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Establishment of Visible Microencapsulated Cell Co-culture
Separation System

Wu Hao'?, Ma Ying'?, Shan Shuang', Tan Minggian'*, Ma Xiaojun'*
('Laboratory of Biomedical Material Engineering, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023,
China; *University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Cell microencapsulation co-culture has been proved to be a valuable technology in the fields
of cell induced differentiation, cell proliferation regulation and improving the production of metabolites. Visible
identification and separation of two kinds of microencapsulated cells play an important role in cell co-culture. Fe;Oq4
nanoparticles (Fe;O, NPs) as a kind of paramagnetic material can be used for microencapsulated cell separation. In this
study, microencapsulated cell co-culture system, fluorescent visible paramagnetic microcapsules were developed by
doping water soluble Fe;O4 NPs into alginic acid-fluorescent chitosan microcapsules (AC microcapsules) membrane
for co-culture of Chinese hamster ovary cell (CHO). The results showed that two kinds of cell culture microcapsules
could be identified by fluorescence signal and separated by magnetic driving in the process of cell co-culture. The
fluorescent visible paramagnetic microcapsules system shows a great potential for cell co-culture.

Key words microencapsulation; cell co-culture; magnetic driving separation; fluorescence identification
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S E R BR  AH B AR e R T 4
PTAEA R H AP HRFM AR TR T N —, BATHl
R A, A S A AR AT 2 A J5 1
TN AH MR AT L BB & o T SR
(1) = ¢ 7 ) A 40 DR R AR AR 35 . T 40 i A
KL =T kT K, A KRS D Re b
ARG 52021, HATERSM S 255 77 E4%
B2 N, FEAT PLSEIRAS [F] 40 i) e 00,

AT DA IR S 13 &5 0y Dy AR SR I 48 40 i 3 5%
A5 R T DA ol B 45 1 O AR SR 1) = 4 A i L B R
P HY U2 DA S 3 6f 3 5% 77 1) 4 i S 3 mT ALK
SR 53 B, DRI T AN B GH 4 AR TAD AH B A FH A 4 i AR
KA RER K ITRAmIAES . ETUE
JE IR, AHIT 58 AE 1 P B o] £ B Bl B0, g mT AR
7% 61 7 5 BE (fluorescent chitosan, F-CS)[1M JE 4%
KNI G 5 1K 52 SRBEAT AU, S oK TR
VU %8 A6 = Bk 4 >K K (water soluble Fe;O4 nanopar-
ticles, W-Fe;04 NPs)]5 #F # 2 - 5¢ %K Ml (alginate-
chitosan, AC) A M i FEAb 52 RAHSS &, @l flfk
T 7y B B 1l 2 Ak 40 i 3L 1% 5% 00 B AR &R, DASE I 4
0 A T A S 5% R A4 R 1K) T A 5 0 R R B B 43
NV AR = A R AR A T ALK IR T 6 F )
[ERE &

1 MRS

1.1 #R}

L1l @mfesrB3Eil PEGRIE F R R
(Chinese hamster ovary cell, CHO)H [R5 K22 2R il
SHEOR B A0 207 B . Bl R 7R N DMEMES
FRB(Sigma A F)ER IN10% )87 A2 28 s (b = A4
Potflit) ) 100 UmLIHEZ - 100 UmLIHEE =
112 2&KA 585 M (chitosan, CS, 70 TN
25.5 kDa, it 41 5£90%, 556 % H i), AT
4 5% ZE M (fluorescent chitosan, F-CS, 4> F & A5 kDa,
It 2015 B2 90%, Wi VL <6 52 AE WA A7 IR W) ); i
R8N (alginate, Alg, 100 cP, 5 & fm EMBH T KA
PR 22 ]); FeCly-6H,O(K it E R K e A1 BR 22 7],
Iy BT A, I8 SRR R B TRAL 1), 23 B 48,
CCK8%:ii(Dojindo A F])o AAERZ. IECki. MR-
Wkt BT EE. KyCOsv KMnOsy NalOsv AR
FALEN . FTRERBRAN AR R o M 4, I B R TR
(LA RAF

