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Table S1. DNA sequences used in this study and summary of results obtained

Base steps Sequence Mean (A) Variance (A2)

X 5'-GCACTACGTACCGATGCATCACTACGCAGCGC-3' 403+0.3 25+1.2
3-CGTGATGCATGGCTACGTAGTGATGCGTCGCG-5'

5 5'-CGATCCGTGAAGGCGATCTCTGCGGC-3' 37.7+023 76+1.7
3.GCTAGGCACTTCCGCTAGAGACGCCG-5'

7 5'-CGAACCGTGAAGGCGATCTCTGCGGC-3' 36.7+0.3 109+13
3.GCTTGGCACTTCCGCTAGAGACGCCG-5'
5'-CGAACCGTGAAGGCGATCTCTGCGGC-3' 425+03 30.2+3.1
3.GCTTGGCACTTCCGCTAGAGACGCCG-5"

9 5 -CGATCCGTGAAGGCGATCTCTGCGGC-3' 424403 262+2.7
3.GCTAGGCACTTCCGCTAGAGACGCCG-5'
5'-CGAACCGTGAAGGCGATCTCTGCGGC-3'

N 3. GCTTGGCACTTCCGCTAGAGACGCCG-5' 255+03 264+2.9
5-CGATCCGTGAAGGCGATCTCTGCGGCS' 50103 o1 131
3.GCATGGCACTTCCGCTAGAGACGCCG-5

13 5-CGAACCGTGAAGGCGATCTCTGCGGC3 53103 7512
3.GCTTGGCACTTCCGCTAGAGACGCCG-5

15 5'-CGAACCGTGAAGGCGATCTCTGCGGC-3'

3. GCTTGGCACTTCCGCTAGAGACGCCG-5' 68.9+0.3 194+23

17 5'-CGAACCGTGAAGGCGATCTCTGCGGC-3'

3. GCTTGGCACTTCCGCTAGAGACGCCG-5' 70.7+03 441147

20 5. GGTGCACAGCGAACCGTGAAGGCGATCTCTGCGGC-3' 88103 495 +59
3.CCACGTGTCGCTTGGCACTTCCGCTAGAGACGCCG-5' 8£0. P ES.

22 5. GGTGCACAGCGAACCGTGAAGGCGATCTCTGCGGC-3' 66,0103 61440
3.CCACGTGTCGCTTGGCACTTCCGCTAGAGACGCCG-5' 0£0. A4

949+ 03 244428

24 5'.GGTGCACAGCGAACCGTGAAGGCGATCTCTGCGGC-3' 917103 YRR

3'.CCACGTGTCGCTTGGCACTTCCGCTAGAGACGCCG-5' e
942+03 253+35
5'-CCACATGAAATAATAATATCTACACC-3'

-5 3-GGTGTACTTTATTATTATAGATGTGG-5' 30103 17719
5'-CGATCCGTGAAGGCGATCTCTGCGGC-3'

6 3-GCTAGGCACTTCCGCTAGAGACGCCG-5' 40.2+03 16.7£2.5
5'-CGATCCGTGAAGGCGATCTCTGCGGC-3'

8 3-GCTAGGCACTTCCGCTAGAGACGCCG-5' 429+03 41£09
5'-GCACTACGTACCGATGCATCACTACGCAGCGC-3' 470403 41107

-9 3-CGTGATGCATGGCTACGTAGTGATGCGTCGCG-5' 0£0. Ax2.
5'-CGATCCGTGAAGGCGATCTCTGCGGC-3'

12 3-GCTAGGCACTTCCGCTAGAGACGCCG-5' 384203 180+32
5'-GGTGCTCTGCGAACCGTGAAGGCGATCTCTGCGGC-3' 0.0 03 77130

17 3'-CCACGAGACGCTTGGCACTTCCGCTAGAGACGCCG-5' 0£0. xS,
5-GGTGCTCTGCGAACCGTGAAGGCGATCTCTGCGGC-3' 53103

19 3'-CCACGAGACGCTTGGCACTTCCGCTAGAGACGCCG-5' 3+0. 255+28

Au nanocrystal attachment sites are shown in red. The uncertainty in the mean and variance are estimated as the square
root sum of two sources of errors: (Error1? + Error2?)°5, Errorl is the uncertainty from experimental noise in the
measurement estimated from 10 repeated shots of the same sample; Error2 is the uncertainty from different individually
prepared samples measured on different dates, which is estimated to be 0.22 A and 10% for mean distance and variance,
respectively, based on repeats of the 9, 11 and 24 base step DNA duplexes (also see Fig. 2d).
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Figure S1. Internally labeled Au probe. Schematic of Au nanocrystals with their thio-glucose shells. The internally labeled
nanocrystals are attached to the exocyclic methyl groups of T through an SPDP (N-Succinimidyl 3-[2-pyridyldithio]-propionate)
linker. The Au nanocrystals is about 1.2 nm in diameter and contains about 69 atoms.
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Figure S2. The size distribution of Au nanocrystals. The size distribution of Au nanocrystals used for experiments carried out
on different dates (red: June 2010; blue: December 2010; green: March 2011; and magenta: May 2011) determined by SAXS.
(See Materials and Methods for the condition used.)
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Figure S3. The effect of fixing r (rise per base) and n (bases per helical turn) on x2 for the global fit of the measured mean

Au-Au distance with the three Au-position parameters (D, 6, and axialo) as variables. The literature average r and n
estimated from crystal structure database of DNA-protein complexes (1) is depicted by the open black circle.



Supporting information Note 1: Au label does not substantially perturb DNA structure.

