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Abstract

PrP lowering is effective against prion disease in animal models and is being tested
clinically. Therapies in the current pipeline lower PrP production, leaving pre-existing
PrP to be cleared according to its own half-life. We hypothesized that PrP’s half-life
may be a rate-limiting factor for the time to effect of PrP-lowering drugs, and one rea-
son why late treatment of prion-infected mice is not as effective as early treatment.
Using isotopically labeled diet with targeted mass spectrometry, as well as antisense
oligonucleotide treatment followed by timed PrP measurement, we estimate a half-life
of 5-6 days for PrP in the brain. PrP turnover is not affected by over- or under-
expression. Mouse PrP and human PrP have similar turnover rates measured in wild-
type or humanized knock-in mice. CSF PrP appears to mirror brain PrP in real time

in rats. PrP in the colon is readily quantifiable and has a half-life just slightly shorter
than in brain. An under-expressed pathogenic mutant PrP, corresponding to D178N
in humans, exhibits an accelerated turnover rate. Our data may inform the design of
both preclinical and clinical studies of PrP-lowering drugs.
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Author summary

Prion disease is a fatal brain disease caused by misfolding of the prion protein
(PrP). Emerging therapies for prion disease seek to reduce the amount of PrP
produced in the brain in order to delay onset of disease or slow progression.
Mouse studies have shown that if these therapies are initiated too late, their ben-
efit is limited or they may not help at all. Here we measure the half-life of PrP in
the mouse brain, and find that it is about 5 days. When drugs are used to lower
PrP by cutting up the RNA that encodes PrP, the RNA drops rapidly while the
protein lags behind, and does not reach its minimum level until 4 weeks after the
drug is dosed. This half-life is about the same regardless of the species of PrP
(mouse or human) and whether or not the brain is infected with prions. Cerebro-
spinal fluid appears to reflect the real-time levels of brain PrP with no apprecia-
ble lag. PrP can be measured in colon, which may be useful in animal studies

of systemic drugs to lower PrP. PrP turns over more quickly in the presence of a
pathogenic genetic variant, the equivalent of the human D178N variant. These
findings suggest that clinical trials can monitor PrP in cerebrospinal fluid to look
at drug activity, but should plan timepoints far enough post-dose to account for
PrP’s rate of turnover, and should focus on patients who will survive long enough
to benefit from the drug.

Introduction

Pharmacologic lowering of prion protein (PrP) delays onset and slows progression
of prion disease in animal models [1-3], consistent with PrP as the substrate for
prion misfolding and the pivotal molecule in progression of this rapid neurodegener-
ative disease [4,5]. Inspired by this finding, a PrP-lowering antisense oligonucleotide
(ASO) is now in a Phase | clinical trial (NCT06153966), with additional PrP-lowering
modalities in preclinical development [6].

Prion disease typically presents as a rapidly progressive dementia [7]. With the
median patient in prior clinical trials surviving just ~2 months from randomization
[8,9], the time to effect of prion disease therapeutics could be a critical determinant
of efficacy in the symptomatic population. In mouse models, PrP lowering is most
effective when treatment is administered early in the silent incubation period (<78
days post-inoculation or dpi) [1]. Treatment after frank symptoms emerge (132 — 143
dpi) has extended survival primarily by increasing the time that animals are sick,
without reverting any symptoms already accumulated [1,2], and only a subset of
late-treated animals benefit, while others succumb to disease on a similar timeframe
as untreated animals [1]. One explanation is simply that PrP lowering cannot reverse
existing neuronal loss. However, the observation that efficacy is limited even very late
pre-symptomatic timepoints (105 — 120 dpi) [1] led us to speculate that PrP turnover
may be another factor limiting the efficacy of late treatment. ASOs target the PrP RNA
for cleavage and degradation by RNase H1 [1,10,11], suppressing new PrP synthesis
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but leaving pre-existing PrP to be degraded according to its own half-life. PrP turns over rapidly in cultured cells [12,13],
but in vivo, reports are conflicting. A study using oral doxycycline to suppress expression of PrP under a Tet-off transgene
determined the half-life of normally folded cellular PrP (PrP°) to be just 0.75 days in the brain [14], while 2 mass spectrom-
etry studies of mice fed isotopically labeled chow determined half-life estimates of 4.95 or 5.02 days in the brain [15,16].
Given that prion disease has heterogeneous subtypes with distinct rates of progression [7], the difference between a half-
life of <1 day versus 5 days would have a dramatic impact on the inclusion criteria needed to select for patients likely to
have time to benefit from a PrP-lowering drug in clinical trials.

Here we set out to determine the half-life of PrP in brain, as well as to answer several related questions. Because
some PrP-lowering drugs in development are expected to have systemic activity [6], we sought to identify an organ or
tissue that could be used as a proxy for peripheral target engagement in preclinical models, and further to determine the
PrP half-life and therefore timeline on which target engagement can be observed in such a tissue. To mitigate transla-
tional risk due to amino acid sequence differences, depth of target suppression, or disease state, we sought to determine
whether PrP half-life differs between human versus mouse PrP, in heterozygous knockout versus overexpressing ani-
mals, or in prion-infected versus naive animals. Because cerebrospinal fluid (CSF) is being used as a sampling com-
partment to reflect on brain PrP [5,17], we also sought to determine the timeframe on which brain target engagement
can be read out in CSF. Finally, because pathogenic variants in neurodegenerative disease-associated proteins can
impact protein half-life [18], we sought to determine whether the pathogenic D178N variant, which results in reduced PrP
expression [19,20], alters PrP’s half-life.

Results

We sought to identify a peripheral tissue in which we could quantify PrP. Analysis of human PRNP RNA expression data
from Genotype-Tissue Expression project (GTEx v8) [21] revealed that after brain and sciatic nerve, colon was the next
tissue with the highest PRNP expression (Fig 1A). Similarly in mouse, colon ranked third after brain and esophagus for
Prnp RNA expression [22] (Fig 1B). We dissected 15 organs from 1 wild-type and 1 PrP knockout mouse and analyzed
them by Western blot. Brain exhibited far more PrP than any peripheral organ examined, but a strong band was identified
centered at the expected molecular weight (~37 kDa) in colon, with weaker bands in stomach, quadriceps, heart, femur,
spleen, and uterus, and faintly detectable bands in lung, lymph node, and skin. PrP was not detectable in liver, kidney,
whole blood, or plasma (Fig 1C). Although homogenization efficiency and total protein loading varied between organs,
Coomassie analysis revealed that the WT and KO animals were similarly loaded for any given organ (Fig 1C). When the
same tissues were analyzed at a 1:100 wt/vol final dilution by our in-house ELISA' with the EP1802Y/8H4 antibody pair,
all tissues besides brain were near the lower limit of quantification (LLQ), with many reading above LLQ in the knockout
animals, presumably due to matrix effects (Fig 1D). Of any organ where the knockout tissue read out at LLQ, colon exhib-
ited the strongest PrP signal in the wild-type animal (Fig 1D). Colon and 4 tissues with weaker signal were re-analyzed

at a 1:25 wt/vol final dilution, yielding higher signal and confirming colon as the strongest tissue at 5-fold above LLQ (Fig
1E). Further assay development identified the best conditions for ELISA detection of colon PrP and established stability
parameters for colon samples in this assay (S1 Fig). These results led us to nominate colon as a proxy tissue for monitor-
ing PrP turnover and knockdown in animal experiments (see Discussion).

We next sought to use targeted MS of PrP tryptic peptides (Fig 2A) to measure turnover in both brain and colon. Initially
we focused solely on the peptide VVEQMCVTQYQK (mouse PrP residues 208-219; hereafter abbreviated VVEQ), the
most readily quantified of any PrP tryptic peptide [23], in both brain and colon (S2 Fig). We fed wild-type mice with *C_
lysine chow, sacrificed them at 0, 2, 4, 6, or 8 days — a range of timepoints around the hypothesized half-life of PrP based
on prior mass spectrometry studies [15,16] — measured VVEQ by targeted mass spectrometry, and quantified the percent
labeled as the ratio of heavy peptide to heavy plus light. Due to lower overall PrP abundance (S2 Fig), the LLQ in colon
occurred at 13.3% labeling versus 2.5% for brain; nonetheless, heavy peptide was above LLQ in most samples by day 2,
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Fig 1. Nomination of colon as a tissue for peripheral PrP quantification. A) PRNP RNA expression in transcripts per million (TPM) in human tissues
according to GTEx v8 public data. Each sub-tissue (e.g., brain — cerebellum) is represented by one point as the median TPM across all samples for

that tissue, and each tissue (e.g., brain) is represented by one bar as the median of those medians. B) Prnp RNA expression in TPM in mouse tissues
according to Sollner et al [22]. Each animal is represented by one point for individually measured TPM, and each tissue is represented by one bar as the
median of the animals. C) Western blot (top) and Coomassie (bottom) of organs all from the same 1 WT and 1 KO animal, 6D11 anti-PrP antibody, see
Methods for details. D) Organs tested by PrP ELISA at a 1:100 final dilution (10% homogenates at a further 1:10). PrP ELISA as reported except using
double the detection mAb concentration (0.5 pg/mL instead of 0.25 pg/mL). E) Organs tested by PrP ELISA at a 1:25 final dilution (10% homogenates at
a further 1:2.5). PrP ELISA as reported except using double the detection mAb concentration (0.5 pg/mL instead of 0.25 pg/mL). See S1 Fig for further
assay development.

https://doi.org/10.1371/journal.ppat.1014263.9001

and in all samples on days 4-8 (Fig 2B). Heavy labeled peptide accumulated much more quickly in colon than in brain,
with the two tissues reaching 49.3% and 20.5% respectively by day 8 (Fig 2B), potentially suggesting a shorter half-life in
colon than in brain.

In order to interpret these data, we considered implications of the mathematical model for heavy label accumulation
presented by Fornasiero et al [16]. Fornasiero measured the proportion of free lysine in mouse plasma that was labeled,
and fit a model represented by the maroon line (Fig 2C). In this model, the proportion of lysine that is heavy labeled rises
rapidly initially as dietary lysine becomes bioavailable, but then increases more slowly, reaching 55.7% by day 8, because
the labeled dietary lysine is in competition with unlabeled lysine made available by catabolism of endogenous proteins.
Because only a portion of free lysine is labeled, calculating the expected proportion of a peptide labeled as a function
of its protein’s half-life revealed that according to this model, peptides from a protein with a 5-day half-life would be just
30.0% labeled by day 8, even though 62.1% of the protein would turn over in this time (Fig 2D).
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Fig 2. Determination of PrP half-life by targeted mass spectrometry. A) Diagram of mature, post-translationally modified mouse PrP. Adapted from
a CC BY licensed diagram we have previously released (https://github.com/ericminikel/prp_mrm/), see Minikel & Kuhn et al for details [23]. Indicated
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are the positions of peptides measured here in mass spectrometry, the epitopes of antibodies used in our in-house ELISA as well as D13, the antibody
used for Western blot PrP quantification and conformation-dependent immunoassay by Safar et al [14]. B) Accumulation of *C label from chow in

the VVEQ peptide in mouse brain and colon. C) The best fit to the proportion of plasma free lysine empirically found to be *C, labeled, as reported by
Fornasiero (maroon), and the proportion of peptide expected to be labeled over time as a function of half-life (shown in days on the right side). See
Methods > Labeled peptide accumulation models for details. D) The ratio of proportion labeled (C) for a peptide of each half-life compared to a peptide of
5-day half-life. Ratios of 0.5 and 1.5 are arbitrary landmarks highlighted to orient the eyes to a straight horizontal line. E) The proportion of PrP peptides
VVEQ and GENF that are "*C, labeled after 8 days as a function of mouse genotype. All differences are non-significant at Bonferroni-corrected P>0.05,
2-sided T-test. F) Relative isotope abundance (RIA), in other words, the mean ratio of heavy to light lysine inferred to have been available over the 8-day
labeling period, by tissue. Each point is one animal (N =3 wild-type C57BL/6N per tissue). Segments represent means and error bars 95% confidence
intervals per tissue. G) Proportion labeled in brain (y axis) versus brain half-life previously reported by Fornasiero for all measured non-PrP peptides
(circles); black=measured peptide signal above LLQ, gray = below LLQ. The maroon line represents the expected proportion labeled after 8 days as

a function of half-life, based on the plasma free lysine model from (C). The horizontal blue lines represent the proportion labeled observed for the two
PrP peptides, and their vertical projection from the maroon curve down to the x axis represents the estimation of half-life from those proportion labeled
measurements. G) As in (F), but for colon. The maroon line uses the plasma free lysine model from (C) adjusted based on the ratio of empirical RIA in
colon compared to brain from (F).

https://doi.org/10.1371/journal.ppat.1014263.9002

With this in mind, we considered how many days of labeled chow consumption would best discriminate between
shorter and longer half-lives. This analysis revealed a tradeoff: the theoretical difference between proportion labeled for a
quick turnover protein and a slow turnover protein is maximized at early timepoints when the overall proportion labeled is
still low enough that the precision of measurement near LLQ could be limiting. At later timepoints, the proportion labeled is
higher, mitigating LLQ concerns, but the theoretical proportion labeled is less different. For discriminating half-lives near 5
days, an 8-day labeled chow experiment appeared to present a reasonable compromise between these tradeoffs.

