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concentrated product (Fig. 4B). As expected, no such signal was detected in the
supernatant from cells harboring the empty vector Yeplac181PGK1p.

Beads coated with AD-� bound preferentially to strain �1278b cells. Strain
�1278b AD-coated beads were aggregated with strain �1278b or S. cerevisiae var.
diastaticus cells and then vortex mixed, and the number of beads that adhered to the
cells was quantified. A majority of the beads were bound to strain �1278b cells,
whereas most uncoated beads were not bound to cells (Fig. 5). Binding was dependent
on FLO11 expression, because flo11Δ mutant cells bound poorly. In contrast, there was
no significant difference in the binding of uncoated beads or strain �1278b AD-coated
beads to S. cerevisiae var. diastaticus FLO11 or flo11Δ mutant cells (Fig. 5).

Beads coated with AD-S bound preferentially to S. cerevisiaevar. diastati-
cus.Sequences encoding the amino-terminal domain of Flo11p from the S288C strain
background (AD-S) were also amplified and cloned into the vector. This AD-S sequence
is identical to that from S. cerevisiae var. diastaticus (Fig. 3). Since it has been established
that Flo11p is a glycoprotein (16), we also investigated the possibility that different
glycosylation patterns of different strains of yeast may yield Flo11p proteins with
different properties. Therefore, the plasmid with the cloned AD-S domain was used to
transform cells of three different strain backgrounds, namely, S. cerevisiae var. diastati-
cus, �1278b, and S288C.

The culture supernatants from all three strains were concentrated, and equal
amounts of peptides were used to coat Dynal M-450 tosyl-activated microscopic beads
(Dynal Biotech, Lake Success, NJ) in accordance with the manufacturer’s instructions.
The coated beads were mixed with cells of the different yeast strains, and bead-to-cell
adhesion was observed microscopically. The strain of yeast from which the protein was
derived did not significantly affect the binding properties of the beads (Fig. 6A). Beads
coated with AD-S bound very effectively to cells of strain S. cerevisiae var. diastaticus,
which is a highly flocculent strain, but much less effectively to cells of strain �1278b,
which flocculates poorly (Fig. 6A). Binding was dependent on the presence of Flo11p

FIG 4 SDS-PAGE and Western blotting of the purified peptide. (A) SDS-PAGE (4% stacking and 15%
resolving gels) and Coomassie blue staining of purified supernatant (Sup). Lanes: 1, empty; 2,
supernatant from an overnight culture before concentration; 3, Rainbow colored protein high-
molecular-weight markers; 4, supernatant from an overnight culture after concentration. (B) Western
blot assay probed with peroxidase-conjugated anti-His antibody. Lanes: 1, His tag marker (HisM); 2,
supernatant from vector only (negative control); 3, supernatant from overnight culture after
concentration.
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on the cells, since strains with deletions of FLO11 did not bind the coated beads.
Virtually no binding to strain S288C, which does not express FLO11, was detected.
Control reactions with uncoated beads also showed no significant binding (data not
shown). These data are similar to those previously obtained with beads coated with the
entire Flo11p protein (16).

Western blot assays of culture supernatant with anti-His6 antibodies revealed a
peptide of ~23 kDa from all three plasmid-bearing strains (Fig. 6B). This molecular mass
is very close to that predicted from the amino acid sequence of this domain. Therefore,
if this domain is posttranslationally modified, the modification is insufficient to cause a
shift in gel mobility.

Flo11p AD-S is as effective as �GPI-Flo11p-S in causing adhesion to cells.
We compared the activity of AD-S with that of corresponding intact ΔGPI-Flo11p-S,
which lacks only the GPI addition signal. Both versions of the protein were produced in
strain �1278b. Equimolar amounts of the concentrated AD-S and ΔGPI-Flo11pS288C

proteins were used to coat beads, the beads were mixed with different yeast strains,
and the fraction of beads bound to cells was determined. Figure 6C shows that
AD-S-coated beads bound to flocculent S. diastaticus cells almost as well as beads
coated with equimolar amounts of ΔGPI-Flo11p-S. Strains of the �1278b background,
which did not flocculate, exhibited much less binding to beads coated with either AD-S
or ΔGPI-Flo11p-S (Fig. 6C, middle). However, AD-S-coated beads bound slightly more to
strain �1278b cells than did ΔGPI-Flo11p-S-coated beads. Strain S288C cells, which do
not express FLO11, did not bind either type of bead. Therefore, the amino-terminal
domain mediates adhesion activity similar to that of the full-length Flo11p protein.

