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A7) ZlEd QElol =] 3 N E FAA (G W =Y (e F
A RS FHATE A A ] dEete] 8 = glow, o T, RNA-7Fol =
L& 8 obA| Al 28] (RNA-guided endonuclease system *=+= CRISPR system;
ZITH, (a) RNA-7}ol = Al = - E g o} Al (al], Cas9 &4 %), o] 9] &5 3} §-4
AF, = A7 FAAE E8EeE W E 2 (b) 7Fe] = RNA (9, single guide RNA
(sgRNA) %), ©1¢] ¢t5 3} DNA, 3= 4 7] DNAE %338l WE & £3381= &
SHE (o] 7], RNA-7Fo] = ol &3 2ol 4] @l A 1} 7ol = RNA Q] E3HE 5,
B3HA (o A, F B A G d (RNP), A 23 W E (o 71T, RNA-7Fo =

| = EdolA 433} f- 44 2 7lo] = RNA 95 3} DNAE 37| %331 o)

5) T O R o] Fo ol A A gt o) )& ARS et FlE ¢ 9o,

o

o e, 7] R el nE RietE AT NE B A g,
= 3
7

47 Az e 7] B Aekel = ol e el 2A AL S Siek 7]
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[63]
[64]
[65]

24 ML AALE PN 5 = T2, AALE 24517 98 9o 9
ol A4, 23s mRNA 2l & A9 & da et A, W/EE AAL
Qe £48 2detE DS x84 = Jut WE = A e S5 A
R JAASE T, 55 AlZ Anrd A FaskA A E A, s
A2 9] Al el &

B A A A ARG T g W E = S5 AR Yol A HA| 75 gk Aol 5
3] B E A ko BA AR E = BE UEE TolA AEE 49l B4
S5 = W] g2 A ol AV AT JEje Sk, A,
vhol e 2~ whe| ] @ 9HA] & & = Ut o & 5o, 7] WE A, 9bx] 9 E
= gau = W E 24 pWELS, M13, MBL3, MBL4, IXIL, ASHIL APIL t10, t11,
Charon4A, 2 Charon2l1A & AFE-3F 4= 9l o, Z e} ~u| = ¥ 24 pBR7|,
pUC7, pBluescriptlI Al, pGEM 7|, pTZZl, pCLAl 2 pETAl & A3 4= St}
T-AH) A © 2 = pDZ, pACYC177, pACYC184, pCL, pECCG117, pUC19, pBR322,
pMW118, pCCIBAC M| 5= A& = o1, ool Al gk A gF+=1}.

By A ol A ALg 7he et WE = T X e W /s Sy E e Qe
oo &5 M A ) A)E AEHY = ) 3] ZelwEd el =
of <= AL A ] A S Fd Aol &l oo W, d & 5, A
23} 3= CRISPR A| 28l o] o] 5fo] o] Foz 4= gl an}, o of] ghA B %] = ¥ =
th A7) HE = A7 A W A oA FE gyl gk A rhA(selection
marker) & F=7FE E8st = Qlth, AV A mpA = W H 2 AASH NEE
A, S5 A7) S E U Qe 2o 4] o 5 gRlshr] e Ao, o
WA, A 87, AlIE S A g Ul B i Ao ke o) e
B 5888 Holalis FAAE SolA AEE o] ALeE 5= it A A
(selective agent)7} =] 2] ¥ 3 o A= A
e 3¢ g2 yehyu g, JARASE A 2S5 AEs 4= 9l
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[77]
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[79]
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o 2
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o
N
o

| A= Z2vlHh e 2] = & (the genus Corynebacterium) V|
A&, ]/‘1]3]7] o} & (Escherichia) V| & 5 2= o] Folxl yro A A H 1§
ol 7 vt Al vt ¥ & & v A= s d|EtE g & S F e E
(Corynebacterium glutamicum), 2] ¥ 9Hel] 2] = & E U o} Al Y| 2= (Corynebacterium
ammoniagenes), B 9] YL 2] 2 = E 3 WY (Brevibacterium lactofermentum
), B n e 2] & S 2bW (Brevibacterium flavum), 2] U WFE] 2] 5 A 5o}
1] - A Y| 2~ (Corynebacterium thermoaminogenes), 2.2 ] el 2] = of 3 A 2~
(Corynebacterium efficiens) 5o X 3F3E 4 9 o1}, HEE A] o]of $HA %] = A& o}
Ye B U5 AR 0 2 4] HA IS S AL el
& =B 5 (Corynebacterium glutamicum) < AT}, 471 o Al gl 7] o} & o5~
= EH A4t (Escherichia coli)yd 5~ Sl T}
A AR S ol W 4] Wl WA e shehs el
o= 3 Eer el E o)
A s ol ¢ g
1,471 el WS A o1 el 2 293

2 4
QX
=

U
‘E:_&

4

[S] g e
E<A " o] (o 1, Error-prone PCR &) &
. o] Hatol ly] = ol g v
& dastete ZelwE U L Eol = B s WA AzIC AlD ABC 54|
HEg %@@r FAAE thA &7 ol T 3}04 72 3E = Ad = 9k

A ool A, Gl M A=, 3 7] WMol Tl A S oAl E AzIC A2 ABC %
A T a s Sid ) sb EékehE A9, L3 A8 | v 24 2/ LS A
1:41‘4 /\g/\]-v‘:o] Eq 7L§}E1 2= o q_

A oo A, 7] L-3] 28 | vl & 84 F/HE = L-3] 28 | Alalbso] 7hshE 1
A Wol d B, vy v AL, of Y L-3] 28 | v vhild s 8
= v A 23 vl sle] L-3] 2B W Akgo] oF 10% o1, 15% ©178, 20% ©17,
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L} ool A 35 = A2 o}t
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[98]

[99]
[100]

Z Ak T A& 7 g o] A& <bA = (Biosafety level)9f EHH. 7}
& ae]&te], ofefl % 1 3 7o) LysE 714 15, Wex 7|4} 35, BrnFE 7146} 2
ot

w3, o) & GhE Sz fA4 W ol B EP et v YRS A5k

[3E1]
L-3] 2Bl v &2} 2 X list
No | =+ Protein Ref Seq. |gDNA Ref Se| A = |oFH] &= [34F A
q. A AL L
L
Wex 7|1 |Herbaspirill [(WP_088757482 [NZ_NJGVOI1 |1 AEH (A EH
ls um aquaticu).1 000035.1 Tl |22
m
(KCTC4200
1)
2 |Cupriavidus |WP_041680244 |CP000091.1 |1 A | AEH
pinatubone|.1 %3 %4
nsis
(KCTC2212
5)
3 |Kluyvera cry|WP_052283291 |[NZ_LGHZ01 |1 AEH (A EH
ocrescens(K |.1 000014.1 <5 26
CTC2580)
LysE |4 |Corynebacte|WP_066837457 |CP014279.1 |1 A (AdH
7]\t rium stationi|.1 <7 <8
S
(ATCC6872
)
BmFE |5 |Leucobacter [WP_026139602 [NZ_AOCNOL1 |1 AEH (A EH
7| Rk salsicius ~ |.1 000022.1 39 |3 11
(KCTCI990 \wp 083879221 A
4) 1 % 10
6 |Dermabacte |[WP_065248528 [NZ_CP01211 |1 AEH (A EH
rvaginalis |.1 (DvaF) 7.1 12 |=14
(KCTC3938 | wp 065248527 A (L
3) .1(DvaE) 13 |3 15
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DvaFE A | AEH
312|316 (D
213 |vaFE 2
&)

oFA & 5= 1] 51 2] Centers for Disease Control and Prevention
A2 A I (level 1~4)ol] 2 A2l (levelo] S5 <HA

(o1 (371 %

o A “g ol gt | A=
gh

[102]  AAd2. A L-3EDd e AR FE = A H o] & =T A=
v Hel e & & FF A%

[103] 71 AAlol 1ol DA S of el L-3] 2B | w5 §-4A4 35 655 =2 vl
Hlel s & w50l skl A3 W H 6F& Al 4sk it

[104]
[105]  AAld 2-1. B} HAA 449] & ¥l €] pDZAN2131 A 2
[106] <l L-3| 2B wlE 74 FREE sty Aste], st el =7

