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Abstract: Traditional methods for strain isolation and improvement can be cumbersome, time-consuming, error-
prone, and difficult to scale up, leading to inefficiencies in research and development workflows. With the integration
of automation and robotics technology, biofoundry can achieve automated operations through guide rails and robotic
arms, leading to improved stability and precision of experimental operations. Additionally, by utilizing smaller
cultivation volumes, such as microplates or droplets, the cultivation and screening throughput can be increased,
addressing the currently existing issues of traditional methods. This can greatly improve research and development
efficiency, allowing for the testing and optimization of large numbers of microbial strains or genetic variants in a high-

throughput manner. The biofoundry encompasses interdisciplinary fields such as mechanical engineering, automation,
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computer science, and life sciences. The collaboration among these fields is crucial for the development and
advancement of laboratory automation. By leveraging automation and high-throughput technologies, the field of strain
isolation and improvement can benefit from increased efficiency, improved reliability, and scalability. These
advancements can accelerate the progress of microbial strain engineering for various applications in biotechnology,
medicine, agriculture, and energy production. This paper briefly introduces the composition and classification of the
biofoundry, the high-throughput detection method, and focuses on the high-throughput screening platform built by the
research team from Nutrition & Health Research Institute, COFCO. In combination with the projects carried out, it
introduces the application of the high-throughput screening platform in the fields of biofuel strain development,
traditional brewing strain screening, feed substitute antimicrobial screening, directed evolution and screening of

enzymes, etc.

iff’%,
x %}b@ ‘:?/
Qég Data Experimental
o analysis design i
Engineering Sec?l::rl]?:%lfg

® Mechanical automation
® Experimental logic

automation m

Molecular operation
Systems biology

e Standardization High- i 55 .
5 o throughpy M?;:;)R:l?gfcs - Bioinformatics
_ creening &Q\‘ """
Cne, &

Computer science

® Machine Learning
® Artificial Intelligence
® Statistics

Keywords: biofoundry; automation; high-throughput screening; strain improvement; industrial microorganism

Har, Tolkmamosa) A TFHiER.
PEPDREVR . BEWIR . AR L BT
RARGAEIR T ET 2 2 B bs = &
RSB, 5 BEARYE H AR 1 A0 A e 3 55 % R AR
AED AT R M SOE M, A RET 2 Dol Kk
B AR H AR = 0 0 R B R T R
Yo i) i 3 Bl L AR B R AR M EROR 3RS H AR
PV E E AR, TR m R MRAR, S ECE
R 5 A8 7 VE R RUIR o B A xR DR s A
MR RBGER N, & T A A B 40 DNA $0R
XA AR o AR g AR AT A B I BT,

ST 24 B P 3 R X 28 3E 47 U 42 AT A T B
TR 5 BE LR % YA T b BA BR R B
HAE, &R Rt -E - - 27
(design-build-test-learn, DBTL) ¥ &5 N F 44
A, XAEWRBEAT A R Bt ik,
HEREMN LG RAA R E R “ NigEam” s
SRAF 2 FEA 1) 5 A8 SC P RS2 it v T R O % A
PR R S PR OB, RS R OR R R AL, O ik B
BAMGRUEEIN 2tbke . B3
R R 7 448 7 3R T Ak 3 R R R AR SR R S B v R
i R A OCEE M, B AR AE W] LR AL ATAR



894 BRENE F4E

T A R 38 ST P 1) A ORI 0 el A, e K R E b )
SNREER, B DT AR R RAESS . ERE TN B
RES AL B K. R AR, WRAE
ey ) S A R R R R AT DNA R4 L A 25 4
MR FREAES . mERERLETT %, wET
TR I O AR B A B B 5 ik, fevE Bl iR
R J7 OPAT IR A 2 A RARAR, MK IR e TR ik
BRA T FRAE T AR OBE R U BT &
(biofoundry) JRFRNAEMBEIE], 24 B AE
I T VAR A A, P AR RN 97 3 AN [
P R A A P SR T PR T AR 5 HE R BT ST 65
AWt & AR AR SN TSI AR B, FET
Gy AECARIBEALSE 1) L, BT T AR Y S iR
G TR BORKI bR B K 1 A
SCH SSRGS T E A S R BT G R
LS T R IR AT B AR T i, A MThRE

AN SEBRAE T 3 5 5, X H o IR 48 REE A e A=
P BEitE T 65 1 TARREAT 1R 4.

