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Abstract

Effect of Fermented Cactus Fruit on the
Expression of Galectin—3 in the Intestines of
Suckling Pigs

Advised by Professor Taekyun Shin

Kihyun Lee

Department of Veterinary Medicine

Graduate School, Cheju National University, Jeju 690-756, Korea

Abstract :

Galectin—-3 1s one of mammalian lectins which i1s expressed in
a varlety of cells including epithelial cells and immune -cells.
Increased expression of galectin—-3 has been known as one of
indicators for the activation of immune cells. To examine
whether lactobacillus fermented cactus (Opuntia ficus) fruit

affects the expression of galectin-3 in the intestinal epithelium,



10 suckling piglets were fed with milk supplemented with
fermented cactus fruit for 1 week, while control animals (10

piglets) were fed with milk without fermented cactus.

The changes of lactic acid bacilli and fecal coliform bacteria
were examined. To examine the galectin-3 expression in the
intestinal tissues, Western blot and immunohistochemistry were
applied. The number of lactic acid bacilli bacteria was
significantly (p<0.05) higher at 1 week in the experimental group
supplemented with the fermented cactus, as compared to
controls, but no significant differences in the number of fecal
coliform bacteria were found. Western blot analysis showed that
galectin—-3 expression was significantly increased in the cecum of
the experimental group, as compared to controls, but no

significant differences in the duodenums were found.

Immunohistochemically, galectin-3 was normally detected in
some epithelial cells, goblet cells, and lamina porpria in the
intestines of control sucking piglets. In the experimental group
supplemented with fermented cactus, the expression of galectin—3
in the intestinal epithelium was more enhanced compared with

those of control animals.

Taken all into considerations, this study suggests that
galectin-3 is one of constitutive components of mammalian

lectins in pigs, and its expression In the large intestine 1is



increased by the supplementation of fermented cactus, possibly
implying that fermented cactus stimulates non-specific immune

response in the intestine of suckling pigs.

Key words : cactus, fermentation, galectin-3, Opuntia

ficus—indica, pig.
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6. Western blot analysis

galectin-39] &% A& 3 39 A FHAY AFHAx
2, iz AdEae] AolA ) WAEAES leupeptin (0.5
ug/ml), PMSF (1 mM), aprotinin (5 ug/ml)% ¢ protein inhibitor
7F ¥3d 40 mM Tris-HCIL, pH 74, 120 mM NaCl, 0.1%
Nonidiet P-40 (polyoxyethylene [9] p-t-octyl phenol)®] bufferel
A s wEE g % 14,000 g2 2087 Al st AEdas
sttt Aoz RE dWds AZFE T 125% sodium
dodecyl sulfate—polyacrylamide geloll 4] A7] d&3taL, gel 9
G A ul == thA] polyvinylidene difluoride (PVDF) membrane©]
100Vell A 2A13F &<t o] & Al Z T

galectin—-35 &<213}7] 9] M3/38 hybridoma A|3EujoF Ab=of
< 15 FAZ o] &3t (Lee 5 2004). 22+ A 2+ horseradish
peroxidase-conjugated  goat anti-rat IgG (Santa  Cruz
Biotechnology, Santa Cruz, CA)ZE A20A 60%7F WES-A]Z ).
T3 galectin-3WRFgE &g membranes  mouse
anti-beta—actin (Sigma Chemical Co., St. Louis, MO)2. & |H <]

g AlA BE AZe] wude] BFoR A79F FALA e

= pE



sttt WYdkgo] EY membraneS Amersham ECL reagents
(Amersham Life Science, Buckinghamshire, UK)Z 13&3%F HF-$-A]

A, X-ray 25 =EA7]32, 2 A3}E densitometer (M GS-700

=

Imaging Densitometer, Bio—Rad laboratories, Hercules, CA)= =
A 5 A o} g A Western blot2] A= post—hoc
Student-Newman-Keuls’ procedure for multiple comparisonsE ©]

g3kel o4 ARt

A FEAY 9 - ARz, AT glz2ae] Aelx gy
FxA L Egfolud FujE 2 AHe] geAS A A, WA
A peroxidaseZ A A 37 Y8l 0.3% HoOo7F E3HE wWekgo] 204

