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ABSTRACT: An alkalophilic Cephalosporium sp. RYM-202 capable of producing cellulase compo-
nents was isolated from soil. This organism grew best at an initial pH 9.0 and produced cellulase
maximal at an initial pH 9.5-10.0. Three carboxymethyl cellulases(CMCases), P-I-I, P-I-II and P-
II-I, were partially purified by DEAE-Sephadex A-50 ion exchange column followed by Sephadex
G-150 gel filtration. The optimum pH values for activity were 7.5 for P-I-I, 8.0-9.5 for P-I-II
and 7.5-10.0 for P-II-I. All CMCases were stable between pH 4.5 and 12.0. Temperature optima
for activity ranged between 40 and 60°C and more than 50% of the maximum activity was observed
at 20°C for both of P-I-I and P-II-I. The activity of CMCases was significantly stable in the presence
of various laundry cemponents, such as, surfactants, chelating agents and alkaline proteinases.
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otzkz] A(alkalophilic) =& e g A(al-
kaline tolerant) »] & 5o Z4-E] alkaline cellu-
lased AAFSISL o] AAAAEA 8] I3
A77F H2 Fd= JrkKawai 5, 1988; Ito 5,
1989; Shikada %, 1990, Ozaki %, 1990; Okoshi
T 1990). 28 AF7kA] EaE alkaline cellu-
lase® 2% Bacillus% d5F2%E QAEHAS P
o], cellulase EAAL AA5o] 78 7o
A&z Trichodermass, Aspergilluss 59 H-H-oll
Hsto] o g o] wig- b}, dubd o g AlFe cel-
lulase FAA = THo] wste] 74 WA Tl
Hu oz =¥ cellulase &4A2] 3714 compo-
nentsg L7 ZH5A] Xgows FHEc AgH
Al gAlo] mleksl Ao ¥z 9irKBisaria and
Ghose, 1981; Coughlan, 1985). A2 Bacillus%
#5253 A4kE alkaline cellulasei= endo-cellu-
lase A" 71=j32 Q)& Ao ® X aEw gJcHHo-
rikoshi %, 1984; Fukumori &, 1985).
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DEAE-Sephadex A-500{ 2i8t 0|R2x21& chroma-
tography: =& 4 8918 DEAE-sephadex A-50 ch-
romatography column (5X25cm)ell 23} 1. 400
m/2] 10mM <AArHE8HpH 7.0)°02 &-&3 F,
oA Fdgh labskEg-del A 0-05 M2 NaCle
o) g3le] UAT FEUIEVR S22 5%
T 20mi/hrejglem 5mia B3}

Sephadex G-150 Gel filtration chromatography:
DEAE-Sephadex A-500f <}s} Y=l P-I17} P-II
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Fig. 1. Photograph of the isolate, Cephalosporium sp.
RYM-202.
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Fig. 2. Time course of cellulase production from Ce-
phalosporium sp. RYM-202.
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Fig. 3. Effect of initial pH of culture medium on
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Fig. 4. DEAE-Sephadex A-50 column chromatogra-
phy of crude extract from Cephalosporium sp.
RYM-202.
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Fig. 5. Gel filtration chromatography of P-I on Se-
phadex G-150.
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Fig. 6. Gel filtration chromatography of P-II on Se-
phadex G-150.
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FEAAE 3714 CMCaseo] 845 913 #H4
pHE 3 R AE Fig 7o)4 vpehd wiel 2k
P-11¢} 79 ## pHiz 75019 2 o] pHel
e A4 4w e x5k pH 10004 2]
e HAHe) 60% $:~omq Hhde) P-I-112}
P-Il-I& 27+ 8095 % 7.5-10.02] ¥4 ¥ pH
Hejell A o] E4AE veby o, 53] P-II-
12 pH 6090 4} pH 11.09)| o] 2% =2 obzte)e) pH

Table 1. Purification steps of CMCases from Cepha-
losporium sp. RYM-202.

