7CEKDJI E< ;79> JE :;J;9J 7D: C7TD?FKB7J; ?D J>; B7TSEH7JEHO BEL
?1 799ECFB?I>;: 80 ?DI;HJ?D= J>; ?D:?L?:K7B ' <H7=C;DJI ?DJE F>7=;]
879J;H?7B L?HKI;l 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;: 80 J>; CE:?<?;: F>7=; ?I FB79;: ?D 7D 7FFHEFH?7J; 9KB
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C;:?KC ?J <EHCI 7 9EBEDO E< 9;BBI 7BB 9EDJ7?D?D=9EF?;| E< J>; EH?=?D7B
<H7=C;DJ ->7?1 J;9>D?GK; ?| Kl;: JE FHE:K9; C7DO 879J;H?7B 9EBED?;l ;79>
9EDJ7?D?D=7 :?<<;H;DJ ' <H7=C;DJ ->; H;IKBDNRA/library7 9EBB;9J?ED E<
879J;H?7B 9EBED?;l J>7J JE=;J>;H 9EDJ77?D J>; ;DJ?H; =,DEC; E< 7 F7THJI?9KB7F
EH=7D?IC

->: D;NJ J71A ?1 JE I9H;;D J>; ' B?8H7HO JE :;J;HC?D; M>?9> 879J;H?7B 9EBEDO
EH 9EBED?;| >71 ?DO9EHFEH7J;: J>; ' <H7=C;DJ 9EDJ7?D?D= J>; ;;I?H;: =:D;
I>EHJ F?;9; E< ' ADEMD 71 Rybridization prob&1>?9> >71 7 DK9B;EJ?:;

I;GK;D9; 9ECFB;C;DJ7HO JE 7 ADEMD I;GK;D9; ?D J>; =;D; ?I10DJ>;1?P;: 7D:

7 H7:?E79J?L; F>EIF>7J; =HEKF ?1 7::;: JE?J 71 7 UJ7=V 2EK C?=>J 8; MED:;H?D:
>EM H:I;7H9>:HI 7H; 78B; JE FH;F7H; IK9> 7 FHES8; ?< J>; =;D; >7I DEJ O;J 8;:D
?IEB7J;: (D; M70 ?1 JEKI; 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:| ED ADEM?D= 7BB EH F7HJ E< J>; 7C?D
79?: 1;,GK;D9; E< J>; FHEJ;?D FHE:K9;: 80 J>; =;D; E< ?DJ;H;IJ J>; 7C?DE 797?:
I;GK;D9; ?1 Kl;: JE FHE:K9; 7D 7FFHEN?C7J; =;D;J?9 9E:; <EH J>; =,.D; 7D: J>?I
DK9B;EJ?:; I:GK;D9; ?| J>;D FHE:K9;: I0DJ>;J?97BBO ->; 7C?DE 797?: |;GK;D9;
Kl;: ?1 97H;<KBBO 9>EI;:D JE ?D9BK:; ?< FEII?8B; C7DO 7C?DE 79?:| IK9> 71
C;J>?ED?D; 7D: JHOFJEF>7D M>?9>>7L; EDBO 7 1?D=B; 9E:ED ;79>

<J;H 7 FHES; ?:;:DJ?<?;| 7 9EBEDO 9EDJ7?D?D= J>; :;I?H;: =:D; J>; ' <H7=C;DJ
?1 9B?FF;: EKJ 7=77?D KI?D= H;IJH?9J?ED ;DPOC;| 7D: IFB?9;: ?DJE 7DEJ>;H
H;FB?97J?D= ;DJ?JO KIK7BBO 7HBIMI@IH; J?DO C?D? 9>HECEIEC;| <EKD:
?D C7DO 879J;H?7 IKO9EStherichia cok. coli H;9EC87?D;: FB7IC?: MEKB:

J>;D 8; ?DI;HJ;: ?DJE J>; >EIJ EH=7D?IC KIK7BBO J>; 87%l;E@KI@>;H; ?J

MEKB: =E JE MEHA JE FHE:K9; J>; :;I?H;: FHEJ;?D
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&KJ7J?EDI 7D: ;D;J?9 ?I;715]

JHEFED;DJI E< H;9EC8?D7DJ ' H;l;7H9> 7H; ;N9?J;: 78EKJ ?JI =H;7J FEJ;DJ?7B
8:D;<?Jl D ;N7CFB; ?1 J>; FHE:K9J?ED E< >KC7D =HEMJ> >EHCED; M>?9> ?|
Kl;: JE JH;7J 9>?B:H;D M>E <7?B JE =HEM FHEF;HBO EHC;HBO >KC7D =HEMJ
>EHCED; M71 7L7?B78B; EDBO ?D J?DO 7CEKDJI E8J7?D;: <HEC 97:7L;HI 'EM ?.
H;7:?BO 7L7?B78B; J>HEK=> H;9EC8?D7DJ ' J;9>DEBE=0 DEJ>;H =;D; J>7J >7
8;;D 9BED;: ?1 J>; =,D; <EH ;F?:;HC7B =HEMJ> <79JEH M>?9> |IJ?CKB7J;l J>;
=HEMJ> E< |A?D 9;BBI 7D: 97D 8; Kl;: JE IF;;: J>; >;7B?D= E< 8KHDI 7D: EJ>;H
IA?D MEKD:I +;9EC8?D7DJ J;9>D?GK;l 7H; 7BIE 7 FEM;H<KB H;l;7H9> JEEB
FHEL?:?D=;DEHCEKI 7?: JE 19?;DJ?1JI 71 J>;0 C7F 7D: I;GK;D9; =;D;l 7D:
5J;HC?D; J>; <KD9J?EDI E< :?<<;H;DJ |;=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;|
H;9EC8?D7DJ ' J;9>DEBE=0 C70 79JK7BBO B;7: JE 9KH;l 0>;D 7FFHEFH?7J;
=:D;l 7H; IK99;lI<KBBO ?DI;HJ;: ?BJé&oliJ>; 879J;H?7 97D 8;9EC; C?D?7JKH;
F>7HC79;KJ?97B <79JEH?;| FHE:K9?D==H;7J GK7DJ?J?;| E< ?DIKB?D <EH F;EF
:?278;J;1 9BEJJ?D= <79JEH <EH F;EFB; M?J> >;CEF>?B?7 C?II?D=;DPOC;I
>EHCED;| L?J7C?DI 7DJ?8E:?;| L799?D;l 7D: IE ED +;9;DJ 799ECFB?I>C;DJI
?D9BK:; J>; FHE:K9QJ?EB.AiplE< H;9EC8?D7DJ ' CEB;9KB;| 9EDJ7?D?D=
I0DJ>;J?9 =;D;| <EH J?IIK; FB7IC?DE=;D 79J?L7JEH 7 9BEJ :?II[EBL?D=;DPOC; J
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97D H;I9K; >;7HJ 7JJ79A L?9J?Cl 71 M;BB 71 J>; FHE:K9J?ED E< L7997D;| 7=77?DI.
> F73?J?1 >KC7DI 7D: >EE< 7D: CEKJ> :?1;71; 97JJB;

