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Development of a high-throughput screening system for

droplets of high-yield recombinant protein CHO cells

ABSTRACT

With the rapid development of biopharmaceutical technology, the
selection of chassis cells has become a key link in the drug development
process. Chinese hamster ovary cells (CHO cells) have been widely used
in the field of biopharmaceuticals due to their unique biological
characteristics and wide application prospects. Traditional CHO cell
monoclonal cell lines are time-consuming, inefficient, and costly. In recent
years, droplet microfluidic technology has been greatly developed.
Especially in the aspect of biological breeding, compared with the
traditional has brought great changes, droplet microfluidics has ultra-high
screening throughput and has better screening effect. Moreover, this
system has not yet been used for the screening of high-yielding CHO cells.

In this paper, we propose a screening method for high-yield CHO cells
based on fluorescence-activated droplet sorting (FADS) technology, in
which a droplet operation platform suitable for CHO cells is built firstly,
and a fluorescence detection method is established based on the green
fluorescent protein (eGFP) sensor sensor, which can screen 10° transfected
cells per day, which reduces the probability of false positive cells in the
library compared with the traditional screening method, ELISA assays can
be omitted to screen high-yielding cells.

(1) Construction of droplet operation platform for high-throughput
11
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screening of CHO cells. Droplets with a diameter of 20-90 um were stably
generated by constructing droplet generation chips, injecting chips, and
sorting chips. The assay was injected into droplets with target cells at a
flow rate of 5 nL/s at a rate of 500 injections per second using an injection
chip; Droplets are sorted at a sorting speed of more than 100 per second by
means of a sorting chip. The results showed that the sorting accuracy was
more than 99% for droplets containing green fluorescent protein eGFP.

(2) Screening and identification of high-yielding CHO cells. High-
yielding CHO cells were mixed with wild-type CHO cells, and 0.1%, 1%,
and 10% high-yielding cells were screened, and 33 pL droplets were
generated for 24 hours. After 24 hours, 2 uM of the GBP4 mixed solution
with eGFP was injected into the droplets at a flow rate of 5 nL/s, and the
injected droplets were sorted. The sorted droplets were collected, and the
cells were collected in 96-well plates using 1H, 1H, 2H, 2H-PFOOCTT
lysate droplets, and the RSPO-1 protein expression in the supernatant was
detected after the expansion of the obtained monoclonal cells. The results
showed that the enrichment folds of each group reached 800-fold, 90-fold
and 10-fold, respectively.

(3)High-throughput screening and identification of high-yield CHO
cell libraries. After transfection, the library was screened by a droplet
microfluidic platform compared to traditional drug screening. The results
showed that there were 4 high-yielding cells among the 10 monoclonal
strains screened by traditional drugs, and the 10 monoclonal cell lines
screened by the droplet microfluidic screening system were all high-
yielding cells, which was 2.5 times more efficient than the traditional
screening efficiency, and the proportion of false positives was reduced.

KEY WORDS: CHO, droplet microfluidic technology, fluorescent

protein sensor, High-throughput screening.
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Fig.1-1 Development route of high-yield monoclonal cells
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Fig.1-2 Mammalian cell development process for fluorescently screened recombinant protein production
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7016 Tl RE N S8 [R] Bl ade Hy B A R o2 A I A I o GE S 775 bt 2H 5 3K L RO PR P A
B, FATEEDS ARSI TR — MRS, R R AT 32 BT A2 A 7 ik
XA, B 2-2 Fron, AOEAE RSO, ARG TR AR, aid— B[]
FAEIE , BATAT LRI 56 5 BRI W = M)A SR, k2D S R 1) 7 ik it
R o JXF R AR 7 ARG VRO 1R 5 A 2 S QU R I 77 R A S P T 5
£ R fET, BN PRAECEE, AL FEM R 1 R 1 e B R .
WA 7338, B — NIRRT BRG], DURA DR S 06 25 5 B0 vl 1 A AT St
XRS5 1) RE 0 A AR R O T — iR KT R S8 TR, Rk L
TR SR T2 Rl RetE

.ooo.ol...o ..:z':f....
. L) o
L ) gl S Dy mnws
[ I ) [ )

&

2-2 MG RS o) ik
Fig.2-2 Droplet generation and sorting
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FEARZEATH, FATE T —MX Rr= CHO 4 @it ¥ 6. % FE
(A% OAE T U e R SR A S S 4, BRI % 7R e % 73 Wik RSPO-1 25 A1) CHO 4
JfL, FRAEIX LR 22k GBP1-RSPO-1 &5 H I E « 0w 4 T GBP1-RSPO-
15, FATFINFRRE o Rk 5 S, # R AA W] WL RSPO-1 & H ™
BRI TGS, IWIE TR TG H TR, FRATIRLE AL,
55 B AR B JE R R R A B A RS B A LA P AT 2D 1 RE IRl
BREERRE, W& T AR, JFIRIUE T H ™ RSPO-1 & AN RE

TEPRIE = A I FE v, FRATEF T /- i o 32 R R
ARIAT S 308 38 9 30 0 M Bl R YRR 38 RN TV 0TS AR G B TRIEBE 085/ s i
AEETE N1 ) R AF 5 e A, A R, R 30 B8 K o TE R IR A TR 2
153 Re 538 1 /i FRLUK 70T 20 LR AT RS 17 1) 2332 o M0 TH I OG5 Sl T TR
(YRR, FELI 2B O, ETRE RO AR AL HE RN AP e T8 . A, W SRR
T AR WO, © 22 B BE 80N 1 IR BB L E o IX Fh e LR R T R A
FRSRAF IR A RE R, IR R & 1 J i SR AN UE R M . R HRAE P &
SR gt gl 2-3 B,

SEEAL s B

KEAO

G B

wﬁg/i//

Senser A\[J -
e PRt SR

AHAD EFAmEn

BEENE A A apuiUYaY

Bl 2-3 MRS A
Fig.2-3 Droplet manipulation chip
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2.2 SEIG#R)
2.2.1 SLIGIRF

