










only one major peak that overlapped with GM130, but not with CD4.
Scatter plots of LATwt-GFP and CD4 showed a high degree of cor-
relation (Rtotal � 0.82 � 0.15 (mean � SD, n � 20)), whereas LAT-
C26/29A-GFP and CD4 showed random localization (Rtotal � 0.04 �
0.11). Additionally, 73.7 � 19.1% of total LATwt-GFP colocalized
with CD4 (% green Int). In contrast, only 5.9 � 5.2% of total LAT-
C26/29A-GFP colocalized with CD4.

Monopalmitoylation of LAT Cys26 is sufficient for PM
localization and T cell development

LAT is dually palmitoylated on Cys26 and Cys29 (11), but palmi-
toylation of LAT Cys26 was found to be more important than pal-
mitoylation of Cys29 for its lipid raft localization (11) and TCR
signaling function in LAT-deficient Jurkat cells (12). Therefore,
we examined whether the dominant role of Cys26 reflects its
greater importance in transporting LAT to the PM. Similar to
LATwt, LAT-C29A colocalized with the PM marker CD4 in ret-
rovirally infected mouse CD4� T cells (Fig. 3A). In contrast, LAT-
C26A and the doubly mutated LAT-C26/29A did not display any
colocalization with CD4, and only colocalized with the Golgi marker
GM130 (data not shown). We additionally determined the localization
of these differentially palmitoylated LAT proteins in transfected
J.CaM2 and found an identical pattern (data not shown).

Next, we used the BM chimera system described above to de-
termine whether single palmitoylation of LAT at Cys26 would also
be sufficient for restoring T cell development. Analysis of periph-
eral blood cells 6 wk following reconstitution with LAT-GFP-
transduced BM cells revealed the presence of CD3�GFP� T cells
in LATwt- and LAT-C29A-transduced, but not in LAT-C26A or
LAT-C26/29A-transduced, BM chimeric mice (Fig. 3B). Statisti-
cal analysis of eight individual mice per group analyzed in two
independent experiments revealed the following percentages of
CD3� cells per GFP� lymphocytes in the peripheral blood: empty
vector, 1.5 � 0.5% (mean � SEM); LATwt, 50.5 � 12.0%; LAT-
C26A, 2.3 � 0.4%; LAT-C29A, 34.6 � 9.4%; and LAT-C26/29A,
3.6 � 0.6%. As a control, no GFP� cells were evident in intact B6
or LAT�/� mice. In conclusion, the ability of LAT mutants to
rescue T cell development fully correlated with their PM localiza-
tion, thus indicating that the Cys26-dependent PM localization of

LAT is also critical and sufficient for its obligatory function in T
cell development.

A Src-LAT chimera localizes in the PM and IS, but outside lipid
rafts

The above findings suggest that the PM localization of LAT, rather
than its lipid raft localization, is required for its proper function.
This notion is consistent with the report that a PM-targeted, but
non-lipid raft-residing fusion protein consisting of the extracellular
and TM domain of the LAT-related adaptor, LAX, and the cyto-
plasmic domain (lacking Cys26 and Cys29) of LAT restored T cell
development and activation in transgenic mice on a Lat�/� back-
ground (13). To extend this observation, we next wanted to deter-
mine whether a chimeric LAT protein (Src-LAT) expressed as a
peripheral (rather than integral) membrane protein is also func-
tional. Therefore, we generated a construct consisting of the mem-
brane-targeting N-terminal 20-aa residues of Src kinase, fused to
the intracellular domain (residues 34–233) of LAT, which lacks
the two palmitoylation sites but contains all Tyr residues required
for its adaptor function (19). Src is a peripheral membrane protein
targeted to the PM via its N-terminal myristoylation and the pres-
ence of positively charged amino acids. However, in contrast to
other Src-family members such as Lck or Fyn, Src is not palmi-
toylated and therefore is not localized in lipid rafts (20). The Src-
LAT chimera was then tested for its ability to restore T cell func-
tions in transfected LAT-deficient Jurkat cells or in the BM
chimera system described above.

First, we examined the localization of Src-LAT in retrovirally in-
fected mouse CD4� T cells. Src-LAT-GFP showed an expression
pattern consistent with the PM (Fig. 4A). Furthermore, Src-LAT-GFP
colocalized with the PM marker CD4 (Rtotal � 0.60 � 0.14; % green
Int � 54.10 � 14.30%; n � 20). Similarly, Src-LAT was present in
the PM of transfected J.CaM2 cells (data not shown).

