Universiteit

4 Leiden
The Netherlands

Synthetic peptides as tools in chemical immunology
Doelman, W.

Citation
Doelman, W. (2023, February 9). Synthetic peptides as tools in chemical immunology.
Retrieved from https://hdl.handle.net/1887/3563057

Version: Publisher's Version

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/3563057

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3563057

Citrullinated human and murine MOGss_s5
display distinct biophysical and
biochemical behavior

W. Doelman, R.C. Reijnen, N. van Driel, I. Philippens, S.I. van Kasteren and M.C. Araman

contributed to the work presented in this chapter

Introduction

Multiple Sclerosis (MS) is a family of neurodegenerative autoimmune diseases that presents
itself pathologically in the form of neuroinflammation, demyelination and axonal damage.!
Most patients (£85%) start with the remitting-relapsing form of the disease (RRMS), where
episodes of neurological impairment (relapse) are followed by periods of symptom free
survival (remission). A large cohort (+60%) of these patients later progresses into secondary

progressive MS (SPMS), where neurological damage is chronic. A small portion of the patients
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(10-15%) starts off with a progressive form of the disease. This is called primary progressive
MS (PPMS).2 While treatments exist to manage the remitting form of the disease, the
progressive forms are untreatable at present.?

While involvement of the immune system is well established, the critical autoantigen that
induces the autoimmune response has not been identified yet. Some candidate autoantigens
are myelin basic protein (MBP), proteolipidprotein (PLP) and myelin oligodendrocyte
glycoprotein (MOG).* Of these proteins, MOG was found in animal models to be critical for
the induction of demyelinating disease.”® In these studies, some regions of this protein have
been found to induce strong immune responses, especially the peptide spanning residues 35-
55 (MOGss.s5).”8

One key area of active research in MS is that of post-translational modification of myelin
proteins, in particular citrullination. Citrullination is the enzymatic deimidation of arginine,
converting the guanidine function into a urea function. This reaction is carried out by a group
of enzymes called the peptidyl arginine deimidases (PADs).® Hypercitrullination of MBP,1%11 as
well as a general increase in citrullinated proteins in brain samples!? have been shown to be
hallmarks of MS. Therefore, the biophysical and biochemical effects of citrullination on MPB
and other myelin proteins, like MOG, is an area of active research.

Recently, the observation was made that the previously mentioned immunodominant peptide
of murine MOG, mMOGssss, showed amyloid-like aggregation behavior after
posttranslational citrullination.'®> Amyloid-like aggregation starts with a peptide (or protein)
folding into a stable, B-sheet rich conformation. These structures can then associate with each
other, forming oligomers and finally polymeric fibrils. This process is thermodynamically
favorable, and formed fibrils have been shown to nucleate further amyloid formation, creating
a positive feedback loop that drives the process towards further aggregation.*

This observation may place MS into the constantly growing class of amyloid diseases. This
category contains many other incurable neurodegenerative diseases including Alzheimer’s
and Parkinson’s disease. In these diseases, the formation of amyloids, from the AB peptide in
Alzheimer’s disease®® and the protein a-synuclein in Parkinson’s disease'®, produce fibrils that
appear to be involved in disease progression. While amyloid-like aggregates have not been
shown inside MS patient brain autopsies, the potential involvement of amyloids in MS
pathology and disease progression is an exciting line of inquiry. Specifically, the speculative
involvement of an amyloidogenic process might explain some of the features of progressive
MS, as well as the switch from RRMS to SPMS, both of which are yet poorly understood.’

However, the above-described research on MOGss.s5 aggregation was conducted using a
peptide derived from the murine sequence of MOG. MOG, and specifically the
immunodominant regions involved, are highly conserved between species. While this is a
helpful feature for animal experiments, some single amino acid polymorphisms are present
and their effects need to be considered. Specifically, the murine and human sequence of the
MOGss.ss peptide differs by one residue, with the murine Sera, residue substituted for Pro in

90



Citrullinated human and murine MOGss.ss display distinct biophysical
and biochemical behavior

humans (Figure 1). MOGs of other commonly used laboratory animals (i.e., rats and common
marmosets) also feature a Seras residue. It is not unlikely that the switch from Ser to Pro drives

human MOGss.ss to behave different from that of these animal models.

