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E— MEYERORBEE~DLH

N OBEROFHORE LT <, ALITHT 2300 FFEO =7 hOBEE 1T X — /L
EIZOWTOREDR DD, TOF T, E— L DFRTHHEFETDOTIT—EEF]
MUT BB ORR T N5, E72, ALl 800 FFEARARADRURTF AT =
AT | OFTIETF—ZEIZFYXOF B T e Zeniiib S ivTns, Ml
HOFENERITIIL Ry b EDONDEEHBER THOFEL U BEEL TERY, i1
NIFRERE DI EZ AT EHREBRANICHI AL TET2 &V D, — HFEAE T, &k
LRI KR DB TR AR LT RIS, S 708 DBELE - FBE AL DD 23
ZRFREIVITOI TE, TNHRMOIETIL, B ITEIRRED A TH 5K
72 E DBMEITHSE L E IR ZIEN LTS, BEREEERIE TR, a-TI7—E8,
INaATIT—8, FuT T =Bl OLHEOMR L LN T OIEN ATREL > TE
D, BEROMAGTRE L THEEZ IS 2 DN L7 > TS (Gomi et al., 1993; Iwashita et
al., 1998), 19 412720 | SR WD AFTEDS Kuhne <° Buchner HIZEDBGNIEG,
BER DOPEERN SRR E ST, 1874 ARV AT ¥ N B AR RO
PEERMRLL T FF0E I L F— X RE SR L v o SO IR TE A Bl iA
A, 1894 FITIE, MIEEE N/ NESTEEH OV BE AR BIEICX B E
Aspergillus oryzae F0DT 77— RIAIIBAY) S OB RIF LTI TR,
b7z, 20 HEACLARE L, FEMEEANT RO LIZ XD | Bk 2 22203 T8 L, PE
SN TVD, BUTE, B EFCIIREE BIEEE R | & /X B B 5 | Ak B
BER | IEEBERER R E N FIMEHSN TS, BFEREEFERIL, o -7I7—E, B
“TIT—EB INarig—8, I FI—8 kA T—8 T La—RfIRAT—ER
E0HE, BMEALAVTRE, Bk, R fOBHLE TR STV D, o 7E BE
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R TIE, X7 E D N RigbhH 0L C RIfEV 7/ ke — o7 Silffis g 5=
X7 a7 7 —REIEREOBSINRENINKSREST DR T a7 7 —EREnE i,
B, BN RERFRURE, BERE 2 REKILA], F—AE RIS TnD,
B EEHE TIL, X7V T —F, RAT 74 —F AMP 7 73—V iR X A,

RS CRIH S TVD, IREBERER Tl U S— B RRT7 7 #—EB)R
R~y MR THRIE TSN TWD, ZHWHDO/ESE D BRIk 4 THLH8, BiF
T, Aspergillus J&. Rhizomucor J&. Trichoderma J&72E . #E TIX Bacillus J& .

Streptomyces J&72E OFEAEY) M R OBESR 5 — BN E I S5 (GF LB, 2009,
2015), T T, B BFICB W TI RS D Th o Tof R Hidfra V- B2
FEELXEL R a-TIT7—8, TANRTF T —B Rl —H OB Tl A AN

STETWA,

B TTIRAF

FE AL, FHERM ORI I W TR D B 22 T8 MRS 0 BE72 SCRF Rk D
—FTHY ., Mfash~ R )y 7 ZEMBE B D, MRS~ R 7 224 AT D A s
RME T BURURGHE | SHPERRME | TRBIIE D DD, BRI HE & M AR 0D 32 il oy 23
AT =7 IR DITKRI LT, WERHED E R IE T ATF L7220 TN D, T ATF T,
P2 A il PGS M BN 7R 8 DARAEIEAN LB E SN DEALIC S AFAEL THY,
MO NPEICKRELSF 5T, TTAF > HRIT, SRR, YRR, s
ARE 1A PN RIS DM RS S b SN D PR =T AF bk D, FRARTT A
F NI 70 kDa D F[EMES LR THY | — UAEE I TBUK M R - 4G AR T
PR EIVD, BAKMEREIIT VS v Tl NV a7 E DI T I RN 2%
SEENDDITH LT, BUGTHEIITY U e T T = INE DR T L BEDIZEAE %
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% (Kielty et al., 2002; Schrider et al., 2018; Wise & Weiss, 2009), Bi/K MEFEIRIE B 4
EEHLTEY, =I7AF U OEMEICE 5L WD EE X 53TV D (Muiznieks et al.,
2010), —J7 . ZHBREIRIE o -~V 7 AD RIS AR L =7 AT OUUHENEIZE
HELTW5EE 2B T D(Reichheld et al., 2014), haART=TAF 2 13a7 & /L~_—
TarbMEHINSH CEEEAEZLTZOBIC, VO ARF —EDOIERHICED, 4445
TP DOV IR B AL T IS %, VPN T H —BIZKDRIRITED,
TARAEV U AT ATV LWV ZTAT R O T RIS E I, MR T AT

> DOZEREb R LS | REEMED =T AF L L70% (Fig. 1-1-1),

B =FRF—F

TIRG =R, ZTAF U DMK RE MBS 27077 =B THY, 1949 412
Bald HICk > TRANCEFRSITHIT- (Baldo & Banga, 1949), Balo Hid. Flgdhi 4
FOHPERHE A AT LT DR L, =7 AZ—BEL T Lz, mFLEICIE,
FEN TV AT T AL —F T 7 — A 3—]1 (CELAL), IFHERT=TAF—F <7
R7y—YAZuTaT 7 =8 E WL ONDRRDEAT DTIGAZ—ERFIEL T
V% (Naughton & Sanger, 1961; Shapiro et al., 1993; Watanabe et al., 1990), =7 A%
—VPIEM A ORER L. BT T T — 8 VAT AT a T T —8, TANRNTE
a7 7T —8 AnrnrT 7 =877 —7 T 7 —BRITIA ML TS
(Cheng et al., 2004; Miyoshi & Shinoda, 2000; Naughton & Sanger, 1961; Werb et al.,
1982), $REWM kD =T A% —B X, Pseudomonas J&. Clostridium J&. Vibrio J&.
Aeromonas J&. Bacillus J&. Streptomyces J&. Aspergillus J&D—EOFELDH L DS
5, P aeruginosa (Morihara et al., 1965). C. histolyticum (Takahashi et al., 1970a).

V. cholerae, V. vulnificus (Janda et al., 1999), Aeromonas hydrophila (Cascon et al.,
5



2000a), Aspergillus fumigatus (Lee & Kolattukudy, 1995)D A FE§ 5T T AL —B LA
gua7aT 7 —RBIZoEISND, WTNO RS R EES RSN TR, =724 —
BB EITIE R MEORER - L3785 TN AR BEME LY O ST 2 BT 28 0 &
ZZHILTUWD (Cascon et al., 2000; Lee & Kolattukudy, 1995; Takahashi et al., 1970),

Bacillus J&& Streptomyces JBINEFET HEZIAZ—RIZFIZ R T 07 7 —BITHy
FAIND (Bressollier et al., 1999; He et al., 2003; Hung & Hedstrom, 1998; Jurasek et
al., 1974; Kitadokoro et al., 1994; Tsai et al., 1988), Tsai 5%, Bacillus sp. YaB £ 5
WL T AL —BIEMZFF D subtilisin 7 7 7IV—DOT NV AT AL —E
(subtilisin YaB)& 4 PE A2 LA AEL TV D (Kaneko et al., 1989; Tsai et al., 1986,
1988), Bacillus J&& Streptomyces J&72E DIEFFIFEMAY R R DOZT 24— X, &

i, AEHESS . BEOERER TOFIH TS ND,

B BERICLOEAEIL

BAIZEWT, AEOIRONSIZRADEE 732 BEEAREO —>Tho,
BROBEIIX, IV TIF U RENDRDIIFEMMES LRI EL 27— x
TAF 12 E DFEARARE DI EDEAIZL > TEIZE IS5 (Christensen, Ertbjerg,
et al., 2013; Christensen, Laje, et al., 2013; Cross et al., 1973), &R D[ 7L LT
I, RO pH O b, PRIFIREE O b, MMAHRIL, B AEIC L D81 L
REBHNDOBESZBET LD DZLOFEM N4 A ETHEIN TS, ZOHFTH
BN TR T, BERRHEORILIEEL T, T/ A Y D& E N ThHpH 5.3 &
DHERPERIG L <X 7 L AR ORIEIR ISR N ARIE T 228 THLS B 2 R{EED
UITUIEBRHEND, AT EE, BRI O T RBHER ORI K E AR RKEN k-

AT DIDWACRRITFONDEE LN TS, B O & i i 73 BTl F
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W2 iR CTHHIREETIEH LM, RN OSSR, FrcZzOBRERED 1 5T
HHTTAF ATIEFITLEL TEY, ALFH, WELH), BROBERZICKILT
MitE73% (Ryder et al., 2015), —77, BESRIZ L DMRAGIEIL, RIHTECBEMR I L%
EOFRLCTESND, BERZ O HREL T, 7Aoo Ty T LEIDFITH
ONDLIOBEY R kDT a7 7 — BN —IIC I AV S5 (Abdel-Nacem &
Mohamed, 2016), 7272 L. ZAVHORES M DB 3R 13— W% L ME LA BT M A
STNWDT2® | FHHRME DB iR % 5 Z 29, ZORMFI iR, BSOS D
RELFIEDAR FIZ D723 LN ABIVTIY BRI LR35 13 D8R L AR RE oD il 41 2
WEHZSEDFK &> TWD, IAED R RO 7077 —EBH - B OILIZH
5#1%(Abdel-Naeem & Mohamed, 2016; Sullivan & Calkins, 2010), 47(Z., Bacillus J&
HRD T a7 7 —BILILHIIES AV, EDORERED TSIV TE TS, B. subtilis. B.
amyloliquefaciens . B. licheniformis 38X OZDMDONODOREIZL > TEASND
subtilisin 13, A5 S MR G L TRWEE R REEZ R > TWLZERHESNLTND
(Takagi, Arafuka, et al., 1992; Tsai et al., 1988), FIARDIL, VT AZ—BIEMEE£F
STV subtilisin YaB 23/ S5 e EOfEM RO T 0T 7 —EBI0h a7 —5 0 K
NZFATF KL TEWEE R RMEZRL, BRRIZEBWTHRS AR A B2k

LR RS -T-Z a8 AL TD  (Takagi, Kondou, et al., 1992),

BEE AHFFED HBIEARGRTDOER

gl LB, Hr O=T AL —BILBEICHE N HY ., Bacillus J&DEFET 5
subtilisin @ FIZ X EH W AX —PIEEOWRENHH . EEOBRAIKLAIEL TO
M IXTHICEEL TRV ORBUR TH S, 2 TARIFZECIL, A H 3k

DA T AS—CHER L, ZORABAL~DIE O AT BT 57 ke L,
7



AWFFEDORITLL T DY Th D, 56 ETIL, =72F—BAPEE A B +HIRE
RO NS B AR LT 222 ARYE LT, B =R T, 5 _FEIZB W TH
LTI AZ =P EER DT T AL — B EEFRMOBRFHNI OV TR D, FHINET
(T, E TG LI = T2 — A PERE R BIE OO T A — P, ARk
BAR T DRERO NIEERE OBEREIZ DWW TR~ D, B L ETIE, G L= o727 —
P ORERD & I Db RAMERR L 72, BN Tl AR ORFLE S

BDRLEIZHOWTIEND,



(a)

Tropoelastin

NN RAE o A A

l Signal peptide l Cross-linking domain
I:l Hydrophobic domain l C-terminus

(b)

Tropoelastin

Lysyl oxidase cross-linking

Figure 1-1-1. Structure of elastin

(a) Primary structure of tropoelastin. (b) Cross-linking model of elastin.



B_FE IR —BAEEREO KR

B WS

AT DY | Pseudomonas J& . Clostridium J&. Vibrio J&. Aeromonas J&. Bacillus
J& . Streptomyces J&. Aspergillus J&D—EROFELY =T 24 —PHEFEHDORE TS
TIEWD A, FEERO P AI L U TR TR R AN TOZRD O R BUR Th

%o TOHMELTIE, =TAZ—BAPERE DL <AHRFEE THY . =i T~OF H]

TN LT T, BERFEEOESWES DN TODIMAY HROREFE TH, =

FAT L LISIMZ IR IERRHED 0 L FIRFIZ R E CLEW, BRIROIK T 5| &R IJ L

WIRRTZEZ 2 HiD, R TIE, £ =T7RAZ—BAEFERHEZ NI HBET 572

DDA == TIEIZDOWTHREZT o7, IRITHEE LA —=0 7 EZ2 AW T,

FERZ T AS—VAEERORSGE HIRLT,

B MEROGIE

2-2-1. FEEREIEE
i % 4
FERERERITIE, T RATF UK (Table 2-2-1)Z2 V-, BRI HHER

DT 1.5 % (wiv)eLiz,

2-2-2. TIAA—VAFEREDAI)—= 7k

1) EFEREE

HARA NSO 7 e R 2 A B B K IR Mm% . =T AT U RIKES /L 7
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ml (AR L, 28°CTIRER 21T o7, —HUEHE, 50°C, 20 min DOFLELZITV
HRATET IERI A IS DO E R & B B LTz, BULERZ OFEH T, 0.2 ml =T AF
RIRERHE 7 ml \THERE L, RIRRICES B AT o7, =T AT 4RO A % HARIZT
B L, WHRDBHER CEIRBRX O 1 kA7) —=2 71Tz,
2) 1 RAZV—=7

TIAFVEEREEHAE AT, ZERRETA7 VAU AR B iR, R E I
DIFHNTZIERIR EEAREBA LT, ZTATFT ORIV T Y — FEAIZEY
HHLCHERRL ., 2V 7 — U RS oo T RRIZ DWW T, 2 IRAZ D — =2 i LT,
3) 2IAI—=

1 RAZY)—= 7\ E0 G- FRE 1| S EoREEY, =7 AT R IRRH 7

ml (THERE L, 28°C24~48 i), IRZFE 2T o7, bRz VW=7

AG —BiEW 2T AF arad— Ly NEEICTRIELT,

2-2-3. TIAX—BIHMEHIEE

TIAX—VEMIT, S mgml DT AF a3 —L R (Merck Millipore,
Darmstadt, Germany)% & ¢» 50 mM Tris-HCl (pH 8.0) 900 pl CHIE L 7=, BERIAIK
100 ul MMz 52 LI GZEBIAEL, 25°CC 1 FRRI#E#RL7-, 0.1 M NaOH % 200
ul Mz, BOGZEEIESH 20,400 x g T 15 230U CORBUG O E A FE 2Bk
L7z, BiGICHENZaigtEay I — Ly R A% Ags THIELTZ, ZOIEMED 1

unit (U)i%, 25° C T 1 R Agos DWOLEA 1.0 RS E MR EEL TERLIZ,
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Table 2-2-1.