Bt 5o ERAEES I st A2 5 NCel2131 F 1 AE A site® AFS-
3} T (Journal of Blotechnology 104, 5-25 Jorn Kalinowski et al, 2003). H=3F <] 2
L-3| =B W& 1A FHEo] Il el 2 gapA AR T2 W
El(o] 3}, PgapA, A1 EHE 17) shell A LA =5 A A 5HS T

[107]  NCgl2131 FAAE WA A= 2 288t Y8t NCgl2131 2+ R B
A FAA A A E A 2sEgl o Eig‘ ]7“3}7] A&, L vtE Y = =
FEE TF ATCC130328] A A E FP o2 oto] Az 18 M AHT
19, 4™ s 2OJJr *10”4E 219] Ja‘rol‘ﬂ “ % 7}z} o] g3t PCR= 44
85 T PCR W32 913 538 & 4 23 PfuUltraTM aL-21 2] DNA 2 2] v 2}
A (Stratagene) = /\FQ“ 319 o, PCR &4 & vt} o] 3t} HA 95°C, 30
Z; 01" 55°C, 30%; E T NS 72°C, 252 283 HEEGE & 720Ce] A 53
S-S =33 Aa 217} 531bp 2] del-N2131L(A 2 & 22)2} 555bp2] del-
N2131R(A 9 5 23)2] DNA YH & =5 o}oﬂﬂr 453k DNA 422 QIAGEN
AL2] PCR Purification kitE A}-8-3Fo] A A ¢ & pDZ W E () 71 = 55-5-3] A
10-0924065%)2} t}7+2H(TaKaRa) 2] Infusion Cloning KitE A}-8-3Fo] & 2 3f¢],
NCgR2131#F A AA = H B #4478 W pDZAN2131< A 2HaE it

[108]

[109] AA A 2-2. YA L-3| 2B ¥ & F A B =9 HE 6F A2

[110] Herbaspirillum aquaticum -2l W92 (0]3}, Hagq, A1 €H T 1H)E ZH 3= 7
Akl 8}, hag, 1 EHE 2)2] A7IAE ARE v B XA (NIH GenBank)
ZHY 53R hagE S5 A 7171 $18F] Herbaspirillum aquaticum 37
(KCTC42001)2] 24 DNAS 538 0 & 3lo] M AH T 249} A H T 259]
szZefoln| A& o] 85kl PCRE 738ttt PCR WHE-& 9l st T a4 EE
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[111]

[112]

PfuUltraTM 21-21 2| DNA = 2] ™ 2} Al (Stratagene) & AF-8-3F$1 2.1, PCR 271
the 2k 2ol 3kelth: WA 95°C, 303 o1 ¥ 55°C, 30%; B FERES 72°C, 2%
S 283] REE4E 5 72°Col| A 523t S RE-5-2 = ¢ A 7} 945bp 2] hag (M 2
MS )5 £33 977bp 2] hag FH S T53F T hag®t 4 7Fs§F PgapA ©
A2 58] f8ko], ATCC130329] A A& 8 o= sfo] A3 263 A
AWM S 279 Zefoln #4-g o] &35t PCRE 48331t} PCR /H3-& 918k 5
T8 AZ = PfuUlraTM 22-A1 2| DNA 3= 2] ™ 2} A (Stratagene) & AF-8-3F 31 214,
PCR 2712 th53 o] 3¢l WA 95°C, 30%; o] d 9 55°C, 30%; 3 5wt
- 72°C, 1322 283] RES31 5, 72°Col| A 581t T ub5-2 =3 ¢ 2 7} 409bp
o] PgapA(M A HZ 17)S £33 441bp2] PgapA 9 H S =531 th A7 5
¥ hag HH I} PgapA WA, “18] 31 Scal Al gta A2 Ay pDZAN2131 HE &
1] £= o] A1 £-1] (DG Gibson et al., NATURE METHODS, VOL.6 NO.5, MAY 2009,
NEBuilder HiFi DNA Assembly Master Mix) % 2 o] &35}o] &2y 3to], A =3}
YA =E 85319 01, o] S pDZAN2131-PgapA-Haq 2 3 4 3} 3 o},

Cupriavidus pinatubonensis 3 &2 (o]}, Cpi, LW Z 3)E AP o= 77
Aol 8t epi, MG T 4] 71D AHRE w5 H 7 9] 2% S (NIH GenBank)
238 853519 Y. Cupriavidus pinatubonensis 3 cpis 53 A1717] Y5H4,
Cupriavidus pinatubonensis 7--(KCTC22125)2] &1 21 %] DNAE -8 0. & 3} A
AW 289 AW T 299 Zefolu] B2 o] &5to] PCRE 53531 Th PCR wE
=& A% T a4~ E = PluUlraTM 32-21 2] DNA = 2] ™ 2} 4 (Stratagene) & A}
&35t .2m, PCR 712 v} o] 33t} !A] 95°C, 30%; o1 'd ® 55°C, 30
Z; R T ERS 72°C, 238 283] WEE S 5, 72°Coll A 5ERE SRS 4.
71 A} 945bp 2] cpi( DM T 4)E £33 977bp 2] cpi HH S S5 AT epi
e} A4 75k PgapA BH & 53171 flste], ATCC130329] XA & 9
o 7 gto] AN T 263 HEH S 309 Zefolw & o] &3] PCRE
&2tk PCR 82 913 53 & A 2 3= PfuUltraTM 31-41 2] DNA 22| 2}A)
(Stratagene) S AF-235151 2™, PCR 712 th -3} 2ol 3t th: WA 95°C, 30%;
ol d ] 55°C, 30%; 2 TS 72°C, 1398 283 HHE 8 T 72°Col A 51 F 7
Hk-8-S 43 3 A 37} 409bp 2] PgapA(X A S 17)E E &3 441bp2] PgapA A
& F5T AV 5% cpi @ I PgapA ©WH, 1] 31 Scal Al gha AR A
e pDZAN2131 W B & i< of & 2] Wi & ol §3ke] S Rrdste], Alxd &
gav =5 85359 0, o] & pDZAN2131-PgapA-Cpi® W 313t}

Kluyvera cryocrescens 2l T 2 (o] 8}, Ker, 1 @H T 58 AW k= F-H1A
(13}, ker, HEHME 6)2] A7IAE AHE w1719 X A (NIH GenBank) =
- & 53FA T} Kluyvera cryocrescens 8 kerE 535 A 71 7] $181], Kluyvera
cryocrescens T -(KCTC2580)2] &1 40 A DNAE -8 0. & &lo] A dH T 319} A
AW S 329] Zefolw & o] &3l PCRE 53331t} PCR ¥H&-& 918 5
T8 AZ = PfuUlraTM 22-A1 2| DNA 3= 2] ™ 2} A (Stratagene) & AF-8-3F 31 214,
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[113]

[114]

PCR %718 t}-2-3} gho] at¢lt}h: WA 950C, 30%: o] o
% 72°C, 24-S 28§ HEE 5l & 2, 72°C9) }\1 sz = ;j]_
Al %
)

0%; o 55°C, 30%; 2 =3t
w32 3 & 2 7 882bp
ol ker( M @M= 6)5 E 3 914bp 2] kerdH & 553 ) kere}t 14 7153
PgapA @& +53517] H 3he], ATCC130329] FAAE T+ o2 AMIHE 26
I I Z 339 Zefoln B o] &3te] PCRE 38t th PCR -8 9 gt
FTI AR AZE PfullraTM 22-A1 2| DNA 3= 2] ™ 2} A (Stratagene) & AF-8-3F 31 214
PCR 2712 th&-3 2ol ah3it): WA 95°C, 305 ol d & 55°C, 30%; & =3t
& 72°C, 152 283] HHE-3F 3 72°Co| A 5H-ZF T EEH-S-S 978, 1 A 3} 409bp
o] PgapA(MEHZ 17)E iﬂ gF441bp9] PgapA WS =53 AV 5
H ker @H I} PgapA W, 18] 31 Scal Al $Ha AR Avkd pDZAN2131 HE E
A& oA BT RS o] g3to] R sto], A2 Setan =g FEFIg e
™, ©] & pDZAN2131-PgapA-Ker® W 4 3131t}

