
www.LJMR.com.ly                                   Libyan J Med Res                                         ISSN: 2312-5365 

Vol. 9, No1: 2015                                                                                                                                  71 

 

Studies towards Photochemical nanopatterning using a 

Caged Peptide 

Amal Belaid
1
*, Amal Ammar

1
, Barrie Kellam

2
 and Kevin Shakesheff

2 

 

1
Pharmaceutical Chemistry Department, Faculty of Pharmacy, Univercity of Tripoli, Tripoli, Libya and 

2
School of Pharmacy, Centre for Biomolecular Sciencies, University of Nottingham, Nottingham 

Correspondance: a.belaid76@yahoo.com 
 

 

Abstract: Patterning of cell adhesion molecules onto surfaces has become an 

important technique in the construction of cellular assemblies for biosensors, tissue 

engineering applications, and studies for cell-cell and cell-substrate interaction. The 

ability to study cell behavior at a biomaterial surface requires control of material 

surface chemistry.  In this project the GRGDS (Gly-Arg-Gly-Asp-Ser) and GRGES 

(Gly-Arg-Gly-Glu-Ser) were immobilized by conjugation to surface bound azides to 

afford cell-receptive modified surfaces. The peptides were synthesized using Fmoc- 

solid phase peptide synthesis (SPPS) and purified and characterized by high 

performance liquid chromatography (HPLC). The modified surfaces were 

characterized using X-ray photoelectron spectroscopy (XPS) and the effect of these 

surfaces on fibroblast adhesion and spreading were examined at several time points.  

Our results demonstrate a higher degree of cell attachment and spreading on RGD 

modified surfaces compared to unmodified and control surfaces. Photoprotection  of 

the carboxyl side-chain of Asp using an ortho-nitrobenzyl protecting group, this will 

then be extended to form the desired RGD sequence using SPPS, before being 

attached to the surface via a linker to develop a photo-addressable surface that will 

facilitate surface patterning. 
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Introduction 

 

Cell adhesion is of fundamental 

importance to a cell; it provides 

anchorage, cues for migration, and 

signals for growth and differentiation, 

mediated by Integrins and extra-

cellular matrix proteins (1). Cellular 

binding sites, like RGD (Arg-Gly-Asp) 

peptides, have been reported to play a 

major role in mediating cell adhesion 

through integrins, which transduce 

information to the nucleus through 

cytoplasmic pathways (3, 4). If the 

surface for cellular decoration does not 

contain reactive functional groups,  

 

 

 

 

then it is necessary to modify it in 

order to allow covalent immobilization 

of the peptide to the surface (1). The 

favorable response of cells to a 

material
’
s surface is a governing factor 

in designing functional biomaterials (1, 

2). Therefore, it is important to develop 

a technique to decorate biomaterial 

surfaces with the peptide in a way that 

retains the peptide’s conformation and 

activity (2). Surface patterning is 

modifying surface properties so that 

one region of the substrate promotes 

cell attachment and the other region 
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No 

adhesion

UV  light

Cell 

adhesion

RGD

Photolabile protecting group

Integrins

prevents adhesion (5). Light-controlled 

cellular attachment requires the deve-

lopment of photo-sensitive molecules 

able to mediate cellular adhesion and 

whose activity changes upon 

irradiation (5, 6). For this Figure 1, 

shows the presence of the cage on the 

RGD prevents the cell adhesion which 

then upon iridation releases the cage 

and the cells adhere. 

 

Study: we selected the RGD cell-

adhesive peptide, and modified it by 

introducing a photolabile caging group 

on the carboxylic acid side chain of the 

apartic acid residue (7, 8). The 

presence of the caging group prevents 

recognition of the peptide by the  

 

 

 

 

 

 

integrin receptors (10 - 13). The goal 

of this project was to synthesis the 

peptide with an azide terminal and 

imobilize it to premodified surface 

with an alkyne terminal via click 

chemistry. Then surface patterning 

using GRGDS peptide modified with a 

photolabile caging group which upon 

irradiation with uv light by using 

photolithographic techniques will 

expose the cell adhesive tripeptide, 

RGD, in a predetermined pattern.  

Materials and Methods  

 

Chemicals and solvents were 

purchased from standard suppliers and 

used without further purification. 

Commercially available amino acids, 

coupling reagents and resins were 

purchased from Novabiochem. Round 

cover slips 12 mm. no. 1 in thickness 

were used for all surface chemistry 

manipulations. Mouse fibroblasts 

(Swiss 3T3 cells) were a gift from the 

tissue engineering group, fibronectin 

from bovine plasma was purchased 

from Sigma Aldrich used in cell 

culture. 