1
hMOG GQFRVIGPRH
¢jMOG GQFRVIGPSH
mMOG GQFRVIGPGY
rMOG GQFRVIGPGH

71
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Figure 1. Amino acid sequence of the extracellular part (AAs 1-125) of Myelin Oligodendrocyte Glycoprotein
(MOG) for human (hMOG), Callithrix jacchus or common marmoset (cjMOG), mice (mMOG) and rat (rMOG).
Residues that are mutated compared to the human protein are marked red, while minor, highly similar,
mutations are marked in blue. The immunodominant portion, MOGss.ss, is underlined.

In this chapter, the amyloidogenic properties of citrullinated human and murine MOG3s.s5
peptides are compared to each other. To investigate the sensitivity of the aggregation of
citrullinated MOGss.s5 peptides to variation on position 42, some further modifications on this
position were also screened, that covered the intermediate chemical space between the
mouse and human MOG-peptides. Finally, the immunological consequences of these Ser-to-
Pro modifications were evaluated using an earlier described B-cell cross-presentation assay in
the marmoset.'8

Results and discussion

To investigate whether amyloid-like aggregation is unique to the mouse peptide, hMOG3s.s5
peptides bearing the same citrullination patterns as the strongest aggregating mouse
peptides, hMOGss.55-Cita1,46 and hMOG3s.55-Citss 52, were synthesized. The hMOGss.ss peptide,
bearing no Arg-to-Cit substitutions, was also synthesized as a control. All peptides were
synthesized on Tentagel S RAM resin for its ease of synthesis, yielding the desired C-terminally
amidated peptides, as previously reported in Chapter 2 and by Araman et al.3

Next, MOGss.55 peptides where Sers, was replaced with alanine, threonine, or the unnatural
amino acid L-aminobutyric acid (Abu), structurally close analogues of serine, were synthesized.
These isosteres of serine were hypothesized to show comparable amyloid-like aggregation
and were postulated to reveal something about the importance of position 42 for aggregation.
Furthermore, proline hydroxylation,’® an oxidative modification of proline that introduces a
hydroxyl group onto the proline pyrrolidine ring, was considered as a potential modifier of the
aggregation of the human peptide, since the hydroxy function of serine could be critical to the
aggregation. In order to test this hypothesis, peptides replacing Pros; or Pross with 4-
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hydroxyproline were also synthesized. A complete overview of all the synthesized peptides,
together with a qualitative indication of their aggregation propensity and the chemical yield
after Fmoc-SPPS synthesis and RP-HPLC purification, is given in Table 1.

Table 1. Overview of all synthesized peptides. In every peptide sequence the amino acids changed from the
human sequence hMOGssss are highlighted in boldface. ? explanation of aggregation symbols: -, no aggregation
at all concentrations; +, slow aggregation at some concentrations; ++, rapid aggregation at some concentrations,
+++, rapid concentration at all concentrations; ® synthesis was previously described in Araman et al.*3

Name Sequence Aggregation® Yield (%)
hMOGss.s5 MEVGWYRPPFSRVVHLYRNGK-NH; = 26
hMOGss.s5-Citas a6 MEVGWYCitPPFSCitVVHLYRNGK-NH; - 12
hMOGss.s5-Citas 52 MEVGWYRPPFSCitVVHLYCitNGK-NH; = 22
mMMOG3s.ss MEVGWYRSPFSRVVHLYRNGK-NH; - -
MMOG3s.55-Citay,a6 MEVGWYCitSPFSCitVVHLYRNGK-NH, +++ £
MMOG3s.55-Citag,s2 MEVGWYRSPFSCitVVHLYCitNGK-NH, +++ b
MOG3;s.55-Alasz-Citay, a6 MEVGWYCitAPFSCitVVHLYRNGK-NH, = 24
MOGs;s.55-Alasy-Citgg, 52 MEVGWYRAPFSCitVVHLYCitNGK-NH; ++ 21
MOG3s.55-Thraz-Citay, a6 MEVGWYCitTPFSCitVVHLYRNGK-NH, = 35
MOG3s.55-Thraz-Citse 52 MEVGWYRTPFSCitVVHLYCitNGK-NH, - 16
MOG3;s.55-Abug,-Citas 46 MEVGWYCitAbuPFSCitVVHLYRNGK-NH, ++ 30
MOGs;s.55-Abug,-Citag sz MEVGWYRAbuUPFSCitVVHLYCitNGK-NH, - 38
MOGss.ss-Hypaz-Citarss ~ MEVGWYCitHypPFSCitVVHLYRNGK-NH, - 13
MOGss.ss-Hypar-Citasssz  MEVGWYRHypPFSCitVVHLYCitNGK-NH, - 30
hMOGss.ss-Hypas-Citaras  MEVGWYCitPHypFSCitVVHLYRNGK-NH, - 27
hMOGss.ss-Hypas-Citass2  MEVGWYRPHypFSCitVVHLYCitNGK-NH, - 23

