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Introduction 
Phosphorylation is one of the most common post-translational regulatory modifications. It leads 
to multiple protein-protein interactions and plays a role as a switch of protein function in cells, 
controlled by kinases and phosphatases. 
Recent studies have shown that activation of FGF receptor(s) by FGF2 leads to S-palmitoylation 
(addition of palmitate to a cysteine residue) of the two major transmembrane NCAM isoforms, 
NCAM140 and NCAM180. This lipid modification triggers the translocation of NCAMs to lipid 
rafts and stimulation of neurite outgrowth of hippocampal neurons. Of the 23 
palmitoyltransferases belonging to the DHHC family, only DHHC3 and DHHC7 have been 
shown to stimulate NCAM palmitoylation in both HEK293 and N2A cells (Ponimaskin et 
al:2008). Since stimulation with FGF2 activates signaling via Src, PLCγ and PKC (Kolkova et 
al., 2000; Reuss and von Bohlen und Halbach, 2003), it was hypothesized that phosphorylation 
of DHHC3/7 could be provided by one of this pathways. Phosphorylation of DHHC3/7 may 
activate the DHHC activity and thus enhance DHHC3/7-mediated acylation of NCAM. In 
support of this hypothesis, a screening of the amino acid sequences of DHHC3 and DHHC7 
revealed several potential Src and PKC tyrosine and serine/threonine phosphorylation sites. 
The experiments described here aimed to evaluate the contribution of signaling pathways 
downstream of activated FGFR1 on DHHC3/7 activation. In particular, we investigated the role 
of Src in DHHC3/7 phosphorylation. 

 

Experiments 

Phosphorylation of PalmitoylAcylTransferase DHHC7 
Previous results obtained at IIT showed tyrosine, but no serine phosphorylation of exogenous 
HA-tagged DHHC7 (HA-DHHC7) in the presence of activated Fibroblast Growth Factor 
Receptor 1 (FGFR1), in co-transfected CHO-K1 cells. In the absence of FGFR1, DHHC7 is not 
tyrosine phosphorylated. CHO-K1 cells lack the expression of FGFRs, so that regulatory 
phosphorylations mediated by endogenous FGF- receptors in these cells could be excluded.  
Nevertheless, to establish whether there could be any potential regulatory serine/threonine 
phosphorylation site in DHHC7, we transfected HA-DHHC7 in N2A cells and treated them with 
Ocadaic Acid (OA) or phorbol 12-myristate 13-acetate (PMA). OA strongly inhibits protein 
serine / threonine phosphatases 1 and 2A, whereas PMA is often employed to activate the signal 
transduction enzyme, protein kinase C (PKC), which is known as a serine/threonine kinase. 
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Figure 1. Test on extracts for HA-DHHC7 expression in transfected N2A cells treated and not 
(2) with ET-OH, 16% (1), PMA, 200nM, (3) or Ocadaic Acid (4WB 4 TK) 
  αHA 

 
 
 
Figure 2. The test on αHAr IP N2A for serine phosphorylation (WB 20-22, WB 20 (A ,B) strip) 
with α4A3, α1C8, α4H4, α7F12, α16B4, α4A9 (Phosphoserine Detection Antibody Set, Biomol), 
α4A4 (Millipore) and for threonine phosphorylation (WB 21 C, WB 22 strip) with α4D11, 
α1E11, α1E11 (Phosphothreonine Detection Kit from Calbiochem) 
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So both drugs are expected to induce the phosphorylation of serine/threonine in proteins, if any. 
First of all we tested obtained samples for HA-DHHC7 expression with αHA mouse (Roche) in 
Western Blotting (WB) (Figure 1). Afterwards we carried out immunoprecipitation (IP) of HA-
DHHC 7 with rabbit αHA (Y-11, Santa Cruz) and subsequent WB with anti- phosphoserine 4A4 
(Millipore, USA) and phosphoserine detection antibody set (Biomol, USA) containing 
monoclonal antibodies (clones 7F12, 4H4, 4A9, 4A3, 1C8) that can detect several consensus 
sequences of phosphorylation mediated by different kinases. Neither in OA- nor in PMA-treated 
N2A cells and neither with α 4A4 nor with α 7F12, α 4H4, α 4A9, α 4A3, α 1C8 antibodies we 
could detect any serine phosphorylation on DHHC7 (Figure 2). After stripping the membranes 
we looked at threonine phosphorylation with phosphothreonine detection kit (Calbiochem, 
Germany). But none of the three antibodies used (clones 1E11,  4D11 and 14B3) gave a clear 
signal for specific threonine phosphorylation on HA-DHHC7 (Figure 2, WB 21 C, WB 22 strip).  
Finally, all the membranes used in OA and PMA experiments were stripped once more and 
reincubated with anti-HA antibodies to reveal the immunoprecipitated HA-DHHC7 proteins (not 
shown). 
 

