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CUTTING EDGE

IMMUNOLOGY

THE O
FJOURNAL

Cutting Edge: CD4 Is the Receptor for the Tick Saliva
Immunosuppressor, Salp151

Renu Garg,2* Ignacio J. Juncadella,2*‡ Nandhini Ramamoorthi,§ Ashish,†

Shobana K. Ananthanarayanan,* Venetta Thomas,§ Mercedes Rincón,¶ Joanna K. Krueger,†

Erol Fikrig,§ Christopher M. Yengo,* and Juan Anguita3*‡

Salp15 is an Ixodes scapularis salivary protein that in-
hibits CD4� T cell activation through the repression of
TCR ligation-triggered calcium fluxes and IL-2 produc-
tion. We show in this study that Salp15 binds specifically
to the CD4 coreceptor on mammalian host T cells. Salp15
specifically associates through its C-terminal residues with
the outermost two extracellular domains of CD4. Upon
binding to CD4, Salp15 inhibits the subsequent TCR li-
gation-induced T cell signaling at the earliest steps includ-
ing tyrosine phosphorylation of the Src kinase Lck, down-
stream effector proteins, and lipid raft reorganization.
These results provide a molecular basis to understanding
the immunosuppressive activity of Salp15 and its specific-
ity for CD4� T cells. The Journal of Immunology, 2006,
177: 6579–6583.

I xodes scapularis ticks are the vectors for several pathogens
including Borrelia burgdorferi and Anaplasma phagocyto-
philum (1, 2). Tick salivary proteins enter the host and ex-

ert pleiotropic immunosuppressive effects (3–9) that could also
contribute to the efficient transmission of pathogens (10). I.
scapularis salivary protein (Salp) 15 is a pleiotropic inducible Ag
that may be responsible for the immunomodulatory action of
tick saliva on acquired immune responses (3) and the protection
of the causative agent of Lyme disease, B. burgdorferi, against
Ab-mediated killing (11), which complements other immune
evasion mechanisms by the spirochete (12). Inhibition of
CD4� T cell activation mediated by Salp15 results from the
repression of IL-2 production upon recognition of cognate Ag
(3). The interaction of Salp15 with CD4� T cells results in de-
creased TCR-triggered calcium signals and the activation of the
transcription factors, NF-�B and NF-AT (3). The characteriza-
tion of Salp15 action in the mammalian host is important to

understand the molecular basis of the immunosuppressive ac-
tivities of I. scapularis saliva as well as vector-pathogen-host
interactions.

We have now identified CD4 as the specific receptor for
Salp15 on T cells. A direct association occurs between CD4 and
the C-terminal amino acid residues of Salp15, which allows
Salp15 to act at the very beginning of TCR ligation-induced
signaling cascades. These results shed light on the mechanism of
action of Salp15 during the activation of CD4� T cells and pro-
vide the basis for its specificity.

Materials and Methods
Cell purification and activation

Murine CD4� T cells were purified as described previously (3) and preincu-
bated with His-tagged Salp15 (50 �g/ml) at 37°C for 20 min before stimula-
tion with 10 �g/ml anti-CD3�, 1 �g/ml anti-CD28, and 10 �g/ml anti-
Armenian and Syrian hamster IgG (BD Biosciences). Jurkat (E6-1) cells were
stimulated using 5 �g/ml OKT3 mAb (eBioscience) and 1 �g/ml anti-human
CD28 cross-linked with 5 �g/ml anti-mouse IgG.

Antibodies

Anti-Lck, anti-pSrc family (Tyr416) to measure p-Lck364 (13), anti-pLck
Tyr505, anti-pZap70 (Tyr319), and anti-Zap70 Abs were obtained from Cell
Signaling Technologies. Anti-pTyr (pY99), anti-p phospholipase C (PLC)4 �1
(Tyr783), anti-PLC�1, polyclonal anti-CD4, anti-CD3, anti-CD28, anti-TCR�
Abs, and normal rabbit IgG were obtained from Santa Cruz Biotechnology. The
polyclonal anti-His-HRP Ab was obtained from Novus Biologicals.

