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Here we report the binding of lectins (Con A, PNA
and WGA) to cauda epididymal and ejaculated rhesus
monkey spermatozoa using a solid-phase cellular lectin
enzyme immunoassay (CLEIA). For standardization of
the assay, optimum dilutions of lectins, enzyme conju-
gated antibodies, inhibitor saccharides and sperm
number for coating to microtitre plate wells were
established. Using radioiodinated lectins, radio-lectin
assay was also established but correlation analysis
showed CLEIA had higher sensitivity compared to
radio-lectin assay (CRLA). Using CLEIA, WGA bind-
ing to ejaculated Spermatozoa showed a significant
increase compared to cauda epididymal spermatozoa.
Using FITC labelled lectins, Con A, PNA and WGA
were localized mainly in the acrosomal region of caudal
and ejaculated spermatozoa while the post-acrosomal
region did not show any fluorescence. The solid phase
lectin immunoassay developed in this study with a
relatively small number of sperm is simple to perform,
sensitive and specific and can be used to screen antisera
and to analyse changes in lectin binding to cell surfaces.
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A variety of probes including antibodies, lectins and
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membrane intercalating agents have been used to un-
derstand the complex macromolecular organization of
the mammalian sperm surface'?. These include semiquan-
titative and quantitative studies using unlabelled®™ or
radiolabelled lectins,®’ flow cytometry®, cytochemistry” '
and electron microscopy'’. These studies indicated that
the glycoconjugate moieties on sperm surface are 1In-
volved in spermatogenesis and in post-testicular matu-
rational changes'® resulting in spermatozoa acquiring
fertilizing capacity. These methods, while giving valuable
data, have used fluid phase systems which can cause
agglutination of cells giving erroneous results. A method
using solid phase methods to assess lectin-binding sites
on sperm surface would be easy to carry out in large
number of samples, unhampered by lectin-induced ag-
glutination seen in fluid phase systems. Here we describe
the development of solid-phase CLEIA and CRLA meth-
ods for analysing lectin binding to the spermatozoa.
Fluorescence localization of the lectins was also carried
out to assess changes, if any, in the site of localization
of lectins in prefixed caudal and ejaculated sperma-
tozoa.
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Materials and methods

Preparation of sperm suspension and coating of
microassay plates

Semen was collected by penile stimulation'’ from five
adult male rhesus monkeys (Macaca mulatta;, 8-10kg)
during November to February. Cauda epididymal sper-
matozoa were collected by retrograde flushing using
medium'® and checked for the absence of erythrocytes
and epithelial cells. Motile spermatozoa- were collected
by the ‘swim-up” procedure, washed in phosphate buff-
ered saline (PBS; 75mM NaHPO,/2H,O/KH,PO,,
77 mM NaCl, pH 7.2) and resuspended in PBS to obtain
the requisite sperm concentration. For standardization,
100 pl of motile sperm suspension was dispensed at the
bottom of microtitre plate wells, fixed with 0.1% glu-
taraldehyde in PBS for 30 min at 4°C and left at 37°C
for 12-16h for attachment. Microscopic evaluation
showed glutaraldehyde fixation did not affect lectin
distribution. Washing of microtitre plates, wherein sper-
matozoa were fixed after coating, gave a cell loss of
0.38% of cells compared to 10.8% loss when fixed
spermatozoa in PBS were added to wells. Since cell
fixation = after coating gave better absorbance values
(1.06 £0.07; n=30 for Con A) compared to fixation
before coating (0.397 +0.01), the former method was
used subsequently.

Cellular lectin immunoassay

The sperm-coated plates were washed thrice with washing
buffer (PBS containing 0.05% Tween 20). Non-specific
binding was blocked for 3 h using 400 ul of blocking
buffer (PBS containing 1% BSA). The blocking buffer
was removed and the cells were incubated at 37°C for
60 min with 100l of lectins (2.5-5 pg/ml). Unbound
lectins were removed, the wells washed thrice with
washing buffer, and 100 ul of appropriately diluted horse
radish peroxidase (HRP) coupled anti-lectin antibody
was added. The plates were incubated following the
addition of 100 ul of substrate solution (34.7 mM citric
acid, 75 mM Na,HPO,2H,0, 0.04% o-phenylenediamine
and 0.03% H,O,, pH 5.0). The assay was terminated by
adding 504} of 2.5 N sulphuric acid. The absorbance
was measured at 490 nm (Emax Precision Microplate
Reader, Molecular Devices, USA).