Phosphorylation of other DHHCs 
 
To investigate on whether activated FGFR1 triggers only DHHC7 tyrosine phosphorylation or if 
this is a common feature of for all DHHCs, we co-transfected CHOK-1 and N2A cells with 
different HA-DHHCs (1, 2, 3, 7, 8) and FGFR1. The extracts were tested as described above for 
HA-DHHC7 expression (Figure 3). After αHA IP and WB with 4G10 we found a strong tyrosine 
phosphorylation of all available DHHCs in presence of exogenous FGFR1 in both CHOK-1 and 
N2A cells (Figure 4, left column). The experiment on N2A cells was repeated twice (WB 24 and 
33 TK). It is noteworthy, that in N2A cells (which express their own FGFRs) transfected only 
with DHHCs, we could observe tyrosine phosphorylation of DHHC2 and DHHC3, a very faint 
signal for DHHC1, but no tyrosine phosphorylation of DHHC7. On the contrary in CHOK-1 
cells, which lack endogenous FGFRs, in absence of exogenous FGFR1 we could not observe 
DHHCs tyrosine phosphorylation (Figure 4, left column WB 25 and WB33).  
To ascertain that HA-DHHCs were present in the IP we stripped the membranes and probed 
them with α HAm (Figure 4, right column). As we can observe on these blots, each DHHC 
shows several isoforms (bearing the HA tag). The intensity of αHA labeling enables to estimate 
the level of each DHHC and the isoform-ratio. Intensity of α4G10 indicates the level of 
phosphorylation. By comparing the levels of  α4G10 and αHA signals it is possible to evaluate 
the  phosphorylation level of each DHHC-isoform considering its amount. Of the five DHHCs 
tested, HA-DHHC1 shows the highest apparent molecular weight. It appears as a doublet ≈ 60-
70 kDa, which often co-migrates as a unique bright band. We can detect also two other HA-
DHHC1 forms of ≈ 17 and 23 kDa (presumably proteolytic cleavage products), but their amount 
is low. Both entire and cleaved forms are strongly tyrosine phosphorylated. For HA-DHHC2 we 
detected two isoforms of ≈ 32 and 40 kDa, which are phosphorylated by FGFR1. HA-DHHC3 is 
≈ 35 kDa, but in some blots we also detect a band of about 70 kDa, which probably corresponds 
to an homodimeric form. The amount of 70 kDa isoform is about two times less in comparison 
with the 35 kDa form. According to the protein amount detected by αHA, the level of 
phosphorylation of both isoforms is comparable. HA-DHHC7 appears mainly as a doublet of 36 
and 37 kDa, but similarly to HA-DHHC3 it also can be detected as a higher molecular weight of 
about 75 kDa which could represent DHHC7 dimers. Differently from HA-DHHC3, though, the 
amount of the hypothetical homodimers appear similar to the one of the monomer. Interestingly, 
while the amounts of 37 and 75 kDa HA-DHHC7 proteins appear similar, only a faint signal of ≈ 
37 kDa was detected by α4G10 labeling, in contrast with the bright signal detected for the band 
of ≈ 75 kDa form. This suggests that the dimer is more tyrosine phosphorylated than the 
monomer.  
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HA-DHHC8 appears as a molecule of about 50 kDa and although the exogenous expression 
always results in a low amount of detected protein, it gets highly tyrosine phosphorylated by 
FGFR1. These observations are generally true both for N2A and CHOK-1 cells, although we do 
see some differences, e.g. it seems that all the HA-DHHC1 forms are more tyrosine 
phosphorylated in CHOK1 cells, than in N2A.To estimate and compare the level of DHHCs 
phosphorylation more precisely, we will have to make a densitometric analysis. In addition it is 
not yet established how the stimulation of endogenous FGFRs in N2A cells by FGF2 will 
influence the tyrosine phosphorylation of DHHCs. 
 
 
 
Figure 3. Test on extracts for HA-DHHCs expression in transfected N2A and CHOK1 cells 
cotransfected (6-10) and not(1-5) with FGFR1-His.  
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6. HA-DHHC 1 + FGFR1  
7. HA-DHHC 2+ FGFR1 
8. HA-DHHC 3+ FGFR1 
9. HA-DHHC 7+ FGFR1 
10. HA-DHHC 8+ FGFR1 
11. GFP / FGFR1 
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Figure 4. Impact of FGFR1 upon Tyr- phosphorylation of DHHC in co-transfected N2A (WB 24 
TK, WB33 - repeat) and CHOK-1 (WB 25 TK) cells. 
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A role for src in DHHCs phosphorylation  
 

Stimulation with FGF2 activates signaling via src, PLCγ and PKC (Kolkova et al., 2000; Reuss 
and von Bohlen und Halbach, 2003). To go further in understanding the machinery of FGFR1-
dependent DHHCs tyrosine phosphorylation, which could cause an increase in acylation of 
NCAM, we decided to asses the impact of single pathways known to be activated downstream of 
FGFR1 in tyrosine phosphorylation. As SYF -/- cells lack the src expression (together with fyn 
and yes src family members), we chose this cell line as a suitable system to investigate the 
potential role of src on tyrosine phosphorylation of DHHCs. Indeed, src is a well known 
FGF2:FGFR signaling mediator. Previous studies carried out at IIT revealed that both HA-
DHHC3 and HA-DHHC7 when co-transfected with FGFR1 in SYF -/- cells can be mildly 
tyrosine phosphorylated, while in absence of FGFR1 no tyrosine phoshorylation was detected on 
these molecules. This suggests that on DHHC3/7 molecules there is a least one tyrosine that 
could be phosphorylated in response to exogenous active FGFR1, thus through a src-independent 
pathway. In addition to this observation we decided to evaluate whether DHHC3/7 could be 
tyrosine phosphorylated through a src-dependent pathway, as well. For this purpose SYF -/- cells 
were co-transfected with HA-DHHC 3, 7, 2, 1 and src. Extracts were tested for HA-DHHCs and 
src expression with αHAm and αsrc respectively (Figure 5, A). αHAr (Y-11) IP were tested for 
tyr-phosphorylation with 4G10 anybody. WB with 4G10 revealed strong tyr-phosphorylation of 
all the DHHCs tested in response to src overexpression (Figure 5, B). To compare the levels of 
DHHCs phosphorylation considering the amount of DHHCs in each sample we will have to strip 
and re-probe the blots with αHAm antibodies. 

