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The gene-for-gene model postulates that for every gene 
determining resistance in the host plant, there is a corre-
sponding gene conditioning avirulence in the pathogen. 
On the basis of this relationship, products of resistance 
(R) genes and matching avirulence (Avr) genes are pre-
dicted to interact. Here, we report on binding studies 
between the R gene product Cf-9 of tomato and the Avr 
gene product AVR9 of the pathogenic fungus Cladospo-
rium fulvum. Because a high-affinity binding site 
(HABS) for AVR9 is present in tomato lines, with or 
without the Cf-9 resistance gene, as well as in other so-
lanaceous plants, the Cf-9 protein was produced in COS 
and insect cells in order to perform binding studies in 
the absence of the HABS. Binding studies with radio-
labeled AVR9 were performed with Cf-9-producing COS 
and insect cells and with membrane preparations of such 
cells. Furthermore, the Cf-9 gene was introduced in to-
bacco, which is known to be able to produce a functional 
Cf-9 protein. Binding of AVR9 to Cf-9 protein produced 
in tobacco was studied employing surface plasmon reso-
nance and surface-enhanced laser desorption and ioniza-
tion. Specific binding between Cf-9 and AVR9 was not 

detected with any of the procedures. The implications of 
this observation are discussed. 

Additional keywords: elicitor, hypersensitive response, LRR, 
receptor. 

Host specificity in plant–pathogen interactions has been de-
scribed by the gene-for-gene model (Flor 1942), which postu-
lates that for every gene determining resistance in the host, 
there is a corresponding gene conditioning avirulence in the 
pathogen. On the basis of this relationship, products of resis-
tance (R) genes and matching avirulence (Avr) genes are pre-
dicted to interact, resulting in an incompatible interaction 
(Keen 1990). To date, a variety of R and Avr genes have been 
cloned (Jones and Jones 1996; Laugé and De Wit 1998; Van 
der Biezen and Jones 1998). 

Until now, only for two R proteins, Pto from tomato and Pi-
ta from rice, physical interaction with a pathogen-derived 
ligand, AvrPto and AVR-Pi-ta, respectively, has been reported 
(Jia et al. 2000; Scofield et al. 1996; Tang et al. 1996). Pto is a 
protein kinase, of which kinase activity is required for the 
activation of a resistance response (Sessa et al. 1998). The Pi-
ta resistance gene encodes a predicted cytoplasmic protein 
containing a nucleotide binding site and a leucine rich car-
boxyl terminus (Jia et al. 2000). The number of R genes for 
which the matching Avr gene has been cloned is increasing 
(Laugé and De Wit 1998). This allows for more extensive 
studies of the mechanisms by which plant R gene and corre-
sponding pathogen-derived avirulence gene products interact 
and subsequently determine the outcome of the plant–
pathogen interaction. 

The interaction between tomato and the strictly apoplastic, 
biotrophic pathogen Cladosporium fulvum complies with the 
gene-for-gene model. From tomato, several Cf genes mediat-
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ing resistance to specific races of C. fulvum have been cloned 
(Joosten and De Wit 1999). All Cf genes are predicted to en-
code extracytoplasmic, membrane-anchored glycoproteins that 
contain many leucine-rich repeats (LRRs) (Fig. 1). LRRs are 
thought to be involved in protein–protein interactions (Kobe 
and Deisenhofer 1994). The N-terminal domains, which are 
highly variable, are thought to play a role in recognitional 
specificity, whereas the C-terminal parts of the LRRs of Cf 
proteins show a remarkable homology (Dixon et al. 1996). For 
Cf-4 and Cf-9, the avirulence genes encoding the correspond-
ing race-specific elicitor of C. fulvum, Avr4 and Avr9, respec-
tively, have been cloned (Joosten et al. 1994; Van den 
Ackerveken et al. 1992; Van Kan et al. 1991). Recognition of 
these elicitors by tomato genotypes carrying the matching 
resistance gene results in a typical hypersensitive response 
(HR) (Joosten et al. 1994; Van den Ackerveken et al. 1992). 

Upon colonization of the intercellular spaces of tomato 
leaves, C. fulvum secretes elicitors into the apoplast (Joosten 
and De Wit 1999). The apoplastic localization of the various 
elicitors, together with the localization of the LRR region of the 
Cf proteins on the outer surface of the plasma-membrane of the 
host cells (Piedras et al. 2000), is consistent with the hypothesis 
that a direct interaction occurs between C. fulvum-derived elici-
tors and the matching Cf proteins. Although the C-terminal 
dilysine motif of the Cf-9 protein suggests that Cf-9 is localized 
in the endoplasmic reticulum (ER) (Benghezal et al. 2000), this 
motif is not essential for Cf-9 function (Van der Hoorn et al. 
2001), suggesting that functional Cf-9 protein resides in the 
plasma membrane, as shown by Piedras et al. (2000). 

The availability of near-isogenic lines (NILs) of tomato 
containing particular Cf genes and of matching elicitor pro-
teins allows for detailed studies on mechanisms of elicitor 
perception by a resistant host. Binding studies with radio-
labeled AVR9 elicitor protein showed the presence of a high-
affinity binding site (HABS) for this elicitor in plasma mem-
branes isolated from leaves of NILs of tomato, either with or 
without the Cf-9 resistance gene (Kooman-Gersmann et al. 
1996). Furthermore, other solanaceous plants were found to 
contain such a binding site, indicating that the Cf-9 protein 
itself is not the HABS (Kooman-Gersmann et al. 1996). 

Direct interaction between AVR9 and Cf-9 employing the 
yeast two-hybrid system could not be detected (F. Laurent and 
G. Honée, unpublished data). This system, however, is not 
entirely suitable to study interactions between such proteins. 
In order to perform binding studies with membrane-localized 
Cf-9 protein in the absence of the HABS, the Cf-9 protein was 
produced in COS and insect cells. Furthermore, the Cf-9 gene 
was introduced in tobacco, which is known to produce func-
tional Cf-9 protein because the injection of AVR9 into Cf-9-
transgenic tobacco results in HR, which is visible as necrosis 

(Hammond-Kosack et al. 1998). Here, we report on binding 
studies between AVR9 and Cf-9 produced in these three dif-
ferent expression systems. Binding studies with 125I-AVR9 
and Cf-9 produced by COS or insect cells were performed 
following the methods described by Kooman-Gersmann et al. 
(1996). Binding of AVR9 to Cf-9 protein produced in tobacco 
was studied employing surface plasmon resonance (SPR), 
with BIAcore technology (Fivash et al. 1998), and surface-
enhanced laser desorption and ionization (SELDI) (Hutchens 
and Yip 1993). Specific binding between Cf-9 and AVR9 was 
not detected with any of the procedures. The implications of 
this finding are discussed. 

