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(57) Abstract: The present invention relates to:

[£1] an enzyme complex in which chimeric beta-
- - agarase, in which beta-agarase and a dockerin
Sac! chgaB Dockerin his  BamH 1 module of endo-P-1,4-glucanase-B are fused,

chimeric kappa-carrageenase, in which kappa-
carrageenase and a dockerin module of endo-p-
1,4-glucanase-B are fused, chimeric anhyd-
ro-galactosidase, in which anhydro-galactosi-
dase and a dockerin module of endo-p-1,4-glu-
canase-B are fused, and small cellulose binding
protein A are bound; and a method for degrad-
ing red algal biomass by using the same. Ac-
cording to the present invention, it is expected
that, in the production of agar degradation
products, introducing a degradation step using
an enzyme to a conventional method having re-
lied on physical and chemical pre-treatment
steps, would greatly contribute to effective con-
version of marine algae into valuable products
by using an ecofriendly degradation system
having excellent efficiency, control over a
product, convenient usability and a low-cost
and high-efficiency property.
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[51]
[52]

[53]

[54]
[55]
[56]

[57]
[58]
[59]

Q8A By dAlst7] 918 Zlow, B el el o5 Al e o)
AT = 2oz A A A gz 2l FeiAel A Bakel 442 7k Aol A
91014 4 % Aol .

S-HEF-1,4-= F 1ok A 0] R AFe] R o
A7NAME MEHT 45 a2 5to] LS 69 AWk 3 2)o] M (Forward
primer)2] 5'oll = TG 2R Y JHE | e B e 2 R S35
7hat-7het 7ol A CgkA 9t Zelol Zhet ety Bk~ 2 e f-2 gt
H| Bf-o} 7k o] = AgaB “1e] i, -z et E A ThokAl] AhgA % A}9] C-terminal
ol A ZE2E 10bp 719 A Eol Eo7FR S shal, AWM T 79| g
3 glo] H(Reverse primer) 2] 50 = A a4 A2 Ho] AYJH =S Zejo]lHE
tjzplste] FAd sttt o] 7] A E Zefolm & o] &3t PCR&
st 1 A3 212bp 9] < =-H -1, 4- F Ko Al-B] A Aol A
HE-o] AR £ E o] )iz PCR MEE ZH2) 8l st 4= 1 qi ),

Zgtolm M AH T 6: GCGCggatccATTCACCGCAAT

Zglo]ln) A LAHF 7: ATATccatggATGCATCTATGCAACC

TEYHERYA M| e R AR Y fH gk 7w Y Jlak-gke ] vhel A
cCgkA FrAAE S2Y38H7] flato] 2ol Z e E Y B g9
Aremr e o] 2 Alrd flEto| = B2 A9 3 47 DE Far R ahof
XA % 82 “gubgk > gl o] ™ (Forward primer) 2] 50l = A| 3+ 8 4 Sacl, ] EH &
99] 1&gk gl o] H(Reverse primer)2] 50 = Notl Q1214 Qo] A ¥ =& 3} a1,
A - EF-1,4-=FZFolA-8] -4 2] =AY H7-2] N-terminal -+-2] 10bp
718 A do] A E Zefolm & tAplato] A eIt o] %, 7] A H
szeto] M & o] -g3lo] PCRE a5t A 1 A3 1311bpo] Al r4 Fall £ 49
AR = Qo] {7 AR 71 Y Fhat-ghek 7] oA cCekA Fd A7
Z3tE) o] 9l= PCR =& Q18 &= 99l

zglo]] A AHF 8: ccatggATTCTCAATCGGCTATTAAAAGTA

zglo]] A AHF 9: ggatcc ACGAACACTATGACGTGAATTTTCT

S 2ol A EY R H AR B Fef &k 7] v 2] v El-ol 7k o] = cAgaB
FAAE F2YEH] fete] 2ldjol A EY R Ao
Aremr e o] 2 Alrd flEto| = B2 A9 3 47 DE Far R ahof
A% 109] gWHak 3 2} o] ™ (Forward primer) 2] 50l = Al| 3 & 4 Sacl,
A AH % 119] Subaksr gl o] (Reverse primer)2] 5'0l &=
A - EF-1,4-=FZFolA-8] -4 2] =AY H7-2] N-terminal -+-2] 10bp
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[60]
[61]
[62]

[63]
[64]
[65]

[71]