To replicate and extend our results, we performed a multiplex targeted MS assay using VVEQ, another PrP peptide
GENFTETDVK (mouse PrP residues 194—203; hereafter abbreviated GENF), and a sampling of peptides from proteins
whose brain half-lives as determined by Fornasiero [16] ranged from 2.5 to 11.6 days, to serve as controls. Serial dilution
of °C, N, lysine synthetic peptides for this assay identified lower limits of quantification (LLQ) for each peptide; the mean
heavy peptide area found in wild-type mice after 8 days of labeled chow was above LLQ for 17 peptides in brain and for 8
in colon, indicating the suitability of these peptides for this purpose (S3 Fig).

We utilized multiple mouse lines (Table 1 and S4 and S5 Figs) to determine the impact of PrP amino acid sequence
and expression level on half-life. For the multiplex MS assay, we fed wild-type, heterozygous PrP knockout, transgenic
humanized (Tg25109; human PrP 129M), and transgenic overexpressing (Tga20 mouse PrP) mice with "*C lysine chow,
sacrificed them at 8 days, and analyzed their brains by mass spectrometry. For either PrP peptide, measured in either
tissue, the proportion labeled was not significantly different from wild-type for any genotype (Fig 2E).

Table 1. Mouse lines used in this study. All PrP expression levels are measured in whole hemisphere, either by our in-house ELISA [17] or by

the 1Q Proteomics MRM assay described herein, and are shown normalized to wild-type animals (1.0x=wild-type epxression). *Maintained on

a background of homozygous ZH3/ZH3 PrP knockout. **MoPrP-A refers to the mouse reference genome PrP sequence as found in C57BL/6N

and most other commonly used mouse strains (as opposed to the MoPrP-B allele, containing the two substitutions L108F and V189T, found in
certain strains [24]). ***The 3F4 epitope is two amino acid changes from the MoPrP-A sequence: L108M +V111M. ****Mean value obtained for

2 peptides in young and aged ki-3F4-FFI mice in Fig 4 of this study.

Name PrP amino acid sequence | Expression level (fold wild-type) | PrP quantification method | Genomic location | Reference

ZH3/+ MoPrP-A** 0.5x ELISA Prnp [25]

Tg25109* | HuPrP 129M 1.1x ELISA Frdm6/Tmx1 [26]

Kig817 HuPrP 129V 1.0x ELISA Prnp This study S4 Fig
Tga20* MoPrP-A 2.4x ELISA Ptcra [27], this study S5 Fig
ki-3F4-WT | MoPrP-3F4#** 1.0x MRM Prnp [28]

ki-3F4-FFI | MoPrP-3F4-D177N 0.4x*#x MRM Prnp [28], this study Fig 4

https://doi.org/10.1371/journal.ppat.1014263.t001
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Across PrP peptides and all mouse genotypes, the proportion labeled in colon was approximately double that in brain
(54.6% vs. 27.6%, Fig 2E). Indeed, even the plasma free lysine concentration is not expected to 54.6% labeled until day
7 (Fig 2C), which would mean that, under the plasma free lysine model, PrP turnover in colon would need to be virtually
instantaneous in order to account for this high a percent labeled. We considered instead the possibility that the colon
absorbs lysine directly from the diet, bypassing the bloodstream. In order to empirically determine the availability of free
lysine in each tissue, we employed limited trypsin digestion followed by data-independent acquisition (DIA) proteomics
on matched pairs of brain and colon samples from 3 wild-type C57BL/6N mice fed labeled chow for 8 days (Figs 2F, S6A
and S6B). This allowed us to quantify N=833 double-lysine peptides owing to missed trypsin cleavages, from N =596
distinct proteins. Regardless of protein half-life, double-lysine peptides with at least one heavy lysine are necessarily
nascent, synthesized during the 8 days of labeled diet, while the ratio of peptides with one light and one heavy lysine
(LH) to those with both heavy lysines (HH) provides information on the mean relative isotope abundance (RIA), or the
proportion of free lysine that was heavy at the time these various proteins were synthesized [29,30] (see Methods).

The point estimate of RIA obtained by this method varied among peptides across the proteome, yet the distribution was
highly consistent within each tissue between different animals (S6A Fig) and was also consistent within each tissue
between different bins of protein abundance (S6B Fig). Overall, the estimated RIA was 44.0% in brain (Fig 2F), in good
agreement with the 41.8% mean expected over the 8-day period under the plasma free lysine model (Fig 2C). RIA was
73.6% in colon (Fig 2F), 1.67 times higher than brain, confirming our suspicion that colon had more ready access to
dietary labeled lysine than brain did.

When we plotted, for each peptide from various proteins, the proportion labeled in wild-type mouse brain at day 8
versus the half-life reported by Fornasiero (Fig 2G), we found excellent agreement with the theoretical proportion labeled
expected based on the plasma free lysine curve (Fig 2D). Projecting the proportion labeled in brain in WT mice for the two
PrP peptides (26.0% and 27.3% for GENF and VVEQ respectively) onto this curve (blue dashed lines) yielded estimates
of 6.4 and 6.0 days respectively. Control mice fed unlabeled chow categorically had percent labeled at <0.5%, confirming
specificity of the assay. In colon (Fig 2H), we adjusted the free lysine model to account for the different RIA determined
empirically in this tissue (Fig 2F). While many of the proteins with a brain half-life reported by Fornasiero were below
LLQ in colon, those that were quantifiable agreed reasonably well with the theoretical proportion labeled expected based
on the adjusted plasma free lysine curve. Projecting the proportion labeled in colon in WT mice for the two PrP peptides
(58.2% and 56.5% for GENF and VVEQ respectively) onto this curve (blue dashed lines) yielded estimates of 4.0 and 4.2
days respectively, just slightly lower than the half-life estimates in brain.

We also sought to determine PrP’s half-life by an orthogonal method. We dosed naive wild-type mice with 500 ug
PrP-lowering active ASO 6 [1] (Table 2) by intracerebroventricular (ICV) injection at day 0 and then performed serial
sacrifice to measure Prnp RNA and PrP protein in whole hemispheres at various timepoints post-dose (Fig 3A). Maximal
RNA suppression was achieved within 3 days, while protein lagged, reaching its nadir at 28 days (Fig 3A). When we fit an
exponential decay curve to the data, we obtained a half-life estimate of 4.8 days. Interestingly, while the model assumes
a single rate of decay, the data do not fit such a paradigm perfectly. On one hand, we observed more knockdown at early

Table 2. Antisense oligonucleotides used in this study. Black: unmodified DNA (2'H). Orange: 2" methoxyethyl (2’MOE). Blue: 2'-4' constrained
ethyl (cEt). Unmarked backbone linkages: phosphorothioate (PS). Linkages marked with o=phosphodiester (PO). mC: 5-methylcytosine.

ASO sequence and chemistry target ref
ASO 6 mCToTomCoTATTTAATGTMCA0GoTmMCT mouse/rat Prnp 3' UTR [11]
ASON GTomCoA0ToACATTTTMCTTAGMCoTAMC human/NHP PRNP intron [31]

https://doi.org/10.1371/journal.ppat.1014263.t002
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represent means and error bars represent 95% confidence intervals. The green curve represents linearly interpolated residual RNA concentration. The
dashed blue curve represents a single-rate exponential decay model fit to the data. The solid blue curve represents a mixture-of-rates fit to the data. B)
As in (A) but for Ki817 human PrP 129V knock-in mice after a single dose 118 pg of ASO N. C) As in (A) but for wild-type mice infected with RML prions
and treated with 300 ug ASO 6 at 105 dpi. D) Residual PrP in Sprague-Dawley rats treated with 1 mg of ASO 6 at day 0. Each point represents one
animal, and for each timepoint, line segments represent means and error bars represent 95% confidence intervals. Long lines connect means of different
timepoints.

https://doi.org/10.1371/journal.ppat.1014263.9003

timepoints than is explainable by a simple exponential decay model. For example, PrP protein was already down to 84%
residual at day 1, when the model still predicts 98% residual. Conversely, we observed less pharmacodynamic activ-

ity at later timepoints than the model would predict: 58% residual at day 14, when the model predicts 52%. This could
suggest that bulk PrP in whole brain hemisphere does not represent a single population with a uniform decay rate (see
Discussion).

To confirm that there is no difference in half-life between mouse PrP and human PrP, we repeated the experiment in
naive humanized animals using a new human PrP (129V) knock-in mouse line termed Ki817 (Methods; S4 and S7 Figs)
treated with ASO N, which is potent against PRNP in both human and cynomolgus macaque [31]. Targeting 50% lowering
to mirror the ASO 6 experiment above, we used a dose of 118 ug, which was the median effective dose (ED, ) estimated
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in mouse cortex [32]. Due to a shortage of these humanized mice, we included fewer late timepoints in this experiment,
thus inadvertently biasing the model towards the early timepoints where, in our previous experiment, knockdown was
deeper than predicted by exponential decay. Perhaps as a result of this bias, the estimated half-life from these data using
the single-parameter model was just 2.1 days (solid blue curve, Fig 3B).

To determine whether prion infection affects the half-life of PrP, we also performed the same experiment in RML
prion-infected wild-type mice with a single ICV dose of 300 ug active ASO 6 at 105 dpi (Fig 3C). This yielded a similar
picture as in naive mice, with a single-parameter half-life point estimate of 6.1 days. We note that we have not extensively
tested the cross-reactivity of our PrP ELISA for PrPSc; given the non-denaturing conditions of our ELISA, our assay is likely
measuring primarily or exclusively PrPC.

To assess whether CSF PrP lags brain PrP, we used rats; the smaller CSF volume found in mice is challenging for
robust PrP quantification [33]. After a single 1mg ICV dose of active ASO 6 on day 0, rats were sacrificed at 18, 29, or
57 days post-dose and PrP was quantified in cerebrum (cortex and subcortex), cerebellum, and CSF (Fig 3D). Target
engagement was deeper in cerebrum than in cerebellum at all timepoints, consistent with results from non-human pri-
mates and with the known difficulties in achieving strong ASO activity in cerebellar granule cells [31,34]. At all timepoints,
the percent residual CSF PrP was in between that of cerebrum and of cerebellum, consistent with CSF reflecting some
average of different brain regions. CSF PrP did not lag relative to cerebrum or cerebellum PrP, suggesting that it reflects
brain PrP by 18 days post-dose, if not sooner.

Disease-causing missense variants in PrP have been shown to result in reduced PrP concentration in the CSF of
asymptomatic humans at risk for prion disease [19,20] as well as in cultured cells and in the brain parenchyma of knock-in
mice [28,35]. We sought to utilize a knock-in mouse model, ki-3F4-FFI, harboring the murine equivalent of the D178N
variant, associated with low CSF PrP concentration in humans, to determine whether this underexpression results from
accelerated turnover of PrP. Young (mean 9 weeks) or aged (mean 63 weeks) ki-3F4-FFI mice (Table 1; ref. [28]) were
compared to age-matched wild-type C57BL/6N control animals as well as ki-3F4-WT, which additionally control for any
impact of the 3F4 epitope as well as genetic background. All animals were fed isotopically labeled chow for 2, 4, 6, or 8
days and brains analyzed using the multiplex MS assay described above.

In young mice, the total amounts (regardless of isotopic label) of both PrP peptides (VVEQ and GENF) were reduced in
the presence of the D178N substitution in ki-3F4-FFI mice, as expected (Figs 4A and S7), while decreases in abundance
were not detected for any of the other proteins included in this multiplex assay. We fit empirical half-lives for every peptide
in each mouse genotype; both PrP peptides exhibited significantly reduced half-lives (1.8 days for VVEQ and 2.4 days for
GENF, versus 3.5 and 3.6 days respectively in control animals), while significant changes were not detected for any other
protein (Fig 4B). Examination of the accumulation of heavy lysine label in these two peptides (Fig 4C and 4D) revealed
that the proportion of peptide labeled was already above either control mouse line after just 2 days of labeled chow. The
relative difference between the ki-3F4-FFI and control mice did not further increase through day 8.

In aged mice, the total abundance of PrP peptides was again reduced in ki-3F4-FFI (Figs 4E and S8), confirming
underexpression, however, no difference in half-life was detected (Fig 4F). The accumulation of heavy peptide over time in
ki-3F4-FFI mice was indistinguishable for either peptide (Fig 4G and 4H).