A B S G vh pT TGR n R 2R 2-1 s
F 2-1 EREA

Table 2-1 Experimental reagents

ESIIEZR S "% SR
B R OXOID
i ] 245 4 1 2 7 PR A ) Gy Hral
e BEHSE ) BD
Lk BD
EE)iS BD
HALHA Il 245 4 [ 1 2 74 PR A ) Gy Hral
D-7] %) B Solarbio =99.0%
AL Bio-Rad
AL Bio-Rad et
L et Gy Hral
JeZIE USA
FITC Solarbio wilEL
PDMS 18 T
DAPI Solarbio LEwilEL
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2.2.2 SLIR{NEE

A T SIS P T ANER AR 2-2 P

22 KRS

Table 2-2 Experimental instruments

INEREL % ioE)
PN OHAUS Adventurer AR2140
Bigbrix Tecan Infinite M200 Pro
E TS IS IR AR IR A T DL-CJ-INDI
DREM cell RAREMIRHEA PR 7] G3c
VESTIE Harvard Apparatus Pump 11 Elite
A B AL AR DA BR A
B S AE IR K R EEREARAE HH-2
PR &% Kylin-Bell VORTEX-5
SO B R Nikon ECLIPSE Ti-E
TR i THERA A 250/500 pL
A R B DL KUBOTA KUBOTA 5922
2.3 SLWHE
231 MRIESRAMI
FEATE FE A, JATT Bt 1 =M 5 T 800 B SO 32 0 e R AR R

Frv WO E NG R DR Ak S e X A aE ] 2-3 FOR,
SF— b B K BCE MURE I T e . RS IR B B, ATAI A T computer-
aided design (CAD) #ff, it T HBEWEI R, #E, WAL HLZK
——SU-82025 (Micro Chem, £ [E), ¥ HIJHIRELE 4 T
b BB, RATRIH SU-8 HZI B R R L Thi e % T
O EE . BNk, A T HMEE B AR R, AR R W R R
T (PDMS) 5 [l 4k 7 4% B8 10: 1 ML @R A&, SR )54 H B/ SU-8
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M b A B e, AR DN, IR A S T4k (Harrick 5 &
THIBEYNL, PDC-002) KRR/ B A £, Dk 5t =
S G5 2 & 2B bl BRI IR, BATTE R T =R I TR
TCIAL 72 08 B R ) A

2.3.2 EBVERL

FERRRAZ U, VRO 2 RS 1 2L 2R BT AS, i 2-4 PR, X
SO R A T RLE K IRREE DA I A 5 . B — RhaiH #A H
Rt Re s, BENSSE AN R ShRERR K o I IREREEMY, LAHAS B A 4 i g
S B T T BN 2 B TG (R o I 5 ) S TR A TR S R TR Bl A
IR PR A I R B N AR 2 TR, N VF 2 /5 R R E VRO IO S SR 01 1A 03
FEZ R, SERAAT T RLE5H AR R0 RO RO BT et JR B Tl
B ANBEIE R A, AR A AEAZIC /2R B D) A0, AT g » X Al
SERE P SRR RO BR324 B 3 5%
56 3 e DU B3 5 70 A PR A K AR A P o U PRI THE AR ARG BERR
PRI, VBRG BE 8 A A ST AS 2 39 9 o 3K — R PR AT A B o aU At A 2 AL P ek
FEFAAT BAT R E L5, WO SR AT FedR i 1A o ANIR] B0 A el
LSO U P A3 %% RS IR P o S B AT I YK e 45, Al
A DASEBIL SRR HE AT = KR A A SRR BRI R AR AT J1 5K

A B C D
| — I
m—> ) | o— l W — » @ ¢
——r — —w T
L)

Co-flow T-junction Pinned-jet-flow focusing Flow focusing

V) 2-4 YA RIS P 4 R
Fig.2-4 Droplet generated chip structure

FEWR AL O RE A, AN IS B 2 O R AR AR A R o X A S HCRR AT
CIE S 15 vl A S AR I s TR A o BRI 5 KR 1) s 77 BRI
PR BB . B IR XA PR, nT DA IR 1K/, AT i A2 R E
MoK 551, A S KA B I 2 RN L o e T 0 1) 2E G S o i

kO, B Jtibknm, R AR R IR B R . B 2-5 R TR L
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PRIEE . FEIXFPESA R, PURRASAHIA (UM GEF AR 8RS € s E A
o HIXERRAEEIE IR, YRR, AR E S R
IF AR AN AT . PP AR O AE T, I RS B R R AR A SR AN T
A DASEELB0R IOASE AL e B T WBGR RRURT A Bad BE b, RS PR 38 ST PR AR 1k
R AR N . IR RS E T AR R A B 772 B, a AE e R L
DRUEVRRG R 25 S PR ARG E 1

Bl 2-5 G A B PR 3R £ 4 A 30
Fig.2-5 Droplet generated by flow-focusing junction

FERRAE S v, VORI AR o — A SR IR . MR 2 i, fE 7
TERIRR LR b, At 5K EAER] . Al LB ), Kok A vI#
FRAINIR T LA IR AN R S R, i ELVBOR KNS 5T,
JREERISEIR M T IR AL T RAFAOHEAL . R E UG, O W PAL, EET
—ANREREE . XARERUEE IE I ANMUAE TSRO, SEAE X R AT R 1
A AN B BANE 5], WO R DU PR, S 1 YRR < 1] R R
B GGe e X BT BEORIE TR R Ai 5, SR 18N AL B R Y
R

N TIRNIRTCIE AT+ W0 T LA B BRg A e 28 22 T (R A LG R, AEAN TR A
TS AR R 26N AR B 7 I K B0, JFPRAIIC SR 1S T . B oe, AR
A B AR AT T Geit . X PR, FRATTRENETE ML 1 AR 2 AN R 9
IEJIZ6AES WO AR R AR A A iR o HEAL, AT T3 A5 B S S X A B
IR EAT 1 PR AR IE -
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2.3.3 BEAEN

FERTIBGRE A P~ RE T, R RN T — D IR IR
R0, R OAE TAE A IS R AR E R B T, R
BEAT O3B . X SRR IR AR WA HN, —MEZ BRI TN, X
SRR AR E T . BT EEARIAR AR, BERTT AR, BE TR SRR 1) A
e W 2-6 7, WREANDFE. AR EARIRAS, BMARIGE S, FREH
TIVER], PAR B I B IEN -

K 2-6 WIHIEN RS
Fig.2-6 The process of droplet pico-injection

FESEPRERA IR o, MR e B8V R S B B . — ELVRR HH AN Bt 5 P 1

Bl BTN B A% I B AR BB AN T 3 4 3 K AR AR A o IX AR fb 2 3 BRI
PR IKAS I ARARAN— 2, BEMIAE R SR DO E = ARk ZE . A, FEL4ERFBR AR
SEPEIRI B 16 AU V) T IR I Hy e A2 (R 22 0 O 1 SR FCI0R A% Tk s
HIARRAR AL, JRATT 8 S R T A s 5 A B A /K VRO« B T 3 S YR
JEN 10 uM ) FITC. 38X FL S AT 45 5 505, BATRT BRI AR 1)
ZEBE o QARSI B (015 5 2 57 03, KRR E AR IREHA IR BRI 2 7
M5 ZREBN, WEWRETENERA L. A 7R scge a5 R vk, IR
AIHEAF I 1] f B T =R B SEg .

