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Purification and Properties of Alkaline Protease from Xanthomonas sp. YL-37. Chang, Hyung-
Soo' and Tae-Jong Kwon*. 'Department of Food and Nutrition, Sang-Ji University, Wonju 220-
702, Korea and Department of Microbiological Engineering, Kon-Kuk University, Seoul 133-701,
Korea — An alkaline protease was 4-fold purified, yielding 2.3% of recovery by ammonium sulfate pre-
cipitation, CM-cellulose column chromatography and Sephadex G-100 column chromatography. The pu-
rified enzyme was estimated to be monomeric with molecular weight of about 62,000 from po-
lyacrylamide gel eletrophoresis (PAGE) and sodiumdodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE). The optimal pH and temperature of the alkaline protease activity were 11.0 and 50T,
respectively, exhibiting high stability at pH value from 6.0 to 11.0 at 50C for 30 minute. The al-
kaline protease was activated by MnSO,, CaCl,, and was inhibited by CuSO,, ZnSO,, HgCl,, EDTA
and EGTA. Also, the enzyme was found to be a metaloenzyme requiting Mn™ as cofactor. The NH,-
terminal amino acid of alkaline protease was alanine. The Km and Vmax values of this enzyme for
casein was 4.0 mg/ml and 5,500 unit/ml, respectively.
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Horikoshi[12]+ alkalophilic bacteria® -&] AJAHgh
alkalivhAd A Fa) G0 a3k A tiste] 2
31345167, Kobayashi 512012 Pseudomonas malto-
philia7t A4t alkaline protease®] &48H AJAl-s
o 3tdct. 53], Willadsen S[3912 Bacillus pumil-
lansZ FE] AA§o2 AP A Z a5 A4t
slod 7 RAEA AL ZARIG O Fulell= ul 5(6]
o] Bacillus% @72 %-¥ alkaline protease?] 4+ 3
27T} A2 AHA 2 A st nasiglon,
Cho 5191 &&/4kel] glojA] BAaY o2 glucoser}
WA mxpReletal sttt 2 Wl Bacillus®: 457}
AJAFsl= alkaline protease®| AA| W &8 AJzld
gt A77H13] Sl

£ ATl A= 7] ek 7]l A AR/
alkaline protease® AAI317] $1819} A-&A43(20TC)dF
Q) Xanthomonas sp. YL-37¢] AYAFsl= alkaline prote-
aseS AAsI 1 54 AAL A Esig).
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B A o) 2183 7T+ alkaline protease2] AHE
o] =& HAW[23]9 Xanthomonas sp. YL-37 TF= A}
43kt

HEXKl & HHHE

Ax[23]9} o] EAMAMIA = S7 1/ sucrose
60 g, tryptone 10g, soybean meal 20g, NaCl 1g,
NH.NO; 1g, KHPO, 2 g, MgSO, - 7TH,0O 0.2g 8|3
Na,CO, 3 g¢] A2 stsich.

59 wlekE 500 ml elenmyer flaskoll &AAJAkuY
2] 50 mIE ¥z 121 CollA] 1587 -3 & 20T ol A
2417 AufFd F Al g 4%(v/v) TFEoE HF
atod 20°Cell A 72417k vl oFstadch.

SA0| ed=EH

A R[23]9} 7o} protease T4 Leighton 5-125]¢]
Bo"H\jf—E %-16]5’}‘3%';}'. é‘, M"-}} 0.1 mIOH 1 mM CaCl;
7} 233 0.2 M Tris-HCI(pH 8.0) 2+3-4-Hof] L3 A]
71 5.0% azocasein(Sigma) 0.2 ml, 1 M Tris-HCI(pH
8.0) 0.2 ml, 10 mM CaCl, 0.1 miol 2552 1.0 ml ¥
22 249 9 EFES 40°ColA 3087 whAI7) F
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10%(w/v) trichloroacetic acid 1.0 mlE 37}k vh-g-
S AAAFIE 0TlA 15387 A8t F Al R-2] 3l
A8 Millipore filter(0.45 pm)2 i 3}ahdct. oY
1.2mlel 1.8 N NaOH 0.3 ml& H7}sle] wbxll
25353 % A (Beckman DU-60)E o83} 420 nmollA
SRS Al 349 42 40TAA 308 F
of 1.0 ugel azocaseing 7FFEHAZ = se 24
S 1 unit® 3}ic}. 3 Hammasten-casein(Merk)
714 2 3= Delft unit assayl 312 &3 s}ir}.

o off 2 oo

=

HHa =3

Al o] F &= Bradford 5[8]¢ W& ©]-83l4
bovine serum albumin(Sigma Co.)-& ZFAEE 8l
ZAsgor, AoAAAA Fof A g E%
3= A (Beckman DU-60)% A3l 280 nmellA] &3

5% 24stent.

