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Identification and Purification Properties of Subtilisin-like Proteinase Inhibitor

Isolated from the Marine Bacterium

Sung-Il Kang

Department of Biotechnology and Bioengineering, The Graduate School,

Pukyong National University

Abstract

A marine bacteria which produced the subtilisin-like proteinase inhibitor was
screened from the sediment in the southern sea of Korea. The cultureal,
morphological and physiological characteristics. of an isolated strain were
investigated for identification. Cultural characteristics based on ISP(International
Streptomyces Project) were as follows: white and gray aerial mycelium and good
growth on various medium. Also, the strain did not produce the soluble pigment.
Also, this strain could be grown up to 9% salt concentration. Morphological and
physiological characteristics showed cylindrical spore chain- and smooth spore
surface by SEM(Scanning-Electron Microscope): ~A" phylogenetic analysis of the
16S rDNA provided a clue that the isolated strain was actually a member of the
genus Streptomyces, because the determined sequence exhibited a higher

homology with Streptomyces thermocarboxydiss.

A subtilisin-like proteinase inhibitor has effectively inhibited the activity of
subtilisin and proteinase K by complexing with the enzyme in the ratio of 1 : 1.
The inhibitor has no effect on the trypsin and collagenase.

The optimum culture conditions for the production of subtilisin-like proteinase

- viii -



inhibitor have been determined after cultivation for 3 days at 28C. Glucose,
galactose, starch and fructose were good carbon sources for the production of the
inhibitors. On the other hand, maltose, lactose and mannose was only good for
the cell growth potently inhibited the production of inhibitor. Natural organic
nitrogen sources such as poly peptone and proteose peptone were good for the
production of inhibitor, however beef extract, urea, casamino acid and inorganic
nitrogen sources such as (NH4):2SOs and NH4Cl were poor. Optimal culture
conditions for inhibitor production were composed of 1.6% galactose, 0.5%
proteose peptone, 1% NaCl and 1 mM Li’, respectively. The optimal temperature
and initial pH for the subtilisin-like proteinase inhibitor activity were 40C and
pHS8.0, respectively. The subtilisin—like protease inhibitor. from Szreptomyces
thermocarboxydus. Cl2 showed a maximum inhibitor activity after the cultivation

for 60 h under the optimized medium.

A subtilisin-like proteinase inhibitor produced by Streptomyces
thermocarboxydus Cl12 was  purified by ultrafiltration, ammonium sulfate
precipitation, DEAE Sepharose CL=6B and Superdex 200 column chromatography.
The final inhibitor  was. purified 1199 fold, with a yield of 20.7%. The inhibitor
has a monomer with a molecular weight of 33.1 kDa estimated by SDS-PAGE.
Also, the inhibitor showed the one bandin native-gel PAGE. The isoelectric
point was 4.4. The inhibitor activity was stable in the range of pH 6.0~10.0 and
temperature 30~607C, respectively. The purified inhibitor was slowly activated by
Mg®" and K. The N-terminal sequence of subtilisin-like proteinase inhibitor was
determined as DAPSALYAPSALVLTVGKGVSAT. The sequence (residues from
1 to 23) was 100% identified with the .Strepfomyces subtilisin inhibitor(SSI)
produced in the Streptomyces albogriseolus. The A, and V,. of the inhibitor
were calculated to be 2.67 mg and 15.3 unit, respectively. The inhibitor showed a

noncompetitive inhibitor mode for subtilisin. As a result of a amino acid

_iX_



compositon analysis, the purified inhibitor had a high content of serine and
alanine. The degree of inhibition of subtilisin—-like proteinase inhibitor was much
greater than that of food inhibitor such as bovine plasma, pork plasma and egg

white protein.
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AL =AE G4 dAY 2AAME THHAG. A Qo= = HE 9
tf o] #] 3] & & (pancreatic secretory trypsin inhibitor)o] @-F¥o] gd=d &,
A, A, Fek AbE Y A FEHAA Aol At (Pubols et al, 1974). &
of FgfE A=A HAMAE Bo] AFHo Ao (Glaser and Karic,
1978), = 9] A}=(Takahashi et al, 1974), @3 o] (Tschesche et al., 1972),
MNE5F, 4% FF(Laskowski, 1955)¢F o8] 712 /5 &9 %X (Cechova,

1976) ol A A = At

Aol dd Zdas AEES T A Aol Readdt

Haas(1938)o] o) & A wE ol#f & Ham % Bowman %(1944)& z+7} =€
Hog gF Fo trypsing AM|Z Aol A= AS HASUY. o2 2
3 FHUNES UdeE B2 AFAV AslEde 2, AAE Rista

STk 53] Vogel &(1968)¢] -3 wiol olstdl tiF =L 7o i
G Falase] dd Asleds Sistal dvhy doh AEAd o] AdE
de 1 9ok A, S5, 22 b

Aol EAS Eel & deld E 1§ we dATAel s v
Asl=de] e - A7 R as o) AXRE 47 AsE2 2 Bowman-Birk
inhibitor241 2 AFH o] QT cAFEEH 2dE Be AdedEe
EEoawmA 2d2 A 8 dol dAd vud AZAEE (EAF 6,000~

12,0000 &t A& (EA%F 20,000~60,000) = of & H ).

A g Balgsh AHsEdo] #3 A= Hoyent Skulberg

7V(1962) Clostridium botulinum (type A, B and E)ol A trypsinol gk A

o) Fe "l BIags AINEA N dFE F2 LPenicillium



cvclopiwmoll QA Eol AFEH=d o] FF& A proteinaseol] Ui g
A& A 24 malic acid’} T3 A9 poly-L-malic acidE A4 o=
Z1o] 93 A tH(Shimada and Matsushima, 1969). Newrospora sitoplilia®t
Aspergillus  japonicus®l WA FAEA ANEEE ALAS  thiol
proteinase inhibitor % tF(Hanada et al., 1978). m] A &4 iz R g s A
d=d FolA 7hF &8s AHa = actinomycesi /b A s A 8l
522 Aoyagi 5(1969)¢] trypsin, plasmin 5< A&ste M2 e A

=22l leupepting xS NIL, Umezawa 5 (1972)0] Streptomyces

mauvecolor= 5-¥ trypsin, papain, cathepsin. A, B ¢ ©@¥d Faai
AslE4d  antipaing - WESFTE. L83l chymotrypsin® A s &2

chymostatin®] Umezawa 5ol 2ajiA &2 dF%3¢. Kunimoto 5 (1972)
2 pepsin? renine A 33L& pepstatins, Murao 5 (1972)2 Streplomyces

&o| A Tl A A protease inhibitor?l Szreptomyces subtilisin inhibitor(SSI)

S EgsAd. 3 Faucher 5(1987)2 &2 &3 Aol T Qs 98
3}  matrix  metalloprotease (MMP)2] Asl#] %  actinonine 7]l
actinomyces O Z X E FAEAT o} o]|F collagenase A & A =



1-2. Protease® inhibitor ¥

1) Acid protease inhibitor
Streptomyces lestaceusy Streplomyces argenteolusvar, Streplomyces

loyvonakensis?7t AAFeL= pepstatinS pepsin, cathepsin D % renins

[
o

14

oX,

i,

e

o 2 A3 (Kunimoto et al, 1972). Pepstatin A2kt o] AJAF3H=

2

ot

A5 A HES ZAI pestatin®] +Z 9 alanine©®] serinel &
hydroxypepstatin, CE® % (3S, 4S)-4-amino-3-hydroxy-6-methyl heptanic
acid(AHMHA & statin)o] A@A HATHANA A7) Ho] G4bd
pepstanone % T E acyl7lE 7R A7 A EAEAS wAT £ QA
Pepstatin, hydroxypepstatin, pepstanone< o2 7}A] acyl7| & 7} zZ+Z} 9
=45 T . Pepstatine L5 & B oy} v A S 7] A T
2hAl gl Be] g 4 S A sl ekt Pepstatin®] aspartic proteaseo] ©jd A
o] pepstatin Sepharose affinity gelS "tEo] tfHFo
25 w88 AF§ el tH(Takahashi and Tang,

1981). Pepstatin $ oA sialic acid®¥= #HA A A stomach ulcergE WA 3}

rr

g7t AAY. Streptomyeesol 2 d AJAEE THE pepsin inhibitorZ2 A4 &

procidins, SP-13} pepsinostreptin©] @& # Sl th(Murao and Satoi, 1970).

2) Metallo protease inhibitor

Streptomyces lanashiensis® 23] A 4tE = phosphopeptide?] phosphor
—amidon<> thermolysing 7+ sAl A 3t (Suda et al, 1973). Phosphor
—amidon®] C¢l1AFRE 217} thermolysin® A FE Yo E815t= Znot 2 ¢35}l o]
AT}, Streptomyees nigrescens® S-MPL, Streptomyces mozensis®

talopeptin®} Streptomyvces rishiriensis®] FMPIi= tW2 thermolysin A 3 Al



oty Actinomadura altramentaria X A 4FE = matlystatine  collagenase
type V& A3dlst™, actinomyces sp.ol A A4St matlystain A= MMP-2,
9o A& o] Zsltl. 18] 3l matrigelS ©1 €3 7 vitro AHAHNA HT
1080 Hfr=F AEFY &S Adlste zoer H st thHTanzawa et

al., 1992).

3) Serine ¥} thiol protease inhibitors

rod

Leupeptin, antipain® chymostatine serine¥ thiol protease® 7%
peptide”] A 3 & & o] t}. Leupeptin(acetyl 22 propionyl-L-leucyl-L-leucyl
-L-argininal)2  Streptomyvees®  17E(F,  roseus,. rosechromogenes,
chartreusis, albireticuli, thioluteus, labendulae roboritoenss <)o AAHaF3

31l trypsin, plasmin, papain® cathepsin BE= A gt} of=27|dF 29 &b

i

Jol= )= FQ3 x4 A=A dE sl =9 carbinolZ el 3oL}
carboxyl® 9] Atslo] &  AspdAo] AAFHJ I (Umezawa, 1972).

