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Report:

Molecular self-assembly has emerged as a powestllfor the fabrication of molecular materials wih
wide variety of properties. In recent years, coastlle advances have been made in using simple-olig
peptides as building blocks due to their propersityelf assemble into ordered supramolecular sires for
the production of such novel biomaterials. The pt&tto trigger the self assembly of these smalleoules
by an external stimulus (enzyme, light, pH or iogiength) is attracting increasing attention aswde for
the reversible fabrication of soft solid. Recentlg have investigated the possibility of using aet@ase type
enzyme, thermolysin, to catalyse the synthesismticomplementary oligo-peptides reverse hydrolysis,
which subsequently triggered gelation. Such iotigoepeptides are known to readily self-assembte if -
sheet affording rich fibrillar hydrogei’s).While pure FEFK tetra-peptide (F=phenyalanine, Htaghic acid,
K=lysine) did not form gels over the concentratiange 0-300 mg nit, in the presence of thermolysin (0.3
mg mL?) gelation was observed over time for initial tpeptide concentratiof,>100 mg mL'. Gelation
was assessed using the simple “test-tube tiltingthd, which also suggested that the highgrthe faster
the gelation. This was confirmed by oscillatoryalogy measurements which indicated the formatiostiéff
gel (G'~25 kPa fo€,=300 mg mLx1), with gel strength increasing wi@y. The composition of the samples at
discrete time points was monitored both qualitdynend quantitatively by MALDI-TOF MS and HPLC
respectively. Results showed that f6¢>100 mg mk1) the octa-peptide is the dominant product of the
reverse-hydrolysis reaction. As the quantity ofagaéptide synthesized increased, self-assemblyantie
parallel3-sheet fibres was observed by ATR-FTIR. Subsequ&M investigations revealed the formation
of a rich and dense fibrillar network resultingrfrdhe self-assembly of the oligo-peptide forrffed.

In the present work, we aimed to investigate theetkcs of fibrillar formation and subsequent gelatof
enzyme assisted synthesis of oligo-peptides. SAX&rments were performed to address the structural
changes occurring through this enzymatic reactioparticular the effect of tetrapeptide/enzymeéoran the
kinetics of fibrillar formation was studied and Tabl summarises the composition of the samples
investigated. Simple “test-tube tilting” method icated that folC,=50 mg mL* gelation did not occur over
time irrespectively of the enzyme concentrationneafter one week of incubation, while 165=75 mg mL*

an increase in viscosity was observed despite hdogming after a week. Fo€¢>100 mg mL*, a rapid
increase in viscosity is observed and self-suppdogis formed after 30 min. Visual observation ssjgd



the higher the initial enzyme concentration thediathe gelation. Likewise, the higher the inititrapeptide
concentration the faster the gelation. After oneekvef incubation, HPLC was performed to evalua th
composition of the samples and especially to gfjatiie amount of octapeptide present in the systems
(Table 1). For all the compositions investigatedegpt 50:0.1 and 75:0.1 (FEFK:E, w:w), di- tertaex&- and
octapeptides are detected. Rey<75 mg mL?, at all enzyme concentrations, the main producéstae
dipeptide FE and FK (ca. 90 to 96 %) and the higherenzyme concentration the less octapeptideedrm
This suggests that for these systems reverse lygigas the favoured reaction. F6§>100 mg mL* lower
dipeptide contents and increased amounts of tatrd-octapeptides are detected. For these sereeéinti
octapeptide content is found to increase with iasirey peptide to enzyme ratio for a given tetragept
concentration. Similarly, for a given enzyme corication, the higher the initial tetrapeptide cortcation
the more octapeptide formed 65100 mg mL:. The results indicate that the gelation kinetiads solely
related to the FEFK/Enzyme molar ratio but ratleest minimal initial tetrapeptide concentration.

Table 1: a) FEFK:E molar ratio investigated; b) octapeptidntent after a week incubation.

a FEFK /mgmL™ b FEFK /mgmL™
50 75 100 200 50 75 100 200
o 0.1 30367 45550 60734 1E+05 + 01 N/A N/A 39% 52%
w :E; 0.3 10122 15183 20245 40489 w _g' 0.3 N/A 0.84% 26%
E 05 6073 9110 12147 24293 E 05 N/A 0.18% 16% 23%

SAXS experiments have been performed to further)
investigate the structural changes occurring during
the fibrillar formation. Fig. 1 shows the scattered 5 | %
intensity curves obtained for our samples at room £ ° %
temperature at discrete time points. As can be seer
from Fig. 1a no changes in the scattered intersgy 001y
observed over time fo€,=50 mg mL* consistent 0
with the low level of octapeptide detected by HPLC. ~ 100
For Co=70 mg mL-1 (Fig 1b) an increase of the 1
scattered intensity over time is observed. This g :
suggests that although self-assembly of octapeptide = o1
might occur, their low concentration prevents the ooy I otl I

formation of fibrillar structure hence gelation thie q/nm’ q/nm*

sample. FoiCg>100 mg mL-1, the increase is mol Fig. 1: Scattering curves at discret time point forG¥50
pronounced in agreement with the higher level mg mL", b) C,=75 mg mL', c) C,=100 mg mL' and d)
octapeptides detected by HPLC (Fig 1c). Ti CO:_%OO mg mL, with an enzyme concentration of 0.5 mg
indicates that the synthesised octapeptide : M-

assembles to form supramolecular structures aswdazbby SAXS and the scattering profiles shownim E
can be used to accurately depict changes in theoggbnetwork formation with both changes in peptihd
enzyme concentrations. To extract structural inétram, forCe>100 mg mL-1 the scattering patterns were
fitted using the following functional form corresmting to a generalised Guinier-Porod mé&ttel

