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Tryptophan : Characteristic Residue of Protein

Natural amino acid possessing indole ring

・intrinsic fluorescence1)

λem=348 nm (Phe : λem=282 nm, Tyr : λem=303 nm)

・electron rich aromatic ring2)

π-interaction, high redox potential

Relatively rare amino acid
…1% of amino acids in found protein3)

Biosynthesis by tryptophan synthase4)
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Biological Function and Application of Trp

Trp plays a very important role in peptides and proteins despite its rarity.

⇓
Useful target for protein study using unnatural amino acids (UAAs) 

stabilize peptides by π-interaction1) Probe protein folding2)

Wavelength or total emission of 

fluorescence changes by protein folding.

Accelerate electron transfer3)
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Application of UAAs to Trp residues

Annexin V 

(biomarker of apoptosis)

Trp187
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New Chemical Space for UAAs

Trp analogues which have
・similar steric profiles

・red shifted fluorescence

Explored these study

Trp alteration

〇stronger π-interaction

×blue shift (overlap with Tyr or Phe)

〇red shift 

×low incorporation efficiency1)
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BN bond is highly polarized though total valence electron count was the same as CC bond. 

BN/CC isosteres have 

・similar steric profile

・different electronic character (dipole moment, reactivity, hydrogen bonding)

1) Campbell, G. P.; Marwitz, V. J. D.; Liu, S.-Y. Angew. Chem. Int. Ed. 2012, 51, 6074.
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BN/CC Isosterism1)
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BN-arenes1)

different properties from natural arenes

・relatively low aromaticity

・high energy HOMO

・red shifted absorption and emission
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Synthesis of BN-arenes
1. Borylative cyclization1)

2. Ring-closing metathesis (RCM)2)

3. Ring expansion3)
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3) Hashimoto, S.; Ikuta, T.; Shiren, K.; Nakatsuka, S.; Ni, J.; Nakamura, M.; Hatakeyama, T. Chem. Mater. 2014, 
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Application of BN-arenes

Optoelectronic materials2), 3)

Fluoride sensor1)
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Biological Application of BN-arenes

Biological application of BN arenes showed effectiveness especially in medicinal chemistry.

→Installing BN bond into biomolecules will lead to broader application.
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BN-indoles1)

synthesis of “fused” BN-indole2)
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Properties of BN-indole (1)   

X-ray diffraction structure (crystal of π-complex with electron deficient arene) 

Highly planner and aromatic

Compared with natural indole

・N-C2 bond (pink circled) was shorter 

・B-C7 bond (blue circled) was longer 

→larger/shorter Atom radius of B/N  

acidity of NH

shorter

longer

lower acidity

→ inductive effects exerted by the

neighboring boron atom

1) Abbey, R. E.; Zakharov, N. L.; Liu, S.-Y. J. Am. Chem. Soc. 2011, 133, 11508.
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Properties of BN-indole (2)

The wavelengths were red shifted and the oxidation potential was lower.

→indicate higher energy HOMO and smaller HOMO-LUMO gap.

indole (abs)

indole (em)

BN-indole (abs)

BN-indole (em)

Fluorescence Cyclic voltametry

indole 

BN-indole

1) Abbey, R. E.; Zakharov, N. L.; Liu, S.-Y. J. Am. Chem. Soc. 2011, 133, 11508.
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Reactivity of BN-indole (1)

electrophilic aromatic substitution (EAS) at 3-position 



1) Chrostowska, A.; Xu, S.; Mazière, A.; Boknevitz, K.; Li, B.; Abbey, E. R.; Dargelos, A.; Graciaa, A.; Liu, S.-Y. J. 

Am. Chem. Soc. 2014, 136, 11813.
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Reactivity of BN-indole (2)

3-position of BN indole is more nucleophilic.

1-position of BN-indole is less nucleophilic.



Short Summary
20

BN isosterism is effective method for altering electronical character
without altering steric profiles.

BN-indole showed different properties from natural indole

・red shifted UV absorption and fluorescence

・higher redox potential

・higher and more selective reactivity with electrophile
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Synthesis of BN-tryotophan

1) Boknevitz, K.; Italia, S. J.; Li, B.; Chatterjee, A.; Liu, S.-Y. Chem, Sci. 2019, 10, 4994. 

Racemic BN-tryptophan ethyl ester 
was separated by Chiral HPLC. 

Asymmetric synthesis will be needed 
for future study.
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Photophysical Properties of BN-Trp

The wavelengths of absorption 
and emission were red shifted.

1) Boknevitz, K.; Italia, S. J.; Li, B.; Chatterjee, A.; Liu, S.-Y. Chem, Sci. 2019, 10, 4994. 



24

Incorporation as a Surrogate of Trp

BN-trp has quite lower but sure cell growth ability.

・accepted as a substrate for the endogenous tryptophanyl-tRNA synthetase

・not tolerated for proteome-wide replacement

1) Boknevitz, K.; Italia, S. J.; Li, B.; Chatterjee, A.; Liu, S.-Y. Chem, Sci. 2019, 10, 4994. 
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Comparison with Other Trp Analogues

super folding green fluorescent protein (sfGFP)

sfGFP :

BN-Trp shows similar or improved incorporation efficiency relative to other Trp analogues. 

Fluorescence/OD600

1) Boknevitz, K.; Italia, S. J.; Li, B.; Chatterjee, A.; Liu, S.-Y. Chem, Sci. 2019, 10, 4994. 
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Change of Reactivity 

Although protein A and B only differ by the presence of BN-trp, the reactivity against oxidant was 
quite different.  

1) Boknevitz, K.; Italia, S. J.; Li, B.; Chatterjee, A.; Liu, S.-Y. Chem, Sci. 2019, 10, 4994. 
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Change of Fluorescence

The fluorescence of KSI-BN was red shifted.

→The Tyr fluorescence peak (316 nm) could be

distinguished from the BN-Trp peak.

Ketosteroid isomerase (KSI)

・homo-dimeric protein

・two Trp residues  in each monomer

KSI-W : wild type

KSI-BN : BN-trp analogue

1) Boknevitz, K.; Italia, S. J.; Li, B.; Chatterjee, A.; Liu, S.-Y. Chem, Sci. 2019, 10, 4994. 
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Future Study (1) 

For further study of BN-tryptophan, methods for asymmetric synthesis of BN-trp
will be needed.

My proposal methods are shown below. 
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Ronayne, L. K.; Towrie, M.; Vlcek, A. Jr.; Richards, H. J.; Winkler, R. J.; Gray, B. H. Science. 2008, 320, 1760.
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Future Study (2) 

Application of BN-tryptophan will 

1. Probing proteins possessing multi Trps or Trp at sterically hindered position

2. efficient charge transporter1)



Summary
30

BN-Tryptophan was synthesized and incorporated into proteins.

Protein BN-analogues showed distinct photophysical property and reactivity.

BN-tryptophan will be expected to explore new chemical space for UAAs.