Having observed in the PrP-lowering active ASO 6 experiment (Fig 3A) that a single-rate model visibly failed to ade-
quately fit the data, we asked whether the same phenomenon could be replicated by mass spectrometry (S9 Fig). We fit
both single population exponential decay models and mixture-of-rates models to the data for both VVEQ and GENF pep-
tides for each age group and genotype. The mixture-of-rates models achieved visibly tight fits to the data (Fig 4C, 4D, 4G
and 4H). Comparing the quality of fits from single population versus mixture models, we found that the Akaike Information
Criterion (AIC) favored the mixture-of-rates model in 9/12 cases, with the 3 exceptions all being VVEQ peptide in aged
mice. On average, the mixture-of-rates models suggest across the 9 remaining cases that a fast component comprises
27.3% [95% CI: 17.5% to 37.2%)] of the total PrP population with a very short half-life of 0.068 days [95% CI: 0.01 days
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Fig 4. PrP turnover in mice with the equivalent of the D178N pathogenic variant by targeted mass spectrometry. A) Peptide abundance across
all young animals. Each point is one peptide included in this targeted MS assay. The x axis position is the log2 fold change in total intensity (light+heavy
peptide) in ki-3F4-FFI animals (N=16) versus combined ki-3F4-WT and C57BL/6N animals (N=32 total). The y axis is -log10(P), with the P value from

a 2-sided T-test. B) Half-life across all young animals. Each point is one peptide included in this targeted MS assay. A half-life is fit to the labeled chow
days and proportion heavy peptide across all ki-3F4-FFI animals (N =4 per timepoint times 4 timepoints) and compared to that fit to the combined control
groups (N=8 per timepoint times 4 timepoints). The x axis position is the log2 fold change in this estimated half-life. The y axis is -log10(P), with the P
value of the main effect of genotype (ki-3F4-FFI vs. combined controls) in a beta regression model for proportion labeled peptide as a function of chow
days. C) Label accumulation in the GENF peptide by genotype. Each point is one animal. The x axis position is the number of days of labeled chow, the
y axis position is the proportion of the GENF peptide that is heavy lysine labeled. Solid lines represent mixture-of-rates decay model fit to the data. D) As
in C but for the VVEQ peptide. E-H) As in A-D but for aged, 63-week old mice.

https://doi.org/10.1371/journal.ppat.1014263.9004

to 0.152 days]. The slow component was estimated to be on average 72.7% [95% Cl: 62.8% to 82.5%] of the total PrP
population with an average half-life of 6.80 days [95% CI: 5.26 days to 8.34 days].

Modeling indicated that the main effect of the ki-3F4-FFI genotype on proportion labeled peptide was highly significant
(shown in Fig 4B) while the interaction term between genotype and days of labeled chow was non-significant, implying no
additional effect of ki-3F4-FFI beyond the first 2 days.
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Discussion

Our data indicate that PrP’s half-life is between 4.8 to 6.4 days in brain parenchyma, regardless of PrP expression level,
regardless of human or mouse PrP amino acid sequence, and regardless of prion infection status, when modeled as a
homogenous population. Our estimate is in agreement with prior studies using mass spectrometry on the brains of mice
fed isotopically labeled chow [15,16]. A conflicting report from Safar et al determined a half-life of 0.75 days [14]. One
explanation for this discrepancy is that study was performed in a transgenic Tet-off mouse line with PrP under a foreign
promoter [36]. That mouse line apparently exhibited a PrP expression pattern different from endogenous PrP, as evi-
denced by the perinatal lethality observed when PrP was not suppressed with doxycycline treatment during pregnancy
[36]. This might account for the different result. A second point is that study used antibody D13, which recognizes an
N-terminal epitope upstream of the alpha cleavage site in PrP, whereas our mass spectrometry and ELISA approaches

all relied on C-terminal epitopes and peptides (Fig 2A). C1, the C-terminal PrP fragment resulting from alpha cleavage
[37], is reported to nearly as abundant as full-length PrP in the brain [38]. If C1 turns over more slowly than full-length PrP,
this might also contribute to the discrepancy between studies. In our studies of human CSF PrP in prion disease and of
rat CSF and brain PrP upon ASO treatment, however, we have found that measurement of PrP by N- versus C-terminal
peptides yields the same results [17,23]. A third consideration is that the mouse model used by Safar et al also overex-
presses PrP, and the animals in that study were infected with prions, but our data argue that neither of these factors is
likely to explain the lower half-life estimate. In prion-infected mice dosed at 105 dpi and harvested from 106 to 133 dpi,
we measured a half-life similar to that in uninfected mice, suggesting that the reported [39] downregulation of normal PrP°¢
occurring by 120 dpi, if true, might not arise from accelerated turnover.

We find no evidence that CSF PrP lags brain PrP. In a previous study, where we analyzed only rat cerebrum (cortex
and subcortex) we found that at 4 weeks post-dose, each 1% PrP lowering in CSF corresponded to 1.4% lowering in cere-
brum [17]. Our present data, analyzing both cerebrum and cerebellum, indicate that this discrepancy might arise not from
alag in CSF PrP response to brain PrP concentration changes, but rather, from weaker target engagement in the cerebel-
lum, which is also in contact with CSF.

We report that PrP in colon, while lower than brain, is quantifiable by ELISA. This is consistent with colon being the only
tissue besides CNS and PNS to be affected in prion disease: patients with C-terminal truncating mutations that remove
PrP’s GPI anchor and cause a gain of function through change in localization often experience chronic diarrhea misdiag-
nosed as inflammatory bowel disease for decades before the onset of peripheral neuropathy and then dementia [40,41].
Unlike those other peripheral tissues with lower PrP expression, colon is highly innervated; the relatively high PrP concen-
tration there might reflect enteric nervous system expression. While colon biopsy is not practical in human trials, colon PrP
quantification should serve as a useful proxy for peripheral target engagement in animal studies of systemic PrP-lowering
therapeutics, particularly for small molecule or antibody programs where early proof of mechanism may help to motivate
the engineering effort required to cross the blood-brain barrier in sufficient quantity to engage PrP. In mice fed isotopically
labeled chow, heavy PrP peptide accumulates about twice as fast in colon as it does in brain. By examining the ratio of
single heavy versus double heavy among double-lysine proteins, we determine that dietary heavy amino acid availability
is more rapid in colon than brain, possibly due to direct incorporation of dietary amino acids bypassing the bloodstream.
After accounting for this amino acid availability difference, the estimated half-life of PrP in colon appears just slightly faster
than that in brain. One possible explanation may be that cell division in the colon contributes to PrP turnover.

The D178N variant in PrP, which causes highly penetrant genetic prion disease in humans [42], results in diminished
PrP concentration in CSF even in asymptomatic at-risk patients [19,20], and is also underexpressed in mouse brain and
in cultured cells [28,35]. We therefore utilized the ki-3F4-FFI mouse model, which harbors the equivalent of this variant,
to examine the effect of this amino acid substitution on PrP turnover. We confirmed underexpression of PrP in brain
parenchyma, but observed accelerated PrP turnover only in young mice, where the half-life of mutant PrP was estimated
at 1.8 — 2.4 days. In aged ki-3F4-FFI mice, PrP turnover was indistinguishable from control animals. This may provide
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partial support for the hypothesis that the mid- to late-life onset of genetic prion disease could be triggered by progressive
malfunction in protein quality control that, in youth, helps to clear the mutant protein. Our data are not fully consistent with
this hypothesis, however, because we still observed diminished steady state levels of mutant PrP even in aged animals.
Regardless, our data suggest that mutant PrP will turn over faster, if anything, than wild-type PrP, and thus that the time to
effect for a PrP-lowering drug will be shorter, if anything, in patients with genetic prion disease.

The diminution of PrP after ASO treatment is not perfectly modeled by a single exponential decay curve. Compared to
the theoretical model, we observe deeper target engagement in the first few days after dosing than should be possible
given that even the RNA has not been fully suppressed and less than one PrP protein half-life has passed; conversely,
we observe less deep target engagement after 2—3 weeks than should be expected. Likewise, in mice with the equiva-
lent of the D178N variant, which is underexpressed, all of the increase in heavy peptide accumulation after exposure to
isotopically labeled chow accrued within the first 2 days. One interpretation is that there are multiple populations of PrP
that degrade according to different kinetics: for example, PrP might have different half-lives on different cell types, in
different subcellular compartments, or in different multimeric states or glycoforms. Our observations justify this interpreta-
tion because they match the predicted theoretical behavior of a ground truth heterogeneous population with fast and slow
subpopulations modeled with a homogenous rate. In cases where the single rate models visibly fail to fit, model selection
criteria such as AIC greatly preferred the mixture-of-rates model despite the penalty for increased model complexity. The
half-life of the slow component in the heterogenous population is always going to be longer than a single rate estimate,
and may thus point towards a need for later timepoints in some experiments. Nonetheless, our mixture-of-rates models
generally suggest that the majority of PrP in the brain belongs to a “slow turnover” population with a half-life of ~5-9 days,
not far from the best half-life estimate obtained for a single population model.

Our study has limitations. Our use of "*C, lysine-labeled chow limited us to terminal lysine peptides, which are located
in PrP’s C-terminal domain; the two N-terminal peptides measured previously [23] have terminal arginines and could not
be used here, precluding interrogation of PrP cleavage products. PrP is also variably N-glycosylated, being di-, mono-,
or un-glycosylated, and we were unable to examine whether these species of PrP turn over at different rates. We also
have not yet tested the kinetics of very deep PrP knockdown, below 50% residual. We lack a method for interrogating the
half-life of PrP protein at the single cell level, so we do not know whether the rates may differ on distinct cell types. Find-
ings in the ki-3F4-FFI mouse model we utilized here could be confounded by prion disease-related changes, particularly
in the aged animals. In our colony we did not observe premature mortality in this mouse line and were unable to identify
any unambiguous histopathologic or biomarker signs of prion disease through >100 weeks of age [43], however, in other
laboratories this mouse line has been reported to spontaneously produce transmissible prions and to develop a variety
of behavioral abnormalities [28,44]. Perhaps the most important limitation of this study is our reliance on animal models:
while we modeled human PrP in transgenic mice, we have not yet studied the half-life of PrP in humans.

Overall, our data confirm that PrP’s half-life is one rate-limiting step in the time to effect of therapeutics that act by
inhibiting PrP synthesis. Ideally, drugs targeting PrP production could one day be combined with drugs increasing PrP
catabolism or blocking its conversion to a misfolded form; pharmacologic proof-of-concept for such approaches in vivo is
lacking but more research is merited. In the meantime, some sponsors might choose to enrich for patients with relatively
high functional scores or relatively slower-progressing genotypes in order to see the strongest effect in trials. Accelerating
diagnosis through better neurologist awareness, rapid referral, and shortened turnaround times for diagnostic tests will be
critical for reaching patients early enough to achieve sufficient target engagement while they still possess quality of life.

Methods
Ethics statement

All animal experiments were approved by Institutional Animal Care and Use Committees (IACUC) at the Broad Institute
(protocol 0162-05-17), Weissman Hood Institute (protocol 2024-AG-77) or lonis Pharmaceuticals (protocol 2021-1176).

PLOS Pathogens | https://doi.org/10.137 1/journal.ppat.1014263 May 26, 2026 12/21




PLO%- Pathogens

Animals

All mice were of a pure C57BL/6N or mixed 6N/6J background. Details of ages and genotypes are provided in respective
sections below. We utilized the ZH3 line of PrP knockout mice, the Tg25109 line of HuPrP 129M humanized mice, and the
Tga20 line of PrP-overexpressing mice. Genotyping was performed by Transnetyx. Suggested primers for Tg25109 have
been reported [26]. The Ki817 huPrP 129V mouse line is described here for the first time; see methods below and S4 Fig.
Tga20 mice were developed by Fischer et al [27]; the Tga20 transgene array was localized to the Pfcra gene locus by
Taconic/Cergentis using targeted locus amplification (TLA) [45]; for details see S5 Fig.

Generation of human PrP knock-in mice

Humanized KI PRNP mice (ki817) were generated by Taconic using ES cell targeting using CRISPR/Cas9. The target-
ing vector was constructed using human BAC RP11-61G12 for the human PRNP (129V) sequence and the mouse BAC
RP23-369F 12 for the homology arms. This targeting vector, a puromycin resistance cassette plasmid, and a plasmid
containing Cas9 and guide RNAs against desired cut sites in the mouse genome were co-transfected into C57BL/6NTac
embryonic stem cells. These were then selected, incorporated into embryos, and implanted to yield founders. The full tar-
geting strategy is provided as a PDF in this study’s online data repository. The gRNA sequences used to target the mouse
genomic region to be replaced with the human sequence were GGTCTGCTGATCCGACAACG and TAGAAGCTATGAT-
GAACACC. The exact coordinates of human sequence incorporated into the mouse span from 306 bp upstream of the
transcription start site to 1 bp downstream of the transcription end site (S5 Fig).

