
     

 

 
 

PhD thesis : Nanostructured polysaccharide-Au nano-objects 

Design of Cargo Carbohydrates-based Vesicles decorated with Gold-

Nanoparticles and Antibodies for bio-medical/analytical applications  

 

Co-directed by : 

Karine Gorgy 

Laboratoire : Département de Chimie Moléculaire, DCM, UMR CNRS 5250, Université Grenoble Alpes 

Redouane Borsali 

Laboratoire : Centre de Recherches sur les Macromolécules Végétales, CERMAV, UPR CNRS 5301 

 

Location: 

The PhD will be sharing her/his time in both laboratories: DCM (electrochemistry) and CERMAV (self-
assembly of bio-sourced Block Copolymers) 

Grant: from the Glyco@Alps cross disciplinary program (October 2017 – September 2020) 

 

Contact : Please send your curriculum (including reference for recommendation) and motivation 
letter  to : 

Karine.Gorgy@univ-grenoble-alpes.fr and to borsali@cermav.cnrs.fr 

 

Context: In the field of biology, diagnostics and health, nano-objects play an important part to 
develop bio/immunosensors, vectorisation of drug or imaging markers. Besides, the carbohydrates 
are involved in living systems as molecular recognition unit due to different types of interactions 
between saccharides and proteins. The use of carbohydrates in nanotechnology approach/device 
should increase the bio-compatibility of the nano-objects and therefore enhance their bio-functional 
properties.  

 

PhD project:  

 This project deals with nano-objects constituted by a metallic part (gold nanoparticules or 
gold nanocapsules) firstly modified by thiol-carbohydrates acting as antenna for the subsequent 
formation of micelles or vesicles composed of bio-sourced block copolymers. The latter will facilitate 
the solubilization of the gold nano-objects and hence their use for the fabrication of immunosensors 
or for the vectorization of drugs. The hydroxyl groups located in the external layer of the 
vesicles/micelles will be modified by anchoring groups such as N-hydroxysuccinimide, nitrilotriacetic 
acid or biotin allowing a covalent or non-covalent post-functionalization of the oligosaccharide shell 
by proteins or/and redox or fluorescent molecules depending on the medical application. The 
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synthesis of the modified carbohydrates and block copolymer chains and the study of their self-
assemblies (nanoparticles in aqueous) will be performed in the CERMAV laboratory.  

 

 The modification of gold nanoparticles (NP) will be thus undertaken for creating either redox 

NP or antibody-NP or mixed redox antibody-NP. The physico-chemical characterization of the 

resulting nano-objects will be carried out in both laboratories. The different modified NP will be 

investigated for their solubility, electrochemical behavior and their role as electron sinks. Besides, 

they will be used to prepare conventional immunosensors through their direct adsorption of all 

components onto the electrode surface. The NPs coated by 3D bio-sourced copolymers constitute 

the key element for elaborating the analytical platform enabling accurate quantitation of antigens or 

antibodies. The cartography of the platform can be done by Raman spectroscopy. The task about 

immunosensors will be done in DCM lab. The immunosensors development trends towards the 

miniaturization of the whole analytical device in order to reduce the amount of reagents and the 

device volume. The resulting modified NPs will be the freely diffusing constituents of an 

electrochemical immunodetection system based on an electrolateral flow design. The objective will 

be to detect specific antigen or antibody into a biological sample by labeling the target by a redox NP 

which then will be specifically captured onto an electrode surface.  

 Regarding the gold nanocapsules, their combination with oligosaccharide nanoparticles will 
be examined for the solubilization and hence their use for the vectorization of drugs. For this 
purpose, the biocompatible free single nanocapsules will be covered by saccharides-Ab for affinity 
targeting. After vectorization, the gold structure of functionalized nanocapsules used as containers 
for bioactive compounds (drug, marker, etc) can be broken by focused ultrasonic field inducing the 
release of drugs, even those with poorer solubility. The physical encapsulation of compounds, the 
capping of nanocapsules, their diffusion capability will be investigated, additionally to classical 
techniques, using the state-of-the-art techniques including scattering (light and x-rays), imaging 
(AFM, TEM & Cryo-TEM) and Nano-Tracking Analysis (Nanosight), available at CERMAV. 
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Candidate profile:  

FR :   Le sujet proposé est pluridisciplinaire, associant 2 laboratoires ayant des compétences 
complémentaires. Le (la) candidat(e) sélectionné(e) sera amené(e) à travailler dans les 2 laboratoires 
DCM et CERMAV, ce qui demandera une grande capacité d’organisation de travail et d’anticipation 
(planification des expériences, réunions et rapports). Il (elle) sera amené(e) aussi à interagir avec 
d’autres chercheurs/techniciens/ingénieurs des 2 laboratoires. Les candidats intéressés par le sujet 
devront avoir de fortes connaissances en physico-chimie des polymères ou colloïdes et en 
électrochimie et / ou en synthèse organique. 

 

EN: The proposed subject is multidisciplinary, involving 2 laboratories with complementary skills. 

The selected candidate will be required to work in the 2 different laboratories, which will require a 

great capacity of organization (workplan, meetings, reports…). He / she will interact with the 

supervisors as well as other involved researchers / technicians / engineers from both laboratories. 

Candidates interested in the PhD project should have strong knowledge in physico-chemistry of 

polymer or colloids and electrochemistry and/or in organic chemistry. 

 



Expected results/Integration in the Glyco@Alps program :  This work is included in the work package 
3 entitled  “Smart glycomaterials” of glycol@Alps program whose objective is to design 
functionalized materials for technical and medical applications. 

 

Illustrations:   

 

 

 


