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I. Supplementary figures and discussion
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Figure S1. Influence of adjacent loop residues including (A) cytosines and (B) guanines on the fluorescence

of looped-out 2-AP in DNA duplexes.
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Figure S2. Fluorescence spectra of 2-AP in parallel and antiparallel folded FG9A stabilized by K* and Na*

respectively.
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Figure S3. Effect of Pb?" on the fluorescence of looped-out 2-AP in duplex
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Figure S4. Fluorescence spectra of 2-AP in propeller-like loop and lateral loop by folding FG5A with

different ions.
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Figure SS. Fluorescence analysis of 2-AP in different loops of parallel G-quadruplexes. (A) Illustration of 2-
AP in the first loop (FG6A), the second loop (FG10A) and the third loop (FG14A) in parallel G-
quadruplexes. (B) fluorescence spectra (C) CD spectra of 2-AP in each loop.



We further tested whether the fluorogenic 2-AP containing loop is applicable to determine any one of the
three propeller-like loops in parallel G-quadruplex. We designed three sequences (FG6A, FG10A, FG14A)
adapted from PW17!, of which each sequence contains a three-base loop when the parallel G-quadruplex is
formed in the presence of K* (Figure S5A). Similaily, the positive band around 265 nm and the negative one
near 245 nm in CD spectra (Figure S5B) in the presence of K* show that all the three G-quadruplexes adopt
parallel conformation, proving the existence of propeller-like loops in these G-quadruplexes. We next
explored the fluorescence performance of 2-AP from the first propeller-like loop to the third one. Indeed, the
fluorescence intensity of 2-AP in each loop is around 300 a.u., much the same as that of the 3-base propeller-
like loop (Figure S5C vs. Figure 5B), demonstrating that the fluorogenic 2-AP-containing loop is applicable
to any one of the three propeller-like loops in parallel G-quadruplex, providing the possibilities to identify
G-quadruplex folding topology in human telomeric (3+1) G-quadruplex.
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Figure S6. Solvent effect of PEG 200 on the fluorescence properties of the 2-AP incorporated G-quadruplex

forming strand (A) In the absence and (B) presence of K*.

Our presented method is in principle applicable to fast identifying the parallel conformation of human
telomeric G-quadruplex by illustrating that all loops are the double-chain reversal. The parallel-stranded
human telomeric G-quadruplex has been reported able to be induced from the hybrid type by 40% PEG-200
under molecular crowding conditions in the presence of K*, reflected by a sharp increase in the 2-AP
fluorescence.”> However, we find that the fluorescence of 2-AP gradually increases with increasing
concentrations (0-80%) of PEG-200, independent of cations (Figure S6). Given that 2-AP is greatly
influenced by the polarity of the solvent,? our observations strongly suggest that the fluorescence change

upon addition of PEG-200 mainly originates from the solvent effect rather than the structure conversion of



the G-quadruplex. Although the CD spectra were also measured in the absence and presence of PEG-200,? it

cannot be used alone as a definitive tool for G-quadruplex structural classification,’ as CD only reports on

base stacking environment rather than strand polarity and thus causes false positive results.”-10
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Figure S7. Application of this G-quadruplex probe to the analysis of K* in freshly collected lake water. (A)
Fluorescence emission spectra of fluorogenic FG9A by adding increasing concentrations of K* (0 to
200 mM) into the working system. (B) Relationship between the fluorescence intensity of 2-AP at
370 nm and the K* concentration. The inset shows a linear relationship in the concentration range of
K* from 0.2 mM to 2 mM. Error bar represents the standard deviation (n = 3).

Table S1. Comparison with other G-quadruplex based fluorescent method for K* detection.

Method

Detection limit Linear range

PPIX binding K*-stabilized parallel G-quadruplex'!

G-quadruplex lighting up thioflavin T for “turn on” detection of K*!2

pyrene-labeled aptamer'?

fluorescein-labeled G-quadruplex !4

this work

0.5 mM 2-20 mM
1 mM 0.1-20 mM
0.4 mM 0-20 mM
~mM 2-10 mM
25 uM 0.1-2 mM
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Figure S8. DNA sequences of 2-AP loop in duplex study.
Table S2. The DNA sequences of 2-AP loop in duplex study.

