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𝛥𝐺𝑓𝑜𝛥𝐺𝑓𝑜
ΔG⁰ = 

[𝑋:𝑋∗][𝑋][𝑋∗]   𝑘ℎ𝑦𝑏𝑘𝑑𝑖𝑠

]) = 2α / ((1 α)



α 

the ΔG⁰ of any DNA duplex by measuring the UV absorbance 

the ΔG⁰ at specific temperatures. Thus, previous studies have found another way to determine ΔG⁰ 

ΔG = ΔH – TΔS           

ΔH TΔS = 

T=ΔH/(ΔS

α=1/2:

 1𝑇𝑚 = ΔS−Rln( 2α((1 − α)2𝐶𝑡))ΔH = ΔS+Rln(𝐶𝑡/4)ΔH
1𝑇𝑚 = ln(𝐶𝑡/4) RΔH+ ΔSΔH



axis. The slope is then R/∆H and the Y intercept is ∆S/∆H, which we can use to 

determine ∆H and ∆S. ∆H and ∆S determine ΔG⁰ for the formation of 𝛥𝐺𝑓𝑜 𝛥𝐺𝑓𝑜 𝛥𝐺𝑓𝑜
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𝑘𝑓 = 𝐴𝑒−𝐸𝑎/𝑅𝑇

𝑑[𝑆]𝑑𝑡 𝑑[𝐼]𝑑𝑡 𝑑[𝑃]𝑑𝑡 𝑑[𝑂]𝑑𝑡
𝑑[𝑆]𝑑𝑡 = 𝑘𝑓[𝑆]2𝑑[𝑆] = 𝑘𝑓[𝑆]2𝑑𝑡



1[S] = 1[S]0 + kft

[𝑆] = ([𝑆]0 − 𝑥); [𝐼] = ([𝐼]0 − 𝑥)𝑑([𝑆]0 − 𝑥)𝑑𝑡 = −𝑘𝑓([𝑆]0 − 𝑥)([𝐼]0 − 𝑥)
−𝑑𝑥𝑑𝑡 = −𝑘𝑓([𝑆]0 − 𝑥)([𝐼]0 − 𝑥)𝑑𝑥([𝑆]0 − 𝑥)([𝐼]0 − 𝑥) = 𝑘𝑓𝑑𝑡
𝑙𝑛 [𝐼][𝑆]0[𝑆][𝐼]0 = 𝑘𝑓([𝐼]0 − [𝑆]0)𝑡
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ed “model”

ed “fits” are best
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( first  “leg”, 

“leg” of the walker(black) to be attached to branch 2

(A1:D1) is produced through TMSD and first “leg” of the walker  























�̅�. Consequently, the domain 3 of 

the fuel DNA F reacts with the toehold �̅�, initiating a TMSD and a TE reaction. Therefore, in 

addition to generation of a product W, the catalyst C

The amplification 

efficiency of EDC is relatively low (~5 folds per hour)33, 50, 51.
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can operate isothermally at a range of temperatures, including room temperature and 37℃, without 
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𝑑[𝑆]𝑑𝑡 𝑑[𝐶]𝑑𝑡  𝑑[𝐼3]𝑑𝑡   𝑑[𝑂]𝑑𝑡

[𝑆] = ([𝑆]0 − 𝑥); [𝐶] = ([𝐶]0 − 𝑥).

𝑑([𝑆]0−𝑥)𝑑𝑡 = −𝑘1([𝑆]0 − 𝑥)([𝐶]0 − 𝑥)
        − 𝑑𝑥𝑑𝑡 = −𝑘1([𝑆]0 − 𝑥)([𝐶]0 − 𝑥)



1[S] = 1[S]0 + 𝑘0t



𝛥𝐺0𝛥𝐺𝑂𝑅𝑜







𝑆 + 𝐹 𝑘1𝑘2⇄𝑘−1𝑘−2 𝑃 + 𝑂
𝑆 + 𝐶 𝑘1⇄𝑘−1𝐼3 + 𝑂
𝐼3 + 𝐹 𝑘2⇄𝑘−2𝑃 + 𝐶
𝑆 + 𝐹 𝑘0⇄𝑘0 𝑃 + 𝑂 𝛥𝐺𝑂𝑅𝑜

and Δ 𝛥𝐺𝑒𝑠1𝑜
. Because the step 2 is a reverse reaction of the step1, Δ 𝛥𝐺𝑒𝑠2𝑜

𝛥𝐺𝑒𝑠2𝑜𝛥𝐺𝑒𝑠1𝑜 𝛥𝐺𝑒𝑠1𝑜
𝛥𝐺𝑒𝑠1𝑜



ΔG

sequences, I estimated ΔG

𝛥𝐺𝑂𝑅𝑜  𝛥𝐺𝑒𝑠1𝑜 𝛥𝐺𝑒𝑠2𝑜 𝛥𝐺𝑂𝑅𝑜
kcal/mol, and the ΔG

nt “TA” spacer is inserted between 2*and 5 on o





. These results are consistent with the estimated ΔG

𝛥𝐺𝑒𝑠1𝑜 𝛥𝐺𝑒𝑠1𝑜(𝛥𝐺𝑓𝐼3𝑜 − 𝛥𝐺𝑓𝑆𝑜 )
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𝑑[𝑆]𝑑𝑡 𝑑[𝐶]𝑑𝑡  𝑑[𝐼3]𝑑𝑡   𝑑[𝑂]𝑑𝑡

[𝑆] = ([𝑆]0 − 𝑥); [𝐶] = ([𝐶]0 − 𝑥).