Isotopic labeling of mice

Where necessary, prior to study start, mice were consolidated into cages of a single genotype. Mice at Broad (wild-type,
ZH3/+, Tga20 heterozygous, Tg25109 heterozygous on a ZH3/ZH3 background) were between ages of 21-23 weeks old.
Mice at Weissman Hood Institute (ki-3F4-FFlI, ki-3F4-WT, and C57BL/6N) were 59—-60 days old (~9 weeks, young cohort) or
429-439 days old (~63 weeks, aged cohort) at the start of isotopic diet. Mice first received fed Mouse Express (unlabeled)
irradiated mouse feed (Cambridge Isotope Laboratories, USA) for 7 days at libitum (Broad) or 14 days (Weissman Hood
Institute) to acclimate to the new diet. The next day, mice were switched to Mouse Express L-Lysine ("*C,, 99%) irradiated
mouse feed (Cambridge Isotope Laboratories, USA) ad libitum and were sacrificed after 8 days (Broad) or 2, 4, 6, or 8 days
(Weissman Hood Institute). Animals had standard water access and no alternate food source was made available during
the study. In the pilot study at Broad, one animal per genotype was set aside (not fed isotopic chow) as a representative
control. In the pilot study, the amount of chow given each day was weighed prior to feeding and the remaining chow was
weighed each day to estimate the amount of chow being eaten per animal per day. Animals were weighed on day 1 of unla-
beled chow, day 1 of isotopically labeled chow and were harvested 24 hours after the last labeled chow refresh.

Organ harvest

Animals were weighed directly before harvesting. Animals were euthanized via CO, asphyxiation and disarticulation of
the skull and cervical vertebrae was utilized as a secondary measure. Left and right brain hemispheres were collected by
hemi-secting the full intact brain with a scalpel on ice, hemispheres were collected into separate tubes and flash frozen on
dry ice. Left and right sciatic nerves were collected in length from the proximal hip to distal knee and flash frozen on dry
ice. Colon sections were harvested in length from the caudal end of the ascending colon to the middle of the transverse
colon and flash frozen on dry ice. All samples were stored at -80C and sent for LC-MS in the form of frozen, intact tissue.

Immunoblots

All samples were homogenized in cold PBS with 0.2% CHAPS. All organs were homogenized at 10% wt/vol, except for
sciatic nerve, which was 5% wt/vol due to limited sample mass, and blood and plasma, which were not homogenized.
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Each sample was then diluted 4-fold into RIPA buffer (20 mM Tris-HCI pH 8.0, 140mM NaCl, 1mM EDTA, 1% Triton
X-100, 0.1% SDS) with protease inhibitors (MilliporeSigma 4693159001), vortexed for 1 minute, centrifuged 14,000 x G
for 10 minutes at 4°C and then supernatants were diluted a further 4-fold into 4X LDS (ThermoFisher NP0007) + 50 mM
TCEP (ThermoFisher 77720) and incubated 5 minutes at 95°C. 10 pL of this solution was then loaded per lane and run on
a SDS-PAGE gel (4-12% Bis-tris NUPAGE No. NP0323BOX) in MES buffer for 40 minutes at 180V. Proteins were either
Coomassie stained or transferred to iBlot using 20V for 7 minutes, cooled for 3—5 minutes, blocked with TBS blocking
buffer (Licor No. 927-60001) for 1 hour at room temperature. 6D 11 anti-PrP primary antibody (Biolegend no. 808003) was
diluted 1:1000 in TBS blocking buffer with 0.2% Tween and incubated overnight at 4°C. Blots were then rinsed 4x with
TBST (25mM Tris, 0.15 M NaCl, 0.05% Tween-20 at pH 7.5; 5 minutes each with rocking), and goat anti-mouse IRDye
800CW (Licor No. 926-32210) was diluted 1:10,000 in TBS blocking buffer with 0.2% Tween, incubated 1 hour at room
temperature with rocking, and washed 4x with TBST (5 minutes each with rocking). Blots were imaged at 800 and 700 nm
on a Licor Odyssey CLx Infrared Imaging System.

Tissue homogenization for ELISA

Each brain hemisphere was added to a 7 mL Precellys tube with pre-loaded zirconium oxide beads (Precellys, Bertin, USA)
and homogenized in ice cold 0.02% CHAPS in 1x PBS with protease inhibitors (1 Roche cOmplete tablet 4693159001,
Millipore Sigma, USA, per 10 mL of buffer) using 3x 40 seconds pulses at 6,000rpm in the Bertin Technologies Precellys
Evolution Touch Homogenizer (Bertin, USA). The final protocol for colon homogenization (after optimization, see S1 Fig)
used 2mL Precellys tubes and 5x 40 second pulses at 8,000 rpm. Homogenates were aliquoted into multiple 40 L aliquots
for protein analysis and 1 mL aliquots as a backup stock, flash frozen on dry ice and stored at -80°C until further analysis.

PrP ELISA

PrP concentration in the rat and murine brain hemispheres was measured using a previously published PrP ELISA [17].
The capture antibody, EP1802Y (ab52604, Abcam, USA), is incubated in a clear 96-well plate overnight at 4C. After block-
ing and sample incubation, biotinylated 8H4 antibody (ab61409, Abcam, USA) is used for detection with

streptavidin-HRP (Pierce High Sensitivity, 21130, Thermo Fisher Scientific, USA) and TMB substrate (7004P4, Cell Sig-
naling Technology, USA). Brain homogenates and QCs were diluted to 1:200 final concentration for the assay; the final
protocol for colon homogenization (after optimization in S1 Fig) utilizes a 1:100 final dilution. Recombinant mouse PrP,
(MoPrP23-231) prepared as described [46,47] was used for the standard curve. Average residual PrP was calculated by
dividing the amount of residual PrP in each treated brain by the mean concentration of residual PrP in the vehicle and/

or no dose control brains from the same study and time point. For the colon data in Fig 1D and 1E, the detection mAb
concentration was doubled (0.50 pg/mL instead of 0.25 pg/mL), but with further assay development (S1 Fig) we were able
to revert to the original 0.25 pg/mL concentration and maintain the ~5-fold margin above LLQ.

Prnp qPCR

The qPCR procedure has been described previously [1]. Prnp RNA levels were normalized first to housekeeping gene
Ppia then to the mean of PBS-treated controls. Primers are as follows. Prnp forward: TCAGTCATCATGGCGAACCTT,
reverse: AGGCCGACATCAGTCCACAT, probe: CTACTGGCTGCTGGCCCTCTTTGTGACX. Ppia forward: TCGC-
CGCTTGCTGCA, reverse: ATCGGCCGTGATGTCGA, probe: CCATGGTCAACCCCACCGTGTTCX.

Mouse inoculation

Mouse inoculation has been described previously [1]. Animals were freehand inoculated halfway between the right ear
and right eye, approximately 1 mm right of the midline, with 30 yL of a 1% (wt/vol) brain homogenate from terminally sick
RML prion-infected mice.
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Mouse intracerebroventricular (ICV) injection

Mouse ICV was similar to that described previously [1]. ASOs were diluted to 500 ug in a 10 pyL dose volume in dPBS
(Gibco 14190) and administered into CSF by bolus ICV injection in stereotaxis (ASI Instruments, SAS-4100). Positioning
utilized 18° ear bars in ear canals and incisors in the mouse adapter tooth bar, adjusted to -8 mm. A 1cm incision was
made and the periosteum was scrubbed with sterile cotton-tipped applicators in order to reveal bregma. Drug was admin-
istered in Hamilton syringes (VWR 60376-172) fitted with 22-gauge Huber needles (VWR 82010-236). The needle was
aligned to bregma and then moved 0.3 mm anterior, 1.0mm right, and then downward either 3.0 mm past where the bevel
disappeared into the skull or 3.1 mm past where the tip of the needle first touched the skull. Liquid was ejected over 10
seconds and the needle withdrawn 3 minutes later while applying downward pressure on the skull with a cotton-tipped
applicator. Incisions were closed with a horizontal mattress stitch (Ethicon 661H suture). Animals recovered from the
anesthesia in their home cages on a warming pad.

Rat ICV injection

The rat ICV injection was as described previously [17]. The procedure is similar to that for mice (see above) except that

it utilizes 27° atraumatic ear bars (ASI Instruments, EB-927), with coordinates: riser -6 mm, 1 mm caudal, 1.5mm right,
3.7mm from the surface of the brain into the lateral ventricle. A bore hole was first drilled using a sterile 1 mm x 33 mm drill
bit (McMaster Carr, 5058N51) in a hanging-style handpiece (McMaster Carr, 4454A14) held in a stereotactic handpiece
holder (ASI Instruments, DH-1000). Injection volume was 30 pL in a gastight 1710 small RN syringe (Hamilton 81030).
Incision closure utilized 5-O monofilament suture (Ethilon 661G-RL).

Targeted mass spectrometry

Peptides terminating in lysine were nominated based on prior mass spectrometry work [23]. Single peptide quantification
for VWVEQMCVTQYQK (Fig 2A) was performed at Charles River Labs (Worcester, MA). Serial dilution experiments deter-
mined an LLQ of 0.111 ng/mL (ng of peptide per mL of homogenate), corresponding to 30.6 fmol/mg (fmol of peptide per
mg of total protein). Multiplex quantification of VVEQMCVTQYQK, GENFTETDVK, and the control peptides from other
proteins (Fig 2D—2F) was performed at IQ Proteomics (Framingham, MA). Details of the LC-MS methods are provided in
the supplementary material.

Labeled peptide accumulation models

Free lysine in plasma was assumed to follow the fit described by Fornasiero [16]: H=1-0.503*(exp(-t*In(2)*0.799))-
0.503*exp(-t*In(2)/39.423), where H means the proportion of free lysine that is "°C_ labeled, and exp(x) signifies e*. Using
this formula we calculated the percent labeled at every timepoint from 0 to 8 days using increments of dt=0.01 days. We
then calculated the accumulation of *C, lysine label in peptides using numerical integration as follows. For parameter
lambda (N), defined as A=In(2)/t, , the turnover of protein in an arbitrarily small unit of time dt is A*dt. For a 5-day half-life
protein, for example, A=In(2)/5=0.14, so that every 0.01 days, 0.01*In(2)/5=0.0014 (expressed as a proportion) or 0.14%
of protein is catabolized, and 0.14% of the original amount is produced to replace it. The protein begins 100% unlabeled,
and label accumulates as unlabeled protein is catabolized and a greater and greater proportion of the nascent protein

is 1*C, labeled. The uniroot function in R was used to perform the inverse operation — estimating a half-life from the
observed proportion labeled, by minimizing the residuals between this numerical integration model and the actual data
over 1 or more observed timepoints. To assess genotypic differences in label accumulation, we fit a beta regression model
where proportion of peptide labeled is a function of days of isotopically labeled chow and genotypic group, with an inter-
action term: betareg(prop_labeled~chow_days * grp). We chose a beta regression model because the proportion of
peptide that is labeled is inherently constrained to be between 0 and 1 inclusive, which this model reflects. The main effect
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for the genotype group is interpreted to signify the difference in peptide labeling equally affecting all timepoints, while the
interaction term is interpreted to signify the difference in label accumulation over the timepoints.

Free amino acid availability estimation

To empirically estimate the availability of dietary labeled lysine in brain and colon, we used an approach described by
Beynon and colleagues [29,30]. If the proportion of free lysine available for protein synthesis that is heavy labeled, or
relative isotope abundance (RIA) is p, then among peptides with two lysines, the proportion (1-p)*2 will be light-light (LL),
2p(1-p) will be light-heavy (LH), and p”*2 will be heavy-heavy (HH). All light-heavy and heavy-heavy peptides represent
the result of nascent protein synthesis during the labeling period, and thus, availability of heavy lysine can be estimated
without knowledge of protein half-life. The ratio of LH:HH is 2p(1-p)/(p*2). Solving this equation for p reveals that p=2/(LH/
HH+2). In order to obtain quantitative information on double-lysine peptides, we performed a limited trypsin digest with a
1:100 enzyme:protein ratio and a digestion time of 1.5 hours (other parameters were as described in S1 Methods > Tar-
geted mass spectrometry at IQ Proteomics). Digested samples were analyzed by data independent acquisition (DIA) on
an Orbitrap Astral instrument (30 min gradient), and the results were searched using Spectronaut. For double lysine pep-
tides with quantifiable LH and HH signal, we calculated point estimates of RIA=2/((LH/HH) + 2). These were then grouped
by tissue and by animal or by intensity bin. In order to adjust the plasma free lysine model for the higher RIA in colon, we
simply multiplied the original free lysine formula by the ratio of colon RIA to brain RIA (1.67). This resulted in an estimated
heavy lysine availability in colon of 93.0% by day 8.

