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Chapter 18

Amino Acids, Proteins, and Enzymes

Opening Essay

-=:  'D7:A)G>0: >C &:9>8>C: DG )=NH>DAD<N L6H 6L6G9:9 ID G:9:G>8@ G6CI| 6CI>C< 6C9 #D=C #6B:H +>
&68A:D9 ;DG |=:>G 9>H8DK:GN D; |=: B@&DIirCC I=:'D7:A)G>0: >C =:B>HIGN L6H 6L6G9:9 ID

G:9:G>8@ ,6C<:G ;DG =>H 9>H8DK:G>:H 8DC8:GC>C< I=: HIGJ8IJG: D; EGDI:>CH 6C9 >C E6GI>8JA6G I=: HI
>CHJA>C 0=6l1 >H HD >BEDGI6CI 67DJI >CHJA>C I=6I ILD 'D7:A )G>0:H =6K: 7::C 6L6G9:9 ;DG LDG@ DC I=>H

"CHJA>C >H 6 =DGBDC: |1=61 >H HNCI=:H>0:9 >C |=: E6C8G:6H DG BDG: >C;DGB6I>DC 6786EEGGBDC:H H::
%>E>9H8I>DC _ ,I:GD>9H "CHJA>C HI>BJAGI:H I=: IGECHEDGI D; <AJ8DH: >CID 8:AAH I=GDJ<=DJI I=: 7DS
[=: HIDG6<: D; <AJ8DH: 6H <AN8D<:C ):DEA: L>I= 9>67:I:H 9D CDI EGD9J8: >CHJA>C DG JH: >l EGDE:GAN -=:
D; >CHIA>C >C A9 ID I=: ;>GHI :;;:81>K: IG:6IB:ClI ;DG I=:H: >C9>K>9J6AH

Figure 18.1

8DBEDJCY9 D; =><= BDA6G
B6HH 8DCH>HI>C< A6G<:AN DG
:CI>G:AN D; 6B>CD 68>9H A>C@teins B6N 7: 9:;:>C:9 6H 8DBEDJC9H D; =><= BDA6G B6HH 8DCH>HI>C< A6G<:,

ID<:I=:G :CI>G:AN D; 8=6>CH D; 6B>CD 68>9H -=:>G B6HH:H G6C<: :GDB H:K:G6A I1=DJH6C
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H:K:G6A B>AA>DC 96AIDCH 6 "C 699>I>DC ID 86G7DC =N9GD<:C 6C9 DMN<:C
EGDI:>CH 8DCI6>C C>IGD<:C 6C9 HJA;JG 6IDBH 6C9 B6CN 6AHD 8DCI6>C E=DH
6IDBH 6C9 1G68:H D; DI=:G :A:B:CIH )GDI:>CH H:GK: 6 K6G>:IN D; GDA:H >C A>K>!
DG<6C>HBH 6C9 6G: D;I:C 8A6HH>;>:9 7N I=:H: 7>DAD<>86A GDA:H L=>8=6G: HJ

>G67A:

A6HH>:>86I>DC D; )GDI:>CH 7N >DAD<>86A a@88*DCGHHJI: >H

A6G<:AN EGDI:>C 6H 6G: H@>C 6C9 =6>G )GDI:>CH 6G: EG:H:CI >C |=: 7TADD9 >
6C9 :K:C >C IDDI=:C6B:A 68=INE: D; 8:AA>C DJG 7D9>:H B6@:H >IH DLC HE:8>¢
EGDI:>CH 6H L:AA 6H EGDI:>CH 8DBBDC ID 6AA DG BDHI 8:AAH

Note

-67A:

6 EG

DI:>C =6H 6 BDAG6G B6HH D; J

A6HH>;>86I>DC D; )GDI:>CH 7N >DAD<>86A JC8I>DC

dalton>H 6 JC>I D; B6HH JH:9 7N 7>D8=:B>HIH 6C9 7>DAD<>HIH "l >H :FJ>K¢
ID I=: 6IDB>8 B6HH JC>|

:CONB:H

688:A:G6l: 7>DAD<>86A
G:68I1>DCH

BNAGH: 8616ANO:H I=: =N9GDANH>H D;
6C9 <AN8D<:C

HI6G8=

HIGJ8IIG6A

EGDK>9: HIG:C<I=6C9
HIGJ8IJG:

$:G6I>C >H I=: EG>B6GN EGDI:>C D; =6>(
LDDA

5 6C9

8DCIG68I>A:

BJHS8A: 8DCIG68I>DC 8:A
9>K>H>DC

ANDH>C >H DC: EGDI:>C C::9:9 ;DG I=:
8DCIG68I>DC D; BJH8A:H

IG6CHEDGI

IG6CHEDGI HJ7HIGC8:H ;
DC: EAGS8: ID 6CDI=:G

QED<AD7>C IG6CHEDGIH DMN<:C ;GDB
AJC<H I=GDJ<=DJI I=: 7DON

G:<JAGIDGN

G:<JAGI: |1=:;JC8I>DC>C<
DI=:G EGDI:>CH

DCHJA>C G:<JA6I:H I=: 68I>K>IN D; HE:8>
:CONB:H >C I=: 7D9N

>8

HIDG6<:

EGDK>9: HIDG6<: D; :HH:
CJIG>:CIH

=>]: 1=61 L>AA 7: JH:9 7N |I=: 9:K:ADE>C<
7>G9

%%7JB>C HIDG:H 6B>CD 68>9H >C |=: :g¢

EGDI:81>DC

EGDI:8I 8:AAH DG I=:
DG<6C>HB ;GDB ;DG:><(
HJ7HI6C8:H

"BBJCD<AD7JA>CH G:8D<C>0: 6C9 7G:6
:DG:><C BDA:8JA:H

[@9DLC

0: 7:<>C DJG HIJON D; EGDI:>CH 7N ADD@>C< 6l I=: EGDE:GI>:H 6C9 G:68I>DCH I
68>9H L=>8=>H ;DAADL:9 7N 6 9>H8JHH>DC D; =DL 6B>CD 68>9H A>C@ 8DKG6A:
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E:EI>9:H 6C9 EGDI:>CH 0: :C9 I=: 8=6EIl:G L>I= 6 9>H8JHH>DC D; :CONB:HTI=:
EGDI:>CH I=61 68I 6H 86I16ANHIH >C I=: 7D9N
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18.1 Properties of Amino Acids

LEARNING OBJECTIVE

+:8D<C>0: 6B>CD 68>9H 6C9 8A6HH>:N |1=:B 76H:9 DC |=: 8=6G68I|:G>HI>8H
|=:>G H>9: 8=6>CH

-=: EGDI:>CH >C 6AA A>K>C< HE:8>:H ;GDB 7681:G>6 ID =JB6CH 6G: 8DCHIGJ8I:
I=: H6B: H:I D; amino acids HD 86AA:9 7:86JH: :68= 8DCI6>CH 6C 6B>CD <GDJE
61168=:9 ID 6 86 G7TDMNA>8 68>9 DG BDG: >C;DGB6I>DC 67DJI 6B>CD <GDJEH F
=6El:G (G<6C>8 8>9H 6C9 6H:H 6C9 ,DB: D; -=:>G :G>K6I>K8#DC
JC8I>DC6A GDJEH D; I=: 6G7DMNA>8 8>9H 6C9 -=:>G :G>K668:ED
68>9H >C EGDI:>CH 6G: 6B>CD 68>9H L=>8=B:6CH I=: 6B>CD <GDJE >H 61168=:'
I=: 86G7DC D; I=: 86G7DMNA>8 68>9 DG BDG: >C;DGB6I>DC 67DJI I=: 86G7DC
=6El:G (G<6C>8 8>9H 6C9 6H:H 6C9 ,DB: D; -=:>G :G>K6I>K8H#DC
6G7DMNA>8 8>9H ,IGJ8IJG:H 6C9 '6BMB6CH 86C HNCI=:H>0O: DCAN 67DJI =6A,;
D; I1=: C::9:9 6B>CD 68>9H I=: G:B6>C9:G BJHI 7: D716>C:9 ;GDB I=: 9>:| 6C9 6G:
@CDLC @dsential amino acids

Note

-LD BDG: 6B>CD 68>9H =6K: 7::C ;DJC9 >C A>B>I:9 FJ6CI>I>:H >C EGDI:>CH
,»A:CD8NHI:>C: L6H 9>H8DK:G:9 >C L=>A: ENGGDANH>C: L6H 9>H8DK:G:9 >

BDA:8JA: 1=61 8DCI6>CH 6C | -=: 6B>CD 68>9H 6G: 8DADGA:HH CDCKDAG6I>A: 8GNHIGAA>C: HDA>9H B:AI>C<
6B>CD <GDJE 6C9 6 86G7DMNA:8DBEDH>C< 61 I:BE:G6l1JG:H 67DK: Q -=:H: B:AI>C<|:BE:G6lJG:H 6G: BDG:
<GDJE A>@: |I=DH: D; >CDG<6C>8 H6AIH 1=6C |=DH: D; 6B>C:H DG DG<6C>8 68>9H 6C9 >
C 6B>CD 68>9 I=61 BJHI 7: I=: HIGJ8IJG:H D; I=: 6B>CD 68>9H >C I=: HDA>9 HI6l: 6C9 >C C:JIG6A HDAJI>DC 6
D716>C:9 ;GDB I=: 9>:1 7:86JH] G:EG:H:Cl:9 6H =6K>C< 7DI= 6 C:<6I>K:AN 8=6G<:9 <GDJE 6C9 6 EDH>I>K:AN 8=6

>186CCDI 7: ANCI=H>O:9 >Cl < GpJE ,J8= 6 HE:8>:H >H @CDIz@ifirion
HJ;;>8>:Cl FJ6CI>I>:H 7N I=:

7D9N

C :A:8IG>86AAN C:JIG6A
8DBEDJC9 I=61 8DCI6>CH 7DI
C:<6I>K:AN 6C9 EDH>I>K:AN
8=6G<:9 <GDJEH
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Classification

"C 699>I>DC ID I=: 6B>CD 6C9 86G7DMNA <GDJEH 6B>CD 68>9H =6K: 6 H>9: 8=6:
<GDJE 61168=:9 ID |I=: 86G7DC 68=6B>CD 68>9 =6H JC>FJ: 8=6G68|:G>HI>8H 6G
:GDB I=: H>0O: H=6E: HDAJ7>A>IN 6C9 >DC>06I>DC EGDE:GI>:H D; >IH + <GDJE
I=: H>9: 8=6>CH D; 6B>CD 68>9H :M:GIl 6 EGD;DJCO9 :;;:81 DC |=: HIGJ8I1JG: 6C9
7>DAD<>86A 68I>K>IN D; EGDI:>CH Al=DJ<=6B>CD 68>9H 86C 7: 8A6HH>;>:9 >C
L6NH DC: 8DBBDC 6EEGD68= >H ID 8A6HH>;N |=:B 688DG9>C< ID L=:I=:G I=: ;JC8
<GDJE DC I=: H>9: 8=6>C 6l C:JIG6A E! >H CDCEDA6G EDA6G 7JI JC8=6G<:9 C:<
8=6G<:9 DG EDH>I>K:AN 8=6G<:9 -=: HIGJ8IJG:H 6C9 C6B:H D; I=: 6B>CD 68>9F
I=:>G DC: 6C9 I=G:: A:ll:G 677G:K>6I>DCH 6C9 HDB: D; I=:>G 9>HI>C8I>K: ;:61JG:I
<>K:C >@B7A: DBBDC B>CD 8>9H DJC9 >C)GDI:>CH

-67A: DBBDC B>CD 8>9H DJC9 >C )GDI:>CH

common Abbreviation | Structural Formula (at pH 6) Molar DISthU‘ve
Name Mass Feature
Amino acids with a nonpolar R group
I=: DCAN 6B>CD
<AN8>C: <AN 68>9 A68@>C< 6

