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CM-cellulose column chromatography
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Ak ZF BEo] dla == 280 nmol|Ae] FREE &

asict.

Hydroxyapatite column chromatography
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A(pH 6.0)0.2 H&PF A7l hydroxyapatite column (2x
10 cm)oll F&A17112, 1 mM potassium phosphate $+58
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monium sulfateE *z]ste] YAEEZ & 1 HAES 5
mM potassium phosphate $5-8% (pH 6.0)° &31A|7]
> Bk B g8 AR & O 45dEs
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Fig. 1. Elution pattern of proteases on CM-cellulose column chro-
matography. The non-adsorbed fractions of DEAE-sephadex A-50
were applied to the CM-cellulose column and eluted with the
linear pH 6.0-10.6 gradient.

M peak (peak I-VDEo] B o™ o]FA peak I, Il
2 V7 248A40) BA JUehdth E o] 671¢] peak £
& 747t 1719538} protease G E NS & A} Fig.
20lth. Fig. 2 (A)¥ SDS-PAGEZ Coomassie brilliant
blue R2502.2 A21% A o)1, Fig. 2 (B)+= 0.1% gelatin©|
A7 gel® 0.1% Amido BlackeZ JX3 * 50%
methanol2 22171 A o]t} Peak I, Peak I 2 peak V2
B3 Z7]7} 242t thE protease 4] band”t FE3HA
Bk webrd Beawveria bassiana ATCC 71599 o5+
Aok 37}7] o)4te] proteaseE AAlElE AoZ W
t}. o] A= A Ko 570l B. bassiana ATCC71599] vl
oFoll-& H]W A isoeletricfocusing gel W719% & 7} gel A
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AT AT} X SATE ojFol A 53] EAGAHo] w1 &
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Fig. 2. SDS-PAGE (A) and gelatin SDS-PAGE (B) analysis of the
CM-cellulose fractionated protein peaks (I-VI).
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AAZ protease?] SDS-PAGES] Z3}7} Fig. 301, £}
2 ¢k 32,000 Dal 2 B. bassiana GK2016 protease®] &
Z+=F (35,000 Da)3 FAFSIAE 2312 bassiasin 19 &
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AAE bassiasin 19] NH 2 ofv] At ME8 A3
A3} Ala-Ile-Val-Arg-Gln-Pro-Gly-Ala®]%it}. o] NH, 2 ¢t
ofuj Al M EL olv] Ru¥H B, bassiana 331275," M.
anisopliae Pr1,”” proteinase K %2 &3] )¢ pro-

Table 1. Purification of bassiasin I.
The purification was started using 8.5 [ culture filtrate

Total 10°Xtotal Specific

Purification st . -
urthication step Protein  activity  activity Recovery
mg U U/mg %
Culture filtrate 28300.0 5310 187.6 100

(NH,),S0, precipitation 12245 2691 2197.8 50.7
DEAE-sephadex A-50 573.5 2270 3959.7 42.8
CM-cellulose 364.5 1896 5202.7 35.7
Hydroxyapatite 93.0 720 7747.3 13.6

KDa
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Fig. 3. SDS-PAGE analysis of purified bassiasin . Lane I, protein
standard marker; lane II, purified bassiasin I.

teaseE9] NH,Z& olv| At A&7} vlwgh 310] Fig. 49]
t}, o]FallA Joshi 57l & Ri1¥ B. bassiana 331275
protease®} bassiasin IAFojoll = Ile9t Prog A|9lg Y %]
ofm] o ito] ehd 3] AX|EIA Tt wetA] bassiasin I (B. bas-
siana ATCC7159)7 oln] W ¥ B, bassiana 331275
protease Alo]ol| A3 Aol 1S Aol

(2) =|®pH % pHol| CHet et M

pHol W& gA4gde] 54 237+ Fig. 59 Vet
AH3 pHol A= AR EAag/de] won dze]yd pHol
A =8 e wgrl pH 105904 HHE3AFE 71xH,
pH 759 A% HAHEAY 50%5 el B
bassiana GK2016 protease'®2] 3% pH2| 7 $-= ¢ 8.59]
I M. anisopliae protease'”?] A pHE 8~921 A3} |
sl 2 7oA AAE protease= LFtEAdS] AR E )
AE Ao dokEd,

pHoll thgh & x9f M4 28 717he] pHollA] 28°Coll
A 2 NZY, 4°CoA] 48A1F Bt Zh2 A ek 3 E E A4
244 =A% 277} Fig. 601tk pH 5.0-11.02] H ]l A

