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Hemoflavoenzyme© 24| cellobiose dehydrogenase(CDH)= AE2 QA5 w-3llshz PollA] AL F-2 #H]= =
A4%A] amorphous cellulose2} 7381A] AEsto] AE2tolA (cellulase)oll &3l microcrystalline cellulose®] 73l &
71710k, webA CDH= Hiol . offehe Aake] Fala ok S8t 98hs 3 210 R o4t ofe] waRot
O 2KE| CDH A4te] =2 Phanerochaete chrysosporium ATCC 32629 w5 A73813 0, 7525 AJike CDH
Ao HA 59} pHi= 242} 55°C8) 40190t} CDH B35 S7MA7171 $18F P chrysosporium ATCC 32629
5 EAHCAZLE EAMH0)E AR AEER FRA0TE Z URE & F Qv 58S 7R A WIS o]
S3130c}. FdAk W ZAF F AFEEo] oF 99.9%21 1.2 kGyellX] CDH &g0] S7He HlolFE Ale}. Ay wio]
o} Botgs dAERS w WolFr) By Rtl CDHS} B-glucosidase E730] ZH2E oF 1.4vl2} 208 F71edt).

w}2}A], CDH 5 o}U2} B-glucosidase /0] =& P chrysosporium WHolT5 R3S}

Abstract — Cellobiose dehydrogenase(CDH) as a hemoflavoenzyme is secreted out of cell in the cellulose degrada-
tion. As CDH strongly bound to amorphous cellulose, it helps cellulose hydrolysis by cellulase. CDH may have an
important role of saccharification process for bioethanol production. In this study, Phanerochaete chrysosporium ATCC
32629 was selected for the production of CDH among other strains tested. The optimal temperature and pH of CDH pro-
duced by P, chrysosporium ATCC 32629 were 55 °C and 4, respectively. To improve the activity of CDH, the mutation of
P. chrysosporium was performed using proton beam that has high energy level partially. As a result, P chrysosporium
mutant with the high activity was selected at 1.2 kGy in a range of 99.9% lethal rate. The CDH and B-glucosidase activ-
ities of mutant were 1.4 fold and 20 fold higher than those of wild strain. Therefore, P. chrysosporium mutant with the
high activities of CDH and B-glucosidase was obtained from mutation by proton beam irradiation.
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Hemoflavoenzyme?! cellobiose dehydrogenase(CDH)= A& Q.

AZT QA= Agy sleelEe] Aitel] o] 851 Qlut. njAEo
o8t AZ 7 QA VR 7R aAE0] e RS FElA
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25 ek RhSollA AL -2 1| B G4 A] Westermark
9} Erikssonell &J3l| W AE-F-HR1 Phanerochate chrysosporium@= -
B 2502 FHEATH1-3]. ©]F- 02| #5-50°] CDHE wH] gt}
L BAEQIARE, o2 7HA] LA E o] 85t Ao = CDH
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5 k= HalE §l3ITh CDHE amorphous cellulose®}t 751l
Agsle] AEetotA (cellulase)oll I8l microcrystalline cellulose 7}
T3S 57170 Crystalline cellulose®] 7Hwdll= AEZ @
2 Fslel Qlo] AlgtAl £2& 72 ke &R AAIRE
CDHE ©] Algkel $55 T7M715 A o= Yepsith, & o=zl
7Vd 2= CDH”} Fenton-type reaction®.% 5~413}7](-OH) 2] Z-<
AAsle] AEF e FuAEZ @ A (hemicellulose), 1837 &1
H(ligninys sk HPAIZITE B3 CDH:E AZnko] @2
(cellobiose) AFa}E £33} F¥'S F?'& B Cu*'s Cu'® 4]
Z1tH4,5]. 49 F=3 H,0, 1] AE52Q1 RES-S A EA| 2y 5
A= A7) 253K Depolymerization)}| 7= 54F3517] 2}
UZE gttt Whgol fofsh= Ao A& SR8k Hitsle
2% CDH 11 AHA| B Al QR JHw = thE o8] A1slet
A Fol o8 4A A9 TH6]. CDH, Aznjo] 94, Fe¥*9l H0,2
0] 83t F53-3-2 carboxymethyl cellulose(CMC), 583 xylan,
FYUAZE o] gsto] W Bl1d, 783 kraft pulp AZ=ollA
L= =84 celluloses o185t S SITH7). B 2EakE
& H,0,7F &4 AAZHE A= bizell F7141 A7} glo|=
L8],

