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Advances in automated high-throughput editing and screening
of engineered strains
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Abstract: One of the revolutionary features of synthetic biology is that the standardization and
modularization of biological experimental objects, methods, technologies and processes can be combined
with various software and hardware to forge into an automated high-throughput synthetic biology
biofoundry. Disrupting the conventional labor-intensive research paradigm, biofoundry represents a novel
research paradigm with highly enhanced technical iteration capabilities, and remarkably promotes the
development and industrial applications of synthetic biology. On the occasion of the 10th anniversary of
the founding of Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, this review
summarized a series of important achievements in the field of automated high-throughput editing and
screening of industrial strains. These achievements range from automated editing technologies such as
gene cloning, genome editing, and editing sequence design, to high-throughput screening technologies
such as fluorescence activated cell sorting, fluorescence activated droplet sorting, and genome-scale gene
perturb sequencing. Moreover, we prospected future development of this field, hoping to provide overall
support for intelligent, automated and full chain integrated creation of excellent industrial strains with
intellectual property rights.
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Figure 1 Schematic diagram for automated and high-throughput design of editing sequence for point

mutation editing on GEDpm-cg.
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biosynthesis (the interaction of different instructions is done manually).
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Figure 6 Scheme of flow cytometry based screening technology.

=: 010-64807509 B<: cjb@im.ac.cn



4172 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

Ho BT A Y8 R 19 FACS i 75 200
FECR Tz B4, AR A IS 0 SR Y — Ty THT 8
1 SR 2R X B A AR I AT B s e
03 NI Z By Tl BUR:E K s T Fok T R =
HUBLIRE T4 2 L A% g s i Y, 2
AL s, BT S T 1 354% G i
LR AR AR B B o Tz . Bian, sk A A
A EL 4138 A2 1 il TyrP A9 8T g e Sk
G55 IN L-AR N E MR BRI, Sl bR oprP RS
T IX il A B E I (yellow fluorescent
protein, YFP) # 7 KN AR FACS ffiik$
A, FREA ARG RN AR 5 9.29 g/L
PRI, B0 R BRI 160%-180% . X
W A5 RIS 7 e IR M-S VEHF Lep 5%
SR PR - R0 Sl RBJERN L~ 20 R 1) A AL Bk
it FACS G e R4S S 2 R ™ it 3.2 g/L I
BREO o BE S AR )38 WA Sk FAE AR S
A A% IS B TR, B AT A ST B T st
o7 B R AR SRR IR SR, ARAT RE S S 1 Ik
I 3B S 3 B IR 1 AR W) A5 B4 cusR, IO 4R
TRPEIR R e i 36.72 g/l HITR R RR DY
PN B FIRR - A1 BA G 1 i3 250 B 2 9 2R A5 g
SN L-75 2 R 09 R W) A% [ cysTHp, i e 3k
BRI N 5.83 o/L MEEHRET. BT Lid
P e 3¢ IH 1~ s Sh RE Ak DX 19 ) 3 1 A ) 1
AR 72, SRS T BRI & R HE T AR ) P
G700 1 W e e - Y W/ <R/ @
W - 55 W 0% Wl IR A% B #% 7% B (hypoxanthine-
guanine phosphoribosyltransferases, HGPRT)
Boikzt A3, FET Rosetta FEPEG 5740
187552 NI S o= T DO R e RN AW [ B
U ) —— W e A% b - FE W5 R (Phosphoribosyl
pyrophosphate, PRPP) . D- 7f &f #f -4- B 2
(erythrose-4-phosphate, E4P) Fl1H i ik -3- iR
(3-phosphoglycerate, 3PG) I/ LWL EES, N

http://journals.im.ac.cn/cjben

TofE RPN 7 . A ESRM G E AN
T, AT AP I RS A R T T
RAEDMLRARR NS . AL, SR &
THT RNA ERCR M ORI IRAEDY, Ihbr
TEHFRE-BIATF & T T (RNA G R 552
IR L AR DY, X BLlF 58 A A AT 7 L A )
1R IR AR R T ARG A SR

