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(57) Abstract: The present invention provides a re-
combinant cellulase derived from Hahella chejuensis
and a use thereof. The recombinant cellulase accord-
ing to the present invention has high stability at a high
temperature and exhibits optimized activity at a neut-
ral pH, thereby having high process availability. Fur-
ther, the cellulase according to the present invention
exhibits endoglucanase activity as well as exsoglu-
canase activity, and thus can produce monosacchar-
ides when degrading cellulose, thereby requiring no
additional treatment necessary for a fermentation pro-
cess, leading to cost reduction. These activities of the
enzyme are favorable to the fermentation for produ-
cing biofuel or thermal treatment conditions, thereby
promoting industrial profits.
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[23] T 5E &5 WE A 23 HeCelSHS] CMCase 4] 2 H.o] =1}

[24] T 6 %Eoﬂ w2 2 23 HeCelSHS Avicelase 42 H o] =1},

[25] T 78 A 23 HeCel5HE] &5 A& = 29 Axjolt,

[26] T 8E Avicel S 71 A & & A 23 HcCelSH/] AlZHE S AHEE (a) DNS S} (b)
TLCE 717} - A8t A3 & Hof Fr),

[27] o= S E VAR 3 A Z3 HeCel5HE] HESAME S TLCE 4] &
Aot}

[28] 5102 A1 23 HeCel5HE] &4 0] CMC £ o] A kof 7] %] &= of gFof] 3k
A3 Aol
43l AN E 919 B

[29] B g & 5 2} A=A Al 22 (Hahella chejuensis) 21 2] A 23 A g o] =&
A5 ;E}.

[30] g o] Azt A S ol = st et AlFAAl 2 FEf o] AEH o] = (He
CelSH)S. =Bl 2lsAd 2 F 7] ¢ CBM6L-H|91o] Al A E A =3
A& o] =0l

[31] g o] A xgt AE o)== H G A E &olsHA &) 913 DS et
EsEsk 5= Q) o) of] A|gHE = A2 ol ol & S0 B ko] A3t
AZdolzE AEAYE E 7 /el CBM6eEH|Qlo] Al A H st e} Al FqllA] 2~o
AEYol=e] wWke] F7FR 3| 2B W Y15 L8 4 3

[32] A el A, 7] Agdol2E AEHT 100 71 A1 o] =2t AL & 712
Ao, e ofu Ak A Hof| s} o) el A2 AE, 9, A 5o
5 Zato] & g o] B4 e @A S THA = B

| A &= Bk o] g o] EghE 4 Qi)
[33] A A =, 7] AE ol = W% SDS-PAGE w41 2 3} tfj ef
= I;‘I‘
[34] g o] A z3t AEH ol =9 28] X (origin) & & AFE-¥ sh& 2}

Al 2=9] A& o] 2o 8 D= Q2SFDS8 (Gene ID: 3842516)- -2
=77+ ©] 2 (endoglucanase) & ¥ o] AATE. o] WAL A A 7] <]
SRl o R o] Fo]x =t A& o= -7+ 271 2] Cellulose binding
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’371CBM6 =H Q1.8 25 A A g e 2 A, 2138} AZntE 1 & F3)
el Aste] Agsh A, o st} AlFAA o] AEw o]z v gt
o] 7] 2 2 24 o] zpo] 7} gl el o] ozl A& Zelatglit.
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7 A} A & (electroporation),
A4, 93 ZAE(CaCly) A, A F Jhnfol =
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Ao, Hop A AR pHS5.5 WA 6.5,45 WA 55°Col| A AA| & 4= ] o}
ool 518 3] A §H¥ = A o],

[55]

[56] ol s}, ¥ g ol whE = A Fsho] B g g Bu) A A sty -
vbrg o] WH 7} 57 AAIE A A el ol &) A gy = A ol

[57]

