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Abstract: A panel of ten lectins with different carbohydrate specificities, including three original lectin prepara-
tions (MPFA, LABA, and LVA), was used for the investigation of rat kidney glycoconjugate remodeling during
postnatal morphogenesis, and the findings were compared with the impairments seen in streptozotocin-induced
diabetic nephropathy. Postnatal morphogenesis was accompanied by the accumulation and generalization of
DMan, LFuc, and NeuNAc, with simultaneous reduction of DGal and DGalNAc sugar determinants and en-
hanced heterogeneity of renal microstructure. The most significant redistribution of lectin receptor sites was
detected between postnatal days 1 and 20. Beginning from postnatal day 20, renal corpuscles showed selective
MPFA, WGA, and RCA labeling. Stabilization of carbohydrate determinants on postnatal day 60 coincided with
rat kidney maturity. Diabetic nephropathy induced carbohydrate remodeling reciprocal to that seen during
postnatal development, that is, enhanced exposure of DGal and DGalNAc, reduced reactivity of DMan, LFuc,
and NeuNAc determinants, and increased lectin labeling of renal tubule brush borders. These results extend the
existing data on rearrangement of rat kidney glycoconjugates under physiological and pathological conditions,
as well as demonstrate the applicability of three original lectin preparations in glycoconjugate histochemistry.
(Folia Histochemica et Cytobiologica 2013, Vol. 51, No. 1, 92–102)
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Introduction

Lectins have been widely used as histochemical re-
agents for the investigation of cell and tissue glyco-
conjugates since the early 1970s [1–4]. Although the
number of lectins currently exceeds 2000, purifica-
tion and characterization of lectins with rare carbo-
hydrate specificities still remain of interest [4, 5].
A rare lectin from Mycena pura fungus was recently
purified and partially characterized in our laboratory
[6]. Purification of an aL-fucose-specific lectin from

bark of Laburnum anagyroides Medik was reported
earlier [7], as well as that of aD-mannose-specific lec-
tin from Leucojum vernum L. bulbs [8]. These three
lectin preparations are still poorly defined in the sense
of their applicability to developmental morphology
and diagnostic histopathologic research.

The kidney is frequently used as the test organ for
both purposes, since its glycoconjugates are diverse
and abundant, they actively participate in morpho-
genesis and maintenance of main organ functions, and
they are among the first altered under pathological
conditions [9–18]. Despite the fact that lectin his-
tochemistry methods were intensively used for the
investigations of morphogenic changes in the kidney,
as well as diabetes-induced alterations of renal car-
bohydrate determinants, a comparative study of these
two processes has never been accomplished.
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The aim of the present investigation was to use
a set of lectins with different carbohydrate specifici-
ties to investigate impairments of rat kidney glyco-
conjugates in streptozotocin-induced diabetes melli-
tus (DM), to compare these changes with carbohy-
drate remodeling taking place during normal postna-
tal morphogenesis, and, simultaneously, to test the
applicability of three original lectin preparations in
developmental morphology and experimental histo-
pathology.

Material and methods

Lectins. Fruit bodies of Mycena pura fungus were collected
in September in the mixed forest in the Carpathian Moun-
tains near the town of Skole in the Lviv region (Ukraine).
Laburnum anagyroides bark and Leucojum vernum bulbs
were collected near Lviv. Purification of lectins was per-
formed as reported earlier [6-8]. Three original lectin prep-
arations (MPFA, LABA, and LVA) were supplemented with
7 standard lectins of different carbohydrate specificities
(Table 1). All lectins used were prepared in the laboratory
(Lectinotest, Lviv, Ukraine) by Dr. V. Antonyuk.

