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This summer, I had been given an opportunity to undergo an exciting research project in the area of nucleic acid chemistry at the 
Department of Chemistry, Oxford, with Prof. Tom Brown and Brendan Largey. As a biochemist, being able to work together with 
synthetic and molecular chemists is an incredibly valuable experience; not only that it has allowed me to further expand my 
knowledge in the fields of chemistry that overlap with my own scientific interests, I was also able to witness first-hand what could 
be achieved from effective collaborations between interdisciplinary scientific fields. The main outcome of my research was to 
investigate the potential use of photo-crosslinker 3-cyanovinylcarbazole nucleoside (CNVK) and their applicability in biological 
settings. Before describing the content of my project, I would like to take a moment to thank my supervisors and mentors for their 
academic supports throughout this unforgettable and enriching experience. It is truly an honour to work under their supervision. 
 
Ultrafast Reversible Photo-Crosslinking Reaction 
Photo-crosslinking in molecular biology and biochemistry. The use of photo-crosslinking adduct in biological experiments allows 
scientists to take snapshots of transient interactions between biological macromolecules. In general, these chemical moieties contain 
a photoreactive group that can be activated by UV light irradiation, which can then attack adjacent residues to form a stable covalent 
interaction. Within the field of nucleic acid chemistry, however, photo-crosslinkers are not only utilised to study interactions 
between nucleic acid polymers, but also to control the binding affinity and structural integrity of complementary strands. That being 
said, photo-crosslinking allows two interacting oligos to form robust covalent interactions – in addition to the hydrogen bonds (as 
well as van der Waals and hydrophobic interactions) between the strands which arise due to their complementarity. As a matter of 
fact, crosslinking reaction has widely been used to stabilise complexes of DNA or RNA by a covalent-bond formation. This is useful 
in studies of gene expression or inhibition, DNA nanotechnology and RNA structure determination. Historically, psoralen and its 
analogues have been commonly used as photo-crosslinkers, but they are strictly limited by the adjacent nucleobases (T) due to the 
significance of the TpA step during crosslinking reaction. Furthermore, the wavelength used for photo-reversal of the crosslink is 
typically 254 nm, which can lead to a permanent DNA damage due to the formation of a thymidine dimer.   
 

 
Figure 1. Schematic demonstrating the forward and reverse photo-crosslinking reaction of CNVK (Glenn Research, 2010) 

 
3-Cyanovinylcarbazole (CNVK) nucleoside. To resolve the sequence dependence and sequence damage limitations from the 
conventional approach, scientists developed an alternative type of photo-crosslinker based on carbazole nucleoside: 3-cyanovinyl-
carbazole or CNVK. When CNVK is incorporated into oligodeoxynucleotide (ODN) and irradiated at 366 nm, an ultrafast photo-
crosslinking reaction occurs to a pyrimidine base on the complementary strand at position -1 of the incorporated carbazole in the 
ODN (this position can be extended depending on whether or not linker is present in the structure). This reaction proceeds via [2+2] 
photocycloaddition between the double bond of CNVK and the C5-C6 of thymine, resulting in the formation of a cyclobutane structure 
as shown in the above. Irradiation of a sample containing ODN ACNVK and ODN GT at 366 nm led to a complete crosslinking 
reaction for 1s, whereas the complete crosslinking reaction with a cytosine took 25s (Fujimoto and Yoshimura, 2009). Once 
crosslinked, the photo-reversal of the crosslink can be accomplished by irradiation at 312 nm for 3 minutes with no damage to 
normal DNA. Further studies have also concluded that CNVK can also be used to stabilise DNA-RNA duplex. The robustness and 
reversibility of this ultrafast photo-crosslinking provide numerous potentials for use in therapeutic applications; to which I had 
investigated their experimental efficiency within the scope of the translation system as well as the in vitro antisense oligonucleotides. 
 
The Set of Technical Skills I Learned. Designing plasmid construct; PCR amplification of insert sequence containing reporter 
gene; Gibson-assembly; transfection of plasmid into a-competent cells; casting agar plates and growing cloning vectors; restriction 
digest and linearisation of plasmid; casting acrylamide/bis-acrylamide and agarose gel for analytical purposes; acrylamide gel 
extraction and purification; Qiagen agarose gel extraction; designing PCR primers and optimising PCR reaction; Monarch PCR 
clean-up; Qiagen mini/midi/maxi prep for large scale plasmid production; sonication; using the Amicon spin-columns; setting up 
T7 in vitro transcription; T7 megaclear for transcription clean-up; undergoing click reaction; desalting with NAP columns; ethanol 
precipitation and freeze-drying of oligos; using Buchi rotavap for solvent removal of newly-synthesised oligos; carrying out CNVK 
forward and reverse-photocrosslinking reactions; operating BioRad gel imaging systems, Nanodrop; managing Benchling system. 
 
Thank You. 
At last, thank you the Rokos Science Award board committee and the Brown Lab for making this great learning experience possible. 
Because of your kind and generous supports, I have been able to profoundly grow as a young scientist and further develop my 
knowledge in this emerging field. The steep learning curve I have had throughout this experience is an immensely valuable addition 
to what I need to continue my academic journey as a young scientist.  