Figure 5.  
A. Test of extracts from SYF cells for DHHC (A) and src (B) expression kept in complete 
medium 
 
WB169 PL    WB26BTK 

αHA        α src 
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1.  tr. Src 
2. tr. DHHC 3 +src 
3. tr. DHHC 7 +src 
4. tr. DHHC 2 +src 
5. tr. DHHC 1 +src 
6. IP αHA (Y-11) tr.GFP  
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B. Impact of src upon Tyr- phosphorylation of DHHC in co-transfected SYF -/- cells kept in 
complete medium 
WB35A TK (tyr) 

α4G10 

 
1  2  3  4  5  6  7 

1. IP αHA (Y-11) tr. Src 
2. IP αHA (Y-11) tr. DHHC 3 +src 
3. IP αHA (Y-11) tr. DHHC 7 +src 
4. IP αHA (Y-11) tr. DHHC 2 +src 
5. IP αHA (Y-11) tr. DHHC 1 +src 
6. IP αHA (Y-11) tr.GFP  
7. Extract CHOK-1 tr. DHHC 7 
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In order to establish whether FGF2 treatment would lead to a further increase in DHHC tyrosine 
phosphorylation in src expressing SYF -/- cells, we repeated the transfections of DHHCs 
together with src, kept the cells in serum free medium one night and the next day treated them or 
not (control) with FGF2 (50ng/ml) + heparin (10μg/ml) for one hour. Extracts were tested for 
DHHCs and src expression (Figure 6). α4G10 WB on αHAr (Y-11) IP revealed no differences in 
tyrosine phosphorylation of DHHCs in both treated or untreated FGF2 samples (Figure 7, A and 
B correspondingly). This indicates that over-expressed src is sufficient for fully DHHCs tyrosine 
phosphorylation in these cells. Interestingly, the level of HA-DHHC7 phosphorylation appeared 
lower in comparison with the other DHHCs. To confirm these observations we will have to strip 
and re-probe the same membranes with αHAm antibodies to assay the total level of DHHCs 
proteins. 
The level of endogenous FGFR1 in SYF-/- cells is low. This could account for the observed lack 
of induced DHHC tyrosine phosphorylation in FGF2 + heparin treated cells, previously observed 
at IIT, in the absence of exogenous src (not shown). It is known that over-expressed src appears 
highly active (tyrosine phosphorylated) and this could account for the observed fully activation 
of DHHC in the presence of src. Accordingly, the treatment with FGF2 would not change the 
scenario. 
 
 
Figure 6. Test of extracts from SYF cells for DHHC (left column) and src (right column) 
expression kept in serum standard treated (WB30TK)/not (WB31TK) with FGF2 + heparin 
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Figure 7. Impact of src upon FGF2-dependent Tyr- phosphorylation of DHHCs.  
A. not treated SYF -/- cells kept in serum standard co-transfected with DHHC and src,  
B. treated with FGF2 + heparin 
 
WB36 TK  

  α4G10 
 
           1    2   3   4   5    6   1   2   3   4   5   6    7    8 

 
 
 
Antibody testing. 
 
To detected HA-DHHCs in WB we used mouse αHA (12CA5, Roche), to immunoprecipitate 
them we used a rabbit αHA (Y-11, Santa Cruz). As an alternative, we tested αHA in WB and IP 
from other companies. First we made IP from CHOK-1 (transfected / not with HA-DHHC3/7) 
samples with HAm (5B1D10, Invitrogen) and HAr (SG 77, Invitrogen) in concentration 2 
μg/sample. To prevent staining of IgG in subsequent WB (which pulled down HA-DHHCs in IP) 
we used mouse αHA to label IPαHAr and rabbit for IPαHAm. αHAr (Y-11), αHAr (SG 77), 
αHAm (5B1D10) in concentration 2 μg/ml worked well (Figure 8). αHAm (12CA5) in 
concentration 1 μg/ml it gave a very strong signal in WB, so subsequently we used it in 
concentration 0,5 μg/ml. 
 
In our above-mentioned experiments we co-transfected N2A, SYF -/- and CHOK-1 cells with 
FGFR1-His to see its impact on tyrosine phosphorylation of DHHCs. To make sure that the cells 
expressed exogenous FGFR1 indeed we had to test the samples with αFGFR1 or αHis (where 
possible). For this purpose we tested several αFGFR1 and αHis from various companies in WB. 
Since FGFR1 has high molecular weight of about 150 kDa, we run extracts from FGFR1-His 
transfected CHOK1 cells 6% gels. In WB the following concentrations were used: 0,4 μg/ml 
αHis (Sigma), 0,4 μg/ml αHis (Santa Cruse), 1,875 μg/ml αFGFR1 (Sigma), 2 μg/ml α FGFR1 
(Milipore),  α FGFR1 (H 29, a custom antibody 1:500), 0,4 μg/ml Flg r (c-15, Santa Cruz). All 
antibody aliquots were diluted in 5% milk-TBS-0,1 %Tween. Both αHis and αFGFR1 from 
Sigma gave a nice signal in these concentrations (Figure 9, WB11 TK, A,C). Also strong signal 
was obtained with α FGFR1 (H 29), but the membrane became soon dark (Figure 9, WB12 TK, 
F). Only very faint signal could be seen with αHis (S.C.) and α FGFR1 (Milipore) (Figure 9, 
WB11 TK, B; WB12 TK, D). With Flg r (c-15) we could see only a black background.  
 

