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Partial amino acid sequence of protease I produced
by Bacillus sp. 11-4 isolated from Vietnamese fish sauces
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Bacillus sp. 11-4 metalloprotease (protease I), which shows collagenase-like specificity, was purified
from the culture supernatant of the strain. The N-terminal amino acid sequence of the protease I was
determined up to 43 residues from its N-terminus. Further, five derivative peptides were obtained by
V 8 protease digestion and their amino acid sequences were analyzed. Of the fragments, three
derivatives showed identical N-terminal sequence with the parent protease I. On the other hand, the
remaining two derivatives showed sequences, which seemed to match the internal region of parent
protease 1. Adapting the partial amino acid sequence information to a BLAST database search, the
protease 1 showed significant similarity with the neutral metalloproteases, which possess the zinc-
binding motif HEXXH, produced by some clostridia, bacilli, streptococci and staphylococci. The listed
metalloproteases commonly possessed the hidden Markov model domain for thermolysin family
protease. The functional features of the protease I determined previously, such as molecular masses,
isoelectric points and pH optimums, showed agreement with those of thermolysin family proteases.
Consequently the partial amino acid sequence analysis suggests that the protease I is defined as a

thermolysin-like metalloprotease.

Fish sauce is a popular seasoning in Southeast
Asia, typified by Nuoc mam in Vietnam, Nam pla in
Thailand and Patis in the Philippines. In Japan, fish
sauces are also used in some provinces, such as
Shottsuru in Akita, Ishiru in Ishikawa and Ikanago
in Kagawa prefecture. Because fish sauce has a
distinctive flavor, it is rarely used in unprocessed
form. But fish sauce came into widespread usage as
a hidden flavor in snack foods, basting for beef broil
and fish sausages, for their idiosyncratic flavor. The
flavors of fish sauces might be enhanced due to
amino acids and peptides derived from fish
proteins”. In general, fish sauce is produced from
raw fish by adding 15~20% (w/w) concentration of
salts and then matured for a half to one year. In
it was thought that the

degradation of proteins was due to fish-produced

fish sauce production,

protease (s) in muscles or digestive tracts. On the

(Received Jul. 25, 2002 ; Accepted Oct. 4, 2002)

other hand, some protease-productive bacteria are
known to exist in fish sauce. CHAIYANAN et al.
isolated a novel halobacillus, which grew in a
medium containing 10~20% salt, from a fish sauce
production line. The strain produced three types of
proteases with molecular masses of 100, 42 and 17
kDa. Of the the 100—and 17-kDa
proteases were defined as serine protease, whereas
the 42-kDa

metalloprotease .  The

proteases,
protease was identified as
halobacillus  has  been
successfully employed to improve fermentation in
industrial production of fish sauce in Thailand.
Previously we isolated some protease-productive
bacilli from fish sauces collected in factories and
markets in Vietnam”. The strains grew in medium
containing a high concentration of NaCl ranging
from 0 to 2.5 M, indicating that the bacili was
able to grow in the Vietnamese fish sauce. The
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major extracellular neutral protease (protease I) was
purified from one of the bacill, Bacillus sp. 11-4
isolated from Vietnamese fish sauce’. The molecular
mass of the protease I was determined as 33.5 kDa
by sodium dodecyl sulfate-polyacrylamide  gel
electrophoresis (SDS-PAGE). Because the protease I
required calcium ions and was inhibited by chelator
as EDTA and 1, 10-phenantrolin, the protease I
Further, the
protease I hydrolyzed native collagen, and specific

was defined as metalloprotease.

substrates for collagenase such as FALGPA and z-
Gly—Pro—-Leu—Pro—H:O - AcOEt,
protease I seemed to be collagenase-like protease.

consequently the

However, some properties of the protease I differed
from those of general collagenases. In this study,
the purified protease I was applied to partial amino
acid sequence analysis. The sequences exhibited
significant similarity with the amino acid sequences
belonging to the

of some metalloproteases

thermolysin  family, but not with those of
collagenases. To identify the protease purified from
Bacillus sp. 11-4, the properties of protease I were
compared with those of the metalloprotease obtained

by a database homology search.
Materials and Methods

1. Strain

Bacillus  sp. used. The strain was

isolated from commercial fish sauces obtained from

11-4 was

the market at Fue City in Vietnam as previously
reported’.

