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and FITC-Labelled Phosphorylcholine
Poly(acrylamide) Derivatives
and Their Application for Protein Ligand-
Binding Studies
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Abstract. Biotin- and FITe-labelied water-soluble poly(acrylamide) derivatives of phosphoryl choline were
prepared by coupling either maleinylated (a) or periodate-oxidized (b) L-glyceryl phosphorylcholine to poly-
(acrylamide-allylamine) copolymer. Biotinylated phosphorylcholine poly(acrylamide) derivatives of both types
were tested with Limulus polyphemus C-reactive protein and were used for the study of the phosphorylcholine-
binding properties of boar seminal plasma proteins. Binding sites for phosphorylcholine on the surface of bull
sperms were visualized using a FITe-labelied derivative of the ligand.

1. Introduction

Suitable derivatives of phosphory lcholine
that allow labelling are needed for the
detection and the characterization of bind-
ing properties of proteins interacting with
this ligand. A number of different types of
phosphorylcholine-binding proteins exist
that differ in their properties and func-
tions. C-reactive protein (CRP) [1], fre-

quently employed as a clinical index of
acute inflammation, represents the most
studied phosphorylcholine-binding pro-
tein. CRP is also found in the invertebrate
Limulus polyphemus as a constitutive and
major component of horseshoe crab hemo-
lymph [2].

Another type of proteins possessing
the ability to interact with phosphorylcho-
line was found among proteins isolated
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Scheme. Preparation of Water-Soluble Poly(Aerylamide) Derivatives of Phosphorylcholine

Table. The Ratio (Based on Integral Intensities in NMR Spectra) of Aerylamide to Allylamine Units
in the Poly(Aerylamide-Allylamine) Copolymer

~
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OB

o Me
L-Glyceryl phosphorylcholine o-IL-oUM~4
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PAA-NH2
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Copolymer Content of umts in the reaction Content of units in the resulting
mixture copolymer
Acrylamide (mg) Allylamine ().LI) Molar ratio wlw ratio

A 800 1000 11: 1 14:1

B 800 500 19:1 24:1

C 800 250 28:1 36:1

from seminal plasma of different species.
Some of seminal plasma proteins are
known to bind specifically to the sperm
surface; in this case, an interaction of
surface sperm proteins with phosphoryl-
choline-containing components of the
sperm membrane is involved. This type of
interaction was studied in detail in the case
of bull seminal plasma proteins [3], which
bind to phosphory1choline-containing lip-
ids of spermatozoa at ejaculation and play
an active role in sperm capacitation. Much
less is known about the phospholipid-
binding properties of seminal plasma pro-
teins of other species, as well as about the
function of these proteins [4].

Different approaches have been used
for the preparation of suitable phosphoryl-
choline derivatives in studies on the bind-
ing characteristics of CRP.The methods
involved either coupling of phosphoryl-
choline-caproyl-p-nitrophenyl esters [5],
periodate-oxidized L-glyceryl phosphoryl-
choline [6], or isocyanatophosphory1cho-
line [7] to bovine serum albumin.

In our previous studies [8-11], bioti-
nylated poly(acrylamide) derivatives of
various types of saccharides and enzyme
linked binding assay (ELBA) were suc-
cessfully applied in studies of the saccha-
ride-binding properties of different pro-
teins. In this report, we present new, sim-
ple methods for the preparation of bioti-
nylated and FITC-Iabelled water-soluble
pol y( acry lamide) deri vati ves of phospho-
ry1choline and their application as ligands
in the study of binding properties of boar
seminal proteins and CRP from Limulus
polyphemus hemolymph.

2. Results and Discussion

used to couple this derivative to the amino
groups of the poly(acrylamide-allylamine)
copolymer; a stable amide bond was
formed (Scheme). Unsubstituted amino
groups of the poly(acrylamide) derivative
of phosphorylcholine were used for label-

_____ -----,-, -----IPAA
I

~ NU,

t pH 0'l II \.o-p-chomc

6-
PAA - poly(acrylamide-allylamine) copolymer

the poly(acrylamide-allylamine) copoly-
mer; after reduction with NaBH3CN, a
stable secondary amine was formed. In the
second case, L-glyceryl phosphory1cho-
line was maleinylated with maleic anhy-
dride, and the carbodiimide reaction was

2.1. Preparation of Biotinylated
Water-Soluble Poly(acrylamide)
DerivativesofPhosphory~holine

The starting poly(acrylamide-allyl-
amine) copolymer was prepared by copoly-
merization of acrylamide and allylamine
without cross-linking agent, as described
previously [9]. Three different ratios of
the reaction components were used, as
given in the Table. The amount of allyl-
amine incorporated was evaluated from
NMR spectra (Table). The preparation A
was used for the phosphorylcholine con-
jugation.

