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Supplementary Data 

 

DNA skybridge: 3D structure producing a light sheet for high-
throughput single-molecule imaging 
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Hamdan, Cherlhyun Jeong, Jong-Bong Lee 

 

DNA substrate construction 
The detailed information on oligos are listed in Supplementary Table 1. 

- Bi-biotin l-phage DNA:  We constructed l-phage DNA molecules (48.5 kb; New England 

Biolabs) containing biotins at both ends of the DNA for the experiments in Fig. 1 and 3. The 

12 nt tails of the l-phage DNA were annealed and ligated with 14 nt 5¢-biotin oligo (3’ biotin 

l–1) and then 14 nt 5¢-biotin oligo (3’ biotin l–2) at a molar ratio of 1:10:50 using T4 DNA 

ligase (Roche) at room temperature overnight. We removed the excess oligos using dialysis 

(Spectra-Por Float-A-Lyzer® G2). 

- Bi-biotin Cy3 gap DNA: We constructed 44.5 kb long DNA containing Cy3 and a 100 nt gap 

for the measurement of SNR in Fig. 2. RFC loads PCNA onto DNA through the junction of 

ss/dsDNA in the gap. Both ends of the DNA were also modified with biotin oligos (3‘–CsiI–

biotin). We first prepared 22.25 kb long fragments obtained from l-phage DNA cleaved by 

CsiI enzyme (Thermo Scientific). The fragments were purified using agarose gel (0.5%, 

SeaKem®) electrophoresis and extracted using MagExtractor (TOYOBO). A portion of the 

22.25 kb long fragments was annealed and ligated with oligos of DNA-Linker-100T, Csil-linker, 

and 3‘–CsiI–biotin using T4 DNA ligase at a molecular ratio of 1:100:100:150. The other 

portion of the fragments was annealed and ligated with oligos of DNA–Cy3, Csil–linker, and 

3‘–CsiI–biotin at a molecular ratio of 1:100:100:150. Free oligos were removed by the agarose 

gel purification. These two parts were annealed and ligated through the complementary 

sequence of DNA-Linker-100T and DNA–Cy3. The purified DNA substrates were stored at -

20°C. 
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Preparation of RFC 
Human full-length RFC expression vectors pGBM-RFC1, pET-RFC4/2 and pCDFK-RFC5/3 

were generous gifts of Dr. Yuji Masuda1. An N-terminal truncated version of RFC1 was created 

by deleting the coding region for the first 550 amino acids and was replaced with strepII–tag 

coding sequence to create pGBM-ΔN-RFC1strepII. pCDFK-RFC5/3 was also modified to 

include 6xHis tag at the N-terminal of RFC3. These three plasmids were co-transformed into 

BL21(DE3) cells and colonies were selected on agar plates containing three antibiotics 

(Kan+Amp+Str). RFC was overproduced by growing the transformed cells in 8 L TB media 

containing three antibiotics. Cells were grown at 25°C to OD600 of 0.8 and then induced with 

0.2 mM IPTG and incubated further for 24 hours at 16°C.  Cells were collected by 

centrifugation and resuspended in buffer A+600mM NaCl (Buffer A: 50 mM HEPES-KOH, 

pH=7.5, 10 mM BME and 1 mM PMSF). All further steps were performed at 4°C. Cells were 

lysed enzymatically by adding 2 mg/ml lysozyme and mechanically by sonication. The lysate 

was clarified by centrifugation at 35000 RPM for 50 min. The clarified supernatant was 

adjusted to 10 mM Imidazole and loaded onto HisTrap HP 5 ml column (GE Healthcare) and 

eluted with linear gradient between Buffer A and Buffer A + 300 mM Imidazole. Fractions 

containing all the subunits of RFC were combined and loaded onto StrepTrap HP 1ml column 

(GE healthcare). Only the incorrect stoichiometric complexes bound to the column whereas 

correct stoichiometric complex went to the flow-through. Flow-through was collected and 

diluted to 300 mM NaCl with Buffer A. And loaded onto HiTrap heparin HP 1ml column and 

eluted with linear gradient between BufferA + 300 mM NaCl and Buffer A+1 M NaCl. Fractions 

that contained RFC Subunits were collected, concentrated and loaded onto HiLoad Superdex 

16/600-200 pg gel filtration column with storage buffer (25 mM Tris–HCl, pH=8.0, 250 mM 

NaCl, 0.01% NP-40, 1 mM DTT, 0.5 mM EDTA and 10% glycerol). Fractions containing RFC 

with correct stoichiometry co-eluted and were collected, concentrated and flash frozen.  
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Supplementary Table 1. Oligos for DNA substrates. PAGE or HPLC-purified oligos were 

purchased from IDT (Integrated DNA technology).  

