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1. Optimization of Experimental Conditions

To achieve the best performance, we optimized the experimental conditions including the

polymerization time of the TdT-catalyzed two-step extension reactions, the concentrations of hemin,

luminol and HEPES, and the ratio of dATP to dGTP. The polymerization time influences the length

of extension products and eventually the dendritic amplification efficiency of bio-bar codes. In the

TdT-catalyzed first-step polymerization reaction, the size of poly-T DNA band enlarges with the

reaction time from 5 to 120 min (Fig. S1A, lanes 2-6), indicating that the long polymerization time

induces the incorporation of more dTTPs into the 3’-OH end of HTLV-II DNA for the generation of

a longer poly-T sequence. In addition, we measured the variance of chemiluminescence intensity

with the reaction time of TdT-catalyzed first-step polymerization extension. As shown in Fig. S1B,

the chemiluminescence intensity enhances rapidly from 5 to 30 min and reaches a plateau at 30 min,

indicating that 30 min is the optimal reaction time for TdT-catalyzed first-step polymerization

extension. We further optimized the reaction time of the TdT-catalyzed second-step polymerization

extension. As shown in Fig. S1C, the size of G-rich DNA bands enlarges as a function of reaction

time from 5 to 60 min (Fig. S1C, lanes 2-6). Interestingly, the chemiluminescence intensity enhances

with the reaction time and reaches the highest value at 20 min (Fig. S1D). The discrepancy between

Fig. S1C and Fig. S1D may be explained by that the generation of an extremely long G-rich DNA

product after 20 min (Fig. S1C) may pose a steric hindrance for the formation of functional G-

quadruplex structures which are proportional to the chemiluminescence intensity (Fig. S1D). Thus,

20 min is selected as the optimal reaction time of TdT-catalyzed second-step polymerization

extension. Notably, under the same reaction time, the length of poly-T products obtained in the first-

step polymerization reaction (Fig. S1A) is much longer than that of G-rich products obtained in the
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second-step polymerization reaction (Fig. S1C), suggesting that TdT can incorporate more
mononucleotides into the 3’-OH end of ssDNA fragments in the presence of a dTTP pool than in the
presence of a ANTP pool (60% dGTPs and 40% dATPs).!** In addition, we optimized the hemin
concentration. Due to the dependence of catalytic kinetic of luminol-H,O» reaction upon the hemin
concentration,” the chemiluminescence intensity enhances with the increasing concentration of
hemin no matter the G-rich polymerization products are present or not.® As shown in Fig. S1E, the
I/lp value enhances with the increasing concentration of hemin from 0.75 to 750 nM, followed by a
sharp decrease beyond the concentration of 750 nM due to the relatively high background signal
(i.e. lp) induced by high-concentration hemin (I and lp are the chemiluminescence intensity in the
presence and absence of the G-rich polymerization products, respectively). Thus, 750 nM hemin is
used in the subsequent research. We further optimized the luminol concentration. As shown in Fig.
S1F, the 1/lp value improves with the increasing concentration of luminol from 0.05 to 0.5 mM,
followed by the decrease beyond the concentration of 0.5 mM due to the relatively high background
signals (i.e. lo) induced by high-concentration luminol. Thus, 0.5 mM Iuminol is used in the
subsequent research. Taking into account the effect of pH value upon the H,O-catalyzed luminol
oxidation reaction, we optimized the HEPES concentration. As shown in Fig. S1G, the I/lo value
enhances with the increase of HEPES concentration from 10 to 40 mM and reaches the highest value
at the concentration of 40 mM, followed by decrease beyond the concentration of 40 mM due to the
inhibition of luminol-H»O; reaction by high-concentration HEPES which leads to low pH value.
Thus, 40 mM is selected as the optimal HEPES concentration in subsequent research. We further
optimized the dATP-to-dGTP ratio to obtain the efficient G-rich DNAzyme. As shown in Fig. S1H,
the chemiluminescence intensity increases with the decrease of dATP-to-dGTP ratio from 100%:0%
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to 40%:60% and reaches the maximum value at the ratio of 40%:60%, followed by the decrease

beyound the radio of 40%:60%. Thus, 40%:60% is selected to be the optimal dATP-to-dGTP ratio

in subsequent research.
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Fig. S1 (A) Agarose gel electrophoresis analysis of TdT-catalyzed first-step polymerization products

at different reaction time in the presence of 0.4 U TdT and 10 uM dTTPs. Lane M is the DNA
S-4



marker; Lane 1 shows the products in the absence of TdT; Lanes 2-6 show the products in the

presence of TdT at reaction time of 5, 10, 30, 60, and 120 min, respectively. (B) Variance of

chemiluminescence intensity with reaction times in A. (C) Agarose gel electrophoresis analysis of

TdT-catalyzed second-step polymerization products at different reaction time in the presence of 0.4

U TdT and 10 uM dNTPs. Lane M is the DNA marker; Lane 1 shows the products in the absence

of TdT; Lanes 2-6 show the products in the presence of TdT at reaction time of 60, 30, 20, 10, and

5 min, respectively. (D) Variance of chemiluminescence intensity with reaction times in C. (E)

Variance of the 1/lg value as a function of hemin concentration. | and lg are the chemiluminescence

intensity in the presence and absence of the G-rich polymerization products, respectively. (F)

Variance of the I/lg value as a function of luminol concentration. | and lg are the chemiluminescence

intensity in the presence and absence of the G-rich polymerization products, respectively. (G)

Variance of the I/lg value as a function of HEPES concentration. | and lg are the chemiluminescence

intensity in the presence and absence of the G-rich polymerization products, respectively. (H)

Variance of chemiluminescence intensity in response to different ratio of dATP to dGTP. In E, F, G

and H, the amount of TdT in the first-step polymerization reactions is 0.4 U, and the amount of TdT

in the second-step polymerization reactions is 0.4 U. Error bars show the standard deviations of

three experiments.

