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Trichoderma sp. C-40A &£2|8t endoglucanase(F-II-I1)9]
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Trichoderma sp. C-42] vl oF] 0 2 X-¥] & F59] endoglucanase(F-1I-I)E- Sephacryl $-200 & Sephacryl S-
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1 ,4- B-D-glucan  glucanohydrolase(EC  3.2.1.4,
1,4-B-D-glucan cellobiohydrolase(EC 3.2.1.91,
CBH) ¥ B-D-glucoside glucohydrolase(EC 3.2.1.21, B-glucosidase)
7} Ha3% Aoz RuEEoen o]F 3+ FA9l endoglucanase
ol | ME Trichoderma reesei(4,11,19), T. koningii(6, 20),
Sporotrichum pulverulentum(8), Irpex lacteus(10), Clostridium
thermocellum(1), Thermomonospora fusca(13) 5 22 TFolA]
AF7} olFoix1 gt Z#yt B} v (specific activity)
o] & #F B ALE Z7] AT =d¥o] A&HI Ut
(2,5,12). A2} T2 = s7VolA] 228]S Trichoderma sp. C-4
7} & Y1348 ZE= endoglucanaseE BHIE 715A4S oln)
H3gk v} lr18). o] #F7} EHI3= endoglucanase 2]
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[(g I'"): Avicel, 5.0; carboxymethylcellulose(CMC), 5.0; peptone,
I; urea, 0.3;(NH,),SO,, 14; KH,PO,, 2.0; MgSO,7H,0, 0.3;
CaCl,, 0.3; agar 15.0, (mg I'"): FeSO,.7H,0, 5.0; MnSO,.H,0,
1.6; ZnSO,7H,0, 1.4; CoCl, 2.0)|(16,18)°lA] ull&st&T).
28°Col A 69 FRt JE v F wigas 51”1‘}01:}5'—“5”(20~
80%)0 2 AT T, V& FF A(crude enzyme)ES 50 mM =
AFE-8-90(pH 5. OL_E =A% & 555} Sephacryl §-2000]
Z31%E 3.5%100cm column “FollM Y #EFgAo= ZHF
HA 2255 Endoglucanase 48 E3Heh= 29 & sht
ol F [IZ Diaflo membrane PM-10(Amicon)& AHE-31d 5 miZ

%% & A 50mM 2ASE8YpH 5.000.8 w3HEta
Sephacryl S-1000] FFFH 1.6X100cm column’}dl] A1 F
g SFgAo g SelFHA Bttt

Bomuay
Avicel % CMCol @ BHL 27 A%l 05%
Avicel(Fluka) ®=v= 0.5% CMC(Sigma Chemical Co.)E Z7}5k
ZAMIERA(pH 5.0) 0.4 mio] B 0.1 mi& A7V} 40°Co)
A 15% ¥H8-AIZl $ Somogyi-Nelson ®HH(17)0l 2]dfe] &
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Akl ¥HEHZ pHE &7) Hdle] &4 eMmce] W
EEES pH 3.0-80(pH 3.0-50, 100mM A2, pH
6.0-8.0, 100 mM QI4FEE-E-H)rtolol A 1.0 THE o2 W3t A
40°Coll A 15% ¥HS-A) AT
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SDS-#H71¥ &S Laemmli(1970)9] & Alg-stgon
acrylamide ¥ X=E 12.5%, cross linkaget 2.7%9%] slab gelS
ARt G A band9] BQIS YEted A= SE250 might
small slab 7|95 X](Hoefer)Z, transfer & £ (o}m) =4k
24 3 oppat NE)yS AsiAE SE600 slab H7)GEH]
(Hoefer)E AF8-3F T} Isoelectric focusing< 20% ampholyte
(BIO-RAD, pH 7.0~9.0)5 A3} acrylamide®] FE<
5%, cross linkage®] 5% 3% & AHESIATE Focusing2 1M
H,PO,%} 1M NaOH F&N4& Z2 d=57 FFo= 9
4°CellA] 16X12F F2F 500VE RAIAIZTE Focusingo] B¢ &
8.0cm9| gel strip2 1.0em Ao Zg} 2748 1 mio]
25mM KCIZ 823} pH 7|&715 T3t

op| it =M

& e §4 20 peg SDS-A719F (acrylamide 12.5%,
cross linkage 2.7%)%F & ©]|Z transfer buffer(25 mM Tris, pH
83, 192mM glycine, 20% methanol, 0.01% SDS)S A}&-3}<]
25 VoA 16 A 9 F71QEFo2ZH gelol] YE @A
bandE PVDF(polyvinylidine difluoride, Sigma Chemical Co.)
membrane®] %%t} PVDF membrane- 9|2 2-3 & %<t 100
% WEEl FFATIL 3% ek 33k SHFAM AL &
transfer buffer®] B7FFAT7F AF2-819]T}. Transfered membrane
& Coomassie Blue R-2509.2 M3 & 54 pandE Zdehy
o ke FReaL Wesle] B W2 AAKAT of
ot 242 712 A QAT L)l 255k PicoTag
system(WatersyS- AFE-3Fo] 244514 th
EHHEAM A

