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Abstract 
 
One of the earliest events during activation of the T-cell is phosphorylation of the adaptor 
protein linker of activation of T-cells (LAT) which subsequently forms a platform for 
downstream signalling leading to activation of the T-cell. A handful of mechanisms for 
inducing anergy have been proposed, all leading to somewhat differing results except for the 
presence of hypophosphorylated LAT. The amount of phosphorylated LAT could thus be 
used as a handy marker for indicating anergy ex vivo. 
 
I tried to extract LAT from T-cells which were isolated from peripheral blood leukocyte 
samples. However, either the extraction process or the detection using anti-LAT antibody 
failed. Future studies will have to try to determine a working lysis buffer and perhaps a more 
suitable anti-LAT antibody. 
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Fig 1. The TCR/CD3 receptor complex 

 Introduction 
T-cells are a part of the adaptive immune system. Several subsets of T-cells exist, differing in 
their effector functions. Most prominent are T-helper cells (TH-cells), cytotoxic T-
lymphocytes (CTLs) and regulatory T-cells (Tregs). 
 Naïve T-cells are activated when the T-cell receptor (TCR) binds a matching 
antigen presented on a major histocompatibility complex (MHC) I/II on an antigen presenting 
cells (APC). TH-cells then stimulate the activation and differentiation of other immune cells 
while CTLs clear tissue of infected cells or tumour cells by inducing apoptosis in these. Tregs 
serve to regulate the other T-cells inhibiting their effector functions (1).  

Activating the T-cell 

Components of the T-cell receptor 
The T-cell receptor (TCR), see figure 1, consists of a heterodimer of peptides α and β (and in 
some cases the homologous γ and δ). The extracellular portion of both α and β consist of a 
specificity determining, variable Ig-like domain which gives the αβ-heterodimer its antigen 
recognising function. The αβ-heterodimer associates with non-variable CD3-heterodimers, εγ 
and εδ, as well as a non-variable ζζ-homodimer. As α and β lack signalling capacity, signal 
transduction takes place via the immunoreceptor tyrosine-based activation motifs (ITAMs) 
located in the intracellular tails of the CD3 and the ζ-chains. Each CD3-peptide has one ITAM 
whereas each ζ-chain contains three (1-2). 

 Associated with the TCR are also the 
coreceptors CD4 and CD8. A fully matured T-cell 
expresses either CD4, or CD8. CD4 interacts with 
MHCII on APCs, while CD8 interacts with MHCI, 
present on most nucleated cells, resulting in class 
restricted activation of the T-cell (1-2). 

Triggering activation 
Ligation between the TCR/CD3 and an MHC peptide 
complex (MHCp) on an APC triggers an intracellular 
signalling cascade within the T-cell. Src family 
kinases Lck and Fyn are activated first by an unknown 
triggering mechanism leading to phosphorylation of 
the ITAMs (2).  

 Clustering models propose dimer 
formation between the MHCps on the APC or 
alternatively, between the TCR/CD3s on the T-cell, 
with or without CD4/8 (3). The involvement of CD4/8 

is supported by the ability of Lck to associate with either of the coreceptors. Fyn might be 
able to associate with CD3 or it might be activated directly by Lck (4). 
 Signalling events could also be triggered by a conformational change in the 
TCR/CD3 complex. Such a change has been reported in the extracellular constant region of 
TCRα (5). Conformational changes have also been noted in ζζ, which has been reported to be 
folded against the membrane prior to triggering. CD3 reveals a proline rich region (PRR) after 
triggering which might lead to recruitment of tyrosine kinase Nck, which in turn could result 
in phosphorylation of the ITAMs (6). 
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 Fig 2. The adaptor complex 

 Finally, triggering might be a consequence of segregation of proteins within the 
membrane. T-cell activating proteins would thusly be gathered at the site of activation – while 
their inhibitors would be secluded from the site and moved into the periphery (6). Some 
speculation has been made as to whether the activating proteins are gathered in glycolipid-
enriched microdomains (GEMs). GEM-composition differs somewhat from that of the rest of 
the membrane. Some proteins have been found to constitutively localize to GEMs, while 
others are postulated to relocate to GEMs during triggering of T-cell activation (7). 
 Triggering activation could be a combination of the mechanisms mentioned 
above. However, ligation between the TCR/CD3 and MHCp does seem to lead to the 
formation of microclusters on the T-cell. These microclusters seem to contain both TCR/CD3 
receptors and adaptors (see below) forming the initial signalling responses necessary for 
activation (8). 

