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The behavior of cell surface components labeled with fluorochromes can be studied by fluorescence
microscopy and spectroscopy; further structural analyses would be facilitated by purification of the labeled
components. We have developed a protocol for identifying the targets for labeling with fluorescein
derivatives, by using ' 1-diiodofluorescein isothiocyanate (1>IFC) and for isolating the labeled components
with anti-IFC immunoadsorbents. Anti-IFC antibodies obtained from rabbits immunized with IFC-hemo-
cyanin were purified by affinity chromatography and coupled to CNBr-activated Sepharose 4B. The anti-1IFC
immunoadsorbents could then be used to isolate the entire set of 2> IFC-proteins from crude detergent
extracts of labeled sea urchin sperm, with a 70% yield and a purification of more than 250 fold. Nonspecific
binding of unlabeled proteins to the immunoadsorbent was insignificant. When the immunoadsorbent
IFC-protein complex was used directly as an immunogen, antibodies were obtained that reacted with the
underivatized proteins that were targets for IFC labeling, as indicated by immunoblotting after gel
electrophoresis. The antibodies also reacted with the surface of unlabeled sperm as shown by immunofluores-
cence. Thus, by treating the IFC-sperm proteins as a class, we obtained antibodies that recognized the
unlabeled proteins in situ or in cell extracts. This approach should be generally useful in obtaining reagents
directed against specific cell surface components.

Introduction

The labeling of cellular components with fluor-
escein derivatives has served as a versatile and
powerful tool for analyzing molecular behavior by
fluorescence spectroscopy and microscopy. For ex-
ample, fluorescein conjugates of proteins are being
used in studies of protein-protein interaction [1-4],
of the fate of specific components microinjected
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into cells [7-11], as specific inhibitors of cellular
ATPases [5,6], and, more generally, fluorescent
antibodies or lectins are indicators of the behavior
of their cellular ligands (e.g. Refs. 12-16). A par-
ticularly interesting application of fluorochrome
labeling has been the direct reaction with cell
surfaces, to provide a system for the exploration of
lateral and rotational mobility of membrane com-
ponents [17-22] or of their fates after membrane
fusion [23,24]. Since fluorescein derivatives are
photosensitizers, the labeling of specific classes of
membrane proteins may be used as a tool to cause
specific, temporally controlled photodamage to
cells [23,25], a phenomenon that may inad-
vertantly lead to crosslinking in photo bleaching



experiments (see Refs. 26-28 for a consideration
of this issue).

The physiological behavior of fluorescein-
labeled cell surface molecules could be extended to
a biochemical level with appropriate structure-
function correlations, if the labeled compounds
could be isolated and purified. In order to identify
the molecular species labeled with fluorescein de-
rivatives, we have used the radioactive congener of
fluorescein isothiocyanate (FITC), '*I-diiodo-
fluorescein isothiocyanate ('**IFC), which can be
prepared to high specific activity {29]. FITC- and
125]FC-labeled sperm have allowed an analysis of
the fate of sperm membrane components following
fertilization [24,30-32]. Whenever altered cellular
components are studied, as in the case of fluor-
escein-labelling of cell surfaces, one must de-
termine whether the labeled components behave
similarly to their underivatized counterparts. To-
ward this end we have developed a technique to
purify 'IFC-labeled sperm proteins by virtue of
the hapten they bear, expanding upon an ap-
proach for the isolation of labeled proteins from
complex mixtures [33]. In this paper we report on
the preparation of anti-IFC immunoadsorbents
and characterize their effectiveness in recovering
125]FC-labeled proteins from crude detergent ex-
tracts of labeled sperm. Antisera obtained from
rabbits injected with the purified, IFC-proteins
reacted with the proteins that carried IFC, whether
or not they were labeled. The antisera reacted with
whole sperm, lending support to our previous data
[29,30] indicating that proteins that are targets for
FITC-labeling are on the sperm surface. This ap-
proach to the isolation of membrane polypeptides
should be applicable to other cell surface labeling
systems in order to allow identification and analy-
sis of the labeled components and to provide a
means for studying them in their native state.

Methods

Materials. IFC and its radioactive derivative,
1]FC, were synthesized as previously described
[29]. Affigel Blue was obtained from Bio-Rad
Laboratories (Richmond, CA). Limulus poly-
phemus hemocyanin and polylysine were purchased
from Sigma Chemical Co. (St. Louis, MO). Non-
idet P-40 and sodium dodecyl sulfate (SDS) were
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obtained from BDH Chemicals Ltd. (Poole, U.K.).
Goat anti-rabbit IgG conjugates (FITC, alkaline
phosphatase, and horseradish peroxidase) were
from Miles Laboratories, Inc. (Elkhart, IN).
Freund’s complete adjuvant and normal goat
serum were purchased from Gibco Laboratories
(Grand Island, NY). Na'®1, '*I-Protein A (2-10
pCi/pg), and [*Hlsuccinimidyl propionate (91
Ci/mmol) were obtained from New England
Nuclear (Boston, MA). Nitrocellulose, type BA 85,
0.45 pm, was from Schleicher and Schuell, Inc.
(Keene, NH).

Sperm from the sea urchin, Strongylocentrotus
purpuratus, were obtained as previously described
[34].