A 
B 

1. IP αHA (Y-11) tr. src 
2. IP αHA (Y-11) tr. DHHC3+src 
3. IP αHA (Y-11) tr. DHHC7+src 
4. IP αHA (Y-11) tr. DHHC2+src 
5. IP αHA (Y-11) tr. DHHC1+src 
6. IP αHA (Y-11) Mock 
7. Extr. CHOK-1 tr.DHHC7 
8. 4G10 positive control 
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Figure 8. Test of different αHA antibody in IP and WB 
 
A. WB 15 TK            B. WB 16 TK 
αHAr (Y-11)   αHAr (SG 77)   αHAm (12CA5)       αHAm (5B1D10) 

     
 

 
 

 
 
 
 

the arrows approximately show the size of 35 and 70 kDa in A (monomer and dimmer forms of HA
DHHC3) and 37 and 75 kDa in B (HADHHC7). 

 
 
Figure 9. Test of different αHis and αFGFR1 antibody in WB 
CHOK1 cells were transfected with His-FGFR1 and samples were run on 6% gels. 
 
αHis (Sigma)  αHis (S.C.)    αFGFR1 (Sigma)     α FGFR1 (Milipore)     α FGFR1 (H 29) 
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2. IP αHAr (SG 77)  tr. HA-DHHC7 
3. Extracts CHOK1 Mock 
4. Extracts CHOK1 tr. HA-DHHC7 
5. Marker 
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The identification of phosphorylation patterns of DHHCs in model systems like CHOK-1, SYF, 
N2A cells is convenient since transfected DHHCs bear the HA-sequence, which is easily 
recognized by αHA from various companies. 
To have the opportunity to investigate the changes in phosphorylation of DHHC3/7 in response 
of FGF2 treatment and to study the impact of different downstream signaling pathways in 
cultured neurons or in vivo, it is necessary to have antibodies interacting with DHHC3/7 
proteins. So we went ahead to test rabbit αDHHC3 (ab31837, abcam) and mouse αDHHC7 
(abnova) antibodies. 
First we run the extracts from CHOK-1 transfected/not (Mock) with HA-DHHC3/7 in duplicate 
on 10% gel and labeled them with α HA/α DHHC3. With α HA we could see that both DHHC3 
and 7 were expressed. α DHHC3 (1μg/ml in 3% BSA TBS-0,1 % Tween) labeled only HA-
DHHC3, but not 7 (Figure 10, A), which indicates that the antibody is specific. Second we 
performed IP with α DHHC3 (1μg/sample) on the same extracts and subsequent WB with αHA 
(Figure 10, B), which confirmed that the antibody selectively interacts with DHHC3 also by IP. 
We also prepared IP from CHOK-1 samples, transfected with HA-DHHC3 ± FGFR1 in 
duplicate with αHAr (Y-11) and αDHHC3 and labeled it first with αDHHC3 and after stripping 
with αHAm, so that it was possible to see which DHHC3 isoforms each antibody could 
recognize. As it is seen on WB10 αC3 pulled down a DHHC3 isoform of ≈30 kDa (blue arrow), 
which isn’t pulled down by α HA. Since this isoform has smaller molecular weight than the HA-
tagged one  (≈35 kDa) it could be a cleaved product. Since the 30 kDa form is not pulled down 
by αHA in IP, we conclude that it must lack the N-terminally inserted HA-tag. Indeed, after 
stripping and αHAm labeling we couldn’t see this shorter DHHC3 isoform. So it is plausible that 
αC3 binds a sequence situated towards the C-terminus of protein.  
 
 
Figure 10. 
A. Test for specificity of C3 in WB   B. Test for specificity of C3 in IP  
 
WB 1 TK       WB 32A TK 

α HA   α C3           α HA 
 

    
       1     2    3     4       1    2    3    4       1     2     3    4 

 
Extracts from CHOK1    IP αC3 from CHOK1 
1. Marker      1. Mock 
2. Mock      2. IP αC3 tr. DHHC3 
3. tr.DHHC3     3. IP αC3 tr. DHHC7 
4. tr. DHHC7     4. Extracts from CHOK1 tr. DHHC3 

 

37 kDa 
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35 kDa 

30 kDa 
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Figure 11. 
WB10TK 
  α C3        α HA 
A               B 

     
         1      2     3    4    5     6    7   8        1     2     3      4     5    6     7   8 
 

1. IPαHA CHOK-1 tr. DHHC3 
2. IPαC3 CHOK-1 tr. DHHC3 
3. IPαHA CHOK-1 tr. DHHC3+FGFR1 
4. IPαC3 CHOK-1 tr. DHHC3+FGFR1 
5. IPαHA CHOK-1 Mock 
6. IPαC3 CHOK-1 Mock 
7. Extracts CHOK-1 tr DHHC3 
8. Extracts CHOK-1 Mock 
 
 the DHHC3 isoform which is poled down in IP by α C3 but not by αHA.  
 

We went further on with an identical test for αDHHC7 antibody (Abnova) in WB and IP. 
Unfortunately this antibody worked neither in IP (in concentration 2 μg/sample) nor in WB (0,5 
μg/ml in 3% BSA TBS-0,1% Tween). In WB only unspecific bands could be seen with αC7 
(Figure 11, A, right). We ensured that HA-DHHC7 was expressed in CHOK-1 labeling the same 
extracts with αHAm (Figure 11, A, left). On WB with αHAm we could see only an unspecific 
signal (identical in un- (Mock) / transfected with DHHC3/7 CHOK-1) provided by IP with αC7 
(Figure 11, B).  
Since α C3r worked both in IP and WB we made the first try to test samples from mouse brain 
cortex. As αC3 are polyclonal antibody produced in rabbit we used rabbit IgG as a negative 
control in IP to see what is pulled down by rabbit unspecific antibodies. We performed the α C3r 
and α IgGr IP from brain cortex in duplicate to label them  with α4G10 for phosphotyrosine 
antibody and with αC3 to look for the presence of DHHC3 proteins. The samples were loaded on 
a 10 % gels. Since the native DHHC3 doesn’t carry any HA-tag sequence, it should appear as a 
lower molecular weight than HA-DHHC3 ( ≈35 kDa, Figure 12, blue arrow). Two bands of 
about 25 and 50 kDa appeared in the immunoprecipitated brain sample, but since these are also 
the sizes of the low and high molecular weight of the IgG chains used in the IP, we could not 
confirm whether these bands would correspond to DHHC3 monomer and dimer isoforms. It will 
be useful to re-probe the membrane with an antibody against DHHC3 produced in a species 
different from rabbit to reduce the cross reaction between the anti-IgG secondary antibodies. 

