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Co-culture of Caco-2 Intestinal Cell and Intestinal Floras to Build an In Vitro Intestinal Model
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Abstract:  [Objective] To build an in vitro intestinal model which will be used to assess the harm risk caused by foodborne
antimicrobial and the resistance bacteria to human health. [ Method] The Caco-2 intestinal epithelial models after 21 days culture was
built, 4 groups were divided: negative control group, mix floras group, Salmonella group, mix floras & Salmonella group , the time
for co-culture was 4h. The 16S rDNA fragment of each flora before and after co-culture by quantitative fluorescence PCR was
quantified respectively, and the changes of Caco-2 cells intestinal integrity were evaluated by detecting Trans-epithelial electrical
resistance (TEER) and the immunofluorescence staining image of tight junction protein ZO-1.[ Results] From the 16S r DNA fragment
of four intestinal floras quantified by qPCR, there were no significant changes between alone cultured and the mixed culture (P >
0.05), the 2 aerobes grown significantly faster than the growth of the 2 anaerobes (P < 0.01). B/E was near 100: 1, showed that the
aerobes were dominant bacteria. Compared with the negative control, TEER and ZO-1 distribution in mix floras group had no
significant change and revealed that there were no significant damages to the integrity of Caco-2 intestinal epithelial cells, while in
Salmonella group, TEER reduced significantly, and the destruction of ZO-1 structure was observed. But the damages in mix floras &
Salmonella group (mixed floras pre-planted) could be some extent reduced. [Conclusion] This research built an primary in vitro co-
culture intestinal epithelial model with Caco-2 cell and 4 intestinal floras-Bifidobacterium lactis , Lactobacillus plantum, Escherichia
coli and Enterococcus faecalis. The model showed the certain stability and biological activity. Normal intestinal flora had inhibitory
effect to invasive salmonella. Furthermore, we will refine the model to lay the foundation to study the interaction of foodborne
antimicrobial drug, drug resistant bacteria and intestinal system.
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1.1 EE#HE

Caco-2 2 (IRHN A G517 Hif 9 4 il 22, ATCC
HTB-37,55 ~ 60 fX) , Z&M. ()7 M) A= B ml 4
ik, KA (ATCC 25922)  FE 3R 14 (ATCC
29219)  FL ST I (Bi-07) A6 ¥ FL R AT 1 (Lp-
115) , FHe i se A ml A R IE T ARG E R, B
FEVP I (ATCC 14028) , ¥y [ 3€ [ #1715 55 4
TR0 (ATCC)
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1.0 wm fi A AR ARG 57 L. (32 B, Millipore , £7
BTN 1.12 em?) 5 Fedli3t (35 Merieux) ;
Millicell-ERS F < FEBH 2 (3 [E , Millipore ) ; #2R 41
b 248 (HZR PSS Magtration-System 12GC),PCR
A (15 ]5 Biometra UNOII) , HE, k4% (Fij # Amersham
Pharmacia Biotech EPS 601) , real-time PCR {¥ (3 &
ABI 7900HT Fast Real-time PCR System ) , %2 i€
{2 (3£ E Thermo Scientific NANODROP 1000) , #¢ it
FUZ M1 2258 (35 Bio-rad )%, DNA HEBGRAF] &
( H A PSS MagaZorb DNA Kit-200N) , Ex Taq PCR
3774, 100bp DNA Ladder Marker, Agarose Regular
(K% E 4 TaKaRa),5 x TBE (3£ [H Gene Base
Bioscience Co.) .Sybr Green I %¢ ) % 7 PCR it |
& (BT E i E RN, MRS Bl (b stk
), ML (MM EREL) . H-DMEM (Gibeo) \ TBD
LR 25 I (RS ) ; B EDTA F %% |
BE%E % (Sigma) ,HEPES (J7 MM @ifd: , 4L ) ; LR
B, JCIK LB NaHCOs, £ W3 ik F1 40 g/1. 22 B I ig
(AR), CIR#EALK ; ZO-1 BUR swREHUIAR, Sl
Y62 (fluorescein isothiocyanate, FITC)FRic LLZEHT B
11 4t (2 Invitrogen)., 168 rDNA B+ PCR 5|
Pk BT AR 1),
1.3 5N =% F R R E I R TEER AR

