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Abstract: Lectin bindings on the surface of unfertilized
mouse ova immediately after ovulation were histochemi-
cally examined, and were compared among 30-day-old,
60- to 90-day-old, 180- to 210-day-old and 270-day-old
mice. The bindings of PNA, GS-1, DBA, SBA, BPA, MPA,
GS-ll, WGA and Con A were observed from a weak to
an intense degree on the cell surface of ova in mice from
different age groups, but those of UEA-I and LPA were
not. Although the strength in bindings of PNA, DBA, SBA,
GS-ll, BPA, WGA and Con A did not differ among the
age groups, the strength of GS-1 and MPA bindings in-
tensified in 270-day-old mice. From the results, it may
be said that the glycoconjugates on the cell surface of
mouse ova immediately after ovulation contain galactose,
N-acetylgalactosamine, N-acetylglucosamine and man-
nose, and that the amount of galactose and
N-acetylgalactosamine increases as the animals get
older.
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It is generally accepted that glycoconjugates on the
cell surface of mammals play an important role not only
in the protection of cells and in the ingestion of external
substances into cells, but also in cell-to-cell recognition
and the formation of tissues. [t has also been clarified
by lectin-histochemical techniques that glycoconjugates
on the cell surface change during the course of differen-
tiation, aging and the malignancy of cells [1-4].

Lectins are proteins that have plural regions, where
they each bind with peculiar oligosaccharides of
glycoconjugates [5]. Using the lectins labeled by fluo-
rescent pigments, ferritins or by enzymes, it is possible
to examine the status of glycoconjugates on the cell
surface [1-4].
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In the mammalian ova and early embryos, the
changes in glycoconjugates on their cell-surfaces have
been studied by lectin-histochemical techniques, using
hamsters [6] and mice [7-24]; and it has been deduced
from these investigations that the glycoconjugates on
the cell surface play important roles in fertilization, com-
paction and implantation. Lectin bindings on the cell
surface of unfertilized ova immediately after ovulation
also have been examined using hamsters [6] and mice
[7, 9, 18, 20, 21, 24], and it has been confirmed that
lectins such as Ricinus communis agglutinin | (RCA-I),
Ricinus communis agglutinin 1t (RCA-II), Dolichos biflorus
agglutinin (DBA), Glycine max agglutinin (SBA), Sophora
japonica agglutinin (SJA), Bauhinia purpurea agglutinin
(BPA), Wistaria floribunda agglutinin (WFA), Visea villosa
agglutinin (VVA), Helix pomatia agglutinin (HPA),
Canavalia ensiformis agglutinin (Con A), Lens culinaris
agglutinin (LCA), Helix aspersa agglutinin (HAA),
Solanum tuberosum agglutinin (STA), Triticum vulgaris
agglutinin (WGA), Griffonia simplicifolia agglutinin | (GS-
1), Griffonia simplicifolia agglutinin 1l (GS-1l), Maclura
pomifera agglutinin (MPA), Phaseolus vulgaris aggluti-
nin (PHA), Arachis hypogaea agglutinin (PNA),
succinylated Canavalia ensiformis agglutinin (s-Con A),
Pisum sativum agglutinin (PSA), Lotus tetragonolobus
agglutinin (FBP) bind with glycoconjugates on the cell
surface from a weak to an intense degree, whereas
lectins such as Ulex europeus agglutinin | (UEA-I), Ulex
europeus agglutinin Il (UEA-I), Limulus polyphemus
agglutinin (LPA) and Phaseolus limensis agglutinin (LBA)
do not. Age-related changes and the ability of lectin
binding in mammalian ova, however, remained unknown.

The present investigation, therefore, deals with age-
related changes in the lectin binding ability of mouse
ova immediately after ovulation, using PNA, GS-I, DBA,
SBA, BPA, MPA, GS-ll, WGA, Con A, UEA-I and LPA
as lectins.
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Materials and Methods

Fifty-two female mice of the ICR strain were divided
into four age groups; 30-day-old, 60- to 90-day-old, 180-
to 210-day-old and 270-day-old mice. They were kept
and fed normally in a room at 24°C and lit 14 hrs a day,
4 a.m. through 6 p.m., and were peritoneally injected
with 5 i.u. of PMSG (Serotropin, Teikoku Hormone Manu-
facturing Co., Ltd., Tokyo, Japan), and with 5 i.u. of
hCG (Gonatropin, Teikoku Hormone Manufacturing Co.,
Ltd.) 48 hrs later in order to induce superovulation.

