
The ‘catalytic triad’ mechanism, which involves a serine, 
aspartic acid, has become synonymous with serine pr 
recently, mechanistically novel serine proteases have 
These proteases use hydroxyl/e-amine or hydroxyl/ol-am;.-e 
as their reactive centers. 

n nature 
tracellu- 

lar and extracellufar processes, as well 
as in the regulation of physiological 
pathways, including the degradation of 
misfolded proteins, processing 
lived signaling proteins, control of 
tosis and signal peptide cleavage. 
of the proteases fall within four g 
the serine, cysteine, aspartic acid an 
metal10 proteases. 

ine proteases, which have evolved both 
by convergent and divergent 
involves the catalytic triad. 
lytlc triad consists of a histid 
base, which abstracts the pro 
the serine hydroxyl sidechain, al 
the serine to act as a nucleophile an 
attack the carbonyl group of the amide 
bond within the protein substrate. The 
third player in the triad, an acidic resi- 
due, acts to orient the histidine resi 
and neutralize the charged histidine 
intermediate (Fig. la). Deacylation of 
the enzyme involves an activated water 
molecule acting as the nucleophile? 

c 
ive site-directed mutagenesis 

studies have been carried out on the 
classical serine proteases to decipher the 
importance of each member of the Ser/ 
His/Asp ‘catalytic triad’. These investi- 
gations indicate that substitution of any 
of the catalytic triad residues results in 
large effects on catalysis, but the histi- 
dine and serine residues are the most 
important for catalysis. For instance, 
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as an acid. The authors su 
gest that this is an examp 
of a catalytic dyad? Another 

lytic dyad has been observed 
in the wheat serine carboxy- 
peptidase; here, the carboxyl- 
ate of the active-site aspar- 
tate is not co-linear with the 
imid~ole of the hist 
whit a0 an 
to suggest that the catalytic 
triad of all serine proteases 
should be regarded as two 
dyads, a SerjHis dyad and a 
His/Asp dyad! 

Cysteine proteases, which 
have been the focus of 
considerable recent interest 
owing to their involvement in 
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FIgwe 
(a) The classical catalytic triad. (b) 
dyad. (c) The hydroxyl/a-amine dyad. 

The Ser/Lys catalytic 
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Cytoplasm 

A model of the membrane topolo erichia co/i leader peptidase an 
p in the cleavage of a leader pa exported protein. The c-amino 

Lys145 serves as a general base to abstract the proton from the hyclroxyl sid 
Ser90, which then acts as the nucleophile to attack the scissile tide bond of the 
translocated preprotein substrate. Leader peptidase has a substrate 
teins that contain a small, uncharged residue at the Pl position (s 

re) and a small uncharged or aliphatic residue at the P3 position (seen as a black 
dot in the figure) in the leader sequence. (b) The first step in the intramolecular cleavage 
of the E. co/i Lex9 repressor. The E-amino group of Lys156 serves as a general base to 
abstract the proton from the sidechain hydroxyl of Serll9, which then acts as the nucleo- 
phile to attack the scissile peptide bond in this intramolecular cleavage reaction. The 
cleavage site for LexA is the peptide bond between Ala84 and Gly8 , which lie in the hinge 
region (red). The amino-terminal region (green) is the DNA-bindin domain. The carboxy- 
terminal region (blue) contains the active-site residues involved in the specific cleavage. 

Table I. These include n-Ala-n-Ala trans- 
peptida$e from S&ptomyces23 and Pseu& 
monas 7A glutaminase-asparaginase24. 

Another type of hydroxyl/amine cata- 
lytic dyad, similar to the Ser/Lys dyad, 

30 

is found at the active-site of ~enici~~~~ 
acylase25. This enzyme contains an 
amino-terminal serine residue that ap- 
pears to use its own cl-amino group as a 
general base (Fig. lc). Although not a 
protease, penicillin acylase hydrolyses 
an amide bond in substrates such as 
penicillin G. 

negative charge in the 
would impede the activity of the LexA 
reaction by stabilizing 
charged lysine of the transition state and, 
as a result, slow the protoilation of the 
leaving amino group. They also point out 
that the E-amino group of lysine, serving 
as a general base, is different from the 
imidazole sidechain of histidine in that 



usually only foms upon binding of the 
substrate. Coaversely, the proposed 
catalytic residues of the free RTE 
@=lactaanase @ys73 and Ser7Q as well 
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