[58] <AAle 1> 2 dio i E AxF AEG o= A

[59] St 2} A=A Al 22 (Hahella chejuensis) 2] A& # o] 22 A dEZFF o] ==

T-H-5 o] 913= Q2SFDS (Gene ID: 3842516)E 39 8}3= 91714 9 (Hch03914)
Z-ol| A CBM6L-1| Q18- A| A 3}04 Truncated HcCelSH(E- g o] wh2 2 =35
AZH o] 2)E FHEATHE

[60] g of) whE A 2% *“gi’ﬂ oz o] it Bg& B} A A oR HAygsd
o2 d

[61] Shall 2} A 5= Al 22 (Hahella chejuensis) KCTC 23962 1 At 3kl 7 %] &

W R (FA] ol = A3 AT &S BHAL genomic DNAE Al 53 Q4T
o] & template 2 AF-g-3to] ERY ) ALESGITH S22 2 i Ul SR
of| =7 2] x| o} o] &2} (Escherichia coli) BL21 (DE3)& AF-8-3} 3T}

[62] Q2SFD8-Z #loll A A eh= 7] Al 7)) Sml o= o] Fol A gli=d] &
A S 95te] CBM6LE=H 1S A A A} dA A7IMDE 248 2t F
7hA] e o] vl A S A 2betr] 9lste] Zefo | E T ARISHSITEH AV E
QRIS FHH] Wikl Z& ZetolH (FE A3 fi el =
Histrap .2 W& A A & 75317 8171 9 §F Histidine (6X) &A1 2& &30t
zelolm o] A W= v} v} CBM6S Al A 8 gl Ao (F+R1), A DS
Zhi= @A & (F4R2) 2 F 2 ol AF-88F3I ) Al & A4 2 1= BamHI
(GGATCC)#} NotI (GCGGCCGC)S UH & AL&3F3 )

[63] Primer F: CCGGATCCATGCACGCTGTGCCGCCGTTATCG (A€ % 3)

[64] Primer R1:
GGGCGGCCGCTCAGTGATGATGGTGATGGTGAGGAATGGGGTCGGAGCTT
TGGATAATG (A€ 3 4)

[65] Primer R2:
GGGCGGCCGCTCAGTGATGATGGTGATGGTGTTTTTGTCCTTTAGTGATCTT
GAACCAGTTCAGG (A€W = 5)

[66]

[67] 9] o} Zro] A &gk szeto]m & ShA A A k2 'l E ¢ o] EE o] &3lo] PCR
AHES A9l ar o] wrH I W E Q] pET21aE 2H2 BamHI+Not] 0. &
digestiond} 1T}, ©] & gel elutions} o] WA -& 21 ¢ ¢ T4 ligase= 7 35} <]
Zal vz el pET HchCore, pET-HchFull 2 212} 2813 3}t

[68] 7] Z8F A0 EE E coli BL21 (DE3)] A2 A A A} A2 A3k
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[75]

748 Luria-Bertani broth 2L oIl 1l &3}o] 37°C 200 rpm®ll 4] Optical density 600
nm)| A 0.8¢] & w|7}A] 7]-& F 16°CE %74 cooling 3} . ©] $0.5mM
IPTGE Hal & 53t o] & 16/“1 hE& U] ¥ F 3] 5rto] Al ERE A
%, 20 mM Tris-Cl (pH 8.0) bufferol] 3= -] 40m1<>l H 55 4o F A o 7]
2 olA A& A9l ImM PMSFE 3 7} 8t ¥ Sonic generator & AF-8-3}1]
10%-3F A 5 914 81t} o] & oAl LA E-] (16,000 rpm 60 min)3}<]

S AR Al dl ¥ 0.45 nm PVDFE HE| ¥ §F § o] & Histrap (GE healthcare,
USA) Smloll 259 351t} o] 2 10mM o] 1| t}& o] o] % 20mM Tris-Cl (pH 8.0)
W 2 9 ste] B2 s il S A Al AL 9 9F 5 U gk 24l 100mM
ojn|thE o] H7tE HH & 7hsto] ity @A g &85t ol & 10%
SDS-PAGE#}ell A 180V, 60min . 2 # 7] 3 & 7] 223k =52 o] whulzl Sr7huk
313}o] Vivaspin 10,000 (Satorious, USA)S AF-8-3lo] 5= 2 ¥ {0l 31-S
&9t} o] & ThA] SDS-PAGEY] & alo] & o) ul 2 A %3
AZgo]=2E & 4 A AT} Truncated form(A 23 HeCel5H)©] o} A A