LAT partitions to the IS, which forms in the contact area be-
tween T cells and APCs (21). The presence of LAT in the IS is
thought to be important for TCR signaling. To determine whether
Src-LAT localizes in the IS, J.CaM2 cells were transfected with
LATwt or Src-LAT and then stimulated with SEE superantigen-
pulsed Raji APCs. Both LATwt (Fig. 4B, left panel) and Src-LAT

FIGURE 3. Palmitoylation of LAT Cys26 is sufficient for LAT PM localization and T cell development. A, Mouse CD4� T cells were infected with
empty vector, LATwt, LAT-C26A, LAT-C29A, or LAT-C26/29A, stained with anti-Myc to localize exogenous LAT variants (red), with anti-CD4 (green),
and with DAPI (blue), and then analyzed by fluorescence microscopy. One representative cell from at least 25 cells analyzed per group is shown. Bar, 10
�m. B, Lat�/� BM cells were infected as in A and then transferred into irradiated B6 mice. After 6 wk blood was analyzed for the presence of T cells.
Untreated B6 and Lat�/� mice were used as controls. Diagrams are representative for one of four mice per group from two independent experiments.
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(Fig. 4B, right panel) were found concentrated in the contact area
between the transfected J.CaM2 cells and the APCs, in contrast to
their uniform and homogeneous membrane localization in un-
stimulated cells (Fig. 4A). This result indicates that Src-LAT, de-
spite being expressed as a peripheral membrane protein, is fully
capable of localizing in the IS following Ag stimulation.

Lastly, we confirmed that, in contrast to LATwt, which was
abundantly present in the DRM fractions of transfected JCaM2
cells, Src-LAT was absent from these fractions and was fully
found in the detergent-soluble cell fractions (Fig. 4B). Similar re-
sults were obtained in 293T cells transfected with the same LAT
expression vectors (data not shown). Additionally, standard sub-
cellular fractionation revealed that Src-LAT was present in the
membrane, but not in the cytosol fraction of transfected J.CaM2
cells (data not shown).

Src-LAT restores T cell development and function of peripheral
CD4� T cells

To analyze the functionality of Src-LAT in the context of primary
T cells, we generated intact B6 BM chimeras reconstituted with
retrovirally transduced Src-LAT (or LATwt as a positive control)

on a Lat�/� background and analyzed the ability of Src-LAT to
restore T cell development and peripheral T cell differentiation as
well as function. Transduced Src-LAT reconstituted T cell devel-
opment to the same extent as LATwt, as indicated by the presence
of a similar proportion (11–12%) of CD3�GFP� T cells in the
peripheral blood of the chimeric mice (Fig. 5A). The average per-
centages of CD3�GFP� cells in the peripheral blood of eight mice
per group from two independent experiments were: empty vector,
2.0 � 0.9%; LATwt, 48.9 � 7.1%; and Src-LAT, 35.7 � 10.2%.
Similar results were obtained after transfer of LAT-transduced BM
cells into irradiated Rag1�/� or Lat�/� recipient mice (data not
shown).

Expression levels of the retrovirally transduced LATwt and Src-
LAT proteins detected by ICS were comparable to the endogenous
LAT expression level in CD4� T cells from nontransduced normal
B6 mice (Fig. 5B). Therefore, we can rule out the possibility that
artificially high expression of Src-LAT would somehow overcome
the deficient TCR signaling function, even when it is absent from
lipid rafts.

To analyze the functional status of peripheral Src-LAT-express-
ing T cells from these BM chimeric mice, we isolated GFP�CD4�

T cells from LATwt and Src-LAT BM chimeras, cultured them

FIGURE 4. Src-LAT localizes in the PM outside lipid rafts and is en-
riched in the IS. A, Mouse CD4� T cells were infected with LATwt-GFP
or Src-LAT-GFP (green), stained with anti-CD4 as a PM marker (red) and
with DAPI (blue), and then analyzed by fluorescence microscopy (left). An
intensity profile for LAT (green) and CD4 (red) along the dashed line was
obtained from the merged image (right). The DAPI profile was removed to
increase clarity. Frequency scatter plots display the intensity of LAT pixels
on the x-axis and the intensity of CD4 pixels on the y-axis. Depicted images
are representative of at least 20 GFP� cells each. Bar, 10 �m. B, Trans-
fected J.CaM2 cells (T) were incubated with SEE-pulsed Raji cells (APC)
for 20 min. LATwt and Src-LAT were detected by anti-Myc staining.
LATwt and Src-LAT enrichment in the IS was observed in �80% of con-
jugates between J.CaM2 cells and SEE-pulsed Raji cells. The number of
conjugates between J.CaM2 cells and unpulsed Raji cells was very low,
and enrichment of LATwt or Src-LAT was found in 	5% of these con-
jugates (not shown). Bar, 10 �m. C, Transfected J.CaM2 cells were lysed
and subjected to a sucrose gradient fractionation. Fractions were immuno-
blotted with cholera-toxin B subunit to identify DRM fractions (GM1), and
with anti-Myc to detect LATwt and Src-LAT. One representative blot from
two independent experiments is shown.

