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Abstract. The gene for an alkaline serine protease from alkalophilic Bacillus sp. NKS-21 (subtilisin
ALP I) was cloned, and its nucleotide sequence was determined. The gene (aprQ) contained an
open reading frame of 1125 bp, encoding a primary product of 374 amino acids. The mature
protease, composed of 272 amino acids, was preceded by a putative signal sequence of 37 amino
acids and a pro-sequence of 65 amino acids. The mature protease conserved the catalytic triad,
Asp, His, and Ser, as subtilisin BPN’ or other subtilisins, and the subtilisin ALP I might belong to
the subtilisin super family. The primary structure of subtilisin ALP I was compared and discussed
with those of 13 subtilisins, 5 subtilisins from alkalophilic Bacillus, and 8 from neutrophiles. Low
homology was shown between subtilisin ALP I and subtilisins from alkalophiles or subtilisins from
neutrophiles. Forty-five amino acid residues of the mature protein of subtilisin ALP I were entirely
independent of other subtilisins. According to the homology of ALP I with other subtilisins,
subtilisin ALP I might be in the middle point between alkaline subtilisins and neutral ones.

An alkalophilic Bacillus sp. NKS-21 produces two
serine proteases, subtilisin ALP I and subtilisin ALP
IT (they were designated as ALPase I and ALPase 11
previously) [19, 22]. Though these enzymes share
certain similarities—the optimum pH of these en-
zymes is pH 10 when milk casein is used as a
substrate, and their P; preference is Phe than Tyr
with fluorogenic substrates—there are some differ-
ences between the two. The isoelectric points of
subtilisin ALP I and ALP II are 8.2 and 2.8, respec-
tively. In comparison with the activity against syn-
thetic oligomeric substrates, ALP I shows less than
1/50 of the activity of ALP . Subtilisin ALP I also
has unique characteristics compared with other well-
known subtilisins. Although ALP I is produced from
alkalophilic Bacillus, which can not grow in a neutral
pH region but is able to grow only in an alkaline
environment, the substrate specificity of the enzyme
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against the oxidized B-chain of insulin is different
from those of the enzymes from alkalophilic bacilli
but similar to those of the subtilisins from neutro-
philic ones [19]. The fluorogenic substrate succinyl-L-
leucyl-L-leucyl-L-valyl-L -tyrosyl-4-methyl-coumaryl-7-
amide (Suc-Leu-Leu-Val-Tyr-MCA) is preferable to
succinyl-L-alanyl-L-alanyl-L-prolyl- L-phenylalanyl-4-
methyl-coumaryl-7-amide (Suc-Ala-Ala-Pro-Phe-
MCA) for typical subtilisins from either neutrophilic
bacilli or alkalophilic one, but subtilisin ALP I pre-
ferred the latter substrate over Suc-Leu-Leu-Val-Tyr-
MCA [22].

We think these enzymatic properties of subtilisin
ALP I must be caused by its peculiar structure and
tried to obtain the structural gene for the enzyme and
to determine the nucleotide sequence to clarify the
structural originality. To obtain the information about
the secondary structure we also measured the CD
spectrum of subtilisin ALP I.

Materials and Methods

Materials. Lysylendopeptidase was from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). Restriction endonucleases were
from Takara Shuzo Co. Ltd. (Kyoto, Japan). T4 DNA ligase was
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Table 1. N-Terminal amino acid sequences of N-terminus and
lysylendopeptidase-digested fragments of subtilisin ALP I

Frag- Sequence
ments Sequences position
1 QTVPWGIPYIYSDVVHRQGYFGNGV N-terminus
2 VAVLDTGVAPHPDLHIRGGVSFIS 28-52¢
3 VLDRNGSGSHASTAQGIEWAMNNGM 95-119°
4 YASVMAVGAVDQNGNRANFSSYGSELEIMAP  171-201¢
5 HPHLTAAQIRNRMNQTAIPLGNSTYYGNGL 238-267°

¢ Numbering of subtilisin BPN'.

from Gibco BRL (Gaithersburg, Maryland). Prep-A-Gene was
from Bio-Rad Laboratories (Hercules, California). Sequenase was
from United States Biochemical Corp. (Cleveland, Ohio). Taq Dye
Primer Cycle Sequencing Kit was purchased from Applied Biosys-
tems, Inc. (Foster City, California).