8=>G6A 86G7DC

6A6C>C: 6A6 T

)GDE:GI>:H D; B>CD 8>9H
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K6A>C:

KBA /

6 7G6C8=:9 8=6>
6B>CD 68>9

A:J8>C:

AJ %

6 7G6C8=:9 8=6>
6B>CD 68>9

>HDA:J8>C:

SA: "

6C :HH:CI>6A
6B>CD 68>9
7:86JH: BDHI
6C>B6AH 86CCD
HNCI=:H>0:
7G6C8=:9 8=6>C
6B>CD 68>9H

E=:CNAGAGC3

PE=:

6AHD 8A6HH>;>:
6C 6GDB6I>8
6B>CD 68>9

D 6H

IGNEIDE=6C

IGE O

6AHD 8A6HH>;>:
6C 6GDB6I>8
6B>CD 68>9

D 6H

B:I=>DC>C:

B:l &

H>9: 8=6>C
;JC8I>DCH 6H 6
B:I=NA <GDJE
9DCDG

)GDE:GI>:H D; B>CD 8>9H
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EGDA>C: EGD )

8DCI6>CH 6

H:8DC96GN 6B>C:

<GDJE G:;:GG:9
6H 6Gimino acid

Amino acids with a polar but neutral R group

H:G>C: H:G ,

;DJCY 6l I=:
68I1>K: H>I: D;
B6CN :CONB:H

I=G:DC>C: =G -

C6B:9 ;DG >IH
H>B>A6G>IN ID |
HJ<6G I=G:DH:

8NHI:>C: 8NH

DM>96I>DC D; IL
8NHI:>C:

BDA:8JA:H N>:A9
cystine

INGDH>C: ING 2

6AHD 8A6HH>;>:
6C 6GDB6I>8
6B>CD 68>9

D 6H

6HE6G6<>C: | 6HC '

I=: 6B>9: D;
6HE6GI>8 68>9

)GDE:GI>:H D; B>CD 8>9H
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<AJI6B>C: <AC *

I=: 6B>9: D;
<AJI6B>8 68>9

Amino acids with a negatively charged R group

6HEG6GI>8 683

BHE

86G7DMNA <GDJ
6G: >DC>0:9 6l
E=NH>DAD<>864
6AHD @CDLC 6H
6HE6GIG6I:

EH

\ E!

<AJI6B>8 68>P<AJ

86G7DMNA <GDJ
6G: >DC>0:9 6l
E=NH>DAD<>864
6AHD @CDLC 6H
<AJI6B6I:

EH

\ El

Amino acids with a positively

charged R group

=>HI[>9>C: =>H !

I=: DCAN 6B>CD
68>9 L=DH: +
<GDJE =6H 6&$
C:6G
E=NH>DAD<>864

\ El

ANH>C: ANH $

)GDE:GI>:H D; B>CD 8>9H



=6El:G B>CD 8>9H )GDI:>CH 6C9 CONB:H

Common o Molar Distinctive
Abbreviation | Structural Formula (at pH 6)
Name Mass Feature

6ABDHI 6H HIGD< 6
6G<>C>C: 6G< + 76H: 6H HD9>JB
=N9GDM>9:

-=:;>GHI 6B>CD 68>9 ID 7: >HDAG6I:9 L6H 6HE6G6<>C: >C "I L6H D716>C:9 ;:GDB
EGDI:>C ;DJC9 >C 6HE6G6<JH ?J>8: =:C8: |=: C6B: AN8>C: |=: B6?DG 6B>CD 68
;DJC9 >C <:A6I>C L6H C6B:9 ;DG >IH HL::I I6HI: dB/kgs B:6C>C< UHL::IV "C

HDB: 86H:H 6C 6B>CD 68>9 ;DJC9 >C 6 EGDI:>C >H 68IJ6AAN 6 9:G>K6I>K: D; DC:
8DBBDC 6B>CD 68>9H DC: HJ8= 9:G>K6I>K: >H =N9GDMNEGDA>C: -=: BD9>;>
D88JG#fter|=: 6B>CD 68>9 =6H 7::C 6HH:B7A:9 >CID 6 EGDI:>C

Configuration

'DI>8: >CG-67A: DBBDC B>CD 8>9H DJC9 >C)GDI:>CH6l <AN8>C: >H I=:

DCAN 6B>CD 68>9 L=DH: 86GTOB=FG6A -=:G:;DG: L>I=1=::M8:EI>DC D;
<AN8>C: I=: 6B>CD 68>9H 8DJA9 I=:DG:I>86AAN :M>HI >C >I=:G I=: DGI=:%
:C6CI>DB:G>8 ;DGB 6C9 GDI6l: EA6C: EDA6G>0:9 A><=| H L>I=HJ<6GH 8=:B>HI
<ANB8:G6A9:=N9: 6H I=: G:;:G:C8: 8DBEDJC9 ;DG I=: 6HH><CB:CI D; 8DC;><JG6I>D(
6B>CD 68>9H DG BDG: >C;DGB6I>DC 67DJI HI:G:D>HDB:GH 6C9 8DC;><JG6I>D(
=6El.G  6G7D=N9G6I:H ,:8I>DC A6HH:H D; &DCDH688=6G>9%H

HIGJ81JG: BADH:AN G:H:B7A:H 6C 6B>CD 68>9 HIGJ8IJG: :M8:El I=61 >C |=: A6Il:G
6B>CD <GDJE I6@:H I=: EA68: D; I=: (! <GDJE DC I=: 8=>G6A 86G7DC D; I=: HI<6G

)GDE:GI>:H D; B>CD 8>9H
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0: A:6GC:9 >C=6EI:G  6G7D=N9G6I:HI=61 6AA C6IJG6AAN D88JGG>C< HI<6GH

7:ADC< ID I=: H:G>:H "I >H >CI:G:HI>C< |=:G:;DG: 1=6] C:6GAN 6AA @CDLC EA6C

6C>B6A EGDI:>CH 6G: SDBEDH:9 :CI>G:AN D; % 6B>CD 68>9H IDL:K:G 8:GI6>C 7

8DCI6>C 6B>CD 68>9H >C I1=:>G 8:AA L6AAH 6C9 H:K:G6A 6CI>7>DI>8H : < 68I>

6C9 I=: <G6B>8>9>CH 8DCI6>C K6GN>C< 6BDJCIH D; A:J8>C: E=:CNAGA6C>C:
K6A>C:

CONCEPT REVIEW EXERCISES

0=61 >H |=: <:C:G6A HIGJ8IJG: D; 6C 6B>CD 68>9

"9:CI>;N I=: 6B>CD 68>9 I=6I ;>IH :68= 9:H8G>EI>DC

6 6AHD @CDLC 6H 6HE6GI6I:
7 6ABDHI 6H HIGDC< 6 76H: 6H HD9>JB =N9GDM>9:
8 9D:H CDI =6K: 6 8=>G6A 86G7DC

ANSWERS

6 6HEG6GI>8 68>9
7 6G<>C>C:
8 <AN8>C:

)GDE:GI>:H D; B>CD 8>9H
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KEY TAKEAWAYS

R B>CD 68>9H 86C 7: 8A6HH>;>:9 76H:9 DC I=: 8=6G68Il.:G>HI>8H D; I=:>G
9>HI>C8I>K: H>9: 8=6>CH 6H CDCEDA6G EDAG6G 7JI JC8=6G<:9 C:<6I>K:A
8=6G<:9 DG EDH>I>K:AN 8=6G<:9

R -=: 6B>CD 68>9H ;:DJC9 >C EGDI:>CH 6G: % 6B>CD 68>9H

EXERCISES

0G>I: I=: H>9: 8=6>C D; :68= 6B>CD 68>9

6 H:G>C:
7 6G<>C>C:
8 E=:CNABGAG6C>C:

0G>I: I=: H>9: 8=6>C D; :68= 6B>CD 68>9

6 6HE6GI>8 68>9
7 B:I=>DC>C:
8 K6A>C:

G6L I=: HIGJ8IJG: ;DG :68= 6B>CD 68>9

6 6A6C>C:
7 8NHI:>C:
8 =>HI>9>C:

G6L I1=: HIGJ8IJG: ;DG :68= 6B>CD 68>9

6 1=G:DC>C:
7 <AJI6B>8 68>9
8 A:J8>C:

"9:CI>;N 6C 6B>CD 68>9 L=DH: H>9: 8=6>C 8DCI6>CH 6 C

6 6B>9:;JC8I>DC6A <GDJE
7 6GDB6I>8 G>C<
8 86G7DMNA <GDJE

"9:CI>;N 6C 6B>CD 68>9 L=DH: H>9: 8=6>C 8DCI6>CH 6 C

6 (I<GDJE
7 7G6C8=:9 8=6>C
8 6B>CD <GDJE

)GDE:GI>:H D; B>CD 8>9H
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ANSWERS

6 1 (X

)GDE:GI>:H D; B>CD 8>9H
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6HE6G6<>C: DG <AJI6B>C:
E=:CNAGAGC>C: INGDH>C: DG IGNEIDE=6C
6HEG6GI>8 68>9 DG <AJI6B>8 68>9

oo N o

)GDE:GI>:H D; B>CD 8>9H
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18.2 Reactions of Amino Acids

LEARNING OBJECTIVE

MEAG6>C =DL 6C 6B>CD 68>9 86C 68| 6H 7DIl= 6C 68>9 6C9 6 76H:

-=: HIGJ8IJG: D; 6C 6B>CD 68>9 6AADLH >I ID 68l 6H 7DI= 6C 68>9 6C9 6 76H: C 6
68>9 =6H I=>H 67>A>IN 7:86JH: 61 6 8:G16>C E! K6AJ: 9>;;:G:Cl ;DG :68= 6B>CD 68>
C:6GAN 6AA |=: 6B>CD 68>9 BDA:8JA:H :M>HI 6H OL>1:G>DCH "; 68>9 >H 699:9 IC
HDAJI>DC 8DCI6>C>C< |=: OL>II:G>DC [|=: 86G7DMNAG6I: <GDJE 86EIJG:H 6 =N9G
>DC 6C9 I=: 6B>CD 68>9 7:8DB:H EDH>I>K:AN 8=6G<:9 "; 76H: >H 699:9 >DC G:BI
I=:1 >DC ;GDB I=: 6B>CD <GDJE D; I=: OL>II:G>DC EGD9J8:H 6 C:<6I>K:AN 8=6G
6B>CD 68>9 "C 7DI= 8>G8JBHI6C8:H |I=: 6B>CD 68>9 68IH ID B6>CI6>C |=: E! D; I=
HNHI:BTI=61 >H ID G:BDK: I=: 699:9 68>9 DG 76H: (!X ;GDB HDAJI>DC



=6El:G B>CD 8>9H )GDI:>CH 6C9 CONB:H

-=: E! 6] L=>8= 6 <>K:C 6B>C

EXAMPLE 1

G6L I=: HIGJ8IJG: ;DG I=: 6C>DC ;DGB:9 L=:C <AN8>C: 6l C:JIG6A E!
G:68IH L>I= 6 76H:

G6L I=: HIGJ8IJG: ;DG I=: 861>DC ;DGB:9 L=:C <AN8>C: 6l C:JIG6A E!
G:68IH L>I=6C 68>9

,DAJI>DC

-=: 76H: G:BDK:H ! :GDB I=: EGDIDC6I:9 6B>C: <GDJE

-=:68>9 699H ! ID I=: 86G7DMNAGI: <GDJE

SKILL-BUILDING EXERCISE

G6L I1=: HIGJ8IJG: ;DG I=: 861>DC ;DGB:9 L=:C K6A>C: 6l C:JIG6A E! G:68IH
L>I=6C 68>9

G6L I=: HIGJ8IJG: ;DG I=: 6C>DC ;DGB:9 L=:C K6A>C: 6l C:JIG6A E! G:68IH
L>1=6 76H:

-=: E6GI>8JA6G E! 6] L=>8=6 <>K:C 6B>CD 68>9 :M>HIH >C HDAJI>DC 6H 6 OL>II:(
86AA:9 |=isoelectric point E" |>IHE" I=: EDH>I>K: 6C9 C:<6I>K: 8=6G<:H DC I=:
6B>CD 68>9 76A6C8: 6C9 I=: BDA:8JA: 6H 6 L=DA: >H :A:8IG>86AAN C:JIG6A -=:6
68>9H L=DH: H>9: 8=6>CH 6G: 6AL6NH C:JIG6A =6K: >HD:A:8IG>8 ED>CIH G6C<>(
ID -=:76H>8 6B>CD 68>9H L=>8==6K: EDH>I>K:AN 8=6G<:9 H>9: 8=6>CH 6l C:.
E! =6K: G:A6I>K:AN =><=E"H 8>9>8 6B>CD 68>9H L=>8= =6K: C:<6I>K:AN 8=6G<
H>9: 8=6>CH 61 C:JIG6A E! =6K: FJ>I: ADL6FAA E"H D, ,DB:

68>9 :M>HIH >C HDAJI>DC 6H 6+:EG:H:CI6I>K: B>CD 8>9H

OL>1I:G>DC

+:68/1>DCH D; B>CD 8>9H
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-67A: E"H D; ,DB: +:EG:H:CI6I>K: B>CD 8>9H

Amino Acid Classification pl

6A6C>C: CDCEDAGG

K6A>C: CDCEDAGG

H:G>C: EDA6G JC8=6G<:9

I=G:DC>C: | EDA6G JC8=6G<:9

6G<>C>C: EDH>I>K:AN 8=6G<:9 76H>8

=>HI>9>C: |EDH>I>K:AN 8=6G<:9 76H>8

ANH>C: EDH>|>K:AN 8=6G<:9 76H>8

6HEG6GI>8 68>0:<61>K:AN 8=6G<:9 68>P>8

<AJI6B>8 683T:<61>K:AN 8=6G<:9 68>P>8

B>CD 68>9H JC9:.G<D G:68I>DCH 8=6G68I:G>HI>8 D; 86G7DMNA>8 68>9H 6C9 6B
G:68I>K>IN D; I=:H: ;JC8I>DC6A <GDJEH >H E6GI>8JA6GAN >BEDGI6CI >C A>C@:
68>9H ID<:I1=:G ID ;DGB E:EI>9:H 6C9 EGDI:>CH 6H NDJ L>AA H:: A61:G >C |=>H 8=
,>BEA: 8=:B>86A I:HIH 1=61 6G: JH:9 ID 9:1:81 6B>CD 68>9H 16 @: 69K6CI6<: D; I=:
G:68I>K>IN D; I=:H: ;JC8I>DC6A <GDJEH C :M6BEA: >H I=: C>C=N9G>C I:HI >C L=
6B>C: ;JC8I>DC6A <GDJE D; 6B>CD 68>9H G:68IH L>I= C>C=N9G>C ID ;DGB EJG
8DADG:9 8DBEDJC9H '>C=N9G>C >H JH:9 ID 9:1:8I ;>C<:GEG>CIH 7:86JH: >| G:68I
6B>CD 68>9H ;GDB I=: EGDI:>CH >C H@>C 8:AAH IG6CH;:GG:9 ID I=: HIG;68: 7N I
>C9>K>9J6A A:6K>C< |=: ;>C<:GEG>CI

+:68/1>DCH D; B>CD 8>9H
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CONCEPT REVIEW EXERCISES

:>C: :68=1:GB

6 OL>II:G>DC
7 >HD:A:81G>8 ED>CI

G6L I1=: HIGJ8IJG: ;DG I=: 6C>DC ;DGB:9 L=:C 6A6C>C: 6l C:JIG6A E! G:68IH
L>I=6 76H:

G6L I=: HIGJ8IJG: ;DG I=: 861>DC ;DGB:9 L=:C 6A6C>C: 6l C:JIG6A E! G:68IH
L>I=6C 68>9

ANSWERS

6 6C :A:8IG>86AAN C:JIG6A 8DBEDJC9 I1=61 8DCI6>CH 7DI= C:<6I>K:AN 6C9
EDH>I>K:AN 8=6G<:9 <GDJEH
7 |=:E!'6l L=>8= 6 <>K:C 6B>CD 68>9 :M>HIH >C HDAJI>DC 6H 6 OL>11.G>DC

KEY TAKEAWAYS

R B>CD 68>9H 86C 68l 6H 7DI=6C 68>9 6C9 6 76H: 9J: ID I=: EG:H:C8: D; I=:
6B>CD 6C9 86G7DMNA ;JC8I>DC6A <GDJEH

R -=: E! 61 L=>8= 6 <>K:C 6B>CD 68>9 :M>HIH >C HDAJI>DC 6H 6 OL>I:G>DC:
86AA:9 |=isoelectric poinE"

+:68/1>DCH D; B>CD 8>9H
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EXERCISES

G6L I=: HIGJ8IJG: D; A:J8>C: 6C9 9:1:GB>C: I=: 8=6G<: DC |=: BDA:8JA: >C
6C

6 68>9>8 HDAJI>DC E!
7 C:JIG6A HDAJI>DC E!
8 6 76H>8 HDAJI>DC E!

G6L I1=: HIGJ8IJG: D; >HDA:J8>C: 6C9 9:1:GB>C: |=: 8=6G<: DC I=: BDA:8JA: >C
6C

6 68>9>8 HDAJI>DC E!
7 C:JIG6A HDAJI>DC E!
8 76H>8 HDAJI>DC E!

ANSWER
6
7
8

+:68/1>DCH D; B>CD 8>9H
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18.3 Peptides

LEARNING OBJECTIVES

MEAG6>C =DL 6 E:EI>9: >H ;DGB:9 ;GDB >C9>K>9J6A 6B>CD 68>9H
MEA6>C L=N I=: H:FJ:C8: D; 6B>CD 68>9H >C 6 EGDI:>C >H >BEDGI6CI

-LD DG BDG: 6B>CD 68>9H 86C ?D>C ID<:I1=:G >CID 8=6>CH 86AA:£6EEG9:H "C
(G<6C>8 8>9H 6C9 6H:H 6C9 ,DB: D; -=:>G :G>K6|>K&tDC
DGB6I>DC D; B>9:HL: 9>H8JHH:9 I=: G:68I>DC 7:IL::C 6BBDC>6 6C9 6
86G7DMNA>8 68>9 ID ;DGB 6C 6B>9: "C 6 H>B>A6G G:68I>DC I=: 6B>CD <GDJE [
6B>CD 68>9 BDA:8JA: G:68IH L>I=|=: 86G7DMNA <GDJE DC 6CDI=:G G:A:6H>C< ¢
BDA:8JA: D; L6l:G 6C9 ;DGB>C< 6C 6B>9: A>C@6<:

C 6B>9: 7DC9 ?D>C>C< ILD 6B>CD 68>9 JC>IH >pp@idAi®ond 'DI: I=6I |=:
EGD9J8I BDA:8JA: HI>AA =6H 6 G:68I>K: 6B>CD <GDJE DC I=: A:;| 6C9 6 G:68I>K:
86G7DMNA <GDJE DC I=: G><=| -=:H: 86C G:68I L>I= 699>|>DC6A 6B>CD 68>9H IC
A:C<|=:C I=: E:EI>9: -=: EGD8:HH 86C 8DCI>CJ: JCI>A I=DJH6C9H D; JC>IH =6K:
?D>C:9 G:HJAI>C< >C A6G<: EGDI:>CH

8=6>C 8DCH>HI>C< D; DCAN ILD 6B>CD 68>9 JC>|tipepiBt6r8e-6>C
8DCH>HI>C< D; I=G:tripp¢ptide N 8DCK:CI>DC E:EI>9: 6C9 EGDI:>C HIGJ8IJG:H 6G
= 6B>9: 7DCY ?D>C>C< ILD | 9:E>81:9 L>I=1=: 6B>CD 68>9 L=DH: 6B>CD <GDJE >H ;G:: I=:'|:GB>C6A :C9 DC I=
6B>CD 68>9 JC>IH >C 6 E:EI>P: A:;1 6C9 I=: 6B>CD 68>9 L>I=6 ;G:: 86G7DMNA <GDJE I=: |:GB>C6A :C9 ID I=: G><
DG EGDI:>C
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8=6>C D; 67DJI
6B>CD 68>9H

):EI>9:H

DG BDG:

-=: <:C:G6A 1:GBpeptideG:;:GH ID 6C 6B>CD 68>9 8=6>C D; JCHE:8>;>:9 A:C<I=
IDL:K:G 8=6>CH D; 67DJI 6B>CD 68>9H DG BDG: 6G: JHI6AAN 86AA:9 EGDI:>CF
polypeptides "C >IH E=NH>DAD<>86AAN 68I>K: ;DGB 6 EGDI:>C B6N 7: SDBEDH:
DG BDG: EDANE:EI>9: 8=6>CH

DG E:EI>9:H 6C9 EGDI:>CH ID 7: EENH>DAD<>86AAN 68I>K: >| >H CDI :CDJ<= |=¢€
>C8DGEDGS6I: 8:G16>C 6BDJCIH D; HE:8>;>8 6B>CD 68>9H sedD&%&CDG
L=>8=|=: 6B>CD 68>9H 6G: 8DCC:8I:9 >H 6AHD D; 8G>I>86A >BEDGI6C8: G6ON@
C>C: 6B>CD 68>9 E:EI>9: EGD9J8:9 >C |=: 7ADD9 I=61 =6H |=: ;DAADL>C< 6B>CD 6
H:FJ.C8:

6G< EGD EGD <AN E=: H:G EGD E=: 6G<

-=>H E:EI>9: ADL:GH 7ADD9 EG:HHJG: HI>BJAG6I:H HBDDI= BJH8A: I>HHJ: >C8G:¢
86E>AAB6GN E:GB:67>A>IN 6C9 86JH:H E6>C 0=:C I=: DG9:G D; 6B>CD 68>9H >C
7G6IN@>C>C >H G:K:GH:9

6G< E=: EGD H:G E=: <AN EGD EGD 6G<

I=: E:EI>9: G:HJAI>C< ;GDB I=>H HNCI=:H>H H=DLH CDC: D; I=: 68I>K>IN D; 7G69N

#JHI 6H B>AA>DCH D; 9>;;:G:CI LDG9H 6G: HE:AA:9 L>I=DJG A:l:G C<A>H=6AE
B>AA>DCH D; 9>;;:G:CI EGDI:>CH 6G: B69: L>I=|=: 8DBBDC 6B>CD 68>9H IDL:K:
?JHI 6H I=: C<A>H=6AE=67:186C 7: JH:9 ID LG>I: <>77:G>H= 6B>CD 68>9H 86C 7
ID<:1=:G >C I=wrong sequente EGD9J8: CDC;JC8I>DC6A EGDI:>CH Al=DJ<=I=:

8DGG:8I H:FJ:C8: >H DG9>C6G>AN D; JIBDHI >BEDGI6CS8: >| >H CDI 6AL6NH 67HI
G:FJ>G:9 #JHI 6H NDJ 86C HDB:I>B:H B6@: H:CH: D; >C8DGG:8IAN HE:AA:9 C<A:
LDGY9H 6 EGDI:>C L>I= 6 HB6AA E:G8:Cl6<: D; U>C8DGG:8IV 6B>CD 68>9H B6N 8I
ID ;JC8I>DC 'DL:K:G >| G6G:AN ;JC8I>DCH 6H L:AA 6H 6 EGDI:>C =6K>C< |=: 8DG
H:FJ:C8: -=:G: 6G: 6AHD >CHI6C8:H >C L=>8= H::B>C<AN B>CDG :GGDGH D; H:FJ
=6K: 9>H6HIGDJH :;;:8IH DG :M6BEA: >C HDB: E:DEA: :K:GN BDA:8JA: D; =:BD<A
6 EGDI:>C >C I=: 7TADD9 I1=61 IGGCHEDGIH DMN<:C =6H 6 H>C<A: >C8DGG:8I 6B>
JC>I DJID; 67DJI 6 H>C<A: K6A>C: G:EA68:H 6 <AJI6B>8 68>9 -=61 UB>CDGV :
>H G:HEDCH>7A: ;DG H>8@A: 8:AA 6C:B>6 6C >C=:G>|:9 8DC9>I>DC I=61 JHI6AA
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CONCEPT REVIEW EXERCISES