In order to observe lectin bindings on the cell sur-
face of mouse ova, ova-containing oviducts were taken
13 hrs after an hCG injection, fixed in Bouin solution,
embedded in paraffin, serially cut at a thickness of 6
um, and then only ova-containing sections were selected.
The direct method was applied to deparaffinized sec-
tions, using eleven kinds of lectins labeled by peroxidase
(E-Y Laboratories, San Mateo, U.S.A.): namely, PNA,
GS-1, DBA, SBA, BPA, MPA, GS-Il, WGA, Con A, UEA-
| and LPA. The deparaffinized sections were immersed
in a phosphate buffer saline [25] (PBS, pH 7.4) contain-
ing 0.1% bovine serum albumin (BSA, Sigma Chemical
Co., St. Louis, U.S.A.) (BSA-PBS), at room temperature
for 30 min. Rinsed in PBS, they were immersed in 1 ml
of BSA-PBS containing 100 ug of lectin at room tem-
perature for 30 min. The sections thus treated were
rinsed in PBS, and then immersed in a PBS containing
0.02% diaminobenzidine (DAB, Nakarai Chemicals Ltd.,
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Kyoto, Japan) (DAB-PBS) at room temperature for 10
min, and then immersed in 100 ml of DAB-PBS contain-
ing 100 ul of 5% H,0, at room temperature for another
10 min. The same procedures for the demonstration of
lectin bindings were applied 3 times to 20 to 25 ova
from each age group of mice. As for the control groups,
some sections were pre-treated in a 0.2 M inhibiting
monosaccharide-containing solution, and then were im-
mersed either in a plain BSA-PBS, in place of a
lectin-containing BSA-PBS, or in a BSA-PBS which con-
tained a 0.2 M inhibiting monosaccharide in addition to
the lectin. As inhibiting monosaccharides, D-galactose
(Fluka Biochemika, Buchs, Switzerland) was used for
PNA and GS-l, N-acetyl-D-galactosamine (Wako Pure
Chemical Industries Ltd., Osaka, Japan) for DBA, SBA,
BPA and MPA, N-acetyl-D(+)-glucosamine (Wako Pure
Chemical Industries Ltd.) for GS-Il and WGA, a-methyl-
D-mannoside (Fluka Biochemika) for Con A, L-fucose
(Fluka Biochemika) for UEA-I, and N-acetylneuraminic
acid (Nakarai Tesque, Kyoto, Japan) for LPA, respec-
tively. The sections thus treated were dehydrated, and
mounted in Balsam (Wako Pure Chemical Industries
Ltd.).

Results

When the sections that contained ova were treated
by the lectin-histochemical method as described above,
brown reaction products of benzidine which show the
presence of lectin bindings were found on the cell sur-

Fig. 1. An unfertilized mouse ovum from a 60-day-old mouse, treated with Con A. A small amount of reaction products
showing the binding of Con A {an arrow) are seen on the cell surface. x 450.

Fig. 2. An unfertilized mouse ovum from a 270-day-old mouse, treated with GS-I. A large amount of reaction products
showing the binding of GS-I (an arrow) are seen on the cell surface. x 450.

Fig. 3. A control unfertilized mouse ovum from a 30-day-old mouse, treated with PNA and galactose. No reaction products

are seen on the cell surface. x 450.



face of ova (Figs. 1 and 2). No reaction products were
observed when the sections were treated with a lectin-
free BSA-PBS, or treated with a solution including an
inhibiting monosaccharide (Fig. 3). From these results,
it was confirmed that lectin binding was specific, and
that the amount of products indicated the intensity of
lectin binding activity.

