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(57) Abstract: The present invention relates to a multiplex expression inhibition system based on a synthesis regulator SRNA and a
method of producing same, and more specifically, to a combination of vectors comprising a variety of antibiotic-resistance genes, an
origins of replication, and a synthesis regulator SRNA; a method of producing same; an SRNA library consisting of said combination
of vectors; and a method of screening for a bacterial strain producing an useful substance by using same. The multiplex target gene
expression inhibition system according to the present invention is a gene expression regulation system based on a synthesis regulator
sRNA that, unlike existing gene knock-out methods, can effectively inhibit the expression of a specific gene without altering the
sequence of a target gene; comprises various vectors and thus can be used compatibly with other plasmids usable in prokaryotes; and is
designed to enable multiplex introduction, and thus is advantageous in a fast and efficient production of recombinant microorganisms.
Furthermore, the present invention provides a technology that enables simple and fast transferring a genome-level synthesis regulation
sRNA library to a new platform, and said technology is useful in selection of recombinant microorganisms producing useful substances
in high capacity. Accordingly, the present invention is useful in the production of recombinant bacterial strains capable of dramatically
increasing the production efficiency of a variety of medically useful metabolites.
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Al BhE(multiplex) 3% 4] F A 2} ¢ & A

= X
B A ke Al A WA 5,

th A} 3] & (metabolic network) & -2 thAF =
stelE A, Aok Al A ) ikl H A slsto] Al 2T <
Choe B AR ] %o] 27 9le.
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k3ol HH}E L opEEe 2 dojufof shiz A Bae Fol wolok sk, HhgAd o]
oAz Bad B9 WeEE FdS s = ko o] o] ol A of
s, Al = 4 AEoliz B ol B4 Abg o] ks Aoz tiAbukg 2
o7l Ano FAL W T o= HA3E dof 2 E a7t 9

A2 ?"“3572 SRNA A =/l 5 0] 7l a1 o] 5 v et F7-2 n] A 2o
AEFOEAN A=A 02 giAg| 23] s £ S A A

A Hol maAQA FAAkdel 2do] 7k sk Al H ATHKR 10-1575587 B1, US
9388417, EP 13735942.8, CN 201380012767.X, KR 10-1690780 B1, KR 10-1750855
B1, US 15317939, CN 201480081132.X, D. Na et al., Nat. Biotechnol. (2013), 31(2),
170-174, S.M. Yoo et al., Nat. Protoc. (2013), 8(9), 1694-707, C. Cho et al.,
Biotechnol. Bioeng. (2017), 11(2), 374-383, M. Noh et al., Cell Systems (2017), 5,
1-9).
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ATt

g o] g ok

g o] HA4E A 2 sRNA 7| §EHE] FAITF B4 f- A Ak Edl o A
Alz=glo] =]lE o] Q= Axd m A E E 7] Aldle] B9lE o] gl Al xS
nAES ol &t EF o, TEY, Q)i = v & kA e Aibsol g4H
A2 A= A5t ot

A7 BA LGS feke], E 0 AR A A Ak AllEA DA,
AL A FAA EA S A ABH= F4d sRNA $FE3F 9GS E38h= A1 E
R AnF A WA A2 AmEA D5 Ap 32247 A 4 32 oA ek A4
sRNA ¢33} ; 3} [SES

ggro] L, pi= 2 WA 200009] Ao,
7] A A = 91394 # (ampicillin), 7} ko] 21 (Kanamycin),
& 2 2 9 Y F(chloramphenicol), ©} 3 2}7}o] Al (apramycin),
2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),
] E g} A} o] & # (tetracyclin), ol ] E 2 1}o] Al (erythromycin),
Y] @ m}o] 2l (neomycin), ¥ -4 # (penicillin), 9§ A] =w}o] A (actinomycin),
7HH Y A # (garbenicillin), 1 EF7] Al (gentamicin), £ 22~ E] A] © (blasticidin),
n}o] 7| ¥ 2Hmycophenolic acid), 57 2 7} ] 4l (puromycin), A 2.4 (zeocin),
R 2 2] (borrelidin), ©] & x=v}o] Xl (ionomycin), TF-5- 4] 4l (daunorubicin),
=4 FH]| 2l (doxorubicin), ©] B ¥ €l (ivermectin), ol ¥ ¥ ¥l (avermectin),
1] E g}ut o] Al (mithramycin), Y] E7}o] Al (mitomycin), Y-2] & 2] 2H(nalidixic acid),
%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),
- A E E g2 Al & ¥ (oxytetracycline), 2 2] 1 Al (paclitaxel),
= ulo] Al (polymyxin), &3 21 (rifampicin), 2+ 2] =7} o] A (salinomycin),
Bl 2 X (tylosin), ¥ 2] 3=n}o] 2l (valinomycin), ¥l 7} o] Al (vancomycin),
Hl E-2} 2~ ¥l (vinblastine), = Wl = 2] 2~ ¥l (vincristine) 2.2 A ¥ wro| A A B & a1,
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RSF1030(RSF), ¥ RK2=2 -/ ol A A e,
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A Z8h= ©HA,

o] 7] A,
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AmE A L d D A1EAF A2} 2 WA 50071 9] 2@ A A Fd A= A =2
7} 2} Aolat,

n 2 WA 509 Agolar, me 2 WA 102 44201, g3= 2 A 5009
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ATFAA WA F A2k A AL A AR A g S A s A
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Alm Xﬂi%‘:‘é’-lxﬂ FA R AR} AlpE A F- A A= A =2 22 ol st
n 2 WA 509 Agrolal, m 2 A 109] o1, = 2 A 5009
garolaL, piz 2 LM 200002] 4570l
7] A A = B 3] A A (ampicillin), 7FHAFo] Al (Kanamycin),
& 2 2 9+ Y F(chloramphenicol), 3 2}n}o] Al (apramycin),
2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),
] E g} A} o] & # (tetracyclin), ol ] E 2 1}o] Al (erythromycin),
Y] @ m}o] 2l (neomycin), ¥ -4 # (penicillin), 9§ A] =w}o] A (actinomycin),
7} W A # (garbenicillin), 21 EF] 21 (gentamicin), £ 2} 2~ E] A] © (blasticidin),
n}o] 7| ¥ 2Hmycophenolic acid), 57 2 7} ] 4l (puromycin), A 2.4 (zeocin),
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R 2 2] (borrelidin), ©] & x=v}o] Xl (ionomycin), TF-5- 4] 4l (daunorubicin),

=4 FH]| 2l (doxorubicin), ©] B ¥ €l (ivermectin), ol ¥ ¥ ¥l (avermectin),

1] E g}ut o] Al (mithramycin), Y] E7}o] Al (mitomycin), Y-2] & 2] 2H(nalidixic acid),
%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2 Al & ¥ (oxytetracycline), 2 2] 1 Al (paclitaxel),

= ulo] Al (polymyxin), &3 21 (rifampicin), 2+ 2] =7} o] A (salinomycin),

Bl 2 2 (tylosin), ¥F2] l=r}o] 2l (valinomycin), ¥ Zv}o] Al (vancomycin),

Hl E-2} 2~ ¥l (vinblastine), = Wl = 2] 2~ ¥l (vincristine) 2.2 A ¥ wro| A A B & a1,

7] EA 93-S CloDF13(CDF), pBBR1, ColA, ColE1, pUC, pBR322, SC101,
RSF1030(RSF), ¥ RK2=2 -/ ol A A e,

7] A sRNA 53} o 98 3 2 ¥ E; MicC, SgrS 2 MicF 5 ] = 3}1}2]
sRNA f#l 2] Hfq 2§ 9l (Hfq binding site); 3 % F A A mRNA$} A 5 %]
Agrs dAsteE 99 R Huyldlolg & 2398t

A7 AL WA AlgEE 9] 47 2] mRNAS) A H A 0 5 A gkeh= <ol
tktA, aroF, pta, ilvH, ilvE, glnA, fur ®£= chpA 73 22| mRNAS} R A o=
Agtabi= DS 4t Ete] Alz" ME 7t = ¥ o] 919, tktA, aroF, pta, ilvH,
ilvE, glnA fur & chpA = - ¥ ol A A B3 3= 27 o] 4ko] FHzke] Tl ol
AA = o] glof Ed o AibsHel gd e 5H R s Al
n| A E& A3 gk

by 2 ek S E- R (proline) A A AR E VA = A A,

A1 AA A T A2 ATEA LA Al R4 72 L E 2 oA sk A
sSRNA ¢t 53} & & 33heh= A1 e 2 Ans A WA
AmEI A LA Ap 24742 LA S A 6= 34 sRNA &
Fetet= AlqUEE 2k AAE Y SAIU T B4 F AR S o A
Alz=glo] mRlE o = Axd A ER,

A7 A AAA WA FEZef Angd A WA A A2, Al1EA A 1)
AmI A DA DA 1324] [ A2 Alp T A -l A= A =2 247) Aol s,

n< 2 WA 509 Aol me 2 WA 102] B0, g3= 2 WA 5002
ggro] L, pi= 2 WA 200009] Ao,

7] A A = B 3] A A (ampicillin), 7FHAFo] Al (Kanamycin),

& 2 2 9 Y F(chloramphenicol), ©} 3 2}7}o] Al (apramycin),

2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),

] E g} A} o] & # (tetracyclin), ol ] E 2 1}o] Al (erythromycin),

Y] @ m}o] 2l (neomycin), ¥ -4 # (penicillin), 9§ A] =w}o] A (actinomycin),
7HH Y A # (garbenicillin), 1 EF7] Al (gentamicin), £ 22~ E] A] © (blasticidin),
n}o] 7| ¥ 2Hmycophenolic acid), 57 2 7} ] 4l (puromycin), A 2.4 (zeocin),
R 2 2] (borrelidin), ©] & x=v}o] Xl (ionomycin), TF-5- 4] 4l (daunorubicin),

A~ 5 H] Al (doxorubicin), ©] ¥ ¥l (ivermectin), ©l| ¥ 4] ¥l (avermectin),
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1] E g}ut o] Al (mithramycin), Y] E7}o] Al (mitomycin), Y-2] & 2] 2H(nalidixic acid),
%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),
- A E E g2 Al & ¥ (oxytetracycline), 2 2] 1 Al (paclitaxel),
= ulo] Al (polymyxin), &3 21 (rifampicin), 2+ 2] =7} o] A (salinomycin),
Bl 2 2 (tylosin), ¥F2] l=r}o] 2l (valinomycin), ¥ Zv}o] Al (vancomycin),
H1 E-2} 2~ ¥l (vinblastine), & Wl =.&] 2~ ¥l (vincristine) 2.2 A ¥ wrof| A A Bl & 51
A7] F A -2 CloDF13(CDF), pBBRI1, ColA, ColE1, pUC, pBR322, SC101,
RSF1030(RSF), & RK2® A ¥ ol A Aelx]y,
7] T4 sSRNA 28} o 92 X 2 B E; MicC, SgrS 2 MicF & o] = &}1}2]
sRNA -2 9] Hfq 2 3 %1 (Hfq binding site); 34 - A} mRNA <} 1. 4]
7361—2_ 6:]%-] ]»L: ojol. Al E 1 ] ] ]HE _1.6‘]-0]»

15 =
871 A1 WA Al el o] 34 7% A 2] rnRNAQ]r FH AR Agshs ol
serC, murE, aspC, metB, fadR, fur == chpA A A} 2] mRNAS} A H A 0 =2
Agbel= A d S Ahlete] Alz2d e 7F =l o] 210, serC, murE, aspC, metB,
fadR, fur 2 chpA 2 - ¥ 7ol A A B = 27] o] 42| F-H Aol 2& o]
Q—W Hof o] ZEA AMbsHo] FdH As EHOE = A7 =S

= %Ug 8 ok, A A2 v A E-S Ed o] A WE 8N (trace metal
ozl 1=

wAE Eabehi

w29 A S AT
B by 2 ik Q1] Al(indigo) A A A ZE VA & s TA A, AT
AT FAFAA LA A Al 5] Al WA AlqEE o] F AR A

mRNA S} A2 2 0 &2 Agtsl= ¢ 9ol asnA, hisJ, yneH, napG, kdsA, ygfA, ftsl,
aceF 3= ostB 7 A} 2] mRNAS} A B4 o 7 A3tsl= A E-& A 3}04 A zH
B 7} 291 ¥ of 91¢], asnA, his], yneH, napG, kdsA, ygfA, ftsl, aceF & ostB =
T el A e = 2] o el frAbe] W o] A Hof Sl A

540 b= Qlr]al Aibs e o] g Al v A =S Al
B b 2 ek 1] Al(indigo) A A HZE T = 54 e,

ATFAA W A A 1A A AL EE A SRS oAl s E
shz ALAEL 2 AnAA WA F ARk

EAFAA S o ASHE T4 sRNA 8ol

(@)

4%
& 2gehs s o] SAGE BAFAA IR A

A7 A1FAAA WA F xdx}g} Alnat A Xﬂ WA R AL, Al A 2
AmI A LA D AEA 7R Alpk A F A A= A2 Z2) Aol ah,
n 2 WA 508 Aol i, m 2 A 109 5o, gi= 2 WA 5009]

Aol al, pi= 2 W #] 200002] A o],
7] A A = B 3] A A (ampicillin), 7FHAFo] Al (Kanamycin),
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& 2 2 9 Y F(chloramphenicol), ©} 3 2}7}o] Al (apramycin),

2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),

] E g} A} o] & # (tetracyclin), ol ] E 2 1}o] Al (erythromycin),

Y] @ m}o] 2l (neomycin), ¥ -4 # (penicillin), 9§ A] =w}o] A (actinomycin),

7HH Y A # (garbenicillin), 1 EF7] Al (gentamicin), £ 22~ E] A] © (blasticidin),

njo] 5 3| & ¥ 4H(mycophenolic acid), % 7}o| Al (puromycin), A 221 (zeocin),

R 2 2] (borrelidin), ©] & x=v}o] Xl (ionomycin), TF-5- 4] 4l (daunorubicin),
=4 FH]| 2l (doxorubicin), ©] B ¥ €l (ivermectin), ol ¥ ¥ ¥l (avermectin),

1] E g}ut o] Al (mithramycin), Y] E7}o] Al (mitomycin), Y-2] & 2] 2H(nalidixic acid),
%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2 Al & ¥ (oxytetracycline), 2 2] 1 Al (paclitaxel),

= ulo] Al (polymyxin), &3 21 (rifampicin), 2+ 2] =7} o] A (salinomycin),

Bl 2 2 (tylosin), ¥F2] l=r}o] 2l (valinomycin), ¥ Zv}o] Al (vancomycin),

Hl E-2} 2~ ¥l (vinblastine), = Wl = 2] 2~ ¥l (vincristine) 2.2 A ¥ wro| A A B & a1,

7] EA 93-S CloDF13(CDF), pBBR1, ColA, ColE1, pUC, pBR322, SC101,
RSF1030(RSF), ¥ RK2=2 -/ ol A A e,

7] A sRNA 53} o 98 3 2 ¥ E; MicC, SgrS 2 MicF 5 ] = 3}1}2]
sRNA f#l 2] Hfq 2§ 9l (Hfq binding site); 3 % F A A mRNA$} A 5 %]
Agrs dAsteE 99 R Huyldlolg & 2398t

A7 AL WA AlgEE 9] 47 2] mRNAS) A H A 0 5 A gkeh= <ol
asnA, hisJ, yneH, napG, kdsA, ygfA, ftsl, aceF &= ostB 77 A} 2] mRNA <}
ARA SR AfshiE AES Abdete] Alxd HE 7 ¥ o] 210, asnA, hisl,
yneH, napG, kdsA, ygfA, ftsl, aceF 2 ostB 2 -/ ¥ ™ol A A Bl ] = 27 o] 4+9]
fradzpe] e o] A E o] glof It AL Aibs o] g H A& S SR ah+=
A 23 1A =5 A3 gk
o] & gk, A 1A A AR ALEA LA Al AR AR S s

& E9sh= Al E; W Alnd A WA
% A5t 34 sRNA

(a3
-
FEatel oS TS AqUEE E3let ANAR Y BADE £ 50
S

X

A7 A1 A WA Az An@d A WA A2, Al A A
AlmE A A" D AZA AR} Ap T A frd b= A =2 ZF2) Aol s,
n< 2 WA 509 Aol me 2 WA 102] B0, g3= 2 WA 5002

g4=olaL, pi= 2 A 200009] B0l ™,

7] A A = B 3] A A (ampicillin), 7FHAFo] Al (Kanamycin),
& 2 2 9 Y F(chloramphenicol), ©} 3 2}7}o] Al (apramycin),
2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),
H| E g} A} o] & ¥ (tetracyclin), ol 2] E Zw}o] 2l (erythromycin),
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[61]

[62]

[63]
[64]

[65]

[66]

[67]
[68]
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Y] @ m}o] 2l (neomycin), ¥ -4 # (penicillin), 9§ A] =w}o] A (actinomycin),

7HH Y A # (garbenicillin), 1 EF7] Al (gentamicin), £ 22~ E] A] © (blasticidin),

njo] 5 3| & ¥ 4H(mycophenolic acid), % 7}o| Al (puromycin), A 221 (zeocin),

R 2 2] (borrelidin), ©] & x=v}o] Xl (ionomycin), TF-5- 4] 4l (daunorubicin),
=4 FH]| 2l (doxorubicin), ©] B ¥ €l (ivermectin), ol ¥ ¥ ¥l (avermectin),

1] E g}ut o] Al (mithramycin), Y] E7}o] Al (mitomycin), Y-2] & 2] 2H(nalidixic acid),
%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2 Al & ¥ (oxytetracycline), 2 2] 1 Al (paclitaxel),

= ulo] Al (polymyxin), &3 21 (rifampicin), 2+ 2] =7} o] A (salinomycin),

Bl 2 2 (tylosin), ¥F2] l=r}o] 2l (valinomycin), ¥ Zv}o] Al (vancomycin),

Hl E-2} 2~ ¥l (vinblastine), = Wl = 2] 2~ ¥l (vincristine) 2.2 A ¥ wro| A A B & a1,

715 A1 H & CloDF13(CDF), pBBR1, ColA, ColE1, pUC, pBR322, SC101,
RSF1030(RSF), ¥ RK2=2 -/ ol A A e,

7] A sRNA 53} o 98 3 2 ¥ E; MicC, SgrS 2 MicF 5 ] = 3}1}2]
sRNA f#l 2] Hfq 2§ 9l (Hfq binding site); 3 % F A A mRNA$} A 5 %]
Aghs A8t 49 E HuldlolH & 2398t A& S 07 o=

AT B4 AR EA A A 2Elo] SFEA I Q] E o 9= AT
n| A &) A,

A7) 45 A 5= 1] &2k Al 9l (violacein) A EA] AR E 7FA] AL,

A7 AL WA AlgEE 9] 47 2] mRNAS) A H A 0 5 A gkeh= <ol
ytfR, hybG, ampG, potG, caiF, minD, ilvM, yfbR, rfe, atpH, tiaE "=+ murl A 2} 2]
mRNAS} B2 0 2 Agtsti= A& A ste] Alxzd 7 =45 o] 9o,
ytfR, hybG, ampG, potG, caiF, minD, ilvM, yfbR, rfe, atpH, tiaE & murl = - ¥
ol A e E = 270 o] ] fd Rl e o] A E = AL EH R
sk B S /T S A H &2k A 1 Ak s e o] S Al 23 mAES
A

H

o

2

g

Ho i A A2 | YES Ed o] A wE &9 (trace metal

solution) & X~ 33l W X o A f-712 g & &3l v et dAE ek

r
O

¢

;

H]-2-2h A /]2

o & gk vhgo] dAE ek A fHA 23] a8
HPH S A F gk

(a) 20 ~ 50bp 7] & 7FA = 19 9] VM D& Al x8h= WA,

(b) 471 A71A D ANFAA WA A2 ALSA A, Al 24 F-AA
e-S

S E 3= A 1A E A AlnsHAY A
A 2} 23] 2 o) A &= Al sSRNA

Fo] A1 A Alr sRNA 2ko] Bef 2] & F918k= All1 W A] Alr W E
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[69] (©) 271 AL A Alr A ol B el & F&=dS Balstaa) &= iy
75 Edshel, 5828 Pakol FAH = A5, ol A E FAA
FRES SRkl el WA B A 28 AAsHE WA,

[70] A7, 71 AT A WA FA Ak An@ A A HA 73 2, Al 1544 A 3
Am ALY S ARG AP AL 42 4% o3t

[71] n 2 Y= 509 Ao, m 2 =] 109] A 570 a1, qi= 2 WA 5009]
AolH, pi= 2 141%1 200009] A<=olal, r R s = 2 WA 5009 A<

[72]
SHel e Y

[73] 512 U A 2 sRNA B S 3F A2 flel AFgd 7 A 94 3
FAA PP ASY ol o] 2 eI,

[74] 5 27 (A) pACYC184-DsRed2 (pLac), (B) pTac15K-DsRed2 (pTre), (C)

pTrc99A-DsRed2 (pTac) 2] ] Zef2n| o) tf gt 3+ 24 sRNA 7 Z 359
DsRed?2 isﬂﬂu}uﬂ ] uu} > aHe ] 8] 1l 3k :LEH J-l:—o]lj-

[75] L33 ydeid g X EYANEE Bl Yl o o 5ol
24 sRNA TH ZAF SRV ESE () B4, (b) 2704, (¢) 3744

zoew ‘:OU\]ﬂ F SAS AP A A 2z Eolth o] o Bl EH

Z 2V =52 pTack 7]: pTac15K-dsRed2, pTrc 3% 7]: pTrc99A-dsRed2,
pACYCE 47] PACYCI84-dsRed2 2 ¥7] ¥ 1T}, 2} 1ol 2= 4] 7b4 BR o &
Lol A =l CREA, B A, 2 v, Z42) ool AT E 1Ak, 203k (A
HA Al <), 3L 2 (5 A A A e ) HERIH

[76] %47 A 24d sRNA 2 S35 b v =9 Qbg A (stability)S 2FQ1 g
ZAijolt) & 39| Ao AL 59| (a) 1Y 2k, (b) 24 2L, (o) 3Y A Al
1| % F colony PCRS 78] 3Fo] 52U sSRNA S F SeFan| =59 &4
55 &skglot. o] 714l A4 A= pACYC184-DsRed2 (pLac), R
pTrc99A-DsRed2 (pTre), T+= pTacl5K-DsRed2 (pTac) &t~ =& YR, 1:
ColA-Sm, 2: pBBR1-Am, 3: pPBBR1-Tc, 4: pBBR1-Sm, 5: CDF-Tc, 6: CDF-Sm-&
RIS B Q2 e o o] ol £
HAAS LT E AL =i}, =S , colony PCRE 7} Z g} Au| & Ao E -4
AH e Aoz =85 o, PCR AF=9| 17]3= &3 &t} pBBRI, 1 kb;
ColA, 0.6 kb; CDF, 0.3 kb.

