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General Introduction

Upon ingestion, proteins are first digested by endoproteinases such as pepsin, trypsin, and
chymotrypsin, generating peptides. The peptides are further degraded into smaller peptides and
amino acids by exopeptidases in the small intestine and blood circulation. Several exopeptidases
have been identified in the gastrointestinal tract, such as carboxypeptidase A (CPA), leucine
aminopeptidase (LAP), aminopeptidase N (APN), aminopeptidase A (APA), aminopeptidase B
(APB), prolidase, dipeptidyl peptidase 3 (DPP3), and dipeptidyl peptidase 4 (DPP4) (Aganga et
al., 2021; Endo et al., 1989; Gustafsson et al., 2011; Hiwada et al., 1981; Johansson et al., 2011;
Lundquist & Artursson, 2016; Misiura & Miltyk, 2020). LAP and APN are well-known
exopeptidases that release amino-terminal amino acids of peptides. LAP preferentially releases
Leu and other amino acids, including Pro, from the amino terminus but cannot release Arg and Lys
(Gu and Walling, 2000). APN releases most amino acids, including Arg and Pro (slow), from the
amino terminus (Niven et al., 1995). Conversely, APB preferentially releases Arg and Lys from
the amino terminus (Nagata et al., 1991). Prolidase preferentially cleaves Pro residue at the
carboxyl terminus (Wilk et al., 2017), while DPPs release dipeptides at the amino terminus (Ohara-
Nemoto et al., 2002).

In general, dietary protein and peptides were considered to be completely degraded into
amino acids. This concept was partially changed by the findings of food-derived peptides in the
gastrointestinal tract and blood after ingestion of protein hydrolysates or peptides (Asai et al.,

2019; Iwai et al., 2005; Ohara et al., 2007; Miyauchi et al., 2022; Shigemura et al., 2018; Taga et



al., 2014). After ingestion of collagen hydrolysate (CH), di- and tripeptides containing
hydroxyproline (Hyp) increase in the human peripheral blood at uM levels (Asai et al., 2019; Iwai
et al., 2005; Ohara et al., 2007; Shigemura et al., 2018; Taga et al., 2014). These facts clearly
indicate that a part of food-derived peptides survives digestion by exopeptidases in the small
intestine and blood.

The ingestion of collagen hydrolysate (CH) has been proven to exert many health benefits.
Human clinical studies have indicated that ingestion of CH improved skin conditions, including
moisture content, elasticity, less wrinkle, etc. (Inoue et al., 2016; Oba et al., 2013; Ohara et al.,
2010), reduced joint pain (Nakatani et al., 2009; Zdzieblik et al., 2017), and improved wound
healing of pressure ulcer (Sugihara et al., 2018; Yamanaka et al., 2017). Pro-Hyp is the major CH-
derived peptide that significantly increases in human blood after CH ingestion (Asai et al., 2019;
Iwai et al., 2005; Ohara et al., 2007; Shigemura et al., 2018; Taga et al., 2014). Animal experiments
also revealed that Pro-Hyp is responsible for the acceleration of wound healing on the mice
abdominal wall (Jimi et al., 2021). In vitro studies using cell culture also showed that Pro-Hyp
enhances the proliferation of primary cultured fibroblasts attached on collagen fibrils, which can
be associated with the improvement of wound healing (Asai et al., 2020).

The bioavailability of food-derived peptides is now believed to be crucial for exerting their
bioactivity in vivo (Matsui, 2018; Sato, 2022). Numerous di- and tripeptides have been reported
to enter enterocytes via peptide transporter 1 (PepT1) (Hanh et al., 2017; Rohm et al., 2019).
Nonetheless, the bioavailability of food-derived peptides greatly differs by their structure (Sato,

2022). Thus, not only peptide transportation but another factor also plays a crucial role in



determining the bioavailability of food-derived peptides. In vitro and in silico digestion have been
used to predict peptides with high bioavailability. Furthermore, a single or a combination of several
endoproteinases have been intensively used for in vitro digestion (Guo et al., 2014; Aléman et al.,
2013; Larder et al., 2021; Feng and Betti, 2017; Larder et al., 2021; Yang et al., 2019; Bai et al.
2023; Brodkorb et al., 2019). However, a previous study in the research group the author belongs
to has shown that most short-chain food-derived peptides resist endoproteinases but are readily
degraded by exopeptidases (Chen et al., 2019). Ejima et al. (2018) also reported that some
dipeptides with proline (Pro) at the carboxyl terminus (X-Pro) remained after in vitro digestion of
corn and wheat gluten using pancreatin and LAP. Yet, these peptides did not increase in human
blood after ingestion of the corn and wheat gluten hydrolysates. These facts suggest that there is
an exopeptidase responsible for X-Pro dipeptides degradation in the gastrointestinal tract, which
was not used by the above in vitro digestion. The present author assumed that the susceptibility of
peptides to certain exopeptidases in the gastrointestinal tract greatly contributes to the
bioavailability of food-derived peptides. However, knowledge of the role of exopeptidases in the
gastrointestinal tract in the digestion of food-derived peptides has been very limited. This study
aimed to elucidate the role of exopeptidases in determining the bioavailability of food-derived
peptides in the body.

In Chapter 1, the establishment of in vitro digestion using crude extract of rat’s small
intestinal mucosa to simulate in vivo digestion is described. Collagen hydrolysate (CH) was used
in the study in this chapter since the structure of collagen-derived peptides in the blood plasma of

humans and rats upon ingestion has been well-elucidated. Consequently, the author found



prolidase activity in the crude extract of rat’s small intestinal mucosa played a crucial role in
determining food-derived collagen peptides in the body upon ingestion of CH.

In Chapter 2, the identification of prolidase and aminopeptidase N in the crude extract of
rat’s small intestinal mucosa is described. Partially purified mucosa extract containing
aminopeptidase N and prolidase rapidly and completely digested synthetic Gly-Pro, while Pro-
Hyp remained in considerable amounts after the in vitro digestion. This finding can clarify why
Pro-Hyp increased significantly in blood plasma after CH ingestion while Gly-Pro did not.

In Chapter 3, the impact of co-administration of CH with rice protein hydrolysate (RPH)
on the bioavailability of Pro-Hyp is described. Pyroglutamyl (pGlu) peptides are the major food-
derived peptides in the gastrointestinal tract after ingestion of RPH (Miyauchi et al., 2022).
Interestingly, co-administration of CH with RPH increased the bioavailability of Pro-Hyp. The
data suggest that several pGlu peptides showed inhibition on Pro-Hyp degradation by
exopeptidases, including prolidase, in a crude extract of mucosa, where pGlu-Pro exerted a
significant inhibition among the others.

Taken together, exopeptidases in the small intestinal mucosa play a crucial role in
determining food-derived peptides. Therefore, the in vitro digestion using crude extract of rat’s
small intestinal mucosa established in this study can predict the bioavailability of food-derived
peptides. Among the exopeptidases, prolidase is the key player for X-Pro and X-Hyp dipeptides
degradation in the gastrointestinal tract, which greatly contributes to determining the
bioavailability of CH-derived peptides. Furthermore, co-administration of RPH with CH enhanced

the bioavailability of Pro-Hyp, a major collagen-derived bioactive peptide. The pGlu peptides,



derived from RPH, may interfere with prolidase, thus inhibiting the degradation of Pro-Hyp.
Therefore, the bioavailability of bioactive is potentially enhanced by combining specific peptides

which can hinder the peptide degradation by gastrointestinal exopeptidases.



Chapter 1
Substrate specificity of exopeptidases in small intestinal mucosa of rats determines the

structure of food-derived collagen peptides in rat lumen and blood

1.1 Introduction

The bioavailability of food-derived peptides is crucial to exert their biological activity (Matsui,
2018; Sato, 2022). Conventionally, it was believed that ingested proteins or peptides were rapidly
hydrolyzed into amino acids and smaller peptides during digestion. Certain di- and tripeptides have
been demonstrated to enter enterocytes via peptide transporter 1 (PepT1) (Hanh et al., 2017; Rohm
et al., 2019). Yet, it was also assumed that these peptides were rapidly degraded in enterocytes and
blood circulation. However, it has been demonstrated that di- and tripeptides containing
hydroxyproline (Hyp) significantly increase in the human peripheral blood at uM levels after
ingestion of collagen hydrolysate (CH) (Asai et al., 2019; Iwai et al., 2005; Ohara et al., 2007;
Shigemura et al., 2018; Taga et al.,, 2014). In human blood, collagen-derived peptides
predominantly comprise Pro-Hyp, with the second most abundant being Hyp-Gly (Shigemura et
al., 2011). In vitro studies using cell culture systems and animal studies have demonstrated that
Pro-Hyp and Hyp-Gly exert some biological activities (Asai et al., 2020a; Asai et al., 2020b; Jimi
et al., 2021; Nakatani et al., 2009; Ohara et al., 2010; Shigemura et al., 2009; Shigemura et al.,
2011). Furthermore, human clinical studies have indicated that ingestion of collagen hydrolysates

exerts health benefits such as improvement of skin (Inoue et al., 2016; Oba et al., 2013; Ohara et



al., 2010) and joint conditions (Nakatani et al., 2009; Zdzieblik et al., 2017), and improvement of
wound healing of pressure ulcer (Sugihara et al., 2018; Yamanaka et al., 2017).

Collagen has a specific amino acid sequence in which every third residue is Gly, resulting
in a repetition as Gly-Xa-Xb (Xa and Xb are any amino acids) in the triple helical domain. Pro
residue at Xb is specifically changed to Hyp residue by prolyl hydroxylase during post-
translational modification, producing Gly-Pro-Hyp-Gly as the most frequently observed motif
(10.5% of total Hyp) in collagen (Ramshaw et al., 1998; Shoulders & Raines, 2009). Pro-Hyp,
Hyp-Gly, Gly-Pro-Hyp, and Pro-Hyp-Gly, which notably increase in human peripheral blood upon
ingestion of CH (Asai et al., 2019; Iwai et al., 2005; Shigemura et al., 2018), can be derived from
this motif. Interestingly, ingestion of CH has shown either no significant increase or only a slight
increase in Gly-Pro levels in human plasma (Asai et al., 2019; Iwai et al., 2005; Ohara et al., 2007;
Shigemura et al., 2018; Taga et al., 2014; Taga et al., 2019; Yamamoto et al., 2016), despite its
potential derivation from the same motif. Furthermore, in vitro studies using the Caco-2
monolayer system have reported that Gly-Pro can be passed through Caco-2 monolayer in intact
form (Enjoh et al., 1996; Ganapathy & Leibachs, 1983; Rohm et al., 2019). However,
inconsistencies in bioavailability have not been resolved. In this chapter, a crucial determining
factor of the bioavailability of food-derived peptides using in vitro and in vivo digestion is
described.

To predict peptides with high bioavailability, in vitro digestion has been carried out using
a combination of some endoproteinases such as pepsin, trypsin, crude protease preparations such

as gastric juice (containing pepsin and gastric lipase), and pancreatin (containing amylase, trypsin,



chymotrypsin, and lipase) (Guo et al., 2014; Aléman et al., 2013; Larder et al., 2021; Feng and
Betti, 2017; Larder et al., 2021; Yang et al., 2019; Bai et al. 2023; Brodkorb et al., 2019). However,
as mentioned in the General Introduction section, most short-chain food-derived peptides resist
endoproteinases but are readily degraded by exopeptidases (Chen et al., 2019). The intestinal
mucosa contains various exopeptidases secreted by enterocytes such as leucine aminopeptidase
(LAP), aminopeptidases N (APN), aminopeptidase A (APA), aminopeptidase B (APB), prolidase,
dipeptidyl peptidase 3 (DPP3), and dipeptidyl peptidase 4 (DPP4) (Aganga et al., 2021; Endo et
al., 1989; Gustafsson et al., 2011; Hiwada et al., 1981; Johansson et al., 2011; Lundquist &
Artursson, 2016; Misiura & Miltyk, 2020). In mammals, aminopeptidases are produced by various
tissues and organs, thus abundantly present in the liver, kidney, intestine, and placenta.
Furthermore, APN is particularly abundant in the brush border membrane of the kidney, small
intestine, and placenta (Turner, 2013). In addition, carboxypeptidase A (CPA) is produced by the
pancreas and sent into the gastrointestinal tract. However, their role in determining the
bioavailability of food-derived peptides has not been well examined.

Based on these facts, it was hypothesized that the substrate specificity of exopeptidases in the
intestinal mucosa determines the structure of peptides with high bioavailability. A range of in vitro
and rat in vivo digestions were used to elucidate the role of exopeptidases in small intestinal
mucosa on the bioavailability of food-derived peptides. For in vitro digestions, CH was digested
by several exopeptidase preparations, crude extracts from rat intestinal mucosa, and blood plasma.
Consequently, the results showed that the exopeptidases in small intestinal mucosa generated Hyp-

containing di- and tripeptides with low levels of peptides containing Pro at the carboxyl terminus
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(X-Pro), while X-Pro peptides resisted LAP, CPA, and APN digestion. CH digestion by crude
extract of mucosa generated a similar peptide profile to in vivo digestion, specifically having a
high content of Pro-Hyp and a negligible content of Gly-Pro. These results indicate that prolidase
activity in the small intestinal mucosa, in addition to LAP, CPA, and APN, plays a crucial role in

determining collagen-derived peptides with high bioavailability.

1.2 Materials and Methods

Collagen hydrolysate

Collagen hydrolysate (CH, Marine Oligopeptide®) was a kind gift from the Japan Food Peptide
Institute (Osaka, Japan). According to the supplier’s information, CH was prepared from the scale
of tilapia (Oreochromis niloticus) by two protease preparations and the average molecular weight

of peptides in CH is approximately 500 Da.

Reagents

Acetonitrile (HPLC-grade), phosphate-buffered saline pH 7.4 (PBS, 10x), and porcine pancreatin
were purchased from Nacalai Tesque (Kyoto, Japan). 6-Aminoquinolyl-N-hydroxysccinimidyl
carbamate (AccQ) was purchased from Toronto Research Chemical (Toronto, ON, Canada). A
lysis buffer (CelLytic), aminopeptidase N (APN), leucine aminopeptidase (LAP) from porcine
kidney, carboxypeptidase A (CPA) from bovine pancreas, L-leucine p-nitroanilide (Leu-pNA,
substrate for EC 3.4.11.2) were purchased from Sigma-Aldrich (St. Louis, MO). 9-Fluorenyl

methoxycarbonyl (Fmoc) amino acid derivatives, Fmoc amino acid-bound p-alkoxybenzyl alcohol
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(Alko) resin, proline-bound 2-chlorotrityl chloride (Barlos) resin, and stable isotope labeled Fmoc-
Gly (2,2-d2)-OH were purchased from Watanabe Chemical Industries (Hiroshima, Japan). All
other reagents were of analytical grade or higher.

Animal experiments

Five-week-old male Wistar/ST rats (120-140 g) were purchased from Japan SLC (Shizuoka,
Japan). Every three rats were kept in a cage at 22-25°C and 40-70% relative humidity, with a 12-
hour light/dark cycle. The rats were allowed free access to a normal rodent chow (solid type of
certified diet MF; Oriental Yeast, Tokyo, Japan) and drinking water during an acclimatization
period of one week. All the animals were treated and cared for according to the guidelines of the
National Institutes of Health (NIH) for experimental animals. All experimental procedures were
approved by the Animal Care Committee of the Louis Pasteur Center for Medical Research (Kyoto,
Japan, approval number 20221). After the acclimatization period, rats were divided into the control
group (n=3) and the collagen hydrolysate (CH) group (n=3). The CH groups were administered
collagen hydrolysate water solution (300 pL) at a dose of 800 mg/kg body weight, while the control
group was administered the same volume of distilled water. One hour after the oral administration,
small intestine and blood from the abdominal vena cava were collected from rats under anesthesia
using isoflurane inhalation.

The inner content of the small intestines was flushed using 10 mL of cold PBS. The effluent
was added with three volumes of ethanol and centrifuged at 13,000 xg at 4°C for 10 min. The
supernatant was collected and used for the following experiments as the lumen sample. The

washed small intestine was cut into small pieces. Aliquots of the intestine (100 mg) were
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homogenized with PBS (100 pL) using a Biomasher II (Nippi, Tokyo, Japan). The homogenate
was mixed with three volumes of ethanol and centrifuged at 13,000 xg for 10 min at 4°C. The
supernatant was collected and used as the small intestinal tissue extract for the following
experiments. The blood was collected using a heparinized syringe and centrifuged at 1,500 xg at
4°C for 10 min. The resultant plasma was mixed with three volumes of ethanol and centrifuged as

described above. The supernatant was used as a plasma sample for the following experiments.

Preparation of crude mucosa extract from rat small intestine

To prepare the crude mucosa extract, 6-week-old male Wistar/ST rats were sacrificed by drawing
blood from the abdominal vena cava under anesthesia by isoflurane inhalation. The experiment
procedures were approved by the Animal Care Committee of the Louis Pasteur Center for Medical
Research (Kyoto, Japan, with approval number 20221). The whole small intestine was collected
immediately. After flushing the inner content with cold PBS, the intestine was split open
longitudinally with scissors. The mucosa was scraped using a spatula and then mixed with two
volumes of a lysis buffer (CelLytic) before homogenization in Biomasher II. The suspension was
centrifuged at 13,000 xg at 4°C for 15 min. The supernatant was used as a crude mucosa extract

of small intestinal mucosa.

Leucine aminopeptidase (LAP) assay
LAP activity was measured using L-leucine-p-nitroanilide (Leu-pNA) as substrate according to

the supplier test protocol (Sigma-Aldrich) with some modifications. Leu-pNA was dissolved in
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methanol to give a concentration of 1.2 mM. PBS (90 pL) was mixed with 5 pL of the crude extract
of small intestinal mucosa and 5 pL of the substrate solution. The absorbances at 405 nm were
immediately recorded before and after 5 min incubation at 37 °C. One unit was defined as the
enzymes hydrolyzing 1.0 pmole of Leu-pNA to Leu and pNA per minute under assay conditions.
The enzyme activity was expressed as a unit/mL, which can be obtained by the following equation:
Unit/mL= ((Aabsorbance at 405/min of sample-Aabsorbance at 405/min of blank) x total volume
(0.1 mL) x dilution factor (20))/(9.9 x volume of enzyme (mL)). Where 9.9 was the millimolar

extinction coefficient of pNA at 405 nm.

Prolidase activity assay

Prolidase activity of crude extract of small intestinal mucosa was measured using synthetic Gly-
Pro as the substrate. Aliquots (180 uL) of 0.5 mM Gly-Pro solution in PBS were reacted with 20
pL of crude extract of mucosa (25X dilution using PBS) and incubated at 37 °C for 10 min. The
reaction was terminated with the addition of three volumes of ethanol. The content of free Pro in
the supernatant (10 pL) liberated from Gly-Pro was quantified by amino acid analysis as described
in Bidlingmeyer, et al. (1984) with some modifications (Miyauchi et al., 2022) without HCI
hydrolysis. One unit was defined as the enzymes liberating 1.0 pmole of Pro from Gly-Pro per
minute under assay conditions. The enzyme activity was expressed as a unit/mL and was calculated
using the following equation.

Unit/mL = (free Pro at 10 min (umol) — free Pro at 0 min (umol)) x total volume (0.2 mL) x

dilution factor (250)/(10 min x volume of enzyme (0.02 mL))
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In vitro digestion using commercial enzymes

In vitro digestion was carried out using the method previously described (Ejima et al., 2018) with
some modifications. Briefly, CH was dissolved in 1 mL of PBS to give a 2.5 mg/mL concentration.
The resulting CH solution (1 mL) underwent digestion with a mixture containing pancreatin (100
ng), CPA (7.7 U), and LAP (2.45 U) at 37 °C for 4 h. The reaction was halted by freezing at -20°C.
Similarly, another CH solution (1 mL) was digested with APN (0.8 U). The peptides in the digests

were identified and quantified using LC-MS/MS, as described in the subsequent section.

In vitro digestion using crude extracts of small intestinal mucosa and blood plasma

CH (0.2 mg) was digested by crude extract of mucosa and blood plasma with 0.08 U leucine
aminopeptidase (LAP) activity in 100 uL of PBS at 37°C for 4 h. Crude extract of mucosa was
diluted with PBS to give suitable LAP activity. The reaction was terminated by adding 300 pL of
ethanol. The supernatant was collected after centrifugation at 13,000 xg at 4°C for 15 min and
used as crude mucosa and blood plasma digests of CH. For the blank, crude extracts and blood
plasma without CH were incubated and treated in the same manner as the samples. The peptides
in the digests were identified and quantified using LC-MS/MS, as described in the subsequent

section.