The adaptor complex and downstream signalling 
 Phosphorylation of the ITAMs 
on the CD3 and ζ-chains by Lck and Fyn 
leads to recruitment of Syk family kinase Z-
associated protein of 70 kDa (ZAP-70). Lck 
then phosphorylates and subsequently 
activates ZAP-70, which in turn 
phosphorylates linker of activation of T-cells 
(LAT) and SH2 domain- containing leukocyte 
phosphoprotein of 76 kDa (SLP-76) (9). 
 LAT is a GEM-associated, 36 - 
38 kDa transmembrane protein with a short 
extracellular segment and a longer 
intracellular portion containing nine tyrosine 
residues. The five distal tyrosine residues 
(residues 5-9) of LAT are phosphorylated 
upon activation and can then associate with 
SH2 domains on a whole range of proteins, 
see figure 2 (10).  
 Tyrosine residues 7 and 8 are bound by Grb2-related adapter downstream of Shc 
(Gads), which simultaneously binds SLP-76. Together, LAT and SLP-76 form a platform for 
orchestrating downstream signalling (9-10). 
 Phospholipase-γ1 (PLC-γ1) is also bound by both LAT (tyrosine residue 6) and 
SLP-76. PLC-γ1 is activated upon phosphorylation by Itk, a Tec family kinase which itself is 
activated by Lck cooperating with ZAP-70, Vav1, LAT and SLP-76. Activated PLC-γ1 
hydrolyses the formation of diacylglycerol (DAG) and 1,4,5-trisphosphate (IP3) from 
phosphoinositide-4,5-bisphosphate (PIP2) (11).  
 IP3 bind IP3 receptors in the endoplasmatic reticulum (ER) stimulating the 
release of calcium ultimately leading to the activation of nuclear factor of activated T-cells 
(NFAT) family transcription factors (12).  
 DAG activates protein kinase C θ (PKCθ) which then proceeds to induce the 
release of nuclear factor kB (NFkB) allowing for its translocation into the nucleus (12). 
 Tyrosine residues 4, 5, 7, 8, 9 on LAT are all located within growth factor 
receptor-bound protein 2 (Grb2)-binding motifs (10). Residues 4 and 9 have been proven to 
be especially important for the activation of extracellular receptor activated kinase (ERK), a 
downstream protein of Grb2, indicating that the phosphorylation status of tyrosine residue 4 
also might be altered during activation (13-14).  
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 Grb2 binds Son of sevenless (Sos), a guanine nucleotide exchange factor (GEF), 
for Ras. The activity of Sos is augmented by RasGRP, also a GEF for Ras, which is activated 
by DAG and PLCθ. Ras·GTP activates the ERK pathway, which eventually leads to the 
activation of transcription factor AP-1 (9).  
 Grb2 is also known to associate with c-Cbl, an E3 ubiquitin ligase (15). c-Cbl 
has been shown to induce ubiquitylation and subsequent endocytosis of some of the signalling 
receptors and adaptors including LAT (16-17). 
 Whether or not Vav1 and p85 (the regulatory subunit of PI3K) bind directly to 
LAT is unclear, however, p85 seems to associate with tyrosine residue 7, while Vav1 has 
been linked to tyrosine residues 7-9 (15). As mentioned, Vav1 serves an important role in 
activating Itk. Vav1 also functions as a GEF for Rac, which apart from modulation of the 
cytoskeleton also takes part in the activation of c-Jun N-terminal kinase (JNK), which joins 
ERK in the activation of AP-1 (1,9).  

