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Introduc)on	
  and	
  Background:	
  

2.	
  Valida)on	
  of	
  AuNPs	
  vs.	
  fluorescence:	
  

Figure	
   1:	
  Method	
   A	
   shows	
   the	
   addi)on	
   of	
  

FITC	
   labelled	
   lec)n	
   to	
   a	
   carbohydrate	
  

coa ted	
   su r face ,	
   measurement	
   o f	
  

fluorescence	
   is	
   then	
   used	
   to	
   produce	
   a	
  

binding	
  curve.	
  Method	
  B	
  shows	
  addi)on	
  of	
  

unlabelled	
   lec)n	
   to	
   a	
   carbohydrate-­‐coated	
  

surface	
   followed	
   by	
   the	
   addi)on	
   of	
   gold	
  

nanopar)cles	
   (AuNPs).	
   A	
   picture	
   is	
   then	
  

taken	
   and	
   a\er	
   processing	
   in	
   ImageJ	
   a	
  

binding	
   curve	
   is	
   produced	
   using	
   pixel	
  

intensity	
   data.	
   Method	
   C	
   is	
   similar	
   to	
  

method	
   B	
   but	
   a\er	
   addi)on	
   of	
   the	
   gold	
  

nanopar)cles	
  absorbance	
  is	
  measured.	
  

	
  
1.	
  Proof	
  of	
  Principle:	
  

4.	
  Low	
  cost	
  protein	
  detec)on:	
  3.	
  Evalua)on	
  of	
  lec)n	
  inhibitors:	
  

This	
   technique	
  was	
   then	
  applied	
   to	
  
3	
   model	
   lec)ns	
   (concanavalin	
   A,	
  
cholera	
   toxin	
  subunit	
  B	
  and	
  peanut	
  
agglu)nin)	
   and	
   results	
   were	
  
compared	
   to	
   those	
   obtained	
   when	
  
fluorescently	
  labelled	
  lec)n	
  is	
  used.	
  
	
  
•  Detec)on	
   with	
   AuNPs	
   was	
   as	
  

g o o d	
   a s	
   d e t e c ) o n	
   w i t h	
  
fluorescently	
  labelled	
  proteins.	
  

	
  
•  Detec)on	
   of	
   fluorescent ly	
  

labelled	
  protein	
  with	
  AuNPs	
  was	
  
performed	
   to	
   validate	
   the	
  
technique.	
  

	
  
•  Use	
  of	
  AuNPs	
  to	
  visualise	
  protein	
  

binding	
   is	
   faster	
  and	
  significantly	
  
cheaper	
  than	
  FITC	
  labelling.	
  

Addi)on	
  of	
  gold	
  nanopar)cles	
   (AuNPs)	
   to	
  
a	
   plate	
   func)onalised	
   with	
   either	
   bovine	
  
serum	
   albumin	
   or	
   GM1	
   showed	
   that	
   the	
  
gold	
   nanopar)cles	
  will	
   bind	
   selec)vely	
   to	
  
protein	
   and	
   so	
   can	
   be	
   used	
   to	
   visualise	
  
protein	
   on	
   a	
   carbohydrate	
   surface.	
  
Binding	
  produced	
  a	
  peak	
  in	
  absorbance	
  at	
  
around	
  530	
  nm	
  indica)ng	
  the	
  presence	
  of	
  
gold	
  nanopar)cles	
  (figure	
  2).	
  
	
  
•  AuNPs	
  of	
  the	
  ra)o	
  3.5:1	
  were	
  found	
  to	
  

be	
   the	
   best	
   at	
   detec)ng	
   changes	
   in	
  
protein	
  (figure	
  2B)	
  

	
  
•  0.03	
  mg/ml	
  was	
   the	
   lowest	
   detectable	
  

amount	
  of	
  protein.	
  
	
  
•  This	
   techniques	
   was	
   shown	
   to	
   be	
  

reproducible.	
  

	
  

	
  

Figure	
  2:	
  Binding	
  of	
  gold	
  nanopar)cles	
   to	
  BSA	
  produced	
  a	
  peak	
  

absorbance	
   at	
   530	
   nm	
  which	
   was	
   not	
   seen	
   when	
   AuNPs	
   were	
  

added	
  to	
  GM1	
  (A).	
  Various	
  different	
  nanopar)cle	
  sizes	
  were	
  then	
  

compared	
   in	
   their	
   ability	
   to	
   detect	
   protein	
   levels.	
   3.5:1	
   was	
  

found	
  to	
  be	
  the	
  best	
  (B)	
  

A	
  

B	
   C	
  

Figure	
  3:	
  Serial	
  dilu)ons	
  of	
  various	
  model	
  lec)ns	
  were	
  added	
  to	
  high	
  

binding	
  plates	
  func)onalised	
  with	
  their	
  substrate	
  carbohydrates.	
  