BA :
BB :
PR :
PK :

Fig. 4. NH,-terminal amino acid sequence of bassiasin | (BA) com-
pared with those of B. bassiana 331275 protease (BB),” M.
anisopliae protease pri (PR)' and proteinase K (PK).* Amino a-
cids of bassiassin I, identical to those of the other proteases, are
boxed. The residues of bassiasin I are numbered above the se-
quences.
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Fig. 5. Effect of pH on the proteolytic activity of bassiasin |. The
reaction was carried out at 37°C in the following buffers; 50 mM po-
tassium phosphate¢®), 50 mM Tris-HCl¢®), 50 mM Glycine-NaOH¢
A) and 50 mM phosphate-NaOH(W).
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Fig. 6. Effect of pH on the stability of bassiasin .
The pH treatment was carried out in the following buffers (25 mM
concentration); potassium phosphate (®-, o), Tris-HCl (-, &), Gly-

cine-NaOH G-, A)and phosphate-NaOH ¢w, =2) at 4°C for 48h ¢e-,
A, ¥) and 28°C for 2h (o, &, 2, ).
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Fig. 7. Effect of temperature on the proteolytic activity of bassiasin I.

The enzyme activity was assayed at indicated temperatures in 50
mM Glycine-NaOH buffer (pH 10.5) for 10 min.
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o= 7FdAEsIAA AT WE BAEAS
A= Fig, 87 2t B ZAE 40°CoA 1208 71d ko]
E E284E JdE FA5, 50°ClA = 508 7HE Al
Hzx 849 50%7F ZAaEH 60°ColAE 1208 71319
< o FHx 249 oF 80%7}t A=A

B. bassiana GK2016 protease“”gl Ho &4
37~42°Co) a1 40°CollA] 30% E-& 50°CollA] 5 7FE Aol
A 9] 60%=Z d=vha B s o] o™ Bassiasin 17 Bl
waf & uf A3 zpolE BTk

(4) E2 2ol o|x|= Mslixle| Fg

Chymotrypsini# Trypsin®] inhibitorZ z}z} TPCKe}
TLCK, metalloprotease®] inhibitor=® EDTA, serine”]
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Fig. 8. Effect of heat stability of bassiasin I. The enzyme was dis-
solved at the concentration of 1.0 pg/m/ in 20 mM Potassium phos-
phate buffer (pH 6.0) . After incubation at 30°C¢®), 40°C¢m) 50°CGa)
and 60¢¥) for the indicated times, the remaining activity was as-
sayed as described under Materials and Methods.

Table 2. Effects of protease inhibitors on the proteolytic activity of
bassiasin I.

Relative Activity (%)

Inhibitor

1 mM 5 mM 10 mM
None 100 100 100
PMSF 6.0 0.7 0.09
DFP 24.7 8.56 0.7
TPCK 97.7 95.4 88.0
TLCK 96.8 96.7 97.0
EDTA 106.8 105.4 106.7
DTT 106.8 109.7 108.6
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Purification and Characterization of Protease from Entomopathogenic Fungus Beauveria bassiana
Hwi-Jin Ko', Hyun-Kyu Kim', Beom-Gi Kim', Sun-Chul Kang’ and Suk-Tae Kwon™ (‘Department of Genetic
Engineering, Sung Kyun Kwan University, Suwon 440-746, Korea; *Department of Biotechnology, Taegu Univ-

ersity, Taegu 713-714. Korea)

Abstract : Extracellular protease (bassiasin I), from the culture filtrate of entomopathogenic fungus Beau-
veria bassiana ATCC7159, was successively purified by precipitation with ammonium sulfate followed by
DEAE-Sephadex A-50, CM-cellulose and Hydroxyapatite column chromatography. A typical procedure pro-
vided 41-fold purification with 13.6% yield. The molecular weight of the purified protease (bassiasin I) was
found to be approximately 32,000 by SDS-PAGE. Isoelectric-focusing analysis of the enzyme showed a pl of 9.
5. NH.-terminal sequence of the protease showed homology with those of the fungal proteases. The enzyme
has an optimal pH for activity at 10.5 and is stable over pH 5.0-11.0. The maximum activity of the enzyme
was at 60-65°C, and approximately 20% activity remained at 60°C after 120 min. The protease was inhibited
by phenylmethylsulfony! fluoride (PMSF) and diisopropy! fluorophosphate (DIFP).

Key words : entomopathogenic fungus, Beauveria bassiana, extracellular protease, bassiasin I
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