The purity of Mycena pura lectin was estimated by disk-
electrophoresis in 10% polyacrylamide gels (PAGE) in an
alkaline buffer system (pH 8.6) [19]. Electrophoresis was
performed in two parallel tubes. One was stained by Cou-
massie R-250, and the second tube was cut into 5-mm-long
pieces. Polyacrylamide gel pieces were then homogenized
in 0.25 mL phosphate-buffered saline (PBS), pH 7.4, and
their hemagglutination titers were examined (Figure 1).

The molecular masses of MPFA, LABA, and LVA
polypeptide chains were estimated by PAGE in 15% poly-
acrylamide, supplemented with 0.1% sodium dodecyl-sul-
phate [19]. A mixture of proteins with known molecular

masses (Fermentas, Olayne, Latvia) was used as a standard
(Figure 2). The carbohydrate specificities of lectins were
tested by inhibition of hemagglutination with appropriate
mono- or disaccharides as described earlier [7]. Lectin-
horseradish peroxidase conjugates were obtained using the
method of Nakane and Kawaoi [20], with some modifica-
tions [21].

Animals. The study was performed on 78 male Wistar rats,
subdivided into a control group of 15 animals and 9 exper-
imental groups: 4 groups of different ages (1, 20, 40, and
120 postnatal days, n = 7 in each group), and 5 groups at
different stages of experimental DM (days 14, 30, 40, 60,
and 80 after streptozotocin injection, n = 7 in each group).

Table 1. Lectin panel used and their carbohydrate specificities

No. Lectin designation, abbreviation Specific inhibitory Complementary oligo-/
mono-/disaccharide /polysaccharide

1. Canavalia ensiformis agglutinin, Con A aDMan/aDGlc Glycogen

2. Leucojum vernum agglutinin, LVA aDMan Fine carbohydrate specificity not defined

3. Mycena pura fungus agglutinin, MPFA aDMan, DGlcNAc GlcNAc(b1-2)Man(a1-6)/ (a1-2)

4. Laburnum anagyroides bark agglutinin, LABA aLFuc Fuc(a1-2)Gal(b1-4)Glc

5. Sambucus nigra agglutinin, SNA NeuNAc(a2-6)DGal NeuNAc(a2-6)Gal(b1-4)GlcNAc(b1-2)

6. Wheat germ agglutinin, WGA DGlcNAc>NeuNAc NeuNAc(2-6)Gal(b1-4)GlcNAc,
Man(b1-4)GlcNAc(b1-4)GlcNAc

7. Ricinus communis agglutinin, RCA bDGal>NeuNAc NeuNAc(2-6)Gal(b1-4)GlcNAc

8. Peanut agglutinin, PNA DGal DGal(b1-3)GalNAc

9. Helix pomatia agglutinin, HPA aDGalNAc GalNAc(a1-3)GalNAc

10. Soybean agglutinin, SBA aDGalNAc > bDGalNAc GalNAc(a1-3)Gal(b1-3)GalNAc

Figure 1. Electrophoretic purity of lectin from the fruit
body of Mycena pura fungus (MPFA). Lectin electrophore-
sis was performed in 10% PAAG, pH 8.6
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Experimental DM was induced in rats weighing 120–
–140 g by a single intra-abdominal injection of 70 mg/kg
streptozotocin (Sigma, St. Louis, MO, USA) dissolved in
0.1 M citrate buffer, pH 4.2 [22]. Control rats were given
a single intra-abdominal injection of 1 mL citrate buffer,
pH 4.2. Development of DM was monitored by measuring
glucose serum concentration with the gluco-oxidase test
(LaChema, Prague, Czech Republic) according to the man-
ufacturer’s instructions. A blood glucose level of 10–
–18 mMol/L was taken as the evidence of DM development.

The investigation was carried out according to the ethi-
cal criteria for the use and handling of laboratory animals
established by Lviv National Medical University in accor-

Figure 2. Electrophoresis of lectin preparations in 15%
PAGE supplemented with 0.1% sodium dodecyl-sulphate.
Lanes: 1, protein markers with known molecular mass; 2,
Mycena pura fungus agglutinin (MPFA); 3, Laburnum
anagyroides bark agglutinin (LABA); 4, Leucojum vernum
agglutinin (LVA)

dance with the “General ethical principles on experiments
with animals” of the 1st National Congress on Bioethics
(Kiev, 2001) and in compliance with the National Institutes
of Health (NIH) Guide for the Care and Use of Laboratory
Animals (1996).

