




Fig. S1 in the ESI{ ) and length L that can be related ton, the
number of peptide molecules per ribbon segment. One turn of
the helix contains about 100 KFE8 molecules and is about
20 nm long,6 and soL = n 6 0.2 nm. We usen = n2 1 6 4 6
1023 m2 3 for the number density of rods in solution (as
obtained with 80% purity of a 0.1 wt% KFE8 powder dissolved
in the solvent, see the titration model presented in the ESI{ ).
The transition from a dilute to a semi-dilute regime for a
dispersion of such cylinders occurs whenn is greater thann* =
L2 3. In our case, we calculate that this transition occurs when
fibers are longer thanL* # 100 nm, which is the typical size of
initial ribbons reported in ref. 5. This indicates that the
dispersion is expected to be between the dilute and semi-dilute
regime. The zero-shear rate viscosity of a dispersion of
Brownian rods in this intermediate regime can be written in
terms of the rotational diffusion coefficient Dr of the rods:30
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where g and g0 are the dispersion and solvent viscosities
respectively, andDr,0 is the limit of Dr at infinite dilution (in
this limit, the above expression becomesg # g0 + 2nkBT/
(15Dr,0) for the dilute regime). An accurate expression of the
rotational friction coefficient f r = kBT/Dr,0 for long cylinders
can be found in ref. 31 and 32:

f r~
kBT
Dr,0

~
pg0L3

3lnl
f lnlð Þ with f xð Þ~

xz 0:64
x{ 1:5

z
1:659

x2 (4)

wherel = L/R is the aspect ratio of the cylinder. An expression
for Dr,0 can be calculated from the above equation. Using a
tube model, Doi and Edwards estimatedDr = bDr,0(nL3)2 2,
where b is a numerical constant equal to about 1000.30

Combining the above equations, we finally obtain the intrinsic
viscosity of the dispersion:
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in terms of the volume fractionw= pR2Ln= 0.3%. Solving eqn
(5) for L with (g 2 g0)/g0 = 1, we find L # 500 nm,
corresponding to earlier ribbons of about 25 helical turns long.
Note that we can count about 10 helical turns per precursor
ribbon on the AFM micrograph obtained in ref. 5 with the
same concentration of peptide powder, after 8 min of self-
assembly (although the peptide-powder mixing protocol was
significantly shorter), and at a pH # 3.3. With this value of L
we calculaten/n* # 30, which usually indicates the transition
from dilute to semi-dilute behavior,32 thus confirming the use
of eqn (3). The model above neglects the contribution of the
electrostatic repulsion between the charged rods. However in
the semi-dilute regime, this interaction merely results in
increasing L, the characteristic size of the excluded volume
effect, to an effective length of rods that incorporates the range
of the electrostatic repulsion,L + k2 1 (wherek2 1 is the Debye
length, see next section).33 This range of k2 1 # 10 nm, as
evaluated later in the text, is much smaller than the physical
length L # 500 nm. Thus the effect of charges on eqn (5) can
be neglected. Moreover for such high aspect ratio objects (here

l # 150), the drag coefficient is weakly dependent on the fine
geometry of the body,31 thus allowing us to model the helical
fibers (whose pitch is 20 nm, much smaller thanL) by simple
cylinders.

3.2 Self-assembly rate tuned by electrostatic double layer
interactions

We must assume a geometric scenario for the elementary
coalescence of initial peptide structures in order to model the
interaction driving the self-assembly of KFE8. In a simplified
model, we assume that theb-sheet formed by the peptides is a
semi-infinite block with a given surfaces of interaction by
which two identical blocks could eventually connect. This
geometry has already been used on the same system by Hwang
et al.6 to develop their model of peptide-surface charge in
terms of the electrostatic double layer theory. We assume that
the early short fibers are somewhat represented by these blocks
of material. Though this choice might not be the most
advanced, the resulting theory remains, however, fairly simple,
and allows us to calculate reasonable orders of magnitude for
the interaction. An alternate scenario for the geometry of the
interaction is investigated in the ESI{ .

3.2.1 Modeling the peptide charge.In the electrostatic double
layer model, the charged blocks are bathed in a solution of
ions. To calculate the total surface-charge densitys and the
electrostatic potential y s at the surface of the blocks, Hwang
et al.6 used the local chemical equilibrium condition of the
b-sheet in the solution.13 They found:
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where ~ss~ es= ekkBTð Þis the scaled surface-charge density, and
~yy s~ ey s= kBTð Þis the scaled potential at the block’s surface. In
our notations, e is the elementary electric charge ande= ere0 with
er and e0 being the dielectric constant of water (y 80) and the
permittivity of vacuum, respectively. The Debye–Hu¨ckel

parameter, written k~
�������������������������������
2e2ce{ 1= kBTð Þ

q
, is a function of the

ion concentration c = [OH 2 ] + [T2 ] that itself depends on the pH
through c= 10pH2 14+ [T]0(1 + 10pKT2 pH)2 1, where [T]0 and pKT =
0.52 are the initial concentration and dissociation pK value of
TFA, respectively. Also in eqn (6), pKE = 4.3 and pKK = 10.8 are
the dissociation pK constants of the glutamic acid EH and of the
Lysine KH +, respectively (since the model presented here is local,
these surface dissociation pK constants are the standard values of
the isolated amino acids34,35). The quantity smax = 0.26 C m2 2 is
the maximum possible surface charge of the block, as calculated
from the dimensions of the KFE8 molecule: two positive groups
on an area 3.16 0.4 nm2 exposed to the bulk (see Fig. S1 in the
ESI{ ). In the electrostatic double layer model, the surface-charge
density and the surface potential are also related by the Grahame
equation, that is written in our case:6,13

~ss~ 2sinh ~yy s

.
2

� �
(7)

for the planar geometry, as obtained in a symmetrical 1 : 1
electrolyte with ion concentration c.
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