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o] Al Z2E olA =, o] ol AgHE] ] = ke,
A 2H] 3] t](Thermobifida) 27, =72 U] & A| 2~ (Nocardiopsis) 47,
N E] .= F7] 22 3 2} Actinorugispora) <5, B 223 N E] 1= A 3 2} (Spinactinospora)
S uAE FAQd A 7 Ak AR, E EdAM 4] Al-
3 2 golA o] ofA & M W] H| t} F TN Thermobifida fusca), ¥ B8] 3]t}
A & 2 A 2) E] W Thermobifida cellulosilytica), X F-8] 3 U} 3 2 52 & 2
Thermobifida halotolerans), & €] =571 2~ X 2} ol 53 €]l 7HActinorugispora
endophytica), 2> NE] =2 ¥ 2} 7] 5 8 | 2 (Spinactinospora alkalitolerans),
wIFE Y3 A 2 X 2EWNocardiopsis composta), 1= 72U 5 Al 22 E R~ (
Nocardiopsis potens) 18] A& T2 H oA A 4= ] 01, o] o] A etE] X F+=

A TR, B Ede] Al ZREoA= I T 312 7] AlE ofv| At
MAe E3et7 I, ol 2 54 0 7 o] Fo] A 7] L (consisting essentially of) 1=
ol Fofxl | FE = 4= o, o]of] AgE A =t A FH AR, AT
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ghupo] ofu] Ak M A ZRE FrEf gk A d 5= o, ool Al ghu K= =

VS Al ZREobAl = A gk ofu] A A} AR B4 & 2k
M AL A glo] Z9+e = Qlvk 3, AT 31 H 49 WA 54 F 01.&
shuo] ofn| =it A D B3z 0] 9 60% ©]/8-2] & A (homology) H&
A (identity) S 2t o} H| A M A& e AL, o2 H4HoR

o] 50 X] A L (consisting essentially of) H=i= o] Fo 21 A 4= 9] 0.1}, o] 9]
A = A2 obyuh F A A 082 A7) ofbu| mqt D2 AR S 31 H 49
WA 545 7] A ¥ = opr| A A D T o] = sk e Y] D H S 31 F 49
WA 545 7] A & = ofu) A A D o - Fhu e A o] % 60%, 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, 10%, 71%, 12%, 713%, 14%, 715%, 16%, 17%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, Hox= 99% o] 2] FE 4 e TUA & 7HA+=
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MEE 23t ZEHAH ==, o9 &Y %8 Feshe 2AE THA =
7A9-etd A EHE 319 op At A F R o] Fo] Xl EE HE mof] 3
Ao Apg ek

B Z oA 8] Y5 A (homology) = & U A (identity)-= T 7l 2] G201 %1
obul etk Al i 91v] Aels pElE g ol e i a2 FAE 5
Sk go] 44 D BUAYL EE AEuRA 0 o] B &

conserved) Z8] FEULEHE = Y AE =9 F
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(homologous) == & ¥ ¢} (identical) /| €2 UREH 02 A A &=
A -Aol o] A& oF 50%, 60%, 0%, 80% H+= 0% = W} 1t B 2
A A s+ 2 (stringent conditions)ol| A slo] g =3 4= 9lt}, stol H gl = 3}4=

LR FU BN 2E A £ 2SR Sew U eHs =Y
are Ee
dole] F Fe) e QE = i Fe = Ado] 454, FAM Ei

= of| & E59], Pearson et al (1988)[Proc. Natl. Acad. Sci. USA
85]: 24440 A o} & v E vpetu| B & o] §8Fo] "FASTA" L2 1383} h2
Ao AFH Sy S o]t ZAE 4 vk H=, EMBOSS 3 7] A] ]
St 32 2 71 H(EMBOSS: The European Molecular Biology Open Software Suite,
Rice et al., 2000, Trends Genet. 16: 276-277)(H A 5.0.0 F== o] 3 ¥ H)ol A
T ¥ = vlel g2, U E W& %] (Needleman-Wunsch) 322 55 (Needleman and
Wunsch, 1970, J. Mol. Biol. 48: 443-453)°] A}-8-5 o] A4 = 4= 9lt}. (GCG
3 2 7138 9 7] A| (Devereux, J., et al, Nucleic Acids Research 12: 387 (1984)),
BLASTP, BLASTN, FASTA (Atschul, [S.] [F.,] [ET AL, J MOLEC BIOL 215]: 403
(1990); Guide to Huge Computers, Martin J. Bishop, [ED.,] Academic Press, San
Diego,1994, 2 [CARILLO et al.](1988) SIAM J Applied Math 48: 1073-&
%)), ol B Sof, 9 A FE 4K o] E|lo] 2 ALE] o] BLAST, fEi=
ClustalWE o] galo] 454, FA14 B 54 A4 5 .
ZYFEULEE B ZAE = AEA A B AL dF
&9, Smith and Waterman, Adv. Appl. Math (1981) 2:482 o] & A& &, o &
£, Needleman et al. (1970), ] Mol Biol .48 : 4433} 42 GAP A FH 2213
olgote] N AR E ulastomy A4E vk aoksd, GAP LRI
A9 5 E G A0l 58 WA 2, At e T,
FURHE iz opimah o] 25 Usk gheE Aol Rth GAP 22195
A& HEE g B = () oI Bl M| ER (T A A S fel 1 e
H-F A S A8l 09 4 &/E) 2 Schwartz and Dayhoff, eds., Atlas Of Protein
Sequence And Structure, National Biomedical Research Foundation, pp. 353-358
(1979)°l 2]l 7Al ¥ th 2, Gribskov et al(1986) Nucl. Acids Res. 14: 67452]
7} € vl ol v E ¥ 2 (= EDNAFULL(NCBI NUC4.42] EMBOSS B ) %] 5}
€20 () 2 A% 519 5090 ST 9 2 190 215 99 3k
0.10 »I2E] (F23= A /N8 = E 10, 4 174 S EE 0.5); 2 (3) W Als fld
2 wgE s 29w 5 9o,
5, 9ol o] F Fel 2o 0B = Ei e WE B A Do A, FA
R R R R e CEEEL ESLERPEERE T
ol A& Hlagto 2 M st 4= gl o, % /151 A A3} 212
e 7l = Wola, G Al Al & e A ARE 5 9

F



wn

WO 2022/191653 PCT/KR2022/003415
[33] A T2, B FoNA AlFst= Al ZZ2EH olA Wol A=, A7l oll A
Ay Al LReohd] B4 2= vl 5, 5ol 93] 9] o] w2to]
A gtE)o], g4 B o] o] H il tH] 100% 5= Hol A & on| e
o]ﬂ.
S
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[40]

Fohiz ol A= AEdH s 31 E 49 WA 54 F
5 A8 74 v, 9F 100% =3},
T-A A & °F 110%, &F 120%, <F 130%, <F 140%, °F 150%, < 160%, <F 170%, °F
180%, °F 190%, T== °F 200% ©17¢9] S7Fd a4 242 7HE 7 e, o]«
A gk 2] =1

AF7] g0 "Fabout)" +0.5, £0.4, +0.3, 0.2, +0.1 5 L5 E3lel= H Y 2,
oF o] & g-of Hol| U}z X e F5stAY FASE Mo A& BT
SEgFel, o] o)) Al gy A =

H-Z oA &of, "B o] A (variant)" = L} o] 4] ofn] mAto] BFH
%] 2k (conservative substitution) Z/% = ¥ & (modification)®l] 1AM 37 4 A=

<t
el
57 (properties)°] FA ¥ = E L FE| =5 A A et} WMol A= 5= 7| &f ofv] =4F
<t
=

2 97] B E AL 3 s Mgt 4]

O
E e o] 54S Hrhstel 48 S glrk F, Mol A Y YL
H

|y

Bof ¢l A (native protein)©ll Bl 8ol F7FE A}, WEEA] L), s A E 42
o]ﬂ.