2. Monitoring of chemiluminescence intensity in the presence and absence of capture probe 2-

/reporter probe-functionalized AulNPs

To investigate the improved sensitivity, we measured the chemiluminescence intensity with/without

the involvement of capture probe 2-/reporter probe-functionalized AuNPs, respectively. When
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HTLV-II DNA is present, it hybridizes with the MMP-modified capture probe 1 to form a stable

double-stranded DNA (dsDNA) duplex with a protruding 3'-hydroxylated sequence. Upon the

addition of TdT and a ANTP pool (60% dGTPs and 40% dATPs), the chemiluminescence intensity

is measured. As shown in Fig. S2, in the presence of 1 nM HTLV-II DNA, a low chemiluminescence

signal is detected (Fig. S2, blue column) without the involvement of capture probe 2-/reporter probe-

functionalized AuNPs. While with the addition of capture probe 2-/reporter probe-functionalized

AuNPs, HTLV-II DNA initiates the TdT-catalyzed first-step enzymatic extension to produce the

poly-T sequence for dendritic self-assembly of capture probe 2-/reporter probe-functionalized

AuNPs, subsequently triggering the second-step enzymatic extension to produce the G-rich

DNAzyme for the generation of chemiluminescence signal. Consequently, the addition of capture

probe 2-/reporter probe-functionalized AuNPs induces 913.30-fold chemiluminescence

enhancement (Fig. S2, red column) as compared with that without the involvement of capture probe

2-/reporter probe-functionalized AuNPs (Fig. S2, blue column).
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Fig. S2 Measurement of chemiluminescence intensity without (blue column) and with the

involvement of capture probe 2-/reporter probe-functionalized AuNPs (red column), respectively.

The concentration of HTLV-II DNA is 1 nM. Error bars show the standard deviations of three

experiments.
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3. Detection of HTLV-II DNA by real-time quantitative PCR (qPCR)

To quantify the amount of HTLV-II DNA in genomic DNA samples (Fig. 5B), we performed
quantitative real-time fluorescence measurement in response to different concentrations of
synthesized HTLV-II DNA using SYBR Green I as the fluorescent indicator. As shown in Fig. S3A,
HTLV-II DNA is detected quantitatively in the range from 107'* M to 10™!! M. The real-time
fluorescence intensity increases in a sigmoidal fashion as HTLV-II DNA is converted from a single-
stranded to a partially double-stranded DNA duplex. The threshold cycle (Ct) indicates the
fractional cycle number at which amount of amplified target reaches a fixed threshold,” which is
used for the quantitative detection of the starting quantity of HTLV-II DNA. As shown in Fig. S3B,
a linear correlation is obtained between the Cr values and the logarithmic starting quantity of HTLV-
I1 DNA in the range from 10"'* to 10"!! M. The correlation equation is Ct = -9.92 - 2.56 logio C with

a correlation coefficient of 0.9959, where C is the starting quantity of HTLV-II DNA.
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Fig. S3 (A) Quantitative real-time fluorescence monitoring of the PCR amplification reaction

triggered by different starting quantity of HTLV-II DNA. (B) Variance of the Ct value as a function

of the logarithmic starting quantity of HTLV-II DNA. Error bars show the standard deviations of

three experiments.
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Table S1. Comparison of our method with the reported methods for nucleic acid assay

method use of LOD® order of dynamic target real sample ref.
nanomaterial range analysis
BCAP"-based fluorescent yes 2.5 ™M 3 DNA bacterial 8
assay (2.5 tM-1 pM) genomic DNA
PCR¢-based fluorescent no 5t™M 4 DNA cell lysate 9
assay (500 fM-5 nM)
RCA%based fluorescent no 12 aM 1 miRNA | cell extracts 10
assay (15 aM-0.9 M)
HCR®-based no 9 ftM 3 DNA no 11
electrochemical assay (0.1 pM-250 pM)
CHA'-based no 92 fM 4 DNA | cell lysate and 12
electrochemical assay (0.1 pM-5 tM) serum
LCRé-based gel analysis no 2 pM 3 miRNA no 13
(2 pM-2 nM)

endonuclease-assisted yes 198 M 1 DNA serum 14
fluorescent assay (1 pM-50 pM)
exonuclease-assisted no 20 pM 1 DNA no 15
electrochemical assay (20 pM-300 pM)
endonuclease-assisted yes 1 pM 0 DNA cell extracts 16
colorimetric assay
cascade enzymatic no 10 tM 2 DNA no 17
cleavage-based (1 pM-100 pM)
electrochemical assay
DNAzyme-mediated no 0.03 fM 6 DNA no 18
electrochemical assay (0.1 fM-0.1 nM)
hairpin probe assisted- yes 100 aM 7 DNA no 19
colorimetric assay (10 ftM-100 nM)
enzymatic amplification - no 33 pM 5 HTLV- no 20
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mediated electrochemical (0.1 ftM-1 nM) II DNA

assay

bio-bar-code-based yes 0.5 aM 9 HTLV- cell extracts this
chemiluminescent assay (1 aM-1 nM) II DNA and serum work

4 LOD, limit of detection, ® BCA, bio-bar-code amplification, ¢ PCR, polymerase chain reaction,

dRCA, rolling circle amplification, ¢ HCR, hybridization chain reaction, f CHA, catalyzed hairpin

assembly, ¢ LCR, ligase chain reaction.
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