Bi-biotin l–phage DNA 

Name Sequence and modification 

3’ biotin l–1 5’– /5Phos/AGG TCG CCG CCC TT/3Bio/ –3’ 

3’ biotin l–2 5’–/5Phos/GGG CGG CGA CCT TT/3Bio/ –3’ 

Bi-biotin Cy3 gap DNA 

Name Sequence and modification 

CsiI–linker 5‘–GAG AAT CGA GAC CCA–3‘ 

3‘–CsiI–biotin 5‘–/5Phos/CCTGG TGG GTC TCG ATT CTC TT/3Bio/–3‘ 

DNA Linker 100T 

5’–/5Phos/AGG TCG CCG CCC TTT TTT TTT TTT TTT TTT TTT TTT 

TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT 

TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TCG TCT CAT 

GTG TTC AGT CTG CTA AGT AA–3’ 

DNA Cy3 
5‘–/5Phos/ AGG TCG CCG CCC TTA CTT AGC AGA CTG AAC ACA 
TG/iCy3/A GAC G–3‘ 

 

/3Bio/–3’ biotin modification, /5Phos/–5' Phosphorylation, /iCy3/–internal Cy3 modification 
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Figure S1. Schematic representation of signal and background regions. The center of 

signal was determined by the radial symmetric method of the intensity profile. The signal 

region is a circular area with a radius of 0.377 µm, which corresponds to 2s (s: Standard 

deviation of a Gaussian distribution of the intensity profile). The background region = A circular 

region with a radius of 1.71 µm – the signal region with a radius of 0.377 µm. 
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Figure S2. Schematic representation of DNA immobilization on top of barriers in DNA 
skybridge. (a) Streptavidin on the top of barriers (b) DNA immobilization by a laminar flow in 

the imaging chamber. 
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Figure S3. Computer simulation for excitation beam profile in DNA skybridge.  We 

constructed DNA skybridge barriers with two different boundary conditions based on the 

fabricated shape (Fig. 1a), “Angled boundary” (left) and “Rounded boundary” (right). The 

diagram of the angled boundary barrier was described in Figure 2A. The rounded boundary 

barrier resulted from a concave parabolic waveguide with a top length of 0.5 µm, a bottom 

length of 8.0 µm and a height of 4.0 µm. The intensity profile of refracted beams was calculated 

as a function of the incident angle (72° ~ 76°) of a laser beam with 532 nm wavelength. The 

critical angle of the total internal reflection is 66.5° at the bottom flat surface. A certain incident 

angle creates a light sheet on the top of the barriers, where DNA molecules are immobilized. 

The different boundary condition changes the intensity profile, but we can obtain a light sheet 

for the excitation of a probe on DNA by adjusting an incident angle. 
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Figure S4. Evanescent wave in DNA skybridge. (A) The intensity of an evanescent wave 

generated by the total internal reflection of an incident beam in DNA skybridge is only shown 

in a dark interference region of the light sheet near the bottom surface. (B) The intensity of an 

evanescent wave in a flat surface clearly decays with distance from the surface. 
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Figure S5. DNA skybridges with various shapes and spacings. We obtained various 

shape of barriers of DNA skybridge. Computer simulations for each DNA skybridge showed 

two or three light sheets in the representative diagram. We measured SNRs of Cy5-PCNA 

diffusing on DNA in the DNA skybridges in the absence and presence of Cy5. These results 

indicate that various kinds of DNA skybridges can be available for single-molecule imaging 

with a high SNR.  
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Video S1. The colocalization of Cy5-PCNA and DNA molecules. The DNA molecules were 

stained by Sytox Orange. Figure 3C was taken in this movie. The movie is played at 10 fps. 

The scale bar indicates 5 µm. 
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