Identification of peptides in CH

Aliquot (10 pL) of the 2.5 mg/mL CH in PBS solution was directly injected into a liquid

chromatography-tandem mass spectrometer (LC-MS/MS, LCMS 8040, Shimadzu, Kyoto, Japan)
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equipped with an Inertsil ODS-3 column (2.1 mm i.d. x 250 mm, GL Science, Tokyo, Japan),
which was maintained at 40°C. The elution was performed using a binary linear gradient using
0.1% formic acid (solvent A) and 0.1% formic acid containing 80% acetonitrile (solvent B) at 0.2
mL/min. The gradient program was as follows: 0-20 min, 0—30% B; 20-25 min, 30-100% B; 25—
30 min, 100% B; 30-30.1 min, 100-0% B, and 30.1-40 min, 0% B. Peptides were detected by
total ion scan at positive mode at scan ranges of mass to charge ratio (m/z), 100-200, 200-225,
225-250, 250-275, 275-300, 300-350, 350-400, 400-500, and 500-1000. Precursor ions in some
major peaks were further analyzed by product ion scan mode with collision energy at -15, -25, and

-35eV.

Identification of peptides in the in vitro and in vivo digests of CH

CH was digested in vitro using the 3 different methods described above. Furthermore, the inner
content of the small intestine, intestinal tissue extract, and blood plasma were collected from rats
1 h after administration of CH or vehicle. Ethanol-soluble fractions of these digests and extracts
were prepared as described above. To improve the resolution of short-chain peptides, amino/imino
groups of peptides and amino acids were derivatized with AccQ. Aliquots of the ethanol-soluble
fraction (100 pL and 20 pL for digests and extracts, respectively) were dried in a microcentrifuge
tube (1.5 mL) under vacuum and added with 20 pL of water, 60 puL of 50 mM sodium borate buffer,
pH 8.8, and 20 pL of 0.3% AccQ-acetonitrile solution. The reaction was carried out at 50 °C for
10 min. The reactant was filtered using a Cosmonice filter. An aliquot (10 pL) of the filtrate was

injected into the LC-MS/MS equipped with the Inertsil ODS-3 column. The same elution condition
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as described above was used. The AccQ-derivatives were specifically detected by precursor ion
scan at positive mode targeting AccQ-derived bl ion with m/z = 171.1 in the scan ranges at m/z =
325-350, 350-375, 375-400, 400—450, and 450-500. To estimate peptide sequences, the precursor
ions in major peaks were further subjected to product ion scan with collision energy at -15, -25,

and -35 eV.

Peptide synthesis

The estimated peptides were synthesized using an Fmoc strategy with a solid-phase automatic
peptide synthesizer (PSSM-8, Shimadzu), following the supplier's protocol. For the synthesis of
peptides with Pro at the carboxyl terminus, proline-bound Barlos resin rather than Alko resin was
used to suppress the formation of diketopiperazines. The synthesized peptides were purified by
RP-HPLC using a Cosmosil MS-II (10 mm i.d. x 250 nm; Nacalai Tesque). The binary gradient
was used to elute the peptides using 0.1% formic acid (solvent A) and 0.1% formic acid containing
80% acetonitrile (solvent B) at 2.0 mL/min flow rate. The gradient program was as follows: 0-20
min; B 0-50%, 20-30 min; B 50-100%, 30-35 min; B 100%, 35-35.1 min; B 100—-0%, 35.1-45
min; B 0%. The column was maintained at 40°C. The concentration of each peptide was
determined by amino acid analysis after HC1 hydrolysis, as described by Bidlingmeyer et al. (1984)

with some modifications (Miyauchi et al., 2022), and used as a standard for peptide quantification.
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Peptide quantification

The content of each peptide in the in vitro digests of CH and samples from the animal experiments
was determined using the LC-MS/MS in multi-reaction monitoring (MRM) in positive ion mode
following the AccQ derivatization described above. The AccQ derivatives were resolved by the
Inertsil ODS-3 column using the same eluents as described above. The elution program was as
follows: 0-15 min, 0-50% B; 15-20 min, 50-100% B; 20-25 min, 100% B; and 25-35 min, 0% B.
MRM conditions were optimized by LabSolutions LCMS Ver. 5.5 (Shimadzu) using the synthetic

peptides.

Statistical analysis

The data were analyzed using SPSS version 28 (IBM, New York, USA). Student's #-test was used
to determine the difference between the means of the two groups. One Way ANOVA with Tukey
post hoc test was used to compare more than two groups. A p-value less than 0.05 was considered

a significant difference.

1.3 Results

Identification of peptides in collagen hydrolysate (CH)

The total ion chromatograms of peptides in the CH are shown in Figure 1-1. Compounds in major
peaks of CH before digestion were estimated based on precursor and product ions, as shown in
Supplemental Table 1. Identified amino acids and peptides are indicated by one-letter abbreviation

of amino acid on the peaks (Figure 1-1). Pro-Hyp (PO), of which elution position is indicated by
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asterisks, was not detected in the CH before further in vitro digestion, while some amino acids and
dipeptides were detected in the scan range of m/z 100-300. Most dipeptides consisted of
hydrophobic amino acids such as Leu, Ile, Phe, and Met at the carboxyl terminus. In addition,
many peaks were detected in the scan range of m/z 300-1000 (Figure 1-1), corresponding to
tripeptides, tetrapeptides, pentapeptides, and larger ones. These results reveal that the CH before

digestion mainly consists of peptides larger than tripeptide and does not contain Pro-Hyp.

Exopeptidases activity of crude extract of rats small intestinal mucosa

The crude extract of mucosa had both LAP and prolidase activities at 5.80 and 5.85 U/mL,

respectively.

Peptides in the in vitro digests of CH

CH was further digested with four different protease preparations: a single enzyme aminopeptidase
N (APN); a mixture of enzymes including pancreatin, carboxypeptidase A (CPA), and leucine
aminopeptidase (LAP); rat small intestinal mucosal extract; and rat blood plasma. Amino
compounds in the digests were derivatized with AccQ and analyzed by LC-MS/MS in the
precursor ion mode targeting the bl ion of AccQ moiety, as shown in Figure 1-2. The one-letter
abbreviations indicate the amino acid peaks. Amino acid derivatives less than m/z 325 (amino acids
less than 154 Da) were also observed but not shown in Figure 1-2. In addition to amino acids,
several peptide peaks were observed in all digests marked with numbers. Conversely, minimal

peptide peaks were detected with m/z values exceeding 500 in all digests (data not illustrated).
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While some amino acid peaks were present in the mucosa and plasma blanks (Figures 1-2.D and
F), no peptide peaks were detected in these samples. Sequences of peptides in the peaks marked
with numbers were estimated based on the precursor and product ions, as shown in Table 1-1.
Unexpectedly, a prominent peak of Gly-Pro (peak 1) was observed in the digest of CH with APN
and the mixture of pancreatin, CPA, and LAP (Figure 2.A and B). In contrast, Gly-Pro could not
be observed in the digests of CH with rat small intestinal mucosa extract and blood plasma (Figure

2.C and E). Pro-Hyp (peak 7) was observed in all digests at different levels.
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Figure 1-1. Mass spectrometry chromatograms of compounds in collagen hydrolysate (CH)
before digestion

Non-derivatized compounds were resolved by reversed-phase high-performance liquid
chromatography (RP-HPLC) and detected by a mass spectrometer (LC-MS/MS) in total ion scan
at positive mode at different scan ranges across mass-to-charge ratio (m/z) 100-200, 200-225,
225-250, 250-275, 275-300, 300-350, 350—400, 400-500, and 500—1000.
Amino acids and peptides are indicated by a one-letter abbreviation for amino acids. O and pE
represent hydroxyproline and pyroglutamic acid, respectively.

* Represents the position of the Pro-Hyp (PO) peak.

# represents the peaks that could not be assigned to peptides with any combination of amino acids.
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Figure 1-2. Mass spectrometry chromatograms of AccQ derivatives in digests of collagen hydrolysate (CH)
A: In vitro digest using aminopeptidase N, B: in vitro digest using a mixture of pancreatin, leucine
aminopeptidases, and carboxypeptidases A, C: in vitro digest using crude extract of small intestinal mucosa of
rats, D: crude extract of mucosa blank, E: in vitro digest using blood plasma of rats, and F: blood plasma blank.
The AccQ-derivatives were specifically detected by LC-MS/MS in precursor ion scan targeting bl ion of AccQ
moiety (m/z = 171) in positive mode across m/z range of 325-250, 350-375, 375-400, 400-450, and 450-500.

# represents the peaks that could not be assigned to peptides with any combination of amino acids.
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Table 1-1. Summary of identified peptides in the digests of CH as shown in Figure 1-2

Peak Precursor ion MW  Estimated Product ions (m/z)
(m/z) sequence
1 343 172 Gly-Pro 116.1 (y1), 171.1 (AccQ, bl), 173.2 (y2), 228.1 (b2), 343.0 (y3)
2 357 186 Ala-Pro 44.2 (*Ala), 116.1 (y1), 171.1 (AccQ, bl), 187.1 (y2), 214.2, 242.0 (b2), 357.1 (y3)
3 373 202 Ala-Hyp 132.0 (y1), 171.1 (AccQ, bl), 203.1 (y2), 242.1 (b2), 373.1 (y3)
4 383 212 Pro-Pro 70.1 (*Pro), 116.2 (y1), 171.2 (AccQ, bl), 213.0 (y2), 268.1 (b2), 383.3 (y3)
5 385 214 Val-Pro 72.0 (*Val), 116.1 (y1), 171.0 (AccQ, bl), 215.0 (y2), 242.1, 270.1 (b2), 385.2 (y3)
6 387 216 Thr-Pro 74.3 (*Thr), 116.2 (y1), 171.2 (AccQ, bl), 217.1 (y2), 244.1, 272.3 (b2), 387.1 (y3)
7 399 228 Pro-Hyp 70.1 (*Pro), 86.1 (*Hyp), 132.2 (Hyp), 171.1 (AccQ, bl), 229.2 (y2), 268.1 (b2), 399.1 (y3)
8 399 228 Ile-Pro 70.1 (*Pro), 116.2 (y1), 145.2, 171.1 (AccQ, bl), 229.1, 256.1, 284.1 (b2), 399.2 (y3)
9 399 228 Leu-Pro 70.2 (*Pro), 116.1 (y1), 145.1, 171.3 (AccQ, bl), 229.2, 256.1, 284.1 (b2), 399.1 (y3)
10 401 230 Asp-Pro 70.1 (*Pro), 116.1 (y1), 171.0 (AccQ, bl), 213.1, 231.0 (y2), 286.1 (b2)
11 403 232 Asp-Val 72.0 (*Val), 88 (*Asp), 118.1 (y1), 145.2, 171.1 (AccQ, bl), 233.1 (y2), 259.1 (a2), 286.2 (b2), 403.1 (y3)
12 414 243 Gly-Pro-Ala 70.0 (*Pro), 127.1, 155.1, 171.2 (AccQ, bl), 187.3,200.1, 228.2 (b2), 244.2, 414.4 (y4)
13 415 244 Glu-Pro 70.3 (*Pro), 84.1, 116.2 (y1), 145.0, 171.1, 227.1, 245.0 (y2), 272.1, 300.2 (b2), 415.1 (y3)
14 415 244 Ile-Hyp 86.1 (*1le), 132.1 (y1), 171.0 (AccQ, bl), 245.0 (y2), 256.1, 283.9 (b2), 414.9 (y3)
15 415 244 Leu-Hyp 86.1 (*Leu), 132.1 (y1), 171.0 (AccQ, bl), 245.0 (y2), 256.1, 283.9 (b2), 414.9 (y3)
16 417 246 Leu-Asp 86.2 (*Ile/Leu), 88 (*Asp), 144.6, 170.9 (AccQ, bl), 256.1, 285.2, 416.9 (y3)
17 417 246 Met-Pro 56.3, 60.8, 104 (*Met), 115.8 (y1), 170.8 (AccQ, bl), 246.9 (y2), 273.9, 301.9 (b2), 416.7 (y3)
18 430 259 Ala-Hyp-Gly  44.4 (*Ala), 86.1 (*Hyp), 144.9, 171.0 (AccQ, bl), 189.0 (y2), 213.6 (a2), 242.1 (b2), 258.6 (y3), 430 (y4)
19 430 259 Gly-Pro-Ser 70.1 (*Pro), 88.3 (*Asp), 106 (y1), 127.0, 145, 171.1 (AccQ, bl), 200.1 (a2), 203.0 (y2), 227.8 (b2), 242.0,
260.0 (y3), 268.3 (b2), 429.7 (y4)
20 433 262 Me-Hyp 55.8, 86.5 (*Hyp), 104.3 (*Met), 132.0 (y1), 170.9 (AccQ, bl), 263.1, 302.3 (b2), 433.0 (y3)
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21

22
23
24
25
25%
26
27
28
29
30
31
32
33
34
35
36

442

444
446
449
449
450
456
456
460
472
472
474
488
490
506
359
431

271

273
275
278
278
279
285
285
289
301
301
303
317
319
335
188
260

Gly-Pro-Val

Gly-Pro-Thr
Ser-Hyp-Gly
Tyr-Pro
Phe-Hyp
Phe-Hyp*
Pro-Hyp-Gly
Gly-Pro-Hyp
Thr-Hyp-Gly
lle-Hyp-Gly
Leu-Hyp-Gly
Gly-Pro-Met
Glu-Hyp-Gly
Met-Hyp-Gly
Phe-Hyp-Gly
Hyp-Gly
Glu-Hyp

70.2 (*Pro), 72 (*Val), 116 (y1), 117.9 (y1), 145.0, 171.0 (AccQ, bl), 200 (a2), 215.3 (y2), 228 (b2), 272.1
(y3), 442.1 (y4)

70.0 (*Pro), 127.0, 171.0 (AccQ, b1), 186.9, 200 (a2), 217.0 (y2), 227.9 (b2), 256.1, 273.9 (y3), 444 (y4)
60.1 (*Ser), 86.1 (*Hyp), 145.2, 171.0 (AccQ, b1), 189.8 (y2), 201.1, 229.6, 258.0 (b2), 275.9, 446.3 (y4)
116.1 (y1), 136.2 (*Tyr), 171.0 (AccQ, bl), 278.8 (y2), 306.2 (a2), 334.1 (b2), 448.8 (y4)

120.2 (*Phe), 132.0 (y1), 171.0 (AccQ, b1), 279.1 (y2), 289.9, 318.1 (b2), 448.9 (y4)

120.1 (*Phe), 132.3 (y1), 144.6, 171.0 (AccQ, bl), 279.9 (y2), 290.5 (a2), 317.6 (b2), 449.7 (y4)

70.3 (*Pro), 86.3 (*Hyp), 141.0, 171.1 (AccQ, bl), 189.5 (y2), 286.1 (y3), 455.9 (y4)

30.1 (*Gly), 70.2 (*Pro), 132.1 (y1), 171.1 (accQ, b1), 229.1 (b2, y2), 286.2 (y3), 456.1 (y4)

74 (*Thr), 86.1 (*Hyp), 145.1, 171.3 (AccQ, bl), 189.1 (y2), 244, 2 (a2), 71.7 (b2), 289.8 (y3), 459.3
86.5 (*1le), 171.0 (AccQ, bl), 188.9 (y2), 255.8 (a2), 283.7 (b2), 302 (y3), 472 (y4)

86.2 (*Leu), 170.8 (AccQ, bl), 188.8 (y2), 226.4, 256.1 (a2), 283.9 (b2), 302 (y3), 471.8 (y4)

70.0 (*Pro), 127.0, 155.2, 170.8 (AccQ, bl), 200.2 (a2), 227.7 (b2), 246.5 (y2), 285.3, 304.1 (y3), 473.1
76.6, 85.2 (*Hyp), 102 (*Glu), 145.3, 170.6 (AccQ, bl), 189.3 (y2), 224.8, 272.1 (a2), 300.0 (b2), 487.8 (y4)

55.7, 85.5 (*Hyp), 104.3 (*Met), 131.9 (y1), 170.7 (AccQ, bl), 188 (y2), 273.7, 301.6 (b2), 319.4, 489.6 (y4)

86.0 (*Hyp), 119.8 (*Phe), 145.2, 170.9 (AccQ, b1), 189 (y2), 289.7, 317.6 (b2), 335.8 (y3), 505.3
70.3 (*Pro), 86 (*Hyp), 171.1 (AccQ, bl), 189.2 (y2), 359.1 (y3)
76.6, 85.2 (*Hyp), 102 (*Glu), 132.1 (1), 145.3, 170.6 (AccQ, b1), 261.2 (y2), 431.1 (y3)
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All estimated peptides were quantified using LC-MS/MS in MRM mode. The peptide contents in
CH digests are shown in Figure 1-3. After in vitro digestion of CH using four different protease
preparations, di- and tripeptides containing Hyp (O) and Pro (P) were generated. Digestion with
APN and the mixture of pancreatin, CPA, and LAP predominantly generated Gly-Pro with smaller
contents of Hyp-containing peptides such as Pro-Hyp and some non-Hyp-containing dipeptides
with a proline residue at the carboxyl terminus (Glu-Pro, Pro-Pro, Asp-Pro, etc.) (Figure 1-3.A and
B). Conversely, digestion using crude mucosa extract yielded a negligible amount of Gly-Pro but
predominantly Pro-Hyp (Figure 1-3.C), along with smaller quantities of Hyp-containing di- and
tripeptides. Minimal amounts of non-Hyp-containing peptides with a proline residue at the
carboxyl terminus (X-Pro) were observed. Digestion of CH with plasma preparation also
predominantly resulted in Pro-Hyp and smaller amounts of other Hyp-containing peptides,
resembling mucosa digestion. However, small but detectable quantities of non-Hyp peptides with
Pro at the carboxyl terminus, such as Gly-Pro, Glu-Pro, and Asp-Pro, were generated (Figure 1-
3.D). Additionally, the digestion with plasma preparation generated a larger content of Pro-Hyp

than that with mucosa extract.
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Figure 1-3. Peptide contents in different in vitro digests of CH

A: CH digest using APN, B: CH digest using a mixture of pancreatin, LAP, and CPA, C: CH digest
using crude extract of small intestinal mucosa of rat, and D: CH digest with blood plasma of rat.
All peptides were quantified by LC-MS/MS in multi-reaction monitoring mode (MRM). Estimated
peptides were chemically synthesized and used for the optimization of MRM and external

standards.
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Food-derived peptides in rats after CH ingestion

CH was administered to rats by sonde. Peptides in the lumen, small intestinal tissue, and plasma
were analyzed by LC-MS/MS in MRM mode. Figure 1-4 shows that Pro-Hyp was predominantly
generated in the lumen and small intestinal tissue. In the lumen, Hyp-containing peptides
significantly increased 1 h after ingestion. In addition, some non-Hyp-containing dipeptides,
including Gly-Pro, also significantly increased at low content. However, in the intestinal tissue,
Gly-Pro and other dipeptides with Pro at the carboxyl terminus (X-Pro) did not significantly
increase.