w7 #8F AlE 100gS ammonium bicarbonate(50 mM,
pH 8.0) &¢&8HoZ WHII trypsin(2%, wiv)S A5}
37°Col A 3A1ZE HES-A171 & SDS-A 7] % F(acrylamide 15%,
cross linkage 2.7%)3t ZelZ 270¢] bandE LUt} o= 9
¢} 22 WP o Z PVDF membrane®| &7 71273 AA7A
(ME)oll &=3}e] Procise protein sequencing system(Applied
Biosystems, Waters)ell &]3}o] 2435} c}.
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Fig. 1. Gel filtration chromatography of crude enzyme from Tricho-
derma sp. C-4 on 3.5 X 100 cm of Sephacryl S-200. Flow rate was
4 cm/hr™! and fractions of 10 ml were collected. Protein was deter-
mined by the absorbance at 280 nm. 10 p of the effluent was used for
the assay for the enzyme activity. Observed values: ll , CMCase; @ ,
Avicelase; [, B-glucosidase; O, protein.
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Fig. 2. Purification of F-II on 2.0 X 100 cm of Sephacryl S-100. Flow
rate was 4 cm/hr and fractions of 5 mi were collected. Protein was
determined by the absorbance at 280 nm. 10 ! of the effluent was
used for the assay for the enzyme activity. Observed values: [,
CMCase; O, protein.

(F-DI ARAFE 714 AFE-De2 2= UckEFig. 1). FI1 &
oM 3559 endoglucanasest 2FF2] exoglucanase 2 1
ST Beglucosidase”t EFH o] e ol5o] tidt A7E
A &Y Fo|vh F-II ¥-2-& 831 oA Sephacryl S-100
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Fig. 3. Electrophoresis of purified F-II-II. (A) SDS-PAGE of F-II-II
(T=12.5%, C=2.7%). Lane | contained protein standards with mole-
cular weights of 220,000, 116,250, 97,400, 66,200, 45,000, 31,000,
21,500, 14,400, and 6,500. Lane 2 was loaded with 3 g of purified F-
-1, The gel was stained with Coomassie Blue R-250. (B) IEF of F-II-
11. 2 ug of purified enzyme was loaded on polyacrylamide using Biolyte
pH 7-9. The gel was stained with silver staining.

focusingoll Al HME A}Fig. 3B) T4l 8.02 & band
2 2 4 9k o]gA Qo FA ABE EE AT AR
39t} o] EAE SDS-PAGEZA E2&o] 26 kDa F%EQ
Aoz ZAEQTE Sephadex G-755 ©]83t gelfilation
chromatography oA E2tZo] 26 kDa® ZHEHA7] W&l
(data not shown) ©] EiE ©d @dz FAHJSS &
%= Q19lth. T koningiiodl X Ee]E AEALF endoglucanase®]
79 Bxleke] 22 kDao|L pIe 4.82 WENEEH(9), ©o] &
Ao 7S¢ BAFgE vl odt pl #e A R T
reeseiol A} B-2]® AEA2F endoglucanase?] 7§ F-A}FO]
25kDa, pl %ol 7.5 Ao HuEoj(19) HIH A9
AFSHATE.

Table 1. Purification of F-1I-IL.
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Fig. 4. Optimum temperature of F-II-[I. Optimum temperature for the
purified enzyme was determined at the appropriate temperature using
15 min assay.
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). Bl 5ao HEAEe 2o FFuelA ReEd o
2 endoglucanase 50l BBt T 3~58] ¥Egkow], WA o
oy QA T reeseid] EGING 351 Umg(15)°14}, Thermo-
monospora fusca®] 94 KDa FA2] 700 Uimg(3)°ll HISteAM=
E2 ol

o] AAE Fig. 4914 AAF ukel 22e] 40-50°Ce] 24
Ak 890 pH 5.0, 100 mM) 80%°1/39] BlaF =& 84
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$29| ofo|At =M U CHHE MY
Fmel opulimal ZAE Table 201 AAFE uhe} 2rh o] &
Ao ofuAt ZAL T reesei®] ARAFE(25kDa) endo-