Leupeptin FH ol g a3 s 7FA 1 919

O

2

EREREE S

A, l T
237 b= ol= kinin FA4 S Asistr] wiitolar, o] 2o % trypsin A
sfoll o HAFH AECl -leupeptin® o] & ol Tl ET. FAZu=
leupeptin®ll 9] 3] A 3l ¥ =dl-¢]= thrombokinase®}] HH-g- wjEo]r}, g
leupeptin $H&A Al kdol A AV U= Ao® HiuFHo St

(Aoyagi et al., 1977). Antipain(phenyl alaninal-arginine-valine-argininal) =
TZHox  leupeptin®}  #H o Q3L Streplomyces — michiganesis,
Streptomyces mauvecolorSt vokosukanesis©| & A FE T Antipain
trypsin, cathepsin A9} cathepsin BE A3l leupeptin®l #®] 3} papain®}
trypsin®l| Ht} 5o] A o]t}

Antipain leupeptin®} A k] e2 FAS 7P Y 2 A4S leupeptin



o o

Chymotrypsin A3l A Q) chymostatine  Strepfomyces hygroscopicus,
Streptomyces — laremdulasess e Ay AT &) AAkE L
L-Phenylalanine chymostatin 7% ¢ 3 EX 02 dHstol=7]5 YA
71 g Yol FH(Umezawa and Aoyagi, 1973). .S nigrescens Wi
Foldomiy Zod Luteld Sd Eeas AeiAl MAPIZ o2 7}
A v AE 7199 a-chymotrypsin® papaing A 8] sf1} trypsin, thermolysin
, kallikrein, pepsin< A 3|3l ¢ +=th(Murao and Watanabe, 1978). ©] #
H, Laskowski®} Kato(1980)0l<]3ll A 8 serine proteinase inhibitor<]
family 7} 2 E ¥ o] % E& 9 inhibitorE ] A Zo] WAFAT}. Table 1=

| A 7F A & 2 serine proteinase inhibitor familyS & ¢k 7 o]t}

2. Protease inhibitor® $&

HH [

we) obel BUE Tao @7 W e gl ATE 4 ArhBode

nd Huber, 1992; Terashita et al, 1980). £73|, Eo]%o]ar A&}z vhulz

H&ol o5 wuld PalEs AL ke, A% s 28 s
]_

o

Ralas AN 298, FEFAE, ol fUAH BEAFAA, B

e = |

o, L

R Aol AR, HYIF, $EA, ARE, 25, 1P, AIDSS 22 A
3

()

Wk gl fHojste 9uMld FIELAES BEEAS AE F A Ao

it

B %3 9lth(Demuth, 1990). ol & wWaid REagih AfEdS AE
2 A Fol A wld Ralaie AW affinity chromatography el 24 7],

2 AN doju= 844 BelUAGEoRRE olgd F o
o
-



(Garcia—Carrefio, 1996).
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Table 1. Families of protein inhibitors of serine proteases.

Animals

Approximate domain size &

number of domains

Bovine pancreatic trypsin inhibitor

(Kunitz) family

60 residues

Pancreatic secretory trypsin inhibitor

(Kazal) family

55 residues; up to 7 domains

Ascaris trypsin inhibitor-family

60 residues

Serpin family

(mechanistrically distinct)

400 residues

Hirudin family

65 residues

Plants

Soybean trypsin inhibitor
(Kunitz) family

180 residues

Soybean proteinase inhibitor

(Bowman-Birk) family

35 residues; 2 domains

Potato 1 family

70 residues

Potato 2 family

50 residues; 1 or 2 domains

Barley trypsin inhibitor family

120 residues

Squash inhibitor family

30 residues

Microbial

Streptomyces subtilisin inhibitor
(SSI) family

110 residues




G452 subtilisin (Fluka, Switzerland), trypsin, a-chymotrypsin, amino
peptidase, collagenase (Sigma, USA)9} proteinase K (Promega, USA)E A}

43t a, 7148 gelatine (Yakuri, JAPAN)S AFg38}gt. & A0S0 AFE

H @A Al ek npinhydirn (Lancaster, England)S AF&3Fdth. 228 8 A
i FA= API kitE AF&3FA 3, 492 (Spectra/por, MWCO: 12,000~

14,000, Texas, USA)E AREotAom, 1 9 ALRE EE AGE 55 52
BAg A ALY

Subtilisin-like - proteinase inhibitor®] . #-2] - A A A EAHF EFELS

(Sigma, USA)9] low-range protein molecular weight markers(MW 6,500
~66,000 Da)S Al &3l9 g, &2 grjoqIE A% el Millipore Co.2 A&
(Massachusetts, USA)S AF&3FAa, ojufe] e = AR
(molecular weight cut-off: MWCO)7} 10,0009 # & AF&3}

2. @79 RO¥A L AN 53

M

2-1. WA x4 L T

Fo By 9w oajks 93 vjA XA 0 2= Bennet's ¥ A (Glucose 10.0 g,
Peptone 1.0 g, Yeast extract 1.0 g, Beef extract 1.0 g, pH 75 75 1
19 NaCl 23.0 g, KCI 0.7 g, MgCly - 6H20 10.6 g, CaCl, 1.1 g, NaSO4 3.9
g, NaHCO3 0.2 g, (NH4)2504 1.0 g, KoHPO4 0.01 g, Tris—HCl 6.05 g, pH
789 dwFE H7bsto] IEwiA R ARG TE Haf Aol Aol zt

T THTEFE HAA 20 mlE T Al HFSe] 25T, 39 F<

_10_



gt 1 = Zujek AAufA 50 mlol HuigFd 1.0% (v/iv)E A
Z3lo] 25C, shaking incubator oA 180 rpmo & 4Y Fob AerujeF 39

.

2-2 #FEeg 2 BE
Sty gafctel A AP S5, SxF 2 AWS  subtilisin-like

protease inhibitorg AJAtst= WA EEAIEE AFESA Y AR ZHF

;

ANz Hed 4ol X35t A EZ Cyclohexamide®t Rifampicin®]
b et 2o A E AdEel Al (Table 2)ol 100 pls =2% o3, 2

4~67F F AA v st A FEHY JHomFH °F 1,0007
T2 s Av. F8® 7 E Bennet's wiAolA oF 28 FoF 27Tl A

okl o wjok® 5 F subtilisin-like proteinase inhibitorE 2 S A Ak

st wFE 1A AESs T 14 A E
2y 7k ol 55 250 ml Erlenmeyer flasks ©] 23l Bennet's <A nl A o

AES UL 71489 zHes 27C, 180 rpmo 2 4 A3F wakaej ksl

SEI

uj ¢k ol & Whatman No. 1 paper® AE TS, A4 st 9o A

ol
©
al

GAHS Toslo] 37ColA 20 minZt A3 8l g % test plateo] 10 pl¥

o

loading 3+ paper diskE &#+EL 3 37Col A 48 hr WF3A T HFg &

clear zones Q135to] 2 AWttt 23 A¥EE ¥ 5 ninhydrin 24

Al ekS o] &3}o] subtilisin-like proteinase inhibitor Al o] 7}4 73d #+F
stuE AEeled HI o= AYgesdy. AT 2gE T5FE 20% (v/v)
glycerol& #7}ste] -70C Weael Hasty 2 AP AFE3 ATt

-3 BH@EFe 54
el AWe 7o 14 $AS FUsd, wFsd 2 4" 542
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Manual of methods for general bacteriology(Gerhardt et al, 1981) %
Biochemical tests for identification of medical bacteria(Macfaddin, 1980)¢l
+3lo] HAESAL, Bergey's Manual of Systematic Bacteriology(Kreig and
Holt, 1989)0l ©¢]3&}o] #)|¢t% International Streptomyces Project(ISP)ell 2] gt
wHo R EAstAn. FaAd A Z43E BLASTNY data$t ®]aste] &4

stoivh. ®elwre Wel SEM (HITACHI S-2400, Japan)g ol &3] 3

D A dwn7gol o35 o] de #

(1) SEM(Scanning Electron Microphotography)

AAujoFRS FALYE A ) 0.2 um polycarbonate filter® %3 A] 71
th B9 w g 271 24% glutaraldehyded] filterES © o] LA A 7
%, 0.1 M phosphate buffer=2 ol A Hsr} el A 5 A=
g s iAo sF A wiFE] =2 vjgA S 1731 ethylalcohol 30, 50,
80, 90% = 7tZ} 15 min, 95%= 1 hr ¢k F W €A 7tk o] ¥ filters
iso—amyl acetate®] 30 min®< ¥ F, HAA COZ iso-amyl acetateE 2

9, g 48 Ad@ug ez Baa.

)

(2) &4

rJ
Y

Foi e AmulAel HEH F Hol LA HTE Felsurh

o dAaem Felve] Axy 5A4& A Y. MMM (Modified



(2) Catalase test
o719t A 54 EAR] HoOox Absl A1 catalaseol| 93 H.O%
0.2 Hae}. o]o Haio catalase testE AU U7 o
colonyZ slide glassell” &% & o 7]o] 1 ml®] 3.0% HAF3}<F 2 (Ho00) 8 A
o, 7]

, 71 d A o] glE TS catalase A o= E2lE AT

of &% 7hs) 71 EWA FFE el

o
-
O

5]

A3+ S catalase %A O

=

2-4. 16S rDNA 47144 &4

16S rDNA #2412 Wizard Genomic DNA Prep. kit (Promega)=S A8 3}
chromosomal DNAZS Egs g o 2709 HA A primers A&3+ PCR
E o] &3ty 16S rDNAS S3HAZT. A E oligonucleotides®] 7+7} 9]
prime= forward prime (27F): 5 -AGAGTTTGATCCTGGCTCAG-3',
reverse primer (1492R): 5'-GGTTACCTTGTTACGACTT-3'¢ A7IA¥E=
TFAEAT. Z7Fe] 05 uM primer, 200 UM deoxynucleoside triphosphate,
10X PCR buffer 10 pl, 28] 32 EF-Z7zg polymerase (2.5 unit)E 0.3 plE Al
43t PCRE T3ttt

PCR H¥F3Z7 92 30 cycles (95CoA 20 sec, 50ColA 40 sec, 72T A

O
o
w

)

c
off
rO
=
AP

A ow FEZsgow, 72CoA 3 min T AFA A

PCR 4FE & Wizard SV Gel#t PCR Clean-Up System (Promega)< Al-&73}

_13_



o] F%3%9tt. Big Dye Terminator Cycle Sequence kit (Applied
Biosystems) 9} automatic DNA sequence (Applied Biosystems) S A}-£3}<]
PCR producte] 7] A4 +4& T4

% AFH 24

2-5.

-IN

259 16S rDNA Q71X L3 A Streptomyces 53 2 ttE

Hy BF9 16S rDNA 82 97143 &7 Clustal X softwareE A}

ol

43t wdstdtl. Al =% neighbor—jointing WH S AFE3le] A A%

(Saitou and Nei, 1987).