1 EWitr-a

AT 6 5 ARl B B A R B
o INIE A A RO TR e A . AR X

() 10 4F I [A] B, 5% i BF SN — LA
SL% BB BE TG Y R BRI
iBioFAB (Illinois Biological Foundry for Advanced
Biomanufacturing) 1% T £ K% [ EGF (Edinburgh
Genome Foundry) J& L H 3L FE B G B3
Bom s BB AGRYER B 3 L& BAE RO 6
iBioFAB f& [t 5 28— T & A= M A
MRS (B D, ZRGEE 3 ML TR,
N SEBLE MBS B sh i 4E, iBioFABILAL &
THT H bR HE SIS AT S A B0 L.
FICADMEARHL 50 20 Bl A% . PCRAX . AL B #A
BEHLL SFLABC AL BL K 2 A LR IR ¥ 4%, 7T
DL s i) A B A O R S B A B Al AR Y
2019 £, iBioFAB fil A N T8 RE/HL 25 2% 21 JE
7 BioAutomata, SZHL T DBTL 1) 1 3F 4 H 3 i
T2, ROKH T e 2 A 40 3% 20 i 1) 9 e 7
2022 £ 5 A, M F iBioFAB 1 i ¥ i °F &
“PlasmidMaker”, SEIL J FURIA @K 2 Digel. H
BN A AL N

N INsRAZH, SN E SO 6 KR JE
201945 H, SRE 2R 8ANE K 16 MR B A7 3L
Al AR O T “ A BRE UAEY BB (Global
Biofoundry Alliance, GBA), & 7t 5 Ju Bl W I
K MR SCRRERD L AL IRV

DESIGN BUILD TEST

oUs\ ~friendly WebFront Interface o °

\ and_
—> WP_'_ —"\‘“—_/—*

P]aws ﬁ:r PCR  Digestion, ngauan —

© confimuion
Preparation of One-pot Pfigo ——

sﬁén =
o ,f' i
E. eali
PlasmidMaker - ~y
O
Linear dsDNA fragments Step 1: O : t dipestion of DNA fi Mi f purified linear dsDNA
witll;d“l:epi:h:‘::ogy with PfAgo/AREs i fragments with 12 nt fnch cnds
- IR,
Ban @ an v ap o> ar ] ¥ ¥
B e e 9
DD I DDIDEEE,
+ —
% Pfago 3 r E! Step 2: Ligation and transformation
+ - :
4 ikl bk
= 1 rooodt T Hashrdelny —»@
s iy sy
Synthesized 16 mt ssDNA guides P e gy’ DNAlgs
(a) FEAR (b) PlasmidMaker 23 #2017
(a) Layout of the platform (b) PlasmidMaker overview!'"!

B R R 2 B 3L S256 = iBioFAB & (https: //www.igb.illinois.edu/iBIOFAB)
Fig.1 Illinois Biological Foundry for Advanced Biomanufacturing (iBioFAB)




% 4% www.synbioj.com 895

)2 A SRR s LR SRR L 18 A
HABRR PR SR s e m A G | i ] L
SEME SRR RS s DA IR R A A BRAH S 1 A
thozsgm ) E KPR GETH . S T SLHlIX g
H¥r, GBAZERK B R 0 2 ) 3EAT B if, i 1 R Al
Wt bR EVR . B K AR . AR A AN R
k. #ME 202344 H, GBA KA LA 324
(https: //www.biofoundries.org) , H H1H 5K §.{1
KB E, gm0 E R BRI BE BRI 5
Bt A R 2 B R T A R S . R
KRG AV F AT R O B K E B R
S ARG oD I 1% R AN NE= =Y v 1\ R EE T el I AR )
REREME, ENRZ RS M AR INA S GBA
WCHE, QAR M e AR BT 58 5 11 v e i a6~ 65
H R A A B2 AU B 1) 2 1) 2 P BR S E R 6
W 5B A M) Synbio OS & KIEAY) BT 1 B2 R
EVEARY 6% E)LVERNSBRAEY L2
BRAEK, K AZTEAE. milERAR
FEMFEMERAED AT, wWEMEY. KL
A BRI IR BERAEY . AT
B, s S