Exponential decay model

All residual Prnp/PRNP RNA and PrP protein measurements were normalized, respectively, to the mean RNA and protein
measurements in the untreated animals across all timepoints so that all measurements are on a scale from 0% (com-
plete knockdown) to 100% (normal levels). Observed Prnp/PRNP RNA measurements in brain were linearly interpolated
using the approx function in R to yield point estimates of residual RNA at units of dt=0.01 days. Similar to the approach
described above, the residual protein (P) at any given timepoint was computed numerically as a function of RNA (R) and
the exponential decay parameter A=In(2)/t, value. Catabolism of protein is proportional to the amount of protein in the
previous time increment, while synthesis of protein is proportional to RNA in the previous time increment. So, at any time
t, the protein catabolized is P, * A * dt, and the protein synthesized is R , * A * dt. Thus, the change in protein dP=R , * A
*dt-P_, *\*dt. The amount of protein at time tis P, =P _, +dP. With this function in hand, another function was written to
calculate the residuals of the actual data as compared to this model. Then, the nls. 1m function in R was used to deter-
mine the A value that minimizes those residuals, thus fitting the model. A time increment of dt=0.01 and a starting guess
of A=0.14, corresponding to a half-life of 5 days, were used in fitting the model.

Mixture-of-rates models

To test whether protein pools exhibit heterogeneous turnover kinetics, we fit two-component mixture models to both iso-
topic labeling and residual decay data. For isotopic labeling, the mixture model assumes the peptide pool comprises two
subpopulations with distinct half-lives (t,, , and t,, ,) and proportions (mt, and 1, where 1, +1,=1). Label accumulation in
each subpopulation was computed independently using the numerical integration approach described above, and the total
proportion labeled was calculated as the weighted average 1 -L (t) + 1, -L,(t), where L (t) and L,(t) represent label accu-
mulation in the fast and slow pools, respectively. For residual decay experiments, the mixture model similarly assumes
two protein pools with distinct decay rate constants (A, and A,) and initial proportions (w, and w,). Each pool's dynamics
follow dPk/dt=Ak-R(t)-wk - Ak-Pk(t), with total protein P(t) = P (t) + P(t). Mixture models were fit using the Nelder-Mead
optimization algorithm with multiple starting parameter combinations to ensure robust as possible optimization. Model
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selection between single-rate and mixture models was performed using the Akaike Information Criterion (AIC=n-In(RSS/n)
+ 2k) and Bayesian Information Criterion (BIC=n-In(RSS/n) + k:In(n)), where n is the number of observations, RSS is the
residual sum of squares, and k is the number of model parameters. For the single-rate model, k=2 (A and o) for residual
decay or k=1 (t,) for isotopic labeling; for the mixture model, k=4 (A,, A,, w,, and o) for residual decay ork=3 (t, , t,,,
and ) for isotopic labeling. AAIC <-3 was interpreted as substantial evidence favoring the mixture model. For mixture
models, the effective half-life was calculated as the time at which the combined pool reaches 50% of its initial state by

numerically solving Z(w-0.5%(t/t,,)) = 0.5.

Use of large language models (LLMs)

Claude Code was used to generate first drafts of source code for a subset of analyses and figure panels. These blocks of
code were subsequently reviewed and validated by DAS and EVM.

Statistics and source code

All analyses were conducted using custom scripts in R 4.4.1, and the mixture-of-rates decay models fit using Julia 1.12.4.
Exponential decay and label accumulation models are described above. Differences between genotypes in Fig 2 were
compared using a 2-sided T test and Bonferroni corrected for 10 tests. Differences in peptide abundance between gen-
otypes in Fig 4 were compared using a 2-sided T-test, while differences in labeled peptide accumulation were assessed
using a beta regression model (see above). All error bars or shaded areas shown are 95% confidence intervals. P values
of < 0.05 were considered significant.

Supporting information

$1 Fig. Human genomic sequence in ki817 mice. Genomic DNA from a ki817 mouse was subjected to targeted
sequencing for 152 kb around the PRNP locus using custom baits (1) (Twist biosciences) and aligned to the human refer-
ence genome. GRCh38 coordinates are shown. The knock-in allele spans 306 bases upstream of the human transcription
start site (TSS, located at GRCh38 chr20:4,686,456) to 1 base downstream of the human transcription end site (TES,
located at GRCh38 chr20:4701588).

(PDF)

S2 Fig. Total abundance of light+heavy peptide in the mass spectrometry assays. A) The Charles River Labs (CRL)
assay for VVEQ. Brain averages 4.7 times higher than colon. B) 1Q Proteomics assay for VVEQ and GENF. Brain detec-
tion is 19.3 — 231 higher than colon, at odds with our Western and ELISA analysis (Fig 1) and the CRL assay (S1A Fig).
Protein in colon may have been under-recovered due to incomplete homogenization. Nonetheless, this does not affect the
proportion labeled measurement used in Fig 2.

(PDF)

S3 Fig. Quality control and LLQ determination for the IQ Proteomics assay. Each panel represents 1 of 19 peptides,
whose identity and gene are shown at top. Synthetic peptides were serially diluted in triplicate. The upper section of each
panel shows the coefficient of variation (%CV; y axis) among technical replicates at each dilution versus the nominal
amount of peptide in amol (attomoles; x axis shared with lower section). The lower section shows the intensity (y axis)
versus nominal amount. We defined each peptide’s LLQ (red dashed line) as the most dilute concentration for which

the %CV of all concentrations equal or stronger than is <20%. Also shown are the mean heavy peptide intensities (blue
dashed lines) for wild-type mouse brain and colon at day 8. Thus, if a blue line is above the red line, this means that in
wild-type mice after 8 days, the heavy peptide in that tissue is detected above the LLQ.

(PDF)
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S4 Fig. Human genomic sequence in ki817 mice. Genomic DNA from a ki817 mouse was subjected to targeted
sequencing for 152 kb around the PRNP locus using custom baits (1) (Twist biosciences) and aligned to the human refer-
ence genome. GRCh38 coordinates are shown. The knock-in allele spans 306 bases upstream of the human transcription
start site (TSS, located at GRCh38 chr20:4,686,456) to 1 base downstream of the human transcription end site (TES,
located at GRCh38 chr20:4701588).

(PDF)

S5 Fig. PrP expression in Tga20 mice. PrP ELISA on whole brain hemisphere homogenates from wild-type C57BL/6N
mice or mice hemizygous for the Tga20 transgene array, on a background of endogenous PrP knockout (Tga20/0; ZH3/
ZH3). The mean Tga20 value is 2.4x the wild-type result. The original report of the generation of the Tga20 line estimated
that animals hemizygous for this transgene array expressed 6-7x wild-type PrP levels, by Western blot densitometry. We
have shown that our ELISA provides quantitative estimates of relative PrP expression when samples are analyzed at the
same dilution (2), and brain samples from all animals in this experiment were analyzed at the same 1:200 weight/vol final
dilution. Transgene mapping of the Tga20 transgene array revealed integration at position (GRCm38) chr17:46,761,775—
46,762,856, within intron 1 of Ptcra. The full transgene mapping report is provided in the study’s online git repository.
(PDF)

S6 Fig. Empirical determination of heavy lysine availability in brain and colon. The empirically determined relative
isotope abundance (RIA) calculated from N=833 light-heavy to heavy-heavy double-lysine peptides from N =596 proteins
in paired brain and colon samples from N=3 wild-type C57BL/6N animals after 8 days of labeled chow. A) Point estimates
of RIA grouped by animal and tissue. Each point is a peptide. Segments and error bars represent 95% confidence inter-
vals. B) Point estimates of RIA grouped by log10 bins of intensity (peptide abundance) and tissue. Each point is a
peptide-animal tuple. Segments and error bars represent 95% confidence intervals. The source data, including exact num-
ber of peptides per bin, are provided in the S1 Data.

(PDF)

S7 Fig. Pharmacokinetic (PK) parameters of ASO N in ki817 mice. Drug concentration (ug/g, y axis) versus days post-
dose (x axis). Points represent individual animals (the same whole hemispheres used for gPCR), line segments represent
means, and error bars represent 95% confidence intervals.

(PDF)

S8 Fig. PrP peptide abundance by genotype and age in ki-3F4-FFI mice and controls. Shown on the y axis are total
intensity (heavy +light peptide), grouped by genotype on the x axis; each point is one animal, bars represent means and
error bars represent 95% confidence intervals. Age of animals and PrP peptide being monitored are indicated at top of
each panel.

(PDF)

S9 Fig. Comparison of single-rate and mixture-of-rates decay models. For each peptide-age combination the gen-
otypes A) ki-3F4-FFI B) ki-3F4-WT and C) C57BL/6N WT have the label accumulation plotted. Single-rate (dashed
line) and mixture-of-rates (solid line) models are shown.

(PDF)

S$1 Methods. A-F Tables, and Supplementary Methods.
(PDF)

S1 Data. Source data for figures, tables, and summary statistics. Data S01-S30. These 30 datasets are provided for
transparency purposes and are not accompanied by individual legends.
(XLSX)
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Figure S1. Assay development for ELISA quantification of PrP in colon. A) Effect of
homogenization tubes used. 7 mL tubes homogenize incompletely, leading to lower detection.
These data used our standard ELISA conditions with 0.25 ug/mL detection antibody and were
conducted at a 1:100 dilution. B) Centrifugation of samples does not rescue the under-recovery
of PrP when 7 mL homogenization tubes are used. C) Stability study. PrP in colon samples is
Subject to loss upon freeze/thaw, time at 4°C or time at room temperature (RT) overnight (O/N).

For this stability experiment we treated the lowest standard curve point, 0.02 ng/mL, as the
lower limit of quantification (LLQ).
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Figure S2. Total abundance of light+heavy peptide in the mass spectrometry assays. A)
The Charles River Labs (CRL) assay for VVEQ. Brain averages 4.7 times higher than colon. B)
IQ Proteomics assay for VVEQ and GENF. Brain detection is 19.3 — 231 higher than colon, at
odds with our Western and ELISA analysis (Figure 1) and the CRL assay (Figure S1A). Protein
in colon may have been under-recovered due to incomplete homogenization. Nonetheless, this
does not affect the proportion labeled measurement used in Figure 2.
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Figure S3. Quality control and LLQ determination for the IQ Proteomics assay. Each panel
represents 1 of 19 peptides, whose identity and gene are shown at top. Synthetic peptides were
serially diluted in triplicate. The upper section of each panel shows the coefficient of variation
(%CV; y axis) among technical replicates at each dilution versus the nominal amount of peptide



in amol (attomoles; (x axis shared with lower section). The lower section shows the intensity (y
axis) versus nominal amount. We defined each peptide’s LLQ (red dashed line) as the most
dilute concentration for which the %CV of all concentrations equal or stronger than is <20%.
Also shown are the mean heavy peptide intensities (blue dashed lines) for wild-type mouse
brain and colon at day 8. Thus, if a blue line is above the red line, this means that in wild-type
mice after 8 days, the heavy peptide in that tissue is detected above the LLQ.
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Figure S4. Human genomic sequence in ki817 mice. Genomic DNA from a ki817 mouse was
Subjected to targeted sequencing for 152 kb around the PRNP locus using custom baits (1)
(Twist biosciences) and aligned to the human reference genome. GRCh38 coordinates are
shown. The knock-in allele spans 306 bases upstream of the human transcription start site
(TSS, located at GRCh38 chr20:4,686,456) to 1 base downstream of the human transcription
end site (TES, located at GRCh38 chr20:4701588).