>HI>C<J>H=7:IL::C I=: ' :GB>C6A 6B>CD 68>9 6C9 I=: 1:GB>C6A 6B>CD 68>¢
D; 6 E:EI>9: DG EGDI:>C

‘H8G>7: I=: 9>;;:G:C8: 7:1L::C 6C 6B>CD 68>9 6C9 6 E:E|>9:

B>CD 68>9 JC>IH >C 6 EGDI:>C 6G: 8DCC:8I:9 7N E:EI>9: 7TDC9H 0=61 >H 6CL
C6B: ;DG I=: ;JC8I>DC6A <GDJE A>C@>C< |=: 6B>CD 68>9H

ANSWERS

-=.'":GB>C6A :C9 >H |I=: :C9 D; 6 E:EI>9: DG EGDI:>C L=DH: 6B>CD <GDJE >H
:G:: CDI >CKDAK:9 >C I=: ;DGB6I>DC D; 6 E:EI>9: 7DC9 L=>A:I=: |:.GB>C6A
:C9 =6H 6 ;G:: 86G7DMNA <GDJE

E:EI>9: >H 8DBEDH:9 D; ILD DG BDG: 6B>CD 68>9H B>CD 68>9H 6G: I=:
7J>A9>C< 7TAD8@H D; E:EI>9:H

6B>9: 7DC9

KEY TAKEAWAYS

R -=: 6B>CD <GDJE D; DC: 6B>CD 68>9 86C G:68| L>I=|=: 86G7DMNA <GDJE
DC 6CDI=:G 6B>CD 68>9 ID ;DGB 6 E:EI>9: 7DC9 I1=61 A>C@H I=: ILD 6B>CD
68>9H ID<:I=:G 99>I>DC6A 6B>CD 68>9H 86C 7: 699:9 DC I=GDJ<= |=:
:DGB6I>DC D; 699>I>DC E:EI>9: 6B>9: 7DC9H

R H:FJ:C8: D; 6B>CD 68>9H >C 6 E:EI>9: DG EGDI:>C >H LG>II:C L>I=|=:"
I:GB>C6A 6B>CD 68>9 ;>GHI 6C9 |=: 1:GB>C6A 6B>CD 68>9 6l I=: :C9
LG>I>C< Azl ID G><=|

):EI>9:H
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EXERCISES

G6L I=: HIGJ8IJG: ;DG :68= E:EI>9:

6 <AN KG6A
7 KB6A <AN

G6L I1=: HIGJ8IJG: ;DG 8NH K6A 6A6

"9:CI>;N I=: 6C9'I:GB>C6A 6B>CD 68>9H ;DG I=: E:EI>9: ANH K6A E=: <AN 6(
8NH

"9:CI>;N I=: 6C9 ' 1:GB>C6A 6B>CD 68>9H ;DG I=: E:EI>9: 6HE 6G< K6A ING >/
=>H EGD E=:

ANSWERS
6
7

[:GB>C6A 6B>CD 68>9 8NH 'I:GB>C6A 6B>CD 68>9 ANH

):EI>9:H
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18.4 Proteins

EGDI:>C I1=61 >H :ADC<61:9 D

>7:GA>@: 6C9 >CHDAJ7A: >C

L6I:G

EGDI:>C I=6] >H <:C:G6AAN
HE=:G>86A >C HIGJ8IJG: 6C9
HDAJ7A: >C L6I:G

:>CH 6C9 CONB:H

LEARNING OBJECTIVES

:H8G>7: |=: ;DJG A:K:AH D; EGDI:>C HIGJ8IJG:

"9:CI>;N |I=: INE:H D; 61IG68I>K: >CIl:G68I>DCH I=61 =DA9 EGDI:>CH >C |=:>G
BDHI HI67A: I=G:: 9>B:CH>DC6A HIGJ8IJG:

MEA6>C L=6l =6EE:CH L=:C EGDI:>CH 6G: 9:C61JG:9

"9:CI>;N =DL 6 EGDI:>C 86C 7: 9:C61JG:9

68=D; I=: I=DJH6C9H D; C61JG6AAN D88JGG>C< EGDI:>CH =6H >IH DLC 8=6G68I
6B>CD 68>9 8DBEDH>|>DC 6C9 H:FJ:C8: |=61 G:HJAI >C 6 JC>FJ: I=G:: 9>B:CH>DC
H=6E: ,>C8:1=: H H8>:CI>HIH =6K: 9:1:GB>C:9 |=: 6B>CD 68>9 H:FJ:C8:H 6C9
I=G:: 9>B:CH>DC6A 8DC;DGB6I>DC D; CIJB:GDJH EGDI:>CH 6C9 I=JH D716>C:9
>BEDGI6CI 8AJ:H DC =DL :68= EGDI:>C E:G;DGBH >IH HE:8>;>8 ;JC8I>DC >C |=: 7I

)GDI:>CH 6G: 8DBEDJC9H D; =><= BDA6G B6HH 8DCH>HI>C< A6G<:AN DG :CI>G:
D; 6B>CD 68>9H :86JH: D; I=:>G <G:6l SDBEA:M>IN EGDI:>C BDA:8JA:H 86CCDI 7
8A6HH>;>:9 DC |=: 76H>H D; HE:8>;>8 HIGJ8IJG6A H>B>A6G>I>:H 6H 86G7D=N9G
6G: 861:<DG>0:9 -=: ILD B6?DG HIGJ8IJG6A 8A6HH>;>86|>DCH D; EGDI:>CH 6G: 7
:6G BDG: <:C:G6A FI6A>I>H L=:1=:G |=: EGDI:>C>H ;>7:GA>@: 6C9 >CHDAJ7A:
<AD7JA6G 6C9 HDAJ7A: ,DB: EGDI:>CH HJ8= 6H I=DH: I=61 8DBEDH: =6>G H@>(
6C9 8DCC:8I>K: I>HHJ: 6G: ;>7:GA>@fibratis proteins 6G: >CHDAJ7A: >C L6I:G
6C9 JHI6AAN H:GK: HIGJ8IJG6A 8DCC:8I>K: 6C9 EGDI:8I>K: ;JC8I>DCH M6BEA:
:>7GDJH EGDI:>CH 6G: @:G6I>CH 8DAA6<:CH BNDH>CH 6C9 :A6HI>CH !6>G 6C
A6N:G D; H@>C 6G: 8DBEDH:9 D; @:G6I>C DCC:8I>K: I>HHJ:H 8DCI6>C 8DAA6L<:
6G: BJH8A: EGDI:>CH 6C9 6G: 86E67A: D; 8DCIG68I>DC 6C9 :MI:CH>DC A6HI>CH
:DJCI9 >C A><6B:CIH 6C9 I=: :A6HI>8 I>HHJ: D; 6GI:GN L6AAH

Globular proteins |=: DI=:G B6?DG 8A6HH 6G: HDAJ7A: >C 6FJ:DJH B:9>6 "C I=:H
EGDI:>CH I=: 8=6>CH 6G: ;DA9:9 HD I=6I I=: BDA:8JA: 6H 6 L=DA: >H GDJ<=AN HE
6B>A>6G :M6BEA:H >C8AJ9: :<< 6A7JB>C ;GDB :<< L=>I:H 6C9 H:GJB 6A7JB>C >C
7ADD9 ,:GJB 6A7JB>C EA6NH 6 B67DG GDA: >C IG6CHEDGI>C< ;6lIN 68>9H 6C9
B6>Cl6>C>C< 6 EGDE:G 76A6C8: D; DHBDI>8 EG:HHJG:H >C I=: 7D9N !:BD<AD7>(
G BND<AD7>C L=>8=6G: >BEDGI6CI ;DG 7>C9>C< DMN<:C 6G: 6AHD <AD7JA6G E
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Levels of Protein Structure

-=: HIGJ8IJG: D; EGDI:>CH >H <:C:G6AAN 9:H8G>7:9 6H =6K>C< ;DJG DG<6C>06I>
A:K:AH -=:;>GHI D; |=:H: >Hptimary structure L=>8=>H I=: CJB7:G 6C9

H:FJ:C8: D; 6B>CD 68>9H >C 6 EGDI:>CWH EDANE:EI>9: 8=6>C DG 8=6>CH 7:<>C
I=:;G:: 6B>CD <GDJE 6C9 B6>CI6>C:9 7N I=: E:EI>9: 7DC9H 8DCC:8I>C< :68= 6B>C
68>9 ID I=: C:MI -=: EG>B6GN HIGJ8IJG: D; >CHJA>C 8DBEDH:9 D; 6B>CD 68>9+
H=DLC >6<JG:  )G>B6GN ,IGJ8IJG: D; UB6C "CHJA>C

Figure 18.2°rimary Structure of Human Insulin

Human insulin, whose amino acid sequence is shown here, is a hormone that is required for the proper metat
of glucose.

EGDI:>C BDA:8JA: >H CDI 6 G6C9DB I6C<A: D; EDANE:EI>9: 8=6>CH "CHI:69 I=:
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Figure 18.3A Ball-and-Stick Model of an -Helix

This ball-and-stick model shows the intrachain hydrogen bonding between carbonyl oxygen atoms and amide
hydrogen atoms. Each turn of the helix spans 3.6 amino acids. Note that the side chains (represented as gree
spheres) point out from the helix.
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Figure 18.4A Ball-and-Stick Model of the -Pleated Sheet Structure in Proteins

The side chains extend above or below the sheet and alternate along the chain. The protein chains are held t
by interchain hydrogen bonding.
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Figure 18.5A Ribbon Model of the Three-Dimensional Structure of Insulin

The spiral regions represent sections of the polypeptide chain that have an -helical structure, while the broad
arrows represent -pleated sheet structures.
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Figure 18.6/ertiary Protein Structure Interactions

Four interactions stabilize the tertiary structure of a protein: (a) ionic bonding, (b) hydrogen bonding, (c) disulfi
linkages, and (d) dispersion forces.
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Figure 18.7he Quaternary Structure of Hemoglobin

Hemoglobin is a protein that transports oxygen throughout the body.