IFC-labeling of proteins. Labeling of lysine,
bovine serum albumin, and hemocyanin with IFC
were as previously described for porcine y-globulin
[30]. Free IFC was removed by gel filtration over
Sephadex G-25. Acetone precipitation of the puri-
fied, labeled proteins showed less than 1% free
IFC.

IFC- and '*’IFC-labeling of sperm and prepara-
tion of sperm extracts. Labeling of sea urchin sperm
with IFC or '®IFC and extraction with Nonidet
P-40 were as previously described [30]. The Non-
idet P-40 extraction yielded approximately 90% of
the sperm radioactivity and resulted in a 4-fold
increase in specific activity (cpm '>1/mg protein).
In order to concentrate the '*IFC-labeled proteins
in the Nonidet P-40 extract and remove low
molecular weight, non-protein radioactive species,
a 30% ethanol precipitation, at —15°C, was per-
formed. The ethanol precipitate was either dis-
solved directly in SDS sample buffer for analysis
by SDS-polyacrylamide gel electrophoresis or re-
dissolved in 0.1% Nonidet P-40, 20 mM Tris, pH
8.0, 1 mM dithiothreitol, 10 pg/ml aprotinin, and
0.2 mM phenylmethylsulphonyl fluoride (buffer 1)
and dialyzed vs. the same buffer at 4°C. This
preparation contained approx. 90% of the protein
[35] in the Nonidet P-40 extract and 25% of the
radioactivity., Analysis by SDS-polyacrylamide gel
electrophoresis showed that all the '>IFC-labeled
polypeptides in the Nonidet P-40 extract were
recovered in the ethanol precipitate. This redis-
solved ethanol precipitate was used in the char-
acterization of the antibody resins described below
and is referred to as the concentrated, detergent-
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extracted ' IFC-sperm proteins.

Labeling of the concentrated detergent extract
(prepared identically to that described above but
omitting the labeling of sperm with '*IFC) with 8
mM [*H]Jsuccinimidyl propionate was at room
temperature for 90 min in buffer 1 with Hepes, pH
7.5, substituted for Tris at a final protein con-
centration of 2.4 mg/ml. Following exhaustive
dialysis to remove unreacted [*H]succinimidyl pro-
pionate, greater than 95% of the cpm were trichlo-
roacetic acid-precipitable.

Preparation and purification of rabbit anti-1FC
antiserum. Preparation of antiserum to IFC was
essentially as previously described except that
Limulus polyphemus hemocyanin was used as car-
rier for IFC rather than porcine y-globulin [30]. 10
mg of IFC-labeled hemocyanin was mixed with an
equal volume of Freund’s complete adjuvant and
injected subcutaneously at multiple sites on the
hind limbs of the rabbit. Intravenous booster in-
jections of 1 mg of IFC-hemocyanin were given at
3 and 6 weeks to obtain high titer antiserum
against IFC. A y-globulin fraction of both preim-
mune and immune serum was prepared by 40%
(NH,),SO, fractionation. The antiserum specific-
ity was analyzed with double immunodiffusion on
1% agarose [36].

Anti-IFC antibodies were purified by first pre-
paring IgG from the (NH,),SO, fraction by pass-
ing it over DEAE-Sephacel equilibrated with 20
mM NaPQ,, pH 8.0. Under these conditions IgG
passed through the column while other serum pro-
teins remained bound. The eluted IgG fraction
was then placed directly on an Affigel Blue col-
umn equilibrated in the same buffer. Affigel Blue
was used instead of a resin containing the hapten
IFC, since IFC-specific antibodies eluted from
Affigel Blue under much milder conditions (see
Results and Fig. 1).

Preparation of anti-IFC immunoadsorbents. The
(NH,),SO, and affinity purified fractions of rab-
bit anti-IFC were coupled to CNBr-activated Sep-
harose 4B [37] by adding 2-2.5 mg protein per ml
resin. Coupling was 90% complete and yielded
resins with approx. 2 mg protein/ml settled resin.

The anti-IFC resins were then washed exten-
sively with: 0.5 M HOAc, 0.5 NaCl; 2 M urea, 0.5
M NaCl; 1 M NaCl, pH 10.3; buffer 1; and finally
10 mM Tris-buffered saline, pH 7.4. The im-

munoadsorbent retained binding capacity for over
a year if stored at 4°C in Tris-buffered saline
containing 0.1% NaN,.

The specificity and capacity of the immunoad-
sorbents was assessed in a microbinding assay.
Generally, a small amount of resin (25-50 ul
settled volume) was incubated with the con-
centrated detergent extract of '>IFC-sperm pro-
tein (10° ¢cpm; 5-20 nm IFC) in 150-200 gl of
buffer 1 for 2 h at room temperature. The resin
was then washed with 1 ml each of buffer 1
(twice); 1 M NaCl, pH 10.3 (3 times); 8 M urea (3
times); and finally buffer 1. The radioactivity in
the pellet (resin) was taken as bound radioactivity
and the sum of the radioactivity in the washes as
the unbound material. Total recovery of radioac-
tivity with this assay was greater than 90%. Elution
of bound '*IFC-sperm proteins with dissociation
agents was performed on immunoadsorbents con-
taining approx. 5 X 10* cpm bound '*IFC after
washing 3 times with buffer 1; 1 ml of each
dissociation agent was added for 15 min at room
temperature followed by two 15 min washes with
the dissociation agent. The radioactivity recovered
in the sum of the three washes was taken as the
amount removed by the reagent.

