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The bacterial pathogens of the genus Yersinia deliver several
virulence factors into target cells using a type III secretion system.
We demonstrate that Yersinia protein kinase A (YpkA), an essential
bacterial virulence factor, is produced as an inactive serineythre-
onine kinase. The inactive kinase is activated within the host cell by
a cytosolic eukaryotic activator. Using biochemical purification
techniques, we demonstrate that actin is a cellular activator of
YpkA. This stimulation of YpkA kinase activity by actin depends on
the presence of the C-terminal twenty amino acids of YpkA,
because deletion of these 20 aa not only obliterates YpkA activity,
but it also destroys the interaction between YpkA and actin.
Activated YpkA functions within cultured epithelial cells to disrupt
the actin cytoskeleton. The disruption of the actin cytoskeleton by
YpkA would be expected to inhibit macrophage function and
phagocytosis of Yersinia.

Yersinia spp. (Y. pestis, Y. pseudotuberculosis, Y. enterocolitica)
cause a variety of diseases including the bubonic plague. Yersinia
and numerous other bacterial pathogens use a Type III secretion
system to translocate effector proteins into host cells (1). These
Yersinia effectors, which are referred to as Yops (Yersinia outer
proteins), include YopH, YopJ, YopE, YopT, YopM, and YpkA.
YopH is a protein tyrosine phosphatase responsible for inhib-
iting antigen presentation and disrupting focal adhesions (2–6).
YopJ inhibits kinase signaling pathways and cytokine production
in host cells (7–9). YopE and YopT are proteins that have effects
on cellular morphology (10, 11), and YopM is a leucine-rich
repeat protein with unknown function. Yersinia protein kinase A
(YpkA; also known as YopO) is a protein with sequence
similarity to the mammalian serineythreonine protein kinases
(12) and is the only serineythreonine kinase effector identified
to date. When YpkA translocates into macrophages, the cells
‘‘round up’’ but do not detach from the extracellular matrix (13).
YpkA is essential for virulence, because disruption of the
catalytic domain of YpkA results in an avirulent strain of Yersinia
(12). Surprisingly, YpkA is initially produced as an inactive
kinase that is activated on translocation into the host cell. We
demonstrate that actin is the cellular activator of YpkA and,
furthermore, that expression of YpkA in cultured epithelial cells
results in a complete disruption of the actin cytoskeleton. This
disruption leads to inhibition of macrophage function and
phagocytosis, thereby neutralizing the innate immune response.

Materials and Methods
Constructs. The Y. enterocolitica YpkA (YopO) ORF was isolated
by PCR using the plasmid pYV8081 (a generous gift from James
Bliska, State University of New York at Stony Brook). The
oligonucleotides used were as follows: 59-ACTGGAATTCTAT-
CACCTTCGATCTCCCTCG-39 (sense) and 59-CATCAGCTC-
GAGTCACATCCATTCCCGCTC-39 (antisense). These oligo-
nucleotides allowed for insertion into the EcoRIyXhoI restric-
tion sites and in-frame fusion with glutathione S-transferase
(GST) in the vector pGEX-KG (14). YpkA was subcloned by
using the EcoRIyXhoI fragment into the Prescission Protease
System Vector pGEX-6p-2 (Amersham Pharmacia), allowing for