To independently test possible effects from the Au labels, we compared circular dichroism (CD) spectra and melting
temperatures of DNA duplexes with and without Au modification. The CD spectra showed no observable difference (Fig. S5),
and single Au labels had only minor effects on duplex thermostability (Table S2); the small observed decrease in Tm by 1-2 °C
upon single Au labeling could arise from a desolvation penalty associated with the reduction in solvent accessibility of the
thiol-glucose shell of the Au nanocrystal upon duplex formation. The effect of the double Au labels on duplex thermostability is
additive except for one duplex, which has an 8 °C stabilizing effect (Table S2); exclusion of this duplex from fits did not
significantly alter fits or affect any of the conclusions drawn.
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Figure S4. Internal probe does not disturb DNA structure as observed by circular dichroism (CD). Spectra of an
unmodified duplex (black) and four double Au-labeled duplexes with base steps of 5 (magenta), -6 (cyan), 9 (blue) and 11
(green) are shown. The spectrum of an RNA duplex (red) is also shown to illustrate the difference between A-form and B-form
helices.



Table S2. DNA thermal stability with and without internally labeled Au nanocrystals.

Tm AT Tm AT AAT*
Base Unmodified Double- (AB-U) Single- Single- (AB-B) (A-U)* [AB-B]-
steps  (U) Labeled Labeled(A) Labeled (B) [A-U]**
@ (AB) 0 Q) 0 Q) 0 0
Q)

5 78.3£0.1 786 0.5 03+05 774 +0.2 76.9+0.3 1.7+£06 -09+03 26+0.7
9 76.0 -23 76.7 0.8 76.8£0.5 -08+05 -16+08 0.8+0.9
11 751 +£04 -3.2+ 04 76.7 0.8 76.9+0.3 -1.8+05 -16+0.8 -0.2+0.9
-6 82.7+06 44+06 767108 75.9+0.1 -68+06 -1.6+0.8 84+1.0
-8 767+02 -16+03 774+0.2 772 £0.6 -05+06 -09+03 04+0.7
-12 758+06 -25+06 774102 75.9+0.1 -01+06 -09+03 08+0.7

Melting temperatures for unmodified (U), single Au labeled (A, B) and double labeled (AB) DNA duplexes. All duplexes
share a common base sequence (Table S1). The samples were approximately 1 uM concentration in 0.2 M NaCl, 0.05 mM
EDTA, and 10 mM sodium phosphate, pH 7.0, and the reported Tm values are adjusted to 1 pM. The reported errors are
standard deviation from multiple measurements.

*AATmmeasures the difference between the Au label’s effect on T in the presence of another Au label and without
the presence of another Au label. A AAT,, of zero indicates no coupling between two Au probes. A positive AAT,, indicate
coupling between Au probes stabilizes the duplex.




Table S3a. Probe and helical parameters obtained from optimizing the mean Au-Au distances of the Au probes against
predictions from a knowledge-based DNA model

Probe parameters Helical parameters
Source and Number of . A .
Variables (in parentheses) D(A) 260(°) 2axialo (A) r(A) n
Probe (3) 21.7£ 0.7 88+7 6.1+1.0 [3.36]* [10.5]*
Probe (3) + Helical (2) 204+0.38 82+7 52109 3.55t+0.07 10.6t+0.2

Optimized parameters in this table were obtained by minimizing the square sum differences between observed mean Au-
Au distances and the predictions from a knowledge-based DNA model (see text and S/ Note2 for details). Slightly different
optimum parameters were obtained when a different DNA model, the linear elastic rod model, is used (see Table S3b for
details). The errors are estimated as the deviation that results a 10% increase in 2.

* Square brackets denote that r and n were set to be equal to the average value from structure database of DNA/protein
complexes (1), and the optimum probe parameters were determined using MATLAB's fminsearch algorithm.

1 The optimum values for r and n as well as the probe parameters were determined together using MATLAB's genetic
algorithm (2).

Table S3b. Probe and helical parameters obtained from optimizing the mean Au-Au distances of the Au probes against
predictions from the linear elastic rod DNA model using DNA mechanical parameters from literature or from re-
parameterization against experimental data

Probe parameters Helical parameters
Source and Number of . . .
Variables (in parentheses) D(A) 2600) 2axialo (R) r(A) n
Probe (3) 20.7£0.7 88+8 84+1.0 [3.36]* [10.5]*
Probe (3) + Helical (2) 19.7 £ 0.8 83+6 74%09 3.53t+0.08 106"+ 0.2
19.9+0.9 84+8 72+14 3.53*+0.11 10.6*+ 0.3

Parameters in this table were obtained by comparing observed mean Au-Au distance with predictions from the linear elastic
rod model (see text and S/ Note2 for details) using DNA mechanical parameters from literature (rows 1) or from re-
parameterization of this model against experimental data (row 2 and 3). Slightly different optimum parameters were obtained
when a different DNA model, the knowledge-based model, is used (see Table S3a for details). The errors are estimated as the
deviation that results a 10% increase in 2.

* Square brackets denote that r and n were set to be equal to the average value from structure database of DNA/protein
complexes (1) and the best-fit probe parameters were determined using MATLAB's fminsearch algorithm.

1 The r and n values are the best fit helical parameters that minimize x? for the internally labeled Au probes in terms of the
mean Au-Au distances. The best values were determined using MATLAB's genetic algorithm (2).

# The r and n values are the best-fit helical parameters that minimize ¥? for the internally labeled Au probes in terms of both
the mean Au-Au distance and Au-Au distance variance. The ? is calculated as x? (mean distance) + x? (distance variance)*7.
The factor of seven roughly equalizes the magnitudes of the two x? terms. In addition to the 3 probe and 2 helical parameters,

().





































