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Supplementary Figure 1:  Methyl 1H NMR intensity as a function of time.  Intensity of 
methyl resonances from 1D 1H NMR spectra of Aβ42 as a function of incubation time starting 
with 200 µM monomeric Aβ42. The NMR intensity is plotted on the same time scale as thioflavin 
T fluorescence intensity measured from a starting solution of 200 µM monomeric Aβ42. 
  

0 1 2 4 8

Time (h)

3 765

20

40

60

80

100

0

20

40

60

80

100

0 T
h
io

fl
a
v
in

 T
 f
lu

o
re

s
c
e
n
c
e
 (

%
)

M
e
th

y
l 

1
H

 i
n
te

n
s
it
y
 (

%
)

dŚŝŽŇĂǀŝŶ�d

DĞƚŚǇů�1H



	   2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 2:  Transmission electron microscopy of Aβ42 oligomers, 
protofibrils and fibrils.  To further track the changes in the state of Aβ42 aggregation during 
incubation at 37 °C, TEM images were obtained of Aβ42 after 0 h (A), 6 h (B), 8 h (C), and 12 
days (D) at a concentration of 200 µM. The scale bar corresponds to ~100 nm in panels (A-C) 
and ~250 nm in panel (D).  

 The TEM images provide only a qualitative view of the aggregation pathway. During the time 
course between 0 and 8 hours, the sample converts from a solution composed of oligomers to 
one of oligomers and protofibrils. After 8 hours, Aβ42 fibrils appear, although there are typically 
still a large number of protofibrils. The protofibrils are wavy, elongated structures with lengths of 
up to ~100 nm. Fibrils are straight structures with lengths over 1 µm.  It typically takes several 
days for the Aβ42 to convert to mature fibrils (with no detectable protofibrils).  

The TEM images were obtained using an FEI Tecnai 12 BioTwin 80 kV transmission electron 
microscope. The sample was diluted to a concentration of 15 µM, deposited onto carbon-coated 
copper mesh grid and negatively stained for one minute with a 0.5-2% (w/v) uranyl acetate 
solution. The remaining solution was wicked off using filter paper. The sample was allowed to 
air dry and digital images were taken with an Advanced Microscopy Techniques camera.  
Similar results were obtained with Quantifoil Holey carbon grids (1.2/1.3) with a thin carbon film 
that had been glow-discharged to make the surface hydrophilic. 
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Supplementary Figure 3:  AFM of Aβ42 oligomers, protofibrils and fibrils.  Additional 
images are shown of oligomers and protofibrils (panels A and B) and fibrils (C and D) obtained 
by single touch AFM after 6 h and 8 h of incubation at 37 °C, respectively.  The images in panel 
(A) show mostly high MW oligomers, many of which have laterally associated into protofibrils 
(white ellipses).  In contrast, the images in panel (B) show a mixture of low and high MW 
oligomers.  As in the Figure 4 (main text), the oligomers that have laterally associated can be 
composed of both low and high MW oligomers. While many of the images of laterally associated 
oligomers appear linear, there are also laterally associated oligomers that are non-linear and 
similar to the curvilinear protofibrils typically observed by TEM.   

The gaps between oligomers within a protofibril are attributed to several factors.  First, the 
oligomers are loosely associated at early times in the aggregation process as suggested by the 
ability to reverse aggregation by dilution. These gaps are lost as the oligomers merge and the 
protofibrils convert into fibrils.  Second, the compressive force applied to the protofibril allows 
the AFM probe to contact the mica surface in these regions of weakly associated protein.  
Repeated scanning can disrupt the oligomer association (see Supporting Figure 4). The 
compressive forces with our single touch, low force AFM are on the order of 30-100 pN.  While 
this is 1-2 orders of magnitude lower than typical tapping mode AFM (which also requires 
multiple contacts with the sample per pixel), it likely results in some sample distortion.  Finally, 
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we cannot rule out that association of the loosely associated oligomers with the mica surface 
disrupts their interaction. 

The low MW oligomers appear to have two distinct surfaces, where one surface is able to 
mediate the association to form the high MW species. This face-to-face interaction explains the 
lack of 18-mers observed in our AFM studies as well as in the previous mass spectrometry 
experiments 1. One can speculate that the interacting surface is more hydrophobic. We find that 
the oligomers associate strongly with the polar mica surface in AFM. In AFM studies using 
graphite that has a hydrophobic surface, more fibril-like structures are observed, suggesting that 
the hydrophobic surface destabilizes the oligomers and serves as template for fibril formation 2.    

These samples were incubated at 200 µM and diluted to 0.5 µM for imaging.  The white 
scale bars for lateral distances are 40 nm.  Note that the colored height scales to the right of 
each figure have a maximum of 5.0 nm in panels (A) and (B), and 10.4 nm in panels (C) and 
(D).    
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Supplementary Figure 4:  ANS fluorescence of Aβ42.  ANS (1-anilinonaphthalene-8-
sulfonate) undergoes a change in fluorescence upon binding to hydrophobic surfaces,3,4 and 
has been used to characterize the surfaces of Aβ oligomers and fibrils.5-8  To measure the rates 
of formation and decay of oligomers that are intermediates in the pathway to fibril formation, we 
studied changes in ANS fluorescence as a function of incubation time over a range of different 
temperature and salt concentrations.  In panel (A), we show that there is no change in ANS 
fluorescence with Aβ42 at 4 °C over 24 hours.  

In panel (B), we show that curcumin at a 1:1 molar ratio with Aβ42 blocks the increase in 
ANS fluorescence.  We have recently shown that curcumin binds to the N-terminus (residues 5-
20) of Aβ42 monomers and cap the height of the oligomers that are formed at 1-2 nm. 9  

In panel (C), Bis-ANS, a derivative of ANS, has been used to characterize oligomer 
formation, and was recently found to be an inhibitor of Aβ42 fibrillization with greater affinity for 
Aβ42 than ANS. 7  We present the fluorescence spectra of Bis-ANS for comparison with the 
measurements using ANS.  Fluorescence spectra obtained over 24 h are shown of Bis-ANS 
with Aβ42 at 37 °C in low salt.  In a similar fashion to ANS, there is an increase in fluorescence 
intensity after 6 h of incubation.  However, unlike ANS the fluorescence levels do not decrease 
after 8 h.  This difference may reflect a stronger affinity of Bis-ANS for protofibrils and fibrils. 
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