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ABSTRACT OF THE THESIS
Effect of Chirality and Chimeras on Amyloid Aggreéiga Kinetics
By
Kim Virginia Le
Master of Science in Chemistry
University of California, Irvine, 2014

Professor James S. Nowick, Chair

This thesis reports the activity of macroayl-sheets and their activity against amyloid
aggregation. Macrocyclio-amino acidp-sheets delay or suppress amyloid aggregation at
substoichiometric concentrations and show increaséigity compared to their-enantiomers.
Fluorescence assays highlight differences betwammt®mers and transmission electron
microscopy shows the absence of amyloid fibrilshia presence af-amino acid macrocycles.
The diastereomers of the-amino acid macrocycles are less effective in hgltamyloid
aggregation. Macrocyclig-sheet chimeras can suppress or delay amyloid ggooe at
stoichiometric amounts. Fluorescence assays showromales containing ftau hybrid
sequences interact with amyloids and delay filzaliion. These studies indicate amyloidogenic

peptides are sensitive to chirality and can paudita in interactions with chimera peptides.



CHAPTER 1

Effect of Chirality on A B4 Aggregation
PREFACE

Chapter 1 aims to study the effects of macrocyplisheet stereochemistry ornB4
aggregation. These-amino acid macrocycli@-sheets show increased delay or suppression
relative to theirL-enantiomers. The differences m versusL-macrocycles are apparent by
fluorescence and transmission electron microsc®gp). This project on macrocycle chirality
was my most successful project and allowed me fgoex NMR, fluorescence assays and
microscopy.

Chapter 1 builds and expands on prior work showkagnino acid macrocycli@-sheet
1.2a stalls A340 aggregation. Whilel.2a stalls aggregation, ite-enantiomerl.2b effectively
suppresses By aggregation at substoichiometric concentrationsr Rvork focuses on building
D-amino acid inhibitors to combat amyloid aggregativithout probing how structure or
stereochemistry influences inhibitor activity. Thisapter show4.laand1.1b are well-folded
B-sheets while their diastereomerslc and1.1d are poorly folded using NMR spectroscopy.
Similarly, NMR spectroscopic studies shdwa and1.2b adopt well-folded3-sheet structures
while their diastereomerk2candl.2d are partially folde@-sheets. Preorganization bflband
1.2binto ap-sheet shows peptide structure influences its igtagainst 440 aggregation and
the increased interaction &f2b with AB4o suggests the growingpa, aggregates arg-sheet in
nature.D-Peptidel.1b is less effective thap-peptidel.2b presumably because of its smaller
surface area as a pentapeptide, whil2b offers a larger surface are of interaction as a

heptapeptide.



This project also represents my first effort atirgke author publication and project.
Chapter 1 is also my first opportunity to work ajside with Professor Nowick and experience
publication level scientific writing. | am thankfdibr our writing meetings and discussions to
bring my efforts at the bench into organized fantion paper. In this study | am grateful to Dr.
Phil Dennison and Dr. Jian-Guo Zheng for their egiee training on NMR and microscopy. The

training | received helped bolster my case for énareric macrocycli3-sheets.



INTRODUCTION

Chirality is a central feature in peptides and @irtg. Enantiomeric protein-protein
interactions can lead to improved X-ray crystalagavic resolution, such as Kent's racemic
crystal structure of plectasinHeterochiral protein-peptide interactions haveasded substrate
scopep-peptides are attractive ligands to protein targetsause of their proteolytic stability and
ability to interact with native-proteins’ There is an increased interest in enantiomericigiep
peptide interactions, asNFGAILS peptides can haltamylin aggregatiochwhile enantiomeric
D-polyQ peptides can seeepolyQ peptides and induce aggregation and cytotiyxassociated
with Huntington’s diseasé.Studying chiral interactions in amyloidogenic pees increases
understanding of the pathway to aggregation.

We have previously studied the effects of macracy@lsheet peptides containing
fragments of amyloid beta-40 p4y) upon the aggregation off4,.” The peptide models and2
allow studies into the role chirality plays on agggtion prone peptides, focusing on the N-
terminus A40. The AB4o N-terminus is constrained into a macrocyg@lisheet, with the ornithine
turns linking B-strands in close proximity to promote interstrangdrogen bonding. The
unnatural amino acid Hao promotes rigidity of flasheet and prevents hydrogen bonding on the
lower strand of the macrocycle. We found that meyetc B-sheetl.la which contains a
pentapeptide strand fromB4y.2;, is a weak inhibitor of A aggregation and macrocyclicsheet
1.2a which contains a heptapeptide strand frofe, is a better inhibitor of Buo aggregation.
Addition of 2 equivalents of.1lato AB4o delays aggregation by 30% and the addition of 0.5
equivalents ofl.2ato a solution of B4 delays aggregation by 430%. To test the effect of
chirality on inhibition, we prepared and synthedizbe enantiomeric pentapeptidelb and

heptapeptidd.2b.



In the current study we investigate the effectsclufality of macrocyclicB-sheets on
AB4o aggregation. We compared the effect of enantiameeptidesl.1b and 1.2b on AB4o
aggregation to that af-enantiomersl.1la and 1.2a (Figure 1.1). We further investigated the
effects of diastereomeric peptidésdcandl1.1d and1.2cand2d on amyloid aggregatiori.1c

containsL-amino acids linked witlb-ornithine turns and..1d containsb-amino acids linked

with L-ornithine turns (Figure 1.2).
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Figure 1.1 MacrocyclicL-enantiomeB-sheetsl.1aandl.2aand theip-enantiomerd.1band
1.2b, respectivelyd-Amino acids are highlighted in red.

RESULTS AND DISCUSSION

1. NMR studies of 1.1a, 1.1b, 1.2a and 1.2bIMR spectroscopic studies show that

enantiomersl.la and 1.1b and enantiomeric peptides2a and 1.2b fold to adoptp-sheet
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structures. Well-folded macrocycli¢g-sheets are characterized by transannular nuclear
Overhauser effect crosspeaks (NOEs) between alpi@oaacid protons or alpha amino acid-
Haq; protons of adjacent antiparallel strands (Tablésahd 1.2). Downfield W chemical shifts
also provide evidence @fsheet folding (Figure 1.3). Since the only diffece betweeid.laand
1.1bandl.2aandl.2bis chirality, the NMR spectra of enantiomeric pahould be identical in
chemical splitting resonances. Both pdirsaandl1.1b and1.2aand1.2b possess overlapping
chemical shifts and interstrand NOEs, confirmingfiksheet conformation (Tables, 1.1 and 1.2,
Figures 1.3 and 1.4) and enantiomeric relationbeipveen each pairThe Hag-Faqo crosspeak
in 1.1afurther supports the folding dfla

2. NMR studies of 1.1c and 1.1dMlacrocyclicp-sheetsl.1candl.1d are enantiomers of
each other and are diastereomerd.dfa and1.1b. In a similar fashion, macrocyclig-sheets
1.2cand1.2d are enantiomers of each other and are diastersonfidr2a and1.2b.1.1c and
1.1d are identical byH NMR, and possess differing chemical shifts coragan1.1b. The Hx
chemical shifts of amino acids in a random coil tmkp are more upfield than in E&sheet
structured peptidé.The Hx chemical shifts ofl.1a are more downfield than previously
published values of & chemical shifts in a random coil peptide, suggesti.1a retains ap-
sheet conformation (Figure 1.3). Inclusion of thernithine turns causes tlélas of 1.1d to
shift upfield and loss of the interstrandg\. and Hao-Phgo NOEs (Figure 1.3). These results

suggestl.1lcandl.1d are less structured thanlaor1.1hb.
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O L O F o A
N 17 HV18 19 HFQO 21 H H
3 N)\f( N)\f( N)\ff

HH o w B o w " oH

I Vig-L I Foo-Haog
HO 4 H O  He O
H N)H/Nﬂ\N)H(N NN NH*
H x o-H o L
e)
Me
entry sequence VL F,,-Hao,
1.1a Orn-LVFFA-Orn-Hao-LK Y Y
1.1b Orn-LVFFA-Orn-Hao-LK Y Y
1.1c Orn-LVFFA-Orn-Hao-LK N N
1.1d Orn-LVFFA-Orn-Hao-LK N N

Table 1.1. Observed NOEs of pentapeptide macrocy@lisheetsl.1 The residues in red
indicateD-amino acids. Y indicates observation of the NO&sspeak and N indicates no NOE

crosspeak was observed.
0.4

02 [ T

AdHa (ppm)
o

NN\
NN\

T ®1{1a
................. Z a4.1d

residue
Figure 1.3 Ha chemical shift differences df 1laandl1.1d. Chemical shift differences of random
coil H'1 and calculated H in 1a(black) andld (striped).

3. NMR studies of 1.2c and 1.2dThe L-ornithine turns inl.2a were mutated t®-
ornithine turns and the-ornithine turns inl1.2b were mutated ta-ornithine turns to create
diastereomersdl.2c and 1.2d, respectively, to further probe the significance obiirality on
inhibitor function of the heptapeptide macrocycléhe NMR spectra ofi..2c and 1.2d are

identical, as they are enantiomeric pairs, and tttf@mical shifts differ in contrast fio2b, their
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diastereomeric counterpart. Therlehemical shifts ofl.2a are downfield compared to random
coil values of Hi, and a strong NOE crosspeak betweengHagn is observed in thd.2a
ROESY spectrum, indicatind.?2a is a well-foldedp-sheet (Table 1.2). Substitution of
ornithine turns intol.2d slightly perturbs folding; the flanking residuessKL17, F1o, and A;
possess downfieldHas (Figure 1.4). The i residue possesses the largest downfietd H
chemical shift difference, suggestiig2d is in a partialp-sheet conformation. Retention of
partial B-sheet structure in the core b2d is further evidenced by the HaPhgyo interstrand
NOE in1.2d These data suggest diastereoniePs and1.2d are partially folded macrocycles,

maintaining g3-sheet structure in thedHao core.