Purification of recombinant proteins

His-tagged Salp15 and His-tagged, thioredoxin (TR)-fused Salp13 (14) were
purified from cultured Drosophila S2 cells, as described previously (3).

Confocal microscopy

For the visualization of lipid rafts, purified CD4� and CD8� cells were cyto-
spun for 10 min at 1000 rpm onto positively charged microslides (Fisher Sci-
entific), fixed with 3.7% paraformaldehyde (Sigma-Aldrich) for 15 min, and
stained with CTB594 (Molecular Probes).

For colocalization experiments, CD4� T cells were cytospun and fixed as
described above, blocked with 5% normal serum and anti-CD16/CD32 (1:
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100) in PBS, and stained with 1 �g of biotinylated anti-CD4 (L3T4; BD Bio-
sciences), followed by streptavidin594 and His-tagged Salp15, labeled with
Alexa Fluor-488 (His-tagged Salp15-488, Protein Labeling kit; Molecular
Probes). For competition assays, cells were first blocked, incubated with either
polyclonal anti-CD4 Ab, normal rabbit IgG, His-tagged Salp15 (100�), or
lysozyme (100�) followed by staining with His-tagged Salp15-488. All sam-
ples were visualized with an Olympus Confocal microscope equipped with
Fluorview 3.0 software.

Western blotting and coimmunoprecipitation

For tyrosine phosphorylation analysis, cells were lysed in 60 mM Tris (pH 7.4)
buffer containing 1% Triton X-100 and protease inhibitors for 15 min on ice,
sonicated 4 � 5 s and incubated at 37°C for 10 min. The lysate was cleared by
centrifugation, subjected to SDS-PAGE, and immunoblotted with
specific Abs.

For coimmunoprecipitation experiments, 6 � 106 murine CD4� T, or
1–2 � 107 Jurkat, HeLa, or HeLa-CD4 cells were lysed in 20 mM HEPES (pH
7.4) containing 1% Triton X-100 for 15 min on ice. The cell lysate was mixed
with 50 �g/ml His-tagged-Salp15 or His-tagged TR-Salp13 as a control (14)
and immunoprecipitated using an anti-polyhistidine Ab conjugated to agarose,
anti-CD4, anti-CD3, anti-CD28, or normal rabbit IgG plus agarose-conju-
gated protein A (Sigma-Aldrich), overnight at 4°C.

Flow cytometry

Salp15 binding to NIH3T3-CD4 cells was determined by flow cytometry. The
cells were blocked with 5% BSA in PBS, followed by staining with His-tagged
Salp15-488 (15 �g/106 cells) in blocking solution for 30 min at 4°C. The cells
were analyzed in a LSRII flow cytometer (BD Biosciences).

Microtiter binding assay

Purified soluble CD4 (sCD4) (D1D2 preparation) was coated overnight at 4oC
at the indicated concentrations in 0.1 M sodium carbonate buffer (pH 9.5) in
96-well plates. The wells were blocked with 10% FCS/PBS, and incubated with
His-tagged Salp15 (0.4 �M) and HRP-conjugated anti-His Ab followed by
microwell peroxidase substrate (Kirkegaard & Perry Laboratories). Chemically
synthesized overlapping peptides of Salp15 (3) were purchased from GenScript.
To study the binding of Salp15 and peptides to sCD4, His-tagged Salp15 (5
�g) and the different peptides (0.5 �g) were coated as described above. The
wells were then probed with sCD4-HRP (ImmunoDiagnostics). For competi-
tion assays, indicated concentrations of Salp15 or P11 were added to sCD4-
HRP and incubated with plate-bound P11 (aa 95–114, GPNGQTCAE
KNKCVGHIPGC, 0.1 �g). Kd were determined by nonlinear curve fit using
GraphPad Prism, version 4.0 (GraphPad).