BTG R R 5 R N 145 40
B BRI Sl AR Ry, HORRE TR BRI AR
(LR IRR A OARBT Fe b ) #8287 Y BuE i 3 3)
MERERAR Y6, EEIFRALSG KM AEY
528 R iR < T AU A W i s F ik, DA%
Mt [14) 5[] A4 R0 9 16 S5 7 THI OB AT, B0 TG

131
[3336]

SCARA PFT50XR
k. ONIMRAIL

1
[3097)

ROTANTA 460

O Wb

IM=1M
TABLE (5)

B 56
ELAL
FEd e

FXp HYBRID (2)

~H—CYTOMAT 2C (2)

JHEBOT, R
BB BT

0 PCRAX S % Gkl

b 1R T A AR W 3 A L B AR PR T UM ST 6
%6 LU & Bl TAER AR, d i AU T R
S RIE WS EE IR IR PCRAL., B
JEHL. BIEHL. SO, BRI E & BA
AR (E2). SELE AR BC A Qpix450 il &
AR AR S 96 FLHLAR AL . 24 TBIE X R/
EE B ZIRIBIRE R L&, LT
AR I EH S NOE . il R LR B IR R A
e (B2, BHiZPFERWE5THI RS
TEA AR At L, SEELT 20 Tl e
Y KA w . AR AR BRI
FERE. A ZEAAT I S5) 10 H SRR, W%
PRHUAEIE R 10°4N/0], S A0k 2 Ak 20 25 18
A F] 100 N0, FURLER BGE F A F 500 SR P,
RS THEWRSRES, ZFEHRRTKEN
H b se I8 im e . el AR IR g 779, KK
g T FE MRS

2 ridERe T ik

PR E A TRE B Y SR B A 3R AT 2 A A I R
AR S AN T vt 3 R ) O T 1 e SRR A R i
W7k S AR5 A, RE TS T R AT A N 5 vk
JRON T T R RE AL B RS . D T Ik B AR
FE R, A DN D7 VA AR AL Hh B RS AR A

i, CLRHEEAR. RMEmRNEMETAS, WA

g

L Rub e gl ORI

B2 HomE IR RO FC e B sh ik Bt F &
Fig.2 Automated biofoundry at COFCO



896 BRENE F45E

SOV CB S T RN R Y SO v S 11
A KD 07 38 N R T AR ) A RS I O Y R T
T 1) 07 148 7 325 T DA X 3 e = ) K B Ay A
M R BTG HEAT IRk, WAL R P B-TAE
b AR R Y AR, R R R e EL Y
— PP AL DT . 0 SR O R Bk Z S M
AL LA D0 A 50 B b, K 7 M e Ak A 8 B
WAV AT i 277 FE T AR K Tk 32
TR RASARALE R 8 IR P B 52 44 B, BB R
SR BF TR BRI R NS i R PR B (R SR EAT ik . BE T
A A B A T 07 228 7 V2 2 W IO P R E AR
(1 e 1. 5% 46 R e AR AE S AT RN B, R A
BT s R 7 (A W AR s BT BT RBE AR T G
(1) A2 P 5 I 2% 1 A T OO IR Re R R 1 AR
YAk s

Bribz oh, RAEARR KT, H WAL
J7 R AL FE LA O & (microtiter plate, MTP) .
TN E  (fluorescence-activated cell sorting
FACS) Rzt (droplet-based microfluidics,
DMPF) “ Bl 615 5 1) L B AR LR ik
1T, TRIEIEE AN 10N K. X T4HM N 9%,
A LAZE & FACS AR 95 3 52 0 5 4 ARy i 40 I T 23 28
Hik, fik il & mas 108N 27 (R D,

R LT VEN

Table 1 Comparison of three screening methods

i 7 e Ry ak
MTPH I —fg 104K
FACS™ A 100
DMF™  SOLEIE R IO R B 104K

DMF J2 1T AP 2R R e K (1) — P B T30t v 1) v
EAMEAR B, fRE i E N 10K . DMF FIH
EAKHZE BB A2 3 BRI IO, TR IR R AT
BRI ARSI, BRI R, arTe
X5 G L RS, EREYI
T 2B AT R 2 ) e S AT R AT B K R S 7
735 KRR AN R WO 2 %0, DMF Al 7 v 58 v)
PL 43 R 3 T W% )6 FE i AADS  (absorbance-activated
droplet sorting) **\ & T2 ¥ FADS  (fluorescence-
activated droplet sorting) ", FEFHL{L2E(5 5 [ ECDS
(electrochemical-based droplet sorting) " & T i &
i) RADS (raman-activated droplet sorting) “*, & T