O K O VvV O F O E
’ N+ 16 HL17 18 HF19 20 HA21 22 H ’
H O H O H O H o H

i L17'| IF19'H306 1A21'L
HO |y H O |, Ho O . H o _y
S N
E O 0 Hoo=H ¢ o
(@)
Me
entry sequence L, F,,-Hao, A,-L
1.2a Orn-KLVFFAE-Orn-El-Hao-LK =¥ Y Y
1.2b Orn-KLVFFAE-Orn-El-Hao-LK - Y Y
1.2¢c Orn-KLVFFAE-Orn-El-Hao-LK - Y N
1.2d Orn-KLVFFAE-Orn-El-Hao-LK -* Y N

-* NOE not observed due to overlap between resonances.

Table 1.2.0bserved NOEs of pentapeptide macrocygigheetsl.1 D-Amino acids are in red.
Y indicates observation of the NOE crosspeak amaditates no NOE crosspeak was observed.



0.4

0.2 -

m{2a
a4.2d

AdHa (ppm)
o

K L v F1 9 F20 A21 E22

16 17 18
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Figure 1.4.Hao chemical shift differences df2aand1.2d. Chemical shift differences of random
coil Ho and calculated &in 1.2c

4. 1.1b delays Bio aggregation more effectively than 1.1a. Thioflavin T (ThT)
fluorescence assays shdwla only modestly inhibits 4o aggregation whilel.1b perturbs
aggregation with greater efficacy (Figure 15)Jla has very modest effects o4 kinetics at
substoichiometric amounts; at 0.1 equivalents, tiage is increased by 118% whilé.1b
increases lag time by 607%. A dose dependent respsrobserved at higher amount§;flag
time is increased to 374% under 0.3 equivalentd.bé and when B4 is mixed with 0.3
equivalents ofl..1b, lag time is increased by 1206%. Building front ptior work, it is possible
1.1lacan target the growing intermediates, wHilébis more effective at interfering withpaoat

lower concentrations with a small sequence.
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“AB,control  ®1.1a ®1.1b

1500

1 000 ..........

lag time (minutes)

500 T .....

.0 equiv 0.1 equiv 0.3 equiv 0.5 equiv
Figure 1.5. Effect of 1.1a or 1.1b on AB4o aggregationl.la slightly delays aggregation and
1.1bdelays aggregation by more than twofold at singtarcentrations.

5. AB4o aggregation delay by 1.2a and suppression by 1.2hT fluorescence assays
show that peptide4.2 are better inhibitors of Puo aggregation and.2b can suppress [#o
aggregation over time. To assess and compare nyateoefficacy, fluorescence assays were
executed in substoichiometric concentrations diegil.2a or 1.2b (Figure 1.6). Fluorescence
assays highlight a difference irB4 aggregation kinetics in the presencel@aor 1.2b even at
low concentrations; at 0.1 equivalentslo®a AP fibrillization is delayed 186%, while at 0.1
equivalents oflL.2b AB4 lag time is increased by 380% (Figure 1.6). Ddferes betweeh.2a
and1.2b are become more prominent at higher concentrat@Bsequivalentd.2adelays A0
accumulation by 308% while at 0.3 equivalentsldfb AB4o aggregation is halted by 3800%.
Our work suggests the growing3gnucleus is preferentially perturbed by enantiomprgheets
and intercalating interactions betweerAB4o with D-macrocycles provides more stabilizing

interactions than homochiral interactions.
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AB,, control ®1.2a ®1.2b

6000

N
o
o
o

lag time (minutes)

2000 .....

0 0 equiv 0.1 equiv 0.3 equiv 0.5 equiv
Figure 1.6.Effect of 1.2a(green) orl.2b(red)on ABspaggregation. The asterisk abdv&b
indicates indicates [y fibrillization suppression throughout the cour$¢he assay.

6. Diastereomers 1.1c and 1.1d are less effectiviedelaying AB4o aggregation than
1.1b. To further test the effects of chirality on maxydlic B-sheet function, each diastereomer
1.1candl.1d was tested againstp4y fibrillization. Both 1.1cand1.1d did not show greater lag
times relative tdl.1b. At 0.1 equivalents]l.1cslightly delays aggregation by 178% whileld
delays aggregation by 126%, compared.tid's aggregation delay by 607%. At 0.3 equivalents,
inhibition is improved;l.1cdelays aggregation by 360%, ahdd delays aggregation by 450%,
yet1l.1candl.1d are less effective thahlb at 0.3 equivalents, delaying aggregation by 1077%
(Figures 1.7 and 1.8). Even at elevated conceotrstil.1b outperformsl.lcand1.1d 1.1b
delays aggregation by 868%, whilelcdelays aggregation by 40% ahd d delays aggregation
by 543%. This suggests chirality affects macrocyafiinity to AB4. Diastereomed.ld was

more effective thad.1g presumably because macrocycles have a greaiityafor Apsowhen

D-amino acids are incorporated into the recognisivand.
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"AB, control ®1.1b L1.1c

1500

1000

500

lag time (minutes)

0 B
0 equiv 0.1 equiv 0.3 equiv 0.5 equiv
Figure 1.7.Effect of1.1b or 1.1con ABsoaggregation. 4o lag times in the presence bflb or

diastereomet.1c
“AB,, control ®1.1b P1.1d

1500

—
o
o
o

500

lag time (minutes)

0| ]
0 equiv 0.1 equiv 0.3 equiv 0.5 equiv
Figure 1.8. Effect of 1.1b or 1.1d on AB4, aggregation.1.1b and diastereomet.1d in the
presence of Buo.
7. Diastereomers 1.2c and 1.2d do not suppresi4 aggregation. Inhibition is
hampered as 0.1 equivalentslo?b stalls aggregation by 418% whereas 0.1 equivalds2c
stalls aggregation by 105% add?d stalls aggregation by 202%. Larger differencesvben

1.2b versusl.2c and 1.2d are observed at increased concentrations; at quB/adents,1.2b

disrupts A4 accumulation by 3812% whilg.2c slightly disrupts 840 accumulation by 52%

13



and 1.2d disrupts aggregation by 1329% (Figures 1.9 and®)1.At 0.5 equivalents]l.2b
suppresses [Byo aggregation for the duration of the assay (over h@dirs), trumping its
diastereomersl.2c, which modestly delays aggregation by 229%, dn2d, which delays
aggregation by 1881%. These results suggest enaaniop-sheets preferentially interact with
AB4o intermediates. In reference to the nucleation deépen polymerization model,
preorganization into @-strand can preferentially accesses the growirgpoier nucleu&® The
intercalating heterochiral interactions providedlbgb are more easily accessed when initially

constrained into fi-sheet orientation.

AB,, control ®1.2b L1.2c

6000

N
o
o
o

lag time (minutes)

2000

oL B=

0 equiv 0.1 equiv 0.3 equiv 0.5 equiv
Figure 1.9.Effect of 1.2b or 1.2con AB4oaggregation. Diastereomgr2cis much less effective
at inhibiting A340 aggregation thah.2b.
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AB,, control ®1.2b D1.2d

6000
*
3 4000

)
£
E
()
E

2 2000 g[

i

Dy

D D,

= D D,

0 0 equiv 0.1 equiv 0.3 equiv 0.5 equiv
Figure 1.10. Effect of 1.2b or 1.2d on AB4o aggregationl1.2bis more effective against o
aggregation compared to its diastereoh@d. The asterisk abovk.2b denotes suppression of
ThT fluorescence during the entire assay.

8. TEM supports improved AB4o suppression of 1.1b over 1.1aTransmission electron
microscopy (TEM) studies corroborate prior findirmfsaggregation suppression. In these studies
0.3 equivalents of macrocycle was incubated wifacAvith shaking for 12 hours, and aliquots
were spotted onto grids for examination. After 1@uts fibrils and their fragments were
observed in the Pyo control conditions (Figure 1.11, left) and in theesence ofl..1a (Figure
1.1, middle), yet absent in the presenceldfb (Figure 1.11, right), supporting the notion
enantiopeptidd..1b preferentially interferes with Byo accumulation. The fibril shards observed

in the AB4o control are due to mechanical stress caused bgrghaf the plate during the course

of the assay, inducing long fibers to fragment.
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Figure 1.11. TEM imageof and 1.1b on AB4o aggregation. Puo fibrillization in the
absence (left) or presence fia(middle)or 1.1b (right) at 0.3 equivalents after 12 hours. The
scale bars indicate 100 nm.

9. TEM shows A4 suppression by 1.2bAB. incubation in the presence bf2a or
1.2b produced similar results. After 12 hours, fibrppeared with B4o incubated withl.2a
(Figure 1.12, middle), while fibrils were absentemhAB4, was incubated with.2b (Figure 1.12,

right). Images of B40 incubated withl.2b show small, round, artifacts, indicatirig2b is

inducing A4 to create globular products. These images sudgggtinteracts withl.2b for a

longer period of time compared 123 and the interaction results in a spherical molqdn

|u 1.12.TEM ig of1. and 1.2b on ABao aggregion. 34 iilllzatin in the
absence (left) or presence of 0.3 equivaldnga (center) orl.2b (right) after 12 hours. The
scale bars indicate 100 nm.
CONCLUSION

In conclusion, b-macrocyclic peptides show increased delay or sgson of
fibrillization compared to previously published nat&l In both the 42- and 54-membered rings,
theDp-enantiomers of macrocycl-sheets inhibit the aggregation opAmore strongly than the

L-enantiomers. This finding is surprising, as th@apunity for eclipsing hydrophobic contacts

is unavailable between heterochiral peptides. Beptonstraint into #-sheet conformation
16



influences interactions betweenp#4 and macrocycle and implies increased affinity of
interactions between heterochiral peptides. Glamdd diastereomers in each class of peptides
are less folded than tharor b counterparts and perform less efficiently tHahb or 1.2b. It is
possible to utilizel.1b and1.2b as kinetic tools to probe stabilizéadl vitro intermediates when

coupled with analytical techniqué¥!*
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Peptide synthesisPeptides were as previously describewth the following modifications: 1)
Fmoc-Hao-OH was used in substitution of Fmoc*-Had;Q) the linear protected peptide was
cleaved from the 2-chlorotrityl chloride resin wahcocktail of 4:1 DCM:HFIP for one hour and
concentrated by rotary evaporation to a clear4iamd 3) HOBt and HBTU (6 equivalents each)
were used in substitution of HCTU.