Production of rabbit anti-sperm protein antibod-
ies by injection of IFC-sperm protein: immunoad-
sorbent complexes. Antibodies were prepared
against the IFC-sperm proteins by directly inject-
ing rabbits with a complex of IFC-sperm proteins
bound to the anti-IFC immunoadsorbents. The
preparation of this complex followed the protocol
used in the microbinding assays, except that larger
amounts of anti-IFC immunoadsorbents were used
and saturating amounts of cold, detergent solubi-
lized IFC-sperm proteins were incubated with the
resins. The volume of resin used for each injection
was 2 ml for the immunoadsorbent prepared from
the affinity purified anti-IFC antibody (injected
into rabbit B) and 4.5 ml for the immunoadsor-
bent prepared from the (NH,),SO, fraction of
anti-IFC antiserum (injected into rabbit D). Im-
mediately prior to injection the immunoadsorbent
complex was washed twice with sterile Tris-
buffered saline and emulsified to whipped cream
consistency by adding 1 volume of Freund's com-
plete adjuvant and 1 volume of sterile Tris-buffered
saline and then sonicating and pipetting up and



down with an 18 gauge needle. The emulsion was
injected subcutaneously with a 20 gauge needle
into multiple sites in the rabbit’s shoulder and
upper back. Booster injections with the same
amount of resin complex were given 2, 6, and 12
weeks after the initial injection. The rabbits were
bled at intervals, and the serum obtained was
(NH,), S0, fractionated and assayed for reactivity
against sperm proteins.

Immunological assays. An enzyme linked im-
munosorbent assay (ELISA) [38] was used to
quantify the reactivity of the antisera towards the
sperm proteins, essentially as described [39]. Each
well of the microtiter plate was coated with 200 ul
of a concentrated detergent extract of unlabeled
sperm proteins (prepared identically to that pre-
pared with the labeled proteins) diluted to 40
pg/ml in Tris-buffered saline containing 0.1%
Nonidet P-40 and 0.02% NaN, (higher concentra-
tions of the concentrated detergent extract gave
identical results, while with lower concentrations
the backgrounds were higher).

To determine the specificity of the antisera a
western blot [40] analysis was performed as de-
scribed previously [41]. After SDS-polyacrylamide
gel electrophoresis [42] proteins from gradient gels
(7.5-15% acrylamide) were transferred to nitrocel-
lulose at 10°C in a Transphor apparatus (Hoefer
Scientific Instruments, San Francisco, CA) with §
V/cm (about 0.5 A) for 2 h (see below). For
quantitation of the extent of transfer, the radioac-
tivity in 5 mm slices of the gel and in the paper
was determined. Immunological detection was with
either '®I-protein A or goat anti-rabbit IgG con-
jugated to horseradish peroxidase, both according
to Towbin et al. [41], except that 4-chloro-1-naph-
thol at 1 mg/ml was used as a substrate for the
horseradish peroxidase.

An initial characterization of the efficiency of
electrophoretic transfer of detergent-extracted
15]FC-sperm proteins to nitrocellulose paper
showed that most labeled components transfered
equivalently, although species below 20 and above
200 kDa did not transfer as well as species be-
tween these molecular weights. The low molecular
weight components did not bind well to nitrocel-
lulose, whereas proteins above 200 kDa were not
eluted from the polyacrylamide gel efficiently. The
total transfer time had little effect on the transfer
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of species between 20 and 200 kDa; increasing the
transfer from 1 to 8 h increased the amount bound
to nitrocellulose from 50 to 65%. With long trans-
fer times there was a decreased recovery of total
radioactivity in the gel and the nitrocellulose, in
part due to migration of some components away
from the nitrocellulose paper toward the cathode
(as shown by placing a piece of nitrocellulose on
the cathodic slide of the gel). Because quantitative
transfer of the species to the nitrocellulose paper
was unobtainable even for long transfer times, we
used a convenient 2 h transfer protocol which gave
50-60% transfer of components between 20 and
200 kDa.

Indirect immunofluorescence of fixed sperm was
used to localize the antigens detected by the anti-
sera. Sperm were washed twice (10 min; 1000 X g)
in Millipore filtered seawater and then fixed in 3%
paraformaldehyde in Millipore filtered seawater
MFW for 1 h at 10°C. After fixation the sperm
were washed 3 times with Millipore filtered
seawater and then twice with tris-buffered saline
containing 0.02% NaN; and stored at 4°C. The
fixed sperm could be used for a week with little
loss in the quality of immunofluorescent staining,.
Acetone permeabilization of the fixed sperm was
the same as reported for hydroid sperm [43], ex-
cept that the cells were not air dried. The fixed
sperm were placed on coverslips coated with 1%
polylysine for the antibody incubations. A 30 min
preincubation with Tris-buffered saline containing
5% normal goat serum was found to reduce back-
ground staining and was also used in the antibody
incubation solutions. Primary antibody incuba-
tions with (NH,),SO, fractions of antisera ob-
tained from rabbits B and D were performed at
37°C for 90-120 min in a moist chamber. The
coverslips were washed 4 times in Tris-buffered
saline and then incubated with the second anti-
body, an IgG fraction of goat anti-rabbit IgG
labeled with FITC, for 90-120 min at 37°C. After
washing, the coverslips were mounted on slides in
Tris-buffered saline, pH 8.0 containing 20%
glycerol and 0.02% NaN, and sealed with fingernail
polish. Observation was with a Leitz Laborlux 11
microscope using the K2 filter cube for FITC
fluorescence. Photographs were taken with Tri-X
film (Kodak).