Analytical gel filtration

Purified sCD4 (D1–D4, 10 �g) and His-tagged Salp15 (20 �g) were eluted
through two Superdex-200 HR 10/30 gel filtration columns (Amersham Phar-
macia Biotech) connected in tandem using PBS as equilibration and elution
buffer at a flow rate of 0.3 ml/min with a FPLC system (Amersham Pharmacia
Biotech) equipped with a Liquid Chromatography Controller LCC-501 Plus
and regulated using FPLC director version 1.10. Blue dextran was used to es-
timate the void volume, whereas BSA, OVA and lysozyme were used as stan-
dards with elution volumes of 14.78 ml, 26.45 ml, 28.45 ml, and 39.28 ml,
respectively. To estimate the individual peak position of overlapping peaks, a
Gaussian deconvolution algorithm (15) was used, using the software Origin
version 5.0 (OriginLab).

Results and Discussion
CD4 is the receptor for Salp15

Salp15 binds to a protein component on the surface of CD4� T
cells (3). We first examined the specificity of Salp15 binding on
T lymphocytes. Alexa-Fluor-labeled Salp15 (His-tagged
Salp15-488) bound specifically to CD4� T cells, whereas no
staining of CD8� cells was detected by confocal microscopy
(Fig. 1A). Because Salp15 inhibits TCR ligation-induced T cell
signaling, which involves a number of key receptors including
CD4, CD3, and CD28, the interaction of Salp15 with these
receptors was studied. His-tagged Salp15 coimmunoprecipi-
tated CD4, but not other key components of the TCR com-
plex, particularly CD3�, CD28, and TCR� (Fig. 1B). The si-
multaneous visualization of CD4 and His-tagged Salp15-488
binding on unstimulated and activated CD4� T cells by con-
focal microscopy revealed the colocalization of both proteins
(Fig. 1C).

To confirm a direct association between CD4 and Salp15,
nonlymphocyte cell lines expressing CD4 were used. Flow cy-
tometry analysis showed an increase in His-tagged Salp15-488
binding to 3T3-CD4 cells compared with nontransfected con-
trols (Fig. 1D). Coimmunoprecipitation experiments using a
HeLa-CD4 cell lysate further supported the direct interaction
of Salp15 with CD4 (Fig. 1E). Immunoprecipitation of a

FIGURE 1. Salp15 binds to CD4. A, Left panels, Analysis of His-tagged Salp15-488 binding to CD4� and CD8� T cells by confocal microscopy compared with
unstained CD4� T cells (control). The panels on the right show the same field under brightfield microscopy. B, Murine primary CD4� T cells lysates containing
His-tagged Salp15 were immunoprecipitated (IP) using anti-His, anti-CD3�, anti-CD28, anti-CD4, anti-TCR�, or IgG (control). The immunoprecipitate was
immunoblotted (IB) using anti-His, anti-CD4, anti-CD3�, anti-TCR�, and anti-CD28 Abs. C, Colocalization of anti-CD4 staining and His-tagged Salp15-488
binding on naive and stimulated CD4� T cells is indicated by the yellow color in the merged confocal micrograph. D, Flow cytometric analysis of CD4 expression
using PE-Cy5-labeled anti-CD4 (CD4PE-Cy5) (upper panel) and His-tagged Salp15-488 binding (lower panel) in 3T3 (red) and 3T3-CD4 (blue) cells. E, HeLa and
HeLa-CD4 cell lysates containing His-tagged Salp15 were immunoprecipitated using anti-His Ab. The immunoprecipitates were subjected to immunoblotting
using anti-CD4 and anti-His Abs. The reciprocal immunoprecipitation from a HeLa-CD4 cell lysate was performed using anti-CD4 or IgG followed by immu-
noblotting with anti-CD4 or anti-His Abs. F, Immunoprecipitation from HeLa-CD4 cell lysate containing either His-tagged TR-Salp13 (control) or His-tagged
Salp15 using an anti-His Ab followed by immunoblotting with anti-CD4 or anti-His Abs.
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HeLa-CD4 cell lysate with His-tagged Salp15 or a control His-
tagged-TR-fused tick saliva protein (His-tagged TR-Salp13)
(14) using an anti-His Ab confirmed the specificity of the in-
teraction (Fig. 1F).