Furthermore, in blood from the inferior vena cava, only Pro-Hyp, Ala-Hyp, Leu-Hyp-Gly, Glu-
Hyp, and Hyp-Gly significantly increased after ingestion of CH. Pro-Hyp was not only the
predominant peptide in the blood before the administration of CH but also increased most
significantly after the administration compared to other Hyp-containing peptides, such as Pro-Hyp-
Gly, Hyp-Gly, etc. Increased collagen peptide profiles in rats' small intestinal tissue and blood are

similar to peptide profiles in CH digest with mucosal extract.
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Figure 1-4. Peptide contents in the lumen (A), small intestinal tissue (B), and blood plasma
(C) of rats after ingestion of CH

The collagen group was administered CH solution at 800 mg/kg BW, and the control group with
300 pL water. After 1 h, the rats were sacrificed, and the peptides were extracted from the lumen,
small intestinal tissue, and plasma. All peptides were derivatized using AccQ and quantified by
LC-MS/MS in MRM mode. The results are presented as the mean = SD. Asterisks (***), (**), and
(*) represent significant differences, p<0.001, p<0.01, and p<0.05, respectively, between the
collagen group and control group by Student’s t-test (n = 3).
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1.4 Discussion

It has been demonstrated that food-derived collagen peptides such as Pro-Hyp, Hyp-Gly, etc. are
circulating in human blood at relatively high concentrations (> uM levels) for a few hours after
ingestion of CH at 80-400 mg/kg body weight (Asai et al., 2019; Iwai et al., 2005; Ohara et al.,
2007; Shigemura et al., 2018; Taga et al., 2014). Compared to humans, a lower concentration of
collagen-derived peptides, including Pro-Hyp, was detected in rat blood 1h after ingestion of a
higher dose of CH at 800 mg/kg (Figure 4), which is consistent with other animal experiments
(Hanh et al., 2017; Kawaguchi et al., 2012; Wang et al., 2015). However, collagen peptide
composition in the rat lumen and small intestinal tissue is similar to that observed in human blood.
These facts indicate that peptides in CH are similarly digested by exopeptidases in the small
intestinal lumen of humans and rats. In rats, the remaining peptides are, however, rapidly degraded
when passing through the enterocyte to blood circulation and incorporated into cells from blood
circulation, which may rapidly decrease blood levels of collagen-derived peptides in rats compared
to humans.

Pro-Hyp and Hyp-Gly, the major food-derived collagen peptides in human blood, can be
derived from the Gly-Pro-Hyp-Gly motif in larger collagen peptides by gastrointestinal digestion.
After CH ingestion, Pro-Hyp reached 25 uM in human blood plasma, while Hyp-Gly at 3.5 uM
and lower for other Hyp-peptides (Asai et al., 2019). As mentioned above, CH ingestion has little
impact on Gly-Pro levels in human blood plasma, while Gly-Pro is potentially generated from the
same motif. The present study also found that oral administration of CH did not impact Gly-Pro

plasma levels in the rats (Figure 1-4). In addition, only a slight increase of Gly-Pro was observed
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in the rat lumen. Furthermore, a single administration of Gly-Pro also did not impact the blood
level of Gly-Pro (Wijanarti et al., 2024). Ejima et al. (2018) also reported that peptides with Pro
residue at the carboxyl terminus (X-Pro) are degraded during the in vivo digestion and absorption
process, while these X-Pro peptides resist digestion with LAP. The present in vitro digestion of
CH by crude extract of rat’s small intestinal mucosa generated only negligible amounts of X-Pro
peptides, including Gly-Pro. In contrast, LAP, CPA, and APN predominantly generated Gly-Pro,
which is consistent with the results by Ejima et al. (2018). These facts indicate that X-Pro peptides,
including Gly-Pro, are degraded by exopeptidase in the small intestinal mucosa except for LAP,
APN, or CPA. The digestion with blood plasma generated a peptide composition similar to that of
mucosa digest with detectable amounts of Gly-Pro. The composition of the remaining peptides in
the mucosa and plasma digests of CH is similar to that of collagen-derived peptides in human and
rat blood (Asai et al., 2019; Iwai et al., 2005; Shigemura et al., 2011; Shigemura et al., 2018;
Yamamoto et al., 2016).

The combination of LAP, CPA, and APN proved effective in degrading most peptides in CH
(Figures 1-2. A and B) and other protein hydrolysates (Ejima et al., 2018; Chen et al., 2019), except
for X-Pro dipeptides. However, X-Pro dipeptides can be degraded by prolidase. Thus, most
peptides in the lumen are degraded into amino acids through sequential cleavage of exopeptidases.
The combination of these exopeptidases can act as an intestinal blood barrier to food-derived
peptides. Therefore, to get a reliable prediction of the structure of food-derived peptides, it is
necessary to carefully design in vitro digestion using exopeptidases of small intestinal mucosa with

different substrate specificities, such as LAP, CPA, APN, and prolidase.
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In addition to Hyp-containing peptides, Pro-Gly can resist the digestion of these peptidases
and increase in human blood more than uM levels (Shigemura et al., 2012), while Gly-Pro cannot.
The reason why Pro-Gly resists the exopeptidases remains to be solved. Other modified peptides,
such as pyroglutamyl and beta aspartyl-isopeptides, have been reported to significantly increase in
the intestinal lumen and blood upon ingestion of protein hydrolysates (Ejima et al., 2019; Miyauchi
et al., 2022) due to resistance to intestinal peptidases (Miyauchi et al., 2022).

Until now, the Caco-2 monolayer system has been used for in vitro simulation of intestinal
absorption. However, Gly-Pro has been reported to pass through the Caco-2 cell monolayer as an
intact form (Enjoh et al., 1996; Ganapathy & Leibachs, 1983; Rohm et al., 2019). Enterocytes
secrete various exopeptidases, which accumulate in the brush border membrane and mucus layer
for digestive purposes (Gustafsson et al., 2011; Hiwada et al., 1981; Johansson et al., 2011;
Lundquist & Artursson, 2016; Rodriguez-Pifieiro et al., 2013). However, previous studies reported
that compared to enterocytes in the human small intestine, the Caco-2 monolayer has a lower
expression level of endoproteinases and exopeptidases in the brush border membrane (Lundquist
& Artursson, 2016) and a lack of mucus layer (Frey et al., 1996). Taken together, some Caco-2
monolayers lack some exopeptidases, especially prolidase. Thus, some Caco-2 mono-cell layer
cannot be used for the prediction of the bioavailability of peptides. Careful consideration regarding
the transporter and the expression of exopeptidases is necessary for all in vitro absorption models.
Similarly, for the in-silico digestion approach, the substrate specificity of exopeptidases, especially
prolidase, should be considered to predict the bioavailability of peptides. Neglecting these factors

may lead to erroneous results.
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1.5 Conclusion

In the rat lumen, LAP, APN, and CPA degrade most food-derived peptides into amino acids but
leave X-Pro dipeptides intact. Notably, X-Pro dipeptides, including Gly-Pro, are preferentially
degraded by prolidase in the lumen. In contrast, Hyp-containing peptides resist both types of
exopeptidases, which can explain the high bioavailability of Hyp-containing peptides such as Pro-
Hyp and Hyp-Gly. To predict the bioavailability of food-derived peptides, both types of
exopeptidases must be taken into consideration. The in vitro and in silico systems, without

considering both types of exo peptidases, may lead to fallacious results.

32



Chapter 2

The identification of exopeptidases in the small intestinal mucosa of rats

2.1 Introduction

Endoproteinases and exopeptidases have been identified in the small intestines, such as
trypsin, pepsin, leucine aminopeptidase (LAP), aminopeptidase A (APA), aminopeptidase B
(APB), aminopeptidase N (APN), prolidase, dipeptidyl peptidase 3 (DPP3), dipeptidyl peptidase
4 (DPP4), etc. (Gustafsson et al., 2011; Hiwada et al., 1981; Johansson et al., 2011; Lundquist &
Artursson, 2016; Rodriguez-Pineiro et al., 2013). In vitro digestion and in silico systems have been
developed by combining several digestive enzymes to simulate gastrointestinal digestion and
predict the bioactive peptides from food proteins. However, until recently, only endoproteinases,
such as pepsin, trypsin, chymotrypsin, or crude protease preparation (pancreatin or gastric juice),
are considered in the in vitro digestion simulations (Aléman et al., 2013; Bai et al. 2023; Brodkorb
et al., 2019; Feng and Betti, 2017; Guo et al., 2014; Larder et al., 2021; Yang et al., 2019).
Therefore, some inconsistencies are often observed between in vitro and in vivo results (Amigo et
al., 2020). Chen et al. (2019) reported that specific peptides resist endoproteinases but are readily
cleaved by exopeptidases. Thus, the present author hypothesized that exopeptidases play crucial
roles in determining the bioactive peptides upon the ingestion of food proteins. The role of
exopeptidases in intestinal mucosa in determining the bioavailability of collagen peptides is
reported in Chapter 1. Unexpectedly, the digestion of CH by a combination of well-known

intestinal exopeptidases, such as LAP and CAP, with an endoprotease pancreatin, generated a
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peptide profile that extensively differed from the collagen peptide profile in blood upon ingestion
of CH. On the other hand, digestion of CH with crude extract of rat small intestinal mucosa
generated a similar peptide profile to that in human and rat blood plasma after CH ingestion. These
results suggest that CH was degraded similarly during in vitro digestion using crude extract of
mucosa and in the gastrointestinal tract of humans and rats, indicating the similarity of enzyme
composition. Furthermore, the results in Chapter 1 indicate the presence of prolidase in the crude
extract of intestinal mucosa. This chapter aimed to identify the exopeptidases in the crude extract
of small intestinal mucosa, especially confirming the presence and role of prolidase in the digestion
of short-chain peptides.

Consequently, prolidase and APN were successfully identified at the protein level in this
chapter. Furthermore, Gly-Pro and other dipeptides with Pro at the carboxyl terminus (X-Pro) resist
some purified endoproteinases (trypsin and chymotrypsin) and some purified exopeptidases (LAP,
CPA, and APN) but can be cleaved by purified prolidase. Interestingly, Pro-Hyp partially resisted
prolidase degradation even after 4 h digestion, but Gly-Pro was degraded entirely in 0.5 h. These
results confirmed that prolidase is present in the crude extract of small intestinal mucosa and plays
an essential role in determining the bioavailability of CH-derived peptides. Prolidase is responsible
for digesting Gly-Pro and other X-Pro dipeptides in the final stage of digestion, which LAP, CPA,

and APN cannot digest.
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2.2 Materials and Methods

Reagents

Tris(hydroxymethyl)aminomethane (Tris), acetonitrile (HPLC-grade), phosphate-buftered saline
pH 7.4 (PBS, 10x), and porcine pancreatin were purchased from Nacalai Tesque (Kyoto, Japan).
Lysis buffer (CelLytic), L-leucine p-nitroanilide (Leu-pNA, substrate for EC 3.4.11.2), and
Coomassie Blue R-250 were purchased from Sigma-Aldrich (St. Louis, MO). Gly-Pro and Pro-
Hyp were purchased from Bachem (Bunderdorf, Switzerland). A dried acrylamide to concentrate
the sample (Mizubutorikun) and 12.5% polyacrylamide gel were purchased from Atto (Tokyo,
Japan). The prestained XL-Ladder broad range was purchased from Pharma Foods Apro Science
Group (Tokushima, Japan). Pierce trypsin protease was purchased from Pierce (Waltham, MA,

USA). All other reagents were of analytical grade or higher.

Preparation of crude extract of small intestinal mucosa

The crude extract of small intestinal mucosa was prepared from rats (Wistar ST, 6-week-old, n=3)
using the method described in Chapter 1. The experiment procedures were approved by the Animal
Care Committee of the Louis Pasteur Center for Medical Research (Kyoto, Japan, with approval

number 20221).

Size exclusion chromatography (SEC)
Size exclusion chromatography (SEC) was used to partially purify proteins in crude mucosa. Two

hundred microliters of crude extract of mucosa were filtered by passing through a centrifugal filter
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(5.0 pm pore size, Ultrafree-MC UFC30SV00, Merck Millipore, Darmstadt, German) at 3,000 xg
for 5 min before the injection. Two hundred microliters of the clarified sample were injected into
a Superdex TM 75 10/300 GL (10 mm x 30 cm, GE Healthcare, Chicago, IL, USA) equilibrated
with PBS at 0.5 mL/min flow rate. The elution of proteins was monitored by absorbance at 280

nm. Fractions were collected every 1 min for 60 min.

Anion exchange chromatography (AEC)

The crude extract of mucosa was also partially purified using anion exchange chromatography
using a Cosmogel IEX Type Q (4.6 mm x 50 mm, Nacalai Tesque) equilibrated using 10 mM Tris
HCl buffer, pH 7.5, at 0.5 mL/min flow rate. After injection of the sample (200 pL), proteins were
eluted with a binary gradient of NaCl in the buffer: 0-15 min, NaCl 0-250 mM, 15-20 min, NaCl
250-500 mM, 20-25 min, NaCl 500 mM at 0.5 mL/min. The elution of proteins was monitored by

absorbance at 280 nm. Fractions were collected every 1 min for 35 min.

Leucine aminopeptidase (LAP) activity assay

LAP activity was measured using L-leucine-p-nitroanilide (Leu-pNA) as substrate according to
the supplier test protocol (Sigma-Aldrich) with some modifications. Leu-pNA was dissolved in
methanol to give a concentration of 1.2 mM. PBS (90 pL) was mixed with 5 pL of the sample and
5 uL of the substrate solution. The absorbances at 405 nm were immediately recorded before and

after 5 min incubation at 37 °C. One unit was defined as the enzymes hydrolyzing 1.0 pmole of
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Leu-pNA to Leu and pNA per minute under assay conditions. The enzyme activity (EA) was

expressed as a unit/mL, which can be obtained by the following equation:

_ (Aabsorbance at 405/min of sample — Aabsorbance at 405/min of blank) x total volume (0.1 mL) x dilution factor (20)

Ea 9.9 x volume of enzyme (mL)

Where 9.9 was the millimolar extinction coefficient of p-nitroaniline at 405 nm.
Aliquots (100 pL) of some SEC fractions were combined, as shown in Figure 2-1. Aliquots (5 pL)
of the combined fractions were used. For AEC fractions, an aliquot (5 puL) of each fraction was

used.

Prolidase activity assay
Prolidase activity was measured using the same method as described in Chapter 1. SEC and AEC

fractions were assayed as mentioned above.

CH digestion using partially purified crude extract of mucosa

The amount of 80 pL of 2.5 mg/mL CH in PBS was digested separately with aliquots (20 pL) of
SEC fractions A-G. The digestions were carried out at 37 °C for 4 h. Then, three volumes of ethanol
were added to stop the reaction. The mixtures were centrifuged at 13,000 xg for 5 min, and the

peptide contents in the supernatants were quantified as described in the subsequent section.

Digestion of synthetic Gly-Pro and Pro-Hyp by partially purified crude extract of the mucosa
To remove low molecular weight compounds, especially amino acids and peptides, exopeptidases

in the crude extract of mucosa were partially purified using size exclusion chromatography (SEC),

37



as mentioned above. Synthetic Gly-Pro and Pro-Hyp (400 uM) in 400 pL of PBS were digested
with the partially purified mucosa exopeptidase preparation with LAP and prolidase activity 0.01
U (Peak A in Figure 2-1). The mixture was incubated at 37 °C. Aliquots (50 uL) were withdrawn
at 0, 30, 60, 90, and 240 min of incubation, and released Pro was quantified as described by
Bidlingmeyer et al. (1984) with some modifications (Miyauchi et al., 2022) without HCI
hydrolysis. The degradation (%) was calculated using the following equation:

Degradation rate (%) = free Pro content in the supernatant (nmol)/peptide concentration (20 nmol)

x 100

Peptide quantification

The content of each peptide in the in vitro digests of CH was determined using the LC-MS/MS in
multi-reaction monitoring (MRM) in positive ion mode following the AccQ derivatization. For
AccQ derivatization, 20 pL of digest were dried in a microcentrifuge tube (1.5 mL) under vacuum
and added with 20 pL of water, 60 uL of 50 mM sodium borate buffer, pH 8.8, and 20 pL of 0.3%
AccQ-acetonitrile solution. The reaction was carried out at 50 °C for 10 min. The reactant was
clarified using a Cosmonice filter. The aliquots (10 pL) were injected into LC-MS/MS. The AccQ
derivatives were resolved by the Inertsil ODS-3 column using a binary linear gradient using 0.1%
formic acid (solvent A) and 0.1% formic acid containing 80% acetonitrile (solvent B) at 0.2
mL/min. The elution program was as follows: 0-15 min, 0-50% B; 15-20 min, 50-100% B; 20-25

min, 100% B; and 25-35 min, 0% B. MRM conditions were optimized by LabSolutions LCMS
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Ver. 5.5 (Shimadzu) using the synthetic peptides. Synthetic peptides, which have been prepared by

the study in Chapter 1, were used for the optimization of MRM and external standards.

Protein identification

Aliquots of fractions (30 pL) obtained by SEC and AEC were mixed 10 pL of 4xLaemmli’s buffer
consisting of 0.025 M Tris-HCI buffer, pH 6.8, 0.02% of bromophenol blue, 40% glycerol and 8%
of SDS and heated at 98 °C for 5 min then electrophoresed using a 12.5% polyacrylamide gel in a
Rapid Mini Slab Electrophoresis Tank AE-6500 (ATTO, Tokyo, Japan) and then stained with
0.25% Coomassie Blue R-250 (Sigma, Japan) in 10% acetic acid and 45% of ethanol. In some
cases, the sample was concentrated by using dried acrylamide powder (Mizubutorikun, Atto)
before mixing with Laemmli’s buffer. Standard markers (molecular mass range 10-210 kDa;
Pharma Foods Apro Science Group, Tokushima, Japan) were used. The protein bands and gel with
no band (blank) were excised, and proteins in the gel were digested with trypsin by the method of
Santoni et al. (2003) with minor modifications. Briefly, the selected protein bands were excised
and cut into small pieces (approximately 1-2 mm ) and then washed successively in 5% acetic acid
containing 50% methanol overnight and then pure acetonitrile for 5 min. Samples were dried in a
centrifugal concentrator under vacuum. For the reduction and alkylation of cystine residues, gel
pieces were incubated with 10 mM dithiothreitol (DTT) in 100 mM NH4HCOs3 for 30 min and then
with 100 mM iodoacetamide (IAA) in 100 mM NH4HCOs3 for 30 min at room temperature. The
gel pieces were dehydrated in pure acetonitrile for 5 min, reswollen in 100 mM NH4HCO3 for 5

min, dehydrated in acetonitrile again for 5 min, and then completely dried under vacuum. Finally,
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the alkylated protein in the gel pieces was digested with 50 pL of 0.01 mg/mL trypsin (Pierce) in
100 mM NH4HCO3 for 24 h at 37 °C. The supernatant of the tryptic digest was collected, and the
remaining tryptic peptides in gel pieces were extracted twice in 5% formic acid containing 50%
acetonitrile for 10 min with occasional gentle agitation. The supernatants were pooled, and the
volume was reduced to 5 L under vacuum. The final volume was adjusted to 10-20 pL by adding
1% acetic acid. Tryptic peptides were analyzed by LC-MS in total ion scan mode using an LCMS-
8040 (Shimadzu, Kyoto, Japan) equipped with an Inertsil ODS-3 column (2.1 mm x 250 mm). The
mass-to-charge ratio (m/z) of tryptic peptides in the samples, which were not observed in the blank,
were selected. Protein in gel was identified based on the m/z of its tryptic fragments using an open
access software MS-Fit (https://prospector.ucsf.edu/prospector/mshome.htm, University of
California, San Francisco, UCSF). For confirmation, the tryptic fragment peptides were sequenced
by LC-MS/MS in product ion scan mode at positive mode. Different collision energies were used
depending on the m/z of the precursor ions (-13 eV for m/z < 320, -15 eV for 320<m/z<400, -18
eV for 400<m/z<500, -22 and -24 eV for 500<m/z<600, -24 and -26 eV for 600<m/z<700. The

product ion fragments of each tryptic peptide were matched with the database via MS-Fit.
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2.3 Results