S0

o] AAle dElekete] 42 £EALYE am-
monium sulfate(30~80%) 2 ¥4 HHA7]5 UAE
3ld AR ES st 39 AHES Y F, 10
mM phosphate buffer(pH 8.0)2 &31A17]% »l2] 33
3}3} CM-cellulose ion exchange resin column(3.5X30
cm)°ll F43ke] NaClE-4(0.05~0.5 M)-& °] 43 5%
TR 853 F, SHF RS ook

AR F498 yltrafiltration 22 FHA)7 ¥
S oz HYP3IAzl Sephadex G-100 column
(1.5%100 cm)ell 28] E3FA|A A5} ).

Hald 2 EAE

AT 'ae] A o AR EAsl) 9)she]
Native PAGE®Y & ©]-8-31%ic}. & 10%-polyacrylamide
gelZ AHE-31e] 20 mAolA 3A1ZF A714EA7] F £}
2o x5 A A olFARE 43 log-
arithm-g 38 gk# vlmste] 24 shgirt.

¢ Laemmli[22]9] ®H 22 acrylamide@ 3 7.5
%2 3t} SDS-PAGE 3&}it}

Cofactor®] 244

AR ZA4 0.9 ml(0.625 mg/mDel 50 mMe] =
Al ethylenediamine tetraacetic acid (EDTA) 0.1 ml<
Hrsted 30Tl 2417 AX AL F 4TeAlA 48417
SHTE T35 54 B Zp7he] g4 5
mMe| HEZ @51 30CelA 247 ukA|A17] F Zh7te
EaHo 2 FAFA AT E ulwslsith

NH-ZHE OldI=4F A 2E

A% alkaline protease®] ob9] At AR L 10%
SDS-PAGEE & ©}2 PVDF membranesl transfer
buffer(48 mM Tris-HCl, 39 ml glycine, 20% MeOH,
1.3 mM SDS)Z. 15 voltell4] 3027 blottinggted mem-
brane staining solution(0.2% Coomassie Blue, 50%
MeOH, 10%-acetic acid) o2 1087k Q2sled des-
taining solution(50% MeOH, 10%-acetic acid) -2 &
AYsle] Adolzl alkaline protease bandE Edman de-
gradation method|[10]12 PTHe}]x=Ats}sle] HPLC
PTH(phenylthiohydantoin) analysis system(Protein
sequencer 467A, ABD 2.2 #AJ3le] NH,-d= ofu]
Ab A d-& AA sk

40| &Ml

Ammonium sulfate(f OISt SA9| §l vk
0TlA 4,500xgZ 2082 FAlEe]sted FAE AA
3 & AF58S ammonium sulfateE 30%9141 80%(v/
V7R & GAAA wA-g A7 F 9,000% gell
A 1587 AR 3t 9 AXES 10 mM phos-
phate buffer (pH 6.0)°l] 5§ 24X17} 5 £}

CM-cellulose column chromatography 543 &4
o8- #]2] 10 mM phosphate buffer(pH 6.0)2 333}
A}Z1 CM-cellulose column(3.5%30 cm)dll F418}q
0.05~0.5 M NaCl 4% o]&, F=TME Fo] A3
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Fig. 1. Column chromatography of alkaline protease from
Xanthomonas sp. YL-37 on CM-cellulose.