/A o] A &2 o] Z(original HcCelSH) H=3F A3 34 0 2 ¥l A2ksh st
2). %= 25= original HeCel5HS} A 2% HeCel5HS] SDS-PAGE ¥4 A3 &

R.o] = Al%l o] t(Lane L: protein marker; 1: truncated HcCel5H; 2: original He
Cel5SH). &= 2014 & 4= 9li= ul9} 2o], A =3 HeCelSHA= 9F 34 kDa 9] ¥ A1 %2
7HA AL s EE 4 Al

<A ¥ 9 1> original HcCel5SHS} A 23} HeCelsHS| 712 o] w}& 4] H] 3l
original HcCel5SH®} A 23} HeCel5SHS] &4 & vl austry] 9138 71 d 2= 584
AER Q2 CMCE 1%, B84 AEE Q22 Avicel 10% AFH&-31 1AL % -1
O

[}
200 miol A 50520l A HE-g-aF it 7] 2 8 Hb-g Al 7h2 Z42F 2042, 244 1T
] 2] 3} 1}, ¥ o] &= Truncated HeCel5SHS} Original HeCel5SH+= 0.1mmol pe
cellulose®] T, HE-g-& F 53 wf = 955 0| A 5-3F o] aie &48
= A]3}3 21 DNS W © 52 Akt oit),

%32 84 AE = Q2 Carboxymethyl cellulose (CMC)¢} B84 AEZQ
Avicel®ll t] g} original HcCelSHS} A Z23F HeCel5SHE] 241 -& v 1L st 20 &
Ro]FT) & 304 & 4= 913= v} o] Cellulose binding domain family 67}
AAR DT = 2358 A2 O Yol A& & == v 53], 284
AEZ Q281 Aviceloll A o] A& & o, -2 7} Y AF1EE g e o] Al = el o] =9
2do] o] A vlzstrv o & S & A o= =Rl Ak
FE) o] FApFo] e o] At rhkoleh= A& A B 5 d F i)
A& Aoy 27 A H S & T A

AT = = T A

—

g

<A g d 2> pHA WE A ZF HeCel5SHS] CMCase ] 24
A7) Al 1ol A A ZzE A 23 HeCelsHS] 2 pHE A A 7] A3, 1%
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[82]
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[84]
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[86]
[87]

CMCE 7122 &5 a0 A A k-89 200 ul, #H-3A] 7H2 204, v 2 5=
50°Col A A4 8le] pHoll w2 A 23 HeCelSHS] CMCase2] 84 & 54 315t
pH 3~62 A% Al Edl ©] E(sodium citrate) W 3 & pH 7~8- Tris-C1 ¥ 3 & pH
9+= =& A E-NaOH ¥ H & 22} AFg-al Qi §Eg-& S5 & &= 95529
S5ub #Fol aio] BAE FA 531 DNS HH o =2 A wFsgitt.

% 4% pHOll & A1 2% HeCel5SHE CMCase &40 -& H.o] T}, & 4o A
= vk} o] pH 6014 7H 5-& 2408 Wreh L 912 pH 59 701 A

L& 2 S HRlth ol & F3l o] 49 7P £& BhE pHIL 6% & 1T

.