Cellular radiolectin assay

Concanavalin A (Con A), peanut agglutinin (PNA) and
wheat germ agglutinin (WGA) were radioiodinated using
chloramine T (ref. 17). '*I-labelled lectins (5 x 10* cpm;
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0.15-0.25 ug) and 100 UM of sodium iodide in blocking
buffer were added to sperm-coated wells (in duplicate),
after blocking nonspecific binding, and incubated at
37°C for 60 min. Unbound lectins were removed, the

wells washed repeatedly, incised and counted in a Gamma
counter. | |

Inhibitor ligand and displacement study

The specificity of lectin binding was assessed (n =4,
in duplicate) by incubating (37°C, 30 min) with different
concentrations (up to 300 mM) of appropriate inhibitor
saccharides, prior to their addition to the wells. In
subsequent studies, the inhibitor sugar that gave maxi-
mum inhibition {(&-methyl mannose for Con A and
galactosamine for PNA) was used to identify the best
procedure for inhibition studies, by the following three
methods of incubation (37°C). (i) Lectin, preincubated
with the inhibitor was added to the wells and incubated
for 30 min; (ii) Lectin and inhibitor were added to wells
simultaneously and incubated for 30 min; (111) The coated
plates were incubated with lectin for 15 min, the inhibitor
was added and incubated for 15 min.

Localization of lectins

- Sperm suspension (1 million) in PBS was fixed (15 min)

by the dropwise addition of 4% paraformaldehyde and
processed for lectin localization'®. The fluorescence was
visualized under an epifluorescence microscope (Laborlux
S. Wild Leitz GmbH, Germany) using ploemopack I2
filter block (excitation filter BP 450—-490 and suppression
filter LP 515).

Statistical analyses

Data were analysed for correlation coefficient and sig-

nificance of correlation by Pearson’s correlation method
and one-way ANOVA.

Results'

Ejaculated spermatozoa collected by ‘swim-up’ procedure
showed rapid, linear progressive motility and the absence
of morphological abnormalities in Papanicolau stained
smears. Coated microplates left at 37°C for 12-16h
showed firm attachment of cells (n = 3).

Standardization of concentration of lectin and
HRP conjugated anti-lectin antibodies

Experiments (n =3, in duplicate) to determine the op-
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timum concentration of lectins and the respective HRP-
coupled anti-lectin antibodies using sperm concentration
of 0.1 x 10%/well (for Con A and PNA) and 0.5 x 10°/well
(for WGA) gave the following data: (i) Using different
dilutions of Con A (1 : 100-1 : 12,800) and HRP-anti-Con
A antibody (1:100-1:25,600), optimum results were
obtained using Con A up to a dilution of 1 :800 and
HRP-anti-Con A antibody up to a dilution of 1:400
or 1:800 (Figure 1a); (i1) Using six dilutions of PNA
(1:100to 1:3,200) and five dilutions of HRP-anti-PNA
antibody (1:100 to 1:1,600), decrease in absorbance
values (Figure 1) was seen with increasing dilutions,
but the results were not markedly different when PNA
and its antibody were used at dilutions of 1:100 to
1 :400; (iii) Similarly, WGA and anti-WGA antibody
at dilutions from 1:100 to 1:400 gave similar results
{Figure 1¢) and both were used at 1:200 dilutions,
for further studies.
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Figure 1a-d. a, Determination of the optimum concentration of Con
A and HRP-anti-Con A using 0.1 x 105 ejaculated sperm per well.
Con A dilutions are: ©—@ 1:100, O—0 1:200, m—B 1 ; 400, 3O
1:800,x—x1:1,600 A—A1:3,200, s—s 1:6,400, + —+ 1 :12,800.
b, Determination of the optimum concentration of PNA and HRP-anti-
PNA Ab using 0.1 x 10° ejaculated sperm per well. PNA dilutions are:
®—@ 1:100, O—0 1:200, m-M 1:400, [J-0O1:800, A—A 1:
1,600, A—A 1:3,200. ¢, Determination of the optimum concentration
of WGA and HRP-anti-WGA Ab using 0.5 x 10° ejaculated sperm per
well. PNA dilutions are: Il 1: 100, O—0O 1:200, ®—@ 1 : 400,
[{11:800, x—x 1:1,600, A—A 1:3,200, A—A 1:6,400, d, In-
crease in optical density and plateauing when increasing cell numbers
(0.05-5.0 % 1¢°) were exposed 10 Con A @—®, PNA X — x and WGA
(37 and their respective HRP anti-lectin antibodies.