A

A= N-dd g v 4L = o] &
domain) ¥ -2 st} ol e] Fito] A | HolAE 28 4 vk v E
Hol A= A< dild (mature protein) 2] N- W/ C- dd o 2 HE A R7Fo]
AAAAY, F& F7he ol & £33+ vk

7] &of "ol A= MY/ Mol whuld W)y E e =, Wo] 5o
£-0](Q- ¥ 3 2 & = modification, modified protein, modified polypeptide, mutant,
mutein, divergent, variant 5 )7F A2 = o WHolH o] 2 ALE-FH =
golepd ofol] A=A =t

71 Mol A= A ] of Y = H Y G oin] ol | A of

Aol T7hE A = 3lod, o) ol Al dhE A] =t

o n

o} A7) "ol A= st Aol AEsHA 2 & o8]
=01 st} o] o] BEA X 8HE 7HA = ol o] ¢l & o] 4L
Ao w2 e 54, Ao, e, A, A 2/

11 4 (amphipathic nature)ol] ] o] f-AR o) 2718 o] WA S 4= gt} o =

[e] =
EW, A3tE vl = A Al (electrically charged amino acid)& 2+ o}V =4t &

B!
=

_ﬁ
i 1{‘
do

Ot
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[41]
[42]

[43]

[44]

[45]

[46]

Fo = AR ofH Ak ol 27, ol Al F B AE U S, S o7
SHHEA) ol v mAhE 2 FEAL R ol ~TtH o | EE :

%+ 2 A% (uncharged amino acid)e ZH= o}V =4k 5 H

amino acid)< =2 Al ebd, I, FA, ol A, ﬂlﬂg‘ﬂ,iﬂ‘é%}ﬂ‘d,
EHER L T2 85141, S (polar) =& 254 (hydrophilic)

, Efol 221, o} ~ubefz] A SR E-S

X
3 2l
o5, A7) bl Al 5 WS o] gbe S ke, S YRR
TC —
~ 1.

Elo] 2 4l& ¥ gt} gk WolA| = S E = 543 24 47220
HAadte] g Zhi= oln Ak e A4 B H7}E 2ee g itk o &
EW Z2 e == 1 Y-F A ol (co-translationally) B

H -2 o] (post-translationally) tHH 2 o] o] & (transfer)oﬂ olsh @A
N-2reke] Al (iR e Aot A7 0] £ & 2 gk 3 3]

s SAUEE ol 4A, B AT 5 JES e Y

FA AFACE & 5

[

B oA gof, "Ml LR oA HolA"= Al T2 olA &8 2H=
Z e WE =9 ofu A Dol A Bt o] 4o ofn| A4l X 3h2 ¥ Eal =
ZEHE = E ol g,

E Z9o A L2 olA| Hol A= AL HE 312 N-Z o2 HE 121
ofu| Ak H/E = 116 ofv] Atbol] AF-§-3Fi= 9] 2] o} wqto] th&
ofn| Ao g X3 AL 8T vk FAH SR, 7] Al ZEEH oA
Hol A= AT 319 129 oju] 4t T/ = 116WH o} v] witbol] 483
ofu Aol X 52 E8h5tal, AT 31 F 49 W A] 54 T o] 1= FFL}9]
obu] =4k A T} 60% o]/ 100% B RFe] A5 i YA S 7HA = ofu| A4k
g xshet= Ad 5 At

A o2, B Fo A ZEeolA MolA= LT 319 12
opu] =4k /= 1161 ofu] =Atkel] Ah-&-8hi= 91 %] 9] ofn]| i=ite] X 3h&

ekstal, DS 31 2 49 YA 54 F o] 2= sfvfo] ofw] =4k A D 2 60% o]
A Z £ 61%, 62%, 63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 1%, 12%, 13%,
T4%, 75%, 16%, 11%, 18%, 19%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, *=3= 99% ©]4F, 100%

n Rk e e T YA S THAE A Y Ao, ofof] AlgkE A ek

g, A EHE 319 N-E o2 HE 128 ofu =4k W 116/ o} Ak
MAHT 49 WA 549 N-EH O 22 E 128 ofu| .4k B 1161 ofH] lmAtol]
g3tz AU T 318 7| o2 ofu| witke] ¢ x| di sl 7] Al g LH%S
M AT 49 YA 54 F of = a9 ol n| ek A A o] 121 ol 4t 2 1161
o]_U]L_/\]—oﬂE 501 } ] XJ_Q_FJ 2= o]ﬂ.

A o2, 2 Fd] A ZEE olA HolA= DT 549 12
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[47]
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[49]

ofn| Ak W= 116W o] mAbol] AF-g3h= 9 X1 9] ofn| wmitke] X 3hg
¥ ek, AWM T 52 A 54 T o] == shute] o] Al M A 3tk 60% ©14, ol &
59 61%, 62%, 63%, 64%, 65%, 66%, 6%, 68%, 69%, 70%, T11%. 12%, 713%, 14%,
75%, 76%, T17%, 718%, 719%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%. 94%. 95%, 96%, 97%, 98%, == 99% ©]-, 100% V| 7+2]
Aed e sdAdE A E o Al A& 23teheE A Y dTh
TA A o= 7] Al ZRHokA| Mol A= IS 549] 121 ofw] =4k
g3k 1A 9 ol Ake] X 8H8 E ekslal, I E 549] o At A E
60% ©17%, ol & 5 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 10%, 71%,
72%., 73%, 14%, 715%, 76%, T1%, 18%, 19%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%, == 99% ©|7,
100% W RFe] 6] = SdAAE 7HA = A 7 o, ool Al gke A
L

d Tz, & S A Z2HolA| Hol A= A
oA AEE = o] = shue] ofm A A W N
116%™ 2], = 121 3116 Aol 4-3-8h= ofv] =4t B57F o &
ofr] ;Ao =2 X gk whlAQl = glv} A7) 'ThE o] A4S X 8 d =
02 opn = 4kS ofnl st X 8 H 9] o] = 4k2 A| 9] §F o 1| = Alo]H
A gk 2] &=

A Fdoz, & EUY A Z2H oA WHol A= MIHE 31 E 49 WA 51
T A EE = o] = gt o] o gl A Aol A 121 A 9]
¥ d ¢ 2} (phenylalanine)©] & 2] 2l (glycine), &&l! (alanine), o} 27|
(arginine), o} 23} €] ©] E (aspartate), Al 2~ H| Q1 (cysteine), & 54k (glutamate),
o} 23t} 71 (asparagine), =EFT (glutamine), 3] 2~E] | (histidine), 3= &
(proline), Al ¥ (serine), EFo] 241 (tyrosine), ©] A4l (isoleucine), 2! (leucine),
2}o] 21 (lysine), E B E ¥ (tryptophan), & (valine), W E] .3 (methionine) %=
28 2 (threonine) & & X 3+ Avf/¥] 31, 1161 ¢ %] 9] o} ~ute}7lo] Za]4l,
e, ol 27, of A FtE| o] EL A 2|1, S F AL, S FEY, 3] ~E
EZEHL AR, Bl 241, ol g4, F Al ghel Al did e, Ed s 0,
HE ol e 2y edos X3y A 7 o, ofd A gy A gF=1t.