Tissue samples. Animals were sacrificed by diethyl ether
narcosis overdose with subsequent decapitation. The kid-
neys were removed from their capsules, sectioned centro-
medially, fixed in 4% neutral buffered formalin overnight,
and embedded in paraffin wax according to the standard
protocol. For general morphology studies, 5- to 7-µm-thick
sections were stained with hematoxylin and eosin. Lectin
histochemistry investigations were conducted using the per-
oxidase-diaminobenzidine visualization protocol as de-
scribed elsewhere [23].

Microscopic investigation was performed using a Zeiss
Ng microscope (Carl Zeiss, Jena, Germany) equipped with
a Canon IXUS 700 digital camera (Canon, Tokyo, Japan).
For semiquantitative evaluation of lectin binding, two in-
vestigators performed the analysis independently, blinded
to lectin type. Binding intensity was evaluated using a semi-
quantitative scale as follows: ++ strong, + positive, and
– negative labeling (Table 5).

Results

Lectin specification

The main electrophoretic characteristics of the three
original lectin preparations (MPFA, LABA, and LVA)
are shown in Figures 1 and 2. The results of these
lectins’ interactions with human and animal erythro-
cytes are presented in Table 2, with mono- and disac-
charides in Table 3, and with polysaccharides and gly-
coproteins in Table 4.

Postnatal morphogenesis

In the kidneys of newborn rats, lectin receptor sites
were localized predominantly on the luminal surface
and in the apical portions of S-shaped bodies, the ter-
minal ampullae (Figure 3A, 5A), and on collecting

Table 2. Minimal concentration of lectin, that produced erythrocyte agglutination (in mg/mL)

Source of lectin Type of erythrocytes

Human Sheep Goat Cow Horse Rabbit Dog

O (I) A (II) B (III)

Mycena pura 312 156 312 312 1250 2500 39 39 9.7
Laburnum anagyroides bark 4.9*  78* 156* – – – – 1250 n.d.
Leucojum vernum – – – 10 000 1250 – – 4.9 n.d.

Note: dash means absence of agglutination at concentration of lectins 10,000 mg/mL; *For Laburnum anagyroides bark lectin minimal agglutina-
ting concentration is different for various donors among human blood groups
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Table 3. Interaction of MPFA, LABA, and LVA with some mono- and disaccharides

No. Carbohydrate Minimum hapten concentration for
inhibition of hemagglutination (mM)

MPFA LABA LVA

1. D-glucose 100 – –

2. L-fucose – 0.39 –

3. a-methyl-L-fucopyranoside – 0.1 –

4. 4-nitrophenyl-a-L-fucopyranoside – 0.01 –

5. D-mannose 50 100 100

6. a-methyl-D-mannopyranoside 25 50 50

7. D-fructose – 12.5 –

8. Melibiose (Gala1,6Glc) – – 100

9. Gentiobiose (Glcb1,6Glc) 100 – –

10. Turanose (Glcb1,3Fru) 100 – 100

11. Glucose-6-phosphate dipotassium salt 100 – –

Note: dash means absence of interaction at concentration of 100 mM. N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, D-galactose, D-ribose,
a-methyl-D-glucopyranoside, cellobiose (Glcb1,4Glc), maltose (Glca1,4Glc), trehalose (Glcb1,1Glc), b-methyl-D-xylopyranoside are not included
to the list, since they do not interact with studied lectins in concentration 100 mM and less

Table 4. Lectin interactions with polysaccharides and glycoproteins

No.  Polysaccharide or glycoprotein Minimal concentration of glycoproteins
for inhibition of hemagglutination