[77] 555 A X sRNA dhol Hefe] Ao nh& B o dalike] WstE
Lhebl 1o,

[78] L6 504 EFod AL SIS Bl A2 E sRNAE Y ol =%
Hg2 Bo Sel o A WS vheb ol ot

(791 %7 T2 RNA Shol el 4 ol upE THU YAl walE

epd o),
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[83]

[84]

[85]

[86]
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L8 L7 EH A TIHE Bl A2 H sRNAE Y] o7 2%
s Tl ZEH AR WS E ek 2ot
o= ZER AN T fUHA g a 2 HA3 e Sl 42

13 32 & 0| o}, NMH26 p15PP3533 pKKircSargF-treSginA pCDFTe-fur &
AFEEH] ()= 71 53] 2 =m0l A o] wa 271 A (10 g/L glucose, 3 g/L
(NH,),SO, H7F 2 LR/2 Wl A]), (b)i= 7] Wl %] @]l 1.6 g/L yeast extract 3 7}8} S S
o, ()= 71 Wl A] ol 3 g/L yeast extractE 7} 2 7| <= feeding & 24 ol 6 mL trace
metal solution 3 7Feh 8. 2o A 42 F7HA e s Xttt ()=
AEE 2% 0 2 A 7]uk 591 NMH26 p15PP3533 pKKtrcSargF-treSglnA

TTE (02 Ha 2 M M Fstd e m el A5 vebiln) 7 23 2 5ol A
Tﬁ o }\ﬂ OJ o /q] 3 XA X]_(OD6OO)E, :,L_L A /\1-7L253 e} J_i?;'/l i‘:(g/L)%
LI eI

510 700 7HE e Aabe S Bl 480 s (B Hrhe A4S
2 A i 2718kl A W a gk Axfol ), (a)i= NMH26 pl15PP3533
pKKircSargF-treSgInA pCDFTe-fur 3=, (b)™ NMH26 p15PP3533
pKKircSargF-treSgInA pCDFTc-fadR ¥, (¢)© NMH26 p15PP3533
pKKitrcSargF-treSginA pCDFTc-aspC 1=, (d)+= NMH26 p15PP3533
pKKitrcSargF-trcSginA pCDFTc-mazF 7. 7+ 12 5o A &2 A -2 A 3%

A4, FE A AR 12 58S Ueith

5118 8ol A 7HE & Abe g Bl 4F 9] 7 FE (olF drhe 2%
A8)2 HAste da st A L a s g Aol (a)i= NMH26
p15PP3533 pKKircSargF-trcSginA pCDFTc-fur pColASm-metB =, (b)= NMH26
p15PP3533 pKKircSargF-trcSginA pCDFTc-fur pColASm-murE &=, ()= NMH26
p15PP3533 pKKircSargF-trcSginA pCDFTc-chpA pColASm-fur 3=, (d)©= NMH26
p15PP3533 pKKircSargF-trcSginA pCDFTc-chpA pColASm-fadR 5+, 7t
:LEHJ FollA 2 A A2 A X A H0D600)S, FE A AR 25

E(gb)= UrEME}

L Redas s e 25 YA 55 9 exponential phase (E)}
stationary phase (S) JEl Y Wl sRNA S| EE9] B JHE gstr] g
colony PCR A #-& ‘/}E]r‘ﬂiu} of mf w5 15F-F] 97h A= 29| w5 M5 ¢}
TAdstt) o] u) FH2M AP o FHE 9% DNA == ColA-Sm =&
718F sSRNA 9| A &, o} % DNA M =3= CDF-Te &= A F 7| W sRNAS] EA1E
Hepd T

5138 A
Al sRNA ¥ =
Lebd 1§l o] o},

% 143 ColA-Sm = E TR g
ghol B ] & Yol A4l ol L]jstar A2 ~Fed S A X dFES

A 559] F 24 SRNA 2ol el el & 2 wgo) 4 o
AF) o skt o] F ol 4 &ste] 2 she WL

FUH :‘o

u
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A e 5 EH AE FHOA ¢ EE A ol
[87] ¥ 15E & 140)A & AES B 9F o] 7 FES 50 mL MR WA 7k 1
Zef Aol A vl Fgh A ot
[88] %162 ColA-Sm Z A Z 7ute] t)AF S A 439 34 24 sRNA
glol B e 2] & 8] &} Ql A4 el = shar A Agd= 1A

2

TTFES AET 3T HAE FHAA et Aot}

[89] T 175 216004 =2 A S Bl 1289 #5525 50 mL MR 9| %] 7} €31
Zef Aol A H Sl (a) = 2 A TES] RS S e gz o)t (b) =
M 2 Sk E A S Aol v vl & 2hA| Q1/H] S A H] S ep Al 91 &
AELEER Aiehs g dsE o S A4S oA "l

[90] 5182 E 17004 -2 Bl bl /T S A H] kA )1 AAbe g Bol=
TTFES F7H Hasgt d3tolth (a)+= E. coli BL21 pSB1C3—vioABDE
pTac15K-Jli-vioC 5>l pColA-ytfR &} =7F A1 ¥l o, (b)+= E. coli
BL21 pSB1C3-vioABDE pTac15K-Jli-vioC ¥ =] pColA—minD Eas Eat REVd

ARNE 2 A E A HE M AL AEAAS, FE M A S

Hl Al s 25, Hepd A2 o &A1 8] &b ARl 5 2 & YERdITL (a)g}

(b)oll A &4 M2 B = IPTGO] 9 &l Fim® A& et (o= T &
Tl gk B & v & 2kA 9l A4 55 2] exponential phase (E)$} stationary phase
(S) el w sRNA et =59 B A A HlE g218t7] 918 colony PCR
AE VeI o] W 15 1 2 1, 1 2: (9] T, 7 3 (0) 9]
W o] W FHe A AP 0w %9 E DNA W= ColA-Sm & 2% 7]t
sRNA S| &EA| & Yebd T

[91] 519 ZF 5o A ] 34 24 RNA e ZofAn =59 ot A HAE
A 2A, F &5 g2y Fe2b221] =591 pTacl5K-DsRed2 (“Tac”) 3
pTrc99A-DsRed2 (“Tre”)E 22} B4-8kal Qli= 5 thd« W3110 55l
(A)-(F) &4, (G)-M) o5, (N) 4tF 39 3|9 sRNA St =n =5
A gt YGadE 548 2ol o] o] ZF sRNAE S F4] -3
A& E3hstar x| g 2 A F -2 F Ay el 2 H& YERE AT

[92]

[93] g o] At A & u A 7 A

[94] U2 Ao® Gou A o= 3, & WA NAM AbgE Be Vs 3 aehE
GOl 5L & o] &3hi= 71%—“@%011*1 SEE 7kl oA S X—.P_;E’a
ol g ¥ = A7} T A o) & Zh=t}. UREA 0 = B A A o] A AL§
S 2 Vol A F del A A B e ' ARG = &4014.

[95]

[96] Vg o] Al gk A SFell M ARE = 52 golo] Aol vheat Eh

[97] T-lol A "sRNA (small RNA)"&F, @A 2 HAu X Fom 412 A
<8 54 mRNAS HY & aapd o2 sz, Ha 7] A del dol7t
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[100]
[101]

[102]

[103]

[104]

12

2007} o]3te] & 2 o] o] RNAC| T},

EAoA gl BE Az H H(rlbosome binding site)" ¢F, mRNA 2] HAALE- 9] 5o
o] B35 o] mRNAAl 2 3Hsl= 292w},

ol A " 2pr ek Hago o] om] & IhFE ofof ah, qh A vl =

ZA A S ol 5 318k = gl o|u], AWM A L HARI A} I =A kA
E3= DNA/RNA 54|, ZAF G/HEE= H S of] o sli= b2l 2 38kt 2
Sl ot A, ke o)A o] thatol Bl EARA A QA 9] T e e A
EA % 2 9

v Aol M= B Fd T A E AE T staL, EAlol v
EAFAA TAL AT 5 = YL RNA V] 9he] e 28 A 20lS

}

=, & 0 o] A AAdlo| M= M2 FE THe g Al 7HA @A A
mpA (oFZefatol A, 2 E Rl Ewlol Al(FE = 2B nto] Al) B
HEgALo| S e} A 2 FFE 758 Al 7FA] E41 9 H(CDF, pBBR1 ¥ ColA) =5
27y =& o & ¥351al, DsRed2 mRNA S| RBS®F 4 H A o 52 Atsl
3Fi= sSRNAE 7<= o] A1 & 2](Gibson assembly), & & A 0] E o] Al &-¢] (golden gate
assembly), 2] 7] o] A (ligation), /3 A = ¥} (homologous recombination),
SLIC(sequence and ligation-independent cloning), SLiCE(seamless ligation cloning
extract), CPEC(circular polymerase extension cloning) == A A} 314 o =
Z39kskol 5 9744 & 2] DsRed2 & A8 A 24 sRNA 2 HEE
AR T CE 1), kol T Eehoav) el 2l melalo] M 45,3
F5 0 G427 sRNA Wl e 7L EQlE T ehs, ol g o] Aol whel
9] o] G o] ok FA 7} RLEhE A S FARATHE 2 )7 4)

upebA, Bk & ol s o A, A 1A Al WA 2 Al AR A Al
A FA A ‘f‘j}f)‘i% o] A 5h= 94 sRNA OLEQ oﬂ‘?%’ S 2 9eh= A1 e, 3

FAFAA G A A o2 GY] AT AYA WA Ao Alnd YA
WA Ak, A=Al e 8 7 Alme Al SA LA A AL e}
ApTAF A= A2 247F Adolsh, nd 2 W] 509] F49 A1g EF o=
SHaL, m 2 WA] 109 B9l 21& 54 2 & sk, qiz 2 WA 5009 A9l 2=
574 25 il piz 2 WA 200009 A9l Ae S 2 sk EAITE
A AR T A Al Rl #hEk 2ol Tt

= WM A7 pim BAFAAL AGE el sk, A f A WE L
et daelol e S BARAAR 2 5 07wkl 2 WA 200009
A a9 E 3 5 vk

= gl glolA, 37l A = A= o] AbEE f sk Aol
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[107]

[108]
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Al gtglo] o] &7k s, uhghA] st Al = 8 9] A 2 (ampicillin),

7Fhpnto] Al (Kanamycin), £ 2 2 $F 3] 1 & (chloramphenicol),

o} 3 gl nt o] Al (apramycin), 2= E 31 En}o] 2 (streptomycin),

2~ 3 E] L2 n} o] Al (spectinomycin), H E &FA}o] & (tetracyclin),

o 2] E & n}o] 2l (erythromycin), Y] 27} ©] Al (neomycin), ¥ 1 2! & (penicillin),

M A| v} o] Al (actinomycin), 7FH| 14! #l (garbenicillin), 7 E}7] 4l (gentamicin),

&2} 2~ A H (blasticidin), 7] 2 3] & 2 4k (mycophenolic acid),

= ko] Al (puromycin), A 2.21(zeocin), X4 2] T (borrelidin),

o] @ x=w}o] 4l (ionomycin), T}~ =5 H] 2l (daunorubicin), % 4> 4] 4l (doxorubicin),
o] ¥ ¥ & (ivermectin), ©l| ¥ 9 ¥l (avermectin), V] E &} v} 0] A (mithramycin),

1] E o] Al (mitomycin), U2 Y 4] 2H(nalidixic acid), = }.H] 2.2I(novobiocin),

Y 2~ E} gl (nystatin), < A] ] E 2}2FA] £ 9 (oxytetracycline), 2 2] B 4l (paclitaxel),

= ulo] Al (polymyxin), &3 21 (rifampicin), 2+ 2] =7} o] A (salinomycin),

Bl 2 2 (tylosin), ¥F2] l=r}o] 2l (valinomycin), ¥ Zv}o] Al (vancomycin),

H1 -2} 2~ ¥l (vinblastine), = Wl =.&] 2~ ¥l (vincristine) 2.2 A ¥ wrol| A A Bl & =
e EASE T 9l o o] d4 == A1 of )

oo Qloj A, 37 HAl Y2 A= Wit E Ed S
A& A2 7 = A Dol Agkglo] o] &7k s, v A 8l Al =
CloDF13(CDF), pBBR1, ColA, ColEl, pUC, pBR322, SC101, RSF1030(RSF), 2
RK2 &= A oA el = As EF o m o 5 gl o}, o]d -4 ¥ +=
A& ol

Bowhg o] loj A AV DA sSRNAS T3S = &= ddA=olH
A gkglol o] &7t 5 st vl A kA= o) g, 2] 31| =-(Rhizobium),

H] 3] & e 2] 5 (Bifidobacterium), & 5 3 7] 2~ (Rhodococcus), 7] T} (Candida),
of] 2 9] 1 o}(Erwinia), ¢ €] 281 ¥] (Enterobacter), 3} 2~ €l @ &}(Pasteurella),

ul} 5} o] 1] o} (Mannheimia), 28 E] :=H}4 2] 2~ (Actinobacillus),

o} -1¢| 7}E] UFE] (Aggregatibacter), <& ¥ 1} 2x(Xanthomonas), H] 2 2] 2 (Vibrio),
9 5 X 1} 2~ (Pseudomonas), ©} 7= E 41 E (Azotobacter),

o) A Y] E 4} E{ (Acinetobacter), &2~ E 1] o}(Ralstonia),

o} 12 ¥ 2] = (Agrobacterium), = 5= 8} E (Rhodobacter),

Z}o] B 1} 2~ (Zymomonas), U2 ] 2x(Bacillus), 2~ Bl B 2 5 A 2~(Staphylococcus),
2} & 57 2 (Lactococcus), 22 E 3] & 5 7] 2x(Streptococcus),

2 & 1A 2] 2~ (Lactobacillus), & & 2~ E @] U] & (Clostridium),

2] Y] ¥}l 2] =-(Corynebacterium), 2= E 5] &1} o] A] 2~(Streptomyces),

H] 7] & 2h]| 2] & (Bifidobacterium), A} ©] o} 3= U] €] 2-(cyanobacterium) 2

Alol & ZutH| 2] 2 (Cyclobacterium) 2 7 ¥ &= ol A AEE = A& EJ o=
ot 9l o, o] dHA ¥ = A1 ol T
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[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]
[117]

14

B g o loj A 47| A sRNA ¢e st 92 X2 2 H; MicC, SgrS 2
MicF & o] == 31} 2] sRNA -8 o] Hfq 2 & -9l (Hfq binding site); 3£ 2] -7 2}
mRNAS} 45 2 23S A= 49, L EHudolH & £ ¢sl= AL

i
ox
4y
;z

= 1o
tg o

2

=

by

2,

N

1 2

)
N
—|—‘

oL i

rle
1o 1% [o

2 WEEsRNAS Wl e g ol e
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=
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i

s

rhzLl
o,

= jo et

_ELEFUEJ
4
=)

o
Rogg Al

ol A, 71 BlnjHlolBli= sRNAS] AALE T8 7 = B&
o ¥ 7} 01% O}Uﬂl H}E”] &k7i= TUTE H ]Lﬂ olH d
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Ao A ghglo] o] 87158, ulgh A 8t Al = DsRed2, LuxR, AraC, KanR
(kanamycin resistance gene), tyrR(tyrosine regulator), ppc (phosphoenolpyruvate
carboxylase), csrA (carbon storage regulator), pgi (glucose-6-phosphate isomerase), glt
(citrate synthase), accA (acetyl-CoA carboxyltransferase, alpha-subunit), accB
(biotinylated biotin-carboxyl carrier protein), accC (acetyl-CoA carboxylase), accD
(acetyl-CoA carboxyltransferase, beta-subunit), aceE (subunit of E1p component of
pyruvate dehydrogenase complex), aceF (pyruvate dehydrogenase), ackA (propionate
kinase / acetate kinase activity), adiY (AdiY is a positive DNA-binding transcriptional

regulator that controls the arginine) decarboxylase (adi) system), argB (acetylglutamate
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kinase), argC (N-acetylglutamylphosphate reductase), argG (argininosuccinate
synthase), argH (argininosuccinate lyase), asnC (transcriptional regulator that activates
the expression of asnA, a gene involved in the synthesis of asparagine), aspA
(aspartate ammonia-lyase), crp (CRP transcriptional dual regulator), csiD (predicted
protein. CsiD is the product of a gene induced by carbon starvation), csiR
(DNA-binding transcriptional repressor), cytR (transcription factor required for
transport and utilization of ribonucleosides and deoxyribonucleosides), dcuA (The
DcuA transporter is one of three transporters known to be responsible for the uptake of
C4-dicarboxylates such as fumarate under anaerobic conditions), deoB
(phosphopentomutase), deoC (deoxyribose-phosphate aldolase), deoR (The
transcriptional repressor DeoR, for "Deoxyribose Regulator," is involved in the
negative expression of genes related to transport and catabolism of
deoxyribonucleoside nucleotides), fabH (KASIII, -ketoacyl-ACP synthases), fadD
(fatty acyl-CoA synthetase), fadR (FadR Fatty acid degradation Regulon, is a
multifunctional dual regulator that exerts negative control over the fatty acid
degradative regulon [Simons80, Simons80a] and acetate metabolism), fbp
(fructose-1,6-bisphosphatase), fnr (FNR is the primary transcriptional regulator that
mediates the transition from aerobic to anaerobic growth), fruR (FruR is a dual
transcriptional regulator that plays a pleiotropic role to modulate the direction of
carbon flow through the different metabolic pathways of energy metabolism, but
independently of the CRP regulator) , {tsL. (essential cell division protein FtsL), {tsQ
(essential cell division protein FtsQ), ftsW (essential cell division protein FtsW), ftsZ
(essential cell division protein FtsZ), fur (Fur-Fe+2 DNA-binding transcriptional dual
regulator), gabD (succinate semialdehyde dehydrogenase, NADP+-dependent), gabP
(APC transporter), gabT (4-aminobutyrate aminotransferase), gadA (glutamate
decarboxylase A subunit), gadB (glutamate decarboxylase B subunit), gadC (GABA
APC transporter), gleC (GntR family transcriptional regulator, glc operon
transcriptional activator), glpK (glycerol kinase), glpR (sn-Glycerol-3-phosphate
repressor), glpX (fructose 1,6-bisphosphatase II), gltA (citrate synthase), hflD
(lysogenization regulator), ihfA (IHF, Integration host factor, is a global regulatory
protein), ihfB (IHF, Integration host factor, is a global regulatory protein), ilvB
(acetohydroxybutanoate synthase/acetolactate synthase), ilvC (acetohydroxy acid
isomeroreductase), ilvD (dihydroxy acid dehydratase), ilvG_1 (acetolactate synthase
I1, large subunit, N-ter fragment (pseudogene)), ilvG_2 (acetolactate synthase 11, large
subunit, C-ter fragment (pseudogene)), ilvH (acetolactate
synthase/acetohydroxybutanoate synthase), ilvL (ilvGEDA operon leader peptide),
ilvM (acetohydroxybutanoate synthase/acetolactate synthase), ilvN

(acetohydroxybutanoate synthase / acetolactate synthase), ilvX (Predicted small
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protein), lexA (LexA represses the transcription of several genes involved in the
cellular response to DNA damage), IpxC (UDP-3-0O-acyl-N-acetylglucosamine
deacetylase), marA (MarA participates in controlling several genes involved in
resistance to antibiotics, oxidative stress, organic solvents and heavy metals.), metJ
(MetJ transcriptional repressor), modE (ModE is the principal regulator that controls
the transcription of operons involved in the transport of molybdenum and synthesis of
molybdoenzymes and molybdate-related functions), nadB (L-aspartate oxidase),
narL(nitrate/nitrite response regulator), pck (phosphoenolpyruvate carboxykinase),
PdhR (PdhR, "pyruvate dehydrogenase complex regulator,” regulates genes involved
in the pyruvate dehydrogenase complex), phoP (PhoP-Phosphorylated DNA-binding
transcriptional dual regulator. Member of the two-component regulatory system
phoQ/phoP involved in adaptation to low Mg2+ environments and the control of acid
resistance genes), pnuC (PnuC NMN transporter), ppsA (phosphoenolpyruvate
synthetase), pta (Phosphate acetyltransferase), purA (adenylosuccinate synthetase),
purB (adenylosuccinate lyase), purR (PurRHypoxanthine DNA-binding transcriptional
repressor. PurR dimer controls several genes involved in purine nucleotide
biosynthesis and its own synthesis), puuE (4-aminobutyrate aminotransferase), tbsA
(ribose ABC transporter), rbsB (ribose ABC transporter), rbsD (ribose pyranase), rbsK
(ribokinase), rbsR (The transcription factor RbsR, for "Ribose Repressor," is
negatively autoregulated and controls the transcription of the operon involved in ribose
catabolism and transport), rcsB (RcsB-BglJ DNAbinding transcriptional activator.
RcsB protein for "Regulator capsule synthesis B," is a response regulator that belongs
to the multicomponent RcsF/ResC/ResD/ResA-ResB phosphorelay system and is
involved in the regulation of the synthesis of colanic acid capsule, cell division,
periplasmic proteins, motility, and a small RNA) , rutR (RutR regulates genes directly
or indirectly involved in the complex pathway of pyrimidine metabolism), serA
(alpha-ketoglutarate reductase / D-3-phosphoglycerate dehydrogenase), serC
(phosphohydroxythreonine aminotransferase / 3-phosphoserine aminotransferase),
soxS (dual transcriptional activator and participates in the removal of superoxide and
nitric oxide), sroD (SroD small RNA), zwf (glucose 6-phosphate-1-dehydrogenase),
asnA (asparagine synthetase A), asnB (asparagine synthetase B), carA (carbamoyl
phosphate synthetase), carB (carbamoyl phosphate synthetase), dd1B
(D-alanine-D-alanine ligase B), deoA (thymidine phosphorylase / uracil
phosphorylase), deoD (purine nucleoside phosphorylase deoD-type), dpiA (dual
transcriptional regulator involved in anaerobic citrate catabolism), fis (Fis, "factor for
inversion stimulation”, is a small DNA-binding and bending protein whose main role
appears to be the organization and maintenance of nucleoid structure), gadE (GadE

controls the transcription of genes involved in glutamate dependent system), gadW
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(GadW controls the transcription of genes involved in glutamate dependent system),
gadX (GadX controls the transcription of genes involved in glutamate dependent
system), glpF (GIpF glycerol MIP channel), ilvY (IlvY DNA-binding transcriptional
dual regulator), ivbL (The ilvB operon leader peptide (IvbL)), IhgO
(L-2-hydroxyglutarate oxidase), Ipd (Lipoamide dehydrogenase), Irp (Lrp is a dual
transcriptional regulator for at least 10% of the genes in Escherichia coli. These genes
are involved in amino acid biosynthesis and catabolism, nutrient) transport, pili
synthesis, and other cellular functions, including 1-carbon metabolism), metB
(O-succinylhomoserine lyase / Osuccinylhomoserine(thiol)-lyase), metL (aspartate
kinase / homoserine dehydrogenase), mraY (phospho-Nacetylmuramoyl-pentapeptide
transferase), mraZ (Unknown function), murE
(UDP-N-acetylmuramoylalanyl-Dglutamate 2,6-diaminopimelate ligase), murF
(D-alanyl-D-alanine-adding enzyme), murG (Nacetylglucosaminyl transferase), nac
(Nacregulates, without a coeffector, genes involved in nitrogen metabolism under
nitrogen-limiting conditions), nadA (quinolinate synthase), nsrR (NsrR, the
"nitritesensitive repressor” regulates genes involved in cell protection against nitric
oxide (NO) ), panC (pantothenate synthetase), panD (Aspartate 1-decarboxylase), pgl
(6-phosphogluconolactonase), pyrB (aspartate carbamoyltransferase, PyrB subunit),
pyrC (dihydroorotase), pyrL (aspartate carbamoyltransferase, Pyrl subunit), rob (Rob
is a transcriptional dual regulator. Its N-terminal domain shares 49% identity with
MarA and SoxS. These proteins activate a common set of about 50 target genes, the
marA/soxS/rob regulon, involved in antibiotic resistance, superoxide resistance, and
tolerance to organic solvents and heavy metals.) , rpe (ribulose phosphate
3-epimerase), talA (transaldolase A), thrA (aspartate kinase / homoserine
dehydrogenase), thrB (homoserine kinase), thrC (threonine synthase), thrL (thr operon
leader peptide), tktA (transketolase I), tktB (transketolase II), torR (two-component
system, OmpR family, torCAD operon response regulator TorR), aroF
(3-deoxy-D-arabino-heptulosonate-7-phosphate synthase, tyrosine-repressible), aroA
(5-enolpyruvylshikimate-3-phosphate synthetase), aroC (Chorismate synthase), pheA
(chorismate mutase and prephenate dehydratase, P-protein), trpD (fused glutamine
amidotransferase (component II) of anthranilate synthase/anthranilate phosphoribosyl
transferase), dapA (4-hydroxy-tetrahydrodipicolinate synthase), ilvE
(Branched-chain-amino-acid aminotransferase), lysA (Diaminopimelate
decarboxylase), gltA (cistrate synthase), fumA (Fumarate hydratase class I, aerobic),
glnA (glutamine synthetase), mdh (malate dehydrogenase), gdhA (NADP-specific
glutamate dehydrogenase), argA (amino acid N-acetyltransferase and inactive
acetylglutamate kinase), metA (Homoserine O-succinyltransferase), tdh (L-threonine

dehydrogenase), liv] (branched-chain amino acid ABC transporter periplasmic binding
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protein), thtC (Threonine efflux protein), yohJ (UPF0299 membrane protein), chpA
(antitoxin of the ChpA-ChpR toxin-antitoxin system), aspC (aspartate
aminotransferase), pfkA (ATP-dependent 6-phosphofructokinase isozyme 1), parE
(DNA topoisomerase 4 subunit B), ytfR (predicted sugar transporter subunit), ilvA
(L-threonine dehydratase, biosynthetic; also known as threonine deaminase),
ilvG(Acetolactate synthase), minD (inhibitor of FtsZ ring polymerization;
chromosome-membrane tethering protein; membrane ATPase of the MinCDEE
system), hisJ(histidine transport system substrate-binding protein),
yneH(Glutaminase), napG(Ferredoxin-type protein NapG),
kdsA(2-dehydro-3-deoxyphosphooctonate aldolase), ygfA(5-formyltetrahydrofolate
cyclo-ligase), ftsI(cell division protein FtsI (penicillin-binding protein 3)),
ostB(trehalose 6-phosphate phosphatase), hybG(hydrogenase expression/formation
protein HypC), ampG(MEFS transporter, PAT family, beta-lactamase induction signal
transducer AmpG), potG(spermidine/putrescine transport system permease protein),
caiF(transcriptional activator CaiF), yfbR(5'-deoxynucleotidase Y{bR),
rfe(UDP-GIcNAc:undecaprenyl-phosphate/decaprenyl-phosphate
GlcNAc-1-phosphate transferase), atpH(F-type H+-transporting ATPase subunit delta),
tiaE(glyoxylate/hydroxypyruvate/2-ketogluconate reductase) 2 murl(Glutamate
racemase) = - H ol A AElE 4= gl oy,