The sample solution was applied to the column (3.5X30 cm)
equillibriated with 10.0 mM phosphate buffer (pH 6.0) and then
eluted with 0.05-0.5M NaCl-10.0 mM phosphate buffer. The
flow rate was 15 mi/hr. Symbols:(O); protein concentration,
(@); alkaline protease activity, (4 ); NaCl gradient.
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Fig. 2. Column chromatography of alkaline protease from
Xanthomonas sp. YL-37 on Sephadex G-100 (1st).
The sample soultion was applied to the column (1.5 100 cm)
equillibriated with 20.0 mM phosphate buffer (pH 8.0). The
flow rate was 7.0 ml/hr.
Symbols : (O); protein concentration

(@); enzyme activity

4Z57] AFsie] 0.3 MolA 2AE] &5}
Fraction number 225$]l|4] main alkaline protease’}
425929 fraction number 30394 = t}2 al-
kaline protease®| peak”} viebstont £ Adelr= &
49 A =7} =& fraction number 15~289] Z1-& =
obA] A A el o]-g-sltt.

Sephadex G-100 column chromatography

1st gel filtration CM-cellulose columng E3FA]A
d& B4R #4352 (fraction number 15~28)F =
o} ultrafiltration® 2.2 F=A17] ¥ 20 mM phos-
phate buffer(pH 8.0)2 £3A|A FUg hegHo =
£33, wl2] 20 mM phosphate buffer(pH 8.0)% %
3 3}A]7) Sephadex G-100 column(1.5x100 cm)oll
gJsle} T ShESNO R fraction B 3.5 ml¥ 7 ml/
hre] 52 43471 A3= Fig. 29} 3strh.

Fig. 2014 e} 7o) sk A=A 931 £4-82) peak
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number 20~29)5t-g 2o} ultrafiltration® 2 553}
t}A] gel filtrations shdch.
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Fig. 3. Column chromatography of alkaline protease from
Xanthomonas sp. YL-37 on Sephadex G-100 (2nd).
The sample solution was applied to the column (1.5X 100 cm)
equillibriated with 20.0 mM phosphate buffer (pH 8.0). The
flow rate was 5.0 ml/hr.
Symbols : { O); protein concentration

(@); enzyme activity

Table 1. Purification summary of alkaline protease from
Xanthomonas sp. YL-37

Procedure Total Total Specific  Recovery
activity protein activity
DU (mg)  (DU/mg)
Culture broth 10,279,000 1,700 6,064.4 100
Ammonium 3,211,704 3955 8,120.6 31.2
sulfate
(30~30%)
CM-cellulose 1,102,572 108 10.209 10.7
Sephadex 377.839 20.1 18,798 35
G-100 (1st)
Sephadex 235,952 9.2 25,647 23
G-100 (2nd)

*DU : delft unit.

2k}, Fig. 3041l zko] wlAl peake} A4 peak
7} dAste e HAE Ao Attt

o}ke] YAAGE a0kl Table 19} 2o HFS
$& 23%R 7 A4 wEAd-e of 4u) HE Zrlsledch

SA0| Hald U ZAE

Native PAGEQ]| 2|8t &2l Sephadex G-10022 A
A%}k alkaline protease®] U4l 2l W Exlaks &4
3}7] $13}e] 10%-polyacrylamide geld AHg-ste] 7]
353 A= Fig. 49 7o) & bandihg Rgjonz
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Fig. 4. Native-polyacrylamide gel electrophoresis of purified
alkaline protease from Xanthomonas sp. YL-37.

Lane 1; molecular weight standard

Lane 2; purified alkaline protease
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Fig. 5. Determination of Ve/Vo and M.W. of proteins.
A : phosphorylase B (97,000) B :bovine serum albumin (66,000)
C : oval albumin (45,000) D : carbonic anhydrase (31,000)

=5 Bl vk A=A

B §49 ¥x82 10%-polyacrylamide gel’dollA]
EEHNAF Aol s S SA3l XF WAl
logarithm$ 8 37} vl wsle] AR Ao+ Fig. 59
zZFo] <F 62,000 dalton B =it

SDS-PAGEQ 2lgt &2l A AZF alkaline protease
o] 2dAl 2 subunitd EA317] $13led SDS-PAGER!
A= Fig. 63} o] 2+ bandE e =2 A=

116,250 u
97,400 s

66,200 #
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Fig. 6. SDS-polyacrylamide gel electrophoresis of purified al-
kaline protease.