Flastin medium

Elastin 50.0 ¢
K2HPO4 70 g
KH2PO4 20 ¢
MgSO4 01 g
Yeast Extract 05 ¢
1L (pH 6.8)
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B=M TIRF—RARER D BRE

2-3-1. TIRF—BRAI)—=0 7 IEDOWeENT

EREAR . 2 IRAZY == Z1ZB WL RIS i 0 =5 2F N FE RIS 7 & kel
Hk=F7 24—+ (Merck Millipore)lZLVVHKT D0 R LIZEZ A, 0.05 U OR%EH
BTHIIL 48 B TR T HIENMERS NI, T, [FERIZ 1 RAZV—=7D
TIAF U FERIGFHUT DWW TH R L7, ZERIEH E T, 0.01 U DEERIRE ThiulL
48-96 IRt TOU T Y — L IS SN A Z LM fERR STz,

2-3-2. TIAK—VHERERHO KU

HALPNDORAERLO N B ARR O 88 TR, & ARSI 2-3-1 THESE
LI FIEEE L TR — =0 T 54T o0, R E . 1| RAZV—=0 T OfER, H
HRNRAERE, BRRADLEEEL-HRICB W TENENTIITY — 2B 15
BRI O, BARRIZIE, FENIRA BERRDDIX Bacillus J& 18 K. Streptomyces
JB 12 Bk, B DIT R 19 8k GRIFIE), LEFEIR., S REREY K 17 B
(CRFEIE) G T 2T LN TEE,

2 WAI) == & D855 LI RO T AF o3 s M e LT pb 3 TE %
RUT B ERIL Bacillus J& 18 ¥k, Streptomyces J& 12 ¥k, D 3 kL 72> /= (Fig.
2-3-1), EOH T, FEbIEMED mH > T2 FIRIX B #LRA IR D Streptomyces sp. P-3 £

THY, 1.3 Uml DT AZ—BIEMENREFE B ISz, .
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Figure 2-3-1. Elastase activity in the culture supernatant in secondary screening
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FIUET FLHLELR

RETIE, TIAT U ERFR, BRFELLZTAT UHEME VDI ET, B
RA B, BRRO T8 THEER, &RERIES L =TI 27 —BAEEREOBFIC
LTz, | IRAZV == 712N T, BREEHM L TOII 7Y = DY REED K&
WEFRERLT LY 2 IRAZ)—=0 ZIZB O TEWEMEZ R LW )b Tlddeno
Too ZHUL 1 RAZV—=0 TNERBEMRDITHIL T, 2 IRAZV—=2 T D3RS
PR DB NEER O EFEMEITENWE 52 TODHDEE X HILD, LINLIRDG,
1| RAZV—=2 7 TOVT Y — R LT ERR DO R T 2 IRAZ Y — =2 7 TH R
EMZ R TN eZ eI KRTY == TIEF 0 ITHEEEL TV b D EE X BivD,
2 WAIV—=U TR =T RS —BIEMZ R CWEHEREDIZE A LT Bacillus &,
Streptomyces J&EDME Td>7-, Bacillus J&. Streptomyces J&EHIZERIN T 07T —
BEAELHEREL THILNTEY, SEIOARZ)—= 7R OFEFEOROS Z a3
FFL7-bDEEZBND (Busche et al., 2018; Contesini et al., 2018), Bacillus J&DVED
F RSN T 0T T — 8O THS subtilisin (21E, ORI LVIEMEOETHIIH DY
DDEFTAZ —EIEW AR T ZENHRESIL TS (He et al., 2003; Tsai et al., 1988),
—J5 Streptomyces J& TlX., S. griseus <° S. albidoflavus D FES D707 7 —EIL=
TAL—BIEVER DL ENHESITNDHDD (Bressollier et al., 1999; Jurasek et
al., 1974; Kitadokoro et al., 1994), =7 AX —V{EMEIZHE B LIZAF RO 1340 L
SR80, BRIDAY) —= 7 TlL, Streptomyces sp. P-3 B b EWTTAX—F
JEMEA TR L T2, Streptomyces sp. P-3 BRI, G FBIMERIC L OB AT 25,
ATERITESRS LITHR THY | Btz E AL Tz (Fig. 2-4-1), IRETIL,
Streptomyces sp. P-3 ¥RDEPET HTT AL —BIZOWTHFESIFERGTTTHILEL
7=

15



Figure 2-4-1. Optical micrograph of Streptomyces sp. P-3.
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B =5 Streptomyces sp. P-3 PRDTT RS —BEPESFMDORRET

B e

fEse D TEEPEICBWTC, BBEEZOAFEMEZ R KILS T2 LTV HEDOKRFHE
A%, pH. AL DEREEEIN % R E ORF AR AT, A PEIZ I\ TRE
FROEPEMEIIRESE B L HT-Z DR+ Th D, FrIH RN T, A REa RO IS5
G5k 50 HIELD ., R AEPED =D K0 L2 T~ DA R D BN D, A
T ClL. Streptomyces sp. P-3 KD =T A4 —BAFED T DZEFRIR, pH, 1L ORRFT
AT ol MICTLEMBME CORELZBEL TPv— 77— A Z—Z AV #EX

LRI AT\, BER O ERB OHRE{T-7-,

B MEROGIE

3-2-1. EEAE
feli FHES H

ERMOBFHIIX, EHRBPFRFTEFH (Table 3-2-1), RIEIVE TR EZ M A T-EL
BETTAF ARG (Table 3-2-2)% FV iz, =7 A% —E A FEORRIEEALIIE 1T
BWTIL, Ak, AR 81T Glucose-Yeast extract-Defatted soybean meal (GYD)

HE ML (Table 3-2-3)% FIV V7=,

3-2-2. BRI OMET
Ry T AT 300ml B =7 T A2 70 ml DEFRPFRFEL L, =T 2AF ik ikE:
A TR SO G EIT o7, Bt IR ERE ICA B 7ml, 72 h O5HT
17



1TV A B30 0 (20,400 x g, 10 min) ICTHERZEINE ., FEED 0.85% I
BRI CURE 4. 0.7 ml 24555 HITHE B L 72,

ERFOBGEHT, 7T BIEKRE, BERTF A a— AT (=T NG —
TR ERAWTRERZ(T o7, pH ORFIERERIRE OBREHE, =7ATF R IRE %
F\WT pH(6.5,7.0,7.5,8.0,9.0) | I (24, 28, 32°C) DA S THEZE ATV, BiFH

DTTAL—PIEMEEZHIE LT,

3-2-3. Streptomyces sp. P-3 tROTT AL —B DL jE

Streptoymces sp. P-3 ££i, 50 ml @ GYD E5#1i2C, 28°C. 200 rpm T 24 K[ AL
BHEAT ST, WIS, ARG 25 ml % 2.5 L O GYD UKL S LYy —7 7 —A
= (=T Tar Ty RIOICTARERZATo7, 5 LYY — 77— A —(%

28°C. 600 rpm, 1.0 vvm DA THEE AT o7,

il

3.0-4. J)La—APEFEDE
Hith o7 va— 2 EEIL, Zva—R ClI-T AN a— (B 7 AV L

Fh RBR)Z O, i E > TIT -7,

18



Table 3-2-1. Nitrogen source medium

Nitorogen

70 ¢
source
Glucose 05 ¢
K2HPO4 70 g
KH2PO4 25 ¢
MgSO4 01 g
Yeast Extract 05 ¢

1L (pH 6.8)

19



Table 3-2-2. Modified elastin medium

Elastin 70 ¢
Glucose 05 ¢
K2HPO4 70 g
KH2PO4 25 ¢
MgSO4 01 g
Yeast Extract 05 ¢
1L (pH 6.8)

20



Table 3-2-3. GYD medium

Glucose 1.0
(NH4)2S04 1.0
KH2PO4 05 g
Defatted soybean

15 g
meal
Yeast Extract 100 ¢

1L (pH 6.5)

21



W=H1 Streptomyces sp. P-3 BRD¥5E &M REt

3-3-1. ERPOMET

TIAF VPN ERIREL THWEBEO T AL — B DA FEIZ OV TRFTLT,
BHRFUIYITF U PIERT, BRTX R, a— AT 4—F 08— T d 5
Fix W, ZORER, BB R, B =X A2 EHBWE L THWZERIC, BER 0L
PEPEMRZNZI 091, 048 Uml &, TIAF L ZERIRELED 3.6, 1.9 Fm<72

HZENBBNZ/2 -7 (Table 3-3-1),

3-3-2. K5 )% pH ORGET
BRI OM)FE pH ORI EIT -7, EiD 9% pH % pH 6.5, 7.0, 7.5, 8.0, 9.0 I
THEEL | B AATo7282A, #1381% pH 6.5 DM TRLEWTTIAY —F DA pENE

DIEFRS AT (Table 3-3-1),

3-3-3. BEERIEE MGt
EERIRE ORI EIT o, BERIEEAR 24,28, 32°COSMEICTEER A T2 A,

FERIRE 28°C Theh @\ =7 AX — VP O A FEM DNSHEZRE LT (Table 3-3-1),

3-3-4. Streptomyces sp. P-3 RO T AL —B DL pE

Streptomyces sp. P-3 BRD =T AKX — B DAFEIZBO D EEETHRDHT-DIZT v —7
7= A — BT O A IE LTz (Fig. 3-3-1), B5a8I1%, Bl Ko, BERE—%
2% FHEERFELTZ GYD HHia V., #1% pH 6.5, 28°CTITo7c, TORER. £
LA 6 RE LA FY, AUV EREE O B I ra—2jg

FEDIR T A E Tz, H&BA%R 20 WFfH B Tl Zba =0 aIciiiBL ., b
22



VIZTFAZ—FBOEFENIEEY | 53 44 R B2 OFEETEYE 4.5 U/ml 201

NQAY N
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Table 3-3-1. Effect of nitrogen sources and physical parameters on SEL production

Group Parameters Elastase activity (U/ml)

Nitrogen sources Elastin 0.25
Gelatin 0.12

Defatted soybean
0.91

meal

Yeast extract 0.48
Corn steep powder 0.16
Peptone 0.06
Initial pH pH 6.5 0.37
pH 7.0 0.25
pH 7.5 0.22
pH 8.0 0.17
pH 9.0 0.14
Temperature (°C) 24 0.15
28 0.25
32 0.14
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Figure 3-3-1. Growth and elastase production from Streptomyces sp. P-3

Closed circles, cell growth; triangles, elastase activity; open circles, glucose.
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FIUET FLHLELR

ARFETIL, Streptomyces sp. P-3 BEDAFET DT AKX —BZOWT, FEFELRMOM
BEAT ol RSN ClE, ERHEL TR KT, B =% 2| Ki Y]
H pH 1T 6.5, BB IRE 28COLMT=IAZ—BIEME 4.5 Uml O KEZRLT
W, BRI D7 N a— DB L TobEER DA FENBIGS N2 8 ID  KEOA4
PETHZTAZ—RIL, =R ANERTAMNNGIZZ T TODEHDEE 2 BT,
Mehta B, Streptomyces JEDEFESTHT N HIVF T T —B NI )La— 2P 0.5 %
TR DAPEN I REIRST2S, AL EDPREETIRD & — R T2 AR T A Ml
OB A FEMENME T 222 8L TS (Mehta et al., 2006), 727 7 —1L,
ERICIR B, ERPEL TOT I BRONT TG T o720 0&k B 2> Tk
D, A —2(EE T OEFRIREETIE, 707 7 —BARITHSh b L% 2515,
Geobacillus caldoproteolyticus D7 0T 7 — B HEFEIZBWTIL, 77 h—A% R FER
ELTHWAZET =R B ZRTA M E52 T SRR A EN A BT 5280 &
EN TS (X. G. Chen et al., 2004), =T AZ—LEFEDT=DDRFIROBIL, 5
[EX IR 72D T2 72D At ORFTRRE CH D, 1272 EEEO A FEIIT M7 b 35
TROFIH D RKROOINDT8, 73— AT IR A PED RO BV RUTFHI T&E 5,
ROV TIL, Hosseini B3 S. griseoflavus TII I BAANZEOT A BT 0T T
—POFENREXHZENHESN TS (Hosseini etal., 2016), S. roseiscleroticus 1.
A R =X R PR TF A XTI BRFELERIZ, m0WeTr T —E0
HEPENEL DT ED A& TV D (Vonothini et al., 2008), Mehta HiE, BEfFTF AL
NI N DALY TT T 7T —EBOAEFENED N LT 5285 L TV D (Mehta
et al., 2006), A TlL, =IAZ—EOFHEITIIL T LE =T ATF A MLEITIIARL
B =X AR R ECRVEERAENRO LN, — B E T e 7 — €
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BOHREDBHSTe_TNAAL, ARE TIE EWEEMEZ RS20 o7, Streptomyces &
DEEEZRTH, 7077 —BAEEICRERERFUIFERT IR TEY, T
FNOBEE TR T DM N DD, Streptomyces sp. P-3 FEOESE R IL, & H H
B O 44 B TBEROEEN KRR EL-Te, 2D EIE, S bikiniensis . S.
pseudogrisiolus. S. griseoflavus 73X DFFRE D7 07 7 —BAEEDHE L —FHL T
% (Hosseini et al., 2016; Mehta et al., 2006; Thumar & Singh, 2007), £%H1D )1 pH
i%. S. griseoflavus DT VAN T 0T T —EOAFERFTHIBWT, pH 6.5 THEEMIT
R ERSTERY, RKEOREFL—EL TV/= (Hosseini et al., 2016), S. sodiiphilus T
%, pH 9.0 TTY BT 0T T —EBDEFEMN KK EMR> T2 (Thumar & Singh,
2007)28 0, WREIZ LD BN REINL O LD ND, IRE TIZL, Streptomyces sp. P-
3 BRDAEPES DT AZ—BIT OV TEERINTIENT 3 57201, R DRI EZ1THIZ L&
L7z,
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SEIUE Streptomyces sp. P-3 BRHR I 2Z—E (SEL)DRFEHLBLETFOERE