Corynebacterium stationis 2l 2 (o] &}, Cst, S HE NE ZH 3= A
Aol &), est, TEHE 8)2] FVIAME AHE v .79 X% = (NIH GenBank)
ZHY & 531} Corynebacterium stationis 2l cstE 5 EA1717] 913514,
Corynebacterium stationis 7--(ATCC6872)2] &AM A DNAE -8 0. &2 st A<
HE 349k M AH T 359] Zefo] ] -8 o] 8-3Fo] PCRE 33131t} PCR HHE-

S A8 F3a A2 = PfuUlraTM 21-21 2] DNA 3% 2] 2} 4] (Stratagene) & A}-&
8l o, PCR 2718 t}&-3} 7ol 3}@‘4‘ WA 95°C, 30%; O@ﬂ 55°C, 30%;

B NS 72°C, 282 283] WH G &, 72°Ce| A 5 S ENE S A A
I 717bpe] est (A EHT 8)F E 3 749bp 2] cst GH S 5 o}oﬂv} cst 9 44
7} 8 PgapA TS =5317] Y5Fe], ATCC130322] A S 3oz M4

M3 267 M EHE 369 Zefo]w & o] &3Fo] PCRES 5783131 o). PCR HH&

S A% T aA R = PfulltraTM 31-21 5] DNA = 2] ™ 2} 4| (Stratagene) & A&
sl o, PCR 271 tha-3 o] akqlth: WAd 95°C, 303 o d ¥ 55°C, 30%;
2 FIREG 72°C, 138 283] WEEgE 2 72°Co| A 53t S REg-S 85kl
o} 2 A3} 409bp 2] PgapA( EH T 17)E £33 441bp 2] PgapA ©HH S =53}
At 5% st @A I PgapA ©HH |, T18] A1 Scal Al $Fa AR A vhH pDZAN2131
WE & 7<= oA &5 WS o] §3lo] &2 ste], A3 ZetAv g g5
3l 2, o] & pDZAN2131-PgapA-Cst= 4 4 3} T}

Leucobacter salsicius -2 & 2 (0] &}, LsaFE, A @ H < 9, 10)E A9 &)=
QA E (O3} Isa, 1EHT 1D VAL ARE v 2 A X = (NIH
GenBank)ZH-B] & 53T} Leucobacter salsicius 3 Isa & SE A 71 7] ¢35}
o] Leucobacter salsicius 7 5-(KCTC19904)2] 12 7)) DNAE =38 © & 3l
M 379} A EHE 389 Zefo]w & o] &38Fo] PCRES 783131 o). PCR HH&

S A% T aA R = PfulltraTM 31-21 5] DNA = 2] ™ 2} 4| (Stratagene) & A&
sl o, PCR 271 tha-3 o] akqlth: WAd 95°C, 303 o d ¥ 55°C, 30%;
2 F 3RS 72°C, 278 283 WEEe &, 72°Co A 5WRF =SS e A

d
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[115]

[116]
[117]
[118]

7} 1048bp 2] Isa (M EHZE 11)E 3EE3 1080bp 2] Isa FH S 53T Isa ©F
AA 71538 PgapA @& 5317] 9181e], ATCC130329] A A| & 302
MEHE 263 MDA 399 sZefol] g o] 85t PCRE T3 8k31th PCR
HE-2-9- 93l F31 3 A 2 3= PfuUltraTM 32-41 3] DNA = 2] ™ &} A (Stratagene) =
ARESESl e, PCR 2718 tha ot o] s gtk M4 95°C, 303 o1 €™ 55°C, 30
Z; B TS 72°C, 138 283 WHE g & 72°Coll A 51 S RESS e gt
A7} 409bpe] PgapA(M B S 17)E X3 441bp 2] PgapA TH & 531510
59 Isa SH I} PgapA ©H, 18] 31 Scal Al &4~ E AhE pDZAN2131 W E
E & ALY RS ol &5le] 2R, A2y A EE E5359)
o, o] & pDZAN2131-PgapA-LsaZ 4§ 5} 31 T},
Dermabacter vaginalis -2 &2 2 (°]3}, DvaFE, 1 @ % 12, 13)E I W 3}

= LAIEISH dva, AEH T 16)2] GV E AEE v B4 ZW A (NIH
GenBank) 2 & 536t} Dermabacter vaginalis 52l dva & 5% A1717] 13}
o], Dermabacter vaginalis @ 5-(KCTC39585)2] &3 M | DNAE 8] © & &}o] A
S 409 A EH S 419 Zefolr] & o] §3to] PCRE =38 8F31 T} PCR HE
<5 9% $3 8 AR E PluUlraTM 22-21 2] DNA = 2] 214 (Stratagene) S A
&3l o, PCR 271 th-3 o] akglth: WA 95°C, 303 o d ¥ 55°C, 30
F; 2 FIHES 72°C, 235 283 HHEGE 5 72°Ce)| A 543t FREE-SS &
A3} 1081bp2] dva (1 EH =T 16)5 E 33 1113bp2] dva FH -2 5313t} dva
o} 14 7153 PgapA ©H & 5317 9 3le], ATCC130329] A S F3 o
2 IS 263 DS 429 Zefoln A-E o] §5to] PCRE F3l k3t
PCR HH-&-& 98 5318 4 2 = PfuUlraTM 31-21 2] DNA 2 ¢] ™ 2} 4| (Stratagene)
£ AF&sEal o™, PCR 2712 th-7 ol sl th WA 95°C, 303; o1 4 ¥ 55°C,
303 2 RS 72°C, 1555 283] WHEGE 5, 72°Col| A 54-7F 3 RES-& 3
&k A 3} 409bp 2] PgapA(M EH T 17)S ¥ 3131 441bp2] PgapA ©H & 55319

.5 dva S PgapA WA, T18] 31 Scal Al AR A vHE pDZAN2131
HE S 7 & ol Ee] W& o] §ate] ER2Ysto] Al Sgan=E 85

3t o1, o] & pDZAN2131-PgapA-Dva® 4 4 3} 3},

AA A 2-3. AxF It E & & FF AF

371 o L-3] 28| v -2 R 5 L-3]| 28 W w5 gelet
7] fl3tel, 7] Al 2HE NCgl2131 2 <= WE (pDZAN2131), @] 3 L-3] 2~E
W& -4 A T8 =] ME 65 (pDZAN2131-PgapA-Haq, pDZAN2131-PgapA-
Cpi, pPDZAN2131-PgapA-Kcr, pPDZAN2131-PgapA-Cst, pDZAN2131-PgapA-Lsa,
pDZAN2131-PgapA-Dvays 747t 2] v vhel 2] 3 = FEbv] & ATCC13032
ol =detivh Bk A A o 2 Y] W E S8 42 ATCC13032 +F
Foll A7) AT Ho R A AF s, 22 wAF 4 A QA g
NCgl2131 FAA7F A& B 7 L-3] 2B | v S/ H 2 5.2 2] 35 of
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[119]
[120]

[121]

[122]
[123]

[124]

[125]

[126]

[127]
[128]

A= T7EY A 2T FFE A FEtg o, o] 58 Z7F ATCC13032AN2131
(N2131 §-A A A&), ATCC13032AN2131::Haq (N2131 5 A A7} hag® X 3h),
ATCC13032AN2131::Cpi (N2131 FH 27} epi= 2] 8y, ATCC13032AN2131::Ker
(N2131 - A A7} kerE %] 3H), ATCC13032AN2131::Cst (N2131 -4 =}

7} est® X 3H), ATCC13032AN2131::Lsa (N2131 A A7} [sa® 2] 3h), 2
ATCC13032AN2131::Dva (N2131 § A A7} dvaZ 2| 3= 8 3131 T

AN 3. Y L-3|2Ed & 1A FE =4 YU & dFE9
MIC &7

71 A 2004 A =R 7E o] A2 ZAUEE Y= = FEE o
T (ATCC13032AN2131, ATCC13032AN2131::Haq, ATCC13032AN2131::Cpi,
ATCC13032AN2131::Kcr, ATCC13032AN2131::Cst, ATCC13032AN2131::Lsa, %
ATCCI13032AN2131::Dva)E 2] L-3] 2B | &5 g4 o] B Aol 2S935}
o], L-3] ~E] & o] &3t H A #] X5 %= (minimum inhibitory concentration, MIC)
A stk 75 FFES A% A WK ol 30°Col A 24413 B2k ]
&, 1 X 10°% 1 X 10* 7§ 9] M E = 3] A slo] L-3] 2Bl dl o] H7be &4 314
o) A 223" (spotting) B 3T} 7] AMSE H A A AR 242 s
&k
24 WA (pH 7.2)
%910 g, KH,PO, 1 g, K,HPO, 2 g, MgSO, 7TH,0 0.4 g, 8.4 2 g, (NH,),S0,
5g,NaCl0.5 g, HE¥lolH]| = 5 yg, Zh- A ERILL 0.1 pg, 1] 28 0.2 pg, B o}wl
HCI 3 1g, Trace elements solution*® 1ml (3=~ 1 2l ¥ 7]5%), Agar 20 g