BogAZon, 7 24

4, 215 v 5ol wks-S wWXHE] Hs] 10%
normal goat serum®. % 1A|7F ¥ESA|Zth 13} A2 galectin-3

o M3/38 hybridoma A XY FZ NS (Lee 5 2004) A=A 1

O

Al zFol A WFS A7l & biotinylated goat anti-rat IgG  (Vector
Laboratories, Burlingame, CA) (1:100)& 45%7F ¥k A Z T} o] o]
4] avidin-biotin  peroxidase complex Elite kit (Vector
Laboratories, Burlingame, CA)E 2o A 4587+ " Al At} 7t
GAZF 43 PBS (pH 7.4)Z 5w3F 33 83 Aoy, Hd

HkS-o] EFyu A HHL 3 3-diaminobenzidine tetrahydrochloride



(DAB) substrate kit (Vector Laboratories, Burlingame, CA)E &
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1. A 9 - AFA Yo A galectin-39 Western blot 2 3}

xR 9 - AA 9 EEYE (lane 1), ¥ 5% (ane 2), 9 &
4

} (lane 5), 3% (lane 6), 8%

o
o

(lane 7), 27 (lane 8), #1424 (lane 9)= Western blotS 3+ 24
W BE 9 - ZABHA galectin-37F FelEon Eapze of
29kDacl Aot (Fig. 1).

z 2z, gFEHoz 1F ]
galectin-3¢] &S #zkek Ax, gi&Ax24 (lanes 7-9)°lA ¢

(lanes 1-3)¢} A% Z (lanes 4-6)H.t} galectin-39] ™ HF-3-9]



12 34567829

201 kDa
133 kBa =
30 KD@  —

_‘ galectin-3
30 kDa H
e g £-actin

37 kDa =

19 kDa

Fig. 1. Representative photomicrograph of Western blot
analysis of galectin—3 (approximately 29kDa) and [i—actin in the
pig gastrointestinal tract. Western blot ananlysis of protein
extracts from cardiac part of stomach (lane 1), body of stomach
(lane 2), pyloric part of stomach (lane 3), duodenum (lane 4),
jejunum (lane 5), ileum (lane 6), cecum (lane 7), colon (lane 8),
and rectum (lane 9) using a specific anti-galectin-3 antibody

was performed as described in Materials and methods.
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Fig. 2. Immunohistochemical localization of galectin—-3 in the
pig pyloric part of stomach (A), ileum (B), cecum (C), and colon
(D). A-D: Counterstained with hematoxylin. Scale bars= 100 um.
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EHF AdS g (SvgAdd 2858 F
AN@7IZE Sk EWe AHE ke AusE SA 4
3, Fol 15 5 thxTelA 7.95 + 0.77 logl0 CFU/ml7} WERR:aL
Aol A 867 + 0.0.06 logl0 CFU/mIE e o] Akt e] At
T Eue R A TE S Fodol el ol Ble o4
AdE 571 (p<0.05)7F YEFETH (Fig. 3)
g AdrsE SA A9, Fo] 15 & dx2adA 745
+ 0.64 logl0 CFU/ml7} YEbgtar A oA 802 + 046 logld
CFU/mlE YetWo] tigwate] Adss Sntgaddyd dnf 2a
2 Foo o&) 17 7bA dzatel vE f94 = AHrt vE
okekth (Fig. 4).
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1 8 Contral W Op fruit 4
g I Lactobacillus  »

=

log CFL¥m

ek

Fig. 3. Change of lactic acid bacteria populations in the feces
from weaned pigs fed with fermented milk of Opuntia
ficus—infica (Op) fruit. (": p<0.05). Values represent mean * S.D.
(n=7)
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10 O Control W Opfrut+
Lactobacillus

log CFLm

Fig. 4. Change of coliform bacteria populations in the feces
from pigs fed with fermented milk of Opuntia ficus—infica(Op)

fruit. Values represent mean =+ S.D. (n = 7)
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Fig. 5. Histological findings in porcine duodenum (A, B) and
cecum (C, D). A and C, control group; B and D, experimental
group. A-D were stained with hematoxylin and eosin. Scale

bars= 200 um.
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5. galectin-3¢9] Western blot 23}