The formation of amyloid like aggregates was quantified using the fluorogenic dye Thioflavin
T,?% as described in Chapter 2. This dye strongly increases its fluorescence upon binding to the
typical cross-beta sheet-like structures that are present in amyloid-like aggregates. This
allowed for the study of the kinetics of aggregate formation. The peptides were incubated at
37°Cin a sodium acetate buffer at pH 5, conditions previously determined to be optimal for
MMOG3s.55-Cita1,46 and mMOGss.ss-Citas 52, (as these peptides are produced after uptake in the
lysosome, where the environment is acidic) for up to 16 hours while the amyloid aggregation
was followed by measuring the increase of the ThT fluorescent signal, as compared to a
sample containing no peptide. As expected, neither hMOGss.s5 (Figure 2A) nor mMOGss.-ss
(Figure 2B) showed amyloid-like aggregation under these conditions. Surprisingly, while
MMOGss.s5-Cita1,46 (Figure 2D) and mMOGssss-Citass2 (Figure 2F) peptides showed clear
increase in ThT signal over time as expected, this effect was absent for the hMOG3s.55-Cita1,46
(Figure 2C) and for hMOGs3s.s5-Citas 52 (Figure 2E) peptides. This indicates that these peptides,
unlike their murine counterparts, are not amyloidogenic.
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Figure 2. A-F) ThT aggregation assays showing the aggregation properties of hMOG3s.ss and mMOGss.ss and their
citrullinated variants at pH=5 (20 mM NaOAc buffer) and 37°C.

To assess whether the hMOG peptides had any propensity to aggregate at all, a seeding
experiment was performed by which solutions of the human peptide were seeded with
aggregates of mMMOGs3s.s5-Citss, 52. To this end, 200 plL of a 40 uM mMOG3s.55-Citas, 52 solution in
pH 5 NaOAc buffer was incubated at 37°C for 24 hours, followed by centrifugation at 20,000 g
for 30 minutes. After discarding the supernatant, the seeds were homogenized in 200 pL
buffer and co-incubated with either hMOG3s.55-Cita1,46 or hMOG3s.55-Citas,52. No aggregation
was observed in these experiments, indicating that nucleation is not the missing factor that
can induce aggregation of citrullinated hMOGss.s5 peptides.

Next, the series of peptides containing the close analogues of serine, that is alanine, threonine
and aminobutyric acid, were similarly evaluated using the ThT assay (Figure 3).

Firstly, alanine modification was assessed, where Sers, was substituted by an alanine residue.
In this series, MOGss.s55-Alasa-Citar,46 showed little increase in ThT fluorescence over 16h
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(Figure 3A), whereas MOGs3s.s5-Alaa;-Citss 52 did show a clear increase in ThT signal (Figure 3B).
However, when compared to the original serine containing peptide, mMMOG3s.55-Citss 52, the
aggregation was slower. This difference in time of onset was obtained by fitting a sigmoidal
aggregation curve to the data obtained at a concentration of 3.1, 6.3 and 12.5 puM.?! However,
the quality of the fit was poor, indicating that the alanine substituted peptide does not fit the
sigmoidal aggregation model well, making calculations of the differences of the rate of
aggregation complicated. However, with these limitations kept in mind, an tso (time to
reaching 50% of maximum fluorescence) of 6.1 + 0.2 hours was obtained for this peptide at
6.3 UM concentration. This gives a Atso of 5.3 hours compared to mMMOGss.s5-Citag 52, for which
a tso of 0.79 £ 0.012 hours was found at the same concentration.
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Figure 3. ThT aggregation assays showing the aggregation properties of MOGa3s.s55-Cits1,46 and MOGss.s5-Citas,s2
when Sera: is replaced with either alanine (A, B), threonine (C, D), L-2-aminobutyric acid (Abu) (E, F)