Fractionation of exopeptidases in crude extract of mucosa by chromatography
Exopeptidases in the crude extract of mucosa were fractionated based on their molecular size and
charge using SEC and AEC, respectively. Figure 2-1 shows the chromatogram of SEC. LAP is a
well-known mammalian exopeptidase, and prolidase activity was detected in a crude extract of
rats’ small intestinal mucosa (Chapter 1). Therefore, the activity of LAP and prolidase were
measured to determine the active fractions. The highest LAP and prolidase activities were observed
in a large peak after void volume (Peak A), while other peaks (B-G) show relatively low
exopeptidase activities. Furthermore, CH was digested with peaks A-G, and the peptides were
detected by LC-MS/MS in MRM mode, as used in Chapter 1. As shown in Figure 2-2, peak A
generated Pro-Hyp and other Hyp-containing peptides. The other peaks (B-G) did not generate
these Hyp-containing peptides, but Gly-Pro-Arg, Gly-Pro-Ala, and Gly-Pro-Ser were
predominantly detected; these peptides were present in CH before the digestion (Figure 1-1),
which also indicates that peak B-G has negligible exopeptidase activity. Figure 2-3 shows that Fr.
16 of peak A showed the highest LAP activity. Based on the elution volumes of standard proteins
obtained from the supplier, the molecular weight of Fr. 16 is estimated to be approximately 110

kDa. The exopeptidase in fraction 16 was identified in the subsequent section.
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Figure 2-1. Protein separation in crude extract of mucosa using size exclusion

chromatograph using Superdex 75 10/300 GL column

Peak A showed the highest exopeptidase activities and was selected for synthetic peptide digestion.
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As SEC could not resolve LAP and prolidase activities, proteins in the crude extract were

fractionated by anion exchange chromatography (AEC). The chromatogram of AEC, prolidase

activity, and LAP activity of each fraction are shown in Figure 2-4. Unlike the previous separation

using SEC, this technique successfully separated LAP and prolidase activities in the crude extract

of the mucosa. LAP activity was eluted in Fr. 11-13, while exopeptidase with prolidase activity

was eluted in Fr. 15-18. Thus, Fr.12 and Fr. 16 were selected for identification protein as these

fractions showed the highest enzyme activity for each type of exopeptidase.
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Figure 2-4. Separation of LAP and prolidase in crude mucosa extract using anion exchange

chromatography

Identification of exopeptidases in chromatographic fractions

SEC Fr. 16, AEC Fr. 12 and 16 were selected for protein identification. The proteins in
these fractions were further resolved by SDS-PAGE. SDS-PAGE patterns of SEC Fr. 15-18 are
shown in Figure 2-5. The protein bands with a molecular mass of around 100-140 kDa in SEC Fr.
16 with the highest LAP activity were selected, which are indicated by the arrows and alphabets
(a, b, and c). Fr. 15, 16, and 18 were used as comparison only as these fractions have lower LAP
activity. The selected protein bands were excised and digested using trypsin. For the blank, the

clear gel area was excised and digested in the same manner as the samples. Resultant tryptic
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peptides were resolved and detected by LC-MS in total ion scan mode over the ranges of m/z 240-
350, 350-450, 450-550, 550-650, 650-750, 750-900, and 900-1200. The total ion chromatograms
of tryptic digests of band a and blank band in Figure 2-5 are shown in Figure 2-6, and other
chromatograms of other bands are provided in Supplemental Figure S1. Peaks that were only
observed in the digest of the band a were selected and considered as tryptic peptides (Figure 2-6).
The protein in band a was estimated to be an aminopeptidase N (APN) (E.C. 3.4.11.2) based on
the m/z of the tryptic peptides using MS fit. APN is also reported to be identified in human small
intestine (Hiwada et al., 1981). Other bands were estimated to be structural proteins such as major
vault protein (b) and a-actinin 4 (c). MS-fit search results are provided in Supplemental Data S1-
S4. For confirmation, tryptic peptides in band a were subjected to LC-MS/MS in product ion scan
mode to identify the peptide sequences. The product ions of each tryptic peptide were then assigned
to the a, b, ¢, and x, y, z series of peptide fragments as defined by Papayannopoulos (1995) using
MS-fit. As shown in Figures 2-7, five tryptic peptide sequences were obtained and matched with
the sequence of aminopeptidase N, while negligible product ions were generated from the other 2
tryptic peptide peaks. These results confirmed that protein in the band a is aminopeptidase N, and
the alignment of these tryptic peptides with the aminopeptidase N sequence is shown in Figure 2-

8.
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Figure 2-5. SDS-PAGE of SEC Fr.15-18

The SEC Fr. 16 was selected as it showed the highest LAP activity, while Fr. 15, 17, and
18 were selected as the comparison fractions with less LAP activity. The gel was loaded
with 24 pL of each sample, electrophoresed, and stained by Coomassie Brilliant Blue G-
250. The arrows indicate the selected bands for further protein identification as they are

only observed in the Fr. 16 but not in other Frs.
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Figure 2-6. Total ion chromatograms of tryptic digest of the band a in SEC Fr. 16 and blank
Elution was monitored by total ion mode in the san ranges of m/z 240-350, 350-450, 450-550, 550-
650, 650-750, 750-900, and 900-1200. Twenty-three peaks were detected only in the digest of band

a, and the m/z of the peaks was used for protein prediction. The bands b and ¢ are provided in
Supplemental Figure S1.
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Figure 2-7. Peptide sequences of tryptic peptides from protein in the band a

Some precursor ions (m/z 451.0, 518.0, 595.4, 610.5, and 759.6), as shown in Figure 2-6, were
subjected to product ion scan. Sequences were estimated by the N-terminal (a, b, ¢), carboxy-
terminal ions (X, y, z), and internal ions. Internal ions are indicated by peptide sequence using a

one-letter abbreviation. M represents the molecular weight of the peptide.
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Figure 2-8. Alignment of sequences of tryptic peptides to the sequence of aminopeptidase N

(APN)

Lysyl and arginyl residues are highlighted by underline, of which the carboxyl side is potential

cleavage site by trypsin. Sequences of the tryptic peptides are highlighted in red.

Proteins in the AEC Fr. 12 and Fr. 16, which had the highest LAP and prolidase activities,

respectively, and Fr. 10 and Fr. 14, which had no activity, were resolved by SDS-PAGE as shown

in Figure 2-9. Six protein bands specifically observed in AEC Fr. 12 and Fr. 16 were selected and

marked with capital letters, as shown in Figure 2-9. The protein in each band was digested in the

same manner as for SEC fractions and then subjected to LC-MS in total ion scan mode. The total

ion chromatograms of tryptic peptides in band E are shown in Figure 2-10. The chromatograms of

other bands are provided in Supplemental Figure S2. As mentioned above, tryptic peptide peaks

were selected by comparing the sample bands with the blank band. Sixteen tryptic peptide peaks

and twenty-eight precursor ions of tryptic peptide were detected. Based on the m/z of tryptic

peptides, the protein in band E was estimated as rats Xaa-Pro dipeptidase (EC: 3.4.13.9), while

other protein bands were identified as structural proteins. The protein predictions for all protein
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bands in AEC fractions based on MS-Fit software are provided in Supplemental Data S5-S13. Xaa-

Pro dipeptidase has many alternative names, such as proline dipeptidase, prolidase, X-Pro

dipeptidase, peptidase D, or imidodipeptidase. Prolidase is selected to mention this enzyme in this

report.
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Figure 2-9. SDS-PAGE of AEC fractions
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Aliquots of AEC Fr. 12 and 16 with the highest LAP and prolidase activities were concentrated

and subjected to SDS-PAGE. Fr. 10 and 14 were selected as they eluted near Fr. 12 and 16 but

showed no LAP and prolidase activity.
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For confirmation, the tryptic peptides in band E were sequenced using LC-MS/MS in product
ion scan mode. The product ions of each tryptic peptide were assigned to the a, b, c, and x, y, z
series of peptide fragments, as previously mentioned. All the tryptic peptides in band E could be
sequenced, as shown in Figure 2-11. The summary of the sequence analysis of tryptic peptides
from protein in band E is shown in Table 2-1. Prolidase consists of 492 amino acid residues with
a molecular weight of 54,751 Da (UniProtKB Q5I0D7). All sequences of tryptic peptides can be

alligmented in the prolidase sequence (Figure 2-12).
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Figure 2-10. Total ion chromatograms of the typtic digest of band E and blank band
Elution was detcetd in total ion mode in the scan ranges of m/z 240-350, 350-450, 450-550, 550-
650, 650-750, 750-900, and 900-1200. Sixteen peaks were detected, and the m/z on peaks were

used for protein prediction using MS-Fit.
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Figure 2-11. Peptide sequences of tryptic peptides from protein in the band E
Eight precursor ions (m/z 400.3, 410.3, 467.8, 484.3, 505.9, 553.3, 562.4, and 612.9), as shown in

Figure 2-10, were subjected to product ion scan. Sequences were estimated by the N-terminal (a,

b, ¢) and carboxy terminal ions (x, y, z) and internal ions. Internal ions are indicated by peptide

sequence using one-letter abbreviation. M represents molecular weight of peptide.
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1 MASTVRPSFS  LGNETLKVPL

81 GCYGVIDVDT GKSTLFVPRL

161 ASFEGISKFT  VNNTILHPEI

YTCICCSGEN  AAVLHYGHAG
KPGVWWPDMH RLADRIHLEE

RHLEPGMVLT VEPGIYFIDH
GCDKALAPSG  PK

VECRVFKTDM
APNDRTIKDG

LTRIGLLSGS

LLDQALADPA

ALFALNRQRL CERLRKNGAV

PASYATWMGK THSKEHFKEK

ELEVLRYTNR

DICLFDMGGE

QACFFNQEVL

VDAMLQVHLG AVFMPHGLGH FLGLDVHDVG

QAGSAVVLQG GEEMQRYCTD

YAVDDVQYA
VDDVQ EIASVLTSRN

TSIIFRQESF

ISSEAHREVM KAVKVGMKEY

YYCFASDITC SFPANGKFTD

QRFRNFGGVR IEEDVVVTDS

FHWAFGVIES

PSVLLTLRGV NTDSGNVCRE
EMESLFQHYC YSKGGMRHTS
DQKAIYEAVL RSCRTVMSTM

GYPEGVERID EPGLRSLRTA

GMELLTCVPR TVEEIEACMA

Figure 2-12. Alignment of sequences of tryptic peptides to the sequence of prolidase (Xaa-

Pro dipeptidase)

Lysyl and arginyl residues are highlighted by underline, of which the carboxyl side is potential

cleavage site by trypsin. Sequences of the tryptic peptides identified in band E are highlighted in

red.

Table 2-1. The sequence of tryptic fragments of protein in band E of AEC Fr.16 compare to the

sequence from MS-Fit database

No. m/z m/z Start | End Modfications Sequence Sequence from

[M+2H'] | [M+H"] from MS-Fit database analysis

1 400.3 | 799.60 | 389 | 395 (R)IDEPGLR(S) IDEPGLR

2 4103 | 819.60 93 1 99 (K)STLFVPR(L) STLFVPR

3 467.8 | 934.60 | 304 | 311 (K)ATYEAVLR(S) AIYEAVLR

4 4843 | 967.60 | 160 | 168 (R)EASFEGISK(F) EASFEGISK

5 505.9 | 1010.80 | 336 | 343 (R)IHLEELTR(I) IHLEELTR

6 553.3 | 1105.60 | 188 | 196 (K)TDMELEVLR(Y) TDMELEVLR

7 561.4 | 1121.80 | 188 | 196 | Oxidation (K)TDMELEVLR(Y) TDMELEVLR

8 612.9 | 1224.80 | 100 | 110 (R)LPASYATWMGK(I) LPASYATWMGK

9 620.9 | 1240.80 | 100 | 110 | Oxidation (R)LPASYATWMGK(I) Not analyzed

10 638.5 | 1276.00 57| 66 (R)YC(Carbamidomethy)TDTSIIFR(Q) | Not analyzed

11 875.1 | 1749.20 1 17 | Met-losstAcetyl | (()MASTVRPSFSLGNETLK(V) Not analyzed
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Degradation of Gly-Pro and Pro-Hyp by partially purified mucosa exopeptidases

Synthetic Gly-Pro and Pro-Hyp were digested by partially purified mucosa exopeptidases
using SEC. Peak A (in Figure 2-1) showed the highest enzyme activities for both LAP and prolidase,
and thus, was used for Gly-Pro and Pro-Hyp digestion. In addition, Peak A is the only SEC fraction
that maintains the degradation activity as in the crude extract of mucosa (Figure 2-2). Gly-Pro was
completely degraded after 60 min, while only 15% of Pro-Hyp was degraded simultaneously, as
shown in Figure 2-13. LC-MS/MS analysis also confirmed the absence of Gly-Pro after 60 min

digestion (data not shown). On the other hand, Pro-Hyp remained even after 240 min digestion.

100 - s —= Gly-Pro

80 -

60 -

Pro-Hyp

Degradation (%)
IS
[}

O T T T T T T T T
0 30 60 90 120 150 180 210 240
Incubation time (min)

Figure 2-13. Degradation of synthetic Gly-Pro and Pro-Hyp by partially purified mucosa

exopeptidases
The degradation rate (%) was calculated by quantifying the liberated Pro from substrates. The

results are presented as the average of duplicate analysis.
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2.4 Discussion

In Chapter 1, in vitro digestion of CH by a combination of pancreatin and well-known
gastrointestinal exopeptidases, such as leucine aminopeptidase (LAP), carboxypeptidase A (CPA),
and aminopeptidase N (APN), generated Gly-Pro as the major peptides. Interestingly, CH digestion
using crude extract of small intestinal mucosa generated Pro-Hyp as the major peptide, while it
generated only negligible amounts of Gly-Pro. These results suggest the presence of prolidase in
the mucosa, as prolidase is reported to be able to cleave Xaa-Pro, where Xaa is any amino acid
residue (Aganga et al., 2021). Thus, Gly-Pro can be cleaved by prolidase. Prolidase is generally
considered a cytosolic metalloprotein enzyme essential for protein metabolism and collagen
turnover within cells. Even though its activity has been reported in many organs (Liu et al., 2007),
it remains unclear whether prolidase is secreted into the extracellular environment, even during
collagen and ECM remodeling (Aganga et al., 2021). The present study showed that only a
negligible amount of Gly-Pro was detected in the small intestinal lumen after oral administration
of CH in rats (Chapter 1, Figure 1-4. A). Furthermore, no significant increase of Gly-Pro in the
lumen was also observed after oral administration of synthetic Gly-Pro in rats (Wijanarti et al.,
2024 in press). The results indicate that prolidase is not only present in the cytosol of cells but also
secreted into the lumen and plays a crucial role in the digestion of small peptides.

At least 2 isoforms of prolidase (prolidase I and II) have been identified in rats and many
animals (Liu et al., 2007). In addition, some microorganisms produce prolidases (Aganga et al.,
2021). The origin of prolidase present in the small intestinal mucosa, however, remained unknown.

The present study demonstrates the presence of host (rat) prolidase I (EC.3.4.13.9) with amino
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peptidase N (EC. 3.4. 11.2) in small intestinal mucosa at the protein level. Prolidase I is considered
a key player in collagen degradation to liberate free Pro for extracellular matrix remodeling and
collagen resynthesis (Besio et al., 2013; Yu et al., 2012). The majority of research on prolidase
focuses on intracellular collagen metabolism. A new finding reported that prolidase was shown as
a ligand of epidermal growth factor receptor (EGFR) and stimulated downstream signaling protein
in the EGFR pathway (Yang et al., 2013; Baszanowska et al., 2021). This activation occurred only
when prolidase was present extracellularly. Since prolidase has no peptide signal, the presence of
prolidase in the extracellular matrix is still intriguing. However, it is plausible prolidase may be
released from damaged cells and tissue.

Furthermore, the roles of prolidase in cellular regulation, wound healing, and several
diseases have also been well-studied (Aganga et al., 2021). However, the knowledge of prolidase
function in food digestion is very limited. It has been reported that prolidase not only cleaves X-
Pro but also X-Hyp (Aganga et al., 2021). This study confirms that prolidase I in the small
intestinal mucosa cleaves both Gly-Pro and Pro-Hyp, but the degradation rate differs extensively.
Gly-Pro was rapidly degraded by prolidase I, while Pro-Hyp was slowly degraded and remained
after prolonged digestion. On the other hand, another main exopeptidase in the small intestinal
mucosa, aminopeptidase N, leaves Gly-Pro intact after CH digestion (Chapter 1), indicating that it
cannot cleave Gly-Pro. Taken together, prolidase I, rather than aminopeptidase N, plays a crucial
role in determining the bioavailability of collagen-derived peptides at the final digestion process

in the small intestinal mucosa.
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The presence of Pro in peptides has been assumed to be associated with resistance against
protease digestion (Markert et al., 2003). However, dipeptides with Pro at the amino terminus (Pro-
X) can be degraded by LAP and APN (Gu and Walling, 2000; Niven et al., 1995).
Carboxypeptidase A (CPA) cleaves amino acid residue at the carboxyl terminus of peptide except
for Pro, Asp, Glu, Arg, Lys, and Hyp (Laethem et al., 1996). Therefore, X-Pro dipeptides are
resistant to the above-mentioned exopeptidases but are preferentially cleaved by prolidase (Wilk
etal., 2017). These facts indicate that most small peptides, including Pro at the amino and carboxyl
terminus, are degraded by a combination of exopeptidases in the small intestinal mucosa. However,
several types of small peptides have been shown to increase significantly in blood plasma
following the ingestion of protein hydrolysates, such as Hyp-containing peptides, B-isopeptides,
and pyroglutamyl peptides (Asai et al., 2019; Ejima et al., 2019; Miyauchi et al., 2022). Hyp-
containing peptides consist of post-translational modified amino acid residue. Pyroglutamyl
peptides, B-isopeptides, and D-aspartyl peptides are generated from normal peptides by chemical
or enzymatical modifications. The unusual structure of the modified amino acids in the peptides

may interrupt the enzyme-substrate recognition, hindering the degradation of these peptides.

2.5 Conclusion
Prolidase I and aminopeptidase N were successfully identified in the crude extract of small
intestinal mucosa. Although prolidase is generally known as a cytosolic enzyme that acts within

cells, the present study revealed the presence of prolidase I activity in the small intestinal lumen.
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Prolidase I rapidly cleaves Gly-Pro but slowly Pro-Hyp, which can clarify why Hyp-containing
peptides increase in rats and human blood plasma after CH ingestion while Gly-Pro and other X-
Pro dipeptides do not. To the best of our knowledge, this study is the first report showing the role
of prolidase I in the lumen of the small intestine in determining the bioavailability of collagen-

derived peptides.
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Chapter 3

Enhancement of bioavailability of Pro-Hyp in rat by co-administration of collagen

hydrolysate (CH) with rice protein hydrolysate (RPH)

3.1 Introduction

The ingestion of CH has been clinically proven to exert many health benefits (Clark et al.,
2008; Inoue, et al., 2016; Sugihara et al., 2018). Pro-Hyp, a major food-derived collagen peptide
in blood, has been associated with the health benefits of CH. It has been reported that co-ingestion
of other protein hydrolysates and non-peptide compounds can impact the bioavailability of CH-
derived peptides, including Pro-Hyp. Iwasaki et al. (2020) reported that co-ingestion of collagen
peptides with yogurt increased the absorption of collagen-derived peptides into human blood
plasma. Co-administration of CH with other compounds also improved its health benefits. A
double-blind, randomized, placebo-controlled clinical trial showed that the co-ingestion of
collagen peptides with vitamins and other bioactive compounds such as chondroitin sulfate,
glucosamine, and so on significantly improved skin and joint conditions compared to only collagen
peptides (Czajka et al., 2018). There is an episode in China that consuming CH with RPH enhances
its efficacies on skin conditions better than consuming only CH. However, the mechanism of
improvement of the skin by coadministration of RPH with CH remains to be solved.

It has been reported that pyroglutamyl (pGlu) peptides significantly increased in the small
intestinal lumen of rats after ingestion of another RPH preparation (Miyauchi et al., 2022).

Furthermore, some studies also reported that pGlu-peptides exhibited some bioactivities such as
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hepatoprotective effect, anti-obesity, and improved immune barrier system in the small intestine
by increasing the host antimicrobial peptide, rattusin (Sato et al., 2013; Shirako et al., 2020;
Shirako et al., 2019). Even though only a few pGlu-peptides were absorbed into the blood plasma,
pGlu-peptides in the small intestinal lumen are stable and resist the degradation of digestive
enzymes (Miyauchi et al., 2022). The presence of pGlu-peptides in the lumen may interact with
exopeptidases in the small intestine and affect the peptide degradation. This chapter aimed to
elucidate the effects of co-administration of RPH with CH on the bioavailability of Pro-Hyp, a

major bioactive collagen peptide, in rats.

3.2 Materials and Methods

Protein hydrolysate
Collagen hydrolysate (CH, marine oligopeptide) and rice protein hydrolysate (RPH) were a kind

gift from the Japan Food Peptide Institute (Osaka, Japan).

