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Reagents  
Compound 10,12- pentacosadiynoic acid (1) was purchased from Alfa Aesar (Ward Hill, 
MA), Sulfo-NHS was purchased from Sigma Aldrich (Milwaukee, WI), IG-25 was 
custom-synthesized by Alpha Diagnostic International (San Antonio, TX). LL-37 was 
purchased from the American Peptide Company (Sunnyvale, CA). Polymerized 
liposomes were synthesized using an extruder purchased from Avanti Polar Lipids, Inc. 
(Alabaster, Alabama). All deoxygenated solutions were obtained by bubbling nitrogen 
through them and stored inside an anaerobic chamber. 
 
Synthesis of Carboxy-terminated Polymerized Liposomes (PL-COOH)  
Carboxy-terminated lipid 1 (30 mg) were dissolved in CHCl3 (10 mL) in a 25 mL conical 
flask. The solvent was evaporated by rotary evaporator and dried under vacuum pump for 
10 min. The transparent lipid film on the wall of the flask was dispersed in 10 mL of 0.01 
M PBS buffer at room temperature. The resultant aqueous suspension was sonicated for 1 
h at 60 ˚C. The sample was extruded 20 times at 60˚C using an Avanti mini extruder with 
a 100 nm Whatman Nuclepore Track-Etch Membrane filter. The vesicles were 
polymerized using UV lamp at 254 nm for 1 hour at 0 ˚C in a petri dish yielding a faint 
reddish brown solution and purified by size exclusion column twice (PD SpinTrap™ G-
25 from GE Healthcare). The size of the particles in 0.01 M PBS buffer was measured by 
dynamic light scattering (Brookhaven 200 SM goniometer and correlator). The liposomes 
prepared from various batches were homogeneous in size and exhibited an average 
diameter of about 110 nm.  
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Synthesis of Sulfo-NHS-terminated Polymerized Liposomes (PL-COOSNHS)  
A 1.0 mg sample of sulfo-NHS (Sigma-Aldrich, St. Louis, MO) and 1.5 mg of EDC (Alfa 
Aesar, Ward Hill, MA) were added to a 1.7 mL Eppendorf tube carrying 260 μL of 3 
mg/mL sample of PL-COOH in 0.01 M PBS buffer. The resulting solution was mixed 
well and allowed to stand for 4 h under ambient conditions. Excess of the unreacted 
species was removed by size exclusion column twice (PD SpinTrap™ G-25 from GE 
Healthcare).  
 
Synthesis of Alkyne-terminated Polymerized Liposomes (CPL)  
To the purified solution of 130 μL of 3 mg/mL sample of sulfo-NHS terminated 
polymerized liposome in 0.01 M PBS buffer was added 1.0 mg of propargyl amine 
hydrogenchloride (Alfa Aesar, Ward Hill, MA). The solution was mixed well and 
allowed to stand for 6 h under ambient conditions. Excess of the unreacted species was 
removed by passing through a size exclusion column twice (PD SpinTrap™ G-25 from 
GE Healthcare).  
  
Conjugation of N3-EG12-IG-25 to CPL via the CuAAC Reaction  
To the deoxygenated solution of 130 μL of 3 mg/mL sample of CPL in 0.01 M PBS 
buffer was  added 130 μL 10 mg/mL deoxygenated solution of azide-terminated IG-25 
(N3-EG12-IG-25) (custom synthesized by Alpha Diagnostic International Inc., San 
Antonio) in 0.01 M PBS buffer. To the resulting solution was added 130 μL of 
deoxygenated solution containing CuSO4 (975 μM), ligand 2 (1.95 mM) and sodium 
ascorbate (18.75 mM) in 0.01 M PBS buffer. The solution was thoroughly mixed and left 
to stand for 1 h under anaerobic conditions. The reaction mixture was taken out of the 
anaerobic chamber and purified by passing through a size exclusion column twice (PD 
SpinTrap™ G-25 from GE Healthcare) to obtain PL-EG12-IG-25.  All the steps in the 
reaction were carried out inside an anaerobic chamber. 
 