94



Citrullinated human and murine MOGss.ss display distinct biophysical
and biochemical behavior

The peptides with the Ser-to-Thr substitution at position 42, MOGss.s5-Thraz-Cits1,46 and
MOGs3s.s5-Thraz-Citss 52, were considered next. These peptides, again showed no increase in
ThT fluorescence for the entire duration of the measurement (Figures 3C&3D).

The peptides in which Ser was substituted for the unnatural amino acid L-aminobutyric acid
showed the opposite effect on aggregation from the alanine containing peptide was observed,
as MOGss.s5-Abuay-Citar,46 (Figure 3E) showed amyloid-like aggregation behavior in the ThT
assay while its counterpart MOGssss-Abuaa-Citass: (Figure 3F) did not. The citrullinated
hMOGs3s.s5 peptides containing 4-hydroxyproline (Hyp) in place of Pros2 and/or Pross were
evaluated as these peptides represent a biologically accessible hybrid between the human and
the mouse peptides (i.e. containing both a hydroxyl-functionality and a proline). None of these
showed an increase in ThT fluorescence after 16 hours (Figure 4). This indicates that simple
oxidation of proline to hydroxyproline is insufficient to turn a nonaggregating peptide into an
aggregating one.
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Figure 4. ThT aggregation assays showing the aggregation properties of citrullinated hMOGss.s5 peptides
hydroxylated on either Proasz (A, B) or Proas (C, D)

In conclusion, it seems that the primary hydroxyl functionality of serine is of key importance
to this aggregation process as none of the peptides containing an aliphatic amino acid instead
of serine displayed the same level of aggregation. The lack of aggregation seen with amino
acids bearing a secondary alcohol, as well as the erratic aggregation of the alkylic amino acids
could imply that both the size of the sidechain and the serine hydroxyl group have key roles
in the aggregation process.
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These findings could have great impact on the interpretation of immunological experiments
carried out with these peptides in animal-model studies. One of these models, and one of the
more refined animal models of multiple sclerosis-like neuroinflammation and
neurodegeneration, is the experimental autoimmune encephalomyelitis (EAE) model in the
common marmoset (Callitrix jacchus) developed by the ‘t Hart group. In this model, in contrast
to many of the earlier murine models, immunization with the hMOGss.ss peptide, in the
absence of any immune adjuvant, induces severe neurological inflammation and
impairment.'®22 This finding underlines the great immune stimulating potential of this short
MOG peptide.

Further characterization of this model found a critical role for B-cells as antigen presenting
cells for the activation of CD8* T-cells. Surprisingly, it was found that the immunodominant
epitope hMOGao.28 Was presented via the non-classical MHC | molecule Caja-E, a close
marmoset analogue to the human HLA-E complex.'® In an in vitro assay using cells derived
from these monkeys, it had previously been shown that the aggregating citrullinated peptides
MMOG3s.55-Cita1 46 and mMOG3s.55-Citas 46, in contrast to non-citrullinated mMOGss.ss, did not
induce T-cell proliferation, instead displaying cytotoxicity.'3

An important unanswered biological question stemming from this was whether the changes
in aggregation of citrullinated mMOGss.ss between mouse and human sequences affected T-
cell responses against the dominant MHC-I-restricted epitopes contained within these
sequences. With the remarkable difference in amyloidogenic potential between the human
and murine peptides now known, it was next investigated what, if any, effect this has on the
cross-presentation potential of these peptides.