NMR spectroscopic studiesSudies in D,O. Peptidesl.la-d were gravimetrically measured
and dissolved in “100%” BD (Cambridge Isotope Laboratories, DLM-4) to a ffio@ncentration
of 2 mM. Peptided..2a-d were dissolved in gD to a final concentration of 1 mM. Molecular
weights were calculated with the free amines a$-A 3alt. 1D'H, 2D ROESY and TOCSY
NMR spectra were conducted on a Bruker 500 MHz NMR tspeeter equipped with a
cryoprobe at 298 K'*H NMR spectra were collected for 64 scans. 2D TOGP¥ctra were
collected with 150 ms spin-lock mixing time. 2D R®¥ spectra were collected with 300 ms
spin-lock mixing time. 2D TOCSY and ROESY specteravexecuted with 2048 points in fi2e
domain and 512 points in tli domain and processed to a 1024 x 1024 matrixgubm QSINE
processing parameters. NMR spectra were processagl Bruker XWIinNMR software.

Sudiesin 9:1 H,O:D,0. Peptidesl.1 were dissolved in 9:1 #D:D,0 to a final concentration of
2 mM and peptided.2 were dissolved in 9:1 #:D,0 to a final concentration of 1.5 mM.
Molecular weights were calculated with the free masias a TFA salt. 1EH, 2D TOCSY and
ROESY spectra were collected on a Bruker AVANCEBIDIR spectrometer fitted with a triple
resonance broad band (TBI) probe at 278 K. 2D C@f&ttra with solvent suppression were
collected on a Bruker 500 mHz spectrometer equippiéu a cryoprobe’H NMR spectra with
solvent suppression were collected for 32 scansT@ICSY with solvent suppression using

perfect echo watergate were collected with 200 mBs-l®ck mixing time. 2D ROESY with
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solvent suppression using perfect echo watergate walected 100 ms spin-lock mixing time.
2D COSY spectra were collected for 16 scans. 2D IOROESY and COSY spectra were
collected with 2048 points in tH2 dimension and 512 points in thedimension and processed
to a 1024 x 1024 matrix using QSINE processing patars. Spectra were processed using
Bruker XWIinNMR software.

Thioflavin T (ThT) fluorescence assaysThT fluorescence assays were carried out in Corning
96-well black clear bottom plates with shaking orGamini XPS fluorescence plate reader
(Molecular Devices). Readings were collected at°@7every 10 minutes for 41 hours at
excitation 442 nm, emission 482 nm, with 5 secostusking before the first reading and 575
seconds shaking in between readings.

Preparation of ThT stock solution. Thioflavin T stock was freshly prepared before easbay.
2.5 mg of ThT (Sigma-Aldrich, T3516-5@vas gravimetrically measured and dissolved in 10
mLs 18 M2 H,O and filtered through 0.2M nylon filters. The Thioflavin T solution was
diluted to 1/25 and was measured at 412 nm witASCD-V-530 UV-Vis spectrophotometer
(ernt = 36,000 MIcmY). The Thioflavin T solution was further diluted twi0.2 uM filtered
10x PBS with 0.02% Na®\pH 7.4 to create a working stock of 00 ThT in 5x PBS, pH 7.4.
Preparation of inhibitor solutions. Peptides were measured gravimetrically to createnaM
solution in 18 M2 H,O. An aliquot was diluted by 1/25 for spectropho&bnt measurements
using a JACSO-V-530-UV-Vis spectrophotometgr{ = 9850 M*Llcm* at 280 nm). The 1 mM
solution was further diluted with 18 WM H,O to create a 20QM working stock. The inhibitor

was plated into the wells at the appropriate cotragons, followed by addition of 18 M water

and 100uM ThT stock.
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Preparation of Afy solution. Prior to the start of the experiment, three Nano%ép kDa
centrifuge filters (Pall, OD100C34) were washeapto the experiment with 5Q6L of 18 MQ
water three times for 5 minutes at 10,000 rpm. Isstnt AB4owas purchased from GL Biochem
Shanghai. 1.5 mg [®o was measured gravimetrically in a 1.5 mL eppentlidyé and dissolved
in 146 uL 100 mM NaOH (analytical grade, Fisher SS266-1}r@ate a 2 mM solutiohThe
AB4o solution was sonicated for 30 seconds in a wadér bnd further diluted with 1338 of
18 MQ water to create a working stock solution of 200. The AB4 solution was sonicated
again for 30 seconds, and 50D aliquots were filtered through three washed NapoB00 kDa
centrifuge filters for 5 minutes at 10,000 rpmBsAwas added lastly to the wells in 200
aliquots for a final total reaction volume of 20Q. The plate was sealed with sealing film,
inserted into the plate reader, and the experinvgad initiated. Experiments were run in

octuplicate, with the six most representative tsadesplayed and the two least representative

traces omitted.

Table S1.1Representative Volumes of 96-Vell Reaction Plat

Wells ThT solution {iL) inhibitor solution @L)  water (L) AB,, solution (L)
ThT control 40 0 160 0
AB,, control 40 0 140 20
AB,,+ 0.1 equiv inhibitor 40 2 138 20
AB,, + 0.3 equiv inhibitor 40 6 134 20
AB,. + 0.5 equiv inhibitc 40 10 130 20
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Tht assays of 1.1a

AB,, +1.1a 0.1 equiv AB,, + 1.1a 0.3 equiv
2500 1 2500 -
2000 A 2000 -
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C
g 1500 1 owell 2 8 1500 1 owell 2
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<l - o -
§ 1000 - well 3 5 1000 | well 3
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500 - owell 5 500 A i owell 5
=" X0
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0 ! v r \ 0 T T "
0 500 1000 1500 0 500 1000 1500
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2000 A 2000 A
3 awell 1 g awell 1
< 4
g 1500 owell 2 8 1500 owell 2
(%]
@ . ) -
S 1000 - well 3 5 1000 - well 3
= owell 4 = owell 4
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0 r T )
0 500 1000 1500
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Tht assays of 1.1b

AB,, +1.1b 0.1 equiv AB,, + 1.1b 0.3 equiv
1500 - 1500 1
§ 1000 - awell 1 § 1000 - awell 1
3 owell 2 3 owell 2
3 g
5 -well 3 5 =well 3
2 500 A owell 4 2 500 A owell 4
owell 5 owell 5
| - xwell 6 xwell 6
0+ T x x x ) 04 T x : : ,
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
time (minutes) time (minutes)
AB,, + 1.1b 0.5 equiv AB,, control
1500 1 1500 1
§ 1000 - awell 1 § 1000 1 awell 1
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$ ¢ 13
5 =well 3 § -we
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0 + T T T r Y 0+ T T T r Y
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
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Tht assays of 1.1¢

fluorescence

fluorescence

AB,, +1.1¢c 0.1 equiv

1000 4
500 A
=5,
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0 500 1000
time (minutes)
AB,, +1.1¢c 0.5 equiv
1000 4

1500

500

1000
time (minutes)

awell 1
owell 2
-well 3
owell 4
swell 5
xwell 6

awell 1
owell 2
=well 3
owell 4
owell 5
xwell 6
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fluorescence
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Tht assays of 1.1d

AB,, + 1.1d 0.1 equiv AB,, +1.1d 0.3 equiv
2000 - 2000 -
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Tht assays of 1.2a
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Tht assays of 1.2b

AB,, +1.2b 0.1 equiv AB,, +1.2b 0.3 equiv
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Tht assays of 1.2¢

AB,, +1.2¢ 0.1 equiv AB,, + 1.2¢c 0.3 equiv
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Tht assays of 1.2d

AB,, + 1.2d 0.1 equiv AB,, +1.2d 0.3 equiv
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Transmission electron microscopy (TEM) sample prepation and imaging. Samplesfor
TEM images were collected from the previously diésd ThT assays above. Aliquots were
collected after 12 hours of incubation and shakit@ulL aliquots were collected and spotted
onto carbon-formvar coated copper grids (Ted Pél® mesh, 01754-F) and allowed to sit for
one minute, and the excess liquid was wicked witarfpaper. The samples were washed with
10 uL of double distilled water, allowed to sit for on@nute, and the excess liquid was wicked
with filter paper. The samples were stained withylOof a 2% w/v uranyl acetate solution,
allowed to sit for one minute, and the excess stan wicked with filter paper. Samples were
imaged on a Philips CM-20 electron microscope \&itloperating voltage of 80 kV connected to

a Gatan Microdigital CCD camera.

o

Figure S1.1.TEM images of B4 incubated withl.1c (top left, a),1.1d (top right, b),1.2c
(bottom left, c) orl.2d (bottom right, d) for 12 hours. The scale bar@aties 100 nm.
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HPLC trace of 1.1a

mAU -
4000

9:221

35004%
3000*%
2500*%
2000*%

1500 |

1000

500

0 5 10 15 20 min

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 0.1003 1352.58594 187.33238 4.5195
2 9.221 BV 0.1031 2.73758e4 4151.62305 91.4731
3 9.543 Vv 0.1087 730.39606 98.10030 2.4405
4 9.684 VB 0.1033 468.92010 68.34472 1.5668

Totals : 2.99277e4 4505.40044

*** End of Report ***
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1D "H NMR spectrum of 1.1a, 500 mHz, 2 mM in D,O, 298 K
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2D TOCSY spectrum of 1.1a, 500 mHz, 2 mM in D,0O, 298 K, 150 ms spin-lock mixing time
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2D ROESY spectrum of 1.1a, 500 mHz, 2 mM in D,0, 298 K, 300 ms spin-lock time
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1D 'H NMR spectrum of 1.1a with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,

32 scans
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2D TOCSY spectrum of 1.1a with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,

200 ms spin-lock mixing time
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2D TOCSY spectrum of 1.1a with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,
200 ms spin-lock mixing time
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2D ROESY spectrum of 1.1a with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,
100 ms spin-lock mixing time
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2D ROESY spectrum of 1.1a with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,
100 ms spin-lock mixing time
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HPLC trace of 1.1b

mAU

1750 |

8.596

1500%
1250—?
1000—?
750%

500 |

250 5
i (2]
1 © k@
0 -
! ! ! ! [ ! ! ! ! [

459

325

min

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 6.325 BB 0.0742 93.02305 18.64573 1.4076
2 8.459 BV 0.0645 317.34662 74.07159 4.8021
3 8.596 VB 0.0688 6141.26611 1357.35608 92.9293
4 8.907 BV 0.0573 56.90108 15.01045 0.8610