Bacterial strains and plasmids. Alkalophilic Bacillus sp. NKS-21
strain [19] was used for the enzyme and chromosomal DNA source.
Escherichia coli DHSa (supE44, AlacU169 ($80lacZAM15), hsdR17,
recAl, endAl, gyrA96, thi-1, relAl) was used for routine transforma-
tion. Plasmids pUC118 and pUC119 [20] were used for cloning into
E. coli DH5a cells. Alkalophilic Bacillus sp. NKS-21 was grown in
1% casein, 1% meat extract, 1% polypeptone, and 1% Na,CO; at
pH 10[19]. )

DNA techniques. The following procedures were carried out by
standard methods described by Ausubel et al. [1]: preparation of
plasmid DNA, restriction endonuclease digestion, agarose gel
electrophoresis, DNA ligation, bacterial transformation, colony
hybridization, and Southern blot hybridization. Chromosomal
DNA was prepared from alkalophilic Bacillus sp. NKS-21 as
described by Saito and Miura [12]. DNA sequencing was carried
out by using Taq Dye Primer Cycle Sequencing Kit and 373A DNA
sequencer and software version 1.30 (Applied Biosystem). Oligo-
nucleotides were synthesized with Model 391 PCR-MATE EP
DNA synthesizer (Applied Biosystems) and then purified by
Oligo-Pak® EX cartridge column (Millipore).

Amino acid sequence analysis. Subtilisin ALP T was purified as
reported previously [19]. One milligram of the purified protease
was applied to a reverse-phase column, TSK-gel TMS-250
($4.6 x 75 mm) equipped with a Hitachi model L-6200 delivery
system for further -purification. Chromatographic recording was
performed at 220 nm with a Hitachi L-4000 UV detector. The peak
was collected and pooled, and then CH3CN was added to the
fraction up to 50%. The enzyme was inactivated overnight at
—20°C and then dried in vacuo. The dried preparation was used for
determination of the amino acid sequences of the amino terminal
region and lysylendopeptidase digests. Five hundred micrograms
were dissolved with 50 wl of 100 mm Tris-HCI, pH 9.0, containing
1% SDS, and then the preparation was treated at 100°C for 5 min.
Tenfold H,O and 5 p.g of lysylendopeptidase were added to it. The
mixture was incubated at 30°C for 24 h. The reaction mixture was
applied to a reverse-phase column, TSK-gel ODS-120% (4.6 X 250
mm) equipped with a same Hitachi model L-6200 delivery system.
The amino terminal region and the purified fragments of subtilisin
ALP I were sequenced with an Applied Biosystems 377A protein
sequencer by the method of Hewick et al. [4]. The phenylthiohydan-
toin (PTH)-amino acid derivatives were identified by the high

CURRENT MICROBIOLOGY Vol. 30 (1995)

Pstl

'
VEL
l

|

¢ %'— Sphl
L L san
B A V.
g
[
Sphl
Pstl

Fig. 1. Restriction map and sequence strategy for subtilisin ALP I
gene. The arrows indicate the starting point and the direction of
individual sequencing. The open arrow indicates the open reading
frame and the direction of subtilisin ALP I coding gene (aprQ).

performance liquid chromatography (HPLC) system attached to
the sequencer.

Circular dichroism (CD). CD measurements were done by the
method described previously [24]. The contents of the a-helix and
B-structure of the enzyme were calculated according to the
SSE-338 program in [25].

Results

Amino acid sequence of subtilisin ALP I. N-Terminal
sequence of subtilisin ALP I and four amino acid
sequences of the peptide fragments digested with
lysylendopeptidase were determined (Table 1). The
N-terminal amino acid was Gln; it was different from
other subtilisins.