Reagents

Acetonitrile (HPLC-grade), methanol, formic acid, and phosphate-buffered saline pH 7.4 (PBS,
10x) were purchased from Nacalai Tesque (Kyoto, Japan). Benzotriazole-1-yl-oxy-tris-
pyrrolidino-phosphonium hexafluorophosphate (PyBOP), 1-hydroxybenzotriazole (HOBt), 9-
fluorenylmethoxycarbonyl (Fmoc) amino acid derivatives, N-(fert-Butoxycarbonyl)-L-
pyroglutamic acid (Boc-pyroGlu), L-proline fert-butyl ester hydrochloride (H-Pro-OtBu-HCI), L-

leucine tert-butyl ester hydrochloride (H-Leu-OtBu-HCI), and L-glutamic acid fert-butyl ester
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hydrochloride (H-Glu-OtBu-HCI) were purchased from Watanabe Chemical Industries
(Hiroshima, Japan). 6-Aminoquinolyl-N-hydroxysccinimidyl carbamate (AccQ) was purchased
from Toronto Research Chemical (Toronto, ON, Canada). All other reagents were of analytical

grade or higher. Prolidase I from porcine kidney was purchased from Sigma Aldrich (St. Louise,

MO, USA).

Peptide synthesis
The pGlu-peptides were synthesized using an Fmoc strategy with a solid-phase automatic peptide

synthesizer (PSSM-8, Shimadzu), following the supplier's protocol described in Chapter 1.

Animal experiment

All the animals were treated and cared for according to the guidelines of the National Institutes of
Health (NIH) for experimental animals. All experimental procedures were approved by the Animal
Care Committee of the Louis Pasteur Center for Medical Research (Kyoto, Japan, approval number
20211). Five-week-old male Wistar/ST rats (120-140 g) were purchased from Japan SLC
(Shizuoka, Japan). The rats were acclimatized for one week with free access to a normal rodent
chow (solid type of certified diet MF; Oriental Yeast, Tokyo, Japan) and drinking water. The room
was kept at 22-24°C and 40-70% relative humidity, with a 12-hour light/dark cycle. After the
acclimatization period, rats were divided into a control group, collagen hydrolysate (CH), rice
protein hydrolysate (RPH), and co-administration of CH+RPH (CH+RPH) groups. The CH and

RPH groups were administered 300 pL of CH and RPH water solution at a dose of 200 mg/kg
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body weight, respectively. The CH+RPH group was administered the same volume of the mixture
of CH and RPH at a dose of 200 mg/kg body weight for each protein hydrolysate, while the control
group was administered the same volume of distilled water.

One hour after oral administration, small intestine and blood from the abdominal vena cava
were collected from rats under anesthesia using isoflurane inhalation. The inner content of the
small intestine was flushed with 10 mL of cold PBS and used as sample of the inner content of the
small intestine or lumen. Pieces of tissue (approximately 100 mg) were collected from the center
of the washed small intestine and cut into small pieces, then added with 100 pL of PBS and
homogenized in a Biomasher II (Nippi, Tokyo, Japan). The homogenate was mixed with 3 volumes
of ethanol and centrifuged at 13,000 xg for 10 min at 4°C. The supernatant was collected and used
as the small intestinal tissue extract for the following experiments. The blood was collected from
the abdominal vena cava using a heparinized syringe and centrifuged at 1,500 xg at 4°C for 10
min. The resultant plasma was mixed with three volumes of ethanol and centrifuged at 13,000 xg
for 10 min at 4°C. The supernatant was used as a plasma sample for the following experiments.
The food-derived peptides in the inner content of intestines (lumen), intestinal tissue, and blood
plasma were determined as described in the following subsection.

Crude extract of small intestinal mucosa was prepared from the same strain of rat by the
method described in Chapter 1. All experimental procedures were approved by the Animal Care
Committee of the Louis Pasteur Center for Medical Research (Kyoto, Japan, approval number

20231 and 20241).
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Determination of food-derived peptides after oral administration of CH and RPH

Aliquots (100 pL) of the ethanol-soluble fraction from the lumen were dried in a microcentrifuge
tube (1.5 mL) under vacuum. The residue was added with 20 pL of water, 60 uL. of 50 mM sodium
borate buffer, pH 8.8, and 20 pL of 0.3% AccQ-acetonitrile solution. The reaction was carried out
at 50°C for 10 min. The reactant was filtered using a Cosmonice filter and used to identify the
normal peptides with the amino group. The aliquots (10 pL) of the filtered lumen sample of CH
and RPH groups were injected into LC-MS/MS (LCMS 8040, Shimadzu). The AccQ derivatives
were resolved by the Inertsil ODS-3 column using a binary linear gradient using 0.1% formic acid
(solvent A) and 0.1% formic acid containing 80% acetonitrile (solvent B) at 0.2 mL/min. The
gradient program was as follows: 0—20 min, 0-30% B; 20-25 min, 30-100% B; 25-30 min, 100%
B; 30-30.1 min, 100-0% B, and 30.1-40 min, 0% B. The AccQ-derivatives (normal peptides)
were specifically detected by precursor ion scan at positive mode targeting AccQ-derived bl ion
with m/z = 171.1 in the scan ranges at m/z = 325-350, 350-375, 375-400, 400-450, and 450-500.
Pyroglutamyl peptides in the sample treated with AccQ were resolved by the same
chromatographic condition and detected by precursor ion scan targeting the immonium ion of
pyroglutamic acid with m/z=84.1 in the scan ranges at 100-200, 200-225, 225-250, 250-275,
275-300, 300-350, 350400, 400-500, and 500—1000. The precursor ions in major peaks were
further subjected to product ion scan with collision energy at -15, -25, and -35 eV to estimate
peptide sequences. The estimated peptides were synthesized as described in Chapter 1 and in a
previous study (Shirako et al., 2020) and used as external standards for the quantification of food-

derived peptides. The content of each peptide was determined in multi-reaction monitoring (MRM)
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in positive ion mode. The elution program was as follows: 0-15 min, 0-50% B; 15-20 min, 50-
100% B; 20-25 min, 100% B; and 25-35 min, 0% B. MRM conditions were optimized by a

LabSolutions LCMS Ver. 5.5 (Shimadzu) using the synthetic peptides.

The effect of RPH and pGlu peptides on Pro-Hyp degradation

Aliquots (40 pL) of 1% Pro-Hyp solution in PBS were mixed with 40 uL of crude extract of
mucosa and 320 uL of RPH solution to yield a final concentration of 0.5%, 2.5%, and 5% of RPH.
For the control, Pro-Hyp was digested without the addition of RPH. The digestion was carried out
at 37 °C. Aliquots (50 uL) were withdrawn at 0, 30, 60, 120, and 180 min of incubation and mixed
with 3 volumes of ethanol. The content of free Hyp was quantified by the method of Bidlingmeyer
et al. (1984) with modifications (Miyauchi et al., 2022). The degradation (%) was calculated using
the following equation.

Pro-Hyp degradation rate (%) = (free Hyp content in the supernatant /Pro-Hyp content before
digestion x 100%

The mixture of pGlu-peptides consisted of the same concentration of pGlu-Leu, pGlu-Glu, and
pGlu-Pro. Aliquots (90 uL) of 1 mM Pro-Hyp solution in PBS were mixed with 90 puL of pGlu
mixture and 20 pL of the crude extract of mucosa. The final concentration of each pGlu peptide
was set to 150 and 450 pM. For the control, Pro-Hyp was digested without the addition of pGlu
peptides by adding 90 puL of PBS instead of the pGlu mixture solution. The final concentration of

Pro-Hyp was 450 uM. The reaction was carried out at 37 °C. Aliquots (50 pL) were collected at 0,
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30, 60, 120, and 240 min and mixed with 3 volumes of ethanol. The content of free Hyp was
determined using the same method described above.

Aliquots (20 pL) of 250 uM Pro-Hyp were mixed with 25 pL of each pGlu peptide (1 mM)
and 5 pL of crude extract of mucosa. The reaction was carried out at 37 °C and mixed with 3
volumes of ethanol to terminate the peptidase reaction. The content of the released Hyp was
measured.

The type of enzyme inhibition was investigated using different concentrations of substrate
and inhibitor, following a method in a recent review (Smirnoviene et al., 2021). The inhibition of
prolidase by pGlu-Pro was performed in a total volume of 100 pL with 3 concentrations of inhibitor,
0, 250, and 500 uM pGlu-Pro. First, 10 uL of prolidase (0.05 U) was mixed with 40 uL of 625 or
1250 uM pGlu-Pro as an inhibitor to obtain final concentrations of 250 and 500 uM, respectively.
For no inhibitor treatment, 40 pL of PBS was added instead of pGlu-Pro solution. Each type of
treatment was prepared in 7 microcentrifuge tubes. The mixtures were incubated at 37°C for 20
min. Then, 50 pL of Pro-Hyp solutions as substrate were added to obtain the final concentration
of 5, 25, 50, 100, 200, 400, and 500 uM. The reaction was carried out at 37°C for 20 min and
terminated by adding 3 volumes of ethanol. After centrifugation at 130,000 xg for 5 min, the
supernatant was collected, and the content of released Hyp was determined using the same method

described above.
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Statistical Analysis

The data were analyzed using SPSS version 28 (IBM, New York, NY, USA). The student’s t-test
was used to determine the difference between the means of the two groups. One-way ANOVA with
Tukey post hoc test was used to compare more than two groups. A p-value less than 0.05 was

considered a significant difference.

3.2 Results

Determination of CH- and RPH-derived peptides in the small intestinal lumen

Food-derived peptides present in the lumen 60 min after oral administration of CH and RPH at a
dose of 200 mg/kg body weight were detected and identified by LC-MS/MS in precursor ion and
product ion scan modes. The mass chromatograms of precursor ion scans targeting pGlu residues
(m/z 84.1) and AccQ-derived bl ion (m/z 171.1) after oral administration of CH and RPH are
shown in Figures 3-1. After CH administration, many peaks of AccQ-derivatives peptides (normal
peptides with the amino group) were detected (numbers 13-37), while fewer peaks of pyroglutamyl
peptides (numbers 1-12) were observed with prominent peaks of Lys, Glu, and Gln (Figure 3-1 A),
as these amino acids also generated immonium ions of m/z 84. The major peaks were selected and
sequenced to estimate the structure of peptides. Among the normal peptide peaks detected in the
lumen, peak number 16 was the major one and identified as AccQ-Pro-Hyp based on m/z of product
ions. The summary of estimated food-derived peptides after CH administration is shown in

supplemental Tables S2 and S3.
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As shown in Figure 3-1 B, many peaks of pyroglutamyl peptides (a-q) were detected in the
lumen with high intensity 60 min after the administration of RPH. On the other hand, only small
peaks of normal peptides (t-ab) were detected. These results indicate that pyroglutamyl peptides
are predominantly generated in the lumen after RPH administration. The identified RPH-derived

peptides in the lumen are listed in Supplemental Tables S4 and S5.

Contents of food-derived peptides in the lumen, intestinal tissue, and blood

All the estimated collagen peptides in the lumen and the peptides previously identified in Chapter
1 were quantified by LC-MS/MS in multi-reaction (MRM) mode. After administration of CH only,
Pro-Hyp and many other Hyp-containing peptides significantly increased in the lumen of the small
intestine (Figure 3-2. A). Pro-Hyp was the major collagen-derived peptide, while other Hyp-
containing peptides were at lower levels. Some dipeptides with Pro at the carboxyl terminus (X-
Pro), such as Gly-Pro, Pro-Pro, and Asp-Pro, were detected in the lumen after administration of
CH. However, their contents were considerably lower than those of Hyp-containing peptides. In
the small intestinal tissue, only some Hyp-containing peptides, including Pro-Hyp, Hyp-Gly, Gly-
Pro-Hyp, Leu-Hyp, Phe-Hyp, Ala-Hyp, and Ile-Hyp, significantly increased after the
administration (Figure 3-2. B). In blood plasma, Pro-Hyp content and other Hyp-peptides did not
change substantially after the oral administration of CH at this dose (Figure 3-2. C). Pyroglutamyl
peptides also did not change in the rat lumen (Figure 3-3. A), intestinal tissue (Figure 3-3. B), and

blood plasma (Figure 3-3. C) after administration of CH.
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Administration of RPH only did not impact Hyp-containing and X-Pro peptides in the lumen,
as RPH does not contain Hyp-containing peptides (Figure 3-2. A). Similar results were observed
in intestinal tissue (Figure 3-2. B) and blood plasma (Figure 3-2. C). On the other hand, pGlu-
peptides including pGlu-Leu, pGlu-Val, pGlu-Gln, pGlu-Glu, pGlu-Lys, pGlu-Phe, pGlu-Ile, and
pGlu-Ala significantly increased in the lumen (Figure 3-3. A) and intestinal tissue (Figure 3-3. B).
However, only hydrophobic pyroglutamyl (pGlu) peptides such as pGlu-Leu and pGlu-Val
significantly but slightly increased in blood plasma, while other pGlu-peptides remained
unchanged (Figure 3-3. C).

Co-administration of RPH with CH did not change the profile of collagen-derived peptides
in the lumen (Figure 3-2. A) but slightly increased the content of Pro-Hyp and other Hyp-peptides,
including Hyp-Gly, Phe-Hyp, Leu-Hyp, Pro-Hyp-Gly, and Gly-Pro-Hyp in the intestinal tissue
(Figure 3-2. B). Interestingly, Pro-Hyp content increased by 1 uM in the blood plasma of the
CH+RPH group after oral administration compared to other groups (Figure 3-2. C). However, no
significant increase in Pro-Hyp and other Hyp-containing peptides was observed, except for Hyp-
Gly. Co-administration of RPH with CH did not change the profile of pGlu-peptides in the lumen
of the small intestine (Figure 3-3. A). However, the content of some pGlu-peptides such as pGlu-
Leu, pGlu-Val, and pGlu-Gln significantly decreased in the intestinal tissue of the CH+RPH group
compared to the RPH group (Figure 3-3. B), and only pGlu-Leu, pGlu-Val, and pGlu-Met
significantly increased in blood plasma of CH+RPH group but pGlu-Leu levels were lower than

those in RPH group.
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A. Collagen-derived peptides in the lumen
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Figure 3-1. Mass spectrometry chromatograms in precursor ion scan mode targeting
immonium ion of pGlu residue and AccQ-derived bl ion of contents in the rat small
intestinal lumen after oral administration of (A) CH and (B)RPH

The AccQ-derivatives (normal peptides) were specifically detected by precursor ion scan at
positive mode targeting AccQ-derived bl ion with m/z = 171.1. Pyroglutamyl peptides were
detected by precursor ion scan targeting the immonium ion of pyroglutamic acid with m/z=84.1.
The peptide peaks are indicated with alphabetic and the amino acids with three-letter
abbreviations. The peptide peaks are indicated with numbers and the amino acids with three-
letter abbreviations. In addition to pE, Lys, Glu, Gln residues also generated immonium ion of
m/z 84.
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Figure 3-2. Food-derived peptides with amino group (A) in the lumen of the small intestine,
(B) intestinal tissue, and (C) blood plasma of rats 1 h after oral administration of CH, RPH,
and co-administration of CH+RPH

After ingestion of CH, many Hyp-peptides increased in the lumen of the small intestine, with the
predominant constituent being Pro-Hyp (PO). Asterisks indicate a significant difference (One-way
ANOVA, post hoc Tukey, *p<0.05). Peptides are designated by one letter abbreviation of amino
acid. O represents hydroxyproline (Hyp). The full-page graphs are provided in the Supplemental
Figure S3-S5.
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Figure 3-3. Pyroglutamyl peptides (A) in the lumen of the small intestine, (B) intestinal tissue,
and (C) blood plasma of rats 1 h after ingestion of CH, RPH, and co-administration of
CH+RPH

The ingestion of CH did not significantly increase pyroGlu-peptides in the lumen, while the
ingestion of RPH significantly increased these peptides. Asterisks indicate a significant difference
from the control (One-way ANOVA, post hoc Tukey, *p<0.05). pE represents pyroglutamyl

residue. Refer to the legend of Figure 3-2 for other abbreviations.
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Inhibition of degradation of Pro-Hyp with intestinal mucosa exopeptidases by RPH and
pGlu-peptides

The addition of RPH at a final concentration of 0.5%, 5 times higher concentration of Pro-Hyp,
significantly inhibited degradation of Pro-Hyp by the crude extract of intestinal mucosa compared
to the control. Increasing the concentration of RPH to 2.5% and 5% completely inhibited the
degradation of Pro-Hyp even after 180 min (Figure 3-4). Furthermore, a mixture of the same
concentration of pGlu-Pro, pGlu-Glu, and pGlu-Leu inhibited the degradation of Pro-Hyp by crude
extract of small intestinal mucosa at two doses (Figure 3-5). Single-pGlu peptides, which increased
in lumen after the administration of RPH, were checked for their inhibitory activity at the substrate-
to-inhibitor ratio of 1:1. Among them, only pGlu-Pro significantly inhibited degradation of the

Pro-Hyp (Figure 3-6).

Type of enzyme inhibition of prolidase by pGlu-Pro

The type of inhibition of prolidase on hydrolyzing Pro-Hyp by pGlu-Pro was evaluated. The
Lineweaver-Burk plot of prolidase inhibition by pGlu-Pro is shown in Figure 3-7. No dose
response was observed between 250 and 500 uM of pGlu-Pro. The addition of pGlu-Pro decreased
Vmax from 0.18 pM/min without inhibitor to 0.12 and 0.13 pM/min for 250 and 500 pM pGlu-
Pro, respectively. Unexpectedly, Km decreased from 117.60 uM without inhibitor to 80.75 and

81.89 uM for 250 and 500 uM pGlu-Pro, respectively.
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Figure 3-4. Suppression of the degradation of Pro-Hyp by crude extract of the small intestinal
mucosa by different concentrations of RPH

Pro-Hyp was degraded by exopeptidase in crude extract of the mucosa into free Hyp and Pro during
in vitro digestion. The degradation rate was calculated by dividing the free Hyp content in the
supernatant after digestion by the total Pro-Hyp content before digestion.

One Way ANOVA, post hoc Tukey, p<0.05.
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Figure 3-5. The mixture of pGlu-peptides solution decreased the degradation of Pro-Hyp
Pro-Hyp was mixed with the mixture of pGlu-peptide at 1:0.3 and 1:1 in molar ratio and incubated
at 37°C. The contents of free Hyp were measured at 0, 30, 60, 120, and 240 min. One Way ANOVA,
post hoc Tukey, p<0.05.
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Figure 3-6. The effect of single pGlu peptide addition on the degradation of Pro-Hyp

Pro-Hyp was mixed with a single pGlu-peptide at a molar ratio of 1:5 and digested with the crude
extract of mucosa. The used single pGlu-peptides are pGlu-Glu (pEE), pGlu-Pro (pEP), pGlu-Leu
(pEL), and pGlu-Lys (pEK). The reaction was carried out at 37°C for 30 min. The asterisk indicated

a significant difference compared to the control (Student #-test, *p<0.05).
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Figure 3-7 The Lineweaver-Burk plot of inhibition of prolidase by pGlu-Pro

Prolidase activity on hydrolyzing Pro-Hyp with and without adding pGlu-Pro as an inhibitor.
Prolidase was incubated with 0, 250, and 500 uM pGlu-Pro at 37°C for 20 min. Then, Pro-Hyp
was added at final concentrations of 5, 50, 100, 200, 400, and 500 uM and further incubated at the
same condition. The addition of pGlu-Pro decreased both the maximum velocity (Vmax) and the

affinity for the substrate.
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3.4 Discussion
Asai et al. (2019) demonstrated that Pro-Hyp significantly increased to approximately 25 pM in
human blood plasma 60 min after ingestion of 13 g of CH, a different preparation from the CH
used in the present study. However, in rats, Pro-Hyp and other CH-derived peptides did not
significantly increase in blood plasma even after ingestion of CH at an equivalent dose (Figure 3-
2. C). Interestingly, although no significant difference was observed, CH co-administered with
RPH at the same dose increased Pro-Hyp by 1 uM in the rat blood plasma. When CH was
administered alone, a higher dose (800 mg/kg body weight) was necessary to increase Pro-Hyp
significantly in the rat blood plasma (Chapter 1, Figure 1-4). This finding shows that the co-
administration of CH with RPH improves the bioavailability of Pro-Hyp, the major collagen-
derived peptide that has been associated with the health benefits of CH (Inoue et al., 2016; Jimi et
al., 2021; Sugihara et al., 2018). After the administration of RPH, pGlu peptides, such as pGlu-
Leu, pGlu-Val, pGlu-Ala, pGlu-Phe, pGlu-Tyr, pGlu-Glu, and pGlu-Lys, significantly increased in
the small intestinal lumen of rats.

pGlu can be derived from glutamine, which is rich in rice protein, with condensation
between the amino group at the alpha position and a side chain in water. Peptides with a glutaminyl
residue at the amino-terminal position can be converted to pyroglutamyl peptide. The formation
of pGlu-peptide is irreversible and proceeds even in low temperatures, and is favored by heating
(Sato et al., 1998). Pyroglutamyl peptides are widely identified in various enzymatic hydrolysates
of food proteins and fermented food (Ejima et al., 2018; Kiyono et al., 2013; Shirako et al., 2020;

Kiyono et al., 2016; Paolella et al., 2018), as well as exhibiting various health benefits (Shirako et
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al., 2019; Kiyono et al., 2013; Kiyono et al., 2016). It has been reported that several pGlu-peptides
derived from rice protein hydrolysate resist peptidases in the small intestine and can be absorbed
as peptides into the rat blood plasma after oral administration (Miyauchi et al., 2022).
Pyroglutamyl peptides were predominantly detected in the lumen, but only negligible amounts of
normal peptides were detected, indicating that most of the normal peptides were hydrolyzed into
amino acids by peptidases in the small intestine. In this chapter, the food-derived peptides after
RPH oral administration showed similar results.