  

The azide was synthesized using CEM 

Discover labmate microwave synthesis 

system and both the azide and alkyne 

synthesis was monitored by thin layer 

chromatography on commercially 

available precoated aluminium backed 

plates (Merck Kieselgel 60 F254). 

Visualization was by examination 

under UV light (254 and 366 nm). 

Mass spectra (TOF ES +/-) were 

recorded on a waters 2795 separation 

module/micromass LCT platform. 

1H-NMR spectra were recorded on a 

Bruker-AV at 400.13 MHz. Waters 

HPLC – 2525lc system equipped with 

a dual wavelength absorbance detector 

2487, an auto-sampler injector and 

mass-lynx v 4.1 was used for HPLC 

analysis and purification procedures. 

  

Surface analysis was performed using 

the Kratos AXIS ULTRA XPS and 

data analysis was carried out using the 

CASAXPS software with kratos 

sensitivity factors to determine atomic 

%values from peak areas. 
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Results and discusion 

Peptide synthesis. The GRGDS and 

GRGES peptides were synthesized by 

Fmoc solid peptide synthesis (SPPS) 

and further derivatized with a pre-

synthesised azide linker. The azide-

derivatized peptides were therefore 

chemicaly armed for immobilization to 

the partner surface–immobilised 

substrates via Cu(I) catalysed 

chemistry. 

 

 

 
 

 

 

 

 

 

Scheme 1: The modified GRGDS peptide 

alongside the negative control GRGES. 

 

Surface modification 

 

Preparation of substrates. The 

modification began with the removal 

of all contaminants; glass cover slips 

were cleaned then treated with freshly 

prepared Piranha solution, this way the 

cover slips were enriched with surface 

hydroxyl groups and were therefore 

suitable for functional silanization. 

 

Silanization of substrate. This was 

achieved by using 3-aminopropyl-

triethoxysilane (APTES with an –NH2 

functional group). 

OH
+ HCl + H2O2

Clean cover slip Hydrophilc surface

OH
+ H3CH2CO

APTES

Silanized surface

Si

O

O

NH2

Si

OCH2CH3

OCH2CH3

CH2CH2CH2 NH2

 
 

Scheme 2:  The piranha treated and silanized 

cover slips 

 

 

Alkyne addition to the substrate. The 

alkyne derivatized linker was then 

attached to the surface amine to yield a 

surface possessing an increasing 

amount of alkyne groups. 
 

 

 

             

 

 

 

 

 

Scheme 3: Alkyne addition to the surface 

 

Attachment of the N3-GRGDS and N3-

GRGES. The reaction can be 

performed by copper (I)-mediated 

azide-alkyne cycloaddition 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

Scheme 4: Peptide immobilization using click 

chemistry, click (I) using Cu (I) directly and 

click (II) using Cu (II) sulphate 
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Table1: Average XPS atomic composition in percentagesandelemental ratios: 

 

 

 

 

 

 

 

 

 

 

XPS Results 

 

XPS, X-ray photoelectron spectro-

scopy, analysis was performed on the 

modified surfaces to ensure the 

presence of the silane, alkyne 

derivative and the peptides. 

  

Figure 2: High resolution scans for 

modified surfaces Piranha treated glass 

 

 
 

 

cover slips show no nitrogen detected 

on the surface, and show largest 

percentage of oxygen, silicon and other 

glass components, the carbon presence 

is due to impurities from processing. 

Analysis of the APTES coupled 

surface reveals 5.9% of surface 

nitrogen, which suggests significant 

incorporation of the desired silane, the 

amount of carbon increased 

signafically by 3.32% to 1.58% 

decreasing the oxygen to carbon ratio 

(see Table 1), this is due to the 

presence of the long hydrocarbon chain 

in APTES. Addition of the alkyne  

 

 

 

 

 

 

 

 

 

 

 

resulted in an increase in the % of 

carbon atoms (Table 1). Addition of 

the peptide using Click I and Click II 

reactions resulted in an increase in 

surface nitrogen as can be witnessed 

from N:Si ratio in Table 1 and 

observed from tha high resolution 

scans. The relative amount of nitrogen 

to silicon increases from 0.21% 

afteraddition of the silane to 1.20% 

using Click II, where the peptides are 

attached to the surface.Once the 

peptides had been successfully 

immobilized onto the glass substrate 

surface they were ready for trials of 

cell adhesion. 

