i E A AE ) 2424 9] Chinese Journal of Cell Biology 2019, 41(11): 20602071 DOI: 10.11844/cjcb.2019.11.0001

BB E, P EHZREIEAERARRHALR . 197FFh7 KE
RAFF L F 45, 20004 F 7 48 K F RAFAE 45, 2006F T & B & 47 440 =
X #(lowa State University) ik /F 545, X EEZBLHBHEL LM KF
E¥#RAEHLEME, 201150 BAARFERFAGHFEFR, 20174
e BAF RN AR AALIR., RIRLFERE T ZNERIEEF
50RAEMFAR, FRARFIA RS AEBIEHBEAK, BiTHAE
28 69X A I REAT IR R 40T B, FREAT SR 09 BGE AR RAC A R 5, =B
PR Bt K B 20 R 69 £ 2% 5. S ECell. Nature. Science F)4 £
EEFA®ILE+ S . 201753 A 5Sc2.06-4F B BAfE ScienceZs & LA 3T
WAL FI T XL KT L5 F GRS RAB XL F, NL20175FF B A5+
Xitk., ¥ESFFRTXAHGHE. FEARSRERTXIE. RERTa
AERFFTATR, BRAEFFAE, FRMETHFRFL, &
HZRFRAFMHAFHF.

http://isynbio.siat.ac.cn/dailab/

A B YT, I 2
& REIF IR

BR FRE HE RERR
(BB RIS RSB, AT ST, Y1 518055)

WE  ASAREMFATERLEEAEF, BT FHIL, RITHEA S R %, AR 4
G EINIRA R L FT T B, A AT AL TS S PRI T AT, S RA W F O ILE TR
#9353t IS AW B G IR, KT EATIT MBA G, BXEEZEPNBEREMF
B P iR K, QAWML AT R R RO &K . AT R E MK )2
o %45 BB O AR R F B Rk,

KEEIR AR R R SR A R BRI 2R T AR R R B

Design Technology in Synthetic Biology
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Abstract  Synthetic biology is an interdisciplinary research field with the goal to create new functional cells
and to get deep understanding of life system through ambitious re-designing and engineering biological systems.
Synthetic biology could enable us to solve human challenges in future. The key component of Synthetic Biology is

to make intelligent design of the biological system, allowing the test of important biological questions. This review
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summarizes the design technologies including those used in designing new biological parts, how to design genetic

circuits and metabolic pathways as well as how to design synthetic genomes in synthetic biology.
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design; genome design
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The biological engineering processes is hierarchy. The biological parts are used to construct gene circuits, in turn to make regulatory networks and more
complex genomes, eventually to create artificial life system. The design-synthesis-test-learn (DSTL) cycle promotes engineering of life system, and is
adopt broadly in synthetic biology. The design step plays a pivotal role in DSTL cycle and is the key for biological engineering.
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Fig.1 The Design-Synthesis-Test-Learn cycle facilitates engineering of biological system in synthetic biology



2062

UL

BT HARG. BEEDNAN T 68 /1 P id e &, Pfh
FPAE B DR UG K, R R H A E B2 RS
AR S A DL TN A ) e A R e D A
T, DRI A Mk 8 22 () AR W o A g A H R Xk
e R ~F (AE M) To A iR 2 R 6 1) — L 5GBS IR
+, AT Do I bR R BR A R 1Rl AT T % T
DNAZKF- b A % 2 4 FH AR <t G T 7 TR ) R 7
AR 2 (R A ANl mT LS . SR T AR ME 2
SN EA — € R IRE, BTG B R EAY ¥
B AT RIE
L1 SRR ERL

Hr AE 22 B TR 2 7 B A M oA A e
o N TAETAEBITHE N LT A2 dy RGBT,
B 7 AV SEIR R AE . AR BT A T RE IR,
o, 75 [R]85 2 AR ) o A 1 R AU KR s . 2003
SR E BRI AL T ARAEAD) T M ZE (Registry
of Standard Biological Parts)"'", FH T ERF & FrifEAL
A VAV IO, ARSI R AT
BB b B SR RS E S A
(K)o #E20184F, MM T CAEL20 0007
SRR R R A e S, N T Re S AR R 4R
(RS HOLHE 2 A0 ) R T, B2 v 15 v 110 R R I B Rl
A, T B TOAF AT BT N RS Bt 0) HfaR R A AR
2008 4F, Goler 25 I & T CAD(computer-aided de-
sign) T B A B & BUAEY) R G ¥, (HIX L8 T B a6t
Z Al A A A AN o] = A R R A, SRR

