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: A dynamic sensor-regulator system

N E
=2 AR7E Wote Ul R3S do o]AS wobA] AURE(smart)sH|
A2)ste X154 AoAM Z(Intelligent artificial cells)2 tEX= Zlolt}. & Zojxl
AFE 7P A9 HHS ol&dliA a&Xor A& St AME7E X5 ASAl
z22tl & 4 Qo AFAE FolA Roid dRUT AMEAY dFEAR] 7%
Nz it stetgato g 7hxel v N Z-FAHCell Factory)olgtn &2]A Hct 2
= 822 AYotarig AMgE 4 Qe ARV VIsAdER e V1€ Aew
2 SFtAME diAlshe 7INtetetad S 2A9] sgr UIFAAISI=S Aol At
BEE Aedez AMAASH: Aot Alsd AR L A= Host= /Al
=9 Ido] Ay wWHeto] S AM SEAoR At 28R AS TRE th
oA 7I& HAbz oA {ARMe] Hado]l Alzu/e R thAtetd wHeho] FHsH

D2 TE9 A|7], RBS(ribosomal binding site)9] A|7], ¥d®E ] copy number
of CJsfiA ZA7go] Hil, g ZAZgo] FHW A|EUjoxQ] o] IAFE = A=
stAs| L&0] E= Zoltt.

MZC{A S E2| Cro|Lfe] 2EE

A719] Rlsd tALRAQ] 7RE-2 University of California at Berkeley?] Jay D.
Keasling w47} 20103 Cell A|'29] Leading Edge Essay Z U oA A|QtS 3SHCt.
I 7)€ SAME A fAAL dedmiRlo] R REo o5 dydoz ARYEI 1
ElE S diAFd =Y FA27E(Static control)ol2fal skaL, AZUj/9] 8 ciAtE
Hoto] w2t 2AEE e d=Ax™(Dynamic control)o]2ti A ojstgich
Keasling w4+ WA 27 dynamic control & mjof 223t FIHAIEA ] &
A glo] thAtYlo] BgMoR BHAE Alito] Fgo| €1 Wulst &ast = o]

2t &Y. I ol ¥ dAFE < 15}% HEA1/J(Quorum sensing,
FESAAO] 9t giAEd R T REo] SAMEY A S R 4+ A
AL FgShATHIE 1)



A B Low density D

AHL E
E
(™

Mo LuxR activation

High density

Number of cells
b= 4
iN i

Time

Bl constitutive pathway oxprassion
LuxR activation W Expression regulation by quorum sens ir’g]
a9 1 tiA = gojuiy] - HALEE HoldY] 2EE2 diAMEdR A a4
Sol 4] WA YAl uel o e WIHE 22 4 28, 471 ol coly
Y AIARME M=l 4 o =2 dott tiAbd R 1 aase E

ol FEte AY. (A) HAEE ooyl 2EE2 &= AATE, F¥TE, & IIE
Atole]  ARAME=R  pFE. (B) W2 AMEFZoAE  LuxlofA TSRl
acyl-homoserine lactone®] =%7} Uolx 2JAlEo|Al m2 T EH ZRAQIAFOl LuxR
o] &gabrt . (C) €74 M=Es=ol =gstH LuxRo]l &/dst EHojA Lux
promoter (Plux)?] A& ¥r= tiAE R fAAES] Edo] fed. (D) MlZs=
7t ZALLE Aatol] At Hro] =gslS mo] AAEER FHAAESY UHHol ¢
Lo MAMYS WS (4] Cell, Vol. 140, p19-23, Jan. 2010)

HO| 2 MM E 0|8
71014 AlAlE ool

of A% Y BT ol
e Zavtet ofgs] ARE A%
A= A7l AEot Qe QAg 4 9 £ =) 2
N, skt AN, GRotle /e aasR o5 AAsH AN AlAR
o] EAIETHIY 2).