Sequencing reads demonstrating the breakpoints:

GRCm39 chr2:131751847 (TSS +0 bp) / (TSS -306bp bases
upstream of the TSS):
GGCGCGGCCATTGGTGAGCATCACGCCCCGCCCCTCGCCCAGCCTAGCTCCCGCCTGCC
CCG

(1 base past the TES) / GRCm39 chr2:131780358 (1 base past
TES)
GGGGTTTGTTCTCTCTCCAATGCTCCGAGTC
CACTGTTTATCGCCAGGGTGGCTTGGGCTCATTTCACATCCCTGTCCCTGAGGGGCCTCG
GGTCTTACCTCTGGTCCTGTCTTGT
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Figure S5. PrP expression in Tga20 mice. PrP ELISA on whole brain hemisphere
homogenates from wild-type C57BL/6N mice or mice hemizygous for the Tga20 transgene
array, on a background of endogenous PrP knockout (Tga20/0; ZH3/ZH3). The mean Tga20
value is 2.4x the wild-type result. The original report of the generation of the Tga20 line
estimated that animals hemizygous for this transgene array expressed 6-7x wild-type PrP
levels, by Western blot densitometry. We have shown that our ELISA provides quantitative
estimates of relative PrP expression when samples are analyzed at the same dilution (2), and
brain samples from all animals in this experiment were analyzed at the same 1:200 weight/vol
final dilution. Transgene mapping of the Tga20 transgene array revealed integration at position
(GRCm38) chr17:46,761,775-46,762,856, within intron 1 of Ptcra. The full transgene mapping
report is provided in the study’s online git repository. The genomic breakpoints were identified
as follows:

5’ integration site: GRCm38 chr17:46,761,775 (tail) fused to TG (homologous to
chr2:131,909,936 (head))
ATCCCAGCGCCTACACACCCAACACTTCAATCTGTAATGAAATCCTATGCCCTCGTCTAGT
GTGTCTGAAGACACACTCCCGGCTCCCCCGCGTTGTCGGATCAGCAGACCGATTCTGGGC
GCTGCGTCGCATCGGTGGCAGGTAAGCG

3’ integration site: TG (homologous to chr2:131,903,786 (head)) fused to GRCm38
chr17:46,762,856 (head) with 3 inserted bases
CTTGTTGGAAGAAGTGTGTAATTGGGGGTGAGCTTTGAAGTTTCAAATGCTTAAGCCAGGC
CCAGTATCACCCTCTCTGCCTTTTTGCTGCCTTTGGATCCGTCGCTTTGGAAATAATCTTTC
TTTTTTTTAAGATTTATTTTATGTAT



100% 100%
75% — 75% —
< <

x 950% — x 50% —
25% — 25% —

0% — , 0% —— v . .

animal  animal  animal animal  animal  animal bin  bin  bin bin  bin bin  bin bin bin bin

L 1 2 3 | L 1 2 3 | 11.31 231 272 3.09 3.47] l1.31 231 272 3.09 3.47]
brain colon brain colon

Figure S6. Empirical determination of heavy lysine availability in brain and colon. The
empirically determined relative isotope abundance (RIA) calculated from N=833 light-heavy to
heavy-heavy double-lysine peptides from N=596 proteins in paired brain and colon samples
from N=3 wild-type C57BL/6N animals after 8 days of labeled chow. A) Point estimates of RIA
grouped by animal and tissue. Each point is a peptide. Segments and error bars represent 95%
confidence intervals. B) Point estimates of RIA grouped by log10 bins of intensity (peptide
abundance) and tissue. Each point is a peptide-animal tuple. Segments and error bars
represent 95% confidence intervals. The source data, including exact number of peptides per
bin, are provided in the Supplementary Data.
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Figure S7. Pharmacokinetic (PK) parameters of ASO N in ki817 mice. Drug concentration
(Lg/g, y axis) versus days post-dose (x axis). Points represent individual animals (the same
whole hemispheres used for gPCR), line segments represent means, and error bars represent

95% confidence intervals.
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Figure S8. PrP peptide abundance by genotype and age in ki-3F4-FFI mice and controls.
Shown on the y axis are total intensity (heavy + light peptide), grouped by genotype on the x

axis; each point is one animal, bars represent means and error bars represent 95% confidence
intervals. Age of animals and PrP peptide being monitored are indicated at top of each panel.
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Figure S9. Comparison of single-rate and mixture-of-rates decay models. For each
peptide-age combination the genotypes A) ki-3F4-FFI B) ki-3F4-WT and C) C57BL/6N WT have
the label accumulation plotted. Single-rate (dashed line) and mixture-of-rates (solid line) models
are shown.

Supplementary Methods

Targeted mass spectrometry at IQ Proteomics.

Lysis performed at IQ Proteomics. 1mL of lysis buffer containing 8M Urea, 100 mM EPPS pH
8.5, and 1X HALT protease/phosphatase inhibitor (Pierce) was added to each sample. For
complete lysis and shearing of genomic DNA, ceramic beads were added to each sample, and
the samples were subjected to bead beating (Precellys Evolution) using four cycles at 5800
RPM for 30 seconds, followed by 30 second pause, with active cooling via chilled air circulation
to 4°C. SDS was added to 1% w/w, and the lysates were cleared by centrifugation (2 minutes,
1000 x G, 4°C), followed by spin filtration, with an initial pass through 1.2 puM filter (Acroprep
Advance, No. 2022-05, PALL Corporation) followed by a second pass through 0.2 pM filter
(Acroprep Advance, No. 2022-15, PALL Corporation), after which 6 pL of lysate was removed
from each sample into a 96-well plate for the purposes of total protein determination by BCA
assay. The remainder of each sample was frozen at -80°C.

Protein Assay. From the reserved 6 L, each lysate was evaluated via BCA assay (Pierce)
according to the manufacturer’s protocol. Triplicates at a 1:100 dilution and duplicates at a
1:200 dilution in PBS were incubated with 1X BCA reagent for one hour at 37°C. The samples



were assayed for total protein concentration via absorbance at 562 nM in comparison to the
standard curve comprised of serially diluted BSA.

Peptide Preparation. 50 ug of total protein (based on BCA assay) was removed from each
sample to a new 96-well plate for subsequent processing. Sample volumes were normalized to
50 pL through the addition of the appropriate volume of lysis buffer. DTT was added to 5 mM
final concentration in each sample, and samples were incubated at 37°C for 30 minutes. After
equilibration to room temperature, iodoacetamide was added to 30 mM final concentration, and
the samples were incubated at room temperature (RT) in the dark for 1 hour. Cysteine alkylation
was quenched by addition of DTT to a final concentration of 25mM, and the samples were
incubated in the dark for an additional 30 minutes at RT.

Digestion. Total protein was isolated via bead-based (SP3) precipitation protocol (3). Briefly, the
magnetic beads were prepared by combining E3 and E7 Sera-Mag Carboxylate-Modified
Magnetic SpeedBeads (Cytiva) at 1:1; vol:vol. Beads were washed three times with HPLC water
prior to resuspension in lysis buffer for a final bead slurry concentration of 50 pg/pL. 15 uL of the
pre-washed bead slurry and 100 uL 100% ethanol were added to each 50 pL sample containing
50 pg of protein. Proteins were allowed to bind and incubate with the bead slurry for 15 min at
25°C with gentle end-over-end rotation. Following protein binding, the supernatant was
discarded, and the bead-captured proteins were washed three times with 80% ethanol and air
dried. Purified protein-captured beads were resuspended in 100 mM EPPS, pH 8.0.
Approximately 50 ug of protein/sample was digested at 25°C for 12 hours with lysyl
endopeptidase (LysC, Wako Chemicals USA) at a 1:15; protease:protein (w/w) ratio. Following
LysC digestion, the peptides were digested with trypsin at 37°C for 8 hours (Promega) at a 1:25;
protease:protein (w/w) ratio. The digested peptides (supernatant) were purified and separated
from the magnetic beads. Three post-digestion washes were performed to wash and ensure
elution of all peptides from the beads with the following buffers: 0.2% formic acid, 80%
acetonitrile/0.1% formic acid, and 95% acetonitrile/0.1% formic acid. With every wash and
elution, the supernatant was transferred and combined with the initial supernatant and dried to
completion by vacuum centrifugation. Digested samples were desalted via C18 microextraction
(Waters, Product Code 186002318), and peptide eluates were dried via speedvac. Desalted
peptides were resuspended in 10uL of 0.2% formic acid for LC-MS analysis.

Preparation of potentially prion-infected for mass spectrometry. For ki-3F4-FF| mice and
matched controls, as a precaution in case spontaneously formed prions were present in the
brain samples, lysis and sample processing were performed in the prion laboratory at
McLaughlin Research Institute and only denatured peptide samples were sent for proteomics,
consistent with best practices reported elsewhere (4, 5). Whole brain hemispheres were
homogenized at 10% wt/vol in PBS (Gibco 14190) with 2% sodium dodecyl sulfate. A 25 pL
aliquot, corresponding to 2.5 mg of tissue or an estimated ~250 ug of input protein, was used for
peptide isolation. 25 yL PBS (Gibco 14190) was added, followed by TCEP (Thermo Fisher
77720) to 20 mM final, the solution was incubated at 37°C for 30 minutes, cooled to RT, then
iodoacetamide (Sigma A3221) was added to 15 mM final, then incubated at room temperature
60 minutes. TCEP was added again to 40 mM final. Methanol/chloroform precipitation was
performed with 100 uL chloroform, 400 yL methanol, and 300 uL water, and centrifugatoion at
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3,214 x G for 10 minutes, followed by 2 washes in 200 uL methanol. The protein pellet was air-
dried, 10 yL of guanidine hydrochloride was added, transferred to a new microcentrifuge tube,
and incubated at 37°C for 30 minutes. 75 pL of 0.2M EPPS pH 8.1 (VWR AAJ612960AE) and
75 pL of HPLC water were added, followed by 5 ug of LysC (Promega V1671), then overnight
incubation at room temperature, then 5 ug of trypsin (Promega V5113), and incubation at 37°C
for 6 hours. Resulting peptides were frozen at -80°C before advancing to post-digestion wash
and desalting steps described above.

LC-MS Data Acquisition. All data were acquired using an Orbitrap Eclipse mass spectrometer
equipped with FAIMS-Pro, operating in nano-flow mode using a EASY nanoLC-1200
(ThermoFisher) system (Thermo). Separation was achieved using an in-house packed C18
Column (Sepax GP-C18 resin) that was 30 cm in length with 75 ym inner diameter. Peptides
were separated over a gradient composed of Buffer B (80% acetonitrile/0.2% formic acid) in
Buffer A (0.2% formic acid) was run according to the following table:

Table S1. LC protocol used at IQ Proteomics.

Time duration (min) flow (nL/min) %B
0 0 300 10
50 50 300 40
55 5 300 100
60 5 300 100

Data was acquired via custom targeted assay with the instrument operating in tMS2 mode.
Precursors were isolated using the quadrupole, and fragmented via HCD fragmentation. MS2
spectra were collected in the Orbitrap at 30K resolution. Maximum allowable injection time was
set to 300ms.

Table S2. Precursors in the IQ Proteomics assay.

HCD
RT Time | Window Collision FAIMS CV

m/z z (min) (min) Energy (%) (V)
874.4391 2 27.5 4 26 -40
877.4491 2 27.5 4 26 -40
614.861 2 41 4 20 -40
617.8711 2 41 4 20 -40
444 2367 2 30 4 20 -55
447.2579 2 30 4 20 -55
454.2478 2 17 4 20 -50
457.2579 2 17 4 20 -50
721.3879 2 30 4 29 -40
724.398 2 30 4 29 -40
705.349 2 20 4 26 -40
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708.3591 2 20 4 26 -40
674.367 2 30 4 23 -40
677.377 2 30 4 23 -40

444.2453 2 11 4 17 -45

447.2553 2 11 4 17 -45

961.4738 2 29 4 26 -35

964.4838 2 29 4 26 -35

629.8481 2 30 4 20 -50

632.8582 2 30 4 20 -50

883.4156 3 20 4 29 -55

885.4223 3 20 4 29 -55

502.2746 2 13 4 20 -55

505.2846 2 13 4 20 -55

756.8629 2 19 4 23 -45
759.873 2 19 4 23 -45

570.2644 2 14 4 23 -50

573.2745 2 14 4 23 -50

508.7722 2 5 8 23 -65

511.7823 2 5 8 23 -65

623.8193 2 39 4 26 -50

626.8294 2 30 4 26 -50

528.2902 2 29 4 20 -50

531.3003 2 29 4 20 -50

599.8423 2 25 4 20 -40

596.8322 2 25 4 20 -40
548.303 2 18 4 20 -50
545.293 2 18 4 20 -50

705.2925 2 31 6 23 -45

LC-MS Data Analysis. LC-MS data was analyzed with the Skyline software package
(www.skyline.ms). Peptide abundance was calculated as the ratio between the total area under

the curve for the endogenous (light), chow-labeled (**Cs heavy) peptides. The following list of

transitions was used:

Table S3. Transitions used in the IQ Proteomics assay.