RESULTS 

Production of Cf-9 protein in COS cells. 
COS cells were cotransfected with Cf-9 fused to a mammal-

ian signal peptide sequence and the gene encoding green fluo-
rescent protein (GFP) (Sheen et al. 1995). GFP expression 
was used to monitor the efficiency of transfection. Only those 
cell lines in which significant expression of GFP was ob-
served were used in AVR9-binding assays. Immunolocaliza-
tion of Cf-9 revealed that the protein is predominantly present 
in the plasma membrane of COS cells (Fig. 2), whereas GFP 
accumulated in the cytoplasm and nucleus (not shown). The 
observation that the Cf-9 protein is present at the expected 
location indicates that the mammalian signal peptide directs 
the protein to the proper processing route, allowing posttrans-
lational modifications. No cross reactivity of Cf-9 antibodies 
was observed in untransfected COS cells (results not shown). 

Binding studies with Cf-9 protein from COS cells. 
Ligand binding assays with 125I-AVR9 were performed with 

intact transgenic, Cf-9-producing COS cells and microsomal 

 

Fig. 1. Schematic representation of the Cf-9 protein, which can be di-
vided into seven domains: A, the predicted signal peptide (SP); B, the 
predicted amino terminal domain of the mature protein; C, the leucine-
rich repeats domain (LRRs); D, a connecting domain; E, an acidic do-
main; F, the transmembrane domain (TM); G, a basic domain. Domains 
E–G anchor and orient Cf-9 in the plasma membrane in such a way that 
domains B–E are extracytoplasmic and domain G forms a cytoplasmic 
tail (Jones and Jones 1996; Piedras et al. 2000). 

Fig. 2. Immunocytochemical visualization of Cf-9 in COS cells, which 
were fixed 3 days after transfection with a Cf-9-containing vector. Cf-9 
protein was visualized with Cf-9 antibodies combined with a secondary 
antibody coupled to the fluorescent dye Alexa 546. Consecutive sections 
of the cells are shown. The distances between dissection levels are indi-
cated in micrometers. 
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membrane preparations from such cells. Nonspecific binding 
was determined in the presence of an excess of unlabeled 
AVR9. No significant difference between total and nonspe-
cific binding of 125I-AVR9 to Cf-9-producing COS cells or to 
derived microsomal membrane preparations was observed 
(Fig. 3). Similar results were obtained with nontransgenic 
COS cells (results not shown). Thus, no specific binding could 
be detected under the conditions applied. Similar binding 
studies with the human melanocyte stimulating hormone 
(MSH) receptor and 125I-labeled α-MSH showed that such 
binding studies employing COS cells are adequate for detect-
ing receptor–ligand interactions, with binding affinities that 
are similar to the affinity expected for the binding of AVR9 to 
Cf-9 (data not shown). Specific binding is not likely to be 
masked by the amount of nonspecific binding because non-
specific binding only reflects approximately 7% of the total 
radioligand used for binding studies with membrane prepara-
tions. 

In an attempt to identify appropriate conditions for radioli-
gand binding, the experimental conditions of the AVR9 bind-
ing assay were changed sequentially. 125I-AVR9 binding was 
not affected by alteration of the incubation temperature from 
37°C to room temperature or 0°C (results not shown). Simi-
larly, variation of the pH of the ligand binding buffer (pH 4.5, 
5.5, 6.5, or 7.5) did not result in detectable, specific AVR9 
binding. The addition of NaCl, KCl, or KI (at 100 mM each) 
did not reduce nonspecific binding. Also, solubilization of 
microsomal membranes, either by 1% Triton X-100 or 1% 
octylglucoside, which is frequently used to solubilize plasma 
membrane receptors, did not result in specific binding of 125I-
AVR9 (results not shown). Thus, none of the various condi-
tions applied resulted in detectable, specific binding of 125I-
AVR9 to the Cf-9 protein produced by COS cells. 

Production of Cf-9 protein in insect cells. 
In addition to expression in COS cells, Cf-9 was expressed 

with the baculovirus expression system. Two different recom-
binant baculovirus constructs were employed for production 
of the Cf-9 protein. One recombinant virus contained the 

complete Cf-9 cDNA (Cf-9), including the native signal se-
quence, whereas the other encoded the predicted extracellular 
part of Cf-9 (domain A to halfway through domain E; Fig. 1) 
containing a C-terminal His6-tag (Cf-9H). 

Production of Cf-9 by baculovirus-infected insect cells was 
confirmed by immunoblot analysis. Different forms of Cf-9 
protein are present in insect cells. Predominant forms range 
from approximately 84 to 125 kDa for complete Cf-9 (Fig. 4). 
Compared with Cf-9H, the lower mobility of the proteins pro-
duced by insect cells infected by baculovirus containing Cf-9 
is consistent with the size difference of the corresponding 
open reading frames. The largest form of Cf-9H protein de-
tected in cells infected by baculovirus expressing Cf-9H is 
approximately 116 kDa in molecular weight. This form also 
was detected in culture medium, whereas no Cf-9 was de-
tected in culture medium of cells infected by baculovirus ex-
pressing the complete Cf-9 cDNA (Fig. 4, see arrow). This 
suggests that the native, N-terminal signal sequence for ex-
tracellular targeting of Cf-9 is recognized in insect cells and 
that the membrane anchor of the complete Cf-9 protein com-
prising domains E, F, and G prevents it from being secreted. 

The amount of extracellular Cf-9H produced, however, was 
too low to purify the protein from the culture medium. There-
fore, a procedure was initiated to purify Cf-9 proteins from 
insect cell extracts. As the various forms of Cf-9 and Cf-9H 
turned out to be insoluble under native conditions (results not 
shown), affinity purification of Cf-9H was performed under 
denaturing conditions (see below). Purification of Cf-9H under 
denaturing conditions yielded three forms that were approxi-
mately 75, 80, and 116 kDa, which all cross reacted with anti-
bodies raised against the Cf-9 protein (Fig. 5). As these three 
forms were purified employing their C-terminal His6-tag, they 
all derived from a full-length translation product. The 116-kDa 
form of Cf-9H migrated as a more diffuse band than did the 
75- and 80-kDa forms. Because the Cf-9 protein contains 22 
potential N-glycosylation sites (Jones et al. 1994), it was an-

 

Fig. 3. Binding of 125I-AVR9 to Cf-9-expressing COS cells and micro-
somal membranes of these cells. Total binding (white columns) and 
nonspecific binding (black columns) are indicated in counts per minute 
(cpm) for cells (n = 12) and microsomal membranes (n = 3). 