MPFA LABA LVA

1. Transferrin 0.25% – –

2. Bovine thyroglobulin 0.125% – 0.5%

3. Alkaline phosphatase from calf small intestine 0.002% 0.25% –

4. Orosomucoid 0.125% 1% –

5. Ovomucoid 0.06% – 1%

6. Asialo-ovomucoid 0.015% – –

7. Ovine submaxillary mucin 0.125% n.d. 0.25%

8. Bovine submaxillary mucin 1% 0.25% –

9. Bovine submaxillary mucin desialised 0.5% 0.008% –

10. Human immunoglobulin G – – –

11. a2-macroglobulin 1% – –

12. Blood group specific substance H, 1% 0.125% 0.0004% –

13. Blood group specific substance A, 1% 0.125% 0.25%: –

14. Blood group specific substance B, 1% 0.25% 0.25% –

15. Ovalbumin 0.125% – –

16. Pig liver glycogen, 1% 0.5% – -

17. Yeast mannan, 1% – – 0.03%

18. Starch, 1% 1% – 1%

Note: dash means absence of interaction at concentration of 1%

duct cells (Figure 4A). From postnatal day 20, selec-
tive labeling of the renal corpuscle filtration membrane
with MPFA, WGA, and RCA was detected (Table 5,

Figures 3B, C, 6C). It is noteworthy that, of all of the
lectins used, MPFA appeared to be the most selective
early marker of the developing renal corpuscles.
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Kidneys on postnatal days 60 and 120 showed het-
erogeneity of renal tubules: outer medulla tubules
preferentially reacted with WGA and RCA (Figu-
re 6C, D); cells of cortical tubules displayed selec-
tive reactivity with SBA and HPA; and collecting duct
cells exposed rather mosaic reactivity with SNA.
Another characteristic, age-dependent phenome-
non, concerned the nuclei of podocytes, mesangio-
cytes, endotheliocytes, and renal tubule epithelial
cells: their lectin reactivity shifted from negative on
postnatal days 1 and 20 to positive labeling with Con A,
LVA, MPFA, LABA, SNA, and PNA on day 60,
and to a strong reactivity with these same lectins on
postnatal day 120 (Figures 4A, B, C, 6A, B). Semi-
quantitative evaluation of lectin binding showed in-
creased exposure of Con A, LVA, MPFA, LABA,
SNA, WGA, and RCA receptor sites in association
with the decrease of PNA, HPA, and SBA binding

during subsequent phases of postnatal development.
Prominent morphogenesis-related redistribution of
lectin receptor sites ceased on day 60; at this time,
the histotopography of lectin labels corresponded
to that of day 120.

Diabetic nephropathy

Streptozotocin injection induced significant redistri-
bution of lectin receptor sites in all experimental
groups of animals. In detail, reductions of Con A,
LVA, MPFA, LABA, SNA, WGA, and RCA binding
were accompanied by the enhanced exposure of PNA,
HPA, and SBA receptor sites (Table 5, Figures 3D,
4D, 5D, 6D). A considerable increase in the reactivi-
ty of brush border glycoconjugates was detected in
the proximal and distal tubules, as well as of the lu-
minal surface of collecting duct cells, with most of

Table 5. Age-related and diabetes-induced effects on lectin binding to renal microstructures

No. Lectin, its Experimental Renal structures
carbohydrate group of animals
specificity

Podocytes Mesangial Filtration Renal Proximal Distal Collecting
cells membrane  corpuscle  tubule tubule  duct

(brush
border)

1. Con A, Postnatal day 20 + + + ++ + + +
aDMan, Postnatal day 120 ++ ++ ++ ++ ++ ++ ++
aDGlc Diabetes mellitus – – – – – – –

