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Abstract: This study was performed to find cellulolytic strain
of enzymatic saccharification for bioethanol production. Cel-
lulolytic strains were isolated from 59 different feces of herbi-
vores from Seoul Grand Park located in Gwacheon Gyeonggi-
Do. The celluloytic strain was selected by congo red staining
and DNS method. Among the isolated strains, H9-1 strain iso-
lated from the feces of rabbit has the highest CMCase activ-
ity. H9-1 strain was identified as Bacillus sp. based on 16S
rDNA gene sequencing. The optimal conditions for CMCase
activity by Bacillus sp. H9-1 were at 40°C and at initial pH 8.
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L ofghZof thet A-7F Eis] Ry E AL QU [1]. 2 7] v
o|oeE AR T = AFFPo L FEALY S5
2o AREAA vpol L A7F 22 AFE QAL AA) o] 5 A
& Hpo] ofghEg AAMSto] 58 Ho| R R o] &
Ha gtk @A vol L AR = A AAN SR HA FHR
9] 1% A =5 A5kl 9l o1 2030 o = X 5%7HA] &
ofd Aoz ot [2]. 2Py o7t FEA e AEA
A Hpo] e A= AFAF o] o] A HEo] @ ofghE A Abo] w)
E M= AFra Eddor A9, AT 7Y 7H4 &
Zefg o 1E o] 9 Ul R Xehkeitt. 0|9t
2] A-AA vho] euj 2 9] A, Al ALY O & Hio] &
£ ARt e =R A AFE S o] E o] &5}l Ho]
T3 ANt = dto MRS Thstal STt [3.4]. 5
At 2 o] B FH A7 obd HAH A] 59 Aukgh
St ol A = Aol 7hs5tH, Hio] QU R 95to]
ofof| th gt Al Z-A ol aL A &2 Q] AL7F 4= = i QUTh[5,6].
3 AU A 59 A A A BRo] @ A= A e of
T FHoHA EA5EL 3lo] o 7Hs Aol = Ly o]
E= o]&3 Ho| ofghE AAkS Qe = v E WaT)
7hedtEE A4l GAgo] Bastn ol F 9o A
o maE o] &1ttt

Cellulase= 2§} 8 4~ 2 4] endoglucanase (EC 3.2.1.4), exoglu-
canase (EC 3.2.1.91) ¥ B-glucosidase (EC 3.2.1.21) 5] 37}
A FHY aaER FAAE o, ol aae 71HY
ST EAXo wa} Z-Z CMCase, avicelase 2 PNPGase=
TFE35}7) = g [7]. o] 213 cellulase= A A, A, AR, 4]
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F4H), vhol .0 u 7] 4Fe] Hoo] W] ol g glom,
g ool 83 v B B W B, Bl A4
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Afd Bl ase F5o), Ao, WA 5 o8 ndEE
o &) ARt E3| Tricodema reseei, Aspergillus niger 5
O] Fgo| 7} A A= cellulasei= &/J ©] -5} Genencor,
Novozyme 50| 4] o]E0o] AAtsl= EAE AYAE ol
oIt} [12-14]. 30| 7} Bu]|3he cellulasel= 2JulA 0 @ of
A oA w2 B Bol HH, Aluto] AAkeh=
Ahe T Ee gyl Hd 24E F2 el =
Ao g2 B g Qe [15]. MY A 59 Z2A Hfol L
o 2~ 0] A 2] o= AE 5-o] AFS o] &3 M A g Ho =
Yo}, NaOH 5 97| A 2]7} o] a&2oln, A2 & Afa
o] &4 Ql AT A= SAolY |72 A &
A0 2 cellulaseE AAFsh= n|AEo| F-83fct [16-18].
A A frh Bl ahE AAste Aol gigh A7t gol
A= = AR A BtE| o] o] &5 A= -2 A
ojtt. metA] B A E 2EA AES Ho|& 3= 2
A 550 HERRY Hia Blass Yibsts o+
£ 25 4stas skt B3t A Bl as g AYAks
= 29 #59Y HH sl
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2.1. CMCase A9 B¢
2AFE9 i =ZoNA Afra BelEol Sle & &
317] Yol A& t)-59(Gyeonggi-Do, Korea) 2 2K g A1}
(25%), A5 (14F), HEH} (49), 719 (1), 27]=]
(1), B (65), AT (4%), stobtt %), B (19),
SEEINF) 5 F 1035950l tiet v d a5 SFLEek
7bzko] Hj A 1 g2 0.85% NaCl g0 HeF 3]4]5}0]
PCA (plate count agar) vl 2] o]] 100 pL& =23t & 37°Cof| A
1Y 52 2% v ofahiet. s oF e vz ol A Z2] ¥ colony=
S HE = YPD (yeast extract, bacto-peptone, 1% CMC) 17|
i 2] o]l Alt) wl ¥t 3 congo red GAL Eaf FAo] U=
5 AHsHA