.Q

<

=
X

i

2-
a7

_lj!é
off

T+ Lowry W (Lowry et al, 1951)% ©]€3}3%1t. Bovine serum
albumin (Sigma chem Co.)E& X FTAIEZ 3F¢ 750 nmolA ¥ =5 =43}
%19 W column chromatography= A&38tlS "= 280 nmolX FH=E

=439

2-7. 24 A FA

Subtilisin-like proteinase inhibitor %< ninhydrin®¥* (Moore and Stein,
1948)& WA A AFEsF . = 50 mM Tris-HCI buffer 50 ulell 10 ul
subtilisin (0.1 mg/mD¥} AE wjF A5 d 10 plgdS 37Co A 20 min

AR F FEMEE 02% (w/v)e gelatine] E3HE 7[HEE Y 05

LA

ml(50 mM Tris-HCI buffer, pH 7.5)3% 37Col 4 30 minit ¥$AHY. &4
HES--& A A1 7171 #18] 10.0% (w/v) trichloroacetic acid(TCA) 0.1 m

7kgt % ninhydrin €9 05 ml& E&%3te] 100C, 10 mingt #Folal

ice-watero| 4] W ZFA] 71t}
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Table 2. Composition of actinomyces selective medium.

Medium

Composition (artificial sea water per liter)

Starch-casein

nitrate medium

Starch 10.0 g, casein 0.3 g, NaCl 2.0 g, Ko:HPO,4 2.0
g, KNO; 2.0 g, MgSO, - 7H.O 0.05 g, CaCOs 0.02
g, FeSO4-T7H-O 0.01 g, Cyclohexamide 50 mg,
Refampicin 5.0 mg, 1 M Tris—HCl buffer 20 ml,
agar 18.0 g, pH 75

Humic
acid-vitamin

medium

Humic acid 1.0--g, NaoHPO, 05 g, KClI 1.7 g,
MgSOy - TH20 0.05 g, FeSOy4 - 7TH2O 0.01 g, CaCOs
0.02 g, B-vitamins: thiaine HCI, riboflavin, niacin,
pyridoxine ~HCI, inositol, Ca-panthothenate, PABA,
0.5 mg, biotin 0.25 mg, Trace salts: FeSO; 10.0 mg,
CuS0Oy4 : 5H2O0 1.0 mg, ZnSO4 - 7TH2O 1.0 mg, Mn
SO - 7THO 1.0 mg, antibiotics: actidin 50 mg,
nystatin 50 mg, polymixin B 4.0 mg, penicillin 0.8
mg, Cyclohexamide 50.0 mg, Refampicin 5.0 mg, 1.0
M Tris—HCIl buffer 20.0 ml, agar 180 g, pH 7.5

M1 medium

Starch 10.0- g, Yeast extract 4.0 g, Peptone 2.0 g,
Refampicin 5.0 mg, Cyclohexamide 50.0 mg, 1.0 M
Tris—HCI buffer 20.0 ml, Agar 180 g, pH 7.5

Arginin-glyceol

medium

Arginine 1.0 g, Glycerol 125 ml, ZnSO4 - 7H20
0.0005 g, MnSO4 - 4H2O 0.0005 g, CuSO,4 -+ 5H20
0.0005 g, K:HPO; 0.5 g, MgSO4-7H-O 025 g,
FeSO, - 7TH-O 0.005 g, Cyclohexamide 50.0 mg,
Refampicin 5.0 mg, 1.0 M Tris-HCIl buffer 20.0 ml,
agar 180 g, pH 75
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Gl S HHA 7171 98 50.0% 1-propanols 7ha} o]
10,000 rpmelAl 10 minZt YA FE 3o 570 nmol A
A& (%)= AsAE H7bg Ao v H (A H&FB)Y &
> 2 WA gD FHEEFE
Aoz Axtsldth. B2 Z Table 3o UelU 2l
A gen - L= (Ol%_ g_A) X100
2-8 A#MA S A% AANGEED FE
kol A B8 Srtreprtomyees thermocarboxydus C122]. subtilisin-like
proteinase inhibitor &2 A4tS 93 HAW S 25, pH, ©&42Y, 2
29, NaCl, metal salts €02 AsAct. F S == vfoFofo A=
AAEZGsd AAT F FHFFE 23 AHIT B 100CAA dry ovenol A
AZAA dry cell weight(D.C.W)ZE A5 T w22 7] E ) %] o A
10~60C7k#] 10T tAC 2 wjato] A dA = AT, v $=x=7] pH
v 4o & 2EE VT pH 3-107A ZElste A dde A4S
[k SAaYgE Aol =A e =% 7] pHlA 7] ZuiA o H 7t
H glucoseE A Ysta, 2t @429 1.0% (w/v)S H7Fske] wjks & A3
Aol =2 BAYS A, Ay gAadS sREE HUbsto 24
< HESAT 24292 AYd g4ads Hoe os 713 dAYSs
AAsL Z+E - FIEEYE 05% (w/v)A A7t wiokd & A4S
AESIAHY. 5599 92 o8 559S 1.0 mMA H7bsto A S
AEsIAS. 281 Asisde] HANAN A7l A 2z stel A
2 34 SATo=N Wi A AA 5T
— 16 -



Table 3. Assay systems for subtilisin inhibitor activity.

Pinotte Inhibitor Reference Control Blank
P assay (B) assay (D) assay (A) assay (C)
Enzyme sol. 10 10 10 10
(ul)
Buffer sol. 50 50 50 50
(ul)
Inhibitor sol. 10 buffer 10 buffer
(ul)
0,
00% TCA — %1 0.1 0.1
( ml)
Mix and preincubate at 37C for 20 min
Substrate sol. 05 0.5 05 05
( ml)
Incubate at 37C for 30 min
0,
50% TGA 0.1 01 — —
(ml)
Centrifuge 10,000 rpm x 10 min
Pipette into
test tubes 0.2 0.2 0.2 0.2
( ml)
Ninhydrin sol. 0.5 05 05 0.5
( ml)
Heating at 100C for 10 min
Stand for 5 min at ice water
50%
1-propanol 2.0 2.0 2.0 2.0

( ml)

Stand for 15 min at room temperature

570 nm
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3. Subtilisin-like proteinase inhibitor® ¥d - AA 2 EA

3-1. Subtilisin-like proteinase inhibitor? %32 - A A

Streptomyces thermocarboxyvdus Cl12 T oA Artx= AajE 2o A A
9A= Fig. Lol Wdebidch vkl S 25ColA 4d &k wfFate] A
¥ A5 AAS7] $18 Whatman No 1. of A2 o33} th, oy 2 214
w2(16,000 g x 20 min) & A5 F IE AAVE AASGAY. 4T

et

I

AE N2 ammonium sulfate £3F5 % 0~40% A HAAIA 16,000 g x 20
min ¢ dAE}E HAES IFerh-IFA5d FHELS 50 mM

=
Tris-HCI buffer (pH 7.5)(buffer A)el tjsto] 24 hr &9k 33 dFHS w3
o] FAedvh F492 020 ym=z o] #3 F DEAE Sepharose CL-6B
anion column (26/30, Pharmacia, Sweden)°l4 NaCl (0~1.0 M)o] H7}%
buffer AZ step gradient® 3} A=A S A7 592 280 mn

oA wuld e ZASEHNIL fraction®] AMBAH S FASHATE A o]

b A=}

A

T2 w85 2ol YM-10 membrane (MW cut off limit, 10 kDa)o 2 3+9]
o7 st FEHFAT FH A2 0.1 M NaClo] 23 % buffer AZ H33ste

Superdex 200 column- (16/60, Pharmacia, Sweden)d A} 22 5oz &
EAFAY. =59 S 7 ool 43 5 Fejof 3 (YM-10 membrane)st

TEIAT AATG ANELL 20TANA HapstAA 54 Aol A&
AT EAgA 1 unite 37CoA 1 min®g #2153 1 umole] ofw] =it
T2 Yepydloen, -1 F S92 leucines A& AT &4 A EA

1 unity &284 1 unitEs F2A71E= Aoz A5
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3-2. Subtilisin-like proteinase inhibitor? ©]3}st2z EA xA}

A

AFE 54

M
I

1)

Subtilisin-like proteinase inhibitore] A A %= % FEA}HFS = °©

o
ofs

7] 2
Laemmli % (1970)o] w&} 125% gelolA SDS-polyacrylamide 7] %<

Ho
ol
4

tlo

FFAT. A7]dE 90 Ve gekdv. d719E F gel Coomassie
Brilliant Blue R-250°0. 2 | Astaz g8 (MeOH : glacial acetic acid :
DW =40 : 10 : 50)o.2 o] s &2 & uf 7% @At A
g =4 93 FF dWALS hovine serum albumin  (66.0 kDa),
ovalbumin (45.0 kDa), glycer-aldehyde-3-phosphate “dehydrogenase (36.0
kDa), carbonic anhydrase (29.0 kDa), trypsinogen (24.0. kDa), trypsin
inhibitor (20.1 kDa), a-lactalbumin (14.2 kDa), aprotinin (6.5 kDa)< A}-& 3}
AT

a4

2)

ol
N

%

Subtilisin-like " proteinase inhibitore] T d ¥ S =43l7] 9 35te] Righetti
5(1989) ] wWrHgol whet 5% 7] 9 &8k bk Ampholyte pH 3.5~10°]
¥ 75% acrylamide gel=-AF$38}od- 1500 V. (constant voltage), 50 mA,
30 WellA 1 hr 30 min &<t A/hstdeh. AW7E & gel> 10% (w/v)
TCAlA 10 min &<+ 2&d =2 A A 21 %, Coomassie Brilliant Blue R-250
o=x A B GAEdY. T SASHT 25 WA E amyloglucosid
—-ase (pl 3.6), trypsin inhibitor (pI 4.55), B-lactoglobulin A (pI 5.1), bovine
carbonic anhydrase isozyme (pI 5.9), human carbonic anhydrase (pI 6.6),
myoglobin (pI 6.8, 7.2), lentil (pI 8.2, 8.6, 8.8), trypsinogen (pI 9.3)& A}-&

ot At
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Culture supernatant

Filtratation (whatman No.1)

‘ ‘ remove of spore and mycelium

Spore Filtrate

Centrifuge(16,000 gx 20 min)

‘ remove of impurity

Salt-out

(saturated ammonium _sulfate ; 0~40%)

centrifuge(16,000 g x 20 min)

Supernatant Precipitate
Resuspend in dialyse against
distilled water for 24 hr
Ultrafitration (YM~10 membrane)
|
DEAE Sepharose CL-6B
‘ step gradient
Ultrafitration (YM-10 membrane)
Resuspend in dialyse against
distilled water for 24 hr
Superdex 200
dialyzed against distilled water
for 24 h
Ultrafitration (YM-10 membrane)

Purified subtilisin—like proteinase inhibitor

Fig. 1. Schematic representation for the purification

of subtilisin—like proteinase inhibitor.
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3) otn =4k A A

oW .= 2 EA L 13 x 100 mm Al @ AEE ¥ BAAR 05
mlell ™3] 0.1% phenol® ¥3%3= 05 ml® constant boiling HCL
(sigma H0636)% 7}ste] A A Z flushing 3 & 3tdoe=s %t 110TCY
heating blockell A 24 hr 7ZFgEaistdet. 7FeEad A ss 60T 9
Micro-cenVac (N-Biotec, Inc, Korea)ol Al dAFS <43 3wk A7l T A
Zo] 001 N HClZ 1 ml¥Al A&t o4t £42 ol 2b&