2. LVA, Postnatal day 20 + + + + + + +
aDMan Postnatal day 120 ++ ++ ++ ++ ++ ++ ++

Diabetes mellitus + + + + + + +

3. MPFA, Postnatal day 20 + + + ++ ++ ++ +
DMan, Postnatal day 120 ++ ++ ++ ++ ++ ++ ++
DGlcNAc Diabetes mellitus + + + ++ ++ + +

4. LABA, Postnatal day 20 + + ++ ++ + + +
aLFuc Postnatal day 120 ++ ++ ++ ++ ++ ++ ++

Diabetes mellitus – – – – + + +

5. SNA, Postnatal day 20 – + – + + + +
NeuNAc Postnatal day 120 + ++ ++ ++ ++ ++ ++
(a2-6)DGal Diabetes mellitus + – – + + – –

6. WGA, Postnatal day 20 + + ++ ++ + + +
DGlcNAc Postnatal day 120 ++ ++ ++ ++ ++ ++ ++
> NeuNAc Diabetes mellitus + + + + + – –

7. RCA, Postnatal day 20 + + + + + + +
bDGal Postnatal day 120 ++ ++ ++ ++ ++ ++ ++
> NeuNAc Diabetes mellitus + + ++ + + + +

8. PNA, Postnatal day 20 + ++ + + ++ + +
DGal Postnatal day 120 + + + + + + +

Diabetes mellitus ++ ++ ++ ++ ++ ++ ++

9. HPA, Postnatal day 20 + + ++ ++ ++ ++ ++
aDGal NAc Postnatal day 120 + + + + + + +

Diabetes mellitus + ++ ++ ++ ++ ++ ++

10. SBA, Postnatal day 20 ++ ++ ++ + ++ + ++
aDGalNAc Postnatal day 120 + + + – + + +
> bDGalNAc Diabetes mellitus ++ ++ ++ + ++ ++ ++

Binding intensity: ++ strong; + positive; – lack of binding
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the lectins used. Development of diabetic nephropa-
thy had no consistent effects on the selectivity of fil-
tration membrane labeling with MPFA, WGA, and
RCA (Figures 3C, D, 6C, D). It is noteworthy, that
significant histopathologic changes were identified by
means of lectin histochemistry already on day 14 post
streptozotocin injection, being supplemented by other
morphological manifestations en route of diabetic
progression.

Discussion

Developmental morphology

The data presented demonstrate increases in Con A,
LVA, MPFA, LABA, SNA, WGA, and RCA reactiv-
ities with the developing renal microstructure in as-
sociation with decreased PNA, HPA, and SBA label-
ing. It is known that Con A possesses the highest af-
finity to biantennary oligosaccharides with a tri-man-
noside core and ßDGlcNAc as terminus. Attachment
of DGal and NeuNAc residues to the tri-mannoside
core inhibits binding affinity [24]. For LVA, the high-

est inhibitory activity is documented with oligosac-
charides containing terminal Man(a1-3)Man resi-
dues, while Con A prefers Man(a1-2)Man. MPFA,
which can also be considered as mannose-specific lec-
tin, in contrast to Con A and LVA, in our preliminary
studies demonstrated very high affinity to alkaline
phosphatase from calf intestine (Table 4). We pre-
sume that an important role in MPFA binding to gly-
coproteins is played by GlcNAcb(1-2)Mana(1-6) or
GlcNAcb(1-2)Mana(1-2) sugar moieties, which do
not obligatorily take terminal positions [6].