B e

BIIEE TIZ, Streptomyces J& DT AL — B EZFFH>7 077 —EBLL T, S
albidoflavus @ SAKase, S. griseus @ SprB. SprT. S. fradiae ? SFase-2 72E D7 a7
T —ERHEZIL TV D(Bressollier et al., 1999; Jurasek et al., 1974; Kitadokoro et al.,
1994), WWFNOEEFEY S1 B 70T 7 —RICHHESNOEEE TIIH DN, =T AHF—
BIFIEIHE B LTSRS BIT O TOVRW, E72, Bacillus JEDAEFES S
subitilisin <> Pseudomonas J&. Clostridium J&. Vibrio J&72E OJRIFMHERE DA PES
% LasB, WHFLIED CELAL, 4FPERE=TAZ —8 | =/nTy—A7nrn7 7 —8i
EMkx Iz 22 —BiEWEHFHOTnT 7 —EBRmbhTnd, KETIT,
Streptomyces sp. P-3 KR /EpET HT TG AL —BIZHOWTEEHIO =T 24 —8 U7
177 —EBED A THIZ L2 HAYE LT, Streptomyces sp. P-3 BRDEG#E XD, =
FTAR—TDIEMARIK Streptomyces elastase (SEL)DKEHL, EER FHIRAT T, S

SIS R FDru—=7 3R 211528 LT,

BE MR OTIE

4-2-1. FEEAEL

i FH 5% 1

Streptomyces sp. P-3 FROE:H (X, AIEEAIERICATE 2, A& LEHIZ GYD Hii
(Table 3-2-3) %\ 7=, Escherichia coli IM109. E. coli BL21(DE3)pLysS Di5# (%

50 ug/ml DI F~AT 20 pg/ml DrAT AT 2= — L& ETe LB K (Table 4-
28



2-D)& e, ERREHIZIS T2 RO EIT 1.5 % (wiv)ELi,

4-2-2. BEERIROFTHHEL

AR LFERRDKME T, S L Vv —T7 7= A A=W TR AT T,

4-2-3. BERTEMERE
1) =FRFrard—LyRE

TIAF AT —LyNEILRD T AZ—BIEMERIE L, 2-2-3 IZFL D HIEIHE
-7z,
2) BB L

B RGEEIEICZATEMERIE Tl X7 FRO C RN R AREE ThoH p-=h=

7=V (p-NA)DFES LT A A E & H V) -, 20 mM Tris-HC1 (pH 8.0) 490 pl (245
BEOEKIAEE 60 ul Zh1x, 25°CT 15 pl7 VA Fax—ra L, MNRE.
FERTANR 50 pl 2N AHZ LIV IEZERIAEL . 25°CC 20 /3 MSSS T2, 50 %HE
BRI 100 ul 200 %, SOGEEIESE, BiFICHS p-NA &% Ao THIEL
720 ZOEMED 1 unit (U)X, 25° C T 1 0H720 1lumol DFE %S 585 D

2L TERL,

4-2-4. SEL O

B A O BE (3,000 x g, 30 min)(CLVEAEERELE, S5z BE 2,500
ml Z[RAMEIE T 2 —/L Microza AIP-0013D (JEAL A%, BE)IZED 500 ml £ TR
L. #&fER A (20 mM Tris-HCI, pH 7.5)I2&0 4°CCT—MuB T 21T o7, BT IR T 5% &
i A Tk L7= DEAE Sepharose (GE Healthcare, Waukesha, W1, USA)IZfEL | 3

W 53 24370 AFOI T IS B3 (3R E R A TF-#{k L7z CM Sepharose (GE
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Healthcare)|ZffL7=, ¥ HIIE, FEMEIR A £ 0.2 M NaCl O EAREE A/ (0-20 %)
IV EAT ST, 7y DETAZ— BTV, 2o " VEREZRIEL  JEHEOH-
“H A B L7206 $EEE B (20 mM U BRFETENR, pH 6.0, 20 Y%l 7 =7
L) T 4C—MBhETadT o7, EATHRITAEE R B CTF{#1{k.L7= Phenyl Sepharose (GE
Healthcare) [ZffkL | 20-0% HiEE7 > E=" LD B E AR LVIE N EZIT- 7, 15

SITEME IR SEL L LT EBRIZH V-,

4-2-5. 53 E=DORE

ML TR SEL 45 1~ &l € 1% SDS-PAGE (XKW E LT, =R AT AT 7257
F 2T, FVIREEICEDRE T o7, HIES T L%, YMC-Pack Diol-200 (K-
P A X 2.0 pm, 4.6 x 300 mm, YMC, I#F)ZHWTRIE LTz, 7 /Vigia 7 a~ 57
A—DOEHIE 0.2 M NaCl 25T 0.1 M VU EERRENR (pH 7.0)2 WV CiitiE 0.7
ml/min (ZCTITo7c, FEHELZ L R7E LU T, M7 V73 (MW. 67,000), «-73

Z—+F (M.W. 45,000). RU7>> (M.W. 23,302), U F—2 (M.W. 14,314)% v 7=,

4-2-6. SDS-PAGE
Laemmli D 5{EIZHE~7= (Laemmli, 1970), 15 %7 77UV T IR V% HWT 20

mA DEBEF CTUKEIL -, Y4f4121% Coomassie Brilliant Blue % V7=,

4-2-7. BRI EIREDE &

2R E R E OMIE L., Protein assay kit (Bio-Rad Laboratories, Hercules, CA,
USA) %A, Bl EE > T T 72, M EHRO/ERLIZIT bovine serum albumin
(CEE VTN D 5w W LAY
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4-2-7. FEHIEESE O polyvinylidene difluoride membrane (PVDF fi) ~Diii 5

TEARZ A IR (0.3 M Tris, 5%A% /—/W)NZ 2 ¥, BI&IE (25 mM Tris, 5%A% /
— N 1 K. CIRIE (25 mM Tris, 40 mM 6-7 3/ A7 g, 5%A% ) —IW)NZ 3 K
TNEIR LT, FEHR L7 SEL (4-2-3 Z/8)% SDS-PAGE THEXIKEILT-, VKkEHILTZ
TN EENENOEIRISR LTS E EH A, 55555 (71 X7 vk AE - 6670P/N,

ATTO) Z W TCESMIIZ PVDF fi# (AE-6665, ATTO) IZ8x5. L . CBB (2 CY LT,

4-2-9. N K7/ ERBELS| DR E
RIS E 72 PVDF LD BRDO AU REYIO L 7 ERRLA 5 Hr & & (Applied

Biosystems Procise 492 cLC) (ZHEL 7=,

4-2-10. WYX/ FERL S D[ E

SDS-PAGE TEXUKENIR D7 /LLD, BROASCRZEDHTL, 10 mM P F A AL A
M Z2FEHLUTGEILLIZE, 50 mM S—R7BRT7IRZFEHL T v bz, 7
VR JACLLTZ T VT N7 AR D7 VINTE b E T -T2, 7 VIR MS v
NIE{EF¥ v XL-Trp Kit (777 7/v 4k, BR)E W T, B TR
WRIRIZ. 0.22 pm 74 /V % — Ultrafree-MC (Merck Millipore) A L7-1% | ik 7 o~
N7 F7RATRE A E &5 (LC/Q-TOF/MSITHEL 72,

LC/Q-TOF/MS M. iRk a~hrZ7 4—1% ACQUITY UPLC CSH130 1.7
um 2.1x150 mm 7772 (Waters, MA, USA)%Z VT, i 0.3 ml/min, FHEIE 0.1 %
FEAUSHR. 0.1% FME A7 Eh=P/WEIRE IO T ST, WIS, 7k
F=RULIREE 2% T 1 3 [HAR—/VRL724%, 60 73 T7 B R=RILHIREE 50%E72%
BREARICIVIE STz, VU7 VIREIL 10°C, A7 54 —7 iR EIE 40°CITE

ELTz, B & HTEHE Q-TOF AVE E43#73F SYNAPT G2 HDMS (Waters) {3 FH L
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72 V7 7L RIZiZuA v =777 (m/z 556. 2771 [M+H]+)%& AWz, B85
Hrat O S:1% Table 4-2-2 OV THD, IS LT-T — X DfENTIX ProteinLynx

Global SERVER (PLGS, Waters)Z H\ 7=,

4-2-11. 4 DNA O
GYP B3 C—& 538 LTz Streptomyces sp. P-3 BROHEIRIL, TT7AL— X% H T
MonoFas /X7 7V7 7 /5 DNA it v R (7 =F Ak, #£)IZTA DNA A

L7,

4-2-12. FFZAIN O
T ZAIROHIHIZIE QIAGEN Plasmid Mini Kit (Qiagen, Hilden, Germany)% F V>

7’9
—o

4-2-13. SEL #a—R 4 58In T seld D/a—=7
1) HEE T4~ —%H\ 7= inverse PCR %S L7z seld H55r HEFEBL S D[R E

4= DNA 30 pl IZ EcoRlI, Pstl, HindIIl 4 6 pl, $EMEHK 14 pl, 7+ 140 pl OISR T
37°C. —WE S 7205 QIAquick PCR Purification Kit (Qiagen)% FHV N TSGR
ERERILU7=, 557 DNAWT ™ 15 ul & Ligation high (TOYOBO, F#)7.5 ul % 16°C.
4 R RS S DNA WA A2 B b S W 7o, Bo I RIs % R s | #5711 C PCR
#1772, PCR |Z KOD -Plus- Neo (TOYOBO)Z i L, ZAZE 1% 94°C, 2/ lLEifk |
EIEME 98°C, 10 B, 7=—UZREE 60°C, 30 B, fHE 68°C. 2 /3% 30 A7 AT
STz, TTA~— 1IN T IR 2 FRICEF LM ES 74~ —Inv-F (5 -
ACACSAACGTSACCGCSTAC-3"), Inv-R (5’ -GTGTAGGCNGTCGTGGTYTG-3")

Z W=, 155472 PCR EWZ IS THEIZ PCR 21T7-o7-. 7 7A4~—I% Inv-F2
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(5" -AGTCSATCGCSGGCGTCTGA-3"), Inv-R2 (5’ -TGGATGCCGTTSGCSGTCAT-
3l L7, PCR Sefhi3 RRLARMHLIRERIZAT o7, 554172 PCR EM LV 2000
bp DEIAE I L . QIAquick Gel Extraction Kit (Qiagen)& VW T AT 72, 7
A% 10 (S8R LT-b O EL T, 774~ —Inv-F2, Inv-R2 % HNCTHE
PCR ZAT 27z, 156072 PCR FEMZH LT, 7T A~ —Inv-F2, Inv-R2 Z {1\ T DNA
—r o A%AT o712, PCR FEY) 10-40 ng, Bigdye terminator v3.1 4 pl, 1 uM 7' J 1~
— 1.6 ul DIEFHRTITV, PCR FRAHITEVEME: 96°C, 1 /L Bit% | BV ME 96°C., 10
. 7 ==V 7R 50°C. 5 B, R 60C. 4 473%& 25 A7V LT,
2) seld ERBLHNDfFAT

BONTESNE BEH LT seld DEROEGER AT, 7/ DNA 10 ng Z855lL
LTC, 774~ —P-3-F (5 -TGGGACTGGGTACAGCCACCTAG-3"), P-3-R (5’ -
CTGGGGTGGCGGGCCCGACA-3" )& FIV T, VM 94°C, 2 Sy fLsiifs | BAE M
98°C. 10F), 7 =—VU 7 64°C. 30 #, i} 68°C. 35 F% 27 h A7/ EhiLT=,
BBz PCR EMZRERILIZ#, 20 (A IRLI2bOAFRIE L T, & —F 2 APCR &
1172,
3) HEEFHIDOWTE

DNA ¥ —/4 > A% ABI PRISM 3130xl Y= X7 4v7 7 FZ74% — (Applied

Biosystems, Thermo Fisher Scientific, Waltham, MA, USA)%&f# L7z,

4-2-14. seld ZBEL 752 —DF53E
seld DEAREA R DHIIZ Ndel, #&5aR DFFIZ Xhol S ANELHIMLTZ 7 FA~
— His-F  (5-GGTTCCATATGATCATCGGCGGCGGTTA-3’), His-R  (5'-

AAGCTCGAGTCAGACGCCCGCGATGGAC-3")&AERLL | Streptomyces sp. P-3 #£D

4 DNA 8L L7 PCR u&iT-o72, PCR 3B 94°C2 4y, B
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96°C10 #, 7=—V> 7R 64°C30 ), ik 68°C30 % 20 VA7V EhiL 7, F5

SV PCR EEMIZ T W0 — A7 Ak EtR . HEJWT A 2l L | Ndel, Xhol T2 I
[P | FR P S8 LB 24T o 7, FEARIKEN, 7 VR R ICRIBR DAL A L7 pET28a (+) &
Ligation High (Toyobo) T 16°C2 M7 A7 — al KIS&1T o7, (b T TAIN
% E. coli IM109 ~EEIRMAITV, W~ A% 5T LB 71— M CERIREIT-
77o AT —hORERRIL Quick Taq HS DyeMix (TOYOBO)Z W\ =X AL/ han=
—PCR (ZTITV, H BB R O IR ARSI RR D B % AR O FEBRICAE LT, 338
RENTRRID T TAIRE L, DNA > —7 AT EES | OB E T 72, 7