2. (A2 BN R S+ EFY A
Congo red @A of| A /& K3l 55 FollA A4 &5
ol Sag @] 20 WS il Bagoz 1%
CMCE g3 3 & 100 mL YPD A ufj <] o] Eejd+5
AHZ woF (37°C, 150 rpm)3}al YA E-2] (15,000 rpm, 10 min,
O) T T AEAR S w2 Fsfe] ZEAR AT,
A4 9] /-2 Ghose [19]9] A E& ME 5l 453t
QA B )]sl 2 & 2 AFSAH 0.5 mLL 2% CMC 0.5 mLo| 7}
gk 5 50°Coll A 3027 Aot 7] S W Al Zich Bhg-o]
£ 3 ZA] DNS (Dinitrosalicylic acid) 3 mL& &7} 8111,

100°Cof A 53F HE--AIZ
ZFA]7]3L 540 nmof| A S8 =5 ST ST A
435} glucoseE EFF O 2 0.1~1.0 g/mL o] Azt
S A5kt o|d] 249 g2 U (International Unit) 2
Ueliglon, 18 5ok 1 umol9] glucoseE A= a4
of qfo. A ojgitt.

F FR4 20 mLg H7lstol

o o

23. 852 2 8Y 27 54

A Fo] BAS Befstd B4 24, stk 54
221,168 1DNA 917] 4 24€ B4 ool Ak Fef3t
X B4 F58 PCA Ao Y% Hjore T sk A
vl 30 Aysleba] EA] B8 API 50 CHB kit (bioMerieux
Vitek, France)E ©]-§-5to] =3 =|Qict npx|ato g {2}
A7) BAS 95} F-& oA Mok T genomic DNA
extraction kit (DyneBio, Korea)Z genomic DNAE +&3}1,
16S rDNA universal primerE- ©|-& 3}¢] PCRS 4=3) 3}4ith.
PCR productE T-easy vector ©] ligation 3 & 2 A3} 2| =3t
22 Aut 311 plasmid 22 5 Hindlll, Bg/ll2 DNA
71& &2l 2l Gut A 2 Al (Daejeon, Korea)ol] sequence £
2 959t A5 & 7] A <& NCBI (National Center for
Biotechnology Information)o]| A A}5AS E43}3l Clustal
X software version 1.81% £3}| phylogenetic treeS 2} 5}

At

24. FF 9 524 HF =7

HjoF2 = W iR 8] 27] pHo|| o2 2] B g4kt &
& SAPEE ot 7] fisto] HE H YPD(yeast extract,
bacto-peptone, 1% CMC) YA ulj x| of] LA vl x| A ulj ¥
HO-1 35 HE Wi st T &2 ARSIt M=
of thet w2 A A D JA FAF SHE A8 1%
CMCE g3k A A 100 mLof| FaF 2 mLE 4538}l
HjoF &= £ 25°C, 30°C, 35°C, 40°C, 45°C, 50°C= =] 3lH
A 150 rpm O & 24 A7t wfeksbqict. wiokH-2 4l
(15,000 rpm, 10 min, 4°C) 3+ T AFENULS % & 4 2 AHL-5}
o] DNSH [20]0.& & 49| A =S S sto] dofH gk
of A #5290 27] pH F3F2 1% CMCE 73 A A )
Z]of] 0.1 N-1 N HCI1Z} 0.1 N-1 N NaOH A] 9F-& 0]8-3}¢] pH
£ 4o 1022 B x| & 243t & Htsto] o2 45 vl
Fstal a0 FIHEE DNSH o2 Z4sto] gQlst
ATt