24 7] (Biochrom, Inc, Korea)el 40 uls Fdste] 43k},

4) N-terminal sequence %4

g 222 v Zo] AAjedn. A2 108 -39 7.0 M urea,
2.0 M Thiourea, 4.0% (w/v) 3-[(3-cholamidopropy)dimethyam-moniol-1-
propanesulfonate(CHAPS), 1.0%(w/v) dithiothreitol (DTT), 2.0% (v/v)
pharmalyte, 1.0 mM benzamidine® TAY Alsgd93 =30
homogenizer (PowerGenl25, Fisher Scientific)ol <}&] &% At 222
gd FES siA L hr b EFst ow, 15CclA 15000 rpm o= 1

A stel 4 FHAANGEY Naz Agsar.

ol

ol
ol

ol
tlo

hr & ¢t

i

—~

2) olAL A7 9 F

d 2} Isoelectric focusing(IEF)E $38te] IPG strips< 7.0 M urea, 2.0 M
thiourea, 2.0% 3-[(3-cholamidopropy)dimethyammoniol-1-propane sulfonate
(CHAPS), 1.0% dithiothreitol(DTT), 1.0% pharmalyte® T4 ¥ reswelling
fgolo 7 A2oA 12-16 hr A% reswelling 33t} Strip ¥ 22 200 ng

o] A% E loading3l®], Amersham Biosciences A}¢] Multiphore II system=

_21_



o] g5kl A x3|ALY AL HMFTEE FFste] 20CeA IEFE 38k dch
IEF =72 150 Vol 3500 V7HA o] =2 A1z-8 3 hr A &%, 3500
VoAl 26 hr A& =5 st HFHoZ 96 kVh 7F H=F HAT YT} 9
A o0& SDS-PAGEE $d3}7] Aol IPG Stripsg 1.0% DTTE

“

et

g
equilibration buffer(50 mM Tris-HCl, pH 6.8, 6.0 M urea, 2.0% (w/v)
SDS, 30.0% glycerol)® 10 min¥ ¢t incubation 3t oW, ZwvIE 25%
iodoacetamide® 3 equilibration buffer® 10 min %<t © incubationd}
ATt FHdo] BFHE stripse SDS-PAGE gels (20 x 24 cm, 10.0-16.0%) <
of ®j< A7) a1, Hoefer DALT 2D system (Amersham Biosciences)S o] &
gto] 20ColA HFALo = 1.7 kVhzh A A7t A vk ol A7) o] ¢
S¥ olakY AL Coomassie Brilliant G2502.2 A8 TE X% o234
A2 AGFA AFe] Duoscan T1200 =7 U2 =7)d 35t %7 TIFF 9l
Hdel Fem Hireol A

o] m] X] £ 2] (image analysis)
2 E olm X ZRE WA spotse] THWI FALS 93 A HZHQ

T

#2412 PDQuest software (version 7.0, BioRad)= 0] -&3lo] 835}t 7+
o]

stk A x2Ztoll A SDS, 7180, GMAIS 5 BEEES AASH] sk
o] 50.0% acetonitrile® Al & 3Rtk A2 T spot= 100.

0
F, AZAA trypsin(8-10 ng/n) o & reswelling st 8-10 hr E<F 37T
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(5) @ " AdHE9] sulfonation?} g S 93 SPITCAH 2]

Typsin® 8] ¥ & o] SPITC(4-sulfophenyl isothiocyanate)E 20 mM
NaHCO3 (pH 957} ¥ =% A3 F sulfonation S $3te] 55Tl A
5-30 min %¢t ¥F2AlFHth SPITCE sulfonationdt &9 Ci ZipTips
(Millipore)= °]&3dte] 1-5 plz 29 % FFHAT o] w542 FF
50.0% aqueous acetonitrile®] 3 3}%+ a-cyano-4-hydroxycinnamic acid®} &

gt i, At S 98t target plate 9ol A st

AFEA 71+ Ettan MALDI-TOF (Amersham Biosciences)E AF-83}%]
th. Target plate %ol #letgt @l d GWHES 337 nm® N laser AR
7182121 o}, 20 kV injection pulse°] 2]l 7}< 5 2t} 300 laser shots<]
T4 peaksol 9@ Zzeo] ®wWA spotell tl¥ mass spectrumS 35}
o] 9453 mass spectrumO ZHE @Wlz Hd 24 & FAHS 959
Rockefeller o gol A 78t PepFrag # A dl%l. (http://prowl.rockefeller.edu

/prowl/pepfrag.html)S ©]€35F% N- terminal sequence A& ZA Aol A&3}

ATt

5) A&|A 2% AAA
2% A A% subtilisin-like proteinase inhibitorE ¢ 2] =%(30~807T )l A
30 min F¢F AAg & F 4TCoA 30 min 5 YA A AsfAe 2=

o

g4 54

32

_23_



6) AsMA pH LA
A A ¥ subtilisin-like proteinase inhibitorE 50 mM sodium citrate- citric
acid (pH 4.0~6.0), 50 mM Tris-HCl (pH 7.0~85), 50 mM NaCO3-
NaHCO3; (pH 9.0~10.0)¢] $ZHo 12 hr &b A=A x|

o

subtilisine #7}ste] 37C, 20 minZt AAg 3 T AsfAle] =& A

o

7) F&ole 9

[e]

+

Subtilisin-like proteinase inhibitors metal ionS(Cu%, Li, Ca2+, Mg%,
Mn”~, Cd*, K)ol #H7Fg buffere] 1 hr E<F 2o A w28 3 subtilisin

= A7Fske] 37°C; 20 minZt A 2l ste] Al FELAY S SA 6

8) A 7tA dWd Eajatel o Asf=m

Subtilisin-like proteinase inhibitor7} o & @@ & F3 g4 tfsA A3l
2Zhgo] dojus=A Qs AleE 9@WA RSl ass Vibrio vulngicus
CYK279 A A4 = _metalloprotease, collagenase type /1, I, I, IV,
trypsin®}  a-chymotrypsin(0.0L. ~ mg/mD-g oAl « A S A} o,

subtilisin¥} proteinase K+ (0.1 mg/mDoll A Asl &4 & A3

9) Subtilisin°l W3+ inhibitord kinetics

Subtilising 7] & ¢l gelatin % 0.25, 0.5, 1.0, 1.5, 2.0 mg HYNA 24

S SAsA . =3 subtilisin®] W g subtilisin-like proteinase inhibitor2]
AsdAd e 712 Fxo wEt FAHSAY. WSEE 959 A Ee] o

G t)slo] Lineweave-Birk plotZ Ab&3dte] A9 7w #S 73 7,
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10) A F3 AsNAYG A& v
Streptomyces — thermocarboxyvdus — Cl201 4  AAFst=  subtilisin-like

proteinase inhibitorE 2% As|A = AlL7l5 3] A G xS A

i

HHom Hol Abgst e AFHF Al pork plasma proteini egg

O

white type p-39& %9 (0.1~1.0%)= #H7}ste] v s}
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A3 AT 2S£ nF

1. @59 &8 2 54

Fevete el Ak gelA e, xR

subtilisin-like proteinase inhibitor &2 Al &2 AF&3tA T AR 725 A=
+ Table 204 A<=3g v} o] W B sfgFr s AHujAE o] &3}
of 27C, 4~67F &<t A AlA
subtilisin-like proteinase inhibitore] $-

7, 8% plate assay WHoZ 12 AW AE WHLS Fig. 20 e
plate assayy o2 AAFAG. 14 A¥de #FES AT
diskE o] £3to) clear zone Z7|Z 2k AWt 22 XAE"E #5F F
ninhydrin %' .2 proteinase K ¢} subtilisino] w3 As]&o] 714 =4
Uetd #F Cl25 HFA o2 Ast th(Fig. 3). Fig. 4(B)¢t #eo] xdxd
ngow #HFF A3 U AdFESY FHE B Astd EAL
Bergey's Manual of Systematic Bacteriology°l <3to] A &S 33} c}. nj
FHA T ISP 9 WA E AT = WAl A AFFeRs] om | v gk o A

ag AN B SelsR whe) ABE Az A0) whet serao)

ARow, FWE smooth typeolth. 71d dARA S A A% dAAAW AL
!

fe

ZAeE A3} negative® UET. ¥ 3L catalase $AWHS, starch,
gelatin ¥ casein®l thalA 2| AL &FAsF ot w3 A5 Cl29 4¢
ol &= 9.0%¢ NaCl % 50C7t# A8t tH(Table 6). olds FAL
Streptomyces 729 5 dA U H(Table 5). T3, B}y AF &3 5

W Az 16S rDNA sequenceE 43593 BLAST programeol 2] 3h

_26_



GenBankel wel Hlaste] Q714 49E ZAFSHS T 16S rDNAS] 19~1423%
THAD FE A A7 ESs Blagk A3 dA Aol v 2ol 7k U A
W Streptomyces sp. EF-2(AF112165), Streptomyces thermocarboxydis
(U94490), (AB098079)¢} AFel A th(Fig. 5). Neighbor-jointing ®W'H S A&
gto] AlF=E FA T A Fig. 62 phylogenetic treedl A9} Zo] 23
Cl2% Streptomyces thermocarboxyvdus(AB098079)¢ 100.0% U x]sl= #H o
2 H A (Miyairi et al., 2004). Wetx & T F5 Steptomyees thermocar

~boxvdus= FAsH o, Cl22 %33

Aok drH oz goF Mo A2uAEZA 20~30C F2oA & st
= Aoz HAsH(Kang et al, 2004; Choi et al., 2002), Streptomyces
albogriseolus S-32539] 7% 30CANA TFAAAo] FHAHolx, H|TAL

ZAFE At (Murao et al, 1972). 21 & AFAES
of &t 27~35C ®HolA AsfZdol =A et (Tsuchiya and

Kimura, 1978; Fukuhara et al., 1982; Park et al., 1989).

S
A5CoAA 71 =2 o=
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Screen sample

!
sample 1g + sea weater 9 m|
!
0.1 ml plate streaking
!

Paper dis Strain

Enzyme sol.

l

Selection of strain

Fig. 2. Plate assay system of enzyme inhibitor substance

produced by the marine actinomyces.
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l pontrol

:

Subtilisin Proteinase K

Fig. 3. Plate assay for serine protease inhibitor produced by the

Streptomyces thermocarboxydus C12.
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Fig. 4. Light micrograph(A) and scanning electron morphology(B)

of Streptomyces thermocarboxdus C12.
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Table 4. Cultural characteristics of strain C12.