TAINICHED N FLHEEBL, BRIOTTAIN pET28selA 21572,

4-2-15. Hise-rSEL DAL
1) Hik

77 AIN pET28selA % E. coli BL21(DE3)pLysS (Agilent Technologies, CA, USA)
(AL, 10 ml OO F~ATr raT7hT7 z=a— L&A LB RIKE#IZ 1 A4H
SPREE L, 37°C. 150 rpm T—HEEEELI-, ZO2&EE 150 ml OB F~ AT /a7
L7 z=a—)L LBIRIAES HUCHEE L. 160 rpm., 37°C., 2 BfE 2% . IR EE 0.4 mM
D IPTG ZIRIMNL | [RAEOEE ST 4 REfER &R L,
2) rEH

Bt OB RZEREL, 20mM FEER A IZBREL, Ok T 15 B 20 17 L

TR AR Z X0 2L 7= (Branson Sonifier, CT, USA) , AFER% 20,400 x g,
30 4y LA BEL IR 2157, L% 1 % TritonX-100 273 {efE K A T
AT, D BEOTRE Y 2 B AR ELT, EEARDRIIELIZ 8 M JRFE, 10 mM
DTT %5 T2 20 mM Tris-HCl AEEHE (pH 7.5 @A T\, SIRIC 1-2 R FREL

720 U7 4 — VT 4 U I EIRIC T BB R FBIRELE 1 M T 2(E<L72 20 mM
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Tris-HC1 #%E#E (pH 7.5) Tt 3 HZ & TIEMMR Hise-rSEL Z4537, F#IX, T
Ni** %W 75 S/ 721% 20 mM imidazole % & A/ 72 buffer A CF-fi{k.L 7= HisTrap column
(KL A X 34 um, 1 X2 cm. GE Healthcare)(Z 2540 i fh i 2 B L 7=, 500 mM
imidazole & 300 mM NaCl % & A/72 buffer A T LIz /3 Z AL, £S5 5y

% buffer A THHTL . LLEEOHENTIZH =,

4-2-16. TIAAMENT B LOFERY —E TV 7 T

B LTz seld OHEE T I/ BEBLAI & FE [FIE D & HEd 1% National Center for
Biotechnology Information (NCBI)?D 7 —#~X—ZNC BLAST f3R&1To72, 77
AT FROMEMTIE, SignalP version 5.0 7’12277 2 (Almagro Armenteros et al., 2019)
ZFHWTHERIL 7, 55072 Bl s A FIFHL T Clustal Omega (Z&o~ /L F 7T
FGAR MENTZAT o720 BUFLTZ seld ORFEDY —FF /L OHEE 3 L OB IC1E

PyMOL 2.1.0 (Schrédinger, New York, NY, USA) % H\ 7z,

4-2-17. 53 F RALIRMT

SEL &2 DRH# S R Ea G te T —4# £y ME, Uniprot 7 —# X —20 38 DRS
THERLS AL, MEROPS 7 — 4N —R Lo TAT FUL /N T /2 anrasy —
BTV — DS ERE L, ~ VT T NT TA A MENTEFT T2, R OVERIC
X MEGA X (Kumar et al., 2018)% V>, iTBEHHE G T To72, 77— AT

fEIZ, 1,000 [EIO#ED IR UG FHE S U=,
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Table 4-2-1. LB medium

Peptone 10 ¢

Yeast Extract 5 g

NaCl 5 ¢
1L (pH 6.8)
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Table 4-2-2. Analysis conditions of LC / Q-TOF / MS

lonization source
Measurement mode
Capillary voltage
Cone voltage
Collision energy
Source temperature
Desolvent temperature
Desolvent gas flow
rate

Mass range

ESI+
Resolution, MSE
3 kV

24V

Low: 6 V, High: 20-45V

120°C

350C

800 L/h

m/z 50-1990
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=8 Streptomyces sp. P-3 BRH 3 SEL DOFEH

4-3-1. SEL D¥Eil

Streptomyces sp. P-3 BRORGE A1 Doy HEL 2.5 L D352 BIEZE1G72, fbiv:
B B o 7 BT 2,139.4 mg THY, #IEPMEIE 10,298 U Th-o7=, Bk
EIEZIRAMEIEIZEY 500 ml ETHEHMEIL . DEAE-Sepharose (f&A1 4 22T L) |
CM-Sepharose (51422 #i 717 1), Phenyl-Sepharose (BR/K 47 2) (ZNERABEL 7=,
ZDRER, 4.6%DILRT 229 FETHITLILNTE (Table 4-3-1), FFRILTZ
SEL % SDS-PAGE (ZfltL7=f5 5L, 18 kDa ff¥TIZH— U R3ERRS LTz (Fig. 4-3-
D), Fro, SR /v~ T 7 40—l &0 - EBEZAT o7& 2A % F & 17,000 &
FHRSNIZZE Y, SDS-PAGE Dt R LITEIL T2 (Fig. 4-3-2), ZHH DR R LY
SEL |3E/~—BE ChHOZENHER I, L7 SEL D=JFAFard—Ly

R& R LU RO HLIEPEIX 110.0 U mg-1 ThHo7z,

4-3-3. FE8L SEL OB MGt

FE#LL 7= SEL ORUGF i pH Z T L7-E 2 A, pH 7.5-11 OH -7 /L 7V T 95%
PLEDIEMZRLT: (Fig. 4-3-3), D 2OWTC, a7 7 —BREA], SmistEAl, &
oA AR, SR A A DT AF oL T —L R B LB O L E TG M4
HIEL7= (Table 4-3-2), TDOFER, 7'v7 7 —EHEAITIE. 1 mM @ PMSF (25
T2 —BIEMEITE LFHES TV, TPCK & EDTA Tl O velE MoK
TR S ALz, PMSF &, TEMEEAL OBV RO R a2 L B 2L AR =1Lk L
TARAHHNAER T 28 707 7 —BIHER THD, ZORRIY, KEEFEITEY
2 7aT T —RBICGEESNL RSN, | mM OEBAF L EDOISPEX, bl
PEOAR T LT =3BR X (M2 isIN) T\ 83 % Thr o7z, StiE Al BEooHl, Ak
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T, SDS LIS CA EISIH RIS B A 5- 2 0L E T Aotz

4-3-2. XRT AT INTA=Z—DRIE

K8 SEL DA ISR 2 E Fr B AR LT, T ORER, =7 AF—ED
FRERAREEE L THLIL TV D Suc-Ala-Ala-Pro-Ala-pNA | Suc-Ala-Ala-Val-Ala-
pNA (Foster, 1982) TV iETEA 7R L TV /= (Table 4-3-3), Suc-Ala-Ala-Pro-Ala-pNA
DOIEVEMZ 100%E L7=FFZ, Suc-Ala-Ala-Val-Ala-pNA OIEVEfIL 86.3%E72->T
Uz, T2, PLALDS Val (272 7= G S Téh D MeOSuc-Ala-Ala-Pro-Val-pNA Tl
FHRHEMEIT 12.7%E TR TLTEY, P1 {25 Leu, Phe &72> TWHFER 7V UK
B2 HE CIEHITIE MEMEL | ZE L 1.3%, 0.2%E72> Tk, SEL X P1 {iZIZ
FERBME TNV A 9757 Bea & T I E 2585 A A o7,

Fio R SEL 2 FWT, AR E ISR T2 SRR E R AT 21T o 7o, R
SEL (3B R 0.02-1.0 mM @ Suc-Ala-Ala-Pro-Ala-pNA. Suc-Ala-Ala-Val-Ala-
PNA (ZHRL TR U A AT U RO BN BEZ /R LT, KL SEL 1% Suc-Ala-
Ala-Val-Ala-pNA Z#cd B<IAKSHEL . K 13 0.18910.009 mM, kear 1% 38.01+2.8
sec! T, keat/Km 1E 202 sec’! mM™! TéH-o7= (Table 4-3-4), b — DD LT AKX — P55
H72 A IR Cd D Suc-Ala-Ala-Pro-Ala-pNA (Zx}LT% Suc-Ala-Ala-Val-Ala-pNA
EITVMEZ 7RLTEY, Kn 1Z 0.19720.015 mM, keat IF 32.74.9 sec! T, kea/Km 1E
165 sec! mM! TH-o7-, F7=. MeOSuc-Ala-Ala-Pro-Val-pNA LT Suc-Ala-Ala-
Ala-pNA [ZkF 2 Kn B3> 3 5 5< keat [EIT> 48 51803 > 72, P1 ALY Val, P2 AL73
Ala (272072358 TIIEEE LOBUNE, M SN hR N EHHBIR T L T Ze &b,
Pl {iz, P2 &t 12 SEL DREERERICHE THOZEN /RS,
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Table 4-3-1. Summary of SEL purification from Streptomyces sp. P-3

Total Specific
Total protein Yield Purification
Procedure activity activity
(mg) (%) (fold)
V) (Umg™)
Culture supernatant 2,1394 10,298 4.8 100 1
Ultrafiltration 975.5 8,140 8.3 79 1.7
DEAE-Sepharose 671.0 6,625 9.9 64 2.1
CM-Sepharose 57.1 2,406 42.1 23 8.8
Phenyl-Sepharose 4.3 475 110.5 4.6 22.9
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Table 4-3-2. Effects of various compounds on SEL activity

Residual activity”

Group Compound Conc.”
(o)
Inhibitor PMSF 1 mM 3.5
TPCK 1 mM 82.1
EDTA 1 mM 84.0
Detergent SDS 0.1% 1.4
Triton X-100 0.1% 99.3
Reducing agent DTT 0.1% 126.7
B-Mercaptoethanol 0.1% 91.6
Solvent Acetonitrile 1.0% 101.2
Ethanol 1.0% 93.0
Isopropanol 1.0% 93.0
DMSO 1.0% 90.9
Metal ion Ca** 1 mM 88.9
Co** 1 mM 85.4
Cu* I mM 93.4
Fe?* I mM 86.8
Mg>* 1 mM 83.3
Mn?* 1 mM 88.2
Ni** 1 mM 89.2

4 Concentrations in preincubation mixtures.
b Residual activities are reported as percentages of control reactions with no added
compound.
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Table 4-3-3. Hydrolysis of various synthetic peptides by purified SEL from Streptomyces

sp. P-3

Relative activity

Substrate?
(%)
Suc-Ala-Ala-Pro-Ala-pNA 100.0
Suc-Ala-Ala-Val-Ala-pNA 86.3
MeOSuc-Ala-Ala-Pro-Val-pNA 12.7
Suc-Ala-Ala-Pro-Leu-pNA 1.3
Suc-Ala-Ala-Pro-Phe-pNA 0.2
Suc-Ala-Ala-Ala-pNA 10.9
Tos-Pro-pNA 0.2
Bz-Arg-pNA 1.6

¢ Substrate concentration was 0.2 mM.
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Table 4-3-4. Kinetic parameters of SEL isolated from Streptomyces sp. P-3

Km kcat kcat/Km
Substrate?
(mM) (sec™h) (sect mM)
Suc-Ala-Ala-Pro-Ala-pNA  0.189+0.009 38.0+2.8 202
Suc-Ala-Ala-Val-Ala-pNA  0.197+0.015 32.7+4.9 165
MeOSuc-Ala-Ala-Pro-Val-pNA 0.56+0.08 0.68+0.07 1.22
Suc-Ala-Ala-Ala-pNA 0.83+0.15 0.78+0.05 0.95
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Figure 4-3-1. SDS-PAGE of SEL protein purified from Streptomyces sp. P-3
Lane 1, SEL purified from Streptomyces sp. P-3; lane M, molecular mass standards

(Precision Protein Standard Kit, Bio-Rad).
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Figure 4-3-2. Estimation of molecular mass of purified SEL by gel filtration

chromatography
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Figure 4-3-3. Effect of pH on SEL activity from Streptomyces sp. P-3
The buffer used were 50 mM potassium phosphate (pH 5.0-7.0) (o), 50 mM Tris-HCI (pH

7.0-8.5) (m), 50 mM and carbonate-bicarbonate (pH 8.5-11.0) (0).
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W seld Dya—=7
4-4-1. SEL ® N H¥im 7 /ERELS| D[R] E

&8 SEL % SDS-PAGE (2 CESIKEIL7-% ., PVDF BRI G217 o 72,
18 kDa O NN RZEIVHL N K7 X/ B SR IZBEL 72, Z DR R
IIGGGYAQNAPWAARLFSNG 75722 20 7 F D N Kl 7/ BREC Y| 2 E T 52k

INTET,

4-4-2. SEL OWNERT I/ BEES D[R E

SDS-PAGE b TC/yEfL7= 18 kDa @™ SEL O/ REYIVHL, N7 L izkb 7 v
MNH b LC/Q-TOF/MS fEMTIZHEL 72, Z DR R, m/z 2803.3435, 1489.7288, 3L
11 960.5159 D 3 DDXTFRWr iy ORLHN 2437 (Fig. 4-4-1 (a)-(c)). TIHD T F
RIL S. griseus BURHEEN) 7L U BeH] (778 ar& 5 AOA2PSING2) @ C K
52 3% &  RGNGITAGGDSGGPMTANGIQVGVASTSDRQTTTAYTNVTAY

RSWIQSIAGV (ZH#KT25 3 DDO_XTFROEELFEEIZ—EL TV,

4-4-3.  SEL B&fnT-(seld)D &R S

BN T I/ BAN KB 7 74~ —Z ket L., HlIREEFRLE, T 17—
ANZFVERIRIE LT P-3 BRD 42 DNA A2 #7121 T inverse PCR &1 T o7z, HElEKr i %
DNA I —47 AL, GO ES G A I, ORF OAMUDELSILVERF L= 7 T4
~—&4 DNA Z#lL L7z PCR #1T92LC, seld DERAZIIG LIz, seld © ORF
% ATG OBHERaR Y D BAEFEY TGA OFEIETR U ZETe 726 bp OEIENLRD | 241
DT /% —RL T = (Fig. 4-4-2), Z0 ORF HZIE N K 72/ BRECHIFEATIZ
FOELIES, WET L BRBRLA AT IZ LGB A OV T b B £ TN D

IR TE T, LC/Q-TOF/MS (2 X5 7 X/ BEELSfENT IX. SEL D2HELHD 26.1%
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DOEF T R —FTh o7, F7=. SignalP 7'/ T NLDHL T FN_TFROTHI%
1To72LZA N R 27 FRIEOT /W THLE RISz, HIZ,N K73/ HEE
FIDFEHTHE R LD | B SEL 1343 & H D lle MOIAEDZERD T F AT FR
ERREMA D D PQPPLTDAPPPTTQ FEAIHN /3137 AN AR DL HEZRS LT,
R D SEL 13199 D7/ (143-V24 1)) 5720, 431 Fld 20 kDa Th-o72, 20
i i, SDS-PAGE, 7 /Vigi 2/ 0~ 7T 74— DGR AR T 0D E/R> TV,
4-4-4. ©AFTHT (His-tag) REHLELZ SEL # 2/ 7E O

RIGEZHNT, 7 F AT FRETaflFNZERO AR SEL O N Kl 6 X
His %7 %1 5 UI-RER L CIETERLO 1SEL 23R8 7=, seld ORF % PCR gL T
FG7= 7 & FH T, 38877 AR pET28selA A4 L7=, E AR OSL ML
2B 8 M JRFEE G T 20 mM Tris-HCI (pH 7.5\ ZIEfiE S, HisTrap 77 A
(ZXVRERL 7=, His 7 OFHINZEY ., native 72 SEL Vb E /0 T EDO KX 23kDa
ONLELZ, rSEL 73 SDS-PAGE | CHERR$HZ LN T& 7 (Fig 4-4-3), rSEL DOLi%
PEIT 14.5 U/mg THY, native 72 SEL LHHZL T 13.1%I{K T LTz, ZOKTIEY

TH—IVT 4T DB L DL DEE 2 HND,
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Figure 4-4-1. MS/MS spectra of tryptic peptides from SEL measured by LC/Q-TOF-MS.

