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Some enterotoxigenic Escherichia coli strains express the TibA adhesin/invasin, a multifunctional autotrans-
porter that mediates the autoaggregation of bacteria, biofilm formation, adhesion to cultured epithelial cells,
and invasion of these cells. To elucidate the structure-function relationship in TibA, we generated mutants by
transposon-based linker scanning mutagenesis and by site-directed mutagenesis. Several insertion mutants
had a defect in either adhesion or autoaggregation. Mutants with a defect in autoaggregation were found in the
N-terminal half of the extracellular domain, while mutants with a defect in adhesion were found in the
C-terminal half. The deletion of the putative N-terminal autoaggregation domain abolished the autoaggrega-
tion of the bacteria but did not affect adhesion. The deletion of a proline-rich region located at the C terminus
of the extracellular domain abolished the adhesion properties of TibA but did not affect invasion. This finding
suggests that adhesion and invasion may rely on distinct mechanisms. Thus, our results reveal that TibA
possesses a modular organization, with the extracellular domain being separated into an autoaggregation
module and an adhesion module.

Many Escherichia coli strains cause gastrointestinal diseases.
Enterotoxigenic E. coli (ETEC) is the most common cause of
diarrhea mediated by E. coli (30). ETEC causes diarrhea by
secreting one or more heat-stable or heat-labile enterotoxins.
However, the first step in pathogenesis is the attachment to the
intestinal epithelium. For this, ETEC possesses mainly fimbrial
adhesins, but some ETEC strains also possess afimbrial ad-
hesins (44). Furthermore, some ETEC strains, like strain
H10407, are able to invade epithelial cells (10). Two different
loci in this strain, tia (13) and tib (11, 27), were shown previ-
ously to mediate invasion (10). The tib locus codes for the
expression of a 104-kDa surface protein, TibA, that promotes
adhesion and invasion (11).

TibA is part of the autotransporter family of proteins (9, 17).
Autotransporters are characterized by their organization and
their secretion mechanism. They possess an N-terminal signal
sequence that targets the preprotein to the Sec complex and is
cleaved after translocation across the inner membrane (4, 34,
42). They have a C-terminal domain that forms a �-barrel
inserted into the outer membrane and helps the translocation
of the passenger domain across the outer membrane (25, 33).
This passenger domain bears the function of the protein and is
usually associated with virulence (16). Finally, at the C termi-
nus of the passenger domain and leading to the �-barrel, there
is a junction region that is important for folding and secretion
(32, 36).

Recently, TibA was proposed to be a member of a group
called the self-associating autotransporters (SAATs) (22). This
group includes two other E. coli autotransporters, the adhesin

involved in diffuse adherence (AIDA-I) (2) and the aggrega-
tion factor Ag43 (15). The three proteins have been grouped
together because of their functional similarities. They can all
mediate bacterial autoaggregation, biofilm formation, as well
as adhesion and invasion of epithelial cells (1, 5, 11, 15, 20, 35,
40, 41). The three proteins also share a peculiar primary struc-
ture: the N terminus of the passenger domain of these three
proteins is composed of repeats of the same 19-amino-acid
consensus sequence. In addition, SAATs can be O glycosyl-
ated, and this glycosylation is important for the adhesion prop-
erties as well as for the stability and the conformation of the
protein (3, 6, 23, 27, 39). In the case of TibA, glycosylation is
achieved by TibC, a heptosyltransferase encoded right up-
stream of tibA (28). Despite their similarities, the proteins also
have differences: (i) they have different numbers of repeats of
the consensus sequence; (ii) they have differences in process-
ing, since both AIDA-I and Ag43 are cleaved, while TibA is
not (5, 7, 18, 43); and (iii) TibA possesses a unique proline-
rich region between the junction domain and the �-barrel
(28).

Structure-function relationship studies have been conducted
on AIDA-I (8) and Ag43 (21). In both cases, the study revealed
that the different functions were not all linked together and
that distinct modules in the passenger domain could be asso-
ciated with different functions. However, there are differences
in the organizations of AIDA-I and Ag43. The N terminus of
the passenger domain is responsible for adhesion in the case
of AIDA-I and for autoaggregation in the case of Ag43. In
AIDA-I, autoaggregation seems to be associated with the C
terminus of the passenger domain. Furthermore, a second
adhesion domain is present in the C terminus of the passenger
domain of AIDA-I. In Ag43, the C terminus of the passenger
domain is associated with biofilm formation. Thus, despite all
the similarities, there are differences between SAAT proteins
that are poorly understood. Therefore, a structure-function
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relationship in TibA could clarify the organization of this fam-
ily of virulence factors.