384349 13

B AT 28 vhol o 20| gatm S 98] 24
q ER ARG JeUlBUoRRE Hopwol o] 52

"

o
FE s el ¢t vidES 22, AY, $45
AT Table 152 24 5& 103} 5950 tigh i d &=
FH 2o d e gao] CMCE tiAE YPD %]

A% w3t T congo red GA-S F3f clear zone g4 o] £
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Table 1. CMCase activities of first selected strains by intensities  Cellulomonas gelida 5 572 #+FS5& 5203 9%
of halos on CMC agar from feces of herbivores. +++: strong, + AR M E ZHE Hopdlol 4 SR TE v Wl A}
k, -: null N .
we o _ , olth, £7]9] Bl A BelE HY-1 2327 vjF 627
Strain Fam{ly of CMCase activity on CMC .medlum 0.16 [UR 7} =0 S nojon, 7] 20] Hoi Has
'herblvore Transparency Halo size (cm) o] 9T}l oF e A FEE 0] AL 0.04 UR A9 A v‘i‘ sa
Hoy | Phopatamus o >0 AJo] HO-1 KT} Foke}, 3k HO-1 #5:9] i Ao
H9-2 Rabbit et 25 e 20 ot HrEf A vpo] v A et
HI10-1  Rhinoceros ot 23 AR 7hsAdS 29 T 4 1] Feng et al.[20]> £ 7]
H10-2 Rhinoceros +++ 2.0 o] 2ol A HEH A s o2 G A BijE Aol Q1= DNA
ape Cade - - & pelehs o o]l Auke & AE AelE pelo] o
H11-3 Cattle -+ 1.2 o a2} b2 BT}
H12-2 Cattle +++ 4 - e ers . o
HI3-1 Deer - 2.1 HO-1 3t79] 5745 13l PCA i ] of] ot v et 5 &l
H13-2 Deer -+ 1.5 st EAJ T} A5}8EA EAL-S ol E QFTH(Table 2, Table 3).
H13-4 Deer S 2.0 Ba] 3= glycerol, L-arabinose, D-ribose, D-xylose, D-glucose,
H16-1 Camel S 25 D-fructose, D-mannose, inositol, D-mannitol, D-sorbitol, methyl-
H17-2 Camel - 2.1
H17-3 Camel -+ 3.4
HI8-1 Horse e 24 Table 3. Biochemical characteristics of Bacillus sp. H9-1 isolated
H18-2 Horse o 14 from feces of rabbit
H24-2 Deer + 2.5
H24-3 Deer 4+ 3.6 Characteristics Result Characteristics Result
H25-1 Kangaroo -+ 3 Control - Esculin ferric citrate +
H25-2 Kangaroo + 2.5 Glycerol +  Salicin +
H25-4 Kangaroo ++ 3 Erythritol - D-cellobiose +
H41-1 Cattle +++ 3.5 D-arabinose - D-maltose +
H55-1 Cattle + 3.5 L-arabinose +  D-lactose (bovine origin) +
H59-2 Cattle +++ 1.3 D-ribose +  D-melibiose -
D-xylose +  D-saccharose (sucrose) +
0 L-xylose - D-trehalose +
' D-adonitol - Inulin -
0.16 —=— H9-1(Rabbit) Methyl-BD- - D-Melezitose -
5 - ==~ H12-2(Himalayan Tahr) xylopyranoside
g 012 o -~ H13-1(Barasingha) D-galactose - D-Raffinose W
3 - Kitasatospors spiCMML-T D-glucose +  Amidon (starch) +
2 0.08 P;-;',--‘ — o= Streptomyces sp. CMM1-28 D-fructose + Gl cogen +
S 4 —u— Micromonospora sp. CMM7-5 y. g
e o = = Cellulomonas gelida D-mannose + thtOl -
’ ~- - Cellulomonas uda L-sorbose - Gentiobiose +
. L-rhamnose - D-Turanose -
0 2 4 6 8 Dulcitol - D-lyxose -
Time (day) .
. _ . Inositol +  D-Tagatose -
Fig. 1. CMCase activities of the second selected strains from feces D-mannitol +  D-Fucose )
of herbivores by DNS method.(37°C, 150 rpm). D-sorbitol +  L-Fucose )
Methyl-oD- . - D-arabitol -
20 FFES 13 AU Asfelch ol 14 4y Mamopranoside
5 7} FZES 0] vjjofol & ZEJ_E A}4-31o] DNSH & o] & I(\;Ilethyl'aD' y +  L-arabitol -
S GBI = AT ) } ) :ozL/Ho = ucopyranoside
“f‘: = C OOAE:’]-’ HO 1,;—112 2, H13-19f 24 ] r/]—: N-acetylglucosamine -  Potassium glucoNaTe -
—_‘E_—"Eoi 5] ("H 317 YEFSLTE (data not shown). Fig. 12 Amygdalin W Potassium 2-ketogluconate -
g/do] 943k H9-1, H12-2, H13-1 ¢+ =59 v FA[Zkoll T Arbutin +  Potassium 5-ketogluconate -
E 4847 7|29 Aga Bl o] qlthal &E A Frepresents good utilization; W weak; - negative.
Table 2. Morphological characteristics of Bacillus sp. H9-1 colony
Family of Strain Morphology of H9-1 [PCA] Gram
herbivore Form Surface Texture Elevation Margin Opacity Color Staining
rabbit HO9-1 irregular dull brittle flat undulate opaque white G (1)
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Fig. 2. Congo red (a) and Gram staining (b) of Baciilus sp H9-1.

