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Supplementary materials – data retrieving 

We searched PubMed with the key word “palmitoylation”, and collected 210 unambiguously 

experimental verified palmitoylation sites from ~300 scientific articles. Although the 

palmitoylation-related literature is increasing rapidly, we only adopted the palmitoylation 

sites published online before Apr. 7th, 2005. Then we retrieved the primary sequences from 

Swiss-Prot/TrEMBL database (http://cn.expasy.org).  
 

Supplementary materials – algorithm designing and validation 

Scoring strategy  

We suppose that a short peptide surrounding the Cysteine (C) amino acid contains sufficient 

information for whether the residue could be palmitoylated. This hypothesis will be 

supported by the satisfying Jack Knife validation results. We define a peptide with m 

upstream and n downstream amino acids around a Cysteine amino acid as a Palmitoylation 

Site Peptide PSP(m, n). 

 

For a short peptide PSP(m, n) of a known palmitoylation site and a given peptide PSP(m, n), 

if all the amino acids except one are the same according to their positions, we may assume 

with confidence that the given peptide could also be palmitoylated, especially when the pair 

of different amino acids have similar biochemical characteristics. For example, such pairs 

are Isoleucine (I) and Valine (V), or Tryptophan (W) and Tyrosine (Y). There are three 

examples in the known palmitoylation sites for the above pairs (see in Table 1). In the 

following work, we mainly focused on the peptide PSP (7, 7). For those located the 

N-terminus or C-terminus, we insert some space characters “-“ to lengthen them to 15 

amino acids. Another interesting pair of palmitoylation site peptides is found (see in Table 2) 

that they have differences only in the left side with a few spaces. 
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Substrate Position PSP(m, n) PMID 
P21926 86 GAVQESQC 12575999 
P60033 89 GAIQESQC 14966136 
    
Q9H3Z4 122 CYCCCC 8034679 
P49795 45 CWCCCC 8986788 
    
Q9H3Z4 124 CYCCCC 8034679 
P49795 47 CWCCCC 8986788 
Table 1. Three pairs of palmitoylation site peptides with only one amino acid difference. 

 
Substrate Position PSP(m, n) PMID 
Q6NT27 10 LESIMACCLSEEAKE 7536745 
Q8MUI9 4 ----MACCLSEEAKE 12892752 
 

Table 2. An interesting pair of palmitoylation site peptides with only a few spaces in the left 

or right side. 

 

We used the amino acid substitution matrix BLOSUM62 (Henikoff and Henikoff, 1992) to 

evaluate the similarity between two peptide sequences with length 15 amino acids. Although 

other matrices could be used, the BLOSUM62 matrix is chosen here. For two amino acids a 

and b, let the substitution score between them in BLOSUM62 be S(a, b). The score between 

amino acids a and b is defined as: 
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Due to the intrinsic characteristics of BLOSUM62, two peptides may have similar 

biochemical properties if the similarity score between them is high enough. 
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Clustering strategy  

The features for palmitoylation are quite elusive and almost all the existing studies proposed 

that there is no common canonical consensus sequence/motif for palmitoylation (Bijlmakers 

and Marsh, 2003; el-Husseini Ael and Bredt, 2002; Linder and Deschenes, 2003; Smotrys 

and Linder, 2004; ten Brinke, et al., 2002). So we suppose that the bona fide pattern might 

consist of multiple different features. Based on this hypothesis, we divide the set of known 

palmitoylation sites into several clusters according to the similarities between them. 

 

The clustering algorithm is described as follows: 
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Algorithm. BLOSUM62-based Clustering method (BBC) 
Input: A set of known palmitoylation site peptides P={P1, P2, ..., Pn}, and a cut-off score S. 
Output: The set of clusters C. 
Operations: 
1. Construct a graph G=(V, E), where the node set V={v1, v2, ..., vn}, and E={}. 
2. for any pair of peptides Pi and Pj 

    if S(Pi, Pj)>=S, then E=E∪{(vi, vj)}. 
3. Return all the peptides in one connected component in graph G as one cluster. 
fter this processing, the sets of known palmitoylation site peptides are divided into several 

lusters according to a given cut-off score. In our case, we chose 12 as the cut-off score, 

nd got three clusters. 
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Clustering and Scoring Strategy 

Based on the scoring and clustering strategies described above, we present the following 

algorithm to score the possibility of a potential palmitoylation site peptide P. 
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Algorithm. Clustering and Scoring Strategy for Palmitoylation Sites (CSS-Palm) 
Input: The set of clusters C got in procedure BBC, and a potential palmitoylation site
peptide Seq. 
Output: The score for the possibility that Seq is a palmitoylation site peptide. 
Operations: 
For each cluster Ci in C 
{ 

