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Abstract 
 

Cathelicidin antimicrobial peptides (CAMP) are a recently discovered family 
of effector molecules in innate immunity. The protein is itself produced in 
lysosomes of macrophages & neutrophiles, in inactive form & undergoes 
numerous post translational modifications. Both N & C terminals are cleaved 
by signal peptidase & peptidylglycine α-amidating monooxygenase 
respectively, latter also amidates the C terminal. Finally cathelin domain is 
removed by the action of elastase, in mammalian system, to make the protein 
active.  

Here full structural analysis of Antibacterial Protein FALL-39 of 
Cathelicidin family is done which is very potent representative of this family. 
Structure was predicted by using Multiple Mapping Method with Multiple 
Templates on M4T Server. Further structure verification was done on Anolea, 
Gromos, Verify3D and Procheck. Statistical Potential Energy calculated, here, 
Discrete Optimized Protein Energy (DOPE) Score by M4T Server was -
8243.072266 & Protein Structure Analysis (ProSA) Program analyzed z score 
-5.85 along with per residue energy, with 40 window size, is in range of -0.5 
to -1.5. PS00946 & PS00947 are Cathelicidins Protein Signatures identified at 
both the ends. Protein function analysis was done on PDBsum on the other 
hand ProMotif predicted 1 sheet, 3 β hairpins, 2 β bulges, 4 strands, 2 helices, 
9 β turns & 2 disulphide bridges in the structure.  
 
Keywords: Cathelicidin, antimicrobial peptides, Signatures, Homology 
Modeling, DOPE Score. 

 
 
Introduction 
Small (12/100 amino acids), cationic (net charge of +2 to +9), and amphipathic are 
some of the properties of Cathelicidins which they share with other antimicrobial 
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peptides. These proteins are first line of defense and known as “natural antibiotics”. 
These holoproteins have conserved N-terminal (the cathelin domain) which is cleaved 
by signal peptidase and the active cationic antimicrobial C-terminal is liberated. This 
C-terminus is often getting amidated by peptidylglycine α-amidating monooxygenase 
and cleaves the C-terminal region during degranulation & secretion. Since the 
peptides are produced in inactive form, so they are stored in granules of circulating 
immune cells (1). Neutrophil secretory granules are the predominant source of 
cathelicidins, but they may also be expressed in macrophages, mucosal surfaces in the 
mouth, lung, and genitourinary tract and in skin keratinocytes in inflammatory 
disorders. CAMP is positioned at 3p21.3in human genome. This is composed of 4 
exons stretched in a length of 2114 nucleotide (2).   
 Here we have discussed about FALL-39, also known as FA-LL-37, a member of 
this family. It is a proline/arginine-rich peptide antibiotic, which originates in the bone 
marrow and in testis (3).  

 

 
 

Structural Summary of FALL-39 protein. Diagramdepicts its different secondary & 
super-secondary structures along with disulfide bridges. 

 
 
Methods 
Protein Structure Prediction  
FALL-39 structure was modeled on Multiple Mapping Method with Multiple 
Templates (M4T) a fully automated modeling server (4, 5). 
 
Structure Validation 
The PROCHECK suite of program provides a check on the stereochemistry of a 
protein structure (6, 7). This suite takes Brookhaven PDB file format as an input file 
& finally evaluates different parameters for protein structure. These parameters were 
evaluated by Morris et al (8). A [φ,ψ] plot of amino acid residues in protein, first 
described by Ramchandran & hence thereafter known on the name of legend as 
Ramchandran plot/map/diagram (9). The conventional plot is a projection of the torus 
on the plane, resulting in a distorted view and the presence of discontinuities (10). 
 Atomic Non-Local Environment Assessment (ANOLEA) is a platform to evaluate 
the "Non- Local Environment" (NLE) of each heavy atom in the peptide chain (11). 
Discrete Optimized Protein Energy (DOPE) is a statistical potential calculated for a 
protein which can be viewed as a conformational energy which measures the relative 
stability of a conformation with respect to other conformations of the same protein 
(12, 13). The GROMOS is a molecular dynamics computer simulation package for the 
study of biomolecular systems and was used for the analysis of conformations (14). 
The QMEN is a composite scoring function for both the estimation of the global 
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quality of entire models as well as for the local per-residue analysis of different 
regions within a model (15). 
 Verify3D is a platform for structure evaluation. It provides a visual analysis of the 
quality of a putative crystal structure for a protein. This program analyzes the 
compatibility of an atomic model (3D) with its own amino acid sequence (1D) (16). 
Protein Structure Analysis (ProSA) Program is easy-to-use interface for the protein 
structure validation. ProSA calculates an overall quality score for an input structure 
on three levels z-score, Plot of Residues & Interactive molecule viewer (17).  
 The z-score indicates overall model quality and measures the deviation of the total 
energy of the structure with respect to an energy distribution derived from random 
conformations. This plot can be used to check whether the z-score of the protein in 
question is within the range of scores typically found for proteins of similar size 
belonging to one of these groups (18). The energy plot shows the local model quality 
by plotting energies as a function of amino acid sequence position (19).  
 