Name Sequence (5’-3’)

Cytosine-Duplex-2AP CCTTTCCCCTTCTTTCCA,CCTTTCTTCCCCTTTCC

Cytosine-Duplex-c0 GGAAAGGGGAAGAAAGGTGGAAAGAAGGGGAAAGG
Cytosine-Duplex-c1 GGAAAGGGGAAGAAAGGGGAAAGAAGGGGAAAGG
Cytosine-Duplex-c2 GGAAAGGGGAAGAAAGGGAAAGAAGGGGAAAGG
Cytosine-Duplex-c3 GGAAAGGGGAAGAAAGGAAAGAAGGGGAAAGG
Cytosine-Duplex-c4 GGAAAGGGGAAGAAAGAAAGAAGGGGAAAGG

Cytosine-Duplex-c5 GGAAAGGGGAAGAAAAAAGAAGGGGAAAGG

Thymine-Duplex-2AP CCTTTCCCCTTCTCCTTA,TTCCTCTTCCCCTTTCC

Thymine-Duplex-cO GGAAAGGGGAAGAGGAATAAGGAGAAGGGGAAAGG
Thymine-Duplex-c1 GGAAAGGGGAAGAGGAAAAGGAGAAGGGGAAAGG
Thymine-Duplex-c2 GGAAAGGGGAAGAGGAAAGGAGAAGGGGAAAGG
Thymine-Duplex-c3 GGAAAGGGGAAGAGGAAGGAGAAGGGGAAAGG
Thymine-Duplex-c4 GGAAAGGGGAAGAGGAGGAGAAGGGGAAAGG
Thymine-Duplex-c5 GGAAAGGGGAAGAGGGGAGAAGGGGAAAGG
Guanine-Duplex-2AP CCTTTCCCCTTCTTTGGA,GGTTTCTTCCCCTTTCC
Guanine-Duplex-c0 GGAAAGGGGAAGAAACCTCCAAAGAAGGGGAAAGG
Guanine-Duplex-c1 GGAAAGGGGAAGAAACCCCAAAGAAGGGGAAAGG
Guanine-Duplex-c2 GGAAAGGGGAAGAAACCCAAAGAAGGGGAAAGG
Guanine-Duplex-c3 GGAAAGGGGAAGAAACCAAAGAAGGGGAAAGG
Guanine-Duplex-c4 GGAAAGGGGAAGAAACAAAGAAGGGGAAAGG
Guanine-Duplex-c5 GGAAAGGGGAAGAAAAAAGAAGGGGAAAGG

1-Base loop G4 2-Base loop G4 3-Base loop G4

Figure S9. DNA sequences of 2-AP loop size study in G-quadruplex.




Table S3. DNA sequences of 2-AP loop in G-quadruplex study.

Name Sequence (5’-3’)

PW17 GGGTAGGGCGGGTTGGG

FG5A GGGTA,GGGCGGGTTGGG

FG9A GGGTAGGGA,GGGTTGGG

T30177 GTGGTGGGTGGGTGGGT
T30177-TT TTGTGGTGGGTGGGTGGGT

FG6A GGGTTA,GGGTGGGTGGG

FG10A GGGTGGGTTAGGGTGGG

FG14A GGGTGGGTGGGTTA GGG

1-Base loop G4 GGGA,GGGCGGGTTGGG

2-Base loop G4 GGGTA,GGGCGGGTTGGG

3-Base loop G4 GGGTTA,GGGTGGGTGGG

Human Telomere-1 TAGGGTTA,GGGTTAGGGTTAGGG
Human Telomere-2 TAGGGTTAGGGTTA,GGGTTAGGG
Human Telomere-3 TAGGGTTAGGGTTAGGGTTAGGG

The colored base indicates the 2-aminopurine substitution.
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