A TAdE, & EHo Al TR oA oA = HEdHT 52 A 54 5
A E = o] = sk ol Ak A d ol A 121 9] %] 2] ZZ-E 4 (proline)©]
7 d ¢-2} 1 (phenylalanine), & 2] 2l (glycine), ¢ 2} (alanine), ©F 27| (arginine),
o} 23| o] E (aspartate), Al 2 H| Q] (cysteine), F B4t (glutamate), o2~ 3F2}71
(asparagine), = 7 EF (glutamine), 3] 2~E] T (histidine), Al 31 (serine), EFo] 221
(tyrosine), ©] A~F4! (isoleucine), 4! (leucine), 2}0] Al (lysine), E HE
(tryptophan), ¥ (valine), ¥ €] 2.\ (methionine) %=+ 222 2.1 (threonine) &2
A= A= AL, 1161 912 9 of 2~ 3kekzlo] Fe]il, debd, ol 27|,

A5 31 2 49 WA 54
O ZRH 129 YA,
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[50]

[51]

[52]

[53]

[54]

e (A) B ol 27| (RS2 X 3HE A 1161 9 2] o] A-&5)
olu] ;= Ato] o} A ubE]| o] E(D), Al E(S), 228 2 (T) == 28 21(G)
A& ALY, = A DHE 319 o] it Dol A 12 Z 116¥H Al
&8k ofr ko] 242k Blo]l 2 AI(Y) B o 23 E o] E(D); Blo] 2A1(Y) H
AIRUS); A A(S) E of2~3HE o] E(D); Al #1(S) R 22 H (T); B, ¢etd(A)
2 LG o2 X As Egel= il A d 55 9l o, o]of A ghe A
etk A AR, A7 Al ZEE obA HolA= AT 52 A 54 F
A= o= st o] ofpu Ak A Hef A 121 91X 9] ZZEd o] Efo] &4,
e, Al = ol2r|d o= X3k Y 55 o, ool A g R| k=t

71 A EHE 31 2 49 WA 54 5 A B ] 5= o] - s o] ofr] 4k A Eof A
127 Z/HE= 1161 X 9] ofn] m4bo] th& o] .4k 2 X $HE W ol A =,
A7 1Al &8k ofr mAlo] ThHE o 4k o =2 X3k Wol A &
E el AL A i

S A7 Mol A= Yol A A gt IS 31 E 49 WA 54 F A )=
o] R VA = ol At M F = AV AH T 31 2 49 WA 54 F
A E = o] = shye] ol Ak D 3 Ao & 60% ©7, 60%, 61%, 62%, 63%,
64%, 65%, 66%, 61%, 68%, 69%, 10%, 1%, 12%, 13%, T4%, 15%, 16%, 11%, 18%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, H-1= 99% ©1/42] 5 = FUA S 7R =
olu] Ak A Aol A, AH T 31 2 49 WA 54 5 A ¥ = o] = 3} o
obr] A o] N-Zeho 2 2] 121 o}n| Al W/ = 116 o} n] k- Alo]
&5k A A9 ofv] msto] thE ol it o B X3 418 gkt

A o g, A7) HolA = AL HT 319 o1 Ak Aol A 1210 ofn] Al

S/ 116W obn] i abel] 4381 915 9] ofu] wAto] THE ofu]mAbo &
A el WMo A=, A lwl 5 32 )4 3990 A A e E = ol sl AW s R

N

| =
IA15]32 ol Al A EasHA, ol 2 A5H 0w
!

0] 2] 7 L} (consisting essentially of) TE= O] Fo{ X A 4= 9l 01} o] o

(o]

1

1

2

| &+

A TR, 7] Mol T AU T 499] ol mak A Aol A 121 of 1] kAl

L& 1161 o} imile] Ag-&8h= 91X 9] ofn]x=Ato] ThE ol w4t o &
Hol A= AT 55 iz 569 ofv| =ik M E S &

0 7 o] Fox] A L (consisting essentially of) B o] F

, ol el Al gk A gd=

A g

E

O mE N owA
jo ) ot

Lo
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[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

A T2, A7) WMol F AL E 509] o] =2k A Gl A 120 ofr] 4l
L3z 116% o] ilel] A--8hiz ] 9] ofv|mqto] thE ofuf il o

E

Hol A= D HE 57 £ 589 ofv] =4k A& 23]
O 7 o] F o X A L (consisting essentially of) B o] Fo{ X A 4=

, ololl A FHE A =t

o X2 DI}
= o 4 e
4o

o

L= 116W ofu] wAlel] 483l ¢ ] 9] oju] -alo] ThE ofu] il o &
ol A= A AHME 59 1= 609] ofv| w4k A& EFHet AL, o] &
0 2 o] Fo] x| 7 }(consisting essentially of) H=i= o] Fo 7 A A =
. ololl A= #] o=t

a2, 47| Mol = A AT 529 ofu] Ak A Ao A 12 o] 1AL
= 116W ofu| wAbo) A2 5 = 9] %] 9] o}u| Ao ThE ofn| AL o 7
Wol A= AT 61 iz 629] obv| =2t RS E8lal AL, o] 2
0 2 o] Fo] x| 7 }(consisting essentially of) H=i= o] Fo 7 A A =

, ololl A FHE A =t

X0, g N yE
o 4 e i3
o VL

12

S~
I

o 2 e 2w
= fo ) ot
4o

o

Y
y

L& 1161 o} imile] Ag-&8h= 91X 9] ofn]x=Ato] ThE ol w4t o &
ol A= AT 63 iz 649 ofn| =ik A& F el AL, o] 2
O 7 o] F o X A L (consisting essentially of) B o] Fo{ X A 4=

, ool A|ghE ] gki=t}.

Ao 2, 7] HolA| F A EHT 542 ofw] =4t A Lol A 121 o} 541
= 116W ofn] Aol A-g3h= YA 9 ofn|wito] thE ofn At e &
Hol A= LM T 65 £ 662 ofr] vl IS =
0 7 o] Fox] A L (consisting essentially of) B o] F
olof] A gtx] A =1}

o2, ¥ U Al ZEEHolA Hol A= AEdHE 31 E 49 A 54
= o] = shyhe] ofu| it A o] 12 A H/HEE= 1161 A 91 4] 9]
&8t AN A ThE oAk e 2 o] X 8HS Z3ketar, A AWM E 31 E 49

] 54 F A E 3= o] = s} olu] Ak M D3} 60%, 65%, 66%, 67%, 68%,
69%, 10%, 11%, 12%, 13%, T4%, 15%, 16%, 11%, 18%, 19%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
= 99% ©17F, 100% " 5ol A E G 7hA ), Al T2 E|obA A&

THA = A = ol

X2 mE Y
o it
o VN

12

S~
I

O mE N owA
jo ) ot

[e)