in-frame fusion with GST and insertion of a Prescission protease
cleavage site for the production of soluble YpkA. YpkA was also
subcloned into the mammalian expression vector pcDNA3 (In-
vitrogen) for transfection into human epithelial kidney (HEK)
293 cells under the control of the human cytomegalovirus
(CMV) promoter. Full-length YpkA and several C-terminal
deletions were amplified by using PCR and the following oligo-
nucleotide pairs: full-length N-terminal FLAG tag YpkA,
59-GATCGAATTCACCATGGACTACAAGG-
ACGACGATGACAAGTCACCTTCGATCTCCCTCG-39
(sense)y59-TCAGTCTAGATCACATCCATTCCCGCTC-39
(antisense); D710–730 N-terminal FLAG tag YpkA, sense oli-
gonucleotide same as full-length N-terminal FLAG tag
YpkAy59-GCTAATTCTAGATCATCTCTGTTCAACCAAA-
TGCT-39 (antisense); D660–730 N-terminal FLAG tag YpkA,
sense oligonucleotide same as full-length N-terminal FLAG tag
YpkAy59-GCTAATTCTAGATCAGTGAATTGCGGTA-
TACTGC-39 (antisense); D430–730 N-terminal FLAG tag
YpkA, sense oligonucleotide same as full-length N-terminal
FLAG tag YpkAy59-GCTAATTCTAGATCACAAATCA-
GAGAGAGCTCCCG-39 (antisense); full-length C-terminal
FLAG tag YpkA, 59-CTAGCTAGCTCGAGTCCCATCCAT-
TCCCGCTCCAAC-39 (sense)y59-CATGCATGGGTACCGC-
CGCCATGTCACCTTCGATCTCCCTCG-39 (antisense). The
N-terminal FLAG tag YpkA (full-length and C-terminal dele-
tions) was inserted into the EcoRIyXbaI restriction sites of
pcDNA3, and the C-terminal FLAG tag YpkA was inserted into
the XhoIyKpnI restriction sites of pcDNA3. The mutation
K269A in all vectors was made by using the Quik-Change
Site-directed mutagenesis protocol (Stratagene). The oligonu-
cleotide pair used was 59-CATAACGATATCGCACCCGG-
GAATGTGGTA-39 (sense)y59-TACCACATTCCCGGGTGC-
GATATCGTTATG-39 (antisense). All constructs were se-
quenced for verification of wild-type or mutant sequence.

Expression of Recombinant YpkA. The vector pGEX-6p-2-YpkA
was transformed into Novablue DE3 Escherichia coli-competent
cells (Stratagene) as previously described (15). Cells were inoc-
ulated into 1 liter of 2 x YT containing 100 mgyml ampicillin and
allowed to grow to a density of 0.5 as measured by OD600. Cells
were then shifted to room temperature, and protein expression
was induced with 0.4 mM isopropyl-b-D-thiogalactopyranoside
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(IPTG) for 4 h. Cells were harvested and resuspended in lysis
buffer (30 mM Tris, pH 7.4y150 mM NaCly10% (vol/vol)
glyceroly0.1% (vol/vol) Triton X-100y0.1 mM PMSF). Cells
were lysed by two passages through a French press, and bacterial
debris was pelleted at 20,000 3 g for 20 min. The supernatant was
then applied to 5 ml of glutathione agarose (50% slurry in lysis
buffer). GST-YpkA glutathione agarose was washed six times
with lysis buffer and stored at 4°C. YpkA was eluted off of the
glutathione agarose by using 3 ml of lysis buffer containing 200
units Prescission protease (Amersham Pharmacia) and incubat-
ing overnight at 4°C. Concentrations of YpkA were determined
by Coomassie blue staining of SDSyPAGE gels using BSA
standards.

Kinase Assay. YpkA autophosphorylation or phosphorylation of
artificial substrates was measured by using an in vitro kinase
assay. Recombinantly expressed YpkA (1.5 mg) and HeLa cell
extract [3 mg of protein as determined by Bradford assay
(Bio-Rad)] were added in an in vitro kinase assay containing 20
mM Hepes (pH 7.4), 10 mM magnesium acetate, 1 mM DTT, 0.5
mM ATP, and 2 mCi [g-32P]ATP (New England Nuclear). The
reaction was incubated at 30°C for 30 min and quenched with
loading buffer (250 mM Tris, pH 6.8y40% (vol/vol) glyceroly
20% (vol/vol) 2-mercaptoethanoly8% (wt/vol) SDSy0.01% Bro-
mophenol blue). One-third of the kinase reaction was electro-
phoresed on a 12% SDSyPAGE gel and transferred to Immo-
bilon-P nitrocellulose (Millipore) for 1 h at 100 V. Radioactivity
was analyzed by autoradiography. YpkA was expressed in
HEK293 cells by transient transfection of the appropriate
pcDNA3–YpkA construct by using FuGENE 6 (Roche Molec-
ular Biochemicals). Cells were lysed in TNN buffer (50 mM Tris,
pH 8.0y150 mM NaCly1% (vol/vol) Nonidet P-40). YpkA was
immunoprecipitated from lysates by using an anti-FLAG M2
affinity gel (Sigma). The affinity gel was washed three times with
TNN buffer, and immunoprecipitates were assayed by in vitro
kinase assay as described previously (see above). Protein levels
of YpkA in immunoprecipitates were analyzed by Western blot
using an anti-FLAG antibody. The concentration of artificial
substrates used in the in vitro kinase assays with YpkA are as
follows: 50 mgyml myelin basic protein; 50 mgyml Elk; 0.5 mgyml
phosvitin; 0.1 mgyml histone; 0.5 mgyml casein; 50 mgyml Phas
1; and 50 mgyml Fos.