MS/MS spectra of mass ion peaks with m/z = 2803.3435 (a), m/z = 1489.7288 (b), and

m/z = 960.5159 (c)
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gcctaacgcgacgttatggggaagecgttagtacccggecggggtecggttcttecgacaacct
aggggccgtcaacccccacaaacacgcccctecagegtgateccccgaaatgaggaaccatg

M
cgaatagcaaggctagttccecgctgeccctcecgecgecgeggecacecgtectegetettete
R T A R L VvV P A A L A A A A T V L A L L
acccccaccgccaccgcecgecccgecagecgeccgettcacggacgeococcgecgeccaccaca
T P T A T A AAP Q P P L T D A P P P T T
cagatcatcggcggcggttacgcgecagaacgecgecegtgggecegegeggetecttetcececaac
Qal I G G G Y A Q N A P W A A R L F S5 N
ggcagagagacctgttcggcgacgatcatcgecgeccgacctggatecctcaccgeccecggeac
6 R E T C s A T I I A P TW I L T A R H
tgcgtcaccggecggcgggectgtecgttecgecatecggecagectegaccagcacageggegge
c v T 6 G G L s F R I G S L D @Q H S G G
gtggtggccaacggcgtccagacgtacaaccacagcgcggacatctecgectggtececgectyg
v vV AN G V @ T Y N H § A D I S L V R L
gaccgctccgtgcagaccacctactccecgecctcgggecageccecggecacggtgagggtegge
b R S V¢ T T Y S R L G Q P G T V R V G
cagaacgtccaggtctggggctggggecgeccacctegecagtgeggetecggaggeccaactge
Q NV Q VvV W G W G A T S @ C G § E A N C
cagtcgcgctacctgaaggtcgccaacgtgacggtgacgggecggectgecggtgacgegtac
S R Y L K vV A NV T V T G G C G D A Y
ggcggctcggecgatctgegecececgeccgeggcaacggcatcacggececggeggegactcagge
G 6 s A I C¢C A R R G N G I T A G G D S5 G
ggcccgatgacggccaacggcatccaggtcggcgtggecctccaccagecgaccgccagaco
G P M T A NG I Q V GV A S T S D R O T
acgacggcgtacacgaacgtcaccgegtaccgetectggateccagtceccatecgegggegte
T T A Y T N V T A Y R S W I @ S I A G V
tgaccgaccgt

*

Figure 4-4-2. Nucleotide and deduced amino acid sequences of SEL from Streptomyces
sp. P-3

The start codon ATG and the stop codon TGA are in bold. The underlined amino acid
sequence is identical to that determined for the purified enzyme by Edman degradation,
and the double underlined amino acid sequence is identical to that determined by LC/Q-
TOF-MS. The white triangle indicates the cleavage site for signal peptide, and the black

triangle indicates the cleavage site for the pro peptide.
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Figure 4-4-3. SDS-PAGE of purification of rSEL
Lane 1, rSEL purified from E. coli; lane M, molecular mass standards (Precision Protein

Standard Kit, Bio-Rad).
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BHE SEL OHEE D THEE Ly TR FEHIFNT

4-5-1. SEL &HlfE 7 v7r 7 —E LD ik

R SEL D7 /gkds % BLAST BisRLILZA, S1 BT 7T —8 773
—IZJEL . Streptomyces JEDOHEEN TV v T T 7 —BEEmWHEIMEEZ AL
T2, BARMZIE, S. nanshensis (NCBI WP_070205397)& 100.0 %. S. bacillaris
(NCBI WP _112490531)& 99.0 %, S. anulatus (WP_03057890)& 98.5 %D R T
BTz, Streptomyces JBDON) T ELTHESIV TS S, griseus @ SprT (Uniprot
P00775) (Hung & Hedstrom, 1998; Kim et al., 1991; Olafson & Smillie, 1975)& il AT
SEL O7 I /EEELSINIE 31.0 %DARFEMEL)VRS e o Te, TTAZ—EIEHEORES
NTna7e77 —EBOH CTROMFEIMED &S T-BEFE L. K (Sus scrofa)HF D
CELAL1 (Uniprot P00772) &Y, fHIEMEIT 31.5 % Th o7z, =, S1 BT a7 7 —
BT 7V —DRENRT 0T 7 —EBTHOLALMNRDOFERN T /—4 2 (Uniprot
P0077)i%, i SEL & 26.5% DM RIMEZ RLIZDO&HTH -7, ZNHOT I/ EEED
F A SEL &TT IA A Mg 21T 572 (Fig. 4-5-1), ZOfER, B 7077
— B Ofilt = 5%k (His39, Asp73, Ser158) (Olafson & Smillie, 1975)IZ & TH 7 27
T —BTRFESN T\, o, FEN TV ) —F DXV T =AU m— VRIS
EERE 2 Rl ZERN BN TND Glyl56 & Aspl57 % FE(Blow et al., 1969)%
SEL TIRIFSI TV, =T AF — VB OEEFRF RN, S1 Ry hod Val BEW Thr
PRI K> TRIESIND, SEL DT TA A MEHT OFE R, Thr183 IFLRIFEIFL TN,
Val FRFEIZEL Y T D55 IT AL N20 o7, CELAL Z8fRZLIzAREry —ET U
T HRMT DRGSR Val FREEDALEIT Serl 75 FREENBLE STV (Fig. 4-5-2), ZDZ
&0, SEL Tid Serl75 %5, Thr183 FR AN BB OEEIZ R L QDb DeE
ROV,
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4-5-2. SEL D53 1AM FHI AT

SEL CHRIFEIMED A ~7= Streotomyces J& SEL A£EZ1E Uniprot 7 — % ~<X—ZAH D
BEAAAFERN) 7> FER T Vv subtilising, DT A% —E DT /LY %
AW TR PRI 24T T2, Z ORGSR, SEL & SEL ARBLANIAERERL Fn OB &1
BIpDITAZ—H IR THY | — KRB OBEEE T I DHEE SV TO AR R
7> (SIT, Fig. 4-5-3)E BRI L TN, =T AKX — i A A 3 28 2k
DTFIAH—Y (A/E), BEFEM KT A% —¥ (F/E). Bacillus sp. YaB OAEFET S
T I AKX — subtilisin YaB (B/S). Pseudomonas J&DEFETHTT AL —E LasB
(B/M)EHL W T I AFRANTEEN THEEINTNDIEN D, SEL 77 A% — TR
(R FSIN T =T A2 — B RE A R DB R ThHOLZ LR STz,
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SEL - - - e e e e e e e I lGGGYAQNAPWAAR- -LFSN----GRETCSATI IAPTWILTAR[L] 39

CELAL - e e e e e e e oo VVGGTEAQRNSWPSQISLQYRSGSSWAHTCGGTL IRQNWVMTAA[R
SprT - e e e e e e e e e e e - VVGGTRAAQGEFPFMVRLS - - - - - - - - MGCGGALYAQDIVLTAA|g
Chymotrypsinogen CGVPA I HPVLSGLSRIVNGEDAVPGSWPWQVSLQDKTG---FHFCGGSLISEDWVVTAA|

. .* * * * -:** *
SEL CVTGGGLSFRI----GSLDQHS--GGVVANGVQ- - -+ --=----- TYNHSA@MISLVRLDRS 82
CELA1 CVDRELTFRVVV---GEHNLNQNDGTEQYVGVQKIVVHPYWNTDDVAAGY[IALLRLAQS
SprT CVSGSGNNTSITATGGVVDLQS--SSAVKVRSTKVLQAPGYNG- - - - TGK[WAL I KLAQP
Chymotrypsinogen CGVRTSDV - VVA- - -GEFDQGSDEENIQVLKIAKVFKNPKFS | --LTVNNP]ITLLKLATP

* : * : . LR R
SEL VQTT-YSRLG---QP-GTVRVGQNVQVWGWGATSQCGSEANCQSRYLKVANVTVT--GGC 135
CELA1 VTLNSYVQLGVLPRAGTILANNSPCYITGWGLTRTNGQ----LAQTLQQAYLPTVDYAIC
SprT INQPTL - - - - - - KIATTTAYNQGTFTVAGWGANREGGS- - - -QQRYLLKANVPFVSDAAC
Chymotrypsinogen ARFSQTVSAVCLPSADDDFPAGTLCATTGWGKTKYNANK---TPDKLQQAALPLLSNAEC
* k% . L. * * . . *
SEL G-=v---- DAYGGSAICARR---GNGITAGGDHGGPMTANG - - - - - IQVGVASTE ------ 175
CELA1 SSSSYWGSTVKNSMVCAGGD - -GVRSGCQGDEGGPLHCLVN-GQYAVHGVTSF|V/[SRLGCN
SprT RS-AYGNELVANEEICAGYPDTGGVDTCQGDEGGPMFRKDNADEWIQVGIVSWGY - -GCA
Chymotrypsinogen K - - KSWGRR I TDVM I CAGAS - -GV - SSCMGDGGPLVCQKD-GAWTLVG I VSWGSDT- -C
-k ok * * k x x k % - * - *

SEL DRQTTAYTNVTAYRSWIQSIAGV- 199
CELAL VTRKP|TVFTRVSAY I SWINNVIASN
SprT RPGYPGVYTEVSTFASAIASAARTL

Chymotrypsinogen STSSPGVYARVTKL I PWVQKILAAN

Figure 4-5-1. Multiple alignment of deduced amino acid sequences of mature SEL from
Streptomyces sp. P-3 and its related proteins

SEL, SEL from Streptomyces sp. P-3; CELA1, chymotrypsin-like elastase family member
1 from Sus scrofa (Uniprot P00772); SprT, Streptomyces trypsin from Streptomyces
griseus (Uniprot P00775); Chymotrypsinogen, chymotryosinogen from Homo sapiens
(Uniprot P0077). Asterisks indicate identical amino acids. Dots and colons indicate
conserved amino acids with substitutions. Dashes indicate gaps. Amino acids of the
catalytic triad are highlighted. Amino acids forming an oxyanion hole are displayed with

a dark gray background. Amino acid residues involved in elastase specificity are boxed.
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(@) (©)

(b) Asp93 (d) Asp73_|

Figure 4-5-2. Homology model for Streptomyces Sp. P-3 SEL

Tertiary structure prediction was accomplished by using the Swiss-model protein
modeling server (Waterhouse et al., 2018) and the CELA1 (PDBID:1hay) as template.
(a)The overall structure of CELA1. (b)The S1subsite structure of CELA1. Side chain of
residues important for determining elastase specificity (Thr209 and Val221) are shown as
sticks. Side chains of conserved residues of catalytic triad (His45, Asp93 and Ser188) and
forming oxyanion hole (Aspl187 and Glyl86) are shown as lines. (c) The overall
predicted structure of SEL. (d) The predicted S1subsite structure of SEL. Side chains of
residues at the same position as those important for determining substrate specificity
(Thr183 and Ser175) are shown as sticks. Side chains of conserved residues of catalytic
triad (His39, Asp73 and Ser158) and forming oxyanion hole (Asp157 and Gly156) are
shown as lines.
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Figure 4-5-3. Phylogenetic analysis of SEL-related proteins

A/C, animal chymotrypsin; A/T, animal trypsin; A/E, animal elastase; F/T, fungal trypsin;
S/T, Streptomyces trypsin; F/E, fungal elastase; B/S, bacterial subtilisin; B/M, bacterial
metalloprotease. Numbers at nodes represent bootstrap values of 1,000 replicates.