Changes on the cellular level and formation of the immunological 
synapse 
 Following the initial events of activation described in the previous section, 
changes are seen in actin accumulation at the site of contact between the T-cell and the APC. 
The changes are catalysed in part by Nck and Vav1, which are recruited to the adaptor 
complex by binding SLP-76. Vav1 is also involved in the increase of plasma membrane 
fluidity. Cellular motility is decreased and the T-cell is polarized as the microtubular 
organizing centre (MTOC) moves toward the site of contact (9). 
 The immunological synapse (IS) is formed at the contact area between the T-cell 
and the APC. This supramolecular activation cluster (SMAC) is divided into three areas: 
centre (c-), peripheral (p-) and distal (dSMAC). Smaller activating receptors, such as 
TRC/CD3, CD4/8 and CD28 (see below) are concentrated in the cSMAC, while larger 
receptors reside in the p- and dSMAC. Formation of microclusters containing TCR/CD3, 
kinases and adaptors take place in the periphery after which the clusters slowly translocate 
towards the cSMAC (8-9). 
 Given the right conditions, formation of the IS and signalling through the 
receptors gathered in the IS ultimately leads to activation of the T-cell. The result of 
activation is the transcription of several genes leading to proliferation and subsequent clonal 
expansion, as well as differentiation into effector T-cells (1). 

T-cell anergy and LAT 

Inhibition of complete T-cell activation can promote a state of unresponsiveness, also known 
as anergy. An anergic T-cell is defined by hypoproliferation and an inability to produce IL-2 
upon stimulation, while still having a greater lifespan than that of an apoptotic cell. The 
mechanisms involved in anergy remain somewhat elusive (18).    
 T-cells need costimulation for proper activation. Coreceptor CD28 binds its 
ligands B7-1 and B7-2 on the APC and colocalises with the TCR in microclusters where it 
serves to enhance signalling from the TCR (19). Generally, anergy was first thought to be 
induced by a weak TCR-signal, lack of costimulation or presence of coinhibitors (20). 
However, different methods of induction of anergy in CD4+ T-cells, both in vivo and in 
vitro, have shown different results as to which steps are affected during activation (18). 
Intracellular effects of anergy in CD8+ T cells have not been as extensively studied as those 
induced in CD4+ T cells. However, a general decrease in tyrosine phosphorylation has been 
noted (21). 
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As different anergy models result in somewhat different outcomes; effector 
functions and cytokine production are also affected to various degrees. The different 
characteristics of the models have led to the conclusion that anergy might not be just one 
single state, but rather the result of multiple distinct inhibitory pathways (18). 
 The different characteristics of the models might make the study of anergy 
difficult if the causal mechanism is unknown. However, hypophosphorylated LAT, with 
stable LAT expression is a feature common for the different models. (18). Hence detection of 
LAT phosphorylation was chosen to studying anergy ex vivo.  

The aim of this study was to try to find a method for detecting the expression of 
LAT and phosphorylated LAT in unstimulated as well as stimulated T-cells using Western 
blot. 

Detecting LAT 

Materials and methods 
Separation of T-cells 
Peripheral blood leukocytes from healthy males and females (mean age: 47 years) were 
washed once with sterile MACS buffer containing 2mM EDTA and 0.5% BSA (Sigma-
Aldrich, St. Louis, USA) in PBS. T-cells were then isolated using the MACS Pan T-cell 
isolation kit II (Miltenyi Biotec, Bergisch Gladbach, Germany) according to the 
manufacturer’s protocol. T-cells were rested over night in RPMI 1640 supplemented with 
10% FSB, 1% PEST and 0.01% sodiumpyruvate (all from Invitrogen, Carlsbad, USA), or 
stimulated directly as indicated.  
 
T-cell stimulation and lysis 
The T-cells were divided between two eppendorf tubes. The amount of cells/tube varied from 
0,5 x 105 to 1,5 x 106. Cells were subsequently pelleted by centrifugation at 1500 rpm for 5 
min in 4°C and resuspended in MACS buffer. The T-cells were incubated at 37°C for 2 min 
after the addition of OKT3 (Biolegend, San Diego, USA) to one of the tubes (2 µg/1 x 106 
cells). The stimulation was terminated by adding 200 µl (or the amount indicated) RIPA-
buffer (10 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1 mM EDTA, 1% Triton x 100, 0.5% 
deoxycholic acid, 0.1% SDS, PEFA-block (Roche, Basel, Switzerland) and complete mini 
tablet (Roche)). In some of the tests the amount of RIPA-buffer was changed, or alternatively 
the RIPA-buffer was supplemented with 5% saponin, as indicated. The lysis reaction was 
carried out on ice for 30 min, 45 min or 60 min after which the insoluble components were 
pelleted by centrifugation at 13000 rpm for 5 min at 4°C. Samples were stored at -20°C until 
analyzed. 
 