stripping 

35 kDa 35 kDa 
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Figure 11. 
A. Test of C7 in WB        B. Test of C7 in IP 
WB29B TK                 WB32B TK 
 

αHA   αC7      αHA 

      
      1       2        3     1      2      3       1        2       3      4 
 
Extracts from CHOK1      IP αC7 from CHOK1 
1. Mock         1. IP αC7 Mock 
2. tr.DHHC3       2. IP αC7 tr. DHHC3 
3. tr. DHHC7       3. IP αC7 tr. DHHC7 
4.         4. Extr.CHOK1 tr. DHHC3 
 
Figure 12. Test of Tyr- phosphorylation on samples from mouse cortex  
 
WB35 (B, C) TK 
 
      α4G10     αC3 

 
 
 
To have the possibility to visualize endogenous DHHC3 and 7, we tested the same antibodies in 
immunocytochemistry. We labeled CHOK-1 cells, co-transfected with HA-DHHC3 and m-
Kate2, with αC3r and α HAm. On images obtained by confocal microscope we saw strong signal 
from αC3 (red) in Golgi apparatus of cells transfected with HA-DHHC3 (Figure 13). This signal 
completely overlapped with signal from αHA, what means, that all visualized DHHC3 was 
exogenous one bearing HA-tag. So it seems that CHOK-1 doesn’t express detectable amounts of  
DHHC3. To establish whether αC3r cross-react with DHHC7 we carried out the same labeling 
on CHOK-1 cells, witch were transfected with HA-DHHC7 instead of HA-DHHC3. We saw in 
this cells the signal only from αHA (green) (Figure 14, A). It means that in 
immunocytochemistry as well as in WB and IP αC3 specifically interacts with DHHC3. 

  1   2   3   4 1   2   3    5 

1. Mark 
2. IP α C3r mouse cortex 
3 IP α IgGr mouse cortex (control) 
4. positive control  
5. Extr. CHOK-1 tr.HA-DHHC 3  
 
 

red arrows approximately show the size ≈25 (monomer) 
and 50 kDa (dimer) of endogenous IP DHHC3 from mouse cortex 
 blue arrow approximately points to ≈35 kDa of exogenous 
HA-DHHC3 from CHOK-1 extracts. 

37 kDa 37 kDa 

35 kDa 28 

36 
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Figure 13. Test of αC3 antibody in immunocytochemistry 
CHOK1 were transfected with HA-DHHC3-mouse and mKate2 and double-labelled with αHAm 
(Roche, dilution 1:100) and αC3 (1:75) 
1. green (Alexa 488) – αHA 
2. red (Alexa 546) – αC3 
3. blue – mKate2 (max emission: 633 nm) 
4. colocalization 

 

       
No endogenous DHHC3 in CHOK-1 could be seen. The localization of exogenous DHHC3 is 
anchored to Golgi apparatus. 

 
Figure 14.  

A. Test for cross-reaction of αC3 antibodies with   B. Negative control  
C7 in immunohistochemistry 
CHOK1 were transfected with     CHOK1 were transfected with HA-DHHC3- 
HA-DHHC7-mouse and mKate 633 and    mouse and mKate 633 but not labeled with  
double-labelled as in Figure 13(above)   primary antibody. 

       
No cross-reaction with DHHC7 is observed.  Only mKate2 is seen 
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We repeated the same protocol to test the αC7m. With αHAr (red) we could see the localization 
of exogenous HA-DHHC7. But αC7m signal (green) was diffuse (without any clear 
compartmentalization) inside all cells, both expressing and not expressing DHHC7 and mKate2 
(Figure 15). We could see no αC7m and αHAr co-localization. So like in WB and IP this 
antibody doesn’t work in immunocytochemistry. 
 

Figure 15. Test of αC7 antibody in immunocytochemistry 
CHOK1 were transfected with HA-DHHC7-mouse and mKate2 and double-labelled with αHAr (Y-11, 
dilution 1:100) and αC7 (1:75) 
1. green (Alexa 488) – αC7 
2. red (Alexa 546) – αHA 
3. blue – mKate2 (max emission: 633 nm) 
4. colocalization 

      
No colocalization of αHA and αC7 was observed. The αC7 doesn’t label the exogenous DHHC7, but 
unspecifically binds to some intracellular protein.  

