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D-peptides targeting PHF6* and PHF6 of Tau as potential therapeutics for neurodegenerative diseases
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Alzheimer's disease (AD) is characterized by abnormal Tau protein aggregation, detectable e.g. intracellularly as neurofibrillary tangles. Tau pathology strongly correlates with clinical symptoms and
neuronal death. Two motifs within Tau, PHF6* (275-VQIINK-280) and PHF6 (306-VQIVYK-311), are known to be essential for Tau aggregation [1]. Using (mirror image) phage display procedures against full-
length Tau and PHF6%*, respectively, we have selected Tau targeting D-peptides, binding to Tau PHF6* (“MMD3" [2]) and PHF6 (“ISAD1” [3]). The ability of the D-peptides to bind to Tau and inhibit its
fibrillization were characterized by a variety of biochemical assays, in silico modeling and cell culture experiments. MMD3 and ISAD1, binding to motifs PHF6* or PHF6, respectively, inhibited Tau
fibrillization to a similar extent. They induced the formation of high molecular weight Tau aggregates that lack fibrillar B-sheet conformation. Cell culture experiments demonstrated that the D-peptides were
taken up by N2a cells, were not toxic and prevented cytotoxicity of Tau [2,3].

1. Two phage display based selections were performed 3. Selected D-peptides modulated Tau toxicity by reformation to amorphous aggregates

A ki s Fig. 2: Effect of the selected D-peptides on Tau 95 -
D . Taufl 441 aa | . | D-PHF6* 6 aa 0, aggregation and particle size distribution, measured by
B Hlirolibuie BINGINg comain DLS and pelleting assay. Samples for DLS
Projectiondomain | R1 l RD |R3 R4 | C-Terminal ] measurement and pelleting assay were prepared with 207 TauRPAK Tau"°¥+H16K
I J'& J J 10 pM TauRPAK280 2 5 ;M heparin and 20 pM ThS. The G .. +ISAD1
ok | vanvk ' D-peptides were added in a concentration of 100 pM. Y 15+ / Tau™"""+H16K /
L-peptide (PHF6*)  (PHF6) All samples were incubated for 24 hours. The average = /
fepgﬁgggg“g re;rpei‘;t;‘fﬁg of the results are shown as volume graph. Particle size % 10 TauRPAK+H16K
pepu i phages distribution of TauRP2K280ijth ISAD1 and ISAD1rev > +ISAD1rev
“arge‘ D tarce Lpep“de show formation of lager aggregates in DLS (Figure 3A,
Synthesis L-peptide, g black and green curve). TauRP2K280 monomer show 5"
retro SITNEISE TOnn hydrodynamic size of <10 nm diameter (grey curve).
(rev), D-peptide Similar results were obtained with MMD3 and 0
MMD3rev. 0 30 60 90 2000 4000 6000

Size [nm]

I |-target -fiepide of peptlde L- target
} LS"’?(?S] MMD3 \.

PHF6?

binds PHF6*

A B
150- _
BN |SAD1 BE ISAD1rev 1501 0 (SAD1 B ISAD1rev
Fig. 1: A: Two hexapeptide motifs within Tau, PHF6* and PHF6, drive Tau aggregation [1]. &, exn _
Two phage display procedures were performed. B: D-peptide MMD3 was selected using mirror image phage display E’ 100- = 700+ :
against D-PHF6* [2]. ISAD1 was selected using a phage display procedure using full length Tau as target. In vitro ‘§ ns % ns
and in silico experiments indicated that ISAD1 binds to the PHF®6 site of Tau [3]. o 3
% 50- T 50- -
"q',' -
2. PHF6 and PHF6* binding D-peptides inhibited Tau fibrilization similarly well =
0- 0-+—r
N DN O
Name Target Reference IC 5, (HM) &\Qo*z‘ooi&Q ‘ﬁ)\"\‘\ @\‘?‘\ \@Q“\ quQQé\ «\,of\xo&d& qga&‘\ @‘§ ,&3‘\ “f’Q&‘\
& S
ISAD1 PHF6 3] 2.9 T ; | oS ®
ISAD1rev PHF6 3] 20.9 WT usef Tf rl?ssayﬁ 1’(_0 ?.tsr.r\me. ICs0 Fig. 3: Expression of TauRP2K in N2a cells was induced by adding 1 ug/ml doxycycline. The cells were incubated with
MMD3 PHF6* 2 4.65 values for full length Tau fibrilization different concentrations of ISAD1 and ISAD1rev (25, 50, 100, 250 uM) for 24 hours at 37 °C followed by
- inhibition by different D-peptides : :
% > y! PEp ' determination of MTT and LDH intensities. (A) Peptides prevent intracellular toxic Tau effects by preserving
MMD3rev PHFG 2 0.23 targeted against PHF6* or PHF6. In L
APT PHFG = 5 05 dc?’ , g 4 des of MMDB metabolic activity from 100 uM concentration (blue and red bars) similar to untreated cells (grey bar, UT -Dox) [n = 2;
MMD3.ISAD1 both - 9'52 a dIJIUSOAr\][’)J;an em peptcli e'Sr?ISAD1 one-way ANOVA with Tukey’s post hoc test; F(11, 60) = 126; ***p < 0.001]. (B) Protection of cell membrane integrity
- 0 - ' an were tgste wit ) by D-peptides (blue and red bars) determined by LDH release [n = 2; one-way ANOVA with Tukey's post hoc test;
ISAD1-MMD3 both . 8.60 PEG-MMDA showing lowest ICs OG- kkk
F(11, 60) = 256; ***p < 0.001] [1].
MMD3-PEG-ISAD1 both : 4.29 value.
Based on these results we conclude that our D-amino acid peptides binding to PHF6* and PHF®6,
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