Measuring the protein concentration and preparation of the samples for Western blot 
The concentration of protein in the lysates was determined spectrophotometrically by 
comparing sample absorbance to a BSA standard. For Western blot sample preparation about 
100 µg of protein was mixed with 10 µl of 4 x SDS sample buffer (200 mM Tris-HCl, 8% 
SDS, 40% glycerol, 0.1% bromophenol blue and 5% 2- mercaptoethanol) and boiled for 5 
min at 95°C. 
 
Western blot 
The samples were separated on 10% polyacrylamide gels. Proteins were subsequently 
transferred to a nitrocellulose membrane (Bio-Rad, Hercules, USA). Protein transfer was 
confirmed using Pouceau S staining. Membranes were then blocked in 1% blocking solution 
from BM chemiluminescence Western blotting kit (mouse/rabbit) (Boehringer Mannheim, 
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Fig 3. Samples were either stimulated or left unstimulated and 
detection was done with antibody against phosphorylated 
LAT. A weak band was seen in the stimulated sample, where 
as the unstimulated sample did not contain such a band. 

Germany) over night at 4°C alternatively for 20 seconds in vacuum using SNAP 
i.d.(Millipore, Billerica, USA)  
 
Primary antibody against either LAT (monoclonal rabbit, Epitomics, Burlingame, USA) or 
phosphorylated LAT - pY191 (monoclonal rabbit, Epitomics) were used at a concentration of 
1:500 or 1:2000 respectively. Antibodies were used at a threefold concentration when the 
blotting was done with SNAP i.d. The membranes were incubated with primary antibody 
either over night at 4°C or for 10 min at room temperature when using SNAP i.d.  
The membranes were washed following manufacturer’s protocol (Boehringer Mannheim) or 3 
x 10 minutes with TTBS when using SNAP i.d. 
 
Stripping of membrane was carried out using TBS containing 2% SDS and 7µl/ml β-
mercaptoethanol for 30 minutes and re-blocking was done with 1% blocking solution for 1 
hour and 40 minutes.  
 
Detection was carried out using a HPR-conjugated secondary antibodies, either POD-labelled 
secondary antibody from the BM chemiluminescence Western blotting kit (mouse/rabbit) or 
anti-rabbit immunoglobulins (polyclonal swine, DakoCytomation, Glostrup, Denmark) as 
indicated. Secondary antibodies were used at concentrations of 1:10000 or 1:1000 
respectively. Incubation with secondary antibody was done at room temperature for 45 
minutes; alternatively 10 minutes with SNAP i.d. Detection solutions were from BM 
chemiluminescence Western blotting kit (mouse/rabbit) and Western blotting luminal reagent 
(Santa Cruz Biotechnology, Santa Cruz, USA). Fuji medical x-ray film (Fujifilm, Tokyo, 
Japan) was used for detection.  

Results 
Stimulated T-cells express both LAT and phosphorylated LAT 
In order to study the expression of LAT and phosphorylated LAT in unstimulated and 
stimulated T-cells, T-cells were isolated and divided into two tubes were OKT3 was added to 
one of the tubes. Following stimulation the cells were lysed with RIPA-buffer for 30 minutes 
on ice.  

Proteins were separated with SDS-PAGE and transferred to a nitocellulose 
membrane. After blocking over night the mebrane was blotted with primary antibody against 
phophorylated LAT over night.  
 A very weak band sized 
36kDa representing phosphorylated LAT 
was seen in the stimulated sample, see 
figure 3. Additionally, a larger string of 
bands with sizes of approximately 60-200 
kDa was seen in the stimulated samples 
(data not shown). This was thought to be 
unspecific binding.  
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 After stripping and reblotting, the membrane was incubated with primary LAT 
antibody over night. The film showed a strong band for LAT in the stimulated sample. 
Unspecific binding correlating with the one seen in samples detected with antibody against 
phosphorylated LAT was also seen in the stimulated samples blotted with anti-LAT antibody. 
Neither LAT nor phosphorylated LAT could be detected in the unstimulated samples, see 
figure 4.  
  
