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Thermitase, a thermostable alkaline proteinase, consists of a single polypeptide chain, containing 279 amino

acid residues (M, =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 [1], 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 [10-12]. This
enzyme seems to be very similar to the proteinase
from Streptomyces rectus var. thermbproteolyti—
cus [13,14]. In spite of similar molecular character-
istics [15,16] of thermitase and subtilisins these en-
zymes show no distinct homologies [7] 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 [18]. Thermitase was also
cleaved at the cysteine residue using NTCB [19];
the analysis of the smaller fragment CY1 permitted
the N-terminal sequence (residues 1-95) 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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numbers show the position of fragments in the chain of thermitase.

Cvi
1-74

1-11 T

Arg
L ET1 !
Fig.1. Fragments of thermitase used in sequence studies. For the designation of the fragments see section 3. The residue

Volume 183, number 2

_KKKKK_

<>>>>
OGNNMN
MO LLOD

Wy v -

<w > >

HooGo
Doo0oo

<< v

zooTT

<>>_a

ox¥yv L
OPDDRP
M

oYV Yy
[ ]
¥ 1100
O_PPQWS
o HHE>
VOO0
> >
oaoan
ORVVMV
Lo MO N SN ol )
woooo
LT <
>

.'LLJ

YTPNDP

b) Subt.Carlsberg
c) Subtilisin DY
d) Subt.Amylosacch.
e) Subtilisin BPN

a) Thermitase

[ 1.1

20

ILLJJ | L14L N

10

llj LLl4

ITITT
=
i
ICRCRCRORS
=
AWnnﬁHHHuﬁ
ROOON®
ZZ2Z0N2Z2
oovvo
zoooao
OrF koo
11 2>0n
-~
oLz>xzzz
> 100
VL
Owuwww
gZ0en®
OO <o
=
>>>3>
| TR VIR Ty § S g
DOOD®N
-~
TLCLL
OO0
=
©WOOOU
>>>x;<

>>>>>
YZvYZY
o)
no 1t il
<111}
JEN T (U R S |
-~
cooon
oo k-oo
I I T X I
ZNWBnw
A
HI<<O
A
co<oo
-
>k HH

R

|l el 2K 2]
xjoooodl
>AHHKH
T.VIV:V
<co<<

— | d

byt Lll.,.41

50

Lol g

P

1
5
o]