In this study, we gained information on the functionality of
the TibA self-associating autotransporter. We have generated
several insertion mutants in the extracellular portion of TibA
as well as deletion mutants. We found that the N terminus of
the passenger domain is associated with autoaggregation, while
the C terminus of the passenger domain is associated with
adhesion. We did not identify mutants that were affected in
both adhesion and autoaggregation. However, mutations that
affected invasion or biofilm formation also affected either ad-
hesion or autoaggregation. This suggests that while adhesion
and autoaggregation are distinct primary functions, invasion
and biofilm formation may be secondary and related to these
functions.

MATERIALS AND METHODS

Bacterial strain and plasmid. E. coli K-12 strain C600 (New England BioLabs)
(F� thr-1 leuB6 thi-1 lacY1 supE44 rfbD1 fhuA21) was used in this study. Plasmid
pTgH allows the expression of TibA and its specific glycosyltransferase. Plasmid
pTgH was derived from the pTRC99A vector (Pharmacia Biotech). TibA ex-
pressed by pTgH contains a protein tag consisting of six histidine residues at the
N terminus of the passenger domain. The presence of the His tag did not affect
the expression and the functionality of TibA (data not shown).

To construct 5-amino-acid insertion mutants, plasmid pTgH was randomly
mutagenized by using the GPS-LS linker scanning system (New England Bio-
Labs) according to the instructions of the manufacturer. The presence of an
insertion in the passenger domain or in the junction region of TibA was assessed
by PCR with the following primers: 5�-GTCTGGAATGAATCCACAG and
5�-GTTATCCAGCGTCAATGC. DNA sequencing was used to ascertain the
location and integrity of the insertion sequence and to confirm that there
were no secondary unwanted mutations. The �PP and the �N deletions were
introduced into pTgH by oligonucleotide-directed mutagenesis performed
with a QuikChange II site-directed mutagenesis kit (Stratagene) using prim-
ers 5�-CTGGTATCTGAAGGCTGATACTGGTACATCGTCGTCTCCAG
TGCG and 5�-GGCGCATCATCATCATCATCACCAGTTTGTCTCCAGTG
GCGGC, respectively, according to the instructions of the manufacturer.

Bacterial and cell culture growth conditions. Bacteria containing the different
plasmids were grown on Luria-Bertani (LB) agar plates or in liquid LB medium
containing 100 �g � ml�1 ampicillin. Bacterial cultures were grown at 30°C, and
growth was monitored by measuring the optical density at 600 nm (OD600). At an
OD600 of 0.8, the cultures were induced with 10 �M isopropyl-�-D-thiogalacto-
pyranoside (IPTG). This low concentration of IPTG was used to limit the toxicity
associated with the overexpression of TibA and TibC. HEp-2 cells (ATCC
CCL-23) were grown at 37°C with 5% CO2 in Dulbecco’s modified Eagle’s
medium (Gibco) containing 10 mM sodium pyruvate (Sigma), 10% bovine
growth serum (HyClone), 2.5 �g � ml�1 amphotericin B (Fungizone), and 100
�g � ml�1 penicillin-streptomycin (Gibco).

SDS-PAGE and immunoblotting. Cultures (5 ml) were grown overnight, nor-
malized, and centrifuged for 10 min at 12,000 � g in microcentrifuge tubes, and
the pellets were resuspended in 50 �l of Tris-buffered saline (TBS). Whole-cell
lysate samples were then diluted in 2� SDS-PAGE loading buffer containing
�-mercaptoethanol and denatured by heating at 100°C for 10 min. The samples
were then separated by SDS-PAGE on 10% acrylamide gels. The gels were
either stained with Coomassie blue or transferred onto polyvinylidene fluoride
membranes (Millipore). Immunodetection was performed with a serum raised
against glycosylated AIDA-I diluted 1:60,000 in blocking buffer (5% skim milk,
50 mM Tris-HCl [pH 7.5], 150 mM NaCl, 0.05% Triton X-100). Alternatively, a
His tag-specific antibody (Invitrogen) was used. Horseradish peroxidase-conju-
gated secondary antibodies (Sigma) were used according to the instructions of
the manufacturer. Immune complexes were revealed by using a 3,3�,5,5�-tetra-
methylbenzidine solution for membranes (Sigma).

