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= base catalysis
= nucleophilic catalysis
= metal-ion catalysis
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Free energy
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a. specific-acid catalysis

R+H*
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proton is transferred completely
to reactant before slow step
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Progress of the reaction
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proton has been transferred to the reactant

OH

slow |

+ H0: —— R—(|:—0CH3

+OH
H
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G OH
(“3 + HO: W, ¢ (|: OCH
25 = e 3
R~ %/ |
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specific-base-catalyzed dehydration
AR
| HO?T

(31CH2(|:CHZC1

OH
a hydrate

general-base-catalyzed dehydration
’/“_:B

O—H
|<
ClCH2(|3CH2C1
G OH

a hydrate

slow
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|
CH3CH2C1 + HO HzT CH3CH20H + CI
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i
C

s t:f

(o]

metal-bound

hydroxide ion

:OH
& s
—(E—QCHS
6+I~:.'Iﬂtal ) S w \
"Metal-—-:OH, = "Metal-=OH + H*
metal-bound
water

M2+ pKa M2+ pKa
Ca’™" 12.7 Co’* 8.9
Mg?* 11.8 Zn**t 8.7
Cd*™* 11.6 Fe’t 7.2
Mn2* 10.6 Cu’™ 6.8
NiZt 9.4 Be’ ™" 5.7
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B
> “0—C—C (l'JHCH3 + CO,

Cu?tor AP

CH;

dimethyloxaloacetate
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PROBLEM 8

The hydrolysis of glycinamide is catalyzed by Co>™. Propose a mechanism for this

reaction.

O O

I 2+ |
HzNCH2CNH2 + Hzo __(;0_) HzNCHzCO_ + +NH4
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O

O 0O
| | ! H
CH3C—OOBr + CH;C—O- —— CH;C—O—CCH; + —OOBI-
O
{ ; 0 + —OO—Br imes
C O- faster
O

O

first order rate constant time !

relative Rate = Tord - ot = M
second order rate constan time-! M-

effective molarity

= Effective molarity (EM) is the concentration of the reactant that would
be required in an intermolecular reaction for it to achieve the same
rate as intramolecular reaction 23.13



O

|| T 7
Br + CHyC—O —— CH;C—O—CCH; + _OOBI‘

0
I O
H c—oOBr
— | o + ‘OOBr
| EM=1x10"M
H (”j—()— O
O
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CH3CH,OH
H,O .

SC4H SCeH SC¢H
o5 CHLCH,OH \ 6Hs 6Hs -
H,0 * *
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I 0

lati =1 I
CH3C_O© + HZO relative rate . CH3C0— N HO@

0 0

CH;C—O + H,0 relative rate - 150 I

CH;CO™ + HO
~00C

CH,C—O~ + HO

00C
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lock-and-key model

induced-fit model

Hexokinase
Red: before binding
Blue: after binding
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= Peptidase: breaking the peptide bond
= Esterase: breaking the ester bond
= Synthase
= Synthesizing instead of breaking it down.
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(enzymes containing
tightly bound metal
lons)

Hydrolyze C-terminal
except lysine and
arginine.




Ser 190

Val 216

chymotrypsin

23-21



Ser
195\ _ 1 9'5\ _ oxyanion
j;;s H?/N\ ;[;s HC'/N\H hole
e oL mo o w L ml/
<& i \ Hy ;
. i — ) . - -
\CHZ—C(;{ 7=\ 0 (/;O N\ \'CHI—C// >=\ 0\(:: ---H'—~N/
NO—HN: 3 N H =L 917 “o-H=NS) N <’ aly
=== . -—H— —
NA__ 7/ NH i 193 NA_J H Nt 193
CH N
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catalyst
hydrophobic ‘
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His I%/N\/ intermedia
Asp 5|7 | H
102 0 CHu (fHZ /
AN Vi 2 /
cH—c = O Co =N
O-—HN:) N C Gly
S u N 193
Overall Reaction /O N
CH,
0 mNHz H
[ chymotrypsin I . +
M?HC—NHM + H,0 ——— m(|JHC—0 + H3N-~~
CHZ CHZ ‘
Ser Ser
195 195
Hi N\ i &
= HE= N He HC—Ny
Asp I CH2 . Asp I CHg_ i
1(2 /0 £ . 1-@3 ,)/,fo CH, 1 : v
CH,;-—*C\ = /0 H—'N\ CHQ—C\ —_— O\C:/:, :__H._.N\
O——HN; N H Gly 0--H=N N~ pes Gly
(”) 193 NA H< 15 it s
MI:-JH -O_C(lem A — ~~~NH, CH,




lysozyme-catalyzed
hydrolysis occurs here

CHyOH CH,OH | CH,OH
0 CH,OH 0o o o -
HO 0 CHZOHO NAG NH RO OH HO O
NAG NH RO 0 P | NAM NH NAG NH
| NAM NH  HO 0 L
(|3:0 (|: NAG NH
R=CHGH  cny [ {o
CH;3 |
CH,

CH,0H 0\ CH,OH CH,0H
2 o ) chH CH,0H
0 HO
RDNAM TH K iy lH I
CH,C=0 0, CH;C=0 CH,C=0 \: CHzF 0 cn3c 0 1)\: E‘HHC—D
nucleophilic| | o =0
=2 f:sz ‘lmz
Asp 52 |
| Asp 52
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The pHs at which the enzyme are 50% active corresponds to the

pKa of enzyme'’s catalytic groups (as long as those values are at
lease 2 units apart.

= Why pKa of Asp52 is 3.8 but pKa of Glu35 is 6.7 instead of 4.25 in
its free form?
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CEHOPG,> CH,0PO;™ CH,0PO;3*-
e [amimine\ ™ “HA0
e e T U C=NH—(CH,),—Lys
HO——H HOCHH e
[
H——O0—H N H—{50-H 0 CH,—Tyr CH,0OH
CH,—Tyr '
base catalyst
CH,0P0O;>- CH,0PO,%-
Overall Reaction ‘
CH,0PO;2-
o
C=0 aldolase HC=0 [HROF0s
Hg——gH = H+OH + (lzzo (|3}:;9P03?~
—— 2_ e
H——OH L HIRE CH,OH C—NH—(CH,),—Lys
CH,0PO;%- HO—Cll\l-i
p-fructose-1,6-diphosphate  p-glyceraldehyde- dihydroxyacetone B
3-phosphate phosphate H— CH;—Tyr HZ]!_I (CHZ}J L]FE