Binding of His-tagged Salp15-488 to HeLa-CD4 cells was
competed by preincubating the cells with unlabeled His-tagged
Salp15 or a polyclonal anti-CD4 Ab (Fig. 2, A and B), confirm-
ing the specific interaction between Salp15 and CD4. His-
tagged Salp15 showed a saturable binding to sCD4 (D1–D2,
containing the extracellular outer two domains) in a microtiter
assay compared with a nonspecific control (lysozyme; Fig. 2C)
with a Kd of 47 nM. His-tagged Salp15 also showed a saturable
binding to a sCD4 preparation that contains all four extracel-
lular domains (D1–D4) with similar kinetics (data not shown).
To further verify the interaction between Salp15 and sCD4, the
gel filtration profile of a His-tagged Salp15-CD4 solution was
studied. We first studied the elution profiles of His-tagged
Salp15 and sCD4 (D1–D4). His-tagged Salp15 preparations
consisted primarily of monomer and dimer populations,
whereas the gel filtration profile of sCD4 contained a single

peak corresponding to monomeric sCD4 (Fig. 2D). An addi-
tional peak overlapping with the sCD4 peak was observed in a
His-tagged Salp15-CD4 solution compared with the profiles of
His-tagged Salp15 and sCD4 alone (Fig. 2D). The overlapping
peaks were resolved by Gaussian fit analysis (15), which showed
the elution volume of the complex to be 26.38 ml, compared
with 27.53 ml for the sCD4 peak (Fig. 2D). The elution vol-
umes of the His-tagged Salp15-sCD4 complex and standards
were used to generate a linear fit in the natural log(molecular
mass) vs elution volume plot, which estimated a molecular mass
of 67 � 8 kDa, suggesting that the molar ratio of Salp15-CD4
interaction is 1:1. The peak height of His-tagged Salp15-CD4
was directly related to monomer content of His-tagged Salp15
in different experiments.

To map the residues of Salp15 that interact with sCD4, we
generated synthetic 20-aa-long peptides with 10-aa overlaps
spanning the entire Salp15 sequence (3). Only the C-terminal
peptide of Salp15 (P11) showed binding to sCD4 (Fig. 3A).
The binding was saturable, with a Kd of 50 nM (Fig. 3B). We
could compete P11 binding to sCD4 by adding increasing con-
centrations of the free peptide (Fig. 3C), suggesting a specific
interaction. The binding of P11 to sCD4 could also be com-
peted by adding increasing concentrations of His-tagged
Salp15 (Fig. 3D). These data demonstrated that Salp15 binds
to CD4 through its C-terminal residues.

CD4 binds to several physiological ligands that result in var-
ied signals to the T cell. The coreceptor interacts with nonpoly-
morphic regions of MHC class II molecules (16) and also binds
an array of distinct ligands, including the chemotactic cytokine
IL-16 (17), human plasma glycoprotein gp17 (18), and the
gross cystic fluid protein of 15 kDa (GCDFP-15) (19). In ad-
dition, human CD4 also acts as a receptor for the HIV-1 retro-
virus envelope protein (20). Our data show that Salp15 also acts
as a specific ligand for the CD4 coreceptor.