X

I o
&

2

<Add 3> 259 W E A ZF HeCelSHS CMCased] 4]

71 Aol 1014 A Z2E AN 2T HeCelsHE] A2 £ 52 AA 37 Ysthe],
1% CMCE 712 =& &L A A §hg 92 200 pl, ¥H-3- A1 202,
A E# ol E v oA 543 th Bh-&& TR w= 955 A
Aol & & S A8k DNS W o 2 ke gict,

% 5% o] whE A 23 HeCelSHO] CMCase 48 HolE ) & 5004 &
= Shi= nhel o], ARbA o 2 JAs] W2 WA 248 Bas & Ak
E3] 205 A 705714 A2 A AL Bl oF 9lsle] o] G40
EE8HF7E B WS S G = dow EF Ao A & jEgAd o]
oA A F&E (605 o) el it

<Add 4> 250 W E A ZT HeCelSHE| Avicelase2] 241

A7 Aol 39} ] B8 AERQAE ALl 25 A4S

A&t B84 718 2010% Avicel S 7] 2 & 3 a1 A A 53 9F& 200 ul,
= 12 A%k, pH 6, 0.1M A& A Ed o] E B # A %735t S

o= 9550 A 5ERE o] Ao g S TA|SHQIAL DNS Wi o '

—
(\S]
>

TR
AEFetdtt

T 62 2o wE A 23 HeCel5SHE Avicelase €42 B.of £}, & 591 H] &
HE-S- Al 7ko] A7) diit-ol], 5 69| A= 5050 A 7 =& &4 & Bl 53y
ol a9 Fef7t ¥= et AlFAA 27 G = ol &= 505 Tk w2
LA 7Y & S BRIt o= 7] H ] g Sol A vbg A H R A S
T AL, v A ko] FTERE o B Q1g J A B o] /x| A S ol A ]2 eho]
B A TEHO R S Ehal 6050l A S i A] S A& Hol= Jlo R
Kol 2ol thgh A g o] &= A = 3

<A dd 55> AZF HeCel5HE] &5

Bradford ¥4 0 2 vz o] okS
Q.
[e)

pH 6, 0.1M sodium citrate ¥ ¥ & A}
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[88]

[89]
[90]
[91]

[92]

[93]

e Wols dA o @l A8 Bradford assay = =7 oF &, U A
it A 212000 16000 rpmol ] 2080 1ALt b, ol £ et
=713}] Bradford assay = T A o] k3 Z793F U} X oo ¥ ©
Arh} BEE A S o] 243 1S W0l 2 57} ek Bradford
assay+= Biorad #l| & 2] Bio-Rad Protein assay Dye reagent concentrate S 40 ul,
82418k A S 160 ulE 4] o] o] 5573050 A HH-S- 8 T microassay
reader”] | A 595nm9] oA FFEE FGsto] AHE £33 T Standard
E 4 2= 10 mg2] BSA (Bovine serum albumin)& AHE-3SI T &, ~"ITIE
2w 0o QeI o] YA MEo| v s S 2o A Alske] Al
o] o] afo] & Aake 4 9
5 72 A &% HeCel5SHE] 25 QFA "é% Ro]F= Ad dajo|r), & 7o A=
UMM G 5, ool thEt Al S ST FHE BT oA,
Z47ke] £ ol 4] 1A2HS g B £ w6057} = S Aol 2 Aol
Eolx kot 3 7050 M= ek e 2 Z7]3= AR £52] A3 B v
ol el Bo] U & vhEo] 9182 1T F ek, 14A7HS g o

@4% B 6057 2 Fo = by A o] Hoj HAIRE 505744 = DA 8H

F

= o

WLYS A5 922 B 5 o 19 AR Beol AR BY L7
S0%7h B S el olk EH, 3059} 605 B ¥ gl ] B4 G ol
S o] S 6057} U] 82 Boliz 0 R hetibn o] iz 3180 A
o) B2 A F QF et At Ak

<A@ 6> Avicel & 71 A2 & A Z 7 HeCel5SHS] HHE 2HE W4

A 223 HeCelsHOl 218 A AE = Hbg 229 /& gsaix}, 10%
AvicelS 7| A &2 AL-&-3}o] 2 A 5H-8-% 200 ul, 50°C, pH 6, 0.1IM 2 F A EZo|E
H 3 2o wh-3st gl o] & Al &% 3] (a) DNS €} (b) Thin Liquid
Chromatography (TLC) & 7+ ¥4