Tl & vl 521 8} 7| 3= zwf (glucose 6-phosphate-1-dehydrogenase), tktA
(transketolase I), tktB (transketolase II), pgi (glucose-6-phosphate isomerase, fbp
(fructose-1,6-bisphosphatase), serC (phosphohydroxythreonine aminotransferase /
3-phosphoserine aminotransferase), murE (UDP-N-acetylmuramoylalanyl-Dglutamate
2,6-diaminopimelate ligase), pps (phosphoenolpyruvate synthetase), aceE (subunit of
E1p component of pyruvate dehydrogenase complex), pta (Phosphate
acetyltransferase), purA (adenylosuccinate synthetase), ackA (propionate kinase /
acetate kinase activity), pck (phosphoenolpyruvate carboxykinase), ppc
(phosphoenolpyruvate carboxylase), accA (acetyl-CoA carboxyltransferase,
alpha-subunit), fadD (fatty acyl-CoA synthetase), fabH (KASIII, -ketoacyl-ACP
synthases), aspA (aspartate ammonia-lyase), carB (carbamoyl phosphate synthetase),
ilvH (acetolactate synthase/acetohydroxybutanoate synthase), ilvM
(acetohydroxybutanoate synthase/acetolactate synthase), ilvN (acetohydroxybutanoate
synthase / acetolactate synthase), ilvC (acetohydroxy acid isomeroreductase), asnA
(asparagine synthetase A), asnB (asparagine synthetase B), argH (argininosuccinate
lyase), deoA (thymidine phosphorylase / uracil phosphorylase), thrA (aspartate kinase /
homoserine dehydrogenase), metB (O-succinylhomoserine lyase /
Osuccinylhomoserine(thiol)-lyase), metA, tdh, ilvL (ilvGEDA operon leader peptide),
crp (CRP transcriptional dual regulator), fadR (FadR Fatty acid degradation Regulon,
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is a multifunctional dual regulator that exerts negative control over the fatty acid
degradative regulon [Simons80, Simons80a] and acetate metabolism), fur (Fur-Fe+2
DNA-binding transcriptional dual regulator), Irp (Lrp is a dual transcriptional regulator
for at least 10% of the genes in Escherichia coli. These genes are involved in amino
acid biosynthesis and catabolism, nutrient) transport, pili synthesis, and other cellular
functions, including 1-carbon metabolism), gltA (citrate synthase), pdhR (PdhR,
"pyruvate dehydrogenase complex regulator,” regulates genes involved in the pyruvate
dehydrogenase complex), tyrR(tyrosine regulator), csrA (carbon storage regulator),
lexA (LexA represses the transcription of several genes involved in the cellular
response to DNA damage), aroF (3-deoxy-D-arabino-heptulosonate-7-phosphate
synthase, tyrosine-repressible), aroA (5-enolpyruvylshikimate-3-phosphate
synthetase), aroC (Chorismate synthase), pheA (chorismate mutase and prephenate
dehydratase, P-protein), trpD (fused glutamine amidotransferase (component II) of
anthranilate synthase/anthranilate phosphoribosyl transferase), dapA
(4-hydroxy-tetrahydrodipicolinate synthase), ilvE (Branched-chain-amino-acid
aminotransferase), lysA (Diaminopimelate decarboxylase), gltA (cistrate synthase),
fumA (Fumarate hydratase class I, aerobic), glnA (glutamine synthetase), mdh (malate
dehydrogenase), gdhA (NADP-specific glutamate dehydrogenase), argA (amino acid
N-acetyltransferase and inactive acetylglutamate kinase), metA (Homoserine
O-succinyltransferase), tdh (L-threonine dehydrogenase), liv] (branched-chain amino
acid ABC transporter periplasmic binding protein), rhtC (Threonine efflux protein),
yohJ (UPF0299 membrane protein), chpA (antitoxin of the ChpA-ChpR
toxin-antitoxin system), aspC (aspartate aminotransferase), pfkA (ATP-dependent
6-phosphofructokinase isozyme 1), parE (DNA topoisomerase 4 subunit B), ytfR
(predicted sugar transporter subunit), ilvA (L-threonine dehydratase, biosynthetic; also
known as threonine deaminase), ilvG(Acetolactate synthase), minD (inhibitor of FtsZ
ring polymerization; chromosome-membrane tethering protein; membrane ATPase of
the MinCDEE system), hisJ(histidine transport system substrate-binding protein),
yneH(Glutaminase), napG(Ferredoxin-type protein NapG),
kdsA(2-dehydro-3-deoxyphosphooctonate aldolase), ygfA(5-formyltetrahydrofolate
cyclo-ligase), ftsI(cell division protein FtsI (penicillin-binding protein 3)),
ostB(trehalose 6-phosphate phosphatase), hybG(hydrogenase expression/formation
protein HypC), ampG(MEFS transporter, PAT family, beta-lactamase induction signal
transducer AmpG), potG(spermidine/putrescine transport system permease protein),
caiF(transcriptional activator CaiF), yfbR(5'-deoxynucleotidase Y{bR),
rfe(UDP-GIcNAc:undecaprenyl-phosphate/decaprenyl-phosphate
GlcNAc-1-phosphate transferase), atpH(F-type H+-transporting ATPase subunit delta),
tiaE(glyoxylate/hydroxypyruvate/2-ketogluconate reductase) 2 murl(Glutamate
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BAFAR EA A Al 2] A WA AgHE ] 34 7d A mRNA 2}
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A7IA, g r R s 2 WA 5009 B A& 5 0RE S Uk
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= Bl o] U2 A A do A= 7]E E o AAF Aol A Ed e A
AEE A7, ERod st A 2] aAEe] Akl o g &4
A S WA Fes = Ay a4AZ HS g fEo] Egeydd
EdNAYEHE 743 3 - 55(TH28C-pBRThrABCR3, KH Lee et al., Mol. Syst.
Biol. 2007, 3(149))°l], - I o] 4] 4| 2} 3k sRNA efol Be| 2] & A 2] gk 2 o},
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QEDES RS R =
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.2 A4k el FFatol Hol itk 114 238
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THA = S F A E A, A7 EA TS BA R AL S A Al 2=E ] Al A
Aq el o] 4 f A 2ke] mRNASH 384 0 2 Ageh= ol kA, aroF, pta,
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AE 5RO sl Ed o Aibse o] ek Al 23 v &l &3k Aol

B kg of] Qloj A, A7 Al 2% 1] A =<2 lacl(lactose operon repressor),

metA(Homoserine O-succinyltransferase), lysA(Diaminopimelate decarboxylase),

b O
2L lo
oy T

tdh(L-threonine dehydrogenase), iclR(AceBAK operon repressor) %
tdcC(Threonine/serine transporter) 2 -4 ¥ ol 4] A8 ¥ = s} o] /g9
FRAAT} 27hE A2 AL B o 8% 5 Y

TS 7] A 23 1| A =2 thrA(Bifunctional aspartokinase/homoserine
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dehydrogenase 1)2] 1034 A 7] AL o] Coll A T= 4l &AW,
lysC(lysine-sensitive aspartokinase 3)2| 1055 % 7] A o] Coll A TZ u}#l
919 9], ilvA(l-threonine dehydratase, biosynthetic; also known as threonine
deaminase)2] 200 A &17] A do] ColA TZ vl A Ho| 2 FA ¥ 7o A
A e = sk o] ko] R 22 Ale 5 S8 8, thrABC 9 &,
ppc(phosphoenolpyruvate carboxylase), acs(acetyl-CoA synthetase) = -7~/ ¥ -0 A
AEE] = sk o] o] AR T2 R TE2REHE X 3E A&
E% 0 2 51, B3 rhtA(threonine and homoserine efflux system),
rhtB(homoserine, homoserine lactone and S-methyl-methionine efflux pump),
rhtC(threonine efflux pump), thrAC1034T, thrB(homoserine kinase), thrC(L-threonine
synthase) = T4 E Tl A s} o ol §A A7 Eehrn = A
s E AL #';do*a,_s]—/\ ),

Hoabgof] gloj A, A7 S5 E = g, 8] ZH] 2-(Rhizobium),

H] 3] & e 2] 5 (Bifidobacterium), & 5 3 7] 2~ (Rhodococcus), 7] T} (Candida),

of] 2 9] 1 o}(Erwinia), ¢ €] 281 ¥] (Enterobacter), 3} 2~ €l @ &}(Pasteurella),

ul} 5} o] 1] o} (Mannheimia), 28 E] :=H}4 2] 2~ (Actinobacillus),
o} 1) 7}E| UF E| (Aggregatibacter), A & ¥ 1} 2~ (Xanthomonas), H] B 2] @ (Vibrio),
9 5 X 1} 2~ (Pseudomonas), ©} 7= E 41 E (Azotobacter),
o) A Y] E 4} E{ (Acinetobacter), &2~ E 1] o}(Ralstonia),
o} 12 ¥ 2] = (Agrobacterium), = 5= 8} E (Rhodobacter),
Z}o] B 1} 2~ (Zymomonas), U2 ] 2x(Bacillus), 2~ Bl B 2 5 A 2~(Staphylococcus),
2} & 57 2 (Lactococcus), 22 E 3] & 5 7] 2x(Streptococcus),
2 & 1A 2] 2~ (Lactobacillus), & & 2~ E @] U] & (Clostridium),
2] Y| ¥hE]| 2] = (Corynebacterium), 2~ E 3] 1} o] M| 2~ (Streptomyces),
H] 7] & 2h]| 2] & (Bifidobacterium), A} ©] o} 3= U] €] 2-(cyanobacterium) 2

Alol & ZutH| 2] 2 (Cyclobacterium) 2 7 ¥ &= ol A AEE = A& EJ o=

by o] v E A A oo M= 71E A2 sRNAE &9lete] 259
AALEES Z7EA 71 A o 5 (NMH26-p15PP3533, pKKtrcSargF-treSglnA, M.
Noh et al., Cell Systems (2017), 5, 1-9)°l] - ¥l of] u} 2 sRNA g}o] H &g &
Aglsto], 770 FH 5 AR & EEE o (& 8), o] 52 £ S
ZEY NS FUEE AT = AR 28-S Tt 30%0] 3] LEH
Akl F7HE e 3 Zla FASIA T 8).

whel A, By 2 o v E #H ol A, 5 (proline) A T AR E 7HA =
ST A E A, A7 EATT A 7R A A A 28 Q] A1 A
AlqHE 9] F4FHAA2 mRNASF A H A o 2 Adst= o 9ol serC, murE,
aspC, metB, fadR, fur B chpA % 2}2] mRNAS} AR 4 o2 A3tel= M=
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Adste] Az HE 7 Y E o 919, serC, murE, aspC, metB, fadR, fur 2
chpA & A H wrell A A =27 o] 39 f-31 72 Wl o] Ao gl=
A& 5 0= sz TEH AL e o] &4 A2 Aol w3k slolt.

oo Qloj A, g 7] Al 227 1] A= lacl, speE, speG, argl, puuP, puuA,
putA, putP, proP, speC, potE, X speF= 741 ¥ w-oll A A el %] = 3L o] 49
TR F7PRE AAE Al SRR & Ak

B wg o loj A, 7] A Z2E v A= argECBH 2.3 &, speF-potE, 2

TR
Bk ol Qloj A, Ab7] Al 23 v A E-& PP3533 §- A A 7F ] R FEH o
A= AS EH o7 35 9t
Hodbig o] gloj A, A7) A 23 m A 22 argF 2 glnA F-A 2] walo] 718
AA o] A= AS EH R T 5 9lon, 7] FAAe] I A=
A 24 sRNAS 53] o] Fof A= A& 5 o= g 4= gJufi uhgof 9lo]A],
371 ST A = g r, 2] 28] 5 (Rhizobium), H] 3] 24 H| 2] %

(Bifidobacterium), & 5 3 # 2~ (Rhodococcus), ZFT] T} (Candida),

of] 2 9] 1 o}(Erwinia), ¢ €] 281 ¥] (Enterobacter), 3} 2~ €l @ &}(Pasteurella),

ul} 5} o] 1] o} (Mannheimia), 28 E] :=H}4 2] 2~ (Actinobacillus),

o} -1¢| 7}E] UFE] (Aggregatibacter), <& ¥ 1} 2x(Xanthomonas), H] 2 2] 2 (Vibrio),
9 5 X 1} 2~ (Pseudomonas), ©} 7= E 41 E (Azotobacter),

o) A Y] E 4} E{ (Acinetobacter), &2~ E 1] o}(Ralstonia),

o} 12 ¥ 2] = (Agrobacterium), = 5= 8} E (Rhodobacter),

Z}o] B 1} 2~ (Zymomonas), U2 ] 2x(Bacillus), 2~ Bl B 2 5 A 2~(Staphylococcus),
2} & 57 2 (Lactococcus), 22 E 3] & 5 7] 2x(Streptococcus),

2 & 1A 2] 2~ (Lactobacillus), & & 2~ E @] U] & (Clostridium),

2] Y] ¥}l 2] =-(Corynebacterium), 2= E 5] &1} o] A] 2~(Streptomyces),

H] 7] & 2h]| 2] & (Bifidobacterium), A} ©] o} 3= U] €] 2-(cyanobacterium) 2

Alol & ZutH| 2] 2 (Cyclobacterium) 2 7 ¥ &= ol A AEE = A& EJ o=

12
=
o3
o
o
3
@
I
w2
=5
=%
=
B
o
ai)
ot
o
uly
=
>
2
S
do
N
=
1
mE
kol
mlm
ol
:("}L_r‘
=
o2
ot
o
uly

¥ ko] thE A elo iz 71 & 9] F5 9 sRNA hol Heje] & ¥ ol
£ RNA W8 WE 2 712 of o] 2 o g5fo] Wz Y 3she] FE Ao
A% The, AT W A ekl WA o] Thate] dhol el o)
5 A A e BN S P fA 2F2

le

o) = = A
-z ato], 91U 3 iz HlgekAlRl o] Aol BV Mo Fbshe A g



WO 2020/004936 PCT/KR2019/007729

[151]

[152]

[153]

[154]
[155]

25

SHASFATHE 16 WA &= 18).

upehA], & W ohE ol A, 91T Al(indigo) A A AR E VA=
STAEANA, A7 FEAITT A AR T A Al 2w Al WA
AqH 9] A {7 22] mRNAS) JH A 02 ZA3sh= o 9ol asnA, hisJ, yneH,
napG, kdsA, ygfA, ftsl, aceF "= ostB - A A 2] mRNA S} A B 4 o 2 A3sl =
e Akl 3}04 Az HE 7 ZdE o 9lo], asnA, hisl, yneH, napG, kdsA,
yefA, fisl, aceF 2 ostB & -4 ¥l woll A A By = 270 o] 4kl f-d7ke] el o
AAE o] Y= A SH SR o= AT al Abs e o] g Ax7 v A&
gk Aol

kol Qloj A, A7l Al 23 Ml Al =2 upR, pykF B pykA R -4 ¥ ol A

A e = sk ol ko] KA FUEE AA Y AL tkiAS] SZE R T} tre
I 2RER X 3tE o] 91 91, taA, fmo, aroGfbr, trpEfbr, 2 aroL. 2 -4 ¥
oA AEE = sk o] o] FAEAE RY e SR E e AE SHSE
o g vk A7 for = A gE WhA] gF =Tk S-S gt (feedback
resistance).

Bowg o loj M A7) &5 A X = thAt, 2] 21| =-(Rhizobium),

H] 3] & e 2] 5 (Bifidobacterium), & 5 3 7] 2~ (Rhodococcus), 7] T} (Candida),

of] 2 9] 1 o}(Erwinia), ¢ €] 281 ¥] (Enterobacter), 3} 2~ €l @ &}(Pasteurella),

ul} 5} o] 1] o} (Mannheimia), 28 E] :=H}4 2] 2~ (Actinobacillus),
o} 1) 7}E| UF E| (Aggregatibacter), A & ¥ 1} 2~ (Xanthomonas), H] B 2] @ (Vibrio),
9 5 X 1} 2~ (Pseudomonas), ©} 7= E 41 E (Azotobacter),
o) A Y] E 4} E{ (Acinetobacter), &2~ E 1] o}(Ralstonia),
o} 12 ¥ 2] = (Agrobacterium), = 5= 8} E (Rhodobacter),
Z}o] B 1} 2~ (Zymomonas), U2 ] 2x(Bacillus), 2~ Bl B 2 5 A 2~(Staphylococcus),
2} & 57 2 (Lactococcus), 22 E 3] & 5 7] 2x(Streptococcus),
2 & 1A 2] 2~ (Lactobacillus), & & 2~ E @] U] & (Clostridium),
2] Y] ¥}l 2] =-(Corynebacterium), 2= E 5] &1} o] A] 2~(Streptomyces),
H] 7] & 2h]| 2] & (Bifidobacterium), A} ©] o} 3= U] €] 2-(cyanobacterium) 2

Alol & ZutH| 2] 2 (Cyclobacterium) 2 7 ¥ &= ol A AEE = A& EJ o=

g4l
o g2 = ohE Bl A, Bl & 2hAl A (violacein) A B 2E THA =
SFAENA, 7] EAThE FAFAA A A Al =7 A1 A

AlgH e o] 322734l mRNAS} A2 0 2 Aghet= o 9ol yuR, hybG,
ampG, potG, caiF, minD, ilvM, yfbR, rfe, atpH, tiaE "=+ murl F A A} 2] mRNA <}
AHEA o8 AEE A AL Aelste] AzH WE 7} 19 E o] glo], yifR,
hybG, ampG, potG, caiF, minD, ilvM, yfbR, rfe, atpH, tiaE X murlZ -4 H ol 4]
AeE] = 270 o] Ao Idlo] A H o Y= AE EH SR Sh=
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[159]
[160]
[161]

[162
[163
[164
[165

—t e e e
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H S Al I/ S A ] & eh Al 9T abs 2 o] 4 Al 2d v A= w3

Zlolt},

by ol loj A, A7) A 23 1] A E-2 vioA, vioB, vioC, vioD X vioEZ
T35 ol A A EE = hf ol o] R} R i S EE o] Qi A
E§7§£lii 61:; o]

o)l Qloj A, A17 T M| 3=t 4+, 2] 28] & (Rhizobium),

v ¥ = vl ¢ & (Blfldobacterlum) Z % 73 # 2~ (Rhodococcus), ZFT] T} (Candida),
of] 2 9] 1] o}(Erwinia), <l Eﬂimﬂ (Enterobacter), 3} 2~ €] @ }(Pasteurella),
ul} 5} o] 1] o} (Mannheimia), 28 E] :=H}4 2] 2~ (Actinobacillus),

o} -1¢| 7}E] UFE] (Aggregatibacter), <& ¥ 1} 2x(Xanthomonas), H] 2 2] 2 (Vibrio),
9 5 X 1} 2~ (Pseudomonas), ©} 7= E 41 E (Azotobacter),
o) A Y] E 4} E{ (Acinetobacter), &2~ E 1] o}(Ralstonia),
o} 12 ¥ 2] = (Agrobacterium), = 5= 8} E (Rhodobacter),
Z}o] B 1} 2~ (Zymomonas), U2 ] 2x(Bacillus), 2~ Bl B 2 5 A 2~(Staphylococcus),
2} & 57 2 (Lactococcus), 22 E 3] & 5 7] 2x(Streptococcus),
2 & 1A 2] 2~ (Lactobacillus), & & 2~ E @] U] & (Clostridium),
2] Y] ¥}l 2] =-(Corynebacterium), 2= E 5] &1} o] A] 2~(Streptomyces),
H] 7] & 2h]| 2] & (Bifidobacterium), A} ©] o} 3= U] €] 2-(cyanobacterium) 2

Alol & ZutH| 2] 2 (Cyclobacterium) 2 7 ¥ &= ol A AEE = A& EJ o=
o

= ‘jmé% LAV A2 A= Edo] L wE & 9(trace metal
solution) & X~ 33l W X o A f-712 g & &3l v et dAE ek
H] & 2f A A/E] LA 8] L2 Al Q1 A4k dh i o] gk A o]t}

FEg 7287 Slskel Oa
2 b o] F52
Sehav| =k BAC] A A gL E A e, wek PG 0 AR
&= 7@ Al 74 G AA vHA (Apramycin, AmE 3

spectinomycin, Sm 2.2 3% 7]; tetracycline, Tc= % 71)E ARSI, A &2 &
7bs &k Al 7HA] #4195 (CDF, pBBR1, ColA)& o] &-3¢] Z- o} 74| W E

71; streptomycin ==
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(CDF-Am, CDF-Sm, CDF-Tc, pBBR1-Am, pBBR1-Sm, pBBR1-Tc, ColA-Am,
ColA-Sm, ColA-Te) & F-Z3tQtHE 1). o] v [ D HZ1]S CDF A4 DA,
[ ¥ F2]%= pBBR1 AU A, [ EHF3]E ColA HA LA, [HEHT4)=
Am FAA v1tA, [M D E5]5= Sm FAAA vhA, [M D E6] Te A A nh7
DNA A E-& 2 u| gt}

oo A AL-25 A x4 sRNAEPR ZEFE(HLHIENE 7|Hro =
micC scaffold(*] 2 H 58)¢} TI/TE Bl v o] E(M DA H 59)Z 833t} A7)
obF 7l o] x4 sRNA ZHF St 5253 sRNA 27}, A A
A AA WA 72D 27 2 B4 22bo 2 S0 H A 7l 9] DNA
Z7245 31 o] Al & 2] (gibson assembly)E- -3l A 213} S tH(D.G.Gibson et al.,
Nature Methods (2009), 6(5), 343-345).