Totals : 6608.53686 1465.08384

*** End of Report ***
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1D 'H NMR spectrum of 1.1b, 500 mHz, 2 mM in D,0O, 298 K
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2D TOCSY spectrum of 1.1b, 500 mHz, 2 mM in D,0O, 298 K, 150 ms spin-lock mixing time
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2D ROESY spectrum of 1.1b, 500 mHz, 2 mM in D,0O, 298 K, 300 ms spin-lock mixing time
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HPLC trace of 1.1¢c

mAU

o rnn
O.JUO

2500%
2ooo—f
1500
1000

500

o
% L
L8.372

0 5 10 15 20 min

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 8.372 BB 0.0486 26.40786 9.03954 0.1233
2 8.503 BV 0.0972 1.99814ed4 3093.74927 93.2979
3 8.794 VvV 0.0962 703.43842 102.36295 3.2845
4 8.943 VB 0.1413 705.52911 68.09892 3.2943

Totals : 2.14167e4 3273.25068

*** End of Report ***
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1D '"H NMR spectrum of 1.1¢, 500 mHz, 2 mM in D,0O, 298 K

6£59
1€L99
)182L
PYTbL
56L8L
5h66L
98¢€8
L2058
50768
59£06
37926
36LE6
5991€
£80€E
ZLOLE
591€7
211hh
9599
5287
19667"
1615
599€5
38555
PESTY
81€9
L1899
L0599
ETLLY
L0769
S0LEL
P6PSL
£07LL
5888L
2918

— o9

92T LN

LIL6

36€1¢€
SLLTE
507€8
31766
39600
56020
527€0
L7980
58001
56691
39781
€561
19L0Z
20082
5862
LS0¥F"
30957
6697
44114
26L9L

=

2
2
8
ORI T 0 PSRRI i - i i S - P J P S QU QS . S

6£00°"
JT610°
39820"
16€€0°
20%0T"
29011
36TET"
26991
981"
JTI6T”

596LL"
J68LL"
58T6L"
896L"
18798
50678

80L0°T

— oot

WY

ppm

wdd Tesberur|

51



2D TOCSY spectrum of 1.1¢, 500 mHz, 2 mM in D,0, 298 K, 150 ms spin-lock mixing time
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2D ROESY spectrum of 1.1¢, 500 mHz, 2 mM in D,0, 298 K, 300 ms spin-lock mixing time
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HPLC trace of 1.1d

mAU

9-689

2500

2000

1500

1000

500

o
(9]
o
-
[$)]
N
(=}

min

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| [==== | === [ === [ === |- |
1 9.089 BV 0.0926 1.82171ed4 2941.87524 100.0000

Totals : 1.82171ed4 2941.87524

*** End of Report »***
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1 14 ¢ i S 9 L 8 udd

1D "H NMR spectrum of 1.1d, 500 mHz, 2 mM in D,O, 298 K
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2D TOCSY spectrum of 1.1d, 500 mHz, 2 mM in D,0O, 298 K, 150 ms spin-lock mixing time
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2D ROESY spectrum of 1.1d, 500 mHz, 2 mM in D,0, 298 K, 300 ms spin-lock mixing time
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1D "H NMR spectrum of 1.1d with solvent suppression, 600 mHz, 2 mM in 9:1 D,0:H,0, 278 K
32 scans
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1D "H NMR spectrum of 1.1d with solvent suppression, 600 mHz, 1.5 mM in 9:1 H,0:D,0, 278 K,

32 scans
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2D TOCSY spectrum of 1.1d with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,
200 ms spin-lock mixing time
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2D TOCSY spectrum of 1.1d with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,
200 ms spin-lock mixing time
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2D ROESY spectrum of 1.1d with solvent suppression, 600 mHz, 2 mM in 9:1

100 ms spin-lock mixing time
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2D ROESY spectrum of 1.1d with solvent suppression, 600 mHz, 2 mM in 9:1 H,0:D,0, 278 K,
100 ms spin-lock mixing time
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HPLC trace of 1.2a

mAU -

8-549

3000%
2500%
2000%
1500%
1000%

500

9.151

0

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
=== e |- |- | —==————~ |
1 8.549 vv 0.0866 1.88159%9e4 3389.87231 94.8980
2 9.151 VB 0.1049 1011.59991 142.11832 5.1020

Totals : 1.98275e4 3531.99063

***% End of Report ***
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1D "H NMR spectrum of 1.2a, 500 mHz, 1 mM in D,0, 298 K
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2D TOCSY spectrum of 1.2a, 500 mHz, 1 mM in D,0, 298 K, 150 ms spin-lock mixing time
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2D TOCSY spectrum of 1.2a, 500 mHz, 1 mM in D,0, 298 K, 150 ms spin-lock mixing time
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2D ROESY spectrum of 1.2a, 500 mHz, 1 mM in D,0, 298 K, 300 ms spin-lock mixing time
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2D ROESY spectrum of 1.2a, 500 mHz, 1 mM in D,0, 298 K, 300 ms spin-lock mixing time
HOD

Lys16-aH
Leu-oH
\ Glu-oH

/

Phe20-aH

Ala-oH

- MaabLeuuH

HOD

\ Phe20-oH —

ppm i i -

71

4.5

—4.6

Thaa

ppm



1D 'H NMR spectrum of 1.2a with solvent suppression, 600 mHz, 1.5 mMin 9:1 H,0:D,0, 278 K,

32 scans
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2D TOCSY spectrum of 1.2a with solvent suppression, 500 mHz, 1.5 mMin 9:1 H,O0:D,0, 278 K,
100 ms spin-lock mixing time
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2D TOCSY spectrum of 1.2a with solvent suppression, 500 mHz, 1.5 mMin 9:1 H,0:D,0, 278 K,

100 ms spin-lock mixing time
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2D TOCSY spectrum of 1.2a with solvent suppression, 600 mHz, 1.5 mM in 9:1 H,O0:D,0, 278 K,

200 ms spin-lock mixing time
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2D TOCSY spectrum of 1.2a with solvent suppression, 600 mHz, 1.5 mMin 9:1 H,0:D,0O, 278 K,
200 ms spin-lock mixing time
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2D ROESY spectrum of 1.2a with solvent suppression, 600 mHz, 1.5 mMin 9:1 H,0:D,0, 278 K,
100 ms spin-lock mixing time
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2D ROESY spectrum of 1.2a with solvent suppression, 600 mHz, 1.5 mMin 9:1 H,0:D,0, 278 K,

100 ms spin-lock mixing time
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HPLC trace of 1.2b

mAU

800 —
600 —
400 —

200

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
- | === === | === | === | —======-
1 8.739 VvV 0.0601 3329.69800 853.64288 94.0092
2 8.946 VB 0.1090 212.18593 27.05408 5.9908

Totals : 3541.88393 880.69697
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1D 'H NMR spectrum of 1.2b, 500 mHz, 1 mM in D,O, 298 K
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2D TOCSY spectrum of 1.2b, 500 mHz, 1 mMin D,0O, 298 K, 150 ms spin-lock mixing time
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2D ROESY spectrum of 1.2b, 500 mHz, 1 mM in D,0O, 298 K, 300 ms spin-lock mixing time
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HPLC trace of 1.2¢c

min

mAU
1750 | ©
] 3

1500 i

1250 |

1000

750 |

500 |

250 %

0 {JJ ‘
I I I I
0 ) 10 15 20
Area Percent Report
Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

=== | === === | === | === | ——======

1 9.606 BV 0.1183 1.15856e4 1467.66724 87.1553

2 9.752 VvV 0.1181 929.23199 107.75773 6.9904

3 10.010 VB 0.3260 778.20648 29.29314 8543

1.32930e4 1604.71810
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1D "H NMR spectrum of 1.2¢, 500 mHz, 1 mMin D,0O, 298 K
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2D TOCSY spectrum of 1.2¢, 500 mHz, 1 mM in D,O, 298 K,
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2D ROESY spectrum of 1.2¢, 500 mHz, 1 mM in D,0, 298 K, 300 ms spin-lock mixing time
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HPLC trace of 1.2d

mAU
600

16:661

500%
400%
300
200-

100

0

-100 -

-200

0 5 10 15 20 min

Area Percent Report

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU Els [mAU ] %
=== == | === === [ === |—====- [=====——= |
1 10.061 BV 0.0807 3680.14526 663.46790 94.5747
2 10.585 vV 0.1604 211.11090 16.88858 5.4253

Totals : 3891.25616 680.35648
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1D "H NMR spectrum of 1.2d, 500 mHz, 1 mM in D,O, 298 K
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2D TOCSY spectrum of 1.2d, 500 mHz, 1 mM in D,0O, 298 K, 150 ms spin-lock mixing time
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2D TOCSY spectrum of 1.2d, 500 mHz, 1 mM in D,0O, 298 K, 150 ms spin-lock mixing time
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2D ROESY spectrum of 1.2d, 500 mHz, 1 mM in D,0O, 298 K, 300 ms spin-lock mixing time
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1D "H NMR spectrum of 1.2d with solvent suppression, 600 mHz, 1.5 mM in 9:1 H,0:D,0, 278 K,
32 scans
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1H spectrum with solvent suppression using perfect echo watergate

1D "H NMR spectrum of 1.2d with solvent suppression, 600 mHz, 1.5 mMin 9:1 H,O:D,0, 278 K,
32 scans
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2D TOCSY spectrum of 1.2d with solvent suppression, 600 mHz, 1.5 mM in 9:1 H,0:D,0, 278 K,
200 ms spin-lock mixing time
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2D TOCSY spectrum of 1.2d with solvent suppression, 600 mHz, 1.5 mM in 9:1 H,0:D,0, 278 K,
200 ms spin-lock mixing time
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2D ROESY spectrum of 1.2d with water suppression, 600 mHz, 9:1 H,0:D,0, 278 K,
100 ms spin-lock mixing time
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2D ROESY spectrum of 1.2d with solvent suppression, 600 mHz, 1.5 mM in 9:1 H,0:D,0, 278 K,

100 ms spin-lock mixing time
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2D ROESY spectrum of 1.2d with solvent suppression, 600 mHz, 1.5 mM in 9:1 H,0:D,0, 278 K,
100 ms spin-lock mixing time
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2D COSY spectrum of 1.2d with solvent suppression, 500 mHz, 1.5 mM in 9:1 H,0:D,0, 278 K,
16 scans
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2D COSY spectrum of 1.2d with solvent suppression, 500 mHz, 1.5 mMin 9:1 H,0:D,0, 278 K,

16 scans
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CHAPTER 2

AB-tau Macrocyclic g-Sheet Chimeras
PREFACE

Chapter 2 explores macrocycfiesheet chimeras incorporating residues from maaa th
one amyloidogenic sequence. These macrocycles cadestly delay or suppress A
aggregation and slightly delay AcPHF6 aggregatibstaichiometric concentrations. Because
amyloid plaques are not homogeneous structures,canthin A3 fibrils and neurofibrillary
tangles composed of tau, potential interactions @wssible between (A and tau. A& is
susceptible to cross-amyloid interaction, arftl fas been suggested to interact with IARR
synuclein? and transthyretin.

