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Materials

RNA was dissolved in DEPC water to a concentration of 100 uM. Iridium chloride
hydrate (IrCl;.xH,0) was purchased from Precious Metals Online (Australia). Other
reagents, unless specified, were purchased from Sigma Aldrich (St. Louis, MO). All
oligonucleotides were synthesized by Techdragon Inc. (Hong Kong, China). RNase H
was purchased from New England Biolabs Inc. (Beverly, MA, USA).

General experimental

Mass spectrometry was performed at the Mass Spectroscopy Unit at the Department
of Chemistry, Hong Kong Baptist University, Hong Kong (China). Melting points
were determined using a Gallenkamp melting apparatus and are uncorrected.
Deuterated solvents for NMR purposes were obtained from Armar and used as
received.

'H and BC NMR were recorded on a Bruker Avance 400 spectrometer operating at
400 MHz ('H) and 100 MHz (13C). 'H and 3C chemical shifts were referenced
internally to solvent shift (acetone-ds: 'H, 2.05, 13C, 29.8). Chemical shifts (are quoted
in ppm, the downfield direction being defined as positive. Uncertainties in chemical
shifts are typically £0.01 ppm for 'H and +0.05 for 3C. Coupling constants are
typically +0.1 Hz for 'H-'H and +0.5 Hz for 'H-13C couplings. The following
abbreviations are used for convenience in reporting the multiplicity of NMR
resonances: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. All NMR data was
acquired and processed using standard Bruker software (Topspin).

Circular dichroism (CD) spectra were recorded on a JASCO-815 spectropolarimeter
using 1 cm path length quartz cuvettes. Spectra was collected between 220 nm and
335 nm, using 2 cm bandwidth, 50 nm min! scan speed and two scans. The data were

baseline corrected using CD spectra of buffer alone.
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Photophysical measurement

Emission spectra and lifetime measurements for complexes 1-7 were performed on a
PTI TimeMaster C720 Spectrometer (Nitrogen laser: pulse output 337 nm) fitted with
a 455 nm filter. Error limits were estimated: A (=1 nm); t (£10%); ¢ (£10%). All
solvents used for the lifetime measurements were degassed using three cycles of

freeze-vacuum-thaw.

Luminescence quantum yields were determined using the method of Demas and
Crosby [1] [Ru(bpy);][PFs], in degassed acetonitrile as a standard reference solution

(@, =0.0602) and calculated according to the reported equation:
@, = O(B,/B;)(ny/n,)(Dy/D,)

where the subscripts s and r refer to sample and reference standard solution
respectively, n is the refractive index of the solvents, D is the integrated intensity, and
® is the luminescence quantum yield. The quantity B was calculated by B =1 — 10Z,
where A is the absorbance at the excitation wavelength and L is the optical path

length.

Luminescence responses of complexes 1-7 towards different forms of DNA.

Stock solutions of complexes 1-7 were obtained by dissolving the complexes in
acetonitrile to a concentration of 1 mM. The G-quadruplex DNA-forming sequences
Pu22, c-kitl, c-kit87up, dim-G4, HTS, Pu27 and PS2.M were annealed in Tris-HCI
buffer (10 mM Tris, 75 mM KCI, pH 7.4) and were stored at —20 °C before use.
Complexes 1-7 (1 uM) was added to 5 uM of ssDNA, dsDNA or various G-
quadruplex DNA in Tris-HCI buffer (10 mM Tris-HCI, pH 7.4), then their emission
intensity were tested.

The luminescence selectivity ratio  (/g_quadruplex/ZssoNa  OT  IG-quadruplex/Zaspna) — OF
complexes 1-7 (Figure S1) is defined as the luminescence response enhancement of
the complexes towards G-quadruplex (/G.quadruplex’Zo) divided by the luminescent

response enhancement towards sSDNA (Iipna/ly) or dSDNA (Zgspna/lp), respectively.