To this end, T-cell activation by the different human and murine MOGss.s5 peptides was
evaluated. For this assay, cells isolated from the axillary lymph node (ALN) of marmosets
immunized with hMOGsa.s6 were utilized, as reported previously.**>?® Briefly, EBV-infected
marmoset B-lymphoblastoid cells (BLCs) were lethally irradiated and incubated with different
concentration (10, 3 and 1 uM) of the peptides for 1 hour. After this incubation period, freshly
thawed marmoset ALN cells were added to the BLC culture and co-cultured for 48 hours and
the proliferation of the lymphocyte cells was determined via an [*H]thymidine incorporation
assay. From this assay a stimulation index (SI, ratio of proliferation of treated cells versus
untreated control) was calculated, and a SI > 2 was considered T-cell activation. The
experiment was carried out with cells isolated from three different marmosets and the
individual responses as well as the mean response were plotted in Figure 5.
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Stimulation Index

I ri LI LI 1 1 LI
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[ ] mM0635_55-Wt v hMOG35_55-Wt
| | mMOG35_55-Cit41‘46 * hMOG35_55-Cit41,46
Ao MMOGg3s.55-Cityg 52 ® hMOGg35.55-Citsg 52

Figure 5. B-cells isolated from rhMOG immunized marmosets where stimulated with different peptides at the
indicated concentrations for 1 hours. T-cells were added and proliferation was measured using a [*H]thymidine
incorporation assays. A stimulation index (ratio of proliferation for stimulated T-cells versus unstimulated
control, SI) was plotted for each condition and SI > 2 was taken as the cut-off for T-cell activation. The experiment
was carried out using material from three different animals (N=3), with the individual responses shown as three
distinct colors.

A strong response against hMOGss.ss was observed at all concentrations tested, which was
expected as this was the immunogen used to immunize the marmosets. The peptide derived
from the murine (and also marmoset) sequence, mMMOGss.ss also induced a strong
proliferation at the highest tested concentration (10 uM). The citrullinated human peptide
hMOGss.55-Citass2 produced a strong increase in T-cell proliferation, while the murine
counterpart mMOGss.s5-Citas 52 shows no proliferation. Finally, neither mMOGss.ss-Citag 46 NOr
hMOGss.55-Cita1,46 produced a T-cell response in this assay. While previous work had already
indicated immunological differences between human and murine MOGs3s.55 using a murine
system,?* this striking difference of T-cell activation between mMOGss.ss-Citas,s2 and hMOG3s.

55-Citse,52 Was unknown.
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Conclusion

The role of citrullination in both MS and EAE is currently poorly understood. While evidence
exists for an increase of citrullination of the key myelin protein Myelin Basic Protein (MBP)?°
as well as a general increase in protein citrullination in white matter?® in MS patients,
citrullination of MOG itself has never been directly detected. However, in the animal model
of MS, EAE, MOG is the most commonly studied autoantigen, and the effect of citrullination
on the key antigenic peptide MOGss.ss has been studied extensively.?’-30

The recently described aggregation behavior of citrullinated mMOGss.ss'® opened up a new
avenue for MOG mediated disease progression in MS, where the aggregation of citrullinated
peptide could potentially directly induce neurodegeneration once sufficient levels of
citrullination are achieved. However, the findings in this chapter show that the aggregation of
citrullinated MOGssss is inherent only to the peptides containing serine on position 42, a
polymorphism that is present in many of the commonly studied laboratory animals (mice, rats,
common marmosets), but is replaced by proline in the human sequence of MOG. This one
amino acid change renders the peptide completely resistant to amyloid like aggregation under
the conditions that were optimal for the murine peptides.

In order to better understand the large effect this single amino acid substitution has on the
peptide properties, a series of single amino acid substitutions were synthesized and screened
for their aggregation behavior. The results obtained here indicate that serine is critical for the
observed effect, with all amino acid substitutions tested producing either a far weaker
aggregating peptide or, in most cases, a non-aggregating peptide.