Data	
  obtained	
  using	
  FITC	
  labelled	
  lec)ns	
  (A	
  and	
  C)	
  were	
  compared	
  to	
  

those	
  obtained	
  using	
  AuNPs	
  (B	
  and	
  D).	
  

Figure	
   6:	
   Image	
   of	
   a	
   plate	
   taken	
   a\er	
   treatment	
   with	
   gold	
  

nanopar)cles.	
  

Figure	
  4:	
  Several	
  inhibitors	
  were	
  tested	
  using	
  both	
  fluorescence	
  and	
  

gold	
   nanopar)cles.	
   Graphs	
   A	
   and	
   B	
   show	
   polymer	
   1	
   and	
   3	
  

respec)vely	
  visualised	
  using	
  gold	
  nanopar)cles	
  and	
  graphs	
  C	
  and	
  D	
  

show	
   two	
  mannose	
   polymers	
   (Methylmannose	
   and	
   ethlymannose	
  

respec)vely).	
  

Carbohydrates	
   play	
   an	
   important	
   role	
   in	
   media)ng	
   several	
   processes	
   in	
   biology	
  
including	
   the	
   host-­‐pathogen	
   response(1)	
   making	
   them	
   an	
   important	
   area	
   for	
  
research.	
  A	
  class	
  of	
  carbohydrate	
  binding	
  proteins	
  known	
  as	
  lec)ns	
  mediate	
  these	
  
interac)ons.	
  
Current	
  methods	
   for	
   researching	
   these	
   interac)ons	
   involve	
   either	
   using	
   labelled	
  
proteins	
  which	
  can	
  impact	
  on	
  binding	
  efficiency	
  of	
  the	
  lec)n(2)	
  or	
  an)bodies	
  both	
  
of	
  which	
  are	
  very	
  expensive	
  and	
  not	
   suitable	
   for	
   tes)ng	
   in	
   third	
  world	
   countries	
  
where	
   equipment	
   like	
   plate	
   readers	
   is	
   less	
   readily	
   available.	
   Gold	
   nanopar)cles	
  
(AuNPs)	
   have	
   previously	
   been	
   used	
   in	
   the	
   study	
   of	
   lec)ns(3)	
   and	
   represent	
   an	
  
important	
  label-­‐free	
  method	
  for	
  detec)on	
  of	
  lec)n	
  binding	
  (figure	
  1).	
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•  Lec)ns	
   are	
   involved	
   in	
   pathogenic	
  
interac)ons	
   in	
   the	
   body	
   including	
  
cholera	
  infec)on.	
  

	
  
•  Inhibitors	
   are	
   needed	
   to	
   prevent	
   the	
  

binding	
   of	
   the	
   lec)ns	
   to	
   their	
  
substrates	
   to	
   prevent	
   infec)on	
   and	
  
AuNPs	
   can	
   be	
   used	
   to	
   screen	
   for	
  
these.	
  

	
  
•  Various	
   glycopolymers	
   were	
   tested	
  

for	
   their	
   inhibitory	
   effect	
   on	
   lec)n	
  
binding.	
  	
  

•  Polymer	
  1	
  was	
   the	
  best	
  polymer	
  and	
  
this	
   has	
   a	
   short	
   chain	
   and	
   a	
   short	
  
linker(4).	
  

•  There	
  was	
   found	
   to	
  be	
  no	
  difference	
  
in	
  adding	
  a	
  methyl	
  to	
  mannose	
  when	
  
compared	
  to	
  ethyl	
  mannose	
  	
  

	
  

•  Detec)on	
   of	
   UV-­‐vis	
   to	
   determine	
  
gold	
   binding	
   is	
   very	
   effec)ve	
   for	
  
detec)ng	
   protein	
   binding	
   but	
   it	
  
requires	
  expensive	
  equipment.	
  

	
  
•  The	
   binding	
   of	
   gold	
   can	
   be	
   seen	
  

visibly	
  as	
  a	
  pink	
  colour.	
  
	
  
•  A	
   photograph	
   of	
   a	
   plate	
   treated	
  

with	
  AuNPs	
   can	
  be	
  used	
   in	
   image	
  
analysis	
   to	
   determine	
   protein	
  
binding.	
  