The first step of coupling was the prep-
aration of the L-glyceryl phosphorylcho-
line derivative; two different reactions were
carried out. In the first case, L-glyceryl
phosphorylcholine was oxidized with per-
iodate and the aldehyde groups being
formed reacted with the amino group of
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600

to-head manner rather than head-to-tail.
All following calculations are based on
the presumption that all signals of CH
protons in acrylamide units are located in
the region of 81.4-2.5 together with back-
bone protons of allylamine units, and that
signals at 2.8-3.4 belong to CH2 NH2

protons only.
13C-NMRSpectra of copolymers ex-

hibit groups of signals of acrylamide units
at 8 -37 (CH2), 44 (CH), and 181 (CO).
Groups of signals oflow intensity could be
observed at 8 - 33 and 49 (allylamine
units) and at 8 - 179 and 182 (carbonyl
close to the allylamine unit).

Moreover, IH-NMR spectra may be
used to determine the residual amount of
unreacted monomeric units, which exhibit
multiplets of sharp lines at 8 3.65 and
3.75, Jgem = 11 Hz, Jvic = 4 Hz and 7 Hz
(-CH2NH2 of allylamine).

The IH-NMR spectrum of a sample
with coupled phosphorylcholine, obtained
by oxidation of L-glyceryl phosphoryl-
choline, contains, besides the signals of
the copolymer, one sharp signal at 83.24.
The chemical shift is in good agreement
with the reference values for the -NMe3
group of choline. Other signals of choline
and oxidized glycerol partly overlap with
signals of the copolymer and are partly
visible as multiplets in the region of 83.5-
4.8 ppm. No additional signals were found
in 13C-NMRspectra in comparison to the
starting copolymer. The comparison of
integral intensities ofthe singlet (9 H) at 8
3.24with intensities of signals of-CH2NH2
gives the amount of phosphorylcholine
coupled to poly(acrylamide) copolymer:
ca. 0.9 x 10-3moll] 00 g of copolymer.

The 'H-NMR spectrum of a sample
with coupled phosphorylcholine, obtained
via binding maleinylated L-glyceryl phos-
phorylcholine, contains a sharp signal for
the - NMe3 group of choline at 8 3.24.
Broad signals of olefinic protons of un-
symmetrically substituted maleinate at 8
5.9 and 6.3 are present. Again, the com-
parison of intensities gives the amount of
coupled phosphorylcholine: ca. 3.7x 10-3
molllOO g of copolymer.

2.3. Application of the Prepared
Biotinylated and FITC-Labelled
Phosphorylcholine Derivatives

A known phosphorylcholine-binding
protein was chosen to show that the pre-
pared derivatives can be used for binding
studies. ELBA proved that both types of
biotinylated derivativesof phosphorylcho-
line (containing either periodate-oxidized
or maleinylated L-glyceryl phosphoryl-
choline) interacted with CRP from Limu-
Ius polyphemus (Fig. 1). Similar results

o

LP

816

H-

31

tons at 8 1.9-2.2, and signals of the dias-
tereotopic protons CH2NH2 at 8 2.8-3.1
and 3.2-3.4. In addition, weak signals of
an unexchanged portion of NH protons
appear at 8 6.9, 7.4, 7.6, and 7.7. The
signal at 8 - 1.25 (with intensity varying
with the amount of allylamine used) shows
that allylamine units are at least partly
incorporated to the copolymer in a head-
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ling with biotin or PITC. The content of
biotin in the prepared derivatives did not
differ significantly (0.3-0.4 mmolllOOg).

2.2. NMR Spectra
The 1H-NMR spectrum of the starting

copolymer exhibits broad signals for back-
boneCH2protons at81.4-1.9, CHCONH2
protons at 82.2-2.5, for CHCH2NH2 pro-

300

~ PAA-Ox-PCH ~ BSA-<Jx-PCH 1:::::::1 PAA-MA-PCH

100

400

200

Absorbance at 405nm

Fig. 1. Comparison of the interaction of CRP from Limulus polyphemus hemolymph with
biotinylated derivatives of phosphorylcholine coupled either to poly(acrylamide-allylamine) copoly-
mer (PM) or bovine serum albumin (BSA). Ox-PCH = oxidized L-glyceryl phosphoryl choline and
MA-PCH = maleinylated L-glyceryl phosphorylcholine were used for coupling; concentration of
the used solutions of poly(acrylamide) or BSA derivative of phosphorylcholine: 100 ~g/ml;
concentration of CRP: 0-500 ~g/ml).