FRET melting assay.
The ability of 7 to stabilize G-quadruplex DNA 5-FAM-GTG3;TAG;CGsT, Gs-

TAMRA-3' (F-PS2.M-T) or dsDNA 5-FAM-TATAGCTA-HEG-TATAGCTATAT-
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TAMRA-3' (F-10-T) was investigated using a fluorescence resonance energy transfer
(FRET) melting assay. The experimental procedure was similar to previously

described.[2]

G-quadruplex fluorescent intercalator displacement (G4-FID) assay.

The G4-FID experiment was to evaluate the binding affinity of 7 to G-quadruplex
DNA PS2.M or dsDNA ds17. The experiment procedure was the same as previously
reported.[3]

Total cell extract preparation

The TRAMP-C1 (ATCC® CRL2730™) cell line was purchased from American Type
Culture Collection (Manassas, VA 20108 USA). Prostate cancer cells were
trypsinized and resuspended in TE buffer (10 mM Tris—HCI 7.4, 1 mM EDTA). After
incubation on ice for 10 min, the lysate was centrifuged and the supernatant was

collected.

Detection of RNase H in buffered solution.

The G4 DNA PS2.M (100 uM) and the designed RNA (100 uM) were mixed in an
equimolar ratio and heated to 95 °C for 10 min, and then cooled down gradually to 25
°C over 2 h to obtain a stable double-stranded RNA/DNA hybrid, which was verified
by CD spectroscopy. The prepared RNA/DNA complex was stored at —20 °C before
use. For RNase H detection, certain amount of RNA/DNA hybrid (50 uM) was
incubated with various amounts of RNase H in RNase H reaction buffer (50 mM Tris-
HCI, 75 mM KCl, 3 mM MgCl,, 10 mM DTT, pH 8.3 @ 25°C) at 37 °C in a total
reaction of volume of 50 pL. The mixture was incubated for 50 min to allow the
digestion of the RNA portion of the RNA/DNA hybrid and the release of the G-rich
DNA sequence. RNase H was then inactivated by heating the mixture to 95 °C for 5
min, followed by the addition of K* ions (final concentration 50 mM) to promote the
formation of the G-quadruplex structure. Finally, the reaction solution was diluted to
500 pL with Tris-HCI buffer (10 mM Tris-HCI, pH 7.4), and 0.75 uM complex 7 was
added to the mixture. Emission spectra were recorded in the 480—760 nm range using

an excitation wavelength of 310 nm. The detection of RNase H in cell extract was
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carried out according to the operation procedures used in the buffered solution. The

only difference is that the RNase H reaction buffer was added into 5 pL cell extract.

Synthesis

Complexes 1 and 2: Reported.[4]

Complex 3: Reported.[5]

Complex 4: Reported.[6]

Complexes 5 and 6: Reported.[4]

Complex 7: The complex 7 was synthesized according to a modified literature
method. The precursor iridium(IIl) complex dimer [Ir,(phq)4Cl,] (2-phenylquinoline)
was prepared as previously reported.[7] Then, a suspension of [Iry(phq)4Cl;] (0.1
mmol) and the corresponding N*N ligand 4,7-dimethyl-1,10-phenanthroline) (0.22
mmol) in a mixture of DCM:methanol (1:1.2, 20 mL) was refluxed overnight under a
nitrogen atmosphere. The work-up procedure was the same as previously reported [8].
Complex 7 was characterized by 'H-NMR, '3C-NMR, high resolution mass
spectrometry (HRMS) and elemental analysis.

Complex 7. Yield: 40%. '"H NMR (400 MHz, acetone-dy) 6 8.59-8.51 (m, 4H), 8.47
(d, J=9.0 Hz, 2H), 8.29 (d, J = 8.0 Hz, 2H), 8.23 (s, 2H), 7.91 (d, J = 5.4 Hz, 2H),
7.81 (dd, J = 8.1 Hz, 2H), 7.40-7.33 (m, 2H), 7.28 (t, /= 8.0 Hz, 2H), 7.21 (d, J = 8.1
Hz, 2H), 6.94-6.81 (m, 4H), 6.66 (dd, J = 7.8 Hz, 2H), 2.89 (s, 6H). 3C NMR (100
MHz, acetone-ds) & 171.32, 152.36, 149.89, 148.98, 148.51, 147.29, 147.11, 141.01,
135.57, 131.47, 131.33, 131.05, 129.97, 128.55, 128.29, 128.22, 127.49, 125.15,
125.11, 123.71, 118.91, 18.99. MALDI-TOF-HRMS: Calcd. for C44H3,IrN, [M—PF¢]*:
809.2256 found: 809.2244. Anal.: (C44H3,FcIrN4P + 3H,0) C, H, N: calcd. 52.43,
3.80, 5.56; found 52.21, 3.40, 5.67.
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Table S1. Photophysical properties of iridium(IIl) complexes 1-7 in acetonitrile at