Functional assays. Autoaggregation, biofilm formation, adhesion, and inva-
sion assays were performed as previously described (8). E. coli C600 cultures
harboring vector pTRC99A, plasmid pTgH, and plasmid pTgH containing one
insertion or a deletion in TibA were induced with 10 �M IPTG at an OD600 of
0.8 and grown overnight. In the autoaggregation assay, the cultures grown over-
night were normalized in 5 ml of LB broth to an OD600 of approximately 1.5 in
culture tubes and left standing at 4°C. Samples (100 �l) were taken 1 cm below

the surface at the beginning of the assay and after 120 min, and the OD600 values
of the samples were measured. OD600 values at 120 min were compared to the
OD600 at the beginning of the assay, and results are shown as percentages of the
initial OD600. For TibA�PP, samples were collected every 30 min. In the biofilm
formation assay, the cultures grown overnight were normalized in M9 minimal
medium and grown, without IPTG, for 24 h at 30°C in plastic microtiter plates.
Biofilms were stained with crystal violet. After washes, the dye was then solubi-
lized with a mixture of ethanol and acetone (80:20), and the absorption at 595 nm
of the solution was measured. In the adhesion and invasion assays, the cultures
grown overnight were inoculated onto monolayers of confluent HEp-2 cells in a
24-well plate (approximately 2.5 � 105 cells) using 106 CFU per well. After 3 h,
the cells were washed with phosphate-buffered saline (PBS), and the adhering
bacteria were recovered with 100 �l of Triton X-100 (1%), plated, and counted.
The total numbers of bacteria present were also determined and did not vary
significantly between mutants and the wild type (WT) (data not shown). In the
invasion assay, fresh medium containing 100 �g � ml�1 gentamicin was added
after the 3 h, and the preparations were incubated for an additional 2 h before
recovery and plating.

All functional assays were performed at least three times in duplicate or
triplicate. For each assay, the results obtained with each mutant were compared
to those obtained with His-TibA by performing an analysis of variance
(ANOVA) and Dunnett posttests by using Prism 4.0 software (Graphpad Soft-
ware).

RESULTS

Generation of insertion mutants in TibA. To analyze struc-
ture-function relationships in TibA, we used a Tn7-derived
transposon system to generate a library of mutants in TibA.
The same system was used in a previously reported structure-
function relationship study of AIDA-I (8). The insertion and
excision of this transposon cause a 5-amino-acid insertion in
the protein. The mutagenesis was performed with a plasmid
that allows the expression of the glycosyltransferase TibC and
the autotransporter TibA under the control of an IPTG-induc-
ible promoter. TibA also possesses a His tag at the N terminus
of the passenger domain.

We screened for mutants in the repeats of TibA as well as in
the N-terminal half of the junction. The procedure yielded 64
insertion mutants. Of these, 29 different mutants were ex-
pressed at level similar to that of His-TibA, as assessed by
immunoblotting of whole-cell lysates with an antibody raised
against the His tag or with an antibody raised against glycosyl-
ated AIDA-I (data not shown). Our anti-AIDA-I antibody
recognizes AIDA-I only when glycosylated (3) and cross-reacts
with glycosylated TibA (29). Therefore, we concluded that
these 29 mutants were still glycosylated and that these inser-
tions resulted in the expression of stable proteins. We could
not detect protein expression for the remaining mutants (data
not shown). The mutagenesis procedure creates a stop codon
in one of the three possible reading frames of the insertion.
Therefore, for the majority of these mutants, the lack of ex-
pression is due to truncation at the insertion site. Some inser-
tions may also have yielded unstable proteins.

Insertions were spread throughout the repeats, but there
were only a few insertions in the junction (Fig. 1 and Table 1).
The junction region is important for the folding of the passen-
ger domain of autotransporters (32, 36). Therefore, most of
the insertions in the junction region may have yielded proteins
with a folding problem, which would have led to the degrada-
tion of the protein. The same observation was made with
AIDA-I, another SAAT; the repeats were permissive for in-
sertions, but outside the repeats, only a few stable insertions
were observed (8). Passenger domains of autotransporters are
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generally rich in �-strands, and most of the known structures
for the passenger domain have a �-helix backbone (31). A
model for TibA was proposed previously where each 19-
amino-acid repeat is composed of three �-strands and forms
one coil of the �-helix (19). Placement of the insertions on this
model (Fig. 2) shows that the insertions occurred in the loops
as well as in the three strands. In the latter case, it is possible
that the sequences of the 5-amino-acid linker could insert,
providing an inward-facing hydrophobic residue that maintains
the integrity of the hydrophobic core. All three strands con-
tained insertions that affected functionality, suggesting that the

functions of TibA are not localized on a particular side of the
�-helix.