Protein
Name

Peptide Sequence

Precursor
Mz

Prec
ursor
Char

ge

Product Mz

Product
Charge

Fragmen
tlon

Isotope
Label

Type

CAPZA2

DIQDSLTVSNEVQTAK

874.439063

1189.64229

1

y11

light

CAPZA2

DIQDSLTVSNEVQTAK

874.439063

1076.55823

1

y10

light

12



CAPZA2 | DIQDSLTVSNEVQTAK 874.439063 2 [ 975.510551 11vy9 light
CAPZA2 | DIQDSLTVSNEVQTAK 874.439063 2 | 876.442137 11vy8 light
CAPZA2 | DIQDSLTVSNEVQTAK 877.449127 2 | 1195.66242 1y heavy
CAPZA2 | DIQDSLTVSNEVQTAK 877.449127 2 | 1082.57836 11 y10 heavy
CAPZA2 | DIQDSLTVSNEVQTAK 877.449127 2 981.53068 11vy9 heavy
CAPZA2 | DIQDSLTVSNEVQTAK 877.449127 2 | 882.462266 11vy8 heavy
CRKL TALALEVGDIVK 614.861003 2 | 943.545873 11vy9 light
CRKL TALALEVGDIVK 614.861003 2 872.50876 11vy8 light
CRKL TALALEVGDIVK 614.861003 2 | 759.424696 11vy7 light
CRKL TALALEVGDIVK 614.861003 2 | 528.818607 2| y10 light
CRKL TALALEVGDIVK 614.861003 2 | 286.176132 1] b3 light
CRKL TALALEVGDIVK 617.871067 2 | 949.566002 11vy9 heavy
CRKL TALALEVGDIVK 617.871067 2 | 878.528889 11vy8 heavy
CRKL TALALEVGDIVK 617.871067 2 | 765.444825 11vy7 heavy
CRKL TALALEVGDIVK 617.871067 2 | 531.828671 2| y10 heavy
CRKL TALALEVGDIVK 617.871067 2 | 286.176132 1] b3 heavy
DC1L1 LYGFPYK 444.236721 2 | 774.382102 11vy6 light
DC1L1 LYGFPYK 444.236721 2 | 407.228896 11vy3 light
DC1L1 LYGFPYK 447.246786 2 | 780.402231 11vy6 heavy
DC1L1 LYGFPYK 447.246786 2 | 413.249025 11vy3 heavy
DCTN3 ALLEGYNK 454.247817 2 | 723.367181 11vy6 light
DCTN3 ALLEGYNK 454.247817 2 | 610.283117 11vy5 light
DCTN3 ALLEGYNK 454.247817 2 | 481.240524 11 vy4 light
DCTN3 ALLEGYNK 457.257882 2 729.38731 11vy6 heavy
DCTN3 ALLEGYNK 457.257882 2 | 616.303246 11vy5 heavy
DCTN3 ALLEGYNK 457.257882 2 | 487.260653 11 vy4 heavy
EMC7 VLVDGEEHVGFLK 721.387916 2 | 1229.61608 1y light
EMC7 VLVDGEEHVGFLK 721.387916 2 | 1130.54766 11 y10 light
EMC7 VLVDGEEHVGFLK 721.387916 2 | 1015.52072 11vy9 light
EMC7 VLVDGEEHVGFLK 721.387916 2 | 615.311677 21 y1 light
EMC7 VLVDGEEHVGFLK 721.387916 2 565.77747 2| y10 light
EMC7 VLVDGEEHVGFLK 724.397981 2 [ 1235.63621 1y heavy
EMC7 VLVDGEEHVGFLK 724.397981 2 | 1136.56779 11 y10 heavy
EMC7 VLVDGEEHVGFLK 724.397981 2 | 1021.54085 11vy9 heavy
EMC7 VLVDGEEHVGFLK 724.397981 2 | 618.321742 21 y1 heavy
EMC7 VLVDGEEHVGFLK 724.397981 2 | 568.787535 2| y10 heavy
HMOX2 ETLEDGLPVHDGK 705.348988 2 | 1066.51636 11 y10 light
HMOX2 ETLEDGLPVHDGK 705.348988 2 | 937.473771 11vy9 light
HMOX2 ETLEDGLPVHDGK 705.348988 2 | 822.446828 11vy8 light
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HMOX2 ETLEDGLPVHDGK 705.348988 2 652.3413 y6 light
HMOX2 ETLEDGLPVHDGK 705.348988 2 | 456.220122 y4 light
HMOX2 ETLEDGLPVHDGK 708.359052 2 | 1072.53649 y10 heavy
HMOX2 ETLEDGLPVHDGK 708.359052 2 943.4939 y9 heavy
HMOX2 ETLEDGLPVHDGK 708.359052 2 | 828.466957 y8 heavy
HMOX2 ETLEDGLPVHDGK 708.359052 2 | 658.361429 y6 heavy
HMOX2 ETLEDGLPVHDGK 708.359052 2 | 462.240251 y4 heavy
MAP2K1 | ISELGAGNGGVVFK 674.366984 2 [ 1018.56801 y11 light
MAP2K1 | ISELGAGNGGVVFK 674.366984 2 | 905.483942 y10 light
MAP2K1 | ISELGAGNGGVVFK 674.366984 2 | 848.462478 y9 light
MAP2K1 | ISELGAGNGGVVFK 674.366984 2 | 777.425364 y8 light
MAP2K1 | ISELGAGNGGVVFK 677.377048 2 | 1024.58814 y11 heavy
MAP2K1 | ISELGAGNGGVVFK 677.377048 2 [ 911.504071 y10 heavy
MAP2K1 | ISELGAGNGGVVFK 677.377048 2 | 854.482607 y9 heavy
MAP2K1 | ISELGAGNGGVVFK 677.377048 2 | 783.445493 y8 heavy
MAP7 EQQILEK 444.245275 2 | 630.382102 y5 light
MAP7 EQQILEK 444.245275 2 | 502.323525 y4 light
MAP7 EQQILEK 444.245275 2 | 389.239461 y3 light
MAP7 EQQILEK 444.245275 2 | 315.694689 y5 light
MAP7 EQQILEK 444.245275 2 | 386.167024 b3 light
MAP7 EQQILEK 447.255339 2 | 636.402231 y5 heavy
MAP7 EQQILEK 447.255339 2 | 508.343654 y4 heavy
MAP7 EQQILEK 447.255339 2 395.25959 y3 heavy
MAP7 EQQILEK 447.255339 2 | 318.704754 y5 heavy
MAP7 EQQILEK 447.255339 2 | 386.167024 b3 heavy
MARE3 QGQDVAPPPNPGDQIFNK 961.473771 2 | 1394.70629 y13 light
MARE3 QGQDVAPPPNPGDQIFNK 961.473771 2 | 1323.66918 y12 light
MARE3 QGQDVAPPPNPGDQIFNK 961.473771 2 [ 1226.61641 y11 light
MARE3 QGQDVAPPPNPGDQIFNK 961.473771 2 | 1129.56365 y10 light
MARE3 QGQDVAPPPNPGDQIFNK 961.473771 2 | 918.467957 y8 light
MARE3 QGQDVAPPPNPGDQIFNK 964.483836 2 | 1400.72642 y13 heavy
MARE3 QGQDVAPPPNPGDQIFNK 964.483836 2 [ 1329.68931 y12 heavy
MARE3 QGQDVAPPPNPGDQIFNK 964.483836 2 | 1232.63654 y11 heavy
MARE3 QGQDVAPPPNPGDQIFNK 964.483836 2 | 1135.58378 y10 heavy
MARE3 QGQDVAPPPNPGDQIFNK 964.483836 2 | 924.488086 y8 heavy
NCAM2 EVLNAETIEIK 629.848092 2 1030.5779 y9 light
NCAM2 EVLNAETIEIK 629.848092 2 | 917.493838 y8 light
NCAM2 EVLNAETIEIK 629.848092 2 803.45091 y7 light
NCAM2 EVLNAETIEIK 629.848092 2 | 732.413797 y6 light
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NCAM2 EVLNAETIEIK 632.858157 2 | 1036.59803 y9 heavy
NCAM2 EVLNAETIEIK 632.858157 2 | 923.513967 y8 heavy
NCAM2 EVLNAETIEIK 632.858157 2 | 809.471039 y7 heavy
NCAM2 EVLNAETIEIK 632.858157 2 | 738.433926 y6 heavy
NCAM2 VSNDIIQSK 502.274563 2 | 904.473437 y8 light
NCAM2 VSNDIIQSK 502.274563 2 | 817.441408 y7 light
NCAM2 VSNDIIQSK 502.274563 2 | 588.371538 y5 light
NCAM2 VSNDIIQSK 502.274563 2 | 475.287474 y4 light
NCAM2 VSNDIIQSK 505.284628 2 | 910.493566 y8 heavy
NCAM2 VSNDIIQSK 505.284628 2 | 823.461537 y7 heavy
NCAM2 VSNDIIQSK 505.284628 2 | 594.391667 y5 heavy
NCAM2 VSNDIIQSK 505.284628 2 | 481.307603 y4 heavy
PRNP VVEQMC[+57]VTQYQK 756.862894 2 [ 1057.48051 y8 light
PRNP VVEQMC[+57]VTQYQK 756.862894 2 | 926.440028 y7 light
PRNP VVEQMC[+57]VTQYQK 756.862894 2 | 667.340966 y5 light
PRNP VVEQMC[+57]VTQYQK 759.872958 2 | 1063.50064 y8 heavy
PRNP VVEQMC[+57]VTQYQK 759.872958 2 | 932.460157 y7 heavy
PRNP VVEQMC[+57]VTQYQK 759.872958 2 | 673.361095 y5 heavy
PRNP GENFTETDVK 570.264393 2 | 953.457452 y8 light
PRNP GENFTETDVK 570.264393 2 | 839.414525 y7 light
PRNP GENFTETDVK 570.264393 2 | 692.346111 y6 light
PRNP GENFTETDVK 570.264393 2 | 591.298432 y5 light
PRNP GENFTETDVK 573.274457 2 | 959.477581 y8 heavy
PRNP GENFTETDVK 573.274457 2 | 845.434654 y7 heavy
PRNP GENFTETDVK 573.274457 2 698.36624 y6 heavy
PRNP GENFTETDVK 573.274457 2 | 597.318561 y5 heavy
PRNP QHTVTTTTK 508.772188 2 751.41961 y7 light
PRNP QHTVTTTTK 508.772188 2 | 650.371932 y6 light
PRNP QHTVTTTTK 508.772188 2 | 450.255839 y4 light
PRNP QHTVTTTTK 508.772188 2 | 349.208161 y3 light
PRNP QHTVTTTTK 511.782252 2 | 757.439739 y7 heavy
PRNP QHTVTTTTK 511.782252 2 | 656.392061 y6 heavy
PRNP QHTVTTTTK 511.782252 2 | 456.275968 y4 heavy
PRNP QHTVTTTTK 511.782252 2 355.22829 y3 heavy
SCRN1 DEAWVLETVGK 623.819335 2 | 1002.56186 y9 light
SCRN1 DEAWVLETVGK 623.819335 2 | 931.524744 y8 light
SCRN1 DEAWVLETVGK 623.819335 2 | 745.445431 y7 light
SCRN1 DEAWVLETVGK 623.819335 2 | 646.377017 y6 light
SCRN1 DEAWVLETVGK 623.819335 2 | 502.193239 b4 light
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SCRN1 DEAWVLETVGK 626.8294 2 | 1008.58199 11vy9 heavy
SCRN1 DEAWVLETVGK 626.8294 2 | 937.544873 11vy8 heavy
SCRN1 DEAWVLETVGK 626.8294 2 751.46556 11vy7 heavy
SCRN1 DEAWVLETVGK 626.8294 2 | 652.397146 11vy6 heavy
SCRN1 DEAWVLETVGK 626.8294 2 | 502.193239 11| b4 heavy
UBC12 DINELNLPK 528.290213 2 | 827.462144 11vy7 light
UBC12 DINELNLPK 528.290213 2 | 713.419216 11vy6 light
UBC12 DINELNLPK 528.290213 2 | 584.376623 11vy5 light
UBC12 DINELNLPK 528.290213 2 | 471.292559 11 vy4 light
UBC12 DINELNLPK 528.290213 2 414.23471 2| y7 light
UBC12 DINELNLPK 531.300278 2 | 833.482273 11vy7 heavy
UBC12 DINELNLPK 531.300278 2 | 719.439345 11vy6 heavy
UBC12 DINELNLPK 531.300278 2 | 590.396752 11vy5 heavy
UBC12 DINELNLPK 531.300278 2 | 477.312688 11 vy4 heavy
UBC12 DINELNLPK 531.300278 2 | 417.244774 2| y7 heavy
VIGLN LGQALTEVYAK 596.832245 2 | 1079.57315 11 y10 light
VIGLN LGQALTEVYAK 596.832245 2 894.49311 11vy8 light
VIGLN LGQALTEVYAK 596.832245 2 | 609.324253 11vy5 light
VIGLN LGQALTEVYAK 596.832245 2 480.28166 11 vy4 light
VIGLN LGQALTEVYAK 596.832245 2 | 511.779482 21y9 light
VIGLN LGQALTEVYAK 599.84231 2 | 1085.59328 11 y10 heavy
VIGLN LGQALTEVYAK 599.84231 2 | 900.513239 11vy8 heavy
VIGLN LGQALTEVYAK 599.84231 2 | 615.344382 11vy5 heavy
VIGLN LGQALTEVYAK 599.84231 2 | 486.301789 11 vy4 heavy
VIGLN LGQALTEVYAK 599.84231 2 | 514.789546 21y9 heavy
WDR47 VTDLQGDLTK 545.292953 2 | 990.510216 11vy9 light
WDR47 VTDLQGDLTK 545.292953 2 | 661.351531 11vy6 light
WDR47 VTDLQGDLTK 545.292953 2 | 316.150312 11 b3 light
WDR47 VTDLQGDLTK 548.303018 2 | 996.530345 11vy9 heavy
WDR47 VTDLQGDLTK 548.303018 2 667.37166 11vy6 heavy
WDR47 VTDLQGDLTK 548.303018 2 | 316.150312 11 b3 heavy

Lower limit of quantification (LLQ) sample preparation. Internal standard peptides labeled with
3Ce "°N2 lysine (Biosynth, Gardner MA, USA) were mixed into an equimolar solution, and a 12-
point, two-fold serial dilution of the peptide mix was prepared by diluting into 0.2% formic acid
solution such that the following amounts of peptide were evaluated by LC-MS according to
Table S4.
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Table S4. Synthetic peptide serial dilutions to determine lower limit of quantification

(LLQ)

curve point

fmol peptide on

column

40

20

10

5

2.5

1.25

0.625

0.313

0.156

0.0781

0.039

= IN| W A~ O O N 00| ©

0.0195

LLQ LC-MS Runs. LC and MS instrument parameters for LoQ runs were identical to those for

the study samples with the exception that masses corresponding to the heavy synthetic peptide
standards (containing terminal "*Cs '°N, lysine) were evaluated:

Table S5. Precursors for LLQ determination.