For each peptide Pj in Ci

{ 
    Calculate the score S(Seq, Pj) 
} 
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Return S(Seq). 
he higher the score of a peptide sequence by CSS-Palm is, the higher confidently we may 

ssert that this peptide may be palmitoylated. The basic idea, the similarity score between 

wo peptides, is so simple that biologists could calculate it by hand. And even the similarity 

core itself delineates the similarity for palmitoylation between two peptides, e.g. the pairs of 

eptides in Table 1 and Table 2.  
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Supplementary materials – performance evaluation of 

CSS-Palm  

Performance criteria  

As far as we know, CSS-Palm is the first general-purpose in silico Palmitoylation site 

prediction system in the scientific literature. So in the following of this article, we will mainly 

focus on the performance of CSS-Palm itself by Jack-Knife validation. 

 

The sensitivity (Sn), specificity (Sp), and accuracy (Ac) are adopted to evaluate the 

performance of CSS-Palm. Sensitivity and specificity illustrate the correct prediction ratios of 

positive and negative data sets respectively, while accuracy represents the correct ratio 

among both data sets. But when the number of positive data and negative data differ too 

much from each other, the correlation coefficient (CC) should be calculated to assess the 

prediction performance. The value of CC ranges from -1 to 1, and bigger CC stands for 

better prediction performance. As in the Jack-Knife validation, we remove one palmitoylation 

site per time, and then evaluate the prediction performance of CSS-Palm. The averaged 

performance measures are denoted as the prediction performance of CSS-Palm system. 

 

The curated palmitoylation site peptides are the positive data, while all other Cysteine (C) 

amino acids in the palmitoylation substrates are regarded as the negative data. Among the 

data with positive predictions by CSS-Palm, the real positives are defined as true positives 

(TP), while the others are defined as false positives (FP). Among the data with negative 

predictions by CSS-Palm, the real positives are defined as false negatives (FN), while the 

others are defined as true negatives (TN). 

 

The performance measures sensitivity (Sn), specificity (Sp), accuracy (Ac), and correlation 

coefficient (CC) are all defined as follows: 
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ff Sn (%) Sp (%) Ac (%) CC Cut-o

4 50.65 97.62 87.00 0.5946 

2.6 82.16 83.17 82.94 0.5877 

1.5 97.12 44.86 56.67 0.3672 

Table 3. Performance evaluation of CSS-Palm (Jack-knife validatio

f 

n). 

 

Cut-of Sn (%) Sp (%) Ac (%) CC 

4 40.84 100 43.34 0.1667 

2.6 67.78 88.89 68.75 0.2398 

2 81.20 77.78 81.03 0.2857 

1.5 90.66 44.44 88.70 0.2247 

Table 4. Performance evaluation of CSS-Palm (Three-

As in Table 3, with the high cut-off score 4, the sensitivity and specificity of CSS-Palm reach 

tively. And the accuracy is 87.00%. With such high specificity 

and accuracy, the prediction results of CSS-Palm may be a power hint for further 

cy (82.94%) and correlation coefficient (0.5877) are certainly 

cceptable. 

fold cross validation). 

 

Performance Discussions  

50.65% and 97.62% respec

experimental considerations. The correlation coefficient, 0.5946, also shows the good 

performance of CSS-Palm. 

 

The cut-off score of 2.6 stands for a balanced pair of sensitivity (82.16%) and specificity 

(83.17%), while the accura

a
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When high sensitivity is required, we may choose the cut-off score 1.5, of which sensitivity 

and specificity are 97.12% and 44.86% respectively. The accuracy (56.67%) and correlation 

oefficient (0.3672) suggest that the prediction results may need further validations by other 

pplementary materials – implemented as a web server  

For experimentalists’ convenience, we implemented our CSS-Palm strategy as an 

from 

http://bioinformatics.lcd-ustc.org/css_palm/

c

strategies, including in vivo or in vitro experiments.  

 

CSS-Palm provides similar prediction performance for the three-fold cross validation (Table 

4). 

 

Su

easy-to-use web server, which can be accessed 

 . The description of the server and the result 

nds(WebLogo, Crooks, et al., 2004) 

Figure S2: Sequence logo of subset 2. 

igure S3: Sequence logo of subset 3. 

igure S4: Sequence logo of the total set. 

discussions could be found in the article. 

 

Supplementary figures – lege

Figure S1: Sequence logo of subset 1. 
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