=>H>HT C:G<N "167TDA>HBU 8=6EI:G ;GDB I=:$O@9J8I>DC ID =:B>HIGN ":C:G6A )G<6C>8 6C9
>DAD<>8689:M =IBAK

.=>H 7DD@ >H A>8:CH:9 J@R8B&: DBBDCH/N C8 H6 =IIE 8G:6I1>K:8DBBDCH DG< A>8:CH:H 7N C8 H6

A>8:CH: -:: |=: A>8:CH: ;DG BDG: 9:16>AH 7JI I=61 76H>86AAN B:6CH NDJ 86C H=6G: |I=>H 7DD@ 6H ADCx<
8G:9>1 I1=:6JI1=DG 7JIH:: 7:ADL 9DC | B6@: BDC:N ;GDB >| 6C9 9D B6@: >l 6K6>A67A: ID :K:GNDC: :AH: JC9:C
H6B: I:GBH

.=>H 8DCI:Cl L6H 688:HH>7A: 6H D; :8:B7:G 6C9 >| L6H 9DLCADG69:9 I=:.CINN-8=B>10
=llE_A6G97J8@:1 DGC 6C :;;DGI ID EG:H:GK: I=: 6K6>A67>A>IN D; I=>H 7DD@

(DGB6AAN I=: 6JI=DG 6C9 EJ7TA>H=:G LDJA9 7: 8G:9>1:9 =:G: #DL:K:G I=: EJ7TA>H=:G =6H 6H@:9 ;DG I=: 8JHI
G:61>K: DBBDCH 6lIG>7JI1>DC ID |=: DG><>C6A EJ7TA>H=:G 6JI=DGH I>IA: 6C9 7DD@ /,$ID 7: G:BDK:9 99>I
E:G I=: EJ7TA>H=:G H G:FJ:HI |=:>G C6B: =6H 7::C G:BDK:9 >C HDB: E6HH6<:H 'DG: >C;DGB6I>DC >H 6K6>A67
EGD?:8I61IG>7JI>DC E6=<IIE  7DD@H A6G97J8@:1 DG< 611G>7J1>DC =IBA JIBSHDJGS8: =:69:G

IDG BDG: >C;DGB6I1>DC DC |=: HDJGS8: D; I=>H 7DD@ DG L=N >| >H 6K6>A67A: IBDCEGD?EBAIaHDR: E6<:
=llE ___7DD@H A6G97J8@:1 DG2DJ 86C 7GDLH: DG 9DLCADG69 699>I1>DC6A 7DD@H I=:G:



www.princexml.com
Prince - Non-commercial License
This document was created with Prince, a great way of getting web content onto paper.

index.html
index.html
http://creativecommons.org/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://lardbucket.org
http://lardbucket.org
http://2012books.lardbucket.org/attribution.html?utm_source=header
http://2012books.lardbucket.org/
http://2012books.lardbucket.org/




=6El:.G C:G<N "167DA>HB

Chapter 20
Energy Metabolism

Opening Essay
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Figure 20.50me Energy Transformations in Living Systems

Plants and animals exist in a cycle; each requires products of the other.
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20.1 ATPNthe Universal Energy Currency

LEARNING OBJECTIVE
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Figure 20.3Hydrolysis of ATP to Form ADP

Energy is released because the products (ADP and phosphate ion) have less energy than the reactants [ATP
water (HO)].
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*PPi is the pyrophosphate ion.
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20.2 Stage | of Catabolism

LEARNING OBJECTIVE
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Figure 20.4

The conversion of food into cellular energy (as ATP) occurs in three stages.

Digestion of Carbohydrates
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Figure 20.5The Principal Events and Sites of Carbohydrate Digestion
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Figure 20.6The Principal Events and Sites of Protein Digestion

.=: =N9GD8=ADG>8 68>9 # A >C <6HIG>8 ?J>8: >H H:8G:I:9 7N <A6C9H >C I=: HID
A>C>C< .=:E#D; ;G:H=AN H:8G:1:9 <6HIG>8 ?J>8: >H 67DJI  7JI |=: 8DCI:CIH D; I:
HIDB68= B6N G6>H: I=: E#ID 7:IL.:C 6C9 # A =AEHID 9:C61JG: ;DD9

EGDI:>CH I[=6l >H >| JC;DA9H I=: EGDI:>C BDA:8JA:H ID :MEDH: 1=:>G 8=6>CH ID |
::>8>:Cl :CONB: 68I1>DC .=: EG>C8>E6A 9><:HI>K: 8DBEDC:CI D; <6HIG>8 ?J>8: >}
E:EH>CD<:C 6C >C68I>K: :CONB: EGD9J8:9 >C 8:AAH AD86I:9 >C I=: HIDB68= L6A
1=:C ;DD9 :CIl:GH I=: HIDB68= 6;1.G 6 E:G>D9 D; ;6HI>C< E:EH>CD<:C >H 8DCK:GI:
>|H 68I1>K: ;DGBSE:EH>CS>C 6 H:G>:H D; HI:EH >C>[>61:9 7N I=: 9GDE >C E# *.EH:
86I6ANO:H I=: =N9GDANH>H D; E:EI>9: A>C@6<:H L>I=>C EGDI:>C BDA:8JA:H $I:
7GD69 HE:8>;>8>IN 7JI 68IH EG:;:G:CI>6AAN DC A>C@6<:H >CKDAK>C< |=: 6GDB
68>9H IGNEIDE=6C INGDH>C: 6C9 E=:CNAG6A6C>C: 6H L:AA 6H B:I=>DC>C: 6C9