 
Results & Discussions  
Structure of FALL-39 (Accession Number: CAA86115) was modeled on M4T server 
by using the templates 1kwi_A and 1n5p_A whose alignment is given in figure 4 & 
best structure was selected on the basis of DOPE Score. DOPE Score calculated was -
8243.072266 which is highly reliable. Protein was visualized (Fig 2 A & B) & 
secondary structure evaluation was done on Yet Another Scientific Artificial Reality 
Application Software (YASARA) (20). The secondary structure content predicted was 
16.2% Helix, 35.2% Sheet, 8.6% Turn and 40.0% Coil. Ramachandran Plot (fig 1) on 
RAMPAGE provided 98% residues in favored region, only 2% in allowed region & 
0% in outlier region. Complete Statistical Analysis was performed on Procheck & 
results are summarized in table 1. Consensus patterns identified in the FALL-39 are, 
Y-x-[ED]-x-V-x-[RQ]-A-[LIVMA]-[DQG]-x-[LIVMFY]-N-[EQ] & F-x-[LIVM]-K-
E-T-x-C-x(10)-C-x-F-[KR]-[KE], which are actually Signatures of CAMP family. 
Empirical force field Energy per amino acid calculated by Gromos lies in the range of 
+10 to -300 kcal/mol. Where amino acid with negative energy, highlighted in green, 
shows stable conformation & residues in red shows unstable conformation as they 
have positive energy. Folding quality assessed by Anolea shows the average folding, 
which can also be concluded as the protein is produced in the form of precursor & 
hence cleavable regions are unstable (major red sign at C-terminal which is cleaved at 
last moment & N-terminal slightly stable as that is cleaved on requirement). 
Comparison of both the results together shows that improperly packed regions also 
have higher energy & hence are unstable, fig 6. Similar results were obtained on 
ProSA server. Per residue energy calculated for protein is shown in fig 7 & local 
model quality also lies in confidence range. Verfiy3D (Fig 3) assessed the 3D-1D 
compatibility of modeled protein & 87.4% residues have averaged score > 0.2. Z-
Score calculated on QMEN is shown in fig 5. ProMotif result is summarized in fig 8 
& table 2 for secondary & super secondary structure prediction. Since secondary 
structures throw light on their structural & functional characteristics, whereas super 
secondary structures can act as nucleations in the process of protein folding. Different 
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secondary structures are summarized in detail like in helix; all properties are 
provided, including pitch, residues per turn, total sequences participating, length & 
type. Helices are given in two form net & wheels whereas for β-bulges, hairpins & 
turns residues are positioned in Ramachandran Plot at their specific φ and ψ angles. 
Cleft analysis was done PDBSum server & visualized on Jmol (21).  

 
Table1: Ramachandran analytical statistics. 

 
  Number of Residues % 
Number of residues in favoured region   ~98 
Number of residues in allowed region     ~2 
      
Number of non glycine and non proline 91 100 
Number of end residues 2   
Number of glycine residues  5   
Number of proline residues 7   
Total no. of residues 105   

 

 
 

Figure 1: Ramachandra Plot showing the native fold of the protein. 
 

 

 
 

Figure 2:A & B: FALL-39 protein visualized on YASARA Software. Structure 
shows its helix sheets & coils & turns. Fig 1b shows is solvent accessibility surface of 
FALL-39 which shows it be very rigid & compact structure. 
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Figure 3: Verify 3D analyzes compatibility of 3D with its own 1D. Since all the 
atoms are above the threshold value which shows good 3D profile of protein. 

 
 

 
 

Figure 6: Anolea gives the packing quality of protein. Red sign shows protein is not 
properly packed at certain positions. Gromos is empirical force field energy per amino 
acid. Negative energy values (in green) represent favourable energy environment 
whereas positive values (in red) unfavourable energy environment for a given amino 
acid. 

 
 

 
 

Figure 4: Alignment of target with multiple templates. 
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Figure 5: QMEN result, which shows the overall quality of protein. Nearer the 
confidence point better is the protein quality. Here, FALL-39 marked by Red Cross is 
towards confidence point showing good quality of protein. 