AW IO BB HR i 5L 85T, W120064F Le Novere
DT R I BioModels 415 P2, {H H A7 it IR A5 A i
T PR, M HAERZ B 00 kit — A
1% 20104F, CoolingZ5!" V57 | —AMhr itk UL T
PHE 35 PE(SVPs), FLSCER B 70 1 B 5 8 ] DA
BN IR AEE A A AT A RE R A )W
AL ). 20114E, GaldzickiZ5 Wy i 7 — 4
A RRAE TCAE AN (SBPKD), AT LIS A if) . AR
RV o I H T 5 BUE 0T OB, A
A e PR B o5 B il & R A TT
5 5 18 X (SBOL-semantic)HE SR [ 4 #48 y v] LLiz 5
E R GERD . AR et AEY o GRIR R
DI —ER I, B & A R R, ORI ot
W KA, AR IO AT B VT B H T R AR A L
T BT KR, ST 58 3 B B KR A B PR
A B RAE B i B A& B

1.2 £t LA

12,1 BEBRAMGERAER  BRERLENE
Y& BOR R ] B, R R A ) 22 R T R 35
(stem). #(loop). K Hi(bulges). K R (hairpins).
R 45 (pseudoknots). — 4K (triplexes). VY Ak
(quadruplexes)& &5 #4), DRI 0] 7= A2 K& = 4k 45 1) A
7 ()53, W B BCE AT R 5 5 6 D) RE I A% IR i i
(aptamer), B E & H A B 46 35 M i riboznymes
DNAzymes!'”., Tuerk fll Gold""Jf & (1454 &= £ &
AR Ab SELEX(Systematic Evolution of Ligand

R YD TT AR (R B P HE RN AE 4 7T 4 T AR 5K P 1k

Table 1 Biobricks databases and biological parts prediction, design related web sites

BN

Name

X f1k
Website

Registry of Standard Biological Parts
CellIML Model Repository

BioJADE

GenoCAD

BioModels

SVPs

SBPkb

Pfam

WWPDB

BBCU (Bioinformatics & Biological Computing)
CEG

Fold X

Rosette

Foldit

http://parts.igem.org/Main_Page
http://models.cellml.org/cellml

http://www.biojade.org

http://www.genocad.org
https://www.ebi.ac.uk/biomodels/
https://ico2s.org/servers/virtual _parts.html
https://omictools.com/sbpkb-tool
https://pfam.xfam.org/

https://www.wwpdb.org/
https://bip.weizmann.ac.il/toolbox/seq_analysis/promoters.html
http://atted.jp/help/cis_prediction.shtml
http://foldxsuite.crg.eu/products#technology overview
https://www.rosettacommons.org/software

https://fold.it/portal/info/science
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A: schematic diagram of systematic evolution of ligand by exponential enrichment (SELEX); B: the workflow of protein direct evolution.
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Fig.2 Two key techniques to identify novel functional biological parts in synthetic biologyA
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Table 2 Links for gene circuits, metabolic pathways, and synthetic genomics design tools
e [EEiN
Name Website
Cello https://www.cellocad.org
ATLAS https://www.metabolicatlas.org/
KEGG https://www.genome.jp/kegg/pathway.html
BRENDA https://www.brenda-enzymes.org/
ENZYME https://enzyme.expasy.org/
Metacyc https://metacyc.org/
ViennaRNA http://rna.tbi.univie.ac.at/

Synthetic Gene Developer

Gene Designer 2.0

Codon Optimization OnLine (COOL)
BioStudio

http://visualgenedeveloper.net/VisualGeneDeveloper.html
https://www.atum.bio/resources/tools/gene-designer
https://omictools.com/cool-tool

http://23.22.137.164/gbrowse2/
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