Failure to detect LAT in the unstimulated samples was not due to sequestration of antibody 
It was speculated that the signal from the unstimulated sample could be very weak and that 
the unspecific heavy bands were sequestering the antibody. Another possibility was that 
stripping of the membrane resulted in loss of protein. Thus, the membranes were henceforth 
no longer stripped, and blotting was preformed only once per membrane. 
 T-cells were stimulated and lysed as previously. This time the protein 
concentration in the supernatantes was measured to make sure that the same amount of 
protein was loaded on the gel. After transfer of the protein from the gel to the membrane, the 
upper part of the membrane was cut so to prevent sequestration of the antibody by the heavy 
bands. Blocking was preformed over night, while the rest of the Western steps were carried 
out using SNAP i.d.  
 LAT and phosphorylated LAT were again detected in the stimulated samples. 
Detection of phosphorylated LAT was increased. However, no LAT was seen in the 
unstimulated samples, see figure 5. 

 
 
 
 
 
 
 
 
 
 
 

LAT can be detected in unstimulated T-cells which have not rested after isolation 
LAT was detected in unstimulated samples in previous experiments (data not shown). The 
difference between the present experiment and the previous, that detected LAT in 
unstimulated samples, was that T-cells in the previous experiment were not rested after 
isolation but lysed directly.  
 To examine if there was a difference in LAT expression in rested and unrested 
T-cells, the cells were isolated, stimulated and lysed as before, but without resting the cells 
over night. After determining the concentration of protein in the supernatants, proteins were 

Fig 4. Samples were either stimulated or left 
unstimulated and detection was done with 
antibody against LAT for analysis of the amount 
of expressed LAT. The stimulated sample 
contained a band sized accordantly to LAT as 
well as several heavier bands. Nothing could be 
detected in the unstimulated sample. 

Fig 5. Samples were either stimulated of left unstimulated 
as indicated. The upper portions of the membranes were 
cut in order to inhibit antibody binding to the heavier 
bands seen in the previous experiments. Detection was 
done with antibody against either LAT or phosphorylated 
LAT. Detection of the total amount of LAT and 
phosphorylated LAT was successful in the stimulated 
samples. No LAT could be detected in the unstimulated 
samples. 
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separated with SDS-PAGE and transfered before a Western blot was done with SNAP i.d. 
The membranes were again cut to avoid unspecific binding to the heavier bands. 
 LAT was indeed found in both the unstimulated, unrested, and the stimulated, 
unrested samples. Phosphorylated LAT was only found in the stimulated, unrested sample, 
see figure 6. 
 

 
 
 
 
 
 
 
 
 
 

 
Mixing the samples by pipetting during lysis does not lead to better detection of LAT 
As the localization of LAT in the membrane might differ between stimulated and 
unstimulated cells, it was speculated whether or not the lysis had been complete in the 
unstimulated pool.  
 To improve the isolation of the membrane bound protein fraction, cells were 
rested over night and stimulated. T-cells were then lysed for either 45 minutes or 60 minutes. 
The amount of RIPA buffer used was adjusted to 200µl buffer/1 x 106 cells. In addition, 
samples were mixed by pipetting every 15 minutes during the lysis. 
 Following blocking of the membrane over night, the rest of the Western blot 
was done using SNAP i.d. LAT was again detected in the stimulated samples. LAT was not 
seen in the unstimulated samples, see figure 7. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
Saponin does not improve the solubilisation of LAT from the membrane 
In order to improve the isolation of the membrane bound protein fraction, samples containing 
either stimulated or unstimulated T-cells were lysed with 100µl RIPA-buffer supplemented 
with 5% saponin for 30 minutes. After SDS-PAGE and transfer of protein to a membrane, the 
membrane was blocked over night and incubated with primary antibody against LAT over 
night. Incubation with secondary antibody, anti-rabbit (DakoCytomation) was done for 60 
minutes and detection solutions from Santa Cruz were used. 