SRNA 2712 7]<& 58](KR 10-1575587 B1)°l A 2] pWAS St Av =&
&5 o Aol [MEAHTI0DHT11]E o] -8k PCRE 58l #5383t
61/\3 ;q] u}fq 17LE = Am % 17L s [/\1 oﬂﬂqilz/}q Oﬂ}ﬂil?) OH Sm 17L8
[MEHZT 14 LEHT15]1S B8, 18] 3L Te 272 [AMEHI 16/ EHE17]E
S8 5T EANH 245 5 CDF 242 (MEHZ18/-E M5 19]S
=3l], pPBBR1 2Zh-& [AEH 3 20/4 QH 32118 F3l, 18] 31 ColA 27H-

(M EH T2/ EH 52315 B8 53590

MEHD1] 5'-
gatcaaaggatcticttgagatcectttttttctgcgegtaatcttttgeectgtaaacgaaaaaaccacctggggaggt
ggttitgatcgaaggtiaagicagtiggggaactgcttaaccgiggtaactggctttcgcagageacagcaaccaaa
tetgtecttecagtgtageecggactttggegcacacttcaagageaaccgegtgtttagctaaacaaatectetgega
actcecagttaccaatggetgetgecagtggegtittacegtgettticcgggttggactcaagtgaacagttacegg
ataaggogcagcagtegggetgaacggggagttcttgettacageccagcettggagegaacgacctacacegag
ccgagataccagtgtgtgagctatgagaaagcegecacacttcccgtaagggagaaaggeggaacaggtateeg
gtaaacggcagggicggaacaggagagcgcaagagggagegacccgecggaaacggtggggatctitaagt
cctgtegggtitegeccgtactgteagattcatggttgagectcacggceteccacagatgcaccggaaaagegtety
tttatgtgaactctggcaggagggeggagectatggaaaaacgccaccggegeggecctgetgttttgectcacat

gttagtccectgcttatccacggaatetgtgggtaactttgtatgtgtccgeagege-3'
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M Z2] S5~
tatgatcatttatictgectecccagagectgataaaaacggtgaateegttagcgaggtgecgecggcticcaticag
gtegaggtggececggetecatgeacegegacgcaacgeggyggaggeagacaaggtatagggeggegagacy
gctacagecgatagtctggaacagegceacttacgggttgcetgegeaacccaagtgctaceggegeggeagegty
accegtgteggeggcetecaacggetegecategiccagaaaacacggctcategggeateggeaggegetgetly

ceegegecgtteccattecteegttteggteaaggetggeaggtetggttecatgeccggaatgeegggetggety
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ggcggctectcgecggggecggteggtagtigetgetegeccggatacagggicgggatgeggegeaggtcge
catgceccaacagegaticgtectggicgtegtgatecaaccaccacggeggeactgaacaccgacaggegeaact
ggtcgcggggctggecccacgecacgeggtcatigaccacgtaggecgacacggtgecggggecgttgagett
cacgacggagatccagegeteggecaccaagtecttgactge gtattggaccgtccgeaaagaacgtccgatgag
cttggaaagtgtcttctggetgaccaccacggegtictggtggeccatetgegecac gaggtgatgeageageatt
geegecgtgggtitecicgeaataageccggeccac goecteatgegettigegticegtttgeacccagtgaccggg
ctigttcttggctigaatgecgattictctggactgegtggecatgettatctecatgeggtaggggtgecge acggtt
gcggeaccatgegeaatcagetgeaactitttcggeagege gacaacaattatgegttgegtaaaagtggeagtcaa
ttacagattitctttaacctacgeaatgagcetattgecggggggtgecgeaatgagetgtigegtaccccectittitaa
gttgttgatttitaagtctticgeatttcgecctatatetagttctttggtgeccaaagaagggeaccectgeggggtic
ceecacgecticggegeggeteecoctcecggeaaaaagtggeccctecggggetigttgategactgege gaectt
cggectigeeccaaggtggegetgeccecttggaacccecgeactegeegeegtgagoetcggugogeaggegg
gegggeticgeecticgactgeccccactegeataggettgggtegttecaggegegtcaaggecaagecgetge
geggtegetgegegagecttgaccegecttccactiggtgtecaaccggeaage gaagegegeaggecgeagge
cggaggcttticcccagagaaaattaaaaaaattgatggggeaaggecgeaggecgege agttggagecggtg
ggtatgtggtcgaaggetgggtagecggtgggce aatcectgtggtecaagetcgtgggeaggegeagectgteca
tcagcetigiccageagggatigiccacggoocgagoegaage gageeageoggtggecgetegeggecategteea
catatccacgggetggeaagggagege agegaccge gecagggegaageccggagageaagecegtagggeg
ccgeagecgeegtagge ggteac gactttgegaage aaagtctagtgagtatactcaageattgagtggeccgee
ggaggcaccgecttgegetgeccccgtcgagecggttggacaccaaaagggaggggeaggeatggeggeata

cgcgatcatgegatgeaagaagetgge gaaaatggge aac gtggeggecagtctcaageacgectacegegag
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cgcgagacgeccaacgetgac gecage aggacgecagagaac gageactgggeggecageageaccgatga
agcgatgggccgactgegegagtigetgecagagaageggege aaggacgetgtgttgge ggtegagtac gte
atgacggecageccggaatggtggaagicggecagecaagaacagoaggeggegticticgagaaggegeac
aagtggctggeggacaagtacgggge ggategeatcgtgacggecageatccaccgtgacgaaaccageecge
acatgaccgegticgtggtgec getgac gecaggacggeaggetgteggecaaggagtteatcggeaacaaage
gcagatgacccgegaccagaccacgtttgeggeegetgtggecgatetagggetgeaacggggeategaggge
agcaaggceacgtcacacgegeaticaggegtictacgaggeoctggagoeggecaccagigggecacgteaceat
cagecegeaageggtegagecacgegectatgeaccgeagggatiggecgaaaagetgggaatetcaaagege
gttgagacgeeggaageogtggecgaccggetgacaaaage ggttcggeaggggtatgagectgeectacagg
ccgecgeaggagegegtgagatgegeaagaaggec gatcaageccaagagacggecegagaccttcgggag
cgectgaageccgtictggacgecctggggecgitgaate gggatatgeaggecaaggecgecgegateatcaa
ggccgtgggegaaaagetgeigacggaacagogggaagtccagogocagaaacaggeoccagegecageagg
aacgcgggegegeacatttccccgaaaagtgecacctgacgtctaagaaaccattattatcatgacattaacctataa

aaataggcgtatcacgaggecctttcgtcticgaataaatacctgtgacggaagatcacttcgeagaataaataaat

cctggtgtecctgttgatace-3°
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M =3] 5
aasacgtcctagaagatgecaggaggatacttagcagagagacaataaggecggagegaagecgtttitccatag
getecgeccccctgacgaacatcacgaastetgacgetcaaatcagtggtgge gaaacecgacaggactataaag
ataccaggcgtticcccctgatggetecctctigegetctectgticecgtectgeggegtecegtgtigtggtggagg
ctitacccaaatcaccacgtecegticcgtgtagacagticgetecaagetggacetgtagtgeaagaacceecegtica
geeegactgetgegecttateeggtaactatcatetigagtccaacccggaaagacacgacaaaacgecactggea
gcagccattggtaactgagaattagtggatttagatatcgagagtcttgaagtggtggectaacagaggetacact
gaaaggacagtatttggtatctgegetccactaaagecagttaccaggttaageagttccccaactgacttaacctte

gatcaaaccgeciccccaggeggtttittcgttiacagageaggagattacgac gatcgtaaaaggatctcaagaa

gatccttacggaticccgacacca-3

CECEL 5'-
atgtcatcageggtggagtgeaatgtegtgcaatacgaatggegaaaagecgagetcateggtcageticicaace
ttggagtiacccceggeggtgtgetgetggtecacagetecttccgltagegteeggecoctegaagatgggecactt
ggactgatcgaggcecctgegtgetgegetgogtecgggagggac getegteatgeectegtggte aggtctgga
cgacgagccgttcgateetgecacgtegecegttacaccggaccttggagtigtetetgacteatictggegectgee
aaatglasagegceagegeccatecatitgectitgeggeagegggygecacaggeagageagateateicigalec
attgccectgecaccteactegectgeasageceggtegeccgtgtecatgaactegatggge aggtactictecteg
gcgtgggacacgatgecaacacgacgetgeatcttgecgagttgtiggeaaaggticectatggggtgecgagac
actgcaccaticticaggatggeaagttggtacgegtegattatctecgagaatgaccactgetgtgage gettigect
tggcggacaggtggetcaaggagaagagecticagaaggaaggtecagte ggteatgectttgeteggtigatec
getecegegacattgtgge gacageectgggteaactgggecgagateegttgateticctgeatccgecagagge

gggatgcgaagaatge gatgecgetegecagtegattggetga-3'
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CELES 5'-
atgagggaagcggtgatcgecgaagtatcgactcaactatcagaggtagtiggegteatcgagegecatetecgaa
ccgacgttgetggecgtacatttgtac ggetecge agtggatggeggectgaagecacacagtgatattgattiget
ggtiacggtgaccgtaaggcetigatgaaacaacgeggegagetttgatecaacgacctittggaaacticggeticee
ctggagagagcgagatictecgegetgtagaagtc accatigtigtgeac gac gacate attecgtggegtiatcea
gctaagegegaactgeaatitiggagaatggeagege aatgacaticttgeaggtatcticgagecagecacgatcg
acattgatctggetatettgetgacaaaageaagagaacatagegttgecttggtaggtccageggeggaggaact
ctttgatccggticctgaacaggatctatttgaggegetaaatgaaaccttaacgetatggaactegecgeccgactg
ggctggc gatgagegaaatgtagtgettacgttgtccecgeatttggtacagegeagtaaccggeaaaategegec
gaaggatgtcgetgecgactgggeaatggagegectgecggeccagtatcageccgteatacttgaagetagaca
ggctiatcttggacaagaagaagatcgettggectegegegeagatcagtiggaagaatitgtccactacgtgaaa
ggcgagatcaccaaggtagtcggeaaataa-3'

(A2 6] 5'-
atgaasaattatiaatattggagtittagcteatgttgatgcaggaaaaactaccttaacagaaagctiatiatataaca
gtggagcgattacagaattaggaagegtggacaaaggtacaacgaggacggataatac gettttagaacgtcag
agaggaattacaaticagacaggaataaccictittcagtgggaaaatacgaaggtgaacatcatagacacgeca
ggacatatggatttcttagcagaagtatatcgttcattatcagtittagatgggge aatictactgattictacaaaaga
tggcgtacaageacaaactegtatattatitcatgeacttaggaaaatggggattcecacaatettitttatcaataaga
ttgaccaaaatggaattgatttatcaac ggtttatcaggatattaaagagaaactitctgecgaaattgtaatcaaaca

gaaggtagaactgtatcctaatgtgtgtgtgacgaactitaccgaatctgaacaatgggatacggtaatagaggga

aacgatgaccttttagagaaatatatgtccggtaaatcattagaageattggaactcgaac aagaggaaage ataa
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[176]

[177]

[178]

33

gatttcagaatigticicigticccicttiatcatggaagtgcaaaaagtaatatagggatigataaccttatagaagit

attactaatasaattttattcatcaacacatcgaggtecgtctgaactttgcggaaatgttttcaaaattgaatatacaaaa
aaaagacaacgictigeatatatacgectttatagtggagtactacatttacgagaticggttagagtstcagasaaa
gaaaaaataaaagttacagaaatgtatacttcaataaatgglgaattatgtaagatigatagagetiatictggagaa
attgttattttgraaaatgagtititgaagttaaatagtgticttggagatacaasactattgecacagagaaaaaaga
ttgaaaatccgeaccctctactacaaacaactgttgaaccgagtaaacctgaacagagagaaatgttgettgatgee

ctittggaaatctcagatagtgatccgettctacgatattacgtggattctacgacacatgaaattatacttictitcttag
ggaaagtacaaatggaagtgattagtgeactgtigecaagaaaagtatcatgtggagatagaactaaaagagecta
cagtcatttatatggagagaccgttaaaaaatgcagaatataccattcacatcgaagtgecgecaaatecttictggg
cttccattggtttatctgtatcaccgettcegttgggaagtggaatgeagtatgagageteggtttctetiggatactta

aatcaatcatttcaaaatgcagttatggaagggatacgctatggttgtgaacaaggattgtatggttggaatgtgac

ggactgtaaastctgitttaagtatggetiatactatagecctgttagtaccoecageagatittcggatgetigetectat
tgtattggaacaagictiaaasasagetggaacagaatigttagagecatatettagtittaaaatttatgegecacag
gaatatctttcacgagcatacaacgatgctectaaatattgtge gaacatcgtagacactcaattgaaaaataatgag
gtcattcttagtggagaaatccctgetcggtgtattcaagaatatec gtagtgatttaacttictttacaaatggacgtag

tgtttgtttaacagagtiaasagggtaccatgtiactaccggtgaaccigitigecageccegtegtecaaatagteg

gatagataaagtacgatatatgticaataaaataact-3

[MEWE7] 5'- taacaccgtgegtgtigactattttacctetggeggtgataatggttge-3°

[MEH=8]

5
titctgttgggecatigeattgecactgattttccaac atataaaaagacaageccgaacagte gtcegggetititt-

3)
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[179] CELED
5h.

ccaggeatcaastaaaacgaaaggcetcagtegaaagactgggectitegititatcigtigtitgteggtgaacgete

tctactagagtcacactggetcaccticgggtgggectitctge gitiata-3°
[180]
[MEHF10] 5'-GGTAAACCCAGGAGGTATAG-3'

[AEHE11] 5-GTGCCACCTAAATTGTAAGC-3'

[Agu =12] 5'-GCTTACAATTTAGGTGGCAC

ACGGTAACTGATGCCGTATTTG-3'

[MEHF13) S-CATTGTAACCTATGATTATC

GAAGAACTCCAGCATGAGATCC-3

(M E14] 5'-GCTTACAATTTAGGTGGCAC

GACCGAGTGAGCTAGCTATTTG-3'

[MEe =15] 5-CATTGTAACCTATGATTATC CTGAGCAATAACTAGCATAAC-
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[181]

[184]

35

[AeEH F16] 5-GCTTACAATTTAGGTGGCAC

GACAGTGGAGTATATCGACCAG-3'

[MEHZ17] 5'-CATTGTAACCTATGATTATC

GCTCACATGTAGTTTATAATAAC-3

[MEH 18] 5'-CTATACCTCCTGGGTTTACC AAGTTAGCTCACTCATTAGGC-

[MEHZ19] 5'-GATAATCATAGGTTACAATG TTTATCAGGGTTATTGTCTC-3

[A g =20] 5'-CTATACCTCCTGGGTTTACC GGTATCAACAGGGACACCAGG-
[MEH E21] 5'-GATAATCATAGGTTACAATG TATGATCATTTATTCTGCCTCC-

[MEHZ22] 5'-CTATACCTCCTGGGTTTACC TATCAGGGTTATTGTCTCATG-3"

[MEH E23] 5'-GATAATCATAGGTTACAATG CGCAACGCAATTAATGTAAG-

1=
F g & %sRNA 4 frA A Hhﬂ ﬁxﬂz% g Lﬁ} l Hcﬂ*ﬂ *stRedz
FAAE e iz o) FE] Fav=ES A2 o) 2
ZaA~n 25 5 pACYC184-DsRed2= 715 F-3l ol A A 24 vl o} B et
=5 28519 TH(M. Noh et al., Cell Systems (2017), 5, 1-9).

pTacl15K-DsRed2 (p15A 4|91 4, kanamycin -Km S 2 3 7]- A A v}A),
pTrc99A-DsRed2 (ColE1 54114, ampicilin -Ap= % 7]- & A| n}A) 2] EE
Zalan = FES WA pTacl5Ke)F pTre99A S Bl 8l 0 & 3o
(AL 524/ D 52515 F3Fe] PCRS E-3l] 7<= of Al &2 (gibson
assembly) & 9 ¢+ S} ~v| = 228 A 2% U}%, DsRed2 A A&
[MEHE26/EHE27]8 F3Fe] PCR HE-§ o2 =53 U5, V] F+ 27
A AAELE B8l &= %% o =ZH pTaclSK DsRed2, pTrc99A-DsRed2 ] 3~ F
Zohan g P,
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[185]

[186]

[187]

[188]

[189]

[190]

36

[MEBZ24] 5-GGATGAGAGAAGATTTTCAG-3'

[MEH=25] 5-TTTTTTTTITTITGTGTGAAATTGTTATCCGC-3'

(Mg =26] 5

ATTAACTTTATTAATTAAAGGAGGACAAATATATGGCGAGCAGTGAGAACGTC-3’
(M ER=27]

5 -CTGAAAATCTTCTCTCATCC ATTACGCCACCAGGGCATAGTTTTC-3

ThoFst fhd =8 sRNAS] DsRed2 & 3 izl o] tf ¢k o2 a8 HAE

Al 1-10 4 558 T} g 3Hd 24 sRNA &3 % &2} 221 =9} DsRed2
&gl A vy g X et Au=E o] 8slo] §4 24 sRNA2| DsRed2 & 4
Aol o) gk b Bl AE D7) S E o] AT ZAME of# &) ol
BRI

7| RE

it += Escherichia coli W3110-& AF8-3} ST 9 DsRed2 & &9 2 9
e i e A I Rl ?"L/‘é}_@ SRNAE 530l glof, th st eHd =4
SRNA ZHE ZHv =58 1307 Aol (AU B8/ M 52915

o]-& 3} inverse PCR ¥F-8-2 o 3} %t PCRS 5 3) A1/ ¥l DNA <5 Dpnl
Agta s (A =2 2 kel =& 58l S A 7819 o, Fu& T4
polynucleotide kinase (1 A] :=2] 2~ o -1 )2} T4 ligase (& 3] 2~ v}o] 8],
o gkl =)ol o] gk wk-g-& E-3ll ¢+ ¥ anti-DsRed2-sRNA e} =1 =5
A 2FsE A T

B 22 Ao DNAAE &2 2F¢ & Cosmogenetech/\} (&5

AT 71 A WA gk uke} o] -3 970 9] anti-DsRed2-sRNA

Edf2n =53 Al 7H4] DsRed2- 2] 8 Eef A0 =25 S o] g5t
AL Shel A A} ARG = Al 7HA] Bl 2 E S v =E - 42 A 7EA] v E
FGAA A S A AL Q5= - of] gk vhFe A A sRNAY HHhd 5=
webatarzt &t

553 971 9] anti-DsRed2-sRNA - 22} CDF-Am, CDF-Sm, CDF-Tc, pBBR1-Am,
pBBR1-Sm, pBBR1-Tc, ColA-Am, ColA-Sm, ColA-Tc & & Zd}2m] ol 41¢] -
£ pACYC184-DsRed2 & £ ¥ Ze}221| =9} 317 E. coli W3110 =91
A7 53891 o n, 5 mLe| LB (Luria-Bertani) M 2] 7} ©31 H 2~ E FHo| &4
A Z 244 7E F ot A1A 3754 ol A] 200 RPM 2.2 1l &3 T8, OD600°] .74
A 2 (0OD600=2) 96 well standard opaque "}Fo]| A 2 Z & o] Eoll %71 3 microplate
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[191]

[192]

[193]

[194]

[195]

[196]

[197]
[198]

37

readers =3 833 A7 & S35t} DsRed2 &34 Wl 2 9] excitation 342
562 nm, emission ¥4 603 nm, L8 3L cutoff 42 590 nm = A A 331
A sk

35k 471 971 9] anti-DsRed2-sRNAE pTacl5K-DsRed2 €] B &2 2~v] =9}
7 E. coli W3110 w7oll A - gt 5 v st 71} A6t o3
A7 & S48 st

5 471 971 9] anti-DsRed2-sRNAE pTrc15K-DsRed2 2] B &2 2~v] =9}
St E. coli W3110 250l 23 gk 8k 5 ] oFsho], 7] 2k & L5
FA71E S8

1 A3}, F 6714 2] & (CDF-Sm, CDF-Tc, pBBR1-Am, pBBR1-Sm,
pBBRI-Tc, ColA—Sm) =& AAl AL stel A AbgE 2 Qs EYE SRR
AR AAE ZNEZE2 t}obst 3174 o] DsRed2 WHd 504 X5

Bl B E FAA 9 A 52 Ho]FA T (52). ColA-Te, ColA-Am
EAFE 29 AAoNA FxH Sk et 3 F A A3 S A5
kg4 o] Mol A a1, CDF-Am & F-2 N A v el A A A& FA4 &
L EFU 32 pTre99A-DsRed2 2] EEEf of] t] g+ Wl A o] "ol A V] F3 %
1ol A A28t

Vg E U9 37HA] f- - AE A Sk 817] 918l ColA-Sm,
CDF-Tc, pBBR1-Am 37| & F-& AA5to] 5 thAlz 814 2 A] o ol A

d

g o) 5 F shbel EAFL AR} ol ned o AG O Fow
ARG o) ) At 2eld FRFol TS AWH o= ALgo
AR S By Eo] X4 Aol A, ¥ el §o] Y2 Fi= Ro|

ol A 3 Aol e,
[A Y 28] 5-GAGAACGTCATC GCAACCATTATCACCGCCAG-3'

MY 529] 5-ACTGCTCGCCAT TTTCTGTTGGGCCATTG CATTG-3

14, thFet 239 9424 sRNA S 3o &5 g o] Aol vAl=

1) &< sRNA &
AA o 1-30 4 Al Z2gk P2 sRNA HHAE Zep v mrtofe] 23fo=
At wol =AH A S o), S5 Al A v A= S
ol R 2kl Tl A B sRNA S F = & o5 AF HAEE
st =], ALt o &2 AL E = A A 37 7 H o gk f-AFgE 317 of A
H| 2 Eska1x EBEH Sehan = 2z gk gol o|u] Ll it ot Ftoll 7
sSRNA Z &S = 5H3 o). whehA] A7) A A ool A 913 ¥ pTacl5K-dsRed2,
pTrc99A -dsRed2, pACYC184-dsRed2 &] ¥ B Z &A=& 27 H {313l I E
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[199]

[200]
[201]

[202]
[203]

[204]

[205]

[206]
[207]

38

coli W3110 35~ Al| ol A AJ o] 1.30] 4] A8k 67F4] sSRNA & F-& 2+
Late] et &2 18F ] o F+E A 25k th: Tac-pBBR1Am, Tac-
Tac-pBBR1Sm, Tac-ColASm, Tac-CDFTc, Tac-CDFSm, Trc-pBBR1Am,
Trc-pBBRI1Tc, Trc-pBBR1Sm, Trc-ColASm, Trc-CDFTe, Tre-CDFSm,
ACYC-pBBR1AmM, ACYC-pBBR1Tc, ACYC-pBBR1Sm, ACYC-ColASm,
ACYC-CDFTc, ACYC-CDFSm.