Functionality of the insertion mutants. To determine the
effect of the insertions on the functionality of TibA, we tested
each mutant for its ability to mediate autoaggregation, to form
biofilms, to adhere to cultured epithelial cells, and to invade
these cells. Figure 3 shows the results for each mutant that had
a defect in at least one of the functions. We included one
mutant (i1) that had the same functionality as that of His-TibA

FIG. 1. Positions of the insertion mutants in the passenger domain and the junction region of TibA. The effects of the insertions on functionality
are summarized. Mutants that are affected functionally are shown in black, and mutants that are not are shown in gray.

TABLE 1. Positions and sequences of the insertion mutants

Mutant Position of the insertion Inserted sequence

i1 D58 MFKHD
i2 S94 CLNTS
i3 N104 CLNIN
i4 Q109 LFKHQ
i5 S119 CLNTS
i6 S132 CLNTS
i7 N143 CLNNN
i8 G145 RLFKQ
i9 Q147 CLNRQ
i10 G164 VFKQG

i11 V168 MFKHV
i12 Q185 LFKQQ
i13 I192 CLNSI
i14 K194 CLNIK
i15 S227 CLNTS
i16 T250 CLNTT
i17 I254 LFKHI
i18 S263 CLNIS
i19 Y274 CLNIY
i20 M297 CLNSM

i21 Q311 MFKHQ
i22 S335 CLNIS
i23 A337 VFKHA
i24 L346 VFKQL
i25 L352 CLNNL
i26 D356 CLNID
i27 V392 VFKHV
i28 L435 LFKQL
i29 T466 CLNST

FIG. 2. Localization of the insertion mutants in the coil model of
TibA. One repeat of the consensus sequence is predicted to form three
�-strands corresponding to one coil of a �-helix. A filled circle repre-
sents an isoleucine, a leucine, or a valine residue, while “X” represents
any residue. Insertion mutants are positioned in this model. Mutants
with a defect in autoaggregation (�) and mutants with a defect in
adhesion (f) are highlighted. The number as well as the percentage of
insertions in each strand are shown below.
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as a control. Other mutants that are not shown were as func-
tional as His-TibA in the four assays.

Of the 29 mutants, 17 mutants had a defect in either adhe-
sion or autoaggregation, but no mutants were affected in both
phenotypes. All mutants defective for one or more functions
were found in the repeats. From these 17 mutants, 10 (i14 to
i25) had a defect in adhesion, and the seven others (i2 to i13)
had a defect in autoaggregation. Strikingly, the separation be-
tween autoaggregation-defective mutants and adhesion-defec-
tive mutants is very clear and lies between mutants i13 and i14.
These results suggest that the N-terminal portion of the re-
peats of TibA is responsible for autoaggregation, while the
C-terminal part is responsible for adhesion.

Some of these mutants also had a defect in invasion or in
biofilm formation. However, we did not find mutants that were
affected only in invasion or only in biofilm formation. Four
mutants (i8, i9, i18, and i19) had reduced invasion. It was not
possible to associate invasion with a particular region or func-
tion (adhesion or autoaggregation), since invasion-defective
mutants were found in the N-terminal part associated with
autoaggregation (i8 and i9) as well as in the C-terminal part
associated with adhesion (i18 and i19). Interestingly, some
mutants deficient for adhesion could still promote invasion
(i14 to i17 and i22 to i25). Adhesion-deficient mutants that are
still able to invade were also isolated previously for AIDA-I
(8). This finding suggests that adhesion and invasion are not
necessarily related to each other. Biofilm formation and auto-
aggregation are not strictly linked, since many autoaggrega-
tion-defective mutants still make biofilms. However, it seems
that it is possible that biofilm formation is to some degree

associated with autoaggregation, since 3 of the 4 biofilm-de-
fective mutants (i4, i8, i13, and i22) were also affected in
autoaggregation. Since biofilm formation assays are performed
with minimal medium, we ascertained that variations in pro-
tein expression levels or growth rates did not account for the
defect of these mutants under these conditions (data not
shown).