Other methods. Protein determinations were
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performed with a modification of the procedure of
Lowry et al. [35] designed to remove interfering
lipids and reducing agents [44]. SDS-gel elec-
trophoresis was on 7.5-15% polyacrylamide gels
according to Laemmli [42]. Gels were stained in
0.1% Coomassie Brilliant Blue R in methanol/
acetic acid/H,O (5:1:5) and destained in
methanol / acetic acid/H,0 (5:1:5).

Results

Affinity purification of rabbit anti-1FC antibodies
In order to obtain a specific immunological
probe for the hapten, IFC, we took advantage of
the binding of anti-IFC antibodies to Cibacron
Blue F3Ga linked to agarose (Affigel Blue). In a
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Fig. 1. Affinity purification of anti-IFC antibody using serial
column chromatography. 500 mg of an (NH,),SO, fraction of
rabbit antiserum prepared against IFC-hemocyanin was loaded
onto a 2.6 x40 cm column of DEAE-Sephacel equilibrated in
20 mM sodium phosphate, pH 8.0 at 20°C. The outflow from
this column was directly passed over a 1.6 X 10 cm column of
Affigel Blue at approx. 0.5 ml/min. Fractions (6 ml) were
collected and their absorbance at 280 nm was monitored during
the run. After the majority of the breakthrough fraction had
been collected (A5, =0.2) the DEAE column was discon-
nected (Disconnect DEAE) and the Affigel Blue resin washed
until 4,5, < 0.050. At this point 200 mM NaCl was added to
the 20 mM sodium phosphate buffer. After the A, had
returned to 0.050 the NaCl concentration was increased to 1.4
M. Fractions pooled for Ouchterlony analysis are indicated as
I, II, and I1.

typical experiment, two chromatography columns
were used in series. The (NH,],SO, fraction of
antiserum was passed over DEAE-Sephacel (to
obtain the IgG fraction) and the eluant was passed
directly over Affigel Blue (see Methods). After
most of the IgG passed through the linked col-
umns, the DEAE-Sephacel column was discon-
nected and maternial was eluted from the Affigel
Blue resin by washing with a two step gradient of
200 mM NaCl and 14 M NaCl (Fig. 1). By
immunoelectrophoresis, fractions I, II, and Il of
Fig. 1 showed a single precipitation band with
either goat anti-rabbit serum or goat anti-rabbit
IgG (data not shown). Double diffusion analysis
of fractions I-1II of Fig. 1 indicated that all of the
anti-IFC activity was retained by the Affigel Blue
resin and could be recovered in the high salt
fraction, free from anti-hemocyanin antibody (Fig.
2). The IFC-specific IgG obtained with this proto-
col had 2-6.5% of the protein of the original
(NH,),SO, fraction or 6-10% of all the IgG re-
covered in peaks I, II, and III, values consistent
with the amounts of specific antibodies found in
immunized animals [48].

Characterization of anti-1FC immunoadsorbent
Purified anti-IFC antibody was linked to Sep-
harose 4B to form an immunoaffinity resin that
bound IFC-containing sperm proteins. The
12’ ]FC-labeled sperm protein sample containing
radioactive polypeptides of diverse molecular
weights (Fig. 3a) provided a good test of the
binding properties of the immunoadsorbent. About

Fig. 2. Ouchterlony double immunodiffusion of fractions from
the affinity purification of anti-IFC antibody. The outer wells
received 10 pul of the following: (1) 3.0 mg/ml hemocyanin; (2)
3.0 mg/ml IFC-hemocyanin; (3) 6.2 mg,/ml IFC-bovine serum
albumin; (4) 1.2 mg/ml IFC-bovine serum albumin; (5) 0.62
mg/ml IFC-bovine serum albumin; (6) 1.0 mg/ml bovine
serum albumin. The middle wells received 30 gl of the follow-
ing: (A) (NH,),S0O, fraction of anti-IFC-hemocyanin (starting
material); (B) fraction I (3 mg/ml); (C) fraction II (3 mg/ml);
and (D) fraction III (3 mg/ml). The gels were stained with
Coomassie Brilliant Blue.
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Fig. 3. SDS-gradient gel (7.5-15% polyacrylamide) analysis of
1251 FC-labeled sperm proteins. Lanes a-e show autoradio-
grams after electrophoresis with an equal amount of radioactiv-
ity in each lane. Lane a: detergent-solubilized !’ IFC-proteins;
lane b: nonbinding fraction of the detergent-solubilized '*IFC
proteins after incubation with an immunoadsorbent prepared
from the (NH,),SO, fraction of anti-IFC serum; lane c:
fraction eluted with SDS sample buffer from the immunoad-
sorbent prepared from the (NH,),S0, fraction of anti-IFC
serum; lane d: nonbinding fraction of the detergent-solubilized
125]EC-proteins after incubation with an immunoadsorbent
prepared from affinity purified anti-IFC; lane e: fraction eluted
with SDS sample buffer from the immunoadsorbent prepared
from affinity purified anti-IFC. Molecular weight markers in
kilodaltons are shown along the bottom.