These macrocyclig3-sheet chimeras highlight the sensitivity of3;A and AcPHF6
toward hybrid amyloidogenic sequences composed #@ua and tau. Chimera®.1b and2.2b
delay and suppress 4 aggregation at stoichiometric amounts, whie3a effectively
suppresses By aggregation at the tested concentrations. TagétePHF6 aggregation proved
challenging, a®.1b did not stall AcPHF6 aggregation, whte2b and2.3a each stall AcCPHF6
aggregation by 46 and 74 minutes, respectivelgt@thiometric concentrationg.3aproved to
be the lead macrocycle, suppressirfiyfaggregation and creating the largest aggregatdayd
in AcPHF6 of all the macrocyclig-sheet chimeras tested. Delayed AcPHF6 aggregayi@®b
and2.3asuggests AcPHF6 interacts and is most receptivesidues on the;kface of Al4o.

The macrocycli@-sheet chimera project catalyzed my transition ftmatogical work to
working at a chemistry bench. Synthesizing macrlicyzsheet chimeras allowed me to become

familiar with peptide synthesis, NMR spectroscopyg duorescence assays.
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INTRODUCTION

Alzheimer’'s disease (AD) isa conformational diseasafflicting over five million
Americans! AD is chaacterized by the misfolding of amyloid b peptide (4) and tau proteir
forming extracellular betgBf-sheet rich places of A3 and intracellulap-sheet deposits of te
protein known as neurofibrillary tangles (NF (Figure 2.1} Recent exience has showAp
and tau cointeract to promoteeurodegeneration, illustratithe complexityof AD aetiology®
The AB-tau cointeractiorbegs the need for model systems to understand evelap strategie
of treatment.

89 and several veins of thou

The cointeraction of fand tau is widely document”
are proposed through their interaction$. @an induce tau aggregation, creaip-sheet tangles
leading to neurodegenerative fail.*>***? Ap toxicity can be driven by t: in vitro, as tau
depleted cells are resistant t@ Aduced dea.’® Ap and tau can also function symbiotica

forming complexes that drive onset of neuronal logsfunctior.***> Ap-taL cointeractions

provide a starting point ideveloping strategies agai neuronal disintegration.

£
2.\ o M

‘:f" \b;, '(“i-‘fli’ -

Figure 2.1.Examples of amyloid aggregaticLeft: Solid sta¢ model of fibrils formed frortau
30%/QIVYK *** showing the hydrophobic contacts on the VIY - (PDB:20N9. Right: Solution
state NMR model of By fibrils showing the \-shaped parallel stacking pfsheet™®.

The design of peptidg-sheet breakers providestrategies in modulatin@myloid
aggregatiort! Previous work in the Nowick groupcuses on the engineeringmacrocyclicp-

sheetdo delay or inhibit onset of peptide aggregz.’®*° These macrocyclip-sheets contain an
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amyloidogenic sequence, known as a recognitioroprstrand, flanked by two ornithine turns
linked to a bottom strand (Figures 2.2 and 2.3 Bbttom strand possesses an unnatural amino
acid handle Hao, composed of hydrazide, aminoaionetd oxalyl moieties, flanked by
residues to tune macrocycle solubility under agsecenditions and promotésheet folding
(Figures 2.2 and 2.3). These macrocycles del@y, Aaggregation and inhibit AcPHF6
aggregation. Because of the presence of the blgdtinand, it is not possible to insert sequences
from two different peptides onto one macrocyclattempt to display two peptide sequences
simultaneously by creating peptide chimeras, witk tace displaying residues fron And the
opposite face displaying residues from tau. Becauseptapeptidf-sheet possesses two faces,
one face displaying three residues from the amglgetiic sequence and another face displaying
four residues from the amyloidogenic sequence kegihiein vivo interactions in mind between
AP and tau, | attempt to improve the current familyr@acrocyclicf-sheet inhibitors with B-

tau chimera sequences. Thegdsheet macrocyclic chimeras will display residuesni the
amyloidogenic regions of f N-terminus and tau, each responsible for amylididliization.

@] Va|306 @] "8308

H H H
HsNQkN)}(N\)LN)\H/N\)LN N.p
: : : 2
H,C H O Gingoy o V&"sog';I CH,
TN TN NN
lew 0 T 0O .
Me

Figure 2.2. Pentapeptide VQIVY macrocyclig-sheet containing residues from 4asi0 The
VQIVY macrocycle inhibits AcPHF6 fibrillization.
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Figure 2.3. Heptapeptide KLVFFAE macrocyclif-sheet containing residuesp#... The
KLVFFAE macrocycle delays By, aggregation.

Design of B-sheet macrocycle chimerasDevelopment of peptide chimeras utilizes
sequences in the N-terminus ofA (°QKLVFFAED?) and the microtubule domain of tau
C%QIVY 9, also prone to aggregation. The N-terminus @fAs the main hydrophobic
cassette responsible for aggregation, and the talmuée domain of tau is also responsible for
tau aggregation. In this study, the VIY residuepesp in all macrocycli@3-sheet chimeras
tested, as amyloid aggregation is driven by hydobphcollapse and tags-siofibrils contain one
tyrosine residue situated in the hydrophobic filpdcket. A4 contains two phenylalanine
residues on the N-terminus implicated in aggregatiey and ko, therefore residues from the N-
terminus will be evaluated in this study.

Thioflavin T fluorescence assays of Buo aggregation.Thioflavin T (ThT) fluorescence
assays monitor Byoaggregation over time. (B fibrillization shows three distinct phases: a lag
phase consisting of mostly unstructure,f a growth phase composed of a heterogeneous
mixture of monomer and oligomeric complexes, andeguilibrium phase comprised offA

fibrils (Figure 2.4).
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Figure 2.4.Schematic of the Thioflavin T fluorescence asdaé[tyoaggregation.

Thioflavin S fluorescence assays of AcCPHF6 aggrega. Thioflavin S (ThS) fluorescence
assays monitor AcCPHF6 aggregation over time. Thaeptide ACPHF6 is aim vitro platform

to replicate tau aggregation. AcPHF6 contains thsidues tagss.31z corresponding to the
microtubule domain of tau responsible fosheet aggregation. AcCPHFG6 fibrillization is ingtan
occurring within minutes. AcPHF6 fibrillization ctains two phases, a growth phase indicating
oligomer growth and formation and a plateau phageating formation off-sheet aggregates

(Figure 2.5Y°
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Figure 2.5.Growth curve of AcPHF6 using Thioflavin S fluoresce assay.
RESULTS AND DISCUSSION

1. Synthesis and evaluation of chimera 2.1ahe study began with the synthesis of
macrocyclicB-sheet chimera.1la 2.1acontains residuesfAs, 1820 228nd tayos 3083140 create the
hybrid sequence N’-KVVIFYE-C’, with residues KVFBrresponding to Bsoand residues VIY
corresponding to tau (Figure 2.6). Glutamate asthg/residues are added on the bottom strand
match the polarity of the KVFE face, while the tleaicine residues on the bottom strand were
chosen to match the hydrophobicity of the VIY faoel promote macrocyclig-sheet folding.
Chimera2.1ais soluble in RO.

3“*% *m % Jw“¢ *m”ﬁ *m

)# rNH @ﬁ wN*r s

Figure 2.6.Macrocyclicp-sheet chimer2.1a.The KVFE residues in red correspond to thRA
N-terminus and the VIY residues in black corresptinthe tau microtubule domain.
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2.1ashows a high baseline fluorescence, indicatinjassembly of.1ain solution. At
1, 2 and 4 equivalents &fla no inhibition was observed (Figure 2.7). The aggtion of2.1a
does not interfere with AcCPHF6 fibrillization. At dquivalents, the growth curve of AcPHF6
flattens, indicating fibrillization has occurredtwilarger amounts d.1a. The overall charge of
2.1ais +2, created by the free amines on each ormittum. Initial results suggest the overall +2
charge on2.lais not sufficient to create monomeric macrocyclessolution, and its self-

assembly can accelerate AcPHF6 fibrillizati@ila can behave as a seed to induce AcPHF6

fibrillization.
e AcPHF6 + 2.1a 1 equiv o AcPHF6 + 2.1a 2 equiv
o AcPHF6 + 2.1a 4 equiv e 2.1a control
o AcPHF6 control ThS
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Figure 2.7. Effect of 2.1a on AcPHF6 aggregation. At stoichiometric concenire, 2.1a
aggregates in MOPS buffer but does not impede A&Patfgregation.

2. Design and evaluation of chimera 2.1lThe glutamate residue on the bottom strand
of 2.1awas modified to a lysine residue to increase n@a@ie solubility and create macrocyclic
B-sheet chimerd.1b (Figure 2.8). The lysine substitution on the btteft corner of the bottom
strand of2.1b increases the overall charge of the molecule frinto +4. When evaluated

against AcCPHF6 aggregation, solubility did increasenoted by the drop in fluorescence ihb
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control wells. At 1 equivalent2.1b delays AcPHF6 aggregation by 2.7 minutes and at 2
equivalents,2.1b delays AcPHF6 aggregation by 3.7 minutes. At 4ivadents,2.1b delays
AcPHF6 aggregation by 4.3 minutes. Stoichiometrnmoants of2.1b slightly delay AcPHF6
aggregation by minutes, indicating increased sbtylmf the macrocycle does not significantly
improve AcPHF6 inhibition (Figure 2.9)2.1b does not accelerate AcPHF6 aggregation,
suggesting monomeric macroycles are less likelgdtalyze AcPHF6 aggregation than self

assembling macrocycles.

