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Chymotrypsin (free enzyme)

>\A5p"l positioning the peptide bond for attack.
0—C
=0 (1)
N iy /
Active site
Oxyanion 2 ,
hoic u Substrate (a polypeptide)
0 H H
AA 4(“*‘(“—N—C—ﬁ N—C—C—AA
HN Ser's R O R' O
Hydrophobic H \ @
ket ~N—~
o Gly'=

When substrate binds, the side chain
of the residue adjacent to the peptide
bond to be cleaved nestles in a
hydrophobic pocket on the enzyme,

Product 2

AA —(I,‘—ﬁ—N—C—ﬁ—OH
R O

&

Enzyme-product 2 complex

X
HN
i
Dissociation of the ‘/\ o HIHN Ser'®

second product

R O j/Y}Ils”’

AA— CHC N

H
\Oo

O/

from the active u
site regenerates N~
free enzyme. Gly'=

Enzyme-
substrate
complex

Interaction of Ser'®* and His™ generates a strongly
nucleophilic alkoxide ion on Ser'; the ion attacks
the peptide carbonyl group, forming a tetrahedral
acyl-enzyme. This is accompanied by formation of a
short-lived negative
charge on the

;{ carbonyl oxygen of
N . the substrate,
< I\/HIS‘ which is stabilized
N by hydrogen
(& bonding in the
/‘C‘) R 0O oxyanion hole.
Cc—C—HN—CH—C—AA_
i 2
O HN Sert®
\
H
~N—
Gly'®

Short-lived intermediate” (deacylation)

Lo
R 0 < 2
B0

AArf'H—b\ H &

Collapse of the tetrahedral
intermediate forms the second
product. a carboxvlate anion.

Lehninger Principles of Biochemistry

Instability of the negative charge on the substrate
Short-lived carbonyl oxygen leads to collapse of the tetrahedral
intermediate* intermediate; re-formation of a double bond with
carbon displaces the bond between carbon and the
amino group of the
peptide linkage,

(acylation)

breaking the
- peptide bond. The
His' amino leaving
R group is proton-
I : ated by His”,
AA—CH—( H R 0 facilitating its
) N—CH—C— AA, displacement.
= C—=6 <
Bhacs,
O//HN Ser'®
H
~N-
Gly®
Product 1
H H _
HN—C—C—AA_

9 RO

Acyl-enzyme intermediate

N
R 0 < jr\/msu
CH—C N

Hydrolytic cleavage of a peptide bond by chymotrypsin AA—CH—C,

HN
\
Cc—C—
H N7
OJHN Serss
H
SN
Gly'®

Acyl-enzyme intermediate

An incoming water molecule

11:[‘ is deprotonated by general
oo ]/YH"“ base catalysis, generating a
AA—CH—C N strongly nucleophilic

" \ = hydroxide ion. Attack of
N HH hydroxide on the ester

\ ~9 linkage of the acyl-enzyme

g_ﬁy 0\/ generates a second tetrahe-
O/ HN Sortm dral intermediate, with

) oxygen in the oxyanion hole

H again taking on a negative

61];[; charge.
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Chymotrypsin A s S ¢ M G D ®G G P L V CK K|INV VT AA®®BGS GV T T
Chymotrypsin B s S ¢CMGD ®G G P L V CQ KNV VT AA®BCGV T T
Thrombin DA CEGD ®GGP F V MK S|P V L T A A ®»CL L Y P
Ser195
150615 oS
= e )J
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