Enhancement of Con A, LVA, and MPFA bind-
ing to rat kidney glycoconjugates during postnatal
morphogenesis encompasses the accumulation of
mannose-rich structural components. It also becomes
obvious that all of the above lectins do not possess
sufficient selectivity to discriminate structure-specif-
ic renal glycoconjugates. However, MPFA proved to
be the most selective early label of the developing
renal corpuscles. Our recent data on the specificity
of this lectin binding extend previous observations
concerning its reactivity with alkaline phosphatase and
demonstrate its binding to a wide diversity of com-

Figure 3. Redistribution of MPFA receptor sites in rat kidney under experimental conditions. (A) Postnatal day 1: on the
moderately positive background of renal parenchyma, intensive lectin binding to luminal surface and apical cytoplasm of
S-shaped bodies (SB) and terminal ampullae (TA) cells. (B) Postnatal day 20: strong labeling of renal corpuscles (RC),
with moderate reactivity of renal tubules. (C) Postnatal day 120: strong reactivity of renal corpuscle (RC) and of adjacent
proximal tubules’ brush border, with cytoplasmic glycoconjugates of tubular cells faintly positive. (D) Post-streptozotocin
day 30: in comparison with (C), loss of lectin binding to renal parenchyma, with strong reactivity of renal corpuscles (RC),
brush border of renal tubules, and collecting duct (CD) cells. Objective magnification: ×40 (A), ×20 (B, D), × 60 (C)
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plex type renal glycoconjugates with DMan/DGlc and
DGlcNAc sugar determinants.

The carbohydrate specificity of LABA, similar to
that of Tetragonolobus purpureus agglutinin (TPA), is
directed towards LFuc residues of glycoconjugates.
Complex type biantennary oligosaccharides with ter-
minal LFuca(1-2)Gal strongly inhibit LABA aggluti-
nation activity. Interestingly, oligosaccharides with
LFuca(1-3)Gal terminus do not possess inhibitory
activity [25]. Development-related enhancement of
LABA reactivity apparently indicates postnatal ac-
cumulation of LFuca(1-2)Gal sugar determinants in
renal microstructures.

Decreased PNA, HPA, and SBA labeling accom-
panied by the enhanced exposure of SNA, WGA, and
RCA receptor sites is most likely related to masking
of DGal and DGalNAc by NeuNAc residues, a mat-
uration-related change in glycoconjugate processing,
which is quite common in mammalian tissues [2, 3].
The present results are in agreement with and extend
earlier observations of Holthofer et al. [13], who re-
ported progressive sialylation with simultaneous re-

duction of DGalNAc determinants during renal de-
velopment in rats. Similarly, enhanced fucosylation
and sialylation patterns in association with reduced
DGal and DGalNAc content were detected in the
developing mouse kidney [12, 14].

The most significant age-related redistribution of
lectin receptor sites was detected between postnatal
days 1 and 20. Among the other representative signs
of kidney maturation was strong reactivity of previously
non-reactive renal corpuscles with MPFA, WGA, and
RCA. These results apparently demonstrate an impor-
tant role of DGlcNAc and NeuNAc sugar determinants
in the developing filtration barrier of a rat. Although
the earliest signs of renal corpuscle lectin reactivity in
the present study were first detected in 20-day-old rats,
it should be noted that Zuber et al. [16] reported SNA
labeling of rat kidney corpuscles already on postnatal
day 5, and Hanai et al. [14] detected lectin binding to
murine renal corpuscles still earlier, on postnatal day
2. These results apparently indicate the ongoing pro-
cess of kidney maturation, which, according to our
observations, lasts at least until postnatal day 60.

