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DNA Sequences and Structures

The sequences and structures of functionalized DNA oligonucleotides used in this work are as
follows. The template oligonucleotides (1-8, 15-26) were synthesized using 3’-(6-Fluorescein)
CPG and 5’-Amino Modifier 5 Phosphoramidite from Glen Research. The reagent
oligonucleotides (9-14) were synthesized using 3’-Amino-Modifier C7 CPG 500 from Glen

Research.

1 - 5’-(NH,-)CCCTGTACACTGGGTAAACTTCATGGAATCATTCCATGCTACCCACTC-
Fluorescein

2 — 5’-(NHz-)CCCTGTACACTGGGTAAACTTGCATGTATCATTCCATGCTACCCACTC-
Fluorescein

3 - 5’-(NHz-)CCCTGTACACTCTAGGAACTTACATGGATCATTCCATGCTACCCACTC-
Fluorescein

4 — 5’-(NH,-)CCCTGTACACTCTAGGAACTTCATGGTATCATTCCATGCTACCCACTC-
Fluorescein

5 - 5-(NHz-)CCCTGTACACTCTAGGAACTTTATGGCATCATTCCATGCTACCCACTC-
Fluorescein

6 — 5’-(NH»-)CCCTGTACACTCTAGGAACTTCATGCTATCATTCCATGCTACCCACTC-
Fluorescein

7 — 5’-(NH2-)CCCTGTACACTCTAGGAACTTCACTCAATCATTCCATGCTACCCACTC-
Fluorescein

8 — 5’-(NH»-)CCCTGTACACTCAACCAACTTCACTCAATCATTCCATGCTACCCACTC-
Fluorescein

9 - 5’-GTGTACAGGG-NH;

10 - 5>-TAGCATGGAAT-NH;
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11 - 5>-TAGCATGGAATAGGG-NH;

12 - 5>-TAGTCAGTCATAGGG-NH;

13 - 5’-AGCATGGAATAGGG-NH;

14 - 5’-GTAGCATGGAATAGGG-NH;

15 — 5°-(NHz-)CCCT[A2]ATTCCATGCTACCCACTC-Fluorescein

16-22 are templates, similar to the poly-A template 15, but with random mixes used in place of
Aje. The general sequence is: 5°-(NH,-) CCCT[X6]ATTCCATGCTACCCACTC-Fluorescein
where X is a nucleotide mix code: M (A and C) for 16, K (G and T) for 17, Y (C and T) for 18, R
(A and G) for 19, W (A and T) for 20, S (C and G) for 21, N (A, C, G, and T) for 22.

23 - 5’-(NH;-)CCCTGTACACTCAACCAACTTCAGTTGATCATTCCATGCTACCCACTC-
Fluorescein

24 - 5’-(NH;-)CCCTGTACACGATCCAAACTTGTTTGGATCATTCCATGCTACCCACTC-
Fluorescein

25 - 5’-(NH,-)CCCTGTACACTCAACCAACTTAGGTACATCATTCCATGCTACCCACTC-
Fluorescein

26 - 5’-(NH,-)CCCTGTACACTGATCCAAGATCAGTGTACCATTCCATGCTACCCACTC-

Fluorescein



Structure of templates: 1-8, 15-26
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Figure S1. Chemical structures of the DNA templates and reagents used in this study.
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Additional Computational Modeling of Templates and Reagents. To verify our sequence

analysis with OMP, we folded each of the templates 1 to 8 using the MFOLD DNA QuikFold

server (http://frontend.bioinfo.rpi.edu/applications/hybrid/quikfold.php) with the specific
conditions of 25 °C, 1 M [Na'], 0 M [Mg%]. The reported free energies for the most stable
structures are given in Table S1 for both OMP and MFOLD. MFOLD also outputs predicted
structures and these were compared to those generated by OMP (Figure 2). The predicted
structures are identical except that MFOLD excludes some of the AT pairs at the ends of stems,
specifically those in templates 1, 2, 5, and 8. Also, for templates 3 through 6, MFOLD predicts
an additional structural element containing a three-base stem forming at the 5’ primer-binding

site which may account for the increase in energies of these four templates, in particular, over the

OMP predicted values.
Template
1 2 3 4 5 6 7 8
OMP -10.1 -8.57 -7.51 -5.79 -3.87 -2.87 -1.58 +0.11

MFOLD -9.95 -8.83 -8.41 -6.24 -4.82 -3.73 -2.87 -0.44

Table S1. Free energies of folding for the eight templates (in kcal/mole) as estimated by OMP
and by MFOLD.

MFOLD was also used to analyze the folding of the thirty 5’-terminal bases in templates
15 and 23-26. For 15, MFOLD reports that there is “no structure possible” which is not
unexpected given 26 of the 30 bases are adenine. For 23, MFOLD reports a slightly varied
structure with a smaller loop size but a similar energy (-4.16 kcal/mole for MFOLD versus -3.38
kcal/mole). The structures for 24, 25, and 26 are the same in MFOLD and OMP and the
predicted energies are within 0.5 kcal/mole for each case. Overall, while the exact values vary
between the two software packages, the predicted structures and general energetic trends are
reasonably conserved between OMP and MFOLD.