Conjugation of N3-EG12-IG-25 to PL-COOH via Electrostatic Interaction  
To the purified solution of 130 μL of 3 mg/mL sample of PL-COOH in 0.01 M PBS 
buffer was added 130 μL 10 mg/mL solution of N3-EG12-IG-25  in 0.01 M PBS buffer. 
The solution was thoroughly mixed and left to stand for 2 h under ambient conditions. 
The reaction mixture was purified by passing through a size exclusion column twice (PD 
SpinTrap™ G-25 from GE Healthcare) to obtain PL/N3-EG12-IG-25.  
 
Procedure for Obtaining Calibration Curve for Calculation of the Yields for N3-
EG12-IG-25 Conjugation to Polymerized Liposome  
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 Glycine (2 mg) was dissolved in 1.5 mL of 0.01 PBS buffer and added to a 1.5 mL, 
DMSO solution of fluorescamine (10 mg/mL, purchased from Sigma-Aldrich). The 
solution was mixed thoroughly and left to stand for 15 minutes under ambient conditions 
to obtain the highly fluorescent product. The fluorescence intensity (λex = 365 nm; λem = 
460 nm) of the resulting solution was recorded at various dilutions by a fluorometer 
(Perkin-Elmer/Packard, Wellesley, MA). The plot of concentration of glycine versus 
fluorescence gave a calibration curve against which the amount of IG-25 conjugated to 
the polymerized liposomes was calculated. Since IG-25 contains 13 amino groups, the 
reading obtained from modified liposomes were divided by 13. Also, each purification 
with size exclusion column gave an approximate recovery of 90%, hence the yields were 
adjusted accordingly. Since all liposomes after conjugation were purified 7 times through 
the size exclusion columns, the yields were multiplied with factor of 2.09.  Also, due to 
non-availability of half the functional groups trapped inside the inner sphere of doubled 
layer liposome, the yields were multiplied by a factor of two. 
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Figure S1. Fluorescence intensity (I) (λex = 360 nm, λem = 465 nm) versus concentration 
of glycine in PBS (pH = 7.2), served as a calibration curve for quantification of the N3-
EG12-IG-25 attached on the polymerized liposomes after the reaction.  
 
Table S1. Summary of the % Yields Obtained for Different Modes of Conjugation 
 

 
 
 
 
 

AMP (method for conjugation to PL) % Yields after adjustments μM 

PL-EG12-IG-25 (CuAAC) 11.2 ± 0.004 
PL N3-EG12-IG-25 (Electrostatic) 1.0 ± 0.24 
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Procedure for Measuring the Antimicrobial Activity35 of  N3-EG12-IG-25 
Conjugated to Polymerized Liposome (PL)  
One single isolated PA01 colony was inoculated in 5 mL Luria-Bertani Broth (LB) 
overnight at 37°C in shaker at 250 rpm.  A 1.0 mL of the bacterial suspension was used 
to inoculate 50 mL of fresh LB. The inoculum was then incubated with vigorous shaking 
(250 rpm) at 37°C for 2 h to achieve mid-log phase growth.  After 2 h, 25 mL sample 
from the liquid culture was transferred to a 50 mL conical tube and centrifuged at 3100 
rpm for 10 minutes. The resultant bacterial pellet formed after centrifugation was 
resuspended in 4 mL of phosphate buffer (PB; 8.2 mM Na2HPO4, 1.8 mM KH2PO4 (pH 
7.4)). The optical density (OD) of the suspension was adjusted to 0.1 at 660 nm by 
adding an appropriate volume of Phosphate Buffer.  The bacterial suspension (10 µL, 
approximately 108 cfu/mL) was mixed with 5 µL of liposome (the different 
concentrations of modified liposomes prepared prior to mixing include: 1, 0.5, 0.2, 0.1, 
0.05 and 0.01 mg/mL) and 35 µL of PB buffer in a 1.7 mL Eppendorf tube. It was noted 
that the same concentration range was prepared for all the modified liposome obtained 
using the different conjugation methods. The resulting solution was incubated for 2 hours 
at 37°C with vigorous shaking. After incubation, serial dilution of each liposomal-
bacterial solution was made. 10 µL of each dilution was used to inoculate agar plates. 
After inoculation the plates were incubated at 37°C overnight. After incubation the plates 
were removed and the number of colonies counted. The results obtained were graphed 
and are shown below.  
 