—

BRI .o

T ¥

o T

12l
EH

2= o ol
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[63]

[64]
[65]

[66]

[67]

[68]

[69]

SFH, NCBI Reference Sequence WP_016188200.1 (A € & 40)2] mature
region<> - Z 4o A AWM T 3100 & 3HH, A EHH=Z 4000 A signal peptide 7HE
Aol AWM 5 20 AF-&3He),
~ 2 HolA] Mol A=, dedlE AT 319 124, 1161 9]
uxAbo] ThE ofn] ik o 2 X S e E 2ol A o
21z obu Al o] A4 i RotE

At Aol ezl A4

Nl

rlo
3

1o r

o Id

2,
o

ot Kol m o
>
g

ric
4
>

Nl e
"

x [Zy
Mo T
of 10 z\l
ot
e o
N -
wg o
= of Mo
or 2
e
lo,

z
jich
e
o
il
iz
o,
o
=
o)
'

N
-
O

, AU 29] 163, 267H 914 ]
M3 310 MEHZT 2L HLAHT 400

o fo ol ¢
N
o
lo,
=
w
[\
O
~J
=3
g o

b o do @ Kl oUm o
o ofo N T oo ox oo
o

o

k=)
&
¢

PRURBO U (%4

i

of
v

Aol A Z2 oA Aol A=, AT 319 ofr] Al L&
M3 2 W AAHT 400 A, HLHE 319 12, 116/

o] olu] = A (M D HZ 20 A 163 L/HEI= 267H A o 1] AL,

00l A 193 /H= 297H A ofn] =Ahyo] X3 Hol A &
Jo| A A AHF 31 Z 0] 9] 12, 116H A o} 1] = Ake]] T 3) 4
AHE 2 % o]9 163,267HA o}n| =4k A EHZ 40 F o] 9
297H A ofn| = Abe]] A g3k 4= Qi)

A FHAZ, B ZU A 22 olA WolA= AdHE 319 12 Z/EE
116W ol AF-gak= %] &f ofn| milo] tf & ofH| 4k o 7 X 3H§ ofn| At
AqAe 335t JEH T 29 Ao % 60% © 4, oAl & 59 60%, 61%, 62%,
63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 11%,
78%, 19%, 80%, 81%, 82%., 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, T-= 99% ©]4}, 100% V] wke] < 54 &
THA = AL = ik v o2, B S M LR EolA Hol A=
MR Z 29] 163 H/HE+= 267THA ofn] =4to] T o] il o = X 8y a1,
AU T 29 60% ©17 100% 1] A E G5 S 2= A d 5 9laH,
AEHT 3 WA 10 Foll A A B E = of = shvfof ofn| w4t A d 7} 60% ©] /-9l
A AsAde 2 Ad = Aot ey, ofof] Al ghE A ekt

SHH DT 49 YA 54 5 o] = sufe] ofm| it A E S E3ehE

1@ v o no (& [

Ir
4o

f
AN}

£ o oh
fol 11
N

Nl

= R 2o K
op o 12 oo 1%

mlo rl.E
1
pis

A

)

(o
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S 2ol AU 49 A 549 N2t o & 2B 129 Y/ 116

ARl g8k ofr] mAke] X 3-8 E gtk Blol A oA B E4e] Ald

oL 2 B ofA] of ol £ 3= A& AE ek

[70] 71 A EF 49 LHZ 54 % o] = shte] ofv At D& et
ZFE| =2 DL, o E Eo] GenBank Accession: KUP96625.1(A @ & 67),
NCBI Reference Sequence: WP_068687914.1(* & *H & 68), NCBI Reference
Sequence: WP_133739400.1(*] €1 & 69), NCBI Reference Sequence:
WP_179641868.1(*] € & 70), NCBI Reference Sequence:
WP_184391208.1(4] €™ & 71), &= NCBI Reference Sequence: WP_017594871.1
M D 72) Foll 71 AR opr] =2 4L L 5= i

[71] AR H dg A deld 4D RV ES Sa IS 67 A 72004
M AT 49 W #] 542] N-Heh o 28] 129 B/HEL= 1161 2] ol] 4-3-3h=
opr| kAt gQleto], HAH T 49 WA 549 N-Et e 22 12 R/E=
116X 9140l el A3k &= A8 o= T

[72] A FAdE & Fdo] A ZEHOLA WolAl= A EHE 49 WA 54 5 o] =
atifo] opv| it A A o] N-dh o = R 12/ 2= 1161 Aol A58
opu] kel thE oln| At o 2 o] X &S ¥ 3etar, AWM T 67 A 72 F o]
shke] ofn] i ak A D 60% o1, & 5 61%, 62%, 63%, 64%, 65%, 66%,
67%, 68%, 69%, T10%, T1%, 72%, 73%, 14%, 15%, 16%, 17%, 18%., 19%, 80%, 81%,

82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, = L= 999, ]/\]—9] /\]—EH = EOIHQ 7¥L‘ 710 Z= 01

1H do

na T oa
[73] A T r, & Fd Al ZEEolA] Mol A= AT 542 71 A 1=
o w2t g 7] E 0w 120 91X ol] otz ofv] wake] X3S Fahala,

AEHZ 70 WA 72 F of = PR 7] A E = ofn| A A D T} 60% ©17, ol &
£9] 60%, 61%, 62%, 63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 11%, 12%, 13%,
T4%, 75%, 16%, 11%, 18%, 19%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%. 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, *=3= 99% ©]/+2] A F A
T 5dAS 2= A . A o2, A7 Al TR e obA] Wol A=
AT 547 7] A ¥ 3= o] el AL 7IE 2= 1161 Aol g8z
ofn| = Ako] X 3H8 vl £33t 4= loh

[74] A TR, B U Al ZEE oA HolA= AEHE 672 7| A ¥ =
oln| A M A g 7| E O 198 Y Aol AF-&8h= ofn| mAke] X &H& FEEeh=

A 4=t} 7] Mol A= HAHT 673 60% o1, dlE 5] 60%, 61%, 62%,

63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 11%,
78%, 719%, 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%., 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96% 97%, 98%, == 99% 139 A = TUA S e
A 7ot A& V7] ol A= D H T 499] 12 o] 2t
A&k A9 O}Ul Abo] thg ol ko B X3y a1, A EH S 499 70%
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[75]

[76]

[77]

[78]

Holai= T 68ﬂr 60% l 1 Z°] 60%, 61%, 62%,
63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 11%, 12%, 73%, 4%, 15%, 16%, 17%,
78%, 719%, 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%., 88%, 89%, 90%, 91%, 92%,
93% 94%, 95%, 96% 97%, 98%, == 99% 139 A = TUA S e

T Ut dE 7] ol A= A EH T 502 12 o] At
@F%é}b A1 9] O}Hl TAbo] thE opn| At e B XSk a1, MAH S 503 70%

ol ME TAAE THA = ot At M A5 Fetehs A = Tk A A=
871 AR Z2E oA "ol A= AT 68% 7] A ¥l = ofv] al *1“ &
71

S 2 2821 Ao gk of | Ak o] A 2hE v 83 4 Qo
A TR, B Edo Al ZEE oA oA = AEHE 692 7| A ¥ =
& 71E 2 7 207 Ao &k ofr| Ak el X 3k E3tshE

