afX £

Synthetic Biology Journal 2023,4(5).877-s01 2023 5 % 4 % % 5 35 | www.synbioj.com

S N B DOI: 10.12211/2096-8280.2023-027
R TR IR

H LAY H sk 25 B iBioFoundry 1)+ 4t 5 v H

FIE, kFm', EE"’
C T AFARMEFAAFS, M BT 3112155 * I A¥FANIEH R, ¥ ITEEARIEFR, L
M 310058)

BE: GEYFE—IXTRIT. JWENEMEMREFHIRYREEFH ., SUTENCESEDRETEE
AR, BSOS, FEBEHEARTIRNENIRE, EECEHRN “ANEEdsm". HFEHRRNSEESRNE,
NEMEBMEEFTEHITREBA TSNS, SEARKRAS. HEER. BEENCENEMRARIITRT
KR, BRIERSAES P ERENEIURBCEMSEET . AXNERES. RIHWE. RHAREIETHM
N ABRISE I EX T IAE NN ERRE e R ORI G Y S BRI E iBioFoundry #TNEE, B AMITE
TRREH SR EOHN R IHERIII LB S RHE. LREREF RS IVIETI2ME
AN, FANEEFRVFHETENSE. SLRESFH TSR RENENERSEZRIEN LR
EWMENNDZ . BEMFENCRERN LSRR ARKIBRSLNIER, KEFENAESRBIIELESE
BREA, AESEE. KA. SEMSLMERENFARF Rit-WE-IH{-F3" NEsMET, Ik
BN F RN IE 2 N USRI TR,

Xigin: SapENSE; EMHET; BaTFe; inENSIRRE

RESES: Q819  XHEtREE: A

Establishment of iBioFoundry for synthetic biology applications
LU Hui', ZHANG Fangli', HUANG Lei" *

(*ZJU-Hangzhou Global Scientific and Technological Innovation Center, Zhejiang University, Hangzhou 311215, Zhejiang,
China; ‘Institute of Bioengineering, College of Chemical and Biological Engineering, Zhejiang University, Hangzhou 310058,
Zhejiang, China)

Abstract: Synthetic biology is an interdisciplinary field that focuses on designing, modifying, and synthesizing
biosystems. It uses engineering principles to design and modify biosystems and even create novel "artificial life" to
provide biological functions that meet human needs. Due to the high complexity of biosystems, extensive trial and error
experiments are often required to gradually realize the desired engineering goals, resulting in high research costs and

slow progress. With the continuous development of automated synthetic biology technology, multiple automated
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synthetic biology facilities have been established or are under construction worldwide. Biofoundry is an integrated
automated scientific facility that combines the principles of intelligent manufacturing with the theoretical foundation of
synthetic biology. It enables fast construction and testing of reprogrammed living organisms through the integration of
intelligent and automated high-throughput devices. This article introduces the background, design, operation, and
application aspects of iBioFoundry, an automated synthetic biology facility established at ZJU-Hangzhou Global
Scientific and Technological Innovation Center. The iBioFoundry adopts a modular design concept and integrates
various peripheral devices with three track-mounted robotic arms to build four functional modules: sample library,
DNA assembly, cell screening and cultivation, and analysis. To meet the requirements of different research tasks and
maximize the utilization of the device, iBioFoundry has a multi-task process management function, which is able to
track and record all the process handling information of the entire experimental process and achieve traceability of all
samples. Through a brief description and analysis of the high throughput construction of engineered E. coli strains and
the enzyme directed evolution and screening, the article discusses the formulation of experimental automation schemes,
programming of experimental processes, and on-machine operation. The article also shares some thoughts on the
allocation of consumable storage space, parallel execution of multiple experimental tasks, and standardization of
experimental processes. Automated synthetic biology facilities can help researchers significantly improve experimental
efficiency. By combining the large amount of high-quality data generated by the facility with information technology,
the automated "design-build-test-learn (DBTL)" engineering cycle in synthetic biology research can be achieved in a
high-throughput, low-cost, and multi-cycle manner, accelerating the research efficiency of synthetic biology in both

fundamental and many biotechnological application fields.