StJ Al S Al A (Biosensors for environmental signals): AN|Z= t}fst AT E

(L. 2. pH. MasE, AEL AP ANT & AT 015S AN AA

r
[m] 40
ra
Ral
ns
ret
A
[

BB two-component system©=2 Ejo] Qlt;. Two-component system2 O

intracellular histidine kinase (HK) domain®t 924%= sensor domain® &
membrane-bound input domain, @ response regulatorz «Arg8st=
intracellular output domain© =2 %=t} HK domains2 AlzA-S 721 QJojA
0] domainsy}t ©0]=9] cognate regulatorsS AePH(swapping)st® SHFAI

SojA B8 SAXES ¥WE X£ASH= chimeric two-component systems?] A



zpo] 7hsafet.

o] H3}stE- A Ml X (Biosensors for extracellular chemicals): 2] 83}StEAAIA = A
27t JRepetEA AFo] ¥vhEE 4 A siEth. tiAbs oA olF AlANE= HIY
ol RS2 a2 oA RAAEY EAAIE 2485k A2 7HsshAl
ot ot=2] FA4LE Aol 23 olde tlAdEol Bast F% & A 4371 B2
=42 FUAR HAg6lA wiEstH B w37 wotzo A J%J\J% A5k AlA
HolM e A1 Retea4Ao] it QIAGIA & #5t tiardde 23

She RetstEAAIN Y Fa7do] § =opilh.

YESIsHEA /QAIEAR AlA(Biosensors for intracellular chemicals and
metabolites): AU 2151274, 53] o] F450I4 =T el hAERoIA YEol
Ale A2 AL QAE & gl ulo] oAl L tiAEE £AAA ThS Fastch of
I8 A DA RAAGe RE SRS B AN Rl 398
o] £1l TjAIAFAO]l &R0 g O|&EES St 25 7hsstl ottt diaAQl o=
regulatory RNAZ B. subtilis 0| Zril 9= riboflavin- or thiamin-responsive
mRNA riboswitchesS & 4 I}

r_>i —l>

{a) Environmental sensor {b) Extracellular chemical sensor {e) Intracellular chermical sensor
e ® [
; \ Aspartate e Aspartate ®g
Light Tar
Lov s o -
| .
Fixl» —— ®Fpd = -
-f A
gz

TRENDS in Microbiology

21 2. Cellular biosensors A7 % A& (a) Two-component systemQ]
environmental sensor® A& Light-sensing domain (LOV from the B.
subtilis protein YtvA)¥} HK domain (FixL from the FixL-Fix] two-component
system of B. japonicum)g H7Z2sHAl blue lighto] 9J3t SAX} wWAXA. (b)
Aspartate-sensing protein Tar?] intracellular domaing EnvZ-OmpR
two-component system®] EnvZz X|&siA] A+ chemotaxis signaling
pathway2YE extracellular aspartateS QlAlst= H}o|QAIAE A& (¢)
Intracellular chemical theophyllineS ¢l1Al5t= RNA-based biosensor A%},
Theophyllinext ZAgtstil L2401 HelE FolA target mRNAO] ZAgsiA HAMES
A 73F= riboswitch. (4 Trends Microbiol., Vol. 19, p323-329, July 2011)
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21 3. (a) FAEE (fatty acid ethyl ester) AMIPAHAEZE 33719 &2 1LAATH
Module A= THAAF &-2f fatty acid synthase SAX}Q} cytoplasmic thioesterase
L™ HtesA) 2 FAEo] Qa1 X|EFARS ABAF Module BE  pyruvate
decarboxylase SAXHpdc)?} alcohol dehydrogenase -S%&AHadhB)Z L/J% o]
Qa1 ok AMAF Module Cx= acyl-CoA synthase S§FZXHfadD)@b wax-ester

synthase QAXNatfA)Z LAElo] 9l Z|ZAZol ulo]or]™ FAEE 434t DSRS
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= repressor SXMAHfadR)y¥} FadR-regulated promoters(PmodB2t PmodC)z2 -
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acyl-CoAQ] g8 Xofigh. vtz X|¥Ato] =X EWH chromosomal fadD=ZFH
DA o] X|RAks fatty acyl-CoAz Alghstal, o]7l> FadRat ZEshA
FadR-FAZ E|HA FadRo] o5l AAEJH oFZat acyl-CoA /ol S7tst
1, oErE3} acyl-CoAS %364 FAEES Ut = wax-ester synthase 2al: =
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7}st. (b) GC-FIDO] 9l X% FAEE AJAMF. FAEE AAMZFZ=Z2 1 mM IPTG A7}t
3t 5o 37°CollA] 3Y7F Hiok. A2A= DSRS7F ALER| 9ke x| ZA=. Module C
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