Proteins with elastase activity are underlined. Abbreviations and accession numbers:
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Human Chymotrypsinogen B (Uniprot P17538), Mouse Chymotrypsinogen B (Uniprot
Q9CR35), Bovine Chymotrypsinogen A (Uniprot P00766), Bovine Trypsin (Uniprot
P00760), Human Trypsin (Uniprot P07477), Mouse Trypsin (NCBI AAI38699), Human
ELANE (neutrophil elastase, Uniprot P08246), Mouse ELANE (Uniprot Q3UPS87),
Human CELA2A (chymotrypsin-like elastase family member 2A, Uniprot P08217),
Human CELA1 (Uniprot Q9UNII), Pig CELA1 (Uniprot P00772), Fusarium Trypsin
(Uniprot P35049), Trichoderma Trypsin (Uniprot Q8WZMS), SET (Trypsin from
Saccharopolyspora erythraea, Uniprot P24664), SOT (Trypsin from S. omiyaensis,
Uniprot C9K160), SprT (Trypsin from S. griseus, Uniprot P00775), SprU (Trypsin from
S. griseus, Uniprot Q61695), sprX (Putative trypsin-like protease from S. griseus, Uniprot
B1W410), SprB (Streptogrisin-B from S. griseus, Uniprot P00777), SFase-2 (Uniprot
P41140), ALP (Alkaline protease 1 from Aspergillus flavus, Uniprot BEN106), ALPFA
(Alkaline protease 1 from Aspergillus fumigatus, Uniprot P28296), Proteinase K (Uniprot
P06873), subtilisin YaB (Uniprot P20724), subtilisin Carlsberg (Uniprot P00780),
subtilisin BPN' (Uniprot P00782), subtilisin E (Uniprot P04189), EL31410 elastase
(Uniprot H9CH13), Thermolysin (Uniprot PO0800), SepA (elastase from Staphylococcus
epidermidis, Uniprot POC0Q4), HAP (Hemagglutinin from Vibrio cholerae, P24153),
LasB (elastase from Pseudomonas aeruginosa, Uniprot P14756), PseA (elastase from P.

aeruginosa, Uniprot Q3Y6HS).
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BANEN FLHLEZR

AEECIL, Streptomyces sp. P-3 MRDAEFET HTT 24— SEL ZH5HIL | BERF1)
IRFEMT ATV, BT SEL BAnT-Z[RIE 2N IR, o, 701 Rt ic &
0. SEL &ZDOHMFEIM:D&H T Streptomyces J&D SEL #RELFIIZ, BEFN DM D =T 2K
—RBLIRRDH TR T AL — 2B T DLW b Lig o7z, BETOWFFET,
Pseudomonas aeruginosa \ZX-> THPES LD LasB X2 Bacillus sp. YaB (28> THEPES
#1% subtilisin YaB MM R DT 2L —B LU THAESN TV, LLRD D,
FNHOTTAZ—BIL, ZIEIL M4, S8 77— I fESNS T a7 7 —E Th-o
7=(Kaneko et al., 1989; Okamoto et al., 1997; Tsai et al., 1986, 1988). S. albidoflavus ®
SAKase. S. griseus @ SprB. SprT. S. fradiae ? SFase-2 7213, Streptomyces JEI1Z L
STHEESINDT BT T —EOH TEIAZ—BEREZ AL TWHIERREII T
%5, ZIHDEEFEIT, P1 LIZ Phe <° Arg, Lys 728 D HEA 5+ A XD RERTI)
Wi R B8 % > B R IEE & 43 iR 4 % 23 (Bressollier et al., 1999; Jurasek et al., 1974;
Kitadokoro et al., 1994), ARFED FER LY Streptomyces sp. P-3 kDA FET % SEL 13,
Ala 72 E DIERRMHRL T oy F-H A X O/NS72 T L BRI Z RO & B E 2 4F e m) 3
Bole, B ROTIAZ—E T, S1 FER AR MEEEO A 1L Val 785
DAY T e A L > T BN PAZES L TERY , ARy O EES Thr ORIEHIC
FOE PN PAZESI TN D, ZIHOFRIITEE D Pl L OFFEMICEA G- L THY,
B RO T AZ —B1E Ala 7213 Val O C Kl & B e r U452 E23EE
IZHIHI TV (Blow et al., 1969), Streptomyces sp. P-3 #kH 3o SEL & SEL A /LY
127 Tk, P1AZOREFRFRIZ B 2272 Thr 78EL1T 183 LI RAFISITU NN, Val F%
FEITH S 357 B (175 A0)1X Ser FRFEA~EEHLIIL T D, BEFID Streptomyces J&

DRT 2 ThD SprT 728 T, TNBEEIIT Gly 72> T, SprT 72& D S1 4
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s ARy NI R R E 2 E 2T ANDZED TELMIEL/2>TERY, P1 AL
23 Phe, Arg, Lys 728 OIE 278552 e—E L T b, SEL ® 175 i£.®D Ser 7%
TR OER a2 AF VREHD DT TAZ—B D Val REOAY 7 ae /L HIEHE
[FIRROBEREZ RIZL TODB DO EHELR SV, 70 T RFMEHT OFERDG.| subtilsin +
7773 —=X LasB 72 £ D Pseudomonas J&HI RO =TI 25 —¥ i), EEHkOT
TR —F Lt SEL & Streptomyces J&? SEL FRECHI%E G 00T AM — LRI
SEL TV Z DD, SEL eI X =T AX —BIEMA RO MBI R Ch DT LR
WSz, ZIHDRERIZ. Streptomyces JBIZ3 AT DRI AL —B DA DOH
HTHY, S1 BT mT 7T —E 77— ORI T D7 L7 D, TR
FHELTHIBLILTUWD Streptomyces JEBIZZDIHRTTAF —E NG L TNDHI LT
Streptomyces JEDEREEH OEFIGER D oyt LU CHELREFIZ R TWD ATHE
MR DHHZLZ R TUND,

subtilisin |34% % 72 Bacillus JBIZL-> TEESNL B 70T T —ETHY, &idn,
Dot e BB SN T2 S L <EER RIS S TV DHERE THDH (LI et al,
2013), subtilisin 77 7IU—"TlZ, subtilisin Carlsberg (Fuchita et al., 2012; Tsai et al.,
1983, 1986), subtilisin BPN’ (Tsai et al., 1983, 1986), subtilisin E (Takagi et al., 1996;
Takagi, Arafuka, et al., 1992), and subtilisin YaB (Tsai et al. 1988; Y. C. Tsai et al. 1983;
Tsai et al. 1986)728, JAK =T AX—BIEMEZ AL TWAZENHESILTWD, Zhb
DA subtilisin H77 7V =PI RN =T AL —BIGHENRFSNTODD
EERL TS, FEIZ, Tsai B, subtilisin YaB 23 m W7 AX—BIEHEZRL, &
FE L LT Suc-Ala-Ala-Val-Ala-pNA 35 2O Suc-Ala-Ala-Pro-Ala-pNA (%325 5t
PERENZEZHIE L TUD, Suc-Ala-Ala-Val-Ala-pNA 3L 08 Suc-Ala-Ala-Pro-Ala-
PNA ZHBELEUTZBED kear | Km & LLBEL722Z A, SEL (4 subtilisin YaB KWHFn %

12 f5. 121 fEE<7e> T (Table 4-5-1), £/, ENAIMERH kDT 22—+
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(Stein et al., 1987)<°. subtilisin E (Takagi et al., 1996)& [t#i L T SEL @ Suc-Ala-Ala-
Val-Ala-pNA B XU Suc-Ala-Ala-Pro-Ala-pNA ~xt9- 2 GHMEIEmEWZ e X0, BEA
FERIVbmWT T2 —BIEMW A R OB R THHZ LD RSN T, ZRHORERIL,
SEL MEERHNCHIH LD AT REMEZ /R 950D THY , IREETIE, SEL DI
LT, HOIHALERIC DWW TR 228 LTz,
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Table 4-5-1

kcat/Km
kcat Km
Substrate Organisms Enzyme (sect
(sec?) (mMI)
mM-1)
Ala-Ala-Pro-Ala Streptomyces sp. P-3 SEL 38.0 0.189 202
Bacillus sp. YaB? YaB 2.04 1.43 1.67
Human® Leukocyte Elastase 22 0.833 26.4
Ala-Ala-Val-Ala Streptomyces sp. P-3 SEL 32.7 0.197 165
Bacillus sp. YaB® YaB 3.04 0.214 14.2
Bacillus subtilis® Subtilisin E 2.89 0.830 3.44

aMei et al. Protein Eng. 1998 ;11(2):109-17
®Ross et al. Biochemistry. 1987 10;26(5):1301-5.

“Takagi ef al. FEBS Lett. 1996 ;395(2-3):127-32.
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BAE RiE

TIAF L, FHEEVY) OREEZ EF 5T o HIEHE A R D RN
B THY ., T DOMEIFIERRNET I/ B BIRHDBUK R, VPV 7T =072 867

%ﬂ-

G IO IR LD72 D, SHIZ5 T RIOZEAIZIOMAHE L 524 T, Pk

l‘

HRR AT TR, RN T T T — BSOS RIS L CH A AL
WD, TTAF U E fefi G RETI L R A E I BV TR ADBES D FIA &72> T
DA FHEAN T TRICE W T I AF U LS5 5 I R O B = LIt
(ZHENDORBUR THD, =TAF UL, RO LBV IR E R EE TIEH DI, =T AKX
—BITHEIR =T AT L 2 iR CEDED IRV BER D — D THh D, MAEMm KD TT
AR —BNI—HBD Pseudomonas J& . Bacillus J&72E OHIE DM, —ERD Aspergillus
BRREDEREHB RO T T 7 —BIEEDRHLIENME SN TND, LLRRBD
SRR AN TS A AT REZe R & L CO LT 4y TR, AR T~ H 23
R FE R &L T, BEsE O RE R REN R T O N5, BURO T IREEE Tk, AR
1 Dt ARG T2 T L RO F AL S B Doy RS FIRF I & TL X
WD FERELTBHMEDIK T 25| &L CTLE), T TAMIE T, & A ELAI~
JCHATRER =T 2L — B DBRAFE A HERL . Fizll =T AS — B AEEEH DO TRE DD IRD
7=

i ETIE, 2T AT U RA, ERE LT AT A WD LT, =
FAB—BAFERH DIIFI LI LT, A7) —=0 TR 2T A2 —BIEMZ R L T
TEFEDIZE A ENL Bacillus J& . Streptomyces J& DA E Toh 7=, Bacillus J& .
Streptomyces JEEHIZHEEIN T 0T T — B EEFET HHEKEL THLILTEY, 5EO
2RI — =L SREROBEREOROLZNE T LT-b D LE X HD, Strepomyces JBD

TIAZ =PRI T2 RITD R 2T R —RIEER S ZLpnmb i TnD
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Bacillus J&LFRIFREE DT Streptomyces J&D BRI UGS AU72 DI R A BLERIE N,

5 =BT, AR OAZ) —=0 7 R TROIEED @ h o7 Streptomyces sp. P-3 1
DEPESTHTIAZ—=RIZOWT, LEEFRMFORF AT o7, METORR, ERPFL
L CBEIE R T, BERFm A, BEHIWIH pH 6.5, B53RIRE 28°C CTHE8 LIZ BRI E H 1]
B OR R 44 FERH CTRRO=IAZ —BAEFEEREZRL T, BE# O
Streptomyces JBD T 0T T — B DAEFESAF LB LT=AY, BEE OFHEL & O TR D
HEWREZEL TV,

FIUETIL, SEL 23U | BER PR 2175 L8610, SEL BInFORIEIZ
RREIUTe, F72, B R RO LY, SEL 13T A& — B RN &KL E %
WEBRICBEAF OBRE R L0 MW OGRS R 2 R LU CTHY | 72, bl e/
Fell A1 X E DESRERE N OISR LB IRVWVRIFIME T o7z, T /BRELS D 1 IRELHI L
RERV—ET VT NTICEY, SEL 1= —77of il CHE R L WDl feErk:
DRI SNz, I FRMMNTICEY ., SEL SMEPED S 7= Streptomyces J&D
SEL #RECHNIBEAIOM D =T A —B LI TEIR DT I0 s T AZ —ZTEAL THY,
Streptomyces JB\Z3AT T DHHTT AL — B THDHI LD RIBESNDHE R L2057,

PR TIL, SEL ORI LD AN ATREN R ETT o7, 57, RRFEET
MEE > COBRE AR I ATF U N ELE TN TWAZEE R LT, Fil
T, BAAILANA H SN DB THhDH /3312 subtilisin Carlsberg & SEL & CTHVE
FERNMEIZOWTHER L7 L2 A, SEL 13 OBEERE VS A EIZZTATF KT D%
B NZEE BB LT, KWV T, RNERER T D IRRRHES R BB TNT
TIAF U DI RIZOVTEERNCRFT LI fE . SEL XA LIZBER O T, i
HRMES L OB DRI B IR, =T AT L ORI Rb @O R THY,
HEREDOT =22 X ETHLDOLR-> TV, BIC, SHDTIAT U %

SEM ([ ZRVBIER AT o722 A, HERE & O FREE DS RS-, IR I EBE D4 A%
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FINT, FRBEN A REER L 7= L 25, SEL ALEE X TROMERE ME FL TV,

RIFFEIL, TTATF LU E IR CEDMAEMERR L, TOHF TRLMONTT ALY —
B S 2> Tz Streptomyces sp. P-3 BREVHTH =T A% —1 SEL O/EFES:
e JEMEARE JSHMEZAGNCLIEL O THhD, SEL L2 DOMFEIMEOH LT/ AL
FI3 Streomyces JBIARAFSILTEY, BEFO=T A2 —BEITHIZ, S1 BV T a7 T
—BT7 7V —NTHTAI TAZ =% L TR, 2, £D SEL 23EnoT A
F U BV D DN R 2 A L QOO R, ARFZEIC K0S b = HiT= 7
RTHY, BV T a7 7 —E05 1l FERREAD =X L0 FERER N Rz LT
bHERTDIENTELOLDEZZ LI, FTICRAEBERIRNOD THHEE XD, F
7o AW ED B S 7e SEL 1T EBRO B E W THRR-E L2 > TOD LI %
L TEWEEZh A R L T2 e K0 | Frc i L7 SEL BEREEDS RN L~
ISR RETHHZ LA RL TN D, ZORERIT, MBI T 8B E OF A
BEELTREERFEDLDTHD,