Salp15 inhibits early TCR signaling

Salp15 inhibits the activation of CD4� T cells stimulated with
anti-CD3/CD28, as well as through MHC II-CD4-dependent

FIGURE 2. Salp15 binds to the extracellular domains of CD4. A, Unlabeled
Salp15 but not lysozyme pretreatment blocks His-tagged Salp15-488 binding
to HeLa-CD4 cells. Control represents HeLa-CD4 cells in the absence of
His-tagged Salp15-488. Right panel, The brightfield of the image on the left. B,
Preincubation of HeLa-CD4 cells with a polyclonal anti-CD4 Ab abolishes
His-tagged Salp15-488 binding compared with control IgG pretreatment. C,
His-tagged Salp15 (0.4 �M) was incubated with increasing amounts of immo-
bilized sCD4 (D1D2, f) or lysozyme (Œ) in a microtiter assay showing satu-
rable binding. The results are expressed as mean � SE of three independent
experiments. D, Elution profiles of sCD4 (D1–D4) (blue), His-tagged Salp15
(pink), and His-tagged Salp15-sCD4 (red) from Superdex-200 gel filtration
columns (left panel). The Gaussian deconvolution of His-tagged Salp15-sCD4
and sCD4 peaks is shown on the right panel. The results shown are representa-
tive of three to five individual experiments performed.

FIGURE 3. The C-terminal peptide of Salp15 binds CD4. A, Binding of
His-tagged Salp15 (5 �g) and overlapping synthetic peptides of Salp15 (0.5 �g)
to sCD4 (D1–D2). B, Increasing concentrations of P11 (f) but not P8 (Œ)
show saturable binding to sCD4 (D1–D2). C, Competition of increasing con-
centrations of free P11 with immobilized P11 (50 nmol) for binding to sCD4
(D1–D2). D, Competition of P11 (50 nmol) binding to sCD4 (D1–D2) by
increasing concentrations of His-tagged Salp15. Control represents P11 bind-
ing in the absence of Salp15. The results are expressed as mean � SE of at least
three independent experiments.
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signals (3), suggesting that its effect does not occur through in-
terference with the interaction between MHC II and CD4, but
rather with the interaction and proper alignment of CD4 and
the associated Src family protein Lck with the TCR complex,
which is critical for T cell activation. Lck is activated through a
sequential series of events that involve its dephosphorylation at
Tyr505, allowing its autophosphorylation at Tyr394 and its co-
localization with downstream targets, including elements of the
TCR complex and other intermediate signaling molecules, such
as Zap70 (21, 22). We thus hypothesized that Salp15 would
induce the disruption of early signaling events during CD4� T
cell activation. We examined tyrosine phosphorylation at resi-
dues 505 and 394 of Lck, upon TCR ligation in the presence or
absence of Salp15. His-tagged Salp15 prevented the dephos-
phorylation of Lck at Tyr505, compared with control-activated
cells, accompanied by a reduction in the phosphorylation levels
of the protein at Tyr394 (Fig. 4A). Preincubation of CD4� T
cells with His-tagged Salp15 also prevented the phosphoryla-
tion of Zap70 (Fig. 4A), indicating that Salp15 hindered the
activation of Lck. CD4� T cell immunosuppression caused by
Salp15 shared similarities with previously described interac-
tions of CD4 with Abs specific for CD4 epitopes or HIV gp120
(3). However, Salp15 did not induce Lck phosphorylation in
the absence of T cell stimulation, in contrast to the described
effect of gp120 (23). Moreover, Salp15 does not affect AP-1
DNA-binding activity (3) or TCR-mediated ERK activation
(data not shown) compared with the ERK-mediated inhibition
of AP-1 DNA-binding activity observed in cells treated with
gp120 (24), further distinguishing the effect of Salp15 to those
of HIV gp120 and anti-CD4 cross-linking.