 

Fig. 4. Western blot analysis of Cf-9 and Cf-9H proteins produced with 
the baculovirus expression system. Insect cells were infected by bacu-
lovirus containing Cf-9 or Cf-9H or by baculovirus without an insert (−) 
and cultured in SF900 II medium. Proteins present in cell lysates and 
medium were separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, followed by immunodetection with the use of Cf-9 
antibodies. Arrow indicates the 116-kDa form of Cf-9H. Molecular 
weight marker positions are indicated on the left. 
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ticipated that this diffuse band represents a glycosylated form 
of Cf-9H. Cells that were incubated in the presence of tunica-
mycin, an inhibitor of N-glycosylation, did not produce the 
116-kDa form, whereas the 75- and 80-kDa forms were still 
produced (results not shown), indicating that the 116-kDa 
band indeed represents a glycosylated form of Cf-9H. Similar 
results were obtained when insect cells infected with bacu-
lovirus expressing the complete Cf-9 cDNA were incubated 
with tunicamycin. These data also indicate that approximately 
41 kDa of the mass of the Cf-9 protein produced in insect 
cells represents N-glycosylation, which contributes approxi-
mately 55 kDa to the mass of the Cf-9 protein produced in 
tobacco (Piedras et al. 2000). This difference is probably the 
result of the differences between the glycosylation in insects 
and plants (King and Possee 1992). Upon processing Cf-9H, 
removal of the signal peptide occurred because N-terminal 
sequencing of the 116-kDa form of Cf-9H revealed that the 
signal peptide had been cleaved off at the position predicted 
by Jones et al. (1994). N-terminal sequencing of the 80- and 
75-kDa forms of Cf-9H did not result in a clear amino acid 
sequence. We expect that these forms represent nonglycosy-
lated Cf-9H protein, either with (80 kDa) or without (75 kDa) 
signal peptide, because the estimated masses of these forms 
are close to the calculated masses of 88.4 and 85.9 kDa, re-
spectively. These results indicate that at least part of the full-
length Cf-9 protein produced in insect cells is directed to the 
proper processing route, allowing glycosylation and removal 
of the signal sequence. 

Binding studies with Cf-9 proteins produced 
by insect cells. 

Cf-9H protein was purified under denaturing conditions. Be-
cause these conditions are expected to render the protein un-
suitable for binding studies, binding assays were performed 
with whole insect cells, producing the complete Cf-9 protein 
containing the membrane anchor, and with membrane-

enriched fractions of such cells. Binding assays were per-
formed in a similar way, as described for binding studies with 
microsomal fractions of plant (Kooman-Gersmann et al. 1996) 
and COS cells (this article). Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) confirmed 
that the membrane-enriched fractions of Cf-9-producing insect 
cells also were enriched for all forms of Cf-9 (results not 
shown). This enrichment, however, partly is the result of the 
presence of insoluble Cf-9 protein that ends up in the final 
pellet, representing the membrane-enriched fraction. Insect 
cells infected by baculovirus without insert and derived mem-
brane-enriched fractions, were used as a control. During all 
binding studies with Cf-9 produced in insect cells, microsomal 
fractions of MM-Cf9 tomato leaves were included as a posi-
tive control for the experimental procedures. When standard 
binding conditions were used, no specific binding of 125I-
AVR9 to Cf-9-producing insect cells or derived membrane-
enriched fractions was observed (data not shown). Binding of 
AVR9 to the HABS present in the microsomal fractions of 
tomato leaves was always detected, whereas the amount of 
glycosylated Cf-9 from insect cells present in binding assays 
is estimated to be at least 10,000-fold (membrane-enriched 
fractions) or 1,000-fold (cells) higher than the amount of 
HABS present in the microsomal fractions of tomato leaves. 

In an attempt to optimize binding conditions, some parame-
ters of the binding buffer were varied. Binding studies with 
membrane-enriched fractions were performed at different pH 
valves (pH 4, 5, 6, 7, 8, and 9) and salt concentrations (0, 100, 
and 500 mM NaCl). None of the various conditions, however, 
resulted in the detection of specific binding of 125I-AVR9 to 
membrane-enriched fractions (data not shown). 

As an alternative to standard binding studies, a native dot 
blot was made of Cf-9-producing insect cells. Mock-infected 
insect cells and a microsomal fraction, including the HABS, 
isolated from leaflets of MM-Cf9 plants, were spotted as con-
trols. The amount of glycosylated Cf-9 present in the spots of 
Cf-9 producing insect cells is estimated to be at least 1,000-
fold higher than the amount of HABS present in the spots of 
the microsomal fraction of MM-Cf9 plants. The Cf-9 protein 
in insect cells was detected readily by Cf-9 antibodies, 
whereas the amount of Cf proteins in the microsomal fraction 
of MM-Cf9 plants was too low to obtain a visible signal (Fig. 
6, upper panel). Binding of 125I-AVR9 to the spotted Cf-9-

 

Fig. 5. Affinity purification of Cf-9H from insect cells under denaturing 
conditions. Cf-9H was purified from total insect cell proteins (T). The 
purified fraction (P) contains three forms of Cf-9H of approximately 75, 
80, and 116 kDa (arrows). Proteins that were present in complete cell 
lysates and purified fractions were analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, followed by A, Coomassie staining 
or B, immunodetection with the use of Cf-9 antibodies. Marker molecu-
lar weight is indicated on the left. 

 

Fig. 6. Binding of 125I-AVR9 to a native dot blot spotted with Cf-9-
producing insect cells. Insect cells were either infected by baculovirus 
containing Cf-9 (Cf-9) or mock infected (−) and spotted onto nitrocellu-
lose. As a positive control, a microsomal fraction of MM-Cf9 tomato 
plants was spotted (MM-Cf9). Similar blots were treated with Cf-9 
antibodies (upper panel) or 125I-AVR9 (lower panel). 
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producing insect cells, however, was not observed, whereas 
the microsomal fraction of MM-Cf9 plants present on the blot 
did bind 125I-AVR9 (Fig. 6, lower panel). Similar experiments 
were performed with blots spotted with culture medium of 
insect cells expressing Cf-9H. Again, no specific binding of 
125I-AVR9 was detected (data not shown). 