1.2 5%

12.1 W-Fe;O, NPs#g 44 HZHESCHR[16]FRH2.3 g
FeCl;:6H,O. 0.25 g 1715 g HEfie. 30 mLIE
CVE 57 mLilER 4L R VR A 1A I, IR S35 Ja %
ANEES180 °Ce w24 he SN TERG, K5 His 4
BEIR, CEEF B AR, $1115Fe;04 NPso FRHEX
0.24 g Fe;0, NPsi& T H125 mL¥If e 17.5 mLAL T
BEFAI1S mL 5% KoCOs7K ¥ 1 AT 4 i IR VR A5 T VR
i ££20 min, /i1 A 10 mL Lemieux-von Rudloffiz 7
(0.09% KMnO,. 2.25% NalO/KIEW), it HiEE, /K
140 °CI 348 ho  FIAS =i N v i e 7 4 ik, 29
OWERTTTE, 25T 1, il £ W-Fe;sO4 NPs.

122 CHO#@mj#3z4~  CHOAIAUfH FIDMEME: 7%
TAEARFA 73 BN 5% 1 COL4H M 35 77 76 vh gk A7 % A 8%
I

123 At mie s K#rnegiem  96FLERHEFh
CHOZH L, 24t o I B 5 B 46 N 17 4 29 BE A4 R
BRI . B 7R48 b, 1 FHCCK8 ik Yt 14 h,
A FRA450 nmiE AT, 630 nmZ: Lt .

124 CHOZmfaf®At  FREXLS g Alg, #1100 mL
AEFRER K, FEEEL h, 0.22 pmIEERLJE, H) % AlgE
o FRELL g CSEEF-CS, %200 mLES R 40
EIEW, BEEEL h, FI2 mol/LA AL AN T VA ipH
£6.0, #iIL0.22 pmPE R, ] % CSELF-CSTE, &
0.22 wm7C B I8 i 9 b B K 1R 4 . FREL0 mg
28 15 K T Ja I W-Fes04 NPs55 mL Algi ¥ 78 77
BA, K CHOZN M FHPBSIE ¥, LA10°/mLIv) % FEIR A
Algit i, ) 2 i F V0 K AR AR BN 1.1% CaCl,
W, ZF-CSIHRSE, 1785 BRANE IR AL, H]4 K
6 AT AW Rk PECHOZH i 10 i FE (B 1A) . % B ZH 1
CHOZ fi ot 1 28 i % 1k F2AH I, A [F) Ab 75 T Alg ¥y
AN I AW-Fe;04 NPs, HHCSH R IE(E1B). %
AT PR RG P CHOZH B ik fise 9 4 4% 28 1l 7E 1 000~
1 100 pm: [a], X 8 2L CHOZH Jf 3 J12 3 ot 42 42 i) #2
250~300 pm [8], 8 TI3es B 5 7 & 5 5%
J AR 4 R R

125 mEtemini A Ko s T AIRE M
CHOZH it 5k 12 381 mL -5 %6} HE ZH () CHOZH Jifa 1l Ji 5
1 mLiBIE, MMA10 mLADMEM®; 7:3E, 7£5% CO,-.
37 °Ck A T K5 7724 h(K2A).

12,6 k3Fapiimiotinsd  AEEmsE:
1 mLAL R R AL 40 i FHPBSTH e, 7E U ZE H H
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DU R IE R e Bk B SR LR R 1R, e TR
I 1 CHOZH i st e 20 1) i i 2k — ) SR 4, i of B
(I CHOZH i ol 38 T AN i A= 5 1) SR AR, AT i TR
T PR FE LB IR AT 1 B (E2B) . HefilX
5 K PBSIE LG ML R AL 4 i, B TR
L, fEAARRREE T, BRI A2 5] 2]
PRIGTRZ 1 CHOZHE B e 22, 5230 5 56f R ZHCHOZH il
T B R TOM 7K P40 5 (B12C)