Source: Image from the RCSBAR®Bpdb.oigof PDB ID 113D (R.D. Kidd, H.M. Baker, A.J. Mathews, T. Brittain,
E.N. Baker (2001) Oligomerization and ligand binding in a homotetrameric hemoglobin: two high-resolution cr
structures of hemoglobin Bart's (gamma(4)), a marker for alpha-thalassemia. Protein Sci. 1739D1749).
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Theprimary structureonsists of the specific amino acid sequence. The resulting peptide chain can twist into ar
helix, which is one typesefondary structur&his helical segment is incorporated interttay structureof

the folded polypeptide chain. The single polypeptide chain is a subunit that corpirteesatestructuref

a protein, such as hemoglobin that has four polypeptide chains.
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Figure 18.Denaturation and Renaturation of a Protein

The denaturation (unfolding) and renaturation (refolding) of a protein is depicted. The red boxes represent
stabilizing interactions, such as disulfide linkages, hydrogen bonding, and/or ionic bonds.
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8=6>CH D; |=: ;:DAADL>C< E6>GH D; 6B>CD 68>9H DG :68= E6>G >9:CI>;N I=
HIGDC<:HI INE: D; >CIl:G68I>DC 7:IL::C I=:H: 6B>CD 68>9H

6HE6GI>8 68>9 6C9 ANH>C:
E=:CNAGAGC>C: 6C9 6A6C>C:
H:G>C: 6C9 ANH>C:

ILD 8NHI:>C:H

©O© o N o

EGDI:>C =6H 6 I:GI>6GN HIGJ8IJG: ;DGB:9 7N >CIl:G68I>DCH 7:IL::C I=: H>9:
8=6>CH D; |=: ;.DAADL>C< E6>GH D; 6B>CD 68>9H DG :68= E6>G >9:CI>;N I=
HIGDC<:HI INE: D; >CIl:G68I>DC 7:IL::C |=:H: 6B>CD 68>9H
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18.5Enzymes

CN HJ7HI6CS8: 1=61 >C8G:6H:H
|I=: G6l: DG HE::9 D; 6 8=:B>86,
G:68I>DC L>I=DJI 7:>C<
8=6C<:9 DG 8DCHJB:9 >C I=:
G:681>DC

7>DAD<>86A 86I6ANHI

8DBEDJC9 DC L=>8=6C
:CONB: 68IH

LEARNING OBJECTIVES

MEA6>C I=: ;JC8I>DCH D; :CONB:H
MEA6>C =DL :CONB:H 6G: 8A6HH>;>:9 6C9 C6B:9

catalyst >H 6CN HJ7HI6CS8: 1=6] >C8G:6Hat#eBG HE::9 D; 6 8=:B>86A G:68I>DC
L>1=DJI 7:>C< 8=6C<:9 DG 8DCHJB:9 >C |=: G:6@rB@Ges 6G: 7>DAD<>86A
86I6ANHIH 6C9 C:6GAN 6AA D; I=:B 6G: EGDI:>CH -=: G:68I>DC G6I:H 6116>C:9 7N
:CONB:H 6G: IGJAN 6B60>C< "C I=:>G EG:H:C8: G:68I>DCH D88JG 61 G6I:H I1=61 6
B>AA>DC DG BDG: I>B:H ;6HI:G 1=6C LDJA9 7: 6l16>C67A: >C 1=:>G 67H:C8: 0=6I:
:K:C BDG: 6B60>C< >H I=61 :CONB:H E:G;DGB I=>H ;JC8I>DC 61 7D9N I:BE:G61JG:
P Q 6C9 E=NH>DAD<>86AE! E!P G6I=:G |=6C 6l I=: 8DC9>I>DCH I=6I 6G:
INE>86AAN C:8:HH6GN ID >C8G:6H: G:68I>DC G6l:H =><=I:BE:G6I1JG: DG EG:HHJ
JH: D; HIGDC< DM>9>0>C< DG G:9J8>C< 6<:CIH DG HIGDC< 68>9H DG 76H:H DC
8DB7>C6I>DC D; 6CN D; I=:H: "C 699>I>DC :CONB:H 6G: =><=AN HE:8>;>8 >C |=::
68I>DC |=61>H :68=:CONB: 86I6ANO:H DCAN DC: INE: D; G:68I1>DC >C DCAN DC:
8DBEDJC9 DG 6 <GDJE D; HIGJ8IJG6AAN G:A61:9 S8DBEDJC9H -=: BDBEDJC9 DG
8DBEDJC9H DC L=>8=6C :CONB: 68IH 6G: @CDkGbsttatds

1IJC9G:9H D; :CONB:H =6K: 7::C EJG>;>:9 6C9 HIJ9>:9 >C 6C :;;DGI ID JC9:GHI6C9
=DL I=:N LDG@ HD :;;:8/>K:AN 6C9 L>|=HJ8= HE:8>;>8>IN -=: G:HJAI>C< @CDLA:¢
7::C JH:9 ID 9:H><C 9GJ<H I=61 >C=>7>| DG 68I>K6l: E6GI>8JA6G :CONB:H C :M6E
I=: >CI:.CH>K: G:H:6G8= ID >BEGDK: I=: IG:6IB:CI D; DG ;>C9 6 8JG: ;DG 68FJ>G:9
>BBJCD9:;>8>:C8N HNC9GDB: ", ",>H 86JH:9 7N I=: =JB6C

>BBJCD9:;>8>:C8N K>GJH "/ +:H:6G8=:GH 6G: HIJ9N>C< |=: :CONB:H EGD9J8:9"
I=>H K>GJH 6C9 6G: 9:K:ADE>C< 9GJ<H >CI:C9:9 ID 7TAD8@ I=: 68I>DC D; I=DH: :C
L>1=DJI >CI:G;:G>C< L>|=:CONB:H EGD9J8:9 7N I=: =JB6C 7D9N ,:K:G6A D; I=:H:
9GJ<H =6K: CDL 7::C 6EEGDK:9 ;DG JH: 7N ", E6I>:CIH

-=:;>GHI :CONB:H ID 7: 9>H8DK:G:9 L:G: C6B:9 688DG9>C< ID |1=:>G HDJGS8: DG

! B:I=D9 D; 9>H8DK:GN -=: :CONR:psinL=>8= 6>9H >C |=: =N9GDANH>H D; EGDI:>Cl

;DJCY9 >C |=: 9><:HI>K: ?J>8:H D; |I=: HIDB68= [fep&isB:6C>C< U9><:HI>DCV
Papain6CDI=:G :CONB: I=61 =N9GDANO:H EGDI:>C >C ;68| >I >H JH:9 >C B:6l
:C9:G>0:GH >H >HDAG6I:9 ;GDB E6E6N6H H BDG: :CONB:H L:G: 9>H8DK:G:9 8=:
G:8D<C>0:9 I=: C::9 ;:DG 6 BDG: HNHI:B61>8 6C9 8=:B>86AAN >C;DGB6I>K:
>9:CI>;>86|>DC H8=:B:
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CONB:H

"C 1=: 8JGG:CI CIB7:G>C< 6C9 C6B>C< H8=:B: JC9:G I=: DK:GH><=I D; I=:
'DB:C8A61JG: DBB>HH>DC D; I=: "CI:GC6I>DC6A .C>DC D; >D8=:B>HIGN :CONB:}
6GG6C<:9 >CID H>M <GDJEH 688DG9>C< ID I=: <:C:G6A INE: D; G:68I>DC I=:N 86l
-67A.: A6HH:H D; CONB:H L>I= HJ7<GDJEH 6C9 H:8DC96GN HJ7<GDJEH I=6I
HE:8>:N I=: G:68I>DC BDG: EG:8>H:AN 68=:CONB: >H 6HH><C:9 6 ;DJG 9><>| CJI
EG:8:9:9 7N |I=: EG:;:>M T;DG :CONB: 8A6HH>;>86I>DCTI=6| >C9>86I:H >IH <GDJE

HJ7<GDJE 6C9 HD ;DGI= -=>H >H 9:BDCHIGEA9 >CHH><CB:CI D; 6C
CONB: A6HH>;>861>DC 'IB7i{85 6A8D=DA 9:=N9GD<:C6H: 68=:CONB: >H 6AHD

<>K:C 6 C6B: 8DCH>HI>C< D; I=: GDDI D; I=: C6B: D; >IH HI7HIG6I: DG HJ7HIG6I:H
I=: aseHJ;;>M -=JH JG:6H: >H |=: :CONB: I1=61 8616ANO:H I=: =N9GDANH>H D; JG:6

-67A: A6HH:H D; CONB:H

-=N9GD<:C6H:H 86I6ANO: DM>961>DC G:9J8I>DC
DM>9DG:938|6H%|\4>96|>DC G:9381>Dd G:681>DCH >CKDAK>C< =N9GD<:C 6C9 G10J8I6H:!
' 681>DCH 86I6ANO: G:68I>DCH >C L=>8= 6 HI7HIG6I} >H
G:9J8:9
IG6CH::G G:681>DCH D|:-G6CH6B>C6H:H 8616ANO: I=: IG6CH::G D:|6B>CD
IG6CH::G6H:H | <GDJEH HJ8= 6H B:I=NAGDJE 6C9 @>C6H:H 86I6ANO: I=: IG6CH|:G D: 6
6B>CD 6C9 68:INA | E=DHE=6I: <GDJE
B ] _ 9%>E6H:H 8616ANO: I=: =NOGDANH>H D: ASE>0H ¢
=NIGDABHH | =NIGDANH>H G:68I>DIGL 1 . o111 8616ANO: I=: =ZNOGDANH>H D: EGDI:>C
G:68I>DCH >C L=>8=
<GDJEH 6G: G:BDK:9 | o0 ~0n M INAGH:H 86I6ANO: I=: G:BDK6GA D
ANGH:H L>1=DJI =N9GDANH>HIpE > (5 B
699>I>DC D: <GDJEH IP
9DJ7A: 7DC9
"HDB:G6H:H B6N 86I6ANO: I=: 8DCK:GH>DC D: 6C
G:68I>DCH >C L=>8= 6| 6A9DH: ID 6 @:IDH: 6C9 BJI6H:H 86I6ANO
>HDB:G6H:H | 8DBEDJCY >H 8DCK:G|:@:681>DCH >C L=>8= 6 :JC8I>DC6A <GDJH >H
ID >IH >HDB:G IG6CH::GG:9 :GDB DC: 6IDB >C 6 HI7HIG6]: ID
6CDI=:G
G:68I>DCH >C L=>8= q'L
7DCOH 6G: :DGB:9 | NCI=:I6H:H 86I6ANO: G:68I>DCH >C L=>8% ILD
A><6H:H 7:L::C 86G7DC 6C9 | HB6AA:G BDA:8JA:H 6G: A>C@:9 ID :DGB f A6G<:
6CDI=:G 61DB :C:G<N »BC:
G:FI3>G:9
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-67A: HH><CB:CI D; 6C CONB: A6HH>;>861>DC 'JB7:G

Alcohol Dehydrogenase: EC 1.1.1.1

-=::>GHI| 9><>| >C9>86I:H |1=61 I=>H :CONB: >H 6C DM>9DG:9J8I6H: =61 >H 6C :CONB: |=6l
86I6ANO:H 6C DM>961>DC G:9J8I>DC G:68I>DC

-=: H:8DC9 9><>| >C9>861:H 1=61 I=>H DM>9DG:9J8I6H: 86I16ANO:H 6 G:68I>DC >CKDAK>C<
EG>B6GN DG H:8DC96GN 6A8D=DA

-=: [=>G9 9><>| >C9>86I:H 1=61 :>I=:G |=: 8D:CONB:DG ') >H G:FJ>G:9 ;DG I=>H
G:68I>DC

-=:;:DJGI= 9><>| >C9>86I:H 1=61 I=>H L6H |=: ;>GHI :CONB: >HDA®6I1:9 8=6G68|:G>0:9 6C9 C
JH>C< |=>H HNHI:B D; CDB:C8A61JG:

-=: HNHI:B61>8 C6B: ;DG |=>H :CONERilcdhol:NADXxidoreductase=>A: I=:
G:8DBB:C9:9 DG 8DBBDC C6B: >H 6A8D=DA 9:=N9GD<:C6H:

+:68/1>DC 8616ANO:9

CONCEPT REVIEW EXERCISE

"C I=: HB6AA >CI:HI>C: HI8GDH: >H =N9GDANO:9 ID ;DGB <AJ8DH: 6C9 ;GJ8ID
6 G:68I1>DC 86I6ANO:9 7N HI8G6H:

"9:CI>;N [=: HI7HIG6I: >C |I=>H G:68I>DC

'6B: |=: :CONB:
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KEY TAKEAWAYS

R C:CONB: >H 6 7>DAD<>86A 86I6ANHI 6 HJ7HI6CS: |=6] >C8G:6H:H I=: G6l:
6 8=:B>86A G:68I>DC L>I=DJI 7:>C< 8=6C<:9 DG 8DCHJB:9 >C |=: G:68I>DC
R HNHI:B6I1>8 EGD8:HH >H JH:9 ID C6B: 6C9 8A6HH>;N :CONB:H

