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Fig.1. Transport across intestinal epithelium. (Ward, 2000.) (Ward, 2000.)
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Probiotic Foods

Three main components here

1) Probiotics - the actual microbes that gr ow
In the gut (G.I. tract) ‘ Friendly Microbes
Pro Biotics = For Life

2) Prebiotics - specia nutrients for the
microbes (but NOT for the host)
- mainly carbohydrates




3a) Symbiotics (asin symbiosis) - where both
pro- and pre-biotics are mixed together and
function normally

3b) Synbiotics (asin synergism) where both
pro- and pre-biotics function together to
give an enhanced effect

- main research activities on Synbiotics are in Japan

- these products are just starting to appear in N.
America
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In vitro model
Caco-2 cdll line
(polarization)
(Brush board)

IN VIitro
model

(Pinto et al. 1982, 1983)






(Gentamicin  Erythromycin
Neomycin)
Walgreneta. 1998 Walleetal. 1999
Quercetin (Fig.6) Chrysin
(Fig.7) L. GG
Caco-2 model

Quercetin

Chemical structure of Quercetin(left) and Chrysin(right).



30 well

Lactobacillus GG

Transwell 1nsert

Ttranswell insert

0.5M overnight dish
Transwell insert 12 well-0.5 ml plate 12 well-
1.5ml 12 well-
1x106cells 37 5 CO2
monolayers 3-5 5-10

HPLC



MiniCell Culture

Caco-2 ATCC
5 CO, 37
80
Caco-2

12mm Transwell®
Insert polycarbonate membrane
0.4u m pore size Corning Costar
Corp. 12 well plate

1.0x10° cell/cm?

14 3

Richard A. Walgren,
1998 , Biochemical Pharmacology 55, pp.1721-
1727)

Millcell Cell Culture Plate Inserts---millipore



Transepithelial Electrical Resistance TEER
TEER

Millicell-ERS V oltohmmeter TEER
V oltohmmeter senser
70% senser transwell 1nsert

( TEER Insert
)



Transepithelial Permeability Experiments

47-79 Caco-2
20-35

Transwell

TEER transepithelial
electrical resistance Millicell-
ERS Voltohmmeter

TEER

350Q2 xcm?  inserts
Inserts transport medium

25mM HEPES pH
7.4 Hank’s Baance Salt

Solution 30

Richard A. Walgren, 1998 , Biochemical
Pharmacology 55, pp.1721-1727)

Millicell-ERS V oltohmmeter---millipore



Caco-2

Quercetin - Chrysin 100 HBSS

Transwell insert Ap* BIl*
1 HPLC (*
Ap:apical side; Bl: basoleteral side)

HPLC
UV 254nm
Y MC-Pack Pro C18(S-5u m, 12nm),150%4.6 mml.D
37
55:45 0.1% formic acid



Quercetin - Chrysin Papp
( )

0 Sample



Fig. 5. The figure of Caco-2 after
subsulture. After subculture process,
Caco-2 cells were diluted with culture
mediumand seeded to a new flask for
culture. (magnification 100x)

Fig. 6. The picture of Caco-2 culture
one day. (magnification 100x)



Fig. 7. The picture of Caco-2
cultured 4 days. (magnification
200x)

Fig. 8. The picture of Caco-2
cultured 6 days. (magnification
200x)




Fig. 9. The picture of Caco-2
cultured 8 days. (magnification
100x)

Fig. 10. The picture of Caco-2
cultured 15 days.
(magnification 100x)




Fig. 11. The picture of Caco-2
cultured 25 day. (magnification
200x)




( Fig.13)

Lactobacillus GG adhered to Caco-2
monolayer (magnification 400x).



Gopal et al.

2001
Gopal L. GG (1x10°)
400 2 adhesion index
oy 145+24 CFU/100 cell
adhesion index
J0
L. GG
T L. GG
ézm ODgy
my 0.5+0.01
O1m)

10
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Fig. 14. After incubated in various time intervals, the
result of different concentrations L. GG adhere to the
Caco-2 cell monolayer, to find the optimal adhesive
condition.