Lane 1; molecular weight standard

Lane 2; purified alkaline protease

o2& shqlslgdrt. =3 B §49] subunit+ monomer®
TFAERer, 71 ExEE 5 SR Ado]sAE
£ 9)=& A3 <F 62,000 dalton>Z Native PAGE 2
e} ol x]5}sict,

o]# As}+= Horikoshi[1317} 2328 Bacillus sp. 2l
2] alkaline protease®| EAFeFe] < 250004014 30,000
daltonrtelell EARIcH= 7T Adolshsd o, Strydom
=[36)0] B33k 33,000 daltons= Arelslsic). =3l o]
={24]0] B8 Pseudomonas sp.2] 70,0003 56,000
daltonT} = =}ol7} 9lsith

SN0 83l

S0 RN pH R AN Xanthomonas sp. YL-
37757} AAFske alkaline protease®] #2#H4- pHE
ZA1517) 918k} pH 5.0¢0141 pH 13.0704] Z42+e] pH'E
2 3} 50TolA 3087 BHeAlA 1 ZAEE SAY
A#= Fig. 79 7o) &4 2h4- pH 11.00] ). =3
AA &AL pHel thd XS 2=Aksl7] $135ed pH
6.09014 pH 13.07}A] zt7+e) pHE FA3te] 50°Cel A
304 Aelsted 24 pHal 11022 243 oS 2=
A& 238 A3= pH 6.0~11.07HA] vld - sigd
3 pH 13.07} pH 6.0 olA= A8 o] ZF4stgdc). o]
o} 7+-& A= Margesin ${2810] 213 Bacillus sp.
o) &9} FU3tdon) Tsujibo S[38]0] g Ac-
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Fig. 7. Effect of pH on the purified alkaline protease from
Xanthomonas sp. YL-37.

pH 5; citrate buffer, pH; 6 phosphate buffer, pH 7~9; Tris-HCl
buffer, pH 10~11; Sodium borate buffer, pH 12~13; NaOH-
KCl buffer. @ : optimal pH, O : pH stability.

tinomycetes sp.2} Horikoshi[1317} %33 Bacillus sp.
No. 2219] Eaokx Fdsldch. 221y} Takami 5{37]
o] ¥ w% pH 12.0~13.0 Rrh= Uske}. Kobayashi 5
(201} v} S[6]o] M3t F2-79] alkaline protease”}
pH 5.0~12.07H4] ¥tk A Hohke gk ge] &
3k w Fujiwara 5-[11], Okada 5131]9] Bacillus sp.2}
= st} =3 Rho 53412] Pseudomonas sp.ol
A1 pH 6.0~10.0°1%1vH= 239} Allison 5219 Clos-
tridium sporogens BT= HAAJo] 47t &gt} ulafad
Xanthomonas sp. YL-3745F7} A4k8}= alkaline pro-
teasex= 2] WS (pH 9.001AH) A E 484 o] kA
A AAS E4E o]yl eAe] b s}

S0 RN 2 X HOMEAM A’} alkaline pro-
tease®] #HA HRELEE FARE}Z] 98] HES-ofe]
pHE 11.02.2 3}¢ 10TelA 80T7HR] 2+ 2xH 2 30
A 3 8ARAS 213 A Fig. 83 2
o] 50ColA A BA-& eyt

w3 &40 el gk HAALE 10°CelA 80T7HA
225 Wslsle] Z7ke] koA 3087 dAg3d &
50CelA 7183 vhg-A1A o AEHAE SA T A=
20~50CelM = A3l ot 60ColAtellA = Bk
stodet. w3 70Tol Al = A o] FA43] F4H
T AFE ngont 200l Ao e AL oF
0% =] A4S ehll= 712 Hol $2] gt ¢
T - BolAlol] Mgzl e AlAS EAeAY o]
S7bsAde] Erha AdEc) o] dlvl=9] Novorlel
A AAE - Al #3ta Q)+ Sabinase®} 20TCA 2 &AL
H 3PS o E 47} 0% & o =& A4S e
o} B 549 33 Wh2%+ Rahman {3319 Ba-
cillus  stearothermophilus®}t Matsuzawa -S[29]9]
Thermus sp.olA] 4 A=} 75CH TR 2w ®r}
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Fig. 8. Effect of temperature on the purified alkaline pro-
tease from Xanthomonas sp. YL-37.
O :optimal temperature, @ : temperature stability.