EXERCISES

"9:CI>;N I=: HI7HIG6I: 8616ANO:9 7N :68= :CONB:

6 AG68I6H:
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"9:CI>:N |I=: HI7HIG6I: 8616ANO:9 7N :68=:CONB:

6 A>EG6H:
7 6BNAGH:
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"9:CI>:N :68=INE: D; :CONB:
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18.6 Enzyme Action

-=: AD861>DC DC 6C :CONB:
L=:G: 6 HI7HIG6I: 7>C9H 6C9
IG6CH;DGB:9 ID EGD9J8I

BD9:A 1=61 EDGIG6NH 6C
:CONB: 6H 8DC;DGB6I>DC6A
G><>96C9 67A: ID 7DC9 DCA
HJ7HIG6I: DG HI7HIG6I:H 1=6l
:MG8IAN ;> I=: 68I>K: H>I:

LEARNING OBJECTIVE

‘H8G>7: 1=: >CI:G68I>DC 7:IL::C 6C :CONB: 6C9 >IH HI7HIGGI:

CONB: 8616 ANO:9 G:68I1>DCH D88JG >C 61 A:6HI ILD HI:EH "C I=: ;>GHI HI:E 6C :C
BDA:8JA: 6C9 I=: HI7HIG6I: BDA:8JA: DG BDA:8JA:H , 8DAA>9: 6C9 G:68I ID ;DG
6C >CI:GB:9>6l: SDBEDJC9 86AA:®hzyme-substrat&, complex-=>H HI:E >H
G:K:GH>7A: 7:86JH: I=: 8DBEA:M 86C 7G:6@ 6E6GI >CID I=: DG><>C6A HJ7HIGE6I: |
HJ7HIG6I:H 6C9 I=: ;G:: :CONB: (C8:I=: S, 83DBEA:M ;DGBH I=: :CONB: >H 67A: 1D
8616ANO: |=: ;DGB6I>DC D; EGD9J8I ) L=>8=>H I=:C G:A:6H:9 ;GDB I=: :CONB:
HJG;68:

’ S!

S, )

IN9GD<:C 7DC9>C< 6C9 DI=:G :A:8IGDHI6I>8 >Cl.G68I>DCH =DA9 I=: :CONB: 6C9
HJ7HIG6I: ID<:I=:G >C |=: 8DBEA:M -=: HIGJ8IJG6A ;:61JG:H DG ;JC8I>DC6A <GDJE
I=: :CONB: I=6l E6GI>8>E6I: >C I=:H: >CIl:G68I>DCH 6G: AD86I:9 >C 6 8A:;| DG EDSC
|=::CONB: HJG;68: -=>H ED8@:| L=:G: I=::CONB: 8DB7>C:H L>I=I=: HIJ7HIG6I:
6C9 IG6CH;DGBH I=: HI7HIG6I: ID EGD9J8I >H 8&6ikeOdite D; |=: :CONB:

><JG: J7HIG6I: >C9>C< ID I=: 8I>K: >I: D; 6C CONB: "I EDHH:HH:H 6
JC>FJ: 8DC;DGB6I>DC >C8AJ9>C< 8DGG:8IAN EDH>I>DC:9 7DC9>C< <GDJEH I=
8DBEA:B:CI6GN ID I=: HIGJ8IJG: D; I=: HI7HIG6I: HD I=61 I=: :CONB: 6C9 HJ7HIG6I:
BDA:8JA:H ;>I ID<:I=:G >C BJ8= |=: H6B: B6CC:G 6H 6 @:N ;>IH >CID 6 1IJB7A:G ADS8
;681 6C :6GAN BD9:A 9:H8G>7>C< |=: ;DGB6I>DC D; I=: :CONB: HJ7HIG6I: SDBEA:N
86AA:9 |=tock-and-key model  ><JG: -=: %D8@ 6C9 $:N &D9:A D; CONB:
8I>DC -=>H BD9:A EDGIG6N:9 I=: :CONB: 6H 8DC;DGB6I>DC6AAN G><>9 6C9 67,
7DC9 DCAN ID HJ7HIG6I:H 1=61 :M68IAN ;> I=: 68I>K: H>I:

AN
N ID 6
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Figure 18.1Gubstrate Binding to the Active Site of an Enzyme

The enzyme dihydrofolate reductase is shown with one of its substritasuNBdRd and (b) bound. The
NADP(shown in red) binds to a pocket that is complementary to it in shape and ionic properties.

Figure 18.1The Lock-and-Key Model of Enzyme Action

(a) Because the substrate and the active site of the enzyme have complementary structures and bonding groi
they fit together as a key fits a lock. (b) The catalytic reaction occurs while the two are bonded together in the
enzyme-substrate complex.

CONB: 8I>DC
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BD9:A 1=61 H6NH 6C :CONB:

86C JC9:G<D 6 8DC;DGB6I>DC6A

ODG@>C< DJI I=: EG:8>H: I=G:: 9>B:CH>DC6A HIGJ8IJG:H D; CIB:GDJH :CONB:H -
:C67A:9 8=:B>HIH ID G:;>C: |=: DG><>C6A AD8@ 6C9 @:N BD9:A D; :CONB: 68I>DC
9>H8DK:G:9 I=6I |=: 7>C9>C< D; 6 HJ7HIG6I: D;I:C A:69H ID 6 A6G<: 8DC;DGB6I>DC
8=6C<: >C |=: :CONB: 6H L:AA 6H ID 8=6C<:H >C I=: HIGJ8IJG: D; I=: HI7HIG6I: DG
HJ7HIG6I:H -=: 8JGG:Cl I=:DGN @CDLCif#tueced-fit model H6NH I=6I

:CONB:H 86C JC9:G<D 6 8=6C<: >C 8DC;DGB6I>DC L=:C I=:N 7>C9 HI7HIG6I:
BDA:8JA:H 6C9 I=: 68I>K: H>I: =6H 6 H=6E: SDBEA:B:CI6GN ID I1=6I D; I=: HI7THIGG6I:
DCAafter|=: HJ7HIG6I: >H 7DJC9 6H H=DLC ;DG =:MD@>Q&: >C-=:

"C9J8:9 > &D9:A D; CONB: 8I>DC;I:G 86I16ANH>H |=: :CONB: G:HJB:H >IH
DG><>C6A HIGJ8IJG:

Figure 18.1Zhe Induced-Fit Model of Enzyme Action

(a) The enzyme hexokinase without its substrate (glucose, shown in red) is bound to the active site. (b) The e
conformation changes dramatically when the substrate binds to it, resulting in additional interactions between
hexokinase and glucose.

-=: HIGJ8IJG6A 8=6C<:H I1=61 D88JG L=:C 6C :CONB: 6C9 6 HI7HIG6I: ?D>C ID<:I=:C
7G>C< HE:8>;>8 E6GIH D; 6 HJ7HIG6I: >CID 6A><CB:CI L>I= HE:8>;>8 E6GIH D; I=:
68I>K: H>I: B>CD 68>9 H>9: 8=6>CH >C DG C.6G I=: 7>C9>C< H>|: 86C |=:C 68l 6H
76H: 8616ANHIH EGDK>9: 7>C9>C< H>I:H ;DG |I=: IG6CH;:G D; ;JC8I>DC6A <GDJEF}
HJ7HIGG6I: ID 6CDI=:G DG 6>9 >C I=: G:6GG6C<:B:CI D; 6 HI7THIG6I: -=: E6GI>8>E®6I
6B>CD 68>9H L=>8=6G: JHIJ6AAN L>9:AN H:E6G6I:9 >C |I=: EG>B6GN H:FJ:C8: D; |
EGDI:>C 6G: 7GDJ<=| 8ADH: ID<:I=:G >C |=: 68I>K: H>I: 6H 6 G:HJAI D; I=: ;DA9>C<
7:C9>C< D; I=: EDANE:EI>9: 8=6>C DG 8=6>CH L=:C |=: EGDI:>C 68FJ>G:H >IH I.GI
6C9 FJ6I:GC6GN HIGJ8IJG: >C9>C< ID :CONB:H 7G>C<H G:6816CIH 8ADH: ID :68=
6C9 6A><CH |=:B EGDE:GAN L=>8==6H |=: H6B: :;;:8 6H >C8G:6H>C< |=:

8-60<. L=C oI 75C9H HI7HIGeI 8DC8:CIG6I>DC D; I=: G:68I>C< 8DBEDJCIH

BDA:8JA:H

CONB: 8I>DC
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CONB: 8I>DC

EXAMPLE 1

0=6I INE: D; >CI:G68I>DC LDJA9 D88JG 7:IL::C 6C (! <GDJE EG:H:CI DC 6
HJ7HIG6I: BDA:8JA: 6C9 6 ;JC8I>DC6A <GDJE >C |=: 68I>K: H>I: D; 6C
:CONB:

,J<<:HI 6C 6B>CD 68>9 L=DH: H>9: 8=6>C B><=| 7: >C |=: 68I>K: H>I: D; 6C
:CONB: 6C9 ;:DGB I=: INE: D; >CI:G68I>DC NDJ ?JHI >9:CI>;>:9

,DAJI>DC

C (! <GDJE LDJA9 BDHI A>@:AN :C<6<: >C =N9GD<:C 7DC9>C< L>I=6C
6EEGDEG>6I: ;JC8I>DC6A <GDJE EG:H:CIl >C |=: 68I>K: H>I: D; 6C :CONB:
,:K:G6A 6B>CD 68>9 H>9: 8=6>CH LDJA9 7: 67A: ID :C<6<: >C =N9GD<:C
7DC9>C< L>I=6C (! <GDJE (C::M6BEA: LDJA9 7: 6HE6G6<>C: L=>8==6H
6C 6B>9: ;JC8I>DC6A <GDJE

SKILL-BUILDING EXERCISE
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18.7 Enzyme Activity
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Figure 18.1% oncentration versus Reaction Rate
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@) Substrate concentration —> (b) Enzyme concentration ——»

(a) This graph shows the effect of substrate concentration on the rate of a reaction that is catalyzed by a fixed
amount of enzyme. (b) This graph shows the effect of enzyme concentration on the reaction rate at a constan
of substrate.
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Figure 18.1& emperature and pH versus Concentration
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(a) This graph depicts the effect of temperature on the rate of a reaction that is catalyzed by a fixed amount of
enzyme. (b) This graph depicts the effect of pH on the rate of a reaction that is catalyzed by a fixed amount of
enzyme.
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HJ7HIG6I: 8DC8:CIG6I>DC 86CCDI >C8G:6H: I=: G6l:

-=: 68I>K>IN L>AA 9:8G:6H: 6 E!ID; >HBDG:68>9>8[=6C 6C9 DC: DG BDC
@:N <GDJEH >C |=: 68I>K: H>I: B6N 7>C9 6 =N9GD<:C >DC 8=6C<>C< |=: 8=6(
=61 <GDJE

CONB: 8I>K>IN
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18.8 Enzyme Inhibition

LEARNING OBJECTIVES

MEAG6>C L=6] 6C :CONB: >C=>7>IDG >H
>HI>C<J>H= 7:IL::C G:K:GH>7A: 6C9 >GG:K:GH>7A: >C=>7>IDGH
>HI>C<J>H= 7:IL::C 8DBE:I>I>K: 6C9 CDC8DBE:I>I>K: >C=>7>IDGH