aD-glucopyranoside, amygdalin, esculin ferric citrate, salicin,
D-cellobiose, D-maltose, D-lactose, D-saccharose, D-trehalose,

D-raffinose, amidon, glycogen, gentiobiose 59| &43&2
o g3to] Ao o]0 BLBHELE o 8314 L3

S 3Hol5}9it). Fig. 2= HY-1 #39 congored AN =35}
A ZA OGO Aoty HO-1at = dfird &
350l 212H colony?] Hofo] Fatdstil =R 1
G AU FA 4= ATk 2] AT
APAE 287 Yste] 16S tDNA Q7| gL BA5
Sth Fig. 3-2 H9-1 Adr+9] B4 5 16S rDNA 7| A E 1}
GeneBankol| 555 o559 471422 vl 24T AlF

wolth. o 7] A B4 o A HO-1#229] & 7] A B2 Bacillus
subtillis®F 99% A5A4S Yello] & F5Z5 Bacillus sp.
HO-12 eI, o] % 52 A fAA e 7)et
3h9lth (KACC 17125) Seki et al. [22]2 16S rDNA & 7] A]
Ao A 100% A=AlS Ho|E et = Bacillus -2 thofFst 3t
AolH EA= YE3to] B0 utet Zrropyo] ekt
B AR OE Fog BaE 4 gltty Rusigich gukA
S 2 Bacillus &2 AAA| 0] EQF, &, 0EE 5ol g &2
510} Gram 94 7.2 ocob2folA], probuletobd], me

oP, AFelel § Tl B8 Atslel B39,
AHLANEE BT 7154 AE| Aol o $E T
o, B Q1o x] 52] 5% Bacillus sp. HO-1 F5 @

SetolA] B0l $-4at0] 1 o] go] 7| He},
Bacillus sp. H9-1 759] &4 XA EAS ol 7] ¢35
O] Wi F2 = eF v 2] &) 7] pH, v AlZte] et PRt

B. subtilis ET

B. vallismortis DSM11031

B. velezensis BCRC 17467

B. subtilis BRZ6

B. subtilis Em7

B.subtilis BL4

Bacillus sp. HNRO3

B. amyloliquefaciens SB 3297

B. amyloliquefaciens SB 3200
[Bacillus sp. H9-1

B. i i is HDM02

B. amyloliquefaciens Hy7

Fig. 3. Phylogenetic relationship of isolated H9-1 strain with
other Bacillus species based on partial 16S rDNA gene sequences.
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Fig. 4. Effect of initial pH on the production of CMCase by
Bacillus sp. H9-1 (150 rpm, 40°C, 48 hr incubation time).