Production of Cf-9 protein in tobacco. 
Because no specific binding of AVR9 to Cf-9 protein pro-

duced by COS or insect cells was observed, binding studies 
were performed with Cf-9 protein produced in tobacco. Trans-
formation of tobacco with c-myc:Cf-9 resulted in a line, des-
ignated 9161, showing HR upon injection of AVR9 (Piedras et 
al. 2000). The c-myc:Cf-9 protein was localized in the plasma 
membrane (Piedras et al. 2000) and could be solubilized from 
a microsomal fraction isolated from leaves of the 9161 line 
with 0.1% Nonidet P-40 (Fig. 7, lane 1). Nonidet P-40 com-
monly is used for the native solubilization of membrane pro-
teins (Hjelmeland 1990). Nonidet P-40, however, reduces the 
binding of AVR9 to the HABS detected in tobacco by 
Kooman-Gersmann et al. (1996) (R. A. L. Van der Hoorn, 
unpublished results), resulting in reduced interference of the 
HABS in binding studies between AVR9 and Cf-9. The solu-
bilized c-myc:Cf-9 protein from tobacco was used in in vitro 
binding experiments employing SPR and SELDI techniques. 

SPR experiments with c-myc:Cf-9 protein produced 
in tobacco. 

SPR analysis was carried out with biotinylated AVR9, 
which has been demonstrated to have necrosis-inducing activ-
ity (Van den Hooven et al. 1999), immobilized onto the chips. 
Total solubilized microsomal proteins from the 9161 line or 
untransformed Nicotiana tabacum cv. Petite Havana plants 
(PH.4) were diluted in 20 mM sodium phosphate, pH 6.0, and 
injected into the flow cell. The resonance signals at the steady 
state (Req) that were obtained with both protein preparations 
were similar at comparable total solubilized microsomal pro-
tein concentrations (Fig. 8A and C). When 0.5 µg of R8K 
AVR9 (an AVR9 mutant showing increased necrosis-inducing 
activity) (Kooman-Gersmann et al. 1997) was injected with 
the membrane protein samples, a similar decrease in Req val-
ues was observed for proteins from the 9161 line (Fig. 8B) 
and PH.4 (Fig. 8D). These results indicate that the observed 
binding of Cf-9-containing membrane proteins to immobilized 
AVR9 does not reflect specific binding of Cf-9 protein but 
probably represents some residual binding of the HABS, in 
addition to nonspecific binding. Also, when a pH of 7.3 was 
applied, either with or without 100 mM NaCl, no specific 
binding of Cf-9 proteins to the AVR9-coated chip could be 
detected. The observed residual binding of the HABS (Fig. 8B 
and D) does indicate that the experimental setup of the SPR 
experiments is adequate to detect binding to the immobilized 
AVR9. Thus, these experiments did not provide any evidence 
for specific binding of Cf-9 to the immobilized AVR9 peptide. 

 

Fig. 7. Specific immunoprecipitation of c-myc:Cf-9 protein produced in 
tobacco by c-myc antibodies. Immunoprecipitation was carried out with 
microsomal preparations of leaves from c-myc:Cf-9-transgenic tobacco 
(line 9161) and c-myc monoclonal antibodies, as described in text. The 
immunoprecipitated proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and detected with the use of c-myc
polyclonal antibodies. Lane 1, total microsomal fraction; lane 2, mate-
rial bound nonspecifically to the protein G beads during the preclearing 
step; lane 3, material immunoprecipitated by the c-myc antibody; lane 4, 
material immunoprecipitated by unrelated hemagglutinin antibodies. 
Arrow indicates the position of the c-myc:Cf-9 protein. Molecular
weight marker positions are indicated on the left. 

Fig. 8. Sensorgrams of the interaction between immobilized, bioti-
nylated AVR9 and solubilized microsomal proteins from tobacco. Sam-
ples injected into the flow cell were: A, solubilized membrane proteins 
from c-myc:Cf-9-transgenic tobacco line 9161; increasing concentra-
tions of membrane protein samples were used (from bottom to top 
curve: 30, 100, and 500 ng of total proteins per µl); B, same sample as 
in A, injected at 100 ng/µl (a) and 100 ng/µl in the presence of the com-
peting R8K mutant of AVR9 (b); C, solubilized membrane proteins from 
untransformed PH.4 plants (bottom to top curve: 30, 100, and 500 
ng/µl); D, same sample as in C, injected at 100 ng/µl (a) and 100 ng/µl 
in the presence of the competing R8K mutant of AVR9 (b). Response 
expressed in resonance units (RU) is reported as the difference between 
the signal obtained from the flow cell with immobilized AVR9 and a 
second flow cell without peptide. The initial baseline corresponds to the 
buffer flow over the AVR9 surface. An increase in RU occurs during the 
association phase upon sample injection. The maximum resonance 
signal reached during sample injection reflects the steady state, whereas 
the decrease in RU that occurs at the end of the injection, when sample 
is replaced by buffer, corresponds to the dissociation phase. 
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SELDI experiments with Cf-9 protein produced 
in tobacco. 

SELDI also was used to study whether there is interaction 
between AVR9 and Cf-9. This technique allows determination 
of the mass of peptides that bind to proteins, which are cova-
lently coupled to a chip, by measuring their time of flight with 
a mass spectrometer after laser irradiation. 

Proteins solubilized from microsomal fractions isolated 
from leaves of line 9161 and the untransformed line PH.4 
were immunoprecipitated with c-myc monoclonal antibodies. 
Cf-9 was present in the precipitate obtained from the 9161 
microsomal preparation (Fig. 7, lane 3). The specificity of the 
antibody was confirmed by the absence of immunoprecipitate 
when extracts from untransformed PH.4 plants (not shown) 
were used. No immunoprecipitated proteins were detected 
after the preclearing step with only protein G (Fig. 7, lane 2), 
and Cf-9 was not precipitated by unrelated hemagglutinin 
antibodies (Fig. 7, lane 4). Thus, c-myc:Cf-9 can be purified 
from a microsomal fraction of line 9161 by solubilization, 
followed by immunoprecipitation. The results were identical 
when cell cultures rather than leaves of line 9161 were used to 
obtain microsomal fractions (data not shown). 