The results with respect to the intensity of lectin bind-
ing on the cell surface of ova from different age groups
of mice are given in Table 1. As shown in Table 1,
PNA, DBA, SBA, BPA, GS-Il, WGA and Con A were
bound with glycoconjugates from a weak to an intense
degree on the cell surface of ova from mice in every
age group (Fig. 1), showing no age-related changes.
On the other hand, GS-I and MPA were bound with
glycoconjugates from a weak to a moderate degree on
the cell surface of ova from 30- to 210-day-old mice.
The binding of GS-I and MPA was intensified to a mod-
erate or to a high degree on the cell surface of ova in
270-day-old mice (Fig. 2).

Discussion

Past lectin-histochemical studies have shown that in
unfertilized mouse ova, lectins such as RCA-I, RCA-II,
DBA, SBA, SJA, BPA, WFA, VVA, HPA, Con A, WGA,
LCA, PNA, HAA, PHA, PSA, FBP, MPA, s-Con A, GS-l,
GS-ll and STA are bound with glycoconjugates on their
cell-surfaces, but UEA-I, UEA-II, LBA and LPA are not
[7,9, 13, 20, 21, 24]. In this present investigation on
unfertilized mouse ova also, the bindings of PNA, DBA,
SBA, BPA, WGA, GS-I, GS-Il, Con A and MPA were
observed, while UEA-I and LPA were not, thus confirm-

Table 1. Intensity of lectin bindings on the cell surface
of unfertilized ova from different aged mice

. Age (days)
Lectins S
30 60-90 180-210 270
PNA +++ +++ +++ +++
DBA +4++ +4++ +++ +4++
SBA +++ +++ +++ +++
BPA ++ ++ ++ ++
WGA ++ ++ ++ ++
GS-1 + + + +
Con A + + + +
GS-1 ++ ++ ++ +++
MPA + + + ++
UEA-I - - - -
LPA - - - -

- Negative, + weak, ++ moderate, +++ strong.
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ing past reports. From the results described above, it
may be said that glycoconjugates which contain galac-
tose, N-acetylgalactosamine, N-acetylglucosamine and
mannose do exist on the cell surface of mouse ova
immediately after ovulation, while those containing fu-
cose do not.

As for age-related changes in glycoconjugates on
the cell surface of somatic cells, a few investigators
have studied several kinds of cells using different
lectins, and have confirmed that glycoconjugates con-
taining galactose in the surface of human liver cells
decrease with age [26, 27]. The same occurs in those
containing fucose, mannose, galactose, glucose, N-
acetylglucosamine, N-acetylgalactosamine and sialic acid
in cell-surfaces of human erythrocytes {28-30]. The
amount of these glycoconjugates on cell-surfaces of such
cells was reported to have decreased as the cell cultur-
ing period was extended (26, 27, 29]. Further, the
number of Con A-binding cells increased with aging in
rat hepatic cells [31] and in fibroblasts of chick embryos
[32] as well as humans [33]. These experiments in vitro
proved (1) the increase of glycoconjugates that contain
mannose with the advance in age, and (2) a vast diver-
sity in age-related changes of glycoconjugates on the
cell surface. In the present investigation, the binding of
GS-l and MPA on the cell surface of ova from 270-day-
old mice increased. This seems to prove that there is
an increase in glycoconjugates which contain galactose
and N-acetylgalactosamine as the animals age.

References

1) Fukuda, M., Fukuda, M.N., Papayannopoulou, T. and
Hakomori, S. (1980): Membrane differentiation in hu-
man erythroid cells: Unique profiles of cell surface
glycoproteins expressed in erythroblasts in vitro for
three ontogenic stages. Proc. Natl. Acad. Sci. U.S.A,,
77, 3474-3478.

2) Hirano, H. (1980): Structure of cell membrane and
trans membrane control. Saishin Igaku, 35, 724-735.

3) Fukuda, M. and Fukuda, M.N. (1981): Changes in
cell surface glycoproteins and carbohydrate structures
during the development and differentiation of human
erythroid cells. J. Supramol. Struct. Cell. Biochem.,
17, 313-324. :

4) Hakomori, S. (1982): Cell-surface glycoconjugates and
cell recognition. In: Cell Recognition and Animal
Lectins (Osawa, T., ed.), pp. 1-19, Kodansha, Tokyo.