,9?:DJ?1J1 >7L; Kl;: EJ>;H 879J;H?7 8;1?:H. col?D =;D; IFB?9?D=;NF;H?C;DJI

7D: 7BIE O;71J 7D: <KD=? )B7DJ CEB;9KB7H 8?EBE=?1JI KI; 7 879J;H?7B FB7IC?:
?DJHE:K9; =;D;l <EH I;L;H7B <EH;?=D FHEJ;?DI ?D9BK:?D= 7D?C7B FHEJ;?DI ?I
FB7DJI ->; 879J;H?KCAjrobacterium tumefacieMs>?9> 97D 97KI; JKCEHI ?D

C7DO FB7DJI 8KJ M>?9> 97D 8; JH;7J;: IE J>7J ?J1 JKCEH 97KI?D= 78?B?JO ?I
;B?C?D7J;: (D; FH79J?97B 7FFB?97J?ED E< ?JI FB7IC?:l MEKB: 8; JE ;D>7D9; 7
FB7DJWI DKJH?J?ED7B L7BK; 80 JH7DI<;HH?D= ?DJE ?J J>; =,D; D;9;lI7HO <EH
IODJ>;I1?1 E< 7D 7C?DE 797?: ?D M>?9> J>; FB7DJ ?| DEHC7BBO :;<?9?;:DJ <EH
;N7CFB; JH7DI<;HH?D= J>; =;D; <EH C;J>?ED?D; I0ODJ>;I?l ?DJE F?DJE 8;7DI
M>?9> DEHC7BBO :E DEJ IODJ>;I?P; >?=> B;L;Bl E< C;J>?ED?D;

Note

+;1JH?9J?ED ;DPOC;| >7L; 8;;D ?IEB7J;: <HEC 7 DKC8;H E< 879J;H?7 7D: 7H;
D7C;: 7<J;H J>; 879J;H?KC E< EHE=g®RPI 7 H;IJH?9J?ED ;DPOC; E8J7?D;:
<HEC J>; + IJH7?0EEsoli->; HEC7D DKC;H7B " ?D:?97J;1 3>7J ?J M71 J>; <?HIJ
H;1IJH?9J?ED ;DPOC; E8J7?D;: <HEC J>?I IJH7?D E< 879J;H?7

CONCEPT REVIEW EXERCISES

&KJ7J?EDI 7D: ;D;J?9 ?I;715]

7 0>7J:<<;9J97D ./H7:?7J?ED >7L; ED '
8 "lI./H7:?7J?ED 7D ;N7CFB; E< 7 F>01?97B CKJ7=;D EH 7 9>;C?97B CKJ7=;l

7 0>7J97KI;1)$.
8 !EM?1)$.:;3;9J;: 7D: JH;7J;:
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ANSWERS

7 "J97D B;7: JE J>; <EHC7J?ED E< 7 9EL7B;DJ 8ED: 8;JM;;D JME 7:@79;DJ
J>0OC?D;I ED 7 ' IJH7D: FHE:K9?D=7 J>0OC?D; :?C;H
8 F>0I1?797B CKJ7=;D

7 J>; 781;D9; E< J>; ;,DPOC,; F>;DOB7B7D?D; >O:HENOB7I;

8 )$.?1:?7=DElI;: 80 711I70?D= 7 I7CFB; E< 8BEE: EH KH?D; <EH F>;DOB7B7L
EH ED; E< ?JI C;J78EB?J;| JH;7JC;DJ 97BBI <EH 7D ?D:?L?:K7B JE 8; FB7¢
:?;J 9EDJ7?D?D= B?JJB; EH DE F>;DOB7B7D?D;

KEY TAKEAWAYS

R ->; DK9B;EJ?:; I;GK;D9; ?D ' C70 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: .
CKJ7J?EDI

R &KJ7=;DI 7H; J>; 9>:C?97B EH F>0I?97B 7=;DJI J>7J 97KI|; CKJ7J?EDI

R :D;J?9 :?21;71;1 7TH; >;H;:?J7HQO :?I;71;1 I>7J E99KH 8;97KI; E< 7
CKJ7J?ED ?D 7 9H?J?97B =;D;

&KJ7J?EDI 7D: ;D;J?9 ?I;715]
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EXERCISES