For SELDI, immunocomplexes obtained either from cell 
cultures of line 9161 or PH.4 were coupled to a protein G-
coated chip. About twice as much binding of AVR9 was ob-
served to c-myc:Cf-9-containing extracts than to extracts from 
PH.4 cell cultures (results not shown). Protein content and 
composition of the immunocomplexes originating from the 
cell cultures of line 9161 and PH.4, however, are probably 
very different. Therefore, competition experiments were car-
ried out to further characterize the significance of the binding 
of AVR9 to c-myc:Cf-9-containing extracts. 

Competition experiments were performed with mutants of 
AVR9 having higher (R8K), lower (F10A), or no necrosis-
inducing activity (F21A) (Kooman-Gersmann et al. 1997). The 
necrosis-inducing activity of these AVR9 mutants has been 
shown to correlate with their affinity for the HABS (Kooman-
Gersmann et al. 1998). The SELDI technique is sufficiently 
sensitive to distinguish between the molecular mass of AVR9 
and the mutant peptides (results not shown). Competition ex-
periments were performed in such a way that initially, AVR9 
was bound onto the immunocomplex-treated chip and, after 
washing, the three different AVR9 mutants were added as com-
petitors. There was no correlation between the ability of the 
AVR9 mutants to compete with AVR9 binding and their necro-
sis-inducing activity (Fig. 9). Similar results were obtained with 
the c-myc:Cf-9 protein isolated from Cf-9-transgenic tobacco 
leaves instead of from cell cultures. These results indicate that 
the apparent enhanced binding of AVR9 to immunoprecipitated 
Cf-9 is unlikely to reflect specific AVR9 binding because it can-
not be competed specifically. It has to be taken into account, 
however, that although there is a correlation between the necro-
sis-inducing activity of AVR9 mutants, with their affinity for the 
HABS, a similar correlation does not necessarily exist with their 
potential affinity for Cf-9. 

DISCUSSION 

No detected binding of AVR9 to Cf-9. 
We studied whether binding of race-specific elicitor AVR9 

of C. fulvum to Cf-9, the product of resistance gene Cf-9 of 

tomato, occurs. Cf-9 protein was produced in different het-
erologous systems, and various experimental procedures were 
employed to reveal whether the Cf-9 protein has binding affin-
ity for the AVR9 elicitor. With all of the approaches we fol-
lowed, however, no specific binding of AVR9 to Cf-9 was 
observed. The functionality of the heterologously produced 
Cf-9 protein and the methods used to study the potential inter-
action are evaluated and discussed. 

Cf-9 protein was produced in COS cells, insect cells, and 
tobacco plants as well as in cell cultures derived from these 
plants. The COS cell and baculovirus expression systems em-
ploying insect cells have previously been shown to be suitable 
for expression of various functional receptor proteins 
(Greenfield et al. 1988; Kieffer et al. 1992; Mathews and Vale 
1991; Webb et al. 1989). Although there is no proof that Cf-9 
produced in these systems is functional, the Cf-9 protein pro-
duced in COS cells was present in the plasma membrane (Fig. 
2), whereas at least part of the Cf-9 protein produced in insect 
cells is directed to the proper processing route, allowing gly-
cosylation of the protein and removal of the signal sequence. 
The transgenic tobacco line was shown to produce functional 
c-myc:Cf-9 protein because injection of the AVR9 peptide in 
these plants resulted in typical necrosis (Piedras et al. 2000). 

Binding studies with Cf-9 produced in COS and insect cells 
were performed according to Kooman-Gersmann et al. (1996). 
They used 125I-AVR9 and microsomal fractions or plasma 
membranes of leaves to identify a HABS for AVR9 in tomato 
and other solanaceous plants. Considering the high amounts of 
heterologously produced Cf-9 protein used in the binding 
studies described in this article and the broad range of condi-
tions that were tested to detect specific binding between AVR9 
and Cf-9, we expected to detect specific binding if the Cf-9 
protein and the AVR9 elicitor do, in fact, interact. 

AVR9 binding to myc-tagged Cf-9 produced in tobacco was 
studied employing SPR, with BIAcore technology, and 
SELDI. The c-myc:Cf-9 protein was solubilized from micro-
somal fractions with Nonidet P-40. Although Nonidet P-40 
commonly is used for the native solubilization of membrane 
proteins (Hjelmeland 1990), it cannot be excluded that Non-
idet P-40 interferes with the potential binding between AVR9 
and Cf-9. SPR is an excellent method to study qualitative 
aspects of protein–protein interactions (Fivash et al. 1998) and 
has been shown to be a functional tool for studies on LRR 
proteins (Leckie et al. 1999). Therefore, a comparison be-
tween microsomal protein preparations of tobacco, with or 
without Cf-9, could reveal binding between AVR9 and Cf-9. 
No difference in AVR9 binding was observed between micro-
somal protein fractions, however, whether they contained Cf-9 
or not (Fig. 8). 

SELDI ProteinChip technology (Hutchens and Yip 1993) is 
a tool to study macromolecular interactions. Several research-
ers have reported on the successful use of SELDI to study 
protein–protein interactions (Davies et al. 1999; Kuwata et al. 
1998), indicating that the use of SELDI to identify specific 
binding between AVR9 and Cf-9 is feasible. No correlation 
was found, however, between the necrosis-inducing activity of 
AVR9 mutants and their ability to compete with AVR9 bind-
ing (Fig. 9). 

It could be argued that we failed to detect binding between 
AVR9 and Cf-9 because we did not identify the right experi-
mental conditions. We consider it likely, however, that the 
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lack of detection of specific binding of AVR9 to Cf-9, follow-
ing many different approaches, reflects the absence of interac-
tion between these proteins. 

Perception of AVR9 by Cf-9. 
Our results indicate that AVR9 does not bind directly to the 

Cf-9 protein, implying that at least a third partner is required 
for perception of AVR9 by Cf-9. Introduction of the Cf-9 
gene, however, has been shown to be essential and sufficient 
to confer the ability to respond to AVR9 to tomato, tobacco, 
potato, and petunia (Hammond-Kosack et al. 1998; Van der 
Hoorn et al. 2000), indicating that the proposed third interact-
ing partner is already present in these species. In the same 
species, a HABS for AVR9 was detected in plasma mem-
branes (Kooman-Gersmann et al. 1996). Furthermore, the 
necrosis-inducing activity of AVR9 mutants was shown to be 
correlated with their affinity for the HABS (Kooman-
Gersmann et al. 1998). Therefore, the HABS is a good candi-
date for the third interacting partner involved in the perception 
of AVR9 by Cf-9 (Joosten and De Wit 1999; Kooman-
Gersmann et al. 1998). Whether the HABS is actually in-
volved in the perception of AVR9 in combination with Cf-9 
has to be proven. Currently, efforts are being made to purify 
the HABS. Hopefully, this will lead to further insights into the 
nature of the HABS and the mechanism by which perception 
of AVR9 by Cf-9 takes place. 