_ KCM q°Rg _ I
In(q) = /qsexP - /3_5 q<=Q and In(q) = /qm q=Q

1/2

with o, = 1/Rg [(a —-s)(3 - S)/Z]

The first term is used to fit the log/region and corresponds to a generalised Guinieteinia which the
parameters allows the modeling of non-spherical objects. #Foee dimensional globular objects (such as
spheres)s = 0 and one recovers the empirical Guinier law.iRbnitely long rodss = 1 and for lamellas =

2, these correspond to the modified Guinier lawoenter for such geometry. The fit of the la@aregion
provides the radius of gyratidR,, the concentration of scattering obj€ctnd their molecular weighl —
which was fixed to 1120 g mol-1 the average mokeculeight of an octapeptide molecule. The secomd te



is a power law and describes the decay of theesaagtintensity in the higlgregion. In the framework of
fractal analysis, the exponemtcan assume values from 1 to 4 relating directltheofractal characteristics
of the scattering objectsVhen 3 <m < 4, the scattering can be considered to be tHecten from the
surface (interface) of the scattering object. Ttattering is said to emerge from a “surface frdaad the
lower the value o the rougher the surfacBor 1 <m< 3, the scattering originate from a “mass fractadti
the value of the exponent is indicative of the eéegof compactness of the scattering object — tiverlohe
value ofmthe looser the structure.

Good aggreement between the model and the expddhdata are found. At all the enzyme concentration
tested, forC;=100 mg mL* the dimensionality parametsrassumes value between 1.7 and 1.8 while for
Cy=200 mg m[* s=1.1-1.2. This discrepancy in the dimensionaliygmeters points to differences in the
structural assembly and can be related to chamgtreiaspect ratio of the fibres. Fes=100 mg mL* the
lower value ofs may indicate that shorter fibres form. For b@¥100 and 200 mg nit, R;=1.0-1.1 nm
similar to that reported for FEFEFKEK irrespectively of the enzyme concentration, sutiggshe fibres
present similar cross section radius in all caBemlly the concentration of assembled peptides aessved
(Fig 3 a and b). FoE:>100 mg mL*, similar kinetics are observed with a fast riseoficentration at early
stage followed by a plateau although differencesapparent.

Much higher concentration in scattering objects,assembled octapeptides, are notice€§s200 mg mrL*

in agreement with the results derived from HPLCthaugh similar assembled octapeptide contents are
detected at long incubation timea(50 mg mL™* after 35 hrs) for the series of sample wWig¥200 mg mL?,

the concentration is found to increase more rapadlpigher enzyme concentration. This suggeststkigat
amount of assembled octapeptides. the kinetics of fibrillar formation, is affectedybthe enzyme
concentration. Likewise the results indicate thasimilar equilibrium state is reached within 35 hrs
irrespectively of the enzyme concentration.

For C;=100 mg mL*, a much lower assembled octapeptide concentrétidno 17 mg mL) is found in line
with the HPLC analysis. Although a fast initial gioof concentration is observed for all the enzyme
concentrations, it is less pronouced thanGgx200 mg mL*. Similarly to C,=200 mg mL" series, at early
stage (first 7 hrs), the higher the enzyme conaéiotr the faster the kinetics of fibrillar formatiol0 hrs
onwards, the concentrations increase at a slowerarad the sample with the lower enzyme conceatrati
exhibits slightly higher concentration in scattegriobject, i.e. assembled octapeptides. It is ajgmarent
that no equilibrium has been reached after 35 hirscabation as an increase in octapeptide conatotrs is
still observed.
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Fig. 2: Time evolution of the concentration in assemblegitigle extracted from the general Guinier fit@r200 mg mL* (a) and
Cy=100 mg mL* (b); an average molecular weight of 1120 g hehs used for the fitting. c) Time evolution of thigh-q
exponenm.

The highg regime of the scattering pattern was fitted usimpwer law (Fig 3c). The exponent which relates
to the fractal dimension of the system is a measftitbe compactness of the hydrogel and it varigl the
initial tetrapeptide concentration. For baflg=100 and 200 mg nit. and at any enzyme concentration, a
sharp increase of the the fractal dimension is mesefor the first 3 hrs. 3 hrs onward there isnodicible
changes in the value of the higrexponent anan assumes the values ed. 2.75 forC,=200 mg mL* and

ca. 2.25 forC;=100 mg mL*. Such values for the fractal dimension are rern@ns of mass fractal. The
higher value observed f@,=200 mg mL*indicates an increased compactness/density ofelh@ssembled
fibrils that form the local network morphology withcreased initial tetrapeptide concentration. Twas



expected given the higher octapeptide contentsietdorCo=200 mg mL*as well as the higher assembled
octapeptide contents derived from the Guinier agsaly Finally for a given tetrapeptide concentratim
remains unaltered by a change in the enzyme camtiem as shown by Fig 3c suggesting similar local
network morphology at a length scélec 6 nm.

The analysis of the SAXS patterns provides cruamdbrmation about the dimension of the fibres
consistuting the network and its local density theg dependent on the initial tetrapeptide and reezy
concentrations. This valuable information on thealonanostructure on different length scales in the
reciprocal spaceqj will be correlated to real space observation (THivaging). In turn, the structural
information derived from the SAXS analysis may mokey in facilitating the understanding of the
relationships between self-assembly behaviour andl Inanostructure with final physical propertiéste
materials.
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