 

 

Cell adhesion  

 

The cells were incubated on each 

surface and viewed at several time 

points (0.5, 2, 3, 6, 24, 48 hour) under 

x100 and x400 magnification as shown 

in the images below. The microscope 

pictures reveal the response of cells on 

each surface, and they clearly 

demonstrate that the coated surfaces 

with fibronectin and the GRGDS 

peptide adhered fibroblasts more than 

the GRGES peptide which showed 

almost no cell adhesion and also the 

previous unmodified and modified 

surfaces which showed no cell 

adhesion.  

 

 

 

O C N Si F S Cl N/ C O/ C N/ Si

Peptide 27.80 52.90 9.50 7.90 0.30 1.00 0.18 2.92 1.20

Concentration/ %

Sample

O C N Si F S Cl N/ C O/ C N/ Si

Piranha 56.40 16.90 21.55 0.20 3.32

APTES 44.00 27.70 5.90 19.60 1.10 0.70 1.10 0.21 1.58 0.30

Alkyne 40.00 33.30 5.70 18.10 1.00 1.10 0.50 0.17 1.20 0.30

Concentration/ %

Sample
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Pirahna,        APTES             Alkyne 

 

   
 

Fibronectin   GRGDS     GRGES  

                                                                                          

     
 

 
Figure 3: 3T3 mouse fibroblasts before 

addition of peptides and after adding the 

peptides compared to fibronectin (positive 

control) and GRGES (negative control). 

 

Synthesis of photolabile protecting 

groups 

 

The most common PLPG’s are the 

ortho-nitrobenzyls, the first of which, 

6-nitroveratroyloxycarbonyl group 

(NVOC), was introduced by 

Patchornik, Amit and Woodward in 

1970
 

(14 - 16). Photo-isomerisation 

through a radical reaction forms the 

ortho-nitrobenzaldehyde, esters are 

therefore converted into a carboxylic 

acid and a ketone or aldehyde. A major 

advantage of this group is that the 

conditions needed for cleavage are 

exceptionally mild and even 

tryptophan, the most sensitive amino 

acid is unaffected
 
(17 - 19).  

 

The synthesis of the photolabile 

protecting groups was carried out via a 

two-step pathway; nitration followed 

by reduction. 
 

Methylnitropiperonyl alcohol
 
(9) 

 
 

 
                                              

                                         (1) 

 

1-(4,5-Dimethoxy-2-nitrophenyl) ethanol 

 
 

 
                                               (2) 

 

Sheme 5: step (1) nitration using sodium 

nitrite (NaNO2). Step (2) reduction from the 

ketone to the alcohol using sodium 

borohydride (NaBH4). 

 

In addition to the synthesised 

protecting groups, we also employed a 

comercialy available protecting group 

(4,5-dimethoxy-2-nitrobenzyl alcohol). 

 

                         

NO2

OH

H3CO

H3CO  
                                  (3) 

 

Linking the PLPGs to Fmoc-

Asp(OtBu)-OH  

 

Linking the PLPG’s to the terminal 

carboxylic acid of the amino acids was 

carried out by esterification using DCC 

and DMAP and further purification by 

appropriate flash column chromat-

ography affords the pure compound in 

good yields. 

 

                    
                                     

                                          (4) 

                               
                                

                                   (5) 
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O N
H

O
OHO

OCH3

H3CO

O

O

N+O

O-

 
                                   (6) 

                                             

 

 

 

In conclusion: XPS data verified the 

presence of the chemical elements 

obtained during the stages of glass-

surface chemical modification, 

including the final step of peptide 

attachment. 3T3 mouse fibroblasts 

were clearly sensitive to the 

differences in surface chemistry and 

functional groups of the substrate and 

the cells on each surface generated 

different morphological, cytoskeleton 

and adhesion signals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Scheme 6: The modified acid will then be 

extended to form the desired GRGDS sequence 

using SPPS, with the combination of the above 

techniques to develop a photo-addressable 

surface that will facilitate surface patterning 

using UV light. 

 

 

 

 

The work outlined in this report has 

shown that there is a simple and 

effective method of synthesizing two 

different PLPG’s; Methylnitro-

piperonyl alcohol (1) and 1-(4,5-

Dimethoxy-2-nitrophenyl) ethanol (2) 

through a two step synthesis from 

commercially available starting 

materials. The photolabeling protecting 

groups  were linked to the aspartic acid 

via esterification, it was noticed that by 

using the comercialy available PLPG 

(3) which is less stericly hinderd 

produced in  high yield than the 

synthasized groups (1, 2). 
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