If a third interacting partner is involved in the perception of 
AVR9 by Cf-9, this implies that the simplest interpretation of 
Flor’s gene-for-gene concept, direct interaction of a pathogen-
derived elicitor with a matching resistance gene product (Flor 
1942; Keen 1990), does not hold for the Avr9–Cf-9 gene pair. 
Recognition mediated by a third interacting partner was sug-
gested before for the recognition of AvrPto of Pseudomonas 
syringae by tomato (Van der Biezen and Jones 1998), AvrRpt2 
of P. syringae by Arabidopsis (Leister and Katagiri 2000), and 
turnip crinkle virus capsid protein by Arabidopsis (Ren et al. 
2000). Also, in other host–pathogen interactions that comply 
with the gene-for-gene concept, perception of a pathogen-
derived elicitor by the resistance gene product might depend 
upon a third interacting partner. Moreover, the nature of this 
third partner might vary among different pathosystems. There-
fore, we argue that although the genetics of the gene-for-gene 
concept suggest a simple direct receptor–ligand interaction, 
the actual biochemical mechanism of elicitor perception might 
be more complex than anticipated. 

MATERIALS AND METHODS 

Expression of Cf-9 in COS cells. 
Monolayer cultivation of COS-7 cells was performed as de-

scribed (Nennstiel 1998). For transfection, 2 µg of plasmid 
DNA (SeqTag vector containing Cf-9; Invitrogen, Groningen, 
The Netherlands) were added to 1.6 × 106 COS-7 cells. Elec-
troporation (250 V, 500 µFd) was performed as described 
(Nennstiel 1998). Electroporated cells were transferred to petri 
dishes containing Dulbecco minimal essential medium–fetal 
calf serum (GIBCO-BRL, Karlsruhe, Germany). After 3 days, 
transfected cells were collected for preparation of microsomal 
membranes (see below) and AVR9 binding assays. Cotrans-
fection with GFP (2 µg of pCDM8–GFP) (Sheen et al. 1995) 
was performed to monitor transfection of COS-7 cells. 

For monitoring production of Cf-9 protein in COS-7 cells, 
cells were fixed in 4% paraformaldehyde and, after blocking 
unspecific binding sites (10% goat serum, 3% bovine serum 
albumin [BSA]), cells were overlaid with a 1:2,500 dilution of 
Cf-9 antibodies. These polyclonal antibodies were raised in 
rabbit against the extracellular domain of Cf-9 that had been 
produced in Escherichia coli. After incubating cell layers with 
a 1:2,500 dilution of the fluorescent dye Alexa 546 coupled to 
goat anti-rabbit immunoglobulin G (IgG), localization of Cf-9 
was visualized by confocal laser microscopy. 

Preparation of microsomal membranes from COS cells. 
Transfected COS-7 cells were sonicated, and cell debris 

was removed by low-speed centrifugation (1,000 × g). The 
supernatant was subjected to ultracentrifugation (100,000 × 
g), and the resulting pellet was resuspended in binding buffer 
(10 mM K-phosphate, pH 6.0; 0.1% BSA) and used in ligand 
binding assays without further treatment. Detergent solubiliza-
tion of microsomal membranes from Cf-9-transgenic COS-7 
cells was carried out as described (Nennstiel 1998). 

AVR9 binding assays with Cf-9 producing COS cells. 
Ligand binding assays were performed according to 

Kooman-Gersmann et al. (1996). If not stated otherwise, 
transfected COS-7 cells were resuspended in binding buffer to 
a final concentration of 2.5 × 106 cells per ml. Cells (100 µl) 
were preincubated for 20 min at 37°C, and binding was initi-
ated by the addition of 10 µl of 125I-AVR9 (2,200 Ci per 
mmol) to a final concentration of 200 mM. Nonspecific bind-
ing was determined in the presence of a 1,000-fold excess of 
unlabeled AVR9. After incubation (3 h at 37°C, with occa-
sional shaking), cells were harvested by filtration on GF/F 
filters (Whatman, Kent U.K.). Filter-bound radioactivity was 
determined by crystal scintillation with a Wallac 1470 Wizard 
γ-counter (PerkinElmer Life Sciences, Gaithersburg, MA, 
U.S.A.). 

AVR9 binding assays with microsomal membranes pre-
pared from transfected COS-7 cells were carried out essen-
tially as described above for intact cells. Microsomal mem-
brane protein (100 µg) were used in standard binding assays. 
In AVR9 binding assays with detergent-solubilized mem-

 

Fig. 9. Surface-enhanced laser desorption and ionization analysis of 
binding between AVR9 and immobilized c-myc:Cf-9. Immunoprecipi-
tated proteins from microsomal membranes from c-myc:Cf-9-transgenic 
tobacco line 9161 (Fig. 7) were coupled to a protein G-coated chip, 
which was subsequently incubated with AVR9 protein. After several 
washing steps (see text for details), the initial AVR9 binding value was 
determined. Subsequently, the chip was incubated with AVR9 mutants 
having higher (R8K) or lower (F10A) necrosis-inducing activity than 
wild-type AVR9 or no necrosis-inducing activity (F21A). Afterward, the 
AVR9 binding value was again determined. The amount of AVR9 bind-
ing detected is expressed as a percentage of the initial AVR9 binding. 
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branes, proteins were collected on Whatman GF/F filters pre-
treated with 0.5% polyethylene–imine for 1 h. 

Construction of recombinant baculovirus containing Cf-9. 
The complete Cf-9 cDNA was cloned in pFastBac1 

(GIBCO-BRL, Breda, The Netherlands), generating pFB1-Cf-
9. Additionally, pFB1-Cf-9H coding for Cf-9H protein, which 
lacks the predicted membrane anchor (Fig. 1) and contains a 
C-terminal His6-tag, was constructed. The generated plasmids 
were used to obtain recombinant baculovirus via the Bac-to-
Bac Expression System (GIBCO-BRL) according to the 
manufacturer’s protocol. 

