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Abstract-An antigemc glycoprotein (Antigen P) isolated from mature styles of Prunus avlum L , the sweet 
cherry, bmds Staphylococcal Protein A with an apparent affimty constant 4.5 X 10’ M-‘, which 1s of the same 
order as that for the Protein A-Immunoglobuhn G (IgG) interaction Another antigemc glycoprotem (Antigen 
S), also isolated from P avium styles, binds poorly to Protein A The binding of Antigen P to Protem A 
invalidates radlolmmunoassays of style glycoprotems which depend on the use of Protein A as a probe for 
bound IgG 

. 

INTRODUCTION RESULTS 
The interaction between antigens and rabbit antl- 
bodies IS commonly monitored by using Staphylo- 
coccus aureus (Cowan strain 1) cells or Staphylo- 
coccal Protein A to measure the amount of rabbit IgG 
bound If, for example, a specdic antiserum 1s raised 
to an Isolated antigen, the levels of this antigen m a 
tissue extract can be measured by radlonnmunoassay 
with [‘*‘I]Protem A or by lmmunoprecipltatlon with 
whole Staphylococcus aureus cells [l, 21 

We attempted to use this approach to quantitate the 
levels of an antigemc glycoprotem (Antigen S) 
isolated from styles of a particular cultlvar (cv Lam- 
bert S&) of Prunus avtum L the sweet cherry [3-51, 
m the styles of other cultivars. The reason for tlus 
work 1s that the glycoprotem under consideration 
which corresponds to a particular self-mcompatibihty 
group, IS a potent inhibitor of in vrtro pollen tube 
growth and IS likely to be involved m the control of 
fertilization [4, 51 

The Antigen S preparation contams two closely 
related glycoprotems and 1s a minor component m a 
buffer extract of styles (Table l), the main components 
are a high MW ( > 90000) poorly antigemc glycoprotem 
and a low MW ( < 15000) uromcacid-contaimng com- 
ponent, which 1s also only weakly antigemc [4] As well 
as these major components, there 1s another minor 
glycoproteth (Antigen P) which is strongly antigemc in 
rabbits It IS present m the styles of all members of 
the genus Prunus, m contrast to Antigen S which 1s 
apparently restncted to styles of Prunus avrum cul- 
tivars [4] 

Our attempts to quantltate the levels of Antigen S 
m style extracts by radlolmmunoassay usmg Protein 
A were unsuccessful Here we present evidence that 
the lack of success IS due to the property of Antigen 
P (present in all style extracts of Prunus species) to 
bind Protein A with a high affinity, thus invalidating 
the radlolmmunoassay 

Bmdmg of Protein A to IgG and Prunus avmm style 
glycoproteins 

Polyvinyl chloride plates were coated with either 
rabbit IgG, Antigen P, Antigen S, or BSA (40 ~1, 
50 pglml m PBS) (The composition of PBS 1s given 
m the Experimental) The plates were washed with 
PBS, incubated with BSA. washed and dramed as 
described m the Experimental Serial dilutions 
(1 lo), of [12’I)Protem A (40 ~1 containing 2 x 
lo6 cpm, 50 pglml) were then applied to the wells, 
incubated at 4” overnight, washed with 1% BSA (3 x 
160 PI), water (6x200 ~1) and the wells cut and 
counted The results are shown m Fig 1 

The most important observation 1s that at concen- 
trations of Protein A, required for maximum bmdmg 
to the IgG on the plate (13 2 pglml), there 1s 
srgmficant binding of Protein A to Antigen P, while 
the bmclmg of Protein A to Antigen S or BSA 1s only 
slightly above background levels 

Companson of apparent assocratlon constants (KOSS) 
of Antcgen P-Protein A binding and ZgG-Protein A 
binding 

These experiments were performed slmdarly to 
that described above, except that more points were 
measured m the narrow (non-saturating) range of 
Protein A concentrations mdlcated m Fig 1 In reph- 
cate experiments the apparent K.,, for each mter- 
action varied by less than 5% 

Antigen P-Protein A brndmg Plates were coated 
with Antigen P (40 ~1,50 pglml m PBS), washed with 
PBS, incubated with BSA and washed again as des- 
cribed m the Experimental The amount of Antigen P 
bound to each well was 0 042 Fg (0 0019 nmol) and 
the same amount was bound when Antigen P was 
added at 200 pglml The unoccupied sites were 
blocked with BSA (1% m PBS) and ddutions of [‘*‘I] 
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(log,, cpm) 2 3 4 5 6 