2. Purification of protease |

purified as previously

The protease I was

reported’. Bacillus sp. 11-4 was incubated in Luria-

Bertani (LB) medium at 37C for 12 hrs with shaking.

Four m¢ of the culture of the strain was inoculated
into 400m¢ of LB medium, and then the medium
was incubated at 37C for 18 hrs with shaking. The
culture supernatant was collected by centrifugation
(9,000 % g, 4 T) was
ultrafiltration using hollow fiber (with a molecular
twentieth. The
concentrate was fractionated by ammonium sulfate

10min, concentrated by

size of 10,000 Amicons) into a

saturation at 90%. The precipitate was dissolved in
20 mM Tris-HCl (pH 7.2) containing 1 mM CaCl.
dialyzed against the same buffer, and then applied
to a CM-Sepharose CL-6 B column equilibrated with
the same buffer. The absorbed protease I was
eluted by a linear gradient of NaCl ranging from 0

to 250 mM. Based on the protease assay described

as the previous report”, the fractions containing
protease I were collected and concentrated into a
minimum volume for the next step.
3. N-terminal and internal amino acid sequence
analysis
The N-terminal
protease I and derivative peptides from the protein

amino acid sequences of the

were determined with the direct protein sequencing
method described by Hirano and WaTanaBe». The
protease I and derivative peptides were separated
by SDS-PAGE using the method described by
LaemMLe. The peptides on the gels were
electroblotted onto polyvinylidine difluoride (PVDF)

membrane using semidry blotting apparatus (Nippon
Eido, Tokyo, Japan). The derivative peptides of the
protease I were prepared by proteolytic digestion
with Staphylococcus aureus V 8 protease (Wako Pure
Osaka, Japan),
according to the methods described by CLEVELAND et

Chemical, during electrophoresis
al” After the membrane was stained, the visible
bands were cut out. The N-terminal amino acid
sequences of the protease I and derivative peptides
were determined using a pulsed liquid phase protein
sequencer (Model 492, Applied Biosystems, Foster
City, USA).
4. Database homology search

The N-terminal and internal amino acid sequences
found were applied to a database homology search
using BLAST (http://www.ncbinlm.nih.gov/BLAST
/). The Clustal W alignments®of the amino acid
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Fig.1 SDS-PAGE banding profiles of purified Bacillus
sp.11-4 protease 1 and the V8 protease-derivative
fragments

The proteolytic digestion of the protease I was performed in the
stacking gels as described in Materials and Methods. Lane 1 R
molecular weight standard proteins ; 2, parent proteasel; 3,
V 8 —protease digested fragments of the protease I. The fragment
names are indicated in right hand of the gel.
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sequences were created with MacVector nucleotide
and protein analysis software. The hidden Markov
model protein family database search was
performed using Pfam” (http://www. sanger. ac.
uk/Software/Pfam/).

Results and Discussion

The purified protease I demonstrated a peptide
band with a molecular mass of approximately 33.5
kDa on SDS-PAGE as shown in Fig.1. The peptide
was electroblotted onto PVDF membrane and then

applied to N-terminal amino acid sequence analysis.
As shown in Table1, the N-terminal amino acid
sequence of parent protease I was determined as A
-A-T-T-G-S-G-Y-G-V-L-D-D-Y-K-
T-L-N-T-Y-S-S-N-G-T-Y-Y-L-Y-D
-V-T-K-P-M-N-G-V-I-E-T-F-T. The
database search for the determined sequence with
the BLAST program enumerated Clostridium
perfringens lambda toxin and some metalloproteases
such as elastase, bacillolysin and aureolysin (Table
2 ). According to the sequence of listed

Table 1 N-terminal amino acid sequences of purified protease I and derived fragments obtained by V 8 protease

digestion developed by SDS-PAGE

Peptide band

N-terminal amino acid sequences determined

12345678 91011121314151617 18192021 2223 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Parentt AATTGSGYGVLDDYKTLNTYSSNGTYYLYDVTKPMNGVIETFT
12345678910
A AATTGSGYGYV
12345678910
B AATTGSGYGV
12345678910
C AATTGSGYGYV

12345678 91011121314151617181920
D SFSDVFGYFLDPGDYLMGED
1234567 891011121314151617181920
E HMNNYVNTSSDNGGVHTNSG

The band names A through E are corresponded to Fig.1.