50% of the 2IFC-labeled sperm protein bound to
the resin under the standard conditions (see Meth-
ods), and substitution of Nonidet P-40 with equiv-
alent amounts of n-octyl glucoside or deoxycholate
had little effect on binding. Although all of the
experiments reported below were done in buffer 1,
we subsequently found that by increasing the con-
centration of Nonidet P-40 to 0.5% and adding
SDS to 0.1%, even higher recoveries could be
obtained.

The specificity of the anti-IFC immunoadsor-
bent was tested in several ways. As shown in Table

TABLE 1
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I, under conditions in which 50% (or greater) of
the >IFC-labeled proteins were bound to an im-
munoadsorbent made with immune serum, less
than 3% binding was observed for a control im-
munoadsorbent prepared from an (NH,),SO,
fraction of preimmune serum. Nonspecific binding
to underivatized Sepharose 4B was negligible (Ta-
ble I). IFC-lysine and IFC-bovine serum albumin
inhibited the binding of 2IFC-labeled proteins;
preincubation with IFC-lysine reduced binding
over 85%, while preincubation with IFC-bovine
serum albumin was less effective, presumably due
to the lower effective concentration of IFC ob-
tainable with IFC-bovine serum albumin (Table I).

To determine the extent of nonspecific protein
binding to the anti-IFC resin, i.e., the binding of
proteins not containing IFC, we incubated the
immunoadsorbent with an extract of sperm pro-
teins labeled with [*H]succinimidyl propionate (see
Methods), but not with IFC. This preparation had
high specific activity (0.1 mCi/mg), and all of the
proteins in the extract were labeled (data not
shown). When the [*H]propionylated extract was
incubated with the anti-IFC immunoadsorbents
under conditions where over 50% of the '*IFC-
proteins bound, only 0.2% of the *H-labeled pro-
teins bound. This is nearly the same as the 0.1%
binding of *H-proteins that was observed for un-
derivatized Sepharose 4B, and demonstrates that
the anti-IFC immunoadsorbents exhibited little
nonspecific protein binding. The determination of
*H-protein (i.e., nonspecific) binding also provided
a means to calculate the extent of '*IFC-protein

SPECIFICITY OF DETERGENT-SOLUBILIZED '?*IFC-SPERM PROTEIN BINDING TO ANTI-IFC IMMUNOADSOR-

BENTS

Experiments with IFC-lysine and IFC-bovine serum albumin were performed by preincubating the immunoadsorbents for 90min at
room temperature and then proceeding with the basic binding experiments as described in the Methods. The [FC-lysine concentration
was 7.5 mM and IFC-bovine serum albumin was at 5 mg/ml (equivalent to 42 pM IFC). The immunoadsorbents were prepated to
contain 2.0+ 0.2 mg protein/ml resin. The numbers are averages of duplicate determinations.

Resin % Bound
Control + IFC-lysine + IFC-bovine
serum albumin

Sepharose 4B 0.5+0.0 - -
Preimmune-Sepharose 4B 26+0.1 - -
Immune-Sepharose 4B 50 +2.8 2.8+03 11.7+0.5
Affinity purified

immune-Sepharose 4B 55 +1.6 6.7+1.1 20 +04
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enrichment in the immunoaffinity protocol; thus:

% '2*IFC-protein bound
% 3H-protein bound

50%
= Z03% > 250 fold

fold enrichment =

Even higher recoveries (65-70%) of the '*IFC-
proteins were obtained if the resin volume was
kept above 50% (v/v) in batch incubations or by
passing the 'PIFC-proteins over an anti-IFC
Sepharose resin column,

Although the anti-IFC immunoadsorbents al-
lowed recovery of '2IFC-labeled proteins from
crude mixtures, and exhibited little nonspecific
binding, elution of the bound **IFC-proteins was
difficult. Many reagents commonly used to disso-
ciate antigen-antibody complexes [36] were not
effective in removing the bound !'*IFC-labeled
species from the immunoadsorbent: 1 M NaCl,
pH 10.3; 8 M urea; 2% Nonidet P-40; 2% Nonidet
P-40, pH 10.3; 3 M KSCN; 2% SDS, 2% §-
mercaptoethanol; and 0.5 M acetic acid each eluted
less than 10% of the radioactivity. Guanidine-HCl
(6 M) was only partially effective, releasing 30-40%
of the radioactivity. However, by boiling the resins
in SDS sample buffer (2% SDS, 2% 8-
mercaptoethanol, S0 mM Tris, pH 6.8, 20% glycerol
and 0.2 mM phenylmethylsulfonyl fluoride), ap-
prox. 80% of the radioactivity was eluted, permit-
ting a direct comparison between the bound
material and the original extract on SDS gels (Fig.
3). As can be seen by comparing lane a with lanes
¢ and e, the »IFC-labeled proteins in the original
extract were recovered in the material eluted from
both an immunoadsorbent prepared with the
(NH,),SO, fraction of anti-IFC serum and an
immunoadsorbent prepared with the affinity puri-
fied anti-IFC. Although most major 2 IFC-labeled
species were recovered from the resin, some labeled
polypeptides above 100 kDa were under-repre-
sented (Fig. 3, compare c or e with a). The non-bi-
nding fraction had an '’ IFC-protein composition
like that of the original extract (Fig. 3, lanes b and
d). Elution of the immunoadsorbents with SDS
sample buffer also released 1gG, which resulted in
some distortion in the >*IFC-labeled protein bands
migrating at the same position on SDS gels and
thus limited the amount of sample that could be
applied to the SDS gel.