127 #MIRERKIAR B RLEPBSIE,
TERRG A NIENCBR . I IAI=2 s\ gain=2.4%%
AR T BUR, AR RIS R 404 A B R R R

Ar ST R PECHOM AR B2, 35 (AR 7 NF-CSIE, B (2 5%
NAIgE B, LB I CHOAN ML, T L0k A W-Fe;0s NPs; B: %f
A CHOMM IR BE, i (W Ak 7 NS

A: fluorescent visible paramagnetic microencapsulated CHO cells,
yellow shell shows F-CS membrane, pink lines show Alg skeleton,
red balls show CHO cell, black balls show W-Fe;O4 NPs; B: control
microcapsules loading CHO cell, blue shell was CS membrane.

Bl MENCHOMMLEREE

Fig.1 Structure scheme of microencapsulated CHO cells

(B)

(A)

©

A JERSRIRACANL; B: AR 8, C: Bl X . SR Bk
996 ARG ECHOAN MU AR B, 15 (R A 7ot A K CHOHH
A: co-culture of microencapsulated cells; B: non-contacting separation;
C: contacting separation. Blue balls show control microencapsulated
CHO cell, yellow balls were fluorescent visible paramagnetic micro-
encapsulated CHO cells.
E2 AR ECERS SR EREE
Fig.2 Two ways of magnetic drive separation of

microcapsules loading cells

2 H#HR
2.1 W-Fe;0, NPsBYTEMZRAE

I FesOa 2 K RL 2 N 7S 38 T, R4z 43 40 £
20~50 nm ], RifE ) — (B3 %), &R KE
Ja ATAE K AR 38 20 o3 A (B3 A, TEREHTEH T B4
TR P VR R, RE A% HH W3R4T R 1R R B

Fe;O:48 KR TEM BIH& (7)) M 2 T E 1 T (A) )5 (B) R R T (). B
bR T WU, T JZ K AR .

TEM image of Fe;O, nanoparticles(left) and photograph of Fe;O4 NPs
before(A) and after modified(B) with Lemieux-von Rudloff reagent.

E3 Fe;040KAMTEME &R KB SRR F
Fig.3 TEM image of Fe;O,NPs and photograph of Fe;O,
NPs before and after surface modification

2.2 W-Fe;0, NPs 5F-CS¥H4HAE RA SN0

W-Fe;0, NPsAS [A] 3 7 15 7248 hJim %f CHO4H fiig
TR 25 (B 4A) 2R W-Fe;04 NPsik FEAK T
2 mg/mLI, 40 JfL3E 235K T-90%; W E 94 mg/mL
I, 40 35 R AET0% /e A7 o F-CS/R [F] ¢ i 8% 7748 h
Ji X CHOAH Al 3 2 52 1 (1) 25 R (K14B) i 7~ F-CS¥i
JEART2.5 mg/mLI}, 4036 35K F95%; iKE N
5 mg/mLI, 0% ZFAE65% /i 47
2.3 WHMENCHOMBF ISR

7E BB TR, 6 R ZHCHOZH H 9 1% 3% S 3R F
KN —. BEARTE250~300 um 7], BEJE 255 um, 1
B T2 2 CHOAM A A A 30 5] . AR ROIRAS R 47
T fie 2 L RE 52 R (EISA). 9% 6 v MR 1 CHO4H il
R e RERIE, K/NE—, BAZTE]L 000~1 100 pmZ
[H), BE LS wm, FlZE P B R 2R K CHOZ i S i
FesO. 40K K 4341 4151, CHOZH M A= KARZS BT, ik
FEEEE TR (EI5B).
2.4 TETTIREEME CHOZR AR BL E IR TN

D¢ ' A AN P CHOZN A Ak Fie BEAE H ] T %
AR, 2385040 T A BRI (EI6A). AT
e P CHOZH M ik g 38 7 Y it 22 v 7 5 ek K 1 1
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0 03130625125 25 5
Concentration(mg/mL)