Table 2 List of the proteins obtained by BLAST search using determined partial amino acid sequences

Sequence Source Protein Accession No.

N-terminal  Clostridium perfringens lambda toxin D 45904
Clostridium acetobutylicum extracellular neutral metalloprotease, NPRE NC 003030
Staphylococcus epidermidis extracellular elastase precursor (SEPP 1) P 43148
Staphylococcus chromogenes metalloprotease AF 218055
Bacillus megaterium bacillolysin precursor (neutral protease) Q 00891
Bacillus megaterium neutoral proteinase T 40227
Bacillus thuringiensis neutoral protease A L 77763
Bacillus cereus bacillolysin precursor (neutral protease) P 05806
Staphylococcus aureus zinc metalloproteinase aureolysin precursor P 81177

Fragment D Staphylococcus epidermidis extracellular elastase precursor (SEPP 1) P 43148
Staphylococcus aureus zinc metalloproteinase aureolysin precursor P 81177
Staphylococcus chromogenes metalloprotease AF 218055
Listeria monocytogenes bacillolysin-like proteinase A 60280
Bacillus amyloliquefaciens bacillolysin precursor (neutral protease) P 06832
Bacillus subtilis bacillolysin precursor (neutral protease) P 06142

Fragment E  Pectobacterium carotovorum extracellular protease (prt) AAA 24858.1
Clostridium acetobutylicum extracellular neutral metalloprotease, NPRE NC 003030
Staphylococcus epidermidis extracellular elastase precursor (SEPP 1) P 43148
Serratia marcescens extracellular protease M 59854
Staphylococcus aureus zinc metalloproteinase aureolysin precursor P 81177
Streptomyces coelicolor putative metalloprotease AL 136534
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metalloproteases, the molecular masses of the
nascent translational products were estimated as 56
~62 kDa. The N-terminal 25~30 residues of these
proteases exhibited typical signal-peptide sequence.
The products could primarily convert into pro-
protease by eliminating the signal peptide, and

finally mature into active metalloenzyme by

1910 " Consequently,

additional excision of the pro-regions
the molecular masses of the mature-form proteases
were approximately 33~35 kDa, and the values
coincided with the molecular mass of Bacillus sp. 11
—4 protease I. As shown in Fig.2, the N-terminal
amino acid sequence of Bacillus sp. 11-4 protease [
showed a good match with those of matured
analogues. From these data, the protease I might be
primary synthesized as a precursor having the
enhanced peptide at their N-terminus.

To obtain more primary structure information, the
protease I separated by SDS-PAGE was digested
with V8 protease and then the derivative peptides
were sequenced. As shown in Fig. 1, five
derivatives were obtained. Of the five derivatives,
the amino acid sequences of the fragment A, B and
C were exactly identical to the N-terminal amino
acid sequence of the parent protease I (Table1),
indicating that the fragments obtained were lacking
their C-terminal regions. On the other hand, the
sequences of fragment D and E were different from
that of the N-terminus of the parent peptide. The
sequences were significantly similar with those of
some metalloproteases, likewise the N-terminal
sequence of the parent peptide, based on the results
of the BLAST searches (Table2). Figure 2 shows
multiple alignments of the amino acid sequences of
Clostridium perfringens lambda toxin, Staphylococcus
epidermidis elastase, Bacillus subtilis bacillolysin and
Staphylococcus aureus aureolysin, with determined
partial amino acid sequence of Bacillus sp. 11-4
protease 1. The amino acid sequences of the
homologous metalloproteases with the protease 1
were applied to the hidden Markov model protein
family searches using Pfam”. As a result, the N-
terminal third part of the proteases matched with
the consensus domain sequences for thermolysin
metallopeptidase propeptide regions. The prediction
agreed with the previous reports about signal-and
pro-peptides in N-terminus of each protease .
Further, the

candidates for the centermost third part of the

domain searches lined up the

proteases as thermolysin metallopeptidase o—helical

domain, and for the C-terminal third part as
thermolysin metallopeptidase catalytic domain. More
than half of the metalloproteases possessed the
HEXXH motif, and the triad (two histidine and one
glutamic acid residues) could be acting as catalytic
residues. The motif HEXXH sequences were also
observed in the C-terminal third part domain of
listed proteins as shown in Fig.2. This observation
could indicate that the protease I also possessed a
zinc-binding site in the molecule. Furthermore, the
thermolysin family proteases contain four calcium-
binding sites, which provide thermal stability for the