16



LA TR A 27 185

2.3.4 BER SR

TR K IR AR AN 2-7, S UOG(E Tl I BOE BRI, R I R Y g
8, (59T B0 BIER, BRI ROEIE .

B 2-7 W o iR
Fig.2-7 The process of droplet sorting

FEWR 7 R (I RE R, iR RO RE 2 e PER &, WO i Tk iR, RAE
WAL N SR I , BR8] O HERE T 50, 2 38 BRI Y ARV o H I
BB . D 7 SE R IR AL 70 10888 Py A0 70 18 ThRE, AR T &5t E A
eGFP 1E AR« HARERAEZ, HE&0 2 uM IKEE N eGFP W 5 541 1) PBS
ORI 1 1 GRS, REE D EBIE DY 8. 2 K, FATHE T ILRT A
TP, FFAEDOC R T WE G A S IO B BT &5 Bl .

24 ER545HH

2.4.1 BEARN ERIRE S R E R E

ISR EN, i 2-8, ARG AR R E AR BT 20 & 90 il
KZ AR . Wil 2-9 AT SILIEIRE B, BEE I8, 000 10 Ae i
2R EFES T BRSO, TA TR AR BEAE A 200 mbar,
KA 190 mbar 1444 T T RE MR AR L. TEIX— 240 T, BATREE AR E
HhAE LA 40 FCK 0 -
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o v&al?l Hix Cum)
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430
120
10

ouady YR

Pl 2-8 W A A AR T T 9k 2R

Fig.2-8 Relationship between droplet volume and pressure

%F(‘Vﬂ)
! 3400

3023
2647
2270
1893
1517
{ 1140
| 4763
387
o

K 2-9 AR GRS R SR &R

Fig.2-9 Relationship between droplet generation speed and pressure

YRCTH A 7 e A% ) 2 0B A2 R0 ) RN S R A R T, AE AR S
P E VRO A s AT A AR B — KNG, B O T AR

2.4.2 senser ;XN & EFAE MG UE

Wl 2-10 fras, =S MIBEH S & BARA U S, (EIX AR I A
SRR A SR A5 R B R . BT X — R SER SR, FATALAERS
BRI FOARSE VR, IEREA RAZH e AR IR 22, AT v S 56 R HE AR A2k
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S
5%
f=]

Repeat 1
400 Repeat 2
Repeat 3
350
2 300
]
<)
Q
B 250
[
2
< 200
=
)
= 150
100
50
0
2.2 23 24 2.5 2.6 2.7 2.8

DC (V)
2-10 HENIRNES

Fig.2-10 Fluorescence signal in droplet pico-injection process

2.4.3 AT IEERRM

B 2-11 fos, SRS RN, SRR AIEAN WG R AT 0k, 0
IR FHERATE A 99% AL, TARFAPEZR AR T 1% X —45 R IE 173k
TR 7038 J7 R RS R A T S, D9 )R SR SRIG T FUBE5E 1 I8 SER LA

2-11 kR fE R EE

Fig.2-11 Droplet diagram before and after sorting
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2.5 KB/

FEATE A, & TR ARG B R NS MR 718 b, YR
B TR HIFRE -

XPRF— MU AT TIRABIRAE . AR Bt 1y T i 45 AR YU A2 20 42 90 il
K], s o AL 2] T 3000 4N/AD .

FEMCRHEN AR T, FRATSEIL 1 =S8R 500 4>, XHROHIER T 1 525
R ZIREE LR RERE TG, A 20 5 S S I A% A4 s o

URCNE, DN SR N B AR senser BEE 1 A

BT Mg R, KRGS IRH L H AR, R 99%,
XN e B ANy s TR e 2 M B RG  0 8 TAF B85 1 IR S kit @ IX — &
FIFEAIACHIRAE, FRATAGR & T SRR RCR, oy CHO 4 e it f i i ik
Sefit T JIBOR S
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F =T =7~ CHO HmiE R iFix

3.1 5|§

BEE AEVIBORN R JE, A TREAERR 2y A0l Db SE Uk g N H 2
SO, Ho, HEA RIS (Chinese Hamster Ovary, CHO) 4HfffE N —Fh
ML RS, EEARANYINA P R SR ERNER. 2RI, £5H
CHO ZHMIE IR IRAFERCRAR T o AR 2% A s B S )l ™ fIZ) 14
WLy AP RO R B A P R, R — R, WifE . RBA R CHO
ARG IR I T, X TS AR 24577 Mk R AT RSk e BAT BB LS R

YRR AL B A IR A 2 1 BRORUE D B AT D, S 1 4 AR B/ IR
HH ) R R R AR RS, ML ARG %, MU ORISR R 1R E I =
. REFESEILS, Sy CHO 4 i A BRE T SR 138 i %

HAT, B NAMERTR R SOR B+ CHO A1 97 i i 5 i CiAg 1 —
FE I TR, i, RO A ok A, SR T CHO 4R AE i
WIS AT SR ds: B 5N RIS, SEL T X CHO 40 R
ARG . SR, BUA W FCUSEAE — A e, WA T . AR K
PSR R A 1 | 7008 R0 A vy A% e il O1, T 6 ]t B 1) YRR I A% BORAE CHO
AR I N

