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Targeting and Tuning Conformational Equilibria in Non-Coding RNAs: a 
Promising Approach for Biomedical Applications  

 

                                    FIBER, Konan University, Kobe, Japan 

                                    Ambadas B. Rode 

1. Abstract 
Both prokaryotic and eukaryotic cells contains large number of RNA transcripts that lacks protein-coding 

capacity. These non-protein coding RNAs (ncRNAs) controls gene expression at post-transcriptional level either 
acting within the same transcript (cis-acting) or acting on other separate RNA molecule (trans-acting) through 
RNA-RNA interaction. In certain cases both cis-acting and trans-acting modes of regulation occur through 
switching the RNA conformational equilibrium between mutually exclusive two conformers. Shift of the RNA 
conformation toward one of the conformer resulting in inhibition or activation of gene expression. Thus, 
investigation of factors that affects the ncRNAs conformational equilibria is important for understanding the 
regulation mechanism. We have studied the effects of inherent and cellular factors on conformational equilibria 
of regulatory ncRNAs from human and bacteria. These studies helped us to understand the gene regulation 
mechanism of the ncRNAs in human and bacteria that will enable selection of ncRNAs as pharmaceutical targets 
and also as a tool for synthetic biology applications.  

2. Introduction  
The cell cytoplasm is crowded with biomolecules.1 It is 

now well established that the RNA is not just passive 
messenger of genetic information, however it performs 
diverse functions including molecular recognition, gene 
regulation, and catalysis etc. The major portion (~97%) of 
transcribed RNAs are non-protein coding RNAs (ncRNAs) 2 
(Figure 1a), which play important roles in cellular 
homeostasis and are involved in many human diseases 
including cancer. Thus, there is growing interest in 
understanding ncRNAs functions. For examples, RNA 
G-quadruplex (G4) formed in non-coding 5′ untranslated 
region (UTR) of human oncogene mRNAs regulates gene 
expression (Figure 1b). Riboswitches, which are cis-acting 
gene-regulatory elements mostly located in 5′ UTR of 
bacterial mRNAs, adopt alternative conformations in 
response to ligand binding that turns on or off gene 
expression (Figure 1c). Herein, we have studied the effects 
of interaction of cellular abundant ncRNAs on 
hairpin-G-quadruplex conformational equilibrium in 5′UTR 
of human oncogene mRNAs3 and effect of primary 
sequence and secondary structure on ligand binding 
function of riboswitches, respectively.4, 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. a) Estimate of various classes of RNA 
present in human cells; b) 5’ UTR located 
G-quadruplex mediated inhibition of translation 
in human; c) Riboswitch mediated gene 
regulation in bacteria.  
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3. Effect of tRNAs on hairpin-G-quadruplex conformational equilibria mediated translation 

Owing to RNA G4s significant roles in regulation of 
biological processes, they are emerged as important 
therapeutic targets for the treatment of diseases including 
cancer. In certain cases the G4s folding competes with 
formation of canonical hairpin (Hp) conformers (Figure 
2a).6, 7 The Hp-G4 equilibria are observed in 5′ UTRs of 
oncogenes.3 The equilibria are also observed at maturation 
sites of precursor micro RNA (miRNA).8 Thus the transition 
between two distinct interconverting G4 and Hp 
conformations has a profound influence on oncogene 
expression3 or dicer mediated miRNA maturation.8 Transfer 
RNA (tRNA) is one of the most abundant ncRNAs, 
accounting for about 15% of total cellular transcripts 
(Figure 1a). In this study, we investigated effect of high 
concentration of tRNA, which mimics the overexpression of 
tRNA in certain cancers, on Hp-G4 equilibria in the 5′ UTR 
of oncogenes sequences. When we monitored RNA 
conformational transition from Hp to G4 conformer using 
RNA oligonucleotide (Figure 2a) labeled with fluorophores, 
we observed decrease of FRET signal intensity in the 
presence of 20 µM tRNA (Figure 2b).3 The result suggested 
that Hp-G4 equilibrium is shifted (~60 %) towards the 
hairpin conformer. We also evaluated the influence of tRNA 
on the G4 mediated translation suppression by using 
reporter mRNAs, which have HpG4 sequences derived from 
5′ UTR of oncogene mRNAs. In all of the HpG4 sequences, 
the relative gene expression levels evaluated from luciferase 
activity were higher (up to 3.1-fold) in the presence of 20 
µM tRNA than in the absence of tRNA (Figure 2c).3 These results indicate that the Hp-G4 equilibria mediated 
translation can be modulated by targeting the tRNAs expression for therapy.   