Functional modules Operation process

@ Sample library @ Establishing experimental methods
® DNA assembly

® Cell screening and cultivation

® Programming experimental processes
® Automation test and debugging

® Analysis @ Developing automation schemes
@ Running experiments and processing
data
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2 Applications

@ Intelligent analysis and judgement i L
. @ Bio-component engineering
® Dynamic process and consumables

. i
management Genome engineering

; : ® Protein engineering
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Table 1 Relevant operation and involved scripts of the experiment
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AL ECK . DNA R . PCR J MR 75 A1 5] 4 2 96
FUMAFLAR A, 5ERE 50 uL PCR J 3 ¥ L] (PCR
SNARF 25 ul, 51942 uL, DNAFEHR 2 uL, 7K
19 ul) o B PCR [N 1 96 LM FL AR it Ji5 H F7
BURE % % 22 3 20 B IR HLEAT %5 3, & A3k
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Input and Set:

Sample_Number;
Positive_Number;
Centrifuge Speed;
Incubate_Time;
Input_Data_Path;
Qutput_Data_Path;

Run scripts:
« Pre_Target PCR;
« Target PCR

Run scripts:

* Pre_Fragment_Analysis

* Fragment_Analysis_50 to
6000 bp

Data handling:
* Record well positions of
qualified samples;

* Send data to control system;

* Generate the script

“Smple_Selection™ for liquid

handler according to the
information

Data handling:

* Record parameters and
well positions of
unqualified samples;

+ Export a file including
above-mentioned
information

Run scripts: ‘
Sample_Selection
Pre_DNA_Assembly ‘
DNA_Assembly

Run scripts:

+ Pre_Plasmid Transforming

+ Plasmid Transforming

Run scripts:

+ Dilution_Plating

Run scripts:
» Clone_Picking

Run scripts:
+ Pre_Clone_Verification
«+ Clone_Verification

|

True

Data handling:

* Record well positions of
positive samples;

« Send data to control system;

+ Generate the script:

“Positive_Sample_Selection” for

liquid handler according to the

information

Run scripts:
+ Positive_Sample_Selection

B3 SRR H SR 7o S s A

Fig.3 A simplified scheme of automated program

| Data handling:

* Record parameters and
well positions of
negative samples;

+ Export a file including
above-mentioned
information
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Table 2 Reagents and consumables used in experiment

P BN Ko A E SR E
el 5149 28 A BRI VKA 1-[1-2] 6 FUFEM A7 fif 15 7% 2-[1-2]
DNA i 13 H B AR VKA 1-[3] 6 FUFEM A7 fifi BL % 2-[3]
KIGAT B2 A5 40 13 B S ALK VKA 1-[4] FEH [T A
PCR J N1 A 18 A B AR VKA 1-[5] H SRR KA 1-[5)
DNA 43157 1k H B IGR VK A8 1-[6] H Z KR KA 1-[6]
qPCR A K71 13 H B AR VKA 1-[7] H B AR KA 1-[7]
FEt 50 pL 2B sk 28 24 HUKEM AFA A 1-[1-2] FEAA [T A A
200 pL 58 Sk T8 24 BIFEMAEAH 4 2-[1-7] FEH [l A
50 L 3% WK Sk 4% 24 HUKER 74 5 7 1-[3-6] FEAS [T A
200 pL 37 B sk 3% 24 BIFEMAEA 4 3-[1-3] FER [T A
8 LA RE TR 128 10 SUFEM 76k BE % 1-[1-12] H ah AR VKA 2-[1-12]
96 FLAHALIR 43 24 HUKEM 74 R 7 4-[1-4] H BRI KA 1-[8-11]
96 FLIERFLIR 8k 10 SUFEM £7fif B % 2-[1-8] 10 ZIFER A4t BE % 2-[1-8]
96 fiL ¥ A< 42 3 6 FUFEM A7 it e % 1-[1-3] Arktic VK4
384 FLiHALAR 43 24 FIFEM AEAH 1 4 4-[5-8] 6 FUFEM 17 fif 1 % 2-[4-7]

e AR 96 FLIMALAR . Az EAEE 1-[1-2] x5 1 FIEEEIIE L 058 2 SARAL.

0112000 r/min 73 F 5.0 1 min J5 15 2 B 3k
PCR {47 PCR ™1 . PCR Y G [AIF, F7 4L
R B8 W AR ok 9 1 & R S B L%
TR A AR IR VKA . PCR R N 45 oK 5, A
T ARk R 3 BRBC A 52 i PCR ™ ) ) G Bk 44K,
afi A6 = WITE LR B BT DGEEAT i BOR /N R B
T BRI, 45 A R A R ) 5 SR Bk sk o oA
b O BORFETE 10 ng/ul B b, FBCR/NIERS H TG
Z) HIREAHEAT J5 4 DNA 4135 [ b . DNA 20 3
AR R A 5E BRIG , O 50 nL A A IR A 22 8 FLAE
TEREFRMRA, I FH R 00 AR sl oA 380 10 3% 9% e 15 8
FLHE TR 3 50T 500 r/min 4237 1 min ¥ LN 3K 2
s . FEEF 120G, FHBR TIERR T
PPk e B A AL BRI 3 N EAR 1.5 mm DL B (A FE
KT 3 mm [ & AT AR 95 . 8 R E &
PCR A Wl B K P =2 3 2 A H bw Ry B DUSG IE
TR 2 BRI IR R Ok e &
PCREGM &5 H, 8B W TAEIRIEE CtH (cycle