7] Mol A= L HE 699 60% o4, ol & o 60%, 61%, 62%,
63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 11%, 12%, 73%, 4%, 15%, 16%, 17%,
78%, 719%, 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%., 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96% 97%, 98%, == 99% 139 A = TUA S e
A Utk A= 7] ol A= A EH T 512 12 o] At
A&k A9 O}Ul TAbo] thE opn| At e B XSk a1, A S 513 70%
13 AE LS 7HA = ol At M B8 E3tshi Ad = ). A o=
}71 Al SZEHolA| WMol A= MAHE 695 7] A ¥ = ofv] =4k *1“ <
712 S 2 311 YA of] g3k ofn| Ak X 88 v] 233t = qlTh

A TAd =, & Ed Al ZaEH oA MolA= AEHE 702 5 7] A ¥ =
obn| Ak M A g 7] E 0 2030 Y A0l A& 8hE ofn| mAke] X &HE E g ek
A 4=t} 7] Mol A= A AHT 703 60% 14, A= 5] 60%, 61%, 62%,
63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 11%,
78%, 719%, 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%., 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96% 97%, 98%, == 99% 139 A = TUA S e
A Utk A= 7] ol A= A EH T 522 12 o] At
A&k A9 O}Ul Abo] thE ofn| At e B XSk a1, MAH S 529 70%

(o]

o>“

o e TLdE T = ot At & EeEhs A Ezl:}\}\ LAz
A7) Al ZREH oA Hol A= AAEHT 7002 7| A H = O]_U]LA]— e
7=

2 303 9 |0 A= obu| wAte] X B v] E3EE 4= 9l
& Z oA MolAl= MEUT 718 7] A 5=
AP DE 7o ® 201 YA ol g akiE ofu ko] X 8He L ek
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[79]

[80]
[81]
[82]

[83]

AL F= ot} A7 Hol A= AT 713 60% ©1 4, ol & 59 60%, 61%, 62%,
63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 11%, 12%, 73%, 14%, 15%, 16%. 11%,
78%., 719%, 80%, 81%, 82%, 83%. 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 1%, 98%, T1= 99% ©]1 2] HEA T FUA S 2=
A 5=t} o 5 5o, A7) HolAi= A dH T 532] 12 o] At

O

&3 91X 9] ofn| wqto] TR E olu| Ao 2 X 3HE 51, M EH T 533} 70%
o]/\c]— AﬂOEﬂ %% ]2 7]-;(]&: o]_u]L/\} Hoﬂg D.‘GPO}L %] z,: 9‘}1\@ ] Oﬂ
7] A L2 golA] WolA= AWM E 713 7| A H = ol u] A DS
7|5

O 2 3041 Aol A3k ol Ak X 3HS v E3E 4= Qi)
A AR, B Edo Al ZEE oA HolA = AEHE 722 7| A ¥ 5=

* € 7102 2011 Aol &3k ofu| mAke] x| 38 g sl
A 5 3l | Hol A= AdH T 729 60% ©17d, A E S 60%, 61%, 62%,
63%, 64%, 65%, 66%, 61%, 68%, 69%, 10%, 1%, 12%, 13%, 14%, 15%, 16%, 11%,
78%, 719%, 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%., 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, T1= 99% ©]/2] A5 A = FUA S 2=
A F ) & 5o, 7] HolA= AT 549 121 o] 524k
A&k H ‘M ofn| - Abo] ThE ofn Ak S B X3 E] 51, A H T 549} 70%
AL 7HA = ol it S ¥ 8ketE A 5= k. A o &2
HolAl Mol A= MEHE 728 7| A ¥ 5= o v =4 A d =
7150 5 304H YAl &5k ofr] Aol X3S v 3§ 4 At

g
o
N

HUmO

rle

Lo A 4

e e e e

(0
z
o

—

2
2

}L(corresponding to)"-, THul Al o= Z 2] H g o A
ol 7}, = D}Buﬂ T ZE e oA
AdstAY s g o A 7] 5 A A gk

= S EAAEE FxsE Ao A
oﬂ AbEE A F-2 oJoAre oulA o 7
Ao FrAabstAY g5 = AAE

2 A9 S 313 4 H(align)stal,

W A 7= IS 319 ofv| Ak
AA = 73 sto] deEw & 4 vk

1

N1_>I:

o o 1o o gy

O

2 o
S
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o
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e

oX 12 1
oo M

e

o Jd oft XM
S
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—|~

o

o 40
= r

iy
te > N rl
4y Mo £ =
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i

o
-
=

|

24 r{o

%

19

iy

&A= (reference) Tt
,s1e] <] o]
7] vl sk A el

4
n

i b
RN

A

>
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g
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ol
rl
2
N
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re Y JE S Ee, A
g H%@ﬂﬂE%MﬂmﬂﬂﬂﬂL44HLEtﬂ%AM
A Fol Mol MABE 91X S F91% 4 9lv.
o] 2] g 4 & o i= Needleman-Wunsch €31 ¢ 5 (Needleman 2 Wunsch, 1970, J.
Mol. Biol. 48: 443-453), EMBOSS | 7] #] 2] Needle 3 213} (EMBOSS: The
European Molecular Biology Open Software Suite, Rice et al., 2000), Trends Genet.

16: 276-277) 55 o] &8 4= gl o1}, o]of] A 3HE] X = b=t} w3l vhE A d

o> 2o
i
=

BN rlz
g
(o,
o
~
>
e
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] & (Multiple sequence alignment)S- -5l /‘c} &k ol A XV & A S
Atk FAlC X ve D AE L2219 e] o A2 MUSCLE (multiple

[84]
[85]

[86]

[87]

[88]

[89]

sequence comparison by log-expectation; 3.5 bﬂ A o]/d; Edgar, 2004, Nucleic Acids
Research 32: 1792-1797), MAFFT (6.857 ¥ & ©]4}; Katoh and Kuma, 2002, Nucleic
Acids Research 30: 3059-3066; Katoh et al., 2005, Nucleic Acids Research 33:
511-518; Katoh and Toh, 2007, Bioinformatics 23: 372-374; Katoh et al., 2009,
Methods in Molecular Biology 537: 39-64; Katoh and Toh, 2010, Bioinformatics 26:
1899-1900) 59 Z =2 13 4 Clustal W& A}-8-3}= EMBOSS EMMA (1.83 ©]/d;
Thompson et al., 1994, Nucleic Acids Research 22 : 4673-4680) 5 ©] 31.o.H, 47|
ZRIH A7 7] v ) R g ARE S = L, ofol] A A= o=

o
rlm
_O‘L
e
o

O

2 Xﬂ%lﬁ = ZiO]U}.
of| A “(101 "ZElwEE LEHE"E w2 Y L E E @9 A (monomer) 7}
of ofaf AA A& RGO R o]l 37 F 8 ¥ =9 T 7HA(polymer) &
] o] Au DNA H3= RNA 70 2 4], Hup -4 4 0 2 3= 4}7]
ZewEd Q= B s ov gt}
2HolA| Mol A E AY = EYwEULEHEE, &
Al ZZEobA] Mol A& A ehiz o2 dl L H
S A ofEE AlH
= FAHA= 5’\1 7 H| -4 U} (Thermobifida) £,
7F2 1] 5 Al 22 (Nocardiopsis) <7, < F7 ] 2~ 3 2}(Actinorugispora) -, =
2~ ME] = A ¥ ZH(Spinactinospora) ¢ ] A& o 4= glar, A H o R
M 58] 31 T} 3F 2 IH Thermobifida fusca), # .8 JJ o} A2 2 A E K
Thermobifida cellulosilytica), ¥ 28] 3] T} & 2 & ¢] ¥ 2(Thermobifida halotolerans
ME] = F 7| A X2} I ¥l IHActinorugispora endophytica), 2~ 9V E] =~ X 2}
Zh ) = 2 W 22 (Spinactinospora alkalitolerans), 57} 2] 5 A 2~ 7 X2 ER
Nocardiopsis composta), == 57} 2 U5 Al 22 L8l ~(Nocardiopsis potens) 2 4
T UO L, ofof Al gk A| eFi=
2 Zde HYwEHLHE t =2 3 E A (degeneracy) &2 A3Fo] =
A7 ZYE =5 AN 7] aLA) St ARl A ey = s L s,
e =9 opu| eqt A g WA T A] iz 9 Woll A 52T < 9ol
g