M TR TEYEESEN T, BTAS
DS (=R LA |55 01| D5 VA 1= W B TR W i 5 N
PRV IR B . A TR AR e 3
FELE FEAS [ 240 L ) Jl 30, 9 285 R T T i
P o0 v 3 3 VR B O I R X% 4
ML (Rea i 5ty AR T X %= AL PR
oo 1) 4nad 2ok A K A AL K (water-in-oil-
in-water, w/o/w) FJNUZ W, K LA AT A
RN L TR S IR R A M i o PR s 5%,
FIF FACS A6 0002 8 1% 07 15 AR A5 A i e
g Em . ARPY. BE RPN E
o AN, WAL BE b . IR A
W )y A [ A A o B s 7, XPRB AN
FRBEERCY | PR ALRR T g
(R VR A T BT s S RS v 7 TR A

T X A ARG I 43 e B, R ARG 0 ) 248
FE b s S 2 B A HOK R N L E Lt
it A A A3 e 4 R H3E T AN FLE Y A% L
AEDBIAN R IAAT I . MR AT I . A 2 R
RS, USDBEZMAEY G mEE:, JEAR
A T IRAS R 75 5 3 J8 308 T8 (4 2R i
B X 2R TR X — (AR, i 5 A T3 o X B AR
)9~ B3 it A TS A A T ARG I 7 2 R fi ke o )
UK 7 7 AT BT T B RO 85 220k B TR O T 4
FRIBVOCEPE S B bR Py i X 4k
BRG] B Sy T 2 i A R 22
BT IR SRR & AR 1 i e AR
r L R 27 e S A T 8 I S A AT A Sy T 3



B2 FIEENENCESRERIESHEHRRERE

TR A B R R POLE IR R AL R
P TR A AR BRI S S —
AL 4w TR p i sos, Heil e
FH T 22 R T A6 s S B0 22 1R 01 00 39140 I 1)
R G 6 o A% K 22 B0TAT 22 A K I ) o 1
ve Bl REWR BRI =Y, sliE iRk
B Y AT B — 2 R g
22 REMREFTEESEA

Tt 2 A B A A I 4 X S 2 0 s A )
JT, R BA5 5k B T AR sl R0k Y R el
Femmr,  HRTEEE A T A R AR e
REFCTM R BAR ™Y 250 W 2 A 4h,
T U A AN A3 DA ) T e A A I A
[T, W5 B T TR 0 S 4 T 1 L
AR R AR R — 3 T RO R R i
AT EE R S EOR & E AR L
LA T AR T LA 1) VeI V837 A it P YR A A 4
Ao HAPWBHEHIRIES R (fluorescence-activated
droplet sorting, FADS) F|H U A AT LUE B AH
X ST HL R/ INAT 5 B W OS E 7, K e A
%) £t 27 3 S TR S I A Y, A B R
T A 42 T 12 25 S 30 B 40 . S HL 43 Wb 0 Jo )
RN 431610 XoF A% GE R LR B s 4 R
BT Qe ol = R S LIRS 20 NN 773 5 N N 14
D3 1 v SRR N, PRI RN R N B
7 AP = =1 0 R R R K @ < ORI AL
BEFEULREMR N, ma e
USRS TR B R e e = ANELL L IR A
1) 44t L 471N Joi v 3 i 7 1 2 A R R I 755K
T A Py i SR FH 2 Tt 4500 7 F 6 i
FWOCK M LA, IR 2 5/ W R
PE TR Py vy a0 o O e 2 B A, S I
T RKEIR . ORI AR, RGN ik TR Gk
N RT AW (B 7)), kT IARERN
I Fe 2 A I 77 32 240 PR A B A 7 g ) e R T