Preparation of Mammalian Extracts. HeLa cells were cultured in
DMEM containing 10% (volyvol) FCS, 2 mM glutamine, and
100 mgyml penicillinystreptomycin (GIBCO). Approximately
107 cells were washed once with PBS and resuspended in 25 ml
of homogenization buffer (10 mM Tris, pH 7.5y10% (wt/vol)
sucrosey2 mg/ml aprotininy2 mg/ml leupeptiny0.2 mM PMSF).
Cells were homogenized with 30 passes in a Dounce homoge-
nizer. The cell lysate was pelleted twice at 5,000 3 g for 20 min
to collect unbroken nuclei. The supernatant was spun at
100,000 3 g for 30 min to collect the cytosolic (supernatant)
and membrane (pellet) fractions. The membrane fraction was
resuspended in homogenization buffer and sonicated for
solubilization.

Bovine brain cytosolic proteins were isolated as follows.
Bovine brains were homogenized in 1 volume TEDN buffer (20
mM Tris, pH 7.4y100 mM NaCly1 mM EDTAy1 mM DTTy1
mg/ml aprotininy1 mg/ml leupeptiny0.1 mM PMSF). Soluble
proteins were isolated through centrifugation at 100,000 3 g.

Purification of a YpkA Activator. Soluble bovine brain proteins
were separated over a Q-Sepharose anion exchange column
using TEDN buffer with a salt gradient from 100 mM NaCl to
500 mM NaCl. Fractions were assayed for their ability to activate
recombinant YpkA by autophosphorylation in an in vitro kinase
assay (see above). These fractions were pooled, brought to a

concentration of 1 M ammonium sulfate, and separated over a
Phenyl Sepharose hydrophobic interaction column using TEDN
buffer with an ammonium sulfate gradient from 1 M ammonium
sulfate to 0 M ammonium sulfate. Positive fractions were pooled
and separated over a Sephacryl 200 High Resolution gel filtra-
tion column (3.8 cm 3 85.1 cm) using TEDN buffer. Proteins
from this final purification step contained in the positive frac-
tions were separated by SDSyPAGE and analyzed by using silver
stain (16).

Cell Culture. HEK293 and HeLa cells were transfected by using
the FuGENE 6 transfection kit (Roche Molecular Biochemi-
cals). After 24 h, cells were either lysed with TNN (50 mM
TriszHCl, pH 8.0y150 mM NaCly1% Nonidet P-40) containing
protease inhibitors (Complete; Roche Molecular Biochemicals)
or stained for actin filaments.

Preparation of DNase I-Sepharose. DNase I (Worthington) was
conjugated to cyanogen bromide-activated Sepharose (Amer-
sham Pharmacia) following manufacturer’s instructions. Briefly,
2.5 mg of DNase I was dissolved in coupling buffer (0.1 M
NaHCO3, pH 8.3y0.5 M NaCl). Cyanogen bromide-activated
Sepharose was washed with 1 mM HCl, and DNase I was added
and incubated overnight at 4°C. The beads were washed with
coupling buffer and incubated in 0.1 M TriszHCl (pH 8.0) for 2 h
at 4°C. Sepharose was washed with three cycles of alternating pH
buffers A and B (buffer A, 0.1 M sodium acetate, pH 4.0y0.5 M
NaCl; buffer B, 0.1 M TriszHCl, pH 8.0y0.5 M NaCl).

Cell Microscopy. HeLa cells expressing YpkA were washed with
PBS and fixed in 4% paraformaldehyde in PBS for 10 min. Cells
were washed with PBS and permeabilized with 0.2% Triton
X-100 in PBS. Cells were washed with PBS, and actin filaments
were stained for 25 min by using 33 mM rhodamine phalloidin
(Molecular Probes) in PBS. Cells were mounted on slides with
Crystal Mount (Biomeda).