=6El:.G C:G<N "167DA>HB

-16<: $ D; 6167DA>HB

*GDI:>C 9><:HI>DC >H 8DBEA:I:9 >C I=: HB6AA >CI:HI>C: *6C8G:61>8 ?J>8: 86GG:
I=: E6C8G:6H K>6 |=: E6C8G:61>8 9J81 8DCI6>CH >C68I>K: :CONB:H HJ8= 6H
IGNEH>CD<:C 6C9 8=NBDIGNEH>CD<:C .=:N 6G: 68I>K6I1:9 >C I=: HB6AA >CI:HI>C
;DAADLE<JG: 8I>K6I>DC D; -DB: *6C8G:61>8 CONB:H >C |=: -B6AA

$CI:HI>C: .=: >Cl:HI>C6A BJBDHG6A 8:AAH H:8G:I: I=: EGDI:DANI>8 :CONB:
:Cl:GDE:EI>96H: L=>8=8DCK:GIH IGNEH>CD<:C ID IGNEH>C IGNEH>C I=:C 68I>}
8=NBDIGNEH>CD<:C ID 8=NBDIGNEH>C 6C9 6AHD 8DBEA:I:H I=: 68I>K6I>DC D;
IGNEH>CD<:C DI=D; I=:H: 68I>K: :CONB:H 86I6ANO: I=: =N9GDANH>H D; E:EI>9:
>C EGDI:>C 8=6>CH =NBDIGNEH>C EG:;:G:CI>6AAN 61168@H E:EI>9: 7DC9H >CK
86G7DMNA <GDJEH D; I=: 6GDB61>8 6B>CD 68>9H E=:CNAG6A6C>C: IGNEIDE=6C
INGDH>C: .GNEH>C 61I168@H E:EI>9: 7TDC9H >CKDAK>C< I=: 86 G7DMNA <GDJEH
6B>CD 68>9H ANH>C: 6C9 6G<>C>C: *6C8G:6I>8 ?J>8: 6AHD 8DCI6>CH
EGD86G7DMNE:EI>96H: L=>8=>H 8A:6K:9 7N IGNEH>C ID 86G7DMNE:EI>96H: .=
6C :CONB: I=61 8616ANO:H I=: =N9GDANH>H D; E:EI>9: A>C@6<:H 6l I=: ;G:: 86G7D
D; I=: E:EI>9: 8=6>C G:HJAI>C< >C I=: HI:EL>H: A>7:G6I>DC D; ;G:: 6B>CD 68>9H ;!
I=: 86G7DMNA :C9 D; I=: EDANE:EI>9:

Figure 20.7Activation of Some Pancreatic Enzymes in the Small Intestine
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Figure 20.8Hydrolysis of a Peptide by Several Peptidases

This diagram illustrates where in a peptide the different peptidases we have discussed would catalyze hydroly
peptide bonds.
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Figure 20.9The Principal Events and Sites of Lipid (Primarily Triglyceride) Digestion
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20.3 Overview of Stage Il of Catabolism
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Figure 20.10he Structure of Acetyl-Coenzyme A (Acetyl-CoA)
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Figure 20.1Tell Chemistry

Acetyl-CoA plays a variety of roles in cell chemistry.
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20.4 Stage 11l of Catabolism
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Figure 20.1Zeactions of the Citric Acid Cycle
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Figure 20.1%espiration

Cellular respiration occurs in the mitochondria.

I><JG: ~HE>G6I>DCH=DLH I=: B>ID8=DC9G>DCVH ILD B:B7G@&Er6IC9

inner .=: >CC:G B:B7G6C: >H :MI:CH>K:AN ;DA9:9 >CID 6 H:G>:H D; >CIl.GC6A G>9<
86AA:€ristae.=JH |=:G: 6G: ILD 8DBE6GIB:CIH >C B>ID8=DC9G#8elmembrane
spaceL=>8= A>:H 7:IL::C |=: B:B7G6C:H 6C9 I=matrix L=>8= A>:H >CH>9: |=:

>CC:G B:B7G6C: .=:DJI:.G B:B7G6C: >H E:GB:67A: L=:G:6H I=: >CC.G B:B7G6C.:
>H >BE:GB:67A: ID BDHI BDA:8JA:H 6C9 >DCH 6AI=DJ<=L6l:G DMN<:C 6C9 86G7
9>DM>9: 86C ;G::AN E:C:1G6l: 7DI= B:B7G6C:H .=: B6IG>M 8DCI6>CH 6AA I=: :CON
D; I=: 8>1G>8 68>9 8N8A: L>I=|=: :M8:EI>DC D; HJ88>C6I: 9:=N9GD<:C6H: L=>8= >}
:B7:99:9 >C |=: >CC:G B:B7G6C: .=: :CONB:H I=61 6G: C::9:9 :DG I=: G:DM>96I>DC
D;(#6C9! # 6C9 .* EGD9J8I>DC 6G: 6AHD AD86I:9 >C |I=: >CC:G B:B7G6C:
.=:N 6G: 6GG6C<:9 >C HE:8>;>8 EDH>I>DCH HD I=6l I=:N ;JC8I>DC >C 6 B6CC:G 6(
ID 6 7J8@:1 7G><69: .=>H =><=AN DG<6C>0:9 H:FJ:C8: D; DM>96/>DC G:9J8I>DC
:CONB:H >H @CDLC 6Hléetron transport chain (or respiratory chain)

Electron Transport

DM>96I>DC G:9J81>DC G:68I15DERLIG: .=: ">ID8=DC9G>6A A:8IGDC .G6CHEDGI =6>C 6C9 .* -NCI=6H:

=61 JAI>B6I:AN IG6CHEDGIH

>AAJHIG6I:H I=: DG<6C>06I>DC D; I=: :A:8IGDC IG6CHEDGI 8=6>C .=: SDBEDC:CI

‘A:8IGDCH ID DMN<:C G:9J83C8-6>C 6G: DG<6C>0:9 >CID :DJG SDBEA:M:H 9:H><C6I:9 $ $$ $$$ 6C9 $0 68= 8l

>| ID L6I:G

-16<: $$$ D; 6167DA>HB



=6El:.G C:G<N "167DA>HB

-16<: $$$ D; 6167DA>HB

8DCI6>CH H:K:G6A :CONB:H DI=:G EGDI:>CH 6C9 B:I6A >DCH .=: B:I6A >DCH 86¢(
G:9J8:9 6C9 I=:C DM>9>0:9 G:E:61:9AN 6H :A:8IGDCH 6G: E6HH:9 ;GDB DC: 8DBEL
ID I=: C:MI ,:86AA ;GDB6EL:G $CIGD9J8I>DC ID =:B>86A ,:68|>DCBI>DC
)M>96I>DC ,:9J8I>DC ,:9DM ,:68|>DCH-61 6 SBDBEDJC9 >H G:9J8:9 L=:C >| <6>CH
‘A:8IGDCH DG =N9GD<:C 6IDBH 6C9 >H DM>9>0:9 L=:C >| ADH:H :A:8IGDCH DG =

6/DBH

Figure 20.14he Mitochondrial Electron Transport Chain and ATP Synthase

The red line shows the path of electrons.
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Oxidation half-reaction
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Reduction half-reaction
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Note
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Reduction half-reaction
y # Y # )

Figure 20.18\n lron Porphyrin

Iron porphyrins are present in cytochromes as well as in myoglobin and hemoglobin.

Oxidative Phosphorylation
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Reaction Comments Yield of ATP (moles)
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I=: 8DBEA:I: DM>961>DC D; 86G7DC 6I1DBH ID 86G7DC 9>DM>9: 6C9 |=: ;DGB6I
6 =><=:C:G<N E=DHE=6I: 8DBEDJC9 :C:G<N G>8= G:9J8:9 8D:CONB:H ( #
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20.5 Stage Il of Carbohydrate Catabolism

LEARNING OBJECTIVES
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Steps in Glycolysis
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Figure 20.16:lycolysis
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G:681>DC >H :HH:CI>6AAN >GG:K:GH>7A: 6C 699:9 7:C:;>| I=6]l @::EH |=: DK:G6AA

BDK>C< >C |=: G><=| 9>G:8I>DC 1JGI=:GBDG: I=: 699>I>DC D; I=: C:<6I>K:AN 8=6(

E=DHE=6I: <GDJE EG:K:CIH I=: >CI:GB:9>61:H ;DGB:9 >C <AN8DANH>H ;:GDB 9>;;J
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E=DHE=6I: ID ;GJ8IDH: E=DHE=6I: .=>H G:68I>DC >H >BEDGI6CI 7:86JH: > 8G:6
EG>B6GN 6A8D=DA L=>8=86C 7: G:69>AN E=DHE=DGNAG6I:9
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.= HNCI=:H>H D; .* 7N I=:

9>G:8I IG6CH;:G D; 6 E=DHE=6I:

<GDJE ;GDB 6 B:I67DA>I: ID

*

Note

1=:C 6 BDA:8JA: 8DCI6>CH ILD E=DHE=61: <GDJEH DC 9>;;:G:Cl 86G7DC 6IDBH
|=: 8DCK:CI>DC >H ID JH: |=: EGuiz»l=:C |=: ILD E=DHE=6I: <GDJEH 6G:

7DC9:9 ID :68= DI=:G DC |=: H6B: 86G7DC 6IDB ;DG :M6BEA: 69:CDH>C:
9>E=DHE=6I: 3 *4 |=: EG:;>MdtH

IGJ8IDH: 7>HE=DHE=6I: >H :CONBG6I>86AAN 8/iaKt&sgN ;DGB ILD IG>DH:
E=DHE=61:H 9>=N9GDMNG68:IDC: E=DHE=6I: 6C9 <AN8:G6A9:=N9: E=DHE=6I:

$HDB:G>06I>DC D; 9>=N9GDMN68:IDC: E=DHE=6I: >CID 6 H:8DC9 BDA:8JA: D;
<AN8:G6A9:=N9: E=DHE=6I: >H I=: ;>C6A HI:E >C E=6H: $ .=: :CONB: 86I6ANO>Cx<
G:68I>DC tridse phosphate isomerase

Comment $C HI:EH 6C9 6A9DA6H: 6C9 IG>DH: E=DHE=6I: >HDB:G6H: :;;:8I>K: AN
8DCK:GI DC: BDA:8JA: D; ;GJ8IDH: 7>HE=DHE=6NcEIA:8JA:H D;
<AN8:G6A9:=N9: E=DHE=6I: .=JH E=6H: $ D; <AN8DANH>H G:FJ>G:H :C:G<N >C
D; ILD BDA:8JA:H D; .*6C9 G:A:6H:H CDC: D; I=: :C:G<N HIDG:9 >C <AJ8DH:

$C |=: >C>I>6A HI:E D; E=6H: $$ <AN8:G6A9:=N9: E=DHE=6I: >H 7DI= DM>9>0:9 €
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6C :CONB: I=61 G:FJ>G:H C>8DI>C6B>9: 69:C>C: 9>CJ8A:DI>6H (=: DM>9>0>C<

