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Figure. 2 Systematic evaluation of the correlation between the molecular conductance and the HOMO level. a) Chemical
structures and HOMO levels of dA and dG analogues. Quantum chemical calculations were conducted by DFT using B3LYP/6-
311+G(d,p)//B3LYP/6-31+G(d). b) A schematic illustration of the current measurement of the oligonucleotides. ¢) Conductance
histograms of the dA analogues and two Gaussian fittings. d) Plots of the Gu values against square inverse of the energy gap
between the Fermi level of the gold and the HOMO level of the nucleoside (1/(Er—eromo)?). Reprinted with permission from 4CS
Nano, 2019, 13, 5028-5035. Copyright 2019 American Chemical Society.



WORAEDNE 7o 7z, BARIIZIZ, 350pS LA ED > 7 VDG % ik U 72 RF, dA B T azdA (17.0%)
< dA (23.0%) < dzdA (37.2%). dG FERIA T azdG (13.8%) < dG (34.6%) < dzdG (46.6%) TH -7z,

XD EE GO0, EA T LADOWIRICER LK ZITo 7., WTNOMBELICOWTH |
ANTILE AR E 7 AMCTHEDH D, mavyy sy ANl HEETH > 7z, £ T,
LA L% 2ODERDHDE LAY (two Gaussian fittings) ICED 74 v T4 v 727 ET A,
5i<%ﬁ?%5:&ﬁﬁ@oh(n@mn)o::?\%:y¢7&y2M®E—7(@g@;&vﬁyP
BICTEPHETH 2D L K3 vy ¥ 78 v AlOE =7 (GL) TRHIZIEEDR B>, 2SO EH S, G
I RGO E N2 KT 2 DICf L, GLIFHX 7 LAY FicikE ?‘é#ﬁm%%%ﬁm/ A4 RIZEY
L EEZoNT, Ziuk, BEKOELAESG & LT 1,2-dideoxyribose % HI7E L 72B%. G T I § 2 (K58
Ehy 7P ARG L W) EREE» S LRI NG, 220, MBEROEEEOERELE L CHa v
508 ZAMDE— 74l (Gu) ZBHA L T, I/Er-erono)? (SR LT7ay b LIE T A, dA BHRIE, dG Bk
FEDOWTNTHIEOMHBIDE & 17 (Figure 2d) . DA LD 6, EEMLE HOMO L~V OB IERE I 17,

[SEEMIERAZLE dzdA ZRAWVE 4 IEEGES OEBIREEE] iy <. FEEMBE v 4 f
EEIES (ATGC) DEFHEHED 72 & DHEMEDIRE 2 ik A7z, Bib D K 9 12, BEEKBEOHTH | R dA
X, dC dG EHEEMEIRESCEARD, FRPE L v, 22T, dA & ZDMMIBEREOEZINET 57-9
dA Z BRI ERE RO BB ICIERLT 2 g2 5 L 72 (Figure3a) ., £ 2 C, Hiffilck T, EHEKLIE
HEED ) b TIROEEETH 5 dG ITHA, X D ECEEMEZ IR dA B, 7-deaza dA (dzdA) IZEH L 72
(Figure 2¢,d) , DzdA |& DNA GHIESRIC X 2HUD IAA DY dA L RIFEORE, 2R Ciibits dA Figiktd
%, dzdA & EEMERZIEIEIE (Figure3b) OEHEMDIL L 72 L 25, dzdA F TN OEMEKEER L D Ew
ﬁm@%ﬁ?%LT%é EDVRE N7z (Figure3c) , BARINICIZ,AG & BT dzdA D Gu i3 42pS Hilo,
ZOfElx, FEMERESEIE TR D ZEDRE W AT & dG D7 (39 pS) ICVLEL . dzdA 2MEHERZEAIE L & 23R
u&%?%&@hwm““kLTﬁ%&%ﬁ?ﬁﬁ%@%ﬁifw%:k%%?oML#E\dA%dMA«
B2 2 LT, 4 EEEESHOEEEDAREZINRTE S 2 L2 EIEL 7%,

BBIT, dzdA 2 & 07 4 FBENE S22 5 7% 2 DNA BLFI O BT ATREME OREEED 72 & | BRI S“A“ L LT,
dA b L3 dzdA ZEH AV X7 LA F P (5-dTGTXCT)-3', X = dA or dzdA) D H BB %Z T
72o T5L, dzdA ZETEIITAG D GufETH % 291pS # A 2V ¥ 7 ¥ v AMEDBHENKRE { EFH

a) o dA alternative c) GL G GL. Gu Rel.
rimer
compoa 5 —000 4« @ ; can | 969 G
Template DNA/RNA 3" —— QOO 5 e
L, H 182 324 1.40
Template DNA/RNA Comp DNA | — Nl
0000 5 —OOOH—s A e
A . . 186 281 1.21
5 S s T B
2 J_I_LL CorA c g . A
© T i | 185 271 1.17
Undistinguishable —> Distinguishable 1 ' 7
HOMO dC
b) , —t —t—s 10 . | 182 261 1.13
—6.92 658651 624 612 1 ERE
NH, o
. daT
ﬁ)% éf\) <ffi (XJ I 172 232 1.00
7 T
dT dG dZdA 102 Conductance (pS) 108

Figure. 3 Molecular conductance of dzdA and canonical nucleosides. a) A schematic representation of enzymatic replacement
of canonical dA with conductive dA analogue (dA*) to prepare decodable oligonucleotide samples. b) Chemical structures of
nucleobases and their HOMO levels. ¢) Conductance histograms of dzdA and canonical nucleosides and two Gaussian fittings.
Reprinted with permission from ACS Nano, 2019, 13, 5028-5035. Copyright 2019 American Chemical Society.
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Figure. 4 Chemical labeling-assisted differentiation of the molecular conductance between the modified nucleobase and the
canonical nucleobases. a) Scheme of labeling reaction to convert SfdU to BzIm-dU. b) HOMO levels and conductance histograms
of the nucleotides. ¢) Typical current traces of TXTXT sequences where X is BzIm-dU (upper) and 5fdU (lower). d) Conductance
histograms of the sequence TXTXT constructed using all data points of signals with maximum intensity in the top 15% and a
length over 2 ms. e) Partial sequencing of the stepwise signal of TXTXT sequence (X = BzIm-dU). Reproduced with permission
from ChemBioChem, 2019, doi: 10.1002/cbic.201900422. Copyright 2019 Wiley-VCH.
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Figure. 5 Molecular conductance of 5-modified dU and di-substituted benzene. Chemical structures and 75 percentiles of
molecular conductance of a) dU derivatives modified with benzimidazole analogues, b) dU derivatives modified with aurophilic
functional groups and c) di-substituted benzenes modified with aurophilic functional groups. d) Conductance histograms of dT ,dG
and EtdU and two Gaussian fittings to the histograms.
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