Molecular cloning experiments to obtain the aprQ
gene. A 56-mer oligonucleotide (5'-TGGGGIATIC-
CITA(T/OATITA(T/O)I 1 I GA(T/C)GTIGTI-
CA(T/OIGICA(A/G)GGITA(T/C)TT(T/C)G-
GIAA-3") was designed from an amino acid sequence
(Trp3-Gly-Ile-Pro-Tyr-lle!®-Tyr-Ser-Asp-Val-Val-
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Fig. 2. Nucleotide sequence and deduced amino acid sequence of subtilisin ALP I. The putative ribosome binding site (SD sequence) is
double-underlined. The putative promoters (—10 and —35 regions) are boxed. The putative transcriptional terminator is shown by inverted
arrows. The asterisk indicates a stop codon. The N-terminal sequence of mature enzyme and amino acid sequences of the peptide-digested
lysylendopeptidase are shown by dotted arrows.
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Fig. 3. CD spectra of subtilisin ALP I and NAT on the region
200-240 nm. Solid line (—), subtilisin ALP I; dotted line (-),
subtilisin NAT.

His-Arg-Gln-Tyr-Phe?-Gly-Asn) that was deter-
mined from the amino terminal sequence of subtilisin
ALPI (Table 1).

Chromosomal DNA of alkalophilic Bacillus sp.
NKS-21 was digested to completion with some restric-
tion enzymes. The reaction mixture was applied to
agarose gel electrophoresis, and then the Southern
blot analysis was performed with 32P-labeled oligo-
nucleotides. The probe hybridized to an approxi-
mately 5-kb PstI and 4.5-kb HindlIIl. A fraction (5 kb)
of genomic DNA from Bacillus sp. NKS-21 digested
with PstI was isolated from the electrophoresed
agarose gel with Prep-A-Gene. It was ligated at Pst]
site of plasmid vector pUC119. Escherichia coli DH5«
was transformed with the ligated mixture and placed
on Luria-Bertani agar plate containing 50 wg/ml of
ampicillin sodium salt. After colony hybridization, 45
clones showing prominent reaction with the probe
were found. Plasmid DNA was prepared from these
clones, and all of the plasmids contained a 5-kb Pst1
fragment.

Nucleotide sequence of the subtilisin ALP I gene

(aprQ) and its deduced amino acid sequence. Se-.

quence strategy and a partial restriction map of PstI
fragment are shown in Fig. 1. The DNA sequence of
the subtilisin ALP I gene (aprQ) is shown in Fig. 2.
The gene aprQ was shown to be a single copy on the
genomic DNA of the alkalophilic Bacillus sp. NKS-21
with Southern blot analysis (data not shown). The
DNA sequence of adjacent fragment revealed an
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Table 2. Secondary structure contents (%) of subtilisin ALP I

Enzyme a-Helix B-Structure Turns Random
ALPI 11.8 67.1 0.8 20.4
NAT 203 12.2 33.8 33.8
Sendai® 279 0.7 39.4 319

@ Data from ref. [23].

open reading frame that began at position 1 and
proceeded through position 1,122 (374 amino acid
residues) (Fig. 2). A potential Shine-Dalgarno (SD)
sequence (AGGAGGT) [14] was found 10 bp up-
stream from a probable translation start codon (ATG).
Putative promoter sequences (—35 region, TTGTCA;
—10region, TTGAAT) [9] were also found 42 bp and
18 bp from the SD sequence, respectively. An in-
verted repeat was found at positions 1,130 to 1,188
downstream of the termination codon (TAA).

The contents of secondary structure in subtilisin ALP
I. The contents of each secondary structure in subtili-
sin ALP I was a variant from other subtilisins. Figure
3 shows the CD spectra of subtilisin ALP I from
alkalophile and subtilisin NAT from neutrophile. The
a-helix and the B-structure contents of subtilisin ALP
I were ca. 11.8% and 67.1% respectively. The a-helix
and B-structure contents of subtilisin NAT were
about 20.3% and 12.2% respectively. Table 2 shows a
comparison of these contents between subtilisins
ALP I and NAT. Subtilisin ALP I had much more
B-structure than subtilisin NAT and less a-helix.