Yl 2 LI TADS (image-activated droplet sorting) ¥
H T 5 1Y) MADS  (mass-activated droplet sorting)
G oS (HR Y T R A A B RO A A T 2y i e B
B>, HBTAX A s R A CBURD 7k
TPk EEFEFACS s

3 HURBESEBEE -5 H A

31 HYMEEKRTR

L K g TR R B A = ROk T R TR
sk, AbEBEEAARERANT B, B o
AFEd RE A, VRSN T AR R B AR R
P F e I = R E R K pH. =il = OB
S EME Y, TEE R BRI R RE T PR I
PERE, T B AR I 2 E e i A2 AT RO .
FH T b A A A A R B 5 R R A 4 A R s AR
He, A% G0 B PR SO 7 VELE SR TE Tl B PR )
W T A WS R B e R P RS2 1 B AR L 2
TEPREE A AR KT R, TR T 52 1 1 40 Bk
FETC BRIt A KA 0 R, n] L B AR R 2
HP AR 2 S WA KRR A, E
PP S B R e I R 1K 2 B i IR0, R E
WP ERAEKES OB 284 10 il 2 ik
R ZRGAFEEEE E B &M
BRI e R AR . ks 3 Bk
- & B L2 A P 38 R 3 e AR R R A 3 Tl
PR B BE v, SR JE AE Rl O Ik P B i ik 37°C
MR R R e - H A . Ed ik Koo
A FAT I RAF o A G R, FER AL
BEBWEERAY, REEmEETS LT
TRl 2% T BRI o X 97 Ak 15 B i AR A R
1T ARTP A2, RJG/EmEmEE & FAIZ Hhia
AT IR, HRARGBRFBEK (B3, @
Tk % B S 00 5 R I U UE A B RR AR ) R PR RE, TE
AR REENT) P #TRR RS IE
SRR, SHAEKML, cEPERES T
7%, BB BT 65%. fELREF R, PEREiEAL
HoOM R TR R 2R S T L RE AR A T
LA 1 ol R =



%£4% www.synbioj.com 897

A216f1A2237F
Tt g 2w
i LR

100100 30

‘:@’G%i i
R
BT TR 3
B R i
Ia
— B2

ARTPHEE 1

HuEEEHE

e

BAARRPIS 1o
ﬁ%ﬁ%&ﬁmﬁﬁ S“ E) m“: [k

‘Strn wuarhar

B3 DA EE B 2 B A i 52 1 i
Fig.3 Improvement of Saccharomyces cerevisiae for multiple

stress tolerance

3.2 (ERERERERIFIL

e A% G IR U5 A R A JUARR . LA LA A
WAL E R, AR (R B AR
R VEAD AR R, AR (R BESE) TR R
BRI RS, M R TRE. CRES 5~
B ERYR . ARPIERETZ, UL
10NN NN N IR 27N 1L N
B RE M E D SR R B E 1 AR KUk A R
an o HH T BT A% G ER E TE R R AR AMA AL
ARTP 75 42 T R 5 42 55 5 VA 3R A5 18 B (1 R A2 4
. BATT 2 Y A B T 5 HEAT AL AR O 1 Uy
RIS ATE PR IR I (B 4.

TN il E WA 2, (E SR R

A i R O R R AN, PRI
Wb AR & &, ] RUA A R R . R
YIS B A TNBS M, F24)1(E 340 nm &b
WY Sk M WS SRR A, R e I ST TRl AR L R TR
R A B ARV I BEAT R, S B ) i ) e
SR BT R I Oy, B KA Y oR AR
VMW MRS R, HRRE LR
W PEVERE IR LR, i AL AR AT R E
HREFRETR, T 386 RFLIRTE i 1 15 21 — bR Al
VIAAE, MHTEEREEE, EVKEET
B 1 52.47%. 758 WS AR, BRI BEAR
U AR Y - B R PT 2 B R B A AR R e
EREE IR 2 SRR k. kK, s
5 1) TR 1% B v 20 I 1) 7 o R) DL R T R
Wk o ) FH T R 8 VR T R M K S AR AN TR
AR 5 X Z B R R A48 & R, A
PR At E Y, BLAE— T B g ) A
LAY PSR R AR L R B R, AT RLXS
TACFL AR F TR TP T B A T 7 A ) e R R AT 8 Bk
Wyt da MO A% 7 VR RO AR AR T — AR R
BE, 7R ORUE TR B[R],k i G 10 1 & P AIK
152.54% CRATF.