In the co-administration of RPH with CH, both Hyp-peptides and pGlu-peptides
significantly increased in the lumen after oral administration. As mentioned above, the content of
Pro-Hyp in small intestinal tissue increased considerably in the CH+RPH group. These results
suggested that pGlu-peptides, the food-derived peptides in the lumen after RPH oral administration,
can improve Pro-Hyp bioavailability. Iwasaki et al. (2020) reported that co-ingestion of collagen
peptides with yogurt increased the short-chain Hyp-peptides in human blood plasma. In addition
to the increasing short-chain Hyp-peptides via fermentation, yogurt matrices containing milk-
derived peptides may influence the absorption of collagen peptides into the human blood plasma.
Combining collagen peptides with vitamins and other bioactive compounds also enhanced
collagen efficacy in improving skin elasticity and joint conditions (Czajka et al., 2018). However,
the mechanism of improvement of the bioavailability of collagen peptides by non-collagen-derived
peptides has not been discussed.

To address this problem, the effects of RPH-derived peptides on Pro-Hyp degradation were

evaluated using a crude extract of mucosa prepared from the small intestine of rats. It was found
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that the addition of RPH reduced the Pro-Hyp degradation in a dose-dependent manner. The
degradation of Pro-Hyp was inhibited entirely with the addition of RPH at a final concentration of
2.5% (Figure 3-5). This result indicates that RPH can inhibit Pro-Hyp degradation by peptidases
in the small intestine. To identify peptides responsible for the inhibition of the degradation of Pro-
Hyp with peptidases in the small intestinal mucosa, a mixture of RPH-derived peptides, including
pGlu-Pro, pGlu-Glu, and pGlu-Leu was checked for their inhibitory activities. The best inhibition
was obtained with a substrate-inhibitor ratio of 1:1, which is the similar ratio of Pro-Hyp to pGlu-
peptides in the lumen of CH+RPH group. Among the other peptides, pGlu-Pro showed significant
inhibition in Pro-Hyp degradation by crude extract of mucosa peptidases.

It has been reported that prolidase is a crucial enzyme for cleaving X-Pro dipeptides, and
later, it is also reported to cleave X-Hyp dipeptides (Aganga et al., 2021; present study Chapter 2).
Therefore, inhibition of prolidase on hydrolyzing Pro-Hyp by pGlu-Pro was examined. The results
showed that pGlu-Pro reduced Km, indicating the increase of prolidase affinity for the substrate.
Furthermore, pGlu-Pro slightly reduced Vmax, resulting in a non-parallel Lineweaver-Burk plot
between inhibited and non-inhibited lines (Figure 3-7). The decrease of the Michaelis constant
(Km) and the maximum reaction rate (Vmax) are the characteristics of the uncompetitive inhibition
type. The conventional uncompetitive inhibitor specifically binds to the enzyme-substrate complex
(Herries, 1976) and stabilizes the complex. It effectively increases the enzyme affinity for the
substrate but makes the enzyme less available to catalyze the reaction, which causes a lower Vmax.
The uncompetitive inhibition strategy is used in pharmacological and biological intervention

(Ahmed et al., 2019). It is an effective and selective means of recognizing the enzyme-substrate
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complex instead of free enzymes, as in competitive inhibition. pGlu-Pro has no positive charge as
the amino group is blocked, making it possible to bind to enzyme-substrate basic sites, thus
changing the conformation of the enzyme, increasing the affinity of prolidase to the substrate but
decreasing the catalytic activity. The mechanism of inhibition of pyroglutamyl peptides on other

small intestinal mucosa exopeptidases requires investigation in future works to support this finding.

3.5 Conclusion

The co-administration of CH with RPH enhanced the bioavailability of Pro-Hyp in the rat blood
plasma at a low dose of CH administration (200 mg/kg body weight). Pyroglutamyl (pGlu)
peptides, which are derived from RPH, can inhibit the degradation of Pro-Hyp during intestinal
mucosa digestion. Further investigation of the inhibition mechanism of pGlu-peptides is required

to support this finding.
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Conclusion and Future Prospect

Food-derived peptides after the ingestion of CH and their health benefits have been well
studied. The bioavailability of food-derived peptides is crucial for exerting health benefits in vivo.
However, the crucial determining factors of bioavailability have not been fully understood. In this
study, a novel in vitro digestion method using crude extract of small intestinal mucosa was
established. Prolidase I and aminopeptidase N were identified in the crude extract of mucosa. This
method generated a similar peptide profile to that in rat blood plasma and lumen upon ingestion
of CH and RPH. Prolidase is responsible for the final degradation of X-Pro and X-Hyp dipeptides,
which other exopeptidases could not degrade. The absence of prolidase led to a high portion of
Gly-Pro or other X-Pro peptides after in vitro digestion, causing inconsistent results with in vivo
digestion. Prolidase has been considered to be present in the cytosol. However, food-derived X-
Pro peptides, including Gly-Pro, are extensively degraded in the intestinal lumen. Thus, it can be
concluded that prolidase I is secreted into the lumen and plays a crucial role in the digestion of
food-derived peptides in the lumen. Even though Pro-Hyp can also be degraded by prolidase in
the crude extract of mucosa, the degradation rate is much lower compared to Gly-Pro. These
findings can clarify the reason why Pro-Hyp significantly increases in human and rat blood plasma
after ingestion of CH, while Gly-Pro does not, even though both can be derived from the same
Gly-Pro-Hyp-Gly motif in collagen. Furthermore, the bioavailability of Pro-Hyp was enhanced by
the co-administration of CH with RPH. Pyroglutamyl peptides, the food-derived peptides after oral
administration of RPH, suppressed the degradation of Pro-Hyp by intestinal mucosa exopeptidases.

Investigation of the type of inhibition of exopeptidases in the crude mucosa by pyroglutamyl
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peptides is necessary for future work to support these findings. In addition, a comprehensive
identification of the enzymes involved in peptide degradation, including endoproteinases and
exopeptidases, can provide valuable knowledge to establish a robust in vitro digestion method that

can be used to predict food-derived peptides, not only for CH.
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Supplemental Table S1. Estimated peptides in collagen hydrolysate (CH) before digestion.

Precursor MW Estimated sequence Estimated Product Ion (m/z)
ion (m/z) (3 letter) sequence
(1 letter)
132.1 131.1 Ile I 30.3,44.2, 69.1, 86.1 (*Ile), 132.2 (y1)
132.1 131.1 Leu L 30.3,44.2, 86.1 (*Leu), 132.3 (y1)
166.0 165.0 Phe F 120.1 (*Phe), 166.1 (y1)
182.1 181.1 Tyr Y 65.1,77.1,91.1, 107.0, 119.0, 136.1 (*Tyr), 165.0, 182.0 (y1)
189.1 188.1 Ala-Val AV 22.2,44.3 (*Ala), 72.2 (*Val), 118.0 (y1), 143.2, 189.0 (y2)
189.1 188.1 Leu-Gly LG 30.3 (*Gly), 43.3, 44.2, 86.1 (*Leu), 189.0 (y2)
189.1 188.1 Gly-Leu GL 30.3 (*Gly), 44.2, 86.1 (*Leu), 132.2 (y1), 189.0 (y2)
203.1 202.1 Ile-Ala 1A 30.2,44.2,69.2, 86.1 (*Ile)
203.1 202.1 Leu-Ala LA 30.4, 44.3 (*Ala), 86.1 (*Leu)
203.1 202.1 Ala-Leu AL 30.1, 44.3 (*Ala), 86.1 (*leu), 132.1 (y1)
205.1 204.1 Trp W 159.1 (*Trp), 205.1 (y1)
207.1 206.1 Phe-ACN F- 77.1,79.2,103.1, 120.0 (*Phe), 166.1 (y1)
acetonitrile
214.6 213.6 Val-Pro VP 41.9, 55.3,70.2 (*Pro), 72.2 (*Val), 73.1, 86.0, 116.2 (y1), 129.2, 215.0 (y2)
217.1 216.1 Val-Val \'A% 55.1,72.2 (*Val), 118.0 (y1), 217.0 (y2)
219.1 218.1 Val-Thr VT 29.5,43.4,55.2,71.8 (*Val), 74.2 (Thr), 84.2, 101.9, 120.4 (y1)
219.1 218.1 Ser-Leu SL 330.5,42.3, 60.1, 86.1 (*Leu), 132.0 (y1), 219.0 (y2)
223.1 222.1 Gly-Phe GF 30.1 (*Gly), 103.1, 120.1 (*Phe), 166.1 (y1)
231.1 230.1 Val-Ile VI 30.4 (*Gly), 44.3 (*Ala), 69.2, 72.1 (*Val), 86.2 (*1le)
231.1 230.1 Val-Leu VL 30.4 (*Gly), 44.3 (*Ala), 69.2, 86.2 (*Leu)
233.1 232.1 Leu-Thr LT 30.6, 44.3 (*Ala), 55.8, 86.2 (*Leu), 119.8 (y1), 152.1
233.1 232.1 Thr-Leu TL 29.2,56.3, 74.2 (*Thr), 86.1 (*Leu), 132.1 (y1), 233.1 (y2)
243.1 242.1 pGlu-Leu pEL 30.7,41.3, 56.3, 84.1 (*pE), 86.2 (*Leu), 142.0, 197.1
244.1 243.1 Gly-Pro-Ala GPA 30.1 (*Gly), 70.1 (*Pro), 127.1, 155.0 (b2), 187.0 (y2), 226.9, 244.0 (y3)
245.1 2441 Ile-Ile II 30.3,41.3, 44.3, 69.1, 86.2 (*Ile/Leu), 131.9 (y1)
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Precursor MW Estimated sequence Estimated Product Ion (m/z)
ion (m/z) (3 letter) sequence
(1 letter)

245.1 2441 Leu-Leu LL 30.3,41.3, 44.3, 86.2 (*Ile/Leu), 131.9 (y1)

249.1 248.1 Val-Met VM 55.2,72.1 (*Val), 104.1 (*Met), 133.1, 150.0 (y1)

260.1 259.1 Gln-Ile QI 30.5,44.2,69.2, 84.0, 86.1 (*1le), 101.1 (*Gln), 130.0, 147.1 (y1), 243.2, 260.0
(y2)

260.1 259.1 GlIn-Leu QL 30.5,44.2, 84.0, 86.1 (*Leu), 101.1 (*Gln), 130.0, 147.1 (y1), 243.2, 260.0 (y2)

261.1 260.1 pGlu-Met pEM 55.9,61.2, 84.1 (pE), 87.0, 101.8, 104.2 (*Met), 130.3, 149.6 (y1), 167.2, 212.8,
261.1 (y2)

263.1 262.1 Ile-Met M 30.5,44.2, 69.1, 86.2 (*1le), 104.2 (*Met), 133.2, 150.0 (y1), 263.0 (y2)

263.1 262.1 Leu-Met LM 30.4,44.1,70.1, 86.2 (*Leu), 103.9 (*Met), 133.2, 149.9 (y1), 262.9 (y2)

265.1 264.1 Phe-Val FV 71.9 (*Val), 103.2, 118.1 (y1), 120.0 (*Phe), 137.1

265.1 264.1 Val-Phe VF 55.1,72.1 (*Val), 102.8, 120.1 (*Phe), 166.0 (y1), 264.9 (y2)

267.1 266.1 Phe-Thr FT 56.3, 74.1 (*Met), 77.2, 103.1, 120.0 (*Phe or y1)

277.1 276.1 pGlu-Phe pEF 41.2, 84.2 (*pGlu), 119.9 (*Phe), 165.1 (y1), 230.8, 277.2 (y2)

279.1 278.1 Glu-Met EM 44.2,56.1, 84.1, 86.1, 102.2, 104.1, 129.8, 132.9, 150.1, 167.1, 213.1, 214.9,
237.9,242.8,261.1,279.2

279.1 278.1 Ile-Phe IF 30.6,41.4,44.3, 69.1, 86.2 (*1le), 103.2, 120.2 (*Phe), 166.0 (y1), 279.0 (y2)

279.1 278.1 Phe-Leu FL 30.5, 86.1 (*Leu), 103.1, 120.1 (*Phe), 279.0 (y2)

279.1 278.1 Leu-Phe LF 30.3, 44.0, 86.2 (*Leu), 103.2, 120.2 (*Phe), 166.0 (y1), 279.0 (y2)

281.1 280.1 Val-Tyr VY 55.2,72.1 (*Val), 91.2, 136.0 (*Tyr), 164.7, 182.0 (*Tyr)

286.1 285.1 Gly-Pro-Hyp GPO 30.5,70.2,116.1 (y1), 127.1, 131.1 (y1), 155.1 (b2), 229.1 (y2), 286.0 (y3)

293.1 292.1 pGlu-Tyr pEY 56.3, 83.9 (*pGlu), 90.8, 119.2, 122.7, 136.3 (*Tyr), 147.4, 181.9 (y1), 202.1,
247.0,292.8 (y2)

294.1 293.1 Phe-GIn FQ 84.1, 93.0, 100.9 (*Gln), 103.0, 120.1 (*Phe), 130.0, 147 (y1).0, 165.0, 242.2,
277.0,294.0 (y2)

295.1 294.1 Glu-Phe EF 41.2,56.2,84.0,103.1, 120.1 (*Phe), 130.1, 166.0 (y1), 185.8, 231.2,277.0

295.1 294.1 Tyr-Leu or Leu-Tyr YLorLY 30.9,73.8 (*Thr), 85.9 (*Leu), 91.0, 118.8, 136.1 (*Tyr), 220.8, 235.0, 248.9,
278.1,294.9 (y2)

297.1 296.1 Phe-Met FM 56.2,84.1,103.0, 120.1 (*Phe), 133.1, 150.0 (y1), 251.0, 297.0 (y2)

304.1 303.1 Gly-Pro-Met GPM 70.2, 86.1, 104.2 (*Met), 127.1, 150.0 (y1), 154.9, 247.1, 286.8 (y2), 304.0 (y3)
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Precursor MW Estimated sequence Estimated Product Ion (m/z)
ion (m/z) (3 letter) sequence
(1 letter)

309.7 308.7 Phe-Ser-Gly FSG 60.1 (*Ser), 103.1, 120.1 (*Phe), 162.9, 207.0, 235.0, 291.9, 309.9 (y3)

315.1 314.1 Ala-Gly-Pro-Ala AGPA 44.5,70.2 (*Pro), 127.0, 155.2, 155.2, 187.1 (y2), 226.0 (b3), 244.1 (y3), 315.0
(v4)

329.1 328.1 Gly-Pro-Arg GPR 30.1 (Gly), 60.1, 70.2 (*Pro), 116.2 (y1), 126.9, 175.1 (y1), 215.2, 255.0 (b2),
293.0, 329.0 (y3)

357.2 356.2 Ala-Pro-Val-Ala APVA 44.6,69.9,72.4, 126.9, 158.9, 234.8, 249.4, 277.8, 357.4

357.2 356.2 Ile-Gly-Pro-Ala IGPA 70.3, 86.3, 127.0, 155.0, 173.0, 186.8, 357.0

357.2 356.2 Leu-Gly-Pro-Ala LGPA 70.2, 86.1, 127.2, 155.0, 173.0, 187.1, 357.0

373.2 372.2 Hyp-Gly-Pro-Ser OGPS 70.3, 86.2, 127.0, 154.9, 202.7 (y2), 241.9, 241.9, 260.0, 372.9 (y4)

383.2 382.2 Pro-Leu-Gly-Pro PLGP 70.2 (*Pro), 172.9 (y2)

388.1 387.1 Gly-Pro-Ser-Gly-Ala GPSGA 30.1, 60.4, 70.2, 86.4, 126.8, 154.9, 170.8, 260.0 (b3), 387.8 (y5)

393.1 392.1 Gly-Phe-Hyp-Gly GFOG 86.2, 120.1, 188.9 (y2)

398.2 397.2 Pro-GIn-Gly-Pro PQGP 70.2 (*Pro), 116.2 (y1), 127.2, 155.0, 172.8, 226.0, 254.9 (y3), 285.0 (b3),
379.9, 397.6 (y4)

400.2 399.2 Val-Gly-Pro-Gln VGPQ 70.3,72.1, 84.1, 100.7, 127.0, 147.1, 154.9, 243.8 (y2), 301.1 (y3), 400.0 (y4)

401.0 400.0 Pro-Gly-Pro-Met PGPM 70.2 (*Pro), 127.0, 154.9, 246.6, 303.8 (y3), 400.9

417.2 416.2 Leu-Gly-Pro-Met LGPM 70.3 (*Pro), 86.1 (*Leu), 126.9, 150.0 (y1), 155.0, 247.0, 303.8 (y2), 417.0 (y4)

423.2 422.2 Pro-Gly-His-Leu PGHL 44.0 (*Ala), 70.3 (*Pro), 186.9, 378.3, 422.7 (y4)

469.2 468.2 pGlu-Gly-Pro-GIn-Gly pEGPQG  70.1 (*Pro), 127.1, 155.0, 187.0, 244.0, 282.1, 469.1

472.2 471.2 pGlu-Gly-Pro-Pro-lle-Gly pEGPPIG  70.0 (*Pro), 84.0 (*pGlu), 86.2 (*1le), 116.0 (y1), 125.0, 143.0, 171.0, 189.0
(Pro-Ile), 284.0 (b3), 472.0 (y06)

472.2 471.2 pGlu-Gly-Pro-Pro-Leu-Gly pEGPPLG  70.0 (*Pro), 84.0 (*pGlu), 86.2 (*Leu), 116.0 (y1), 125.0, 143.0, 171.0, 189.0
(Pro-Leu), 284.0 (b3), 472.0 (y6)

485.1 484.1 Gly-Ala-Hyp-Gly-Pro-Ala GAOGPA  70.2 (*Pro), 86.0 (*Ile/Leu/Hyp), 127.0, 154.9, 171.0, 187.0, 244.0 (y3), 202.0,
339.0, 357.0, 484.9 (y6)

488.0 487.0 Hyp-Gly-Leu-Trp OGLW 86.1 (*Hyp/lle/Leu), 143.1, 147.8, 170.9, 205.0, 317.8 (y2), 488.1 (y4)

511.2 510.2 Pro-Leu-Gly-Pro-Gln PLGPQ 70.2 (*Pro), 100.9 (*GlIn), 106.0 (y1), 127.1, 154.9, 179.8, 229.1 (b2), 282.7
(y3), 285.8 (b3), 396.2, 510.8 (y5)

513.2 512.2 Gly-Pro-Val-Gly-Pro-Ser GPVGPS  70.2 (*Pro), 72.4 (*Val), 106.0 (y1), 127.0, 155.0, 203.0 (Pro-Val), 260.0 (y3),

310.6, 408.0 (b5), 512.9 (y6)
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Table S2. Identified normal peptides with amino acid in the small intestinal lumen after oral administration of CH in rats