5) Goldstein, I.J., Hughes, R.C., Monsigny, M., Osawa,
T. and Sharon, N. (1980):. What should be called a
lectin ? Nature, 285, 66.

6) Yanagimachi, R. and Nicolson, G.L. (1976): Lectin-



82 — J. Mamm. Ova Res. Vol.12, 1995

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

binding properties of hamster eggs zona pellucida and
plasma membrane during maturation and preimplan-
tation development. Exp. Cell Res., 100, 249-257.
Johnson, M.H., Eager, D., Muggleton-Harris, A. and
Grave, H.M. (1975): Mosaicism in organisation of Con-
canavalin A receptors on surface membrane of mouse
egg. Nature, 257, 321-322.

Brownell, A.G. (1977): Cell surface carbohydrates of
preimplantation embryos as assessed by lectin bind-
ing. J. Supramol. Struct. Cell. Biochem., 7, 223-234.
Konwinski, M., Vorbrodt, A., Solter, D. and Koprowski,
H. (1977): Ultrastructural study of preimplantation
mouse embryos. J. Exp. Zool., 200, 311-324.
Fujimoto, H., Muramatsu, T., Urushihara, H. and
Yanagisawa, K.O. (1982): Receptors to Dolichos
biflorus agglutinin: A new cell surface marker com-
mon to teratocarcinoma cells and preimplantation
mouse embryos. Differentiation, 22, 59-61.

Wuy, T.C., Wan, Y.J. and Damjanov, 1. (1983): Fluo-
rescein-conjugated Bandeiraea simplicifolia lectin as
a marker of endodermal, yolk sac, and trophoblastic
differentiation in the mouse embryo. Differentiation,
24, 55-59.

Wu, T.C., Lee, M.C., Wan, Y.J. and Damjanov, 1.
(1984): Lectin binding sites of the mouse ovary,
intraovarian and ovulated ova. Histochemistry, 80,
527-533.

Sato, M. and Muramatsu, T. (1985): Reactivity of five
N-acetylgalactosamine-recognizing lectins with pre-
implantation embryos, early postimplantation em-
bryos, and teratocarcinoma cells of the mouse. Differ-
entiation, 29, 29-38.

Chavez, D.J. (1986): Cell surface of mouse blasto-
cysts at the trophectoderm-uterine interface during
the adhesive stage of implantation. Am. J. Anat., 176,
153-158.

Sato, M., Yonezawa, S., Uehara, H., Arita, Y., Sato,
E. and Muramatsu, T.(1986): Differential distribu-
tion of receptors for two fucose-binding lectins in em-
bryos and tissues of the mouse. Differentiation, 30,
211-219.

Dealtry, G.B., Curry, M.R. and Sellens, M.H. (1987):
Fucosylated glycoconjugates appear on mouse embryos
during blastocyst formation. J. Exp. Zool., 243, 163-
169.

Fein, A. (1987): Lectin receptors on preimplantation
mouse embryos: The solidity of lectin binding. Gynecol.
Obstet. Invest., 24, 101-106.

Kimber, S.J. (1988): The role of fucosylated
glycoconjugates in cell-cell interactions of the mam-
malian pre-implantation embryo. In: Eukaryote Cell
Recognition (Chapman, G.P., Ainsworth, C. and
Chatham, C., eds.), pp.194-224, Cambridge Univer-
sity Press, Cambridge.

Lee, S.H., Ahuja, K.K,, Gilburt, D.J. and Whittingham,
D.G. (1988): The appearance of glycoconjugates asso-
ciated with cortical granule release during mouse fer-
tilization. Development, 102, 595-604.

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

Kimber, S.J. (1990): Glycoconjugates and cell surface
interactions in pre- and peri-implantation mamma-
lian embryonic development. Int. Rev. Cytol., 120,
53-1617.

Arai, Y., Yotsutani, I., Niimura, S. and Ishida, K.
(1991): Histochemical observations of lectin-bindings
on the cell-surfaces of preimplantation mouse em-
bryos. Jpn. J. Fertil. Steril., 36, 469-474.