Discussion

In Fig. 2, the first 37 amino acids following the Met
were estimated as a signal sequence by using the
weight-matrix approach [3]. After the putative signal
peptidase cleavage site, a propeptide region consist-
ing of 65 amino acid residues was followed by the
beginning of the mature subtilisin ALP 1.

The amino acid starting the mature enzyme was
confirmed by the N-terminal amino acid sequence as
Gln. Almost all subtilisins were started with Ala.
Subtilisins started with Gln were not known as well.
Only an alkaline elastase Ya-B [7] was known. The
entire mature protein was deduced to contain 272
amino acids with a predicted molecular weight of
28,253. The deduced amino acid sequence was coinci-
dent with those determined by amino acid sequencing
of the amino terminal region and four peptide frag-
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Fig. 4. Pro-sequence of subtilisin ALP T and other subtilisins. The open boxes ([]) show hydrophobic clusters. The dark box (&) shows a
conserved Pro residue at position —15 from the cleavage site between the pro- and each mature enzyme.

ments obtained from digestion of the subtilisin ALP I
with lysylendopeptidase.

There were some common structures in the
propeptide region of subtilisins, but subtilisin ALP I
showed some differences from them (Fig. 4). The
pro-sequence of subtilisin ALP I was shorter than
those of subtilisins from alkalophilic Bacillus (alka-
line subtilisin) by about 20 amino acid residues or
those of subtilisin from neutrophiles (neutral subtili-
sin) by about 12 residues. The first hydrophobic
cluster, Tyr-Leu-Ile-Gly-Phe (YLIGF), in the pro-
region of the enzyme was at position —60 from the
cleavage site between the pro- and the mature en-
zyme. As a result, the distance between the first
hydrophobic cluster and the second one, Phe-Pro-Val-
Ile-Tyr-Ala (FPVIYA), was short, and there were
only five charged amino acids in it. Subtilisins have
many charged amino acids in their propeptide re-
gions. The propeptide region of subtilisin was thought
to be an intramolecular chaperone [15]. These charged
amino acids were thought to interact with the a-helix
of the mature region and to make folding subtilisin
molecular [13]. Alkaline subtilisins have more than 20
negatively charged amino acid residues and a few
positively charged ones. Their net charges were —26
of No. 221 protease [18] and —23 of alkaline elastase
Ya-B [7]. On the other hand, neutral subtilisins,
subtilisin BPN' [21], Carlsberg [5], and E [16] have
about 10 negatively charged amino acid residues and
15 positively charged ones. The net charge of the
pro-region of subtilisin ALP I was —9. It was an
intermediate value between those of alkaline subtil-
isins and neutral subtilisins. The third hydrophobic
cluster, Ile-Asp-Phe-Ile (IDFI), of subtilisin ALP I

was divided by a charged Asp residue. In spite of
these differences, a Pro residue was conserved at
position —15 in common, which might influence the
secondary structure of the pro-sequence of subtil-
isins. The second hydrophobic cluster was also con-
served around position —30 from the cleavage site.
These two structural properties in the propeptide
region might be important for the folding of the
mature region of subtilisin ALP I.

The amino acid sequence of the mature subtilisin
ALP I and other 13 subtilisins, 8 enzymes from
neutrophilic bacilli (neutral subtilisins) and 5 from
alkalophilic bacilli (alkaline subtilisins), are aligned
in Fig. 5. The active site regions containing the
catalytic triad composed of Asp3?, His®, and Ser?! of
subtilisin BPN' [21] was well conserved in subtilisin
ALP I as well as in other subtilisins. Only 18 amino
acids of subtilisin ALP I were identical with all other
alkaline subtilisins, and 13 amino acids of the enzyme
were identical with all neutral subtilisins. Forty-five
amino acids of the enzyme were different from all
subtilisins.