P, chrysosporiume 3 52 B-glucosidase(a soluble intracellular
enzyme, a particulate cell-wall-bound enzyme, extracellular enzyme)
£ ik}, Intracellular®} cell-wall-bound B-glucosidaset= 4 ZH}
o] @0l oJal|A, 18] aL extracellular B-glucosidase= AE-Z 2 A0
oJax] FE=FTHI].

R A4 RS ol E JIFR] fs Ede] fRdow
a, B, v, XA} 2 0|3} Aol 219 Fo] B84 Edd
o] &N &3} k=, A, FHREA|, k=, 8
(colchicine) 5] &}8H4] ZAro] Fie&o] AREETH10L. < Al

= AP0 R Gkl o] RIS 7]|Ee] WAPAHTE S RA 0
T AUAE & T U= SH] o], AEAdelld =2 2y 5
3, G2k 283 vAE S Aol o] AR A Qirh11-13].

2 AT vkt ARt o 2 HE CDH £/9] =2 P
chrysosporium ATCC 32629 7% A8% ¥ CDH QMg ads
A3l F A W& o83t P chrysosporium®] ARl E A L3}t

o] $4% o2 Thasl Zlolt),

2 ME I Al

2-1. @

Phanerochate chrysosporium ATCC 32629t $l= 1| A8& REAE
(KCCMyPlA 24 rob ARg313 a1, MARLSST 10 521 P, calotricha
KUC8003, P, sordida(M-1-) KUC8710, P. sordida(=+33<) KUC8801,
P, sordid-like3r ) KUC8370, Phanerochaete sp.(21715F) KUC8323,
Trametes versicolor(EH ‘/]'—tv") KUCS8714, Trametes versicolor(1 Z)
KUC8837, Phlebia radiata KUC8004, “1&) 11 Phlebia radiata KUC8932
59 #5523 KUC(Korea University Culture Collection)ol*] -<F
o} AR2318IT), XM= 5= PDA(Potato Dextrose Agar, Difco) 1L
AEiAE o]-g-ate] 27 °CollA Alchuia3ict.

2-2. HHK| & HiQ==A
Petri dishol|A] A}et WA 25575 10 mm cork borers ©]-8-5191
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agar plugs 107l #gt & YMB(Yeast Malt broth, Difco) -5= PDB
(Potato Dextrose Broth, Difco) &AHlI=| o] FE31] 27 °C w71l
A1 150 rppm O 3 U7k vijeFeto] CDH AR e] Fgol o= A}
£31%lth. CDH A4ks $1gh AakiA] 2402 o5 2t} 10 gL
Microcrystalline cellulose, 2.28 g/L. (NH,),HPO,, 0.5 g/ MgSO,-7H,0,
0.74 g/L CaCl,, 001 gL FeCls, 0.0158 g/ NaNO, 6.6 mg/L ZnSO,-
7H,0, 3.8 mg/L MnSO,H,0, 1 mg/L CoCl,-6H,0, 0.1 mg/L Thiamine-
HCI, Z12]3L 6.75 g/L succinic acid(pH 4.5)[14]. 232|100 mI7}
E1U= 250 ml AZFEEAT ol Skl 10%(viv)E 53t
o] 27°C w710l 150 rpm % 2 F7F vjksiSint.

(J)_L)i

2-3. CDH % B-glucosidase T

CDH B =& AAF 784019 T35 AR #413818I0) 100 pL
2,6-dichlorophenol-indophenol[DCIP, 3 mM in water containing 10%
(v/v) ethanol], 100 pL lactose(300 mM), 100 pL sodium acetate buffer
(100 mM, pH 4.0), 72|31 700 pL o d-solo] 34 & 1.0 mL
o] BANEZNE 55 °CelA] 587 REGAIZL - 520 nmelA] S
HAE S5 1 unitd] 84 5= 29 1 pmol] DCIP7}
SR Fo® rsIlTH15).