BEAR 3 E A K I Caco-2 0, ¥
20 TR S 10° >/, ¥ 5045 R T4 A
FEIL TG, 45 ML4EFD 500 pL,37 °C A% 5%
CO % 5 h i TR A 1.5 mL F5 552, 5
1~7 KFg H E B Dm IR 2, 25 8 ~ 14 R HHE
e Tiivm bl FR B, B K i B AR A 5 15 ~
AW EPN /AT E Y= S A Sl e
Ji5 L BH (transepithelial electrical resistance, TEER)

F1 4%FEHR PCR &5 9ERHY
Table 1 The PCR primer information of the 4 intestinal floras

Name (fragment length/ bp) Sequences Temperature

Escherichia.coli subgroup (340) F.5-gTT AAT ACC TTT gCT CAT TgA-3’ 60°C
R:5-ACC Agg ¢TA TCT AAT CCT ¢TT-3°

Enterococcus spp. (140) F.5-CCC TTA TTg TTA ¢TT gCC ATC ATT-3’ 59C
R:5-ACT CgT TgT ACT TCC CAT TgT-3

Bifidobacterium lactis (194) F.5-CCC TTT CCA Cgg ¢TC CC-3 58C
R:5-AAg ggA AAC CgT ¢TC TCC AC-3

Latics Plantum (70) F.5-Agg TgT TAT CCC CCg CTT CT- 3 60°C

R:5-TTA CAT TTg AgT gAg Tgg CgA ACT- 3’
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IRGTRAE , TRA TR A TR BE 437 R 3T
AT TR A I FLAT 2 10° efu/mL; KBFT I A1
JAERTE 2 106 cfu/mL, V)1 QT HRE38 PR 1731 5 5
37 CHEF% 24 h, LGB R 108 cfu/mL V017
IR A
1.5 B#iEH 16S rDNA PCR E&
1.5.1 DNA #BErH & 40l PRECERAS T 3% 2 b
FUSFL, 3557 24 h 5P AE K R AP 16 Rk R
T PBS, 1540 xg x 10 min B.0F B, HEET
TCHEBAK , EIRAL R G I DNA
1.5.2 PCR R4tk 2 5425 25 wL PCR JZ )
& Z 4145 . TaKaRa Ex Taq i 0.125 wL, 10x Ex Taq
Buffer (Mg?* Plus) 2.5 pL,dNTP Mixture (4% 2.5
mmol/L) 2 pL,DNA #& 4t 1 wL,Primer F R (20
pmol /L)% 1 wL,ddH,0 17.375 wL, W FRF N .
95 CHZAE: 5 min, 94°C 1 min, 58 °C 1 min, 72 C 2
min, 1t 35 ME  F 5 72 CHEM 10 min 4550, K
[ 514 F1 DNA iz 2 8] E4 728 K438 , HEUE b
BEREFL UK AT BT 14 71, KD 5 | ) e S 2k
1.5.3 AREZF R E& IR E RO fL el
Py DNA &, 118 DNA # DU, 2008 S RS
A E T PCR AUBRUEZR 5181,
1.54 #£% 8 PCR MR IR AT/E & H 165
rDNA # % %1% 50 pL Real-time PCR J Jij {A&
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~ 60 CHRIEAR G ¥)i£HE)30 5,72 °C 30 s, 3 35
MG, g7 72 CTHEZE 95 °C, AU AL F5bR

HERY) TR A K IR0 5 PR S R, B
FES 3 N FL, S hRUERTE 5300 . KIGFF I y =
~2.6545 1gX +32.064 (R* = 0.9971) , 2Bk i y = -
3.3594 1gX +34.738 (R* = 0.9902) , FL WU FF 14 y =
~3.3582 IgX+34.316(R?= 0.9975) ,y = —3.0938 lgX +
32.565(R*=0.9886) , i WU AT E ( Bifidobacterium )
/T & (Escherichia) Z [8] 4 HUAE, B B/E = 2L XX
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5 A He e
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2 T K P BRI A JC B IR TR A R
2 VST TR AL b B AR TN ity , TR PR+ V0T
AR G RIS 2 h, FINATTHE
B AR 3K,

