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Goal of Study 
• Conventional methods of analyzing integral membrane 

proteins, such as X-ray crystallography, are lacking in efficacy 
 

• Neutron scattering can be used to characterize the structure 
of integral membrane proteins 
• Requires that the protein is immobilized on a surface 
• Can use with G-protein coupled receptors, such as the CB2 

protein 
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Presentation Notes
X-ray crystallography requires that the protein be in crystal form and does not provide information about the protein in its native conformation
Overall goal of study is to develop a new  method for identifying the structures of….
My personal goal was to synthesize the NTA terminated PEG thiols that allow us to immobilize our protein our our surface (Show)
Doing it in the natural environment allows you to see physiological/natural conformation unlike in X-ray crystallography
Role of the human peripheral cannabinoid receptor (CB2)
Sensory transduction, cell-to-cell communication, immune response, hormonal response, and pain sensation
May be important for drug development b/c of role in pain sensation
My project/work focused on synthesizing PEG compounds that are used to tether the protein to the self assembled monolayer



Diagram of Protein Tethering to 
SAM via NTA and His-Tag  

• For recombinant proteins 
with a His-tag, nitrilotriacetic 
acid (NTA) groups can be 
used to link a protein to a 
SAM consisting of NTA-
terminated PEG thiols and a 
gold surface 
• Each protein is tethered to 

multiple PEGs 
• Need smaller PEGs to act as 

spacers in between longer 
NTA-terminated PEGs 
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Presentation Notes
Here is a diagram/figure showing how we are immobilizing proteins on a surface, in this case self-assembled monolayer
Overall goal – develop a method to tether polyhistidine tagged (his-tagged) proteins to a self-assembled monolayer (SAM), while ensuring that all of the proteins have a uniform orientation and specific binding.  
Start with gold on the bottom, next we have our NTA terminated PEG thiols.  As you can see, they have a thiol group on the end that can bind to the gold.  At the other end of the compound is the Nitrilotriacetic acid group, or NTA group, shown in red.  The NTA group contains 3 carboxyl groups that can form a chelate complex with the nickel from NiCl2
In between each of the NTA terminated PEG thiols, we have a shorter length PEG that acts as a spacer
B/c you don’t need to have all NTA b/c of the large size of the protein compared to NTA
B/c we are working with His-tagged proteins, the imidazole groups from the histidine residues can bind to the Nickel, essentially tethering the protein to the NTA terminated PEG thiol and the gold surface
Proteins are tethered to the SAM through nitrilotriacetic acid (NTA) terminated polyethylene glycol (PEG) compounds of varying chain lengths
Nickel chloride is used to activate the NTA groups and create the link between the imidazole groups of the histidine tag and the carboxylic acid groups on the NTA
Creates a chelate complex
This is what allows the NTA groups ensure that the proteins have uniform orientation and specific binding
His tag is a label of 6 to 9 histidine residues at either the C or N terminus of the protein
b/c 6 to 9, there will be more than one histidine residue bound to NTA per protein




Objective of the Project 
Synthesis 
• Use organic synthetic techniques to 

attach Nitrilotriacetic Acid (NTA) groups 
to PEG compounds with 8 and 12 
ethylene oxide units. 

• Conduct a reaction with 4-
(Bromomethyl)phenyl isothiocyanate 

 
Purification 
• Conduct purification with HPLC. 
• Develop a procedure to scale up 

purification 
 

Analysis 
• Assess purity with MALDI-TOF Mass 

Spectroscopy 
• Use SPR to determine if the product 

synthesized can adsorb proteins.  

Presenter
Presentation Notes
My component focused on three main things, snthesis purification, and analysis
Goal was to synthesize and scale up production and purification of these compounds
Up to this point, we have been discussing the procedure for recombinant proteins with his-tags, but not all proteins we encounter will have a his-tag  For natural proteins found in real life, can’t use NTA groups to complex, b/c don’t have imidazole groups to bind to the NTA/Ni
Need to come up with another solution for these  use isothiocyanate b/c the amine group at the N-terminus of the protein can bind to the isothiocyanate 
N=C=S group = isothiocyanate
For non-recombinant proteins lacking a his-tag, a different method must be used to tether the protein to the SAM with uniform orientation.