threshold, BEMGEIAED <25 B PH I #E A I8 H 5%
BEE P OREE N, BT TR R
T Arktic UK FE1R-AE -

3.2 EBRIE LR IFiE

Wil 1) R 17 2 P B T A i ) 445 4 I R e 3
Ok T B AT DUPR IR AG B AT Ry 2 AL 1
R R P B B A B, DA A2 25 BT T BN Y
Ko FEXPRE P RERE THRERR, BESR
TR mIERE R IR . A B T B A S
LS i F FU R A o AR SC LA A A I A D9 40 975 7 ik
g5 £ v BOBC G o H AE D R 7k, X
iBioFoundry - 5¢ F i 5 7] 13 £ 1 S 56 52 491 3R 47 15t
Bl (&4). M 5 4t PCR 0 SR8 A i 247
WAL 9% A2 S T VAR 3 H bR AR R IR AR SO, BN
K P T 1 i A0 P Y A 3l ) e o B 32k T 1 Bk
T VA BEAT AR B 7R, AR OD A I Kol 5 42 B 4 4=
KGO FENE T, T RIBLHE 0 E 3% OD
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Fig.4 Procedure of enzyme directed evolution and screening

. WFoWRIENEEA, RSB LI LEE
HIAS 2. WRERANER, BOBEERE K
JE N AR 3IR 57 5 6 RBCRE A L SRR 5
Je B L S AR AT R B . Al (SR I i, AR
B G I 5 2R 20 R AR HEAT WO (i B0, A R
B A I K i AR S AR DR A, F TR S0 R )
Br BN — R E R HEAL S

GIREL AR/ UR VRS % sl NI A 8 L TN ]
W BRI SASSHEDGE, AT s
L0 0 Kl o £ 1| IR o N S T R
A =AY AT LA TS s A I K 14 2 A i S
LR TSR AR BB RELLFE, Rl OWRAE
T OD b 1 675 I AL R A8 A A Il £ 4
G e FEAE N R s OMRAE MUAR 00 15 A 0 A 4 97
18 B RRE A OR B 2% P o O T Il s s 00 RO A £ 1%
AT AR BCE . RT DL E AR LN R R AR
SEATHER o IR R I TS AR BT B U RO R
W OD{EIF LB, B B35 — 4 1 s 00 540 ke kA7
AT, DA BRI E T AR A 22 S T A R B T AR 2
fEff e R b, AT DL R AR R e e S S

I 2 Pl S 38 B R W LA 2 S R SR ok,
D B 0 B4 K 3ok B8 A AR A s @ade BUAG: il
o 78 ¥oE BUE LA ERIRE S @ik E— 8 LA
DUECHE 5 AR AR 2 . BT T A Sl AR B v 4 4
B ) BOHE S, IR EUER B AL IMRE AR B
MFLAR T HES, 50 BURE A Pk F AR A7 . @
S (10 R R EE T P S R M AR
Y1 L 15 9% 11 45 18] K/ . iBioFoundry ' =& H 3)
WHREM FA i 25 T 8 RFEM AL — B KA
B IR 6 B3R 5 IR A 0 T
I ARG R TR . ARSI s
BB TIRGEFRENHARE, BERGER
FA T LAAE B 14 3 96 FLIRFLAR 5 32 H 96 LA FLAR
FRHE S50 75 22, At RAR T HRHLLE 96 FLIRFLIR
Re g%, WITE WK P AT LA SE A% 28 B 96 FLAR [ i AT
%, BIAT[AI I 1 2688 A SEIGFEA . 1 H b 5
M=, XA E SR SR AR, IER T
# K H 96 FLI LI BE 724 e, ] iBioFoundry HJ LA
[ I AL R 64 B 96 FLAR, Bl 6144 NSEIGFEA
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4 iBioFoundry &4 ) LE&A%:

4.1 FEMEHEZENSE

H s AL FEM A7 1 £ /E A iBioFoundry HH—M AN
AT B R 2 R 23, AR A AR TR BT 7 1R
ko R TALIRSE & 25HEHF - iBioFoundry Fiz
AT AR H DR S50 P 25 R S 56 & 1) A
A, FrEsEM M EMRERSARMEA. L
T 06 T 1 A% 0 AR b B R G0 R P R & PR
MAETF AR I A SE 56 25 i I fEE AL B . E 3k FE
WA A7 it 15 2% 1 38 T35 A B8 R G Py 35 2 () i A J K &R
FEEA 7 AR e B ) S e B A TARE R .

iBioFoundry 2% & P 4L = & H 3L ¥ M 17 6i&
W, sy ALT DNA JoFH e e . 40 i i ik Jo
B, AR, A EIEER H 3
ARG A BT BB E AR, AR 58 R
AFEM BB ER S ET AN EE, K&
FE D ANRH]: AL (bRt . LIRSS
Ao GRALEE TR S mh (RS &S5 FE & hr
(KREBEEW L &%) . DNA U BB T2
KERPLME, HEMBERER, Hitk—=86
24 B K45 B FEM A7 B0 % TIC B T B B 1) #5901
fEShif . ZRE S| DNA U HEEF LI S £
FH BGAFLARORT — IR MR R Sk, DRI ik &
HIR A B A A AR A o LR (BB 3D . i i
1% S B FEA T 4 7 — A 10 FIFEM A7 il 15 4%
Horb 8 H AL B A s SR AR AL 20 4E, H T A7k

20 Jf0 5 77 R R A T R AL . AL ARCRFERS
F2PIPEAT AL, A7 mL RS Ak
T R A R R IR AR g A A
R EAR — O 6 FIAEM A B A, Horh 4 5L AR
PRI T B SR B Bear A4 o 2G4 g AX
AU B PCRALHIFEM A7, 55 2 51 ide 35 v (o2 2%
ZR T T v OB E s 5 i AR A7 s

4.2 BELRESFHT

% SE 56 AE 55 IF AT fE K $2 = iBioFoundry Y
BAT R . KRG P SR P O R AR
HEHRABEEHRIE, TREFIFEINZ MME
55 T 2% 2 AR 1) A £ I ) M B A B YR G, IK F
ZAE 55 R 1B AT M H bR oo AR BE ARG B
iBioFoundry i 8 V£ 5% 46 #E A7 09 4% R 18] 51
IIGHTAE 555 IF 1% IR SR 98 75 SR A8 A6 1) A0 B 9
Grme, R OR PR 2 A S0 s AT AR . fE AR
55 AT, A7 AE 2 JEFEAF B T i 4 S /Y
], ] AE A8 B 2 A IR AT R RN A A
BAMEO. HILEfMPEINEFRSE K& L
PLZATI, &2 IES IR E SRS XK E
H 2% R BRI 7R SR 51R P JE

B ZNALFE 7 g 5, O B 1k S8 iR 5 2
I B IR T 7 A AL A I S AR AT 55 R
WL, ATER R B BUE S5, A 8t
EWSRF ARG, B&PUESHA RS
HABRE P I T e s WA A . AR5 P AR AE

R3 AR AT 8B S LA AL B 2 Bl O

Table 3 Automated consumable-storing devices and inner resource allocation

el WA BT (i ) Ik WA /51 L
24 HIFEM APk 1 2% L 35 (69 mm) 1041 7 plates ATAET 70 £5 SBS MUK Wk £
HHA RS (50 mm) 8 4 10 plates AJ 7880 B SBS MUK IR FLAR
&AL 22 (23 mm) 6%l 21 plates AAFHL 126 B SBS MUK AL
10 FUFEM 171 ¥ 7% AL AL (128 mm) 241 4 plates AT 8 £ SBS #UE Wk £
HALESE (50 mm) 5% 10 plates AR50 B SBS MRS IR FLAL
AT 2L (23 mm) 3% 21 plates A A7 63 B SBS FUAK ALK
6 FIFEM AR % LA (69 mm) 2% 8 plates ALAE 16 B SBS UM VR FLAR
AL ZE (31 mm) 4% 15 plates AL L 60 B SBS MUK L FLAR
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S U6 ASAE S S 56 2D R 2 8] AN RE S5 AR T 4 03T
AR IR SAAT B AR B G DL, mTHs LI A A 2
kA, SRR eSBE, KK SR
AR H A I AT AT 55 SRR TR T 7 e AR S
I B AR 0 H A5