B-Glucosidase Zd T+ 0.05 M citrate buffer(pH 4.8)°] 1 mM p-
nitrophenyl-B-D-glucoside(PNPG)E 23IA1Z1 & 7144 0.9 mL
9} 0.1 mL WSS 4128 5 50 °C 22004 150 rpm = 20
FZEHESAIATE HHS 3 1 M Na,CO; 48 1.0 mLE HH-5-of]
7¥ete] W& FAAIZ] F- 400 nmellA] 535E 57313 1 unit
o 34 BT 9 1 pmol®] p-nitrophenolo] AJAHE FO 2 f
i3tk

~

2-4. X S 0|8 7 SHHO|

Phanerochate chrysosporium ATCC 32629 1=F5 Apdaj=]ef| A
3 5 30 °CellA] 797 mieFale] EARE AR 0.2% Tween
80(20 mL) &-<f& Apulxlel] F=9Jsto] EAE 3]st 7, Hate
PCR F-H.ol| Ho} gz oskelof] HAH 45 MeV A 31
< ARSI A Rl APt gk § EAENS HeE T
TR 3)A45191, 0.01% Triton X-100, lactose 1221 A} =84
DCIP7} 71 AxhaliA]of] =kalsdtt. 5~78 3 colony %1 &
¥ Fggto] & HolE AT

xF

a
l

3.

M

a}

3-1. CDHO| &Y=0 ME 7= MY
CDHT P, chrysosporiums 3EESH TRFst WAL S ofolA] wkd

NS Fato] CDHE Bilslr] flste] dxl2] o= tjekst ¥
MR EH Zof| 4] =0 CDH TS 7K1 Q= FFE Aulstus)
BTt ol F w1 TAPNA| oA AFY vk - T vt
CDH Ak A2k A] o)) E-& FEsto] 27 °C mlF7]oA 150
pm 2 257 v sIiTt. CDH &/ = AT aiA] ol A 2 =3¢ u)
oFehs B TIE A WElE Fsle] ERIBIGIh(Fig. 1).

129 E<t viekst A} P chrysosporium ATCC 32629914 &4
= 714 (Decrease degree of 0.DY} 1.460.% 71 & &0 2 W3
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Fig. 1. Comparison of CDH activity between various white-rot fungi.

31, Phlebia radiata KUC8004°X= 333 747} 0.4% YERT
et R MRSt M= o TR 719 §lo] CDH €
7 VERER] sitt. o]l gt AvtE e 3RS AR5 $lgt CDH
AAEFSERE P chrysosporium ATCC 326295 #%& AEsSIct,

3-2. CDH 20| CHgt 2=} pHe| Yt

CDHE= 48] 74 Al vkg9e] 59} pHel wpebA] v &
A%7F veREE, CDH &4 9] 4 %9} pHE 37] 918l P
chrysosporium B35 (crude enzymeys THIFSE 259} pHollA
CDH &4 Z743lth.

Fig. 2014 ¢} 720] RES-2 =5 2575 °C714] 10 °C H4 0= W3}
A7 CDH 84 S743190S ul, RES-21= 55 °CS} 65 °CollA] 32
CDH &2 B3It} 55 °CollX] CDH 84J0] 65 °CHIU= 95%% oF
TF kot A@dol £kt olH ek AuE e AdY-s et
o] CDH 34 5744 H7 L5 55°C= 433

pH Qaol|Al= thofst ekag-ols ol gsto] pHE 3~8714] W3}
AlA A4S S73ISITE pH 3~4i= sodium acetate buffers ©]
8351912 pH 5~8% phosphate buffers ©]-8-5}5 ). -2 52
Wl we} gAgHo] FAsH Mkl Avis thEA AR
pH2] HEJollAi= Fa BMgo] oF 80% o1 FAIEIAT. 21 FollA
I pH 494 7FF & CDH 4°] YERITHFig. 2).