(VI 1

oo [0y e

%

o
L
(e

K

Ho

1o
2 o X ol
oy

B e
©
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F

rie
O om0l gy W

%99
=

o
o,

top@ o
= ik
:

2 rir H:l
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=
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¢

o X

et Mol o] Fol A 4= et A A L f’a AW Z 31 R 49 HW 54 %
A E = ol 3}44 opi Al A A of N-E o B2 E 123 opw] kel R/
11611 o} i Atbof] 44§38z 91 %] 2 o}y i

ol & }Hliﬁp_i 2] 3+¢

Ho| A& Zd8h= %FJ FYLoHE= AL la‘rUd_
= Ed9 2 FEULEHES %%%4
7 1*

- %o]iﬂ,fﬁﬂ@,gi%
HMAHE 32 =+ 39 D ADHZ 55 U A] 66 =0 e

= o] 1 s}l
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[90]

[91]

[92]

[93]

[94]

AR TR 7] A5 3= opv] et A 2 o] Fof 3l E 2]l E| = = o] 9}
FENE VA= EYAH RS AYshE HYnEdHE ALd = e,
ol Aghx = A& ot

A T, A7 AL Z 32 WA 39 Foll A e E = o] == 3kt
MARZE 7] A 5 3= opv] et M A 2 o] Fo 3] EFIE| =8 A8k
ZwEd = HOLO— M AT 41 A 48904 A B H = o 1 5t
MARZE 7| AE = S EUAQLEE AR A" AL 5 glan, ofdl
A eHE = A OME}

o AL E B EA A

H I 2 Efol A Wol A= A EHE 31 2 49 A

54 7 o] = p o] ofu| w4t DS E5HEHE | E Eol A V] A E e 129

/= 116W e &3k 91X 9] ofnAko] X3 WOl A& E3tstr =,
A 2 olA| WolAE et ZelwEdQEHE A g 2

B R A==

2GS 2 H AU 40004 A A S 319] 12 Z/E= 11619

-

°|

—
=
=

g\
1= o
1o ¢
o,
do
=

[e)

[.4
>{|

é

A&atE Y9 ofn Al DU F 200 4 163 D/HEE= 267H A o] AL,
AW T 4000 A 193 L/HEA= 297H A o W] iAol x| 3hE ol A Iat B
Zdo] M ZEE LA o] Mool EIE R o] E A5k
ZYFEHLEE AE 3 S o] £ HT dE Fof, 47 Al
ZEH oA Hol A& T st ZEwEALHE AL AEHE 3 A 10
oA AE ¥ = o= sty MEHE R VA= ofn| A M E g I et
AU o, Ao F= DA T 23 YA 30004 AEIE = o] - &)
MEHSE 7| A H = Z8 72U QB AR A4 E 3 5 o, o]
Al ghE] A oF =

ESFA Y FHAA LR EH A9 5 = T2E o5 EH, AV 7]
Ao HA EiE At ol gk AR A} A g 231 sl shol B = 3]s,
MNEHT 31 2 49 W A] 54 5 A8 ¥ = o] = sfhvfo N-Ed o 2 HE 1213
o] Ak W/ 1161 ofv] =Abol] AF-§-3f= 91X ] o} wito] th &
ofu| = Abo 2 X FE HolA o] & 7HA = Tl A S I stE Adolg
A3k glo] EghE 4= 9l)

A7) AAG 2ol @ HelwEU QLE E (e o4 24385 Tt 0}711
3t 2718 o gt} o] 3 22 FA | Falof FA Ko v A H ] 9l
& Eo, Aol & FAAN Y, 40% o, 7-H A S 2= 90% o], Bt
T-A A 072 = 0959 o) Af, TS A 2 0B =979 o)A, E5] A A 02 =999
o] /9] *J%*éi Zk= A7) 8 %}OLEFJEE}S ﬂ, I *J% 401 s

7191 60°C, 1X SSC, 0.1% SDS, A 4] © ;cz~ 60°C, 0.1X SSC, 0.1% SDS,
B} A A 0 2 = 68°C, 0.1X SSC, 0.1% SDSOl| 438 9 5% B &0 A],
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[164
[165
[166
[167

—t e e

[168]
[169]

[170]

A Al o 1. Thermobifida fusca 3 Al ZZ | olA] Ho| A A
A Al e 1-1: Thermobifida fusca 2 Al L2 e o}A] o] H 2] 2] A%}
Thermobifida fusca 3 Al 3 2 €| o} A 2] mature region®l] 8l &8}
olu] Ak A AW E 31)S U5 3}5F= 7 A Aol error-prone PCR-S- E-3f #1
¥ o] & 518t th. Error prone PCR+ Diversify™ PCR Random Mutagenesis Kit
(Clontech, Cat# 630703) A}F-8-3}81 2™, PCR 2712 [ 1]3} &} 8171
Z7122 7138 A, 6.2mutations/Kbo] W1 1= o] 7} 491 & el skl

[3E1]

EY 3 u] 31

7% DNA 0.5ng MNEHZ 1
Zefolm e 5uM AAHS 11
Zefolm_ofukak 5uM MAM = 12

10X Titanium Taq buffer SulL

MnSO, 640uM

dGTP 40uM

50X Diversify dNTP mix lulL

SO0X dANTP mix lulL

Titanium Taq Polymerase lulL

Total S0uLL Adjust to 50ul with DW
PCR =71

1. 94 °C 30sec 11, 111 50A}©] & v
II. 94 °C 30sec

III. 68 °C Imin

IV. 68 °C Imin

V.4°C 00

A7) A& E5) 9-& PCR fragmenti= [£2]0] %73k Zglo] 1 o] &3} o]
%23 M B o] In-FusionR HD cloning kit (clontech)-S- o] 838} o] &}o] A o] A gt 3
DH5ooll @A ASE ] E2UE 5619} 53 F2 Y2