"C.81>DC CONB: 8I>K>IN L:CDI:9 =6l :CONB:H 6G: >C68I>K6I:9 6] =><=
I:'BE:G61JG:H 6C9 7N 8=6C<:H >C E! -=:H: 6G: CDCHE:8>;>8 ;68IDGH I=61 LDJA9
>C68I>K61: 6CN :CONB: -=: 68I>K>IN D; :CONB:H 86C 6AHD 7: G:<JA61:9 7N BDG:
HE:8>;,>8 >C=>7>IDGH &6CN 8DBEDJC9H 6G: ED>HDCH 7:86JH: I=:N 7>C9 8DKG6A
E6GI>8JA6G :CONB:H DG @>C9H D; :CONB:H 6C9 >C686716!: I=)B>HDCH 6H
CONB: "C=>7>IDGH

-67A: )D>HDCH 6H CONB: "C=>7>IDGH

<ANB8:G6A9:=N9: HJ7HI>1J1:H
6GH:C6l: H( X E=DHE=6l: DG
9:=N9GD<:C6H: E=DHE=6I:

7>C9H ID
|G>DH: E=DHE=6I:
>D9D68:161: (R > | 8NHI>C:
9:=N9GD<:C6H: | i C
9>>HDEGDENA;AJDGD F_'l:ll’_OCH(CHz)z 7>C9H ID
E=DHE=6l: ") 6 OCH(CHa)2 68:INA8=DA>C:HI:GEHG>C: (!
C:GK: ED>HDC <GDJE

Irreversible Inhibition: Poisons

HI7HI6CS: 1=61 >Ce8I>Kel:H 6c C irreversible inhibitor  >C68I>K6I:H 6C :CONB: 7N 7DC9>C< 8DK6A:CIAN ID 6
:CONB: 7N 7DC9>C< 8DK6A:QIAR6GI>8JA6G <GDJE 6l I=: 68I>K: H>I: -=: >C=>7>IDG :CONB: 7DC9 >H HD HIGDC<
ID 6 HE:8>>8 <GDJE 6l I=: 68I>KsC=>7>|>DC 86CCDI 7: G:K:GH:9 7N I=: 699>I>DC D; :M8:HH HJ7HIG6I: -=: C:GK: <

H>I:



=6El:G B>CD 8>9H )GDI:

HJ7HI6CS8: |=61 >C68I>K6I:H 6
:CONB: 7N 7>C9>C< 6l I=:
68I>K: H>I: I=GDJ<=
CDC8DKG6A:Cl G:K:GH>7A:
>CI|:G68I>DCH

8DBEDJC9 I=6l G:H:B7A:H 6
E6GI>8JA6G HI7HIG6I: 6C9
8DBE:I:H L>I= |=: HI7HIGS6I:
;DG 7>C9>C< 6l I=: 68I>K: H>I
6C :CONB: ID HADL I=: G6l: D;
I=: G:68I>DC

CONB: "C=>7>I>DC

>CH 6C9 CONB:H

‘HE:8>6AAN ") >GG:K:GH>7AN >C=>7>| 7>DAD<>86A HNHI:BH 7N ;DGB>C< 6C :C
>C=>7>IDG 8DBEA:M L>I= 6 HE:8>;>8 (! <GDJE D; H:G>C: H>1J61:9 61 |=: 68I>K: H>I:
8:Gl16>C :CONB:H -=: E:EI>96H:H IGNEH>C 6C9 8=NBDIGNEH>C 8DCI6>C H:G>C: -
I=: 68I>K: H>I: 6C9 6G: >C=>7>:9 7N ")

[
CH,OH + F—P—OCH(CHsp —— LCH,0—
OCH(CHa)2

—OCH(CHs)2 + HF
CH(CHa)2

O—TUV=0

Reversible Inhibition

reversible inhibitor  >C68I>K6I:H 6C :CONB: I=GDJ<= CDC8DK6A:Cl BDG: :6H>A
G:K:GH:9 >CI:G68I>DCH .CA>@: 6C >GG:K:GH>7A: >C=>7>IDG 6 G:K:GH>7A: >C:
9>HHD8>6I: ;GDB I=: :CONB: +:K:GH>7A: >C=>7>IDGH >C8AJ9: 8DBE:I>I>K: >C=>7
6C9 CDC8DBE:I>I1>K: >C=>7>IDGH -=:G: 6G: 699>|>DC6A INE:H D; G:K:GH>7A: >C

competitive inhibitor ~ >H 6CN 8DBEDJC9 1=61 7:6GH 6 HIGJ8IJG6A G:H:B7A6CS:
6 E6GI>8JA6G HI7HIG6I: 6C9 I=JH 8DBE:I:H L>I= =61 HIJ7HIG6I: ;DG 7>C9>C< 6l |=:
68I>K: H>I: D; 6C :CONB: -=: >C=>7>IDG >H CDI 68I:9 DC 7N I=: :CONB: 7J1 9D:H
EG:K:Cl I=: HIJ7HIG6I: ;:GDB 6EEGD68=>C< |=: 68I>K: H>I:

-=: 9:<G:: ID L=>8= 6 8DBE:I>I>K: >C=>7>IDG >CI:G;:G:H L>I= 6C :CONB:WH 68I>K>
9:E:C9H DC I=: G:A6I>K: 8DC8:CIG6I>DCH D; I=: HI7HIG6I: 6C9 I=: >C=>7>IDG "; I=
>C=>7>IDG >H EG:H:CIl >C G:A6I>K:AN A6G<: FJ6CI>I>:H >I L>AA >C>I>6AAN 7AD
68I1>K: H>I:H JI 7:86JH: I=: 7>C9>C< >H G:K:GH>7A: HDB: HJ7HIG6I: BDA:8JA:H L>
:K:CIJ6AAN 7>C9 ID I=: 68I>K: H>I: 6C9 7: 8DCK:GI:9 ID EGD9J8I "C8G:6H>C< I=:
HJ7HIG6I: 8DC8:CIG61>DC EGDBDI:H 9>HEA68:B:ClI D; I=: >C=>7>IDG ;GDB I=: 68>
H>l: DBE:I>I>K: >C=>7>|>DC 86C 7: 8DBEA:I:AN G:K:GH:9 7N 699>C< HJ7HIG6I: H
>| G:68=:H 6 BJ8= =><=:G 8DC8.CIG6I>DC I1=6C 1=6I D; I=: >C=>7>IDG

cN9>H D; 8DBE:I>I>K: >C=>7>I>DC =6K: EGDK>9:9 =:AE;JA >C;DGB6I>DC 67DJI 8:
:CONB: HJ7HIG6I: 8DBEA:M:H 6C9 |=: >CIl.G68I>DCH D; HE:8>;>8 <GDJEH 6l |=: 68l
H>I:H H 6 G:HJAlI E=6GB68:JI>86A 8DBE6C>:H =6K: HNCI=:H>0:9 9GJ<H |=6I
8DBE:I>I>K:AN >C=>7>| B:I67TDA>8 EGD8:HH:H >C 768I:G>6 6C9 8:G16>C 86C8:G 8:
9GJ<H 6G: 8DBE:I>I>K: >C=>7>IDGH D; HE:8>;>8 :CONB:H

8A6HH>8 :M6BEA: D; 8DBE:I>I>K: >C=>7>|>DC >H I=: :;;:8| D; B6ADC®6I: DC |=: :COl
D581>K>IN D; HJ88>C6I: 9:=N9GD<:S685: DBE:I>I>K: "C=>7>I>DC
&B6ADCS6I: 6C9 HJI88>C6I: 6G: I=: 6C>DCH D; 9>86G7DMNA>8 68>9H 6C9 8DCI16>C I:




=6El:G B>CD 8>9H )GDI:>CH 6C9 CONB:H

;DJG 86G7DC 6IDBH G:HE:8I>K:AN -=: B6ADC6I: BDA:8JA: 7>C9H ID I=: 68I>K: H>I
7:86JH: I1=: HE68>C< D; >IH 86 G7DMNA <GDJEH >H CDI <G:6IAN 9>;;:G:Cl ;GDB |=6
HJ88>C6I: |DL:K:G CD 8616ANI>8 G:68I>DC D88JGH 7:86JH: BGADCG6I: 9D:H CDI =¢
' I <GDJEIDS8DCK:GIID ! I -=>H G:68I>DC L>AA 6AHD 7: 9>H8JHH:9 >C

8DCC:8I>DC L>I=1=: $G:7H 8N8A: 6C9 :C:G<N EGD9J8I>DC DG BDG: >C;DGB6I>L

67DJl I=: $G:7H 8N8A: H=6EI:G  C:G<N &:167DA>HB ,:8|>DC Je<: ™
D; 6167DA>HB
Figure 18.15 ompetitive Inhibition
Oy O
AN
CH
~7°
~0
Fumarate
+
Enzyme
Enzyme Succinate Succinate-enzyme complex
(a)
No product
is formed
Enzyme Malonate Malonate-enzyme complex

(b)

(a) Succinate binds to the enzyme succinate dehydrogenase. A dehydrogenation reaction occurs, and the
productNfumarateNis released from the enzyme. (b) Malonate also binds to the active site of succinate
dehydrogenase. In this case, however, no subsequent reaction occurs while malonate remains bound to the ¢

CONB: "C=>7>I>DC
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CONB: "C=>7>I>DC

To Your Health: Penicillin

ChemotherapyH |=: HIG6I:<>8 JH: D; 8=:B>86AH |=61 >H 9GJ<H ID 9:HIGDN
>C;:8|1>DJH B>8GDDG<6C>HBH DG 86C8:G 8:AAH L>I=DJI 86JH>C< :M8:HH>K: 9
I=: DI=:G =:6Al=N 8:AAH D; I=: =DHI GDB 768I:G>6 ID =JB6CH I=: B:I67DA>8
E6I=L6NH D; 6AA A>K>C< DG<6C>HBH 6G: FJ>I: H>B>A6G HD I=: H:6G8= ;DG H
:;::81>K: 8=:BDI=:G6E:JI>8 6<:CIH >H 6 ;DGB>967A: I6H@ &6CN L:AA :HI67A>H=:¢
8=:BDI=:G6E:JI>8 9GJ<H ;JC8I>DC 7N >C=>7>|>C< 6 8G>|>86A :CONB: >C I=: 8:A
|I=: >CK69>C< DG<6C>HB

C antibiotic>H 6 8DBEDJC9 I=61 @>AAH 7681:G>6 >| B6N 8DB: ;GDB 6 C61JG6A
HDJGS8: HJ8= 6H BDA9H DG 7: HNCI=:H>0:9 L>I= 6 HIGJ8IJG: 6C6AD<DJH ID 6
C61JG6AAN D88JGG>C< 6CI>768I:G>6A 8DBEDJC9 CI>7>DI>8H 8DCHI>1JI: CD |
9:;>C:9 8A6HH D; 8=:B>86AAN G:A61:9 HI7HI6C8:H 7JI B6CN D; I=:B LDG@ 7N
551 8I>KIAN >C=>7>>C< 6 K6G>:IN D; :CONB:H :HH:CI>6A ID 768I:G>6A <GDLI=

):C>8>AA>C DC: D; I=: BDHI L>9:AN JH:9 6CI>7>DI>8H >C I=: LDGA9 L6H ;DGIJ>
9>HBDK:G:9 7N A:M6C9:G A:B>C<>C L=:C =: CDI>8:9 6CI>768Il:G>6A
EGDE:GI>:H >C 6 BDA9 <GDL>C< DC 6 768I:G>6A 8JAIJG: EA6I: "C GCHI =6:
6C9 IDL6GY9 ADG:N 7:<6C 6C >CIl:CH>K: :;;DGI ID >HDA®6I: E:C>8>AA>C :GDB I=: |
6C9 HIJ9N >IH EGDE:GI>:H -=: A6G<: FJ6CI>I>:H D; E:C>8>AA>C C::9:9 ;DG I=>H
G:H:6G8= 7:86B: 6K6>A67A: I=GDJ<= 9:K:ADEB:CI D; 6 8DGC 76H:9 CJIG>:ClI
B:9>JB |=61 |I=: BDA9 ADK:9 6C9 I=GDJ<= |=; 9>H8DK:GN D; 6 =><=:G N>:A9>C<
HIG6>C D; BDA9 61 6 .C>I:9 ,I16l:H :E6GIB:CI D; <G>8JAIJG: G:H:6G8=8:CI:G
C:6G):DG>6 "AA>CD>H K:CHD >IL6HCDIJCI>A 1=61 A6G<: FJ6CI>I>:H D;
E:C>8>AA>C L:G: 7:>C< EGD9J8:9 6C9 B69: 6K6>A67A: ;DG |I=: IG:61B:Cl D;
7681:G>6A >C;:8I>DCH