3“% Jw“% %Nﬁ *m“% Jw
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Figure 2.8. Macrocyclicp-sheet chimer2.1b. The glutamate to lysine mutation on the bottom
strand is highlighted in red.

e AcPHF6 + 2.1b 1 equiv e AcPHF6 + 2.1b 2 equiv
e AcPHF6 + 2.1b 4 equiv e 2.1b control
e AcPHF6 control eThS
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Figure 2.9.Effect of2.1b on AcPHF6 aggregation. Thioflavin S assay of AcBHRd2.1bat 1,

2 and 4 equivalent®.1b does not self assemble in solution, and only #iiginterferes with
AcPHF6 aggregation.

Thioflavin T fluorescence assays sh@wlb is soluble in MOPS buffer and a much
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better inhibitor of A4 aggregation than AcPHF6 aggregation. At 0.5 edents, 2.1b delays
AP0 aggregation by 248 minutes, implyinggAcan interact with the VIY tau face @flb. 2.1b
shows a dose dependent response; at 1 equivaddhtsaggregation is delayed by 1225 minutes
and at 1.5 equivalents @f1b, AB4o aggregation is suppressed for the entire expetilftégure
2.10). In all conditions2.1b interferes with &40 aggregation at stoichiometric concentrations.
These results suggespAis responsive to chimera macrocycles, and inclusfidlau sequences
can suppress [ofibrillization. 2.1b also suggests [#, can participate in cross interactions with
tau. The VIY face of2.1b provides a hydrophobic strip of residues that participate in
branched or aromatic interactions with either the dd C- terminus of B4 The AB-tau
cointeraction is a potential strategy to developcmoeyclic f-sheet inhibitors of amyloid
aggregation.

With the small delay in AcPHF6 inhibition #/1b, | set out to improve macrocyclj:

sheet inhibition of AcCPHF6 by increasing hydroploityion the tau face of the macrocycles.

AB,, control "AB,, +2.1b 0.5 equiv
“AB,, +2.1b 1 equiv mAB, +2.1b 1.5 equiv

1600 1 *
% 1200 A
E 400
| 400 -
L

Figure 2.1Q Effect of2.1b on AB4o aggregation. Buo lag times in the presence 2flb. 2.1b
delays A4 aggregation at 1.5 equivalents. The asterisk alibeeblue column indicates
aggregation suppression throughout the entire eafrthe experiment.

lag time (minutes

3. Design of chimeras 2.2a and 2.2Prior work in the Nowick group details the
113



significance of the hydrophobic VIY face of AcPHHG modulating fibrillization. The
hydrophobicity of the tau VIY face & .1bcan be increased by mutation of the leucine residue
on the bottom strand of tilesheet macrocycle. Two macrocycles were syntheszegcrease
hydrophobicity and investigate the effect of aramaésidue position on macrocycle activity.
Chimera2.2acontains a leucine to tyrosine mutation (Figudel®.and chimer@.2b possesses a
leucine to phenylalanine mutation (Figure 2.12).ddfg aromatic residues can increase
macrocycle interactions with AcCPHF6, as aromaticteractions play significant roles flasheet

amyloid aggregatiof*

JY wm*m @ﬁ wm mes

Figure 2.11 Macrocyclicp-sheet chimer2.2a. The leucine to phenylalanine mutation on the
bottom strand is highlighted in red

w@_xwwet xw o~ JWN¢ km
% m”NJY @\* et

Figure 2.12 Macrocyclicp-sheet chlmera.Zb.The Ieucme to tyrosine mutation on the bottom
strand is highlighted in red.

4. Effect of 2.2a on amyloid aggregatior2.2ais soluble in MOPS buffer, and modestly
delays AcPHF6 aggregation. At 1 equivale@t2adelays AcPHF6 aggregation by 1.3 minutes,
and at 2 equivalents, AcCPHF6 aggregation is deldye®.3 minutes. At 4 equivalentg,2a
delays AcPHF6 aggregation by 15.7 minutes (Figurg3)2 Mutation of the leucine to

phenylalanine in2.2a suggests the increased hydrophobicity of the VA&¥efincrease&.2a
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affinity to AcPHF6. Although lag time is only inased by a few minutes, AcPHF6 does show
some flexibility in interaction with peptide seqees. AcCPHF6 can interact with macrocydglic
sheets containing the VIY face of tau, providedriecrocycle contains more than one aromatic
residue on the VIY face. AcPHF6 appears to prefaldy interact with the VIY face oR.2a
indicating it is less likely to participate in hyghhobic interactions with the KVFE face of the

ABao N-terminus.

e AcPHF6 + 2.2a 1 equiv e AcPHF6 + 2.2a 2 equiv
e AcPHF6 + 2.2a 4 equiv @ 2.2a control
e AcPHF6 control ThS
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Figure 2.13. Effect of 2.2aon AcPHF6 aggregation. Thioflavin S assay sh@wa modestly
inhibits AcCPHF6 aggregation.

Thioflavin T fluorescence assays sh@wa modestly delays Bwo aggregation. At 0.5
equivalents2.2a delays A40 aggregation by 277.5 minutes, and at 1 equival2rita delays
ABsoaggregation by 445 minutes. At 4 equivaleh@adelays A4 aggregation by 675 minutes,
indicating 2.2a shows a dose dependent respor®sea interacts with B4 at stoichiometric
amounts, suggesting multiple molecules?2d?a are required to delay Ao aggregation (Figure
2.14). Increasing hydrophobicity on the tau VIY dagf 2.2a does not increas.2a activity
against A4 These results also suggestsfcan interact the tau VIY face &.2g but the
preferred hydrophobic face occurs on tHeXVFE face. With the modest delays ir4 and
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tau aggregation by.2a macrocyclic B-sheet chimera&2.2b was prepared to investigate if
positioning of aromatic residues of the macrocydettom strand influences amyloid

aggregation.

AB,, control mAB,, +2.2a 0.5 equiv
=AB,, +2.2a1equiv mAB, +2.2a 1.5 equiv
1000 -

800

600 -

400 -

lag time (minutes)

200 +

0
Figure 2.14 Effect of 2.2a on ABso aggregation2.2a modestly delays Puo aggregation at
stoichiometric ratios.

5. Effect of 2.2b on amyloid aggregationSynthesis o.2b furnishes a water-soluble
macrocycle. At 1 equivalent®.2b delays AcPHF6 aggregation by 3.7 minutes, and asaé
amounts of2.2b show a dose dependent response. 2 equivalent®.2tf increases the
aggregation delay from 16.7 minutes, and at 4 edeints,2.2b delays ACPHF6 aggregation by
45.7 minutes (Figure 2.15). Addition of the tyrasimesidue on the bottom strand adds
aromaticity to the VIY face and increases bindiregween2.2b and AcPHF6. These assays
suggest AcPHF6 preferentially binds to the tau Vdte of2.2b. AcPHF6 is less responsive to
chimera peptide inhibitors thanB4y, noted by the slight effects on AcPHF6 aggregatip.2b
and prior macrocycles. Addition of an aromatic dasi increases macrocycle affinity to
AcPHF6, suggesting AcPHF6 primarily interacts wtl2a and 2.2b by aromatic interactions.

Branched residues on the bottom strand of the mgck® do not facilitate macrocycle
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interactions with AcPHF6, as observed wRltla and 2.1b, and incorporation of just one
aromatic residue on the bottom strand is sufficientsee improved macrocycle affinity to

AcPHFG6.

e AcPHF6 + 2.2b 1 equiv e AcPHF6 + 2.2b 2 equiv
o AcPHF6 + 2.2b 4 equiv e 2.2b control

o AcPHF6 control ThS
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Figure 2.15.Effect of 2.2b on AcPHF6 aggregatio2.2b shows a dose dependent response and
modestly delays AcPHF6 aggregation.

Thioflavin T fluorescence assays sh@wb is a more effective inhibitor against3fy
aggregation. At 0.5 equivalentd,2b delays A4, aggregation by 1075 minutes aatd1.0 and
1.5 equivalent2.2b suppresses [fo aggregation (Figure 2.16). Addition of tyrosine tbke
bottom strand oR.2b to create an extended aromatic pocket on the ts#uace influences B0
fibrillization, implying the hydrophobic face careaognize A by aromatic interactions.
Hydrophobic interactions are known to play a sigaift role in A8 fibril formation, and the
aromatic face presented can create a hydrophobainy site for A40. Addition of tyrosine to
the bottom strand proves to be beneficial i2b activity, as /840 aggregation is suppressed and
delay of AcPHF6 aggregation is improved. To furtlmprove macrocycle activity against
AcPHF6, and to facilitate AcCPHF6 interactions wigsidues from B4o, macrocycle.3aand
2.3bwere prepared with shiftedpfysequences.
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AB,, control mAB,, +2.2b 0.5 equiv
mAB,, +2.2b 1 equiv mAB, +2.2b 1.5 equiv
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Figure 2.16.Effect of 2.2b on AB4o aggregation. The asterisk above the columns itebcé4o
suppression lasted throughout the duration of xiperment.

lag time (minutes)

6. Design of chimeras 2.3a and 2.3[@0 complete the analysis of chimera sequencehéen t
heptapeptide platform, residue shifts between tRgs 4 region were employed to explore if
AcPHF6 can interact with the fA; N-terminus. Because Ao forms beta-helical bundles
composed of U-shaped superstructures containind@&LVFFAED® region, The QLFAD

face is a candidate region in development of effeanacrocyclif3-sheet inhibitors.
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Figure 2.17. Chimera2.3a. 2.3acontains residues @ 17F19A21 from A4 (red) and residues
V 306l308Y 310 from tau (black)
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Figure 2.18 Chimera2.3b. 2.3bcontains re5|dueslle19A21D23 (red) from AB4o and residues
V 306l308Y 310 (black) from tau.