BT L3 (A, ARR I TN E A PAR J LA 5 ) — 48 i RO (1 AR E 1k
LA Or CHO 20 MU AE RGBT BT 7. R AL A AL K3 Be, BAii A2 CHO
MMAETRE N IR TR =2 R RITRILE )%, DR & CHO 4
NGRS Tiprdy &S

3.2 SEIGHR

3.2.1 ZmRE%k

KIGHFB E.coli IM109 JER3Z AN A SRS % R 47 pcDNA3.1 ikl T
WA TREA TR A ; B7F CHO 41y T 388 KA A
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322 1EHFE

CHO 23 s 953 : ExpiCHO™ Medium (Gibco, ZE[E), MisrEEMAT
ExpiCHO 4 M fEF2 IR - 575

CHO ZHMIiiE773E: & 8SmM Glutamax Ml 16% (v/v) Optiprep
ExpiCHO™ Medium, 3575 T ExpiCHO 41 B 75 i IR 5 45 7%

3.2.3 SRR

A e T G A R 2R 3-1 s,
% 3-1 KRR

Table 3-1 Experimental reagents

AR %
Prerce™ BCA Assay Kit ik & B
g A RE 7R Wil FEK
ExpiFectamine™ CHO Transfection Kit FEER K
OptiPRO™ SFM IR
# His #2511 Recombinant Human alpha-Galactosidase A/GLA Protein RD
SDS-PAGE il i BrKR
His-Tag (D3110) XP® Rabbit mAb $ifdk CST

3.3 LA

3.3.1 CHO #HpftEs

3.3.1.1 @AmEA

#E# TAE: H 75%CBEBHNEE GG, RGN G AT HR, B
LA 1 6 HEAT KB 30 Zh, 57 KIF A RS HEAT B id 15 0%h. FTHHEIRIK
B4R, BT 37 °CIE ¥ ExpiCHO™ Medium B0 B T He i idh 47 Fil b, T
6] 30 min PA_L.
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R PRI (R 55 TR IE Y 75% L Je A Tl 6, B 125 mL (9980, N
A 25 mL TG 5 973 s R R A A0 AR A DO B (8 R B SR BT
37 CCHKMvAm T AR R AR s A AR e SR T 75% B URAF B R K, B e
FmaEie s RABRSR RS PR 285 R RS 3 i il A
FE SRS SR TP R R b, BB RE 120 rpme 1h FIUHRRE, AR
AR RIS R, AT R AE 90% T2 I3 B o

3.3.1.2 ZHRRfER

SEIG AT TAER] 3.3.1.1. BUHRRIR BRI, B 10 pl A9
ONER AT HSOR, AG DUZ B 2 FE R A A 2R o TEAH AR 2 K T 95% M, ARYETE
AR N 0.3x10° cells/mL 575 ZEAN M-SR A ARR, R 40 Saefh T
BB R SR AR B PR T 37 CCRE SR R, W E PR IRELE 120 1pm.
AR AEAR RN =R, 20 25 B2 ik B 2K 5 v T 5 25

3.3.1.3 MHpERTE

SEHS R AE S TAE 3.3.1.1. BLE4HIEAAR (90% ExpiCHO™ Medium+10%
DMSO), H4 LB I I ANMAAF R T 4 CCOKAE A5 B4 BRI R
H, WREL 10 pL FAOZE MBI N 20 M TH00R, ARGH I 200 ff 2% 88 R A7 i % . SR
HPRAFER KT 95%, MBS FE 1.0x107 cells/mL, THH T ZE 40
B, TR B SRR AT, B0 300, 5 Bl FEBR LIEW, SRS
J& AN MR A7 EE B4, B 800 uL /3 3E T —SCIRAFE . Ko dsfE Mdn s N
TN R &, KRR SE T-80 °CIRAF, 24 h KA BRI T
WA

3.3.2 FiF CHO #mp8i&E4% 5K

¥EH 16% (v/v) Optiprep 1 ExpiCHO 40 g 55 772 2 E /KM, 3
A A g il AR 38 S VR A RO R AR BB, SR B R B ), @l
IR ERE Rl N N = R WA SO NN N1 G 1 B VB P i 11 S e S
P AE SO RE T AN [R] K/ KW V80 A2 S A0 T A ok T J2E N V0
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B H, KA 24 L R &SRB, JF B K00 5 1R ok B
A7 TRCAET™ W0 vh o FRATTHG e e 8 b B0 B0 W N B v v, AR RO B
BN RO B, MRAEIRAT S R BN, BTE R AR e i R] B
FeoE AR B[] E EAE 20 pm~90 pm. FATTR A 200 mbar JHIAHZE K. 190 mbar 7KAH
TR T HAT 40 pm (33pL) [, LA RST B 1E N ExpiCHO 48 Jid 1
B I% W -

3.3.3 ALK E R M E B FNEE T

HERELI VLR R A0 MV TR AR R S AR A, FEARSRIR R, 4 S
A=0.03~0.2 Z [AIR I L RN 2% (I EA 1.0x10° cell/mL~6.0x10°
cell/mL). ZiitdifIfEiiig i aER, WIFWEFEZARILT 0.5%HPEFRE
(YL AT J5 B 550

3.3.4 ‘HRETE R P IE TR IE RN

¥ CHO 41 g 1 & RO, R A Rr o B . R R R RIBEN
Yo T RGBS IR AR R 9%, 200 AE O hy 12 h AL 24 h. 1 48 h X
R ROEE R TR b, RS R AT IR s, W 8 41 i 2
LW, /£ 0h. 12 hy 24 h. 36 h A1 48 h f# A} 1H,1H,2H,2H-4 % 3¢ B¥
S AR TR I T VBT R AT R AR, TR VRO TR ORE I SR 1 4 A W A VR

3.3.5 BYMBA%ET RSPO-1 EAMFRIEEM

fl {1 v 7 ExpiCHO AL BOBU 5, 0 Bl 85 9% 12 h A1 24 h, &4
W N 33 pL &R EN 4uM [ GBP4 5 4 uM 1] eGFP R &V, 1E
OGN T R AT IR, BRI R AR I A,k £ A& IR A

S€NSCro.
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3.3.6 &7 CHO #mpat&E=k iFik
33.6.1 BEESHXRE