_—

A7) A ho] 242 At E sZefol & A skl ok 71 A 7 1201bp ]
H 22 7hebr| = B ek A2 F e {2 gk v e-o} 7Fd| o] 2= cAgaB
AR 7 £315] 0] 9= PCR =S 918 5= o),

ko] AHF 10: GCGCagetcCGGCGACAATTCAAAATTTGATA

Zglol EH S 11: CAGCggatccTTTCTCTACAGGTTTATAGATC

EH 2ol A EY RS AR LB Fef gk 7| v g FE EAvtolA|
cAhgA F3AE 28] 95to] 2Hlg]ol A EY Kk 9
Aremr e o] 2 Alrd flEto| = B2 A9 3 47 DE Far R ahof
A% 129] ZghaE > 2} o] ™ (Forward primer) 2] 50l = Al| 3+ & 4> EcoRlI,
A% 132] Hubak i glo] 1 (Reverse primer)2] 50l = HindIIl 9124] 4 & o]
A AHE S oA, A=W E-1,4-= FZFolA- 1] f-d 2k EAY e
N-terminal 3-2] 10bp =719 A E o] 4l ¥ Zeto]H & v Al 5}
FAdstlet. o] %, A7) A E Zeto] | & o] &81o] PCRE T8t A 1 A
1382bp2] A4 el ase =AH el §-AX7 A 7]
T EA T A cAhgA 427 315 o] 1= PCR =& Q1%
AN

Zglol IS 12: GCGCgaattcGATGAACAAATACTCCCAATTTTTAAT

Zglol IS 13: tgttaacatc TTGTTTTTTTACTCCTTTAGCTA

ada FRAEYUS Y AERZR T2 7 E 24 2D A (primary
scaffolding subunit)$! Al & = 24 3} ©l-vj 2l o] o] (Cellulose-binding protein A) =
A E 2 2 A3} 25 (Cellulose binding module; CBM) ¥} F 7| &] 3|
5.5 (Cohesin module)& 7H3l A8 A &2 =23
ol A _of) o] (Mini-Cellulose-binding protein A) - A XE F 2 517] ¢ 8l
AVIME S Fag o] D H =z 142 Gubak 2 2}o] ™ (Forward primer) 2]
59 i= A e+ & A BamHIL A @ & 152 Hkek 3 2l o] ™ (Reverse primer)©l &
Al gFE. 4 Kpnl 14 A o] 242} AFQl e Zefo|w & ettt 2 23
1647bp2] 2 AEHU S Fiflo] AS2 R T2 AE 2= A3 vl 2 o o]
Fa2ke] A9l mCbpA 3 A7 335 o] 9= PCR =S gl = Uit

Zglol M EH S 14: ggatccGCAGCGACATCATCAAT

Zglolm AT 15: GCGCegtaccGCTATAGGATCTCCAATATTTATT

Al 2: A el aae] EAH Sua A2 E FAxe] 22
AAle] 1o @& A4 dallad e =AY Q1] F ket 242t o
CgkA, AgaBS} AhgA SEZALES 0.8% ol 7t =2 2 7 Aol A A 7] &35 a1

o} 7}z 2~ A o]l DNA A -2 Gel extraction kit (GeneAll)E AF-8-35}¢]

OF A2 asY AU 2] f-A A9} Fhal-gker) el A,
Afrd Wl ado =AY vl §1Aeh vlek-olrbel o) 2=, A -4
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[72]
[73]
[74]

[75]
[76]

[77]
[78]

[79]
[80]
[81]

[82]

Rl EAs] A wrelo] §A45 FrAEA hobA f A4S AL
918 3]5% DNA A A & ©] 83} 28] Fl(overlap) PCR RH-5-& 7}

385} t) 353 5 DNA AH O ZHE AIHF 169 7‘3‘%}}
3 2}o] ™ (Forward primer)2] 5= A| 3+ & 4 Sacl, 1 @H & 179] Sbgk
3z Z}o] 1 (Reverse primer) 2] 5'0l = A &k & 4 Notl 9124 Lo 4] ¥ =&
szetolm) & TRkl ste] $HA AT PCR WH-& 8ol A fr4 %ﬁﬂiig

9 wlgle] G AR AAE e R B A A R s R
Sl 3 1311bpe] 7] w2l Fhs}-7hek 7] Lol Al cCekA F A7 sff;azaoa o=

PCR W= 2 77} 3ol 5 9I9leh.