DISCUSSION

Our data help to resolve a long-standing paradox about the Flo11p adhesin of
S. cerevisiae: that Flo11p mediates strong flocculation in some strains and its floccula-
tion activity is weak in others, but it has strong activity in the formation of fungal mats

FIG 5 Adhesion to beads coated with the strain �1278b Flo11p AD. (A) Beads coated with the strain �1278b Flo11p AD (AD-�) were allowed to adhere
to cells of S. cerevisiae var. diastaticus and strain �1278b, mixed, and photographed. Dark particles are protein-coated beads. Beads were counted and
separated into two categories, those bound to yeast cells and those not bound to yeast cells, with a light microscope with a 40� objective (Leica
Microsystems, Inc., Allendale, NJ). Strain �1278b AD-coated beads bound specifically to Flo11p-expressing cells of strain �1278b and poorly to those of
S. cerevisiae var. diastaticus. Uncoated beads were used to control for nonspecific binding. (B) Quantification of the ability of beads coated with the Flo11p
amino-terminal domain of strain �1278b (AD-�) to adhere to different yeast strains. Uncoated beads represent nonspecific binding. Unpaired t tests were
used, and data are expressed as the mean � the standard deviation (n � >3); asterisks denote statistically significant differences (***, P < 0.001). Each
column represents at least three independent experiments, with at least 200 beads counted for each. w.t., wild type.
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and in agar invasion. The differences in flocculation activity result from allelic differ-
ences in the sequence of Flo11p, rather than from differences in gene expression levels
or posttranslational modification.

Flo11p from either S. cerevisiae strain �1278b or S288C mediated the formation of
cellular aggregates. However, the aggregates of S. cerevisiae var. diastaticus were much
larger (Fig. 5). In contrast, flo11� mutant cells and strain S288C cells failed to bind to
beads coated with either AD, consistent with the requirement for homotypic binding
(7, 16). Therefore, there was homotypic binding in strain �1278b, as well as in
S. cerevisiae var. diastaticus Flo11p, but in strain �1278b, it is not strong enough to
cause macroscopic flocculation (16).

Flo11p from nonflocculent strain �1278b is composed of 1,360 amino acid residues,
compared to 1,361 in alleles from S. cerevisiae var. diastaticus and strain S288C.
Nevertheless, the sequence alignment shows that Flo11p sequences of nonflocculent
strain �1278b exhibited substantial variations in comparison to S. cerevisiae var. dia-
staticus and strain S288C (Fig. 3). The sequence of the strain �1278b Flo11p AD has
15 amino acids inserted at residue 115 in the AD (NTDWIDNPLVSRCDE), as well as
several amino acid substitutions. The insertion is between �-strands 5 and 6 and is close
to two Trp residues that mediate essential hydrophobic-effect interactions between
ADs. Therefore, the insertion would be expected to reduce Flo11p homotypic interac-
tions and decrease flocculation activity in strain �1278b, either because the insertion
alters the conformation in this critical region or because it sterically masks part of the

FIG 6 Characteristics of ADs from S. cerevisiae S288C. (A) Quantitative bead adhesion assay data show that
Dynal beads coated with the same amount of secreted AD-S protein produced by �1278b strain L5478,
S. cerevisiae var. diastaticus strain YIY345, or S288C strain BY4741 bound to different strains of yeast. Each
column represents the mean � the standard deviation of three independent experiments, with at least 200
beads counted per experiment. (B) Sequences encoding the amino-terminal domain (AD-S) of Flo11 from the
S288C strain background were used to transform cells of three different backgrounds, namely, strain �1278b,
S. cerevisiae var. diastaticus, and strain S288C. Western blot assays of culture supernatant with anti-His6

antibodies revealed a peptide of approximately 23 kDa from all three plasmid-bearing strains. (C) Quantitative
bead adhesion assay data show that Dynal beads coated with the same number of moles of either secreted
AD-S or �GPI-Flo11p-S produced in �1278b strain L5478 bound to S. cerevisiae var. diastaticus cells. Each
column shows the mean � the standard deviation of three independent experiments, with at least 200 beads
counted per experiment. w.t., wild type.
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