FIGURE 5. Src-LAT can reconstitute T cell development and is func-
tional in Lat�/� BM chimeric mice. A, Lat�/� BM cells were infected with
empty vector, LATwt, or Src-LAT and then transferred into irradiated B6
mice. After 6 wk, blood was analyzed for the presence of T cells. Diagrams
are representative for one of four mice per group from two independent
experiments. B, Expression of endogenous LAT in CD4� splenocytes of
B6 mice, the background staining for LAT in splenocytes from Lat�/�

mice, and the expression of exogenous LATwt and Src-LAT in
CD4�GFP� splenocytes from BM chimeric mice were determined by in-
tracellular staining with anti-LAT and subsequent flow cytometry. C,
CD4� T cells from LATwt and Src-LAT BM chimeric mice were cultured
under Th1 conditions, restimulated with anti-CD3� plus anti-CD28 mAbs,
and then IFN-� was measured by ICS. One representative example of two
independent experiments is shown. D, CD4� T cells from LATwt and
Src-LAT BM chimeric mice were stimulated with different concentrations
of anti-CD3� alone (left panel) or in combination with anti-CD28 (right
panel). Proliferation was measured after 72 h.
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under Th1 differentiation conditions, and then measured IFN-�
expression following anti-CD3 plus anti-CD28 mAb stimulation
by ICS. Th1 cells from Src-LAT-reconstituted BM chimeras dis-
played a similar percentage (�30%) of IFN-�� cells as did Th1
cells from LATwt-reconstituted mice (Fig. 5C).

As an additional functional test, naive GFP�CD4� T cells from
LATwt-GFP and Src-LAT-GFP BM chimeras were stimulated in
vitro with different concentrations of plate-bound anti-CD3� alone,
or in combination with a fixed concentration of anti-CD28 mAb,
for 3 days. There was no difference in the proliferative response
between GFP�CD4� T cells from LATwt and Src-LAT chimeric
mice (Fig. 5D).

Localization and signaling of Src-LAT in reconstituted BM
chimeras

The PM localization of Src-LAT was confirmed in BM chimeric
mice by fluorescence microscopy (Fig. 6A). Similar to LATwt,
Src-LAT colocalized with the PM marker CD4 in thymocytes and
spleen from these BM chimeras.

For biochemical analysis of signaling, thymocytes from LATwt-
and Src-LAT-reconstituted BM chimeric mice were stimulated in
vitro with anti-CD3� and anti-CD4. Stimulated thymocytes from
Src-LAT-reconstituted chimeras showed phosphorylation (i.e., ac-
tivation) of PLC�1 on Tyr783, ERK1/2 on Thr202/Tyr204, and the
cytoplasmic tail of LAT itself on Tyr191, although the phosphor-

ylation of PLC�1 and ERK1/2 was slightly reduced compared with
LATwt-transduced thymocytes (Fig. 6B, left panel). Similar ex-
periments were done with peripheral GFP�CD4� T cells from
these mice. In this case T cells were stimulated with anti-CD3�
plus anti-CD28 mAbs. As in thymocytes, Src-LAT was phosphor-
ylated and capable of fully restoring phosphorylation of PLC�1
and ERK1/2 (Fig. 6B, middle panel). Additionally, PLC�1 (Fig.
6B, upper right panel) and Grb2 (Fig. 6B, lower right panel) co-
immunoprecipitated with Src-LAT to a similar degree as with
LATwt in an activation-dependent manner.

