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1. Introduction

Streptomyces griseus Protease A (SGPA) is a pro-
tease of wide specificity [1] isolated from Pronase
[1,2]. Together with Streptomyces griseus Trypsin
(SGT) [3], elytic protease of Myxobacter 495 [4]
and Streptomyces griseus Protease B [2,5], SGPA is
a microbial Asp—Ser—Gly protease which has features
in common with the mammalian pancreatic Asp—Ser—
Gly protease family (trypsin, elastase and the chymo-
trypsins). The present paper describes the complete
sequence of this enzyme and the alignment of this
sequence with the other Asp—Ser—Gly protease
sequences. Comparisons made from this alignment
indicate that SGPA, like Myxobacter o-lytic protease,
probably retains the same internal hydrophobic
cores which are present in the mammalian proteases,
but has different structural features on the surface
of the molecule.

2. Experimental

SGPA was purified from crude Pronase (Grade B,
Calbiochem, lot 801930) by chromatography on CM-
Sephadex and Bio-Rex 70 as described previously
[1,2]. Peptides derived from SGPA by proteolytic or
chemical cleavage were purified as necessary by mole-
cular sieving, ion-exchange chromatography on Dowex
1 or Dowex 50 resin, high-voltage clectrophoresis on
paper, or by descending chromatography on paper. As
previously described [1,6,7], the purified peptides
were subjected to sequence analysis by the dansyl—
Edman method, and amide assignments were determin-
ed by the method of Offord [8]. In automated sequ-
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ence analysis using the Beckman Model 890 B instrum-
ent, residues were identified as PTH-derivatives [9]

and as free amino acids after HI treatment of the
thiazolinone derivatives [10]. The sequence of SGPA
was established by automated sequencing and peptic
digestion of the native enzyme, and from a CNBr
cleavage of the inactivated enzyme, with subsequent
redigestions of the two CNBr fragments by orlytic
protease, trypsin, chymotrypsin and thermolysin.

3. Results

SGPA is a single polypeptide chain of 182 amino
acid residues with two disulphide bridges linking
residues 42 to 58 and 191 to 220. Its sequence is
shown in fig. 1.where it has been aligned with Myxo-
bacter o-lytic protease, bovine chymotrypsinogen and
porcine elastase. This alignment is based on the known
tertiary structures of bavine trypsin [13], procine
elastase [14] and bovine a-chymotrypsin [15] and
the predicted structure of Myxobacter a-lytic protease
[4,16] . Inspection of the alignment reveals a great
similarity of sequence between SGPA and Myxobacter
alytic protease, particularly in sequence deletions
and insertions which previously were unique to the
latter enzyme.

Table 1 shows comparisons of residue similarities
and identities between SGPA and the other proteases
and also distinguishes between conservative buried
residues and the more variable surface regions defined
from X-ray studies on the mammalian enzymes [12].
These results emphasize the close homology between
SGPA and Myxobacter o-lytic protease in that residue
similarity and identity between the two enzymes is
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Table 1
Residue Homologies Between SGPA and Other Asp—Ser—Gly Proteases

All residues Internal residues* External residues*
(%) (%) (%) (%) %) (%) +
identity similarity identity similarity identity similarity
Myxobacter a-lytic
protease 31 49 34 60 29 44
Porcine elastase 11 23 20 41 7 16
Bovine chymotrypsin-
ogen A 12 22 23 43 7 13

*  Defined from X-ray studies on elastase {14] and o-chymotrypsin {15].

+ Defined by Olson et al. [4].

maintained even in the presumed surface sequences,
where there is much less similarity between SGPA
and the mammalian enzymes.

As the prediction of tertiary structure based on
the amino acid sequences of a protein and the known
tertiary structure of a homologous protein is valid
[17], we predict that the SGPA molecule, like the
Myobacter o-lytic protease molecule, will closely
resemble the structures of the mammalian enzymes
in the sequences around the two disulphide bridges
(Cys 42 to Cys 58, and Cys 191 to Cys 220 in fig. 1)
and in the region of the active site triad Asp 102, His
57, and Ser 195. The only significant sequence alter-
ation in the two microbial enzymes in these regions is
a dipeptide insertion between residues 193 and 194
which can probably be accommodated into the struc-
ture without distortion of the active centre [16].

The microbial enzymes however are predicted to
differ from the mammalian enzymes as they possess
alterations in three surface regions. One of the major
surface alterations is near the ‘autolysis loop’ of
chymotrypsin, In SGPA and Myxobacter a-lytic
protease, the loop sequence (residues 141 to 154 in
fig. 1) is deleted, and long insertions are present
between residues 186 and 187. These are located in
the same surface area of the molecule as the deleted
autolysis loop present in a-chymotrypsin. Also missing
from this surface area of the microbial enzymes are
residues 20 to 28. On the basis of the mammalian
protease structures, it has been postulated [16] that
in Myxobacter olytic protease, the large insertion in
this region functionally compensates for the missing

autolysis loop which is thought to be involved in the
burial of the NH,-terminal residue into the interior
of the molecule by means of a salt-linkage between
the terminal @-NH, group and the side-chain COOH
group of Asp 194,

The second region of alteration is near the surface
‘uranyl loop’ of chymotrypsin. In SGPA, there are
three neighboring surface deletions; residues 66 to 81
of the uranyl loop, residues 35 to 38 and residues 113
to 120. A tetrapeptide insertion also exists in this
region between residues 48 and 49 which can probably
be accommodated as a small surface loop.

The third region of alteration is at the methionyl
loop where both SGPA and Myxobacter o-lytic
protease have residues deleted. In SGPA, residue 168
is Gln rather than Cys as in the other proteases, and
the disulphide mate Cys 182 in the other proteases
is Ser in SGPA. Thus, SGPA is dissimilar to the other
Asp—Ser—Gly proteases in that it possesses only two
disulphide bridges, both of which are intimately in-
volved in the structure of the catalytic site. Another
difference between SGPA and a-lytic protease in this
region is the deletion in SGPA between residues 94
and 100. This probably occurs in a small surface loop,
and although it may be sterically permissible, the
correctness of the residue alignments is uncertain as
both residues 94 and 99 (one of which is missing
from SGPA) have been implicated in the burial of
Asp 102 in other Asp—Ser—Gly proteases [13,18].
Furthermore, residue 99 has been identified as part of
the substrate binding site in chymotrypsin [19,20].

These and other structural predictions for SGPA
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will only be resolved when the detailed tertiary struc-
ture of the enzyme is solved, a project which is current-
ly under investigation in this department by Dr.

M. N. G. James.
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