We also analyzed downstream events associated with CD4�

T cell activation that could be affected by the interaction of
Salp15 with CD4. Stimulated CD4� T lymphocytes that were
pretreated with His-tagged Salp15 presented a reduction in the
phosphorylation of PLC�1 at Tyr783 (Fig. 4A). During TCR
signaling, PLC�1 hydrolyzes phosphatidyl-inositol (4,5)-
bisphosphate to inositol (1,4,5)-trisphosphate and diacylglyc-

erol, leading to calcium mobilization and protein kinase-C ac-
tivation, respectively (25). The inhibition of PLC�1
phosphorylation thus explains Salp15-mediated repression of
calcium fluxes during T cell activation (3).

We next analyzed the stimulation-induced redistribution of
lipid rafts on CD4� T cells using Alexa-Fluor594-labeled chol-
era-toxin B (CTB)594. CTB594 staining of the stimulated
CD4� T cell membrane was confined in a dense cap structure,
as described (26) in contrast to unstimulated T cells (Fig. 4B),
indicating that rafts had aggregated during the activation pro-
cess. Lipid raft clustering, however, was reduced by His-tagged
Salp15 treatment before the stimulation with anti-CD3/CD28
(Fig. 4B), whereas lipid raft reorganization during CD8� T cell
activation in response to anti-CD3/CD28 signals was unaf-
fected by His-tagged Salp15 pretreatment (Fig. 4B). These data
indicate that Salp15 does not affect lipid raft reorganization per
se, and confirms that the interaction of Salp15 with CD4 affects
specific upstream pathways leading to lipid raft clustering and
inhibiting the amplification of primary signaling events in-
duced by TCR ligation.

In light of our results, we propose that upon contact with
CD4, Salp15 blocks TCR-mediated Lck activation, leading to
the improper activation of downstream signaling proteins. This
results in a reduction in the clustering of signaling proteins in
lipid rafts, which are essential for the amplification of T cell
signals that result in IL-2 production. I. scapularis ticks modu-
late the host immune response in many different ways, resulting in
efficient transmission of several pathogens (10). In this study, we
report the first example of an interaction between an arthropod
protein and a mammalian T cell coreceptor that clarifies the mech-
anism by which ticks withstand host immune responses.

Acknowledgments
HeLa-CD4, National Institutes of Health/3T3-CD4 cells, and purified sCD4
(D1D2) were obtained through the National Institutes of Health AIDS Re-
search and Reference Reagent Program, Division of AIDS, National Institute of
Allergy and Infectious Diseases, National Institutes of Health. We thank Na-
taliya Kubalik for technical support.

Disclosures
The authors have no financial conflict of interest.

References
1. Burgdorfer, W., A. G. Barbour, S. F. Hayes, J. L. Benach, E. Grunwaldt, and

J. P. Davis. 1982. Lyme disease-a tick-borne spirochetosis? Science 216: 1317–1319.
2. Chen, S. M., J. S. Dumler, J. S. Bakken, and D. H. Walker. 1994. Identification of a

granulocytotropic Ehrlichia species as the etiologic agent of human disease. J. Clin.
Microbiol. 32: 589–595.

3. Anguita, J., N. Ramamoorthi, J. W. Hovius, S. Das, V. Thomas, R. Persinski,
D. Conze, P. W. Askenase, M. Rincon, F. S. Kantor, and E. Fikrig. 2002. Salp15, an
Ixodes scapularis salivary protein, inhibits CD4� T cell activation. Immunity 16:
849–859.

4. Ferreira, B. R., and J. S. Silva. 1998. Saliva of Rhipicephalus sanguineus tick impairs T
cell proliferation and IFN-�-induced macrophage microbicidal activity. Vet. Immu-
nol. Immunopathol. 64: 279–293.

5. Kopecky, J., and M. Kuthejlova. 1998. Suppressive effect of Ixodes ricinus salivary
gland extract on mechanisms of natural immunity in vitro. Parasite Immunol. 20:
169–174.

6. Ribeiro, J. M., M. Schneider, and J. A. Guimaraes. 1995. Purification and character-
ization of prolixin S (nitrophorin 2), the salivary anticoagulant of the blood-sucking
bug Rhodnius prolixus Biochem. J. 308: 243–249 (Pt. 1).