The aforementioned previous study on the aggregating citrullinated murine peptides had also
shown non-immunogenic properties of these peptides in an EBV infected B-cell cross-
presentation assay. Unexpectedly, one of the human citrullinated peptides tested here,
hMOGss.55-Citae,52, showed strong T-cell activation in the same assay, raising questions about
the validity of the animal models for the study of the autoantigenic responses in MS. A
potential explanation for the discrepancy in T-cell activation is the aggregation behavior of the
murine peptide. The murine citrullinated peptide might form an insoluble aggregate either
inside or outside of the cell, inhibiting both (productive) peptide processing and epitope
presentation. It is currently unknown whether the aggregated forms of the murine peptides
are resistant to degradation and how this influences antigen processing. However, one could
speculate that the formed aggregates might prohibit production of the key epitope peptide,
limiting T-cell activation in this way. Additionally, while not studied here, cytotoxicity of
aggregated peptide towards T-cells has been put forward as a potential reason for lack of T-
cell activation observed with the citrullinated mMOGs3s.s5s peptides.t3

Taken together, more work is needed in validating multiple sclerosis animal models using
myelin oligodendrocyte glycoprotein as a model autoantigen, especially when studying the
effects of citrullination.
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Experimental

General peptide synthesis

SPPS of peptides was carried out using manual synthesis on a 50 umol on Tentagel S RAM resin (Rapp
Polymere GmbH, Germany) when a C-terminal carboxamide was desired, or on chloro-(2’-chloro)-trityl
(CTC) polystyrene resin when a C-terminal carboxylic acid was intended. Fmoc protected amino acids
were purchased from either Novabiochem or Sigma-Aldrich. For the amino acids that require sidechain
protection, the following protecting groups were used: tBu for Ser, Thr, Tyr and Hyp; OtBu for Asp and
Glu; Trt for Asn, Gln and His; Boc for Lys and Trp; Pbf for Arg. To load the first amino acid onto CTC
resin, 2 eq of the desired amino acid together with 5 eq of DIiPEA dissolved in anhydrous DCM (1.25
mL) are added to the resin which was gently agitated overnight. The loaded resin was then washed
with DCM and capped using a mixture of MeOH/DIiPEA/DCM (2:1:17) for one hour. To extend the
growing peptide chain, 5 eq of Fmoc-amino acid was mixed together with an equimolar quantity of 2-
(6-Chloro-1-H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium hexafluorophosphate (HCTU) in DMF
at an concentration of 0.5 M, followed by the addition of 10 eq of diisopropylethylamine (DiPEA) and
preactivation for 2 minutes. Coupling reaction were carried out for 30-45 minutes. Fmoc deprotection
was accomplished by repeated treatment with 20% piperidine in DMF (3 + 7 min). Global deprotection
and resin cleavage of peptides was accomplished using a 95:2.5:2.5 mixture of TFA/TIS/H,0 for 3 hours,
followed by precipitation from cold diethyl ether (1:9 ratio TFA to ether) and recovery of the precipitate
by centrifugation. Crude, tryptophan containing peptides were dissolved in MilliQ water an lyophilized
overnight in order to remove the residual carboxylate. Preparative reverse phase HPLC on a Waters
AutoPurification system (eluent A: H,O + 0.2% TFA; eluent B: ACN) with a preparative Gemini C18
column (5 um, 150 x 21.2 mm) yielded the final products. Peptides were characterized using
electrospray ionization mass spectrometry (ESI-MS) on a Thermo Finnigan LCQ Advantage Max LC-MS
instrument with a Surveyor PDA plus UV detector on an analytical C18 column (Phenomenex, 3 um,
110 A, 50 mm x 4.6 mm) in combination with buffers A (H,0), B (MeCN), and C (1% aq TFA). Quality of
crude and purified peptides was evaluated with a linear gradient of 10-50% B with a constant 10% C
over 10 minutes. Preparative reverse phase HPLC on a Waters AutoPurification system (eluent A: H,O
+ 0.2% TFA; eluent B: ACN) with a preparative Gemini C18 column (5 um, 150 x 21.2 mm) yielded the
final products.

