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Abstract

The morphological and histochemical observation of the lectin binding to intestine in vivo or in vitro was
investigated. Our finding demonstrates the validity of semi-quantitative estimates of lectin binding to mouse
intestine. The fluorescence patterns obtained after treatment of intestine sections with FITC-conjugated
lectin revealed that Kintoki bean lectin (KBL) and Taro tuber lectin (TTL) were localized on the cell
membrane, especially the top and upper sites of the villi and showed that KBL was more strongly located
than TTL under various conditions. In the reverted intestine of mice fed lectin, the villi were considerably

disordered and conspicuously disrupted.
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INTRODUCTION

Many plant lectins possess a strong affinity to the
intestinal epithelium. Histochemical studies revealed
that the Phaseolus vulgaris lectin binds to the glyc-
ocalyx or surface coat of the small intestine and also
to some of the subepithelial structure”. It has been
shown that some lectins are also bound to theintes-
tinal epithelium when introduced into isolated inte-
stinal segments or fed intact to animals either in puri-
fied forms or as raw beans*®. The precise mechan-
ism responsible for the impairment in the absorptive
capacity of the intestines is no doubt associated with
the profound changes in the morphology and ultra-
structure of the intestine that accompany the inge-
stion of various lectins™'?. The aim of this paper is to
study by means of light microscopy and scanning
electron microscopy the morphological alterations of
mice small intestine which will be correlated to
functional and biochemical reactions'®. Similar
associations have been described in studies on kid-
ney bean toxicity in rats and pigs™®'®. The present
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study describes the binding states of FITC-lectins and
the changes of mouse intestine in mice offered a diet
containing lectins. These observations were made
comparatively with KBL and TTL.

MATERIALS AND METHODS

Preparations of two lectins (KBL and TTL) were pu-
rified according to the methods described prev-
iously’®'”. Hemagglutinating activity was assayed
with a micro titer plate by the serial double dilution
method using 2% mouse blood cells.

For the light microscopic observation of binding
to the intestinal sections, the FITC-lectins (fluore-
scein isothiocyanate—-conjugated lectins) were used
for the investigation of the binding parameters to
intestinal tissues. Normal mice were taken from the
Shizodokyo, Japan (ddY strain, males weighing abo-
ut 30g). The small intestines were extracted and
divided into several sections. After repeatedly
rinsing with PBS, the intestines were fixed using 4%
(v/v) glutaraldehyde in PBS for overnight and
dehydrated in graded series of ethanol for about
12hours in each step. And then 5~8um thick sec-
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tions were prepared. After washing, the tissue
sections were incubated with the FITC-KBL or FITC-
TTL under various conditions. 50ul of FITC—conj-
ugated KBL or TTL was applied to the dehydrated
intestinal tissue sections and incubated at 5°C for
60mins or at 37°C for 0, 15, 30 and 60mins. The
various concentrations of the FITC-lectins were also
mixed with intestine and incubated at 37°C for
60mins. The working solutions of the FITC-lectins
were of 10, 50, 100 and 200 ug/ml concentrations.
The binding of FITC-lectins was observed in the
presence of inhibitors (galactose, fetuin and EDTA)
and under various pH conditions (pH 2.02, 5.0, 7.3,
and 9.16). The binding pattern on the intestine of
mice fed the lectins was also observed at 37°C for
60mins.

The microscopic observations of reverted intes-
tine, mice were anesthetized after a lectin feeding
periods of 6 days. Segments of 3cm length were pr-
epared, reverted, fixed in 4% glutaraldehyde buff-
ered and freeze-dried. The reverted small intestinal
sections were splattered with gold and observed in
a scanning electron microscope (jeol JFC 1100) at
1100V, 9mA for 7mins without tilting. For the light
microscopic observation, the intestines of mice fed
10% protein diet with or without TTL for 6 days
were segmented. Each intestinal segment was exc-
ised, fixed and embedded in paraffin. Serial 5~ 8um
sections were cut and stained with hematoxylin,
eosin and perodicacid-Schiff. These sections were
observed under a light microscope (Olympus BH2)
and photographed at ASA 100.

RESULTS AND DISCUSSION

495

Hemagglutinating activities (HA) of KBL and TTL,
either in intact form or in FITC-conjugated form, we-
re shown in the Table 1 when FITC-KBL and FITC-
TTL were applied to the column, with Sephadex they
were eluted as a single low molecular weight peak
{data not shown). It indicated that the conjugated

Fig. 1. Fluorescein light microscope of the part of an intes-
tinal section.
A shows immunofluorescence in brush border region
and within apical cytoplasm of erythrocytes, but not at
the crypt. It is the part of the jejunum of a mouse fed
FITC-KBL in vitro( X 100).
B shows like normal, the binding of FITC-KBL to inte-
stinal section could be nearly completely abolished by
the pretreatment with fetuin. it is the part of the jeju-
num of a mouse previously incubated with fetuin
before fed FITC-KBL in vitro (X 100).