Fig 6. Samples were either stimulated or left 
unstimulated, rested over night or treated directly, 
as indicated. Detection was done with antibody 
against either LAT or phosphorylated LAT.  
LAT was detected in all stimulated samples. The 
clarity of some of the bands was diminished by 
the remnants of the heavier bands mentioned 
above. LAT was also detected in the unstimulated 
sample that was not rested over night. 
Phosphorylated LAT was only detected in the 
stimulated samples; the unstimulated samples did 
not contain phosphorylated LAT. 

Fig 7. Samples were either stimulated or left unstimulated as indicated. Amount of lysis buffer was 
adjusted accordingly to cell count. Cells were lysed for either 45 or 60 minutes, as indicated, and 
reactions were mixed by pipetting every 15 minutes. Detection was done with antibody against LAT. 
LAT was detected in the stimulated samples, the appearance of a heavier band in the sample lysed for 45 
minutes is probably due to faulty gel casting. LAT could not be detected in any of the unstimulated 
samples. 
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 The blot showed very weak bands at approximately 210 and 50 kDa, i.e. a lot 
heavier than LAT (36-38 kDa) in both unstimulated and stimulated samples see figure 8. 
None of these bands were present in the negative controls blotted with only the secondary 
antibody from DakoCytomation (data not shown). 
 

 
 
 
Secondary antibodies bind unspecifically to the Western blot membrane 
In order to exclude unspecific binding of secondary antibody to the bands thougth to be LAT 
and pLAT  control blots using only POD-labelled secondary antibody was carried out with 
SNAP i.d. Secondary antibody bound protein in all of the stimulated samples, see figure 9, at 
approximate sizes 175 kDa, 128 kDa, 80 kDa, 58 kDa and 40 kDa. 
 Blotting with only the anti-rabbit secondary antibody was also carried out. This 
blot showed bands at 210 kDa in both stimulated and unstimulated samples, but no bands at 
either 100 or 56 kDa (data not shown). 

 

 

Discussion 
  
The aim of this study was to set up a protocol for examining T-cell anergy ex vivo. Anergic 
T-cells have been observed in several pathologies, e.g. tumours (22). Previous studies 
describing decreased phosphorylation of LAT in anergized T-cells upon stimulation (18) were 
used as a basis for finding a way to visualize anergy.  
 Samples containing T-cells obtained from healthy controls were either 
stimulated or left untreated, and the expression of LAT as well as the phosphorylation of LAT 
was examined with Western blot. The amount of expressed LAT was not expected to change 

Fig 9. Samples were stimulated or left 
unstimulated as indicated. Control blotting was 
done using only the secondary POD-labelled 
antibody. No bands were detected in the 
unstimulated samples. One of the several bands 
seen in the stimulated sample might correspond to 
the band previously thought to be LAT  