FEHJ?ED E< J>; 9E:?D=|JH7D: E< 7 =;D; M71 <EKD: JE >7L; J>; |;GK;D9;
X - --- - X CKJ7J?ED E99KHH;: ?D J>; =,D; C7A?D=
J>: :GK;:D9; X - - =X

7 ":;DJ?<0 J>; CKJI7J?ED 717 IK81J?JKJ?ED 7D ?DI;HJ?ED EH 7 :;B;J?ED
8 0>7J;:;<<;9J MEKB: J>; CKJ7J?ED >7L; ED J>; 7C?DE 797: |;GK;D9; E< J>;
FHEJ;?D E8J77?D;: <HEC J>7?I CKJ7J;: =;D; 2dKH; ->; :DJ?9

E:;

FEHJ?ED E< J>; 9E:?D=JH7D: E< 7 =;D; M7| <EKD: JE >7L; J>; |:GK;D9;
X- - - --X CKJ7J?ED E99KHH;:: ?D J>; =;D; C7A?D=
J>: :GK;D9; X- -- --X

7 ":;DJ?<0 J>; CKJI7J?ED 717 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 797: |;GK;D9; E< J>;
FHEJ;?D E8J77D;: <HEC J>7?I CKJ7J;: =;D; 2dKH; ->; ;D;J?9

E:;

7 0>737?17 CKJ7=,D
8 7?L;JME ;N7CFB;l E< CKJ7=;DlI

EH ;79> =,D;J?9 :21;71; ?D:?97J; M>?9>;DPOC; ?| B79A?D= EH :<,9J?L; 7D: J>
9>7H79J;H?13?9 IOCFJECI E< J>; :21;7];

7 )$.
8 -70,79>|:?1;71;

ANSWERS

7 1K813?JKI?ED
8 )>DOB7B7D?D; ... MEKB: 8; H;FB79;: M?J> B;K97?D;

7 79>,C?97B EH F>0I1?97B 7=;DJ J>7J 97D 97KI; 7 CKJ7J?ED
8 ./H7:?7J?ED 7D: =7CC7 H7:?7J?ED 7DIM;HI M?BB L7HO

&KJ7J?EDI 7D: ;D;J?9 ?I;715]
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19.6 Viruses

D ?D<;9J?EKI 7=;,DJ J>7J ?I

LEARNING OBJECTIVE

NFB7?D >EM L?HKI;| H;FHE:K9; ?D 9;BBI

"D<;9J?EKI :?1;71;1 97KI;: 80 L?HKI;lI ?D9BK:; J>; 9ECCED 9EB: ?D<BK;DP7 7D:
79GK?H;: ?CCKDE:;<?9?;D90 IOD:HEC; ", 7D: 7H; 7CED=J>; CEIJ I?=D?<?97DJ
>:7BJ> FHES8B;CIl ?D EKH IEQZiiBes 7H; ?D<;9J?EKI 7=;DJI <7H IC7BB;H 7D:
I?CFB;H J>7D 879J;H?7 J>7J 7H; 9ECFEI;: E< 7 J?=>JBO F79A;: 9;DJH7B 9EH; E<D
79?:1 ;:D9BEI;: ?D 7 FHEJ;9J?L; I>;BB ->; I>;BB 9EDI?IJI E< B70;HI E< ED; EH CEH;
FHEJ;?DI 7D: C70 7BIE >7L; B?F?: EH 97H8E>0:H7J; CEB;9KB;l| ED J>; IKH<79; ;9
E< J>;?H I?CFB?9?JO L?HKI;I CKIJ ?DL7:; J>; 9;BBI E< EJ>;H EH=7D?ICI JE 8; 78B;
H;FHE:K9;

[?HKI;I 7H; L?1?8B; EDBO KD:;H 7D ;B;9JHED C?9HEIQEF; ->;0 9EC; ?D 7 L7H?;JO [
I>7F;| H7D=?D= <HEC IF>;H?97B JE HE: I>7F;: ->; <79J J>7J J>;0 9EDJ7?D ;?J>;H
;ENOH?8EDK9B;?9 79?: ' EH H?8EDK9B;?9 797?:btit mever boffirf BBEMI J>;C

JE 8; :?L7?:;: ?DJE JME C7T@EH 9B7II;l ' L?HKI;1 7D: +' L?HKI;P=KH;

[?HKI;]

CK9> IC7BB;H 7D: I?CFB;H J>[/D

879J;H?7
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D +' L?HKI J>7J :?H;9J1 J>;
IODJ>;I?1 E<7 ' 9EFO ?D J>;
>E|J 9;BB

[?HKI;]

Figure 19.1%iruses

Viruses come in a variety of shapes that are determined by their protein coats.

DNA virusDJ;HI 7 >EIJ 9;BB 7D: ?D:K9;1 J>; 9;BB JE H;FB?97J; J>; L?H7B ' 7D:
FHE:K9; L?H7B FHEJ;?DI ->;I; FHEJ;?DI 7D: ' 71I;C8B; ?DJE D;M L?HKI;I J>7J 7H;
H:B:71;: 80 J>; >EIJ 9;:BB M>?9> C70 :?; ?D J>; FHEOS;Il ->; D;M L?HKI;I 97D J>:D
?DL7:; EJ>:H 9;:BBI 7D: H;F;7J J>; 909B; :BB :;7J> 7D: J>; FHE:K9J?ED E< D;:M
L?HKI;1 799EKDJ <EH J>; IOCFJECI E< L?H7B ?D<;9J?EDI