£ gAlste] of se101 Aol 2] 2ol uele] & T algle.
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[171] [3%2]
-8 DNA(pBE-S-TAP) M= 1
szefolw)_g 3 RETERE
s efol_of EETTERY
[172]
[173] 21 Al o] 1-2: Thermobifida fusca 72l Al SZ 2 g o} A efol B &g 28
(1741 AAd] 11614 A28 T2 ejol] ehol vele] & wuld a7 8o g
Hl-A 2] 2 A B Bl 2] 2~ (Bacillus subtilis) LB700 750 & 2 A 3lslo] ~=2d &
ey, 2aed 2 F 2 Ao DA dastdtt 13A5= ghol B el &
PAATH vl = Aude) s B0 270D Sdo] Bo] Rue
A H halo Aol 25 7| o= Adsh= Walo|th upd el =~ B g g2~
&) A A 842 Groningen method & whehA] 21848} a1, 2~ g o] A8
23RA SeolE 242 (#3194 2
[175]
[176] [3%3]
E e ] 31
M9 minimal salts 1128 g BD, cat#248510
Agar 20g
Skim milk 20¢g BD, cat#232100
50%Glucose 20g
IM MgSO, 2 mM
IM CaCl, 0.ImM
Kanamycin 50ug/ml
[1771 (L 7]1%)
[178] 2dA =1 74] o| M 124 o 5 AHE 21 E Azocasein A -2 =3

S
A8 3= 2] o] T 96 deep well =8| o] Eof] Zhunlol 2l A A 7} 3£5-%
BHI(Brain Heart Infusion, bd, cat#53286) A A M| A & ¥ a1, 1A o] A A8
ZREUYE HEFsto] 37°C 20-24 A v At v F 5, A2 & EE
iV Eg o =TS P, s ATt 71 Al 2%(w/v) AzocaseinS:
TR e F 37°Co A 1N S A3E T AL vl 10%
TCA(Trichloro acetic acid)E 38} E-F 2 & #7}se] vb-&& S| 7] a1
QAR E F3l nd dHAE A AT NaOHE 5 HF =2 4 01

Rl EE-S-3- 213 2 440nmoll A &3-S ZMO?M vkl A & 5 6]l s gt}
o] #A -2 Fal ofA 3 Al ZZEolA| Y] FFE7F150% o) S 7HE
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F2YE AEsS T

[179]

[180] Ao 2, AEF WHol A A2 L A H7}

[181] 2 A of 2-1: o) A A2}

[182] A8 S A AEE Hol A o] Al A~ FAAI A H T 312 12 ]
ofn] . Ak(#H d ek, Phe), 116%H #) o} ] mak(o} 2 3t2}171, Asnyo] 22}
EFo] Z21(Tyr), oF = THEH o] E(Asp) &2 X 35 o] & HEH o2
gRelstith [= 1o AEHT 28 7T =2 7] ol 1A & A8 T
A8 ¥ o] 258(F12, N116)< site directed mutagenesis & 5 3| A pBE-S-TAP
Solan| o) o] e 2 A =) 3 3 double H ©] 2 single ¥ o] 3 g 2
A8 oAl o] g 3} vl ol H Vel it} W ol Al A ZFA] AFE-SE o] =
[34]9}F 2.

[183]

[184] [¥4]
TAP F12Y F AT 15
TAP F12Y R AIAHT 16
TAP_N116D_F MEHT 17
TAP_N116D_R MNEHT 18

[185]

[186] 2 A o) 2-2: A 7}

[187] A7 A= Fefan| 28 vl e s A HE -] 22 LB700 ol 3 A A 3 5l

[188]

W A] 71 3 N-SUCCINYL-ALA-ALA-PRO-PHE-P-NITROANILIDE(Sigma,
cat#57388, o] 3} SUC AAPF-pNAZ %7]) SElo| =& 7| A & 3fo] AP 71E
et AAAg @ v e 2 qEE Y 2 d5= 5 JFhuato] 2l A A 7}
3 3H¥ BHI HHX] ol F<&3to] 37°Cell A 20-24 A 3F vl % 5, Al £ E A £ oﬁ

Hj kel Q3= 25mM Tris-HCI(pH7.5) buffer, ImM Suc-AAPF-pNA <} 412 %,
37°Cell A 3031 vE-&-F3 T A 7] o] Hb-g- 942 410nmol A F33-& 54313l o
a4 A=<l para-nitroaniline 2] 1731 o] 2] %l extinction coefficienti=
410nmel A 8,800M'cm'°o], o] & B & 842 Y& 346 th(Barrett, A.
J., Cathepsin G. Methods Enzymol., 80, Pt. C, 561-565, (1981)). 54 ® &A-&
(3519 ¢t
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[189] [¥5]
#4224 (unit/ml)
of Ay & 16.3
F12Y 34.0
FI2YN116D 63.8

[190]

[191]
[192]
[193]

[194]

[195]
[196]

[197]
[198]

[199
[200
[201
[202

— e e

o =
=
T
[
\®]
=
T
[S—
\®]
=
Z
[S—
[
N
v/
rE
-
A3
£
2

=X A3}, pH7.5, 37°C Z 7 A oF g 3
2.1, 3.9v) A o] F7he Ae FA T 4 oAk

[3E6]

7424 (unit/ml)
o= g RT, 5% 70°C 5% 80°C 5% 90°C 5%
z7
oFA 16.3 15.9 10.6 0.3
F12Y 34.0 34.7 22.8 0.1
F12YN116D |63.8 63.3 41.7 0.1

=4 A3} F12Y, F12YN116D Holi= 7} 7} o]
oF4m e a4 S FAeE A Felslglnh ol & B3l B Ede M
I Z g o} A Wol A= LQOME o] =7 FA = AL g =
A o' FESHA A E 3

A Al o 3, X3} ¥ o] go] B & 2] (Saturation mutagenesis library) A 2 2 X#

A Al el 3-1. F12, N116 #7] 5.3} o] gho] v e a] 4| %

okx] A8 3k ¥ o) A9l F12, N116 X7] & Bfo] 241, o} ~ 3} H| o] E o] 9] ] T} &
7152 x| gheto] @A ol v R = G aFe glstaiz) 27 o 7)ol thate] 3}
ol ghol B ]2 S A Akl o




28

WO 2022/191653 PCT/KR2022/003415

[203]

[204]
[205]

[206]
[207]

[208]
[209]

[210]

[211]
[212]

pBE-S-TAPE FH O AEHE 11 F 12, JEHE 13 ¢ 14 Zelo|HE 7H7
o] &35}l F 711 2] PCR fragmentE A %31, In-Fusion HD cloning kitE ©] -85} ¢]
glo] Alo] A gk 2 DH5aoll & A dtsto] F2UYE g 533t & 53
FRURFE S0 EE GAsto] oF 4x108 Afo] 29| gholH &
SRt

[3£7]
<=3 DNA(pBE-S-TAP) NEHF 1
Saturation mutagenesis_F_1 AMEHZT 19
Saturation mutagenesis_R_1 AEHT 20
Saturation mutagenesis_F_2 AMEHT 21
Saturation mutagenesis_R_2 AMEHT 22

A e 3-2: £8} WMol ol vele] 2ol B B4 o

A Al 3-10 4 A2 E38) Ho] gol Bl = AA o 120 4] A3k A
Tt o R A8 S 23T} =8-S S8l FI2YN116D ¥ o] A
e ZAd o] T Ei= SIS WMol A E At glaL, o] Wol A& e A<
41 3 Suc-AAPF-pNAE 7| A = sto] &4 H7tE skl

