!"#$%&'()*+,_ * * * * * * * * * * * * * /$#O** * * * * * * * * * *
12(%34*5--6
7(89:%;:*</3&83

*

"#$%& %
* * * * * * * * * * * * * * * * :*** * *S_ *28%3*&
* * * * * * * * * * * * * * * * 5*** * *‘5_ *28%3*&

* * * * * * * * * * * * * * * * +*ib\' * **5_*28%3:'&

* * * * * * * * * * * * * * * * —rkkk * *S_*ZS%S*&

* * * * * * * * * * * * * * * * >-*** * *S_*ZS%S*&

* * * * * * * * * * * * * * * * * * * * ’__*28%3'&

0%k ok ok X F X F Ok F X X F F X X

2@"#*& AB)*89*C"#$%& () *%&* " H*$8E& *%$28 (' /3"*/&* % *%&*"#*$8& *BY%9I9I%CAD'*89
C8DD/'#(/D*E(/3C"#&*89%/*2"/($/CHA'%& F&*#BAC/ %83G*"#*83#*" A% HH&*" Yo S+ #*
281H#(*1"#3*/22DY%HB*%3*"%&*2(89#8 &Y 83/D*2A (&A% &I*/3B* "#+$8& * (#2A' %8 3*/$8
&CYo#3'%9%C *"#$%8& () * % &% 3BH#B*"#*4(8A3BIS(K*89*#HH#()*%$28('/3*2(8CH&S.
CI3%L2#C 8L CHD*I"8*B8*38™*$/KH#*%"*"#% (*& AB):**@"#*8& ABH#3*89*C"#$%& () *&"
1&*#1(D)*/&*2(IC'%C/EDH#I*4#**$#3' ID*8A' DY%3#*A(/&2*MYbO*1#+$/)* &8*&2H KN*B9*"#
2(%3C%2DH#&*89* " #*&CYUH#3ICH:O

7(8C'8(J*PDD%&*Q*1"/(2
I"#$9%68& () +,$(-)+.)/0'$"&1) SRM,R>SNO*EG+*

*

THH#(/D*AGHOIAD*C"/(‘&*I(H*83*" H*E/CK*89* "% & #LI$:**USA*S/)*%6& "+ 8 #/(*"#$*899:
()%*)+%,-+96H* Yott*/012/%)*%+Bd $4
%
V'H3*FSHC" 3% 8 S %08 (HWAHE #B I*%3ICDABH/22(82(%/ #*/((81&J*D SR TBYN & 3838($/D*
C"/(AH&*# C*UBA*C/I3*ASHIEO*A#3H(/D*2A(28&H*E|&#*IIBHEH * A#3H#(/D*2A(288#*CY%B:
1"81%%63'#($H#B Y%/ H&F*
\83]*296D#**EA3C"*89*/((81&*83*/*288(*"#D2D#&&*&(AC'A(#]
\(/I*C/(#9ADD)*/3B*3#/'D)[



B *28063 &KL (/1**$HC" 3% 8 O8(*& H2*++89* " #*C %' (Y% CHCHBITBOERY6$60 ™" #+&' (AC'A(#+89*
Z\NZ\ HGF AR (%34 [+ &+ BEY 34 HHAS(K:

*



5:BA 28963 &I (/1*/*$HC"13%&$*OB(*& H2*>*89*" #*CY' (% C*/CYB*C) CDH# SHISMBSPAHEHI " 1+
AAI3%3HEI&H%3@T:

*

*
*
*



4B 28063 8N/ I*/*$HC" 3% & $*O8 (& #2* =3+ #*C %' (% C*/CYB*C)CDH#:** @"%&*(#/C'%83*/D&S*(*
I3B*DY%28/$UBHIEA"H)*/(#*(HAH3H# (I #B*/3B* H#ICH*C/'ID) % C*/3B*38*&"8I3*063* " #*3#* (#/C'%83*
" C(FMEA™"H)* 23 *E4+2/(*89%)8A(*$HC" 3% &SN+ USA(*SHC"/3BRE BB *3HH#B* 8+8, "= #*
(H4H3H(/'%83*89*B%") B(8D %28 MTHIB* 068 *& " SIBB*83#*89* " #*/"C"#B*0%AAMEEA*%'*& "SADB*
ICC8A3*O8(* "#*(HAH#3H#(/'%83*8*® 7T