Taken together, our results suggest that the repeats of TibA
contain an N-terminal autoaggregation domain and a C-termi-
nal adhesion domain. While it was clear for adhesion and
autoaggregation, it is not possible to associate biofilm forma-
tion and invasion with a particular region of the repeats. Also,
it seems that the functionality of the protein is limited to the
repeats and does not extend to the junction region.

Effect of an N-terminal deletion of the repeats. All mutants
with a defect in autoaggregation were found in the N-terminal
portion of the repeats. In order to confirm that this region
contains the autoaggregation domain, we deleted amino acids
A55 to Q185 to create TibA�N (Fig. 4A). The mutant was
correctly expressed and glycosylated, as shown by the total
protein extract probed with antibodies against the His tag or
recognizing glycosylation (anti-AIDA-I) (Fig. 4B). We then
assessed the autoaggregation and adhesion properties of
TibA�N (Fig. 4C and D). While the deletion of the N-terminal
half of the passenger domain did not affect the adhesion prop-
erties of TibA, TibA�N was not able to mediate autoaggrega-
tion anymore. This finding confirms that the domain respon-
sible for autoaggregation is found in the N-terminal part of the
repeats of TibA, while the adhesion domain is in the C-termi-
nal part of the repeats.

FIG. 3. Functionality of the insertion mutants (A) Autoaggregation assay. E coli C600 cells bearing an empty vector (�) or plasmids allowing
the expression of His-TibA or the different insertion mutants were normalized to an OD600 of 1.5 and left standing. The OD600 was measured at
the beginning of the assay and after 2 h. Results are shown as percentages of the initial OD600. (B) Adhesion assay. Bacteria were inoculated onto
monolayers of confluent Hep-2 cells. After 3 h, the adhering bacteria were recovered, plated, and counted. Results represent the percentages of
adhered bacteria compared to His-TibA. (C) Invasion assay. After adhesion, extracellular bacteria were killed by the addition of gentamicin, and
invaded bacteria were recovered, plated, and counted. Results represent the percentages of gentamicin-resistant bacteria compared to His-TibA.
(D) Biofilm formation assay. Biofilms were stained with crystal violet, and the amount of fixed dye is represented as a percentage compared to
His-TibA. ANOVA and Dunnett posttests were used to identify significant differences from the WT (white bars [P � 0.05]).
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Role of the proline-rich region. One difference between
TibA and other SAATs is the presence of a proline-rich region
between the junction region and the membrane-embedded
domain. To determine the role of this domain in TibA, we
deleted it to create TibA�PP (Fig. 5A). The mutant was cor-
rectly expressed and glycosylated (Fig. 5B).

We then tested the functionality of the mutant in autoag-
gregation, adhesion, invasion, and biofilm formation (Fig. 5C
to F). TibA�PP was not able to mediate adhesion to cultured
epithelial cells but was still able to mediate autoaggregation,
biofilm formation, and the invasion of cultured epithelial cells.
TibA�PP is another example of a mutant that is defective in
adhesion but is as invasive as His-TibA. Again, this suggests
that adhesion and invasion are not necessarily related to each
other. The main conclusion of these results is that the proline-
rich region is involved in adhesion.

DISCUSSION

In this study, we created different mutations in the self-
associating autotransporter TibA to gain information on the
functionality of this protein. We first generated 29 insertion
mutants in the passenger domain and in the junction region of
TibA. Analysis of the functionality of these mutants revealed
that the N-terminal portion of the repeats is responsible for
autoaggregation, while the C-terminal part is associated with
adhesion. The autoaggregation domain in Ag43 is also found
in the N-terminal portion of the repeats (21), while in AIDA-I,
the N terminus of the mature protein contains an adhesion
domain (8). A region responsible for adhesion was not sought
for Ag43. The organization of TibA seems to be closer to the
organization of Ag43. Both proteins also have a similar
length compared to that of AIDA-I, which possesses a pas-
senger domain that is twice the size of those of TibA and
Ag43 (Fig. 6).