Material and Methods 

Transfections 
To use transfected cells for biochemical analysis we used the transfection protocol without 
medium change. One day before transfection CHOK-1 cells were split and plated on 10 cm 
dishes with Advance DMEM, containing FBS, glutamine and pls. If next day the cells were 
about 60-70 % confluent (not too confluent to obtain high transfection efficiency) we transfected 
them with vectors encoding proteins of interest (HA-DHHC3/7/17, FGFR1-His). First we diluted 
6µg (3+3 µg by co-transfection) of DNA in 300µl of OptiMEM in one tube. Immediately after 
that 12 µl of Lipofectamine 2000 was diluted in 300µl of OptiMEM in another tube and left for 5 
minutes at room temperature. After 5 minutes we mixed the content of both tubes and left the 
mix for 20 minutes at room temperature. After 20 minutes the DNA-Lipofectamine mix was 
added drop wise to the dishes and incubated for 24-48 hrs. To observe the transfection efficiency 
one dish of CHOK-1 cells was transfected with GFP + pcDNA (control). If in 24 h the GFP –
fluorescence in control dish was strong enough (indicating that the transfected proteins were well 
expressed) and the cells were confluent, we would proceed to prepare the cell lysates. 
 

1 1 2 

3 4 

2 

3 4 
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For immunohistochemistry analysis we carried out transfection protocol with medium change. 
Beforehand sterile 24-well cover slips covered with pll (polylysine) were plated in suitable wells 
with 400 µl of Advance DMEM. The plate was transferred to incubator. One day before 
transfection we split CHOK-1 cells, counted and plated ≈ 40.000 cells on each cover slip. In 24 h 
we replaced Advance DMEM by equal amount of OptiMEM. DNA-Lipofectamine mix was 
prepared as described above, added to the wells and cells were left for 4-6 h in incubator. In 4-6 
h we changed the medium with fresh, warmed up OptiMEM and left for 24 h in incubator. Next 
day we fixed the cells and stained them for immunohistochemistry analysis. 

Preparing lysates 
Before collecting cells we prepared RIPA buffer (150 mM NaCl (sodium chloride), 1% NP-40, 
0.5% NaDoc (sodium deoxycholate), 0.1% SDS (sodium dodecyl sulphate), 50 mM Tris, pH 8.0) 
with inhibitors (Aprotinin 3 μg/ml, Leupeptin 1 μg/ml, Pepstatin A 1 μg/ml, PMSF 0,5 mM, 
EDTA 2,5 mM, Na Fluoride 50 mM, Na Orthovanadate 1 mM,) and kept it on ice. Afterwards 
we discarded the cell medium, washed the cells with cold PBS (2 times) and immediately 
transferred the dishes on ice. After adding 0,8-1 ml of RIPA + inhibitors to each dish we scraped 
off the cells, resuspended them, transferred them into a 1.5 ml tubes and left them on ice for 20-
30 minutes. After 20-30 min we centrifuged the lysates at max speed (14.000 rpm) for 10 
minutes at + 4 oC to separate the protein suspension form the big cellular debris. After 
centrifuging we transferred the supernatant (protein lysate) in a new tube and froze it at -80 oC. 

Immunoblots  
 
For DHHC 1, 2 , 3, 7, 8 detection (with αHA, αC3, anti-phospo-tyrosine, threonine and serine) 
we loaded the samples on 10 % SDS-PAGE gels and run them till the 17 kDa marker was at the 
bottom. To detect src we used 10% gels, for FGFR-Hia 6 % gels. In the latter case we let the 55 
kDa marker run at 1 cm till from the bottom. The proteins were transferred from the gels to 
PVDF- membranes (Hyperbond, USA). As a standard procedure all membranes, apart from the 
ones that were exposed to anti- phosphotyrosine, anti- phosphoserine and anti- 
phosphorthreonine antibodies, were blocked for 1 hour at room temperature (or overnight at + 
4oC) in 5% milk in TBS-T (Tris 50mM, pH 7.5, 150 mM NaCl, 0,1 % Tween 20). After 
blocking, the membranes were incubated with primary antibody in sealed bags for 1-2 hours on 
an orbital shaker at room temperature. Usually primary antibodies were diluted in 3% BSA TBS-
T. Incubation with secondary antibodies lasted 45 minutes on orbital shaker as well. Except in 
the cases described below, secondary antibodies were diluted 1:10.000 in 5% milk TBS-T. After 
incubation with primary and secondary antibodies the membranes were washed 3 times in TBS-
T for 10 minutes on horizontal shaker. 
 
To run extracts on gel we added to samples, containing 10-40 µg of proteins, equal volume of 
SB2X sample buffer (4% SDS, 20% glycerol, 120mM TRIS pH 6.8, 0.01% bromophenol blue, 
0.2 M DTT,  2% β-mercaptoethanol (βME) and denatured the samples for 5 minutes at 100oC.  
 
To detect the phosphorylation of HA-DHHCs transfected in CHOK-1, N2A or SYF -/- cells IP 
with αHAr (Y-11, Santa Cruz) were carried out. We used 200-300 μg of extract per sample. To 
pull down endogenous DHHC3 from mouse brain cortex we performed IP with α C3r. In this 
case we used 1 mg of total lysate. To pull down the proteins of interest suitable antibodies were 
added to the samples diluted to the concentration 1 μg/ml in RIPA buffer with inhibitors. Tubes 
were left overnight rotating on the wheel at + 4oC. Next day we added to each tube 40 μl of 50 % 
protein G (pG) conjugated with Sepharose (GE Healthcare, USA) diluted in RIPA buffer and left 
the mix rotating for 1 hour at + 4oC. After one hour we spun down the protein G beads 
conjugated with protein-antibody complexes centrifuging them for 2 minutes at 5.000 g at + 4oC. 
We kept the supernatants freezing them at - 80oC and washed the beads in 600 μl of cold RIPA 
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buffer (3 times) and TBS 1X (1 time). To spin down the protein G beads we centrifuged them for 
2 minutes at 5.000 xg after each wash, except the final one when we centrifuge them for 1 
minute at 10.000 xg. Finally the protein-antibody complexes bound to pG- Sepharose beads were 
resuspended in 25 μl of SB 2X, boiled for 10 minutes at 100oC and centrifuged at maximal speed 
(14.000 rpm) for 2 minutes (to spin down the beads). The supernatant containing protein-
antibody complexes in SB 2X were ready to load on the SDS-PAGE gels. 
 