Results Obtained via the Antimicrobial Peptide Assay 
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Figure S2. Bar graph represents colony forming units (CFU) obtained during 
antimicrobial peptide assay for various dilutions of PL-EG12-IG-25. The x-axis shows 
the amount of IG-25 per mL, carried on surface by PL-EG12-IG-25 in a given solution.  
 
 
 

 
Figure S3. Bar graph represents colony forming units (CFU) obtained during 
antimicrobial peptide assay for various dilutions of PL/N3-EG12-IG-25. The x-axis 
shows the amount of IG-25 per mL, carried on surface by the PL/N3-EG12-IG-25 in a 
given solution.  
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EC50 Calculations 
EC50 calculations were performed from the colony count data acquired using SBE 
software  

 
Figure S4. EC50 determination for PL-EG12-IG-25 (CuAAC) 

 
 

 
Figure S5. EC50 determination for PL/N3-EG12-IG-25 (Electrostatic) 
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Cytotoxicity  
To evaluate the cytotoxicity of liposome and IG-25, the cell viability of SV40-HCEC 
cells was assessed by MTS. The SV40-HCEC cells were cultured in medium DMEM-
Ham’s F12 (1:1vol/vol) supplemented with 10% FBS, 1% dimethyl sulfoxide (DMSO; 
Sigma-Aldrich), and 50 μg/mL gentamicin. The culture media was refreshed every 2 to 3 
days, and passage at a ratio of 1:3 was performed with routine trypsinization every 4 to 5 
days. Based on the results of the anti-bacterial activity of liposome and IG-25, the cells 
were treated with dosing medium (the experimental medium along with the test 
compounds) at concentrations of LL-37 20 μg/ml, liposome 500 μg/ml, and PL-EG12-
IG-25 19 μg/ml (amount of IG-25 on the surface of PL) for 24 h. The normal culture 
medium was used as the negative control. Cells were seeded in 96-well plates at an initial 
concentration of 1,000 cells per well. After 24 h of attachment, the medium was changed 
to dosing medium containing test compounds for 48 h. After exposure to the MTS 
solution (Progama), PMS detection reagents were mixed, using a ratio of 20:1 (MTS: 
PMS), added into the wells and then incubated at 37 °C for 2 h following the 
manufacturer’s instructions. The absorbance was measured at 495 nm with a computer-
connected HTS 7000 assay microplate reader (PERKIN ELMER). Results were 
expressed as OD 495 of each exposure group and the negative control. 
   Our results showed that the cell growth and cell viability of SV40-HCEC cells was not 
affected by the liposome or the IG-25 carrying liposome. Compared to the cells treated 
with 20 μg/ml of LL-37, the liposome and IG-25 did not caused more toxicity to SV40-
HCEC cells Take together the anti-bacteria test, the liposome and IG-25 increased the 
anti-bacteria activity, while not inducing stronger cytotoxicity to SV40-HCEC cells than 
free LL-37.  
 

  
Figure S6. Representative data for cytotoxicity performed on SV40-HCEC cells. The 
optical density (O.D.) was measured at 495 nm for SV40-HCEC cells, exposed to PL 
(500 μg/mL), LL-37 (20 μg/mL) and PL-EG12-IG-25 (carrying 19 μg/mL of IG-25 on its 
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surface) and subsequently treated with MTS reagent. The data indicates that PL-EG12-
IG-25 carrying 19 ug/mL of IG-25 on its surface is non toxic to SV40-HCEC cells 
 
References 
 
1. Huang, L. C.; Reins, R. Y.; Gallo, R. L.; McDermott, A. M. Invest. Ophthalmol. Vis. 
Sci. 2007, 48, 4498. 
 
 
 
 

Supplementary Material (ESI) for Molecular BioSystems
This journal is (c) The Royal Society of Chemistry, 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