9B

Standardization of cell number

When increasing number of coated cells (0.05-5 x 10°)
were exposed to Con A, PNA and WGA and to their
respective  HRP-anti-lectin antibodies (1 : 400 for Con
A and PNA and 1: 200 for WGA), even at a low cell
number of 0.05 x 10°, detectable absorbance was visible
indicating the sensitivity limit of the assay (Figure 1 4);
increase in cell number resulted in increase in absorbance,
until lectin concentration became limiting.

Specificity of the cellular lectin immuno assay

a-Methyl mannose was a more efficient inhibitor for
Con A than p-mannose since optimum inhibition was
obtained between 50 and 100 mM of o-methyl mannose
whereas p-mannose up to a concentration of 200 mM
did not give complete inhibition. PNA binding was
completely inhibited by 50 mM galactosamine. Complete
inhibition of PNA and WGA binding was not achieved
by 300 mM of N-acetyl galactosamine and N-acetyl
glucosamine, respectively. Preincubation of Con A with
o-methyl mannose or PNA with galactosamine gave
better inhibition than simultaneous addition of lectin and
inhibitor or addition of inhibitor after exposing the sperm
to lectin but, at higher concentrations of galactosamine,
the results of the three methods were similar.

Radiolectin assay

The specific activity of labelled lectins was 3.2 x 10°
cpm/ug for Con A, 23 x10° cpm/ug for PNA and
2.02x10° cpm/ug for WGA. A gradual increase in
labelling occurred when cell concentration was increased
and the radioactivity-bound plateaued at 1 x 10° sperm/
well, for the three lectins: further increase in cell number
up to 10 x 10’ did not increase lectin binding.

Binding of lectins to rhesus monkey spermatozoa

Of the three lectins used, binding (expressed as optical
density; mean X SE) of Con A to caudal spermatozoa
(1.4710.02; n=56) was maximum followed by WGA
(0.63 £0.01; n =38) and PNA (0.58 £0.02; n=42) bind-
ing. Spermatozoa at 1 x 10°/well were used for Con A
and PNA binding and at 5 x 10%well for WGA binding.
A significant (p <0.05) increase in WGA binding
(1.41 £0.04; n=42) was seen in ejaculated spermatozoa
compared to caudal sperm; but the increase in Con A
(1.79 £0.08; n=42) or PNA (0.61 £ 0.01; n = 40) binding
to ejaculated spermatozoa, compared to caudal sperm
was not significant. Correlation coefficient and signifi-
cance of correlation between solid-phase CLEIA and

CURRENT SCIENCE, VOL. 70, NO, L1, 10 JUNE 1996



CRLA were r=0.84 (Con A; p<0.001); r=0.85 (PNA;
p <0.001) and r=0.92 (WGA; p <0.001).

Lectin localization

Paraformaldehyde fixed cauda epididymal (Figure 2) and
ejaculated (Figure 3) spermatozoa showed localization
of FITC—Con A in the acrosomal region while the
equatorial region and midpiece showed light lectin lo-
calization; the postacrosomal region, neck and tail did

not show any fluorescence. Similar pattern of lectin
localization was seen with FITC-PNA and FITC-WGA.