Spore mass

Medium Growth R.S.C’ S.P
color
ISP 1 agar good gray green none
ISP 2 agar good white vellow none
ISP 4 agar moderate gray gray none
ISP 9 agar ND? none none none

Starch-glyceol

good gray brown none
agar
Starch-casein :
) moderate white yvellow none
nitrate agar
Nutrient agar good pale vellow "pale yellow none
Bennet's good gray dark brown none
"Reverse side color, ~ " soluble pigment

ND" : no detect
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Table 5. Morphological characteristics of strain C12.

S, thermocarboxydiis

Characteristic Isolated strain

(AB098079)
Spore morphology Cylindrical spore arthrospore
Spore surface Smooth Smooth
Fragmentation of | !
substrate mycelium
Wall chemotype LL-DAP LL-DAP"
Spore mobility Immotile Immotile
Arthrospores in verticals = -
Growth temperature 15~50C 10~42C
*LL*DAP : LL-diaminopimelic acid, + :@ positive, — '@ negative
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Table 6. Physiological characteristics of strain C12.

Content Characteristic
Starch hydrolysis =+
Gelatin hydrolysis +
Casein hydrolysis -+

Melanin pigment —

Gram staining +
Growth in 9% NaCl +
Catalase b

Utilization of citrate —
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Table 7. Utilization of carbon compounds by strain CI12.

Carbon compounds Growth
Glucose ++
Galactose +
Maltose K
Arabinose
Mannitol
Lactose S
Sorbitol :
Fructose ++
Starch i
Mannose ++
Sucrose —

++ ; Good, + ; Fair, - ; Not utilized

The growth was checked after 10 days culture at 27C.
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Strain CI2 CAAGTGGCGGCATGCTTA-CACATGCAAGTCGAACGATGAAGCCCTTCGGGGTGGAT TAGTGGCGAACGGGTGAGT

8. thermocarboxydus (AB098079) GACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGT
S sp.EF-2 (AF112165) CATTCACGGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCGGGGTGGAT TAGTGGCGAACGGGTGAGT
S. thermocarboxydus (U94490) GACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGT
S purpurascens (AJ781382) GACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGT
Strain CI2 AACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGATCGCCTTGGGCATCCTTGGTGATCGAAAGCTCCGGCGGTGCA
S, thermocarboxydus (AB098079) AACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGATCGCCTTGGGCATCCTTGGTGATCGAAAGCTCCGGCGGTGCA
S. sp.EF-2 (AF112165) AACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAAGGGGATCTAATACCGGATAGTGATCGCCTTGEGCATCCTTGGTGATCGAAAGCTCCGGCGGTGCA

S. thermocarboxydus (U94490)  AACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGGATACTGATCGCCTTGGGCATCCTTGGTGATCGAAAGCTCCGGCGGTGCA
S. purpurascens (AJ781382) AACACGTGGGCAATCTBOCCTGCACTCTGGGACAAGCCCTGGAAACGBGGTCTAATACCGGATACTGACCATCTTGGGCATCCT TGATGTGGAAAGCTCCAGCAGTGCA
™

I 1
[

Strain CI2 —
. thermocarboxydus (AB09S079) GGATGAGCCOGOGGCCTATCAGCT TTTGGTGAGGTAATGGCTCACCAAGGCGACGACGGATAGBCCGGOCTGAGAGGGOGACCGGCCACACTGGGACTBAGACACGECCC

S. sp.EF-2 (AF112165) GGATGAGCCCGCGRCCTATCAGCTTGTTGGTGAGRTAATGGCTCACCAAGGCGACGACGGGTAGCCGRCCTRAGAGGECGACCGRCCACACTRGBACTGAGACACGGCCC

S. thermocarboxydus (U94490) *

S. purpurascens (AJ781382) GGATGAGCCCGCGRCCTATCAGCTAGT TGGTGAGGTAATGGCTCACCAAGGCGACGACGGTAGCCGRCCTGAGAGGGCGACCGACCACACTGGGACTGAGACACGGCCE

Strain CI12 AGACTCCTACGGGAGGCAGCAGTGEGG-AATATTGCACAATGGGCGAAAGCCTGATECAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCA
S, thermocarboxydus (AB098079) AGACTCCTACGGGAGGCAGCAGTGGAG-AATATTGCACAATGGGCGAAAGCOTGATGCAGCGACGCCAOGTGAGRGATGACGGOCTTCRBGTTGTAAACCTCTTTCAGCA
S. sp.EF-2 (AF112165) AGACTCCTACGGGAGGCAGCAGTGGGG-AATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCA

S. thermocarboxydus (U94490)  AGACTCCTACGGGAGGCAGCAGTGGGG-AATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCA
S. purpurascens (AJ781382) AGACTCCTACGGGAGGCAGCAGTGGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCA

(to be continued)

_35_

75
81
110
81

185
191
220
191
191

295
301
330
301
301

404
410
439
410

411



Strain CI2 GGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAA
5. thermocarboxydus (AB098079) GGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAA
S. sp.EF-2 (AF112165) GGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAA
S. thermocarboxydus (U94490)  GGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAA
S. purpurascens (AJ781382) (GGGAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCGAGCGT TGTCCGGAATTATTGGECGTAAA

Strain CI2 GAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGEGGCTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGT TCGGTAGGGGAGATCGGAATTCCTGGT
S. thermocarboxydus (AB098079) GAGCTCGTAGGCGGCTTGTCGCATCGETTGTGAAAGCCCGGGECTTAACCCCGEGTCTGCAGTCGATACGGGCAGGCTAGAGTTCAGTAGGGGAGATCGGAATTCCTGGT
S. sp.EF-2 (AF112165) GAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGEGGCT TAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCCGTAGGEGAGATCGGAATTCCTGGT

S. thermocarboxydus (U94490)  GAGCTCGTAGGCGGCTTGTCGCGTCGGTTGTGAAAGCCCGGGECTTAACCCCGGGTCTGCAGTCGATACGGGCAGGCTAGAGTTCOGTAGGGGAGATCGGAATTCCTGGT
S. purpurascens (AJ781382) GAGCTCGTAGGCGGCTTGTCACGTCGGTTGTGAAAGCCCGGGGCT TAACCCCGGGTCTGCAGTCGATACGGECAGGCTAGAGT TCGGTAGGGGAGATCGGAATTCCTGGT

Strain CI12 GTAGCGGTGAAATGCGCAGATATCAGBAGGAACACCAGTGRCGAAGBCGGATCTCTBAGCCATACTGACGCTGAGBAGCGAAAGCATGGRBAGCGAACAGBATTAGATA
% 3
S, thermocarboxydus (AB098079) GTAGOGGTGAAATGCGOAGATATCAGGAGGAACACCGRTAGCGAAGGCREATCTCTGRGCCGATACTGACGC TGAGGAGCGAAAGCGTGGAGAGCGAACAGGATTAGATA

S. sp.EF-2 (AF112165) GTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCEGT GECGAAGGCGEATCTCTGEECCEATACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATA
S, thermocarboxydus (U94490)  GTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGOGGATCTCTGECCGATACTGACGCTGAGGAGCGAAAGCGTGEGEAGCGAACAGGATTAGATA

S. purpurascens (A J781382)
y

Strain C12 CCCTGGTAGTCCACGCCGTANACGGTGGGCACTAGGTGTGRRCGACAT TCCACGTCATCCATGOCGCAGCTAACGCAT TAAGTGCCCOGCCTGAGRAGTACGGOCGCAAG
S, thermocarboxydus (AB098079) CCCTGGTAGTCCACGCCGTAAACGGTGEGCACTAGGTGTGGGCGACATTCCACGTCGTCCATGCCGEAGCTAACGCATTAAGTGCCCCGCCTGRGGAGTACGGCCACAAG

S. sp.EF-2 (AF112165) —
=7 p

S, thermocarboxydus (U94490)  CCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCGACATTCCACGTCGTCCATGCCGCAGCTAACGCATTAAGTGCCCCGCCTGRGGAGTACGGCCACAAG
S. purpurascens (AJ781382) CCCTGGTAGTCCACGCCGTAAACGGTGGGCACTAGGTGTGGGCAACATTCCACGT TGTCCGTGCCGCAGCTAACGCAT TAAGTGCCCCGCCTGGGGAGTACGGCCGCAAG

Strain C12 GCTAAAACTCAAAGGAAT TGACBGGEGCCCACACAAGCGECGEAGCATGTGGCT TAATTCGACGCAACGCGAAGAACCTTACCAAGECTTGACATAGACCGGAAACGTCC

(to be continued)
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S. thermocarboxydus (AB098079)
S sp.EF-2 (AF112165)
S. thermocarboxydus (U94490)

S. purpurascens (A J781382)

Strain CI12

S. thermocarboxydus (AB098079)
S. sp.EF-2 (AF112165)

S, thermocarboxydus (U94490)

S. purpurascens (A J781382)

Strain CI12

S. thermocarboxydus (ABOISO79)
S. sp.EF-2 (AF112165)

S, thermocarboxydus (U94490)

S. purpurascens (A J781382)

Strain CI12
S. thermocarboxydus (ABOISO7Y)
S sp.EF-2 (AF112165)

S. thermocarboxydus (U94490)

(to be continued)
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S. purpurascens (A J781382)

Strain CI12

S, thermocarboxydus (AB098079)
S. sp.EF-2 (AF112165)

S, thermocarboxydus (U94490)

S. purpurascens (A J781382)

Strain CI12

S, thermocarboxydus (AB098079)
S. sp.EF-2 (AF112165)
S.thermocarboxydus (U94490)

S.purpurascens (A J781382)

ACCCCCTTGTGGEGAGEGAGCT-TCGAA-—GTGACTAGCT

ACCCCCTTaTGGEGAGEGAGCTGTOGAAGGTIGEGACTGGCGATITEGGACEAAGTCATAACAAGGTAGCCGTACCGGAAG
ACCCCCTTGTGGEEAGEEACCTGTCOAAGGTEEEACTEECEATTGEGACEAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGGCTGGATCACCTCCTT
ACCCC-TTGTGGE-AGEGAGCTGTCGAAGGTGEGACTGGOGATITEGEGACGAAGTCATAACAAGETAGCCGTACCGGAAGG

Fig. 5. A comparision of 16S rDNA full sequence of an isolated various strain with

Streplomyces thermocarboxydus.
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M0 5 pariggatus 41781371
5 thermoviolaceus 268095

® J_,_ﬁ_: S thermoviolaceus Z63096
& thermodiastaficus 262101

™ & thermocarborydovorans 194469
g 5 thermocarborpdovorans U944ER
i & thermospinosispones AF333113