L>>
S
o
<o<Ex
FOouwunw

—— Z > > >

—

O OFWEFOO

Ll

CRCROGEG RO
OEORORONO]
(CXCRLRCRG)
=
nnnE<
Zunuunna
o0zZz00

> > > > >
XYY YV

Py
O>>H>2>
> > > >
ILLL”.L
(X R =4S
AVVS..S
KSNSIS
oo
<L
>>>>

OGGGGG
oL J a3

—
H>>2>2>

T

| Illl |}

100

A |

s

2

90

|

a

[

196



Volume 183, number 2 FEBS LETTERS April 1985
5123
120 130 XK 140 50
a) NETITYAlaDocax[VIlsLBLCcolT v[BINS G L QQ A[VIN Y[Alw N k[G]s [V V]V
b) slc IlEwWIA|T TNGMDIVIINMISL GGIASIGIS TAMKA QA|VIDNJA|Y A R|G|V]V V]V
¢) slc IlEwlAlTONGLD|VIINMISL GGIP SIGISs TAL KQ AIV|D KIAlY ASlG[Tv V]V
d) Njc,I{Eyw]AlT s N N M(DlV,I|{NM{S,L,6,6|P,516]S T AL K T VIVID KIA{V S SIGIT IV VIA
e) Nl T]e'wlalt ANNMDIVI[NMISLGGIPSI|e]s AALKAA|VID K[AJV A S{G[V IV V]V
1 _— ”
-3 l | |
| T B N D T I 1 NN I N B Y B B
110 120 130 140 150
3141 1, 51‘1 1,1,
16& i7o 180 190
a) A AAGCNIA[CINTAP ~ - « w N[y PlAY[F¥|SNA[TAVIASTDQNDNKS[SFS|TY
b) AAAGN|S|IGINS G S TNTIGIYPIAKI|YIDS VIIAV|GAVDSNSNRAISFS|sV
c) AAAGNIsicls scsoNTIGIvPIAKIYIDS VIIAVIGAVDSNKRNRAISFSISV
d} AAAGN|E[GIS S 65 5(S,T)VGly PlaK|Y{P s T(I,A,V[G,A,VIN(S,5,N,Q)R AIS F SIS A
e} AAAGNIElGls TesssTvelyPicklylpP S VILAVIGAVDSSNQRAISFSISV
1 .
s b |
o LllJlIIII"llllAJ‘I].A e .|]||ll:l...
160 170 180 190
200 210 220 x 230
a) Gls vvo[viaA[aA P Gls w1 Y[s TIY[PlTs tiYlas L s[cT s MA|T[P HVAG]V[A]c]L]L
b) cla e L EjviM]A P GlA G vV Y|S TIY|P|TN T|]Y|A TLN|G TS MAI|SIPHV AG|A|A]A[LLII
c) cla e L elvimlapclvs vyls Tivlpls N T{Y[T s L N|lc Ts MAls|PH vAaclalalalL]z
d) ¢ls e L(o|lvim|a P c|lv s T als T|L|P{c 6 T|Y|[6 A Y(N|G,T,S)M A{T|P H(V,A,GiA[A{AIL|T
e) clp EL DiVIM|A P G]v s 1 als TiLlele N klv|e A Y Njc T s MAlslPH vV AGlajaalLlx
1
.5
0 I! IL.j-‘llx!..LLll!‘-Ji! N T A i 3
200 210 220 230
40 250 260 270
a) Al510 - -G RSASNI[RIAAIENADK I S[GIT ¢ T[Vlw A[K GIR V[NIA Y k[A]v[Q]Y
b) Lislk HPNLSASQUVIRINRL SSITIATY L -l6ls s Flvly ik olL T|Njv E AlAlAlQ
c) LISIK YP TLSASQVIRINRL SS|TIATNL -J|6|D s Flvjr el ciL T|N|v E AlAalAlg
d) LISk HPTWTNAGQVIRIDR L E S|T]A T Y(L,-[clD,S)F|Y|Y 6|k c|L{IiN]V,0,A)a}AlQ
e) LISIKHPNWTNTOVIR|S SLON[TITTKL ~[6]D S FlY]Y GIK GJL I|NjV @ AJAJA
1 i " i n
.g:LIIIJJI.II lllelllllll LLLI‘I.]Li.lell .J
240 250 260 270

Fig.2. Comparison of sequences of thermitase and subtilisins. The numbering above the sequences corresponds to ther-

mitase, those below the sequences to subtilisins BPN'. §;-8, 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 0-1 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 [21].

2. MATERIAL AND METHODS

Thermitase was prepared as described {11].
Cleavage of the enzyme was effected by CNBr

[15,22] and NTCB [19,23]. The reversible blocking
of the lysine 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 [20]. The
peptides were separated by gel filtration on
Sephadex G-50 (Pharmacia), 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 [4,25], using a
Beckman-Altex model 420 chromatograph. 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 [27]
and the phenylthiohydantoins 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 [15] af-
forded two fragments, CB1 and CB2 (fig.1). The
sequence of the shorter fragment was determined
{17], and the sequence analysis of the longer frag-
ment, CB1, was based on its tryptic peptides ac-
counting for the whole fragment (fig.2, residues
1-226). In parallel experiments CBi 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 CB1 to be
determined. Details of the sequential procedures
will be published elsewhere [29]. Fragments CB1
and CB2 are connected via the sequence -Thr-Ser-
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Met-Ala {15]. The latter was confirmed by peptide
CS1 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,
Ala 44, Val23, Met 1, lle 14, Leu 9, Tyr 15,
Phe 3, His 4, Lys 10, Arg 5, Trp 6 (M, = 28369).
If the sequences of thermitase and of the subtilisins
are aligned for optimal homology (fig.2) a total of
95 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 subtilisin
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
subtilisin numbering), as well as in the substrate
binding subsites S;-Ss (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 (S;) and the replace-
ment of Tyr 104 in S4 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' [15]. 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 along the peptide chain (fig.2).

4 310 L SB 1\ 9IO 4 1 120 1 '} ] 5L0 - 1 1;” A Lzlm 1L L ulo 1 L270 J
By : " ’ |
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c
T

Fig.3. Secondary structures of subtilisins and thermitase. By, subtilisin BPN’ from X-ray analysis [20]. B, subtilisin
BPN' [1]. C, subtilisin Carlsberg {2]. T, thermitase. Prediction of secondary structure using the method in [32], sub-
tilisin BPN' numbering. -esssw , helical elements; -«— ,G-structural 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 molecule.
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].

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 Mualbranches
pulchelia {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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