A2 E T 7 2T 7S (Cul® 7] sRNA F R FE0] = 54 L
Zyzke] g ¥ SeavEnt R |l 7 5)S Z47] 5 mLe] LB WA 7k Eol &=
H 2~ E FHo| 5&3to] 16A] {Hs <t 37°C, 200 RPMO%W Hjahsl o, B&
TTEL A T4 HEsto] HAESth 1 3, ZF wellel] 200 uLe] LB ¥l #] 7}
- ¥ microplate®l] B T TE S 24 A HEQF AU kS H s =d (1Y
2h), o] o Bioscreen CE ©]-§-3¢] nlgbo] o] o] Wi} FA| o] BE AdFTE2
OD600Z 1A bvte} S A 855 it o] & A| 24 A|ZHEeke] wlj o] S =¥
=, Al & D g 2271 9] microplate Aol B o FES 24 A Al wl g
sttt 29 2b). o] Wl & A] Bioscreen CE ©]-&3to] o+ A=
SAsEA T 3 2 A vl =3 Ak Al et

1A, 30 gk Al ZHe] Z1EE (a) o) HAIE BEel fEo] @l sRNA
29T BUL 557 T Yol JTFS 71X A @ AL Felatgint,

=1

A}

-

il

2) o] = sRNA = =
B AR L ol W 71 T & 2] sSRNA

ER BRI R

=}

AEE Tl BArstar
skarzl o}oﬂﬂ}. uhepA A ol A A5 vket
ol Al Fof g X ZehAn =7 Y H E. coli W3110 w50l th &3} 2
}—?1’}9_?-_ SRNA EHEE Y2483 755 2185 A2tttk
Tac-ColASm-pBBR1Am, Tac-ColASm-pBBR1Tc, Tac-ColASm-CDFTc,
Tac-CDFSm-pBBR1Am, Tac-CDFSm-pBBR1Tc, Tac-CDFTc-pBBR1Am,
Tac-CDFTc-pBBR1Sm, Trc-ColASm-pBBR1Am, Trc-ColASm-pBBR1Tc,
Trc-ColASm-CDFTc, Tre-CDFSm-pBBR1Am, Trc-CDFSm-pBBR1Tec,
Trc-CDFTc-pBBR1Am, Tre-CDFTc-pBBR1Sm, ACYC-ColASm-pBBR1Am,
ACYC-ColASm-pBBRI1Tc, ACYC-ColASm-CDFTc, ACYC-CDFSm-pBBR1Am,
ACYC-CDFSm-pBBR1Tc, ACYC-CDFTc-pBBR1Am, ACYC-CDFTc-pBBR1Sm.
A2 b FEol e A Bl B 7] 9 sRNA Z 5o g gl = E o)
e kel u]—/\l o = 4853t}
@Jﬂr, 5239 T Al Hel L (byell ZHA E mkel o] 5 F 2] sRNA
=9 EE 5 g w5 A 2 dF= vAA g= s

\1)«0
O
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[208]

[209]

[210]

[211]
[212]
[213]

[214]

[215]

G771 v o2 A £ RNA EolF o] 54 5910] S o4
F o] Aol WX = A G obr it sk ubebA A7lol A LT vt
Zehzam =7 291 E. coli W3110 o9l E}—%ﬂr e
2 YAAFH FFE 3ES ARk
Tac-ColASm-pBBR1Am-CDFTc, Trc-ColASm-pBBR1Am-CDFTc,
ACYC-ColASm-pBBR1Am-CDFTec.

A zpgk tEel tigk A H AE= A7) Tl sRNA S350l b g 8| ~E

FAd3l vkl o 7 S=3)5191 T}

7é?Jr, 39] shdk Al 7H 2] T2l 3E (c)oll FHATE mhek 2ol Al F-2] sSRNA

5o BRI 45 oA 2ol Aol £ e vAA = AL

T ol A o] ek A

z13) 3 2F ol Fxd wiwie) 2

T53} colony PCRE_' J shol all g ol sSRNA &2 F=0]
7}

391 EAgeAE Aemsin ol 4,22 9
PC

I
g
o
PN

AN E?{_',
o= 1o
st
o,
PN
ik
=
Z
= >

¥
>%
al’s

Wi mm
o
o

= M
A

3= ol o] Zetol W& % }ﬁo}oﬂﬂ} ol f [MAMZ30], [MEHNE31]
CDF 24| YA o] Eo] A J © & 0.34 kb2 PCR AHE-S AAI3}AL, |
32], [M @& 33]<= pBBRI H-A4| 1 H o] So]2¢1 212 = 1.08 kbe] PC
s, (DT 34], [A D §35] ColA F A o) oAl Ao =
0.65 kb®] PCR AH&-& AA e =5 A A 51l T

=
~ 12
'z
foy

[AM Y Z=30] 5'-CAACCATGAATCTGACAGTAC-3'

[AMEEHZ31] 5 -CTCTGCGAACTCCCAGTTAC-3'

MYz 32] 5-CCTTGCGTAAAAGTGGCAGTC-3

[AME =33] 5-GCTTCTTGCATCGCATGATC-3'

MY 5 34] 5 -TCCGTAAAGGATCTTCTTGAG-3'

[A g Z35] 5-GTCCTAGAAGATGCCAGGAG-3'
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[216]

[217]

[218]

[219]

[220]

[221]
[222]

[223]

40

B9k ol A E Yol Aol B g o dA 2d sRNA £ HFE 9
AL S HEE o}iiﬂ 7k o 2] 7ol A £ sRNA Hd WE 59 FA
A -go] stite] W & gk A3 Blulste] U & kA st v & 4 v 528
btttz Ae FHsky] el vhe3t &2 A S s

¥ 53] PAA el A Al &2 Hol 5 vhel o] Hh Al 7H 9] 9 &4 sRNA
ZYF M o] (olv] HSFAE7F L3FetaL A= W E Al9]) T4l F A sk
A $-& A X 9kt) pTaclSK- dsRedzsﬂr pTrc99A-dsRed2 F 7}#] ] 3£ H
Hehav=E A7 A A e 7 FHe] o W3l10 F%Toﬂ 3 x4

SRNA 23 e} v =5 v, O]Z, st 2o 2 A X shslo] 28 9
TS AAe vt ol H A AAtd 5 >80 Al 5 OP AlTh ) F e LAz,
oF20 At & gt A At B Eeb v E B4 0 ES SA ST

Edan s B SAE A= vha Zol A4S st let. wiA
dld 755 5 mL LB H A 7} 8- 25 mL test tube®l] 414 3750014 12A]F
ol vl kgl ar, oF 10007 9] AZE A2 1] gk LB vl #] of] Aty W%ﬁkﬂ
AA 37504 oF 20 AlTh &<t vl F-& X A5t o] wff A3 5
A 7F Qo) upe} o] G ¥ Ah 1L %, w F o2 A A 7 Eﬂﬂﬂ %> LB
ol 7} Zellol E ol A M= AL, 7 EH ol E & 50 70 FEUA S
T2 2 AE S A2k A AN (Te, Sm, 3= Am)7F ¥ LB o7 HH| ol &
flol] 7 of nj a3,

72 A 7 S LB op7f HH|ol E Aol o 4 e FREY ASEES
ol-gsto] Et v E B A B &S SASITH 1 A= 199 Ak &
1991 4 &HQlst 4= 9li= nie} o] U)o 5528 T F 25 ¥ 5°)2 804 ol
ol gell A 90% ol del Ee v = BAGEE Bk U A A 755 (thee
Sohav = 238 H§-8Fa 9 & 755 pColA-SmR-pBBR1-AmR,
pCDF-SmR-pBBR1-TcR, “1#] 31 pCDF-TcR-pBBR1-SmR) =3t 80% ©] /2]
EganE BEEE BoFATh

o] A - oA JHE FAI TS ¥ 24 sRNA B S9t AN EES
Bs] =& AN S HolEth=s o] S8 E AT B A A oo A= <F 80
AT 7EA] Al 2 E vl st A=l o] = Bg A Aol A vl k3 = Al 2 (F/-7H
1 oFol Al OD600 0.059 41 Al 2Fate] 1,00000 4 &= thar 7Hg 5H3l & w))<l
oF I5H T HA & wAEMA Tt o] vlo] @ ZE A 2o M & 3 F sRNA &
Zdan|EEo] /AT = QU Th= A8 HolErh

2Al o) 2. =8 AL 3 &2 Aol /A A&l T3t ColA-Sm % CDF-Te &4 &<

o]-&3k sRNA lol B e g] -5

A A e 1-30 4 A8 g T 24 sRNA 2 WA%Q A4 1852 ALt
ol o] &8 7S gl ara) ot W 8 AL =
FAREE AE st o] f- A wE S oA 71: ¢4 x4 sRNA

M|kl

O

l
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[224]

[225]

[226]

glol ¥ e gl & -5 3F3l T

WA, golud el & 5 ZRF W E = ColA-Sm¥} CDF-Te & 4743831 a1,
ol g A A g A7t e] ZRF T 617HA S F & FAAES TS AL
x4 sRNA B 753t FAA 2 H sRNA o] B FHAAES D) 52 A
HE (WY HE L TCA 3 =2 oM AH = F8 F=),2) i =42
transporter, 3) Al 3 AFE, 4) A} 3] 2 24 o) #o] ¥ = FAAES AdslTt
3 1). sRNA ol B & g] F-EA] o= 7] A Al of] 1.39] A anti-DsRed2 sRNAE
T5o & vl of T g WS AFEFSlTh =, 941 inverse PCRE &35}
promoter®} micC A}©] 9] target binding sequence 24merE 4F 4 SFal, F W2 Dpnl
et &4 2 T4 PNK2} T4 ligase©l] 9] 3}Fo] ligation ¥ ¢ Al F 4 S F3lo] £ul&
FES A9 5 A

ol A 53k 61 &7 9 sRNAY 3| Fat= EF -2 2o} “1of) 8l dah+=
target binding sequences= 37| 3 1°f 7 Al 8} 91 T
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[227] [3%1]
S4ZF RNA ©f S8 REKE U MY

MNg#s |28 |3K | B SUA 4 ZE GIINE 6-3)
42 zwf ATGGCGGTAACGCAAACAGCCCAG
43 thtA ATGTCCTCACGTAAAGAGCTTGCC
44 por ATGAAAAACATCAATCCAACGCAG
45 PRA ATGATTAAGAAAATCGGTGTGTTG
46 o ATGAAAACGTTAGGTGAATTTATT
47 serC ATGGCTCAAATCTTCAATTTTAGT
48 arof ATGCAAAAAGACGCGCTGAATAAC
48 aroA ATGGAATCCCTGACGTTACAACCC
50 aroC ATGGCTGGAAACACAATTGGACAA
51 pheA ATGACATCGGAAAACCCGTTACTG
52 trpfd ATGGCTGACATTCTGCTGCTCGAT
53 dapA ATGTTCACGGGAAGTATTIGTCGCG
54 murft GTGGCAGATCGTAATTTGCGLGAL
55 lysA ATGCCACATTCACTGTTCAGCACC
56 pos ATGTCCAACAATGGCTCGTCACCG
57 acef ATGTCAGAACGTTITCCCAAATGAC
58 pia GTGTCCCGTATTATTATGCTGATC
59 ackA ATGTCGAGTAAGTTAGTACTGGTT
60 pck ATGCGCGTTAACAATGGTTTGACC
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228 61 ppc ATGAACGAACAATATTCCGCATIG
62 gltA ATGGCTGATACAAAAGCAAAACTC
63 fumA ATGTCAAACAAACCCTTTCATTAT
64 mdh ATGAAAGTCGCAGTCCTCGGCGCT
65 acch ATGAGTCTGAATTTCCTTGATTTT
66 fadD TTGAAGAAGGTTTGGCTTAACCGT
67 fabH ATGTATACGAAGATTATTGGTACT
68 aspC ATGTTTGAGAACATTACCGCCGCT
69 aspA ATGTCAAACAACATTCGTATCGAA
70 carB ATGCCAAAACGTACAGATATAAAA
71 % ATGCGCCGGATATTATCAGTCTTA
72 G ATGAATGGCGCACAGTGGGTGG
73 M ATGATGCAACATCAGGTCAATGTA
74 N ATGCAAAACACAACTCATGACAAC
75 A ATGGCTGACTCGCAACCCCTGTCC
76 hC ATGGCTAACTACTTCAATACACTG
77 vE ATGACCACGAAGAAAGCTGATTAC
78 asnA ATGAAAACCGCTTACATTGCCAAA
79 asnB ATGTGTTCAATTTTTGGCGTATTC
80 argH ATGGCACTTTGGGGCGGGCGTTIT
81 deoA TTIGTTTCTCGCACAAGAAATTATT
82 glnA ATGTCCGCTGAACACGTACTGACG
83 gdhA ATGGATCAGACATATTCTCTGGAG
84 argA GTGGTAAAGGAACGTAAAACCGAG
85 thrA ATGCGAGTGTTGAAGTTCGGCGGT
86 metB ATGACGCGTAAACAGGCCACCATC
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[229]

[230]

[231]

[232]
[233]

PCT/KR2019/007729
44

87 metA ATGCCGATTCGTOTGCCGGACGAG
38 tdh ATGAAAGCGTTATCCAAACTGAAA
88 vl ATGACAGUCCTTCTACGAGTGATT
AWz | Transporters | EP2 /X & 2 H7]M4E (5-3)
a0 It ATGAACATAAAGGGTAAAGCGTTA
91 rhtC ATGTTGATGTTATTTICTCACCGTC
Mz | Cell regulation | BRI XX & ZE A7|ME (5'-3)
g2 crp ATGGTGCTTGGCAAACCGCAAACA
93 fadR ATGGTCATTAAGGCGCAAAGCCCG
94 fur ATGACTGATAACAATACCGLCCTA
a5 Ip ATGGTAGATAGCAAGAAGCGCCCT
96 pdhR ATGGCCTACAGCAAAATCCGCCAA
97 R ATGCGTCTGGAAGTCTTTTGTGAA
93 csrA ATGCTGATTCTGACTCGTCGAGTT
MEE=s | Cell death ER |8 o B F714E 5-3)
99 lexA ATGAAAGUGTTAACGGCCAGGCAA
100 yoh/ ATGAGTAAGACACTGAACATTATC
101 chpA ATGOGTAAGCCGATACGTACCCGAT
102 parE ATGACGCAAACTTATAACGCTGAT
A e 3 THE RNA ol u el 212 o] 3 F-EEA AL WAL T
A
A AL el 20 A Al £ 3F sSRNA E]ro] H g & o] &5to] 7]E ] pWAS 7] %k sSRNA
S| LS 13% 13191 20 AR RS A 7
Nttt 712 sSRNA A]i%% Agat7] o gebar HﬂﬁﬂEOﬂ AAE
uhsl ol 1) AL FH7F TE ek iz Fepar m ol A4 AT hA Ei
A 3ol SHH Y, 2) o e HrhE AR EHE o8] 23re R 4
BN % A EAL, AL AL RNA FAFE 0531l 93
2& SAES AT
3.1. T}k A 24 sRNA =P &2 o] 83 E ) & (L-threonine) 54+
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[234]

[235]

[236]

[237]

[238]

[239]
[240]
[241]

[242]

~~

71E NEHAE 75 F E# 29 (L-threonine) A4 5= 100%
rational 5} 7] thAF& 84 0 2 gk Yol &= B8tal {7 Ha s E sl
82.4 g/Lo] W%~ =2 E#| 2 A& Hol= 50|t} 100% rational $F

WhH o = oln| EY QS v|g a1x s AYAsh= 9l random-rational $F
W o] S 2 sSRNAE A 853l S wo] Aikse WA= 5= d& Aol
ol &8k A

71E Ed e AL Aol ERed A BRE A7, Eded
AN 7B m o] aas ol Aik=ol o g &4 A & =
AR NEFSE T UEN EYod EWNATY -5 o] Adehs S5t
F7H W aE Sohe] 824 g/Le] a1 Eg‘r 0.393 g/g (Ed| /X9 ¥
FEEE Ed 2 AAHTH28C - pBRThrABCR3 - 5°)0ll A &

Lee et a., Mol. Syst. Biol. (2007), 3(149)).

271 EF Q] Ak el] A A of] 20 4] 7% ¢ CDF-Te 7] 5F2] sSRNA
gholBefe] T Bl ed HAbel] 2§ 7he gk 5570 2] g4 &4 sRNA
dfol B o2l & A &oto] Hefad vMigE APtk EYod Su 2
S flate] 22 Al S AlE 283 5mLLB7F £31¢ HAE FH
HAESHA AL, 16/ vl &F = Sef =2 Ao v eFabalnt. 2 E‘r*i ] &2 30
mL2] 50 g/L glucose”} % 7F TPM1 W A1 & 3 g}elal )&= Wl & S8k~ A
31°C, 250 rpm, 48 A|ZF EoF A A E o, TPMI WA= IL T -9 AR ES
35l AT 2 g yeast extract, 4 g KH2PO4, 14 g (NH,),SO,, 30 g CaCO;,2 ¢
MgSO,, 1 g betaine, 5 mL trace metal solution, 2 mM L-methionine, 2 mM L-lysine.

Eoh vl F A3, = 500 AA[E vk} o] 7] Eell BalEl AAE i S5(TH28C
- pBRThrABCR3 =)0l thele] Zef~A m S 3t o 24 <F 16.68 g/L2]
EfdS 753 v 5579 424 sRNA efolv g & 283 45,
Evl o Ak o] 2168 gL 74 F7ke 4 9lvks 21 el v,

Hg Ed oS FANZ S AE Hrhe F A% B aroF ©] 31 pheA
G R S-S o FolWlrhz A% Fekatel S o, B3 AR thAt
582 A 5

olr

g AR Edle ou B Y e
RISITF3L T 5), 7k oh e, Eel 2 © 2E] o] 27418 A ATehs
BIA} 7 2 o] iIvH, obAl EAbe] £ o] ol shs pa 5] MA S oA 5192
wol = = wHEF Bl o FAhe BER 5 Uit

A & 2 9 SHES A g &85
A3t 53k 753 5 7HA] 3HA 2 sRNA S e AT =5 o] §-3lo] FA] o] F
Johe& T8 Eg o F4ks #Estai) &gl

G FA A ke oA A9

Foto] F5570 AR EA F EYodS



WO 2020/004936 PCT/KR2019/007729

[243]

[244]

[245]

[246
[247
[248
[249

—t e e

[250]

46

AN TS Bz 871 o] AR BHAE A = AT o] 871 9]
2 T Tt} (ktA, aroF, pta, ilvH, ilvE, glnA, fur, chpA. &

$t 424 sRNA ZHFS 2835 Aad 8719 Hrke

o

sl $AZE RNA ZAFN A= A thrd] df &2 9164 = 9l
WEfo] SRNAZ ShLbs) 4] Zo] A2 32 ok i A3bo] S.ef A2 of ]
FHE W) ARe7] o el ¢ de] YA, B ERF S e 9
YAATS Ftol A4 A2 glo] el FHE T Wol A 2ol Ths iz
70l e

wpeka] F 287129 o]
9_

Al

FEE 531 HEIA 71 W o] 0% o SArE AHE 1
A AT 53], glnA-tktAE A F T8 F ol A = oF 37% 2] S4kE
Edode & alglor, Ao 204 Lo B e e S5 d5id

A 7HA F A A b 232 o3 20 QlvE-tktA, glnA-tktA, chpA-pta.
7] AA Al E F8l A4t vke) 2o], CDF-Te}t ColA-Sm 2 H ¥ /ol v 2]
T53F T 24 sRNA dho| B2 gl & &-&3fo] o|n] thalgaL4 o 2 7 s
o et o G HAESE SHuwar g8 o= s 4= gl
3L, o] rational A, AMY Aot AE ARR & 5o EY WS o)y
AabskE goll MR 7753 sRNAE 2 8380 37% 7HE Aits & Hol&d
A& A A A & 7F8] e vkt ar o 7 3l

-9~ -85 AF85 3 = Z &9 (L-proline)S thgF o =2 AYAksh

T = AT FF(NMH26 - p15PP3533, pKKtrcSargF-treSglnA o 5°) =
g 24 sSRNAE o] &3] 7 kel B 317} QI TH(KR 10-1750855 B1, M. Noh et
al., Cell Systems (2017), 5, 1-9).

ol = 279 EetAn|EE 7HA] AL 9l shvbE ZE O LS %
pTaclSK 71dke] Mg o] 31, B &= ColEl S A1 A d 3} Ap A & 2k
34 24 sRNA ZHZ wg]o|t}, upebr] B AT x 2 9o F3o) A2 T35
A 24 sRNA EHEFS =945te] ol v] F4d 24 sRNAE F3ato] S-4ko] #

TP ETE A S Pibse Bol&el g shgint 7] Eol mud
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[251]

[252]

[253]
[254]
[255]

[256]

[257]

[258]
[259]

[260]
[261]

47

I 5(NMH26 - p15PP3533, pKKtrcSargF-treSginA ¥ 7)== =8t~ Aol 4 1.95
g/L, 571 a5 B8he] 32.7 g/L2] L E- S AAFEFA THKR 10-1750855 B,
M. Noh et al., Cell Systems (2017), 5, 1-9).

oln] %%k CDF-Tc 7] ¥+2] sRNA gto]l B.el 2] T &5+ A 4ke] 4 &
7Fs g 6071 2] sRNA gol e 2] 5 A -&3to] Sef2 m g sl
A S ste] A 08 S9AE M E 28-S 5mLLBY 3
B 2E FH HESAAL, 168 A 5, Eep2o)] Al &F sk
ZSoh A Ml %2 10 g/L glucose, 3 g/L (NH,),SO,7} & 71 50 mL2] R/2 Wl 2] (pH
6.8)E §Hf-5hi= vl & Sk~ 0l A 37°C, 200 rpmol| A 24 A] 7HE-oF
218kl o, R2 A= 1LY th-9] w58 3t Qi) 6.75 ¢ KH,PO,,
2 g (NH,),HPO,, 0.8 g MgSO,-7H,0, 0.85 g citric acid, and 5 mL trace metal solution.

Seha g A e, 70 AHAE vlel 7o) 20% o] FATE dFE T
70N, o] EFE S FEhE A Sk B tha-ak U serC,
murE, aspC, metB, fadR, fur, chpA. 53] fure] G b ¥ I 7]<&E o tH] oF
384% B% S ZEH Ais S HAFA=, Sk el A Hof 2.72
g/L7H A AL 7he 7t A& Gl e th(= 7).

=
A 2 GRNA =23

T& gEote] ZEMS US FAA TR}, T8 THs gt
T 744 @4 24 sRNA St An 25 o] &8lo] FA] o] F Y-S 53l
ZEYU SRS BES vk TE- 0] 20% o] FARE ARE Bl 770 ¢
FAA BAEE 20 2G5t A o5 Yk S HAESS AL, ol &
dFEol e Seh2a w2 3= = 80l A E o] Utk
"1 A3, fur-metB7} A Hb2E o5 7F S ek vl A 40.8% (2.90 g/L) 9]
ZE ks b= 2l ERlE o= )

A AE A 7 o AvE v T /A 9
-2 2t} fur-murE, fur-metB, fur-fadR, chpA-fadR, fur-chpA. ©]+= £ &
w50l 3 o] ¢l sRNA S An =& ¥38ksto] &= A 71 2] sRNA
Zdan BT B0 E AL EH, FA] ThE sRNA ST Al 2~ 818 Z38f] w251
AA nas YA 755 AR 7 Aok AE yEhdn

T

3.3. 24 sRNA FHF& °-§35te] T4ke 2259 (L-proline) A1t 52
1
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e 21 & 285te] 77 HEE A5 THKR 10-1750855 B1).