5 bluansis 579324
S somaliensis AJ007403

S lilacivus ATTB1346
T & roseoverticillatus ATTE1361
w5 5 sapporonenss AITE13TE

a2

4 sp. L3-1 AFLTST
A sp. CHR3 AF026080

& aureofaciens AT280116

& heliompeing AITE1343

5 spethonae AF452714

5 pseudogriselus ZE082T

& eurpthermus D3870

5 sp. CHRZ8 AFD26031
5 glan 5 {70322

5 thermocoprophilus AJ007402

_ﬂ_|— & mexicarns AF441163
it . glomerafus AITE1754
g T N

3 spinoverrugosus ATTE1376

I 3. gougerafil 216637

. rutgersensis 216085

;B 4. infermedius 276646
5 kopangensis AY079156
& sp. VTT E-99-1336 AF429400

x5}

an |4 sp.EF-2 AF112165
5 thermocarboxpdus 194490
Strain C12
A thermocarboypdus ABO9Z0TY
A purpurascens L1781332

& massasporens AI781323
o violaceus BIT81T53

1m0 S quranfizeus LIT81327

3 indiaansiz L1781384
3 lomondensts LIT31352

oo

Fig. 6. Neighbour—joining tree based on 16S rDNA

sequences of 42 Strepfomycetes strains.
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Fig. 7. Effect of temperature on the production of subtilisin-like

proteinase inhibitor by Streptomyvces thermocarboxyvdus C12.
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< ZAFe7] Hsto] wiFde] %7] pHE 3~107k#] x=dste] vl 3 A )
A& SAsAT. FAGFLS 271 pH 6~7 WA 7 2 AAste] &
T4 MAEQ Adow ArgdY. a9y, AsE4de 4% pH 65~80 T4
Aol A 7HE =2 Ao SAdEATH(Fig. 8). o9& A= Murao &
(1972, 1978)°] pH 7 914 A& &Aool =vtxn B ud A9} FAS G A 9
Kim 5(1991)2 &7l delx A&l =vha wag HAAE Aozt 9l
AH ol A" FTA W pHolA &4 Asj gl 7 =4 #

& o] FZoA ZA AsfEAo] 7hF kAStEY] wWEd AoR AtsdTh

FA A k- gL G A A AP hE muE Ao gk

3
EaAMEEY] AR & g d3s EAFEHT] Skl dFEa
o 0.2% (w/v) peptone, 0.1% (w/v) yeast extract, 0.1% (w/v) malt extract
7} A7 gl v A o] glucose, maltose, fructose, galactose, saccharose, starch,
lactose, sorbitol, mannoseE Z+7ZF 1.0% 2 #H7}sto] A 2L A =2
o &4 E FAHUTE. Table 894 YEWl = uiel o] & @I F<l
galactose, glucose, fructose?} U9/ <l starchol A =& A4S H A
Three actinomycetesol A/ AAt" A3 A API-1, O IM(Pandhare et al.,
2002)2] 74§ starch, glucose, mannose ¥ fructose’} AN A] A4te] =& =

AYor HuFEL, I 9o protease inhibitor Aol A HA ©@AhYdo=z
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Fig. 8. Effect of initial pH on the production of subtilisin-like

proteinase inhibitor by Streptomyvces thermocarboxyvdus C12.
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Table 8. Effect of wvarious carbon sources on the production
of subtilisin-like proteinase inhibitor by .Strepfomyces thermocar
~boxvdus C12.

Carbon source Dry cell weight-Relative inhibitor activity Final pH

(1.0 % ) ( g/ 50 ml) ( %) (-)
Control 0.049 0.0 8.25
Glucose. 0.155 88.2 7.45
Galactose OS2 100.0 7.76
Fructose 0.156 34.0 7.83
Maltose 0.146 1.9 .77
Lactose 0.159 15.8 7.98
Sorbitol 0.053 8.3 8.32
Saccharide 0.042 5.6 8.34
Starch 0.138 84.0 7.76
Mannose 0.159 10.8 7.62
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glucose®} starchE& Al§3dte= Zo=z HuH glof 2 A9 FASG Ay
= Yet g (Murao et al., 1972; Murao and Watanabe, 1978; Fukuhara et
al., 1982; Kim et al, 1991). ¥wk& o 2 glucosedt o] HA o] & 7153
f i oby

g AT BaoME Y glucose’t A W pyruvic acid % a

of
i)
e

7182 I AATE olA WA ESY AR B ZAES A

-ketoglutaric acid 59¢ =4 0= o]&5d o3 7+HAQA AHfadyde x4
T Ae Aoz g8 A dvh(Aoyagi, 1990; Tanaka, 1992). 53], & -l
A EAYE HUbshA B AT dAAE H AsEAE o] UByA worR
A e A Akl ol T8 AR ALE HEH

HAo] gdar¢oz HAH galactoses 0.0~28% (w/v) §EHZ 3735}
TAYT R AfEE S SR H(Fig. 9). 1 23 A4S 1.6% (w/v)
oA 74 =kow, o] o] e FEolME Aol FAF HAad ¥

ARG AL S7hets Ae® ZAERIH. o] A2 o] AARAE S A8

LA

Aol A S AslstE catabolite repressor® 283 Ao & Al H )

2-4. 3299 JF
dadd Az AT Aol 2A44d J@F HAc 222 &

Aol ZA4F - 77 Aadoew Yo A9E dskdlth WA 7] EuA
o peptone, yeast extract, malt extractE A ostx Z+F F7] AdA2d9dS 7z
7z} 05%% H7bsto] dAAAT 2 54 A SAH6AH

Polypeptone, yeast extract, casamino acid 4% A A & @& LT2o] I
Al "E peptones AT F Aidol dAAE A Sl &Aool
S AY &g o] YEtYA] @ kth. Table 99 YERU = vle} o] A&
B g 2] 21 polypeptoned} proteose peptonedl A 7} A FAFE o

Cephalosporium sp.ol A AAFE trypsin inhibitor e} Strepromyces
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Fig. 9. Effect of galactose concentration on the production
of subtilisin-like proteinase inhibitor by .Streprormyces thermo

~carboxydus C12.
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Table 9. Effect of organic nitrogen sources on the production of
subtilisin—like proteinase inhibitor by Szrepfomyces thermocarboxy
~dus C12.

Organic
Dry cell weight Relative inhibitor activity Final pH
nitrogen source
(g /50ml) (%) (=)
( 0.5% )
Control 0.046 0.0 7.38
Poly peptone 0.173 98.9 7.67
Bacto peptone 0.087 66.3 7.99
Beef extract 0.102 75 5.19
Yeast extract 0.173 441 7.36
Bacto soytone 0.092 90.1 793
Meat extract 0.102 72:8 8.00
Proteose peptone 0.098 100.0 8.01
Urea 0.030 0.0 8.17
Casamino acid 0.180 0.0 5.64
Gelatin 0.056 0.0 7.24
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albogriseolus S-3253°1 4 A AFE  alkaline protease inhibitor(Tsuchiya and
Kimura, 1978, Murao and Sato, 1972)°| A4 polypeptone= AF£3+ A3} FA}
& AHRE Bt oA A&AZE F Adade AHE T AE A E A
e 1Az Fe3 Aoz Alg"EY. 28y actinomycesol A AAE
API-1, ¢ M9 4% Z+Zt casein, yeast extract, malt extractoll A # 3f
o] =rhe Kt Aolst S ok (Pandhare et al, 2002). Z28a A HA
A 77 Aade A AsEA ol WA gtk (Table 10). & Aol
A HA ArYdozes dAAAS 17 5o] proteose peptoneES A1 A &St}

5}

A7 H proteose peptone 0.0~3.0% (w/V)7A F=¥W2 H7islo] A&

H
=
=

AE ZAE T 2 A3 056% (w/v)dlA 7hd Egker, o4 &

= A2k zaskdo(Fig. 10).

dutx o g FFole oF 3.0% (w/v)e NaCle] g+ loxz NaClel

A At 10% wa) A AstEdel o @AYFE 20% (w/v)ol
A b wel Agstenh mE50%-(wv)S d FEANE A @AY F
$700% o4l A& vElth =@, Ad@de tshid @A

90% (w/v)el e dolA AAst Ao ey odd Adz 2

2
oX,
el
julSs
tlo
2
¥
%o,
32
i

Streptomyces thermocarboxydus Cl12= v &

2-6. Metal salts® H7} a3

Galactose 1.6% (w/v), proteose peptone 0.5% (w/v), NaCl 1.0% (w/v)=

AR 2AA 4F FE5ESE 1 mMY w2 kst dA A 2 A
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Table 10. Effect of inorganic nitrogen sources on the production of

subtilisin—like proteinase inhibitor by Szrepfomyces thermocarboxy
dus C12.

inogenic : Y A . .
) Dry cell weight Relative inhibitor activity Final pH
nitrogen source

(g /50 ml) ( %) (-)
( 05% )

Control 0.046 0.0 7.38
(NH4)2SO4 0.081 2.2 552
NH4NOs3 0.011 0.0 6.09
(NH4)2:HPO, 0.062 0.0 7.29
NH,C1 0.029 2.4 571
NaNOs 0.054 1.2 8.01
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Fig. 10. Effect of proteose peptone concentration on the production of
subtilisin-like proteinase inhibitor by .Streptomyvces thermocarboxydus
C12.
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& A (Table 1
o] & LiClelA 7k £& 242 vehl Aok Murao (1972, 1978)°) 9] 3}

ool ThA B4 Adlede] At v5d92 T g &

1). LiCl, MgCl¢ KCI& thxaH ot E9kom,

o}
sath FEEG e FAYT L ANBAL dAdE RoE 24
#

el AvE EdR A Lo RS wdstel AsA A

o
o|N

7}
A7l A &3 7ol Aseldt. 40C, pH 8.0, 16% (w/v) galactose,
05% (w/v) proteose peptone, 1% (w/v) NaCl, 1 mM LiCle] #7}¥ 500 ml
flaskol A Streptomyces thermocarboxydus Cl27 5= ¥l ksdlo] A7k =2
AR ZN A4S 2AEEATH(Fig. 12). @A 12 hri-E 43 3sko] 48 hr
o= AA7 Egetdch A& 4F 48 hri-8 dewon, A4 A~
7] 84 hroll Hirzxol o]lZ¥rt. o] A& Asf=do] 23 AMFE] FoR

ARET pHE P S Aztel F3h & £% A wad ¥ o 9714

f
ol\
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Table 11. Effect of metal salts on the production of subtilisin-like

proteinase inhibitor by Szrepiormyces thermocarboxydus C12.