Zgloln] LA T 16: ATATccatggATGCATCTATGCAACC

Z o]y A EH T 17: GCGCggatcc ATTCACCGCAAT

A % 189 Atk 3 g} o]  (Forward primer)2] 5'¢ll = A gk 2. 4 Sacl,
AWM % 192] Stk i glo] H(Reverse primer)2] 59l = A $+a 4 SalI
AN2A Do) Y 5 Zefo] & vzl ato] T4 5HITH PCR ¥H3-&
Faste] i el gty =AU mude] §1x7F A 2o}
ZeEU RS ~RTE e g 1217bpe] 71| =] W Ek-ol e o] 2 cAgaB
A7 L3 o] Q)= PCR M= S 2H2) 813 = I iTh.

Zglo]n] AN T 18: GCGCagetcCGGCGACAATTCAAAATTTGATA

Zelolw A EHE 19:
GCGCggecgc TCAATGATGATGATGATGATGTAAAAGCATTTTTTTAAG

A % 209 Agubak 3 2} o] ™ (Forward primer)2] 5'¢ll = A ¢+ 2.4 EcoRl,
AWM % 219 Fubgk 2 2lo] H(Reverse primer) 2] 5'0 &= A & 4 Hind 111
N2 Lol AYH =5 Zetolm & txelsto] §4 5tk PCR W35
Fasto] i Hgﬁ:ﬂ EAY =l FAA7F A H 1382bp ol
718 T A e EATOLA] cAhgA F- A AL 7F 23 E o] 91 PCR =& 742
gelst = Al

Sglol A EH T 20: GCGCgaattcGATGAACAAATACTCCCAATTTTTAAT

Sglo| AEHT 21: GCGCaagcttTAAAAGCATTTTTTTAAGAACAGCTA

13, 71w g Fhak-ghel v vhob Al cCekA, 71 W EF-ol 7 o] £ cAgaB @F
71 E‘ZF Fel EA|Thol Al cAhgA 73 A= ZH ol Al gt i s Aeket &
g+t 2 W E](E.coli expression vector) ! pET22b(+)°l]

g} o] M (ligation)A] A ol 2| 2] Al o} Z&o] (<, E.coli) DH5a°]
o
=

{t

O

=

r_>i é =t _IE

o]

A 53l Ol o] Az v A== gho] Al o] M (ligation) ¥l A 27
Zglau]= DNAS SR A7 A2 W H E pET22(+)cCgkA,
pET22(+)cAgaB &} pET22(+)cAtha‘r SR THE 1), L] AL ] o At
A 23 1] A &S DHSo/cCgkA, DHS5a/cAgaB 9} DH5a/cAhgAet ¥ ™ 3} 3t}

83 2]
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[83]
[84]

[85]
[86]
[87]

[88]

[89]
[90]
[91]

[92]
[93]

Al /\] Oﬂ 3:

=

Ao 200 A f@.‘ii o) A= l*ﬂge IPTGE & 5514 cCgkAsﬂr
NFH o8 ) E w5 sk 2318 248

90+ &<t Z‘J%HH & 3?— %ﬁ - 3}04 A ] A -S- sonicationS %3}04

2
[\.)

o
O
=
X

DA E} ,cAhgA B2 D}H“ﬁ o] kel o 7 TH]QE% sl %
cCgkA S} cAgaB Hup b 2591 16°Coll A 240 o] 4 X'l oF =
AR she] el shar, AW A S sonicationsto] YA S A ATt
Aozl Azt v e 54 dd udS 4157 #13to], SDS-PAGEH}
Western Blot& A 85}l om &4 gz =9 7|82 S8 8H&

RIS ATHE 2).

AN 4 Eaen AT 28 24 Gue] a8 G4

A AR 7] 2 Fhs)-7heh] oA oCeka 2 7] v 2

W E}-0} 712l 0] 2 cAgaB % 7] e] 5kl E A thol Al cAhgA S 4 27

duld mChpAShe] F4 B BAY

L1 4-2 FgkolAl-8] AR EAY BEo| el dE 2o}

EURGAZYE F5 7 v i Eol 7o) % cAgaB o} £ AT 2
3

-

oo
iv)
oo
H
N

A mChpA o] Aeto g 1% H3A o] A& Flstr] Al Al 7H~
15 A 2ol A 100p2] A3t A A v &= 4] o] mjde F
A E 2 243 25 (Cellulose binding module; CBM) ¥} Al & 2 2= Alo] 2
& 282 o] 83t vl Al g A Zo]] Western-blotting= E-3 ¥4 3}t
A7EeE N2 25mM Sodium acetate buffer®} 15mM CaCl2 [pH 6.0]12] A o2
A z28}aL, 1:1:1:1:6=cAgaB:cCgkA:cAhgA:miniCbpA:binding buffer H]-& = 4
4oColl A R 5 ]H(18A ) REg A Zl . v W9 & ©] 83} PAGE
analysis& 3} 2™, Western-blotting-> anti-His-tag primary antibody (ELPIS)<}

A}

=

ox Ho rf oMl M =
SO = e R\

fo

goat anti-rabbit HRP conjugated(Santacruz) secondary antibody & A}F-8-3} 31 a1
luminol reagent(Santacruz) = & 4 THH 2 of kel 5 S5kl vh(& 39] O).