NS UE A28 0 A R G i S B 73 1B () E 0, F= CHO 4l AR IA H
[ 5 R ) 7 AR R CHO 40 it DA = ZH A ) 1 % 2 LU R 4, v = S 431 o BE 0.1%.
1%F1 10%, FRE& N 3100 cell/mL, KR A 5 040 P 4 & 33 pL [
W, WG R IR 24 h, 24 h JEAERUR TN 4 pM ) eGFP 5 GBP4 TR &V
W FEN eGFP M1 GBP4 TR & VR 4 N0 73 1685, il =5 20K
A B0 3 0, NV A3 e BRI TE 200 AN/AD, 1 8.0 FE 43k HL K I
B, KB OB IE SN, R TRA 400 2 & ji 15 5
W = %1% 5 (P06 500 wL JEATRRCFL, N 300 pL i) 1H,1H,2H,2H-4 % ¥
W AR, DK R R R 2 A 6 mM 1 -5 2Bt ExpiCHO™
Medium H, #MT 6 fLRH, 7 RfE, ¥ELFMAMLEL3.0x10° cell/mL ]
HREAE L 33 pL MWK, WE 24h 5, EANFEEM 4uM ¥ GBP4 5 4 uM
(¥ eGFP JRAAM, RENMEGHMHHBIEGES, WEOERERRES2W,
)BT e 7 20 R 5 AT B RTE

3.3.6.2 Western Blot ¥R\ i iE /5 A9 RSPO-1 A FRIA

(1) PRFR BRI £ B o P 4
WO 108 JE I = 2H AR T IO, B L A OB FL IS B2 i, 4 sk

F&H 6m M ] L-B 2B ExpiCHO™ Medium #E AT #i B, 7 B v & 400
nL B FRIEE A — AN B R s S RRRE S I 20 M 2R T 96 FLIRH, AL
FeFh 200 L, PRI ERENFLFAE 0.5 AN, BIREANFLF S — AN B 1%
AU, FEEM 12 RIE TR UL, dodth e AR, 7855 18 KoK
vo AN A A% 2 48 FLEBR I, 28 24 K 48 FLAR P AR 2 6 FLIR.
TEEMT 6 FLIREIISE =K, 1H4L, LA 3x10° cells/mL S5 EEF T8 6 L
e

(2)  FEHURYE PN 33 RSPO-1 2 (k4T Western Blot
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EHHME SRR, A% 10 PR AN, TR E A,
0.1%ZHic/E A1-A10, 1%4LicfE B1-B10, 10%ZHic/E C1-C10. &R YE L B4
e

A B, 300 g FESL 5 438 B0 5H 500 uL BiEWR T 10 kD i€
B, 14000 g T RS0 15 40P B SOR RSO, REIEE R B E O,
1000 g &0 2 408, BCHESOE R RIFES, T PBS AR 50 uL, B4 10
BIRARI R AL . FEWRGE S B E ARSI 10 uL 2 H Loading buffer i
51, 98°CHI# 10 43%h. A5 F 1T Western Blot £ %20 (1) 2 3 1 15«

Western Blot 2%

ERERR: A BRI RE SRS SO € . Marker fF &Y 2~5uL, H
1xLoading #h5%. FJ 10 uL Ak IURESL, AEKAi N _BREXCH B3, 218 I
e VERHEARIESR, & bk, EEEIE. 140 VIEK 1.5he~2.5hr, A )
KT DAV W5 2% X 38U A% 3 A B DA K H A 2 IR/ B

B BT EE ROAT 10 min JF AR A 176 I8P 75 IR AT, 45 : TV ¥ 1 X Transfer
A, R A, JE4R. L CPIREET. S mL Ak GEESIEAD.
— REIKo

HE =R ERMATHNRINERETAI 1 X Transfer (LETFIREN 1/3),
IR YEAC. WREEIEAR I R A R . AT A, R . R R
5T E0EAC. VIR, SERDR SRR, A BN, g2
A1 Running MAMBRE 5 H . HIRACH ddH20 sk, FREFHIRAG, SR
IR ddH20 e, RERIE T, DNOERHEIT IR B AR
B, PSR R IR IR 5 7y B IR AT HAL, FEEWRAAIRE . DFIREE TN
W, WOF—A, B A RN 1X Transfer F1. 4RI . #2081 RKF
B 180° MEAIRIUR . # NC B EHIRAS 7 56 223 (8L PVDF [5G 1E
AL EE RS AY 30s, FREERER £ 2RI, KREER B 8 R,

ZJFAZATIRARE) — M, IS € S 1) 1 P o 2248 22 R E S, W1TE) 7

A SmL Kk 2 IREEAR btk B IEGE E 0. PR 4, E A EikE)
. B BN . I =W10 . ONEE ARG . [a)OKRE NS AR OK, TERONFE 5
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Hio A RAERIOGE R, o5 BT BRI T KN R 2T

ME EAKIMAZEZ T, CAKKIB S PRI R s IR B I

FERR. EREHUR, WE 300 mA fHIRFENR 2 hre FEARE, KE0NREGH, H
BEF . AE Marker & B BIR b DL HAT B 5 )2 5 1R

BIHWEE . BT 6 T A B KRR, AR AR RN, A 2.5~4 mL milk

TBST, R HEHISEONM . KEAHRE . 25 37CHRE% (60~70 rpm) FHf ] 1

hr 50 4 CHE B LR .

PoiAmE R . B A EASE DAL, EH milk TBST, JIA 2.0~2.5mL —§i. M\ FE

FHEEAIE, g, 37 CREIRTLL 70 rpm (IR E 2 hro ¥ H B 48 EH DAL BT

—A, B BRI &, WA E R 1 X TBST 1RKJE.