(Transepithelial Electrical Resistance; TEER)
(Q /cm?) TEER
Millicell-ERS V oltohmmeter
transwell insert TEER

Walgren et al.

1998 "

350Q /cm? transwell
§ Insert "
g Transwell insert TEER
é 350Q /cm?

( Fig.15)

Caco-2
TEER

10123456 81012151618 350Q /cm?

Time (Day)

Fig. 15. Monitoring the TEER value of Caco-
2 cell form the day of subculture to Day 18.



Caco-2

Quercetin
Quercetin
Flavonoid (Hertog et a. 1992,
1993) (Kivirantaet al.
1988)
Flavonoids (Knekt et al. 1996;
Keli SO et al. 1996)
LDL (Cook et al. 1996) (Pace-

Asciak et al. 1995)
(Deschner et al. 1991, 1993)
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Fig. 16. Theresult of Quercetin transport in
both direction of the Caco-2 monolayer at
different concentration.

Quercetin
L. GG
(Fig.16)
50u M Quercetin  Ap-Bl BI-
Ap (Papp )
1.03x10° cm/sec 2.20x10-°
cm/sec BI-Ap
Ap-Bl
Walgren et al 1998
Ap-Bl
5.8x10% cm/sec BI-Ap
11.1x10-6

BI-Ap Ap-Bl
Quercetin
Quercetin 60u M
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Fig. 17. Theresult of Quercetin transport
with or without L. GG adhered.
(w/o:without; w/:with)

L. GG

Quercetin
Ap-BI
(Fig.17) L.
GG Quercetin

504 M Quercetin
L.GG
Quercetin

10



Chrysin

Chrysin Flavonoid
(Siess et al. 1996)
CYP1A1(Tsyrlov et al.
1994) P-form phenosulfotransferase(Walle et
a.)
(cracinogen bioactivation) Chrysin
Caco-2



Chrysin

BI-
Ap Ap-BlI( Fig.18)
20u M Chrysin
BI-Ap 9.6x10
Scm/sec Ap-Bl
8 5.98x10° cm/sec
s 1.6 Walle
3 eta. 1999
g Walle 20u M
Chrysin

6.9x10%cm/sec (Ap-Bl)
14.1x10%cm/sec (BI-Ap)

Chrysin

Ap-BI Bl-Ap

Trangport direction

Fig. 18. Theresult of Chrysin transport in
both direction of the Caco-2 monolayer at
different concentration.



L. GG

Chrysin  Ap-Bl
(RIHES)
Chrysin  Ap-
2]
2o 60u M

(6.67x10¢ 9.33x10°)
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Fig. 19. Theresult of Chrysin transport
with or without L. GG adher ed.
(w/o:without; w/:with)



Gentamicin (Aminoglycoside)
30S ribosome
Ribosome
MRNA
Pseudomonas aeruginosa, Proteus sp.,
Escherichia coli, Klebsiella-Enterobacter-Serratia sp.,
Citrobacter sp. Saphylococcus sp.

Neomycin
Enterobacter aerogenes,
E. coli, Klebsiella sp., Proteus sp. Pseudomonas
aeruginosa



Erythromycin macrolide
50S ribosome

Mycoplasma pneumoniae Corynebacterium
diphtheriae C. minutissmum Hemophilus
Influenzae Entamoeba histolytica Bordetella
pertussis Legionella pneumophila



L. GG

-Erythromycin MRS plate

ele
(Fig.20)

Fig. 20. T'he re-sult of L. GG tolerated
three target antibiotics on MRS plate.



Gentamicin
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Fig. 21. Theresult of Gentamicin
transport through Caco-2 monolayer.