(gi/mlI 0 13 132 132 132 

Proteln A added 

Rg. 1 Bmdmg of Protem A to wells of a mrcrohtre plate 
coated wtth bovine serum albumm, tmmunogiobulm G or the 
antrgemc glyeoprotems Isolated from Prunus a&m styles, 

Antigen S and Anttgen P 

Table 1 Propertres of Antigens S and P Isolated from 
Prunus av~um style extracts (from refs [4,5]) 

Anttgen P Antigen S 

MW 
Immunoprecipitation 32000 37000 
SDS-PAGE (10% gels) 39000 
Atrfuge 22000 17000 

% carbohydrate (as glucose) 17 2 16 3 
Isoelectric pomt <45 >95 

Protein A (mitral concentration 40 t.cI eontatnmg 3 8 X 
l@cpm, 50 @g/ml) added over the concentratton 
range. After overmght mcubatron the plates were 
washed and individual wells cut and counted. 

The data and calculatrons are shown in Table 2. 
The Scatchard [6] plot of the data IS shown in Fig. 2, 
the slope and hence the apparent K.,. = 4 5 x 10’ M-’ 

The apparent number of bindmg sites was cal- 
culated from the ratio of the amount of Protem A 
bound to the amount of Antigen P present on each 
well when (bound/free) = 0 

Table 2 Bmdmp of Protem A to Antigen P 

Protein A added Protein A bound 

cpm 

130600 
100500 
90400 
69300 
54200 
35 200 

w 

130 
100 
90 
69 
54 
35 

pm01 

3 25 
2 70 
2 2.5 
1 73 
I 34 
088 

cpm ng Pma] 

1470 146 0 037 
1440 1 43 0 036 
1360 1 35 0 034 
1310 1 23 0031 
1210 1 20 0 030 
929 093 0.023 

Calculatron of bmdmg constant data 

Protem A Protein A* Protem A Bound K,,, 
bound bound free Free (M-‘) 
(pmo]) (M x IO-‘0) &not) 

0 037 9 25 3 21 0 0115 
0 036 900 2.66 00135 45x10’ 
0 034 8 50 2 22 0 0153 
0031 7 75 170 0 0182 
0 030 7 50 1 31 0 0229 
0 023 5.75 0.86 0.0267 

Plates coated wtth Antigen P (50 &ml), 0 042 pg bound to 
each well [‘*S]Protem A sp act 1 005 x 106 cpm/pg 

*Concentratton of Protein A bound (M) calculated from 
amount bound (nmol) m 40 ~1 sample [Protem A] bound = 
(nmol bound) x 1o-s M 

40 

BOUND 
FREE 

I I I I I 

2 4 6 B IO 12 

[BOUND PROTEIN A 3 M x IO-lo 

Rg 2 Scatchard plot of Antrgen P-Protein A bmdmg data 
Data from Table 2 

IgG-Protern A binding Plates were coated wrth 
IgG (40#, 50 @g/ml); the amount of IgG bound to 
each well was 0 32 pg (0008nmol) and the same 
amount was bound when IgG was added at 
100 &ml. The unoccupied sites were blocked with 

_ 

Protein A bound = 12 x lo-” M and 40 ~1 would theoretrcally contam 48 0 x 10e6 nmol; 

Antrgen P present = 
0042x1000 

22000 
nmol/40 ~1 = 1.9 X 10e3 nmol, 

Apparent number of Protem A binding sites per mol of Antigen P = y=oo25 
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BSA (1% in PBS) and [1Z511Protem A added over the temperature The wells were then washed, cut and 
concentratton range 0 21-4 2 p/ml After overnight counted 
mcubatton, the plates were washed and mdtvldual wells The results are shown m Ftg 4 Premcubatton of 
cut and counted Protein A with IgG causes an effective inhibition of 

The data and calculations are shown m Table 3 Protein A-Anttgen P binding A maximum mhtbttton of 
The Scatchard 161 plot of the data is shown m Ftg. 3, 24% was obtamed when 0 34 pg IgG was present in a 
the slope of the hne and hence the apparent K,,, = 
18xlo’M-’ 