&EIJ RNA virusesl; J>;?H DK9B;?9 797?:1 ?D CK9> J>; I7C; M70 71 J>; ' L?HKI;l
F;D;JH7J?D=7 >EIJ 9;BB 7D: ?D:K9?D= ?J JE H;FB?97J; J>; L?H7B +' 7D: IODJ>;I?F
L?H7B FHEJ;?DI ->; D;M +' IJH7D:1 7D: L?H7B FHEJ;?DI 7H; J>;D 711;C8B;: ?DJE D;\
L?HKI;l ,EC; +' L?HKI;I| >EM;L;H 97BB;retroviruses ?=KH; %7<; O9B;

E<7 +:JHEL?HKIODJ>;1?P; ' ?D J>; >EIJ 9;BB ?D 7 FHEY;Il J>7J ?1 J>; H;L;HI; E<
J>; ' JE +' JH7DIOH?FJ?ED J>7J DEHC7BBO E99KHI ?D 9;BBKH::

9>:C7J?9 ?7=H7C E<+' -H7DI9H?FJ?ED <HEC 7 ' -;.CFBKEH J>;
JH7DI9H?FJ?ED FHE9;Il ->; 10DJ>;I?I E< ' <HEC 7D +' J;CFB7J; ?1 97J7BOP;: 80
J>; :DPOC; H;L;HI; JH7DI9H?FJ7I;




>7FJ;H

[?HKI;]

'K9B;?9 97?:1

Figure 19.18Iife Cycle of a Retrovirus

Viral DNA

Integration into
host genome

Viral RNA is inserted;

reverse transcription Cell with viral

DNA incorporated

of viral RNA to form
{ Virus approaches and DNA

binds to host cell ‘ :  /
@ Expression of
viral DNA as RNA
Host DNA

);H>7FI J>; 8;13 ADEMD H;JHEL?HKI ?I J>; >KC7D ?CCKDE:;<?9?;D90 L?HKI "/ J>7
97Kl ", "3 ?1;13?C73;: J>7J J>;H; 7TH; 78EKJ C?BB?ED F,EFB; MEHB:M?:; J;1J?D=
FEI?J?L; <EH !"/ ?D<;9J?EDI C7DO E< M>EC >7L; ;;L;BEF;: ", 71 7 H;IKBJ "D

7BED; C?BB?ED F,EFB; 8;97C; ?D<;9J;: M?J>!"/ 7D: ?D J>;17C; O;7H ",

97Kl;: J>; ;73> EX 7TFFHEN?C7J;BO C?BB?ED F,EFB; ->; L?HKI KI;| =BO9EFHEJ;?
ED ?JI EKJ;H IKH<79; JE 7JJ79> JE H;9;FJEHI ED J>; IKH<79; E< - 9;BBI 7 =HEKF E
8BEE: 9;BBI J>7J DEHC7BBO >;BF FHEJ;9J J>; 8E:O <HEC ?D<;9J?EDI ->; L?HKI J:
:DJ;HI J>: - 9:BB M>:H; ?2J H;FB?97J;1 7D: ;L;DJK7BBO :;IJHEOI J>; 9:BB 0?J> >7?| EF}
>'H-9;BBI ;;IJJHEO;: J>; ", L?9J?C ?1 7J ?D9H;7I;: H?IA E< IK99KC87?D= JE
FD;KCED?7 EH EJ>;H ?D<;9J?EKI :?1;71;l

"D 7P?:EJ>0C?:?D; 3- 7BIE ADEMD 71 P?:ELK:?D; EH J>; 8H7D: D7C,;
+;JHEL?H 8;97C; J>; <?HIJ :HK= 7FFHEL;: <EH J>; JH;7JC;DJ E< ", "J MEHAI 80
8?D:?D= JE H;L;HI; JH7DI9H?FJ7I1; ?D FB79; E< :;ENOJ>0C?:?D; JH?F>EIF>7J; 7<J
M>?9> 8;97KI; 3-:E;IDEJ>7L;7 (!=HEKF <KHJ>;H H;FB?97J?ED ?| 8BE9A;: "D
J>; F713  O;7HI I,L;H7B EJ>;H :HK=I >7L; 8;;D 7FFHEL;: J>7J 7BIE 79J 80
?D>78?J7D=J>; L?H7B H;L;HI; JH7DIOH?FJ7I;
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0 0}
CH, CH,
HN | )HN\ |
o o o
fo—p—o—P_O—P_OCHZ HOCH,
| I 0 Q
O O (on
Deoxythymidine tiphosphate " o g
o OH N, Azidothymidine (AZT)

| F7THJ E< "/ H;FHE:K9J?ED ?D 7D ?D<;9J;: 9;BB D;MBO IODJ>;I1?P;: L?H7B FHEJ;?
CKIlJ 8; 9KJ 80 7 IF;9?<?9 L?H7B ?D:K9;: "/ FHEJ;7I; JE <EHC I>EHJ;H FHEJ;?DI D
?DJ;DI?L; H;I;7H9> ;<<EHJ M71 C7:; JE :;1?=D :HK=I J>7J IF;9?<?97BBO ?D>?87J;: J>
FHEJ;EBOJ?9 ;DPOC; M?J>EKJ 7<<;9J?D= J>; FHEJ;EBOJ?9 ;DPOC;| B?A; JHOFI"
7H; D;;:;: 80 J>; >EIJ "D ;9;C8;H I7GK?D7L?H 8H7D: D7C;| "DL?H7I; 7D:
EHJEL7I; M71 7FFHEL;: <EH J>; JH;7JC;DJ E< ", ->?1 :HK=H;FH;|;DJ;: 7 D;M
9B7Il E< :HK=I ADEMD 71 FHEJ;7l; ?D>?8?JEHI (J>;H FHEJ;7I; ?D>?8?JEHI IEED =7
EE: 7D: HK= :C?D?IJH7J?ED 7FFHEL7B H?JED7L?H 'EHL?H ?D:?D7L7?H
H?N?L7D 7D: D;B<?D7L?H /?H79;FJ