= ko] Kalebina S[1819] Buacillus sp.olA = &
A7t 50Tt Rt Zokeh =3 = F34]9]
Pseudomonas sp.oAE= 40CGehe Bl BHobs o7t
=9tttk Atalo S[4]0] 23 70C¢ Kunitate £[21]
o] X1k 65CH = kAol oyt

=520 S ¢ AA% alkaline protease®] 24
o vx]= F599 e 2Asl] sl HF v
7} 1 mM3# 5 mMe] HEE 7}7ke] F498 Arlsie
50CellA 3087t A4aE AMAR F 5o B4E =
AV A= Table 29} Zoch. o A} B 4
MnSO,, MgSO,, CaCl, 5l &3l Ao F7I=
sen, B3] CaCle] A% &4 2H4-& 3= A9 22
AAE Aot ol deoll g &) WA BE 2}
45 3= Aoz =3} ubde] HgCl, ZnSO,
CuSO, 5ol 2siA Aol A=t o]e} e
A= & 514017 Mizusawa 5[30]e] E128F Strep-
tomyces sp.2] alkaline protease”} Mn?**, Ca** Sl 93

Table 2. Effect of inorganic salts on alkaline protease activity

i —
Inorganic salts Relative activity (%)

1 mM 5 mM
None 100.0 100.0
NaCl 100.8 98.7
KCl 94.7 111.4
AL O, 98.7 101.1
Ca(Cl, - 2H,0 102.3 110.4
FeCl, 98.0 103.3
AgNO, 104.3 107.7
BaCl, - 2H,0 107.6 103.3
MgSO, - TH,0 95.8 112.6
CuSO, - 5H,0 101.7 779
HgCl, 98.5 57.6
MnSQO, - 4H,0 109.9 123.5
ZnSO, - 7H,0 83.0 77.3
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Fig. 9. Effect of EDTA on purified alkaline protease activity
from Xanthomonas sp. YL-37.

Al ZAde] FAlEr w3t wf Sl6le] Bargh MgSOst
Zx1gchs Adee 2gkem CuSO,, ZnSO,, HgCl, &
of s Al 28-g whetls A fARK Y. 53]
HgCl,®] 73-%- Horikoshi §[12-16]°] 223 Bacillus
sp. @2 alkaline proteaset ZF&&AXJo] 28%A4 = ¢
o0} B g40) AERYL 57.6%24 +5EE /=
2 ZAAAZY] AR FeElsitty gdEeh ey
Mizusawa 5130]8] £4Z%1A7} CuSO vk ®aet
< AolslH 2t FeSOs} 318 -2 Ak

EDTASTO [IE A&

K [23]] w2 EDTA® ethylene glycol-bis(B-
aminoethyl ether) N,N,N',N'-tetra acetic acid
(EGTA)N o34 2k 51% A sfiigic), whebr A4ukg-
4Ho] EDTAERS] #EFF=7} 10° MollA 107 Me]
HEE ZH7F Yo 50l 3083 £4 2RI A5
= Fig. 99} Z9tr}. alkaline protease= EDTA 715
Zol wepr] BAL AdH s Zhasielen 10 MA
7HA] Aol 93] AAlE S

o|9} & A= BATFAA R cofactor7t S
Ao 2 FA=w w3 apoenzymed= A A=)

Table 3. Reactivation ratio of alkaline protease by metal salt

Reactivation (%)

Metal salt
5 mM 50 mM
None 0 0]
FeCl, 85 50.7
MgSO, 0 19.8
MnSO, 91.4 106.3

CofactorO} &2

Cofactor®] A¥-& ZA}sl7] Yate] A EAae EDTA
5 ol 253 A9S YAHAZ F 543l EDTA9
FE5E AATS F Y FE59e Ea A8 Y
A EE SA3 A= Table 33 294}

Table 391419} 2] MnSO,Z 5 mM=Al H713t 735
o} 91.4%3 E=H2 50 mMelA 100% 2= it
wh FeCl, 2 MgSO,o 73-%- 242} 85%, 19.8% 3]
ok

olg} e AxE B Fiolle cofactor® Mn*'7} A
g=lo] glew] ZAjFAlelE metal enzyme typel 2 |
o] glokx ksl o)9f & A= Sexton {35]0]
Pseudomonas pseudomalleiol Al Fez} cofactorgdth= A
7 x)F7HA] 8k Al metaloproteasecl A= Zn™[12]°]

cofactorgdth= A= Abe| sl th.