12),13)

enzyme'?"¥. Previously MAEDA er al.¥ reported that
protease I was inactivated with zinc-specific chelator
1, 10-phenantorolin, further that active protease I
required calcium ions. These observations support
the prediction that the protease I would belong to
the thermolysin family. The bacillolysin is known as
the thermolysin family protease produced by bacilli.
The primary structure information of the bacillolysin
is available in six strains of bacilli. Although the
determined partial sequences of the protease I
showed some similarity with these sequences (data
not shown), the identical sequence was not obtained
from these data. Thus the protease I may be
defined as a relative to bacillolysin, but could not be
identified as bacillolysin. According to the previous
report”, the protease I hydrolyzed collagen and a
collagenase. Evidence for

specific substrate to

collagen digestion was also found in some

thermolysin family proteases. A member of the
exhibits
acting on large molecules such as elastin, laminin,
and G, and

collagen'. The broad specificity of the pseudolysin

family, pseudolysin, broader specificity,

proteoglycan, immunoglobrin A
is considered to be attributable to a wider active
site cleft. Furthermore, the Clostridium perfringens
lambda toxin, which had been found to be a
member of the thermolysin family proteases, also
degrades some large molecules such as fibronectin,
fibrinogen, immunoglobrin A and collagen, but not
elastin.

Recently, supplements of protease-containing viscera™

a7 the fermentation

or proteases" to accelerate
process have been attempted for mass-production of
fish sauce. LopETCHRAT and Park*described that the
effective enzymes in fermentation of fish sauce were
heat stable and salt tolerant, based on the data
about the characterization of the fermentation stage

of fish sauce production using Pacific Whiting. Thus
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lanbda 1 ILisLLgVAR! VEMNESHEVSE | EEGRQMKSKTE | I[MQISEDTN 47
elast 1 NFEKFAL A LEIVARP LNMINTEVDAKDKVYS - - - - ARRENEIDAKVT 13
baciti 1MGLGLEALEIVRVAARFMSLE ! SLPGNQABEGHQLKEN - - - -ORlilIFLSKKP I 46
aureo 1 FEIRYAF MATVEIL LESLTPARILASDTNHKP - - - ARRSORINFE I T 44
lambda 48 GKEJ@ 1 FMDESDGVQ 1 F IEAGN YLENNRSLFNFKNNDL o7
elast 40 QEFQATO - - - -PLEELPIL- S 74
bacitl 47 AQENEL SAPNDKEIVERQF LESKN 84
aureo 45 QK AVK- - - -BYLIMELPES- S 75
lanbda 98 NFR | DKY E| HK 147
elast 75 - - - - - - - - Ki 8 Q) 116
bacilf 8 - - - - - - -~ Y Al 126
aureo 76 - - - - - - - - (L[] 17
1abda 148 DR 1 QS 1 | SAIEIAKSSIR-SYDILSE- - - - - - PKAERYH 190
elast 117ARK Va Py ARESEN A FId DRQKAKE- - -AKEV | K TINKNY 162
bacill 127 HNQ S A A Kjij 3L A LIS KEMIGKSPDAVSRIGAAKNEINKAE L KARY 176
areo 118[AARRK VK PR [AA D KEXEN DKNKAKL - - -INoD@EV | KEPKN 163
Mature form
labda 191 Y FKDG KA Y DNIRNNINE Y PEEF A SR e FRE] | YEXE D 240
elast 16381 DGE K N[IYNRANE M T TERZK | S I NN <EIDENERKE O 212
pacitl 177f@TKOGS YIRIL AMDN THIR Y vV ERESE P A NW ENY L VRN -RRel SEE L K 226
aureo 16431 DG DS NIIYIIRANEIE LI T VIEEES | S HIR KW < EIRENeRKe] A 213
N-Terminal [A ARET G
1anbda 241 X8 | ANNEEIL TN LR Y KY GN KN YIHQEREKOMSGY I NTRJTARJHRY TD - N 289
elast 203Ke K G L[efsgi < Q | NMIN S V S[E€GREAHCPIMIQ QG T LSAYNKD AN T GEA - - - - YJR 258
baci1l 227X T T L KISARIY P LIRS Y € Gle KR VIR RPBIRS K P TGTQ | | TRID LIENR[®SR L P 276
aureo 204 MG KGR LISBREK D | NN S | DfgGIdsINEIMIH QG K L SAYN[END[® T G[&A - - - - 259
HEYGHMLOEBYKTLHNTYSSNETMYRYRVRBKPMNGV I ETRT