Peak :cursor ion (m/z) MW Estimated Product Ion (m/z)
sequence
13 373 202 Ala-Hyp 132.2 (y1), 171.0 (AccQ, bl), 203.0 (y2), 242.0 (b2), 372.7
14 383 212 Pro-Pro 70.3 (*Pro), 116.3 (y1), 170.7 (AccQ, bl), 212.8 (y2), 268 (b2), 383.1
15 385 214 Val-Pro 72.3 (*Val), 116.1 (y1), 145.1, 170.8, 214.9 (y2), 241.8 (a=?), 270.0 (b2), 384.8
16 399 228 Pro-Hyp 70.1 (*Pro), 86 (*Hyp), 132.4 (Hyp), 171.0 (AccQ, bl), 228.9 (y2), 267.7 (b2), 399.5
17 399 228 Ile-Pro 70.2 (*Pro), 116.1 (y1), 145.4, 171.0 (AccQ, bl), 229.2, 255.8, 284 (b2), 399.1
18 399 228 Leu-Pro 70.2 (*Pro), 116.1 (y1), 145.4, 171.0 (AccQ, bl), 229.2, 255.8, 284 (b2), 399.1
19 403 232 Asp-Val 72.1 (*Val), 88 (*Asp), 118.3 (y1), 144.8, 171.0 (AccQ, bl), 232.9 (y2), 259 (a2), 285.9 (b2), 402.8
20 414 243 Gly-Pro-Ala 70.2 (*Pro), 127.1, 154.9, 171.0 (AccQ, bl), 187.0, 200, 227.8 (b2), 243.9, 414.0
21 415 244 Glu-Pro 70 (*Pro), 84.3, 116.1 (y1), 144.8, 170.8, 227.2, 244.7 (y2), 271.9 (a2=7?), 300.0 (b2), 415.0
22 415 244 Ile-Hyp 86.1 (*Ile), 132.1 (y1), 171.0 (AccQ, bl), 245.0 (y2), 256.1, 283.9 (b2), 414.9
23 415 244 Leu-Hyp 86.1 (*Leu), 132.1 (y1), 171.0 (AccQ, bl), 245.0 (y2), 256.1, 283.9 (b2), 414.9
24 417 246 Leu-Asp 86.2 (*Ile/Leu), 88 (*Asp very low), 144.6, 170.9 (AccQ, bl), 256.1, 285.2 (b2 for Asn), 416.9
25 430 259 Ala-Hyp-Gly  44.4 (*Ala), 86.1 (*Hyp), 144.9, 171.0 (AccQ, bl), 189.0 (y2), 213.6 (a2), 242.1 (b2), 258.6 (y3), 430
26 430 259 Gly-Pro-Ser 70.1 (*Pro), 88.3 (*Asp), 106 (y1), 127.0, 145, 171.1 (AccQ, bl), 200.1 (a2), 203.0 (y2), 227.8 (b2), 242.0, 260.0 (y3),
268.3 (b2), 429.7
27 433 262 Met-Hyp 55.8, 86.5 (*Hyp), 104.3 (*Met), 132.0 (y1), 170.9 (AccQ, bl), 263.1, 302.3 (b2), 433.0
28 442 271 Gly-Pro-Val 70.2 (*Pro), 72 (*Val), 116 (y1), 117.9 (y1), 145.0, 171.0 (AccQ, bl), 200 (a2), 215.3 (y2), 228 (b2), 272.1 (y3), 442.1
29 449 278 Phe-Hyp 120.2 (*Phe), 132.0 (y1), 171.0 (AccQ, bl), 279.1 (y2), 289.9, 318.1 (b2), 448.9
30 456 285 Pro-Hyp-Gly  70.3 (*Pro), 86 (*Hyp), 141.0, 171.1 (AccQ, bl), 189.5 (y2), 286.1 (y3), 455.9
31 456 285 Gly-Pro-Hyp 30 (*Gly), 70 (*Pro), 132 (y1), 171 (accQ, bl), 22 (b2, y2), 286 (y3), 456.1 (y4)
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32
33
34
35
36
37
38

460
472
472
474
488
490
506

289
301
301
303
317
319
335

Thr-Hyp-Gly
Ile-Hyp-Gly

Leu-Hyp-Gly
Gly-Pro-Met

Glu-Hyp-Gly
Met-Hyp-Gly
Phe-Hyp-Gly

74 (*Thr), 86.1 (*Hyp), 145.1, 171.3 (AccQ, b1), 189.1 (y2), 244, 2 (a2), 71.7 (b2), 289.8 (y3), 459.3
86.5 (*Ile), 171.0 (AccQ, bl), 188.9 (y2), 255.8 (a2), 283.7 (b2), 302 (y3), 472

86.2 (*Leu), 170.8 (AccQ, bl), 188.8 (y2), 226.4 (?), 256.1 (a2), 283.9 (b2), 302 (y3), 471.8

70.0 (*Pro), 127.0, 155.2, 170.8 (AccQ, b1), 200.2 (a2), 227.7 (b2), 246.5 (y2), 285.3, 304.1 (y3), 473.1
76.6, 85.2 (*Hyp), 102 (*Glu), 145.3, 170.6 (AccQ, bl), 189.3 (y2), 224.8, 272.1 (a2), 300.0 (b2), 487.8

55.7,85.5 (*Hyp), 104.3 (*Met), 131.9 (y1), 170.7 (AccQ, bl), 188 (y2), 273.7 (a2=?), 301.6 (b2), 319.4, 489.6

86.0 (*Ile/Leu), 119.8 (*Phe), 145.2, 170.9 (AccQ, b1), 189 (y2), 289.7, 317.6 (b2), 335.8, 505.3
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Table S3. Identified pyroglutamyl (pGlu) peptides in the small intestinal lumen after oral administration of CH in rats

Peak Precursor ion (m/z) MW  Estimated sequence Product Ion (m/z)

1 227 226 pyroGlu-Pro 56, 70 (*Pro), 84 (*pGlu), 116 (y! Pro), 181, 200

2 229 228 pyroGlu-Val 41, 72 (*Val), 84 (*pGlu), 118 (y1 Val), 183

3 243 242 pyroGlu-Ile 56, 84 (*pGlu), 85 (*Ile), 132 (yl Ile), 197 (a2), 243

4 243 242 pyroGlu-Leu 56, 84 (*pGlu), 85 (*Leu), 132 (y1 Leu), 197 (a2)

5 261 260 pyroGlu-Met 56, 61, 84(*pGlu), 104 (*Met), 150

6 277 276 pyroGlu-Phe 84 (*pGlu), 103, 120 (*Phe), 166 (y1 Phe)

3* 284 283 pyroGlu-lle+CH3;CN 56, 84 (*pGlu), 86 (*1le), 132 (y1 Ile), 197, 225, 243 (y2), 284 (y2+CH3CN)
4% 284 283 pyroGlu-Leu+CH3;CN 56, 84 (*pGlu), 86 (*Leu), 132 (y1 Leu), 197, 225, 243 (y2), 284 (y2+CH3CN)
7 284 283 pyroGlu-Gly-Pro 70 (*Pro), 84 (*pGlu), 116 (y1 Pro),169

8 293 292 pGlu-Tyr 23.5,41.2,56.2, 84.1 (*pGlu), 136, 165, 182 (y1 Tyr), 293

9 300 299 pyroGlu-Hyp-Gly 56, 84 (*pGlu), 86 (*Hyp), 197 (a2), 225

10 326 325 pyroGlu-Val-Pro 70 (*Pro), 72 (*Val), 84 (*pGlu), 116 (y1 Pro), 183

11 340 339 pyroGlu-Ile-Pro 70 (*Pro), 84 (*pGlu), 86 (*Leu), 116 (y1 Pro), 197, 225, 258, 339.8

12 340 339 pyroGlu-Leu-Pro 70 (*Pro), 84 (*pGlu), 86 (*Leu), 116 (y1 Pro), 197, 225, 258, 339.8
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Table S4. Identified normal peptides with amino acid in the small intestinal lumen after oral administration of RPH in rats

Peak Precursor ion (m/z) MW Estimated sequence Product Ion (m/z)

t 343 172 Gly-Pro 116 (y1), 171.0 (AccQ, bl), 173.1 (y2), 227.9 (b2), 343

u 383 212 Pro-Pro 70.3 (*Pro), 116.3 (y1), 170.7 (AccQ, bl), 212.8 (y2), 268 (b2), 383.1

v 399 228 Ile-Pro 86.2 (*1le), 116.0 (y1), 170.9 (AccQ, bl), 229.0 (y2), 256.0 (a=?), 283.9 (b2), 399.0

w 399 228 Leu-Pro 86.2 (*Leu), 116.0 (y1), 170.9 (AccQ, bl), 229.0 (y2), 256.0 (a=?), 283.9 (b2), 399.0

v* 400 229 Leu-Pro 86.2 (*le/Leun), 116.3 (y1), 171.3 (AccQ, bl), 229.1 (y2), 256.9 (a2), 284.9 (b2), 400

X 401 230 Asp-Pro 70.5 (*Pro), 115.7 (y1), 170.9 (AccQ, bl), 213.5, 231.3 (y2), 286.0 (b2)

y 403 232 Asp-Val 72.1 (*Val), 88 (*Asp), 118.3 (y1), 144.8, 171.0 (AccQ, bl), 232.9 (y2), 259 (a2), 285.9 (b2), 402.8
z 415 244 Glu-Pro 70 (*Pro), 84.3, 116.1 (y1), 144.8, 170.8, 227.2, 244.7 (y2), 271.9 (a2=7?), 300.0 (b2), 415.0

aa 417 246 Leu-Asp 86.2 (*1le/Leu), 88 (*Asp very low), 144.6, 170.9 (AccQ, bl), 256.1, 285.2 (b2 for Asn), 416.9
ab 449 278 Tyr-Pro 116.1 (y1), 136.2 (*Tyr), 171.0 (AccQ, bl), 278.8 (y2), 306.2 (a2), 334.1 (b2), 448.8

106



Table SS. Identified pyroglutamyl (pGlu) peptides in the small intestinal lumen after oral administration of RPH in rats

Peak Precursor ion (m/z) MW Estimated sequence Product Ion (m/z)
a 201 200 pyroGlu-Ala 44 (*Ala), 56, 84 (*pGlu), 90
b 217 216 pyroGlu-Ser 41, 60 (*Ser), 70 (*Pro), 84 (*pGlu), 106 (y1 Ser), 171 (AccQ)
c 227 226 pyroGlu-Pro 56, 70 (*Pro), 84 (*pGlu), 116 (y! Pro), 181, 200
d 229 228 pyroGlu-Val 41, 72 (*Val), 84 (*pGlu), 118 (y1 Val), 183
e 243 242 pyroGlu-Ile 56, 84 (*pGlu), 85 (*1le), 132 (y1 Ile), 197 (a2), 243
f 243 242 pyroGlu-Leu 56, 84 (*pGlu), 85 (*Leu), 132 (y1 Leu), 197 (a2)
g 258 257 pyroGlu-Gln 56, 84 (*pGlu), 130
h 259 258 pyroGlu-Glu 56, 84 (*pGlu), 101 (*GlIn), 130/131
i 261 260 pyroGlu-Met 56, 61, 84(*pGlu), 104 (*Met), 150
j 277 276 pyroGlu-Phe 84 (*pGlu), 103, 120 (*Phe), 166 (y1 Phe)
e* 284 283 pyroGlu-Ile+CH3CN 56, 84 (*pGlu), 86 (*1le), 132 (y1 Ile), 197, 225, 243 (y2), 284 (y2+CH3CN)
* 284 283 pyroGlu-Leu+CH3;CN 56, 84 (*pGlu), 86 (*Leu), 132 (y1 Leu), 197, 225, 243 (y2), 284 (y2+CH3CN)
k 293 292 pGlu-Tyr 23.5,41.2,56.2, 84.1 (*pGlu), 136, 165, 182 (y1 Tyr), 293
1 314 313 pyroGlu-Ser-Pro 60 (*Ser), 70 (*Pro), 84 (*pGlu), 116 (y1 Pro), 171 (AccQ), 203
j* 318 317 pyroGlu-Phe-ACN 84 (*pGlu), 103, 120 (*Phe), 166 (y1 Phe), 318 (y2+CH3CN)
m 330 329 pyroGlu-Ile-Ser 60 (*Ser), 84 (*pGlu), 86 (*Ile), 88 (*Asp), 106 (y1 Ser), 197, 225
n 330 329 pyroGlu-Leu-Ser 60 (*Ser), 84 (*pGlu), 86 (*Leu), 88 (*Asp), 106 (y1 Ser), 197, 225
0 340 339 pyroGlu-Ile-Pro 70 (*Pro), 84 (*pGlu), 86 (*Leu), 116 (y1 Pro), 197, 225, 258, 339.8
P 340 339 pyroGlu-Leu-Pro 70 (*Pro), 84 (*pGlu), 86 (*Leu), 116 (y1 Pro), 197, 225, 258, 339.8
q 355 354 pyroGlu-Gln-Pro 70 (*Pro), 84 (*pGlu), 116 (y1 Pro), 129, 227, 240
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Supplemental data S1. MS-Fit prediction for Bl

MS-Fit Search Results

[+] Parameters

[+] Pre Search Results (SwissProt.2021.06.18.sub)

Fraction-Spot-Run ID: 1-1-1

MS-Fit search selects 404 entries (results displayed for top 20 matches).

[-] Results Summary

R 5/07/28 15:35

MS-Fit Search Results

# pe
P Mowse gt v v Nt T 0
Number Score % mat Cov TIC Da Prot Index#
30 pks

1 1371 8/8/27 7.8 26.7 0.159 0.773 No 16541
2 570  11/11/37 10.0 36.7 -0.156 0.812 No 109002
3 559 8/8/27 4.7 26.7 -0.313 0.769 No 237990
4 397 8/8/27 5.4 30.0 -0.0505 0.830 No 17968
5 258 12/14/47 83 46.7 0.163 0.722 No 562312
6 232 14/12/40 12.3 40.0 -0.00991 0.872 No 346537
7 220 11/9/30 7.7 30.0 0.128 0.836 No 497759
8 173 8/9/30 5.9 30.0 0.157 0.896 1 269602
9 172 7/7/23 6.6 23.3 0.0316 0.927 No 168058
10 143 5/6/20 3.6 233 0.335 0.676 No 332951
1 121 7/7/23 7.9 233 0413 0468 No 232735
13 13 9/9/30 3.9 30.0 0359 0.564 No 466554
14 107 6/5/17 6.7 16.7 0.0199 0.934 No 519565
15 107 6/6/20 8.1 20.0 0.149 0.806 No 31747
16 89.9 11/10/33 9.3 333 -0.178 0.699 No 399259
17 84.7 12/11/37 5.9 36.7 -0.166 0.844 No 110496
18 842 7/8/27 5.8 26.7 -0.128 0.801 No 202597
19 81.1 17/15/50 11.4 50.0 0.206 0.790 No 119040
20 80.8 9/8/27 4.3 26.7 0.0841 0.924 No 443332

16541 |x|. |o [ |x[x|u oo o fo o f]e o fe]efe]e ] xX].

109002 |. [x|. x| [ e x| xx].x . . x|,

237990 |x |. X |. [x|x[x|x . [x|.

17968 |. [x|. x X | [x|x x|, . fx]. [ x|, |x

562312 |x |. |. [x|. X [x | x[ofo ] x|xfx X [x x |x x|l |x

346537 |. |. [x|. X |X X |x [x [x X [x|x|.|. [x]|. . [x].

497759 |x |. X |x|. x[x|. | |x|. X|. [x

269602 |x |. |. [. |x|x|x [x [x|. |x |x . x|.

168058 |. . |. |x|. X [x x| x| X x ]

332951 . |. |. |x|. X x|l x|, x|, |x|x

232735|. |. |. |- x]. X [x |x x|, [. |- |x]. . x|

466554 |. [. | |||« |- x|x|. jxx|x|. [x]|x . x|, .x

519565 |. [« |« |« |o o[ o ] |x|e ] x| o) x ]|l x|

31747 .| |- | |- x| . x| Lx x| x| x

399259 . |. [x|. |x|x|x|. X X Cx x| x x|,

110496 |. |x |x [x |x X . xx [x|x X|. |x

202597 |. |x|. [. |x]|. |. [x|x|x . xf. X [x

119040 |x |. |x [. |x [x |x [x |x [x |x X [x|x|. |x x| .|x

443332 |. [x[x|. X X |. [x|. [x|x|x

Protein
MW
(Da)/pl
109449/5.3
108046/5.8
165449/5.9

139208/5.9

165540/9.2
108819/6.2
150288/8.9
128866/6.2
123468/6.4
106229/6.6
100486/9.4
172882/6.4
100949/5.6
103021/5.8
127724/8.4
171559/7.7
130810/5.6
163197/6.4
157990/6.3

Accession

P15684
QYEPA0
088281

P0C6S7

Q499R0
Q811U3
Q6P3V7
P55161
P23897
Q63259
Q63560
Q62910
QYR037
Q8R4C1
054888
QYES4S
P18614
Q1IU68
Q7TP36

Species Protein Name

RAT
RAT
RAT

RAT

RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT
RAT

Aminopeptidase N
Dystrophin-related protein 2
Multiple epidermal growth factor-like domains protein 6

Ankyrin repeat and sterile alpha motif domain-containing
protein 1B

Zinc finger protein 518A
ELKS/Rab6-interacting/CAST family member 1
Tetratricopeptide repeat protein 41

Nck-associated protein 1

Heat-stable enterotoxin receptor

Receptor-type tyrosine-protein phosphatase-like N
Microtubule-associated protein 6

Synaptojanin-1

‘WD repeat-containing protein 44
Calcium-transporting ATPase type 2C member 2
DNA-directed RNA polymerase I subunit RPA2
Dual oxidase 2

Integrin alpha-1

Eukaryotic translation initiation factor 3 subunit A
Protein Shroom2

Similar Matches for Protein Hit 8
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MS-Fit Search Results

# pep
Protein v/ WSE #mat % % VAN Data b MS-Digest Protein MW Accession
Hit Err  Tol Species Protein Name
Score % mat Cov TIC Prot  Index# (Da)/pl #
Number Da Da
30 pks
8 173 8/9/30 5.9 30.0 0.157 0.896 1 269602  128866/6.2 P55161 RAT  Nck-associated protein 1
# pep
Protein \iGwsE #mat % % MM Data i MS-Digest Protein MW Accession
Hit o, Err  Tol Species Protein Name
Score % mat Cov TIC Pep  Index# (Da)/pl
Number Da Da
30 pks
12 114 15/14/47 6.1 46.7 -0.03150.908 1 44532 207892/5.5 D4A631 RAT  Brefeldin A-inhibited guanine

[~] Detailed Results

1. 8/30 matches (26%).

Acc. #: P15684 Uniprot ID: AMPN_RAT Species: RAT Name: Aminopeptidase N

Organism: Rattus norvegicus OX=10116 Gene: Anpep Existence: Evidence at protein level Version: 2
Index: 16541 MW: 109449 Da plI: 5.3

m/z MH" Delta Missed

Submitted Matched Intensity Da Modifications Start End Cleavages Sequence

515.0000 5153300  100.0 -0.330 297 300 0 (R)VQIR()

901.0000 901.4989 100.0 -0.499 935 942 0 (R)ALEQALEK(T)
911.0000 910.4339  100.0 0.566 711 718 0 (R)SEVYGPMK(R)
1035.0000 1034.5265  100.0 0.473 288 296 0 (K)YVEAVSPNR(V)
1189.8000 1189.6245 100.0 0.175 532 542 0 (K)LPASVSTIMDR(W)
1220.0000 1219.6681 100.0 0.332 432 441 0 (K)DLIVLNDVYR(V)
1361.8000 1361.6842  100.0 0.116 206 218 0 (K)VVATTQMQAADAR(K)
1518.2000 1517.7635 100.0 0.437 843 854 0 (R)YLSYTLNPDYIR(K)

Num Unmatched Masses: 22
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 7.8% (75/965AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 16541

2. 11/30 matches (36%).