Table of synthesized peptides

Table 2. Overview of all synthesized peptides. ? synthesis was previously described in Araman et al.*3

Expected Found

mass mass Yield

Name Sequence [M+2H] [M+2H] (%)
MmMOGs3s.ss MEVGWYRSPFSRVVHLYRNGK-NH; = = -2
hMOGs3s.s5 MEVGWYRPPFSRVVHLYRNGK-NH; 1295.7 1296.3 25.6
hMOGas.s5-Citas,46 MEVGWYCitPPFSCitVVHLYRNGK-NH; 1296.5 12973 124
hMOG3s s5-Citas, 52 MEVGWYRPPFSCitVVHLYCitNGK-NH 1296.5 12974 22.4
MMOGs3s s5-Cita, 46 MEVGWYCitSPFSCitVVHLYRNGK-NH; = = -2
MMOGs3s s5-Citas 52 MEVGWYRSPFSCitVVHLYCitNGK-NH, - - -8
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MOGas.s5-Alasz-Citas,a6 MEVGWYCitAPFSCitVVHLYRNGK-NH; 1283.7 1284.2 24.2
MOGss.s5-Alasz-Citag, 52 MEVGWYRAPFSCitVVHLYCitNGK-NH; 1283.7 1284.2 211
MOGss.s5-Thraz-Citas, a6 MEVGWYCitTPFSCitVVHLYRNGK-NH> 1298.7 1299.1 34.9
MOGss.55-Thraz-Citas 52 MEVGWYRTPFSCitVVHLYCitNGK-NH> 1298.7 1299.1 15.8

MOG:s.ss-Abuss-Citsrss ~ MEVGWYCitAbuPFSCitVWHLYRNGK-NH, ~ 1290.7  1291.2 30.2
MOG:s.ss-Abua-Citsss:  MEVGWYRABUPFSCitVVHLYGitNGK-NH, ~ 1290.7 12913 383
MOG:s.ss-Hypar-Citangs ~ MEVGWYCitHypPFSCitVWHLYRNGK-NH, ~ 1304.7 13053 13.0
MOGss.ss-Hypar-Citasss2  MEVGWYRHypPFSCitVWHLYCitNGK-NH, ~ 1304.7  1305.1  30.0
hMOG:s.ss-Hypas-Citaiss MEVGWYCitPHypFSCitVVHLYRNGK-NH, ~ 1304.7  1305.1 27.1
hMOG:s.ss-Hypas-Citasss MEVGWYRPHypFSCitVVHLYCitNGK-NH, ~ 1304.7 13053 23.4

ThT Fluorescence Aggregation Assays

Aggregation assays were carried out in 96-well plate format using a Infinite M1000 Pro Tecan plate
reader. The excitation and emission wavelengths were set to 444 nm and 485 nm respectively, with a
bandwidth of 10 nm. For each peptide under investigation, a 200 uM stock in sodium ascorbate buffer
(20 mM, pH=5) was prepared and from this stock a serial diluted was made using the same buffer. Of
these solutions, 199 uL of peptide stock was added into a well and mixed with 1 pL of 1 mM Thioflavin
T stock solution, prepared in the same NaOAc buffer, for a final dye concentration of 5 uM. Every
concentration of peptide was measured in triplicate. The plate was kept at 37°C and the fluorescence
was measured every ten minutes for 16 hours. The fluorescence was normalized against a well
containing 5 UM Thioflavin T in buffer that was measured alongside the assay.

T-cell Culture Assay

Mononuclear cells (MNC) were isolated from the axillary lymph node (ALN) from three adult common
marmosets (Callithrix jacchus). These animals were used in EAE studies, to induce EAE the animals
were immunised with MOGsa.s6 (Cambridge research biochemicals Ltd.) emulsified in IFA. EBV infected
marmoset B-cells (BCLs) were used as antigen presenting cells.

For the proliferation assay the marmoset BCLs were collected and washed with PBS and irradiated with
70Gy in RPMI (Gibco) without FCS. BCLs were plated in 96-well round bottom plates (Greiner) at the
concentration of 1-10° cells/well and incubated for 1H in an incubator with 5% CO; and 37°C with
different concentration of the peptides (1 uM, 3 UM and 10 uM), the medium was used as a negative
control. After 1 hour, thawed MNC were added to the BCLs at a concentration of 1-10° cells/well. After
48 hour 25uL of [methyl-3H] thymidine (0.1 mCi/mL stock; PerkinElmer) was added. 18 hour later the
cells were harvested using a Filtermate Harvester (PerkinElmer) on a microfilter plate. When the plate
had dried, 25uL of Ultima Gold™ (PerkinElmer) was added and measured on a MicroBeta2 counter
(PerkinElmer).
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