57 10 min, ZJEEIH 1 XTBST, FIMABEER 1 XTBST, EE =K. HH

“hte BT 6 T HBE, KM BURAIH, #d, 37CHFE 40min. TR

=K

BEot: FTHFIRRA, Y A 3as, BOEERRCE, BB BN A, g

JE SIS INTE I AT IO, TRAFIROG S I e

34 ER55%

3.4.1 AT RM%REAVEREEIRE

RIEGHH IR ERER, WK 3-1A, 1 1=0.03~0.2 Z A}, SZRRI AR
BTN YA . BARTEIL T, 045 =01 MI4NMIATIN, 40MSEE N 3x10°
cells/mL, AR 9.1% AT, 90.5% MW, 7ESERrERIEd TR
L OB R R RN 8.16%, ZLE N 0.36%, KL IATR A 2=0.1
il % BT B R

3.4.2 YHRERTE R AR MR

ME 3-1B, AR T EFE 0hy 12 h. 24 h A1 48 h 5, &) 00
B 24 h WYH ML A] IEH B, UiPH b 4 RS B i . WIEE 3-1C &
MRIFETSE 2 WX, Ohy 12hs 24h. 36h f1 48 h, [ &K (A 3600, 40
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Fig.3-1 Plot of cell viability in droplets. A: Wrapping rate of cell-generated droplets at different densities. B:

Brightfield diagram of cells cultured in droplets for 48 hours.C: Cell survival rate after 48 h of culture in droplets.
D: Cells were cultured in droplets for 12 h and 48 h for fluorescent expression

28



2 N N 2T e DATYSE

3.4.4 SR EFERIEE SR

Wl 3-2A Pon, HorikaiAREL, 2R S SIEEMN 73 FRE 7.6, B
A5 5 WGR B TRE B, il 5 R BRI B R o {5 5 BB X L P A B
PRI, Ul AR B R Y A

3.4.5 R EFTHIEERKEN

¥ 21T Western Blot £l RSPO-1 H AL H T, B UE i f5 (140 f 2 15 %
77 RSPO-1 1. 45 a1F 3-2B fivn, A 435 8 tkRIZHMEA, EHEM
79 800 fif, B HIAT 9 tkRILHIEN, EEMECH 90 5, C H 10 thail
&, EAERMGEEOY 10 £,

B Al A2 A3 A4 A5 A6 A7 A8 A9 Al10

RSPO1 —- — — v— A — —

B1 B2 B3 B4 BS B6 B7 B8 B9 B10

Droplet number

Cl1 C2 C3C4C5 Co6 C7 C8 C9 C10

RSPOI == sev wom — e W — — —

2 T4 16 T
DC V)

Bl 3-2 S i s B AR IR & S5 ik A 10%m AR ik w55 5 B B: A AR m ) g iR
& JE e RENLERIL 10 450 FE RSPO-1 & FRIEFHIL

Fig.3-2 Sorting of high-yielding cells after mixing with wild-type cells A: Signal diagram of 10% high-yielding cells
before and after sorting. B: The expression of monoclonal RSPO-1 protein in 10 groups was randomly selected after

mixing wild-type and high-yielding cells

3.5 RENGE

BT RS, A T AR R TR TE AR R A, M T —
AN R THR T R G0 . % R GAE LT 33 pL i vl FaE 5 9% CHO 41 24
h.

SN/ %% 24 h S, K senser FEARTE Y, AR BB T 4N D
RERBHMEA, ARAEA)E, THIZAYSENEBRIRERK CHO
P, AN A R 0.1% I, B EMAHOE R 3996 %, AE U & b
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1%HIE A, EEMAECAR) 891 %, fEmr~4ufe &tk 10 A A, ik /5
PR AT IA S 100%.
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FIOE 57T CHO M EiFk

4.1 5|5

AR K (CLD) /& AWl 24 L 2 FF R IS s Rl , 32 B2 Bl R e
DIMDIEFE . AN MO v B K e B SRR A B RS E HS B IA I R B A ik .
CLD R VFRF ST RARYE H A5 8 7= 41] Hil55 75 %A, FTLA CLD Bk T E B 41
AE RN, EWRE T A GMP LT IRFE R . AR e B3, R
RE DU 15 31 v 7= 4 Ak LLRLT BRI T3 76 3K Y 20 4 i C AR K il =i BoR
A5 0 IS FH T i v 2 PR L A 77 e R B o B PR Tk S R D231 AR, R 2k %
AR A U R A A BT 4 AR R R IR B RIS, BA IR0, T
XY A T A A A SR PR, SECR R AIMBER AR N, R
J 452 3 34 v 7 B A L A A B PR A% 8, Rl b e 88 v 4 M v o
o W IR LU AR P 28 O AR R 2 AT ML I — KB R, e, i va A A b Py L AR 7
W) R AU 52 9 12 e g ) A [ i v 8, DAL B e 42 s 4 b ) R 05 B
AP ZAT M B SR AR o B4 KR 43 (1 B 2H VAR 97 1 B Aok 1 v [ BRL O S
(CHO) 4iifd, iX 2 Xy CHO A dfi-A 8 NEHIE JE 184 | b IR 7 il B
FOVF e 4 25 55 B 15 75 RO BRI v 32 MR SR AIE,  IX Se R M4 CHO 4 AR
T HABRIE RGEIE S H T R4 =02, h TR A&, #HPmE
PR JFORL AT DA o BB ) T REEE A 25 CHO JE DR 4 A 1) i i s e 5 430, SRTT,  #h
FAOLE RS AR REIR o FO AN . R IR A S5 R i S AN e o, (64549
ANFEGL S AN AR AR RIEGE 1. o —h BRI 4 A TR0 A8 S )y v
FEFORLBE T MG (TR AS A 1, SX L 20 R 5 B 7E B 371l AR 1L B 3 7
FA A0 N BRI VTR, B B L G i A 5 ) BB I S DX, 3 T i A 40 v
(I KT [ e 2 7 S 1 S B R BB 40) . 78 CHO 4 Hh % L B e R A& i
JuF MARS. UCOE. STAR. insulators*®!, #R1f, iXebyLta i &1 otk ria fk
WU AT BT, 75 ZEHE AR A8 S 37 R R DR A R oy B 4 AR AT A PR 14547
e R E AR A RE ) — B, QNSRS BTN
2P F P ) (Neomycin, Hygromycin, Puromycin) Bk 2% i/ 1 HH 5% 5
(DHFR, GS) 9, j#id 18 E 2P Bk = 15 i Fc Ik BR 1 77 5L 55 75 T8 R 0 R
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15 3 S 4B E, l T2 I R R BRI AR O A S5 B R L 3R, 4R T
e 7T DL RIE B S IAH E B . SRR M7 VA S I 2 A0 M AR B, 3
MPPHIRAER, JFHAERRIIERIENGE, ST 2RI, 7 oeE
Xk, WA RIS I ST SR R R IE AN 7R R B TR S B 2 PR TR )
FAZI 744 (IRES, 2Aelements) PSS 550H0E TEIRIRIALE, (41
MRAEAR T i 6 77 N R AT 43 B s R A gt . 540, 5 S 70N AR BT A L4 i
[ 72 J M A 3 S 8 R AN — S0 SR B SR R o R L AE AT = R 45 A i Y A Y
MHHEAT BSOS 1, BEAT RS R 1S B A A0 v Rk — B AR Y B
S AT RRE 1 CHO S AR FEAT e B DR R L34, 5 AIMIAT {6 ) 2 T g
FWE NG ), R RA R e 26 Idanark, BT Ar- s & aEERE
BB, DL I Ty VAR e A R v 2 M R A ) Rk B RIS — Bk, (R AR
FE—LGGREE . i e ST R o 1 D) e 5 EEARYE B AR Rt BT . 4RI pR TS
BCARE € J5 Bl A R R HE L D 8150, 386 N 436 7 18 2 25 ) ) I 4t P i PR A B
S P 248 B 4 155 130, ) P 2 R 5 08 2 ol v 7 00 M b A 8 4% 4 245 i A o e A ik 4
F A EFE . Weimin L. Kaufman 58 AF|H FACS ffiiZ EGFP ik Hela 415
CHO #fid, FHELT-FIH g418 HEAT 25D+, A= st b i b 35— 1 KA sE 1t
B 020, KT FACS (1 e A 077 08 2 o 4 s e il K R 4 2, I HL AR 22
55 B ST + 516 AN 3R 2R T B TGIR A 412 S5 e AR N Al B 1 R v 7 4 i B LA
AR T FACS ik, AT REAERLIN [a) Y 1) SR AL 06 12645 21 & 7= 4R i, ASHIE 5T
W 2P 15 5 1) VR 7 A BV A B T SRR R A R B e RS (O AE )
fRIREE GBP ik I & 4245 3 v BE 1 v B L1 v P A it . GBP J& — /N
GFP 450 [ a2 R 4K 4k, 5 GFP 2R A 454 5 RS SRR i 98 it s 153,
Hrr, GBP-1 nJLAE5E ofp VUSRI YGRS, 1 gbp-4 nI LARES gfp TLAFIIR G
SRFEPN ., AT gbp-1 ZER S HAREERF (RSPO-1) £ CHO-S 4iififd vl & 3%
ik, S WA R BT, GBP-1 23 [FB 23l 3 5 I i K58 e 474 (GFP 5 GBP-
4 G L, R Rl i RIS . i i Ll Al K i) 7 A AR B
FHICROR T, TR ARAR DN, ) L R T DAE R AN ] P 20 T R 1) R
AR BE FEREATTINGASST, g T 8 G 5 S BR AT 5 Tl P 2 B R RS DN, 4 B T
TR IR, RETRE AR NI 7 SR N B, R S8 B B TR S 4%
et i bk A B AN MR O T B T A . FRAT MR BOE I R T
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FAZMIBOR, AT LR 046/ i A b X SRR X R, B 17 T DA G ik PR 454
Ly B R TER, IR RE PR e A L T R e ) A R