NH,-ZH OO At A 2

A F alkaline protease®] NH,-dwt o}w] x4t 217]
E #4138 Z7= Fig. 103 72o] alanine©] 32, obv]xe
Ake] AFEAL-S- v\ W3 A= Pseudomonas aeruginosa
[34], Pseudomonas pseudomallei35], Subtilisin BPN'
Z12] 32 Subtilisin Carlsberg[17]15F 45442 A9 glsict

15 20

5 10
YL - 37 : Ala——Gly-Met—Cys—Gly- X —Pro—’I‘rp-Lys—-Asp—Cys—Gly-Gly—Pro-Trp—Asp—-Cys

P.aeruginosa : 1Ala|- Glu - Ala ~ Gly -~ Gly - Pro - Gly - Gly — Asn - Gin - Lys - Ile - Gly - Lys - Tyr - Thr - Tyr - Gly
P.pseudomallei : Val - Val - Pro ~ Asn - Asp - Thr - Arg - Tyr -~ Ser - Glu - Gln - Trp - Gly - Tyr - Phe - Asn - Pro - Thr - Ala
Subtilisin BPN’ > [Ala|~|Gln|- Ser -~ Val - Pro - Tyr - Gly - Val - Ser - GIn - Ile - Lys - Ala - Pro - Ala - Leu - His - Ser - GIn - Gly

Subtilisin Carsberg : |Ala|-[GlIn|- Thr - Val - Pro ~ Tyr ~ Gly - 1le - Pro ~ Leu - Ile - Lys - Ala - Asp - Lys - Val - GIn - Ala - GIn - Gly

Elastase Ya-B
1 5

Ginj- Thr -~ Val - Pro -~ Trp -~ Gly - Ile -Asn-Arg'-Gln-Ala—Pro- Ile -Ala—Gln-Ser—-Gly

10 15

Fig. 10. Comparison of the NH,-terminal sequence of alkaline protease from Xanthomonas sp. YL-37 with those of other
alkaline proteases. The homologous amino acid residues are boxed.
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Fig. 11. Lineweaver-Burk plot of various concentration of
casein on the enzyme reaction rate.

£ 1.0, 2.0, 2.5, 5.0 ¥ 10.0 mg/mlE A3} T4}
HhgA1 7] 3 il F3) 540 BA)E Lineweaver-
Burk plot[26]/dell4l ZAHF A= Fig. 113 23t
E EAY Km#d 4.0 mg/misies Vmaxis 5,500
unit/mlo]glct. o]& Takami ${37]°0] ¥ 3 8.5 mg/
ml®} Kim $[19]e] 2373} 10.0 mg/mlEchs wghom,
Banerjee &{7]¢] Rhizopus oryzaelA 1.11 mg/misith
= B39} v S[6]o] w38k 1.3 mg/mlR k= E94th.

2 <%

Xanthomonas sp. YL-37 o] A4Fsh= alkaline prote-
ase= A A8H7] $13ted ammonium sulfateE JAAA
3]4=3}] CM-cellulose ion exchange resin columnel]
F448t ¥ Sephadex G-100 columnell 23] E3A]A ot
HEALE Ao T2 ¢ 62,000 dalton o2 =&l
subunit® Feojglrh AA T HHHA 5= 50T
2w 53] 20T = HAHFA oF 40%F FAISFA
o} F&9ol gk 332 MnSO,, MgS0,, CaCl, 5l
oA Aol FA= %] et HgCly, ZnS0,, CuSO,
Sl A aadge] A=t £ A4 EDTA,
EGTAS &3 ZetA AsE W 722 Bol me-
tal ion& Zr3 S+ metaloenzyme &2 Holn F A
A3 cofactors Mn**o]¢l.ow] A A%t alkaline prote-
ase?] NH,-4xt o}r]AhE alaninee]$ith. ¥ &4:9]
Km#t-= 4.0 mg/ml°]2 3 Vmax+ 5,500 unit/mle] e}
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