[262] NMH26 p15PP3533 pKKircSargF-trcSglnA (7] &= 53] KR 10-1750855
Blol| A o] &2 A4k i 52)0) pCDFTe-fur & 2227 = (fur Y5 91 ¢F sSRNA
HEN7F A E 755 dlE A (Km, Ap, Te)7F &7 5 mL LB7F £+
H 2 E FHo HEe 3 37°Co A 164 7Ha-oF vl &kl T}, 71 3, 10 g/L
glucose, 3 g/L (NH,),SO,7} A 7F8 R/2 Wl A (pH 6.8) 50 mLo] &0 3= v =
Eeh 2= 2709l OD600°] 201 ket Wi 7hA] Alth vl ¥ =3 st ol 2
7] 5+ 100 mL-Z 10 g/L glucose, 3 g/L (NH,),SO,7} % 7F# 1.9 L2] R/2 (pH 6.8)
H| 2] 7} 5o 9l = wha v ol A E k3o

263] 9 Al 28% (viv) SR o} 2912 Eato] pHE 6.8% 43S 1L, DO
(dissolved oxygen concentration)% T/ 2 At X359 40% = A AR =], 9]
o) stk o] el Wk F |8 Sol vk B o) AbA ] v & 24 DOE YA s

ZAsk9lc), =3l -Cr’r7]-/9] HLQ_OHH/] feeding & 91- pH-stat 7 gFof] u}e}

Eoizk=, daE ] Al 2" 4 pH7F6.83 o] o R ZEhgkE Al YA F Y feeding

%(ﬂ'lo] x}EOi%CgQEE /\47&3}03;} o] Lq] Q:Q‘feedmg-g‘o“o 1LY

oo AR-EE x9slal ) 650 g glucose, 85 g (NH,),SO., 8 g/ MgSO,.7H,

MR vhe) ol dhg 7ol &g 7= 7] 9] ApetA]
Sobal A S WA T o) H ol = flask e} & Wl X ol ZHZ) 1.6 g/L9] yeast
extractE 7P F L=, o] A o] tha & o] ¥ X FARE oA &
A Ao wE B Sl A s 15 T 9-b). —r7}x—|9—f*’-— kg wi <] el 3 g/L
yeast extractE FF7F5F] Al fure] Yok = Al M| o] #& thA}
27 ANZE 2E5HA] &S T U ST = feeding %@1 Oﬂ mL trace metal
solutionS % 7}3+ 91 t}.

[264] 1 AT, 5 9-coll WA vEef o] YA 08 R AlE S AET
A?iL EEHUY T ES51.6 g/LE A FAEE AT o] = <& BHard

2l AakeF (33.8 g/L) ol Bl wEke] 52.7% Z4HE A 3}Fo|t} (Noh et al., Cell

Systems 2017, KR 10 1750855 B1).

O
§
il
_\3
l-ﬂ
O
&
é

ﬂil

c
=

[265]  olgA AX3H f7h dE 2N 71EY HaE 775 M SEel S u%
71&e) Barg i_‘Eﬁﬂr H] 3 ZER o] ALy = S Fsk i th(s: 9-d).
[266]  EATIE HAHE 7 BE 2700 A GV AA 328 ko] A%
ZEH AL ‘E‘TE% mFatar 5 ke SA s ?l%‘ Sk
: =

=
TTE 450 teto] w7HA 2HaE desl=d, 14
p15PP3533 pKKitrcSargF-trcSglnA pCDFTc-fur o< (51.6 g/L), = 10—b/] NMH26
p15PP3533 pKKircSargF-trcSglnA pCDFTc-fadR 1+ (33.8 g/L), 5 10-c2] NMH26
p15PP3533 pKKircSargF-trcSglnA pCDFTc-aspC i (41.4 g/L), 5= 10-d <]
NMH26 p15PP3533 pKKitrcSargF-trcSginA pCDFTc-mazF o+ (25.2 g/L) ¢} Z T}
[267]

[268] 2) 0] = sRNA Z 23

il
al’s
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[269]

[270]

[271]

[272]

[273]

49

ol Hthe gl e #7HA LA E Wi, 1 A a1 11-a9]
NMH26 p15PP3533 pKKtrcSargF-treSgInA pCDFTe-fur pColASm-metB = (55.3
g/L), 5 11-b2] NMH26 p15PP3533 pKKitrcSargF-treSglnA pCDFTc-fur
pColASm-murE 7+ (41.3 g/L), & 11-c2] NMH26 p15PP3533
pKKitrcSargF-trcSginA pCDFTc-chpA pColASm-fur 3~ (47.1 g/L), % 11-d¢]
NMH26 p15PP3533 pKKtrcSargF-treSginA pCDFTe-chpA pColASm-fadR o<
(38.6 g/L) o} &1}

ol wj 7h s FH A o] £ = NMH26 p15PP3533
pKKitrcSargF-trcSginA pCDFTc-fur pColASm-metB 7= (fur?} metB7} o] 5 2.2
Yohe Hof = 7 5), 553 g/Le] 2 A4t 5, 1.053 g/L/he] 2 Aibs,
1¥] 31 0.200 g proline/g glucose ] &5 YEFU T A4t 55 Hol| A, o] =
71Eo] Bag T YAk (33.8 /L) ol ¥] 1 EF] 63.6% SAE A 3ol Tt
(Noh et al., Cell Systems, 2017, KR 10-1750855 B1). 153t 2. & #F5of thdt
F7HA R e AaE byl 3 20 A ekl

Lk A7 ZE- QA 7T EG] 77 e A 5 <?F exponential phase £}
stationary phase A Elj o] = M| E0ll sSRNA7F QFA 3] Fol sl =X &elst7]
A3te] colony PCR-S 3 ek A3} & 120]] /A | vF} o] & sRNA
WE Sol obg A 02 G403 412 F5A o).

247 AN e & E3) A% vl el o], CDF-Te2} ColA-Sm % E 4l
THAE G4 28 RNA o 1] 2] & BE3te] o] AL B o
o e b ke HAES 4w AgoR AP
o, ol @A FEHY B 7MY BRAAE U5 Holuk H52
oM 4] TR AL WS B THe AL Rl F AT T S0] 7] E
314 2 Fotol £YH T A)e] T4 4 RNAT Al o] B T
Nl g =4 sRNAﬁW F ul 7l el 34 24 sRNAE 2 3HeH ?Tﬂ 7 7?*—1

e’}

] 2

il
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[274]

[275]

[276]

50
[3E2]
sRNA EHEBEEE 5010 /HEE Z22 44 250 Uigh |7t €=
21}
No. | Strains Titer Productivity | Yield

g/L) {g/L/h) (g/g)
1 NMH26 pl5PP3533 pKKtrcSargF-treSginA| 33.8
(Noh et al, Cell Systems, 2017)

2 NMH26 pl5PP3533 pKKucSargF-treSginA| 34.3 118 0172
{with optimized condition}

3 | NMH26 pl5PP3533 pKKtrcSargF-treSglnA| 51.6 0.860 0.258
pCDFTc-fur

4 NMH26 pl5PP3533 pKKtrcSargF-treSginA| 33.7 0.748 0.257
pCDFTc-fadR

5 NMH26 pl5PP3533 pKKtrcSargF-treSginA| 25.2 0.525 0.294
pCDFTc-mazF

6 | NMH26 pl5PP3533 pKKtrcSargF-trcSginA| 414 0.796 0.217
pCDOFTc-aspC

7 NMH26 pl5PP3534 pKKtrcSargF-treSginA | 55.3 10653 0.200
pCDFTc-fur pColASm-metB

5 NMH26 pl5PP3535 pKKtrcSargF-treSginA| 413 0.898 0.187
pCDFTc-fur pColASm-murE

9 | NMH26 pl5PP3536 pKKtrcSargF-treSginA| 47.1 0.818 0.166

pCDFTc-chpA pColASm-fur

10 | NMH26 pl5PP3537  pKKtrcSargF-treSginA | 386 (0.988 0172
pCDFTc-chpA pColASm-fadR

S

I A o) 4. -7 A 525 sRNA ghol Bl g] o] ZeE o] A 7% 2 o] & o] 83
=22 7
S RNAS B 39 9 e YabETol 4830 N9 F0A
SRNA W3l £ E& the TYPEo 3
HENCE 13), 2 AR ool A = ColE1 % 41185} Ap B4 w12 7442
E9F EU2V = pWAS)E B 2 g ol A A & o] T ColA-Sm
v =2 A 24 sRNA & o] H sl
TR IE ATE Bt B E HAA £F T 29 sRNA

=
J» o

E

UFF‘ e 3L 19

ol 3o S

re >% Fie o FN
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[277]

[278]

[279]

[280]

[281]

[282]

51

gZhol B &g (1,85870 2] EFA f-H Aol T ghE -5k vl 1t} (D. Yang et al.,
Proc Natl Acad Sci USA (2018), 115(40): 9835-9844).

A A ol B8 E ol 8% A 2R ColA-Sm EHF S =g
[ D T36]9F [ EHE37] Zelo] M & o] &34 PCR Z %312 T sRNA
drolB el g o 7 A 7)) BlaLst & W, A & THE sRNA ¥ H & Aleldll =
mRNA target binding sequence 24 bpE A £] $F F.& TFE DNA A Qo]
A3 Z, pWAS sRNA library & Bl 55 0 2 so] (A H 338]/[A D HZ39]
X glo]l & o] 83e] 1,8587 9] A =2 U}E mRNA target binding sequence &
3238kskar 913 sRNA =758 PCR 534 A1 Zl T} 71§, sRNA ghol B el g
#7453 ColA-Sm Z7}o] gibson assembly & &3Fo] €18 WE = 343 3 E. coli
DH5a 7=l &2 Hghsh3it.

o] w 1,8587} 9] X.+= sRNAE A &2 HAF o] F&317] 9
(library Atel =] ef 13.51) o] F2H 2 = w7hA] wh ?‘38}211 Oéom
P& F2YE A4S 2 maxiprep s 535H0] Al =

= 7
AT (% 13). o] ¥ HA) 52 G =

ghojBp el & A= A Za_sRNA
dfolH ] & A= ERFOR o)At A A 29 2, o] = AR
Ao F o] F1A 3 F4d 24 sRNA ol B & F+53H/ "rtd
Ael= AR = F ~ o alangtepd g7]A 0 ® AgE Qe H 2hel s
Aofek 4= Qlthi= oA 5 jhsrt
[MEH =36] 5-AGTCAACACGCACGGTGTTAG-3'
[MYEHE37] 5-CAATTCGCCCTATACCTCCTG-3'
M =38] 5-TAACACCGTGCGTGTTGACTATTTTAC-3'
[AM Y E39] 5-CAGGAGGTATAGGGCGAATTG-3'
Ao 5. ZHF o] ¥ sRNA dholHefe] o} & 2 ed & g3k Qlr]aL
(indigo) 54t
2 Al o] 40l A T2 3 sRNA gho] H el 8] & 2t a1 FZ=0) Tolabe] =714
A se& 2=y "34 o5 AEst }Oﬂu}. Jﬂi’b Indigofera
Alg-ol Aol A= A AREA FukA 5o JAo F2 ARG Y=
WS ofu| Ak Al -2 3pEFEo|th V[ FEoll = A FEEE Bl ik
A= ghstA FAd el o8l Ao BE vt SdET

7]&Eel BaE 1Y ar A4 77 55(INDS - pTre-TF1, pTac-GEL :riL—r)L -rr7]-/“

g ol A= 0.640 g/L9] F% F STk o A= 0.108 g/l F
elt] a1 & A48 (I, Du et al., J Biotechnol., 2018, 267, 19-28). 7] —i:oﬂ Ha¥
o1t] a1 A AF #E(INDS5 - pTre-TF1, pTac-GEL #5°):= pWAS$} 81 A #] gk
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[283]

[284]

[285]

[286]
[287]

[288]

[289]
[290]

[291]

A AA o] 4ol A 55k & F 2] (ColA-Sm) sSRNA o] B 2| g & <l
A ol AAASAIR AL, oF 20,0007] ol o] EREUE =
T UE XA Hi=84Fe FEYE AT 5= Ao, A
mL LB 1} 2] | A 37°C 200rpmol] 4] 16A] {5 QF pre-cultivation, 1
mL2] 10 g/L glucose”} 3 7}¥ MR 1l A] small scale cultivation= & 5} ] 30°Col| 4]
48 A1 152t 250 RPM el A1 1l @F3E ST}, Al 35 2] OD600°] °F 0.6-0.8°] ¥ L&
1 mMIPTGE €& F A4 Hd & F A ZATE o] wl, MR HI A &= 7|& v (J.
Du et al., J Biotechnol., 2018, 267, 19-28) ol A H 319 w9} 72 24 o] MR
WAl & ARE3ER 2, MR W A= 1LY t=9 A58 88t vt 6.67¢
of KH2PO4, 4 g of (NH,4),HPO,, 0.8 g of MgS0.,-7H,0, 0.8 g of citric acid, 5 mL of
trace metal solution.

W g A= & 140l A vEel o, ol 2 gk x7] 2 S Fke] A
246% FAHE wE AES = )Y (V1 5 AAEED 33.3 mg/L tHH] 81.9
mg/L7HA] G4, o] w, 7H %2 LA AL A e A FES
A 3ke] 10 g/L glucose”F E 7HE 50 mL MR Hl| %] o] A 30°C, 200 rpmof] 4]
RAREE Mg s e e, A EE
IPTGE 9|2} f3 A &8 & f = AR T
T1 AN, 150 Al Bpef o
Ayar AakaFo] F7ksh= Ae kAt

5
S
>
AL
=
Mo
=
N
=
2
%
=
o0
=
3
e
.
S
X

A6l 6. & AF ol M ¥ sRNA ol B e gl o} a1dr 2~ 2d & 283
H] -2} A 91 (violacein) 54t

chol H el 2] B ThE ol 4 i} ALl v 2
2} Al 1 (violacein) @ 71 o] A A A 1 t] £ A] H] 22} A 91 (deoxyviolacein)-

e
Pob B S Be ofehd B5S AUn Yot 1 Bek LR e Yo
Qlafo] Ao Fo] LEg Ago| o). wheba u] LAl 7

TS A SepAole] T AL Eato] 9 ¥ A S A At sl

]

6.1. = F oA

rtd
=
Z
>
AL
ey
T
i)
&
fo,
R

B

W
Y

g]d & &85 vl e <l
(violacein) 54+

v Z-ekA Q1 o] AJAEE 9184 = vioABCDES] thAl 7hA] -1 A1 7F 2
44 0 2 vioABDEE ¥ ¢35+l = iGEM fragments &-8-317] 2 3}

2 o
i)
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[292]

[293]

[294]

[295]

[296]
[297]

[298]

53

(Part BBa_K598019; MIT Registry of Standard Biological Parts). & 32} 221 ==
pSB1C3 (chloramphenicol #] & A A m}7, pUC 718+ S-A1 955 7]l W &2
Ahar Slek. whebd U 4] 8 2 3 vioC A AE pTacl5K W E o] 2 2dsfazt
et 22 W2 AFE-5ES T $-41 Janthonobacterium lividum 2] genomic
DNAE % F, 0|5 §&8l 02 &galo] (A 40], [HNI =T 4115
Zglol &2 AL2351o] vioC DNA 22 5&31 91t} 71 5 EcoRI, Kpnl site S

-3l vioC Z7ZH& Gibson assembly & 2H-8-3Fo] 4H91 5151 ).

[MEWE 40] 5'-caatttcacacaggaaacaga ATGCATAAAATCATTATCGTCG-3

[MEd =z 41] 5'-CTCTAGAGGATCCCCGGGTACC
TCATTAATTTACCCTTCCAAG-3'

E. coli BL21 pSB1C3-vioABDE pTacl5K-Jli-vioC =5 7|4 752
st/ 2 &L, sl - Froll A Al ol 40l A A2 ColA-Sm 7] BE o g4t

dl 2= sRNA 2ol H el 2] & 233k 3, 20,0007 o]/de] 22U E
Col B A Al A At E A o A g2 A Aol 5¢F
Al =38kl B A A 3] = o]l & T S 7 gk Bkl S H = 328 9]
ZREYE AP = Ja, A8 558 3mL LB # Aol A 37°C
200rpm®l| 4] 16 A] & QF pre-cultivation, 2] 31 Sl & 3 mL9] 10 g/L glucose”}
A 7} MR B A] small scale cultivationS & 3}¢] 30°Col 4] 48] 7F&<F 250
RPMol| A vl %3} 31 T

Hj &F A b= = 1600 HAIE kel o, ol e gk 27| 22 2 F5h]
vl g2 AlQl o] ) 545%, TS A 8] kA Qo] H o 784% SAME 5 Ad sl
T AALE o] W, 7 =2 v A /Y S A H 2 A Q1 AAEE A
12709 #55 AA3Fe] 10 g/L glucose”} 3 71 50 mL MR Hl| A] o] 4] 30°C,
200 rpmOl| 4] 48 A1 XHEoF ¥k gt U3, M35 2] 0D600°] °F 0.6-0.8¢] ¥ 31 o
1 mM IPTGE 2 &ff 32 Hd & 7583t

1A, 51700 AR BEe) o] Bl &b 91 Akl TR ol Frtek
T ytfR G 759 2™ 0.656 g/L7HA] S4HE v &2kA1 Q1 Aiks S
UERH AT HE 5 0.116 g/L AAH. 3, 71 3-8 v S A 8] 2214 <
Arbs g Bl @5+ minD Hh v 7.0 52.1 mg/L7HA] F4kE
oA H Z kA 1 AAlks & YERH ATHZTEE 35 21.7 mg/L A 4.

32 2l oo
G

off n2 do it

e 3
ot

6.2. A1 %A sRNA ZHEZ S o]

o 7 vha 3 fek

Hl kA ¢l A 5o] F7] A +FES e s fr714 e s
3L A

A5 T) o] w] A Ao 61004 Za}2 vk A} ] L-ghal ol AAakso|

ofo
ot

Fo] ZAkg v¥] &} A Q! (violacein) A Ak
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[299]

[300]

[301]

[302]

[303]

54

AL E0E yiR HrhE 7 9F S A Z2RAIQ Aabs o] Al E 3 minD
G 7ol thste] 47 {744 HEE e skaizt &gl E. coli BL21
pSB1C3-vioABDE pTac15K-Jli-vioC 75-¢] pColA-ytfR =2} 27| = (ytfR

Y he-S 913 sRNA #HE)7F A4 ¥l 52} E. coli BL21 pSB1C3-vioABDE
pTac15K-Jli-vioC w501l pColA-minD 3= 2} 227 = (minD S th#S ¢ 3k sSRNA
HEN7F A 755 dld FAA (Cm, Km, Spe)7F 3H7-% 5 mL LB7}F
Eol8l= HIAE FH HF3 5 30°CN A 164 1EE <k mf eFat it 71 5, 20
g/L glucose, 3 g/L (NH,),SO.7F A 7H& MR 9] ] (pH 7.0) 50 mLo] £°] 9J= vl &
Fek2221 2710 0D600°] 40 ek wj7kA] Alth w2 =38kt o] F A
7] 5+ 100 mL- 20 g/L glucose, 3 g/L (NH,),SO,”7} % 7F¥ 1.9 L2] MR (pH
7.0) A7 Eof 9l= vl ol &8ttt

HE Al 28% (viv) RV &N B3] pHE 7.02 124813131, DO
(dissolved oxygen concentration)% 712 Qg Z 3l 9] 40% = A A S =1], o]
o agkv]e] el R VIR Fol7bE 3] Ak gl HlE 24 DOE 4 A EH
243 A}, ol 57 P‘] HLQ_OHH/] feeding & 91- pH-stat 7 gFof] u}e}

Sol gk, Ha ] Al A8 A pH7]'7 05 ol o 2 a5k Al A ek feeding
ol Ao 2 FdH s At o w MR E feeding &= 1LT
e w58 E£5Far 1T 650 g glucose, 85 g (NH,4),SO., 8 g/L. MgSO,-7H,
O, 6 mL trace metal solution.

E. coli BL21 pSB1C3-vioABDE pTac15K-Jli-vioC 7 =7¢]| pColA-ytfR
Fehav =Th Akl 7o f7bA dE A, B 18-acll ZHAIE vRel 32 o] 1.80
g/Le] v &b 917} 0.55 g/Lo] o] SA|H] &b Al Qlo] AlAEE ATt B8 E. coli
BL21 pSB1C3-vioABDE pTac15K-Jli-vioC 7] pColA-minD % &} 21| =7}
AblE FF o] f7hA R A3 5 18-boll A1 uhel 7ol 1.10 g/LY]
Hl & ef A A1 0.78 g/Le] Y LA H] A )l o] A4tE] ATt

Sk AV vl kA Q1 A A5 f7F W a 3 59t exponential
phase 2} stationary phase 7 Ell ¢l 313 Al EZE] SRNA7} QFA 3] Hol 3l =4
gFelsl 7] #13h] colony PCR-S- F &g A3} &= 18-coll 7|A]H vl &} o] B &
sSRNA WE] 5o] kg A o2 72 A& glstit.

247) A o) A Mgk kst ol v whE A el fA S A 2
SRNA 2ol Hel o] & A2 SAFOR o] A% 5 Y ord, o] 3= Alr]as

Hl & ehAl Rl o] FAtel vl - Bk glo] S H Ak vl o], Hl & ehAlQl At
o529 75]_0,4 238 E 3 Z4 sRNAS £33 9l 59 7714
WEE Fake] B 2eld ol - matHolehis Hol 2
WARE S Y 25 AE S Bote] AL - F Bt AAS
913z Bl b ol/e] S A a2 Al ) ARt B 5 vkl
AL G A = 7he] 52 vhetrt.
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A9
B AR A R AL AL A E AR A RS oA e
34 SRNA 3 392 Eabahiz Al E; 2 Ana A A WA F a4
Am A 9 4; Ap T4 G A LE L oA sk T4 sRNA T3 o
ghabis AqUELE Betels R Bl BATE BASAA
o)A A 2nlo] 3 AIE B o] i AlZF AR R,
7] AR WA KA} Angk A WA FAA, A1 A A
A A9 2 ATED FAR} ApE A FAAE AR 27

-

o

{

n< 2 Wx| 509 Aol al, m-= 2 WA 109] 570 ™, gi= 2 WA 5009
ggro] L, pi= 2 WA 200009] Ao,

7] A A = 34 # (ampicillin), 7Fulo] Al (Kanamycin),

& 2 2 9 Y & (chloramphenicol), ©} 3 2}1}o] Al (apramycin),

2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),

] E g} A} o] & # (tetracyclin), ol ] E 2 v}o] Al (erythromycin),

Y] @ w1} o] 2l (neomycin), ¥ Y4 ¥ (penicillin), 2§ A] =w}o] A (actinomycin),
7H 1 A & (garbenicillin), 21 EF1] Al (gentamicin), & 2} 2~ E] A] W (blasticidin),
n}o] 5 7| ¥ 2Hmycophenolic acid), 57 2 7} ©] 4l (puromycin),

A 2.2 (zeocin), K. 2] T (borrelidin), ©] 2. x=7}o] 2] (ionomycin),

U} $- - FH] Al (daunorubicin), <5 4 FH] Al (doxorubicin),

o] ¥ ¥ & (ivermectin), ©l| ¥ 9 ¥l (avermectin), V] E 2} v} o] Al (mithramycin),
1] & o] Al (mitomycin), U2 Y 4 +H(nalidixic acid),

%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2} Al & ¥ (oxytetracycline), 2 2] B 4l (paclitaxel),

= ulo] Al (polymyxin), 2] 3] 2 (rifampicin), 2 2] =} o] 2l (salinomycin),
Bl 2 2 (tylosin), 2] =7} o] 2l (valinomycin), ¥ L v}o] Al (vancomycin),
W1 E-2} ~ ¥l (vinblastine), 2 W1 7 2] 2~ ¥l (vincristine) 2 =2 4] ¥ ol A
e o,

271 5A 1 A -2 CloDF13(CDF), pBBR1, ColA, ColE1, pUC, pBR322,
SC101, RSF1030(RSF), ¥ RK2Z -/ ol A A8,

7] 34 sRNA ¢33} o 9-& Z 2 B H; MicC, SgrS 2 MicF 5 ©] =
alibo] SRNA 2 9] Hfq 2 3 91 (Hfq binding site); T4 542}
mRNA ¢} A2 A 23S d At 49; 2 EulolH & &5t
E7 o7 3=

AT A FAA L A A LF o] A ol 5]k of

KeN
=

S

iy

32,

(A7%2 ohed aAE TPshs H8E R AT A
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(a) 20~50bp 171 & 7FA] = Lol 9] AVIA D& Az EHA,

(b) 71 A7 DS ATFAA WA 732 A1 4, Al

TA A2 HH S A st A sRNA 53 oS 2 3ket=
A1 E o] F 45 A2 mRNASF A H 2 0 82 Agksli= of ool Akl 3fo]

2
%
Z,
>
= L
2 o

4?4' Xﬂ ﬂ A4 471 2 WA 50070 9] & A i 74
o A 5} = ?"“4 sSRNA ¢35 3} 95 ¥ 3}8h= Allq W E o] 42 AF sl
oA 2

©
o
X
i
ol
12
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ke
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1714,
A7 A A WA f-A Aol And A A WA R AR, Al A 1)
AmI A LA 2 A1EA F 2 2Ee) 2 WA] 50071 9] A o A A
A A= A 2 Zh2) Aol st
n 2 WA 509 Ao, ma 2 WA 109] ZJZFO]‘I] qi= 2 WAl 5009]
Aaolal, gi= 2 WA 5009 Al A& EHo=R
A13kol] QJol A, A7) dAYELS ) Ao, 2] %8 ]E(Rhlzoblum)
H] 3] & 8} 2] - (Bifidobacterium), &= 5 3 7] 2~ (Rhodococcus), 7] T

(Candida), ©ll| 2 9] Y o}(Erwinia), ¢l €| 2 2} & (Enterobacter),
v} 2~ ¥ @ 2}(Pasteurella), W&} o] 7] o} (Mannheimia), ¢4 E] Z-v}-2 2] ~
(Actinobacillus), - 71 ¢ 7} €] B} E] (Aggregatibacter),
ZHE P12~ (Xanthomonas), H] ¥ 2] 2. (Vibrio), 575 512~ (Pseudomonas),
o} 2 E B} B (Azotobacter), °f] A U] = B E (Acinetobacter),
22~ E 1] o}(Ralstonia), ©} "1 2 4} ] 2] 2-(Agrobacterium),
2 % Y| (Rhodobacter), A}©] B 5.1} 2~(Zymomonas), HF & 2~ (Bacillus),
2~H| & & 5 A 2~ (Staphylococcus), & & 3 7] 2~(Lactococcus),
2 E = & 5 A X (Streptococcus), B E 1} 2] ~(Lactobacillus),
22~ E ] g(Clostridium), & 2] Y] ¥} H| 2] %-(Corynebacterium),
2~ E 3 E n}o] M| 2+ (Streptomyces), H] 3] 5= 8] 2] 2-(Bifidobacterium),

Alo] o} - BHH] 2] 2-(cyanobacterium) 2

Alol & Z k| 2] = (Cyclobacterium) 2 -/ ¥ &= 7ol 4] MBI ¥ = 31 &
23t At AR A A A A 2Elo] LA Lo

E (e]
) —
=]l sl Alxd A .