A a7 T A — B AEFERFHLL T Streptomyces sp. P-3 xR LTz, =T AH
—BAEFERE EL TIL, Pseudomonas J&. Clostridium J&. Vibrio J&72E DIRFMEZ R
FTHEENONTRY, =T72F —BIIREIEL LD ZMBIL TWhDES T
%o — 5T, TIAZ—VEPERIL, b Lo HHRL DN HFEEHERE W) Sb 4 Bt D
3% (X. L. Chen et al., 2009; Giudice et al., 2012), 4 [Bl=T72Z—PiEMEERL
TNz Bacillus J&. Streptomyces J&H TEEF DL L4 EODHME Tho, FIZ, EERIC
WEHEEM LV =T RS — B A EREE AT —= T LTl ZA RIR TH W T AH
—BIEMEE R OEB O ERE BT 228N TE (FFN et al, 2019), THDZE
F0, 2 2F —BAPERR A R OMAEMI IR B PIZIR AL TWH I e DD, —
TAF AIRNR OB 7 0T T —BIZMHEOSHHEE S I THY B O SERLIC
GENDTTAT L DR T AL —BAEFERDPE G L TNDEB DI EITA Y
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Tdd, RIFFITIBNT, Biicle =T AX —BRERTEN Steptomyces J&LY HL-o7»-o7-
ZhF, TR — P AEEEN O RE LU CEEERICE 5T 22 AT DR R
=25,

RIBICABRDOBLEIZONWTRRD, 77 7 —RBIdhiREEOR LOFRTHDD

EIAIT 60%EEDONTEY, B 777 —BITZF0N, £ 9 #la b2 (Mukhtar,
2016), A RIEAGFLI- =7 2% —8 SEL 28R 3 i O SO Al sh 58 | FLB Re B | A
VW pH TO RS, FL— M BTS2 OIS OlRE IR 56 D Thd, A
W Tl SEL N ERHKILA~DIS A A RE ThHHZ 2 — B L TRLTZ, T4, =7
AF L DIKGIRY) T DT AF L LT FRITIL, RGO APEOHIIN, ik Dk
. HROTEME b2 | SESERBEB LOERERREFFo QDI ENHE
SN TWD (Sato et al., 2011; Shiratsuchi et al., 2010), F7=[EHK L7 IFICBON T, =
FAZ—BEENENDOIAN—BTLENRE G SRS ZenRESNTEY, JFE
RBHZEZESTLLIN TS, izl O=I2AZ—BREY EH T80, 8k
WM 7 — 2 OREFHEICE A THY . IR IEIC IV BRSNS T 7 r— MBIk
AL ZINH 9DV E LS TCV% (Johnson et al., 2011; Usami et al., 1983), =
DIV TAA—FEETev) T uT 7T — B OEERABEDFEE T EL, 5 #

SEL O FE 72500 AAFFE N HE A . < DFEETIE HESNAZENTIRFEIND,

65



51 F 3CHR

Abdel-Naeem, H. H. S., & Mohamed, H. M. H. (2016). Improving the physico-
chemical and sensory characteristics of camel meat burger patties using ginger
extract and papain. Meat Science, 118, 52—60.
https://doi.org/10.1016/j.meatsci.2016.03.021

Almagro Armenteros, J. J., Tsirigos, K. D., Sgnderby, C. K., Petersen, T. N., Winther,
0., Brunak, S., von Heijne, G., & Nielsen, H. (2019). SignalP 5.0 improves signal
peptide predictions using deep neural networks. Nature Biotechnology, 37(4), 420—
423. https://doi.org/10.1038/s41587-019-0036-z

Aminlari, M., Shekarforoush, S. S., Gheisari, H. R., & Golestan, L. (2009). Effect of
Actinidin on the Protein Solubility, Water Holding Capacity, Texture,
Electrophoretic Pattern of Beef, and on the Quality Attributes of a Sausage
Product. Journal of Food Science, 74(3), C221-C226.
https://doi.org/10.1111/j.1750-3841.2009.01087.x

Balg, J., & Banga, I. (1949). Elastase and elastase-inhibitor. Nature, 164(4168), 491.
https://doi.org/10.1038/164491a0

Blow, D. M., Birltoft, J. J., & Hartley, B. S. (1969). Role of a Buried Acid Group in the
Mechanism of Action of Chymotrypsin. Nature, 221(5178), 337-340.
https://doi.org/10.1038/221337a0

Bressollier, P., Letourneau, F., Urdaci, M., & Verneuil, B. (1999). Purification and
characterization of a keratinolytic serine proteinase from Streptomyces
albidoflavus. Applied and Environmental Microbiology, 65(6), 2570-2576.
https://doi.org/10.1128/aem.65.6.2570-2576.1999

Busch, W. A., Stromer, M. H., Goll, D. E., & Suzuki, A. (1972). Ca2+-specific removal
66



of Z lines from rabbit skeletal muscle. Journal of Cell Biology, 52(2), 367-381.
https://doi.org/10.1083/jch.52.2.367

Busche, T., Tsolis, K. C., Koepff, J., Rebets, Y., Rickert, C., Hamed, M. B., Bleidt, A.,
Wiechert, W., Lopatniuk, M., Yousra, A., Anné, J., Karamanou, S., Oldiges, M.,
Kalinowski, J., Luzhetskyy, A., & Economou, A. (2018). Multi-Omics and
Targeted Approaches to Determine the Role of Cellular Proteases in Streptomyces
Protein Secretion. Frontiers in Microbiology, 9(JUN), 1174.
https://doi.org/10.3389/fmich.2018.01174

Cascon, A., Yugueros, J., Temprano, A., Sanchez, M., Hernanz, C., Luengo, J. M., &
Naharro, G. (2000a). A Major Secreted Elastase Is Essential for Pathogenicity of
Aeromonas hydrophila. Infection and Immunity, 68(6), 3233-3241.
https://doi.org/10.1128/1A1.68.6.3233-3241.2000

Cascon, A., Yugueros, J., Temprano, A., Sanchez, M., Hernanz, C., Luengo, J. M., &
Naharro, G. (2000b). A Major Secreted Elastase Is Essential for Pathogenicity of
Aeromonas hydrophila. Infection and Immunity, 68(6), 3233-3241.
https://doi.org/10.1128/1A1.68.6.3233-3241.2000

Chen, X. G., Stabnikova, O., Tay, J. H., Wang, J. Y., & Tay, S. T. L. (2004).
Thermoactive extracellular proteases of Geobacillus caldoproteolyticus, sp. nov.,
from sewage sludge. Extremophiles, 8(6), 489-498.
https://doi.org/10.1007/s00792-004-0412-5

Chen, X. L., Xie, B. Bin, Bian, F., Zhao, G. Y., Zhao, H. L., He, H. L., Zhou, B. C., &
Zhang, Y. Z. (2009). Ecological function of myroilysin, a novel bacterial M12
metalloprotease with elastinolytic activity and a synergistic role in collagen

hydrolysis, in biodegradation of deep-sea high-molecular-weight organic nitrogen.

67



Applied and Environmental Microbiology, 75(7), 1838-1844.
https://doi.org/10.1128/AEM.02285-08

Cheng, X. W., Kuzuya, M., Sasaki, T., Arakawa, K., Kanda, S., Sumi, D., Koike, T.,
Maeda, K., Tamaya-Mori, N., Shi, G.-P., Saito, N., & Iguchi, A. (2004). Increased
Expression of Elastolytic Cysteine Proteases, Cathepsins S and K, in the Neointima
of Balloon-Injured Rat Carotid Arteries. The American Journal of Pathology,
164(1), 243-251. https://doi.org/10.1016/S0002-9440(10)63114-8

Christensen, L., Ertbjerg, P., Lgje, H., Risbo, J., van den Berg, F. W. J., & Christensen,
M. (2013). Relationship between meat toughness and properties of connective
tissue from cows and young bulls heat treated at low temperatures for prolonged
times. Meat Science, 93(4), 787-795.
https://doi.org/10.1016/j.meatsci.2012.12.001

Christensen, L., Lgje, H., Risbo, J., Van Den Berg, F. W. J., & Christensen, M. (2013).
Relationship between meat toughness and properties of connective tissue from
cows and young bulls heat treated at low temperatures for prolonged times. Meat
Science, 93, 787—795. https://doi.org/10.1016/j.meatsci.2012.12.001

Contesini, F. J., Melo, R. R. de, & Sato, H. H. (2018). An overview of Bacillus
proteases: from production to application. Critical Reviews in Biotechnology,
38(3), 321-334. https://doi.org/10.1080/07388551.2017.1354354

Cross, H. R., Carpenter, Z. L., & Smith, G. C. (1973). Effects of intramuscular collagen
and elastin on bovine muscle tenderness. Journal of Food Science, 38(6), 998—
1003. https://doi.org/10.1111/j.1365-2621.1973.th02133.x

Foster, J. A. (1982). [30] Elastin structure and biosynthesis: An overview. In Methods

Enzymol (Vol. 82, pp. 559-570). https://doi.org/10.1016/0076-6879(82)82087-9
68



Fuchita, N., Arita, S., lkuta, J., Miura, M., Shimomura, K., Motoshima, H., &
Watanabe, K. (2012). Gly or Ala substitutions for Pro210Thr211Asn212 at the B8—
B9 turn of subtilisin Carlsberg increase the catalytic rate and decrease
thermostability. Biochimica et Biophysica Acta (BBA) - Proteins and Proteomics,
1824(4), 620-626. https://doi.org/10.1016/j.bbapap.2012.01.015

Giudice, M. C., Reis-Menezes, A. A., Rittner, G. M. G., Mota, A. J., & Gambale, W.
(2012). Isolation of Microsporum gypseum in soil samples from different
geographical regions of Brazil, evaluation of the extracellular proteolytic enzymes
activities (keratinase and elastase) and molecular sequencing of selected strains.
Brazilian Journal of Microbiology, 43(3), 895-902. https://doi.org/10.1590/S1517-
83822012000300007

Gomi, K., Arikawa, K., Kamiya, N., Kitamoto, K., & Kumagai, C. (1993). Cloning and
Nucleotide Sequence of the Acid Protease-encoding Gene (pepA) from Aspergillus
oryzae. Bioscience, Biotechnology, and Biochemistry, 57(7), 1095-1100.
https://doi.org/10.1271/bbb.57.1095

Ha, M., Bekhit, A. E. D. A, Carne, A., & Hopkins, D. L. (2012). Characterisation of
commercial papain, bromelain, actinidin and zingibain protease preparations and
their activities toward meat proteins. Food Chemistry, 134(1), 95-105.
https://doi.org/10.1016/j.foodchem.2012.02.071

Hagihara, B., Matsubara, H., Nakai, M., and Okunuki, K. (1958). Crystalline bacterial
proteinase. I. Preparation of crystalline proteinase of Bacillus subtilis. The Journal
of Biochemistry, 45, 185-194.

Han, J., Morton, J. D., Bekhit, A. E. D., & Sedcole, J. R. (2009). Pre-rigor infusion with

kiwifruit juice improves lamb tenderness. Meat Science, 82(3), 324-330.

69



https://doi.org/10.1016/j.meatsci.2009.02.003

He, G., Chen, Q., Zhang, L., & Liu, X. (2003). Influence of medium components on
elastase production using crude sources by Bacillus sp. EL31410. Journal of
Zhejiang University-SCIENCE A, 4(2), 142-151.
https://doi.org/10.1631/jzus.2003.0142

Hosseini, S. V., Saffari, Z., Farhanghi, A., Atyabi, S. M., & Norouzian, D. (2016).
Kinetics of alkaline protease production by Streptomyces griseoflavus PTCC1130.
Iranian Journal of Microbiology, 8(1), 8-13.
http://www.ncbi.nlm.nih.gov/pubmed/27092219

Hung, S. H., & Hedstrom, L. (1998). Converting trypsin to elastase: Substitution of the
S1 site and adjacent loops reconstitutes esterase specificity but not amidase
activity. Protein Engineering, 11(8), 669-673.
https://doi.org/10.1093/protein/11.8.669

Iwashita, K., Todoroki, K., Kimura, H., Shimoi, H., & Ito, K. (1998). Purification and
characterization of extracellular and cell wall bound B-glucosidases from
Aspergillus kawachii. Bioscience, Biotechnology and Biochemistry, 62(10), 1938—
1946. https://doi.org/10.1271/bbb.62.1938

Janda, J. M., Abbott, S. L., & Khashe, S. (1999). Identification and Initial
Characterization of Elastase Activity Associated with Vibrio cholerae. Current
Microbiology, 39(2), 73-78. https://doi.org/10.1007/s002849900421

Johnson, J. L., Devel, L., Czarny, B., George, S. J., Jackson, C. L., Rogakos, V., Beau,
F., Yiotakis, A., Newby, A. C., & Dive, V. (2011). A selective matrix
metalloproteinase-12 inhibitor retards atherosclerotic plaque development in

apolipoprotein E-knockout mice. Arteriosclerosis, Thrombosis, and Vascular

70



Biology, 31(3), 528-535. https://doi.org/10.1161/ATVBAHA.110.219147

Jurasek, L., Carpenter, M. R., Smillie, L. B., Gertler, A., Levy, S., & Ericsson, L. H.
(1974). Amino acid sequence of Streptomyces griseus protease B, a major
component of pronase. Biochemical and Biophysical Research Communications,
61(4), 1095-1100. https://doi.org/10.1016/S0006-291X(74)80396-7

Kan, C. K., & Rice, E. E. (1970). Degradation of various meat fractions by tenderizing
enzymes. Journal of Food Science, 35(5), 563-565. https://doi.org/10.1111/j.1365-
2621.1970.tb04809.x

Kaneko, R., Koyama, N., Tsai, Y. C., Juang, R. Y., Yoda, K., & Yamasaki, M. (1989).
Molecular cloning of the structural gene for alkaline elastase YaB, a new subtilisin
produced by an alkalophilic Bacillus strain. Journal of Bacteriology, 171(9), 5232—
5236. https://doi.org/10.1128/JB.171.9.5232-5236.1989

Kielty, C., Sherratt, M., & Shuttleworth, C. (2002). Elastic fibres. Journal of Cell
Science, 2817-2828. https://jcs.biologists.org/content/joces/115/14/2817 .full.pdf

Kim, J. C.,, Cha, S. H., Jeong, S. T., Oh, S. K., & Byun, S. M. (1991). Molecular cloning
and nucleotide sequence of Streptomyces griseus trypsin gene. Biochemical and
Biophysical Research Communications, 181(2), 707-713.
https://doi.org/10.1016/0006-291X(91)91248-B