4.2 SLEGHIR}

42.1 “MREEE

KIGHFB E.coli IM109 [R5 AN A SIS % fR 475 pcDNA3.1 ikl T
WA TREA TR A ; B7F CHO 414 T 388 KA A

422 EFE

CHO 20 #5595 3 ExpiCHO™ Medium (Gibco, FE[ED, HEFFEEH T
CHO 4R AERRI 555 o

CHO MW IE7%:. &4 8mM Glutamax Ml 16% (v/v) Optiprep ]
ExpiCHO™ Medium, 3575 H T CHO AL RIHM LR 757

4.2.3 SLIGIRF

A FE SIS R T G I R 3R 4-1 .
£ 4-1 LA

Table 4-1 Experimental reagents

AR %
Prerce™ BCA Assay Kit i 7] #x FEERK
kLR & FREK
ExpiFectamine™ CHO Transfection Kit FEER K
OptiPRO™ SFM FEBR K
¥ His $r% 1] Recombinant Human alpha-Galactosidase A/GLA Protein RD
SDS-PAGE il ELFAPN
His-Tag (D3110) XP® Rabbit mAb Hifk CST
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43 LI FFE
43.1 =4 GBP1-RSPO-1 E#FRIAF havE

FRAE S256 = BT WM EE ) GBP1-RSPO-1 #AR T kL, RAHFEYaRF &, ¥y
H GBP1-RSPO-1 &8 FRE M BRI % 4 2 CHO Ziffarh, KM 700 pg/mL [¥)
G418 AT VI L, bR K ZHARMIE G4 CHO 4.

432 E4H GBP1-RSPO-1 EAMLE

B2t —E G418 Tk G 4 e L 3x10° cells/mL 25 R T 6 LI,
Bi 7 7 RIE 18 3.2.6.2 H 7 SR B 46 55 1, 384T Western Blot #2754 A
Lk, K, BT g SC g B A A R IA

4.3.3 YHPEST EETHIE

W AR SCRE R AN LA 3.0x106 cell/mL ) % B VE /KA A 33pL I
W% 24 h, TEWURTEN 4 uM ) GBP4 5 4 uM [f) eGFP B & VA TRGHEAT 70 ik,
A0 YA U T RO e R, R 4y TR AR R 200 AP, USUER
SIS R, I ERAE 10% 1 4500 V0 HUR A5 5, BRE SRAR I FAG 5 R I
R SCEENRAS 5  BEE RROR RE FLES 7%, 7 R F Ol & S 140 4E Bk 33 pL
[V , 55 9% 24 h VE 4 uM 1) eGFP 1 GBP4 JiEA L SKAEIEN G R (55
X LG S 1 IR

KA PR R, ¥ SO SR 0 i 4G 1Y) 400 B R O 32 S P 4 L ) 4 D R
v AR, 4 Al BEHLEL 10 BROR 200 1 A Pk (NO1-N10) F1 10 ¥R '&E
G bE (S01-S10), L 3x10°cell/mL f % & B Fp T 6 LR, 28
5 RHL 500 pL 4 fa 3% 9% (0 B35, R A 10kD #8388 W 40 B is W b i &
FH, E&N 50 uL, 4NN 10pL Loading Buffer R 2J W, 7E 12% KT 1%
HAF2H ERE 10 uL B 53k 1T Western Blot, £liX 20 1A% 5 ) RSPO-1 fil &7
SHOE S
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N 4-1A fios, BQ Rl imit)s, BURK1E SIEEN 7.2 5%
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JYIERT 10 BRESERELNNE, Hr It 4 BRANRIA T RSPO-1 i EEH, 6 PR
BHPESNML, FiE 5 1) 10 #kI53R1E8 RSPO-1 flA E FRIE . KA Image) /A
Rt IR ARIAE, WK 4-1C. 4R EBRmiE 5 Mt o258 &,
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Fig.4-1 Expression of the product before and after cell sorting after transfection A: Droplet signal distribution before
and after sorting. B: Ten monoclonal cells were randomly selected to express RSPO-1 before and after sorting.