Metal salt Dry cell weight Relative inhibitor activity Final pH

( ImM ) (g /50 ml) (%) (=)
Control 0.086 94.3 8.02
MgCls 0.075 97.8 7.95
CaCly 0.057 95.4 8.04
FeCly 0,064 85.2 7.92
Fe’'~citrate 0.052 90.1 7.91
LiCl 0.081 100.0 8.03
KClI 0.079 97.6 8.01
CoCls . 6H,0 0.000 0.0 6.53
CuSOs . 6H,0 0.000 0.0 5.94
ZnCly 0.000 0.0 6.69
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Fig. 12. Time course of subtilisin-like proteinase inhibitor

production by Szrepfomyces thermocarboxydus C12.
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3. Subtilisin-like proteinase inhibitor?] %@ - A A

3-1. Subtilisin—like proteinase inhibitor ¥ 3 - A A
Streptomyces  thermocarboxyvdus  Cl127F A48t subtilisin-like
proteinase inhibitor7} protein E¥ peptide?l A= Felslr] Y& A4S
Abgete] gl g A3 FAWA A A o] AL A TH(Fig. 13). °] A

fEde 1

o

A AN Ao FARGOM, oeF ANE wgoz 27

A

ol = ammonium sulfate I HAWS AF&sHA g AAE stdd. 2 23
yielde 5.3%, X+ 185 fold A Al = ¢lth(data not_shown). AA ¢ & =
o] 7] 93l 4T NS ammonium sulfates Al&ste] A xssrE AT
A%, (0~20, 20~40%)5 %= H ol Al Zhzt yielde= 3.8, 17.9%°1H, BA ==
114, 74 w2 ZAE i (Table 12). °o]|F2] A3 A5 NS ammonium
sulfate(0~40%) ®HA7HA  JHAAA  FAs0 0w, FAA4e  DEAE
Sepharose CL-6B column (26/30, Pharmacia, Sweden)ol A step gradient=
Fo] ANELS EEA1 25 06~08 M HHloll A vlEF peakoll A A 3
24 E A A S (Figs 14). 1 =, &40 £ AR5 s34, 01 M
NaCle] *2&% buffer AZ HIPstE Superdex 200 column (16/60,
Pharmacia, Sweden)o. = & ZAIZ1 A3} 52~53 fractionol A A &l &4 o]
90% o]/l @Y peakE UEWol HFTAHOoR AHAlE Aoz FHAHAH
(Fig. 15). o] & g&& & o2 T4, s=x3to] 54 XA AEstAH
Hx AAE AHEA specific activity:= 35,6206 U mg ', vield= 20.7%,
AAEE 1199 fold=Z YERSEH(Table 13). T3, =& #HAsH7] st

native gel #7199 %S 3 A} Fig. 163 Zo] ddwi==7 1}ebytc}.
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In out

Membrane cutting weight
14,000~15,000

Fig. 13. Diagram of plate assay for subtilisin-like proteinase

inhibitor utilized in the dialysis membrane.
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Table 12. Ammonium sulfate precipitation of subtilisin—like proteinase inhibitor from

the culture supernatant of Streptomyces thermocarboxydus C12.

Conc. Total vol. Total activity  Total protein SC?ZC‘:E; Yield Purification
(ml) ( Unit ) ( mg ) VAL N (%) ( fold )
Supernatant 100.0 251,700 300.5 837.6 100.0 1.0
0~20% 0.65 9,594 1.0 9,594.0 3.8 114
20~40% 1.50 45,000 7.3 6,164.4 179 7.4
40~60% 1.20 13,284 4.6 2,887.8 5.3 35
60~80% 2.20 6,336 45 1,408.0 25 1.7
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Fig. 14. Elution profiles of subtilisin-like proteinase inhibitor from
a DEAE Sepharose CL-6B anion column.
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Fig. 15. Elution profiles of subtilisin-like proteinase inhibitor from
a Superdex 200 gel column.
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Table 13. Summary of the purification steps for the subtilisin-like proteinase inhibitor from

the culture supernatant of Szrepromyces thermocarboxyvdus C12.

Purification Total activity Total protein Specific activity Yield Purification
Step ( Unitx10° ) ( mg ) (Umg') (%) ( fold )
Supernatant 499.0 1,680.2 296.9 100.0 1.0
(NH4)2SO4
359.3 53.7 6,690.8 72.0 22.5
(0~40%)
DEAE Sepharose
CL-6B 335.2 9.5 35,284.2 67.2 118.8
Superdex 200 103.3 2.9 35,620.6 20.7 119.9
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Fig. 16. Native polyacrylamide gel electrophoresis of purified

subtilisin-like  proteinase  inhibitor from the  .Strepfomyces

thermocarboxydus Cl2. Lane 1, Ammonium sulfate; lane 2, DEAE
Sepharose CL-6B; lane 3, Superdex 200.

_60_



2 BRAF =4

3-
kas

=

24 AsAle EAFS EAFel7l Al Fig. 17914 Ee= #ke
SDS-PAGEol A &2 o 33100 daltonsel #@3std e ©@d bandz
el th g5 & subtilisin inhibitor?] 4% 7 719 U subunit® o] F o
A dimer protein® 2 &4 dtH(Kojima et al, 1994; Ueda et al., 1992).
28U Streptomyees lAirostumensis® Potato tubes(Solarnum tuberosurm) 2
subtilisin inhibitor®] A= A9 14,200, 21,000 Da¢l monomer=® X 113}
Jow EoFo|A e Sreptomyces sp. 7 dimer2 o] F o]z Aol
28 kDa ¢l Ao = HWEPrF(Nitta et al,2002; Revina, et al, 2004;

Vernekar et al., 1999)

4. Subtilisin-like proteinase inhibitor®] °]3}st=s EA

4-1. AsfAe == 9 pH AAA

Streptomyces: thermocarboxvdus Cl127F AAL3}+= subtilisin-like proteinase
inhibitorel e &% FAHAS ZAFSHZ] #& 30~70C7+A 30 min &<t
water batholl A AAgst & AL A S S4T 27 Fig. 1804 ¢ 2

o] 50C7HA 45 FAGALHY 70T 60%2 AL 7HAL 9

A

Ao g ZALE UG, ol AL Sreptomyces sp. (NCIM 5127)& 40~95C 7k

rr

A ol orASIY = Ko} FASIAAI R, Streptomyces furostumensisol A
Aikst= AsfAle]l 4% 40~50TCeolA kA A= Aol sk v (Vernekar
et al., 1999; Nitta et al., 2002).

A A pH AN S AES Y] $ste] 2 pHEE Al X3 buffer § ol
37CelA 12 hr ¢ AAT & AsAY F=dAHS A0, 1 2

I, T4 pH 6°A4 & @714 pH 107hA A &4 o] 80% °]d A
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Fig. 17. SDS-Polyacrylamide gel electrophoresis of purified
subtilisin—like proteinase inhibitor. Lane 1, mark proteins: lane 2,

purified inhibitor.
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Fig. 18. Effect of temperature stability on the subtilisin-like
proteinase inhibitor.

The inhibitor was preincubated at the various temperatures for 30 min.
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Fig. 19. Effect of pH stability on the subtilisin-like proteinase
inhibitor.

To determine the pH stability of the inhibitor, the reactions were preincubated
at the 37°C for 12 hr.
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A H(Fig. 19). o] AL WA Sreptomyces sp.ol XA AALE = A Ao 7
4 pH 5~12 oA A= B9 FAFS A th(Vernekar et al., 1999;
Nitta et al.,, 2002; Pandhare et al., 2002). o]* & Y& H{e &9 pHel
A ANA T AT A s Wdde] tEiA Aol g oA f A
A 2 Y S BEAAR AFEE S Je AoE AMRET. I, duldA
AAAZE W2 w9 pHeF 2XoA kAT AL disulfide A3ro] =43}

= Ao Az,

AsfAlel S HAHELE isoelectric focusing 7] Fo = Bty on,
subtilisin-like proteinase inhibitore] pl #t2 4.4%9tH(Fig. 20). Streptomyces
sp.ol A A AFsF= alkaline protease inhibitor®} Szreplomyees albogriseolis
S-32530 4 AlAksk  subtilisin - inhibitor®] pI#t2 772 3.8, 4.7°]t}
(Vernekar, et al., 1999; Murao and Sato, 1972,).

4-3. &0l %

AsfAel gt G5l &9 S dolR 7L HEl AT THol 1 mMo]
A 7FE buffer £ 37Ceol 430 mingt WAk & JFE AHTAS A
A3E Table 149 2tk K'3F Mg® o] ZA8tolA ta =718ttt Ca® 9
A5 @A Gz hAgste] o, 4 EZA d&) HIdte 9T

Aoz <ddHA  AAT(Donaghy and McKay, 1993; Hise and

ot
rr

]_

Finkelstein, 1993) ¥ |2 3= Ao]stid
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Fig. 20. Analytical thin-layer isoelectric focusing of the
subtilisin-like proteinase inhibitor. Lane 1, Isoelectric focusing

standards: lane 2, various concentration of purified inhibitor
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Table 14. Effect of metal ions on the subtilisin—like proteinase

inhibitor.

Metal ions Relative inhibitor activity
( 1mM ) (%)
Control 100.0

Cu”’ 78.1
Li’ 100.4
A 99.7
Mg”' 104.1
Mn”' 96.7
cd” 101.0
K’ 105.1
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4-4. A 7HA G Fa Lo A A B

Streptomyces thermocarboxyvdus C12°] At A& 2 S ofe] vz 2
el ARt A& ARG Aol ol &3 w@uld Fejaaes
Vibrio vulnificus CYK2THA A A 4b% = protease, collagenase 1, II
IV, thermoase PC10, leucine amino peptidase, a-chymotrypsin(10 ugg/ml),
proteinase K, subtilisin(100 pg/ml)e] FXolA ZAFeA T 2 23} serine
protease & & proteinase K& subtilisinel] s A az7r A
Bk th(Table 15). 53], Cl20dA Aikd AsiE24dS 708] 3435

subtilisin®} proteinase Kol - tisiA AMEA S =AU, 2 A

O:

subtilisin®l W&l A As &7t LA A 5 A A 9 proteinase Kol o 3
e 204%2 As]E 37 UEFsth(data not shown). o] 2 gk Az w0
2 u] strain Cl291 A A2t = A& =22 subtilisinthtS 5o]% o2 A3zt

45 712 Streptomyces subtilisin inhibitor(SSI) ¢l A o & A ch¥ ¢},
4-5. Subtilisin°l| U3 inhibitor®] kinetics
(0.25~2.0 mg)E EstdA Asiazds SA489c 1 23, 7[dE 7t

AA AsAlE H7HE A HrbskA ke

j
astrz v AAA A&l AR YErTh AL#kS 267 mg, Ve 153

w

unite] tH(Fig. 21).

