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Peptide sequences from the Group 1 peptide experiments are shown.  
Amino acid residues identi�ed by CitFinder as favorable were en-
closed with        while unfavorable residues were enclosed with  .  
Each peptide was given an overall favorability rating by subtracting its 
number of unfavorable amino acids from the number of favorable 
residues (F-U A.A.).  Molecular weight (M.W.) and percent citrullination 
are also listed as identi�ed from the spectra in box 4.
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Multiple sclerosis (MS), a devastating autoimmune disorder a�ecting between 58 and 95 of every 
100,000 people living in the United States (Noonan, 2010), is characterized by damage to the 
myelin sheath of nerves (Anziolitti, 2010). It is widely believed that citrullination of speci�c pro-
teins expressed in nervous tissue, such as glial �brillary acidic protein (GFAP) and myelin basic pro-
tein, lies at the root of this disorder. 

In previous studies of the speci�city of arginine citrullination by peptidyl arginine deiminase 4, it 
has been noted that sequences that promote citrullination within one protein may prove unfavor-
able towards citrullination in another (Stensland et al (2009), van Beers et al (2010)). Here we de-
scribe e�orts to map, and predict, citrullination sites in GFAP.

The custom program CitFinder was utilized to predict the relative susceptibility of representative 
arginine-containing GFAP peptides to citrullination. CitFinder was written in the Java program-
ming language and compiled by using Java Eclipse IDE. The output uses a graphical user interface 
(GUI) to display tabular data. This program determines the percent at which an amino acid occurs 
in a speci�c sequence location within a series of peptides. Based on the results provided by Cit-
Finder, peptides from GFAP that contained arginine were ranked according to their theoretical dis-
position towards citrullination. CitFinder predictions were compared to citrullination data for the 
four GFAP peptides GFAP[24-30], GFA P[36-42],  GFAP [18-24] and GFAP[73-80]. Relative citrullina-
tion was determined using a MALDI-TOF mass spectrometric assay.

Comparison of the extent of citrullination of the four GFAP peptides studied demonstrated prefer-
ential citrullination of select sequences. Based on measurement of the area under the curve for the 
appropriate ion signals, the peptide GFAP[24-30] was citrullinated to an extent of 24% + 6% (n=2) 
under the conditions of these experiments. The peptides GFAP[36-42], and GFAP [18-24] were 
found citrullinated to 35% + 4 and 53% + 4%, respectively. The peptide GFAP[73-80], however, was 
not citrullinated in this assay. Percent citrullination as measured by peak intensity measurements 
was consistent with the values determined using the area under the curve.

CitFinder was used to calculate the frequency at which amino acids were present within �ve posi-
tions on either side of an arginine, using data from the work of vanBeers (2010) on �brinogen. First, 
citrullinated sequences were evaluated. A residue was considered ‘favorable’ at a speci�c sequence 
location in beta �brinogen if it were observed at that location in 18.75% of analyzed peptides, 
while 22.22% was used for the sequences in gamma �brinogen. To determine unfavorable resi-
dues, a set of noncitrullinated peptides was evaluated as well. A percent occurrence of 20% and 
28.57% was used for the beta and gamma chains, respectively.  Venn Diagrams describing residues 
most likely to be found in citrullinated peptides, or in non-citrullinated peptides, were then gener-
ated. 

Using the data of vanBeers et al (2010) and that of Stensland et al (2009), predictive rules were gen-
erated that take into account the amino acid sequence surrounding GFAP. Prediction of the rela-
tive susceptibility of GFAP peptides to citrullination was then attempted. The rules correctly pre-
dicted that the peptide GFAP[73-80]  contained amino acids that were deemed unfavorable to-
wards citrullination. The remaining three GFAP peptides were found to contain the same number 
of favorable residues. Currently, e�orts to �ne tune the susceptibility ranking of these three pep-
tides are underway.
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* Above is the printout of percent occurrence of citrullinated peptides.  
* Position number is labeled across the top (with the citrullinated argi-
nine at position 0), amino acids down the side, and number of pep-
tides compared at each position along the bottom. 
* We can observe which amino acids occurred the most at each posi-
tion in citrullinated peptides. By using a cut-o� of 18.75% for the beta 
sequence, we were able to construct venn diagrams of the favorable 
amino acids.