Discussion

Here we describe a simple, specific and sensitive solid
phase cellular lectin assay which was used to study
binding of lectins to cauda epididymal and ejaculated
spermatozoa, using a small number of cells. This assay
has a higher sensitivity limit since detectable results
were obtained using low sperm concentration
(0.05 x 10°/well) whereas earlier studies have used a
much higher concentration of cells®’*. Other investigators
have carried out semiquantitative and quantitative meas-
urement of lectin-binding by agglutination of sperm
cells’, by assessing binding capacity of radiolabelled
succinylated Con A to sperm surface’ and by flow
cytometry®. Quantitation of changes in lectin binding by
the earlier methods has certain disadvantages which
include nonavailability of all surface-lectin-binding sites
due to agglutination and the expensive equipment needed
for flow cytometry. Susko-Parrish er al.’ attributed ag-
glutination of sperm cells as one of the complicating
factors for their inability to obtain saturable binding
kinetics. The method of using sperm-coated microtitre
plates developed in this study has ensured the availability
of a relatively larger proportion of sperm surface lectin-
binding sites, which may explain the saturability of
binding, as observed by the plateauing of absorbance
values with increased concentration of lectin or sper-
matozoa. The method of obtaining sperm-coated plates
by evaporation can be done in large number of samples
and is easier since centrifugation is not necessary while
other methods'®!? require centrifugation to maximize cell
binding to the microwell plates. Statistical evaluation of
data obtained using the solid-phase method either as a
CLEIA or as a CRLA shows that the sperm-coated
plates can be used for both assays with comparable
results. Since CLEIA does not require the use of isotopes
and the assay is easy to handle it may be a more useful
technique for routine purposes in contrast to solid-phase
CRLA. Using the solid-phase CLEIA, the present study
has shown that increase in WGA binding occurs during
ejaculation of spermatozoa, perhaps due to interactions
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Figures 2 and 3. Intense localization of FITC-Con A in the acrosome
and light fluorescence in the midpiece of cauda epididymal and
ejaculated spermatozoa respectively (x 1000).

with accessory gland secretions. The pattern of local-
ization of FITC labelled lectins mainly in the acrosomal
region of sperm, is in conformity with the published
literature. CLEIA has been used by us as a more
sensitive system than conventional Ouchterlony® to
screen polyclonal antisperm antisera with good results.
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A0Ar-2Ar ages of Anjar Traps, Western
Deccan Province (India) and its relation to
the Cretaceous—Tertiary Boundary events
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YAar-YAr ages of whole rock basalt samples from the
lava flows sandwiching the Ir-rich intertrappean at
Anjar are indistinguishable from the Cretaceous/Ter-
tiary Boundary (KTB) age. These results imply that

the Ir-rich layer represents the KTB boundary layer.

The presence of several flows below the lower dated
flow supports our earlier observation', based on the
geochronological studies of Western Ghat lava flow
sequence, that the initiation of the Deccan volcanism
predated KTB.

Tue discovery of an Ir-rich layer in an intertrappean
bed at Anjar, Western India’, seeks to establish a rela-
tionship, if there is, between the KTB events and the
Deccan volcanism. The Deccan volcanism is cited as
the internal cause for the KTB events’, although there
is mounting evidence that the iridium anomaly in the
KTB layer is due to an impact of a bolide on earth®.
A majority of physico-chemical evidences available today
(such as shocked quartz, meteoritic spinels, geochemical
anomalies and identification of the Chicxulub crater as
the probable impact site) favour the impact scenario for
the KTB event’”, A third view is that the impact and
volcanic events at the KTB are independent that occurred
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by chance at the same time'". Thus, the debate continues
as to the cause of the KTB transition being internal or
external. Therefore, it 1s important to get some high
resolution event sequence from intertrappeans of the
Deccan Province.

The geochemical observations on both the Deccan
Traps (DT) and intertrappean sequences considered with
the “°Ar’Ar ages on the DT rule out a link between
the KTB and DT"'''% The interpretation of the geo-
chronological data, however, is not conclusive. For ex-
ample, some workers'*~'7 suggest that the available ‘good’
quality ““Ar—Ar ages coupled with palaecomagnetic data
imply a rapid eruption of Deccan lavas coincident with
the KTB. On the other hand, Venkatesan et al.' argue
that the initial, most intense, pulse of Deccan eruption
predated the KTB by at least 1 Ma and the total duration
of the volcanism is not less than 3 Ma. The conflicting
interpretations of a similar data set stems primarily from
the uncertainties in the geomagnetic time scales (GMTS)
and the age(s) of the monitor sample(s) used for the
“Ar-"Ar dating of the KTB and the DT. These problems
could be resolved if the KTB layer within the Deccan
province be identified and the ages of the lava flows
with respect to the KTB be obtained. Though the KTB
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