*Trace elements solution

Na,B,0; 10H,0 0.09 g, (NH;)sMo,0,; 4H,0 0.04 g, ZnSO, 7H,0 0.01 g, CuSO, 5H,
0 0.27 g, MnCl, 4H,0 0.01 g, FeCl; 6H,0 1 g, CaCl, 0.01 g (T 1 2§ 7]5)

HoAAEE ADe Adl, 1 g/Le] L-3| 28| d S & A4 wfj#]ol 37133l
aL, 48413 - Al o] S ek, L AAE ]9 3% 200 YER ATk

>,

o
O

=V

[3£2]
L-3] ~E]Elo] 323k Ham Aol of eff L-3]| 2B | wjE #dA 5 59 &
el g & dFsd Ad 4

(o

T L8] ~E el ]3£3 # 4 |L-8] 2B 1 /L E 3 &)
HH X] x]

ATCC13032AN2131 ++++ +

ATCCI3032AN2131:H |[++++ +

aq
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ATCCI3032AN2131:C |++++ +

pi

ATCCI3032AN2131:K |[++++ +

cr

ATCCI3032AN2131:C |++++ +

st

ATCCI3032AN2131:L |++++ +

sa

ATCC13032AN2131::D |++ +++

va

[129] (& 201A, + s 2ol A4 A4 AL s Jehl= Ao, 47 vg

[134]

[135]
[136]

[137]
[138]

2 YEY 4+ : single colony ™ & A = A] X8k} heavy(single colony = A3 4% #] X
a5 A Aeki= )= @A E 4+ heavy 3 A %] AL single colony 57l v wF
ERC A=

+++ : heavy & 4 ¥] 31 single colony 5071 ®| ¥t & A %

++++ : heavy7} single colony 1% A| 2] & A )

2471 3% 200 YER vl o], ATCC13032AN2131:Dva 755 A €] 8 W& o
F7F L-3] 22 B | W] 3£3F H v x| ol A 25| Akt 12y L8| e |
o] 1g/L ¥ 3t H v A ol A= o L-3| 28 d vl & T X f-HA50] &=
Q¥ #52 Aol un gl 0| Dermabacter vaginalis 3 F A X7 = ¥
ATCC13032AN2131::Dva 755 ATCC13032AN2131 thH] ¥ 53+ A48 H.9]
t}, ol =, =4 ¥ Dermabacter vaginalis 8] T 2 o] F A A Z]iﬁ o] /<] L-3]
2B ZE A R L3 AEH W& 58 7HE A e& BT

ol 2 ¥-H Dermabacter vaginalis -8 382 Dva:—; A u|atE 8= ‘E—Zr‘ﬂ] Z
A7) 5 1= o] o] L3 2B W] a2 Yol ah] L3l 2] S Wl E s
2w Au el

o f

A Ao 4, Zvlate B 2 3 L-3| 2E d A4 FF(KCCM 80179) 7| &t
Dermabacter vaginalis +3] A (dva) =4 o5 A& L L-3| 28 d AT
7}

Dermabacter vaginalis -8 @82 Dva9] L-3]| 2Bl W &5 1357 H
&+, Dermabacter vaginalis -2 A A} dvas L-3] 2~ E]© A4k
80179(th 91+ ¥ 71 53] A10-2019-0065984 %) v =]l %= ¢ 3}

32 rﬂq
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[139]

[140]

[141]
[142]

[143]
[144]

[145]

[146]

[147]

[148]
[149]

ol & {3, A Ao 200 A A=} ¥ E pDZAN2131, & pDZAN2131-PgapA-
Dvag 77} KCCM80179 w70l A7 o2 JAd s star, 22k wap 44 &
A QA AFe] NCgl2131 F - A7F A= ¥ ALY L-3] 2~E | W& f-212 1
(dva) & X B¥ o] 9= 75228 A 2519 o, o] & 717 KCCM 80179AN2131
(NCgI2131 §- A A7} A<4) 2 KCCM 80179AN2131-PgapA-Dva (NCgl2131 -4 =}
7} dva® X $h o g W Egl o)

2371 A ZHE KCCM 80179AN2131 2 KCCM 80179AN2131-PgapA-Dva 7=
o] L-3] 2B | AAbs& Felsty] Hste], thaah & vy o =2 kel
KCCM 80179AN2131 & KCCM 80179AN2131-PgapA-Dva o2 &4 3} nlj #] o]
A 16M 7 F ok vl oksk & vl A 25 M-S SA-Ehi= 250 mb T -vFE Zek A
o Zt #FES HF3kaL, 30 °Coll A 20 Al 7F <, 200 rpm 0. 2 A B vl ok &FS T
2R O, AL A 25 meg $H-8E 250 me U -vbE ksl 1l E
FolE& FE 8kl 30 °)Coll A 48411 &<F, 200 rpmoll A X8 wlj k&t i), 7]

S A 24 o gk
H

U

FF 1%wWN), ZHNE 1%B(wWiv), 2FF R0 2 0.5%(wiv), BRI 7]~
1%(w/v), 33 2%(w/v), pH 7.2

<& WA >

FEED 5%wWY), TENE 1%w), 2FEF 202 025%(wiv), R4 7] 2~
1%(wiv), 82 0.4%(w/v), pH 7.2

<AAE A >

FEET 10%(wW/v), SRS F 2%((wiv), A1AAZEE 0.1%(wiv), A 1d] 47
9 0.05%(w/v), CSL(Z5=5 A M) 2.0%(w/v), B] ¥ 200 pe/L, 224 pH
7.2,

W] % &5 3, HPLCO) ol &l L-3] 2~ ¥ A4k (] A] W) 3] 2Bl d 31868 574
sto], 71 AdE tha-9 & 39 YEl At

33]
KCCM 80179 # 2 Dermabacter vaginalis -2 A =) #5-9] L-3| ¥
SRE
Cell ODggp|AH-&-3F EE=12hc!
T2 (L) ([ BAF (gL

KCCM 80179 514 100 14.1
KCCM 80179AN2131 51.6 100 13.9
KCCM 80179AN2131-PgapA-Dva |42.6 100 17.1
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[150]

[151]
[152]

[153]

[154]
[155]

[156]

[157]
[158]

A7 3 300 YERE uke} o] NCgl2131 2= -5 2 15-¢1 KCCM 80179
59 55 59 L-3| 2B A 4bsS 7HA = W, Dermabacter vaginalis

Fa 5 AA7F =9 E KCCM 80179AN2131-PgapA-Dva 1 F1= NCgl2131 2
&= T D B¢ KCCM 80179 o= thB] L-3] ¥ AAbs o] 242k 239 2

21% o1/ S7HE = Slstgith. A7l Al 3 2 49 A E F-3l, Dermabacter
vaginalis ol A2 =91 F3l HAaA éﬂiE oo L-3] ~E| g 5ol g
Aol F7hE Rk ol e}, L-3]| AE W A% A7 F7HE & glst T o
& S+ A 3} = Dermabacter vaginalis 52 WY EO] L-3| AW & Eold o2 =
o = L3 AW & gl E S qlF gk

A Al o 5. Dermabacter vaginalis 3] L-3| ~E|d Wl &2} F-A ©9d =71 &

H
X771 A A o 33} 49| X Dermabacter vaginalis 8 @2 2] L-3] ~E|H v &5
= 5‘2’?_3}319—‘3 =2, ”7] DHﬂﬂﬂr O}U] AL L%"é o] H& A A S

[354]
1 Alignments {#jDownload v GenPepl Graphics [istance tree of resuils Multiple aligr [+
Max Total Query E )
Ident Accession
score store cover value
& branched-chain aming acid transporer AZIC [Dermabacter vaginals 496 498 99% 3e-178 100% WP 0552485281

¥ putatve tranched-chair aming acid ransopnter [Mycobanteroides 3bscessus subsp abscessus) 431 491 99% 2175 98% SHX016531
486 486  99% 3e-173 97% WP 0343710951

