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a4 1. g5 AA daesr daFEAe dWEE A Boe sl TS
FAL ST AEEEE AN AdeEE ST AR £EEe] A
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(a, solid arrow). °o]# 3t FF X2 A& static techniques (static gene overexpression
or deletion)<S FalA #3o] =7] wlifel HxE A7 22 dynamic control it}
a#v} e dynamic flux balance analysis (dFBA)el 7|vks & A E 83k
5 AA dae]Eeo] AEE I Qlth o] &iE]E2 product flux®l growth rateE A
Aeta o|Z2H o F AFE A (a, dots). ZE]2 productivity, yield, titers &%
WEE A dFE A3 gek(b).
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a8 2. oY AFS MAFAFFY 71A FEuwj: 7t AEER AfAql 7|5 E
k2 sAEel FHIE EAG (a) oYHIFAA HAEELS ulo|emjAg iR
SEn BHAET PAERE ARE AL otte 5E. (b) AEFIFAA U5
52 EAER FE IEE g4 AAAE. dAEEe HYderl 712 FudsSEel
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2. o|etA4 535 A A= - (two—stage dynamic control strategy)
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control strategy)®} & tiAlsE 3 HA(dynamic flux balance analysis)ell 2|3}
otk = A & A (two—stage dynamic control strategy)® yAHHE v|lwd A3y TAX
A 2k (dynamic control strategy)e] 4bd S thE FAAI|= AL o 5 grh(ad
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a3 3. A S 913 A A (static) 2 F A (dynamic) A3 &H(metabolic

engineering) A&e w|n, (a) SAIAF AabE 9 AR Al (b) static strategy
(solid line)®} dynamic strategy (dashed line)ol| wzt AAE FFE59 A AakA
v| . Specific product flux®t growth rate® AJAFFF 2] hypothetical operating
points< production envelope =4 (a, solid line)ol| A A= &, Static strategy? Ak
A& dynamic gene regulation®] @+ single—stage fermentation =S ZE  H A},
Dynamic strategy+ wild—type growth rates® Zt+ growth stage®} hypothetical
strain®] product fluxesE Zt+ production stage® A %+ two—stage fermentation
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3|25 THMA AAAE FU|Ho R FAAATH(EH 4a). AE5E2E FAAI Z 9
Aol o]y Al A (dynamic sensors)= HA tf A5 7EA o] ®IFFElA] WE-gEl= W
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0 ~& e
gﬁ | ._! id pps :
' A’\. 2,
| Lo

Prttway Prahway

L

Acotate (Ac) concentration i sensed using the acetyl-phosphate (AcP)-dependent NR-I protein. ACP
phosphorylates NA-1, allowing it to activate the Py promoter. This promoter drives the expression
of two genas required for the lycopana production pathway, in the prasence ol excess acelato,
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FPP concentration is controlied by regulating its production and degradation pathways. FPP
represses the Py oo promoler and associated proleing, while activating the Pees on promoter,
producing ADS and converting FPP to amorphadiens (AMD).
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1% 4. Dynamic control 7732 ¢g FA A3 Z. (a) acetyl phosphate—activated
sensor 7|HFe] o]z A3t FAAE E. (b) FPP—activated sensor 7]¥Fe] o &

el AAd ARAE =

4, &

L FAANETSY ARE WrAEEE helHEA 2A-s e sEFA Ak
(dynamic metabolic engineering)e] F&E& Wu glth o|E Esi4 wadAe 34
A A) ol zkol A A& (vield), AHEF = (titer), A AHA (productivity)S F 7] "o 2 Ak
Al g sdvh tixtEgs 2R A4 A EH Y EAE (dynamic  feedback

=
control) el 71HFS F thAEA ZHA] (metabolite sensor) &2 A3} oA S E A



(two—stage growth conditions)ell 7|HFE & oA 5545 WAFERA (two—stage
dynamic control strategy)< 5878 WALEste F Q83 A 7|sol|}, Ay F oA

[e)
712 A AR o] A AA (productivity) 9k oyl & (yield) ¥ 5= (titers) T T

Eol A Al 4 gl %QW*}E@@Q(dynamlc control strategies)e] © &&4

ola FWstAl ol &= Adde FUHA T2 wAHe]l s A= AAA
3 27b Ao dFet Haxided Addlel A Aes dEbdof drh & WA
© AExA"e 4 FHA (sensing) @t F& (actuation)®] &4 (dynamics)e] HALEE S
agHer 22T F Se AER FTEo| Wotol dn FFel US| WA
ol #AE= MASA tAged A=Al FHAERAEL] 28 £S5 HI Ao
t}h, 2 ZF3H3= Venayak et al. (2015)¢ “Engineering metabolism through

dynamic control”el 7]¥bsla 9l[7].
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