Figure 4. Histotopography of fucosylated glycopolymers as detected by LABA binding. (A) Postnatal day 1: reactivity
within the cytoplasm of terminal ampullae cells, with developing renal corpuscles (RC) faintly positive. (B) Postnatal day
60: strong positive cytoplasmic and nuclear glycoconjugates of tubular epitheliocytes, with renal corpuscles (RC) faintly
reactive. (C) Postnatal day 120: in comparison with (A) and (B), more intensive lectin binding to nuclear and cytoplasmic
glycoconjugates of renal corpuscles (RC) and tubular cells. (D) Post-streptozotocin day 80: in comparison with (C),
significantly decreased reactivity of renal parenchyma, with enhanced labeling of proximal tubules (PT) brush border.
Objective magnification: ×40 (A, C, D), and ×20 (B)
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The present data on shifting of the lectin reactivi-
ty of renal tubule epithelial cell nuclei from completely
negative in newborn rats to strongly positive on post-
natal day 120 correlate with the earlier observations
of Schulte and Spicer [9], who detected PNA binding
to the nuclei of renal tubule epithelium in adult rats.
Similar shifting of nuclear reactivity with fucose-spe-
cific lectin UEA-I was also seen during postnatal de-
velopment of mouse kidney [14]. Moreover, Roth [26],
using electron microscopy, demonstrated Con A bind-
ing to condensed and nucleolar-associated chroma-
tin of adult rat hepatocytes. The present findings of
nuclear lectin reactivity apparently relate to the
progress of nuclear heterochromatinization which
becomes completed in rat kidney by postnatal day 120.

Diabetic nephropathy

Lectin histochemistry revealed that DM induced sig-
nificant remodeling of rat kidney glycoconjugates. In
general, it was opposite to the glucoconjugates pat-
tern observed during normal postnatal development,

with enhanced exposure of PNA, HPA, and SBA re-
ceptor sites in association with decreased Con A, LVA,
MPFA, LABA, SNA, WGA, and RCA binding. It is
known that oligosaccharides are much stronger in-
hibitors of lectin hemagglutinating activity than
monosaccharides. Similar structure of di- and tri-sac-
charides can be discriminated with regard to lectin
binding affinities [2]. Since the primary structure of
renal glycoconjugate oligosaccharide chains has not
as yet been described, the interpretation of the present
results can only be hypothetical.

In detail, the affinities of PNA, HPA, and SBA
are directed towards DGal and DGalNAc sugar res-
idues. PNA is a rather unique lectin in the sense of its
selective binding to DGal and its complete lack of
interaction with DGalNAc. The highest affinity of
PNA was documented with T-antigen (Galb1-3Gal-
-NAc) and several related oligosaccharides [27]. On
the other hand, the HPA combining site is directed
exclusively towards the terminal non-reducing aDGal-
-NAc residues. Galactose, mannose, glucose,
N-acetyl-D-galactosamine, and N-acetyl-D-glucosamine

Figure 5. Redistribution of SBA receptor sites during postnatal morphogenesis (A, B, C) and in diabetes-affected (D) rat
kidney. (A) Postnatal day 1: lectin labeling restricted to luminal surface and apical portions of the cells forming S-shaped
bodies (SB) and terminal ampullae (TA). (B) Postnatal day 20: trace reactivity of renal tubule brush border and nuclear
glycoconjugates. (C) Postnatal day 120: in comparison with (A), reduced reactivity of tubular cells luminal surface and
apical cytoplasm, with the renal corpuscle (RC) not reactive. (D) Post-streptozotocin day 14: in comparison with (C),
enhanced lectin labeling of renal tubules brush border and cytoplasmic glycoconjugates, with epithelial cell nuclei and
renal corpuscles (RC) not reactive. Objective magnification: ×40
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do not inhibit HPA activity. The best known HPA in-
hibitor is Forssman antigen, containing a non-reduc-
ing GalNAca(1-3)GalNAc terminus. SBA binds both
DGal and DGalNAc, though the inhibitory activity
of GalNAca(1-3)Gal disaccharide is much higher [28].

SNA hemagglutinating activity is inhibited by DGal
and DGalNAc, as well as by a variety of oligosaccha-
rides containing these residues in terminal positions,
in concentrations of 10–30 mM [29]. However, the in-
hibitory potential of oligosaccharides with the Neu-
-NAca(2-6)Gal terminus exceed that of DGal by 1,600–
–10,000 times [29]. RCA interacts with DGal, the in-
hibitory activity of Galb(1-4)GlcNAc disaccharide is
15 times higher, and a still higher affinity is possessed
by the trisaccharide NeuNAca(2-6)Galb(1-4)Glc. The
interaction of WGA with carbohydrates is directed
towards the disaccharide Manb(1-4)GlcNAcb1-Asp,
though this lectin molecule consists also of a combin-
ing site for the NeuNAc terminus [30]. As can be seen,
a crucial role for SNA, RCA, and WGA binding to
tissue glycoconjugates is played by NeuNAc residues
in different stereoisomeric positions.