The homologies between subtilisin ALP I and the
other five alkaline subtilisins were about 60% (Fig. 6),
but the other alkaline subtilisins were more homolo-
gous in any combination. Their homologies were
more than 78% to each other. The homologies
between ALP I and eight neutral subtilisins were 55%
to 62%. The subtilisin family might be roughly di-
vided into four subfamilies by their homologies. PB92
protease (8], No. 221 protease [18], Savinase [2],
subtilisin Sendai [23], and alkaline elastase Ya-B [7]
formed one group of alkaline subtilisins. Subtilisin
Carlsberg [5] and DY [11] were in a same subfamily of
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30 50 60
ALP1 1 I VAV L s FlER e - N vfdp
PBO2 1 I VAVL VPGEPST-QD
221 1 I ViavVL VPGEPST-QD
SAVI 1 I viavL VPVEPST-QD
SEND 1 I VIAVL VPGEPS-YQD
YAB 1 I VAVL VPGEPN-ISD
Carl 1 PlYlG I viavy VAGQAYN-TD
DY 1 Plvic 1 VIGII VSGESYN-TD
NAT 1 PlYlc I VAV I VPSETNPYQD
E 1 PlY(c I VAV I VPSETNPYQD
J 1 Pyl viavz WPSETNPYQD
AMYL 1 plvjc 1 VAV I VESETNPYQD
BPN' 1 Ply|c v viavI VESETNPFQD
MECE 1 PlYjc I Vv I VPSETNPYQP

70 80 90
ALP1 58 rafakihvhahivkElovr evikEBR el via vk
PBO2 59 THVAGITIRALNNS IV GVRPNAEL YAV
221 59 ravaBriranNNE v eviaPplsARL YRV
SaviI 58 THVABITIIRAL IGVLGVAPSAEL YAV
SEND 59 THVABITIAAL E IlGVVGVAPNAEL YRV
YAB 58 TNV AGTIRAL IlcvLGvpapPNV DL Y|GV
CARL 60 GNGHGITENAGTVRAALDNETIGVLGVRP|SVSLYRAV
DY 60 GNGHGITEHVABITVBALDPNETIGVLGVRPNVSLYAT
NAT 61 GssHGTHEVARITIRAL IlGVLGVAP|SASL YRV
E 61 GSSHEGTEVAB|TIIRAL IGVLGV|splsASL YRV
J 61 GssEGPHEVARBINIAAL rlcvLevisiplsasiylav
AMYL 61 GssjEGpEFADITIRAL ilcvLevlsplsasLylav
BPN' 61 NNsEgrafapltvbarliNgIlcvLevalplsasiyav
MECE 61 GSSEGTHEVALNTAAL IGVLGVa[p|S SAL YAV
_ 160 _ -