UO{'

I
%)
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a4l Aol gloiA, 47 LR EE = tac, tre, T7, BAD, APR 2 Tl <= 4]

IR2RHEHZ FAAH oA AEE = AS 5EHOZ &= TAUS
EYFAA A A A A| ~Elo] S| lE o] SlE 2T
u] A &

(7913} 5] Aagto] A, A7 TR RE = HEHT 79 AVIMERE TAH =
A EA O R 3= TAIGS T AR 3 A Al o] S5 o
EdEo Sl= AR A E.

[7d-7-3} 6] A18e] dol A, A7) Hiq A= AP H 3 89 7| dR BAHE
A EA O R 3= TAIGS T AR 3 A Al o] S5 o
=lEo] = AR A E

741 7] Aol oA, 7] HulylolH = A I T 99 AV|AE R TAIH =
A EA O R 3= TAIGS T AR 3 A Al o] S5 o
EdEo Sl= AT A E

[ -3 8] A 18kel] oy A, A7 EA-F A A= DsRed2, LuxR, AraC, KanR

(kanamycin resistance gene), tyrR(tyrosine regulator), ppc

i~
—_—

(phosphoenolpyruvate carboxylase), csrA (carbon storage regulator), pgi
(glucose-6-phosphate isomerase), glt (citrate synthase), accA (acetyl-CoA
carboxyltransferase, alpha-subunit), accB (biotinylated biotin-carboxyl carrier
protein), accC (acetyl-CoA carboxylase), accD (acetyl-CoA
carboxyltransferase, beta-subunit), aceE (subunit of E1p component of
pyruvate dehydrogenase complex), aceF (pyruvate dehydrogenase), ackA
(propionate kinase / acetate kinase activity), adiY (AdiY is a positive
DNA-binding transcriptional regulator that controls the arginine)
decarboxylase (adi) system), argB (acetylglutamate kinase), argC
(N-acetylglutamylphosphate reductase), argG (argininosuccinate synthase),
argH (argininosuccinate lyase), asnC (transcriptional regulator that activates
the expression of asnA, a gene involved in the synthesis of asparagine), aspA
(aspartate ammonia-lyase), crp (CRP transcriptional dual regulator), csiD
(predicted protein. CsiD is the product of a gene induced by carbon starvation),
csiR (DNA-binding transcriptional repressor), cytR (transcription factor
required for transport and utilization of ribonucleosides and
deoxyribonucleosides), dcuA (The DcuA transporter is one of three
transporters known to be responsible for the uptake of C4-dicarboxylates such
as fumarate under anaerobic conditions), deoB (phosphopentomutase), deoC
(deoxyribose-phosphate aldolase), deoR (The transcriptional repressor DeoR,
for "Deoxyribose Regulator," is involved in the negative expression of genes
related to transport and catabolism of deoxyribonucleoside nucleotides), fabH
(KASIII, -ketoacyl-ACP synthases), fadD (fatty acyl-CoA synthetase), fadR
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(FadR Fatty acid degradation Regulon, is a multifunctional dual regulator that
exerts negative control over the fatty acid degradative regulon [Simons80,
Simons80a] and acetate metabolism), fbp (fructose-1,6-bisphosphatase), fnr
(FNR is the primary transcriptional regulator that mediates the transition from
aerobic to anaerobic growth), fruR (FruR is a dual transcriptional regulator that
plays a pleiotropic role to modulate the direction of carbon flow through the
different metabolic pathways of energy metabolism, but independently of the
CRP regulator) , ftsL. (essential cell division protein FtsL), ftsQ (essential cell
division protein FtsQ), ftsW (essential cell division protein FtsW), ftsZ
(essential cell division protein FtsZ), fur (Fur-Fe+2 DNA-binding
transcriptional dual regulator), gabD (succinate semialdehyde dehydrogenase,
NADP+-dependent), gabP (APC transporter), gabT (4-aminobutyrate
aminotransferase), gadA (glutamate decarboxylase A subunit), gadB
(glutamate decarboxylase B subunit), gadC (GABA APC transporter), glcC
(GntR family transcriptional regulator, glc operon transcriptional activator),
glpK (glycerol kinase), glpR (sn-Glycerol-3-phosphate repressor), glpX
(fructose 1,6-bisphosphatase 1I), gltA (citrate synthase), hflD (lysogenization
regulator), ihfA (IHF, Integration host factor, is a global regulatory protein),
ihfB (IHF, Integration host factor, is a global regulatory protein), ilvB
(acetohydroxybutanoate synthase/acetolactate synthase), ilvC (acetohydroxy
acid isomeroreductase), ilvD (dihydroxy acid dehydratase), ilvG_1
(acetolactate synthase II, large subunit, N-ter fragment (pseudogene)), ilvG_2
(acetolactate synthase II, large subunit, C-ter fragment (pseudogene)), ilvH
(acetolactate synthase/acetohydroxybutanoate synthase), ilvL (ilvGEDA
operon leader peptide), ilvM (acetohydroxybutanoate synthase/acetolactate
synthase), ilvN (acetohydroxybutanoate synthase / acetolactate synthase), ilvX
(Predicted small protein), lexA (LexA represses the transcription of several
genes involved in the cellular response to DNA damage), IpxC
(UDP-3-O-acyl-N-acetylglucosamine deacetylase), marA (MarA participates in
controlling several genes involved in resistance to antibiotics, oxidative stress,
organic solvents and heavy metals.), met) (MetJ transcriptional repressor),
modE (ModE is the principal regulator that controls the transcription of
operons involved in the transport of molybdenum and synthesis of
molybdoenzymes and molybdate-related functions), nadB (L-aspartate
oxidase), narL(nitrate/nitrite response regulator), pck (phosphoenolpyruvate
carboxykinase), PdhR (PdhR, "pyruvate dehydrogenase complex regulator,”
regulates genes involved in the pyruvate dehydrogenase complex), phoP

(PhoP-Phosphorylated DNA-binding transcriptional dual regulator. Member of
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the two-component regulatory system phoQ/phoP involved in adaptation to low
Mg2+ environments and the control of acid resistance genes), pnuC (PnuC
NMN transporter), ppsA (phosphoenolpyruvate synthetase), pta (Phosphate
acetyltransferase), purA (adenylosuccinate synthetase), purB (adenylosuccinate
lyase), purR (PurR Hypoxanthine DNA-binding transcriptional repressor. PurR
dimer controls several genes involved in purine nucleotide biosynthesis and its
own synthesis), puuE (4-aminobutyrate aminotransferase), rbsA (ribose ABC
transporter), rbsB (ribose ABC transporter), rbsD (ribose pyranase), rbsK
(ribokinase), rbsR (The transcription factor RbsR, for "Ribose Repressor," is
negatively autoregulated and controls the transcription of the operon involved
in ribose catabolism and transport), rcsB (RcsB-BglJ DNAbinding
transcriptional activator. RcsB protein for "Regulator capsule synthesis B," is a
response regulator that belongs to the multicomponent
ResF/ResC/ResD/ResA-ResB phosphorelay system and is involved in the
regulation of the synthesis of colanic acid capsule, cell division, periplasmic
proteins, motility, and a small RNA) , rutR (RutR regulates genes directly or
indirectly involved in the complex pathway of pyrimidine metabolism), serA
(alpha-ketoglutarate reductase / D-3-phosphoglycerate dehydrogenase), serC
(phosphohydroxythreonine aminotransferase / 3-phosphoserine
aminotransferase), soxS (dual transcriptional activator and participates in the
removal of superoxide and nitric oxide), sroD (SroD small RNA), zwf (glucose
6-phosphate-1-dehydrogenase), asnA (asparagine synthetase A), asnB
(asparagine synthetase B), carA (carbamoyl phosphate synthetase), carB
(carbamoyl phosphate synthetase), dd1B (D-alanine-D-alanine ligase B), deoA
(thymidine phosphorylase / uracil phosphorylase), deoD (purine nucleoside
phosphorylase deoD-type), dpiA (dual transcriptional regulator involved in
anaerobic citrate catabolism), fis (Fis, "factor for inversion stimulation", is a
small DNA-binding and bending protein whose main role appears to be the
organization and maintenance of nucleoid structure), gadE (GadE controls the
transcription of genes involved in glutamate dependent system), gadW (GadW
controls the transcription of genes involved in glutamate dependent system),
gadX (GadX controls the transcription of genes involved in glutamate
dependent system), glpF (GIpF glycerol MIP channel), ilvY (IlvY
DNA-binding transcriptional dual regulator), ivbL. (The ilvB operon leader
peptide (IvbL)), lhgO (L-2-hydroxyglutarate oxidase), lpd (Lipoamide
dehydrogenase), Irp (Lrp is a dual transcriptional regulator for at least 10% of
the genes in Escherichia coli. These genes are involved in amino acid

biosynthesis and catabolism, nutrient) transport, pili synthesis, and other
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cellular functions, including 1-carbon metabolism), metB
(O-succinylhomoserine lyase / Osuccinylhomoserine(thiol)-lyase), metL
(aspartate kinase / homoserine dehydrogenase), mraY
(phospho-Nacetylmuramoyl-pentapeptide transferase), mraZ (Unknown
function), murE (UDP-N-acetylmuramoylalanyl-Dglutamate
2,6-diaminopimelate ligase), murF (D-alanyl-D-alanine-adding enzyme), murG
(Nacetylglucosaminyl transferase), nac (Nacregulates, without a coeffector,
genes involved in nitrogen metabolism under nitrogen-limiting conditions),
nadA (quinolinate synthase), nstR (NsrR, the "nitritesensitive repressor”
regulates genes involved in cell protection against nitric oxide (NO) ), panC
(pantothenate synthetase), panD (Aspartate 1-decarboxylase), pgl
(6-phosphogluconolactonase), pyrB (aspartate carbamoyltransferase, PyrB
subunit), pyrC (dihydroorotase), pyrL (aspartate carbamoyltransferase, Pyrl
subunit), rob (Rob is a transcriptional dual regulator. Its N-terminal domain
shares 49% identity with MarA and SoxS. These proteins activate a common
set of about 50 target genes, the marA/soxS/rob regulon, involved in antibiotic
resistance, superoxide resistance, and tolerance to organic solvents and heavy
metals.) , rpe (ribulose phosphate 3-epimerase), talA (transaldolase A), thrA
(aspartate kinase / homoserine dehydrogenase), thrB (homoserine kinase), thrC
(threonine synthase), thrLL (thr operon leader peptide), tktA (transketolase I),
tktB (transketolase II), torR (two-component system, OmpR family, torCAD
operon response regulator TorR), aroF
(3-deoxy-D-arabino-heptulosonate-7-phosphate synthase, tyrosine-repressible),
aroA (5-enolpyruvylshikimate-3-phosphate synthetase), aroC (Chorismate
synthase), pheA (chorismate mutase and prephenate dehydratase, P-protein),
trpD (fused glutamine amidotransferase (component 1) of anthranilate
synthase/anthranilate phosphoribosyl transferase), dapA
(4-hydroxy-tetrahydrodipicolinate synthase), ilvE (Branched-chain-amino-acid
aminotransferase), lysA (Diaminopimelate decarboxylase), gltA (cistrate
synthase), fumA (Fumarate hydratase class I, aerobic), glnA (glutamine
synthetase), mdh (malate dehydrogenase), gdhA (NADP-specific glutamate
dehydrogenase), argA (amino acid N-acetyltransferase and inactive
acetylglutamate kinase), metA (Homoserine O-succinyltransferase), tdh
(L-threonine dehydrogenase), liv] (branched-chain amino acid ABC transporter
periplasmic binding protein), rhtC (Threonine efflux protein), yohJ (UPF0299
membrane protein), chpA (antitoxin of the ChpA-ChpR toxin-antitoxin
system), aspC (aspartate aminotransferase), pfkA (ATP-dependent
6-phosphofructokinase isozyme 1), parE (DNA topoisomerase 4 subunit B),
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ytfR (predicted sugar transporter subunit), ilvA (L-threonine dehydratase,
biosynthetic; also known as threonine deaminase), ilvG(Acetolactate synthase),
minD (inhibitor of FtsZ ring polymerization; chromosome-membrane tethering
protein; membrane ATPase of the MinCDEE system), hisJ(histidine transport
system substrate-binding protein), yneH(Glutaminase), napG(Ferredoxin-type
protein NapQ), kdsA(2-dehydro-3-deoxyphosphooctonate aldolase),
ygfA(5-formyltetrahydrofolate cyclo-ligase), ftsl(cell division protein FtsI
(penicillin-binding protein 3)), ostB(trehalose 6-phosphate phosphatase),
hybG(hydrogenase expression/formation protein HypC), ampG(MFS
transporter, PAT family, beta-lactamase induction signal transducer AmpG),
potG(spermidine/putrescine transport system permease protein),
caiF(transcriptional activator CaiF), yfbR(5'-deoxynucleotidase Y{bR),
rfe(UDP-GIcNAc:undecaprenyl-phosphate/decaprenyl-phosphate
GlcNAc-1-phosphate transferase), atpH(F-type H+-transporting ATPase
subunit delta), tiaB(glyoxylate/hydroxypyruvate/2-ketogluconate reductase) 2
murl(Glutamate racemase) = -4 H oA AE Y= A S 5 02 3=
A B4 A B A Al 2w o] %54 Foll Eejxo] ol
CESRIREY

[7d -3} 9] Agaol] A, A7) F A A= zwf (glucose
6-phosphate-1-dehydrogenase), tktA (transketolase I), tktB (transketolase II),
pgi (glucose-6-phosphate isomerase, fbp (fructose-1,6-bisphosphatase), serC
(phosphohydroxythreonine aminotransferase / 3-phosphoserine
aminotransferase), murE (UDP-N-acetylmuramoylalanyl-Dglutamate
2,6-diaminopimelate ligase), pps (phosphoenolpyruvate synthetase), aceE
(subunit of E1p component of pyruvate dehydrogenase complex), pta
(Phosphate acetyltransferase), purA (adenylosuccinate synthetase), ackA
(propionate kinase / acetate kinase activity), pck (phosphoenolpyruvate
carboxykinase), ppc (phosphoenolpyruvate carboxylase), accA (acetyl-CoA
carboxyltransferase, alpha-subunit), fadD (fatty acyl-CoA synthetase), fabH
(KASIII, -ketoacyl-ACP synthases), aspA (aspartate ammonia-lyase), carB
(carbamoyl phosphate synthetase), ilvH (acetolactate
synthase/acetohydroxybutanoate synthase), ilvM (acetohydroxybutanoate
synthase/acetolactate synthase), ilvN (acetohydroxybutanoate synthase /
acetolactate synthase), ilvC (acetohydroxy acid isomeroreductase), asnA
(asparagine synthetase A), asnB (asparagine synthetase B), argH
(argininosuccinate lyase), deoA (thymidine phosphorylase / uracil
phosphorylase), thrA (aspartate kinase / homoserine dehydrogenase), metB

(O-succinylhomoserine lyase / Osuccinylhomoserine(thiol)-lyase), metA, tdh,
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ilvL (ilvGEDA operon leader peptide), crp (CRP transcriptional dual
regulator), fadR (FadR Fatty acid degradation Regulon, is a multifunctional
dual regulator that exerts negative control over the fatty acid degradative
regulon [Simons80, Simons80a] and acetate metabolism), fur (Fur-Fe+2
DNA-binding transcriptional dual regulator), Irp (Lrp is a dual transcriptional
regulator for at least 10% of the genes in Escherichia coli. These genes are
involved in amino acid biosynthesis and catabolism, nutrient) transport, pili
synthesis, and other cellular functions, including 1-carbon metabolism), gltA
(citrate synthase), pdhR (PdhR, "pyruvate dehydrogenase complex regulator,"”
regulates genes involved in the pyruvate dehydrogenase complex),
tyrR(tyrosine regulator), csrA (carbon storage regulator), lexA (LexA represses
the transcription of several genes involved in the cellular response to DNA
damage), aroF (3-deoxy-D-arabino-heptulosonate-7-phosphate synthase,
tyrosine-repressible), aroA (5-enolpyruvylshikimate-3-phosphate synthetase),
aroC (Chorismate synthase), pheA (chorismate mutase and prephenate
dehydratase, P-protein), trpD (fused glutamine amidotransferase (component
IT) of anthranilate synthase/anthranilate phosphoribosyl transferase), dapA
(4-hydroxy-tetrahydrodipicolinate synthase), ilvE (Branched-chain-amino-acid
aminotransferase), lysA (Diaminopimelate decarboxylase), gltA (cistrate
synthase), fumA (Fumarate hydratase class I, aerobic), glnA (glutamine
synthetase), mdh (malate dehydrogenase), gdhA (NADP-specific glutamate
dehydrogenase), argA (amino acid N-acetyltransferase and inactive
acetylglutamate kinase), metA (Homoserine O-succinyltransferase), tdh
(L-threonine dehydrogenase), liv] (branched-chain amino acid ABC transporter
periplasmic binding protein), rhtC (Threonine efflux protein), yohJ (UPF0299
membrane protein), chpA (antitoxin of the ChpA-ChpR toxin-antitoxin
system), aspC (aspartate aminotransferase), pfkA (ATP-dependent
6-phosphofructokinase isozyme 1), parE (DNA topoisomerase 4 subunit B),
ytfR (predicted sugar transporter subunit), ilvA (L-threonine dehydratase,
biosynthetic; also known as threonine deaminase), ilvG(Acetolactate synthase),
minD (inhibitor of FtsZ ring polymerization; chromosome-membrane tethering
protein; membrane ATPase of the MinCDEE system), hisJ(histidine transport
system substrate-binding protein), yneH(Glutaminase), napG(Ferredoxin-type
protein NapQ), kdsA(2-dehydro-3-deoxyphosphooctonate aldolase),
ygfA(5-formyltetrahydrofolate cyclo-ligase), ftsl(cell division protein FtsI
(penicillin-binding protein 3)), ostB(trehalose 6-phosphate phosphatase),
hybG(hydrogenase expression/formation protein HypC), ampG(MFS

transporter, PAT family, beta-lactamase induction signal transducer AmpG),
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potG(spermidine/putrescine transport system permease protein),
caiF(transcriptional activator CaiF), yfbR(5'-deoxynucleotidase Y{bR),
rfe(UDP-GIcNAc:undecaprenyl-phosphate/decaprenyl-phosphate
GlcNAc-1-phosphate transferase), atpH(F-type H+-transporting ATPase
subunit delta), tiaB(glyoxylate/hydroxypyruvate/2-ketogluconate reductase) 2
murl(Glutamate racemase) = -4 H oA AE Y= A S 5 02 3=
A TS AT AR LA A o] LA Foll 9] Hof Ol
Az A=
A1E R A3 WA A9F T of = o] FAITS AR
A Al =Bl A Lol
A1 F Alp FA F- AL
o= AR A4 EA v
2 2. (Threonine) A 3174 7
ANFAA WA A2k A EA LA A

4 sRNA 23} o5 Febeh= A1, 2 AnF YA

2(m o
)
M)

AmET A LA Ap 24742 LA S A 6= 4 sRNA &
5ol Alqi L E E3tshs A E ] sAI T E A /A A}
o] = S

# g A) Al 2=wlo] =9l E] o] gl A 2d w1 A

71 A1GAAA WA A2k Ans A WA FA 2 A LA LA 2
mEF A A DA EA 7 AR} Alp A F A A= A2 A2 Aol e,
n< 2 WA 509 Aol me 2 WA 102] Ao, g= 2 WA 5009
ggro] L, pi= 2 WA 200009] Ao,

7] A A = 4 1] 2 F (ampicillin), 7FH ko] 21 (Kanamycin),

& 2 2 9 Y & (chloramphenicol), ©} 3 2}1}o] Al (apramycin),

2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),

] E g} A} o] & # (tetracyclin), ol ] E 2 v}o] Al (erythromycin),

Y] @ w1} o] 2l (neomycin), ¥ Y4 ¥ (penicillin), 2§ A] =w}o] A (actinomycin),
71 W A # (garbenicillin), 21 EF] 21 (gentamicin), £ 22~ E] A] T (blasticidin),
n}o] 5 7| ¥ 2Hmycophenolic acid), 57 2 7} ©] 4l (puromycin),

A 2.2 (zeocin), K. 2] T (borrelidin), ©] 2. x=7}o] 2] (ionomycin),

U}-9- = 51| Al (daunorubicin), 5 2> H] Al (doxorubicin),

o] ¥ @ ¥l (ivermectin), ©ll ¥} @ ¥l (avermectin), 7] E &}r} o] 2l (mithramycin),
1] & o] Al (mitomycin), U2 Y 4 +H(nalidixic acid),

%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2} Al & ¥ (oxytetracycline), 2 2] B 4l (paclitaxel),