7. Effect of 2.3a on amyloid aggregationChimera2.3a presents the QLFA face,
corresponding to residues4R17F10A21 Of ABso. Under MOPS buffer2.3ashows high baseline
fluorescence, indicating self-assembly recognizgdThioflavin S. At 1 equivalents 02.3a
delays AcPHF6 aggregation by 3.4 minutes and ag@valents of2.3a delays AcPHF6
aggregation by 74.3 minutes (Figure 2.19). At 4iemants of2.3ano AcPHF6 inhibition is
observed, indicating the fluorescence signal of AEE is overshadowed 8.3a self assembly.
2.3a shows AcPHF6 can participate in cross-amyloid radgons with A4, and prefers
macrocycles containing the QLFA face,Za8adelays AcCPHF6 aggregation for over one hour.
2.3a’s increased activity against AcPHF6 aggregation banattributed to its aromatic and
aliphatic character. Unlike macrocycles in thé and2.2 series, which contain the KVFE face
from AB4o, two polar residues and two aliphatic residui&8a contains one polar residue and
three aliphatic residues. The overall charge oh Hioné2.2 series an@.3ais +4, but in2.3athe
majority of the polar contacts reside on the botgtrand. Thus, the increased aliphatic character
of 2.3afaclilitates interactions with AcPHF6, and suggest®HF6 prefers polar contacts such
as glutamine rather than ionized contacts suchlasgte. AcCPHF6 can participate in cross
amyloid interactions with the %, N-terminus, showing a preference for the face @ssag the
Fio residue.

The aggregation encountered2ii3acan be attributed to the elimination of polar Keny
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contacts in the recognition strand. Although thé owerall charge oR.3ais +4, there is an
unequal distribution of polar contacts within theagrocycle. Compared to more soluble
macrocycles such d1a shifting of the A sequence towards the C-terminus creates a face on
2.3acontaining residues QLFA, which has only one pglatamine residue and three aliphatic
residues, compared t®.1a and 2.2a which contains two polar residues and two alijghat
residues from the KVFE face. Thus, the recognistland of2.3a only possesses a +1 charge
from the ornithine free amine, compared to the k8rge offered by the blocking strand’s two
lysines and ornithine free amine. Unequal charg&idution cause2.3ato be solvated only on

the bottom strand of the macrocycle, thus caudmegrecognition strand to self assemble in
solution by hydrophobic interactions. Amidst thdf-sssembly,2.3ais the most effectivg-

sheet macrocyclic chimera against amyloid aggregati

e AcPHF6 + 2.3a 1 equiv ® AcPHF6 + 2.3a 2 equiv
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Figure 2.19. Effect of 2.3a on AcPHF6 aggregatior2.3a delays AcPHF6 aggregation at
stoichiometric concentrations.

When assayed againsp# aggregation2.3asuppresses [ aggregation at 0.5, 1.0 and
1.5 equivalents (Figure 2.20).p4& suppression at substoichiometric concentration®.8&

indicates 2.3a interacts with more than one molecule o4& A4 contains two aromatic
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residues, v and ko, both implicated in fibril formation, an@.2b and 2.3a shows A4
fibrillization can be suppressed by macrocyclesspssing either the KVFE face or the QLFA
face.2.3asuggests Byoaggregation can be suppressed using residues fthen tace of the N-
terminus, and similar to AcPHF6, prefers the N-teus face containing residues flanking.F
AB4o behaves similarly to AcPHF6 againat3a showing significant delay in AcPHF6 and
suppression of Buo. 2.3a’s activity towards amyloid aggregation suggesisi& more critical

than koin the cross-interaction of amyloidogenic sequences

AB,, control mAB,, +2.3a 0.5 equiv
=AB,, +2.3a1equiv mAB, +2.3a1.5equiv
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Figure 2.20.Effect of 2.3a0on AB4o aggregation2.3asuppresses [ fibrillization at 0.5, 1 and
1.5 equivalents.

lag time (minutes)

8. Effect of 2.3b on amyloid aggregation.Macrocyclic B-sheet2.3b incorporates
L17F10A21D23, from AB4 onto the heptapeptide macrocycle. The LFAD seqeieneates a more
hydrophobic face on the macrocycle, containing amg polar residue fromJg The sequence
shift towards the B4o C-terminus in2.3b gives 2.3b a net overall charge of +2.3b control
wells show a high baseline fluorescence, indicaself-assembly in MOPS buffer. Just like

2.3 2.3b contains two branched residues angldh the recognition strand, and has a majority
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of the ionized contacts on the bottom strand of riecrocycle. However2.3a possesses a
glutamine residue while2.3b contains an aspartate residue, and this differecreates
detrimental effects 08.3b. At 1 equivalent2.3b delays AcPHF6 aggregation by 2 minutes and
at 2 equivalents, AcPHF6 aggregation is delayed 1By7 minutes (Figure 2.21). At 4
equivalents, no inhibition is observed, and theregation fluorescence &.3b in solution
interferes with the AcPHF6 fluorescence readouseddaon these resultg,3b slightly delays
AcPHF6 aggregation, much less effectively tl2aBa The LFAD face of2.3b, although more
hydrophobic than the KVFE face ofp4y, does not improve its activity against AcCPHF6
aggregation2.3b behaves more poorly th&n3a, highlighting the significance of the glutamine
residue over the aspartate residue. At pH 7.4Dthearesidue is deprotonated, allowingsDo
only participate as a hydrogen bond acceptor, wQile can participate in hydrogen bonding
donor and acceptor interactions. The self-assewii®y3ain solution can prevent interaction of
the recognition strand with its intended target,ylmmogenic peptides. Maintaining flanking

polar residues is important in designing effectivacrocyclicf-sheet inhibitors.

o AcPHF6 + 2.3b 1 equiv e AcPHF6 + 2.3b 2 equiv
e AcPHF6 + 2.3b 4 equiv ® 2.3b control
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Figure 2.21. Effect of 2.3b on AcPHF6 aggregatior2.3b modestly delays Byo aggregation,
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and its self assembly in solution can interferdnwitPHF6 aggregation.

Fluorescence assays sh2y8b does not inhibit B4 fibrillization. AB4o responds t@.3b
in a similar fashion as AcPHF6, showing slight gslan aggregation b®.3b. The suppression
of AB4o fibrillization initially observed in2.3a is destroyed ir2.3b, suggesting & is a less
effective residue at improving macrocycle actiatyainst A, fibrillization. At 0.5 equivalents,
2.3b delays A4 fibrillization by 92.5 minutes, and at 1 equivaker2.3b delays Ao
fibrillization by 105 minutes (Figure 2.22).3b behaves in a slight dose-dependent response; at
1.5 equivalent.3b delays Ao fibrillization by 112.5 minutes (Figure 2.22). Atihgh 2.3b
shows a minute amount of increase in lag tid@&b does not interact strongly with 4.
Although Dy3 in 2.3b is a critical residue in By aggregation, as it is in the turn region of the
fibril and can participate in salt bridge interacis, inclusion of B into 2.3b decreases its
inhibitory activity, presumably due to increasedf-assembly?> These results suggest polar
residues such as lysine or glutamine, along witlydrophobic core, are essential to developing
optimal AB4o inhibitors. Increasing macrocycle hydrophobicitped not create improved
macrocyclic-sheet inhibitors. Taken together, unequal charggilolition and lack of flanking
polar residues can create significant effects itulslity and binding affinity towards

amyloidogenic sequences of interest.
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Figure 2.22. Effect of 2.3b on AB4 aggregation2.3b does not impede [#, aggregation at
stoichiometric concentrations.

lag time (minutes)

CONCLUSION

The AB-tau macrocyclig3-sheet chimeras do show inhibition at stoichiongednounts,
and offer insight on the behavior of amyloid peptidowards chimendsheet macrocycleg.1a
was created containing the N-terminus gi.fdisplaying the fp residue, an@.1b contains a
glutamate to lysine residue on the bottom strangrtabe the effect of charge on macrocycle
solubility. 2.1aself assembles in solution and catalyzes AcPHbillization, and2.1b only has
modest effects on AcPHF6 fibrillization, but effeely suppresses [ aggregation at 1.5
equivalents2.1b shows A4 is responsive to macrocycles possessing sequenoésining the
F,o residue, while AcPHF6 is more selective and leseptive to chimera peptides. Chimeras
2.2 were designed with the incorporation of an arom@sidue on the bottom strand to increase
macrocycle affinity to AcPHF6 and to probe the effeof aromatic residue position towards
amyloid aggregation. Chimefa2a contains a leucine to phenylalanine mutation @nkbttom

strand and shows increased activity against AcPltffiflization and decreased activity against
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ARy fibrillization. Chimera2.2b shows improved activity against AcPHF6 aggregaton
suppression of Byp aggregation at stoichiometric amourtaand2.2b show AcPHF6 affinity
to macrocycles can be increased by adding aromegidues to the bottom strand, and suggests
AcPHF6-macrocycle interactions are mediated by ataminteractions2.3a and 2.3b were
created to investigate facial preferences of ardylpeptides towards macrocycfesheets
containing the N-terminus of o displaying the I residue2.3ais the most effective inhibitor,
delaying AcPHF6 fibrillization for over one hourng suppresses (Ao aggregation at
substoichiometric concentrations as low as 0.5wedemts.2.3ashows AcPHF6 can respond to
ABao sequences, and prefers the N-terminus PioAlisplaying the I residue.2.3b shows
significantly decreased inhibitory activity, slightdelaying AcPHF6 fibrillization by minutes
and delaying B40 aggregation only by minute2.3b also self assembles in solution, potentially
affecting accessibility of th@.3b recognition strand by amyloid peptides. Lasgy3b shows
AcPHF6 and B, are sensitive to residue positioning on the maaiec exhibiting decreased
activity against AcPHF6 and (Ao. 2.1b and 2.3a provide circumstantial evidence of cross-
amyloid interactions betweenp4y and tau. Chimera®.1aand?2.3b, although weak inhibitors,
can be further tuned to study the self-assemblg®tau macrocycles. These chimeras can be
extended into molecular recognition to understdredfacial recognition between two different
amyloidogenic protein sequences. Hybrid peptideiseges can be exercised to understapd A
tau complexes driving Alzheimer's dised5ewith the potential to determine structural
information encoding facial recognition.