To formally exclude the possibility that Src-LAT expressed in
mouse CD4� T cells translocates to lipid rafts after TCR stimu-
lation, we analyzed the DRM vs soluble fraction localization of
retrovirus-transduced Myc-tagged Src-LAT and its phosphoryla-
tion status before (Fig. 6C, left upper panels) or after (Fig. 6C, left
lower panels) CD3� and CD28 crosslinking. Src-LAT (detected by
anti-Myc immunoblotting) was exclusively present in the soluble
fractions, but not in DRM fractions, both before and after TCR
stimulation. A very low basal level of phospho-Tyr191 LAT was
detected in the DRM (but not soluble) fraction of unstimulated T
cells, and this level greatly increased in both fractions as a result
of TCR stimulation. Under this SDS-PAGE separation condition,
endogenous LAT could not be distinguished from Src-LAT. As an
additional control for proper activation of the T cells, we also
observed TCR-induced translocation of PLC�1 to the DRM

FIGURE 6. Src-LAT reconstitutes TCR signaling in
Lat�/� BM chimeric mice. A, Thymocytes and spleno-
cytes from Lat�/� BM chimeric mice were stained with
anti-LAT (green), anti-CD4 (red), and DAPI (blue) and
then analyzed by fluorescence microscopy. Depicted im-
ages are representative of at least 20 GFP� cells each.
Bar, 10 �m. B, Thymocytes (left panel) and splenic
CD4� T cells (middle and right panels) from Lat�/� BM
chimeric mice were stimulated for 1 min with anti-CD3
plus anti-CD4 mAbs, or for 2 min with anti-CD3� and
anti-CD28 mAbs, respectively. Cell lysates were di-
rectly immunoblotted (left and middle panels) or first
immunoprecipitated with anti-LAT (upper right panel)
or anti-Grb2 (lower right panel). Representative blots
from two independent experiments are shown. C, Src-
LAT infected CD4� T cells from B6 mice were left
unstimulated (upper left panels) or stimulated with anti-
CD3� plus anti-CD28 mAbs for 2 min (lower left panels),
lysed, and then subjected to sucrose gradient fraction-
ation. Fractions were immunoblotted with cholera-toxin
B subunit to identify DRM fractions (GM1), with anti-
PLC�1, with anti-Myc to detect exogenous Src-LAT,
and with anti-phospho LAT Y191 (pLAT Y191) to label
phosphorylated endogenous LAT (wt) and exogenous
Src-LAT (indistinguishable by size). Src-LAT was im-
munoprecipitated from the soluble fraction with anti-
Myc and then blotted with anti-pTyr and anti-LAT Abs
(right panel). Representative blots from two independent
experiments are shown.
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fractions. To determine whether TCR stimulation induced phos-
phorylation of the Src-LAT protein, we immunoprecipitated it
from the soluble fractions using an anti-Myc mAb and immuno-
blotted the resulting immunoprecipitates with an anti-pTyr Ab.
This analysis revealed that TCR stimulation induced prominent
Tyr phosphorylation of Src-LAT (Fig. 6C, right panel), despite the
fact that it was undetectable in the DRM fractions.

Discussion
We reported recently that anergic T cells display a relatively se-
lective defect in the palmitoylation of LAT (22). As a result of this
impaired palmitoylation, LAT was largely absent from lipid rafts
or DRMs and was poorly phosphorylated on Tyr in response to
TCR stimulation, resulting in defective recruitment of other sig-
naling proteins such as PLC�1. However, as described earlier (see
Introduction), whether the localization of LAT in membrane lipid
rafts is required for its proper function has been a matter of debate,
with conflicting results reported over time (11–13). Therefore, as a
first step toward resolving the molecular basis of the impaired LAT
palmitoylation in anergic T cells, we set out to examine in detail
the cellular localization of nonpalmitoylated LAT and determine
the relative importance of its raft vs PM localization for its
function.