zAbskgt). Fig. 4% wjz)9] 7] pHel| whg o] AYAkgh
o

CMCase &4 9] 42 el ZAo|ct. pH 8ol A vjokat

HO-1 +#9] &4 &A4J0] 0.18 IUR 71 = A Yetytth E3h
pH 5-9 H LA &= 0.11 TU o] 442 vl =2 A4S Ko
4t = dzbe] B2 TheEeste] efAd ol ofkt
S Y= AF2AA vrol mi A F3lst=t §-85HA ©]
49 5 A0S AR 7 Hh {2 A vpo] LU AE o] &
Shof Blo] @ ofehE HARS QA= A4 Ger A
glo] "astm o] FAgoA A Eejmart o] §Hoh
Ty A AAE AA Y glo] AaE o]8ste] AY &
sttt A&/ o] Wol A A . A -4 A vio] e Ao o
32 93t A A g o) acid, alkaline, steam explosion, wet
oxidation 5] o] o] &-E| 11 9] o, 2 2 A ] 79 glucan
3} xylose =5 Hol 4] NaOH A 2] 59| &zhe] A7 &}
Aolckal B Q) [16-18]. whebA] & AtolA 54
Bacillus sp H9-12] %< 27| pH 80 4] 22 TS 10|71
Aol 22 A vo] Q. uj A of Foto] A}t 2t Abm EH T
Fig. 5= W2 = of w2 £ 37 AYAket 49 24
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Fig. 5. Effect of temperature on the production of CMCase by
Bacillus sp. H9-1 (150 rpm, initial pH 8, 48 hr incubation time).
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Fig. 6. Cell growth, CMCase activities, and pH change of Bacillus
sp. H9-1 depending on culture time (initial pH 8, 40°C, 150 rpm).

AEE Vel 40°Co A AASA BggkAdo] 0.17 IU &
7V =4 e, 45°C, 50°Cof A= E‘jol 0.08 IU, 0.05
U2 @A Yepsdtt. qhHo]| Shabeb et al. [2312> Bacillus
subtilis KOt 57} 45°Co| A 71 322 AJAMI & B 1AL 50°C
o & f A o] o 9 Wekrha H stk whakA B
oA Lo A B2 5 Bacillus sp. H9-14-558] A9 S ¢ Fe 2
oA B4 Be HolB g oty o A AHE-E | A
Aol o a7 & A o= AtmHt

Fig. 62 E2|at 59 A4 Ak 913 24 wjok2 =9t =
7] pH 7o) A s FAIZel whE o] A a4 B34S
UerH Ao|tt. Bacillus sp. H9-1 42 v %F 4A] 7FEE] 2]
37710 E0171 10X 7HEE] 2] 7] o] o] 27 th. i 124]
ZHEE 16X 1M 7ER] v Gt o) Aol AFE 7] A Y Holthrt
CHA] Of7bho] A 3F & o2 A7 o] o237t eyt
OD gt-& 4ol Ql= et oby 2t & o 714 S45k= A
o8 Fo= QIgh @Aoletr|Ht vz HErE o O‘H
CMC7} o] A4k A f- 4 Ealj a ol ol Eafi=lof &
& AgteHA dAH ez 0D o] WA é;‘éﬂ‘iii”ﬂ?%
AtaETH 5o g é% 4 A=A 1} vl ste] S71st

2 W37} Yo7t oAl 718

a0 93 CMC7} glucose= -3
HHA B B A goge AzrET HedtY &
4 2 2 ASE Qe H° }—Zio | QF-= 5= 40°C, B =] 2]
27| pH 8, HiSF A7t 4 onf ojuf o] A4 B4 0.18
IU o] gt}

S

2 vhol 2 o2& AT
FE Ut &4

AT 22A vho| LA E o]
oA 283t Fetasite ffsto]

2 AR 0] A 913 5950 24 BB juER
B 55 B3l congored FAH O R G4 Bl
ol Q= 5 1A AUS &, DNS I o & a4 9] &
2 2 5t0] BAo| Soa F2 27 AT B9 )
AEo A E2E HO-1 7 vieF 64 A 0.16 1U 2 714 3=
& 34¢ uglom o) Feska 543 165 DNA 24
A1} Bacillus sp.-& €215}l Bacillus sp. HI-12 514

o}, Mgl 7320 g4 YA 2252 o)) ujF L9 27
Ui 2] pHE 2[4 3} aFich. 2 A 2702 vjF2 = 40°C, 27
i 2] pH 8, B FA| 7t 48 hro] ™, X4 5 422 0.18 [UC] 9}
o 2 Aol A E2 3 HY-1 o 2= S8 oFd e 270
A BA A o] L3t FFE A, B2+ Bacillus sp. H9-1
2uE AMEJ T Hho] oehg A Sjsto] orek
22 vhol 2058 FEAZIE o 9
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