6<:Cl 6C9 >CDG<6C>8 E=DHE=6I: 6H |=: E=DHE=6I: 9DCDG $C I=: G:68H-DC (

G:9J8:9 ID G:9J8:9 C>8DI>C6B>9: 69:C>C: 9>CJI8A:DI>9: ( # 6C9
7>HE=DHE=D<AN8:G6l: *' >H ;DGB:9

*' =6H 6 =><=:C:G<N E=DHE=6I: 7DC9 H7A: C:G<N ;:A:6H:9 7N

#N9GDANH>H D; -DB: *=DHE=61: DBEDJT®H>C< 6 E=DHE=6I: <GDJE ID .=>H
E=DHE=6I: <GDJE >H CDL IG6CH;:GG:9 9>G:8IAN ID 6 BDA:8JA: D; * I1=JH ;DGB>C
*6C9 E=DHE=D<ANS8:G6l: .=: :CONB: I=61 86I16ANO:H I=: G:68I>DC >H
phosphoglycerate kinase>8= A>@: 6AA DI=:G @>C6H:H G:FJ>G:H B6<C:H>JB >DC
;JC8I>DC .=>H >H |=: ;>GHI G:68I>DC ID EGD9J8: .*>C I=: E6I=L6N :86JH: I=: .*
>H ;DGB:9 7N 6 9>G:8I IG6CH;:G D; 6 E=DHE=6I: <GDJE ;GDB 6 B:I67DA>I: ID *SI=
>H ;GDB DC: HJ7HIG6I: ID 6CDI=:GSI|=: EGD8:HH >H G:;:s&.(B3rtetldvel
phosphorylation  ID 9>HI>C<J>H= >| ;GD&xldative phosphorylatiorH8JHH:9 >C
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G:68I>DC 8616 ANO:pd$phoglyceromutase

9:=N9G6I>DC G:68I>DC 86I6AN@ro¥dée DGBH E=DHE=D:CDAENGJKG6I: * *
6CDI=:G 8DBEDJC9 EDHH:HH>C< 6 =><=:C:G<N E=DHE=6I: <GDJE

.=:;>C6A HI.E >H >GG:K:GH>7A: 6C9 >H I=: H:8DC9 G:68I>DC >C L=>8= HJ7HIG6I:
E=DHE=DGNAG6I>DC D88JGH .=: E=DHE=6I: <GDJE D; * * >H IG6CH;:GG:9 ID * L>
DC: BDA:8JA: D; .* 7:>C<EGD9J8:9 E:G BDA:8JA: D; * * .=: G:68I>DC >H 86I16ANO:¢
7Npyruvate kinasé.=>8= G:FJ>G:H 7DI= B6<C:H>JB 6C9 EDI6HH>JB >DCH ID 7: 68I>

Comment $C E=6H: $$ ILD BDA:8JA:H D; <AN8:G6A9:=N9: E=DHE=6I: 6G: 8DCK:C
ID ILD BDA:8JA:H D; ENGJK6I: 6ADC< L>I=I=: EGD9J8I>DC D; ;DJG BDA:8JA:H D;
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To Your Health: Diabetes
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20.6 Stage Il of Lipid Catabolism

LEARNING OBJECTIVE
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Steps in the -Oxidation of Fatty Acids
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Figure 20.18atty Acid Oxidation

The fatty acyl-CoA formed in the final step becomes the substrate for the first step in the next round of -oxida
-oxidation continues until two acetyl-CoA molecules are produced in the final step.
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Looking Closer: Ketone Bodies
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20.7 Stage Il of Protein Catabolism

LEARNING OBJECTIVE
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Figure 20.19

In both reactions, the final acceptor of the amino group is -ketoglutarate, and the final product is glutamate.

Oxidative Deamination

$C I=: 7G:6@9DLC D; 6B>CD 68>9H ;DG :C:G<N I|=: ;>C6A 688:EIDG D; I=: 6B>CD

<GDJE >H @:ID<AJI6G6I: ;DGB>C< <AJI6B6I: "AJI6B6I: 86C I=:C JC9:G<D

oxidative deamination = >C L=>8=>| ADH:H >IH 6B>CD <GDJE 6H 6C 6BBDC>JB (#
G-681>DC >C L=>8= <aJiegel. ~PC 6C9 >H DM>9>0:9 768@ ID @:1D<AJI6G6I: G:69N ID 688:El 6CDI=:G 6B>CD <

ADH:H >IH 6B>CD <GDJE 6H 6¢C
6BBDC>JB >DC 6C9 >H DM>9>0:9
768@ ID @:ID<AJI6GHI:

-16<: $$ D; *GDI:>C 6I67DA>HB
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.=>H G:68|>DC D88JGH EG>B6G>AN >C A>K:G B>ID8=DC9G>6>DRBI;DAB:$#

7N DM>961>K: 9:6B>C6I>DC D; <AJI6B6l: >H 8DCK:GI:9 ID JG:6 6C9 :M8G:I:9 >C |=:
JG>C:>C 6 H:G>:H D; G:68I>DCH @CDLC 6H I=: JG:6 S8N8A:

.= HNCI=:H>H D; <AJI6B6l: D88JGH >C 6C>B6A 8:AAH 7N G:K:GH>C< |=: G:68I>DC
86I6ANO:9 7N <AJI6B6I: 9:=N9GD<:C6H: DG |=>H G:68I>DC C>8DI>C6B>9: 69:C>C
9>CJ8A:DI>9: E=DHE=6I: ( *# 68IH 6H I=: G:9J8>C< 6<:Cl .=: HNCI=:H>H D;
<AJI6B6I: >H H><C>;>86Cl 7:86JH: > >H DC: D; I=: ;:L G:68|>DCH >C 6C>B6AH |=6I
>C8DGEDGS6I: >CDG<6C>8 C>IGD<CIf6C @:1D 68>9 ID ;DGB 6C 6B>CD 68>9
.=:6B>CD <GDJE 86C I=:C 7: E6HH:9 DC I=GDJ<= IG6CH6B>C6I>DC G:68I>DCH IC
EGD9J8: DI=:G 6B>CD 68>9H ;GDB |=: 6EEGDEG>6l: @:ID 68>9H