HCD
Collision
RT Time Window Energy FAIMS CV
m/z z (min) (min) (%) (V)

874.4391 2 27.7 10 26 -40
878.4462 2 27.7 10 26 -40
614.861 2 40.2 10 20 -40
618.8681 2 40.2 10 20 -40
444.2367 2 31.6 10 20 -55
448.2438 2 31.6 10 20 -55
454.2478 2 20.3 10 20 -50
458.2549 2 20.3 10 20 -50
721.3879 2 30.9 10 29 -40
725.395 2 30.9 10 29 -40
705.349 2 221 10 26 -40
709.3561 2 221 10 26 -40
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674.367 2 30.5 10 23 -40
678.3741 2 30.5 10 23 -40
444.2453 2 13.4 10 17 -45
448.2524 2 13.4 10 17 -45
961.4738 2 29.5 10 26 -35
965.4809 2 29.5 10 26 -35
629.8481 2 31 10 20 -50
633.8552 2 31 10 20 -50
883.4156 3 21.6 10 29 -55

886.087 3 21.6 10 29 -55
502.2746 2 15.2 10 20 -55
506.2817 2 15.2 10 20 -55
400.2554 2 30.7 10 20 -60
405.2596 2 30.7 10 20 -60
522.7409 2 10 10 20 -55

527.745 2 10 10 20 -55
778.3658 2 274 10 23 -40
783.3699 2 274 10 23 -40
544.7358 2 10.8 10 20 -60
549.7399 2 10.8 10 20 -60
756.8629 2 211 10 23 -45

760.87 2 211 10 23 -45
570.2644 2 16 10 23 -50
574.2715 2 16 10 23 -50
508.7722 2 7.5 10 23 -65
512.7793 2 7.5 10 23 -65
545.2572 2 8.8 10 32 -60
550.2614 2 8.8 10 32 -60
623.8193 2 37.9 10 26 -50
627.8264 2 37.9 10 26 -50

483.238 2 18 10 26 -50
488.2421 2 18 10 26 -50
525.8084 2 43.5 10 20 -55
530.8125 2 43.5 10 20 -55
528.2902 2 20.7 10 20 -50
532.2973 2 20.7 10 20 -50
596.8322 2 26.7 10 20 -40
600.8393 2 26.7 10 20 -40

545.293 2 19.7 10 20 -50
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549.3001 2

19.7 10

20

-50

Table S6. Fragment ions corresponding to the synthetic peptides for LLQ determination.

Precursor Fragment Fragment
Peptide m/z m/z lon
DIQDSLTVSNEVQTAK 878.446162 | 1197.65649 | y11
DIQDSLTVSNEVQTAK 878.446162 | 1084.57243 | y10
DIQDSLTVSNEVQTAK 878.446162 | 983.52475 | y9
DIQDSLTVSNEVQTAK 878.446162 | 884.456336 | y8
TALALEVGDIVK 618.868102 | 951.560072 | y9
TALALEVGDIVK 618.868102 | 880.522959 | y8
TALALEVGDIVK 618.868102 | 767.438895 | y7
TALALEVGDIVK 618.868102 | 532.825706 | y10
LYGFPYK 448.243821 | 782.396301 | y6
LYGFPYK 448.243821 | 619.332973 | y5
LYGFPYK 448.243821 | 562.311509 | y4
LYGFPYK 448.243821 | 415.243095 | y3
LYGFPYK 448.243821 | 391.701789 | y6
ALLEGYNK 458.254917 | 731.38138 | y6
ALLEGYNK 458.254917 | 618.297316 | y5
ALLEGYNK 458.254917 | 489.254723 | y4
VLVDGEEHVGFLK 725.395016 | 1237.63028 | y11
VLVDGEEHVGFLK 725.395016 | 1138.56186 | y10
VLVDGEEHVGFLK 725.395016 | 1023.53492 | y9
VLVDGEEHVGFLK 725.395016 | 619.318777 | y11
VLVDGEEHVGFLK 725.395016 | 569.78457 | y10
ETLEDGLPVHDGK 709.356087 | 1074.53056 | y10
ETLEDGLPVHDGK 709.356087 | 945.48797 | y9
ETLEDGLPVHDGK 709.356087 | 830.461027 | y8
ETLEDGLPVHDGK 709.356087 | 660.355499 | y6
ETLEDGLPVHDGK 709.356087 | 464.234321 | y4
ISELGAGNGGVVFK 678.374083 | 1026.58221 | y11
ISELGAGNGGVVFK 678.374083 | 913.498141 | y10
ISELGAGNGGVVFK 678.374083 | 856.476677 | y9
ISELGAGNGGVVFK 678.374083 | 785.439563 | y8
EQQILEK 448.252374 | 638.396301 | y5
EQQILEK 448.252374 | 510.337724 | y4
EQQILEK 448.252374 | 397.25366 | y3
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EQQILEK 448.252374 | 319.701789 | y5
EQQILEK 448.252374 | 386.167024 | b3
QGQDVAPPPNPGDQIFNK 965.480871 | 1402.72049 | y13
QGQDVAPPPNPGDQIFNK 965.480871 | 1331.68338 | y12
QGQDVAPPPNPGDQIFNK 965.480871 | 1234.63061 | y11
QGQDVAPPPNPGDQIFNK 965.480871 | 1137.57785 | y10
QGQDVAPPPNPGDQIFNK 965.480871 | 926.482156 | y8
EVLNAETIEIK 633.855192 | 1038.5921 | y9
EVLNAETIEIK 633.855192 | 925.508037 | y8
EVLNAETIEIK 633.855192 | 811.465109 | y7
EVLNAETIEIK 633.855192 | 740.427996 | y6
EVLNAETIEIK 633.855192 | 611.385402 | y5
ITNHEDGSPVNEPNETTPLTEPEK | 886.086987 | 1363.6831 | y12
ITNHEDGSPVNEPNETTPLTEPEK | 886.086987 | 821.449459 | y7
ITNHEDGSPVNEPNETTPLTEPEK | 886.086987 | 1293.57059 | b12
VSNDIIQSK 506.281663 | 912.487636 | y8
VSNDIIQSK 506.281663 | 825.455607 | y7
VSNDIIQSK 506.281663 | 711.41268 | y6
VSNDIIQSK 506.281663 | 596.385737 | y5
VSNDIIQSK 506.281663 | 483.301673 | y4
VVEQMC[+57.021464]VTQYQK 760.869993 | 1065.49471 | y8
VVEQMC[+57.021464]VTQYQK 760.869993 | 934.454227 | y7
VVEQMC[+57.021464]VTQYQK 760.869993 | 675.355165 | y5
GENFTETDVK 574.271492 | 961.471651 | y8
GENFTETDVK 574.271492 | 847.428724 | y7
GENFTETDVK 574.271492 | 700.36031 | y6
GENFTETDVK 574.271492 | 599.312631 | y5
QHTVTTTTK 512.779287 | 759.433809 | y7
QHTVTTTTK 512.779287 | 658.386131 | y6
QHTVTTTTK 512.779287 | 559.317717 | y5
QHTVTTTTK 512.779287 | 458.270038 | y4
QHTVTTTTK 512.779287 | 357.22236 | y3
DEAWVLETVGK 627.826435 | 1010.57606 | y9
DEAWVLETVGK 627.826435 | 939.538943 | y8
DEAWVLETVGK 627.826435 | 753.45963 | y7
DEAWVLETVGK 627.826435 | 654.391216 | y6
DEAWVLETVGK 627.826435 | 502.193239 | b4
DINELNLPK 532.297313 | 835.476343 | y7
DINELNLPK 532.297313 | 721.433415 | y6
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DINELNLPK 532.297313 | 592.390822 | y5
DINELNLPK 532.297313 | 479.306758 | y4
DINELNLPK 532.297313 | 418.241809 | y7
LGQALTEVYAK 600.839345 | 1087.58735 | y10
LGQALTEVYAK 600.839345 | 902.507309 | y8
LGQALTEVYAK 600.839345 | 831.470195 | y7
LGQALTEVYAK 600.839345 | 718.386131 | y6
LGQALTEVYAK 600.839345 | 515.786581 | y9
VTDLQGDLTK 549.300053 | 998.524415 | y9
VTDLQGDLTK 549.300053 | 897.476737 | y8
VTDLQGDLTK 549.300053 | 669.36573 | y6
VTDLQGDLTK 549.300053 | 541.307152 | y5
VTDLQGDLTK 549.300053 | 316.150312 | b3
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Targeted mass spectrometry at Charles River Labs.

Tissue homogenization. Colon and brain tissue were homogenized in TPER reagent (Thermo
No. 78510) with 1X HALT protease inhibitor (Thermo No. 78430) at a ratio of 1 g tissue to 9 mL
buffer.

Total protein estimation by BCA assay. 10 uL aliquots of tissue homogenates (see above) were
diluted 10-fold in water for total protein estimation. Seven calibration standards concentrations
(2,1,0.5,0.25,0.125, 0.0625, 0.03125) were prepared with serial 2x dilution in milliQ water.
BCA reagent was prepared by mixing reagent A and B in a 50:1 ratio. 20 pL of sample and 200
uL of BCA reagent were added to each well of a clear bottom 96 well plate and incubated at
37°C for 20 minutes. Absorbance of each well was read at 562 nm using a UV spectrometer.
Samples were diluted to 3 mg/mL total protein concentration based on BCA assay data.

Extraction procedure. 60 uL of mixed reagent consisting of 20 yL bovine serum albumin (BSA),
30 pL ammonium bicarbonate (ABC, 100 mM), and 10 uL dithiothreitol (DTT, 250 mM) was
added to 80 pL of the 3 mg/mL sample and mixed before incubating at 95°C for 10 minutes at
300 rpm shaking. Samples were then allowed to cool for 10 minutes at room temperature. 10 pL
of iodoacetamide (IAA, 500 mM) was added to the samples, vortexed to mix and incubated at
RT in the dark for 30 minutes. 1 mL of cold acetone was added to the samples and vortexed to
mix again prior to incubating at -80°C for 30 minutes. Samples were spun at 16,000 x G for 5
minutes and supernatant was discarded. The protein pellet was dried in the hood, washed with
500 pL cold methanol and dried for 30 additional minutes in the hood at room temperature. The
protein pellet was resuspended in 60 uL of 50 mM ABC plus 20 pL of diluted trypsin (0.16
pg/uL) for a final quantity of 3.2 ug trypsin to 240 ug protein (1:75 enzyme:protein ratio) and
mixed with a pipette before incubating for 16 hours at 37°C. An internal standard (IS) of peptide
with isotopically labeled lysine (**C, "°N) custom synthesized by Vivitide was used. The reaction
was stopped by adding 10 uL of IS (prepared in 0.5% FA ACN-H.O 80:20) and 10 yL FA in
ACN:H20 (80:20) and vortexing to mix before centrifugation at 8,000 x G for 5 minutes.
Supernatants were transferred to LCMS vials.

Calibration curve. 80 pL of 50 mM ammonium bicarbonate was aliquoted into the tubes
designated for blanks and standards. The calibration curve was prepared with light peptides
standard custom synthesized by Vivitide. 10 pL of ACN:H20:FA 1:10:1 was aliquoted into each
80 uL sample, blank, or standard. 10 uL of standards were added to tubes labeled for
standards. 10 uL of IS in 80:20:0.5 ACN:H,O:FA was added to all standard, QC, and blank
tubes except for double blank tubes. 10 pL of 80:20:0.5 ACN:H,O:FA was added to double
blanks. All Eppendorf tubes were covered and vortexed prior to being centrifuged for 5 minutes
at 8000 x G. At least 80 L of the samples were transferred into a clean 96-well plate.
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