 

         
 

Figure 7: ProSA result. 7 A shows the local model quality & 7 B shows the per 
residue energy for protein. More towards blue more the stable structure & higher the 
intensity of red more is the instability. 
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Figure 8: Color postscript diagram generated by PROMOTIF server. Different Super 
Secondary structures present in FALL-39 protein are plotted on Ramachandran graph 
& each indicates φ,ψ values for respective residues. Helical nets and helical wheels 
drawn for helices, here. In both cases, the residues are indicated by their one- letter 
amino acid codes and color-coded for hydrophobic (green), polar (blue), and charged 
(red) amino acid types. The N-terminal residue of each helix is at the bottom left-hand 
corner of the helical net. In the helical wheel, the first residue is indicated by an 
asterisk and subsequent residues are plotted at 100’ intervals, going around the circle 
in a clockwise fashion. 
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Table 2: Tabular summary of Secondary & Super secondary structures showing their 
positions, type, angles & participating residues. 
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Figure 9: Cleft analysis done on PDBSum. Showing major 4 clefts in the left diagram 
visualised on Jmol.  
 
 
References 
 

[1] Håvard Jenssen, Pamela Hamill, and Robert E. W. Hancock. Peptide 
Antimicrobial Agents. Clinical Microbiology Reviews, Vol. 19, No. 3, p. 491–
511, July 2006. 

[2] Entrez Gene, NCBI. 
[3] Birgitta Agerberth, Hans Gunne, Jakob Odeberg, Per Kogner, Hans G. Boman, 

and Gudmundur H. Gudmundsson. FALL-39, a putative human peptide 
antibiotic, is cysteine-free and expressed in bone marrow and testis. Proc. Natl. 
Acad. Sci. USA, Vol. 92, pp. 195-199, January 1995.  

[4] Rykunov D, Steinberger E, Madrid-Aliste CJ, Fiser A., J Struct Funct 
Genomics. 2009 Mar;10(1):95-9. Epub 2008 Nov 5. Improved scoring function 
for comparative modeling using the M4T method. 

[5] Narcis Fernandez-Fuentes, Carlos J. Madrid-Aliste, Brajesh Kumar Rai, J. 
Eduardo Fajardo and Andra´ s Fiser, Nucleic Acids Research, 2007, Vol. 35. 
M4T: a comparative protein structure modeling server.  

[6] Laskowski R A, MacArthur M W, Moss D S, Thornton J M (1993). 
PROCHECK - a program to check the stereochemical quality of protein 
structures. J. App. Cryst., 26, 283-291.  

[7] Laskowski R A, Rullmannn J A, MacArthur M W, Kaptein R, Thornton J M 
(1996). AQUA and PROCHECK-NMR: programs for checking the quality of 
protein structures solved by NMR. J Biomol NMR, 8, 477-486.  

[8] Morris A L, MacArthur M W, Hutchinson E G & Thornton J M (1992). 
Stereochemical quality of protein structure coordinates. Proteins, 12, 345-364. 

[9] Ramachandran GN, Ramakrishnan C, Sasisekharan V (July 1963). 
"Stereochemistry of polypeptide chain configurations". J. Mol. Biol. 7: 95–9.  

[10] S. Hovmöller, T. Zhou & T. Ohlson (2002) Conformations of amino acids in 
proteins. In: Acta Cryst. vol. D58, p. 768-776. 



The Cathelicidins: Structural Analysis 31 

 

[11] Melo, F. and Feytmans, E. (1998) Assessing Protein Structures with a Non-
local Atomic Interaction Energy. Journal of Molecular Biology 277, 1141-
1152. 

[12] M.-y. Shen and A. Sali. Statistical potential for assessment and prediction of 
protein structures. Protein Science 15, 2507–2524, 2006.  

[13] D. Eramian, M.-y. Shen, D. Devos, F. Melo, A. Sali, and M.A. Marti-Renom. 
A composite score for predicting errors in protein structure models. Protein 
Science 15, 1653–1666, 2006. 

[14] van Gunsteren, W. (1996) Biomolecular Simulations: The GROMOS96 
Manual and User Guide. VdF Hochschulverlag ETHZ. 

[15] Benkert, P., Tosatto, S.C.E. and Schomburg, D. (2008) QMEAN: A 
comprehensive scoring function for model quality assessment. Proteins: 
Structure, Function, and Bioinformatics, 71(1):261-277. 

[16] Eisenberg D, Luthy R, Bowie JU. (1997), VERIFY3D: assessment of protein 
models with three-dimensional profiles, Methods Enzymol., 277, 396-404.  

[17] Markus Wiederstein and Manfred J. Sippl, Nucleic Acids Research, 2007, Vol. 
35. ProSA-web: interactive web service for the recognition of errors in three-
dimensional structures of proteins.  

[18] Sippl,M.J. (1995) Knowledge-based potentials for proteins. Curr. Opin. Struct. 
Biol., 5, 229–235. 

[19] Sippl, M.J. (1993). Proteins 17, 355-362. Recognition of Errors in Three-
Dimensional Structures of Proteins.  

[20] Proteins 47, 393-402. 
[21] Laskowski R A (2009). PDBsum new things. Nucleic Acids Res., 37, D355-

D359. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