DNS #4112 4719 Al e o} A g Wy o2 3atglth. TLC WAl o A &=

42 212 A2 A DRSNS R AREElaL, TLC
AR T A T 10%3to] gl f-w ol vEE-S
o

O

¥
pia=

=2 3F A 28 HeCelSHE] A ZHE WEH-E AHE-S- (a) DNS S} (b)
HE HolFEt) & gaoll A & 4= = Hle) o] HE-g-o]
HESAFEo] X833 &S & 5 v 18 g 229

o, EFAs AR A AR ELQ 20 7jE o]

S ok Aol AR QA AZEY QA TR
HE-S- Ak o] A E T Al 7ko] X5 AZ2H| QA= S H3rt gl

AZEZ QA7 FalHo A aF22e Ao A7 7S Fled 4=
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ATt
[94]
[95] <23 l 2 u1FE VA= 3 AR HeCel5SHY WHE AHE B4
[96] A 237 cCelSH7]-—r¢ st = g EFE &stars), 1%

[97]

[98]
[99]

[100]

[101]

S adE VA= AREsle] A A WS4 20 ul, 50°C, pH 6, 0.1M 4~
A E ol E M3 7oA 2041t ¥H-5-3F 1t} ©] & Thin Liquid Chromatography
(TLC) & 2}z} B4 8kt A 2 A3 o] 63} 53t
Tgoll A Felslg e AEw o) =9 e uke A (processivity)% 2
Aol M5 FRleAT. & 99] -5 HeCel5H7E -8l = F el & Bovt
TA Ao & vhotaly] glete] AR 9 ~(G2), AR E Y 2 2(GI),
AR HE TS (G, AEIE L 2(GS), BRI A(G6)E 7| D& AL-8351]
whgslTh 00 AuhE B, RN 0 AE YalsA 2597
Al EF= A o] 25 of Yt T1e] a1 Aleo] & A RN]L 2 (G2)01H
ARED Q2 (@) A RS2 (GHOR Hashs AHg 59
oA A Z g o]z EAS Yehar Qo el %] 24 9l 824 (processive) S
b= N A E g o] 2= CMCY F& 718 Bl & 2 51= Ao] AxbA ),
o] A=, ojv & 13 2 5ol CMColl i A=A g do]| =2 A o] 2
$49¢ welvhslnh 4 ol fat AT Awsh Aa0) ) wF 2
processive A Ed o] 22 F7F ZF AT ol g el ol gt vhH ol M=
A% 5 Aol 1 840l & Adl el olol7t ek e oA
R R A R S D@}%Z o M & 21 22 q)e] Avkar sl

<A 8> &4 AEE 22l Carboxyl methyl cellulose (CMC), &84

AZEZ Q209 AV1cel°ﬂ 3 84 £5 2 48 (Kinetic study)
n7bde] 2wl E S o] Ao o £ 5 A= A

—

3hi= b2 o] 7] o) A}&BFATH T 1 643

e}

LS

}]

] oldl %

=
SO =
= O

m% >‘\1
)

ol

15
Km¥} & thHk-§-4: % Vmax, S 144~ Keat= A 4F38)o]
HE 12 Az Aoz AA Ao R 7 A thEle] Holi=
A 4=%] g} sFo] A s} 5‘? A= A zolt), A
= 51

T

kX
~
og St
32
o I

N0
o
o

T od
dot
ol

e
aw
N
- Ly
N
—()“L _
=3
olo
A
H
g
R
AN
ol
Nl
2
0
<
0
-
_f“:
b
_>.:
rir
T
~
R
E
=
L
_E