40 ~1 ahquot whtch contamed 0 2 pg [‘Z511Protem A 

The apparent number of bmdmg sues was cal- 
culated from the ratio of the amount (nmol) of Pro- DISCUSSION 

tem A bound to the amount of IgG present on each well The results show that Protem A bmds a plant 
when (bound/free) = 0 glycoprotem, Anttgen P, with an apparent K,,, of the 

Protein A bound = 8 5 X 10m9 M and 40 ~1 would theorettcally contain 340 x 10m6 nmol, 

IgG bound = 0 32 pg = 032x1000 4oooo nmol/40 ~1 = 8 x 10m3 nmol, 

Apparent number of Protem A bmdmg sttes per mol of IgG = FE0042 

Table 3 Bmdmg of Protein A to IgG 

Protem A added Protem A bound 

cpm 9B pm01 cpm ag pm01 

167000 167 4 2 8823 8 75 0219 
149000 148 3 5 8386 8 35 0 209 
122000 121 30 8156 8 12 0 203 
looooo loo 25 7290 7 25 0 181 
84ooo 084 2 1 6649 6 62 0166 

Calculatron of bmdmg constant data 

Protem A Protem A* Protem A Bound K,,, 
bound bound free Free (M-l) 
(pmol) (M x lo+) (pmol) 

0 219 5 47 3 98 0 055 
0 209 5 22 3 29 0060 
0 203 5 08 2 a0 0 072 18x10’ 
0 181 4 53 2 32 0 078 
0166 4 15 1 93 0 080 

Plates coated with IgG (50 pglml), 0 32 pg hound to each 
well [‘*‘I]Protem A sp act 1 004 X 106 cpm/pg 

*Concentration of Protein A bound (M) calculated from 
amount bound (nmol) m 40 ~1 samples [Protem Al bound = 
(nmol bound) 

40 
x 1O-9 x 1O-6 M 

Inhrbrtron of Protern A-Antigen P rnteractron by pre- 
mcubatron of Protan A wrth IgG 

Wells of plates were coated with Antrgen P (40 ~1, 
50 pglml in PBS), washed, incubated with BSA and 
washed agam as prevtously descrtbed. [1251]Protem A 
(100 ~1, 10 pglml) was premcubated wtth IgG (100 ~1 
of three-fold serial drluttons of IgG starting at 
17 pglml) for 3 hr at room temperature Portrons of 
thus mixture (40 ~1) were added to wells of the 
Antigen P-coated plate and incubated for 3 hr at room 

Slope = I 8 x 107M-’ 

E 006 

I I I I I I I 
I 2 3 4 5 6 

1 BOUND PROTEIN A 1 M x lO-s 

Fig 3 Scatchard plot of IgG-Protem A bmdmg data Data 
from Table 3 

same order as that for the Protem A-IgG interactton 
when measured by a solid state assay Thts 1s an 
unexpected finding as Protein A 1s generally used as a 
spectfic probe for IgG and specific detectton of IgG 
by Protein A 1s the basis of many radtotmmunoas- 
says 

The binding 1s demonstrated directly by m- 
solubthzmg Antigen P and IgG separately on wells of 
the mtcrotttre plate and adding mcreasmg concen- 
trations of [‘*‘IlProtein A (Ftgs l-3). The finding that 
premcubatton of Protein A with IgG causes an m- 
hrbrtton of Protein A-Anttgen P bmdmg (Ftg 4) sug- 
gests that the sites on the Protem A molecule involved 
m IgG binding may be structurally stmtlar or spatially 
related to those involved m the Antigen P binding 

The mrcrotttre tray techmque used m thts study IS 
now widely used for measunng antigen-antibody m- 
teracttons [l] and also for glycoconmgate-lectm [7] 
mteracttons As tt 1s a solid-state assay, the apparent 
association constants wrll differ from those obtained 
for the same interactions m solutton, although the 
apparent association constants for lectm-glycocon- 
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, I I I , - 
4 13 38 113 340 @g x 10-5 

Amount of IgG added as InhIbItor 
incubated wth 0 2,ug Protem A 

Fig 4 Inhlbltlon of Protem A-Antigen P mteractron by 
premcubatlon of Protein A with IgG 

lugate mteracttons determmed by a similar method 
are of the same order as those obtamed by equlli- 
brlum dialysis [7] The multiple washes of the Protem 
A complex bound to the polyvinyl chloride wells 
would cause some dlssoctatlon, nevertheless, the im- 
portant findmg presented here 1s that the apparent 
assoctatton constants of the two mteractlons 
measured by this method are of the same order, so 
that slgnlficant interference of the antlclpated IgG- 
Protein A binding ~111 occur m the presence of ap- 
propriate concentrations of the glycoprotetn Antigen 
P The finding that the apparent number of binding 
sites calculated from data obtained by this sohd state 
method, 1s less than unity, mdlcates the limitations of 
the method Slmdar figures of less than uruty for the 
number of bmdmg sites were obtamed by Kennedy 
and Barnes [8] using another solid state assay 