Characterization of antisera produced against the
isolated sperm proteins

The IFC-labeled sperm proteins isolated by the
anti-IFC immunoaffinity technique were used to
immunize rabbits in order to produce antisera
against the proteins themselves. Immunization was
with an IFC-protein: immunoadsorbent complex
as in Fig. 3 lanes ¢ and e to minimize the require-
ment for antigen (less than 100 pg) and increase
the immunogenicity [36,45-47].

Antibodies directed against the sperm proteins
were detected by an ELISA [38,39]. As shown in
Fig. 4a and b, respectively, two rabbits injected
with the complexes made high titer antibodies
against sperm proteins, with significant activity
still evident at dilutions of 1,/6250. Since the pre-
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Fig. 4. ELISA of antisera obtained from rabbits B and D. The
ordinate shows the absorbance (A4y) of the p-nitrophenol
released from p-nitrophenyl phosphate by alkaline phosphatase
coupled to goat anti-rabbit IgG. (a) rabbit B: O 0O,
(NH,),S0, fraction of preimmune serum; @®------ o,
(NH,),S0, fraction of immune serum; (b) rabbit D.
O O, (NH,),SO, fraction of preimmune serum;
®------ ® (NH,),S0, fraction of immune serum. Each well
was coated with 200 ul (40 pg/ml) of detergent-solubilized
proteins from unlabeled sperm.




immune antisera gave significant background val-
ues at the lower dilutions, comparison of different
antiserum preparations was made by using the
ratio of the reactivity (as A,y) of immune and
preimmune sera at dilutions of 1 to 250, near the
midpoint of the ELISA curves. For the antisera
shown in Fig, 4, the immune to preimmune ratio
was 51 for rabbit B and 68 for rabbit D. Lower
titer antisera gave ratios of 20-40.

Both rabbit IgG and IFC were components of
the immunoadsorbent complex injected into the
rabbits, thus the rabbits might have also re-
sponded to these antigens. By double-diffusion
analysis, we found that some low titer antibody
was produced against IFC, but none to rabbit
IgG.

Identification of the individual antigenic species
in the unlabeled sperm extract was performed by
western blot analysis, in order to compare the
polypeptides detected by antisera in unlabeled
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Fig. 5. Analysis of rabbit B and D antisera specificity with
125 protein A on SDS-gels transferred to nitrocellulose paper.
A 7.5-15% gradient SDS-gel was run on the detergent-solubi-
lized proteins from unlabeled sperm (lanes c-k) and 'IFC-
labeled sperm (lanes a—c) and then transferred to nitrocellulose
paper. Strips of the nitrocellulose, containing material trans-
ferred from the SDS-gel, were then incubated with (NH,),80,
fractions of sera from rabbits B and D and then 0.1 uCi of
125T_protein A. Lanes d, f, h, and j received 3 pg protein and
lanes e, g, i, and k received 12 pg protein. Lanes d, e: rabbit D
immune serum, 1,/1000 dilution; lanes f, g: rabbit B immune
serum, 1,/2000 dilution; lanes h, i: rabbit D preimmune serum,
1,/1000 dilution; lanes j, k: rabbit B preimmune serum, 1,/2000
dilution; lane c¢ is the detergent-solubilized proteins from
125]FC-labeled sperm (60000 cpm, 10 pg protein) that have
been transferred to nitrocellulose, air-dried, and autoradio-
graphed. For comparison, lane a and b contain the same
material (60000 cpm, 10 pg) that has been transferred to
nitrocellulose and then stained with amido black (lane a) before
autoradiography (lane b). Molecular weight markers in kilodal-
tons are shown on the bottom of the figure.
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sperm with those polypeptides originally labeled
with 'PIFC. Fig. 5 shows a comparison of the
detergent-extracted '>IFC-sperm proteins trans-
ferred to nitrocellulose (lane ¢) with the proteins
detected by antisera from rabbit B (lanes f, g) or D
(lanes d, e), using % I-protein A. The comparison
was made with an unstained blot of detergent-ex-
tracted 2 IFC-sperm proteins, since shrinkage oc-
curred during staining of the gel for protein (com-
pare lanes a and b with c). Virtually all of the
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Fig. 6. Analysis of proteins detected by antisera from rabbit B
and D with goat anti-rabbit IgG conjugated to peroxidase. A
7.5-15% gradient SDS-gel was run and then transferred to
nitrocellulose. Strips of the nitrocellulose were then incubated
with (NH,),SO, fractions of each serum and then with a
1/1000 dilution of goat anti-rabbit IgG conjugated to per-
oxidase. The bound peroxidase was then identified with 4-
chloro-1-naphthol and H,0,. Each strip contained 2 lanes of
the detergent-solubilized proteins from unlabeled sperm: lanes
b,d, f, h,j, 1, n, p received 5 ug protein and lanes c, e, g, i, k, m,
o, q received 25 pg protein. Lanes b, ¢: rabbit D immune
serum, 1/125 dilution; lanes d, e: rabbit D immune serum,
1/500 dilution; lanes f, g: rabbit D immune serum, 1,/1000
dilution; lanes h, i: rabbit B immune serum, 1/125 dilution;
lanes j, k: rabbit B immune serum, 1,/500 dilution; lanes I, m:
rabbit B immune serum, 1,/1000 dilution; lanes n, o: rabbit D
preimmune serum, 1,/1000 dilution; lanes p, q: rabbit B preim-
mune serum, 1/1000 dilution. Lane a is the detergent-solubi-
lized proteins from !2IFC-labeled sperm transferred to nitro-
cellulose and then dried and autoradiographed. Size markers in
kilodaltons are shown on the left-hand side of the figure.
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proteins identified by both antisera with im-
munoblotting were those originally labeled with
IFC in the immunogen (Fig. 5). There was very
little reactivity with preimmune serum (lanes h—k).
One major band detected by rabbit B (40 kDa) did
not seem to align with any major radioactive
species found in the 'IFC-sperm proteins; how-
ever, slight reactivity toward this species was ob-
served even in preimmune serum from the same
rabbit, although not at the dilutions shown. Both
antisera detected a species of approx. 85-90 kDa
that was not observed in the 'IFC proteins,
although only when a large amount of the extract
of unlabeled sperm was run on the gel (lanes e and
8).