Insect cells and baculovirus infection. 
Sf21 insect cells were cultured, as described (King and 

Possee 1992), in Grace’s medium (GIBCO-BRL) supple-
mented with 10% fetal bovine serum (GIBCO-BRL) in 
monolayers at 27°C. For Cf-9 protein production, virus inocu-
lum was added to the cells with a multiplicity of infection of 
10 plaque-forming units per cell. After 1 h at 27°C, the inocu-
lum was replaced by Grace’s medium supplemented with 10% 
fetal bovine serum or with SF900 II serum-free medium 
(GIBCO-BRL) to allow immunological analysis of the culture 
medium for the presence of the Cf-9H protein. To study N-
glycosylation, tunicamycin (Kelly and Lescott 1983) was 
added to a final concentration of 10 µg per ml, immediately 
after replacement of the inoculum by culture medium. Cells 
were harvested 72 h after infection and washed in phosphate 
buffered saline (PBS) prior to further manipulations. 

SDS-PAGE and Western blot analysis of Cf-9 produced 
by insect cells. 

Insect cells were resuspended in approximately 100 µl of 
SDS loading buffer per 106 cells. Culture medium was freeze-
dried and resuspended in SDS loading buffer to 1/10 of the 
original volume. After heating for 5 min at 100°C, proteins 
present in 10 µl of the various samples in SDS loading buffer 
were separated on 7.5% SDS–polyacrylamide gels and visual-
ized with Coomassie brilliant blue or transferred to nitrocellu-
lose membrane by electroblotting. The blots were incubated 
with the Cf-9 antibodies, which also were employed to detect 
Cf-9 protein in COS cells at a 1:5,000 dilution. Antigen–
antibody complexes were visualized with alkaline phos-
phatase-conjugated goat anti-rabbit IgG under standard condi-
tions. For N-terminal sequencing, purified protein was sepa-
rated by SDS-PAGE and blotted onto polyvinylidene 
difluoride according to Bauw et al. (1987). After Amido black 
staining, the band of interest was excised and sequence analy-
sis of the protein was performed by Sequentiecentrum Utrecht 
(Utrecht, The Netherlands). 

Protein purification from insect cells. 
To obtain pure Cf-9H protein, cells were resuspended in 

guanidinium lysis buffer and loaded on an Xpress System 
His6-affinity column (Invitrogen). The column was washed 
and eluted under denaturing conditions in the presence of 8 M 
urea, according to the protocol provided by the manufacturer. 

Preparation of membrane-enriched fractions  
from insect cells. 

Membrane-enriched fractions from insect cells were pre-
pared based on the procedure of Tate and Blakely (1994) with 

the following modifications. The procedure was started by 
suspending the virus-infected insect cells in 1:20 diluted PBB 
(120 mM NaCl; 5 mM KCl; 50 mM Hepes-NaOH, pH 7.4). 
The suspension was homogenized by sonication for 20 min at 
4°C. All steps were performed in the presence of 1 mM of the 
protease inhibitor phenylmethylsulphonyl fluoride. After cen-
trifugation (12,000 × g), the final pellet was resuspended in 
MB3 buffer (250 mM sucrose; 10mM Tris HCl, pH 7.5) to a 
protein concentration of 1 to 10 mg per ml and stored at 
−80°C. 

Binding studies and native dot blots 
with Cf-9 producing insect cells. 

Binding studies were performed according to Kooman-
Gersmann et al. (1996). For each assay, 15 to 30 µg of protein 
present in membrane-enriched fractions or in complete cells 
was used. The amount of glycosylated Cf-9 protein present in 
these fractions was estimated from a Coomassie brilliant blue-
stained gel. Binding studies were performed in binding buffer 
(25 mM phosphate buffer, pH 6.0; 250 mM sucrose), contain-
ing 100 pM 125I-AVR9, either at 37°C or room temperature. 
Nonspecific binding was determined in the presence of a 
1,000-fold excess of unlabeled AVR9. In the assays performed 
at room temperature, binding conditions were varied in pH 
valves (pH 4, 5, 6, 7, 8, or 9) and salt concentrations (0, 100, 
or 500 mM NaCl). GF6 glass fiber filters (Schleicher & 
Schuell, Einbeck, Germany) were preincubated with poly-
ethylamine and washed with the corresponding binding buffer 
before application of the samples. 

For dot-blot experiments, a suspension was made of 2 × 106 
insect cells per ml of binding buffer. To disrupt the cells, the 
suspension was transferred twice from liquid nitrogen to a 
42°C water bath and sonicated for 2 min at 4°C. Ten microli-
ters of the resulting homogenate was spotted onto nitrocellu-
lose. As a positive control, 31 µg of protein of a microsomal 
fraction of leaves from Lycopersicon esculentum cv. Money-
maker tomato plants harboring Cf-9 (MM-Cf9) (Kooman-
Gersmann et al. 1996) was spotted. Blots were blocked in 
binding buffer containing 1% BSA. After blocking, blots were 
incubated for 2 h at 37°C in 5 ml of binding buffer containing 
1% BSA and 100 pM 125I-AVR9. Nonspecific binding was 
determined in the presence of a 1,000-fold excess of unlabeled 
AVR9. Blots were subsequently washed for 2 h at 37°C in 5 
ml of binding buffer, and X-Omat AR film (Kodak, Rochester, 
NY, U.S.A.) was exposed to the blot at −80°C in the presence 
of an intensifying screen. 

Production of Cf-9 by tobacco and preparation 
of membrane protein extracts. 

The transgenic tobacco line 9161 and corresponding sus-
pension cultures producing Cf-9 with a triple c-myc-tag in the 
G domain (c-myc:Cf-9) were generated as described previ-
ously (Piedras et al. 2000). The recipient plant, Petite Havana, 
and the 9161 line were grown in Levington’s M3 compost in 
the greenhouse. Suspension cultures of these lines were sub-
cultured at 2-week intervals in Murashige and Skoog medium 
(Murashige and Skoog 1962), pH 5.7, supplemented with 3% 
sucrose, B5 vitamins, 1 mg of 2,4-dichlorophenoxyacetic acid 
per ml, and 0.1 mg of kinetin per ml. 