In the style extract examined there are several 
glycoprotems, of which one (Antigen P) but not ano- 
ther (Antigen S) bmds IgG As Antigen P 1s present in 
all styles from members of the genus Prunus, It 1s not 
possible to estimate levels of the other antlgemc 
glycoprotem (Antigen S) by radlolmmunoassay m- 
volvmg the use of Protein A Whether this 1s an 
isolated case, or whether other plant glycoprotems 
may also bmd Protem A IS not known, however this 
single case alerts us to the posslblhty of this type of 
interference m other lmmunoassays of antigens in 
plant extracts Previously we encountered another 
difficulty m applymg lmmunologcal techmques to 
assays of plant glycoprotems Antlsera to two 
isolated glycoprotems which are qmte dlstmct with 
respect to MW, tsoelectnc point and ammo acid 
compoatlon, cross-react slgmficantly by virtue of the 

*PBS (phosphate-buffered sahne) 0 15 M NaCl, 0 005 M 
sodium phosphate buffer pH 7 4 

presence of minor common saccharlde components 
[8] Thus, although immunolo@cal techniques have 
great potential m the analysis of plant glycocon- 
Jugates, there are some hazards to their successful 
apphcation 

EXPERIMENTAL 
Mlcrotltre trays were from Cooke Laboratories VA, 

U S A Iodogen was from Pierce IL, U S A Na? was 
from Amersham Protem A was from Pharmacla Rabbit 
anti-goat IgG was from Cappel Laboratories Bovine serum 
albumin (Cat No A4503) was from Sigma 

Antlgemc style glycoprotems (Antigens S and P) were 
isolated from buffer extracts of mature styles of Prunus 
nu~um cv Lambert (S&) by gel and ion exchange chroma- 
tography as previously described [4, 51 A summary of their 
major properties 1s gwen m Table 1 The Antigen S pre- 
paration contains two components, closely related m MW, 
lmmunologlcal and electrophoretlc properties [4, 51 

‘*‘I labelhng was by the Iodogen technique [9] Bmdmg 
expts were performed on flexible polyvmyl chloride micro- 
tltre plates by a modlficatlon of the method of ref [lo] 
Essentially, wells of the plate are coated with the test 
glycoprotem or protein (antigen) (40 ~1, 50 pg/ml m PBS*) 
and Incubated at room temp for 4 hr Unadsorbed material 
1s removed with a Pasteur pipette fitted with a flexible 
plastic tip and the plates washed x 6 with PBS (160 ~1) Any 
unoccupied antigen bmdmg sites on the wells are then 
blocked by incubating the wells with BSA (1% m PBS, 
160 ~1) for 30 mm at room temp The wells are then washed 
with 1% BSA m PBS (3 x 160 ~1) and the plate drained on a 
tissue In a radlolmmunoassay, bound antigen IS then detec- 
ted by incubating the wells with specific antiserum, the 
bound IgG being detected by a subsequent mcubatlon with 
[‘ZsI]Protem A In the expts reported here, the [‘*‘I]Protem 
A was incubated directly with the glycoprotem-coated plates 
after they had been treated with BSA and washed as des- 
cnbed The mcubatlon was overnight at 4”, the plates were 
washed with 1% BSA m PBS (3 x 160 PI), then with Hz0 
(6 x 200 ~1) and the mdlvldual wells cut and counted m an 
autogamma counter (LKB) 

The amounts of mdlvldual proteins or glycoprotems 
bound to the wells were established by incubating wells with 
40 ~1 of a soln of ‘ZSI-labelled test material, contammg either 
50 or 200 pg/ml m PBS (sp act 4840 cpm/kg for Antigen P, 
2190 cpm/pg for IgG) The plates were incubated at room 
temp for 4 hr, unadsorbed material being removed with a 
Pasteur pipette, the plates washed (6 x 160 ~1) with PBS, cut 
and counted 
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