afX £

Synthetic Biology Journal 2021.2(1).91-105 2021 5 2% % 1 35 | www.synibioj.com

S N B DOI: 10.12211/2096-8280.2020-046
R TR IR

JEAL- IR G B GEE B] BB k k

S, KEFT, EXH", B, g
C HEMFREINEEZAFARE, RINEGREDFAFAAR, TENFREEIRAYFELALLE, | A4 6 4%
HASEALRE, & FI| 518055; * FEAFIEA¥, L 100049)

BE: BESHENFHRAINEKRUARG AT EGRSERITEFMEEFRIBN, SAEERERITENE
FUE. IR RERY, SEEREROBTAZEEUIN .. E5aIEERIEIRITHESEERIIRAERTTHE
RAXRENZEFTHESMENSHEN, BIAERNNE, FERIRNEEAZIRINL .. IEFRAERTIFRRE,
B EOEEEMEEFEELIERAIRE . SARIBHERFRAZEEARNZRBEYGIEE, maREEE
BRURKHERREMARNRR. XMEEFRTESHEEMREIENSHINEHZMEIRINE. EIt, KEE
MREESHMNTERCIRANRITER PR B LRSERRBIBRITRIRFRUM, BSEMHRITEEN . EXE
2-OR\BETRANRITHS, Tk, BIE T AREERDIRERM . BIRWANZITBEE, RIS TGS
BN, AN [ER T EFRMENMEEIESERRRIBEFRISIARIEE, H—ENETREEMYIE
RERZEY TR, RIAIEEZ IR IER . SN ARE-CEBE TR, L4 T ERAHIE
RUAIRIGER, BT BIIEREE-OEBEHNED .. MEERE “Z-M-5" sghigH, URBEmN
SLIROARIER A, RREBEFEZERITNSESTUT N AEH: OsRETMZE, OnREBTELHEZ
B; OZHEAFHENES, SEITEREMAR-ERERFAEE, OB ENEREITIIERET.

Xigial: KpttE; aEDNS;, RAEYS, KEMR, ERR, EYWIERE,; EXMW,; BRW

hESES: Q67  NEiFRER: A

Host-circuit coupling: toward a new framework for genetic circuit design
CHU Pan" ?, ZHU Jingwen', HUANG Wengqi'" ?, LIU Chenli': 2, FU Xiongfei" *

('Guangdong Provincial Key Laboratory of Synthetic Genomics, CAS Key Laboratory of Quantitative Engineering Biology, Shenzhen
Institute of Synthetic Biology, Shenzhen Institutes of Advanced Technology, Chinese Academy of Science, Shenzhen 518055,
Guangdong, China; *University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: With the rapid development of synthetic biology and increasing demand for complicated artificial life

Wi HEA: 2020-04-12 {2[EIHHR: 2020-11-10

HEEWME: BRESMAITL (2018YFA0903400); RYIMFLERIE (KQTD2016112915000294, KQTD2015033117210153); | REGHREREFERLINE
IRE (2019B030301006)

SIFANI: ff8E, KFE, B335, XL, B . KE-EIREE  AmERRERITHRIJ]. SREWS, 2021, 2(1): 91-105

Citation: CHU Pan, ZHU Jingwen, HUANG Wengi, LIU Chenli, FU Xiongfei. Host-circuit coupling: toward a new framework for genetic circuit design [J].
Synthetic Biology Journal, 2021, 2(1): 91-105




092 BRENE $2E

systems, increased complexity and scale have been observed in the design of synthetic gene circuits, resulting in more
unpredictable behaviors. Traditionally, applying engineering principles into genetic circuit design employs mainly the
bottom-up strategy from individual parts to their potential assembly into biological parts/circuits/systems. This strategy
involves best fitting intrinsic parameters of individual parts through considering interactions among genetic parts,
which requires extensive trial-and-error to tweak the circuits’ properties. Recent research reveals coupling between
synthetic circuits and host cells, which originates, on the one hand, from the global regulation of host cell physiology
on the circuit gene expression, and on the other hand, from the competition for and depleting of the cellular resources
including gene expression machinery and metabolic pools. This coupling not only alters the physiology of host cells,
but also influences the functionality of the circuits. Therefore, incorporating the physiological states of host cells into
the framework of genetic circuits design may improve the predictability of the circuits’ behaviors for rational design.
Facing challenges from the host-circuits coupling, several strategies have been proposed, including parts
orthogonalization and device modularity, which show their potentials in unraveling the tangle of hosts and circuits. In
this review, we comment on mechanism underlying the coupling between prokaryotic host cells and genetic circuits
that have been widely reported in recent years. Two categories of biophysical models, coarse-grained and whole-cell
models, are presented, which help us to understand, predict and evaluate the effect of the host-circuit coupling and the
counter-intuitive phenomena as well. Meanwhile, attempts to reduce the coupling effect by orthogonalization and
modular design strategies are summarized. With the development of genome read-editing-writing techniques and
deployment of automatic high-throughput screening and analysis, we prospect on the genetic circuits design:
(1) Excavating of high-quality genetic parts, (2) Quantitative method for characterizing parts, and (3) Integrating
multi-level omics data to mine for hidden regulator networks between circuits and hosts, and (4) Developing accurate

and robust predicting framework.

coupling between synthetic circuits and host cells

synthetic circuit
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predict circuit behavior and improve
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