):C>8>AA>C ;JC8I>DCH 7N >CI:G;:G>C< L>I= I=: HNCI=:H>H D; 8:AA L6AAH D;
G:EGD9J8>C< 7681:G>6 "l 9D:H HD 7N >C=>7>|>C< 6C :CONB:TIG6CHE:EI>96H:"
86I16ANO:H I=: A6HI HI:E >C 7681:G>6A 8:AA L6AA 7>DHNCI=:H>H -=: 9:;:8I>K: L6/
86JH: 7681:G>6A 8:AAH ID 7JGHI 1JB6C 8:AAH 6G: CDI 6;;:81:9 7:86JH: I=:N =6K:
8:AA B:B7G6C:H CDI 8:AA L6AAH

,-K:G6A C6IJG6AAN D88IJGG>C< E:C>8>AA>CH =6K: 7::C >HDAG6I:9 -=:N 6G:
9>HI>C<J>H=:9 7N 9>;;:G:Cl + <GDJEH 8DCC:8I:9 ID 6 8DBBDC HIGJ8IJG: 6 ;DJC
B:B7:G 8N8A>8 6B>9: 86AA:9 6 A68I6B G>C< ;JH:91D 6 ;>K: B:B7:G G>C< -=:
699>1>DC D; 6EEGDEG>6l: DG<6C>8 8DBEDJC9H ID I=: 8JAIJG: B:9>JB A:69H ID
EGD9J8I>DC D; I=: 9>;;:G:Cl @>C9H D; E:C>8>AA>C
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CONB: "C=>7>I>DC

-=: E:C>8>AA>CH 6G: :;;:8I>K: 6<6>CHI <G6B EDH>I>K: 768|:G>6 768|:G>6 86E67
7:>C< HI6>C:9 7N G6BWH HI6>C 6C9 6 ;L <G6B C:<6I>K: 768I:G>6 >C8AJ9>C<
>CI:HI>C6A 768l:GEH8herichia coli=:N 6G: :;;:8I>K: >C |=: 1G:6IB:ClI D;

9>E=|=:G>6 <DCDGG=:6 EC:JBDC>6 HNE=>A>H B6CN EJH >C;:8|>DCH 6C9 8:
INE:H D; 7D>AH ):C>8>AA>C L6H I=: :6GA>:HI E:C>8>AA>C ID 7: JH:9 DC 6 L>9:
IDL:K:G >I 86CCDI 7: 69B>C>HI:G:9 DG6AAN 7:86JH: >| >H FJ>I: JCHI67A: |=:
68>9>8 E! D; I=: HIDB68= 8DCK:GIH >I ID 6C >C68I>K: 9:G>K6I>K: -=: B6?DG DGE
E:C>8>AA>CHTE:C>8>AA>C/ 6BE>8>AA>C 6C9 6BDM>8>AA>CTDC I=: DI=:G =
68>9 HIG7A:

Penicillin Structure R Group Drug Name

—CH2—© penicillin G
CHZ—O—© penicillin V

H H
él %/5\ /CH3 _ClH ampicillin
—N

/ \c—H - _©_o
| C|H H amoxicillin

Lactam C NH,
rlng CH-O
3
%@ methicillin
CH;0

,DB: HIG6>CH D; 7681:G>6 7:8DB: G:H>HI6CI ID E:C>8>AA>C I=GDJ<= 6 BJI6I>DC
6AADLH I=:B ID HNCI=:H>O: 6C :CONB:TE:C>8>AA>C6H:TI=61 7G:6 @H I=: 6CI>7>
9DLC 7N 8A:6K6<: D; |I=: 6B>9: A>C@6<: >C |=: A68I6B G>C< -D 8DB76I I=:H:
HIG6>CH H8>:CI>HIH =6K: HNCI=:H>0:9 E:C>8>AA>C 6C6AD<H HJ8= 6H B:I=>8
6G: CDI >C68I1>K61:9 7N E:C>8>AA>C6H:

,DB: E:DEA: E:G=6EH D; |=: EDEJA6I>DC 6G: 6AA:G<>8ID E:C>8>AA>C 6C9
I=:G:;DG: BJHI 7: IG:6l:9 L>I= DI=:G 6CI>7>DI>8H -=:>G 6AA:G<>8 G:68I>DC 86C
HD H:K:G: |=61 6 ;616 A 8DB6 B6N D88JG >; E:C>8>AA>C >H >C69K:GIl:CIAN 69B>C
ID I=:B DGIJC6I:AN H:K:G6A DI=:G 6CI>7>DI>8H =6K: 7::C 9>H8DK:G:9 &DHI
>C8AJ9>C< 6JG:DBN8>C 6C9 HIG:EIDBN8>C 6G: I=: EGD9J8IH D; B>8GD7>6A
HNCI=:H>H (I=:GH HJ8= 6H I=: H:B>HNCI=:1>8 E:C>8>AA>CH 6C9 |:IG6BN8S8A>C:}
B69: 7N 8=:B>86A BD9>;>86|>DCH D; 6CI>7>DI>8H 6C9 HDB: A>@: 8=ADG6BE=
6G: B6CJ;681JG:9 :CI>G:AN 7N 8=:B>86A HNCI=:H>H -=:N 6G: 6H :;;:81>K: 6H
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8DBEDJC9 I=61 86C 8DB7>C;
L>l=:>=:G |=: ;G:: :CONB: DG
|=: :CONB: HJ7HIG6I: SDBEA:N
6l 6 H>1: 9>HI>C8I ;GDB I=:
681>K: H>I: ID HADL I=: G6l: D;
I=: G:68I>DC

CDGBG6A 7>D8=:B>86A EGD§
=61 B6@:H JH: D;
CDCB8DBE:I>I>K: >C=>7>IDGH
8DCIGDA HDB: :CONBG6I>8
68I1>K>IN

/

E:C>8>AA>C >C 9:HIGDN>C< >C;:8|>DJH B>8GDDG<6C>HBH &6CN D; I=:H: 6CI:
‘M:Gl I=:>G :;;:8|H 7N 7AD8@>C< EGDI:>C HNCI=:H>H >C B>8GDDG<6C>HBH

"C>I>6AAN 6CI>7>DI>8H L:G: 8DCH>9:G:9 B>G68A: 9GJ<H HJ7HI6CI>6AAN G:9.
CJB7:G D; 9:61=H :GDB 7TADD9 ED>HDC>C< EC:JBDC>6 6C9 DI=:G >C;:8|>DJH
9>H:6H:H ,DB: H:K:C 9:869:H 6<D 6 E:GHDC L>I=6 B6?DG >C;:8/>DC 6ABDHlI
6AL6NH 9>:9 -D96N HJ8=9:61=H 6G: G6G: ,:K:C 9:869:H 6<D EC:JBDC>6 L6H 6
9G:69:9 @>AA:G D; E:DEA: D; 6AA 6<:H -D96N >| @>AAH DCAN I=: K:GN DA9 D(
:GDB DI=:G 86JH:H CI>7>DI>8H =6K: >C9::9 LDG@:9 B>G68A:H >C DJG I>B: 7JI
:K:C B>G68A: 9GJ<H =6K: A>B>16I>DCH 'DI ADC< 6;I:G I=: 9GJ<H L:G: ;>GHI JH:9
9>H:6H: DG<6C>HBH 7:<6C ID 9:K:ADE HIG6>CH G:H>HI6CI ID I=:B "C 6 G68: ID
6=:69 D; G:H>HI6CI 768|:G>6A HIG6>CH H8>:CI>HIH 8DCI>CJ: ID H::@ C:L 6CI>7
-=: E:C>8>AA>CH =6K: CDL 7::C E6GI>6AAN 9>HEA68:9 7N G:A6I1:9 BDBEDJC9H
6H |=: 8:E=6ADHEDG>CH 6C9 K6C8DBN8>C .C;DGIJC6I:AN HDB: HIG6>CH D; 7¢
=6K: 6AG:69N H=DLC G:H>HI6C8: ID I=:H: 6CI>7>DI>8H

,DB: G:K:GH>7A: >C=>7>|DGH 6G: CDC8DBEntie&mpetitive inhibitor  86C
8DB7>C: L>I=:>|=:G |I=: ;G:: :CONB: DG I=: :CONB: HJ7HIG6I: 8DBEA:M 7:86JH: >IH
7>C9>C< H>I: DC I=;: :CONB: >H 9>HI>C8I ;GDB I=: 68I>K: H>|: >C9>C< D; I=>H @>
>C=>7>IDG 6AIl:GH I=: I=G:: 9>B:CH>DCG6A 8DC;DGB6I>DC D; I=: :CONB: 8=6C<>C.
8DC;><JG6I>DC D; I=: 68I>K: H>I: L>I=DC: D; ILD G:HJAIH >I=:G I=: :CONB: HJ7HI(
8DBEA:M 9D:H CDI ;DGB 6l >IH CDGB6A G6l: DG DCS8: ;DGB:9 >| 9D:H CDI N>:A9
EGD9JS8IH 61 I=: CDGB6A G6l; :86JH: |=: >C=>7>IDG 9D:H CDI HIGJ8IJG6AAN G:H:
I=: HI7HIGS6I: |1=:699>I>DC D; :M8:HH HJ7HIG6hAB:K:GH: |=; >C=>7>IDGN :;;:8I

Feedback inhibition >H 6 CDGB6A 7>D8=:B>86A EGD8:HH |1=6| B6@:H JH: D;
CDCS8DBE:I>I>K: >C=>7>IDGH ID 8DCIGDA HDB: :CONB6I>8 68I>K>IN "C I=>H EGL
;>C6A EGD9J8I >C=>7>IH I=: :CONB: 1=61 8616ANO:H I=: ;>GHI HI.E >C 6 H:G>:H D;
G:68I>DCH ::9768@ >C=>7>I>DC >H JH:9 ID G:<JAG6I: I=: HNCI=:H>H D; B6CN 6B>(
68>9H DG :M6BEA: 768Il:G>6 HNCI=:H>0: >HDA:J8>C: ;GDB I=G:DC>C: >C 6 H:G>
:CONB: 8616ANO:9 HI:EH H I=: 8DC8:CIG6I>DC D; >HDA:J8>C: >C8G:6H:H HDB: D
7>C9H 6H 6 CDC8DBE:I>I>K: >C=>7>IDG ID I=: ;>GHI :CONB: D; I=: H:G>:H 1=G:DC:
9:6B>C6H: I=JH 7G>C<>C< 67DJI 6 9:8G:6H: >C |=: 6BDJCI D; >HDA:J8>C: 7:>C<
:DGB:9 ><JG: 1:9768@ "C=>7>1>DC D; -=G:DC>C: :6B>C6H: 7N "HDA:J8>C:

‘HH

CONB: "C=>7>I>DC
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Figure 18.16eedback Inhibition of Threonine Deaminase by Isoleucine

o 0
H3N+—CH—(|_‘!—O' Theonine . .
deaminase =23 Es = Es HsN*—CH—C—0
CH—=OH ——F > — > — > —>» —>»
CH—CHs
CHg |
il
Theonine Isoleucine inhibits theonine deaminase CHs
Isoleucine

Threonine deaminase is the first enzyme in the conversion of threonine to isoleucine. Isoleucine inhibits threo
deaminase through feedback inhibition .
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18.9 Enzyme Cofactors and Vitamins
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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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