1.7 HEFEREEREISEZMmNE

FERPETINAC2L TEER B, 8% 37 CHIEFE 4 h,
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A2 16S tDNA ¥R, K56 /K fE « = 0.05; A 7
ZHT AN [E] A 5 TEER B9 225, BRIEA K
IKHE a = 0.10, 7 2250 Bk 3 /K W o = 0.05, #E 4T
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Table 2 The result of 16 S rDNA qPCR

(Ig copies/mL,x +5)

Intestinal bacteria Oh Cultured alone 4 h ¢ Mixed culture 4 h t
E. coli 5.69 +0.23 6.13 + 0.66" 4.722 6.29 + 0.46% 5.412
Enterococcus faecalis 5.86 £ 0.35 6.26 + 0.36" 3.849 6.52 £ 0.10? 4.892
Bifidobacterium 8.08 + 0.37 8.16 £ 0.45 1.790 8.41 +0.75 1.076
Lactobacillus 8.09 + 0.46 8.20 £ 0.36 1.550 8.25 +0.75 1.649
B/E 200.33 95.63 82.66

1)P < 0.05 cultured alone 4 h vs 0 h;2)P < 0.05 Mixed culture 4 h vs 0 h

2.2 HiZFFE&H Caco-2 4lkE TEER Tk

R TR AL BN AE Caco-2 =4k |- Je AR
IKFHY TEER J9(305 + 17) O/cm?, 41 it ] %% 14
AL, 2 R R AP A A 2, 3t
Rid% 4 h J54540 TEER W 1, K 1 Al 0, [H
Caco-2 =4l b {7 MM ILREFR 1 h N, T %) IR
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TE 2 ~ 4 h LR FR i R X RRZL Y TEER PR E MK
UAEFIRA A JRA F IS TR AT T AL 1
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Fig.1 The recovery of the TEER after the co-culture
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945 (F=104.987,P < 0.0001),

P AR EE R C AT RZAAE 1 h,2h Z
] TEER FREARE, St LR R 2ER
0.895,P =0.393),3 ~4h Al ZRWEE (=
11.280, P < 0.0001 ) ; [ JG B XiF HE AL AH L | 4% 2H 76 4
KiFE 1 h J5 1% TEER 34 W25 2 ~ 3 h IR
B R FIR A B VDT T PR 20 5 J0 B X R ZH AR 22
SEARBA R (¢ 4354 0.334 1140 ,0.522 #1 0.251),3
~4h P 25 5 (1 = 3.721,5.884,P < 0.001) ,

RE ARG -1 T RAE LR R4
FE4hWN,2~3hF13~4h A TEER FRE &,
ARSI EAREES 4518 3.169,
5.564,11.602,4.362,6.277 F1 6.677; P < 0.001) ,

VOT EGRA 4H R HA 3 4 AR L, 1 b Bt ) B P )
TEER ™ [ B 2 Sl 8 2 (¢ (AR 17.837,
10.817,21.366, P < 0.0001) , % = T HiAy 3 41, i
TE2-3-4 h [ 3 AWFE BN, WITw4l A 51
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23 ZO-1 RERXLERESETL

B RIES YL LI E 2, fE 2A 7]
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Table 3 The TEER result of different groups (x+s5,Q0/cm?)
Groups 1h 2h 3h 4h
Sterile control group 123+9 118+ 7 109 £ 10% 50 £ 11%
Mixed vaccine group 139 £ 9V 116 + 14¥ 112 £ 79 74 £ 9P
Salmonella group 197 £ 4% 197 £ 7% 183 + 129 180 + 8%
The mixed vaccine and Salmonella group 144 + 10¥ 122 + 49 107 + 8Y 95 + 132

1) Compared to sterile control group at the same time point, P < 0.05;2)Compared to sterile control group at the same time point, P < 0.01;

3) Compared to the decline value at the first time point, P < 0.05;4) Compared to the decline value at the first time point, P < 0.01.

H2 REARKAZO-1 REHLLERLE

Fig.2 The ZO-1 immunofluorescence staining of different group

A; Sterile control group; B: Salmonella group; C: Mixed vaccine group; D The mixed vaccine and Salmonella group, x200
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