* Venn diagrams were constructed with the beta sequence (β) and the 
gamma sequence (γ). 
* Amino acids that were signi�cant from each sequence were placed 
in the corresponding circles. If an amino acid occured in both, it was 
placed in the middle. 
* The two amino acids in red (K, position -2 and Y, position -1) were not 
signi�cant on their own, but were included because they occurred in 
both at slightly less than the signi�cant amounts.

CitFinder was written and compiled in Java Eclipse IDE. It uses ArrayLists to store the peptide se-
quences and percentages to be placed in the Graphical User Interface (GUI). 

Peptide citrullination was accomplished by incubating 0.74 ug/uL PAD4 (Cayman Chemicals) 
with 1 mg/mL total peptide in a bu�er containing 100mM Tris HCl, 2mM DTT, and 10mM CaCl2 at 
pH 7.4. 

Citrullinated peptide was visualized using the method of Tutturen.  Brie�y, peptide reaction 
mixtures were combined with PGL concentration 15 mM in the presence of 50% TFA

Samples were prepared using the dried droplet method (Hillenkamp 1991) using 
α-Cyano-4-hydroxycinnamic acid matrix.  MALDI spectra were recorded on a Bruker Micro�ex 
MALDI-TOF mass spectrometer.

* Like the amino acid table, the property tables have the peptide po-
sition numbers listed across the top (position 0 being the citrullinated 
arginine) and the properties down the side. 
* The percentages that are notable are in beta favorable position 3 
with 66.67%, in the gamma favorable position -3 and 3 with 66.67% 
and position 2 with 77.78%.

Comparison of Predictions
to GFAP Peptide Citrullination  

L   N   D     R     F   A   S -2

G   P   T     R    H   L   G +1

GFAP[73-80]

T   M   V    R    G   H   G +1GFAP[18-24]

S    L    S    R    M    T    P +1GFAP[36-42]

GFAP[24-30]

Sequence# Peptide Sequence F-U A.A. M.W. %Citrullination
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Peptide sequences surrounding arginine were sorted based on whether they contained arginines 
that were citrullinated or not by PAD 4 according to the data of Stensland et al, which mapped 
citrullinated residues from �laggrin and histone H3.

Similarly, peptide sequences surrounding arginine sites in both �binogen beta and gamma se-
quences were analyzed based on the citrullination data presented in van Beers et al (2010).

The customized software CitFinder was used to identify the frequency at which favorable and un-
favorable residues were identi�ed in each position from -4 to +4 with respect to arginine, for each 
peptide identi�ed above. This software also analyzes the probability of �nding a hydrophobic, aro-
matic, polar charged or polar noncharged amino acid at each of those positions.

These predicitve rules were applied against four GFAP peptides, whose ability to be citrullinated in 
vitro were tested in an assay that utilized MALDI-TOF to quantify percent conversion of arginine to 
citrulline.
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* Using the results from CitFinder, each arginine-containing peptide in 
GFAP was given an overall favorability rating re�ecting its predicted 
degree of citrullination.  Experimental rates of citrullination of four GFAP 
peptides were found to correlate with the predicted values.  

* The following trends have identi�ed:
   

Future Directions: 
1. Continue to compare experimental citrullination rates for GFAP pep-
tides to predicted values based on either amino acid identity or amino 
acid properties.

2. Develop software that can rank a list of arginine-containing peptides 
based on predicted susceptibility to citrullination.

Mass spectra from two Group 1 peptide experiments showing the relative rates of 
citrullination for the four GFAP peptides: GFAP[24-30], GFA P[36-42],  GFAP [18-24] 
and GFAP[73-80].  ‘A’ Figures show the citrullinated and derivatized peptide solutions, 
while ‘B’ Figures show uncitrullinated peptide controls.  Citrullinated peaks were ex-
pected at 117 amu larger than the original peptide masses.  GFAP[73-80] (located at 
951 amu) showed no citrullination at the expected peak of 1068 amu.

   1. Nonpolar amino acid favorable at position 3 (beta �brinogin)
   2. Polar Uncharged amino acid favorable at position 2 (gamma �brinogin)
   3. Polar Uncharged amino acid favorable at postion 3 (gamma �brinogin)
   4. Nonpolar amino acid favorable at postion -3 (gamma �brinogin)