7. Schoeler, G. B., S. A. Manweiler, and S. K. Wikel. 1999. Ixodes scapularis: effects of
repeated infestations with pathogen-free nymphs on macrophage and T lymphocyte
cytokine responses of BALB/c and C3H/HeN mice. Exp. Parasitol. 92: 239–248.

8. Urioste, S., L. R. Hall, S. R. Telford 3rd, and R. G. Titus. 1994. Saliva of the Lyme
disease vector, Ixodes dammini, blocks cell activation by a nonprostaglandin E2-de-
pendent mechanism. J. Exp. Med. 180: 1077–1085.

9. Wikel, S. K., and D. Bergman. 1997. Tick-host immunology: Significant advances
and challenging opportunities. Parasitol. Today 13: 383–389.

FIGURE 4. Salp15 inhibits early steps during T cell activation. A, Western
blots showing the increase in tyrosine phosphorylation of Lck at the residue
505, and decreased phosphorylation of Lck at Tyr394, Zap70 at Tyr319, and
PLC�1 at Tyr783 in anti-CD3/CD28-stimulated mouse CD4� T cells in the
presence or absence of His-tagged Salp15. B, Representative immunofluores-
cence micrographs showing CTB594 staining in CD4� and CD8� T cells stim-
ulated with anti-CD3/CD28 in the presence or absence of His-tagged Salp15.

6582 CUTTING EDGE: Salp15 BINDING TO CD4 INHIBITS T CELL ACTIVATION

 by guest on A
ugust 9, 2022

http://w
w

w
.jim

m
unol.org/

D
ow

nloaded from
 

http://www.jimmunol.org/


10. Wikel, S. K. 1999. Tick modulation of host immunity: an important factor in patho-
gen transmission. Int. J. Parasitol. 29: 851–859.

11. Ramamoorthi, N., S. Narasimhan, U. Pal, F. Bao, X. F. Yang, D. Fish, J. Anguita,
M. V. Norgard, F. S. Kantor, J. F. Anderson, et al. 2005. The Lyme disease agent
exploits a tick protein to infect the mammalian host. Nature 436: 573–577.

12. Anguita, J., M. N. Hedrick, and E. Fikrig. 2003. Adaptation of Borrelia burgdorferi in
the tick and the mammalian host. FEMS Microbiol. Rev. 27: 493–504.

13. Alonso, A., N. Bottini, S. Bruckner, S. Rahmouni, S. Williams, S. P. Schoenberger,
and T. Mustelin. 2004. Lck dephosphorylation at Tyr-394 and inhibition of T cell
antigen receptor signaling by Yersinia phosphatase YopH. J. Biol. Chem. 279:
4922–4928.

14. Das, S., G. Banerjee, K. DePonte, N. Marcantonio, F. S. Kantor, and E. Fikrig. 2001.
Salp25D, an Ixodes scapularis antioxidant, is 1 of 14 immunodominant antigens in
engorged tick salivary glands. J. Infect. Dis. 184: 1056–1064.

15. Lofvenberg, L., and L. Backman. 2001. High-performance liquid chromatography
analysis of spectrin oligomerization. Anal. Biochem. 292: 222–227.

16. Konig, R., L. Y. Huang, and R. N. Germain. 1992. MHC class II interaction with
CD4 mediated by a region analogous to the MHC class I binding site for CD8. Nature
356: 796–798.

17. Cruikshank, W. W., K. Lim, A. C. Theodore, J. Cook, G. Fine, P. F. Weller, and
D. M. Center. 1996. IL-16 inhibition of CD3-dependent lymphocyte activation and
proliferation. J. Immunol. 157: 5240–5248.

18. Gaubin, M., M. Autiero, S. Basmaciogullari, D. Metivier, Z. Misëhal, R. Culerrier,
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