A: W-Fe;04 NPs¥ X CHOZH IS < IR 5405 B: F-CSI BN CHOAN i < ¥ 521 o
A: effect of W-Fe;0,4 NPs concentrations on CHO cell viability; B: effect of F-CS NPs concentrations on CHO cell viability.
El4 W-Fe;0, NPs5F-CSiK E 33 40 EZR AU 2N (48 h)
Fig.4 Effect of W-Fe;O4 NPs and F-CS concentrations on cell viability(48 h)

A: SHREALICHOZH MU U 3E; B: 5206 P MUIRE T CHOAM i Ui 92«
FrJN=200 pm.

A: control microencapsulated CHO cells; B: fluorescent visible
paramagnetic microencapsulated CHO cells. Bar=200 pm.

El5 MFENLCHOMM
Fig.5 Image of microencapsulated CHO cells

JIERR, TERERTBUE — MR AR TR AR (EI6B).
2.5 TRATIRFEME CHORBR AR TR AR A
PGB RAE 45 R WoR, fEHEBUR Tk
RGBT CHOZH it A fi 3 52 3 4 27Ok, BN
IS AT I 5], WAF S AR TER R, I
SRR B TR KR e B AR B (KT AY),
A DASEIL 26 i AL, 5 R — WL (3 s Bt
HER(EITA . X FE ZHCHOZM i fil i 2 7 A7 [ 5
WO KA TR IAE 57748, BikEd 2Ot X 1
SRR TB A TB,).
2.6 HIEFMECHEMBIEEMASS
AL AT I SE RS 5724 hE, BB R 45 R B
I e AT RN T CHOZ it A fie 2 % o} Bt 2 A e
P75 58 %, WU % N CHOZM i A= Kok & B3 (B

Az FOUTTARRL YECHOAN B MU ZE H li T B B 56 T AL IR 1k
CHOZH M FE T IR T -

A: free sedimentation of microencapsulated CHO cells; B: magnetic
force driving sedimentation of microencapsulated CHO cells.

&6 #7195 N CHOMEBMAR

Fig.6 Magnetic force driving microencapsulated CHO cells

8A ). 9t AT ML 1 CHOZH Ffy e 3 5 0k R 4L 43
RS HE 38 o T e 6 v BEAT HERA X 7y, B SR Ak
6 H 3 ) A Dy 5 s RT AW IR P CHO 2 Jf i Jise
e, VIR R IR BT IR B8, 5 W4,
SFXF AT X 43 P Al s B (I8 AL) o A B RE R UK B
A 7 S AT R IGTRE 1t: CHOZH Bt i 2 5 %o H 4 o
HCHOYH Mt IR 3 70 25, e B e i i 235
o BB 2, MI74E A B R ToRI4E 1 000~1 100 pm
2 (AR B A7 (KI8B R EI8B,).«
27 HIEFMECHEEERXSE

T ML P 855 37 1) ok 9 Ak 41 i (B9 A) 7E 1 1
FARGE L, TR 7 IIRE 1IR3 R, 35 ) T AL
T 11 CHOZH 6 3 J2 9 AR e A 58 B A 6 o L (I
9B), FFRETI G, A% 5] 5t AT CHO4H f
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FE6 AT RGP CHOZM M 1 3 W 3 WA (A ) S L5 e AR HE ) (A),
X AL A CHOZM I S HE 1 37 MR (B S AL 9 UG I 7 (Bo) . 901
B WGHUR . BT =2 s, (=24, #7/R=200 pm.
Bright field(A,) and fluorescentimages (A») of fluorescent visible
paramagnetic microencapsulated CHO cells. Bright field(B,) and fluorescent
images(B.) of control microencapsulated CHO cells. Fluorescence imaging
condition: exposure time=2 s, gain=2.4. Bar=200 pm.
E7 MECARRIAFMIERIERA

Fig.7 Bright and fluorescence images of microencapsulated cells

PR FE, BRI 52 RS 00 T 1) L 5 IR S R AL Al e 1
ON S, AR E R LEF N TERIAE T 000~1 100 pm 2 [14
I FEAFLE(F9C).