Table 1. Effects of FITC conjugation on the hemagglutinating activity of Kintoki bean lectin(KBL) and Taro tuber lectin(TTL)**

Concentration of 2° (ug/ml) 2° 2 22 2? 2¢ 28 2° 2 2° 2 Minimum?* conc.(ug/ml)
KBL 280 + + + + + + + - - - 4.4
FITC-KBL 150 + + + + + + - - - - 4.7
TIL 250 + + + + + - - - - - 15.6
FITC-TTL 260 e 325

* Required for the agglutination of 1ml suspension of 1% mouse erythrocyte **Mouse red blood cells were agglutinated by KBL or TTL
and FITC-KBL or FITC-TTL. Mouse cells strongly agglutinated by the KBL or FITC-KBL but less TTL or FITC-TTL. KBL was not affected
by the FITC conjugating, but TTL was slightly decreased in HA from their minimum concentrations, the HA of KBL or FITC-KBL was

about 2%, 2* folds of TTL or FITC-TTL, respectively



496 Young-ju Seo

lectins were not denatured and could be used in the
binding experiments.

Tissues fixed in 4% glutaraldehyde and embedded
in paraffin were actually suitable for the identifi-
cation of lectin in light microscopy, with the use of
FITC-conjugated lectins, and the paraffin was remo-
ved from the tissue sections. FITC-lectin was allowed
to react with intestinal sections on a slide glass. The
binding patterns of FITC-KBL and FITC-TTL in the
intestinal sections were illustrated in Fig. 1. The

apical membrane and the junctional complex were

outlined rather clearly, which disappeared in the
presence of fetuin. All the results of the observations,
including various experimental conditions, were
depicted in Table 2 to compare to binding patterns of
FITC-conjugated KBL and TTL. Intensity of binding
was regarded from absence(-) to weak(+) and
strong (+). In general, the binding of FITC-KBL was
more strongly localized in each intestinal sections,
than FITC-TTL.

From Fig. 2 and Fig. 3, effects of lectin binding to
mouse intestinal villi were observed both at the
light microscopic level and electron microscopic
level. The use of intestinal segments for electron
microscope resulted in a more precise recognition
of the differences between two competitive intest-
ines fed lectin or not, than that for light microscope.
The gut lesion was characterized by the disturbance
of the normal palisade arrangement of the apex
microvilli of the enterocyte in the proximal small
intestine, with the severe effects confined to the
villus tips and possibly correlating with the distr-
ibution of lectin-receptor activity. The small inte-
stinal tissue of experimental mice was histologically
and ultrastructually distinguishable from that of
mice which had been fed a control diet. Thus, the
gross changes in morphology appeared to be a conse-
quence of the binding of active KBL or TTL supplied
in the diet, although the precise mechanism leading
to the observed changes remained to be elucidated. It
appeared that intensive staining of the intestinal mem-
brane was related not only to the glycocalyx but also
to the carbohydrate-rich materials which were an
integral part of the membrane structure. No adverse
effect could be attributed to either glutaraldehyde

fixation or paraffin-embedding. The binding of lectin
might be then followed by further events, such as
diarrheal disease'®'® or penetration of macromolecu-

Table 2. The binding patterns of FITC-conjugated lectins on
various conditions

Experimental conditions FITC-KBL FITC-TTL

Time 037°C) - -
{mins) 15(37°0) + +
30(37°C) + +
60(37°C) ++ +
60( 5°C) + +
pH 2.02 +
5.0 -
7.3 ++
9.16 +
Additives Fetuin - +
EDTA - -
Intestine fed fectin + +

* The intensity of binding to intestinal cross section if regarded
from absence (-), to weak (+), to strong (+) and to heavily str-
ong (++)

Fig. 2. Scanning electron microscope of the part of jejunum
fed KBL.
A shows the control mouse fed on a basal diet(x 16).
B shows the experimental mouse fed 20mg KBL per
daily (x 16). Compared to the control intestine, the
normal mucosa is weak after lectin digestion and
limited to the luminal borders of the epithelium in the
everted intestine fed lectin.
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Fig. 3. Light microscope of the part of jejunum of a mouse intestinal cross section fed TTL of not in vivo (HE-stain).
In mouse intestine fed TTL, the goblet cells were faintly stained. Moreover, the apical membrane of the epithelial cells
displayed less staining than in the control mouse. A is the control intestinal section (X 200). B is the experimenta! section
(X% 200). C is the control intestinal section (X 400). D is the experimental section (X 400).
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into the intestinal mucosa®. Our finding also

confirmed that the affinity of cellular structures for
lectins was not significantly affected by its fixation
and embedding as in other reports'*-?*. Although
quantitative correlation between the staining intens-
ity and the binding amount could not be deduced,
it was noted.

10.
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