Our findings clearly demonstrate that the palmitoylation of
intact LAT is required for its function in T cell development and
TCR-induced T cell activation, and they confirm previous stud-
ies that reached the same conclusion (10, 12). However, this
palmitoylation does not reflect a requirement for lipid raft lo-
calization, as has previously been assumed, but, rather, the
obligatory role of palmitoylation in targeting LAT from the
Golgi apparatus to the PM. Thus, in the absence of palmitoyl-
ation, that is, when the palmitoylated cysteine residues of LAT
are mutated, LAT was trapped in an intracellular compartment,
predominantly in the Golgi apparatus, and was absent from the
PM in both reconstituted J.CaM2 cells and peripheral mouse
CD4� T cells. This observation confirms a recent report (15)
and, furthermore, extends it, for the first time, to primary T
cells. BM chimeric mice expressing nonpalmitoylated
LATC26/29A on a Lat�/� background failed to develop pe-
ripheral T cells due to a block in thymocyte differentiation at the
DN stage, similar to control Lat�/� mice. Additionally, we
found that Cys26, but not Cys29, was critical for the PM local-
ization of LAT. Lastly, consistent with the notion that the pri-
mary function of LAT palmitoylation (at least on Cys26) is to
target it to the PM in a functional form, we found that a chi-
meric Src-LAT protein, which was localized in the PM, but was
absent from lipid rafts, could reconstitute TCR signaling, T cell
development, and function in BM chimeric mice. This finding
further proves that the lipid raft localization of LAT is dispens-
able for its function, and that LAT palmitoylation is required
primarily for its transport to the PM. Hence, the lipid raft lo-
calization of LAT is a secondary consequence of its palmitoyl-
ation, which is not required for TCR signaling per se. Although
one of the studies demonstrating the importance of LAT pal-
mitoylation for its function (11) claimed that the cysteine-mu-
tated LAT was localized in the membrane, this localization was
not rigorously analyzed by co-staining for a PM marker, as done
herein. Similar to LAT, other TRAPs such as NTAL/LAB and
LIME require palmitoylation for their transport to the PM (23)
(data not shown). In contrast, the fourth palmitoylated member
of the TRAP family, PAG/Cbp, requires no palmitoylation for
PM localization (24) (data not shown).

LAT has a very short extracellular domain of 4 residues, a TM
domain of 23 residues, and a long cytoplasmic tail of 206 aa, but

interestingly it lacks an intrinsic signal peptide for PM insertion.
Therefore, its palmitoylation, particularly on Cys26, would appear
to serve an essential role of targeting it from an intracellular com-
partment, where it is synthesized, to the PM, where it can interact
with the TCR signaling machinery. In the cysteine-lacking LAT
fusion proteins, that is, LAX-LAT (13), or the Src-LAT protein
analyzed herein, intrinsic PM-targeting motifs derived from LAX
and Src, respectively, presumably target the cytoplasmic domain
of LAT to the PM. Remarkably, NTAL/LAB and LAT are inter-
nalized after BCR or TCR stimulation, respectively, whereas PAG/
Cbp is not internalized after BCR stimulation (23, 25). These find-
ings highlighting the importance of palmitoylation in targeting
TRAPs, including LAT, to the PM are consistent with recent stud-
ies that revealed a novel, hitherto unsuspected role for protein pal-
mitoylation, that is, that of regulating various aspects of protein
sorting within the cells (2, 26–28).

Our findings raise a question regarding the mechanism through
which palmitoylation promotes the transport of LAT from an in-
tracellular compartment to the PM. Palmitoylation of caveolin-1
has been shown to increase its affinity for cholesterol (29), and it
is known that cholesterol is transported by vesicular traffic from
the endoplasmic reticulum via the Golgi to the PM (30). Hence,
one possibility is that LAT uses these cholesterol vesicles as shut-
tles for its transport to the PM. Another possibility is that the TM
domain of LAT, which consists of 23 aa residues, in contrast to the
more abundant length of 21 residues found in many other TM
proteins, might be too long to optimally match the thickness of the
membrane, a phenomenon called hydrophobic mismatch (26). In
this case, the palmitoylation of LAT might result in tilting of the
TM domain, thereby generating a more favorable conformation in
the membrane. Such a scenario is supported by the finding that
shortening of the TM domain of LRP6, a palmitoylated subunit of
the anthrax toxin receptor complex, from 23 to 19–21 residues
rescued its transport from the endoplasmic reticulum to the PM
even without being palmitoylated (31).

The finding that Src-LAT restores T cell development and func-
tion is similar to the report that a nonpalmitoylated, chimeric LAX-
LAT protein also restored T cell development and activation in
LAT�/� mice (13). However, in contrast to the LAX-LAT fusion
protein, which is an integral TM protein, the Src-LAT protein that
we analyzed here is a peripheral membrane protein attached to the
inner face of the PM via its Src-derived myristoylation signal and
polybasic motif. Hence, this finding extends the report by Zhu
et al. by demonstrating, for the first time, that the cytoplasmic tail
of LAT is sufficient to restore T cell function even when it is
attached to the PM as a peripheral protein (13). The functionality
of the two nonpalmitoylated LAT fusion proteins, Src-LAT and
LAX-LAT, raises an important question, namely, how do these
chimeric LAT proteins signal outside of lipid rafts? Relevant in
this regard, single molecule and scanning confocal imaging re-
vealed that LAT, Lck kinase, and the CD2 coreceptor cocluster in
discrete PM microdomains that are not maintained by interactions
with lipid rafts or actin, and that these microdomains require pro-
tein-protein interactions mediated through LAT phosphorylation
(32). Based on these findings, it was suggested that diffusional
trapping through protein-protein interactions creates microdo-
mains that concentrate or exclude cell surface proteins to facil-
itate T cell signaling.