Purfication Total Protein specific  Yield

step activity activity

(units) (mg) (units/mg) (%)

Crude extract 192 408.9 046 100
DEAE-Sephadex A-50

P-1 52.5 25.2 2.08 274

P-1I 45.2 445 1.02 235
Sephadex G-150

P-I-1 126 19 6.63 6.6

P-I-1I 14 0.1 17.50 0.8

P-1I-L 28.2 3.0 9.40 14.6
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Fig. 7. Effect of pH on the activity of partially puri-
fied CMCases. The following buffer systems
were used: 100 mM Macilvaine’s(@); 50 mM
phosphate(C0); 100 mM  glycine-NaOH(H);
100 mM KCI-NaOH([™).
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Fig. 8. Effect of pH on the stability of partially puri-
fied CMCases. Buffer systems used were the
same as those described in Fig. 7.
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Fig. 9. Effect of temperature on the activity of par-
tially purified CMCases.
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2%yl pH H9(pH 45-11.0)04] <dAdE B
o3, E3) P11z} P19 739 pH 120011&4 80%

olAte]l M-S HAsle 7o g vielhyckFig. 8).
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Fig. 10. Effect of temperature on the stability of pa-
rtially purified CMCases.
@, P-IL; O, P11, [, P-II-L

CMCase-/] %‘é—% 213 ﬂﬁ%&—‘:— P-I-I, P-I-II
ore]a P19 7%z 40T, 60C 233 50
T 24, P13 PILIE X} Yo 25 HYE A
el 30C ¢} 60T A% Hh&A ] 80% AHEE
Jehligla, 20T A% 50% o149 EAEASE
RAchFig 9). =3 dof tigh abdAdSE Aot 17
Siste] Z47he] Lol A] 1417 ok AR Fol
ol sli= EAgAE =A% AT}, CMCased] A
%-‘H}S_i—t— 0T -30C gl MeE BAEA 0] A9

53] P-II-19] 2% 60T °ﬂ
ol 4te] %‘é% FAGOEHA 3 BA

A% T0%
ol EH%L ool 7 EokchFig. 10).
B50/1, 3igtEel g

AHEMH R =
ofe7lA] Foold d gAML ZAHER o8-
H3 ol okt 79 ARGdA e sl
CMCase Aol mlz s FAFEH] 931
uhg el Fold, AMEA d ASEES
Hrbstn AAagAe vlwstdci(Table 2). &AM
FEol ol tiste] P11 Mn®* ¢} Ca’*oll 93, P-
a*, Zn?t 9 Ca*el whsl, zgjx P-II-I&
n®t, Zn?t @ Ca?tel 2dA 10-20%2] &
%“é *E‘-% Boloh e} CMCaseol| o] <d %ol
e 2l Hg?t (Fukumori 5, 1985; Kume
= 1991)°ﬂ gk A3 axs Al A& BFA
velgA] ksl 3t 2AE AdSAdALL 2E
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Table 2. Effect of metal ions, surfactants and chela-
ting agents on the activity of partially puri-
tied CMCases. CMCase activity was measu-
red in glycine-NaOH buffer(pH 9.5) at 30C
in the presence of various additives at the
concentrations indicated.

Relative activity (%)

Reagent Concentration Pl PLI  PILd
None — 100 100 100
KCl 50 mM 98 100 100
Na(l 50 mM 115 87 103
HgCl, 1 mM 104 107 109
CoCl, 1mM 97 116 87
ZnCl, 1mM 101 82 83
FeCl, 1 mM 92 90 94
CaCl, 1 mM 87 82 87
MnCl, 1 mM 80 121 85
Soap 0.05% 101 98 103
AES 0.05% 87 82 103
AQOS 0.05% 83 82 109
AS 0.05% 85 82 90
LAS 0.05% 75 72 85
Softanol 0.05% 96 108 104
Sodium silicate  0.05% 74 65 79
Zeolite 0.05% 93 82 101

FE Fluld e A AL ¥ A4 cHsodium
silicate)®} linear alkyl benzene sulfonate(LAS)ol|
el oF 15-35%9] EAGA FAES Holorn)
¥]7 Zi(soap), a-olefin sulfonate(AQS), alkyl
ethoxy sulfonate(AOS), softanol, zeolite 52 7)e}
HA7VEol thell Mz vl Al gdAg Al e 2kl
st Brb qhdabedeh g, 2 Al ARg-g
A g Aol 2 gES A arlste] 304
o A F BHRE ZAEUE delx o4
vj=gh AaE Bole @A A4w) Al CM-
Caser} AlwdAgA o} A3HEe] dated wlmA

brdel Heod Zle g byt

CHHA| JlpeEal & A0 CHst *@Ae"
AAE a4E A ¢
proteinasel] 2J& CMCase #41¢] ‘ﬂﬁr% A 2

Table 3. Effect of alkaline proteinases on the activity
of partially purified CMCases. CMCase ac-
tivity was measured in glycine-NaOH buffer
(pH 9.5) at 30T in the presence of various

proteinases at a concentrition of 0.01%.