Leaf or cell samples were ground in liquid nitrogen, thawed 
in 2 vol of extraction buffer (50 mM sodium phosphate buffer, 
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pH 7.5; 50 mM NaCl; 1 mM 4-[2-aminoethyl]-benzenesul-
fonyl fluoride [Pefabloc; Roche Diagnostics, Mannheim, 
Germany]), filtered through two layers of Miracloth, and cen-
trifuged at 1,000 × g for 10 min at 4ºC. The supernatant was 
subsequently ultracentrifuged at 100,000 × g for 1 h at 4°C, 
and the microsomal membranes in the pellet were solubilized 
in solubilization buffer (extraction buffer supplemented with 
0.1% [octylphenoxy]-polyethoxyethanol [Nonidet P-40]) and 
ultracentrifuged at 100,000 × g for 1 h at 4°C. The supernatant 
was aliquotted and stored at −70°C. The protein concentration 
was determined with the BCA protein assay kit (Pierce, Ches-
ter, U.K.) with BSA as a standard. 

SPR experiments with Cf-9 produced in tobacco. 
The BIAcore X system for performing SPR experiments 

was purchased from Pharmacia Biosensor (Uppsala, Sweden). 
Ten microliters of 50 nM biotinylated AVR9 (Van den Hooven 
et al. 1999) was immobilized onto streptavidin-coated sensor 
chips SA (Biosense, Milan, Italy) at a flow rate of 5 µl per min 
at 25°C. Increase in the signal after immobilization was 500 
resonance units. Total microsomal proteins (see above) from 
Petite Havana or the 9161 line expressing c-myc:Cf-9 were 
diluted in 20 mM sodium phosphate (pH 6.0) or 20 mM 
HEPES (pH 7.3), with or without 100 mM NaCl. All buffers 
used contained 0.005% (vol/vol) surfactant P20 (Biosense). 
Of these solutions, 80 µl was injected into the flow cell and 
passed over the peptide surface at a flow rate of 20 µl per min. 
Binding was monitored as a mass change in the vicinity of the 
sensor surface, reflecting the progress of the interaction. Re-
sponse, expressed in resonance units, is reported as the differ-
ence between the signal obtained from the flow cell with im-
mobilized AVR9 and a second flow cell without AVR9 
attached. Each association–dissociation cycle was followed by 
a regeneration phase, during which the flow cell was flushed 
with 20 µl of HBS buffer (10 mM HEPES, pH 7.4; 150 mM 
NaCl; 0.005% [vol/vol] surfactant P20 in distilled water) to 
remove bound proteins. 

Immunoprecipitation and immunoblotting 
of protein extracts from tobacco. 

Prior to immunoprecipitation, the aliquots of either leaf- or 
cell-solubilized microsomes were thawed and ultracentrifuged 
at 100,000 × g for 30 min at 4°C. From the supernatant, a 
volume containing 250 to 500 µg of protein was precleared in 
a final volume of 500 µl of solubilization buffer (see above) 
for 1 h at 4°C in the presence of 5% (vol/vol) protein G cou-
pled to beads. The mixture was centrifuged, and the super-
natant was incubated with c-myc monoclonal antibodies 
(Santa Cruz Biotechnology, Santa Cruz, CA, U.S.A.) at a final 
dilution of 1:50. After 3 h at 4°C, the immunocomplexes were 
either used for SELDI experiments (see below) or Western 
blotting. In the latter case, after incubation with 5% (vol/vol) 
protein G coupled to beads for 1 h at 4°C, the precipitate was 
collected by centrifugation, washed three times with solubili-
zation buffer, and subsequently resuspended in SDS–sample 
buffer. 

Precipitated proteins were separated on a 7.5% SDS gel 
and transferred onto nitrocellulose (Amersham Pharmacia 
Biotech, Little Chalfont, U.K.) by wet electroblotting with 
the Mini-Protean II system (Bio-Rad, Hemel Hempstead, 
U.K.). The blots were incubated with c-myc polyclonal anti-

bodies at a final dilution of 1:2,000 for 1 h and antigen–
antibody complexes were visualized with alkaline phos-
phatase-conjugated goat anti-rabbit IgG under standard 
conditions. 

SELDI experiments with Cf-9 produced in tobacco. 
SELDI assays were performed with the Ciphergen SELDI 

system (Ciphergen Biosystems, Palo Alto, CA, U.S.A.). Bind-
ing experiments were carried out with preactivated surface 
chips. Preactivation of the chips was carried out following the 
manufacturer’s recommendations. All incubations were per-
formed in a humidity chamber at room temperature. One mi-
croliter of protein G (0.8 mg per ml in PBS buffer, pH 7.3) 
and 1 µl of acetonitrile were spotted on every slot. Covalent 
linking of protein G to the chip was carried out for 1 h. After 
removing excess protein G, residual sites on each slot were 
blocked for 20 min with 4 µl of 1 M ethanolamine in PBS, pH 
7.2. The chip was first washed with buffer A (20 mM sodium 
phosphate buffer, pH 7.0; 500 mM NaCl; 0.1% Nonidet P-40) 
for 5 min and then with buffer B (20 mM sodium phosphate 
buffer, pH 7.0; 150 mM NaCl; 0.1% Nonidet P-40) for 5 min. 
Immunoprecipitated complexes formed between the c-myc 
monoclonal antibodies and proteins in the solubilized micro-
somal fractions (see above) were coupled to the protein G-
coated chip for 1 h and washed in four steps: 5 min with 
buffer B, 1 min with buffer A, 5 min with buffer B, and 5 min 
with 20 mM sodium phosphate (pH 7.0). Subsequently, 1 µl of 
a solution of 10 µM AVR9 peptide in binding buffer (20 mM 
sodium phosphate, pH 6.0; 0.1% Nonidet P-40) was spotted 
and allowed to incubate for 1 h. Afterward, the chip was 
washed three times with washing buffer (20 mM sodium 
phosphate, pH 6.0; 500 mM NaCl; 0.1% Nonidet P-40), once 
with 10 mM HEPES buffer (pH 7.0), and then dried. For 
competition experiments, the chip was treated similarly. After 
incubation with AVR9 and subsequent washing steps, how-
ever, a 100-fold excess of a competitor peptide was added. 
After a 1-h incubation, the chip was washed as described 
above. Finally, 0.5 µl of matrix (5 mg of α-cyano-2’-
hydroxycinammic acid per ml in 30% acetonitrile and 0.1% 
trifluoroacetic acid) were added to each slot. For the estima-
tion of AVR9-binding values, the adrenocorticotropic hormone 
(ACTH) was used as an internal standard. The ratio between 
the ACTH peak and AVR9 peak was calculated in all cases. 
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