481 481 99% 3e-171 97% WP 0186634061
479 479 99% 2e-170 96% WP 0704874751
427 427 99% 9e-150 95% WP 0550607921
276 276 88% 2e-90 59% WP 1053250721
214 274 90% 2e-89 60% P 054527171

270 270 88% 4e-88 59% OwHIziTes

M MULTISPECIES: branched-cham amino acid ABC transporier permease [Microbactenateas] 266 266 90% 2e-86 60% WP 0870562621
M Branched-chain amino acd transport protein [Frigonbactenum sp JB110 266 266 90% 2e-86 60% SIMHH9291
branched-chain amino acyt ABC transporier permease [Citncogeus muraks] 261 261 87% 1e-84 59% WP 1150324171

2}7] BLAST B-4 A3} & vl o 2 609% o] AFe] A AFEA S Ve oL
Dermabacter <) £:8H4] 9h<= L-3| ~E|d Wl E 4+ S8 155 F7F2 A4 5ho,
el 3 50 YE ATk

L3l 2E 9 M%) 371 F0 g 26
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[159]
[160]

[161]

[162]
[163]

No. |# ¢ Protein Ref Seq.|[gDNA R|A & |[did A |77 A}
ef Seq. ek A

7 |Helcobacillus m|WP_055090792 |NZ_CY |2 MAHT 43 | AL HS
assiliensis NI UGO0100 45
(HmaF) 0017.1

WP_055090293 MNIHZT 44 (A HE
1 46
(HmaE)

HmaFE Al 3AEHE
144 47(HmaF
E ¥ &)

A 6. 571 918 LA =0 d W% A F1 =9 98 A%

7] A A ol 5ol A 7h MR L 2 E E § A4 T8 258 el
stele) & & ol £A87] 919 e 5 ALa e A4 ol 29 Tl
NCgl2131 F A A& A<= site®, PgapA S Z 2R B 2 AME-811 T

Helcobacillus massiliensis &l W 2 (©] 3}, HmaFE, A QW 3 43, 44)& I 3}
= QHE(0l 8k hma, A 9 E 47)9] 714D AR E 5 H31 28 A (NIH
GenBank)Z F-F & 538191t} hag DNAE 4°53}7] 918} Bionics AH(fL) el 21 &+
23 A{0] 222 o] &-3ko] DNAZ FHASHIT) S ¥ DNAZ 2% 57| Slshol A<l
W3 489 M AT 499 Zeto| g o] -§&to] PCRE 3 3F3{th PCR B3
S A% T aA R = PfulltraTM 31-21 5] DNA = 2] ™ 2} 4| (Stratagene) & A&
531 0 PCR 2&71-& th5-3} go] sFth: Al 95°C, 30%; O‘]ﬁ‘—ﬂ 55°C, 30%;
2 SRS 72°C, 2498 283] HHE-SE 3 70°Co| A 5E-ZF T eHEs S =3 1 A
7} 1081bp2] hma (AWM T 47)E 356*611113bp«1hnult+{,2_%1550}03t+.hnm
o} A4 7458k PgapA W& F5317] f18ke], ATCC130329] IMAE 32
2 Iz 263 Iz 509 Zefo]r A4S o] 838kl PCRE 53531 Hh.
PCR HH-&-& 98 5318 4 2 = PfuUlraTM 31-21 2] DNA 2 ¢] ™ 2} 4| (Stratagene)
E A3 o PCR 2712 tf2-3} ol 8¢t} WA 95°C, 30%; o] d ¥ 55°C,
30%; B TS 72°C, 1558 283 WHEE 5, 72°Co) A 583t TS .
71 Z 3} 409bp 4] PgapA(A D E 17)E -3 d441bp 9] PgapA W & 531
th =5 % hma W3 3} PgapA ©3, 712] 3L Scal Al $FE A= 2 vh¥ pDZAN2131
A S 7S oAl S ol ot SRS, Al X EY A EE 5
3 e, o] & pDZAN2131-PgapA-Hma= § % 3} $1 T},

A A4 7, L-3] 2Bl d A FF(KCCM 80179) 7| vt Helcobacillus massiliensis
8 AR} 2D (hma ) FF A2 L L-3| 2Ed ABAiF Hot
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[164]

[165]

[166]

[167]
[168]

[169]

[170]
[171]
[172]

Helcobacillus massiliensis T2 @2 Hma®] L-3] ~E| W W& 58 221351
A3lo] L-3] 2~ El ¥l AAbESE KCCM 80179 570l =913kt

o] Z 9l &l A Al 6ol A A= M E] pDZAN2131-PgapA-HmaE KCCM80179
o] A7 He R JAAZ e, 24 aab A& AR A ]
NCgl2131 FAA7F L-3] 2B | m| & /-1 2 B2 %] $hE] o] Ql= w5 A%}
319 01, o] & KCCM 80179AN2131-PgapA-Hma (NCgl2131 A A7} hma = X
ghoe = yystgit

71 Al =F ¥ KCCM 80179AN2131-PgapA-Hma v 5-2] L-3| ~E W A28 8}
A3t7] Asto], 7] 55 A Al ol 40 A =3 ek WH 0 = nlj 9F&kal L-3] 2 F
d AtFS SA B g2t o2 AT o 40 A A=} KCCM 80179AN2131
72} KCCM 80179AN2131-PgapA-Dva 3t 570l tfate] Gk W o & w4 7
L-3| 2B AR A ) 8] 2| g S-S Fdstalth 4] 4ozl A

HE & 6°] LERH A

36]
KCCM 80179 2l Helcobacillus massiliensis 3 72 A &=
o A4k

0

o

379 L8] =¥

O

oD AHg- & 3 2Ed
=Y (gL) |[AAF (g/L)
KCCM 80179 50.3 100 14.0

KCCM 80179AN2131 51.5 100 13.9

KCCM 80179AN2131-PgapA-Dva  [40.8 100 17.3

KCCM 80179AN2131-PgapA-Hma  |43.1 100 16.6

T 69 YER bl 7o), KCCM 80179AN2131-PgapA-Hma ¥ 5+1= NCgl2131
A2 FF(KCCM 80179AN2131) E X451 KCCM 80179 5= thH| L-3] 2~ E]

WA S L3 2Ed S SolH o2 v 4 3= L3 SEHE SR

{3
>
2
L
ro
o}
rft
re
E

o

1< o] &3 Hma ¥ o] 2o B 2|2 A&

L-3| ~E|H &5 0] F7HE ¥Hold HmaE & 53517] 9 8ho] 14} crossover-&
ol vl vky] wg ol B )& Azttt ol & 9ste] 7] A2 pDZ
AN2131-PgapA-HmaE F8 2 & &to] HAH T 489 A AH S 499] Zfo]n
& ©]-&3F Error-prone PCRY & =2 17| x| gk o] 7} F-21 91 21 © 2 59 ¥ hma
LI EEE g 538+t Error-prone PCR-2 Genemorphll Random Mutagenesis
Kit(Stratagene)& AH&3to] S-3H {2 @A ol ®ol7} 1kbT 0 WA 3.57)
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[173]
[174]

[175]

[176]
[177]

[178]
[179]

[180]

7P S = 2702 PCR 4351 2 PCR #7112 WA 96°C, 30%; o] d &
53°C, 303; 2 F3HHE-S 72°C, 23S 303] BT hma9) 12 745 ¢k PgapA
@G-S 53] 98ke], ATCC130329] FAA S T8 o2 dlo] AAHE 26
I DT 509 Zefol FE o] &Fo] PCRE 3531 th PCR ¥H&-& 9
3t =38 A2 = PfuUltraTM 22-21 2] DNA = 2] ™ 2} Al (Stratagene) & /\FQ“ ISIas!
oW PCR #71& &3 o] &3t} WAl 95°C, 30i‘ ﬂéfﬂ 55°C, 30%; B =
3Hk-g 72°C, 132 283] WHE3 5 72°Ce) 4] 5431 58-S =3 3Fe] PgapA
dHS 5T V] 55 510 hma Q.Jﬂ%éﬁr PgapA A, 17
3l Scal At AR AekE pDZAN2131 H1H & 3] <= of 41 &-2] (DG Gibson et al.,
NATURE METHODS, VOL.6 NO.5, MAY 2009, NEBuilder HiFi DNA Assemibly
Master Mix) W& o] -&sto] S 283151, DH5aol &2 A ghsto] 7hintol 4l
(25mg/Ly°] 33hE LB LA M Al o] Zmetgiv) A s 214 20858 A
k3 Sgan =g 55t AV LE-S B4 A 3 2 mutations/kb W1 %
2 AR TE YA Hol7F g A& g1t oF 10,0007 9] 32 A %
H g FEYE FHelol EeAnEE 581531, o] & pDZAN2131-PgapA-
Hma(mt) 2ho] B.& 2] & ¥ atgltt.