298 K.
Complex | Quantum | A,/ nm | A,/ nm | Lifetime UV/vis absorption
yield /us Aavs / nm (&/ dm*mol-'em™!)

1 0.12 297 570 8.13
270 (5.72 x 10%), 333 (2.06 x 10%)

2 0.06 295 575 1.84 234 (2.55 x 10%), 262 (2.20 x 10%),
286 (2.67 x 10%). 350 (7.91 x 103)

3 0.38 292 566 4.84
228 (6.7 x 103), 282 (1.2 x 104)

4 0.26 289 560 3.43 214 (9.717 x 10%), 240 (6.091 x 10%),
282 (7.874 x 10%). 337 (2.896 x 104

5 0.09 293 570 1.96
270 (3.13 x 10%), 337 (2.33 x 10%)

6 0.27 297 583 431
280 (3.6 x 10%), 429 (5.9 x 10%)

7 0.24 290 565 4.27 238 (6.72 x 10%), 274 (7.99 x 10%),

338 (2.83 x 10%). 444 (7.86 x 10%)
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Table S2. DNA sequences used in this project:

DNA Sequence

PS2.M 5'- GTG;TAG;CG3T,G,-3'

RNA 5'-CCAACCCGCCCUACCCAC-3’

PS2.M,, 5'-GTGTGTAGIGCGIGTTGC-3'

RNA,, 5'-GCAACACGCACUACACAC-3'

CCR5-DEL  5'-CTCAT,C,ATACAT,A3;GATAGTCAT-3’

ds17 5'-C,AGT,CGTAGTA,C5-3'
5'-G3T,ACTACGA,CTG,-3'

c-kit87up 5'- AG3AG;CGCTG3AG,AG; -3’

HTS 5'- G3TL,AG;T,AG;T,AG3-3'

Pu22 5'- G, T,G, TGTG;,T,G;y-3'

dim-G4 5'- G3T5G3T4G3T4G3-3'

Pu27 5'- TG4AG3TG4AG;TG4A,G,-3'

c-kitl 5'-AG3;AG;CGCTG;AGGAG;-3'

F-PS2.M-T 5-FAM-( GTG3TAG;CG;T,G;)-TAMRA-3’

F-10-T 5'-FAM-TATAGCTA-HEG-TATAGCTATAT-TAMRA-3'

The underline italic bases are mutated bases.
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Table S3 DNA sequences used in loop effect experiments:

n Sequence

1 5'-GTG3AG;CG3T,Gy-3'

2 5'-GTG3TAG;CG3T,Gy-3'

3 5'-GTG;TATG;CG3T2Gr-3'

4 5'-GTG;TLATG3CG3TrGy-3'
5'-side 5 5'-GTG;T,AT,G3CG3T,G,-3'
loop 6 5'-GTG3T;AT,G3CG3T,Gy-3'

7 5'-GTG;T:AT3G3CG3TLGy-3'

9 5'-GTG;T4AT4G3CG3TLGy-3'
11 5'-GTG;TsATsG3CG3T,G,-3'
13 5'-GTG3TeATsG3CG3T,Gy-3'
15 5-GTG;T7AT,G3CG3T,Gy-3'
17 5'-GTG;TATG3;CG3T,G,-3'

1 5'-GTG3TAG;CG3T,Gy-3'