D

=]
obul it 242 A

a7}

4-6.
Gl gy AsiAlE 110Cel A 24 hr &<t 12 N HClL &4l A 4+ 714238

3 & Micro-cenVac (N-Biotec, Inc, Korea)ol 4] @4tS 443 3w Al A

+
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Table 15. Activity of the purified inhibitor against a various

proteases.

Proteases ( pg/ml ) Inhibition ( % )
Collagenase type I, II,10,IV ( >10 ) 0.0
Thermoase PC10 ( >10 ) 0.0
a - chymotrypsin ( >10 ) 0.0
Leucine amino peptidase ( >10 ) 0.0
Subtilisin ¢ >100 ) 100.0
Proteinase K (->100.) 100.0
Metalloprotease’’ ( >10-) 0.0

Y Protease produced by Vibrio vulnficus CYK 279H
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Y=0.1748X+0.0652

w Y=0.1221X+0.044
£
2
2
—
[ 1 9’6 1 1 1 ! ]
-2 -1 ) 1 2 3 4 5
1/S (mg/ml)
-0.3-

Fig. 21. Linewearver=Burk plot of-the subtilisin-like

proteinase inhibitor.
@®: In the absence inhibitor O: In the presence inhibitor
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ofm] Ak B2 olw =4t 2F H4 7] (Biochrom, Inc, Korea)® #4131
o AsAlE TG e oln At FE AAY EAFSE VxR sto] %
ofbu| =4t peak W AH 2 HE A4S ITH(Table 16). 2 A Al o] A o}n
w4 24 5 Ser, Alad] 7] F7F vlawA @gkonm | Met, Ile, His, Lys9
271 7 AL Ao g ZAHJACY. Steplomyees sp.ol A AAEE SI-1-72

A A A% Glu, His, Arg®] 3ol B2 23 Val, Ala®] §=Fo] @&

Fix

A= Aol sl th(Kourteva and Boteva, 1989). o] A& A thiol 7|7}

AA @AY, -S-SATE afEA @7 WEA Aoz Az

4-7. N-terminal sequence ¥

AA"E @GR EA  AsfAY]  ofm A AMIRAE AFRA 7] Ettan
MALDI-TOF (Amersham bioscience)= AF83}%t}. Target plate Aol &
stEo] v 9@ d4HES 337 nme] Np laser =Abol| 9@ 7] 38}s S

300 laser shots® -7 peaksel <3 ZZke] @A spote] tigh mass

spectrum< FotHth dulE Md FA & FA4S 935lo] PepFrag Al
1 (http://prowlrockefeller.edu/prowl/pepfrag.html), ~SWISS-PROT %
BLAST®] data bankel" # 5 S} #®]ulAjoll o] & sttt 2¢l¥ N-terminal
sequences™ DAPSALYAPSALVLTVGKGVSATO]QtH(Fig. 22). 7]Eo] H
a2y A2 9 uAEA EAF subtilisin inhibitor?] N-terminal®] partial
sequence (1~23 residue)i= Table 172 7% Streptomyces albogriseolusOl
A AAEFE subtilisin inhibitor®] homology 7} 100% 9 x| st th. aFA 2
Streptomyvces albogriseolus® 7345 TA=Fe] 11,487 Daol™ strain Cl12of A

!

3t A9 e 249 Aow Alndt. 221 strain Cl12014 AAEE A

>~

e = A Al Y Ae Aol 33,100 DaclBr® AA o x=Ats %

A= Streptomyces subtilisin inhibitor(SSI)¢1 A 0 & ZFAFE At}
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Table. 16.

Amino

acid

composition

of

the

subtilisin-like

proteinase inhibitor from .Streptomyces thermocarboxyvdus C12.

Amino acid Amount, ( nM ) Residues
Aspartic acid 333.8 20
Threonine 279.1 17
Serine 512.0 31
Glutamic acid 164.8 10
Proline 360.6 22
Glycine 365.7 22
Alanine 582.0 36
Cystein 279.6 17
Valine 319.7 20
Methionine 36.4
Isoleucine 88.8 5
Leucine 302.8 19
Tyrosine 124.8 8
Phenylalanine 130.2 8
Histidine 89.7 6
Lysine 88.7 5
Arginine 148.7 9
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Table 17. N-terminal sequence of subtilisin-like proteiase inhibitor and comparision
with that of other subtilisin inhibitor.

Strain

N-terminal sequence

Reference

S
)
)
S
S
)
)

thermocarboxyvdus C12
albogriseolus

virginiae

ltvidarns

longisporus

cacaor

parvulus

DAPSALYAPSALVLTVGKGVSAT
DAPSALYAPSALVLTVGKGVSATTAAPERA
SLYAPSAMVFSVAQGDDVAAPTVVRATTVS
SLYAPSALVLTVGHGESAATAAPLRAVTLTCAP
ASLYAPSALVLTVGHGTSAAAATPLRAVTLN
SLYAPSAVVISKTQGASA-DAPAQRAVTLRCL

TAPASLYAPSALVLTIGQGESAAATSPLRAVTL

This study

Ikenaka, et al., 1974
Terabe, et al., 1994
Ueda, et al., 1992
Strickler, et al., 1992
Kojima, et al.,, 1994

Taguchi, et al.,, 1993
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Fig. 22. Ettan MALDI-TOF of subtilisin-like proteinase inhibitor purified from
Streptomyces thermocarboxydus C12.
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4-8. AF+w AMAL A& H 2

AFE AfAZR &8 ThsFAE A7) HE A FoA THE Wol AHE
¥+ pork plasma protein®} egg white type p-395 FE=®E=Z (0.1~1.0%)
subtilisin(0.1 mg/ml)¥} proteinase K(0.1 mg/ml)el 2 &3] A3|&S A}
3t tH(Table 18). 7L A3} proteinase K H.t} subtilisino] thsfA] #] sl & ]
E9kom™ pork plasma protein EUth egg white type p-39%] A&} =
ok, a8\, Strepltomyces thermocarboxyvdus Cl2014  AJAbE subtilisin
-like proteinase inhibitor®.t} F+ ©@l Ao AHgies HEG3] L& Ao
ZAPE AT, weg A, A A AR A E Dol o vivo, i vitro 2 E ol

A FHE A AF AGARA ALE e o soEth
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Table 18. Comparision of food inhibitor and subtilisin-like
proteinase inhibitor produced at the Stzrepromyvces thermocarboxydus
C12.

- Subtilisin Proteinase K
Protein conc. r vy e o
Substrate inhibition inhibition
( mg/ml )
(% ) (% )
1.63 1.94 0
Pork protein 473 16.3 105
9.89 61.7 14.7
0.78 16.7 145
Egg white 3.43 100 47.2
8.39 100 95.8
e 0.54 100 100
Subtilisin-like
proteinase inhibitor 0.006 100 35
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A4 2 2

wall o sfieke] A Ee sfgeld BT sjdm =S starch-casein
nitrate, humic acid-vitamin, M1, arginin-glyceol ®l#]o]| # &3} W A&
oAt oF 1,0000 wtFE st 22 drs dEirE el
of sAste] =ttt =2 WA= 4~65 Fot 27TolA wiket it wl
G 2Hd 75 9 d BT AAZA plate assayol A4 A

serine protease A ¥ ¢l subtilisin¥} proteinase Kol thalo] 97t oA A s &
Wb e ew, o] #F5s 1A AdEn. AE 5 dANGE F

3Fo] paper disk®Ho 2 22 AWEgg o, HEF4 07 ninhydrin ¥

o
Bt

gAxo] 7} EL strain C125 AW 33

A E 7FFo A9 Bergey's Manual of Systematic Bacteriologyoll A<t
International Streptomyces ProjectISP)ell 2] gk Hw o &2 FALg 23}

F Cl2e Axdu Ao & gtaEFejolm, E5A o] §la, FWo] smoothd

o AF L2THA AAste Aom RuxAu. vty ow At 2~

3% dolA AgsE Ao d#A AW, C12 #FE NaCl 9% %

rDNA sequence w45 F3 19955 1423H 71#] HEA4ES BLAST

program®l| & &) WS A3} Srrepromyces thermocarboxyvdius® homology

o} 100% YU X 3E 2, Streptomyces thermocarboxyvdus® 573 % k. wet
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A ol TFFZE Steptomyvees thermocarboxydus C122 W ™ s o).

o Cl20 A A4FE] = subtilisin-like proteinase inhibitore] AJ4bsF 2 A
LS F7HA717] Al AAMSFEAS HESH] A 2%, £7] pH, ©&
29, A4, 71, NaClz Adsiain. 1 23, 40T, Wi x~7] pH 8.0,
1.6% galactose, 0.5% proteose peptone, 1% NaCl, 1 mM LiCl1% 2™ 60 hr
g 5 HAudAol ved= Aoz FAHAT. HAAM S subtilisin(0.1
mg/mD)< A RS o FAHL 3B3%AFoY, HAANYG F FAdFE9

subtilisin= ¢ A& ¥ = Aoz e

olt)gt A¥E HIFOoRE AMEHL 27 - AAGAT. 4= ammonium
sulfate, DEAE Sepharose CL-6B, Superdex 200 column® % specific
activity 35,620.6 U mg ', vield 20.7 %, 1199 fold= A A3 A}, Native
719 %5l = &4 band® YEST. SDS-PAGEZ A Ad|Ale] x4
2 33.1 kDa monomer©®] %13, 5 A2 449 3]st

AajA el =g gt EANAE 70CAA 30 min AAE e Fo 60% 2]
Al gdS, pH 6~108FAlE 80% ol Al doe] FA = ALt
Subitilisin®l & A G e = M F A A= e o™, A,H Vs
Z}zF  267mg. 15.33 unit¥ t. Subtilisin-like proteinase inhibitor® N-
terminal sequencex= DPSALYAPSALVLTVGKGVSATS$t}. ©] Sequence+
Streptomyvees albogriseolusN A2} E| = .Streptomyces subtilisin  inhibitor
(SSDe} dA|st= Ao 2 ZAE Y. Strepromyees thermocarboxyvdus C12

o 4 A AFHE subtilisin-like proteianse inhibitor®] ofn|x=4F A A9 A ¢

A

Ser, Ala®] @raFo] =tomwm Met, Ile, His, Lyse ko] e ROz ZFA}

= At} Subtilisin-like proteinase inhibitorE A& A AE A& 715 3A
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ZA ek vl x2S AdA A A Z AEE = pork plasma protein®}
egg white type p-390]H, @& w2 subtilisine] thal A& LS v ws}
Aok, 2 A3} subtilisinel W&ol pork plasma protein®} egg white type

p-39K.T}F 1,648.3, 571.6¥1 ¢ A 3] &7k A ATt
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