𝑑([𝑆]0−𝑥)𝑑𝑡 = −𝑘1([𝑆]0 − 𝑥)([𝐶]0 − 𝑥)
        − 𝑑𝑥𝑑𝑡 = −𝑘1([𝑆]0 − 𝑥)([𝐶]0 − 𝑥)



1[S] = 1[S]0 + k0
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𝑂 + 𝑅 𝑘𝑟𝑒𝑝→  𝐸 + 𝑄
ΔG
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thermodynamics of internal A•C 

DNA sequences with internal A•A, C•C, G•G, and T•T 





𝛥𝐺𝑓𝑆𝑜 𝛥𝐺𝑂𝑅𝑜
𝛥𝐺𝑓𝑆𝑜 𝛥𝐺𝑓𝑆𝑜

𝛥𝐺𝑓𝑆𝑜





ΔG = ΔH – TΔS

ΔG 

Where ∆H and ∆S are the enthalpy and entropy

ΔH TΔS 

1/𝑇 = ΔS−RlnKΔH



↔

= [𝑂:𝐷][O][D] = 2α(1−α)2𝐶𝑡
α 

α=1/2

1𝑇𝑚 = ΔS−Rln(2α / ((1−α)2𝐶𝑡))ΔH = ΔS+Rln(𝐶𝑡/4)ΔH
1𝑇𝑚 = ln(𝐶𝑡/4) RΔH+ ΔSΔH

/4). The slope is R/∆H intercept is ∆S/∆H. Therefore, ∆H and ∆S can be then 𝛥𝐺𝑓𝑜 substituting ∆H and ∆S

MgCl₂, 1× SYBR Green dye, and 0.1× ROX reference dye. The reaction solutions were loaded 
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𝑑[𝑆]𝑑𝑡 𝑑[𝐶]𝑑𝑡  𝑑[𝐼3]𝑑𝑡   𝑑[𝑂]𝑑𝑡

[𝑆] = ([𝑆]0 − 𝑥); [𝐶] = ([𝐶]0 − 𝑥)

𝑑([𝑆]0−𝑥)𝑑𝑡 = −𝑘1([𝑆]0 − 𝑥)([𝐶]0 − 𝑥)
      − 𝑑𝑥𝑑𝑡 = −𝑘1([𝑆]0 − 𝑥)([𝐶]0 − 𝑥)



1[S] = 1[S]0 + k0t



varying concentrations of microRNA (miRNA) in 10 mM TE buffer (pH 8.0) with 20 mM MgCl₂ 

8.0) with 20 mM MgCl₂ and 0.05%







𝑂 + 𝑅 𝑘𝑟𝑒𝑝→  𝐸 + 𝑄
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𝛥𝐺𝑓𝑆𝑜𝛥𝐺𝑓𝑆𝑜  

𝛥𝐺𝑓𝑆𝑜  





















(miRNA) in 10 mM TE buffer (pH 8.0) with 20 mM MgCl₂ and 0.05% 

8.0) with 20 mM MgCl₂ and 0.05% 
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𝛥𝐺𝑓𝑆𝑜

𝛥𝐺𝑓𝑆𝑜 𝛥𝐺𝑓𝑆𝑜𝛥𝐺𝑓𝑆𝑜



𝛥𝐺𝑓𝑆𝑜𝛥𝐺𝑓𝑆𝑜  



and 37℃, without the need for any enzymes, which is ideal for intracellular application. 
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was obtained from the University of Alberta’s Research Ethics Board. The rapid antigen test is 





















To demonstrate our extraction method’s applicability to clinical sample testing, I 



exposure and symptom onset to prevent disease spread. Volunteer 6’s positive diagnosis and 

olunteer 3’s RT

positive on day 8, this finding doesn’t affect patient treatment
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CoV‑2 

https://www.fda.gov/media/134922/download
https://www.qiagen.com/us/products/diagnostics-and-clinical-research/sample-processing/qiaamp-viral-rna-kits/
https://www.qiagen.com/us/products/diagnostics-and-clinical-research/sample-processing/qiaamp-viral-rna-kits/
https://doi.org/10.1101/2020.08.13.20172494




sequences with internal A•A, C•C, G•G, and T•T mismatches. Biochem

neighbor thermodynamics of internal A•C 





https://api.semanticscholar.org/CorpusID:264402817
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