: 010-64807509

W AR O e B R G AE Tl . ok 36
B BSR4, R LI N A T AR Rk
WH L B 2B e

AT AR B, K Tolk A= 9 P e [
PR 258 56 T J YR A 42 i B 1 AR 1) o I 9
EEXE 6 Fhvi e ERAR, LT — R Tk
Bt A ARG I O e, 9 U2 A YL 3
B g Wi EERY . - A FE R DI 4
FPVEM T, KM T TR B R RS
FE L R, SECRIEE WXEE, MO TR
ES RPN IR 2 S R B e P P i N 77 £ B
WA 32, AR A A S B T A A SR AR
T 3-J A RO O P T B, ff ok
A A0 e 5 A O 3 L A A% R
F14) R0 7 TR R R A7 7E 1 200 1R DN 2 65 5 5 i i 4
W) Jo 7 e AN — B [ R R A R 2R ST T
i, FAR T AT BRI AT A BN 7 JE T il 1
ARG N %) A9 Tl v TR AR R ) TR AR 1Y
FADS i A, $RAG ™ i 5 & R4 &
50% 1 B AR DO CRAEERETE £, FARE
VAT BN 3 7 R SR G 2 7 TR AR I R B B R, 3RS
ARBBERETEE A 149 U/mL MR RR, XFHH &
B RRBETE PRI B T 160%°7, gk — 2 <y 47 4
R PEHERNY FADS e AR, il i A8
T e ARAG T 2 ZHEG 0 11 110 U/mL A9 & 7 TR
BRE, X ECH & AR AR = T 200%7, i
SO RIE 5 ST 1 i 16 7 9% 38 B /NI 0O T
BE ORI Ve B, AR S T R IEE
R A 22 IR TR I YR TT 0 IE 2E J TET , R A
Tk A=Yy T B B i g, 140 T AR R R AR
VAT BN S ST R 2 T ) TR 5 % ARG R R
KRR, BETEMOHINFE RS SR 7 d DUL,
i ke T 3 AN R AR BB O 220K TR A K P R
Wik R0 TR R, SRR A B 4G
i E o IZEARNR R A B IEIR A T bRk A

B<: cjb@im.ac.cn



4174 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

T, —RWNKIE T A RRRIRE ST, R AR
SR R R e BRI EERE wmT
Tifl, FEBCREOTRES, AN, AR AR
SR A1 BA 55 ol R 2 T A5 A 2 S L TROR
TR IO P T BE B AR, 38 3 i 26 5% A8 P AR AR IR 4R
FEEPE N 16.5 TU/mL, 2148 R BHE PE & T
FEEARIE 5 46% A0 =5 77 TR,
HTFRZH T EKRE TIEBEF R, &
ATTXE LA 30 2ok 35t A2 5 A7 P S 1 v 4 O 328 P 75 1Y)
DEICAT TR o Ay Aff R 3 S Ty TR R 7 34 ¥ Y
(AR, 2835 TR K AT BACHE 07 24 o 75 1) 9 ' AsE B
TR BNZS T BAGERAE BN T, IR Al A
) SRR B 5 A 7 R R TR B B[] — AW
W, AR AR TR RR 7 P 5 O T R A
SRR, BN TSR T AR R AR N T e M
) YR W 425 5 16 H R WELCOME (whole-cell
biosensor

and producer co-cultivation-based

microfluidic platform for screening)., #|HiZ4%
AR, WA RAE 3 AT R ™ ok B FEHL
VAR AR P P R T e AR IR B L & R ke =
I 50%F ALK, LB EAE] 1.4 /L, B
FHER T M R AR A O R e R s,

A BN FH W O 2 0 BB 5, B AR Y
S. erythraea NRRL 23338 1%, it |58 7L
PRAEHRE P 7 HE 3R AR 21 85 2 7= 50 288 mg/L 11
FEEAR, R R R 137 520, 2
TR T VR AW A7 1R O S R AR A 2 TR ML A
Wit e RIS A 2 A T T P R TS

Y FUEAT T HA R R S S R
P, AE C HHGE AT G0 4 B R Hh 4 K 2 B0
BT VOGS KM Ak, N TR
VBT O B R I N Y L, R B R T A
TSGR R0 B R g )oY
S5 R R R SAE DGR . b
HEWMAEYENERRE, BORBRZMH RS
BN, ET YA SOLEAFEEE S F
P | BT AN RN Y T O e b A I
ARIERNN H 2R EE, Boh, St 40
HELASL R B0 200 B 4 i R LR T O 5 B B
PR B, ETA B0 O s 2 B AT LA
FTEAER E. ok — PR A bR
J 0 I 4 1 3l it R BRI AL AR 43 3
AT, LIRS A S kEE T A
UIY(ES

cultivation

Laser  Fluorescence
- Waste

2" Low yield strains

ao—.//°/

brary Drop
o o
Cells aqueous
P — 5 0 o 0 o
oo _©
e93,

1 Oil

DMHTS 7%~

Storage [&" 2
Multi-screening

Sorted
High yield strains

Voltage

(A) DMHTS equipment

7 RENMRIEERETRERESRA

(B) Screening scheme of DMHTS

Figure 7 Droplet-based microfluidic screening equipment and technology. (A) Droplet-based microfluidic
high-throughput screening equipment (DMHTS) developed by TIB. (B) Screening scheme of DMHTS.
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