Detection of phosphotyrosines. 
Before incubation with primary antibody to prevent unspecific binding we used Blocker 
(Millipore, WBAVDP001) To detect phosphorylated tyrosines we used mouse monoclonal anti- 
phosphotyrosine α4G10 (Millipore, USA) at a dilution of 1:5000 in 5% BSA TBS-T. After 
primary antibody treatment, we incubated the membrane with mouse anti-IgG antibodies 
conjugated with horseradish peroxidase (HRP) (GE-Healthcare) diluted 1:10.000 in and 5% 
TBST milk.  
Detection of phosphothreonines. 
Here we used the Blocker (Milipore, WBAVDP001) for all steps: blocking, incubating with 
primary and secondary antibodies. To detect phosphothreonines we used Phosphothreonine 
Detection Kit (Calbiochem). All clones (1E11, 4D11 and 14B3) were diluted to concentration 
0,5 μg/ml. Membrane incubated with 4D11 we stained with mouse IgM-HRP, 1E11 and 14B3 
with anti-mouse IgG-HRP. 
Detection of phosphoserines 
To prevent unspecific binding we incubated PVDF membranes in blocking solution, containing 
5% BSA, 1% PVP-10, 1% PEG 3500, 0,2% Tween 20 in 2X PBS. To detect phosphoserines we 
used phosphoserine detection antibody set (Biomol, USA) containing monoclonal antibodies and 
monoclonal mouse 4A4 (Millipore, USA). The concentration of all primary antibodies (diluted 
in 3% BSA TBS-T) was 0,5 μg/ml. To detect the proteines labeled with 4A4 and clone 7F12 we 
first incubated the membranes with anti-mouse IgG1-HRP (Santa Cruz), but got dark 
background on the films. So we stripped them and re-incubated them with anti-mouse IgG-HRP 
(GE-Healthcare), obtaining a better signal:background signal. To stain the membranes labeled 
with all other clones (4H4, 4A9, 4A3, 1C8) we incubated membranes with anti-mouse IgM-HRP 
(Santa Cruz). All secondary antibodies were diluted 1:10.000 in 1% BSA TBS-T. 
Detection of FGFR-His 
To block the membrane we incubated it in 5% milk - TBS-T. For FGFR1-His detection we used 
monoclonal mouse αHis (Sigma, 0,4 μg/ml) and α FGFR1 (Milipore2 μg/ml) and polyclonal 
rabbit αHis (Santa Cruz, 0,4 μg/ml), μg/ml αFGFR1 (Sigma, 1,875), α FGFR1 (H 29, custom 
antibody 1:500), Flg r (c-15, Santa Cruz, 0,4 μg/ml). To reveal FGFR1 bands we stained the 
PVDF- membranes with anti-mouse or anti-rabbit IgG-HRP diluted 1:10.000. For all steps we 
used 5 % milk in TBS-T. 
Detection of src, HA, DHHC3 
With α src, αHA, αC3 we used the standard procedure described above. The following 
concentrations of primary antibodies were used: polyclonal rabbit α src (Santa Cruz) 1:1000, 
monoclonal mouse α HA (5B1D10, Invitrogen) 2 μg/ml, polyclonal rabbit αHA (SG77, 
Invitrogen) 2 μg/ml, monoclonal mouse αHA (12CA5, Roche) 0,5 and 1 μg/ml, polyclonal rabbit 
αHA (Y-11, Santa Cruse) 0,2 μg/ml. 
 

Immunohistochemistry  
 
To test αC3 and αC7 antibody in immunohistochemistry we first transfected CHOK-1 cells with 
vectors encoding HA-DHHC3/7 and mKate2. HA–tag inserted on the N-terminus of DHHCs 
labeled with αHA enable to detect the presence of exogenous protein expression. mKate2 is a 
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far-red fluorescent protein with excitation/emission maxima at 588 and 633. It makes it possible 
to estimate the transfection efficiency.  
In 24 hours after transfection cells were fixed on warmed up PFA. After 10 washes in PBS cells 
were incubated for 20 minutes with blocking solution, containing 2 % BSA and 1% Triton X-
100 (Sigma) in PBS. Afterwards cells were incubated with primary antibody diluted in PBS 5% 
goat serum (GS) for 2 hours at room temperature. After 6 washes in PBS we incubated cells with 
secondary antibody diluted as well in PBS 5% GS. After 6 washes in PBS coverslips with cells 
were locked up with medium, containing DAPI, which label nucleus and make it easier to find 
cells by visualizing. 
To label HA-DHHC3 we used polyclonal rabbit αC3 (ab31837, abcam) in dilution 1:75 and in 
parallel monoclonal mouse αHA (12CA5, Roche) diluted 1:100.  
To visualize HA-DHHC7 we used polyclonal mouse αC7 (abnova) diluted 1:75 and polyclonal 
rabbit HA (Y-11, Santa Cruz) 1:100. 
To make primary antibody visible we used anti-rabbit secondary antibody conjugated with Alexa 
546 in dilution 1:100 and anti-mouse Alexa 488 1:200. So by αC3 antibody test we obtained the 
αHA-signal in green (Alexa 488) and αC3-signal in red (Alexa 546). By αC7 test we had to see 
αC7-signal in green and HA in red. To excite Alexa 488, we used 488 laser. To excite both 
Alexa 546 and mKate2 546 laser was used. To separate the signal from Alexa 546 and mKate2 
we chose filters, which had to exclude almost completely the emission of another dye. But it 
turns out, that the signal from mKate2 is so strong, that to except its penetration into area 
selected as Alexa 546 emission light was impossible. 
Obtaining images first we looked at negative control, where no primary antibodies were added, 
to exclude later on the background fluorescence. On these samples we saw fluorescence only 
from mKate2. To control whether αC3/7 cross-react with DHHC7/3 we stained the cells 
transfected with DHHC3 with αC7 and vice versa. To control whether secondary antibody 
unspecific bind to other proteins, we incubated the cells only with αHA. 
 