Fig. 2. Interaction of boar seminal plasma proteins and CRP from Limulus polyphemus hemo-
lymph with biotinylated poly(acrylamide) derivative of phosphorylcholine. (SP: boar seminal plas-
ma proteins. H+: heparin-binding and H-: non-heparin-binding proteins of boar seminal plasma,
CRP: C-reactive protein from Limulus polyphemus hemolymph; concentration of the used
solutions of phosphorylcholine derivative: 100 ~g/ml; concentration of proteins: 0-500 ~g/ml).
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Fig. 3. PhDsphDrylchDline-binding sites Dn ejaculated bull sperm visualized using f1uDrescence Df FITC-/abelled derivatives Df the ligand

were obtained with periodate-oxidized L-
glyceryl phosphorylcholine coupled to
bovine serum albumin, prepared accord-
ing to Stults et al. (Fig. 1) [6]. The pres-
ence of free phosphory1choline inhibited
the interaction ofCRP with the biotinylat-
ed poly(acrylamide) derivative of the lig-
and (not shown).

The prepared derivatives were used
to show the phosphory1choline-binding
properties of proteins from boar seminal
plasma (Fig. 2). Complete boar seminal
plasma proteins were characterized by a
high phosphorylcholine-binding activity.
After the separation of boar seminal
plasma by affinity chromatography on im-
mobilized heparin, phosphorylcholine-
binding activity was detected in the frac-
tion of heparin-binding proteins (H+) even
though the binding activity of these pro-
teins was lower than that of complete
seminal plasma proteins. This finding
is in an agreement with results described
by Calvete et al. [14]. The presence of
Ca2+ ions did not affect the phosphoryl-
choline-binding activity of the H+ frac-
tion.

FITC-labelled poly(acrylamide) deriv-
atives of phosphorylcholine and fluores-
cence microscopy were used to show bind-
ing sites for this ligand on the surface of
bull sperm (Fig. 3).

Ourresults have shown that the prepar-
edbiotinylated poly(acrylarnide) derivativ-
es of phosphorylcholine in combination
with the ELBA method represent a useful
tool to study phosphorylcholine-binding
properties of proteins. The ELBA method
was originally developed for saccharide-
binding studies [8-11]. An advantage of
this method, in comparison to precipita-
tion experiments, is the fact that only small
amounts are needed. FITC-labelled deriv-
atives of the studied ligand were useful in
direct binding studies using fluorescence
microscopy or flow cytometry.

3. Experimental

3.1. Reagents
1-[3-(Dimethylamino)propy1]-3-ethyl-

carbodiimide, was purchased from Fluka
(Buchs, Switzerland), and N-hydroxysuc-

cinirnidobiotin, L-glycerylphosphorylcho-
line, CdCl2 complex, phosphorylcholine,
fluorescein isothiocyanate, Avidin perox-
idase, ABTS (2,2'-azinobis(3-ethylbenzo-
thiazoline-6-sulfonic acid), and CRPfrom
Limulus polyphemus hemolymph from
Sigma. Boar seminal plasma proteins (SP)
were obtained by centrifugation (600 g, 20
min, 5°) of ejaculate to separate spermato-
zoa and seminal plasma. Heparin-binding
proteins (H+) and non-heparin-binding
proteins (H-) were isolated by affinity
chromatography of boar seminal plasma
on heparin-poly(acrylamide) gel [12].

3.2. Preparation of
Phosphorylcholine Derivatives
3.2.1. Preparation of Water-Soluble
Poly(acrylamide-allylamine) Copolymer

Water-soluble poly(acrylamide-allyl-
amine) copolymer was prepared by co-
polymerisation of acrylarnide and allyl-
amine, as described previously [9]. The
following ratios of acrylamide to allyl-
amine in the polymerisation mixture were
used: 800 mg/IOOO1lI, 800 mg/500 1lI, 800
mg/250 1lI.
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3.2.2. Preparation of L-Glyceryl
Phosphorylcholine Derivatives and
Their Coupling to Poly(acrylamide-
allylamine) Copolymer

Free L-glyceryl phosphorylcholine was
prepared from its CdCI2 complex (500
mg) usingAG 501 X-s(D) mixed-bed ion-
exchange resin as described by Stults et al.
[6]. The combined filtrate was evaporated
to a clear syrup (260 mg).