The Fate of the Carbon Skeleton

CN 6B>CD 68>9 86C 7: 8DCK:GI:9 >CID 6C >CI:GB:9>6l: D; I=: 8>1G>8 68>9 8N8A: )

I=: 6B>CD <GDJE >H G:BDK:9 JHJ6AAN 7N IG6CH6B>C6I>DC |=: @:ID 68>9 I=6I

G:B6>CH >H 86167DA>0:9 7N 6 E6I=L6N JC>FJ: ID I1=61 68>9 6C9 8DCH>HI>C< D; D

BDG: G:68I>DCH DG :M6BEA: E=:CNA6A6C>C: JC9:G<D:H 6 H:G>:H D; H>M G:68

7::DG: >l HEA>IH >CID ;JB6G6I: 6C9 68:1D68:161: 1IB6G6I: >H 6C >CI:GB:9>6l: >C I=:

8>1G>8 68>9 8N8A: L=>A: 68:1D68:161: BJHI 7: 8DCK:GI:9 ID 68:1D68:INA 8D:CONB:
D 6C9I=:CID 68:INA D 7:DG: >l :Cl:GH I=: 8>1G>8 68>9 8N8A:

-16<: $$ D; *GDI:>C 6I67DA>HB



=6El:.G C:G<N "167DA>HB

C 6B>CD 68>9 I=61 86C ;DGB
6CN D; I=: >CI:GB:9>6l:H D;

86G7D=N9G6I: B:I67DA>HB 6(
HJ7H:FJ:CIAN 7: 8DCK:GI:9 ID
<AJ8DH:

C 6B>CD 68>9 I=6I >H
8DCK:GI:9 ID 68:ID68:INA D
DG 68:INA D L=>8=86C 7:
JH:9 ;DG I=: HNCI=:H>H D;
@:IDC: 7D9>:H 7J1 CDI <AJ8D

.=DH: 6B>CD 68>9H I=61 86C ;DGB 6CN D; I=: >Cl:GB:9>61:H D; 86 G7D=N9G6I:
B:167DA>HB 86C HJ7H:FJ:CIAN 7: 8DCK:GI:9 ID <AJ8DH: K>6 6 B:167DA>8 E6I=L6N
@CDLC 6H <AJ8DC:D<:C:H>H .=:H: 6B>CD 68>9H @glacégamicoamino acids

B>CD 68>9H |=61 6G: 8DCK:GI:9 ID 68:ID68:INA D DG 68:INA D L=>8=86C 7: JH:¢
;DG I=: HNCI=:H>H D; @:IDC: 7D9>:H 7JI CDI <AJ8DH: k&o§6Ai&:amino

acids -DB: 6B>CD 68>9H ;6AA >CID 7DI= 86l:<DG>:H &:J8>C: 6C9 ANH>C: 6G: I=:
6B>CD 68>9H |=6] 6G: :MBAJH>K:AN @#3JdG>8 !6I:H D;I=: 6G7DC

-@:A:IDCH D; B>CD 8>%HBB6G>0:H I=: JAI>B6I: ;6I:H D; |I=: 86G7DC H@:A:IDCH D

I=: 6B>CD 68>9H

Figure 20.2@ates of the Carbon Skeletons of Amino Acids
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Career Focus: Exercise Physiologist

C :M:G8>H: E=NH>DAD<>HI LDG@H L>I= >C9>K>9J6AH L=D =6K: DG L>H=ID E
9:K:ADE>C< 6 L>9: K6G>:IN D; 8=GDC>8 9>H:6H:H HJ8=6H 9>67:I:H >C L=>8=
:M:G8>H: =6H 7::C H=DLC ID 7: 7:C:;>8>6A 68=>C9>K>9J6A BJHI 7: G:;:GG:9 7N
A>8:CH:9 E=NH>8>6C C :M:G8>H: E=NH>DAD<>HI LDG@H >C 6 K6G>:IN D; H:ll
6H 6 =DHE>I6A DG >C 6 L:AAC:HH EGD<G6B 61 6 8DBB:G8>6A 7JH>C:HH ID 9:H:
BDC>IDG >C9>K>9J6A :M:G8>H: EA6CH G:<>HI:G:9 8A>C>86A :M:G8>H: E=NH:
BJHI =6K: 6C JC9:G<G69J6I: 9:<G:: >C :M:G8>H: E=NH>DAD<N DG 6 G:A6I:9 9:<C
-DB: ?D7 DEEDGIJC>I>:H G:FJ>G: 6 B6HI:GVH 9:<G:: >C :M:G8>H: E=NH>DAD<N
G:A61:9 9:<G::

© Thinkstock

CONCEPT REVIEW EXERCISES

6 1G>l 1=::FJ6I>DC ;DG I=: IG6CH6B>C6I>DC G:68I>DC 7:IL::C 6A6C>C: 6C9
DMG6ADG8:161:
7 (6B:1=:I1LD EGD9J8IH I1=61 6G: ;DGB:9

1=61>H I=: EJGEDH: D; DM>96I>K: 9:6B>C6I1>DC
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ANSWERS

i I
| O + .
H3NY—CH —C—O0" C—O- H3NY—CH—C—O0
+ I aminotransferase C—o0 + ¢H
2
CHs 0=C — | |
o= —
e
CH -
=0 3 0
pyruvate aspartate
6 I