5'- GTG3TAG;TCG;3T,G,-3'
5'- GTG3TAG;TCTG;T,G,-3'
5'- GTG3TAG;T,CTG3T,Gy-3'
5'- GTG3TAG;T,CTL2G3T2Gr-3'
5'-GTG;TAG;T:CT,G3T2Gy-3'
5'-GTG;TAG;T:CT3G3T2Gy-3'
5'-GTG;TAG;T4CT4G3T2Gy-3'
11 5'-GTG3TAG;TsCTsG3ToGy-3'
13 5'-GTG;TAG;T6CTG3T2Gy-3'
15 5'-GTG;TAG;T;,CT;G;T,G,-3'
17 5'-GTG3;TAG;TsCTsG3T,Gy-3'

central

loop

O 9 AN N B W

1 5'-GTG3TAG;CG3TG,-3'

5'-GTG;TAG;TCG3T,G,-3'
5'-GTG;TAG;TCG3T5G,-3'
5'-GTG;TAG;TCG3T4G,-3'
5'-GTG3TAG;TCG;Ts5Gy-3'
5'-GTG;TAG;TCG3T6Gy-3'
5'-GTG;TAG;TCG3T7Gy-3'

3'-side
loop

N N AW
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13
15
17

5'-GTG;TAG;TCG3ToG,-3'

5'-GTG;TAG;TCG3T;1Gy-3'
5'-GTG;TAG;TCG3T3Gy-3'
5'-GTG3TAGSTCG;T 5Gy-3'
5'-GTG;TAG;TCG3T;7Gy-3'
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Table S4 Comparison of the fluorescent or colorimetric-based RNase H activity

assays reported in recent years.

Method Detection limit | Reference Labeled
DNA?

A Series of Iridium(IIT) Complexes 0.125 U/mL This work No

With 2-Phenylquinoline Ligands as

Highly Selective Luminescent

Switch-on G-quadruplex Probes And

an Application in Ribonuclease H

Detection

A Quadruplex-Based, Label-Free, 0.2 U/mL [9] No

and Real-Time Fluorescence Assay

for RNase H Activity and Inhibition

Colorimetric Detection of HIV-1 27 U/mL [10] No

Ribonuclease H Activity by Gold

Nanoparticles
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Figure S1. Diagrammatic bar array representation of the luminescence enhancement
ratio of complexes 1-7 for PS2.M G4 DNA over ssDNA (CCRS5-DEL) or dsDNA
(ds17).
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Figure S2. G4-FID profiles for G4 DNA PS2.M and duplex DNA ds17 with the

increasing concentration of 7 in Tris-HCI buffer.
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Figure S3. (a) Luminescence enhancement of complex 7 as a function of loop size (a)
5'-side loop: 5'-GTG3TyAT,G3CG3T,G»-3' (n=1+x+y=1-7,9, 11, 13, 15 and 17)
(b) central loop: 5'-GTG3TAG;TCT,G3T,G,-3' (n=1+x+y=1-7,9, 11, 13, 15
and 17) and (c) 3'-side loop 5'- GTG;TAG;CG;T,G2-3' (n=1-7,9, 11, 13, 15 and 17)
(in nucleotides, the bold parts are the loop parts of PS2.M. The specific sequences are
in Table S3).
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Figure S4. The luminescence responses of complex 7 in the presence of different G4
DNA.
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Figure S5. Relative luminescence enhancement of the reaction system in the presence
or absence of 4 U/mL of RNase H (a) at different concentrations (25, 50, 75 and 100
mM) of K, (b) at different concentrations (0.25, 0.5, 0.75 and 1.0 uM) of RNA/DNA
hybrid, (¢) at different concentrations (0.25, 0.5, 0.75 and 1.0 uM) of complex 7.
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Figure S6. (a) Luminescence responses of the reaction system at the different reaction
time, (b) the linear relation of signal enhancement of the reaction system with
different reaction time.
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Figure S7. Emission spectral traces of complex 7 (0.75 uM), in the absence of or
presence of RNase H (0.125 U/mL) in Tris-HCI buffer (10 mM Tris-HCI, 50 mM KCI,
pH 7.4).
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