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Abstract
In the fields of science, including forensic chemistry, 
immunology, and biology the practice of tagging 
proteins is useful in identifying disease and studying cell 
mechanisms.(1) The most popular binding pair to use is 
the Biotin-Avidin system. (2) The Biotin-Avidin system 
has many problems, including indistinguishability due 
to biotin’s interference in medical diagnosis and loss of 
signal when folded into the protein. (3,4) The goal of this 
work is to provide another binding pair other than the 
Biotin/avidin system using a new idea on an epitope tag; 
the FLAG/Anti-FLAG system. An epitope tag is a short 
peptide that has a highly specific anti-body. The FLAG 
antigen is easily distinguished from biological markers 
and does not readily fold into proteins. Solid Phase 
Peptide Synthesis was used to synthesize the FLAG 
antigen and characterized with HPLC-MS.(5) We were 
successfully able to synthesize an alkyne-FLAG and then 
use a click reaction to attach TPG.

Results

HPLC-MS of Alkyne-FLAG

Conclusion

• The Alkyne-FLAG peptide that was synthesized 
has strong supporting evidence that it is the 
desired product. The HPLC peak that was 
collected and tested with a Mass Spectrometer  
results in a spectrum showing the M+1 and M+2 of 
the FLAG.

• The click reaction with the APG 
(azidophenylglyoxal) and Alkyne-FLAG was 
deemed successful because the product peak was 
collected and tested with a MS, and the correct 
M+1 and M+2 for the TriazolylPhenylGlyoxal-
FLAG were observed. 

• Although the alkyne peak all but disappeared (> 
98%) and the peak attributed to coumarin-Flag 
appeared at nearly equivalent intensity and was 
fluorescent under 360 nm light, mass spec data do 
not support the assignment of Methoxycoumarin-
FLAG.
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HPLC-MS of TPG-FLAG hydrate 

(Left) Alkyne FLAG before 
click reaction with 7-
methoxycoumarin-3-
carbonyl azide on the left, 
and coumarin-FLAG after 
click reaction.

Anti-FLAG	Antibody	
Conjugate Manufacturer Uses

CY5.5 Protein	Mods Western	Blot,	ELISA,	Immunohistochemistry

Cy3 Millipore	Sigma One-step	detection	by	Immunochemistry

CF640R Chemometec Confocal	Microscopy

ATTO-594 Biorbyt Western	Blot

ATTO-565 Immune	BioSolutions,	Inc. Western	Blot

Magnetic	Beads Millipore	Sigma Immunoprecipitation	

Affinity	Gel Millipore	Sigma Immunoprecipitation

Alkaline	Phosphatase Millipore	Sigma One-Step	detection	by	ELISA,	Dot	Blot,	Western	Blot

Alexa	Fluor®	647 R&D	Systems Flow	Cytometry	

FLAG	Epitope	Tag	
Antibody R&D	Systems Western	Blot,	Simple	Western,	Flow	Cytometry,	

Immunoprecipitation

Alexa	Fluor®	488 R&D	Systems Flow	Cytometry

Horseradish	Peroxidase R&D	Systems ELISA,	Western	Blot

Biotin R&D	Systems Western	Blot

Alexa	Fluor®	405 R&D	Systems Immunocytochemistry
Guanidino group of arginine 

	

Modified arginine residue

The TPG’s purpose is to act as a means of connecting 
the analyte and the FLAG epitope

A click reaction, specifically Copper Catalyzed Azide
Alkyne Cycloaddition (CuAAC), was used to form 
TPG-FLAG:

1. Co-reactants are added:
For alkyne-FLAG:

100µL of 9.03 mM Alkyne-Flag in DMSO
0.3 mg APG hydrate azide

For coumarin-FLAG:
100µL of 9.03 mM Alkyne-Flag in DMSO
0.3 mg 7-methoxycoumarin-3-carbonylazide

2.  Click Reaction ingredients added:
10µL 41mM Cu(I)Br in DMSO
10µL 100mM Ascorbic Acid in H2O
2µL neat DIEA, and
1µL neat Lutidine

3.  Reacted 1 hr at room temperature.

All products were analyzed by HPLC-MS  

Methods
Solid Phase Peptide Synthesis was used to build the 
alkyne-FLAG:

Characterization of Alkyne-FLAG Characterization of TPG-FLAG

TriazolylPhenylGlyoxal

How the FLAG works

Protein
TPG

FLAG

Types of 
conjugates 
commercially 
available

The TPG-FLAG targets 
Arginine group on 
analyte.

Anti-FLAG pairs to the FLAG 
epitope with a non-covalent bond.

The conjugate gives off signal 
depending on conjugate type

 

N-propargyl Glycine (Alkyne) on DYKDDDDK-NH2 (FLAG)
Chemical Formula: C46H66N12O20

Molecular Weight: 1107.10

TriazolylPhenylGlyoxal (TPG)-DYKDDDDK-NH2 (FLAG) hydrate
Chemical Formula: C54H73N15O23 

Molecular Weight: 1300.26

MS data of Methoxycoumarin-FLAG were inconclusive, however the new hplc peak collected was fluorescent and became apparent at the same rate starting material disappeared. 

(Far Above) ELISA positively identifies the Beta-Endorphin K19R
peptide and RNase A enzyme labeled with TPG-FLAG, (Directly
Above) western blot illustrating the sensitivity of this approach
by the "lighting up" of the RNase A mixed disulfide dimer, barely
visible in the coomassie stained gel. Western blot and ELISAs
performed by Daniel Leaman, Ph.D at The Scripps Research
Institute in La Jolla, CA.
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