C: Relative amount of RSPO-1 expression before and after sorting

4.5 KREBING

S A5 R, A E T SCHL A AR A G I, R P RO R P BOR B
SCPER S R ANNL, BEAS T SCEE R BAYEAI I RO LU, iR B il i ARV AR
LR, PR T YRR 1% ) A AN Th]

AT T IR PR 42 B, M 1 —Fhisy il & 1 CHO Al i i1 5
2o B AR T AR RCRAS E, IE R 1 A AN ]
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FhE HFRrERE

B Lk 70 40K, CHO #REL S T35 ARk, 3% SHE M AF
Fim, BONA P EHE AN E LA R BEEEMERII AR, CHO 41
MO RT . PUARZG. AT R R AU ) B R R Z . IR,
EERAEVIRI TR A K, CHO M/ A2 LRz —, Hililg
MBS IERPIG K . JEStit, A FR CHO 4iMmisA7Ed 1 A P R KR T 4R 351
KR 10% M 5m 2Nk B AEVIBR BAS BT G- A 1 24 4l X v o B 254
SR AGHE I, B ARKLEE CHO 20 17 70K 4k e OR 5 PRs 9 4 . A% 481 CHO 2
PR 308 T ik AR T AL Ui A A T S T B, X IR AR —
SERERE b REE SCHLAR L ) e A4 , (HAFEAEW] R B R BR M. B, BRBUE
XA N B3 BRE R B e, ELU 1638 A R i N A B R B s I &
(EBCE A 3 5, ELG 4 ) TRUAL B R 5O B B AR AT 5T 53R — e 35 A
285t CHO 4 IR Tk N 1 FE A R

VBRSSO BORAE I SRR 21 T2 I SRIEANIE 7T, JCHAE AR TR A
i 28 ST PR T 1Y KPR N R 70 o AR SOR PG it 4% 2R Gt CHO A AT =0
PRI, B AESR L A AR I SRIG AR AT, BATR AR
TR AR BORAE CHO A i e o (DR . Bedile LR ARSKR I & R T 17 o

B, BRSO N R SR At 1 il R T 6 . AR ST A R Ty
OB TR KR MR IR MR AT, PR BB HRCRART o 10 o 12
BORBEWS AL RN B0 P BE IR T TR A, ORI R 1 IR R ARG . 24
WHFe, FRATRT A i H R SEIL T % CHO 4R i phid i, JF52) 1 &
AR IXAMTL) 7 IS TR BEIR, 300N Ja S A Rs TR A= 2= 5 ik 1 5N
A SE AR LRI . o

LU, WO A2 BOR BRAS f 25 1) B8 76 4 0 e 25 5 B . Sl RS A 9%
VR AR/ FARAIR AR, FATT T ASE LG 40 i AR KA B R 41 R 4% . 72
AT, AT T A0 TE R RS IR ], DAS R BEINE A CHO 4iRTE
WO B AR AT, A BT L T AR CHO 40 R B0R AR, AT
39 3 5 v ) A R
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SR, U AR B R TE CHO 4iRff ik rh R 2035, (BFE
—HE T v . O, WM RS R G R R e MR ] B M R L — R .
F Y0 P A AR5 52 B 2 P R SR IR0, Qniidde s R 7055, DR R AE S B
H R AW R G S B ARIIE SR IR 25 R A AT EEME . I, WO R H AR T
A ML PR R = AN 25 AT — € IR PR o a0, 7 26 5 7 R 40 T e Fe 2L R
24h LU A TFIRERIE =W, SR 24h Jo AN AA 5 22 R BE T B, DRIt AT R /e 22
i — 20 SRR R R R G B DO N A K /R

BEAN, SEVE R BV O % HORTE AN i ade Hh i B R AT AL TR I B, AT
VFZIETEN N S SRR . LnbEE N TR RN 2 I SRR R R,
ATTAT DA P 326 843 A o VR At 48 i e aod 5 o () R B AT 12 9 AN 40 A, BAK
/DL Z R AN ERIRE IR IS

Zi LRTIR, WUMBIRAE BORTE CHO 4HRIR % th B B AR A RS /). @
AW R GBI R ZB IR S R 5%, A SR R B A ] 24 4y ok
. EREEM AR IE TV SR, (R I RE S OGTE BHZ R THI I )Pk Ak A
BRI, IR S SRR TT 28 DR B HAE SEBR R A i) 2 T FIRLF

ARICHET FADS HAR% w72 CHO A BEAT I, 15 @AL T CHO 4 i
O EAE T &, RS 100 DM IMIRE, AR5 R — MRS G5Ok &R
FA& 2% eGFP Wi/ iE 7%

(1) =57 CHO 4 ifd e &2 G e IRV R R VBT S P8 2 o SR O ZIE IR
AR EANF e, T A OO, TENROR, IR . S5 RAR W]k ik
WY 100 Hz, BTN RIS LR OGE H I CHO U HI0R, 70 ik dEma
1E 99%LA .

(2) 7= CHO 4l AR S 1 e 108 5 78 S5 Y O 42 2 0 s o A0SR D
fro DABFAETY CHO 4UMI A RSAL AN, 4 4% H 2R K 257 5 A i S am O vmg , 78
23 24h MR B RS 7%, TN senser ROV Hh IR IR, BOE ik e
2 BRI ET 1% ELBI RN . IRIESE R BoR, B AR AN S s = i kAT R
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