i) For maleinylation, the syrup of free
L-glyceryl phosphorylcholine (260 mg)
was dissolved in anhydrous DMF (J 5 ml).
Malein anhydride (110 mg) and 4-(di-
methylamino)pyridine (50 mg) were add-
ed, and the mixture was shaken overnight
at room temperature. 1-[3-(Dimethylami-
no )propyl]-3-ethylcarbodiimide (250 mg)
was added and shaking continued for 3 h.
The solution of poly(acrylamide-allyl-
amine) copolymer (400 mg in 15 ml O.1M
Tris-HCI buffer, pH 8.5) was added. After
stirring for 24 h, the reaction mixture was
dialyzed against distilled water and lyophi-
lized.

ii) Periodate oxidation of L-glyceryl
phosphorylcholine was carried out using
the modified procedure descri bed by Stults
eta!. [6]. Forcouplingto poly(acrylamide-
allylamine) copolymer, reductive arnina-
tion [9] was performed. Free L-glyceryl
phosphorylcholine dissolved in distilled
water (5 ml) was mixed with 5% sodium
periodate(l ml)and with poly(acrylamide-
allylamine) copolymer (400 mg). The re-
action mixture was shaken at room tem-
perature for 2 h, and ethylene glycol (3 ml)
was added. After 30 min of stirring, the
reaction was stopped by adding NaBH3CN
(80 mg). After further shaking for 30 min,
the reaction mixture was dialyzed against
distilled water and lyophilized. Analo-
gous conditions were used for the cou-
pling of periodate-oxidized phosphoryl-
choline derivative to BSA. Biotinylation
ofpoly(acrylamide) and BSA derivatives
of phosphorylcholine was carried out as
described previously [8].

3.3. Enzyme-Linked Binding Assay
(ELBA)

The procedure used was described by
Novotna et a!. [10]. The solution (l00 111)
of proteins (10 /lg/ml in 0.05M NaHC03,

pH 9.6) was applied to wells and incubat-
ed overnight at4°. After rinsing with wash-
ing buffer (O.OIM Tris-HCI, pH 7.4, con-
taining 0.85% NaCl, 3 mM CaCI2, 0.2%
Tween), the wells were deactivated with
200111of 3% BSA in washing buffer (2 h
at 4°). After washing, a solution of either
biotinylated poly(acrylamide) derivatives
of phosphory lcholine (100 /lg/ml in 0.01 M
Tris-HCI, pH 7.4) was applied to each well

(100111)and incubated for 2 h at 37°. After
washing, 25 ng of avidin peroxidase in
100 111of 0.1 MTris-HCI, pH 8.0, contain-
ing 1% BSA, was added to each well and
incubated for 1 h at 37°. After washing,
the enzyme reaction was initiated by addi-
tion of 100 111of 0.01 % ABTS in 0.1M
phosphate-citrate buffer at pH 4.6, con-
taining 0.09% H20b into each well. After
30 min incubation at 37°, the reaction was
stopped by adding 50 111of 1% sodium
dodecyl sulfate. The biotinylated poly-
(acrylamide) copolymer containing no
phosphory1choline served as a control.
Absorbance at 405 nm was measured us-
ing a microplate reader (SLT-Spectra, SLT-
Labinstruments, Vienna, Austria).

3.4. Localization of Polysaccharide-
Binding Sites on the Sperm Surface

For a topological localization of the
polysaccharide-binding sites, a fluores-
cein-labelled polysaccharide derivative
and fluorescency-microscopic techniques
were used.

Slide preparation: the drop of the sperm
washed with PBS (20 111)and a drop of
fluorescein-labelled phosphory lcholine
derivative (20 111,I mg/ml) were mixed,
applied on the slide, and dried. Fixation
was done in 5% formaldehyde for 30 min.
Then the slides were washed three times
with distilled water, dried, and observed in
the fluorescence microscope using excita-
tion with UV light at 360 nm.

3.5. NMR Spectra
IH-NMR Spectra were recorded on a

Varian [NOVA 400 MHz instrument at
40°, D20 was used as solvent. Spectra
were referenced to the singlet signal of
the methyl groups of 2-methylpropan-2-
01 (8 = 1.25 for IH and 8 = 31.6 for 13C,
respectively), which was used as an inter-
nal standard. The assignment of proton
signals in the copolymer is based on the
measurement of three samples of co-
polymer prepared by copolymerization of
acrylamide with varying portions of al-
lylamine. This assignment was in addition
validated by the homonuclear IH{ IH}CO-
SY spectra. I3C-NMR Spectra were re-
corded at 100 MHz using the same instru-
ment and under the same conditions as
mentioned for IH-NMR spectra.

3.6. Analytical Methods
The amount of coupled biotin was de-

termined using HABA (2-hydroxy-azo-
benzene- 2' -carboxy lie acid)-avidin reagent
[13]. The amount of phosphory lcholine in
the prepared derivatives was evaluated by
NMR.
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