FERE TR FE(A) . TP B4 T 9 T WG T CHO M e iUk 22 (B)
G TiE A(QLEE7] YA

Bright field images of co-culture microcapsules(A), fluorescent visible
paramagnetic microencapsulated CHO cells separated with magnetic
forceps(B) and after separation(C) .

El9 HEFHRERIEMN DB

Fig.9 Contacting separation of co-culture microcapsules

3 Wig

5 P TN A T L, B = e
FRINANN, ST HR BB AR ALSUL 55K, IR
5 75 PR AN LA RS 207, 7 DAL B AR 1
B2 B = S 9 000, RS R A T
e T LG G Y B T, B4 B 1SRRI 5

70 P HI I 32 S AR (AN 56 A I R (As); 0 S s 37 1R (B))
A AR TE Fr(Bo)o 9 AR 25 1F: RO RGN HI2 s,
gain=2.4. #7/X=200 pm.

Bright field (A;) and fluorescent images(A,) before separation. Bright
field (B,) and fluorescent images(B.) after separation of fluorescent
visible paramagnetic microencapsulated CHO cells. Fluorescence
imaging condition: exposure time=2 s, gain=2.4, bar=200 pm.

E8 HIFFMRENIFEMAN S

Fig.8 Non-contacting separation co-culture microcapsules

FEEYE, DA e 35 = e 3R, RO TR
R e ol P 5 %o B ZH s B 5, M T A )
MRILTE TR

& 2 AN IW-Fe;04 NPSTE 1 %8 N 3K 15 N
1 mg/mL, HLiRE T XTCHOZN AR I R 52 A 3% .
P Z I I F-CSAE R B A R AN 4t i 1
fil, 7E¥G EERREA AR FEAE R N R AN B MIER
T4 e, 10 7E2.5 mg/mLiK B N F-CSXTCHOZH i v
=i AE N ST e R T A X iE N
T A AR R AS 2 %5 15 7R 40 B ) 20 g A e AR B 2 R
M), 556 FRZELAE b, 64 B AR = FAR g 44
FE ARSI A R — 2D RN AL

H A, 40 H = 4E LR 7504 R A DS L1
TR0 M0 Ry B T AR SCHR R AT AR
T 3 B A% W37 IR B AR s, e g DAk X AR 4
fink P o 7 2O L 8 SR IR B AL 40 PR AT A U
N E— 25T T AN LA A LRSI, R A0 3
B IR PR AL AT e

LR R B 5, o B RO LA B, Ok
ARG A A e 3 T LA U I — ) R, i
AT T RS AT R A WU FE I A%k, AT A A L3
FRAHML 3 BB DL o AR SR I8 F-CSTE B i 3
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AN 538 P2 3 R PRI 2L, DR 4 % 7 2 Ak 5 B R i
FE PRI R 1) e B SR 1t T DR

¢ I AT WL R A ol P 8 [ I L % 37 0 B A
FOCVN BT BE J7, 50T HEZH A Tl i 2 T A2 5 H ok
A =L IR AR . 5 A P X R A el et
ITHN I = RSB IR A L, X — R R AURT BASEEx
SEE SR B 1 B A A, IERE X 7 A B AL
SR I G IR AT VB W, RPN FEHEAT 40
ZYERTR LA A A LR IR AR B AN
MR K T RE, FEe FE B4 1 40 =4k S o
FRITIRE . PRI X — 240 L 5 Ak R 2 — Mo A
LA AL A 3R 57 0 AR R, DR = 4Rt
BRI acr 6. MIhX T aHEK,
R LA SHE T 04 20 B 19 A 5 A0 42 s 4 AR
TN/ T N1 0K €2 - A2 S N N A G o
TRV AR ST TIREAT BER AN IR AT
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