CM-cellulase activity

Activity yield

Fraction Total protein (mg) Total activity (U)_ Specific activity (Umg) (% of total) Purification fold
Crude extract 291 6090 20.9 100 1
(NH,),SO, precipitate 113 3715 329 61.0 1.57
Sephacryl S-200 0.375 195 520 32 249
Sephacryl S-100 0.122 94.7 776.2 1.6 37.1
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Fig. 5. Thermal stability of F-II-II. The enzyme was incubated for 12
hr at various temperature (Il , 50°C; [, 55°C; @, 60°C; O, 65°C)
without substrate and aliquots were removed at given interval. The
remaining activity was assayed at 40°C.
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Fig. 6. Optimum pH of F-II-II. The CMCase activity was determined
with 50 mM sodium citrate for pH 3 and 50 mM sodium acetate for pH
between 4.0 and 6.0, and 50 mM phosphate for pH between 7.0 and
8.0.

glucanasedl] B]&}] glycined} serine®] Hl-&(Mol%)e] 1.78] &
T E3th AR neutral opnAbe] Bl Eo] £& Zl& H]
523l th Lysine2 Bl528. 90} arginine 3HAE E94T,
Glx(glutamic acid+glutamine) % Asx(Aspartic acid+ aspara-
gine)d] H1&-2 ST GIx9) AsxOllA] acidic otv]i=2te] HIE
o] &atA] RIRF o] EA9] pl Fhol T reeseidl A EE% &
A0 g3 ohE Al Ao 2 Alg H Ut

22]d &42] N-terminal sequencinge A =3} o), B35
A &4t} DeblockingS $18te] ®el¥ & TFA(Ser, Thr
9] acetyl group ?‘1]74), 0.6N HCl(Met2] formyl group A A,
pyroglutamate aminopeptidase(N-terminal Al pyroglutamate A
7, Boehringer Manheim) X acylamino-acid-releasing enzyme
(N-acetylamino acid Z+7] A|A, TakarayS 207 sk
E2415}99.2 1} N-terminal sequences A=H] AF3}x] #3195},
T reesei®l CHBU()®F ¥ wdFolA Eed 4E F7
endoglucanaseE-(unpublished)®] pyroglutamate aminopeptidase®]]
9]8} deblocking®]®] N-terminal 2430l 453+ Aol H|F0]

Trichoderma sp. C-4°1*41 £2]3} endoglucanase (F-II-IN2] 54300 &3 A+ 23

Table 2. Amino acid composition of F-II-II from Trichoderma sp. C-4.

Amino acid Mol %
Asx? 73
Glx* 12.0
Ser 14.0
Gly 27.8
His 2.8
Arg 35
Thr 35
Ala 4.1
Pro 2.6
Tyr 2.7
Val 31
Met 0.33
Ile 37
Leu 6.3
Phe 2.5
Lys 4.0

TOTAL 100

“Asx, Glx mean the sum of asparagine & aspartic acid and glutamine
& glutamic acid, respectively.
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Fig. 7. SDS-PAGE of F-II-1I after digestion with trypsin (T=15.0%,
C=2.7%). Lane 1 contained protein standards with molecular weights
of 220,000, 116,250, 97,400, 66,200, 45,000, 31,000, 21,500, 14,400,
and 6,500. Lane 2 was loaded with 5 pig of digested F-II-II. The
enzyme was incubated with trypsin (2%, w/w) for 2 hr in ammonium
bicarbonate 50 mM with 1 mM CaCl,, pH 8.0. The band S represented
for unreacted enzyme. The sequences of band A and B were analyzed.
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band A, B). o] E49] oln|x=AbRA B41S E3lY argininedt
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UeRg R, ohuieat ZAE 237 Ghe) thE AoE veht
o] &AE novel protein®d 7540l E& ALE ARHIIH.
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ABSTRACT : Characterization of Endoglucanase (F-II-II) Purified from Trichoderma sp. C-4

Sul, Ok-Ju, Ji-Young Choi, Young-Jun Son, Ji-Won Shin', In-Seob Han, Dae-Kyun
Chung', and Choon-Soo Jeong*(Department of Biological Science, University of Ulsan,
Ulsan 680-749, Korea, 'Institute and Department of Genetic Engineering, Kyung-Hee Uni-
versity, Suwon 449-701, Korea.)

One of endoglucanases(F-II-1I) was purified from the culture filtrate of Trichoderma sp. C-4 through two
step procedures including chromatography on Sephacryl S-200 and Sephacryl S-100. The molecular weight
of the enzyme was determined to be about 26,000 by SDS-PAGE and the isoelectric point as 8.0 by analytical
isoelectric focusing. The optimum temperature of the enzyme was 50°C and the optimum pH was 5.0. No
loss of activity was observed when the enzyme was preincubated at 50°C for 24 hours. The specific activity of
the enzyme toward carboxymethylcellulose (CMC) was estimated to be 776.2 U/mg. The internal amino acid
sequence was analysed.