Adhesion domains are often located at the N terminus of
adhesins, like AIDA-I, (8) or the trimeric autotransporter
YadA from Yersinia enterocolitica (38). Having the adhesion
domain farther away from the cell surface may facilitate the
binding of the adhesin to its receptor. In the case of TibA, the
adhesion domain would be closer to the membrane. However,
TibA also possesses a proline-rich domain between the extra-
cellular and the membrane-embedded portions. This domain
could serve as a spacer so that the passenger domain is farther
away from the membrane. Consistent with this hypothesis, the
deletion of this proline-rich region completely abrogates the
ability of TibA to mediate adhesion to epithelial cells. TonB is
another example of an E. coli protein that harbors a proline-
rich region. In the case of TonB, this proline-rich region was
shown previously to adopt an elongated and rigid conforma-
tion (12, 24), and its role seems to be limited to providing a
physical extension to TonB (26).

In the present study, it is interesting that we did not observe
mutants that were affected only in invasion or biofilm forma-
tion. All mutants affected in these functionalities were also
affected in either autoaggregation or adhesion. Similar obser-
vations were made in previous studies with AIDA-I (8, 14) and
Ag43 (21, 35). This suggests that adhesion and autoaggrega-
tion are the main functions of SAATs, whereas biofilm forma-
tion and invasion are secondary to these two functions.

In order to invade eukaryotic cells, bacteria need to first
adhere to the cells. Therefore, a mutant that is deficient for
adhesion is also likely to be deficient for invasion. However, in
this study, we isolated several mutants that were not able to
adhere to epithelial cells but could still promote invasion (i16,
i17, and TibA�PP, for instance). All these mutants are still
able to promote autoaggregation. Therefore, it is tempting to
hypothesize that there is a link between invasion and the two
main functions of TibA, adhesion and autoaggregation. For

FIG. 4. Effect of the deletion of the N-terminal portion of the passenger domain of TibA. (A) Schematic representation of TibA and the
N-terminal deletion mutant TibA�N. aa, amino acids. (B) Whole-cell lysates of bacteria bearing an empty vector (�), a plasmid allowing the
expression of His-TibA, or the N-terminal deletion mutant (�N) were probed with an antibody raised against glycosylated AIDA-I (top) or against
the His tag (bottom). MW, molecular weight (in thousands). (C and D) Autoaggregation (C) and adhesion (D) assays were performed as described
in the legend of Fig. 3. ANOVA and Dunnett posttests were used to distinguish significant (* [P � 0.05]) from nonsignificant (ns) differences.
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instance, the invasion mediated by TibA could be the invasion
of bacterial aggregates, as can be seen with Bartonella henselae
(37). More work is needed to test this hypothesis.

In conclusion, our study suggests that SAATs evolve by the
acquisition and/or modification of individual modules that
bring new functionalities, either independently or in conjunc-
tion with existing modules. In this light, TibA would bear an

autoaggregation module, an adhesion module, and a spacer
module, along with the junction region and membrane-embed-
ded domain, which could be construed as a secretion module
(Fig. 6). Other SAATs would stem from a different combina-
tion of equivalent modules. This modular aspect is a complexi-
fied version of the passenger-translocator organization that is
characteristic of all autotransporters but could represent an

FIG. 5. Construction and expression of TibA lacking the proline-rich region. (A) Schematic representation of TibA and the proline-rich region
deletion mutant TibA�PP. (B) Whole-cell lysates of bacteria bearing an empty vector (�), a plasmid allowing the expression of His-TibA, or the
proline-rich region deletion mutant (�PP) were probed with an antibody raised against glycosylated AIDA-I (top) or against the His tag (bottom).
MW, molecular weight (in thousands). (C to F) Autoaggregation (C), adhesion (D), invasion (E), and biofilm formation (F) assays were performed,
as described in the legend of Fig. 3, on bacteria bearing an empty vector (� [F]) or plasmids allowing the expression of TibA (WT [f]) or TibA
deleted for the proline-rich region (�PP [Œ]). ANOVA and Dunnett posttests were used to identify significant differences (* [P � 0.05]) and
nonsignificant differences (ns).

FIG. 6. Functional organization of SAATs. Functional domains found by structure-function studies of AIDA-I (8), TibA (this study), and Ag43
(21) are positioned on a schematic representation of each SAAT. Domains responsible for secretion (blue), autoaggregation (AAG) (red),
adhesion (green), and biofilm formation (orange) are represented. No specific domain for invasion was found in these studies.
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evolutionary mechanism that is peculiarly well suited for these
proteins.
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