tambda 200l IYNYTQD INDP - - -IJANSEH S I FRIR 336
elast 256 MQD K DR NJFD D D EFGEGNEEIN TIHGE 308
bacill 277SSTTKTHT S S S LY ANEEYHMIN L G K VAR Ed ¥ S NI K& 326
aureo 260l TN E D E NIV K D D[REN GIVEIN i Fle R 300
lambda 337QYG - - - - - Sy UL S G 381
elast 309V NN F Q[Ef® D[R AL sG 358
bacill ¥L SG 3N
aureo NISe 359
lambda YDVK 431
DESSEKEY O8I T AN LI YREJQSGCGALNESFSDVFEGY F VDI R £ 392
baciil 372 (& CRE:NNEN | Rd E NEOl PSRN =R NP RAVE S NCR A N8 T - - - - - - - - - - - - - - - - 405
EVIGLVEERE QB8 | AN LIS YRNIB G O CA L NL O F o UV EGY F VDD i 393
Ianbda LNPEERHMKNY YN L PNEENEE YEERE | B 41
PP G EOVY TPGNREGDALRSMS RGN - - - SHMNDFVYRIN S - o NIcKeAVESIRENES 435
bacill 405[CMET VS - - - Q PLENEENNS KR NESRIBIN Y AN Y RN L P NRllE) £ [)s] Y [€ 452
PRI GEDV Y TPGCEQdGDALRSMS QIHGINY - - - SHMKDY VvV YREEK - 3 NIERRENE] 430
Fragment E HMNNY VNES S - ENEIYRERNS
eI c i PNKAAY NICREN Gl < TN | ¥ Y RA TI® YIRY SRI TR FAY E A R[Re L Q A A K DGR
PG PNKAAYNRE GERIGEQIR SiHQ 1 YYRAL TN NsphFleD A KESE] L{®Q A A DS
PRI C PNKAAYNEE  RDAGEERI K s[dla 1 Y YRAL Ty P S T KBEXR A AN | [ol SEXRYH] 502
QA 1[gk RALTIH NENE K

aureo

FINIG | PNKAAYNM SIS E[e}]

Y'Y DI® KIoFY | REQ A A KD

489

elast 480 [(NAAE - - E G | YQ QR G QLW D SAVEeRY
bacili 503fNAEe - - ST DEYA KR E ALY N ARVEE L
aureo 490 MRAD - - EQ TR E QN Y ELNW [eE 508

lambda 532NNSLEEAGNSNN 553

Fig.2 Multiple alignment of various thermolysin family metalloproteases and determined partial amino acid sequences of the
Bacillus sp.11- 4 protease [

The white letters indicate the identical or near relative residues. The shaded residues in the partial sequence of the protease I indicate the
residues exhibiting the match with at least one of the other proteases. Fragments D and E correspond to the names defined in Fig. 1.
Fragments A, B and C are omitted to describe, because they shows identical sequences with the N-terminus of parent protease 1. The
positions, which were predicted as cleavage sites with signal peptidases, are indicated with arrowheads. The N-termini of the mature
proteins are indicated by the arrow. lamhda, Clostridium perfringens lambda toxin ; elast, Staphylococcus epidermidis elastase ; bacillo, Bacillus
subtilis bacillolysin ; aureo, Staphylococcus aureus aureolysin.
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the heat-stable thermolysin family proteases could
play a beneficial role in the industrial production of
their
functional features, the precise primary structure for

fish sauce. To determine structural and
the Bacillus sp. 11-4 protease I should be clarified.
Moreover, the coding gene for protease 1 has to be

cloned for use in mass-production of fish sauce.
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N FLEREB KLY 98 S h/-Bacillus sp.11-4 D
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* 3 BULRERFEAY R EF LR
(T099-2493  JbifE#gE T /\HK196)
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7oo WR T U T 7 —¥UE, NKW®T I/ BREHI 5T &
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