Z =~

Iz

Saquinavir

+7BJ;=H7L?H "I;DJH;ll ?1 7 D;M;H 7DJ? ", :HK=J>7J M7l 7TFFHEL;: 80 J>; 7D
(9JE8;H ->?| :HK= ?D>78?J1 J>; ?DJ;=H7I; ;DPOC,; J>7J ?I D;;:;: JE ?DJ;=H7J;
J>; 1" " ?DJE 9;BBKB7H ' 7D ;II;DJ?7B 1J;F ?D J>; FHE:K9J?ED E< CEH; !/
F7HJ?9B;I



>7FJ;H  'K9B;?9 97?:I

FsWeeUNie)

Raltegravir

C7@EH FHES8B;C ?D JH;7J?D=!"/ ?D<;9J?EDI ?1 J>7J J>; L?HKI 97D 8;9EC; H;I?1J7
7D0O E< J>;l; :HK=l (D; M70 JE 9EC87J J>; FHES8B;C >71 8;;D JE 7:C?D?IJ;H 7
U9E9AJ7?BV E< :HK=I JOF?97BBO 7 9EC8?D7J?ED E< JME H;L;HI; JH7DI9H?FJ7I,
7BED= M?J>7 FHEJ;7l;, ?D>?8?JEH ->;I; JH;7JC;DJI 97D 1?=D?<?97DJBO H;:K9; J>;
7CEKDJ E< !/ ?D 7D ?D<;9J;: F;HIED

CONCEPT REVIEW EXERCISES

;I9H7?8; J>; =;D;H7B IJHK9JKH; E< 7 L?HKI
IEM :E;l 7 ' L?HKI :?<<;H <HEC 7D +' L?HKI

0>0 ?1 1"/ ADEMD 71 7 H;JHEL?HKI

ANSWERS

L?HKI 9EDI?IJI E< 7 9;DJH7B 9EH; E< DK9B;?9 79?: ;D9BEI;: ?D 7 FHEJ;9J?L,; |
E<FHEJ;?DI ->;H; C70 8; B?F?: EH 97H8E>0:H7J; CEB;9KB;| ED J>; IKH<79;

" L?2HKI >71 " 71?201 =;D;J?9 C7J;H?7B M>?B; 7D +' L?HKI >71 +' 71 ?JI
=:D;J?9 C7J;H?7B

"D 7 9;BB 7 H;,JHEL?HKI IODJ>;I?P;| 7 ' 9EFO E< ?2JI +' =;D;J?9 C7J;H?7B

[?HKI;]
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Career Focus: Genetics Counselor

=:D;J?91 9EKDI;BEH MEHAI M?J> ?D:?L?:K7BI 7D: <7C?B?;| M>E >7L; 8?HJ>
5<:9JI EH =:D;J?9 :?IEH::HI EH 7 <7C?BO >?IJEHO E< 7 :?1:71; 1IK9>7197D9:H M?.
7 =,D;J?9 B?DA =;D;J?9| 9EKDI;BEH C70 MEHA ?D 7 L7H?;JO E< >;7BJ> 97H,;
1;JJ?D=Il IK9> 717 >EIF?J7B JE E8J7?D <7C?BO C;:?97B 7D: H;FHE:K9J?L;
>?1JEH?;l ;NFB7?D >EM =;D;J?9 9ED:?J?EDI 7H; ?D>;H?J;: ;NFB7?D J>; 97KI;l
:?7=DEI?l 7D: 97H; E< J>;l; 9ED:?J?EDI ?DJ;HFH;J J>; H;IKBJI E< =;D;J?9 J;1JI
7D: 7?: J>; ?D:?L?:K7B EH <7C?BO ?D C7A?D= :;9?I?EDI H;=7H:?D= =;D;J?9 :?I;7I
EH 9ED:?J?EDI 9;HJ?<?;: =;D;J?9l 9EKDI;BEH CKIJ E8J7?D 7 C71J;HWI :;=H;;
<HEC 7D 799H;:?J;: FHE=H7C FFB?97DJI JE J>;l; =H7:K7J; FHE=H7CI KIK7BBO
>7L; 7D KD:;H=H7:K7J; :;=H;; ?D 8?EBE=0 FIO9>EBE=0 EH =;D;J?9I

Source: Photo courtesy of the United States National Institutes flottpi#ettnmons.wikimedia.org/
wiki/File:Geneticcounseling.jpg

KEY TAKEAWAYS

R /?HKI;1 7H; L;HO IC7BB ?D<;9J?EKI 7=;DJI J>7J 9EDJ7?D ;?J>H ' EH +'
71J3>;?H =,D;J?9 C7J;H?7B

R ->; >KC7D ?CCKDE:;<?9?;D90 L?HKI "/ 97KI;l 79GK?H;:
?CCKDE:;<?9?;D90 IOD:HEC; ",
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EXERCISES

;IOH?8; >EM 7 ' L?HKI ?DL7:;1 7D: ;;IJHEOI 7 9;BB

7 ;I9H?8; >EM 7D +' L?HKI ?DL7:;1 7D: ;;IJHEQI 7 9;BB
8 IEM E;l J>?1:2<<;H<HEC 7 ' L?HKI

0>7J!"/;DPOC,; :E;l 3-?D>78?J

0>7J!"/;DPOC; :E;l H7BJ;=H7L?H ?D>?8?J

ANSWERS

-> ' L?HKI ;DJ;HI 7 >EIJ 9;:BB 7D: ?D:K9;l J>; 9;BB JE H;FB?97J; J>; L?H7B '
7D: FHE:K9; L?H7B FHEJ;?DI ->;I; FHEJ;?DI 7D: ' 711;C8B; ?DJE D;M L?HKI;I
J>7J 7H; H;B;71;: 80 J>; >EIJ 9;BB M>79> C70 :?; ?D J>; FHEOS;II

H;L;HI; JH7DI9H?FJ7I;

[?HKI;]
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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.