An issue unaddressed by macrocycles designed biNdweck group is the structural
resolution information encoded by macrocycle bigdiand behavior. Fluorescence assays

indirectly probe inhibition by binding-sheet rich aggregates, yet offer little information
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oligomeric structures, the proposed toxic entitytie amyloid hypothesf$:*>® To better
understand the nature of recognition between peptidd macrocycle, and to fine tune
macrocycle activity, advanced mass spectrometgbnigues including hydrogen deuterium
exchange (HDX) and ion mobility spectrometry (IM&n provide insight on comprehending
amyloid mediated identificatiof{:?® Other analytical techniques such as NMR and X-ray
crystallography have provided meaningful understamdnto residue interactions, yet they
provide a fragmented picture in studying unstalliigomeric intermediates. Mass spectrometry
provides an avenue to study noncovalent interastionder native conditions, offering the
potential to observe the oligomeric complexes fatr(dimer, trimer, tetramer) between peptide

and macrocycle.
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Mass spectrum

'H NMR spectrum in BO
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Peptide synthesis Macrocycles were synthesized as previously deeefoon 2-chlorotrityl
chloride resin using fluorenylmethoxycarbonyl (Fieolid phase peptide synthesis. Briefly, the
linear crude product was cleaved from the resinguain acetic acid solution, concentrated and
redissolved in methylene chloride and hexanes¢otaape the residual acid and furnish a white,
flaky product. To promote intramolecular cyclizatjdhe peptide was dissolved at low (0.5 mM)
concentrations in N,N-dimethylformamide (DMF) unddtrogen using an excess of HOB,
HBTU, and N-methylmorpholine (NMM) overnight. Theyalized protected peptide was
concentrated to give a yellow oil, and deprotectétth trifluoroacetic acid (TFA) followed by
guenching with distilled water. The solution wasocentrated to afford a yellow oil, and the
peptide was purified using reverse phase high pedace liquid chromatography (RP-HPLC)
followed by lyophilization to afford a white, fluffsolid.

NMR spectroscopy. Peptideswere gravimetrically measured into a glass draml waiad
dissolved in “100%” RO (Cambridge Isotope Laboratories, DLM-4) to a ffioancentration of

2 mM. Molecular weights were calculated with theefamines as a TFA salH NMR spectra
were conducted on a Bruker 500 MHz NMR spectrometglipped with a cryoprobe at 298 K
for 64 scans.

Thioflavin S (ThS) assaysThS fluorescence assays were carried out in Co@fagell black
clear bottom plates (Corning) with shaking on a @enXPS fluorescence plate reader
(Molecular Devices). Readings were collected at@#&very minute for 120 minutes, excitation
440 nm, emission 490 nm.

Preparation of ThS stock solution. Thioflavin S assays were executed as previouslgritesi? 2

mgs of Thioflavin S, practical grade (Sigma-AldricFiL892) were dissolved in 4 mLs 18M
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H,O and filtered through 0.2M nylon filters. The ThS stock solution was diluteth MOPS
buffer (pH 7.2) to create a working stock of 28@ ThS in 20 mM MOPS, pH 7.2.

Preparation of inhibitor solution. Peptides were measured gravimetrically to creafle mM
solution in 18 M2 H,O. The inhibitor was plated into the wells at tipp@priate concentrations,
followed by addition of 18 ¥ water, 14QuL 20 mM MOPS pH 7.2, and 25M ThT stock.
Preparation of AcCPHF6 solution. AcPHF6 was dissolved in 0.2M filtered 18 M2 H,O to
create a 1 mM working stock. AcPHF6 was added #xtien wells lastly, because of its
immediate aggregation. The plate was sealed wahnggefilm and the experiment was initiated.

Experiments were run in triplicate.

Table S2.1. Volumes of 96-Well ThS Reaction Plate.

Wells ThS solution L) inhibitor solution @L)  water 4L) AcPHF6 solution (L) MOPS buffer (L)
ThS control 20 0 40 0 140
AcPHF6 control 20 0 35 5 140
AcPHF6 + 1 equiv inhibitor 20 5 30 5 140
AcPHF6 + 2 equiv inhibitor 20 10 25 5 140
AcPHF6 + 4 equiv inhibitor 20 20 15 5 140

Thioflavin T (ThT) fluorescence assaysThT fluorescence assays were carried out in Corning
96-well black clear bottom plates with shaking orGamini XPS fluorescence plate reader
(Molecular Devices). Readings were collected at°@7every 10 minutes for 41 hours at
excitation 442 nm, emission 482 nm, with 5 secostusking before the first reading and 575
seconds shaking in between readings.

Preparation of ThT stock solution. Thioflavin T stock was freshly prepared before easbay.

2.5 mg of ThT (Sigma-Aldrich, T3516-5G) was gravimeally measured and dissolved in 10
mLs 18 M2 H,O and filtered through 0.2M nylon filters. The Thioflavin T solution was
diluted to 1/25 and was measured at 412 nm witASCD-V-530 UV-Vis spectrophotometer
(ernt = 36,000 MIcmY). The Thioflavin T solution was further diluted tvil0x PBS with

0.02% NaN, pH 7.4 to create a working stock of 10 ThT in 5x PBS, pH 7.4.
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Preparation of inhibitor solutions. Peptides were measured gravimetrically to createraM
solution in 18 M2 H,O. An aliquot was diluted by 1/25 for spectrophostrnt measurements
using a JACSO-V-530-UV-Vis spectrophotometgpr{ = 9850 M*'Cicm* at 280 nm). The 1 mM
solution was further diluted with 18 ™ H,O to create a 20QM working stock. The inhibitor
was plated into the wells at the appropriate cotraéons, followed by addition of 18 & water
and 100uM ThT stock.

Preparation of Afy solution. Prior to the start of the experiment three Nano$6p kDa
centrifuge filters (Pall, OD100C34) were washedw&00uL of 18 MQ water, three times for 5
minutes at 10,000 rpm. Syntheti§gwas purchased from GL Biochem Shanghai. 1.5 g A
was measured gravimetrically in a 1.5 mL eppentigoe and dissolved in 146 100 mM
NaOH (analytical grade, Fisher SS266-1) to creaferaM solution®> The AB4o solution was
sonicated for 30 seconds in a water bath and fucdteted with 1315uL of 18 MQ water to
create a working stock solution of 2Q0. The ABs solution was sonicated again for 30
seconds, and 500L aliquots were filtered through three Nanosep kD@ centrifuge filters for
5 minutes at 10,000 rpm.paywas added lastly to the wells in gQ aliquots for a final reaction
volume of 200uL. The plate was sealed with sealing film, inseiited the plate reader, and the

experiment was initiated. Experiments were runuadyuplicate.

Table S2.2. Volumes of 96-Well ThT Reaction Plate.

Wells ThT solution L) inhibitor solution L)  water (L) AB,, solution (L)
ThT control 40 0 160 0
Ap,, control 40 0 180 20
AB,, + 0.5 equiv inhibitor 40 10 130 20
AB,,+ 1.0 equiv inhibitor 40 20 120 20
AB,,+ 1.5 equiv inhibitor 40 30 110 20
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ThS assays of 2.1a
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ThS assays of 2.1b
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Tht assays of 2.1b
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ThS assays of 2.2a

AcPHF6 + 2.2a 1 equiv AcPHF6 + 2.2a 2 equiv
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Tht assays of 2.2a
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Tht assays of 2.2b
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ThS assays of 2.3a
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Tht assays of 2.3a
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ThS assays of 2.3b
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Tht assays of 2.3b
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HPLC trace of 2.1a

mAU |

Qoo
5088
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200+

0
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20
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|
min

Area Percent Report

Sorted By 3 Signal
Multiplier: 3 1.0000
Dilution: 3 1.0000

Sample Amount: : 20.00000 [ng/ul]

Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height
# [min] [min] mAU *s [mAU ]

1 8.159 BV 0.1204 542.72394 61.51540
2 8.588 VB 0.0995 9617.00684 1367.06506

Totals : 1.01597e4 1428.58046

Area

o
<

5.3419
94.6581

(not used in calc.)

**% End of Report ***
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1D "H NMR spectrum of 2.1a, 500 mHz, 1 mM in D,0O, 298 K
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HPLC trace of 2.1b

mAU

8472

1000 —
800 —
600 4

400 —

200

0 5 10 15 20 min

Sorted By : Signal

Multiplier: : 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
R R I | == | === | === |
1 8.472 VB 0.1442 9905.07227 1004.02417 100.0000
Totals : 9905.07227 1004.02417

*** End of Report ***
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1D "H NMR spectrum of 2.1b, 500 mHz, 1 mM in D,0O, 298 K
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HPLC trace of 2.2a

mAU | Qr

4 P
4000
3000
2000
1000

07

"> > .. - .-
0 5 10 15 20 min

Area Percent Report

Sorted By 5 Signal
Multiplier: 3 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 8.473 BB 0.1502 4.48059e4 4537.07129 100.0000

Totals : 4.48059%9e4 4537.07129

**%* End of Report ***
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1D 'H NMR spectrum of 2.2a, 500 mHz, 2 mM in D,0O, 298 K
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HPLC trace of 2.2b

mAU ®
] o
] ©
3500
3000
2500
2000
1500
1000
500
0 -
‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘
0 5 10 15 20 min
Area Percent Report
Sorted By 3 Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

= S e e = |
1 8.231 BB 0.0955 2.23956e4 3616.79565 100.0000

Totals : 2.23956e4 3616.79565

*** End of Report ***
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1H spectrum

1D 'H NMR spectrum of 2.2b, 500 mHz, 2 mM in D,0O, 298 K
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HPLC trace of 2.3a

mAU |
2500

2000
15004

1000

500

Area Percent Report

Sorted By : Signal

Multiplier: : 1.0000
Dilution: : 1.0000
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e e — E— E—— — |
1 8.954 BV 0.1021 1.63627e4 2423.14038 94.5663
2 9.271 VB 0.1903 940.18610 68.06148 5.4337

Totals : 1.73029%94 2491.20186

***% End of Report ***
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1D "H NMR spectrum of 2.3a, 500 mHz, 2 mM in D,0, 298 K
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HPLC trace of 2.3b

3

>

c
9739

min

Area Percent Report

Sorted By H Signal
Multiplier: : 1.0000
Dilution: : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3g [mAU ] %
=== | === === | === === |—====——= |
1 9.739 BV 0.1360 1.39126e4 1440.29187 100.0000

Totals : 1.39126e4 1440.29187

*** End of Report ***
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1D "H NMR spectrum of 2.3b, 500 mHz, 2 mM in D,0, 298 K
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