7 ENGJKG6I: 6C9 6HEGGIG6I:

)M>961>K: 9:6B>C6I>DC EGDK>9:H 6 G:68I>DC >C L=>8= |=: 6B>CD <GDJE 36l
6BBDC>JB (# >DC4>H G:BDK:9 ;GDB 6 BDA:8JA: CDI H>BEAN IG6CH;:GG
;GDB DC: BDA:8JA: ID 6CDI=:G 'DHI D; I=: (#»DC >H 8DCK:GI:9 ID JG:6 6C9
:M8G:I:9 :GDB |=: 7D9N

KEY TAKEAWAYS

Q ":C:G6AAN I=: ;>GHI HI:E >C |=: 7G:6@9DLC D; 6B>CD 68>9H >H |=: G:BDK®6/
D; I=: 6B>CD <GDJE JHJ6AAN I=GDJ<=6 G:68I>DC @CDLC 6H
IG6CH6B>C6I>DC

Q .=: 86G7DC H@:A:IDCH D; I=: 6B>CD 68>9H JC9:G<D ;JGI=:G G:68I>DCH ID
:DGB 8DBEDJC9H 1=61 86C :>I=:G 7: JH:9 ;DG I=: HNCI=:H>H D; <AJ8DH: DG
|=: HNCI=:H>H D; @:IDC: 7D9>:H
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EXERCISES

1G>I1: I=: :FJ6I>DC ;DG I=: IG6CH6B>C6I>DC G:68I>DC 7:IL::C K6A>C: 6C9
ENGJKGI:

1G>I: 1=: :FJ61>DC ;DG I=: IG6CH6B>C6I>DC G:68I>DC 7:IL::C E=:CNAGAGC>C:
DMG6ADGS8:161:

1=61 EGD9J8IH 6G: ;DGB:9 >C |=: DM>96I>K: 9:6B>C6I>DC D; <AJI6B6I:
1:GB>C: >; :68= 6B>CD 68>9 >H <AJ8D<:C>8 @:ID<:C>8 DG 7DI=

6 E=:CNABGAG6C>C:
7 A:J8>C:
8 H:G>C:

:1:GB>C: >; :68= 6B>CD 68>9 >H <AJ8D<:C>8 @:ID<:C>8 DG 7DI=
6 6HE6G6<>C:

7 INGDH>C:
8 K6A>C:
ANSWERS
0
-0 0
3 ]
HoN*—CH—C—0O N A o=c—g—o- v
+ | transaminase C
(H=ch = CH—CHg  + HaN*—(lt—H
CHj3 CHs CHs CH,

@:ID<AJI6G6I: ( # 6C9 (#

6 <AJ8D<:C>8
7 7DI=
8 <AJ8D<:C>8
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20.8 End-of-Chapter Material
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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.

Metabolism >H I=: <:C:G6A |:GB ;DG 6AA 8=:B>86A G:68I>DCH >C A>K>C< DG<6C>HBH .=: ILD INE:H D; B:167C
catabolismSI=DH: G:68|>DCH >C L=>8= 8DBEA:M BDA:8JA:H 86G7D=N9G6I:H A>E>9H 6C9 EGDI:>CH 6G: 7G
ID H>BEA:G DC:H L>I=|=: 8DC8DB>I6CI G:A:6H: D; :C:Gab6{8n SI=DH: G:68I1>DCH I=61 8DCHJB: :C:G<N

ID 7J>A9 8DBEA:M BDA:8JA:H "167DA>HB >H HIJ9>:9 7N ADD @>Crtal@lipérbdays L=>8=6G: 6

H:G>:H D; 7>D8=:B>86A G:68|>DCH >C L=>8= 6 <>K:C G:68I6C| >H 8DCK:GI:9 ID 6 9:H>G:9 :C9 EGD9J8I

.=: DM>96I>DC D; ;J:A BDA:8JA:H EG>B6G>AN 86G7D=N9G6I:H 6C9 A>E>9Hre6i@idhHE I86AAIDIGS:

D; :C:G<N JH:9 7N 8:AAH 6I167DA>8 G:68I>DCH G:A:6H: :C:G<N ;GDB ;:DD9 BDA:8JA:H 6C9 JH: HDB: D; |=61 :C:
I=: HNCI=:H>H &jenosine triphosphaté 6C67DA>8 G:68I>DCH JH: I=: :C:G<N >C .*ID 8G:6l: C:L 8DBEDJC9H
6167DA>HB 86C 7: 9>K>9:9 >CID I=G:: HI6<:H $C HI6<: $ 86G7D=N9G6l:H A>E>9H 6C9 EGDI:>CH 6G: 7TGD@:
I=:>G >C9>K>9J6A BDCDB:G JC>IHSH>BEA: HI<6GH ;6lIN 68>9H 6C9 6B>CD 68>9H G:HE:8I>K:AN $C HI6<:
BDCDB:G JC>IH 6G: 7GD@:C 9DLC 7N HE:8>;>8 B:167TDA>8 E6I=L6NH ID ;DGB 6 8DBBLHCe€/8 tebha}ak