H

w-

AAle] 9: Hma 1T =AWl golB e ¢ 2 L-3|2EHd Ailts 71 o
F A4

7] Al 2FEl ATCC13032AN2131 @55 B2 5to] 47
pDZAN2131-PgapA-Hma(mt) 2ho] B2 2] & J5 A Al z23tol o) o2 3
shal Fhuuol 2l(25mg/Lyo] 3 3 skl ol mdsto] oF 70007 o =
2UE R o, 72 215 ATCC13032AN2131-PgapA-Hma(mt)-1 4-E
ATCC13032AN2131-PgapA-Hma(mt)-70007}#] & 4 1§ 3} 3 o},

<5 §F3 ¥l A (pH 7.0)>

5 10g, Peptone 10g, Beef extract 5g, Yeast extract 5g, Brain Heart Infusion
18.5g, NaCl 2.5g, Urea 2g, Sorbitiol 91g, Agar 20g(5-5~ 1 2] E 7| 5)

2

B

g H.H 700070 & F2UYE V] A of 30| A =3 g L-3] B Hol| th gk A&
A A]-& % (minimum inhibitory concentration, MIC) A4 & & =33} St} &
A8 & et 3¢9 L-3] 2B W& E3tsh= A A A & 71%2;%
33t T}, colony & HFZE N A Z Al A 300ulel] &3] 96-H € & #H o] Eo
32°C, 1000rpm &% °F 18A] 7} &<t W] % gk 2 OD600 #1-& 574 sto] Aol -
3k colonyE AH &) t 2w 0 2= A7) A 2" ATCC13032AN2131 FF—ZrQ‘r
ATCC13032AN2131::Hma &5 AF&3I3l o™ 12 A& Fato] 25170 & A
alar, A ukE A H S B84 3670 9] colonyE MBI o, AFEH v X A E-&
EdEEda=

ol A H A ¥l A (pH 7.2)

¥
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[181]

[182]

[183]

[184]

[185]
[186]

[187]
[188]

[189]

=9 10g, KH,PO, 1 g, K,HPO, 2 g, MgSO, 7TH,0 0.4 g, 2.4~ 2 g, (NH,),S0, 5 g,
NaCl0.5 g, YA H o} = 5 yg ZH5-FE B2 0.1 ug, B 2 ¥ 0.2 ug, Elo}¥l HC1 3
rg, Trace elements solution® 1ml (Z5F5~ 1 & E 7| 5)

*Trace elements solution
Na,B,0, 10H,0 0.09 g, (NH4)sMo-,0,; 4H,0 0.04 g, ZnSO, 7H,0 0.01 g, CuSO, 5H,
0 0.27 g, MnCl, 4H,0 0.01 g, FeCl; 6H,0 1 g, CaCl, 0.01 g (T 1 2§ 7]5)

A5 3D A3 gLe] L8] 2693 <o) A7beke] 18hr ] %3

¥ 3670 9] colony S A of] 30| A =gk v 0 & S1A) v #] 7] gk 2~

A& Fastel Lol ~E W n &5 0] Z7HE 6% colony® HF el
st o, 1 AnE 5t7] 9 3 79 YEF ATk

[3£7]

L-3] 2Bl o] 23kl Ao A /o] ]l 55 A8 4%
Eineh L-3| =8 n]Z|L-3] 24 1 g/L

FAzMA | EFH2A

ATCCI13032AN2131 ++++ +
ATCCI13032AN2131::Hma ++++ +++
ATCC13032AN2131-PgapA-Hma(mt)-1216 |++++ ++++
ATCC13032AN2131-PgapA-Hma(mt)-2305 |++++ ++++
ATCC13032AN2131-PgapA-Hma(mt)-3411 |++++ ++++
ATCC13032AN2131-PgapA-Hma(mt)-4426 |++++ ++++
ATCC13032AN2131-PgapA-Hma(mt)-5714 |++++ ++++
ATCC13032AN2131-PgapA-Hma(mt)-6718 |++++ ++++

GE 7, + 7l dFE A A AERE UEH = Ao =2, 44 v
2 YEY 4+ : single colony ™ & A = A] X8k} heavy(single colony = A3 4% #] X
a5 A Aeki= )= @A E 4+ heavy 3 A %] AL single colony 57l v wF
ERCRF

+++ : heavy & 4 ¥] 31 single colony 5071 ®| ¥t & A %

++++ : heavy7} single colony 1% A| 2] & A )

2F71 35 790 e vk} o], NCgl2131 2 <= 7 -(ATCC13032AN2131)
L3l 2Bl 9 1 g/l 3 A 20 A o) A 9 25hA) 4 4shA 25t ok

Helcobacillus massiliensis 73l A A7F =4 ¥ ATCC13032AN2131::Hma
T AES ST 3 A WA ] 2 2e Y S stel L3
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2~EH &5 o] T7H 652 I F(ATCC13032AN2131-PgapA-Hma(mt
)-1216, ATCC13032AN2131-PgapA-Hma(mt)-2305, ATCC13032AN2131-PgapA-
Hma(mt)-3411, ATCC13032AN2131-PgapA-Hma(mt)-4426, ATCC13032AN2131-
PgapA-Hma(mt)-5714, & ATCC13032AN2131-PgapA-Hma(mt)-6718 35)+= 3| 2=
Bl 1 g/L 23 H A A o A B} 22 A4 AEE gl

[194]

[195]  AAl4 10. Zv|ete 2] & 8 L-3] =B d A4 & F(KCCM 80179) 7] &k A
3 golBn e = dF AFR 2 L-3| 28 d Aibs F7)

[196] A Al ) 90| 4 A HH colony 65 0] E9HetaL 9= Hold hmas L-
8| 2Bl Akt o] =i shr] A gk HEE A &kt o] & 98t
ATCC13032AN2131-PgapA-Hma(mt)-1216, ATCC13032AN2131-PgapA-Hma
(mt)-2305, ATCC13032AN2131-PgapA-Hma(mt)-3411, ATCC13032AN2131-PgapA-
Hma(mt)-4426, ATCC13032AN2131-PgapA-Hma(mt)-5714, ATCC13032AN2131-
PgapA-Hma(mt)-67182] 3 A 4] DNAE 8 0 & &Fo] A I H T 489 <A
M3 499 Zglo| 48 o] &3 PCRE 23] 5}0] o] 8 hmad S & 53613
o} PCR 2712 W4 96°C, 30%; 1 ¥ 53°C, 303; 2 TS 72°C, 2% &
303] vkt gith WMol hma}t A4 715 3 PgapA WS 53817] 918t
o], ATCC130329] A& 8 0 & dto] M AHT 263 HEHT 502 Z
gholn A& o]kl PCRE F3 8kt PCR ¥H3-& e S aAh=E &
PfuUltraTM 21-41 2| DNA = 2] ™ 2} A (Stratagene) & AF-83F 31 21, PCR =71
2 oS53} ol FF Tk WA 95°C, 30%; ol d® 55°C, 30%; X FEHHES 72°C,
13-& 283] /H58F %, 72°CoN A 537 T §ub-8-& =8 5ho] PrapA ©H &
TR AV F5H =AW ol hma 658 @38 & PgapA @A, 1] 31 Scal
AlgtE s Aebd pDZAN2131 WE S 3] <= o 52 W & o] §8to] &
2Ysto] Axd S EE g5l oH, ol & fraf gholH e g colony
of| m}2} pDZAN2131-PgapA-Hma(mt)-1216, pPDZAN2131-PgapA-Hma(mt)-2315
, pPDZAN2131- PgapA-Hma(mt)-3411, pDZAN2131-PgapA-Hma(mt)-4426,
pDZAN2131-PgapA-Hma(mt)-5714, pDZAN2131-PgapA-Hma(mt)-6718 &= ™4 4 5}
ATt