U FH 5 B g 12 B 11 3 7 1 T XU 1) O 12 e R
K7, AR 2 & pl DY R 3 At 18 ) B 22 R A,
TF oM e s o @ar T T A 4
Voges-Proskauer (V-P) [ g 8,5 16 77 %, @i
ARTP MR 5 AL B & 3 ST AT PR, i 1k 3R A5 —

> R EHIEE > BB > EEEH > PRBE
—{ s ——{ #smm PRHERIERE
Ll — AR
. ND "D B NG, ek it L
R = . AR
-8 &
2 & ‘ ( metrmm. G | -
= < : m BRI
oA fet A3 .
o
= . |
MEAEEH ARTP#% BRI EERENT A BRRIE  AUSTENA RS ET

B4 il R T B 78 A% G AR I A R
Fig. 4 Application of high-throughput platform in traditional strain screening



898 BRENE F45E

Pk v DU P I VR (G E ST B, DY R Rk R
FEERETE T 78.8%.

T G R RE A Dy ] 267 VG R O AR R S R AR
Yz —, BRI AR . i i
S Lo O [ o A T X R S A R . g
B SR ST AR LR R BRI A B, BT T
BIBIEM % . OB %, SO, 3%, pHI 2. EE
Mif 32 P L WS P B LS fig 7 0 v 8 RN 7 ik
T 329 PRI I BE v i 08 3R A5 PE BR AR R Y BC60258
MIBC60268 B tk, FFITRE | H % % s “ 75 ] 27
AT & S A < vE R RIS R, R R
R RS — 2, FRIE 0 A A VLR
B RV FSRHER T R L Ak

3.3 ESRIERELFITFEIE

B A0 L) 2 T AEMBERZ L, £%
AN USR5 AN T Bk R T o D 1 3 v il ) 1k
RE, I W EO R AR M A A M AT s, DR
EALRCR . RRE AR FEE . il B L T ik
FO VR PR I 1K K R g A AR AR, R TN B
i ] R BRI B i AT B 5 I AR AR AT i — B AR
BN o R AT EE Y e 3 R R 228 T VR R il AN 4

A I

NN

[El

Bs AW & BUGTLL R [ 3 4 A0 i i v i B2
Fig. 5 Application of the biofoundry in directed evolution and screening of EUGT11

, SEHPCR RA
. » P, S g

M) TREM R Z e E I,

26 B A B — AR BE B ARKE, BT AR
JiTH AR BRI DL K g e, fE T SE
WAFRI 2 R . B2 RS 2 PR S IR A
Y, BT S0 A DA R R LB A, TERE
SRR Wy B AE AR AE AN BE ) 13- 2 (R1 A7)
FIC19-F2 2 (R24A1) A7 B 7 & AN [RIAS £ i)
BIWEE, TR R [F R SN o A [ PR A B
BT B KT . DR ThREVE M LRI,
H T AR 2 18] 22 S s, 5 SOAS [R) i 56 0
Aoy B HME FE IO T i 5 R Ak A W R A
FISEMIIH T A (rebaudiosidea A, RA) 7EFHH25 F
TEMMEE, HEAIME, A& EAEE
Bk, AL FIEEE T D (rebaudiosidea D, RD)
FLA U Bt . SR EH 46 RD & 211,
I d T 0.5% 247, METIT 26 b o s i g, 77
BAK, AFFRAE, IR R IER . A
B B EUGT11 RE W fi A6 RA ZE L RD, {H 2 i
PGB EPXT X PP, A KE R T —
T Ik 5 5 PCR H R K vy 188 52 i 32 45t v ] 26 0l 25k
R EUGTI BRiG 77 (B15), XTEUGTI %
B BI3EAT 7 o0 B, S SR B AT w1 26 (8] I 31 kAT
TRENLIEAR, AR5 1E KW AT B AR oo 58 A8 4 2 33 AT