Fig 8. Samles were either stimulated or left 
unstimulated as indicated. Lysis buffer was 
supplemented with 5% saponin.  
Detection was done with antibody against 
LAT. A band sized approximately 50 kDa 
was present in both stimulated and 
unstimulated samples. 
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due to the short period of stimulation (2 minutes), while the phosphorylation of LAT was 
expected to be much larger in stimulated T-cells compared to unstimulated T-cells. 
 As expected, LAT and phosphorylated LAT were detected in stimulated 
samples; however neither could be detected in unstimulated samples following a resting 
period after isolation. 
 Not being able to detect LAT in unstimulated samples could be a result of 
insufficient solubilization of LAT. As mentioned before, LAT is a GEM-associated 
transmembrane protein. GEMs have been found to be resistant to many detergents, including 
Triton (used here for cell lysis). Speculation have been made as to the existence and roles of 
GEMs in vivo, however, insolubility in Triton is a trait that could well affect LAT  (23-24). 
Varying reports of LAT’s GEM-association have been made. Some reports show similar 
degrees of LAT in GEMs and Triton-soluble fractions (25) while others show almost 
complete localization to GEMs (26-27). It should be noted that GEM-extraction can differ not 
only between different detergents, but also depending on detergent concentration, and type of 
cell studied (24). Hence the use of Triton x 100 in the lysis buffer might have prevented the 
extraction of LAT from the membrane of the unstimulated T-cells. However, extraction of 
LAT could be done in stimulated T-cells even if Triton was used. Extraction was also 
successful if the T-cells were not allowed to rest but were lysed directly after isolation. This 
could be due to slight stimulation of the T cells from the isolation process. However, there is 
no reported evidence supporting a redistribution of LAT into non GEM-domains upon 
activation (25, 27). 
  Saponin has been recommended for extraction of Triton insoluble proteins (23). 
Supplementing the lysis buffer with saponin in this study yielded rather inconclusive results 
as the bands detected at approximately 50 kDa were much heavier than the expected 36-38 
kDa for LAT. Saponin extracts cholesterol (thought to be an essential part of GEMs) from the 
membrane, making protein extraction easier. Previous experiments show that pre-treatment of 
the cells with saponin before lysis solubilizes the GEMs (28). Pre-treatment was not really an 
option here, as it might interfere with activation of the T-cells. Instead, saponin was added 
along with the lysis buffer. Further studies should be done to evaluate whether or not saponin 
is indeed a viable option for solubilization of LAT. 
 The lysis buffer used in this experiment contained two other detergents as well, 
namely SDS, and deoxycholic acid. SDS and deoxycholic acid should have helped solubilize 
LAT, however it did not seem to work. Many studies where whole cell lysis has been carried 
out have used NP-40 (13, 17-18). Others recommend the use of N-octylglucoside for hard to 
extract transmembrane proteins (23, 29).   
 As mentioned before, there are reports on conformational changes in TCRα, 
CD3ε and in the ζ -chains following T-cell stimulation (5-6). A conformational change in 
LAT could affect its solubilisation. As LAT was detected in all the stimulated samples, a 
conformational change taking place during triggering of the T-cell could explain why LAT 
was not seen in the unstimulated samples, only the one which was not allowed rest. A 
conformational change could also affect antibody binding if it meant exposure of the anti-
LAT antibody-binding domain. 
 The anti-LAT antibody used in this study binds the Grb2-binding motif 
surrounding tyrosine residue 4. As mentioned previously, there has been no proof of 
phosphorylation of this tyrosine residue. However, the residue was found to be essential for 
full activation of the ERK pathway, pointing towards a possible change in phosphorylation 
status upon activation (13-14). If tyrosine residue 4 is phosphorylated upon activation, then 
this would surely affect binding of the antibody. This seemed not to be the case here, as LAT 
was detected in all the stimulated samples. However, to be sure that no interference would 
occur, an antibody with different specificity should be used. 
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 All the stimulated samples contained a heavy blob or several heavy bands, 
binding the antibodies against LAT and phosphorylated LAT. This might be unspecific 
binding of the antibody to other proteins containing Grb2-binding domains. It is highly 
unlikely that it would be complex formation, resulting in slower migration of LAT, since the 
detergent SDS was present in the loading buffer. SDS would however not affect ubiquitylated 
LAT. The detection of ubiquitylated LAT is however quite improbable considering the time 
of stimulation (2 minutes) and that the studies reporting ubiquitylation of LAT have not been 
able to detect ubiquitylated LAT directly in their Western blotting, but rather the presence of 
ubiquitin on immunoprecipitated LAT. (16-17) 
 Blotting with only the secondary antibody showed bands at approximately 175 
kDa, 128 kDa, 80 kDa, 58 kDa and perhaps 40 kDa. These bands were only present in the 
stimulated samples. This shows a high unspecific binding of secondary antibody to other 
proteins than LAT. The 58 kDa band could be the heavy chain of OKT3 (used to stimulate the 
samples); however a band corresponding to the light chain (approximately 27 kDa) could not 
be detected. (30) Whether the unspecific binding of secondary antibody could have interfered 
with detection of LAT is unsure. The solution with POD-labelled secondary antibody used 
when the band at 40 kDa was detected was reused and traces of anti-LAT or anti-
phosphorylated LAT left in the solution could have affected the results. However, to be sure, 
the secondary antibody was changed. The other secondary antibody used, anti-rabbit from 
DakoCytomation,) did not bind anything on the membrane as shown in the results. 

Conclusion 
Detection of LAT in stimulated and unstimulated T cells did not work in this set up. Isolation 
of LAT has been done successfully previously by others, so it is certainly not an impossible 
task. To use another lysis buffer, perhaps in combination with another anti-LAT antibody and 
secondary antibody could be a way to overcome the problems detecting LAT and 
phosphorylated LAT. 
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