9;BBWI >;H;:?J7HO ?D<EHC7J?ED ?| ;Déron?@somes ?D J>; 9;:BBWI DK9B;KI 79> 9>HECEIEC; ?| 9ECFEI;:
E< FHEJ;?DI 78eoxyribonucleic acid (DNA) ->; 9>HECEIEC;| 9EDJ7?D IC7BB;H >;H;:?J7HO KD?Jyenes;:
M>?9> 7H; H:B7J?L;BO I>EHJ I;)=C;DJI E< ' ->; >;H;:?J7HO ?D<EHC7J?ED ?I ;NFH;ll;: EH KI;: J>HEK=> J>;
I0DJ>;1?l Edbonucleic acid (RNA) EJ>nucleic acidsT' 7D: +' T7H; FEBOC;HI 9ECFEI;: E< CEDEC;HI
ADEMD #tucleotides M>?9> ?D JKHD 9EDI?I1J E< F>EIF>EH?9(79?7 D?JHE=;DEKI 871; 7D: 7 F;DJEI;

IK=7H

->; JME JOF;| Exitrogenous bas€&lJ ?CFEHJ7DJ ?D DK9B;?9 79@uUriftés T7:;D?D; 7D: =K7D?D;

T7D: pyrimidines T9OJEI?D; J>0OC?D; - 7D: KH79?B . ' 9EDJ7?DI J>; D?JHE=;DEKI 87I;| 7:;D?D;
90JEI?D; =K7D?D; 7D: J>0C?D; M>?B; J>; 87I;1 ?D +' 7H; 7:;D?D; 90JEI?D; =K7D?D; 7D: KH79?B ->; IK=7H"
J>; DK9B;EJ?;;l E< +' ?I1 H?8EI; J>; ED; ?D ' ?I :;;ENOH?8EI; ->; I;GK;D9; E< DK9B;EJ?:;| ?D 7 DK9B;?9 797:
:,<?D;1 J>; FH?C7HO IJHK9JKH; E< J>; CEB;9KB;

+' ?171?D=B; 9>77?D DK9B;?9 79?: M>;H;71 ' FEII;Il;l IME DK9B,?9 797?7: 9>7?DI ?DJ;HIM?D;: ?D 7 I,9ED:7HO
[JHK9JKH; 97BBdauble helix ->; IK=7H F>EIF>7J; 879A8ED; <EHCI J>; EKJI?:; J>; :EK8B; >;B?N M?J> J>;
FKH?D; 7D: FOH?C?:?D; 871;1 JK9A;: ?DI?:; |0:HE=;D 8ED:?D= 8;3Mdrniplementary bases >EB:I J>; IME

[JH7D:1 E< J>; :EK8B; >;B?N JE=;J>H 7BM70Il F7?HI M?J>-7D: 7BM70I F7?HI M?J>

;BB =HEMJ> H;GK®¢plication EH H;FHE:KQJ?ED E< J>; 9;BBWI ' ->; :EK8B; >;B?N KDM?D:I 7D: >O:HE=;D
8ED:?D= 8;JM;;D 9ECFB;C;DJ7HO 871;1 8H;7Al IE J>7J J>;H; 7H; JME 1?D=B; IJH7D:1 E< ' 7D: ;79> IJH7D: ?1 7
template<EH J>; IODJ>;I?l E< 7 D;M IJH7D: EH FHEJ;?D IODJ>;I1?l J>H;; JOF;l E< +' 7H;nessenger RNA

C+' ribosomal RNAI+  7D: transfer RNAI+' BB 7H; C7:; <HEC 7 ' J;CFB7J; 80 7 FHE9;Il 97BB;:
transcription ->; :EK8B; >;B?N KD9E?BI 7D: H?8EDK9B;EJ?:;l 871; F7?H JE J>; ;;ENOH?8EDK9B;EJ?:;| ED ED; '
[IJH7D: >EM;L;H +' ?I FHE:K9;: KI?D=racilH7J>;H J>7D J>0C?D; (D9; J>; +' ?I <EHC;: ?2J:?lIE9?7J;l <HEC

J>: J;CFB7J; 7D: B;7L;1 J>; DK9B:;KI 7D: J>; ' :EK8B; >;B?N H;<EHCI

Translation ?1J>; FHE9;Il ?D M>?9> FHEJ;?DI 7H; IODJ>;I?P;: <HEC J>; ?D<EHC7J?ED ?D C+' "J E9Q9KHI 7J

IJHK9JKH;I 97BBhosomes M>?79> 7H; BE97J;: EKJI?:; J>; DK9B;KI 7D: 7H; 9ECFEI;: E< H+' 7D: FHEJ;?D ->;
FEIN?8B; J>H;; DK9B;EJ?:; 9EC8?D7J?EDI E< J>; DK9B;EJ?:;| E< ' 9EDIJ?J§Enédtic code J>7J :?9J7J;!