= ulo] Al (polymyxin), 2] 3] 2 (rifampicin), 2 2] =} o] 2l (salinomycin),
Bl 2 X (tylosin), 2 2] 5-m}o] 4l (valinomycin), ¥l 7} o] Al (vancomycin),

H1 E-2} 2~ ¥l (vinblastine), 2 W1 2] 2~ ¥ (vincristine) 2 & A ¥ -0 A

2 o Z f
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[ 14]

65

EEEES

A7) 4] 91 5 2 CloDF13(CDF), pBBR1, ColA, ColE1, pUC, pBR322,
SC101, RSF1030(RSF), 2 RK2= -/ ¥ ol A A e =,

7] &4 sSRNA 5.3} 4 92 X 2 B H; MicC, SgrS ¥ MicF & o] -
sh}o] sRNA f-2 9] Hfq 23 %1 (Hfq binding site); 3% 4] -2 4}
mRNASE A A A5 A ahs ol W eu do|e & ¥ ke,
71 A1 RA AqUEle] 4582 o] mRNASH 48 H 0 2 A ghahe
% A ol tktA, aroF, pta, ilvH, ilvE, glnA, fur -=3= chpA A 2} 2] mRNA <}
AR Ao AT AL S Helstel A2 WE ) 2ol E o] 3l
tktA, aroF, pta, ilvH, ilvE, glnA fur ¥ chpAE -] ol A A Bl =] = 27
olabe] §a1Abe] walo] o AlEof Slof el 2l A5 o] ke
Ae BA o o AZH AL,

A 118}l o] A, lacl(Lactose-inducible lac operon transcriptional repressor),
metA(Homoserine O-succinyltransferase/O-acetyltransferase),
lysA(Diaminopimelate decarboxylase), tdh(L-threonine dehydrogenase),
icR(AceBAK operon repressor) X tdcC(Threonine/serine transporter) =
FAE FolA AEE = st ol el A} RrhE AAE A8

R ELE SR ES AP

A 128}l o] A, thrA(Bifunctional aspartokinase/homoserine dehydrogenase
9] 1034FH A 7] A Qo] Coll A TZ ¥yl &8 o], 1ysC(lysine-sensitive
aspartokinase 3)2] 1055 A 17| o] CoAlA TZ vl & ¥ o],
ilvA(l-threonine dehydratase, biosynthetic; also known as threonine
deaminase)®] 2001 A| 7] A o] Col A TE ul¥l EA o2 A4 %
ol A A B E = sk o] o] A 24t e S 0 R Skl
thrABC 2.3]| &, ppc(phosphoenolpyruvate carboxylase), acs(acetyl-CoA
synthetase) = 74 ¥ v-oll A A ¥ ¥ = shu o] o] {-A x| 22 2 E 7}
trce TE2 R HZ X3tH 718 57 0 Z 3}, rhtA(threonine and homoserine
efflux system), rhtB(homoserine, homoserine lactone and S-methyl-methionine
efflux pump), thtC(threonine efflux pump), thrAC1034T, thrB(homoserine
kinase), thrC(L-threonine synthase) = -4 ¥ vl A A8l ¥ = 3} o] 42
FAAT S an = 7| S E A S SR s A A=
A11gel delA, 37| 54 E= i, 2] ZH] 8 (Rhizobium),

H] 3] & 8} 2] - (Bifidobacterium), &= 5 3 7] 2~ (Rhodococcus), 7] T
(Candida), ©ll| 2 9] Y o}(Erwinia), ¢l €| 2 2} & (Enterobacter),

v} 2~ ¥ @ 2}(Pasteurella), W&} o] 7] o} (Mannheimia), ¢4 E] Z-v}-2 2] ~
(Actinobacillus), - 71 ¢ 7} €] B} E] (Aggregatibacter),

ZHE P12~ (Xanthomonas), H] ¥ 2] 2. (Vibrio), 575 512~ (Pseudomonas),

o} 2 E B} B (Azotobacter), °f] A U] = B E (Acinetobacter),
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22~ E 1] o}(Ralstonia), ©} "1 2 4} ] 2] 2-(Agrobacterium),

2 % Y| (Rhodobacter), A}©] B 5.1} 2~(Zymomonas), HF & 2~ (Bacillus),

2~H| & & 5 A 2~ (Staphylococcus), & & 3 7] 2~(Lactococcus),

2 E = & 5 A X (Streptococcus), B E 1} 2] ~(Lactobacillus),

22~ E ] g(Clostridium), & 2] Y] ¥} H| 2] %-(Corynebacterium),

2~ E 3 E n}o] M| 2+ (Streptomyces), H] 3] 5= 8] 2] 2-(Bifidobacterium),

Alo] o} - BHH] 2] 2-(cyanobacterium) 2

o] £ 24| 2] 2 (Cyclobacterium) 2 74 ¥ &= ol A A% = A&

dow st Az A,

EH(proline) A3 A2 E 7HA &= A ),

N1 A WA /3 2b AL A4 Al 24 /A T s o Al e

’d sSRNA ¢33} & 3tste A1 E; R And A WA #d2h

mE AL A Alp FAFAA LS FAlSk= 2 sRNA $Fa 31 o
Fob= AlqH H,E 3k d A= SAIU T 324 /A

F A Al =Elo] m=dEo] gl A2 A==,

71 AN A A WA A zbel And A A WA - d 2 Al A A 2
mE A DA D A3 A [ A AlpE A Fd A= A =2 2H7) Aol s,

n< 2 WA 509 Aol me 2 WA 102] Ao, g= 2 WA 5009

ggro] L, pi= 2 WA 200009] Ao,

7] A A = 4 1] 2 F (ampicillin), 7FH ko] 21 (Kanamycin),

& 2 2 9 Y & (chloramphenicol), ©} 3 2}1}o] Al (apramycin),

2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),

] E g} A} o] & # (tetracyclin), ol ] E 2 v}o] Al (erythromycin),

Y] @ w1} o] 2l (neomycin), ¥ Y4 ¥ (penicillin), 2§ A] =w}o] A (actinomycin),

71 W A # (garbenicillin), 21 EF] 21 (gentamicin), £ 22~ E] A] T (blasticidin),

n}o] 5 7| ¥ 2Hmycophenolic acid), 57 2 7} ©] 4l (puromycin),

A 2.2 (zeocin), K. 2] T (borrelidin), ©] 2. x=7}o] 2] (ionomycin),

U}-9- = 51| Al (daunorubicin), 5 2> H] Al (doxorubicin),

o] ¥ @ ¥l (ivermectin), ©ll ¥} @ ¥l (avermectin), 7] E &}r} o] 2l (mithramycin),

1] & o] Al (mitomycin), U2 Y 4 +H(nalidixic acid),

%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2} Al & ¥ (oxytetracycline), 2 2] B 4l (paclitaxel),

= ulo] Al (polymyxin), 2] 3] 2 (rifampicin), 2 2] =} o] 2l (salinomycin),

Bl 2 X (tylosin), 2 2] 5-m}o] 4l (valinomycin), ¥l 7} o] Al (vancomycin),

H1 E-2} 2~ ¥l (vinblastine), 2 W1 2] 2~ ¥ (vincristine) 2 & A ¥ -0 A

e o,

7] EA ¥ H -2 CloDF13(CDF), pBBR1, ColA, ColEl, pUC, pBR322,

SC101, RSF1030(RSF), ¥ RK2Z -/ ol A A8,

-

A

-

-

[7d7-8F 15]

2 (| Jm

ot

-

o

A

ne b 2
i

o>

2,
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dT3 17]
[7d7-8F 18]
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[%

J-7-3} 19]

[7d -8} 20]

[7d7-8F 21]
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A7) ¥4 SRNA 253} 9 -2 3 2 T E]: MicC, SgrS 2 MicF 5 o] -
8hut2] sSRNA 2 9] Hfq 2 & %1 (Hfq binding site); 32} % <}
mRNA &} AR A A3HS dAdsh= 49 E Huldl o8 & 28 staL
A7 A1 WA AlqH e o] 477 A2l mRNASF 4 H 4 0 2 A geh=
4 Al serC, murE, aspC, metB, fadR, fur -=5= chpA A 2] mRNA <}
AR A o7 Adteli= DS AlE ] A x2FH WE 7= 01301 2l
serC, murE, aspC, metB, fadR, fur ¥ chpA 2 A H 7ol A A E =] = 27H
o]l fAate] e o] A E o] glo] ZER AibsH o] FAHE s
EA 0= sh= A2 v A=
A 158}l A, lacl, speE, speG, argl, puuP, puuA, putA, putP, proP, speC,
speF?'-_ TAE oM AEE = st ol o AT FIHE
EA 0= sh= A2 v A=
o], PP3533 A A7E L9f Ham SEH o] 9= Al
= A% 261— ] A &
o] A, argF ¥ glnA - A2 v
2 3= ]HZG]— ] A &
oA, argECBH 2.3 &, speF-potE, ¥ argD=Z -4 ¥ 7ol A
Bl ol 4ol SR LR WE I e TEREE X 3FH RS
sh= Al 23 v A=
o] A 23 A =S Eo] 2 HE £ M (trace metal solution)=
= W Aol A f7-7F2] g & Bl el Gl E 286k
g/\]— tﬂ—lﬂq
o JoiAl, 7] <5 M E = o)A, 2] 28] 8-(Rhizobium),
] ke ] & (Blfldobacterlum), Z % 3 # 2~ (Rhodococcus), ZHT] T}
(Candida), ©ll| 2 9] Y o}(Erwinia), ¢l €| 2 2} & (Enterobacter),
v} 2~ ¥ @ 2}(Pasteurella), W&} o] 7] o} (Mannheimia), ¢4 E] Z-v}-2 2] ~
(Actinobacillus), - 71 ¢ 7} €] B} E] (Aggregatibacter),
ZHE P12~ (Xanthomonas), H] ¥ 2] 2. (Vibrio), 575 512~ (Pseudomonas),
o} 2 E B} B (Azotobacter), °f] A U] = B E (Acinetobacter),
22 & 1 o}(Ralstonia), ©} 1= 81 E| 2] =-(Agrobacterium),
2 % Y| (Rhodobacter), A}©] B 5.1} 2~(Zymomonas), HF & 2~ (Bacillus),
2~H| & & 5 A 2~ (Staphylococcus), & & 3 7] 2~(Lactococcus),
2 E = & 5 A X (Streptococcus), B E 1} 2] ~(Lactobacillus),
22~ E ] g(Clostridium), & 2] Y] ¥} H| 2] %-(Corynebacterium),
2~ E 3 E n}o] M| 2+ (Streptomyces), H] 3] 5= 8] 2] 2-(Bifidobacterium),
Alo] o} - BHH] 2] 2-(cyanobacterium) 2
Alol & Z k| 2] = (Cyclobacterium) 2 -/ ¥ &= 7ol 4] MBI ¥ = 31 &
S0 Z st= Az vAE.

potE, X
A E A

A1

=

=

011
;cz

o &

3l

o

o] F7h oAl o] gl

g °°*'

LHUFIF&ON

L ¥ [0 X2 QL o, ml

< A N B WS |

Lammnﬂaoﬁﬂgamlo;
moﬂrﬂiﬁﬂoﬂloﬂoﬁ

>

e’}

jus
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o1t] al(indigo) WAl A EE 7FA|= L5439,

A1EAAA WA A2 ATEAL R AL 24 AR S-S A ek
4 sRNA 53} o o & E39tate= Al 1A E; R Andt A WA A2k
AmE A A Ap FA4 -2 L& oA eh= T4 sRNA 539 S
EeehE AlqiH & 2 &ehs 4B ES FAIHF EA{HAL
FA A Al 28] m=dEo] = A A==,

71 AFAA WA a2 Ang A A WA Fd 2L AlLEA L =
mE A DA D A3 A [ A AlpE A Fd A= A =2 2H7) Aol s,
n< 2 WA 509 Aol me 2 WA 102] Ao, g= 2 WA 5009
ggro] L, pi= 2 WA 200009] Ao,

7] A A = 4 1] 2 F (ampicillin), 7FH ko] 21 (Kanamycin),

& 2 2 9 Y & (chloramphenicol), ©} 3 2}1}o] Al (apramycin),

2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),

] E g} A} o] & # (tetracyclin), ol ] E 2 v}o] Al (erythromycin),

Y] @ w1} o] 2l (neomycin), ¥ Y4 ¥ (penicillin), 2§ A] =w}o] A (actinomycin),
71 W A # (garbenicillin), 21 EF] 21 (gentamicin), £ 22~ E] A] T (blasticidin),
n}o] 5 7| ¥ 2Hmycophenolic acid), 57 2 7} ©] 4l (puromycin),

A 2.2 (zeocin), K. 2] T (borrelidin), ©] 2. x=7}o] 2] (ionomycin),

U}-9- = 51| Al (daunorubicin), 5 2> H] Al (doxorubicin),

o] ¥ @ ¥l (ivermectin), ©ll ¥} @ ¥l (avermectin), 7] E &}r} o] 2l (mithramycin),
1] & o] Al (mitomycin), U2 Y 4 +H(nalidixic acid),

%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2} Al & ¥ (oxytetracycline), 2 2] B 4l (paclitaxel),

= ulo] Al (polymyxin), 2] 3] 2 (rifampicin), 2 2] =} o] 2l (salinomycin),
Bl 2 X (tylosin), 2 2] 5-m}o] 4l (valinomycin), ¥l 7} o] Al (vancomycin),
H1 E-2} 2~ ¥l (vinblastine), 2 W1 2] 2~ ¥ (vincristine) 2 & A ¥ -0 A
e o,

7] EA ¥ H -2 CloDF13(CDF), pBBR1, ColA, ColEl, pUC, pBR322,
SC101, RSF1030(RSF), ¥ RK2Z -/ ol A A8,

7] 34 sRNA ¢33} o 9-& Z 2 B H; MicC, SgrS 2 MicF 5 ©] =
alibo] SRNA 2 9] Hfq 2 3 91 (Hfq binding site); T4 542}
mRNA 9} B A A& g st 99, E BHrdlolH & *2& st

A7 A1 WA AlqH e o] 477 A2l mRNASF 4 H 4 0 2 A geh=

% 9ol asnA, his], yneH, napG, kdsA, ygfA, ftsl, aceF "=+ ostB - % Z} 2]
mRNA®} 22 07 Atz LS Adste] Alzd WE 7 E¢] ¥ o
21©1, asnA, hisJ, yneH, napG, kdsA, ygfA, ftsl, aceF % ostB & 741 ¥
o A A B E] = 27) o] o] frd Abe] W o] A E o] glof QI aL

AAs o] BAE AL B o ol Al AT,

-

o

ja

2 ox 1
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2
')
)
ot
=2
Yo

o1 4, tpR, pykF 2 pykAE A F tol| A A 8l ¥ 5= s}t

- x}7} FI7I2 AR YA tktAS] T2 R EH 7 we TEFEHE
o] 1.2 tnaA, fmo, aroGfbr, trpEfbr, 2 aroLZ -4 ¥ 7ol A
Y= shf o] e] A )] B S EEH e AE SR
k= A2 v A&,

A228}el A, F7] M E= 4+, 2l 21 = (Rhizobium),

H] 3] =8k g & (Blfldobacterlum) 25 2~ (Rhodococcus), ZFH] T}
(Candlda), of] 2 9] 1] o}(Erwinia), <1 El fﬁ‘i}ﬂ (Enterobacter),

v} 2~ ¥ @ 2}(Pasteurella), W&} o] 7] o} (Mannheimia), ¢4 E] Z-v}-2 2] ~
(Actinobacillus), - 71 ¢ 7} €] B} E] (Aggregatibacter),

ZHE P12~ (Xanthomonas), H] ¥ 2] 2. (Vibrio), 575 512~ (Pseudomonas),
o} 2 E B} B (Azotobacter), °f] A U] = B E (Acinetobacter),
22~ E 1] o}(Ralstonia), ©} "1 2 4} ] 2] 2-(Agrobacterium),

2 % Y| (Rhodobacter), A}©] B 5.1} 2~(Zymomonas), HF & 2~ (Bacillus),
2~H| & & 5 A 2~ (Staphylococcus), & & 3 7] 2~(Lactococcus),

2 E = & 5 A X (Streptococcus), B E 1} 2] ~(Lactobacillus),
22~ E ] g(Clostridium), & 2] Y] ¥} H| 2] %-(Corynebacterium),
2~ E 3 E n}o] M| 2+ (Streptomyces), H] 3] 5= 8] 2] 2-(Bifidobacterium),

Alo] o} - BHH] 2] 2-(cyanobacterium) 2

Alol & Z 8HH| 2] 2 (Cyclobacterium) 2 -/ ¥ &= 7ol 4] A Bl ¥
E o 7 = A 23 u A&,

1834 WA A2 Al1EAD A A1 248544 dd s o%;q]gp:_
é sSRNA ¢k 5.3} 992 ¥gel= A1 E; 2 And A WA FA AL

mIF A A Ap A A2 A S JASHE T sRNA a3} o &
st AlgH & st A A= AT 4 /A

F A Al =Elo] m=dEo] gl A2 A==,

A1 A A A2 And A WA F -2, A TEA LA 2
mEF A A DA EA 7 AR} Alp A F A A= A2 A2 Aol e,
n 2 WA 509 Aol i, m 2 A 109] G0, g= 2 A 5009
A 132, p&= 2 WA 200009] 4 <=0,

7] A A = 4 1] 2 F (ampicillin), 7FH ko] 21 (Kanamycin),

=

A<

o

A

iy

KeN
=

2 ox fZ :5 % 2 4
ir&ug&

’\o

2 2 ¢+ Y - (chloramphenicol), ©}3Z 2} 7} ] 2] (apramycin),
2 E 31 Enlo] A (streptomycin), 2> 3] E] S=rfo] Al (spectinomycin),
] E g} A} o] & # (tetracyclin), ol ] E 2 v}o] Al (erythromycin),
Y] @ w1} o] 2l (neomycin), ¥ Y4 ¥ (penicillin), 2§ A] =w}o] A (actinomycin),
7 Y A # (garbenicillin), A1 EF1] Al (gentamicin), £ 22~ E] A] H (blasticidin),
n}o] 5 7| ¥ 2Hmycophenolic acid), 57 2 7} ©] 4l (puromycin),
A 2.2 (zeocin), K. 2] T (borrelidin), ©] 2. x=7}o] 2] (ionomycin),
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U}-9- = 51| Al (daunorubicin), 5 2> H] Al (doxorubicin),

o] ¥ ¥ & (ivermectin), ©l| ¥ 9 ¥l (avermectin), V] E 2} v} o] Al (mithramycin),
1] & o] Al (mitomycin), U2 Y 4 +H(nalidixic acid),

%= K H] @ 2l(novobiocin), U Z~E}El (nystatin),

- A E E g2} Al & ¥ (oxytetracycline), 2 2] B 4l (paclitaxel),

= ulo] Al (polymyxin), 2] 3] 2 (rifampicin), 2 2] =} o] 2l (salinomycin),
Bl 2 2 (tylosin), 2] =7} o] 2l (valinomycin), ¥ L v}o] Al (vancomycin),
H1 E-2} 2~ ¥l (vinblastine), 2 W1 2] 2~ ¥ (vincristine) 2 & A ¥ -0 A
e o,

&71 5 A 914 & CloDF13(CDF), pBBR1, ColA, ColE1, pUC, pBR322,
SC101, RSF1030(RSF), @ RK2& 740 ¥l 3ol A A8l g] ],

7] &4 sSRNA 5.3} 4 92 X 2 B H; MicC, SgrS ¥ MicF & o] -
&tiho] sRNA -2 ] Hiq 2§ 91 (HIq binding site); 3£ 4] §- A}
mRNA &} R4 A3HS JAdshe= 49 2 HuldlolH & 28s= 3l
E7 o7 3=

AT 24 FAA LA A Al 2Elo] A E R E o A&

A 2 ] A&l A,

2 A 3 1= 1] & 2F A Q(violacein) A A A 2 E 7FX] AL,

A1 WA AgHE o] 472 mRNASF AH A 05 A9 st
& 9 of] ytfR, hybG, ampG, potG, caiF, minD, ilvM, yfbR, rfe, atpH, tiaE &=
murl 77 A 2] mRNAS} AR A 0 & A= A2 Fdste] Az
HIE 7} =91 ¥ o] 1o, ytfR, hybG, ampG, potG, caiF, minD, ilvM, yfbR, rfe,
atpH, tiaE X murl= -4 ¥ ol A A )<= 27 o] o] {dxtef e o]
AAE o] = AE 5O 3h= vl A /e A 8] &2 A 2l
Aibs g o] a4k A3 A&,

258k o] A, vioA, vioB, vioC, vioD & vioE= -4 F 7ol A
AEy) = st ol o] AT EY i FE Y AL EHoR
st Al =g v A=

A258kel A AA, d7] sFH E= U, 2] 328]=(Rhizobium),

H] 3] & 8} 2] - (Bifidobacterium), &= 5 3 7] 2~ (Rhodococcus), 7] T
(Candida), ©ll| 2 9] Y o}(Erwinia), ¢l €| 2 2} & (Enterobacter),

v} 2~ ¥ @ 2}(Pasteurella), W&} o] 7] o} (Mannheimia), ¢4 E] Z-v}-2 2] ~
(Actinobacillus), - 71 ¢ 7} €] B} E] (Aggregatibacter),

ZHE P12~ (Xanthomonas), H] ¥ 2] 2. (Vibrio), 575 512~ (Pseudomonas),
o} 2 E B} B (Azotobacter), °f] A U] = B E (Acinetobacter),

22 & 1 o}(Ralstonia), ©} 1= 81 E| 2] =-(Agrobacterium),

2 % Y| (Rhodobacter), A}©] B 5.1} 2~(Zymomonas), HF & 2~ (Bacillus),
2~H| & & 5 A 2~ (Staphylococcus), & & 3 7] 2~(Lactococcus),
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2 E = & 5 A X (Streptococcus), B E 1} 2] ~(Lactobacillus),
22~ E ] g(Clostridium), & 2] Y] ¥} H| 2] %-(Corynebacterium),

2~ E 3 E n}o] M| 2+ (Streptomyces), H] 3] 5= 8] 2] 2-(Bifidobacterium),
Alo] o} - BHH] 2] 2-(cyanobacterium) 2

Alol & Z k| 2] = (Cyclobacterium) 2 -/ ¥ &= 7ol 4] MBI ¥ = 31 &
sS40 s Az AL,

A258e] A2 Y=L EF o]~ 2 M (trace metal solution)=-
ok
[e]

T greks Aol A f7ka] MRS B8 m ks B Eakahe
H] & 2H A QU/E S A H] 2R A Q1 AT W,

el @A E E9ehE v oA f A AF 29k 2 U

(a) 20 ~ 50bp 71 & 7HA = P ol o] VM ED& Azt 2,

(b) 71 A7 L& A1ZAA WA FA2E A5 L5 Al
EARFAR S A 5= 34 sRNA ¢33} 92 2etsh=
AT e WA An@ A WA 7 AF Alm Al A Alp 4744
LS A5k 4 sRNA 231 95 E36k= Alg B9
_%_le o] qx} mRNAﬂ- /\]—EXJ og 736]— }1« oﬂoﬂoﬂ ALO) 0}01 ;q] LH;q

SRNA dhol B ] g] & 3l A1 A Alr WE] dfol Bl & A %35}

A7 M, 71 A1FAAA WA 4?49} AnG A WA 4L
A=A 2 Alm A 918 R A LA AR e Alp A -l A A=
75 7p 2ol ahatL,

n 2 WA 509 Ao, m 2 WA 109] X**O]L qi= 2 WAl 5009]
Aol pi= 2 1141 200009] el r s £ 2 WA 5009 A9,
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