Results and Discussion
Identification of Actin as the Eukaryotic Activator of YpkA. To
develop a better understanding of the physiological function of
YpkA, we expressed and purified the recombinant kinase from
E. coli. Galyov et al. have demonstrated that YpkA secreted by
Y. pseudotuberculosis possesses a low level of serineythreonine
kinase activity; however, our recombinant YpkA was unable to
undergo autophosphorylation (Fig. 1A, lane 1). In contrast,
when the recombinant protein was added to a HeLa cell extract,
the kinase was capable of autophosphorylation (Fig. 1 A, lane 2).
This observation suggested that the eukaryotic cell extract might
contain an activator of the kinase. To further characterize the
eukaryotic activator, YpkA was expressed and immunoprecipi-
tated from human embryonic kidney (HEK293) cells. The
immunoprecipitated protein displayed a high level of kinase
activity (Fig. 1B, lane 1). YpkA produced from HEK293 cells was
also capable of phosphorylating other protein substrates, such as
histones and myelin basic protein (Fig. 1C). YpkA seems to
preferentially phosphorylate basic substrates, such as histones
and myelin basic protein, in contrast to neutral and acidic
substrates, such as Elk, phosvitin, casein, Phas 1, and Fos. This
observation suggests that YpkA is likely to recognize serine
andyor threonine residues within the context of a basic region
within the protein. To determine whether the observed kinase
activity was associated with YpkA and was not a trans-
phosphorylation event involving a kinase present in the HEK293
cells, a lysine residue in the catalytic loop of YpkA was mutated
to alanine (YpkA-K269A). Transient expression of the protein
encoded by this plasmid in HEK293 cells followed by immuno-
precipitation demonstrated that YpkA-K269A was attenuated in
its ability to autophosphorylate as well as phosphorylate myelin
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basic protein (Fig. 1B, lanes 3 and 4). Collectively, these obser-
vations suggest that HEK293 cells, as well as HeLa cell extracts,
contain an activator of YpkA.

To identify the activator of YpkA, we prepared extracts from

two cell lines (HEK293, HeLa), as well as from rat tissues
(spleen, liver, kidney, brain), bovine brain, and yeast cells, and
added these extracts to our inactive recombinant kinase. Similar
results to those shown in Fig. 1 A for the soluble extract from
HeLa cells, which result in YpkA activation, were obtained by
using soluble extracts from other cells and tissues (data not
shown). Likewise, the addition of soluble extract to recombinant
mutant YpkA-K269A had little effect on kinase activation (Fig.
1A, lanes 3 and 4). Boiling or trypsin treatment of the soluble
extract rendered it incapable of stimulating YpkA activity,
suggesting that the activator is proteinaceous in nature (data not
shown).

We initiated our purification of the YpkA-stimulating activity
from bovine brain cytosol. Proteins were sequentially fraction-
ated by using Q Sepharose Fast Flow anion exchange chroma-
tography, Phenyl Sepharose hydrophobic interaction chroma-
tography, and Sephacryl 200 High Resolution gel filtration
chromatography. Fractions were assayed for their ability to
activate the bacterially expressed YpkA. Fractions possessing
YpkA stimulatory activity from the final step in the purification
were then analyzed by SDSyPAGE (Fig. 2A). Several proteins
were identified as candidate activators of YpkA activity, includ-
ing a 12-kDa and a 45-kDa protein (Fig. 2 A). The 12-kDa protein
has been identified as profilin by mass spectrometry (C.
Moomaw and C. Slaughter, unpublished data); however, purified
profilin was incapable of activating YpkA (data not shown). The
45-kDa protein had an apparent molecular weight similar to that
of actin, which also had an elution profile from the Sephacryl 200
gel filtration column similar to that of the activator (Fig. 2 A).
Based on these observations, we tested purified bovine actin for
its ability to activate recombinant YpkA. Purified bovine actin
stimulated recombinant YpkA in a dose-dependent fashion (Fig.
2B). This dose-dependent YpkA activation required intrinsic
YpkA kinase activity because YpkA-K269A was inactive under
comparable conditions (data not shown). This observation ex-
cludes the possibility of a trans-phosphorylation event catalyzed
by a contaminating exogenous kinase present in the purified
actin. Although G-actin was the major form purified from bovine
brain cytosol, preliminary data suggest that both F- and G-actin
are capable of activating YpkA (data not shown). Furthermore,
depletion of actin from the partially purified Sephacryl 200 gel
filtration column fraction using an actin binding resin, DNase
I-Sepharose (17, 18), resulted in a stepwise decrease in the YpkA
activation potential by the resulting partially depleted fraction
(Fig. 2C). As expected, the DNase I-Sepharose-bound actin was
also capable of activating YpkA (Fig. 2C). Taken together, these
results demonstrate that actin is a cellular activator of YpkA. To
our knowledge, there has not been any other evidence of a
bacterial protein kinase activated by actin within the host cell.
Fig. 2A also suggests that, in addition to actin serving as an
activator of YpkA, actin can also function as an in vitro substrate
of the kinase.