Conclusions  
 
In our experiments we confirmed the previously obtained results, that FGFR1 induces a 
constitutive tyrosine phosphorylation of the palmitoyl-acyl transferase DHHC7 both in N2A and 
CHOK-1 cells when co-transfected with exogenous FGF receptor 1 molecules.  
Since DHHC7 was shown to stimulate palmitoylation of NCAM140, we hypothesize that 
DHHC7 tyrosine phosphorylation by FGFR1 could result in a rise of palmitoyl-acyl transferase 
activity of this enzyme on NCAM140 palmitoylation.  
 
In additional experiments with co-transfected FGFR1 and different HA-DHHCs in N2A and 
CHOK-1 cells, we showed that FGFR1 triggers tyrosine phosphorylation not only of HA-
DHHC7, but also of DHHC1, -2, -3, -8. Thereby it seems that the process of tyrosine 
phosphorylation could be a common feature for many DHHC family members. This event is 
regulated by the activation of signaling pathways occurring downstream of FGFR1, at least for 
the DHHCs tested so far. The precise mechanisms responsible for DHHCs phosphotyrosine 
activation are yet to be elucidated. It is possible though, that the level of FGFR1 overexpression 
is so high, that even without FGF2 treatment all pathways (e.g. via src, PLCγ and PKC) in which 
FGFR1 is involved get activated and the phosphorylation of each DHHC we observe in our 
experiments is provided not by the same signaling pathway downstream of FGFR1 but by 
different ones. 
Since stimulation with FGF2 activates signaling via src, PLCγ and PKC, part of our experiments 
aimed to evaluate the contribution of individual signaling pathways to induce or change the 
phosphorylation profile of DHHCs. Previous experiments carried out at IIT showed that the 
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treatment with FGF2 does not induce tyrosine phosphorylation of DHHC7 in N2a cells. It was 
also shown that DHHC7 co-transfected with FGFR1 in CHO-K1 cells did not appear serine-
phosphorylated. Here we show that PMA treatment doesn’t induce any serine phosphorylation in 
DHHC7 transfected in N2A cells. Taken together it could mean that the PKC pathway doesn’t 
participate in DHHC7 activation. Inhibition of protein serine/threonine phosphatases with 
ocadaic acid also didn’t result in the appearance of serine phosphorylation of DHHC7, thus 
indicating that the absence of serine phosphorylation isn’t a consequence of a rapid removal of 
phosphate from serine residue by phosphatases. This latter evidence is in accordance with the 
conclusion we made, that FGFR1 does not induce any serine phosphorylation of DHHC7. 
Nevertheless, we cannot exclude that the set of antibodies we used may not detect a different but 
specific phospho-serine on DHHC7. 
 
Previous results revealed that overexpression of exogenous FGFR1 induce a mild tyrosine 
phosphorylation in HA-DHHC 3, 2 and 7 co-transfected in SYF -/-, which lack src expression. 
We now show that there is a strong Y-phosphorylation of HA-DHHC 3, 7, 2, 1 in response to src 
overexpression in these cells. In a following experiment we couldn’t see any difference in 
tyrosine phosphorylation levels of exogenous HA-DHHCs co-transfected with src in FGF2 
treated or untreated SYF -/- cells. This result suggests that src overexpression is likely to fully 
activate tyrosine phosphorylation of DHHCs. 
 
In further experiments we can use inhibitors specific for each signaling pathway downstream of 
FGF2, such as PLCγ inhibitor (U73122), PKC inhibiting peptide, Src family inhibitor (PP1). 
Then we can estimate the change in phosphorylation of DHHC3/7 after application of each 
inhibitor in presence of FGF2 and verify which signaling component is required for changes in 
phosphorylation of DHHC3/7. Since we hypothesize that changes in phosphorylation of 
DHHC3/7 may alter its activity in relation to NCAM acylation, we can investigate the changes in 
palmitoylation of NCAM in the same experiments, in parallel.  
 
It could be possible also to mutate several potential Src and PKC phosphorylation sites in 
DHHC3/7 and estimate the effect on NCAM palmitoylation in the presence/absence of FGF2. 
 
As shown by antibody analysis, rabbit αDHHC3 from Abcam binds specifically to DHHC3 in 
WB, IP and immunocytochemistry. So we have good opportunity to analyze the impact of 
FGFRs signaling in real systems. For instance we can estimate how the injection of FGF2 will 
influence the level of phosphorylation in DHHC3 palmitoylation in NCAM in vivo. In addition 
we can go on with immunochistochemical analysis investigating co-localization of endogenous 
DHHC3 and NCAM with Golgi/endosomal markers in cultured neurons in the presence/absence 
of FGF2. 
 
Unfortunately although it is important to do the same analysis with DHHC7, we still do not have 
a working antibody. 
 
Finally since FGF receptor signalling is crucial for facilitation of synaptic plasticity in mature 
brains, it could be interesting to find out the relevance of FGF receptor-dependant DHHC3/7 
phosphorylation and NCAM palmitoylation for neuronal morphology and presynaptic release 
probability.  