A D $CHI6<: $$$ 68:INA D >H 8DBEA:I:AN DM>9>0:9 ID ;DGB 86G7DC 9>DM>9: 6C9 L61:G 6C9 .* >H EGD9

.=: digestion D; 86G7D=N9G6I:H 7:<>CH >C |=: BDJI=6H 6BNAG6H: 7G:6@H <AN8DH>9>8 A>C@6<:H >C 86G7
BDA:8JA:H HH:CI>6AAN CD 86G7D=N9G6l: 9><:HI>DC D88JGH >C |=: HIDB68= 6C9 ;DD9 E6GI>8A:H E6HH I=
HB6AA >CI:HI>C: L=:G: 6BNAG6H: 6C9 >CI:HI>C6A :CONB:H 8DCK:GI 8DBEA:M 86G7D=N9G6l: BDA:8JA:H HI6
BDCDH688=6G>9:H .=: BDCDH688=6G>9:H |=:C E6HH I=GDJ<= |=: A>C>C< D; |=: HB6AA >CI:HI>C: 6C9 >CID I:
7ADD9HIG:6B ;DG IG6CHEDGI ID 6AA 7D9N 8:AAH

*GDI:>C 9><:HI>DC 7:<>CH >C |=: HIDB68= 6H E:EHg&fixicquice >H 8DCK:GI:9 ID E:EH>C I=: :CONB: I=6I
=N9GDANO:H E:EI>9: 7DC9H .=: E6GI>6AAN 9><:HI:9 EGDI:>C |=:C E6HH:H ID I=: HB6AA >CI:HI>C: L=:G: I=;
G:B6>C9:G D; EGDI:>C 9><:HI>DC 16 @:H EA68: I=GDJ<= |=: 68I>DC D; H:K:G6A :CONB:H .=: G:HJAI>C< 6B>CL
8GDHH I=: >CIl:HI>C6A L6AA >CID I=: 7TADD9 6C9 6G: 86GG>:9 ID I=: A>K:G

&>E>9 9><:HI>DC 7:<>CH >C |=: HB6AA >CI:HI>C: >A: H6AIH :BJAH>:N I=: A>SE>9 BDA:8JA:H 6C9 I=:C A>EGH:
I=:B ID ;61IN 68>9H 6C9 BDCD<ANS8:G>9:H .=: =N9GDANH>H EGD9J8IH E6HH I=GDJ<= |=: >CI:HI>C: 6C9 6G: G
:DG IG6CHEDGI >C |I=: TADD9HIG:6B

$C 8:AAH I=61 6G: DE:G6I>C< 6:GD7>86AAN 68:INA D EGD9J8:9 >C HI6<: $$ D; 86167DA>HB >H DM>9>0:9 ID
9>DM>9: .=citric acid cycle 9:H8G>7:H |I=>H DM>96/>DC L=>8=16@:H EA68: L>I=I=: ;DGB6I>DC D; |=: 8D:CONE
(G:9J8:9 C>8DI>C6B>9: 69:C>C: 9>CJ8A:DI>9: ( # 6C9 G:9J8:9 ;A6K>C 69:C>C: 9>CJIBA:DI>9:=! #

H:FJ:C8: D; G:68I>DCH C::9:9 ID DM>9>0: I=:H: 8D:CONB:H 6C9 IG6CH;:G I=: G:HJAI>C< :A:8IGDCH ID DMN<:C

C9 D; =6EI:G '61:G>6A
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I=: electron transport chain DG I=respiratory chain .=: 8DBEDJC9H G:HEDCH>7A: ;DG |=>H H:G>:H D;
DM>96I>DC G:9J8I>DC G:68I1>DCH >C8AJ9: EGDI:>CiA@@bine€sxtHW- EGDI:>CH 6C9 DI=:G BDA:8JA:H |=6I
JAI>B6I:AN G:HJAI >C I=: G:9J8I>DC D; BDA:8JA6G DMN<:C ID L6I:G K:GN I>B: 6 8DBEDJC9 L>|=ILD 86G7DC
>H DM>9>0:9 >C I=: 8>IG>8 68>9 8N8A: 6 G:HE>G6IDGN 8=6>C 8DBEDJC9 688:EIH I=: :A:8IGDCH ADHI >C I=:
HD >H G:9J8:9 6C9 I=:C E6HH:H I=:B DC ID |=; C:MI B:167TDA>I;: >C |=: 8=6>C .=::C:G<N G:A:6H:9 7N |=: :A:8IGD
IG6CHEDGI 8=6>C >H JH:9 ID IG6CHEDGI =N$GU& GEB |=: B>ID8=DC9G>6A B6IG>M ID I=: >CIl.GB:B7G6C.:
HEG68: .=: ;ADL D; #768@ I=GDJ<= .* HNCI=6H: A:69H ID I=: HNCI=:H>H 6C9 G:A:6H: D; .* ;GDB 69:CDH>C:
9>E=DHE=6l: * 6C9 >CDG<6C>8 E=DHE=6I: 3DCH EGD8:HH @ CDbxditive phosphorylation

A:8IGDC IG6CHEDGI 6C9 DM>96I>K: E=DHE=DGNAG6I>DC 6G: |><=IAN 8DJEA:9 ID :68= DI=:G .=: :CONB:H 6C!
>CIl:GB:9>6l:H D; I=: 8>IG>8 68>9 8N8A: |=::A:8|GDC IG6CHEDGI 8=6>C 6C9 DM>96|>K: E=DHE=DGNAG6I>DC |
DG<6C:AA:H 86midrhondria