The C Terminus of YpkA Is Essential for the Interaction Between YpkA
and Actin. Previously, it has been observed that Yersinia lacking
the C terminus of YpkA are avirulent (12). To understand why
the C terminus is essential for virulence, we prepared several
C-terminal deletions of a FLAG-tagged YpkA. The largest of
these C-terminal deletions leaves the entire kinase domain intact
(residues 1–450) (Fig. 3A). Each of these constructs was ex-
pressed in HEK293 cells, and kinase assays were performed with
immunoprecipitated YpkA. Deletion of only 20 aa from the C
terminus (D710) resulted in complete loss of kinase activity (Fig.
3B). As expected, subsequent deletions of the kinase C terminus
(D450 or D660) could not be activated (Fig. 3B). Furthermore,
only full-length YpkA and YpkA-K269A were capable of inter-
acting with actin as assessed by coimmunoprecipitation (Fig.
3B). Because there are no serine residues within the C-terminal

Fig. 1. YpkA requires a protein cofactor for activation. (A) Recombinant
YpkA requires an activator for kinase activity. Recombinant YpkA or YpkA-
K269A was expressed in E. coli and purified. YpkA was incubated with either
buffer or HeLa cell extract protein (3 mg) and subjected to in vitro kinase
assays. (B) HEK293 cells were transfected with either wild-type YpkA, YpkA-
K269A, or vector (8 mg). Both wild-type and mutant YpkA were N-terminal
FLAG epitope tagged. YpkA was immunoprecipitated with anti-FLAG M2
affinity gel (Sigma) and was subjected to in vitro kinase assays. Similar levels
of YpkA are present in all of the immunoprecipitation extracts as determined
by immunoblot analysis with an antibody to the FLAG epitope (Sigma). (C)
HEK293 cells were transfected with wild-type YpkA (8 mg). YpkA was immu-
noprecipitated with anti-FLAG M2 affinity gel (Sigma) and was subjected to in
vitro kinase assays in the presence of the artificial substrates shown, as
described in Materials and Methods.
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20 aa of YpkA, the effects of this truncation (YpkA-D710) on
autophosphorylation are not due to removal of a critical phos-
phorylation site (12). These results demonstrate that actin
binding is mediated principally by the C-terminal 20 aa of YpkA,
and suggest that actin binding leads to YpkA activation.

YpkA Disrupts the Actin Cytoskeleton in Vivo. During infection,
YpkA has been shown to cause cells to ‘‘round up’’ while
maintaining contact at focal adhesions (13). To understand the
effect that YpkA has on actin dynamics in vivo, HeLa cells were
cotransfected with a plasmid encoding the enhanced green
fluorescent protein and either vector alone or an expression
vector encoding wild-type YpkA, YpkA-K269A, or YpkA-D710.
These cells were subsequently fixed and stained with rhodamine
phalloidin to visualize the microfilament system. Cells expressing
YpkA had a pronounced phenotype (Fig. 4C), and, although
these cells appear to be sending out extensions, examination over
time of these changes indicates that they are actually retracting
their edges (i.e., ‘‘rounding up’’) while maintaining focal adhe-

Fig. 2. The activator of YpkA kinase activity is actin. (A) Partial purification
of the YpkA activator. Bovine brain cytosol proteins were separated by column
chromatography. Proteins contained within the peak fractions collected from
the Sephacryl 200 gel filtration column were analyzed by SDSyPAGE and
detected by silver staining. Eluted actin was detected by immunoblot analysis
using an antibody to actin (Sigma). (B) Dose-dependent activation of YpkA by
actin. Actin was added in increasing concentrations to recombinant YpkA (1.5
mg). Actin is also phosphorylated by YpkA in vitro. (C) Actin was depleted from
the Sephacryl 200 gel filtration peak fraction by using successive incubations
with DNase I-Sepharose as previously described. Fractions were assayed for
their ability to stimulate YpkA kinase activity.