Gentamicin
Caco-2
( Fig.21)
1000 500u g/mi
Gentamicin
Ap-BI BI-Ap

Gentamicin
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Fig. 22. Comparison of the effect of L.
GG adhesion to Gentamicin transport.
(w/o:without; w/:with)



Neomycin

0.00025 N eomyCI n
Gentamicin
Neomycin
0.00020 A p-
Bl BI-Ap(
EE 1000p g/ml F| 923)
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Fig. 23 Theresult of Neomycin transport
through Caco-2 monolayer.



0.00025
Neomycin
=i 1000 125y g/ml
0.00020 B 250y g/ml
1 125u g/ml

( Fig.24)
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Fig. 24. Comparison of the effect of L. GG
adhesion to Neomycin transport.
(w/o:without; w/:with)



Erythromycin

Erythromycin
Neomycin
Ap-BI
Bl-Ap(Fig.25)
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Fig. 25. Theresult of Erythromycin
transport through Caco-2 monolayer.
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Fig. 26. Comparison of the effect of L.

GG adhesion to Erythromycin transport.

Erythromycin ( Fig.26)
1000u g/mi

Gentamicin
Erythromycin

Neomycin



Caco-2

L. GG Caco-2
ODgy, 0.5+£0.01 2
Quercetin 60u M
L. GG
Quercetin L. GG

Quercetin



Chrysin

o0u M
monolayer Chrysin

Erythromycin
Neomycin

Chrysin Ap-Bl

Gentamicin



Clostridium difficile Caco-
%

Effect of probiotic lactic acid bacteria on adhesion of
Clostridium difficile to Caco-2 cdll line






C. difficile
20% metronidazole
vancomycin C. difficile diarrhea

L. GG

model



Clostridium difficile

1935 C. difficile
(Gram-positive rod shaped bacteria)
0.5~1.9um endospores

toxin
A(enterotoxic) toxin B(cytotoxic)
Toxin A 440~500 kDa toxin B
360~470kDa



L.GG Clostridium difficile

L. GG OD600 0.49 (1.17E+8CFU/ml)
Clostridium difficile OD600 0.41 (1.14E+8
CFU/ml) MRS broth

CFA plate



Theinteraction of L.GG, C. difficile, and
Caco-2 cells Experiment

Caco-2 transwell 1nsert 15
L. GG Clostridium difficile PBS
20 FBS MEM medium
1xE8 CFU/ml transwell insert
TEER



(Transepithelial Electrical Resistance; TEER)

(Q /cm?)

TEER

Millicell-ERS V oltohmmeter

transwell insert TEER
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Fig. 4. Monitoring the TEER value of Caco-2
cell form the day of subcultureto Day 18.

Walgren et al.
1998 ”
350Q /cm? transwell

Insert ”
Transwell insert TEER
350Q /cm?

Caco-2
TEER 350Q /cm?



mele C. difficile

—8— Clostridium difficile growth

20 30 40 50 60
Time(hr)

Fig.7.L.GG C. difficile 16
C .difficile 36



C. difficile Caco-2

Fig. 8. The Gram staining result of C.Caco-2
monolayer (magnification 1000x).



C. difficile Caco-2

Fig. 9. The Gram staining result of C. difficile
adhered to Caco-2 monolayer (2hr)
(magnification 1000x).



C. difficile Caco-2

C. difficile

Fig. 10. The Gram staining result of C.
difficile adhered to Caco-2 monolayer
()(magnification 1000x).



—@— Caco-2 without bacteria
—O— Caco-2 + C. difficile
—w— Caco-2 + C. difficile + L. GG
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Fig.. Effect of co-culture of L.GG on disruption of
Caco-2 monolayer by C. difficile



Caco-2
model

Walgren et al

. 1998

350Q /cm2 transwell insert

Transwell insert TEER

350Q /cm2 Caco-2
TEER 350Q /cm2
L. GG C.difficile MRS broth
difficile

Caco-2

C. difficile

C.



Caco-2
model

Walgrenetal. 1998 ”
350Q /cm? transwell insert " Transwell
insert TEER 350Q /cm?
Caco-2 TEER 350Q /cm?

L. GG C.difficile MRS broth C. difficile

Caco-2
C. difficile