ALP1 118 IANM n G GtlclesnnMey Y A v
PB92 119 VAN A G ch-jglsrs---¢ v AV
221 119 VANL A G Gh-lglsts---% v nv
SAVI 118 vaNm A G cla-lglsTs---¥ v n v
SEND 119 VAN A G Gls -|gl- - ~TVSY Y AV
YAB 118  TaANM iy e Gl -[G}- - N - VG FlPAR]Y A v
CARL 120 VINMBLGIGPSGSTAMKQA AlY ARG GlsslenTNTIGYPREYDEN IAV
DY 120 VINMELGGPSGSTALKQA alyas|e GlsslclsonTIGYPRKY|D nv
NAT 121 VINMBLGGPTGSTALKTV Al s s|e GlsslglsTs TvGYlplaklylp A V|G
E 121 VINMBLGIGPTGSTALKTV Alv s sle clsslels s tveylplakfrlp 1
J 121 VINMBLGIGPSGSTALKTV AV s sle Gls slels ssTve YR KiYlp AV
AMYL 121 VINMBLGGPSGSTALKTV Al s slG Gls slls ssTveypaRyp 1
BPN' 121 VINMSLGGPSGAAALKAA AlvASsle GIr slcls s s TV G YPleR|tlP 1N
MECE 121 VINMELGGPTGSTALKTV AlY s s[g| Gjs slejs Ts TV G Y[PAK[Y[P AV
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Fig. 5. Amino acid sequence of mature subtilisin ALP I and other subtilisins. The amino acid sequence enclosed in the open boxes (L) are
common sequences among all subtilisins. The identical amino acids between subtilisin ALP I and all alkaline subtilisins are enclosed in the
dark boxes (E2), and those between ALP I and neutral subtilisin are in darker boxes (7). The amino acids enclosed in the darkest boxes (&)
are independent in subtilisin ALP I from all subtilisins. ALP I, subtilisin ALP I, PB92, serine protease from Bacillus alcalophilus PB92 [8];
221, no. 221 protease from alkalophilic Bacillus sp. no. 221 [18]; SAV], Savinase® [2]; SEND, subtilisin Sendai from alkalophilic Bacillus sp.
G-825-6 [23]; YAB, alkaline elastase Ya-B [7]; CARL, subtilisin Carlsberg [5]; DY, subtilisin DY [11]; NAT, subtilisin NAT [10]; E,
subtilisin E [16]; J, subtilisin J [6]; AMYL, subtilisin amylosacchariticus [26]; BPN’, subtilisin BPN' [21]; MECE, mecentericopeptidase [17].
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ALP1 178
PB92 175
221 175

SAVI 174

SEND 175

YAB 174

CARL 180 S|F
DY 180 SIF
NAT 181 SIF
E 181 S|F
J 181 S|F
AMYTL 181 S{F
BPN' 181 S{F
MECE 181 S|F

ALP1l 238 LTAAQ]
PB92 235 WSNVQ[E
221 235 WSNV[Q[T
SAVI 234 wsSNVjQ[I
SEND 235 WSNTQ
YAB 234 WSNV[Qji

CARL 240 LSASpV
DY 240 LSASslp
NAT 241 WTNAlQW
E 241 WTNAlWV
J 241 WTNAlWV
AMYL 241 WTNAalQW
BPN' 241 WTNTQNV
MECE 241 WTNAQV

Fig. 5. Continued.

neutral subtilisins, and another subfamily of neutral
ones contained subtilisin J [6], NAT [10], Amylosac-
chariticus [26], E [16], BPN' [21] and mecentericopep-
tidase [17]. The homologies of subtilisins belonging to
each subclass were more than 80%. Subtilisin ALP 1
did not belong to any subfamily. It was thought to be
in an independent subfamily between the alkaline
group and the neutral one.

In comparison with the neutral subtilisins, the
alkaline subtilisins had the deletion of amino acids in
common (Fig. 5), so the total lengths of the mature
enzymes of alkaline subtilisins were shorter than the
neutral subtilisins by six or seven amino acids. The
longest deletion was shown in the region around
position 159 ~ 166. There was no deletion around
position 159 ~ 166 in subtilisin ALP I. The amino
acid sequence filled in this deletion did not resemble