[197]  ©]F A =¥ WE S KCCM 80179 w570l A7 HgHez &4 A3l
star, 22 wal A4S A3 ol hma 6F0] 47 ©AE 45 652
A 23R o, o] & 747 KCCM80179AN2131-PgapA-Hma(mt)-1216,
KCCMS80179AN2131-PgapA-Hma(mt)-2315, KCCM80179AN2131-PgapA-
Hma(mt)-3411, KCCM80179AN2131-PgapA-Hma(mt)-4426, KCCM80179AN2131-
PgapA-Hma(mt)-5714, KCCM80179AN2131-PgapA-Hma(mt)-6718 .= ™3 4 5}-3}
=3
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[198] A7 Azt w5 6 T L-3| 2B W Abs & gelstr] st 471 AAld 7
o A A A ¥ KCCM 80179AN2131-PgapA-Hma T 55 T 7 & & AF-&-8Fo] A A]
o 49} g bR o2 ZA5tF o 1 AE T 8o eI AT

[199]

[200]  [3%8]
KCCM 80179 &l o] hma =] #5 659 L-3] ~E] ¢l AALek

Cell OD;|A}&-& EE=12hc!
00 X (gl) |BAF (L)
KCCM 80179 51.0 100 13.9
KCCM 80179AN2131 51.1 100 14.0
KCCM 80179AN2131-PgapA-Hma 43.5 100 16.5
KCCM 80179AN2131-PgapA-Hma(mt)-1|50.1 100 15.1
216
KCCM 80179AN2131-PgapA-Hma(mt)-2|45.8 100 16.2
315
KCCM80179AN2131-PgapA-Hma(mt)-3 |40.1 100 16.4
411
KCCM80179AN2131-PgapA-Hma(mt)-4 |44.0 100 16.2
426
KCCM80179AN2131-PgapA-Hma(mt)-5 |41.5 100 17.1
714
KCCM80179AN2131-PgapA-Hma(mt)-6 |40.7 100 18.5
718

2011 A7) 3% 8ol YrERd vRe} o] NCgl2131 A £ #5-(KCCM 80179AN2131)+=
2520 KCCM 80179 ¢} &5 4% 9 L-3| 2B d Aibs-& 7H«] = wt
Helcobacillus massiliensis 73l - A 7F =¥ ATCC13032AN2131::Hma
i%v%L NCgl2131 A< 5 2 259 KCCM 80179 =+ thH] L-3] ~E|
As ol F7FeRA T M o] hma 68 °] 747 =1 H 65 9] o 571= NCgl2131

A A L 25221 KCCM 80179 3= thH] KCCM 80179AN2131-PgapA-
Hma 7%} 5537 v 7L o] do] #5502 L-3| ~H | A4ilso] F71st 8l
o, E3] KCCM80179AN2131-PgapA-Hma(mt)-5714 2 KCCM80179AN2131-
PgapA-Hma(mt)-6718 o=+ L-3] 2~ E| 1 AJ4k5 o] oFA & hma7t =9 ¥ KCCM
80179AN2131-PgapA-Hma thH| Z}7}+ 3.6%, 12.1% < 7182 &1 513 o)

rEP

[‘

t

[202]
[203] AA o 11. L-3| 2Bl A2ts 571 Wold Hma AR ol &9l
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[204]

[205]
[206]

[207]

[208]

[209]
[210]

[211]
[212]

[213]

71 A Aol 1004 L-3] 28 Aiks S7F a7t gld
KCCM80179AN2131-PgapA-Hma(mt)-6718 2] Hmaoll =<} ¥ Ho| & 2ol
at7] 18t Hma ol A o] A7 D& FA el 7144
KCCM80179AN2131-PgapA-Hma(mt)-6718 7 5-2] gDNAE 3
18 2 AU T 219 Zefolm AE ARl PCRE 353 Ur RS .
“}04 Hold hma L9 29 97| <€ 2L HmaF =+ HmaE2] T2
St M I T 43 = A IS 449] ol =2k A3} Hlaskgl o, ol &
Hl ¥l W ol HmaFES] o} Al A A o] "ol JHE 37 9o YEhASITH

offt ek ﬂil
[‘~ ol

=

©

[329]
KCCM80179AN2131-PgapA-Hma(mt)-6718 <= HmaF, HmaE ¥ o]

o HmaF HmaE
(123 43) G

T 44)
KCCM80179AN2131-PgapA-Hma(mt)-6718 1721, 1124V Hol X

Al 2 81 A3k, KCCM80179AN2131-PgapA-Hma(mt)-6718 w570l =1 ¢ ¥
0] 3 HmaFE+= HmaFol I72L(A @ & 432] 72 A o] A7 Al(Ile, D°] 741 (Leu,
L)O & o)) [124V(A L H T 439] 124H ] o] &2F-Alle, o] & (Val, V) =2
H o]y #ol7} L9l E o] L-3| ~E|H W& 50| T7HE ®lold wj&A9) & &elst
et
A7) A3V E F3), Helcobacillus massiliensis -Cr’rEH Ho|d |4 & &5
oFA Y thH] FHAA S E 5 oY L-3] 2~ W s Lo tfgh iAd o] Sk
ol e}, L-3]| ~E W A5 % A S7HE S sttt ol el gt A= A
Helcobacillus massiliensis 2l o] ©hul A o] % o 2 v
T = Wold L3 28| v v el S ]

olr

1

T

-

=

g

r
g

o
e

E
=

ey

3o
=,
L-
o

olN gl' L
>,

SN u)

A A4 12, L-3] 2B d A #5(CA14-737) 719 Helcobacillus massiliensis
38 Ho] F- A =Y FF A& € L-3|2EHd A4s H7t

}7| Helcobacillus massiliensis & Y% 2 Hma ¥ o] A 2] L-3] Z~E|H nl]
52 A 3 FlsHr] fste], of A | of sl djHle g 5 =
S ATCC13032 Fr el & L-3] el o] o] gt 3= A gt 3]l A HisG =2 3§
El= Wo| £9] -3~ Y WA §AR7) 745 L5 ~E W QA
CA14-737(KCCM 12411P, thetil = &7 5-3] A 10-2019-0065984 %) w9 %=
sl T

ol & 98l A Ao 29} 100 A A2} W E] 38 (pDZAN2131, pDZAN2131-
PgapA-Hma, pPDZAN2131-PgapA-Hma(mt)-6718)a 747+ CA14-737 ¢l A 7]+
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[214]

[215]
[216]

[217]

[218]
[219]

[220]

S 2 YA getar, 2k wak HA4 & AR A Aol NCgl2131 Fd 27t
BV L3 2B Y S f- AR R X $E o] 9= o 35 Al Akl o,
£ 747} CA14-737AN2131, CA14-737AN2131-PgapA-Hma, CA14-737AN2131-
PgapA-Hma(mt)-6718 & & g5} 31t}

7] Al 2F ¥ CA14-737AN2131, CA14-737AN2131-PgapA-Hma,
CA14-737AN2131-PgapA-Hma(mt)-6718 372 L-3]| 2~ E| W AYib5-& &<213}7]
ko], Aol 4o A =g gh vhH o = wlj QFahar L-8] 2B | AR A W 3]
2Ed e SA sk, 1 23S b9 3% 100 YERA ST

O M ol
S 2

[3£10]
CA14-737 53l Helcobacillus massiliensis 73 SFA S FAA 2 Hol A = o
o] L8] el 5l A4k

oD AHg- & 3 2Ed
=Y (gL) |[AAF (g/L)
CA14-737 90.3 100 4.1
CA14-737AN2131 90.5 100 4.0
CA14-737AN2131-PgapA-Hma 71.1 100 6.3
CA14-737AN2131-PgapA-Hma(mt)-67 |61.5 100 7.3
18

¥ 100l veRE vFe} o), Helcobacillus massiliensis -3 F 2 A7 = =
CA14-737AN2131-PgapA-Hma 35~ NCgl2131 Z < 7 7(CA14-737AN2131)
BBt Q1 CA14-737 357 thH] L-3] B | Aqbafol 549% F-7hskglat, wol g
hma7} 5] ¥ CA14-737AN2131-PgapA-Hma(mt)-6718 3= 78% 5 7}3F At}
o1 & &3l Helcobacillus massiliensis 2 oFA & 2 Woldd bl 2 5 3] A ¥
& Soldozwj&s 4 glom, Ady Hol g vz o] A9 of g vl
Hoh o] & mE5S 2 L8| 28 mjE 29 & vl i gelstloh