(£uh A HEE Fof 2)

Aol A Ao A galectin-3% thE(Fig. 6A, lane 1-3)¥ A&+
(Fig. 6A, lane 4-6)°l A & om, o Eapke o 29kDafith.
galectin-39] & tZ7 (Density OD/mm”/beta-actin value:
mean+SE, 0.5931+0.0492, Fig. 6C)2.th A3+ (0.6332+0.0196, Fig.
6C)el tha AstA T AA R FoAd S gl

W zZlo| A galectin-3% &+ (Fig. 6B, lane 1-3)3 A3+
(Fig. 6B, lane 4-6)°llA ##HQom, 7 Eapake o 29kDafith.
galectin-3¢] &2 dixv" (0.3136£0.0297, Fig. 6D)H.t} A&
(0.6625+0.025, Fig. 6D)°l 2l ol A7 =718kl tH(p<0.05).
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Op fruil + Op fruit +
Control Lanclrnn'mcillus Control Lactobacillug
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Fig. 6. Western blot analysis for expression of galectin-3 in
porcine duodenum(A, C) and cecum(B, D). A, Representative
photomicrograph of Western blot analysis of
galectin-3(approximately 29kDa) in the duodenum (lane 1-3:
control group; lane 4-6: experimental group). B, Representative
photomicrograph of Western blot analysis of galectin—3
(approximately 29kDa) in the cecum (lane 1-3: control group;
lane 4-6: experimental group). C, Semiquantitative representative
of Western blot data for galectin—3 in the deodenum (A). D,

Semiquantitative representative of Western blot data for
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galectin-3 in the cecum (B). The relative expression of
galectin-3 was calculated after normalization to the beta-actin
bands from three different samples. Data are the mean+S.E.M.

(n=3). *p<0.05, compared with the control group.
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6. galectin-39] WY =xZ 335 43

Aol X Aol A galectin-39]
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Fig. 7. Immunohistochemical localization of galectin-3 in
porcine duodenum (A, B) and cecum (C, D). A and C, control
group; B and D, experimental group. A-D: Counterstained with

hematoxylin. Scale bars= 100 um.

_22_



J_AO
!

A o] A}

fl7d o] Al 7] = H A
A =2 el g 247 AX L vk (Fuller, 1989).

9

= g AAA 9

&

=

9 A ol

]

o]
=

Akt

()
|

ge v sl

Hi

= Fbsare

9k W d 02 lactobacillus

al

7F ok (Smith

N
]

1963).

p==
o

el
)

+

N
JIK

d

o
<

fvie]

o}
M
)

_,AO

A9 oy

s

o 9]

oln

R

M
-

N

el
dn
i

jans
4

_23_



T
T

ol

0
i)

7o
o}
™

o

o
%!

o

galectin

1990), 12l %

t} (Maeda

binding protein$!

beta-galactoside—

T
-

galectin—3

A=1
¢}

(Woo

2003).

L=1
o

Eis

7

o

2001).

=4
¢}

t} (Hrdlickova-Cela

s

B

galectin—39]

o] ] el M

ekt 2y

7} s}

=
o

o1 A

o
T

3

oA ol H

ol 2¢
RS
(VFA)

=13
=

galectin-39]
At A

- O
o

-
T

o o§

ol 114 44

T
T

e, Ad¥E VFA

s

e
=

At

= 1A

i3

o

S}
=

Ry
i Y

&l

wl
=

ojty. elal el

A

L

3

HEaw BT @o] A

_24_



H FIe kel o8] wEIE HW, ol g FAakwte] oA
gluconic acid’} XA =™, gluconic acid¥ butyrate? AS =X
sk 5% dubar skt} (Tsukahara & 2002). 3§+, galectin-3& T+
AT AEANA AdojR SQCCY cell line°lA sodium butyrate=
Fogsu wdo]l FrhEtt  (Gillenwater 5 1998).  whEbA],
galectin-37} A&l A FolAAAA FIHeE o= Enpg A
g f7F WAl A Haste] butyratee] Aol tiFRwrE T ol
A galectin-39] W& o] F7Fs Aoz AztHET
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