RD Op Gle—p Gl
! B Glc

DHB+TFA+Z i

l




%£4% www.synbioj.com 899

ik, FIHEET RA AT UGDP &Yk iT#64k, &
Ik 2 5 s 5 G 3k T A R I I 2 R A
AT RS e, AR EUGTI B3 . &0t
14 %211 &) 45 PCR M s B 20/ %k,  EUGTI1 [ 3%
e T 3815,

K IREIGNA (zearalenone, ZEN) FINX it 5
% (vomitoxin, DON) FE 54 E K., /NEHEMR
SEY, HBFoafm . R, En T fEH
AN Gy RN« Bk B N R K S5 R R, {4 ZEN F1 DON
A A BRI 0l SGTE L B 3 . H AT ZEN 1 DON
R 7 v an e M e ik AR 2% . BB s ik A &L
P25 5 AV - 75 RCBRR B0« 0 T PR 92 S A7 AE AR
KL BRAEE 2% WD RRA S5 0] B, I M)A
W B A 5 v B AR T . 8CRAK, AR IR AN
P T 5 i 52 1 22, JEvRIE AT il s A . R
SIFIEX B #5727 BT AR IR I ¥ ZEN AN
DON P fife i (1 1= 388 8 0 306 7 2, O ik i &k 2]
1000 #k/K (B 6) o 1 S il 72 41 B4 it 1 11 225 1K 7
H, FJE T ZEN K1 DON [ fift B 1) B ML 5 28 4 P2
WS E KA Tl B RIS, FOHE B O
ZEN HI DON W3k AT P, il il R I~
ok % I0C B i I 1) B AR 0%, & s ) g A R K
12 000 PR 22 AR A () 5 %, ZEN B&f i £ 50 °C Al pH
5.0 %4 FIEMEIEE 52%, BWHKEKRE T
2.7 CREFR) . I 1200 #5228 44 (1) 57 %
i DON [ fift B 75 40 °CF1 pH 5.0 Z5 41 T [ B i 412
w1 L6fE (RRE.

4 ik

AW Bl A st 2 e R AN E B A T

MR TG, INagE 7 A BOR [ & AN A W7 il
ITF A AEA W B Bl B0 Bl R R (19 K JE mT RE AT E
AR LA T k. Q&M ARG E 8k, &
WA B R, BAT 20 ) HE TR R 45 Y 45
A SRS AR AR, PR sl R
- R RER B S R G R R A BElE; O
MR RN, H R AN R A P S A1 5 A0 SL 5
Mg RS HTEE, WSk £2cHE,
PR T R A A e ) e v A 2 2 ) 2 il
BAERH DT B OFIEF M, &
i BB AR A A0 A R R, B
ol . AR s A SE IR AR B, = RO 2
B SR O o B A fie k2R ) A T
ERET BRI R B REE, OBEARE
5, EVUE-TraRmERBED Y. TR B3
AN E e B 2 S5 2 AN WU B K 2 B A 1E, |
TS NENMEKER, RE XS 2R
Z2 PR AVE AT RN & A T e B A Bk s @R
AR M« 3t 38 0 2 37 A= 4 58 il 0 it JE A
SR, T A A A it Y T R A A N K
TH B2 A TR APk, SRR AR
X AT R ) AR ) B B IS E X T
(ISR ICRIR ] 22 0 B 2

JUEAFAE R, (HAEY BT 6 1k R
B SRR A N MR ), RO OmEK,
G709 R =SBV iR il= E R A
PALANR L, w] DS 20 PR AE I BOR OB R R
AT BE R A BRI AL Bl 4 AN H At A= P 1
@B A E S, AW BT G D9 BIHTAE i $E it
I o =P ST NI /A= S L
TFRARACIRS K AV R T 5, BARES . K

> R4 > > SE [MHEL > > WHER >

T bR i i
AT 2 A P Tk B B
O
So = alhl

Lk
REET. Z A4k

AN R

Bl6  AMyBLit T & 75 B EE B 3R I AP I 5 17 3k P AR 2 v 11 17

Fig. 6 Application of biofoundry in directed evolution and screening of mycotoxins degrading enzymes
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