Despite the fact that the biological background of
glycoconjugate remodeling during postnatal develop-
ment and in diabetic nephropathy is completely dif-
ferent, it is likely that oligosaccharide processing un-
der these two conditions shares certain common steps.
From our recent findings of reciprocal tendencies in
the rearrangement of lectin receptor sites, it can be
assumed that diabetic impairments of rat kidney gly-
coconjugates includes unmasking of DGal and DGal-
-NAc residues apparently due to incomplete final gly-
cosylation of carbohydrate determinants.

Among the most characteristic manifestations of
diabetic nephropathy was the enhanced lectin reac-
tivity of the brush border within the proximal and dis-
tal tubules. Supplemented with the morphometric
data, which revealed a direct correlation between di-
abetes progression and decreased urinary space of
both individual renal corpuscles and of the kidney as
a whole (unpublished data), it can be speculated that
DM may affect active reabsorption in nephron epi-
thelial cells, in compliance with the accumulation of
lectin-reactive enzymes in their brush border.

Figure 6. Selectivity of lectin binding to rat kidney microstructures. (A) Postnatal day 1: negative image of the developing
renal corpuscles and epithelial cell nuclei on strongly positive background of proximal tubule (PT) cytoplasmic glycocon-
jugates as displayed by LVA labeling. (B) Postnatal day 120: in comparison with (A), strong LVA reactivity of nuclear-
associated glycopolymers within renal tubules and renal corpuscle (RC) cells. (C) Postnatal day 60: predominant RCA
binding to the brush border of medullary tubules and to renal corpuscles, with adjoining cortical tubules only faintly
positive. (D) Post-streptozotocin day 14: intensive RCA reactivity of renal corpuscle (RC) filtration membrane and of
tubular cells brush border. Objective magnification: ×40 (A, B, D), and ×20 (C)
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It is generally accepted that diabetic nephropathy
is accompanied by the accumulation of glycogen de-
posits within the cells of cortical ascending thick limbs
[10, 11]. With reference to the data of Zlotowski et
al. [31] on strong glycogen reactivity with Con A, we
expected to find considerable enhancement of Con
A binding in diabetic rat kidney. On the contrary, the
recent observations revealed a diabetes-induced de-
crease of this lectin reactivity. There can be two pos-
sible explanations for this phenomenon: 1) partial
extraction of glycogen during formalin fixation and
following tissue processing; and 2) Con A receptor
sites in rat kidney apparently include, besides glyco-
gen, a vast pool of non-extractable glycoconjugates,
which becomes reduced in the condition of experi-
mental diabetes mellitus.

Conclusions

1. Postnatal morphogenesis of rat kidney is accom-
panied by exposure of extra DMan, LFuc, and
NeuNAc residues, in association with reduction
of DGal and DGalNAc sugar determinants. Re-
nal glycoconjugate remodeling in rats lasts up to
postnatal day 60, which corresponds to kidney
maturity.

2. Diabetic impairments of rat kidney glycoconju-
gates include unmasking of DGal and DGalNAc
residues, presumably due to incomplete final gly-
cosylation patterns of carbohydrate determinants.

3. Lectins demonstrated selective binding to rat kid-
ney constituents: MPFA, WGA, and RCA — to
renal corpuscles; SBA and HPA — to cortical tu-
bules; and WGA and RCA — to the renal tubu-
les of the outer medulla.

4. Original lectin preparations (MPFA, LABA, and
LVA) can be recommended for further applica-
tion in developmental morphology and experi-
mental histopathology research.
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