Fig. 6 shows that similar proteins were detected
with rabbit B or D antisera when goat anti-rabbit
IgG conjugated to peroxidase was used to detect
the primary antibody binding; the sharper bands
obtained with this technique made it easier to
detect minor species that were occasionally dif-
ficult to align with species appearing in the autora-
diograms, which were of lower resolution. Fig. 6
also shows that with higher concentrations of anti-
sera no new bands were observed, although there
was a general enhancement of the detection of all
polypeptides.

Reaction of the antisera with intact sperm

Sperm components labeled with fluorescein de-
rivatives have unusual properties when studied
after fertilization of eggs. Some of the labeled
sperm components enter the egg to persist as a
localized patch in the embryo cytoplasm, as de-
tected by fluorescence microscopy or autoradiog-
raphy [24,31]. Previous work had indicated that
FITC or IFC labeled sperm at the cell surface
[29,30], so that the internalization after fusion of
sperm with eggs was a surprising and interesting
finding [31]. The antisera directed against the pro-
teins that were targets for FITC- or IFC-labeling,
characterized in Figs. 5 and 6, allowed us to
localize these proteins in the sperm, by using im-
munofluorescence. The pattern of fluorescence ex-
hibited by sperm labeled with antiserum from
rabbit B and D is typical of membrane fluo-
rescence, with the whole sperm membrane being
labeled (Fig. 7a and e). Controls with preimmune
sera showed no staining (Fig. 7c and g). To detect

"

Fig. 7. Indirect immunofluorescence of (NH,),SO, fractions

of rabbit B and D sera on fixed sea urchin sperm. The right
hand side of each pair is the corresponding phase micrograph.
All sperm were fixed with paraformaldehyde. Sperm in i and j
were subsequently permeabilized with acetone. Fluorescent ex-
posures were 5 s for immune sera, except i which was 20 s, and
10 s for preimmune sera; phase exposures were approx. 1 s.
(a, b) rabbit B immune serum, 1/40 dilution; (c,’d) rabbit B
preimmune serum, 1/40 dilution; (e, f) and (i, j) rabbit D
immune serum, 1/40 dilution; (g, h) rabbit D preimmune
serum, 1 /40 dilution.

antigens at intracellular sites, the fixed sperm were
made permeable by treatment with acetone at
—20°C. The patterns obtained for these permea-
ble cells indicated that no new sites were found
with antiserum from rabbit D (Fig. 71) or rabbit B
(data not shown). Similar results have been ob-
served with sperm made permeable with methanol
fixation at —15°C. Therefore, the cellular locus
for the antigens detected with the two antisera
seems to be exclusively within the plasma mem-
brane, in agreement with other data [29,30).



Discussion

This paper outlines a novel method for the
preparation of antiserum to proteins derivatized
with a covalent label. By utilizing immunoadsor-
bents prepared from antisera directed against the
label, IFC, we have been able to purify enough of
the derivatized proteins to produce antisera against
the protein moieties themselves. These antisera
provide reagents with which to study the proteins
in their native state. In this case, the protein
antigens appear to be principally in the plasma
membrane.

