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Figure 2. Formamide increases the yield of adenylation across 
multiple oligonucleotides. (A) A panel of 5ʹ phosphorylated 
DNA oligonucleotides were adenylated in either water (W) or 95% 
formamide (F). (B) Q-TOF LC/MS results of the adenylation reactions 
confirms the identity of expected products.
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Figure 3. Formamide increases the rate of adenylation. (A) Time 
course of adenylation of a 5′ phosphorylated DNA oligonucleotide 
(ODN1) in either water or 95% formamide. (B) Quantification of the 
adenylation timecourse showing both one-phase exponential and 
two-phase exponential equations fit to the data. Mean and 
confidence intervals for initial rates were calculated by fitting each 
replicate individually and calculating the initial rate.
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Figure 4. Schematic of the reactions used to fit the system of ordinary 
differential equations in (Figure 5).
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Constants Water (95% CI) Formamide (95%CI)

k1 (min-1) 3.10x10-3 (1.07x10-3, 9.05x10-3) 2.54x10-3 (7.49x10-4, 8.62x10-3)

k2 (mM-1min-1) 4.90x10-4 (3.96x10-4, 6.08x10-4) 1.74x10-4 (1.51x10-4, 2.01x10-4)

k3 (mM-1min-1) 6.93x10-3 (2.47x10-3, 19.43x10-3) 7.00x10-1 (1.02x10-1, 4.80)

k4 (min-1) 6.46x10-1 (5.48x10-1, 7.60x10-1) 75.22 (18.58, 304.59)
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k6 (mM-1min-1) 1.83x10-4 (1.60x10-4, 2.11x10-4) 1.40x10-3 (1.16x10-3, 1.69x10-3)
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Figure 5. Formamide increases the rate of the reaction between ImpA 
and pA. (A) Representative HPLC profiles of the reaction between ImpA 
and its degradation product, pA, to make AppA in either water or 95% 
formamide over a 4 hour timecourse. (B) Concentrations of ImpA, pA, 
and AppA predicted (lines) by fitting the reaction scheme in (Figure 4) 
to the HPLC data (points) with a system of ordinary differential 
equations. The bold lines are the concentrations predicted by the mean 
of the log-transformed fit rates, and the faint lines are the predicted 
concentrations from resampling the rates from their 95% confidence 
intervals. (C) Reaction rates for the scheme in (Figure 4) fit by the 
system of ordinary differential equations.
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DNA 
Oligonucleotide 
Name

DNA Oligonucleotide Sequence Predicted 
ΔG 
(kcal/mol)

ODN1 /5Phos/NNNGTCNNNTAGNNNCGTTCTGGAATTCTCGGG
TGCCAAGG/ddC/

-0.68

26-nt DNA /5Phos/AA GAG ATT AAA CCT CGG ACC CTG CAC 1.01

35-nt DNA 1 /5Phos/AA GAG ATT AAT GAG TCG GAG ACA CGC AGG 
GCT TAA

-0.76

35-nt DNA 2 /5Phos/CA GAC TAG CAT GAG TCG GAG ACA CGC AGG 
GCT TAA

-0.76

36-nt DNA /5Phos/TCC ATA TCC AAT GAG TCG GAG ACA CGC AGG 
GCT TAA

-0.76

43-nt DNA 1 /5Phos/AA GAG ATT AAA TTG TAG GAC TAC AGT CAC 
CTC GGA CCC TGC AC

0.65

43-nt DNA 2 /5Phos/AA GAG ATT AAA TTG TAG GAC TAC AGT CAG 
GAG CCA CCC TGC AC

0.16

60-nt DNA 1 /5Phos/TA AAG ATT CAA CCA CCG ACC CAG CAC GAT 
CCT TGG CAC CCG AGA ATT CCA CCT AGT TTA A

0.75

60-nt DNA 2 /5Phos/AA GAG ATT AAA CCA CCG ACC CAG CAC GAT 
CCT TGG CAC CCG AGA ATT CCA TAT ATC AGT A

0.75
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Supplemental Figure 1: Sequence and predicted ΔG of the 
oligonucleotides used in the adenylation reactions.
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Supplemental Figure 2: (A) Adenylation of a 5ʹ phosphorylated DNA 
oligonucleotide in the indicated solvents. (B) Q-TOF LC/MS results of a 
5ʹ phosphorylated DNA oligonucleotide (35-nt DNA 1) adenylated 
either in water, pure formamide, or 95% formamide showing the 
presence of a mass of the adenylated product +28 when the 
reaction is performed in pure formamide.
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Supplemental Figure 3: High-resolution Mass Spectrometry to 
identify the HPLC peaks in (Figure 5). (A) Results from the ~7-minute 
HPLC peak. (B) Results from the ~9.5-minute HPLC peak. (C) Results 
from the ~10.5-minute HPLC peak.
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Supplemental Figure 4: 1H and 31P NMR of adenosine 5ʹ-
phosphorimidazolide (ImpA) in DMSO-d6.

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 16, 2022. ; https://doi.org/10.1101/2022.11.16.516815doi: bioRxiv preprint 

https://doi.org/10.1101/2022.11.16.516815
http://creativecommons.org/licenses/by-nc-nd/4.0/