Kitadokoro, K., Tsuzuki, H., Okamoto, H., & Sato, T. (1994). Crystal Structure
Analysis of a Serine Proteinase from Streptomyces fradiae at 0.16-nm Resolution
and Molecular Modeling of an Acidic-amino-acid-specific Proteinase. European
Journal of Biochemistry, 224(2), 735-742. https://doi.org/10.1111/j.1432-
1033.1994.00735.x

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: Molecular
71



evolutionary genetics analysis across computing platforms. Molecular Biology and
Evolution, 35(6), 1547—-1549. https://doi.org/10.1093/molbev/msy096

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head
of bacteriophage T4. Nature, 227(5259), 680—685.
https://doi.org/10.1038/227680a0

Lee, J. D., & Kolattukudy, P. E. (1995). Molecular cloning of the cDNA and gene for
an elastinolytic aspartic proteinase from Aspergillus fumigatus and evidence of its
secretion by the fungus during invasion of the host lung. Infection and Immunity,
63(10), 3796-3803. https://doi.org/10.1128/iai.63.10.3796-3803.1995

Li, Q., Yi, L., Marek, P., & Iverson, B. L. (2013). Commercial proteases: Present and
future. FEBS Letters, 587(8), 1155-1163.
https://doi.org/10.1016/j.febslet.2012.12.019

Mehta, V. J., Thumar, J. T., & Singh, S. P. (2006). Production of alkaline protease from
an alkaliphilic actinomycete. Bioresource Technology, 97(14), 1650-1654.
https://doi.org/10.1016/j.biortech.2005.07.023

Mei, H. C., Liaw, Y. C., Li, Y. C., Wang, D. C., Takagi, H., & Tsai, Y. C. (1998).
Engineering subtilisin YaB: restriction of substrate specificity by the substitution
of Gly124 and Gly151 with Ala. Protein Engineering Design and Selection, 11(2),
109-117. https://doi.org/10.1093/protein/11.2.109

Melendo, J. A., Beltrén, J. A., Jaime, 1., Sancho, R., & Roncalés, P. (1996). Limited
proteolysis of myofibrillar proteins by bromelain decreases toughness of coarse dry
sausage. Food Chemistry, 57(3), 429-433. https://doi.org/10.1016/0308-
8146(95)00247-2

Miyamoto, K., Atarashi, M., Kadozono, H., Shibata, M., Koyama, Y., Okai, M.,
72



Inakuma, A., Kitazono, E., Kaneko, H., Takebayashi, T., & Horiuchi, T. (2009).
Creation of cross-linked electrospun isotypic-elastin fibers controlled cell-
differentiation with new cross-linker. International Journal of Biological
Macromolecules, 45(1), 33-41. https://doi.org/10.1016/j.ijbiomac.2009.03.014

Miyoshi, S., & Shinoda, S. (2000). Microbial metalloproteases and pathogenesis.
Microbes and Infection, 2(1), 91-98. https://doi.org/10.1016/S1286-
4579(00)00280-X

Morihara, K., Tsuzuki, H., Oka, T., Inoue, H., & Ebata, M. (1965). Pseudomonas
aeruginosa elastase: Isolation, crystallization, and preliminary characterization.
The Journal of Biological Chemistry, 240, 3295-3304.
https://europepmc.org/article/med/14321366

Muiznieks, L. D., Weiss, A. S., & Keeley, F. W. (2010). Structural disorder and
dynamics of elastin [National Research Council of Canada]. In Biochemistry and
Cell Biology (Vol. 88, Issue 2). https://doi.org/10.1139/009-161

Mukhtar, H. (2016). Industrial Applications and Production Sources of Serine Alkaline
Proteases: A Review. Journal of Bacteriology & Mycology: Open Access, 3(1).
https://doi.org/10.15406/jbmoa.2016.03.00051

Naughton, M. A., & Sanger, F. (1961). Purification and specificity of pancreatic
elastase. Biochemical Journal, 78(1), 156-163. https://doi.org/10.1042/bj0780156

Okamoto, T., Akaike, T., Suga, M., Tanase, S., Horie, H., Miyajima, S., Ando, M.,
Ichinose, Y., & Maeda, H. (1997). Activation of Human Matrix Metalloproteinases
by Various Bacterial Proteinases. Journal of Biological Chemistry, 272(9), 6059
6066. https://doi.org/10.1074/jbc.272.9.6059

Olafson, R. W., & Smillie, L. B. (1975). Enzymic and Physicochemical Properties of
73



Streptomyces griseus Trypsin. Biochemistry, 14(6), 1161-1167.
https://doi.org/10.1021/bi00677a010

Oreskovich, D. C., Bechtel, P. J., Mckeith, F. K., Novakofski, J., & Basgall, E. J.
(1992). Marinade pH Affects Textural Properties of Beef. Journal of Food Science,
57(2), 305-311. https://doi.org/10.1111/j.1365-2621.1992.tb05482.x

Qihe, C., Guoqing, H., Yingchun, J., & Hui, N. (2006). Effects of elastase from a
Bacillus strain on the tenderization of beef meat. Food Chemistry, 98(4), 624-629.
https://doi.org/10.1016/j.foodchem.2005.06.043

Reichheld, S. E., Muiznieks, L. D., Stahl, R., Simonetti, K., Sharpe, S., & Keeley, F. W.
(2014). Conformational transitions of the cross-linking domains of elastin during
self-assembly. Journal of Biological Chemistry, 289(14), 10057-10068.
https://doi.org/10.1074/jbc.M113.533893

Ryder, K., Ha, M., Bekhit, A. E. D., & Carne, A. (2015). Characterisation of novel
fungal and bacterial protease preparations and evaluation of their ability to
hydrolyse meat myofibrillar and connective tissue proteins. Food Chemistry, 172,
197-206. https://doi.org/10.1016/j.foodchem.2014.09.061

Sato, M., lwai, K., Onitsuka, E., Takahata, Y., Morimatsu, F., & Sato, Y. (2011). Effect
of Long-term Ingestion of Porcine Elastin Peptide on Human Skin Elasticity.
Nippon Shokuhin Kagaku Kogaku Kaishi, 58(4), 159-163.
https://doi.org/10.3136/nskkk.58.159

Schrider, C. U., Heinz, A. ;, Majovsky, P. ;, Karaman, B. ;, Brinckmann, J. ;, Sippl,
W.;, & Schmelzer, C. E. H. (2018). Elastin is heterogeneously cross-linked. The
Journal of Biological Chemistry, 293(39), 15107-15119.

https://doi.org/10.1074/jbc.RA118.004322
74



Shapiro, S. D., Kobayashi, D. K., & Ley, T. J. (1993). Cloning and characterization of a
unique elastolytic metalloproteinase produced by human alveolar macrophages.
Journal of Biological Chemistry, 268(32), 23824-23829.
https://europepmc.org/article/ MED/8226919

Shiratsuchi, E., Ura, M., Nakaba, M., Maeda, I., & Okamoto, K. (2010). Elastin
peptides prepared from piscine and mammalian elastic tissues inhibit collagen-
induced platelet aggregation and stimulate migration and proliferation of human
skin fibroblasts. Journal of Peptide Science, 16(11), 652—658.
https://doi.org/10.1002/psc.1277

Stein, R. L., Strimpler, A. M., Hori, H., & Powers, J. C. (1987). Catalysis by Human
Leukocyte Elastase: Proton Inventory as a Mechanistic Probe. Biochemistry, 26(5),
1305-1314. https://doi.org/10.1021/bi00379a016

Sullivan, G. A., & Calkins, C. R. (2010). Application of exogenous enzymes to beef
muscle of high and low-connective tissue. Meat Science, 85(4), 730-734.
https://doi.org/10.1016/j.meatsci.2010.03.033

Takagi, H., Arafuka, S., Inouye, M., & Yamasaki, M. (1992). The Effect of Amino Acid
Deletion in Subtilisin E, Based on Structural Comparison with a Microbial
Alkaline Elastase, on Its Substrate Specificity and Catalysis. The Journal of
Biochemistry, 111(5), 584-588.
https://doi.org/10.1093/oxfordjournals.jbchem.a123801

Takagi, H., Kondou, M., Hisatsuka, T., Nakamori, S., Tsai, Y. C., & Yamasaki, M.
(1992). Effects of an Alkaline Elastase from an Alkalophilic Bacillus Strain on the
Tenderization of Beef Meat. Journal of Agricultural and Food Chemistry, 40(12),

2364-2368. https://doi.org/10.1021/jf00024a008
75



Takagi, H., Maeda, T., Ohtsu, 1., Tsai, Y.-C., & Nakamori, S. (1996). Restriction of
substrate specificity of subtilisin E by introduction of a side chain into a conserved
glycine residue. FEBS Letters, 395(2-3), 127-132. https://doi.org/10.1016/0014-
5793(96)01014-9

Takahashi, S., Seifter, S., & Binder, M. (1970a). Elastolytic activities of
Clostridium,histolyticum. Biochemical and Biophysical Research
Communications, 39(6), 1058-1064. https://doi.org/10.1016/0006-
291X(70)90666-2

Takahashi, S., Seifter, S., & Binder, M. (1970b). Elastolytic activities of Clostridium
histolyticum. Biochemical and Biophysical Research Communications, 39(6),
1058-1064. https://doi.org/10.1016/0006-291X(70)90666-2

Thumar, J. T., & Singh, S. P. (2007). Secretion of an alkaline protease from a salt-
tolerant and alkaliphilic, Streptomyces clavuligerus strain MIT-1. Brazilian
Journal of Microbiology, 38(4), 766—772. https://doi.org/10.1590/S1517-
83822007000400033

Tsai, Y. C., Juang, R. Y., Lin, S. F.,, Chen, S. W., Yamasaki, M., & Tamura, G. (1988).
Production and Further Characterization of an Alkaline Elastase Produced by
Alkalophilic Bacillus Strain Ya-B. Applied and Environmental Microbiology,
54(12).

Tsai, Y. C., Lin, S. F., Li, Y. F., Yamasaki, M., & Tamura, G. (1986). Characterization
of an alkaline elastase from alkalophilic Bacillus Ya-B. Biochimica et Biophysica
Acta (BBA) - General Subjects, 883(3), 439-447. https://doi.org/10.1016/0304-
4165(86)90282-5

Tsai, Y. C., Yamasaki, M., Yamamoto-Suzuki, Y., & Tamura, G. (1983). A new
76



alkaline elastase of an alkalophilic bacillus. Biochemistry International, 7(5), 577—
583. https://europepmc.org/article/med/6385982

Usami, E., Nomura, K., Uchida, Y., Seyama, Y., & Yamashita, S. (1983). Effect of an
Oral Elastase Preparation (Elaszyme) on the Flastase Activity and Lipid Levels in
Blood. Japanese Journal of Clinical Chemistry, 12(1), 79-85.
https://doi.org/10.14921/jscc1971b.12.1_79

Vonothini, G., Murugan, M., Sivakumar, K., & Sudha, S. (2008). Optimization of
protease production by an actinomycete Strain, PS-18A isolated from an estuarine
shrimp pond. African Journal of Biotechnology, 7(18), 3225-3230.
http://www.academicjournals.org/AJB

Watanabe, H., Hattori, S., Katsuda, S., Nakanishi, I., & Nagai, Y. (1990). Human
Neutrophil Elastase: Degradation of Basement Membrane Components and
Immunolocalization in the Tissue. The Journal of Biochemistry, 108(5), 753-759.
https://www.jstage.jst.go.jp/article/biochemistry1922/108/5/108_5_753/ article/-
charl/ja/

Waterhouse, A., Bertoni, M., Bienert, S., Studer, G., Tauriello, G., Gumienny, R., Heer,
F. T., De Beer, T. A. P., Rempfer, C., Bordoli, L., Lepore, R., & Schwede, T.
(2018). SWISS-MODEL: Homology modelling of protein structures and
complexes. Nucleic Acids Research, 46(W1), W296-W303.
https://doi.org/10.1093/nar/gky427

Werb, Z., Banda, M. J., Mckerrow, J. H., & Sandhaus, R. A. (1982). Elastases and
Elastin Degradation. Journal of Investigative Dermatology, 79(1), 154-159.
https://doi.org/10.1038/jid.1982.28

Wise, S. G., & Weiss, A. S. (2009). Tropoelastin. In International Journal of
7



Biochemistry and Cell Biology (Vol. 41, Issue 3, pp. 494-497). Int J Biochem Cell
Biol. https://doi.org/10.1016/j.biocel.2008.03.017

F_ B, (2009). 77—~ T 2T F IR — B EE DI BRI o — b —
AR

F BB, (2015). ZEFELEE DI HEENT ERATE . — T —HIRR.

SR, BRIEOM, R —, & ARIEH. (2019). PRiEEYE R & RN T~
a7 7 —BEEROWR. FILE ALY L 7S KD EELE, 262.

78



HEE

i LZAER T DITHTD, #In T B LT mEL 2 50 £ U2 5 R F B TS A
A ST 2 A HUER B 2 e A R AL T 0 7 T A AT BRI TR e 5
BaRLET, o, BlEZBGIEXTTHE a2 ZWE52BYELIZFR T 077 4
AT ELR R | AR LR, AN B EU DI R L BT R EBRTF
RIZBAL T THREY UL BB B BUC B L BT £,

KW BAT T OMR L RRLTHEZGV LI =T A7 A = 2R
DT =RV A= ZGERT RIS T RICTREH L L &£, Fio, A
EHRD DR CMERIC DT E | TR L2 52 TIESWEL A 8 A B i
TISDIEHIRL BT R,

WFEEHED DIZHT D TR BN EE L =B F T 7 A ARt &
FERREG, /N SRR AR B, iy — B RS ARG RICIU&# R L BT £,
FEBUCEAL T A DT W IZEE LR LB, PREFFNfL EG, ST BF R
BCL AT SEACEC, SFPNSERE R, A IDEREG 4 I, HIF B IR E
IR A0 G RSB 5A S, A9 BG P BRIES U S DIV FL R L B 9, Fiz,
THBNEEEUI =M E A 7 A = AR A S D Z L O BRI E L
L EFET,

BN AWFZETE BN G HE L SR TNVTEF B TIREHH B L £7,

79