The purification of the IFC-labeled proteins
from sperm was accomplished with immunoad-
sorbents directed against IFC. The feasibility of
such an approach was suggested by a paper in
which anti-dinitrophenol and anti-azobenzene-
arsonate immunoadsorbents were used to purify,
in one step, modified peptides generated by limited
proteolysis of the modified proteins [33]. IFC has
the advantage of being a milder reagent which can
be used on living cells [24,30-32] and can also be
prepared to high specific activity (using '2°I), per-
mitting analysis of small amounts of the labeled
species [29,30]. Antibodies that react with IFC can
be purified by using mild elution conditions (1.4
M NaCl) and ‘a commercially available resin (Af-
figel Blue). We do not understand the nature of
the interaction between the anti-IFC antibodies
and the Affigel Blue, although it is possible that
the fused, three-ringed structures of Cibacron Blue
F3Ga (the dye on the Affigel Blue) and IFC are
similar.

The immunoadsorbents prepared by coupling
either an (NH,),SO, or affinity purified fraction
of anti-IFC antiserum were effective in recovering
the IFC-labeled proteins from a crude detergent
extract of sperm: yields of up to 70% and an
estimated purification of over 250-fold were ob-
tained in a single step. All of the major *IFC-
labeled proteins in the detergent extract were re-
tained by the anti-IFC immunoadsorbents, dem-
onstrating a lack of selectivity of the immunoad-
sorbents for a particular labeled species (see Fig.
3). The specificity of the resins was shown by the
absence of binding of 'IFC-sperm proteins to
either underivatized Sepharose or an (NH,),SO,
fraction of pre-immune serum coupled to Sep-
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harose, as well as the ability of IFC-lysine and
iFC-bovine serum albumin to reduce the binding
of the BZIFC-sperm proteins. Nonspecific protein
binding (binding of unlabeled proteins) to the
immunoadsorbents was negligible as shown by the
lack of binding of a detergent extract of sperm
proteins labeled with [>H]succinimidyl propionate.

A drawback to using the anti-IFC immunoad-
sorbents was the difficulty in eluting the bound
IFC-proteins; none of the commonly used
antigen-antibody dissociation reagents eluted
15IFC-proteins from the immunoadsorbents (see
Results), although an analysis of the bound species
was possible by boiling the immunoadsorbents in
SDS sample buffer. The drastic conditions neces-
sary to elute the 'IFC-proteins from the im-
munoadsorbents may reflect the high affinity con-
stant of anti-IFC antibodies; antibodies raised
against the related hapten, FITC, have been shown
to have unusually high affinity constants [49,50].

By injecting the purified IFC-labeled proteins
as a complex with the immunoadsorbents we were
able to obtain antisera that were reactive against
the protein moieties of the IFC-labeled proteins at
relatively high dilutions; the midpoint of the dilu-
tion curve from an ELISA was 1 /250, and signifi-
cant activity was detected at dilutions up to 1 /6250
(see Fig. 4). Similarly, western blot analysis could
be performed at antisera dilutions up to 1,/2000
(see Fig. 5). The western blot analysis showed that
antibodies were elicited to about 80% of the major
species derivatized with IFC. Only one major band
found by immunoblotting did not align with a
radioactive band from the concentrated detergent
extract of 'IFC-labeled sperm. Although this re-
activity may have resulted from the production of
antibody to an unlabeled protein that was non-
specifically bound to the resin, it might also repre-
sent antibody produced to an unlabeled subunit of
an oligomeric protein that was labeled in another
subunit. The high sensitivity of the immunoblot-
ting protocol, estimated at 100 pg [41], may be
capable of detecting species that are not resolved
in the autoradiogram of the '*IFC-labeled pro-
teins (see Fig. 6).

Thus, the antisera obtained from rabbits B and
D seem to be excellent reagents for identification
of the proteins that were initially labeled with the
fluorescein derivatives. Their reactivity with intact
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sperm was tested by immunofluorescence (Fig. 7),
where the antigens were detected on the sperm
surface. When acetone was used to make the fixed
sperm permeable, in a protocol used to demon-
strate intracellular actin in marine sperm [43], no
further sites of fluorescent labeling were found
(Fig. 7). Additionally, in preliminary experiments
on absorption of the reactivity of the antisera,
essentially all the immunoreactivity was absorbed
by fixed, nonpermeabilized sperm (Gundersen, un-
published data). Finally, in a separate study, we
have found that almost all the !*IFC-labeled
polypeptides in the sperm are sensitive to exter-
nally added proteases (unpublished data). These
data support our previous findings by immunoe-
lectron microscopy [30] that much, if not all, of the
labeling with fluorescein derivatives was on the
sperm surface.

The IFC-labeling technique described in this
paper provides a direct means of assessing both
the purity and recovery of small amounts of
surface-labeled material, which can then be used
as an immunogenic vehicle. Although we were
interested in obtaining antibody against all the
species we had labeled, it would be possible to use
the 1FC-labeled protein: immunoadsorbent com-
plex as an immunogenic vehicle for the production
of monoclonal antibodies to isolate individual
species. Another means of obtaining monospecific
antibody probes is to use bands from nitrocellu-
lose blots to purify single antibody specificities
[51], and using this technique we have obtained
monospecific antibodies against several of the
labeled proteins (Gundersen, unpublished data).
With the purification scheme presented in this
paper, FITC and '*’IFC provide not only a valu-
able means of following surface-labeled proteins
by fluorescence and radioactivity, but permit their
isolation and characterization.
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