A5 ARSI A S WA 2 EE AT AL 2 2
Fhn kol £ oo E vhel g 25 (ol 5l CBM)S o] 3 A= A8 2= 1ngd
10ug®] A7 vl AT W &2 oA 142 5 o sloro e siokel A

QOJOU:] AJ]EEZg.ﬁKL%CBM 61—1;}13]47&181600)(g0ﬂ}\11 Zl’
A2 =S} 20mM Tris(pH 8.0)¢l 1M NaClo] &-¥ # 31 2} 20mM Tris(pH
7.5) ]9 2 7217} A H & & v} 50mM Tris(pH 12.5) B ¥ 2 &3&31o] 9lom,
o] &] =& SDS-PAGEE %3}o] <15} th( 39 A).

fij

Ao 6 AN o]-& gkttt v Aol A o] gk =7

=

A&

FO



12

WO 2017/111208 PCT/KR2016/003389

[94]

[95]

[96]

T5E 7hp sl a3 A o el e A @ st] 98] reducing sugar
assay ¢} 3,5-dinitrosalicylic acid (DNS) assay & ©]-8-3}o] 32413131t} 0.5ml agar
solution} 0.5mf carrageenan solutions & ¥ H] &= W &s}al, 0.5mé (i) 7] v =
st ek oAl sl AW 2] W eh-olobelo] 29} 43 A== A
gl o o] 7} AFH EAHFA(CAM), (i) 7] W 2 7hu)-gtekr) vol A )
Y Fo e A ol s 28 ABE =AY dudolo| 7t Agd

AAEFA(CHM), (i) 71 H1E wef-o} 7k o] = &} 7] ] &
TR EA Tl A 9 A8 AER =A% vl oo) 7} AgH
AAEESA(AHM), (iv) 71918 7hat-7het 7] vholA o 7] o] & W ef-of 7} e o] = 9}
e FEAEEATOIA Y A8 AE2 2 A5 vl o] 7} Agtd
FAEIA(CAHM) L2 A H 9] ZH2be] MEES 50°Cl A vl ahgl o,

N
N
N
N
g_l
_—
i

A0 = 0.075m A&7 3F3 T 0.15m0 2] DNS solution 3 7}+3}¢]
[ol A4 103t 7R 8 5, Aol A A ATE-5 550 2ol A
absorbanceE = A4 3 TH L 42]A).

E3H TE5E Tl aA A Y el eg Al @ s] 98] reducing sugar
assay ¢} 3,5-dinitrosalicylic acid (DNS) assay & ©]-8-3}o] 32413} t}. 1.0ml agar
solution®} 0.5m¢ (i) 71 W & 7}s}p-7Fe} 7| vholA 9 71w 2 v ef-o} 7t o] 29} A&
Ag2=d ool 7t A3 E aASTA(CAM), (i) 7] ¥
7hat-ghetr vrobA| o 71| Y Fad et EAvolA o} A AER =AY
ool o] 7} A 3 B A THA(CHM), (i) 71 ¥ = Wl g-o} 7hel| o] 2= 9} 7] v ¥
FrdgBEATolA e} 28 AER = A7 vl o o] 7} A3hE
S AETA(AHM), (iv) 71 Y 7hat-7heb7]volal of 7] v 2 W e-of 7} o] = 9}
71y T2 e EAITolA| of &9 AER = AT T oo 7F A g

EA(CAHM) . &2 A 8 9] Zhzel =55 50°Col A vl oFak3i o,
ZZf 2M 3 PA L2 0.075me A& H ST 0.15m0 9] DNS & 57415 3 715}
PCR 7171 A 10%7F 7FA ¢ 3, 20l A 2181 55 550 34780l A]
absorbanceE = A4 3 tH - 42]B).