PEG(8)-NTA Synthesis (EL8) 

EL8-SS 

EL8 
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Our first reaction involved attaching an NTA molecule to a disulfide PEG with a length of 8
Type of reaction
An NHS ester crosslinking reaction, in which the N-Hydroxysuccinimidyl (NHS) ester group of the PEG compound reacts with an amine group from the NTA molecule.  
Can talk about specific reactions
100 mg scale, solutions had a concentration of 10 mM
disulfide form of molecule
Describe reaction conditions
Reactions were run for 24 hours at 30 C, 
Also talk about TCEP reduction
Reduction was carried out using a 2 times excess of Tris(2-carboxylethyl) phosphine hydrochloride (TCEP*HCl)
Used to reduce dissulfide form of the compound or to remove protection group



PEG(12)-NTA Synthesis (EL12) 

EL12-SS 

EL12 
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Pyridine protection group



HPLC Purification of EL8 
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HPLC Chromatopgrah 
of Initial Purification of 

EL8-SS 

HPLC Chromatograph of EL8 
Purification After Disulfide 

Reduction 

• Mobile phase was a mixture of water (pH 2) and 70% acetonitrile 
• Scale up of purification involved switching from a small analytical 

column to a larger preparatory column, 10X scale up factor 
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Add pic of technique
HPLC
Used acid to help with separation b/c need the carboxyl groups on the NTA to be protonated to help separate the product from the reactants
Buffer used were 70% acetonitrile and water with a pH of 2
Talk about scaling up purification, going to a larger prep column from smaller analytical column.  
Talk about 2 spectra
Top spectra is the initial purification, second peak was the one collected
Bottom spectra is the purification after TCEP reduction, also collected the second peak
Spectra for EL12 had the same shape and same times




MS of EL8 After Initial Purification 

Peak for EL8-SS 
at 1404 
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Presentation Notes
Add pic of technique
Used Sinapinic Acid matrix
No peaks due to matrix are seen here because of the large mass of the product 
Other peaks are reactants or if only one side reacted with the NTA




MS of EL8 After Disulfide Reduction 

Peak of final 
product, EL8, is 
present at 703 

Peak due to 
matrix 
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Presentation Notes
Mass Spec
Used a Burker MALDI-TOF MS
Matrix used was Sinapinic Acid 
Talk about what matrix was used in the specific spectra, show which peaks were the molecule and which were the matrix
Compound – 702, so peaks around 703
Matrix – 550, 137
MS for EL12 compound used DHB (2,5-Dihydroxybenzoic Acid) matrix because of the presence of a protection group




SPR Analysis of EL8  
• Analysis was conducted to ensure that 

protein could bind to the compound 
synthesized 

• Samples for SPR were prepared by soaking 
the gold layer overnight in solutions of five 
different concentrations.    

• The MSP protein was used 

NiCl2 
Wash 

Protein 

Imidazole 
Wash 
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Surface Plasmon Resonance (SPR) is an optical technique that is commonly used to measure absorption onto a planar metal
Used to determine if protein could bind to NTA
Samples were prepared in 5 concentrations, 0,20,30,40,60% EL8 with 2 mM C3EO5H, then put gold layer into each to soak overnight
Started with washing with nickel chloride to form chelate complex, then added protein (concentration = .2 mM?), then added imidazole to wash
As you can see, as the concentration of NTA on the surface increased, protein absorption also increased
Add chromium to the surface to help the gold stick to the glass surface
Gold was allowed to soak overnight in the solutions to ensure that the PEGs attached to the gold surface
MSP = major sperm protein?
Used MSP instead of CB2 because it is less expensive, yet is still a water soluble 
Lack of glycerol in the buffer could be responsible for weird results.
Mention stuff about how the gold surface is divided into four flow chambers, pass through first nickel chloride, then protein, then wash with imidazole. (show where these are on graph though graph doesn’t show the was with nickel chloride)
Sample preparation
Prepared a thin gold layer for testing
Tested solutions of 0%, 20%, 30%, 40%, and 60% NTA-PEG compounds in 0.2 mM C3EO8H
Running buffer consisted of 50 mM Tris, 200 mM NaCl, 0.5%      (w/v) CHAPS, 0.1% (w/v) CHS, and 0.1% (w/v) DM
Used CB2 and model protein (MSP)
Looks like 20% had a problem with the protein (may have been inadequate amound) b/c goes down and then up, indicates that the buffer had a high refractive index than the protein solutions, should have been the other way around
Only need to say (about graphs) that tested at 4 concentrations, specific binding was seen in all (can tell because of the shape of the curve)
First washed with NiCl2 (not seen), then added protein, then washed with imidazole
Higher concentrations of NTA had larger amounts of specific absorption
SPR uses CCD detector



Conclusion 
• Two NTA-terminated PEG thiols with 8 and 12 ethylene oxide 

units were synthesized and purified on a 100mg scale 
• EL8 reaction produced 67 mg, while the EL 12 reaction yielded 

44.7 mg. 
• A third reaction is currently in progress with 4-(Bromomethyl) 

phenyl isothiocyanate. 
• SPR was successfully used to test protein adsorption onto a 

surface consisting of one of the compounds (EL8) 

Presenter
Presentation Notes
Possible causes of low yield?
Have not gotten the right balance for the amount of triethylamine 
For another time - A third reaction is currently in progress  involving the use of 
    4-(Bromomethyl)phenyl) isothiocyanate
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