4. Effect of base-pair variation in FMN riboswitch aptamer on ligand binding and riboswitch function 
Riboswitches function at the level of transcription and translation and their function depends on ligand 

binding properties (kinetics and affinity) of their aptamer domain.4 We have chosen flavin mononucleotide 
(FMN) riboswitch due its presence in pathogenic and biotechnologically important bacterial strains. FMN ligand 
decreases its fluorescence upon binding to riboswitch aptamer domain (Figure 3a).4,5 We have identified tuning 
regions that modulate ligand binding kinetics and affinity in FMN riboswitch aptamers by comparative analysis 
of kinetic parameters, which we obtained from stopped-flow measurement (Figure 3b) of several natural and 
mutated FMN riboswitch aptamers. Dissociation rate constants (kd) and affinities (KD) strongly depended on 
identities of base pairs in the aptamer stem regions.4 The results suggested that the compensatory base-pair 
variations in the stem regions are 

 
Figure 2. a) Predicted hairpin-G4 
conformational equilibria in HpG4-1 sequence 
(Fam=6-carboxyfluorescein; Tam = 
tetramethylrhodamine); b) FRET curves of Hp to 
G4 transition in presence of 0 or 20 µM tRNA 
concentration after addition of KCl ; c) Chosen 
HpG4 sequences (upper panel); Relative 
luminescence signals obtained from reporter 
mRNAs in the presence of 0 or 20 µM tRNA 
(lower panel).  
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conserved to tune the riboswitch function. Based on the 
results, we constructed two synthetic riboswitches from the 
same natural aptamer domain by rationally modifying the 
stem regions. We observed ~10-fold differences of EC50 
values of FMN-mediated suppression of gene expression 
between these two riboswitches (Figure 3c) that corresponded 
to the differences of KD (data not shown) between their 
parental aptamer.4 These result suggested that the gene 
expression can be controlled rationally by adjusting our 
identified tuning regions for biotechnological applications.  

4. Conclusion  
We have studied the effect of cellular abundant ncRNAs 

as well as effect of RNA nucleotide sequence on the 
conformational equilibria of regulatory ncRNAs in human and 
bacteria, respectively. We also demonstrated that the 
conformational equilibria in ncRNAs can be rationally 
modulated by altering the other cellular RNA concentrations 
or by altering the nucleotide sequence in the important regions 
that enables regulation of the gene expression. These studies 
are important to understand the gene regulation mechanism in 
humans and bacteria. We consider that the regulatory ncRNAs 
are promising therapeutic targets and able to be a useful 
module for biotechnological applications.  
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Figure 3. a) Schematics of riboswitch 
aptamer-FMN binding; b) Time dependent 
FMN fluorescence after addition of 0 to 300 
nM of RNA aptamer; c) Luciferase activity for 
riboswitches with natural aptamer domain and 
rationally designed aptamer domain obtained 
from coupled transcription/translation assay in 
presence of various concentration of FMN.  
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X Conjugate 1
DNA 365 nm

 
Figure 1. (a) DNA Conjugate

 (b) Conjugate 1  (c) Conjugate 2  
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chemogenetics (i) DREADD, (ii) Optochemical genetics, (iii) 
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Fig. 1. 細胞膜受容体に対する代表的な chemogenetics. 
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chemogenetics