Relative activity (%)

Additive P11 PLU  PILI
None 100 100 100
Maxacal 92 74 99
Opticlean M 104 85 100
Savinase 99 96 124

7 7}, P-I-I19te] Maxacal(IBISA} W< =h=)3} Opti-
clean M(MKCA}, e o]s} 212} 26 2 15%¢)

*i;}** s BS Weolu & CMCasew
wlseA Held shiAd shp el m el iste] oF
Al Ao thebkek(Table 3). £3) P-ILIS Savi-
diup)el] ofs Eadge] Frh)
EA4& Hor)

nase(NovoA},

o] o}

£ %

Horikoshi

o
A

(1984)°] 218l alkaline cellulase A3
2k Bacillus%2] Aol Haud o]z
oJ2{7}x] alkalophilic Bacillus spp. (Fukumori
1985; Shikata &, 1990)2} neutrophilic Bacillus spp.
(Kawai 5, 1988; Ito 5, 1989; Okoshi &, 1990)
ol 419} alkaline cellulase od-7-7} o]Foi# gkor}
Bacillus% Al A g o2 #&lA9] alke-
line cellulasec)] thal A= 78] o] Fo)A]#] ¢l
glch B Aol Hel %A= Cephalosporium sp.
RYM-202+% alkaline cellulases MA st zl4fo]
2= A3 = 371A] cellulase componentsE E-F
AAE 4 gloks "ol cellulase components3
CMCasent AT F e A= defzl 7]&9
Bicillus% w553 32A »|ar) gk 28 Cepha-
losporium <2 55| A+ alkaline proteinases&
AT 3 9lgo] e A sl=dl(Tsuchiya 5, 1987),
ole{gt wFEo] E5 FA ol pHellA] Hire| s
el = wksted Cephalosporium sp. RYM-202+&
oF7zkel o) pH W 9ol A 2] w4 A&} cellulase
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kg Bl ® ol2KFig 3) alkaline xylanase
A= vl EolwlAlA] #pg) o] el Ae]A
el5tA Ealo] =A| =)

Alkaline cellulase= alkaline xylanase2} &7
G e] Bt xeld 248 4 9l om(Vyas
&, 1990; Rhyum, 1993), &3] alkaline CMCase:
FAAA ] HE & SaAARe G477} 2
Aoz oA glriKawai 5, 1988; Ito 5, 1989;
Shikada 5, 1990; Okoshi %, 1990). o] &A7}
oAwf gt 7]xtell o3 AAHEAE SHAI Tl
istol e ofA7hkA] # s gl A 9l ekA|sh
WA Mo o8 PAE= WAHfo Hzepr)s} ‘d
Al cellulase?] 2402 A A% 7] wl-Fo] A} =
A el ole|7hA] FelsialA gl o4 75_“5]
o] el o9dEAo] cellulases} #&FE o7y HA
FEHE AAsE Zlez FAIIMurata 5,
1982). & APl e ALAA 2L A gAe) 7
£51 9l CMCases Cephalosporium sp. RYM-
20225 FE-AA g A3} P-I-I, P-I-11, 2 P-II-1¢]
37k CMCases® #5315 tHFig. 4-6). ©] CMCa-
sest BF Y- pH H9(4-12)0) 4 B2 oA
o) Fgtort pHell wa fF4dAe gAFe A=
HE2A ebdedl(Fig 7-8), L &4de] pH 7.5
A viepd P-IIshs 9e] 727} 8.0-9.53 7.5-10.09)
pH oA HuaAE wel PII 9 P-II-12 al-
kaline CMCase?] A4S A& A2 vepydrh
o]2J3t A= Bacillus sp.2H¥ H=A pH7) 691
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