32

L o]7]ef] FAe A 23 AE 'L’ﬂO]Z 0.1 nmol & &

542 A2 T Avicelel] Tl A = 0.8~4% (wiv) &
t § A=) =5 0.5 nmol & o] 3L
LA ZHE AFREFQI T BEE- o2 200 ul 9] 50 mM A Al E#H o] E (pH
F-&8F3 a1 50 Coll A HE-g-&F STt ol F A Y2 A& o] T F 3}
Lineweaver Bulk plot)®ll o 913} K, Kew, Vs 232 7315 T
245 49 (Km) 7F s 7142l CMColl A ¥l 71 w2 A] 8l 3l 712
T ol = 9] &4 o] ZhshAl 2HE-g A& HHEFHITE shA RE L REA ¢

2 g do oo
o N off
32

Ry o
k1 ofo oo

>,

of (&
il
Sv

olo 1o
ol
O
2
R
)
PN

olo
>
~
-

19 g N O
0 2 o

M‘lm O

>~

rE
oo —_

2,
ki
ﬂili
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[102]
[103]
[104]

[105]
[106]
[107]

[108]
[109]

[110]
[111]
[112]

E%Eﬂ O]Eﬂ- %‘j/] Aviceloﬂf\ﬂE ﬂ]jﬂx_‘]l %% IE):]E—/EL% E.O]'E Zﬂ% E%]Slfﬁf\i
ArsFhiolzel 548 TIRo) 2 ARE

ﬂﬂ] i}O]L}L: Z1e _'g/\g] _'C_>[_ l—ETAéO

4 2ol BAl Hofrhy] uitol .

~
s
i)
ul
N
i,
o
I
ox
0%
-
ofo
O>~
N
D,
o

[ 1]
7| N Km Vaax Kea
{mgmlt) (mgml-tmint) (mint)
CMC 21.34 1.67x 101 9.76 x 101
HeCelSH
Avicel 17177 494 % 103 2.89% 107

<A Ed 9> F2 W5 A (Processivity) 2 2t = 541 9] &9

0.2 nmol2] A2 &7 o] =, HeCelSHE 71221 10 mge] & OM (filter
paper, Watman No 1.)el] A 2] &}¢{t}, o] o §h-& -2 200 w2 50 mM A
A E# ol E WY (pH 6.0) %3 50°C, 24 {HE 9t W35Sl T, -84 DPE
=4317] 98] A5 Heto] DNS Po 2§ Z4eiga B84 T2
=817] §l5to] e HE o)A 2 63] Aol F o] 7]o] BCA HAH L
ALgatel 284 92 S 22 S48 go) gl A 784 92

o bro] 1 Al 2T AF o] =]
23] gk o] =& AEYolxx= A
depol A A o) = nrt UEF oy
57802k % ghe ekl (kA el Ageo] 2= 2-38 1}

[X 2]

_—

P BeH ¥E % S88E % E84 T
HeCel5SH 5.78 + 0.78 85.16 14.84

<89 10> A7 & o] &8 AZ7 HeCelSHE] 4 &<
G571 ol 8340] 2% HeCulsHe] B & 242 FASIAT, A
DV-II+ Pro Extra (Brookfield, Middleboro, MA, USA)E A}8-3} 51 31 Al 7o

AaehE A5 (CpE 71719 A& Felste] S48kt 25 m19] 0.IM A&~®
A E ol E W3 (pH 6.0)°l 3% (w/iv) ©] HAICMCE =] A /-89 (solution)

S WEYT} Aol A o] dlakg o) 0.1 nmol2] A Z3 HeCelSHE 4 31,

Nd-& N 30 mlE A LAl A2 F A=AE IJAAA A7 Aslste= 2&
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[113]

ATt o] & &3l 20 whell HETF0S R FATHE B 1004 Bl o]+,
AE=FHd|o| =] EA] o7 obA &= 8,904 Bl
o] = 2] E4 S A Al 23 HeCel5H7} v ¥ 31
ZIlglo] =z o] EAlS dhA| 74 thA| = 8013l Aot} o] & =3
M5, 4i3€7}ﬂl°lz7} ofye}l o] & 5AE B Avg 2

2 3433t}

ox, ot oml mly o ob
o

o AU R O )
oo My T br ot mh

1o
i3
it
=
ied
(N
U9
o
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