Xt 2R BAE S AT, WEGT S MES
i A AR A AN IS B H IR 06 R A7 TR B
ME . EENREF T, AR R A
ML R BEE: A HAEM — BB Mk il
LB IR P MMES IR LR
WO My s RE S B8 AT 55 BT R B AT, L S AR AT 55 1
Y5 RN 4 DS IO < % Bl BURTAY IS Y R
A SR 4 ) P 9 S I 4% RE A A i B R 252
FEMS I LS AE IS 0 Cln 28— IR Sk o P R A% 1) T
PR S Bk ), DAEIORE P £5 FEM U8 I A L I it i
B EMMHERT RS, TRIEMS QM.
7] Ja& 14 mh A [R] S 2 (AR 0 5 X L AE B Sh AL FE A
A Ak Vo5 TP ISR TEORL AR AR R DX 73, DL e S
DAL BT HPAEM IR IR, A TES TS
HIFERA (RS I AIAT: 55 45 R 5 #EM TR B . {E 24
SSIBATI, AT 55 T BE AR BT 45 AR B 22 I 4
N5 BRI AT 0 A AR A AT B SR AN oK. L
SRV W1 B BUR 3 S KR A b P LS S NP A
25 AL B e LT o SR AR B O T X 4500
(¥) B S AL RERS A7 il HERR B S AR M A7 BB R XS 7
LI AT T H R .

AN T S5 56 AF 55 T RE 20 J& 1B A1 A i 2 N 4%
B 5T, &N A 2 SIS A 55 18 AT R i
T, BT K. SEIRAA . RIS R
TR B AR, & AR A SRR A B
W, HEHRE . mAMBAESETTR. &
MAES &R G, RS LAl & H LRSS
(¥ S 56 FF ol T AE M SF HEAT BEBE, PP EEARE
BAT WA .

4.3 SLWRERECER

B 46 S 6 7 28 1) 1 E IR R SR FL AR S
KRR IR K 2 A TR S T 9 A B B sh A fE
Fro VF2 & A S SR P 1A 55 HoA A

i HRF AL, B0 PCR e BNAR R BB . = DRI
e Faifn . VR PRECRI IR A . MR R .
ANTR] R P ) S 56 9 R vh AT R T o B B v kSR )
TAES, BAEAILREN R, LREsE. Bg
SIS A FAE, B BRI R . A
S A IR A (S I (S N 1 I 1
iBioFoundry H S50 L AR [ bR 4k, BIKE SE I8 A2
oA ARSI B SR 9 S R IR R T Ak 5
I 2 i) 38 AN SIS VR AR AR AE R AE SO . Horb 7
{E55 H BN TR 7 1 A5 AL G 55 08 Ak SI2 36 3 72 A
THEA SO R 1) 72 P AN SR BERAT

TAES B FEF SO A& SRR N A . FEM
B SYNE (G- YR SN e b S I =R N
P2 ARRD S5 N & . B AURY 7 C b A R v R B
R JE s o BT Al N B 5. B ARS8
IR P XA T VS & T AR A B, X
AN [F) 28 Y B b B Sk AE A% R A b 6 TR 4R I
i X R4y, M kR, &—FH
W ERAE R AEM AL BEH LB R E,
JrAEFE 7 M B AZ 0. B3R T 9w B RN
HHREEMEHE, WAMELEE. B
A AR RN S B o 1 45 A S5 2 H0hT SR AR B )
WA tEE, DLRIENXIARMPELE TR, £H
AAGHE 7 SO B JE RS B AR R R K Ty
VR R WO bR A o B A SIS U R B AE AL SO B
SEICHB . EHEE . L w A WA
SIS TTVE . FARS T . BRI AR A 3t
T BAE b ik BEiid . B S SS AT A
R BT A O

X F 7t iBioFoundry I ¥ i ¥7 A~ [5] &} 0 I H
()& A S AR, 2R AR AN 1B ] BA R 51 E 4 A
N 206 i 4 25 1 s M. B AL L3 T R, A
2R B 3% J0m B 3L 50 7 B AR G E b A B AT R
ME o 2 A7 FE 25 Pt 9% o S I8 VR 1Y A AE 4k d T
SRR G g S R e AT A,
G 1B A1 BB 53 B 0 Sk 9 5, 3 I T R R
AR RE AT 58 R — AT %% H bR o SEI0 AR AR
{HE A A T [ A ke B A 2 50 1) S A AR &R
XM EEEWNETRE. 85 REMEBARLEGS
k55 R I # A O B,
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BRI IRAROE TR T R TR
K& 2 4B HE 5 N T8 RE AT HIL 28 52 > A 45
o, RIFPEMERRRE S, Bh D R M C
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