	
  
•  The	
   image	
   analysis	
   technique	
   is	
  

simple,	
   cheap	
   and	
   could	
   possibly	
  
be	
   implemented	
   on	
   a	
   mobile	
  
phone	
  in	
  the	
  future.	
  

Increasing	
  [protein]	
  

5.	
  Conclusions:	
   •  Gold	
  nanopar)cles	
  can	
  be	
  used	
  to	
  easily	
  detect	
  lec)n	
  binding	
  to	
  a	
  carbohydrate	
  surface.	
  
•  The	
  data	
  produced	
  strongly	
  agrees	
  with	
  that	
  seen	
  using	
  fluorescently	
  labelled	
  proteins.	
  
•  When	
  AuNPs	
  bind	
  there	
  is	
  a	
  clearly	
  visible	
  change	
  in	
  the	
  well	
  and	
  this	
  can	
  be	
  u)lised	
  to	
  produce	
  a	
  low	
  cost	
  detec)on	
  assay	
  using	
  image	
  

analysis.	
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3 MATERIALS AND METHODS

3 Materials and Methods

3.1 Materials

Concanavalin A (ConA), fluorescein isothiocyanate (FITC) labelled ConA, peanut agglutinin

(PNA), FITC labelled PNA, monosialotetrahexosylganglioside (G
M1), bovine serum albumin

(BSA), Cholera toxin subunit B (CT
x

B), FITC labelled CT
x

B, mannan, flat bottomed

96-well Greiner high binding plates, 96-well microtitre plates, phosphate bu↵ered saline,

calcium chloride (CaCl2), Sodium chloride (NaCl), HEPES tablets, Tris bu↵er,trisodium

citrate dihydrate and chloroauric acid (HAuCl4) where all purchased from Sigma-Aldrich.

Polymers 1, 2 and 3 used for the inhibition testing were synthesised by members of the

Gibson group by the method shown in scheme 126. A stock solution of polymers was

produced at a concentration of 1 mg/mL.

Scheme 1: Synthesis of glycopolymers 1, 2 and 3. i) alkyne linker/TEA/DMF, 5 hrs; ii)
Galactose azide/Cu(I)Br/TBTA/DMSO. Polypentaphenyl methacrylate of DP 25 and 100
were synthesised via ATRP. Post-polymerisation modifications were made to functionalise
the polymers with alkyne linkers to result in polymers from the same chain length
distribution with di↵erent linker length. Alkyne-azide cycloaddition to ‘click’ on galactose
azide to the pendent alkyne so to result on galactose functional polymers of di↵erent chain
length and linker length. Polymer 1 has a short chain (n=25) and a short linker (m=0),
polymer 2 is a long chain (n=100) and a short linker (m=0) and polymer 3 has a long
chain (n=100) and a long linker (m=2)26.

3.2 Functionalisation of high binding plates

Greiner high binding flat bottom 96 well plates were incubated for 16h with 180 µL of

0.1 mg/mL mannan dissolved in phosphate-bu↵ered saline (PBS) per well. The same

procedure was also used for G
M1 (0.1 mg/mL) and bovine serum albumin (BSA). After

incubation unattached mannan, G
M1 or BSA was removed by washing vigorously with

distilled water.
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Figure	
   7:	
   A	
   picture	
   was	
   taken	
   of	
   a	
   plate	
   treated	
   with	
   AuNPs	
   and	
  

a\er	
  processing	
   in	
   ImageJ	
   a	
   binding	
   curve	
  was	
  produced	
   (A).	
   This	
  

binding	
   curve	
   was	
   then	
   compared	
   to	
   that	
   achieved	
   using	
   FITC	
  

labeled	
  cholera	
  toxin	
  subunit	
  B	
  (B)	
  and	
  the	
  correla)on	
  between	
  the	
  

two	
  indica)ng	
  that	
  the	
  two	
  binding	
  curves	
  are	
  equivalent	
  (R2=0.99).	
  Figure	
  5:	
   structures	
  of	
   the	
  various	
   inhibitors	
   tested.	
  A	
   is	
  

ethylmannose,	
  B	
  is	
  methylmannose	
  and	
  C	
  is	
  the	
  structure	
  

of	
  the	
  various	
  other	
  polymers	
  tested.	
  

A	
   B	
  

A	
   B	
  

D	
  C	
  

Cholera	
  toxin	
  subunit	
  B:	
  

Peanut	
  agglu)nin:	
  