[3£8]

a4 (unit/ml)
oFA 23.52
F12YN116D 65
FI2YN116S 77.35
F12SN116D 61.75
F12SN116T 117.65
FI2AN116G 94.9
F12A 94.25
F12R 58.5

ghel A3} F12, N116 713z A A o]l 201 4] &1 3 Efo] 241, o} 2y} o] &
o] 9] o]l X2 F12S, F12A, F12R, N116S, N116T, N116G 5 ¢] T} & o} -2t o 72
2| gy o] & A o] FrtelE AE H G

A A of 3-3: F128 Wol A o] A= X &4 H7}
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[213] site-directed mutagenesis& 53l F12S T35 H o] A & pBE-S-TAP & &2 = o]
E)1gk 5, o] vl Woj o] 248 o g 1} vkt

[214]  Suc-AAPF-pNAE 7|2 =& &} F128 Wol A o] &4 H7E 33}t

[215] [3%9]

/A A (Unit/mL)

op 3 23.0
F128 34.5
[216] =4 Az F128 Hol A 9] A& oF 150 Z7te AL Felshslt)

[217]
[218] Al Al o 4, Thermobifida fusca 3] A& Z Z ol A FAF @A 2] 12, 116WH
A7l 9H8 &

[219] AT 4-1: of A 2 o] A A 2}
[220] AEHT 31HI D AFAS 2= 08 Al TR oA AdH TS
319] 129, 116WH o] AF-g-8F= ofu] A4t X7 7F 84 S7tell o &8 v x| =4

stolstr] 8ll, 242 87.2%, 81.8%, 81.3%, 73.8%, 69.9%, 66.7% 2] A1 4 *c}%*é%
zb= Al Z2EHolA 9] 121, 116 7] & EFo] 221(Y), oF 2= 3HH o] E(D)E
A8kt & of A 1 &S vkttt 7 Ml ZEEH oA o] fE 2 A
A X = [3%10)3 2.

[221]
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[222] [3%10]
-2 AAis  (ANEHZ 31| AEH 3T 549
&L () |EL (D)
Thermobifida fusca NEHT |- 66.7
31
Thermobifida cellulosilytica AEHE (87.2 65.1
49
Thermobifida halotolerans AE9HS |81.8 61.3
50
Actinorugispora endophytica NEHE 81.3 64
51
Spinactinospora alkalitolerans MEHS 73.8 75.4
52
Nocardiopsis composta ANEHE 69.9 86.6
53
Nocardiopsis potens ANEHE 66.7 -
54

[223]
[224]

[225]
[226]

[227]

ZF Al L2 olA| 9] 12/, 1161 271 & Elo] 2A(Y) 3} o} =3} H o] E(D)Z
2 g+&to], D HZ 55H-661H 2] Aol A& A s T).
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-2 Hol g activity
(U/ml)
Thermobifida cellulosilytica WT 13.6
F12Y 16.3

F12YN116D (29.1

Thermobifida halotolerans WT 4.0
F12Y 6.3
Actinorugispora endophytica WT 10.4
F12Y 14.0
Spinactinospora alkalitolerans WT 2.0
P12Y 2.6
Nocardiopsis composta WT 12.1
P12Y 26.5
Nocardiopsis potens WT 33.1
P12Y 86.3

[229] 54
/\C}%Aé 7k
gkelst
Zk7] 0]
x| gHeto 2 a A AT S T
S 2 E|olA] HolH3= T AT o)
AUTH

[230]
231]  oluel d@oe], 2

&
r 3
=
a
5
S
=
o
o
=
é
o
do
)
>
i
[
!
=
o
£
2
fo,
o
5,
)
N
-
A
ol
©
fo,
o
g

G Ye-g elsgliz vh, 2 299 AR

Z7bsol A M o 2 f 85l AL 5
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3789

[ 73 1] MAHZ 547 7] A ¥ = opH] A D& V[ E 0= 12 9 A9
%°ﬂt®ﬂb441ﬂ°4ﬂ&ﬁﬁdﬂi 472 7)1 A H =
obr] ;A AT 60% ©17 100% 1 7He] A e s dAd S 7HA =
ol At M A& E 5l Al Z 2 HolA| Wol A,

[%d 73 2] Al1gkel] hol A, 7] Aol A= A DI 545 7| A ] = ofm

girwﬂ%ﬂﬂﬂgﬂ:ﬂﬂiﬁﬂﬂ%%%ﬂ@gi

i

™
>
g
o

[ 3] A1l glofA, 4] ‘ﬂohﬂb *10“’41 54= 71XH51L O}U]L*P A< 3t

(713 4] Al1gkel]l Qhof A, 12 A Y 2ol &3 oFn] =4k 2157/ (hydrophilic)
o}n] =4k, B =4 o} 1| Ak (nonpolar amino acid) = 9 74
ofu| =4k o 2 X8 Al LR o} A ®lo] A
[ 5] A1kl oy A, 1287 x| o] 4-3-8h= o} ] AR EFo] 2 AI(Y,
tyrosine), & 2 (A, Alanine), Al (S, Serine) B+ o} 2 7] (R,
Arginine) O 2 X| ¥, Al = E oA W ol A,
[T 6] A1kl oA, 7] A T2 oA Hol A= ADdHT 71 £E 722
Z1 A = o =4 DS V=22 201 Y Aol 4S5 of| =4k
‘]ﬂ 2 46}0}?, Al SEEH oA o] A,
1 CW%”7WaEiﬂ®ﬂ%ﬂﬂ%H%%§mgi
] Q T ol At E S Vo 7 203 Y Aol A&t ofu] =Ake]
A % % FE3Fet=, Al SZEH obA| WMol A,
1380 SlolA, 7] Al ZEE ok MolA= HEHE 70 WA 72 5
o] aq N A = of ] At A F 1} F o] I 60% o4, 100% T RHe]
A BERE 7HA =, Al R opA| Wol A,
773 9] ;ﬂ 2ol Lo A, 116 A 1 =] ol /-3l of 1] = Ak
21424 (hydrophilic) o7 =4k, H] =4 o}v] =2 (nonpolar amino acid) H=+=
A ofr =4k o = X S AR R E| ol A Wlo] A
(-3 101 Al2gkel AdofA, 116 A Aol AF-g3F= ofH| Ak of 2 3t H o] E(D,
aspartate), M| 1(S, Serine), 2~ 2| £ A(T, Threonine), S+ =2 2(G,
Glycine) 2. & X3 A&l X 2 g]o}A] ¥ o] A,
11 A WA A0 T of = & gke] Al ZEH oA W ol A & E3tst=

2

(7478 7]

o ) =
00{'

N
N

2
erﬂmﬂ

(37 8)

Q_—rL
ZAE

[ 12] A HW A108 == o 1= 3 o] Ael 2 Eo}lA Mo S T =
ZywEdLHE,

T3 13]  A12Fe] WU Q=S Z3e= A,
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78 141 A& WA A0 5 o] = & gho] Al Z e ofA] ol A 7]
Hol A & A et ZewEdLH s 2 A7 ZYwEdHEE
EstebE WE F 1 o)AS ek, A4 X

(78151 A1g WA A103) 5 o = & o] Al g olA| HolA; X o] &
sk A= 5 o oS XEekE, 2=
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X AA ¥ 1,3,4,6-8,11-15
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US 9441215 B2 (NOVOZYMES A/S) 2016.09.13
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A AA &4 1-15
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US 9801398 B2 (NOVOZYMES A/S) 2017.10.31

A AA &4 1-15
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