E3H TE5E Tl aA A Y el eg Al @ s] 98] reducing sugar
assay ¢} 3,5-dinitrosalicylic acid (DNS) assay & ©]-83}0] 34131311} 1.0mé
carrageenan solution®} 0.5m¢ (i) 71 W & 7F}3}-7Fe} 7| o)A 9 71w &

HlEf-ol7te o] =9} 428 AE 2 =A% A o o] 7} Aty

4
4

)ﬁ
@
=
~
N
2

B8 (CAM), (i) 7] ¥ & 777 ol A & 7] W)

TS EATOlA ¢ 28 AEE = A% vl 2 o o] 7} A gH

B A5 (CHM), (i) 7] v 8 W el-o} 7k o] =2} 7] | &

TS EATOlA ¢ 28 AEE = A% vl 2 o o] 7} A gH
BAEIANAHM), (iv) 71 2 Ztap-7helr ] yol A 9F 7] v 2] W El-o} 7} o] = 9}
7Y FdgEA ol e} A8 AEE =A% vhul A o o] 7} A gHE
FAEIA(CAHM) L2 A H 9] ZH2be] MEES 50°Cl A vl ahgl o,
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A o0 72 0.075mb A

A 22 550nm 340l A

44
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g =43
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=

absorbance

[97]

718k A=l A9
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[99]
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[101]

X EEZ Free Text



14

WO 2017/111208 PCT/KR2016/003389

[7d - 2]

[ 3]

[7d - 4]

4% 5]

[ % 6]

(7478 7]

[ % 8]

[47% 9]

7973} 10]

(7478 11]

(7478 12]

4THEH

Het-o} 7k o] = 9} Ql %-B-1.4-2 F7htolAl-Be] A EEo] g5
F)ul e wek-orbel o] =, 7k kel ] hola sh
Q% -po1 42 ol Al Bel EA Y R Eo] g 7]
AR ol RS A oA 5142 o B
SA9 o] §H v FRAGEA oA B 29
/H]EE_Z 7ﬂ6L bl A7 A%k Ho] 9li= g4 B3k,
Aol o}, 471 MEL-ol7hlo] 2 A5 19] ol i AL
S Ag SR I fd N

13kl Aol A, A71 7hst-7he} 7 vol Al = D E 29| ofn] =4k
2 oh= ma 5L
et A tola] = HEH T 39 ofn| i)
= ak 834,

= F7hobAl-B= 2 % 49]
] 0 2 8hi= a4 H9HA.
B2 did A= AEHE 59

E

_4

)
— —
o 12 Lo
s W5
w 32 2
2 2
R
o, o,
N N
o T oo
2 o M o
ST T ‘W
= E Olr
L ON

N How 2 W
o ©

s 2= Ao =R = G4 B3k,
W Ef-ol7h e 0] 2 9} A1 4-2F I ol A-BO] EAY WEo| 3y
71H e Aol 7t o] =& =Y oh+= A} 79 7}5}7]40%}9}

A %=-B-1,4-=F 7ol A-B2] 7%%_ BEo] 3% 7w

Fhat-gheb 7 ol Al & 2 d k= f-4d } R FFz g EA ol A 9

AMNE-B-1,4-=F 7 obAl-Be] =71/ EEo] g% 7] =

FFAYEATOA S A o= A = E o dE Al A E.

A7l QoA A, 7] Wiek-ol 7t o] == M IS 19 ol r] Al M d &
= A& 5EACE = AT AR

zt
XW%ﬂ%ﬁi*Wh%4ﬂﬂﬂ%%ﬂbﬁdm§z4qm A
4l
A

73l oA, A7) Eﬁiﬂqqﬂbﬁwm§34qm AL
& 50 = sz A2 v AE.

L oB-L4-FF7H}olA-BE A D 5 49
& 50 R b= AT v AE.
3 Aol g B3 Az
(a) A7) A7 v A ES ] ste], 7] € vl Ek-of 7| o] =, 71w E
7hot-Fhet oAl % 7 Fet Al Chol A S A A7) = v A
1)
(b) 371 A3 E 71w =] wEt-ol7td o] =, 7] €] Ftat-Fe}r] Lol A,

g8 LT EATOIAE 58 TS, A8 A2 2 A% vl
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(73 13] A1 54 BH3AE o] &
473 14]  ADHE 39 oAt
49] ofl st 2t FhA

&3 7MY S dEEA tholA|.
4738151 Al15&e] v e FadgEAtolAl & 2 sk f-A Ak
78 16]  A15F] N d FUdEEN 2 A9 b= FAAE e

SES )]
(373 17)  All6de] 7|9
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[5=4]

{4 ¢ M+A+C+H
o~ £ M+A+H
% lepM+A+C
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[+)]

a
=) L A
‘B -C
3 s H
: -~M
150
B 4 » o .
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—~ <x» M+A+H
5 0.6 e M+A+C
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5 05
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