A Al ) 13. Helcobacillus massiliensis 2] °FA 8 FA2 € Aol A a4 &
A& e AZ

7| Helcobacillus massiliensis -2 W2 Hma 2 W o] 9] L-3] ~E| W W&
= e ol Elsk] st el A oF A d Hma 2 Hma ¥ ol A &
Zh2 A A 4= Ql= W E & A 2Pt loh A7 o] fd A= o e Ay
2l pCC1BAC(°] 3}, pBAC, Epicenter corp.)®ll &2 ¥ o™, o L-3] =¥ Wl
& F A4 THE| A 75 MG1655 f-ll yecA F 0 Abe] L2 T E (0] 3},
PyccA, A/ @HZ 51) stoll A a5 A A 83T



31

WO 2023/249421 PCT/KR2023/008656

[221]

[222]
[223]

[224]

[225]

[226]
[227]

Helcobacillus massiliensis 73l @A Hma 2 o3& A% GH & &4
3l7] 913le] ATCC13032AN2131-PgapA-Hma 2 ATCC13032A N2131-PgapA-
Hma(mt)-6718¢] 14 DNAS 3 0 & alo] LM E 529 LM 539 =
glo] ] B o] -3 2H7F PCRE F8)3to] oAl 3] E o] 3 hma DNA @i & &
53tk PCR 2712 WA 96°C, 30%; o] ¥ 53°C, 30%; 2 S 1S 72°C, 2
& 303] RHESI T PyecA @S 53517] 918Ho], MG16559] A &
o= 3lo] MAHT 543 M AH T 559] Zefo|n] - o]-&3le] PCRES -3
39 oh PCR ¥H&-S 98k 5385 4 & = PfuUltraTM 32-21 5| DNA 2] ) 2}A)|
(Stratagene) & AF-8-3F31 ™, PCR 2312 th 23 o] a3t} WA 95°C, 30%;
old ¥ 55°C, 30%; @ =S 72°C, 19S5 283] whE-&F 5 72°Col| A 5E-1F =
T3-S 785t PyccA B S 5319t V] 5H ok E H &R0
hma ¥ I} PyccA W, 712] 31 BcoRI Al gt a A2 AdtE pBAC W EH & 7<= of
g B S o] gate] 2] A3 e~ EE g5Eglon, ol &

pBAC-PyccA-Hma, pBAC-PyccA-Hma(mt)-6718 2.2 4 4 3} 3 T},

3

AA o 14, 7 73 L-3| 2B D AAF FF 718 Helcobacillus massiliensis
7 Hma ofA @ F312 2 WolA = 75 A& R L-3| 28 d 445 H7}
& 73 L-3| A8 " A =5 7|8 O 2 Helcobacillus massiliensis 2
G Hma Bl o] A 9] L-3]| ~H W | &5& &str] 9ste], A Ao 139014 A
2bg W E] 23 pBAC N EHE 7] Had 54148 (purR A<, hisL 2 <=, hisGr;
The directed modification of Escherichia coli MG1655 to obtain histidine-producing
mutants; Applied Biochemistry and Microbiology, 2013, Vol. 49, No. 2, pp. 130-135)
S ZE= CA14-9003e 5 (MG1655+ hisGr hisL'_A ApurR)°ll = %] 3 5= 352

A 2Fa o, o] = 72z} CA14-9003e/pBAC, CA14-9003¢/pBAC-PyccA-Hma,
CA14-9003¢/pBAC-PyccA-Hma(mt)-6718.2. & W 3} 31t}

7] A2 CA14-9003e/pBAC, CA14-9003e/pBAC-PyccA-Hma, CA14-9003¢/
pBAC-PyccA-Hma(mt)-6718 o 52| L-3] 2B &l M52 1str] A &to], v
3 Fe o g vkttt ¢ ES LB 1A v A(F 2 E v Y F 250g/ml E
holl A 164 E ot v kgt 3 LB A Wi A] 25 mi-S $FF-5F= 250 mé 1 -m}
Z Zdtaao) ZF 4558 HE3taL, 37 °Cell A 20 A1 7F EoF, 200 rppm & & A g
W skl ot 19 o, thdat AJ4E vl 2] (Applied Biochemistry and Microbiology,
2013, Vol. 49, No. 2, pp. 130-135) 25 m{-& &-5-3F= 250 mé Z-vF& F22~219
1 me2] & vl kel & 7 E3ar 37 °Coll A 4841 7+ 5<¢F, 200 rpmoll A 21 & wlj 231
ol A7) Al kol ARgE v A= vt E ok

<t ALkl =] >

= A4%wWIV), BEFZN 0.2%(wiv), 3L EF 1.6%(wiv), A2 425734
A 0.06%(w/v), A7 0.0005%(w/v), 21U 45 5991 0.0005% (wiv), B
Az, pH 7.2,
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[229]
[230]

[231]

[232]
[233]

HjoF £ 8 5 HPLCOl o] &f L-3] =B Aabgkol 2] ) 3] ~E Y &k e =4
sto]l 1 A9 E 59 17 110l YERTE

[3£11]
CA14-9003¢e & Helcobacillus massiliensis 52 oFA 8 2 WHol A =) +F9
L-3] 2~Ed A4k

oD ALE3E 3| A d
¥eF(gl) |ABAEF (g/L)
CA14-9003¢/pBAC 24.5 40 2.9

CA14-9003e/pBAC-PyccA-Hma 17.1 40 3.7

CA14-9003e/pBAC-PyccA-Hma(mt)-67|14.5 40 4.8
18
I 119f] YER vle} o], Wold Hma”l =< ¥ CA14-9003e/pBAC-PyccA-

Hma(mt)-6718 7= °FA & Hma 5= ¢ 5> CA14-9003¢/pBAC-PyccA-Hma 3

T tH] L-3] =B Ails o] 30% 2 7HE & 2Rlsklvh. 7] 238 S8,
Helcobacillus massiliensis w82l L-3] =B d vl &2} W o| A & Z| |4t 2] 2 &
T o] o A Ao & A3 gFo 2 o] L3 AW mjE5o] A &
7 & gl it

-
0%
1o
i
ol
o
il
iz
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ric

o

o
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o
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o
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=
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o r
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©
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a1

[7d - 2]

[ 3]

[T 4]

[ 5]

[+ 6]
(7478 7]

[ 8]

4% 9]

[7d-7-8F 10]

P93 11]

T4
(1) DM & 439] o} 1] =2k A D o] 72M H] o} u| Al 7] o] 428} o)
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According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

CI12N 15/77(2006.01); C12P 13/04(2006.01)
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CO7K 14/195(2006.01); CO7K 14/245(2006.01); CO7K 14/34(2006.01); C12N 1/21(2006.01); C12N 15/70(2006.01);

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Korean utility models and applications for utility models: IPC as above
Japanese utility models and applications for utility models: IPC as above

(production), ¥l %¥(culture), ¥ A] (media), 3] *(collection)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & keywords: L-3] 2~E] T (L-histidine), ¥l & (export), T+ & (protein), o} =4t A & (amino
acid sequence), =] Zl(substitution), ¥ ©|(mutation), =7 7= | 2.E}o] = (polynucleotide), w2y & (microorganism), A A}

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A See entire document.

A See entire document.

A See entire document.

A See entire document.

A See entire document.

NCBI. Genbank accession no. RUP86529.1 (31 December 2018).

KR 10-2019-0065984 A (CJ CHEILJEDANG CORPORATION) 12 June 2019 (2019-06-12)
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KR 10-2006-0084446 A (AJINOMOTO CO., INC.) 24 July 2006 (2006-07-24)

Further documents are listed in the continuation of Box C.

See patent family annex.
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“p”  document cited by the applicant in the international application

«g» earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

«p>” document published prior to the international filing date but later than
the priority date claimed
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later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family
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Date of mailing of the international search report
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Name and mailing address of the [SA/KR
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
KR 10-1968317 B1 (CJ CHEILJEDANG CORPORATION) 11 April 2019 (2019-04-11)
A See entire document. 1-11
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A See entire document. 1-11
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13zer.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the international
application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing.

3. Additional comments:
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