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PREFACE 
 

In September 2023, Tiziano (Tino) Bassi passed away suddenly and unexpectedly. At 

that time he was actively engaged in completing the dissertation that follows.  

Members of his Ph.D. committee agreed that his work was of a quantity and quality that 

warranted our pursuing a posthumous degree. Thus, Navtej Toor, his committee chair, assisted 

by Tino’s friend Alexa Perez, assembled the following dissertation. The document here 

represents that work.  

We committee members unanimously agree that the dissertation is complete and 

acceptable. Its content is impactful and is the first general-purpose, high-efficiency labeling 

method for attaching any desired functional group to DNA and RNA. As such, it fulfills the 

standards of our department for Ph.D.-level work in this field, and exceeds those standards in the 

depth and insight of its scholarship.  

We unanimously accept this dissertation as worthy of the award of a Ph.D. degree. 
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 “From the very beginning Tino displayed a deep passion for learning about the natural 

world and he shared his enthusiasm with everyone he met.” 

 Tino’s ferocious love for science and sharing his knowledge with others was one of his 

most admired qualities. His presence in the scientific community and this world will forever be 

missed.  

This dissertation is dedicated to Tino’s parents, Mario and Ester Bassi; his brother 

Alessandro Bassi and family; his girlfriend Cynthia; his beloved dog Basil; his cat Coco; and to 

all those whose lives were touched by Tino and who knew how much his work meant to him. 

Chapter 1, in full, is a reprint of the material as it appears in RNA a Publication of the 

RNA Society. Bassi et al., Cold Spring Harbor Laboratory Press for the RNA Society, 2023. The 

dissertation author was the primary investigator and author of this paper. 
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"For small creatures such as we, the vastness [of the universe] is made bearable only through 

love." 

-Carl Sagan 
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ABSTRACT OF THE DISSERTATION 
 

FLUORESCENT LABELING OF RNA AND DNA ON THE HOOGSTEEN EDGE USING 
SULFINATE CHEMISTRY 

 

 
by 

 

Tiziano (Tino) Bassi  

 

Doctor of Philosophy in Chemistry 
 

University of California San Diego, 2024 
 

Professor Navtej Toor, Chair 
 

We have devised a single pot, low-cost method to add azide groups to unmodified nucleic acids 

without the need for enzymes or chemically modified nucleoside triphosphates. This involves reacting an 

azide-containing sulfinate salt with thenucleic acid, leading to replacement of C–H bonds on the 

nucleobase aromatic rings with C–R, where R is the azide-containing linker derived from the original 

sulfinate salt. With the addition of azide functional groups, the modified nucleic 



 

 
 
 

x

acid can easily be reacted with any alkyne-labeled compound of interest, including fluorescent dyes as 

shown in this work. This methodology enables the fluorescent labeling of a wide variety of nucleic acids, 

including natively folded RNAs, under mild conditions with minimal effects upon biochemical function  

and ribozyme catalysis. To demonstrate this, we show that a pair of labeled complementary ssDNA  

oligonucleotides (oligos) can hybridize to form dsDNA, even when labeled with multiple fluorophores 

per oligo. In addition, we also demonstrate that two different group II introns can splice when prelabeled 

internally with fluorophores, using our method. Broadly, this demonstrates that sulfinate modification of 

RNA is compatible with ribozyme function and Watson–Crick pairing, while preserving the labile 

backbone. 
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