J>: I;GK;D9; ?D M>?9> 7C?DE 79?:1 7TH; @E?D;: JE C7A; FHEJ;?DI 79> J>H;; DK9B;EJ?:; |:GK;D9; ED C+' 217

codon 79> A?D: E< J+' CEB;9KB; 8?D:l 7 IF;9?<?9 7C?DE 79?: 7D: >71 7 1?J; 9EDJ7?D?D= 7 J>H;; DK9B;EJ?:;

I:GK;D9; 97BB;: 7@nticodon

D: E< >7FJ:H &7J;H?7B
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->: =:D;H7B J;HC <EH 7DO 9>7D=; ?D J>; =;D;J?9 9E:; ?D 7D EH=7D?I@Wtati¢h 9>7D=; ?D M>?9> 7
I?7D=B; 87I; ?1 IK81J?JKJ;: ?DI;HJ;: EH :;B;J;: ?pb@int mutation ->; 9>;C?97B 7D: EH F>0I1?97B 7=;DJI J>7J
97Kl; CKJ7J?EDI 7H; 97BButagens ?1;71;1 3>7J E99KH :K; JE CKJ7J?EDI ?D 9H?J?97B ' I;GK;D9;l 7H;
H;<;HH;: JE 7Tenetic diseases

Viruses 7H; ?D<;9J?EKI 7=;DJI 9ECFEI;: E< 7 J?=>JBO F79A;: 9;DJH7B 9EH; E< DK9B;?9 79?:| ;D9BEI;: 80 7 FHE
I>:BB E< FHEJ;?DI /?HKI;I 9EDJ7?D ;?J>H ' EH +' 71 J>;?H =;D;J?9 C7J;H?7B 8KJ DEJ 8EJ> ,EC; +' L?HKI;l
97BB:retroviruses |10DJ>;I1?P; ' ?D J>; >EIJ 9;BB <HEC J>;?H +' =;DEC; ->; >KC7D ?CCKDE:;<?9?;D90

L?HKI "/ 97KI;l 79GK?H;: ?CCKDE:;<?9?;D90 IOD:HEC; "

D: E< >7FJ:H &7J;H?7B
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ADDITIONAL EXERCISES

EH J>?1 DK9B;?9 797?: |,=C;DJ

0
N
</ ’ NH
0
| N )\
0=P=0CH, N= hH,
1. 0
0
HN
0 OH)\ |
| o™
0=P— OCH,
I 0
5
NH,
N N
N
RS
I T
0=P—O0CH,
| o
o

OH OH

7 9B711?<0O J>?1 ;=C;:DJ 71 +' EH ' 7D: @KIJ?<O OEKH 9>E?9;
8 :J;HC?D; J>; I:GK:D9; E< J>?I |;=C;DJ B78:B?D=J>; 7D: :D:l

EH J>?1 DK9B;?9 79?: 1;,=C;DJ

o
CH
HN /j s
o} )\
[ 07 "N
0= P—OCH,
| o]
&
NH,
N A
N
0 <
=
N
0=P—OCH,
| o}
o NH,
W
o )
0 N
0 =P—O0CH,
| )
o

OH

9B711?<0O J>?I I;=C;:DJ 7| +' EH ' 7D: @KIJ?<O OEKH 9>E?9;

D: E< >7FJ:H &7J;H?7B
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8 ::J;HC?D; J>; I;:GK;D9; E< J>?I |;=C;DJ B78;B?D=J>; 7D: :D:l

(D; E<J>; A;O F?;9;1 E< ?D<EHC7J?ED J>7J 07JIED 7D: H?9AKI;: ?D
::J;HC?D?D= J>; I;9ED:7HO IJHK9JKH; E< ' 97C; <HEC ;NF;H?C;DJl :ED; 80

>TH=7<< ?D M>?9> >:; |IJK:?;: J>; DKO9B;EJ?:; 9ECFEI?J?ED E< ' <HEC C7DC
?2<<;H;:DJ IF;9?;1 >7H=7<< DEJ;: J>7J J>; CEB7H GK7DJ?JO E< M7I 7BM70QI
7FFHEN?C7J;BO ;GK7B JE J>; CEB7H GK7DJ?JO E< - 7D: J>; CEB7H GK7DJ?.
M71 7BM70I1 7FFHEN?C7J;BO ;GK7B JE J>; CEB7H GK7DJ?JO E< |EM M;H;
>7TH=7<<WI H;IKBJI ;NFB7?D;: 80 J>; IJHK9JKH7B CE:;B E< ' FHEFEI;: 80
07JIED 7D: H?9A

JKFFEI >7TH=7<< I;; N;H9?l; >7:Kl;: +' ?DIJ;7: E< ' OEKB: >?|
H;IKBJI >7L; 8;;D J>; I7C; J>7J ?1 MEKB: J>; CEB7H GK7DJ?JO E<
7FFHEN?C7J;BO ;GK7B J>; CEB7H GK7DJ?JO E<- NFB7?D

"D J>; ' I;,=C;DJ
X- - X 9E:?D=IJH7D:
X-- - -- X J,CEB7J; JH7D:

7 0>7J FHE:K9JI MEKB: 8; <EHC;: <HEC J>; |;=C;DJWI H;FB?97J?ED

8 O0H?J; J>; C+' I;GK;D9; J>7J MEKB: 8; E8J7?D;: <HEC J>; |;=C;DJWI
JH7DI9H?FJI?ED

9 0>7J7?1J>; 7C?DE 797?: |:GK:D9; E< J>; F;FJ?:; FHE:K9;: <HEC J>; C+'

?D N;H9?I; 8
"DJ>:; " ;=C;:DJ
X- -—-— - X 9E:?D=I1JH7D:
X- - - - X JCFB7J;1JH7D:

7 0>7J FHE:K9JI MEKB: 8; <EHC;: <HEC J>; |;=C;DJWI H;FB?97J?ED

8 O0H?J; J>; C+' I;GK;D9; J>7J MEKB: 8; E8J7?D;: <HEC J>; |;=C;DJWI
JH7DI9H?FJI?ED

9 0>7J7?1J>; 7C?DE 797?: |;GK;D9; E< J>; F;FJ?:; FHE:K9;: <HEC J>; C+'
?D N;H9?I; 8

>0FEJ>;J?97B FHEJ;?D >71 7 CEB7H C7Il E< 7 1IKC; J>7J J>; 7TL;H7=,
CEB7H C7Il E< 7D 7C?DE 797?: ?I

7 'EM C7DO 7C?DE 79?:1 7H; FH;I;DJ ?D J>?1 >OFEJ>;J?97B FHEJ;?D
8 0>7J 7?1 J>; C?D?CKC DKC8;H E< 9E:EDI FH;I;DJ ?D J>; C+' J>7J 9E;;|
<EH J>?1 FHEJ;?D

FHEJ;?D

H7:0A?D?D ?I 7 FEJ;DJ F;FJ?:; >EHCED,; 9ECFEI;: E< D?D; 7C?DE 79?:1 J>7J
BEM;HI 8BEE: FH;lIKH;

D: E< >7FJ:H &7J;H?7B
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D: E< >7FJ:H &7J;H?7B

7 ->; 7C?DE 797?: I;GK;D9; <EH 8H7:0A?D?D ?1 7H= FHE FHE =BO F>; I;H FHE
F>; 7H= )EIJKB7J; 7 871; I;GK;D9; ?D J>; C+' J>7J MEKB: :?H;9J J>;
I0DJ>;1?1 E< J>?1 >EHCED; "D9BK:; 7D ?D?J?7J?ED 9E:ED 7D: 7 J;HC?D7J
9E:ED

8 0>7J7?1J> DKI9B;EJ?:; I:GK;D9; E<J>; ' J>7J 9E:;|l <EH J>?| C+'

F7HJ?9KB7H ' 9E:?D=1;,=C;DJ ?I -- =

7 O0H?J; J>; I;GK;D9; E< DK9B;EJ?:;| ?D J>; 9EHH;IFED:?D= C+'
8 JHC?D; J>; 7C?DE 797?: I;:GK;D9; <EHC;: <HEC J>; C+' ?D N;H9?I; 7
:KH?D=JH7DIB7J?ED

9 0>7J 7C?DE 797?: I;GK;D9; H;IKBJI <HEC ;79> E< J>; <EBBEM?D= CKJ7J?EL

7 H;FB79;C;DJ E< J>; KD:;HB?D;: =K7D?D; 80 7:;D?D;
8 7?DI;HJ?ED E< J>0C?D; ?CC;:?7J;BO 7<J;H J>; KD:;HB?D;: =K7D?D;
9 :B:J?ED E< J>; KD:;HB?D;: =K7D?D:;

F7HJ?9KB7H ' 9E:?D= [;=C;DJ ?I - =

7 OH?J; J>; I;GK;D9; E< DK9B;EJ?:;l ?D J>; 9EHH;IFED:?D= C+'
8 :J;HC?D; J>; 7C?DE 797?: I;GK;D9; <EHC;: <HEC J>; C+' ?D N;H9?I; 7
:KH?D= JH7DIB7J?ED

9 0>7J 7C?DE 79?: I,GK;D9; H;IKBJI <HEC ;79> E< J>; <EBBEM?D= CKJ7J?EL

7 H:;FB79;C:DJ E< J>; KD:;HB?D;: =K7D?D; 80 7::D?D;
8 H:FB79:;C;:DJ E< J>; KD:;HB?D;: 7::D?D; 80 J>0OC?D;

-ME FEII?8B; FE?DJ CKJ7J?EDI 7H; J>; IK8IJ?JKJ?ED E< BOI?DpxrEH B;K9?D;
IK81J?JKJI?ED E< |;H?D; <EH J>H;ED?D; 0>?9> ?| B?A;BO JE 8; CEH; I;H?EKI 7
M>0

-ME FEII?8B; FE?DJ CKJ7J?EDI 7H; J>; IK81J?JKJ?ED E< L7B?Dp<BEH B;K9?D;
IK81J?JKJI?ED E< =BKJ7C?9 79?: <EH >?1J?:?D; 0>?9> ?| B?A;BO JE 8; CEH,; [}
7D: M>O



>7FJ;H  'K9B;?9 97?:I

ANSWERS

7 +' J> IK=7H ?I H?8EIl; H7J>;H J>7D :;ENOH?8EI,
8 X.X

"D J>; ' [IJHK9JKH; 8;97Kl; =K7D?D; ?17BM70Il F7?H;: M?J> 90JEI?D;
7D: 7::D?D; 2?1 7BM70Il F7?H;: M?J>J>0C?D; - OEK MEKB: :NF;9J JE >7L;
:GK7B 7CEKDJI E< ;79>

7 79> 1JH7D: MEKB: 8; H;FB?97J;: H;IKBJ?D= ?D JME :EK8B; IJH7D:;:
1;=C;DJl

8 X. . X

9 C;J7H=>?I=BK J>H

(0]

7 X . X
J>H B;K 7B7 FHE 7B7

9 7 J>H B;K J>H FHE 7B7
8 J>HB;KL7BFHE I;H
9 J>HB;KFHE =?D

(o]

IK81J2JKJI?ED E< BOI?D; <EH B;K9?D; 8;97KI; OEK 7H; 9>7D=?D= <HEC 7D 7C"
M?J> 7 DEDFEB7H 12:; 972D JE ED; J>7J >71 7 FEI2J?L;BO 9>7H=;: 17:; 9>72D
;H?D; 7D: J>H;ED?D; ED J>; EJ>;H >7D: >7L; FEB7H I?:; 9>7?DI 9EDJ7?D?D=
(! =HEKF

D: E< >7FJ;H &7J;H?7B
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