
.CC-BY-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted January 30, 2019. ; https://doi.org/10.1101/535575doi: bioRxiv preprint 

https://doi.org/10.1101/535575
http://creativecommons.org/licenses/by-nd/4.0/


a c

C
ou

nt
s 

x1
03

f

Cy3 dye
Guide DNA

CbAgo complex

5’

tar
ge

t

gu
ide

PEG (-biotin)

Streptavidin

ssDNA (target)
Cy5 dye

nt 2
nt 3
nt 4

Figure 1. Single molecule imaging of target binding by siDNA:CbAgo complex. 
a, Immobilization scheme of the Argonaute-guide DNA complex. ssDNA is immobilized on a pegylated quartzslide 
surface. Presence of the Ago-siDNA complex is detected by speci�c binding to target site (light yellow) resulting in high 
FRET. b, Sequences of guide (green) and target DNA. Guide is labelled on the 9th nucleotide position. c, Representative 
FRET trace of a single molecule experiment at 100mM NaCl showing a transient interaction between CbAgo and a poly-T 
strand. Time resolution is 100 ms. d, Dwell time distribution of the Argonaute in absence of target motif. e, FRET values of 
the transient interactions of d. 
f, Representative FRET trace of a single molecule experiment showing the interaction between CbAgo and a 2-4 nt motif. 
g, Dwell time distribution Dwell time distribution of N=3 binding events with the mean dwelltime of 37 s.  h, FRET 
histogram of binding events, showing a single FRET population for N=3 (2-4 nt) at E=0.78. 
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Figure 2. Shuttling signature of CbAgo appears in presence of two targets.  
a, In the top right corner the DNA sequence of guide and target for 22nt separation between targets. Here the distance is 
de�ned as the distance from beginning of a target to the beginning of the next target. �e placement of the second target 
(N2) results in the appearance of an additional FRET signal, with lower FRET e�ciency. b, (Top) Representative shuttling 
trace of a 22 nt separation tandem target at 100 mM NaCl for N=3. (Bottom) �e corresponding FRET states (blue) with 
the �tted HMM trace on top (red). (Right) FRET histogram of the respective time trace. Time resolution is 100 ms. c, 
Dwelltime distributions of respectively the transitions from low FRET state to high FRET state (top) and vice versa 
(bottom). d, FRET histograms of respective states, with peaks at 0.43 and 0.78. e, Shuttling event distribution for the same 
conditions (N=309). Bin size = 10. On average 13.5 shuttling events take place before dissociation. �e grey bar (N=33) 
marks binding events followed by dissociation (no shuttling).
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Figure 3. CbAgo shuttling behaviour di�ers across short and large distances
Shuttling time is plotted versus distance between targets. Squares indicate the mean shuttling time for each DNA 
construct. �e plotted error bars indicate the 95% con�dence interval of 105 bootstrapped dwell times. �e red line 
indicates the lateral di�usion model where the �rst four datapoints are �tted with kescape= 15.8 s-1. �e shaded red region 
indicates its 95% con�dence interval. �e blue region indicates where the shuttling time follows lateral di�usion theory. 
�is theory breaks down for larger distances (green).
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Figure 4. CbAgo undergoes short range di�usion through correlated jumps
a, Models for target translocation at short range. In the 3D di�usion model, target dissociation occurs from A followed by 
random 3D di�usion through solution. In e�ect, the neighbouring two targets (B and C) will compete for binding. In the 
lateral di�usion model, the CbAgo complex will have to bypass the adjacent target B before binding to target C. b, 
Representative FRET trace showing the shuttling behaviour between three targets. Top: donor (green) and acceptor (red) 
intensities. Bottom: FRET trace (blue) and HMM assigned states (red). Right: �e �tted states from this data trace.
c, Transition probabilities from one state to the other two derived from the HMM so�ware. 
d, Experimental values of the shuttling rate of the three target construct were compared against the parameter-free 
theoretical model that only uses the kescape= 15.8 s-1 from Figure 3. Error bars indicate the 95% con�dence interval acquired 
from 105 bootstraps.
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Figure 5: Argonaute can overcome structural and protein barriers
a, Schematic drawing of the Y-fork assay (right). CbAgo does not interact readily with the dsDNA junction in the middle 
so the presence of the junction may interfere with the di�usion. b, �e shuttling rate of the Y-fork junction (blue bar) 
compared with the tandem assay (white bar). c, Schematic drawing of the his-Lin28b blockade assay. Immobilization 
happens through a biotin-Anti-His antibody. d, An EMCCD image of the acceptor channel. (Le�) In absence of Lin28 
protein and antibody with Cy5 labeled DNA. (Middle) In absence of antibody, but in presence of Lin28 protein and Cy5 
labeled DNA. (Right) In presence of antibody, Lin28 protein and Cy5 labeled DNA.
e, Example of a shuttling trace with Lin28b located inbetween two targets with an exposure time of 100 ms. f, Individual 
dwelltimes from low FRET state to high FRET state (le�) and vice versa (right). g, FRET histogram (N=46) �t with two 
Gaussian functions (E=0.64 for the red �t and E=0.95 for the dark blue �t). 
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Figure 6: Argonaute target search is characterized 
by gliding and intersegmental jumps  
�e relative change in shuttling rate of two constructs 
from Figure 3, 15 nt separation (light blue) and 64 nt 
separation (dark blue), normalized against Δτshuttling at 
200 mM NaCl. Error bars indicate the 95% con�dence 
interval of the ratio Δτ/Δτ10 mM NaCl. �is was deter-
mined through 105 times bootstraps .
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