Arai, Y., Yotsutani, I., Niimura, S. and Ishida, K.
(1992): Histochemical observations of lectin-binding
on the cell-surface of mouse blastocysts during the
preimplantation period. Anim. Sci. Technol., 63, 318—
324.

Yotsutani, I., Niimura, S. and Ishida, K. (1992):
Changes in glycoconjugates on the cell-surface of
mouse embryos in the course of blastocysts formation
—A lectin-histochemistry—. J. Reprod. Dev., 38, 29—
33.

Niimura, S., Hosoe, M., Arai, Y. and Ishida, K. (1992):
Changes in lectin binding on the cell-surface of un-
fertilized mouse eggs during the loss of fertilizability.
J. Reprod. Dev., 38, j33—37.

Dulbecco, R. and Vogt, M. (1954): Plaque formation
and isolation of pure lines with poliomyelitis viruses.
J. Exp. Med., 99, 167-182.

Aubery, M., Guillouzo, A., Bernard, B. and Font, L.
(1986): Changes in Ricinus communis lectin binding
to the cell surface of human liver cells in culture.
Exp. Cell Res., 129, 273-280.

Bernard, B., Font, J. and Aubery, M. (1982): Increase
of cell surface hyaluronic acid during aging in human
liver cells. Mech. Ageing Dev., 19, 211-216.

Bladier, D., Gattegno, L., Fabia, F., Perret, G. and
Cornillot, P. (1980): Individual variations of the seven
carbohydrate components of human erythrocyte mem-
brane during aging in vivo. Carbohydrate Res., 83,
371-376.

Pallavicini, G., Brovelli, A. and Bardni, A. (1984):
Electrophoretic and lectin-binding properties of gly-
copeptides released from membrane during “in vitro”
aging of human erythrocytes. Biomed. Biochem. Acta,
43, 955-961.

Shinozuka, T., Takei, S., Yanagida, J., Watanabe, H.
and Ohkuma, S. (1988): Number and distribution den-
sity of ABH and MN antigen sites on young and old
human erythrocyte surfaces. Life Sci., 43, 683-689.
Csaba, G. and Bohdaneczky, E. (1983): Lectin (Con-
canavalin A) binding to rat hepatocytes in different
stage of cell differentiation. Z. Mikrosk. Anat. Forsch.,
97, 75-80.

Yamamoto, K., Yamamoto, M. and Ooka, H. (1977):
Cell surface changes associated with aging of chick
embryo fibroblasts in culture. Exp. Cell Res., 108,
87-93.

Blondal, J.A., Dick, J.K. and Wright, J.A. (1985):
Membrane glycoprotein changes during the senescence
of normal human diploid fibroblasts in culture. Mech.
Ageing Dev., 30, 273-283.



Niimura, etal. — 83

T ADMEEICH S RRBPFREDOL 4 F o BHEDEL

RS OREE - K K2

VB KFRER, FriB™ T 950-21

2HERRH AR SERT, TER

30 A, 604\ LO0 B, 1804V L 210 Bl L U270
HED VI ADKRSHEIPFIcDOVWT, REDL 7 F 4
PEMIOMBICE-S TEDL I ICTILT 5 » 2 BT
ICEAN =, UEA-I £ LPADBES TR TOBMDOINF T H
Shirh-7#, PNA, DBA, SBA, BPA, GS-l, WGA
LU Con ADFER I, WThOBEOEYOIPFICEN
THEICBELVLAEICES SN, RABOBHYOET
REDREIITIERAESNE P, —F, GS-IH LV
MPA O#E41E, 30 4L L 210 BEOEMIDIIF Tl b

T 270-14

EBLUBETH> P, 270 B OB OERFTIIEE
W, BEBLUREEICL - UEOERY» S, HHIIE
BOX I ZAXZHIVTFRACESHERIISI SV — X, N-
PEFILAESTFHI N-FEFAINAGILH LV
R/ —REBATEY, ZOIEDHSTT =X EN-T
LFIAZT MY IOBRISNBEHNOINF CHEMNT S
ENEREN L.

F—D—K:vyXF, MAlakE, EEEE, LIF >,
.





