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Figure S1. Structural models of the covalently linked Rev-RRE complex. RNA and peptide subunit 

are linked through a peptide linker (a) GGSGGSG, (b) GGSGGSGG and (c) GGSGGSGGSG. The 

models were constructed based on the three dimensional structure of Rev-RRE (PDB ID: 1etf)S1. The 

structure of the linker portion was optimized with CHARMm force field by using Discovery Studio 

ver. 3.1.  
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Figure S2. A PAGE image shows purity of the covalently linked RNP sensors. The purity of each 

sample was confirmed by the denaturing gel electrophoresis (6 M Urea, 15% PAGE). Each lane shows 

G23 RNA (Lane 1), c-G23/Pyr-Rev (Lane 2), A26 RNA (Lane 3), c-A26/5FAM-Rev (Lane 4), 

respectively. 
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Figure S3. A PAGE image shows formation of the covalently linked A26/5FAM-Rev. The reaction 

mixture was analyzed by the denaturing gel electrophoresis (6 M Urea, 15% PAGE) and the yield of 

reaction was calculated from the band intensity by using the Image J software. Each lane shows A26 

RNA (Lane 1), c-A26/5FAM-Rev that was formed under the native condition (Lane 2), 

c-A26/5FAM-Rev that was formed under the denaturing condition containing 6 M Urea (Lane 3), 

respectively. The ratio of the band corresponding to cRNP was 92% (lane 2) and 89% (lane 3). 
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Figure S4. (a and b) Fluorescence titration analyses of c-An16/Cy5-Rev and c-G23/5FAM-Rev by 

ATP and GTP, respectively. Fluorescent titration analyses were performed for (a) the ATP sensor (200 

nM c-An16/Cy5-Rev) at 670 nm and (b) the GTP sensor (200 nM c-G23/5FAM-Rev) at 535 nm with 

ATP (circles) or GTP (triangles) at 4 °C. (c and d) A solution containing both the ATP sensor 

c-An16/Cy5-Rev and the GTP sensor (200 nM c-G23/5FAM-Rev) was titrated with ATP (circles), 

GTP (triangles), or a 1:1 mixture of ATP and GTP (squares) at 4 °C. Detection at (c) 670 nm or at (d) 

535 nm revealed a selective detection of the ATP or GTP concentration. (e) Dissociation constants of 

the c-RNP sensors for ATP and/or GTP in the absence or presence of the other sensor. 
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Figure S5. Saturation curves for the relative fluorescence intensity changes of c-A26/5FAM-Rev and 

A26/5FAM-Rev by titration with Ado in a buffer containing 10 mM Tris-HCl (pH 7.6), 100 mM NaCl, 

10 mM MgCl2, and 0.005% Tween 20. (a) Titration of the ATP-binding fluorescent RNP complexes 

c-A26/5FAM-Rev (1 nM, purple reverse triangles; 10 nM, green triangles; 100 nM, blue squares; 

1000 nM, red circles) with ATP at 4°C and (b) A26/5FAM-Rev (100 nM, blue squares; 500 nM, 

orange diamonds; 1000 nM, red circles) with Ado at 4°C are shown. (c) Titration profiles of the 

ATP-binding fluorescent RNP complexes c-A26/5FAM-Rev and (d) A26/5FAM-Rev with Ado at 

different temperatures (4°C, red circles; 15°C, blue squares; 25°C, green triangles) are shown. The 

dissociation constant (KD) and the maximum relative fluorescence intensity for the ATP complex of 

each RNP are shown in the inset. 
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Figure S6. Quantitation of the peak area for given concentration (5, 10, 30, 50 and 100 µM) of (a) 

Ado and (b) Ino measured by HPLC analysis. The values were used for calculating standard curves for 

the quantitation of the adenosine deaminase reaction. (c) The standard curves for conversion from the 

peak area to the substrate concentration, Ado (pink squares) and Ino (blue diamonds).  
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Figure S7. Peak area of (a) substrate (Ado) and (b) product (Ino) measured by HPLC analyses in the 

adenosine deaminase reaction at a given reaction time (10, 20, 30, 45, 60, 75, 90, 120 and 150 min.). 

(c) Time course profiles for the concentration changes of Ado (pink squares) and Ino (blue diamonds) 

in the adenosine deaminase reaction. Concentrations of Ado and Ino were converted from the peak 

area by using the standard curves (Figure S6). A sample was prepared by mixing c-A26/5FAM-Rev, 

c-G23/Pyr-Rev, and 100 µM Ado in 10 mM Tris-HCl (pH 7.6) containing 100 mM NaCl, 10 mM 

MgCl2, and 0.005% Tween 20. The sample was incubated for 30 min at 15°C, and then 0.1 mU of 

ADA was added to start the reaction. 
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Figure S8. The ATP sensor c-A26/5FAM-Rev and the GTP sensor c-G23/Pyr-Rev were titrated with 

Ado at 535 nm (red circles), Ino at 380 nm (blue squares). The tables show the fluorescence intensities 

of c-RNP sensors (a) c-A26/5FAM-Rev with Ado and (b) c-G23/Pyr-Rev with Ino. (c) Titration 

curves for c-RNP sensors by Ado or Ino. Dissociation constants and the minimum and the maximum 

fluorescent intensity that were obtained by fitting the data to theoretical titration curves were shown 

above the chart. 
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Figure S9. MALDI-TOF MS spectra of cRNP sensors. (a) c-A26/5FAM-Rev in negative mode 

detection (orange), (b) c-A26/5FAM in positive mode detection (light green), (c) c-G23/Pyr-Rev in 

negative mode detection (light purple), and (d) c-G23/Pyr-Rev in positive mode detection (pink). 

c-A26/5FAM-Rev: M+ calcd: 21557.3; c-G23/Pyr-Rev: M+ calcd: 21507.4. 
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Figure S10. Reverse-phase HPLC chromatograms for the analyses of cRNP sensors 

c-A26/5FAM-Rev and c-G23/Pyr-Rev after purification by the denaturing gel electrophoresis (6 M 

Urea, 15% PAGE, Figure S2) as described in Materials and Methods. (a) A26 RNA (red line) and 

c-A26/5FAM-Rev after the purification (black line). (b) G23 RNA (blue line) and c-G23/Pyr-Rev after 

the purification (green line). The percentage for each peak area is indicated (upper right). The mobile 

phase consisted of 50 mM ammonium formate (eluennt A) and acetonitrile (eluent B). Samples were 

eluted with the gradient of eluent B increased from 3% to 23% in 40 min, and monitored at 260 nm. 

The flow rate was 1 mL/min for the reversed phase column Inertsil C8-3 (250 x 4.6 mm, particle size 

5 µm, GL Sciences Inc).  
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