=+ M5-+28%3 BBEBO*"#*/"|C"#B*h Y% 4 A MBHEC (Y EHE"8I*D%28/$%BH*C/3*E#* (HA#IH(/#BI*1%"*b
I3B*.Z\_*28I#(%34*"#*2(8CH&E:

[V (%'#*3B*E/D/3CH*"#*"DO* (#/C'%83*"*B%") B(8D%28/$% BH#* ASERHHBEEH YA BA*$/)*
JEE(#HY%/ #*"#* &' (AC' A(#*1&* % *%6&* % 3*" H*B Y%/ 4(/$:

*
*
*

*

E:**V/ (96 #*/3B*E/D/3CH"#*" IDO* (#/C'%83*"[*DZ\* A3 BH UL Yo SAHIM) SA*S/ ) EE (#HY/ #+0%'
19" *bZ\*# CN

*
*
*

*

C:+*ZBB* 844" #(*/3B*E/D/3CH*"#*18*(#/C'%83&*/ESH#I*/3B*&"8I*"#*C/DCAD/'%83*3HCH&&/()*'8*
BH# #($% 34000 " Y& (#/C'%83*%8&*& 283 /3HBA&:

*
*
*

B:**V(%'#*/3B*E/D/3C#*"#*3#*(#/C'%83*"[*8CCA(&*%3*"%&*&C"#$#:

*
*
*
*

> A% 28063 ST 3&I#(*"#+98DD8I%3IA*WAHE % 83*ALUBABYSFHOYDH*C* %D D*&H#3B*)BA*
#D#C'(83%C/MDARHWAHE %83*CE3CH(3&* " #+98($/ TBHEBIYE %8 % 3-8 3* 0o BIH+B* " #*
["IC#B*D%AAHE) " #*#3d)$H*E%8'%3*C/(ESL) D/&H:

I3 %8+ (AC A(HI*%3*"*C #$YC/D*O8($*BOHE " HHIXS*$/K#*/3*/ 224 NIBOHEME (AC A
"H(HOH

*

*

E"* +0) (#8&Y%BAH22#/(*'8*& IEY%DYod#*" #+&' (AC A(#*%3*M/Ne**a%b H"#*3/G# 3#d\If/3B*
K%3B*8M#BSDH#CAD/ (*98(CH#*%&*%3HSDH#B:

*

CA'I™* (#&YBAH#*%&*%3'#(/C'%34*1%"*"#*C/(E83)D*8L)4#3*89*" #*E%8'%3*(%34e**a%H#*"#*3/$;

*

B:+4\/"06C"*/'8$*80* HBDHC AP MO CDB&HE '8+ #*3ACD#82"% D% C*/'8$*89*E %8 % 3e**ado HA*
06398($/'%83J*%3CDABY34* " #+2/(%CAD/(*/'8$:**a% KH#* IS BYETE DEEHE */'8$:



S+#*6#269%716-8+9)*0%6:)+ 1%+0#:/%)<%5)$1%=9)831$98#;;.06>$,) 2BEHBHR <

4'-. B#'&3%¥( 71¥:;)
%X5*_*5*<k_*5-'#)" TR XX * R,
1xi"*_*5*<k_*5¢1)" *1)(;"*_*%)(* -=R*
X "3*_*5*<k_*5¢1)" * X "2*_*%)(* --=5%
1)8C"(8%#* a,*MOHN*#)" *C)'8C"(8%#%,"MEHN S+R>
XsMAN* *BH<rgE I x< X, -56>%
))8C"(8$#* ' *MOHN* #)" *+*C)'8C"(8$#* *MEHN 564
1)8C"(8$#* &MBHN* #)" **C)'8C"(8$#RMIHN RIS
)'8C"(8$#* &MDEN*#)" **C)'8C"(8$#8*MEEN 554
)8C"(8%#* =*MUHN* #)" **C)'8C"(8$#=*MBEHN*M$%'SC"83B(%/DN ~-gg ¥
hE%WA%383#**58¢ )" +*AE9W/A%38D --=>
bAS/(/'# —* *5*< *B¥ )" **&ACCY%3I'# et *
DZ\* *S*<x *3F )" HPZ\<H ().~ >+2$+3HOP(2; i *
XL/IDS/CH['#~* *5x& *gf )" =xG/D[ #* T:,SS*
7) (AH/'#H *5*<x *BF )" +xDC'['#* T:,R>*
ZC#'|DB#")B#*_*5x *GF )" oxgt /380y T:.,60*
bZ\*_*Gr<* *B¥ )" mnZ\<ANGHH) &+ @1, T:5,6*
1% *Gr& *gF)" xe ], T:5+%
j%28%C*/C%B* *BK)" *B%")B(8D%28%C*/C%B T:56*
Z\ * *<x gk Z\< ) Tt >
Z\7 * x<* *GF)" ek Z\7< ) T +5- 4
)&'%3#* *Gx *GF )" *G¥C)&'HIHIH To=-*
ZCH#H'8ICH '# — *5*< *5f)" *t T)B(SL)EA)(I'# —* T+=S*
<_*_ o **1?<5* F:=5,%
ZC#['#—* *+x<& *BF )" *x|C#|DB#"\B#H* 1X* F>R

A+ $&#RB8&'D)*9(8%*j8/C"J*7:Z.Ttb/&$/3T*a:\:*MPB: MIIB=++E)+.)F%+&0#"%23%1)'(D)
G+-#8&,-'$)FY%+-+NEB#B:NJI*7") &% C/D*/3B*!"#$%C/D*\/'/I*18D:* JFR2I*|BW*7 (H&&*
M,6gSN:

@"%&*%&* @EDESI8# I*I8#*/3B*7(/"* |,(D"#(3'-2)+.)F%+&0#"%23%--5J*8 (*, B*
%3*.#D&83*/3B*!18HI6(&%?-#2)+.)FA+&0#56R3$ 1



@)
0 C\)k
2 0,

Oxaloacetate

Step 8 Oxidation of (§)-malate
gives oxaloacetate, completing
the cycle.

/ey

NAD*

0 C\/<
2 0,

(5)-Malate
(L-malate)

Step 7 Fumarate undergoes
conjugate addition of water to
its double bond to give
(S)-malate.

——

N

H,O

~0,C
2 co,

Iﬂ&I

NADH/H"

/C\
HsC SCoA

Step 1 Acetyl CoA adds to
oxaloacetate in an aldol reaction
to give citrate.

HSCoA
HO Co,”
~0,¢ > Coy”
Citrate
Step 2 Citrate is isomerized
by dehydration and rehydration
to give isocitrate.
H €O,
“0,C \(\Q/COZ
;
H OH
Isocitrate
.

NAD Step 3 Isocitrate undergoes
NADH/MH™ oxidation and decarboxylation
+[E8 to give a-ketoglutarate.

~05C co

R

a-Ketoglutarate

Fumarate
. . HSCOA+ Step4  a-Ketoglutarate is
Step 6 Succinate is FADH, + NAD decarboxylated, oxidized, and
dehydrogenated by FAD NADH/H* converted into the thioester
to give fumarate. FAD +CO succinyl CoA.
2

& C/\/COZ_ HSCoA H,O CoASWCOf
2

Succinate 0

GTP GDP + P, Succinyl CoA

Step 5 Succinyl CoA is hydrolyzed
to give succinate, in a reaction coupled
to the phosphorylation of GDP to give GTP.
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Biotin
l Deprotonation of biotin by a thiolate ion

on the enzyme yields an enolatelike anion
with increased nucleophilicity.

\

dNEL

Hﬁ H |c|>
" CH,CH,CH,CH,

C—NHCH2-Lys

Reaction of the biotin enolate ion with
carbon dioxide occurs by an aldol-like
condensation reaction and gives
N-carboxybiotin.
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N-Carboxybiotin © 2005 John McMurry *



