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Thermitase, a thermostable alkaline proteinase, consists of a single polypeptide chain, containing 279 amino 
acid residues (MI = 28 369). The enzyme shows remarkable structural features of proteinases of the subtilisin 
type as shown by pronounced sequential homologies. The amino acid replacements, insertions and deletions 
observed when the amino acid sequence of the enzyme is compared with the sequences of several subtilisins 
are discussed with respect to substrate specificity and expected tertiary structure. The existence of a cysteine- 

containing subgroup of subtilisin-like proteinases is postulated. 

Thermitase Subtilisin Amino acid sequence Homology Secondary structure prediction 
Cysteine-containing subtilisin-like proteinase 

1. INTRODUCTION 

Different species of Bacillus produce 
homologous extracellular proteinases. The com- 
plete amino acid sequences of subtilisin BPN’ 
from B. amyloliquefaciens [l], subtilisin Carlsberg 
from B. licheniformis [2], subtilisin from 
B. amylosacchariticus [3], and subtilisin DY from 
B. subtilis, strain DY [4] have been published. Par- 
tial primary structures of other enzymes of this 
group are also known [5,6]. None of these enzymes 
contains cysteine. Closely related to this group of 
enzymes are the alkaline proteinases from B. thur- 
ingiensis [7], B. cereus [8] and proteinase K from 
Tritirachium album [9], all containing a cysteine 
residue. Another enzyme which belongs to the lat- 

Abbreviation: NTCB, 2-nitro-5-thiocyanobenzoic acid 
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ter group of cysteine-containing subtilisin-type 
proteinases is thermitase (EC 3.4.21.14), an ex- 
tracellular thermostable proteinase [lo-121. This 
enzyme seems to be very similar to the proteinase 

from Streptomyces rectus var. thermbproteolyti- 
cus [ 13,141. In spite of similar molecular character- 
istics [ 15,161 of thermitase and subtilisins these en- 
zymes show no distinct homologies (71 in the N- 
terminal part (residues 1-14) of their chains. 

The sequence studies of thermitase were started 
with CNBr cleavage [15] yielding two fragments of 
which the smaller one was sequenced [17]. A large 
44-residue tryptic peptide containing the single cys- 
teine was sequenced later [ 181. Thermitase was also 
cleaved at the cysteine residue using NTCB [19]; 
the analysis of the smaller fragment CY 1 permitted 
the N-terminal sequence (residues l-95) of the en- 
zyme to be determined [20]. 

This paper reports on the completion of the 
animo acid sequence of thermitase and its com- 
parison with sequences of subtilisins, especially 
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Fig. 1. Fragments of thermitase used in sequence studies. For the designation of the fragments see section 3. The residue 
numbers show the position of fragments in the chain of thermitase. 
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Fig-Z. Comparison of sequences of thermitase and subti~isins. The num~ring above the sequences corresponds to ther- 
mitase, those below the sequences to subtilisins BPN’. Si-S4 indicate amino acid residues interacting with the substrate 
in the individual subsites; the asterisks mark the essential amino acid residues of the catalytic triad. The exposition in- 
dices O-1 are calculated for subtilisin BPN’ on the basis of the data given in [30] using the accessible surface areas of 

the corresponding residues. 

with subtilisin BPN’ whose three-dimensional 
structure has been determined 1211. 

2. MATERIAL AND METHODS 

[ 1 S,ZZJ and NTCB [ 19,231. The reversible blocking 
of the &sine residues according to [24] and the 
subsequent digestion of the derivative obtained 
with trypsin and chymotrypsin were carried out by 
procedures which we described earlier [201. The 

Thermitase was prepared as described [t I]. peptides were separated by gel fiItr&i& on 
Cleavage of the enzyme was effected by CNBr Sephadex G-50 (Ph~macia), ion-exchange 
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chromatography on Servacel DEAE-52 (Serva) 
and by HPLC on a column of LiChrosorb RP-2 
(Merck) in acquitted systems (4,251, using a 
Beckman-Altex model 420 ~hromatograph. The 
amino acid analyses were carried out in a Durrum 
D-500 amino acid analyzer. The amino acid se- 
quence determination [26] was performed in a 
Beckman 890 C sequenator, using Quadrol 1271 
and the phenyIthiohydantoins were identified by 
HPLC on an Ultrasphere ODS column eluted by a 
gradient of acetonitrile in 0.03 acetate buffer, 
pH 5. Smaller peptides were sequenced manually 
by the double coupling method [28]. 