-
VNV Q
VNV
VNVQ
VG I Q|
VGV Q

AGVY
VSvVY
VSIQ
WVSIQ
VSIQ
VSIQ
VSIQ

21 220+* 230
;ESLNGTSMASPHVAG
S T ASLNGTSMATPHVAG
STIYPGSTYASLNIGTSMA|TPHVAG

Y

Y
ST[YPGSTYASLNIGTSMA[TPHVAG

Y

Y

STIYPGNR|YASLSGTSMA[TPHVAG,
STVPGNGYASFNIGT SMA[TPHVAG

STIYPTST
STIYPSNT
STILPGGT
STILPGGT
STILPGGT
STLPGGT
S TILPGNK

ATLNIGTSMA[SPHVAG
TSLNIGTSMASPHVAGARAALIILSKY
GAYNIGTSMA[TPHVAGRRAALIILSKH

AALIILSKH

GAYN|IGTSMA[TTHVAGRRALIILSKH
GAYNIGTSMA[TPHVAGRRALIILSKEH
GAYNIGTSMASPHVAGARALIILSKH

VSIQ

A
A
A
GAYNIGTSMA|TPHVAGRAAAL|IILSKH
A
A
A
A

[ < K<<
I R s I e B B L
RS

STLPGGTYGAYNIGT SMAITPHVAGARAAL|IILSKI

those of neutral subtilisins. The deleted amino acids
around position 160 were thought to take part in the
conformation of the P, pocket in subtilisin BPN’, and
the deletion of these amino acids might reduce the
structure of the Py pocket, and the P, preference of
alkaline elastase Ya-B was for Ala [7].

In our study, subtilisin Sendai [23], which showed
more than 80% homology with PB 92 protease [8] or
No. 221 protease |18], also deleted four amino acids
in this region, but subtilisin Sendai did not show the
P, preference for the small amino acid residues Ala
and Gly. It preferred bulky and hydrophobic amino
acids such as Leu, Tyr, or Phe in the P, position of the
substrate. These observations showed that deletion
around position 160 does not determine the only P,
preference for small amino acid residue. There was
no deletion in this region of subtilisin ALP I from



208

CURRENT MICROBIOLOGY Vol. 30 (1995)

YAB 56.0 (549 [53.3 [54.4 [63.3 {540 [54.7 [53.3
SEND |78.7 531 [524 [558 [56.6 [55.8 [56.2 (555 [54.4
SAVI B1.0 |91.7 59.1 |56.6 |[58.5 [59.33 |58.5 |58.9 [58.5 [58.5 Flg 6. Diagram of the homologies
221 fso js1.7 Js21 599 [566 593 [60.0 [59.5 [596 [59.3 |se5 between subtilisins. The numbers
represent homologies (%) between
|PBQ2 9.6 [98.5 [82.1 [B25 50.5 [56.9 [58.9 [59.6 [68.9 [59.3 [68.9 [68.2 subtilisins. The thick lines separate
the subtilisin family into subfamilies
|ALPI 623 623 i61.9 1.4 [59.9 513 lpo.8 [57.7 |575 [575 [57.1 564 [55.1 by their homologies. ALP I, subtilisin
ALP I; PB92, serine protease from
cARLkss 684 [69.8 [68.7 [69.1 [68.4 [68.3 Bacillus alcalophilus PB92 [8]; 221,
no. 221 protease from alkalophilic
DY |695 [69.8 [60.8 [69.1 [69.1 [69.1 Bacillus sp. no. 221 [18]; SAV1, Savi-
nase® [2]; SEND, subtilisin Sendai
J jo2.8 985 (985 {85.8 |95.3 ?
from alkalophilic Bacillus sp. G-825-6
NAT Jo7.8 1993 865 196.0 [23]; YAB, alkaline elastase Ya-B [7];
mvikss loss loas CARL, subtilisin Carlsberg [5]; DY,
- ) ) subtilisin DY {11]; NAT, subtilisin
E 58 96.0 NAT [10]; E, subtilisin E [16]; J, sub-
- tilisin J [6]; AMYL, subtilisin amylo-
BPN' [53.3 sacchariticus [26]; BPN', subtilisin
mece| BFN[21]; MECE, mecentericopepti-
dase [17].
alkalophilic Bacillus. 1t attacked well the oligomeric 4. Hewick RM, Hunkapiller MW, Hood LE, Dreyer WJ (1981) A

synthetic substrates, of which there were Phe, Tyr, or
Leu in their P; site, but the substrate specificity of
subtilisin ALP 1 against the oxidized B-chain of
insulin was different from those of alkaline subtilisins.
It was similar to those of neutral subtilisins. No
neutral subtilisin deleted the amino acid in these
region. If this deletion determined the substrate
specificity of the enzyme, it might not be concerned
only with the P, preference, but also with the recogni-
tion of steric conformation.

It can be concluded that subtilisin ALP I has a
unique primary structure. The enzyme might be
classified as intermediate between the alkaline and
neutral groups of subtilisin.
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