We also used NUPACK (www.nupack.org) to model the hybridization of reagent 9 and

10 to each of the eight templates and compared these results to those from OMP. For the
NUPACK analysis, 25 °C was used as the melting temperature with 100 nM template and 150
nM reagent as for OMP. NUPACK does not allow specific parameters for salt which may cause
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some variation from the OMP conditions (1 M [Na'], 0 M [Mg%]). In both cases, the control
reagent 9 is bound to all templates at greater than 99%. For reagent 10, the values between the
two software packages vary (Table S2) but the general trend is conserved, with the more

structured templates being less bound by reagent than the less structured templates.

Template
1 2 3 4 5 6 7 8
OMP 0.1 1.3 7.5 21.4 71.4 92.8 99.0 99.5
NUPACK 1.6 22.0 25.3 64.4 88.4 97.4 99.0 99.6

Table S2. Predicted hybridization efficiencies between reagent 10 and the templates 1-8 using
OMP and NUPACK. Reported values represent the percentage of templates at equilibrium
bound by reagent. Analysis was performed with 100 nM template, 150 nM reagent, at 25 °C in
both cases.

Reactivity of Templates Using the End-of-Helix Architecture and Amine Acylation. We
performed experiments to study amine acylation using the end-of-helix architecture similar to the
reported experiments involving reductive amination. A control reagent (9b) that binds at the 5°-
primer binding site was first used to measure the maximal yield when hybridization efficiency
and separation between functional groups are not affecting reactivity. As seen in Table S3, these
reactions (1-8 with 9b in 0.1 M MES buffer pH 6.0, 1 M NacCl, 24 mM sNHS, and 32 mM EDC,
25 °C for 8 h) resulted in good yields of 72-78 % as determined by denaturing PAGE analysis
and fluorophore densitometry.

We then reacted an 11-base reagent (10b) that anneals 30 bases away from the end of the
template under amine acylation conditions. (Table S3) Templates 1 and 2, with the most internal
secondary structure, react to give 5 % and 9 % product yields, respectively. The reactivity of
template 3 is significantly higher, though still modest, resulting in 27 % yield of product. As we
observed for the reductive amination reaction, product yields increase for these first three
templates as the amount of internal template secondary structure was reduced.

Once again a new trend emerged when measuring the reactivity of templates 4-8.
Templates 4-6 react at 14-18 % yield, only about half of the yield for template 3. Template 7

reacts at 6 % yield while template 8 reacts at just 4 % yield, worse than all other templates as we
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also observed with reductive amination. The yield for template 8 is twenty-fold below the yield
observed for the control reagent 9b with template 8. Just as with the earlier end-of-helix
reactivity results for reductive amination, the structure of the 30-base intervening region of the
template appears to be strongly affecting the reactivity for these templates, and the templates

with very little internal structure are virtually unreactive.

Template
Reagent 1 2 3 4 5 6 7 8
9b 76 74 78 75 73 77 72 76
10b 5 9 27 18 16 14 6 4
AG -10.1 -8.57 -7.51 -5.79 -3.87 -2.87 -1.58 +0.11
(kcal/mol)

Table S3. Product yields (in %) for templates 1-8 reacting with reagents using the end-of-helix
architecture and amine acylation. Reactions were performed with 150 nM reagent, 100 nM
template in 0.1 M MES buffer, pH 6.0, 1.0 M NaCl, 32 mM EDC, and 24 mM sNHS for 8 h at
25 °C. The folding energies of the eight templates are listed below the product yields.

Effects of Reagent Length on the Amine Acylation Reaction. Similar to our experiments with
reductive amination shown in Figure 4, we performed reactions with varied reagent lengths to
determine the effect of hybridization on amine acylation. The shorter, 10-base amine acylation
reagent 13b reduced product yields for highly and moderately structured templates 1-6, while the
longer, 12-base amine acylation reagent 14b increased product yields for these same templates.
(Table S4) For the most highly structured template (1), the reaction yields for this 10-, 11-, and
12-base reagent series (13b, 11b, 14b) were 4 %, 7 %, and 18 % yield respectively, with
increasing yields as reagent length increased. For template 2, which is also very structured, the
yields were 12 % for the 10-base reagent (13b), 19 % for the 11-base reagent (11b), and 31 %
for the 12-base reagent (14b). These results show a clear trend connecting template-reagent
hybridization to the efficiency of templated reactions.

However, similar to our observations with the reductive amination reaction, neither the
shorter (13b) nor the longer (14b) reagent significantly altered the reactivity of highly
unstructured templates 7 and 8 (Table S4). For all three reagent lengths, the amine acylation
yields for template 7 ranged over a narrow range of 44-46 % yield. For template 8, the yields
with reagents 13b, 11b, and 14b ranged from 32-37 % yield. These results further indicate that
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an unusually low amount of internal structure among intervening template oligonucleotides

impairs DNA-templated reactivity in a manner that is uncoupled from template-reagent

hybridization.
Template
Reagent 1 2 3 4 5 6 7 8
13b 4 12 28 27 46 60 46 32
11b 7 19 41 40 56 64 46 37
14b 18 31 51 58 49 59 44 32

Table S4. Product yields (in %) for templates 1-8 reacting with the reagents listed in the omega
architecture. Reagents 13b, 11b, and 14b contain 10-, 11-, and 12-base regions, respectively,
that complement codon 3. As reagent length increases, the reactivity for highly structured
templates (1-4) increases substantially, while the reactivity of the unstructured templates (7-8) is
not significantly affected.
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