.=: DM>96I>DC D; 86G7D=N9G6I:H >H |=: HDJGS8: D; DK:G  D; I=: :C:G<N JH:9 7N 8:AAH "AJ8DH: >H DM>9>0:
BDA:8JA:H D; ENGJK6I: I=GDJ<= 6 H:G>:H D; G:68I>DCHIg@GIpsi€ 6BB: D; I=: :C:G<N G:A:6H:9 >C |=:H:
G:68I1>DCH >H 8DCH:GK:9 7N I=: ;DGB6I>DC D; .* ;GDB * "AN8DANH>H 86C 7: 9>K>9:9 >CID ILD E=6H:H E=6
8DCH>HIH D; I=: ;>GHI ;>K: G:68I>DCH 6C9 G:FJ>G:H :C:G<N ID TEG>B:U I=: <AJ8DH: BDA:8JA: ;DG E=6H: $$
G:68I>DCH >C L=>8= .* >H EGD9J8:9 |=GihBtrate-level phosphorylation

.=: ENGJK6I: EGD9J8:9 7N <ANS8DANH>H =6H H:K:G6A EDHH>7A: ;6l:H 9:E:C9>C< DC I=: DG<6C>HB 6C9 L=:I=
DMN<:C >H EG:H:Cl $C 6C>B6A 8:AAH ENGJKG6I: 86C 7: ;JGI=:G DM>9>0:9 ID 68:INA D 6C9 I=:C ID 86G7DC ¢
I=GDJ<= I=: 8>IG>8 68>9 8N8A: >; DMN<:C HJEEA>:H 6G: HJ;;>8>:Cl| 1=:C DMN<:C HJEEA>:H 6G: >CHJ;;>8>(
>H G:9J8:9 ID A68I161: $C N:6HI 6C9 DI=:G B>8GDDG<6C>HBH ENGJK6I: >H CDI 8DCK:GI:9 ID A68I6l: >C I=: 67
DMN<:C 7JI >CHI:69 >H 8DCK:GI:9 ID :I=6CDA 6C9 86G7DC 9>DM>9:

.=:6BDJCI D; .*;DGB:9 7N I=: DM>961>DC D; <AJ8DH: 9:E:C9H DC L=:1=:G DG CDI DMN<:C >H EG:H:CI $; DMN
>H EG:H:Cl <AJ8DH: >H DM>9>0:9 ID 86G7DC 9>DM>9: 6C9 R .* BDA:8JA:H 6G: EGD9J8:9 ;DG :68= <AJ8DI
BDA:8JA: DM>9>0:9 JH>C< |=: 8DB7>C:9 E6I=L6NH D; <ANS8DANH>H I=: 8>1G>8 68>9 8N8A: I=: :A:8IGDC IG6(
6C9 DM>96I>K: EEDHE=DGNAG6I>DC .=JH 6EEGDM>B6I:AN D; I=::C:G<N G:A:6H:9 7N |=: 8DBEA:|: DM>96I>/
<AJ8DH: >H 8DCH:GK:9 7N I=: HNCI=:H>H D; .* $C I=: 67H:C8: D; DMN<:C DCAN BDA:8JA:H D; .* 6G: ;DGB:9
:68= BDA:8JA: D; <AJ8DH: 8DCK:GI:9 ID A68I6l: BDA:8JA:H 6C9 I=: 6BDJCI D; :C:G<N 8DCH:GK:9 >H BJ8= Al

I61IN 68>9H G:A:6H:9 7N |=: 9:<G696I>DC D; IG><AN8:G>9:H 6C9 DI=:G A>E>9H 6G: 8DCK:GI:9 ID ;61IN 68NA [
IG6CHEDGI:9 >CID I=: B>ID8=DC9G>6 6C9 DM>9>0:9 7N G:E:6l:9 8N8A>C< I=GDJ<= 6 H:FJ:C8: D; ;DJG G:68I>
@CDLC 6Hoxidation $C :68= GDJC9 D; DM>96I>DC I=: ;61IN 68NA D >H H=DGI:C:9 7N ILD 86G7DC 6IDBH 6}
BDA:8JA: D; 68:INA D >H ;DGB:9 .=:;>C6A GDJC9 D; DM>96I>DC DCS8: I=: 8=6>C =6H 7::C H=DGI:C:9 ID ;DJC
86G7DC 6IDBH ;DGBH ILD BDA:8JA:H D; 68:INA D DM>96I>DC 6AHD ;DGBH I=: G:9J8:9 8D:GCOBB:H ! #

( # L=DH: G:DM>961>DC I=GDJ<= I=: :A:8|GDC IG6CHEDGI 8=6>C 6C9 DM>96I>K: E=DHE=DGNAG6I>DC A:69H
HNCI=:H>H D; .* .=::;;>8>:C8N D; ;6lIN 68>9 DM>96I>DC >C I=: =JB6C 7D9N >H 6EEGDM>B6I:AN

C9 D; =6EI:G '61:G>6A
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B>CD 68>9H ;GDB I=: 7G:6 @9DLC D; EGDI:>CH 86C 7: 86167DA>0:9 ID EGDK>9: :C:G<N B>CD 68>9H L=DH:
H@:A:IDCH 6G: 8DCK:GI:9 ID >Cl:GB:9>61:H 1=61 86C 7: 8DCK:GI:9 ID <AJ8DH: I=GDJ<= <AJ8DC:D<:C:H>H 6G:
6Hylucogenic amino acids B>CD 68>9H L=DH: 86G7DC H@:A:IDCH 6G: 7GD@:C 9DLC ID 8DBEDJC9H JH:9 ID ;
@:1DC: 7D9>:H 6G: @CDLetdenic amino acids

.= ;>GHI HI:E >C 6B>CD 68>9 86167DA>HB >H H:E6G6I>DC D; |=: 6B>CD <GDJE ;GDB |I=: 86G7DC H@:A:IDC $
transamination I=: 6B>CD 68>9 <>K:H >IHIBtENGJK6I: @:ID<AJI6G6l: DG DM6ADG68:16Il: .=: EGD9J8IH D; I=>F
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ANSWERS
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