3-3. 0 CDH MAH 73 MHD| oHE||Hik

A Wl ZAFEE A7dsl] f1sto] AFA AR oA AUz
wljokst P chrysosporium® EARE 0.2% Tween 80 S0 0 2 3|3}
At 3|58 AR S 0.2~2 kGy= ZAFSI] Al|uljx]ef] kst &
ujoFsto] 443t colony -5 F73510] ¥A) AEE-S AF3IAT
Dosel| th& BEE-S 573 A7} 0.4 kGy®ll 31%, 0.8 kGy®ll 19%,
1.2 kGy°ll 0.09%, 1.6 kGy°ll 0.05%, “12]31 2.0 kGy°ll 0.004%=
LERskom, o] gt AVZ N APHEEo] oF 99.9%21 1.2 kGy©lAl
CDH 20| 3% Wol55 AHs17] 918k d#} 7 dose= 417
SFSItH(Fig. 3).
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Fig. 2. Effect of temperature and pH on CDH activity of P. chrysos-
porium ATCC 32629.
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Fig. 3. Effect of proton beam irradiation on survival rate of P. chry-
sosporium ATCC 32629.

wrp g&2oltt. T12|al golF A ollx] wgo] A
BAel] A3 e A EAp) Rofsio] RS W AR
7F 6l A s Eof AldulA|ellA sEAREe] @ o) gek
W ohel 848 YERHE halo sized] ¥ o]37] ujiol
ZAuiA] el 0.01% Triton X-100& 71t} A A& olAlst
St} st x| el| A A wAstel] €]t halo sizeE #2381 CDH
WY s S| skl aadd Sl ARSE 7% (lactose)
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Fig. 4. Comparison of CDH and B-glucosidase activity between P.
chrysosporium ATCC 32629 and mutant.

I A=} =84 DCIPE A71elSict. 2924 0= 1.2 kGy= FARE
FApNS A ds] s|Asto] Ao mekste] wjekst £ - halo
sizeZ ZF= Blo]F2 Adsial).

A3 Wolaee}l RtaEe] AAuoks F3l CDHE} B-glucosidase
3E A TH(Fig. 4). P chrysosporium ATCC 32629 B-
glucosidase®] 7-$- F 0.02 Uml= A 2] Edo] YeR}A] ekok=d] H]
3l Blo]F== °F 044 Uml=E FA] F7Fsitt. CDH 732) 73-9- ¥o]
=7t ,Lq}—rilﬂr ok 1.49) 571300, B-glucosidase 432 49= =

TR o 0] Ego] oF 208l S7REISITE AR $18t 24
AARNR] 71 ool = ﬁO]-.T’_ ol Ay} U= AL A=A Ak
HiA] el A vl eE Al o] S5 ABAMEE vERd Zlolet st

4.2 E

B A= okt W
(CDH) AAF0| &2 Phanerochate chrysosporium ATCC 326295
AR, P chrysosporium®] CDH Ailds S7MA7171 $st
Az2g Ao R g7t BlE o] &4slglth. CDH 84+ 7

A7171 Hoﬂ A2} R 7)1 % AES S350 1.2 kGyd W] 99.9%2]
APEES BRIEE = QIlth. FIAF WIS o] Balo] EAMOIE fie
Elas ’\%FJJBHX]% &3l CDH Y57} 352 Hol =5 Ageiolnt. A
¥ Ho -5 HAMe W CDH &4 %:‘ﬂ' o2} B-glucosidase

ARG 0 FHE] cellobiose dehydrogenase

S S 60}‘}\]'% AL A 5= ) ¢ ATE B8 A 2g- WA Q]
IR} H2 yraytt XAl | 5% © E =2 UAE F= EH

’gﬂ z{‘,]_ oio] =4 ﬂ:rLZtﬂﬂ,_ Om—sl-
7hs7dol rtal Baro], thE WA oL skelol ¢ Al w oS

% QI9lE =S Benlol ] £ P S Slshsict.
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