“Metallo-chemogenetics ( OcCC: On-cell Coordination Chemistry)”

chemogenetics



 13 

nM~µM
His, Glu, Asp, 

Cys, Met

metallo-chemogenetics
(GluR) (Fig. 2)2 GluR

GluR
GluR

His
His GluR Pd(bpy)(NO3)2 (bpy: 2,2’- )

His
GluR

 
metallo-chemogenetics class A GPCR 9

class A 
GPCR

class A GPCR

 

 
5.  

chemogenetics optogenetics
10

 
 

 
 

( ) (  ) (  )
( 2 ) ( 1 )  

 
 

1. (a) Islam, K. ACS Chem. Biol. 10, 343 (2015). (b) Zorn, J. A., Wells, J. A. Nature Chem. Biol. 6, 179 (2010). 2. Kiyonaka, 
S., Kubota, R., Hamachi, I. et al. Nature Chem. 8, 958 (2016). 3. (a) Spencer, D. M. et al. Science 262, 1019 (1993). (b) Peter 

J. Belshaw. et al. Angew. Chem. Int. Ed. 34, 2129 (1995). 4. Bishop, A. C. Nature 407, 395 (2000). 5. (a) Bruchas, M. R., 
Roth, B. L. Trends Pharm. Sci. 37, 279 (2016). (b) Roth, B. L. Neuron 89, 683 (2016). (c) Armbruster, B. N. et al. Proc. Natl. 

Acad. Sci. USA 104, 5163 (2007). (d) Vardy, E. et al. Neuron 86, 936 (2015). 6. Magnus, C. J. et al. Science 333, 1292 
(2011). 7. Fehrentz, T. et al. Angew. Chem. Int. Ed. 50, 12156 (2011). (b) Volgraf, M. et al. Nature Chem. Biol. 2, 47 (2006). 

(c) Levitz, J. et al. Nature Neurosci. 16, 507 (2013). (d) Caporale, N. et al. Mol. Ther. 19, 1212 (2011). 8. Shields, B. C. et al. 

Science 356, eaaj2161 (2017). 9. Kubota, R. et al. Manuscript in preparation. 10. Jeong, J.-W. et al. Cell 162, 662 (2015).

Fig. 2. Metallo-chemogeneticsによるグルタミン酸受容体の活性化. 
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第４回バイオ関連化学シンポジウム若手フォーラム開催報告	 
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参加者集合写真。多くの方に参加していただき盛会となりました。どうもありがとうございました。第 5 回バイ

オ関連化学シンポジウム若手フォーラムは小松	 徹先生らの尽力のもと、2017 年 9 月 6 日、東京大学にて開催され

ます。	 
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お知らせ	 

	 

平成２９年度	 生体機能関連化学部会役員	 

【部会長】 
 浜地 格 (京大院工) 
 
【副部会長】 
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 島本 啓子 (サントリー生命科学財団) 
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 築地 真也 (名工大材料科学フロンティア) 
 廣田 俊 (奈良先端大物質創成) 
 藤井 浩 (奈良女子大院自然科学) 
 深瀬 浩一 (阪大院理) 
 本間 実咲 (武田薬品) 
 村上 裕 (名大院工) 
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平成２９年度	 生体機能関連化学部会若手の会支部幹事	 

	 

【北海道・東北支部】 
 三友 秀之 (北大電子研) 

 高岡 洋輔 (東北大院理) 
  
【関東支部】 

 竹澤 悠典 (東大院理) ※ 若手の会代表幹事 
 安部 聡 (東工大生命理工学院) 
 小松 徹 (東大院薬) 

  
【東海支部】 
 久松 洋介 (名市大院薬) 

 愛場 雄一郎 (名大院理) 
 
【関西支部】 

 大洞 光司 (阪大院工) 
 多幾山 敬 (塩野義製薬) 
 柴田 知範 （阪大産研） 

  
【中国・四国支部】 
 鈴木 優章 (島根大院総合理工) 

 杉川 幸太 (広島大院工) 
 
【九州支部】 

 内之宮 祥平 (九大院薬) 
 石塚 匠 (宮崎大医学) 
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