3. RESULTS AND DISCUSSION 

The cleavage of thermitase with CNBr [lS] af- 
forded two fragments, CBI and CB2 (fig.1). The 
sequence of the shorter fragment was determined 
[17], and the sequence analysis of the longer frag- 
ment, CBl, was based on its tryptic peptides ac- 
counting for the whole fragment (fig.2, residues 
l-226). In parallel experiments CBl was acylated 
at the lysine residues and digested with trypsin. Of 
the 3 resulting peptides ET1 and ET2 were soluble 
in acid solution, whereas peptide ET3 was not. The 
latter was digested with chymotrypsin. In other ex- 
periments thermitase was cleaved at the single cys- 
teine residue and the longer fragment CY2 was 
digested further with CNBr. Fragment Mf was 
isolated from the digest hydrolyzed by chymo- 
trypsin to peptides necessary for the arrangement 
of the tryptic fragments. Sequence analysis of 
these peptides together with earlier results [20] per- 
mitted the whole structure of fragment CBl to be 
determined. Details of the sequential procedures 
will be published elsewhere 1291. Fragments CBl 
and CB2 are connected via the sequence -Thr-Ser- 

Met-Ala [15]. The latter was confirmed by peptide 
CSl isolated from the fraction of the chymotryptic 
digest of thermitase not bound to thiopropyl- 
Sepharose (unpublished). This enabled us to derive 
the complete primary structure of the enzyme 
(fig.2) containing 279 amino acid residues cor- 
responding to the formula Cys 1, Asp 13, Asn 21, 
Thr 22, Ser 29, Glu 2, Gin 12, Pro 12, Gly 33, 
Ala44, Vat 23, Met 1, Ile 14, Leu 9, Tyr 15, 
Phe 3, His 4, Lys 10, Arg 5, Trp 6 (&fr = 28369). 
If the sequences of thermitase and of the subtilisins 
are aligned for optimal homology (fig.2) a total of 
9.5 residues occupy identical positions in all the 5 
primary structures considered. According to these 
identities thermitase is most closely related to sub- 
tilisin DY (44.4% homology) and to subtiiisin 
Carlsberg (44.0% homology). As expected, the 
most striking homologies are observed in the 
regions around the essential amino acids of the ac- 
tive site (Asp 32, His 64, and Ser 221 according to 
su~ilisin numbering), as well as in the substrate 
binding subsites Sr-S3 (fig.2). The only differences 
in these regions involve the deletion of 4 amino 
acids from the sequence of thermitase near to one 
of the hydrophobic pockets (Sr) and the replace- 
ment of Tyr 104 in Se of subtilisin BPN’ ]30] by 
tryptophan in thermitase. These differences may 
explain the quantitative rather than qualitative dif- 
ferences in substrate specificity between thermitase 
and subtilisin BPN’ [ 151. The cysteine residue re- 
places Val 68 of subtilisin BPN’ which is localized 
within the helical part of the structure around 
His 64 of the active site. Further, possibly less im- 
portant differences between the sequences of the 
subtilisins and thermitase involve the extension of 
the N-terminal part of the latter by 7 amino acid 
residues and several insertions or deletions of one 
or two residues aIong the peptide chain (fig.2). 
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Fig.3. Secondary structures of subtilisins and thermitase. B XI subtilisin BPN’ from X-ray analysis [201. B, subtilisin 
BPN’ [l]. C, subtilisin Carlsberg [2]. T, thermitase. Prediction of secondary structure using the method in [32], sub- 

tilisin BPN ’ numbering. k , helical elements; u &structuraI elements. 
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From the amino acid exposition scale established 
for the structure of subtilisin BPN’ [31] it follows 
that about 75% of the nonconservative amino acid 
replacements as well as almost all the insertions 
and deletions involve the surface of the molecuie. 
From this fact and from the distinct sequence 
homology between thermitase and subtilisin BPN’ 
can be concluded that the three-dimensional struc- 
tures of these two proteinases are probably iden- 
tical. This is strongly supported by the results of 
the prediction of the secondary structure of ther- 
mitase presented in fig.3. The differences between 
the individual elements of secondary structure of 
subtilisin BPN’ predicted and determined from its 
X-ray analysis as well as differences between the 
predicted secondary structures of thermitase and 
of the subtilisins are within the limit of error of the 
prediction method [32]. 
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The observed sequence homology of thermitase 
and proteinase K and the localization of the cys- 
teine residue at the same site in these two enzymes 
[9] seems to indicate that a subgroup of subtilisin- 
like enzymes containing an -SH group exists near 
the active site triad with an overall tertiary struc- 
ture very similar to that of the subtilisins. In- 
terestingly enough, thermomycolin, a ther- 
mostable serine proteinase from Ma/branches 
pulchella [33], should also be included in this 
group because of its inactivation by mercuric ions 
and its stringent N-terminal homology to pro- 
teinase K. Hence, this subgroup may be more 
widespread in nature than assumed so far. 
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