Fig. 3. YpkA requires the last 20 aa for activation. (A) Schematic represen-
tation of YpkA constructs. Slashed lines denote the FLAG epitope tag. The
C-terminal 20 aa are shown in black and white checkered boxes. Each of the
deletion mutants is labeled, and the site of the C-terminal truncation is
denoted with an asterisk. (B) YpkA requires the last 20 aa for kinase activity.
HEK293 cells were transfected with YpkA, YpkA-K269A, YpkA-D450, YpkA-
D660, YpkA-D710, or pCDNA3 (8 mg). All YpkA constructs were fused to an
N-terminal FLAG epitope tag. YpkA was immunoprecipitated with anti-FLAG
M2 affinity gel (Sigma) and subjected to in vitro kinase assays. Actin was
detected in immunoprecipitates using an antibody against actin (Sigma).
Levels of YpkA protein expression were assessed by immunoblot analysis with
an antibody to the FLAG epitope (Sigma). (C) The C termini of YpkA and
coronin are similar. Sequence alignment was performed by using the CLUSTALW

algorithm in the MACVECTOR program. Identical residues are highlighted in
dark gray, whereas similar residues are highlighted in light gray.
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sion contacts, similar to the morphology observed in cells
infected with Yersinia overexpressing YpkA (13). Strikingly, cells
expressing wild-type YpkA did not have detectable actin stress
fibers (Fig. 4D), indicating that the kinase has completely
disrupted the microfilament network in these cells. Expression of
the kinase mutant, YpkA-K269A, resulted in an intermediate
phenotype (Fig. 4, E and F). These cells had an abnormal
morphology, demonstrated by the presence of small retraction
fibers, but the actin microfilament system was not completely
obliterated, as seen in cells expressing wild-type YpkA. The

morphology of cells in which the YpkA-K269A mutant was
expressed may be the result of its very low-level kinase activity.
Alternatively, effects of the YpkA-K269A mutant may be me-
diated by the C terminus of the inactive kinase competing for a
binding site with proteins playing a role in actin bundling or
polymerization. To explore this possibility, we compared the
sequence of the C-terminal 20 aa of YpkA with all ORFs present
in the nonredundant data bank by using C-BLAST. The C
terminus of YpkA has significant sequence identity to the C
terminus of coronin, a known actin-binding protein (Fig. 3C).

Fig. 4. YpkA overexpression causes actin filament disruption. HeLa cells were cotransfected with a vector encoding the enhanced green fluorescent protein
(250 ng) and either YpkA, YpkA-K269A, YpkA-D450, YpkA-D660, YpkA-D710, or pCDNA3 (1.75 mg). Cell morphology was visualized by expression of enhanced
green fluorescent protein. Actin filaments were visualized by staining with rhodamine phalloidin. Pictures shown are representative of all transfected cells
stained.
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The C terminus of coronin is necessary for the bundling of actin
fibers (19). In addition, the C terminus of coronin forms an
amphipathic helix similar to the predicted secondary structure of
the last 20 aa of YpkA. The similarity between the C-terminal
domains of YpkA and coronin raises the intriguing possibility
that the YpkA-K269A mutant contributes to the disruption of
actin filaments by direct competition with coronin for the same
binding site on actin. The hypothesis that YpkA may occupy the
coronin-binding site on actin is also supported by the observation
that cells expressing YpkA-D710 were indistinguishable from
controls in their morphology and cytoskeleton (Fig. 4, G and H).
As expected, cells that are not expressing YpkA displayed a
normal array of stress fibers, suggesting that the microfilament
structures within these cells are intact (Fig. 4, A and B). Our
results demonstrate that YpkA has an in vivo global effect on the
actin cytoskeleton and that this effect requires both kinase
activity and the presence of an intact YpkA C terminus. Because
actin is crucial in the innate immune system for its role in both
phagocytosis and chemotaxis, the disruption of the actin cy-
toskeleton by YpkA would be predicted to inhibit these pro-
cesses, thus ensuring survival of Yersinia within the host.

We have demonstrated that the Yersinia protein kinase is
produced in bacteria as an inactive catalyst. On translocation
into the mammalian cell by the type III secretory system, YpkA
localizes to the inner surface of the plasma membrane (13). This

localization would place YpkA near the actin cortex, where, on
activation, the kinase could phosphorylate a number of proteins
that play key roles in regulating the actin cytoskeleton. This
phosphorylation in turn results in a catastrophic depolymeriza-
tion of cellular actin filaments that has a profound effect on
macrophages and other cells functioning in the innate immune
system. Recently, much has been learned about the actin cy-
toskeleton as a result of the identification of another bacterial
virulence factor from Listeria, ActA. ActA is required by Listeria
for mobility within the host cell and between host cells. ActA
functions to assemble filamentous actin on its surface within the
cytoplasm of the target cell (20, 21). We anticipate that the
identification of the YpkA substrates may also lead to a better
understanding of the processes governing actin dynamics within
the cell.
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