Consistent with this idea, recent studies implicated LAT-medi-
ated protein-protein interactions, which are independent of its pal-
mitoylation or lipid raft localization, as being important for its
function (21, 25, 33–35). Therefore, these LAT-mediated protein-
protein interactions are likely to play an important contributory
role in forming LAT-nucleated signaling complexes that cocluster
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with the TCR when T cells are engaged by APCs. LAT was re-
cently found to colocalize with TCR microclusters that form at the
periphery of the IS in Ag-stimulated T cells (36 –38), and it
would be interesting to determine whether Src-LAT (or LAX-
LAT) is also found in these peripheral TCR microclusters and,
if so, whether manipulations that disrupt lipid raft integrity or
the association of LAT with other signaling proteins impair this
colocalization.

A corollary question emerging from our finding that the non-
palmitoylated (and non-raft-residing) Src-LAT protein can restore
T cell development and activation concerns the overall importance
of lipid rafts for TCR signaling. This is still a controversial ques-
tion (39). Many studies addressing the importance of lipid rafts in
T cell signaling have relied on the use of methyl-�-cyclodextrin to
disrupt lipid rafts by depletion of cholesterol (40). However, in
addition to disruption of lipid rafts, methyl-�-cyclodextrin inhibits
TCR signaling by nonspecific depletion of intracellular Ca2�

stores and PM depolarization (41). Furthermore, alternative meth-
ods for cholesterol depletion using cholesterol oxidase or depletion
of sphingomyelin with sphingomyelinase led to the conclusion that
lipid rafts are not required for TCR signaling (42, 43). On the other
hand, conclusions based on the effects of mutating palmitoylated
cysteine residues as a way of preventing the lipid raft localization
of signaling proteins need to be reexamined given our findings and
those by others (34) that, in some cases (and certainly in the case
of LAT), palmitoylation is required in the first place for sorting to
the PM.

Our finding that Cys26, but not Cys29, was critical for the PM
localization of LAT is consistent with, and provides an explanation
for, a previous report demonstrating the greater importance of this
residue in the lipid raft localization, TCR-induced phosphoryla-
tion, and signaling function of LAT (10). Other examples exist
where each of two palmitoylation sites in a protein differentially
affect protein localization (44, 45), including the finding that pal-
mitoylation of Cys3, but not Cys6, in Fyn kinase was essential for
its rapid PM targeting (46). Differential regulation of palmitoyl-
ation at distinct sites in a given protein may be explained by the
preference of different members of the recently described PAT
family for distinct palmitoylation motifs, and could also be af-
fected by the colocalization of a given PAT vis-à-vis its substrate
in internal (endoplasmic reticulum, Golgi) and external (PM) cel-
lular membranes (26, 47–49). Hence, it is possible that under
physiological conditions, different PATs palmitoylate Cys26 and
Cys29 of LAT and/or that Cys26 and Cys29 are palmitoylated at
different cellular locations, for example, Cys26 in the Golgi appa-
ratus, and Cys29 in the PM. Ongoing studies aimed at identifying
PATs that palmitoylate LAT, and determining their cellular local-
ization vis-à-vis LAT, are likely to be informative.

In summary, our findings reveal a novel role for LAT palmi-
toylation on Cys26 as a sorting signal essential for its transport
from the Golgi apparatus to the PM. These findings have potential
implications for other palmitoylated proteins involved in TCR sig-
naling, and they raise the possibility that the function of some of
these proteins may also be regulated at the level of PM sorting,
rather than by their lipid raft localization per se. Future analysis of
how palmitoylation regulates the localization, trafficking, and
function of signaling proteins, including the study of palmitoyl
transferases that mediate this posttranslational protein modifica-
tion, are likely to shed new light on the molecular basis for T cell
activation and establish a new immunoregulatory paradigm medi-
ated by reversible protein palmitoylation in cells of the immune
system.
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