Acc. #: Q9EPAO Uniprot ID: DRP2_RAT Species: RAT Name: Dystrophin-related protein 2
Organism: Rattus norvegicus OX=10116 Gene: Drp2 Existence: Evidence at protein level Version: 2
Index: 109002 MW: 108046 Da pI: 5.8

Snb:/izlte d Mt:::ed Intensity D]e)l:a Modifications Start End Cllvel::s::es Sequence
723.0000 723.3276  100.0 -0.328 2Carbamid hyl->Propi ide 610 614 0 (K)C(Carbamidq hyl)SIC(Carbamid,
997.0000 997.5538  100.0 -0.554 1Gln->pyro-Glu 192 199 1 (R)QRIQNLSR(F)
997.0000 997.5538  100.0 -0.554 1Gln->pyro-Glu 192 199 1 (R)QRIQNLSR(F)
1005.0000 1005.5298  100.0 -0.530 615 622 1 (R)QC(Carbamidomethyl)PIKGFR(Y)
1189.8000 1189.5565  100.0 0.244 606 614 1 (K)HQTKC(Carbamid hyl)SIC(Cart
1195.0000 1195.5062 100.0 -0.506 1Carbamids hyl->Propi id 16 24 0 (R)C(Carbamidomethy)HEWHAADR(F)
1195.0000 1195.5062  100.0 -0.506 1Carbamid hyl->Ps id 16 24 0 (R)C(Carbamidomethy)HEWHAADR(F)
1262.0000 1261.6423  100.0 0.358 204 214 0 (K)QATVASELWEK(L)
1271.0000 1270.7226 100.0 0.277 862 871 1 (K)QLESQLQRLR(E)
1271.0000 1270.7478  100.0 0.252 323 333 1 (K)QLQVSVAERLK(Q)
1291.0000 1290.7317  100.0 0.268 194 203 1 (R)IQNLSRFVWK(Q)
1291.0000 1291.5987 100.0 -0.599 143 153 0 (K)ETHAAFMEEVK(S)
1831.0000 1830.8513  100.0 0.149 628 642 0  (K)QFNVDIC(Carbamidomethyl)QTC(Carb

Num Unmatched Masses: 19
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 10.0% (96/957AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 109002

https://prosp ucsf.edu/) ] Jcgi-bi ch.cgi

R 5/07/28 15:35

protein 1

hyl)FLTGK(A)
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MS-Fit Search Results

3. 8/30 matches (26%).
Acc. #: 088281 Uniprot ID: MEGF6_RAT Species: RAT Name: Multiple epidermal growth factor-like domains protein 6
Organism: Rattus norvegicus OX=10116 Gene: Megf6 Existence: Evidence at protein level Version: 1

Index: 237990 MW: 165449 Da pl: 5.9

m/z mu*
Submitted Matched

515.0000 515.2725
1051.0000 1050.4646

1195.0000 1195.5313
1195.0000 1195.5313
1195.0000 1195.5380

1195.0000 1195.5380
1220.0000 1220.5187
1262.0000 1262.5187
1316.8000 1316.5576

1518.2000 1518.6576

Delta

Intensity Da

100.0 -0.272

100.0 0.535

100.0 -0.531

100.0 -0.531

100.0 -0.538

100.0 -0.538
100.0 -0.519
100.0 -0.519
100.0 0.242

100.0 -0.458

Num Unmatched Masses: 22
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

R 5/07/28 15:35

Modifications Start End C?::svs::es Sequence
986 989 0  (R)WGPR(C)
1Carbamidomethyl- .
>Propionamide 170 178 0 (R)AHNGGC(Carbamidomethyl)QHR(C)
1Carbamidomethyl- .
>Propionamide 11691178 0  (R)GWFGEAC(Carbamidomethyl) AQR(C)
1Carbamidomethyl- .
>Propionamide 4 11691178 0  (R)GWFGEAC(Carbamidomethyl)AQR(C)
3Carbamidomethyl- bamidomethvl it i
“Propionamide 13471355 1 (K)GC(Car y1)ELKC(Car )AC(C: HR(N)
3Carbamidomethyl- . . .
Carb d hyl)ELKC(Carb d hyl Carb d hyl
~Propionamide 1347 1355 1 (K)GC( )AC( HR(N)
12581267 0  (R)YGPGC(Carbamidomethyl)EHIC(Carbamidomethyl)K(C)
2Carbamidomethyl- e Lor A - P o
“Propionamide 10451053 0 (K)NC(Car y)QHSC(C: y)LC(C: yDR(N)
910 920 0 (R)QGYYGPSC(Carbamidomethyl)EQK(C)
2Carbamidomethyl- U Lol bamid Lol
C Car
>Propionamide 13351346 1 (R)C( y)EHGC( )PQDRFGK(G)

The matched peptides cover 4.7% (74/1574AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 237990

4. 8/30 matches (26%).
Acc. #: POC6S7 Uniprot ID: ANS1B_RAT Species: RAT Name: Ankyrin repeat and sterile alpha motif domain-containing protein 1B
Organism: Rattus norvegicus OX=10116 Gene: Ankslb Existence: Evidence at protein level Version: 1
Index: 17968 MW: 139208 Da pI: 5.9

m/z MH

Submitted Matched
723.0000 723.3342
773.0000 773.3716
1051.0000 1050.5313
1195.0000 1195.5841
1195.0000 1195.5841
1220.0000 1219.7297
1286.0000 1285.7362
1361.0000 1360.6889
1418.8000 1418.6944

Delta

Intensity Da

100.0 -0.334
100.0 -0.372
100.0 0.469
100.0 -0.584
100.0 -0.584
100.0 0.270
100.0 0.264
100.0 0.311
100.0 0.106

Num Unmatched Masses: 21
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

Modifications

10xidation 1Acetyl

Start End Cleavages

1095 1100 0
1255 1260
322 331
739 749
739 749
1102 1112
244 255

1 12

1 12

- - oo o o o

The matched peptides cover 5.4% (68/1260AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 17968

Sequence

(K)STEQMK(K)
(K)YETTIF(-)
(K)SETVTGELSK(L)
(K)SDSDLIAYPSK(D)
(K)SDSDLIAYPSK(D)
(K)VPTIILSVSYK(G)
(R)VLLETGIDANIK(D)
(-)MGKDQELLEAAR(T)
(-)MGKDQELLEAAR(T)
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Supplemental data S2. MS-Fit prediction for B2

MS-Fit Search Results

R 5/07/28 16:45

MS-Fit Search Results

[+] Parameters

[+] Pre Search Results (SwissProt.2021.06.18)

Fraction-Spot-Run 1D: 1-1-1
MS-Fit scarch selects 601 entries (results displayed for top 20 matches).

[~] Results Summary

W pep
MOWSE ¥mat % %
Score % mat Cov TIC
37 pks
1.90c+8 25/23/62 24.6 62.2 0.191 0430 No 263806 95799/54 Q62667 RAT
804 14/12/32 11.9 32.4 0.0431 0684 No S6803  109555/6.6 DIZSK2 RAT
496 16/13/35 14.3 37.8 1.90e-4 0.763 No 211545 9866888 POCINS RAT
99/24 7.9 243 0.0623 0.724 No 231075 9630858 Q6379 RAT

Protein
Hit
Number

Mcan Data ¥ MS- Protein
Err Tol Hem Digest MW
Da Da  Prot Index#¥ {Du)ipl

Accession

14/12/32 92 324 0.122 0595 No 313035 13449864 QIQWOT RAT

119/24 85 243 0.114 0838 No 71631 105115/6.6 QS1IMS RAT
13/10v27 13.7 27.0 0.132 069 No 273169 78394/53 Q9ZLJ4 RAT
1V8/22 82 243 0134 0528 No 476365 125311/6.6 Q9RIR4 RAT
1V8/22 9.5 21.6 0.0118 0813 No 302049 10405479 Q63415 RAT
10 187 8/822 6.2 2.6 -0.128 0679 No 6710 115069/7.3 QSUIXS RAT
1 161 719 7.6 189 0.0855 0800 No 152248 THING6.1 Q6GVHS RAT

1
2
3
4
s
6
7
8
9

BEER S B

12 1S3 12/1130 132.0 29.7 0.0479 0.689 No 24683  B133I858 ALASPS RAT
13 140 9924 7.6 243 00704 0.701 No  S63345 11681990 QS62A2 RAT
4 131 719 64 189 -0.0859 0.650 No 123071 116210/6.4 PS4758 RAT

15 130 I/1130 83 29.7 0.0404 0.765 No 289775  126206/8.7 QSMYTT RAT
16 129 7719 9.7 189 0.162 0618 No 160417 7707478 QIESTI RAT
17 u3 6/6/16 59 162 0.129 0630 No 520290 98375 QBIOW9 RAT
18 103 877719 5.0 189 0150 0653 No 118606 12412757 PO7S22 RAT
19 98.7  10V9724 7.2 243 0.00792 0639 No 145150 9428198 D3IZUEI RAT
20 935  7/16 8.0 162 0.184 0668 No 175846 8290685 PI7945 RAT

263806 |. |x x x x| xx L L xfxx ]l L x L e xx .
56803 |x|. x -] |- el e ] fx ) xix].
RUSES [ L oo e e e - R xR x) x .

X XXX X X |. e X - |X
0 X X . o X .
X . XX . o o e . |X
- o o Kix|. x . . |x
L XX o X . . . |x
X . |e o e e XX
x| . e | . x| . e e X
x| - X|l. XX g . X .
nttps:/jprosp ucst.edujprospector/cgi-bin/ h.cgi

Species Protein Name

Major vault protein

Coiled-coil domain-containing protemn 39

His! lysme N-methyl fi KMTSB
Mitogen-activated protein kinase kinase kinase 12

1-phosphatidylinositol 4,5-bisphosph b emhodi

phosp

beta-d

Complement component C6

Nexilin

Tudor domain-containing protein 7
Proprotein convertase subtilisin/kexin type 6
Activated CDC42 kmase |
Gametogenetin-binding protein 2

LisH domain-containing protein ARMCS
Zinc finger RNA-binding protein
Ephrin type-A receptor 6
2'.5"oligoadenylate synthase 3
Dihyd P
Whirlin
Pro-epidermal growth factor
GAS2-l&ke protein 2
Hepatocyte growth factor

F paasp

Page 10110
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MS-Fit Search Results R 5/07/28 16:45

r7ssds. |.1.J.[- |- |- [ |- Bl f- 0 e b e b e

[-] Detailed Results

1. 23/37 matches (62%).

Acc. #: Q62667 Uniprot ID: MVP_RAT Species: RAT Name: Major vault protein

Organism: Rattus norvegicus OX=10116 Gene: Mvp Existence: Evidence at protein level Version: 4
Index: 263806 MW: 95799 Da pl: 5.4

miz mu* Missed

s Matched Intensity D::. Moedifications Start End Clenvages Sequence

515.0000 5153412 100.0 -0.341 176 179 1 (R)JLRAR(K)

517.0000 517.2729 100.0 -0.273 730 734 0 (R)IAEAAR(D

517.0000 517.3093 100.0 -0.30% 574 578 0 (K)AIASR(V)

581.6000 5813518 100.0 0.248 240 244 0 (RIGVLHR(T)

710.8000 710.4308 100.0 0.369 225 230 0 (K)TALHLR(A)

729.6000 729.4002 100.0 0.200 170 175 0 (KJQNQALR(L)

7454000 7453839 100.0 0.0161 680 685 0 (RILEQEAR(G)

801.8000 801.4981 1000 0.302 42 9 0 (R)VLFAPVR(M)

815.8000 8153894 100.0 0411 553 560 0 (RINDPAEAAK(L)

815.8000 8154444 100.0 0.356 10xidation 50 56 0 (RIMVTVPPR(H)

854.8000 854.3825 1000 0417 180 185 1 (R)KEC(Carbamidomethyl)FDR(E)
871.8000 871.5611 1000 0.239 821 828 0 (K)LLQSLGLK(S)

950.6000 950.4829 1000 0.117 125 132 0 (K)ALLDFEDK(N)

1016.8000 1016.5623 1000 0.238 775 783 0 (R)JAQLELEVSK(A)

1024.6000 10245132 100.0 0.0868 767 774 0 (R)JEMELIYAR(A)

1032.8000 1032.5208 1000 0.279 693 701 0 (K)LDQSEAEK(A)

1060.8000 1060.5673 1000 0.233 361 370 0 (R)GPLEYVPSAK(V)

1080.8000 1080.5473 1000 0.253 307 315 0 (K)SFFLQPGER(L)

1088.8000 1088.5735 1000 0.227 191 199 0 (RIVTGEEWLVR(S)

1257.8000 1257.6507 100.0 0.149 809 820 0 (R)IDLAVAGPEMQVKI(L)
1275.0000 1274.6409 1000 0.359 797 808 0 (K)EMTEALGPGTIR(D)
1315.8000 1315.6576 1000 0.142 57 67 0 (RIHYC(Carbamidomethy ) IVANPVSR(D)
1455.0000 1454.6984 100.0 0.302 561 573 0 (K)LFSVPDFVGDAC(Carbamidomethyl)K(A)
1459.0000 14586958 100.0 0.304 336 348 0 (K)ALQPLEEGESEEK(V)
1816.4000 18159527 100.0 0.447 92 107 0 (RILAQDPFPLYPGEVLEK(D)

Num Unmatched Masses: 14
Search for disulfide linked peptides.
Do a non-specific cleavage scarch.
Search for another component.

The matched peptides cover 24.6% (212/861AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 263806

2. 12/37 matches (32%).

Acc. #: D3Z8K2 Uniprot ID: CCD39_RAT Species: RAT Name: Coiled-coil domain-containing protein 39
Organism: Rattus norvegicus OX=10116 Gene: Ccde39 Existence: Inferred from homology Version: 1
Index: 56803 MW: 109555 Da pl: 6.6

s I"" ) M'::;‘ Intensity D::' Modifications Start End ab::::.. Sequence
457.4000 4873239 100.0 0.0761 566 569 0 (KILQVK(R)
517.0000 5172187  100.0 -0.219 1GIn->pyro-Glu ICarbamidomethyl->Propicnamide  $02 805 0  (K)QC(Carbamidomethyl)GR(L)
517.0000 5173344 100.0 -0.334 264 267 1 (REKIK(F)
929.5000 9295302  100.0 0.270 26 33 0  (KNLEDQLAK(L)
997.0000 996.4381  100.0 0.562 163170 0 (K)YSQQDNNK(I)
1016.8000 10165193 100.0 0.281 52 60 0 (RINSMSSHLK(N)
1024.6000 1024.4438 1000 0.156 181 188 0 (K)LTMEC(Carbamidomethy!)NEK(R)
1032.8000 10325143 1000 0.286 10xidation 52 60 0 (RINSMSSHLK(N)
nttps:/fprosp ucst.edujprospector/cai-bin h.cgi Page 2 of 10
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MS-Fit Search Results R 5/07/28 16:45

1032.8000 1032.5320 1000 0.268 418 427 0 (K)ALGSEIEGTR(S)

1077.0000 1077.5171 100.0 -0.517 918 928 0 (R)SSSGSNSNIPK(G)

1202.4000 1202.5436 100.0 -0.144 1GlIn->pyro-Glu 622 631 0 (R)QTVSSEFHER(L)

1248.8000 1248.5347 100.0 0.265 1GIn->pyro-Giu 590 599 0 (K)QQLC(Carbamidomethyl ) TAMEER(V)
1455.0000 1454.7737 100.0 0.226 887 900 0 (R)SLEDSIPISPPTAK(V)

1816.4000 1816.9725 100.0 -0.572 10xidation 555 569 1 (K)EDLMIEDNLLKLQVK(R)

Num Unmatched Masses: 25
Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 11.9% (111/934AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 56803

3. 13/37 matches (35%).

Acc. #: POC2NS Uniprot ID: KMT5B_RAT Species: RAT Name: Histone-lysine N-methyltransferase KMTSB
Organism: Rattus norvegicus OX=10116 Gene: Kmt5b Existence: Inferred from homology Version: 1

Index: 211545 MW: 98668 Da pl: 8.8

s miz M:"g;‘ Intensity ”:_" Modifications Start End Cm Sequence

TT.0000 7473632 100.0 0363 §75 880 0  (RJEDQSLR(L)

775000 7773486 1000 0451 389 395 0 (KIDNATSNR(K)

7778000 7773923 1000 0408 171176 1 (KINKMQEK(L)

8155000 163959  100.0 -0.59 21727 1 (RJRHDSSSK(T)

950.6000 950.4360  100.0 0.164 1Carbamidomethyl->Propionamide 604 611 1 (K)SDSC(Carbamidomethyl)PSRK(K)
961.5000 9614996  100.0 0.300 10xidation 9 16 1 (KINMVVNGRR(N)

1010.2000 1010.4724  100.0 -0272 100 18 0 (K)MNTSAFPSR(S)

1016.5000 10165809 100.0 0.219 470 478 0 (K)LEMGNLVLK(E)

1022.0000 10224975 100.0 -0.498 10xidation 1 Acetyl 1§ 1 (IMKWLGDSK(N)

1032.5000 10325758 100.0 0.224 10xidation 470 478 0 (K)LEMGNLVLK(E)

1060.8000 1060.5673  100.0 0.233 556 565 0 (KILAPSPLDGYK(N)

1077.0000 10765887 100.0 0.411 180 157 0 (K)EHVFIYLR(M)

1077.0000 10774517 100.0 -0.452 595 603 0  (RJEEASQEC(CarbamidomethyliPK(S)
1080.8000 1080.6160  100.0 0.184 32 41 1 (KLQUAGKDALK(T)

1088.5000 10886575 100.0 0.143 1Gin=pymo-Glu 615 624 1 (RIQGKPVKHLAK(T)

1275.0000 12755535 100.0 -0.553 116 126 0 (K)ADSFSHNNPMR(F)

Num Unmatched Masses: 23
Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 14.3% (126/883AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 211545

4. 9/37 matches (24%).

Acc. #: Q63796 Uniprot ID: M3K12 RAT Species: RAT Name: Mitogen-activated protein kinase kinase kinase 12
Organism: Rattus norvegicus OX=10116 Gene: Map3k12 Existence: Evidence at protein level Version: 1

Index: 231075 MW: 96308 Da pl: 5.8

. i M':":;;‘ Intensity D::‘ Modifications Start End c:‘:“'::“ Sequence
517.0000 5173093 1000 -0.309 740 740 0 (RIAAVTR(S)
7454000 7453839 100.0 0.0161 494 499 0 (RJEQALER(R)
7778000 7773461 1000 0.454 |Carbamidomethyl->Propionamide 378 382 0 (RYQC{Carbamidomethyl)WNR(K)
S01.S000 8023941  100.0 -0.594 317323 0 (RNEPVSEK(V)
BIS.S000 8154734 1000 0327 487 492 1 (KJERELLR(R)
854.5000 8544254 1000 0.375 285202 0 (K)ISDFGTSK(E)
961.5000 961.5201 1000 0.280 189 196 1 (RIDLKETDIK()
nttps:/fprosp uest, / p {cgi-bin| h.cgi Page 30110
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MS-Fit Search Results R 5/07/28 16:45

1202.4000 12026198 100.0 -0.220 41 50 0 (K)DLTPTQC( Carbamidomethyl) VLR(D)
1455.0000 1454.7672 100.0 0.233 551 565 0 (KJLDAALSGVGLPGC(Carbamidomethy )PK(A)

Num Unmatched Masses: 28
Scarch for disulfide linked peptides.
Do a non-specific cleavage scarch.
Scarch for another component.

The matched peptides cover 7.9% (70/888AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 231075

5. 12/37 matches (32%).
Acc. #: Q9QWO7 Uniprot ID: PLCB4_RAT Species: RAT Name: 1-phosphatidylinositol 4,5-bisphosphate phosphodi beta-4

Organism: Rattus norvegicus OX=10116 Gene: Plcb4 Existence: Evidence at protein level Version: 2
Index: 313035 MW: 134498 Da pl: 6.4

miz Mu* Delta Missed

s Matched Intensity Da Meodifications Start End Cleavages Sequence
729.6000 7293865 1000 0.214 149 153 1 {KIKHWMK(L)
T45.4000 7453814 100.0 0.0186 10xidation 149 153 1 {KIKHWMK(L)
T47.0000 747.4247 100.0 -0.425 996 1001 1 {K)KETEIK(I)
871.8000 871.3978 1000 0.402 341 47 ] {K)SSVEMYRI(Q)
997.0000 996.5724 1000 0428 447 455 0 {R)LLPSPNDLK({R}
1022.0000 1021.5135 100.0  0.486 1GIn->pyro-Glu 10xidation 618 625 1 {RIQMSRIYPK(G)
1022.0000 1022.5452 100.0 -0.545 618 625 1 {RIQMSRIYPK(G)
1024.6000 1024.6150 100.0 -0.0150 910 918 ] {K)GIELIPQVR{I)
1051.8000 1051.5055 1000 0.295 772 780 ] {RNAVYDDNNK(L)
1051.8000 1051.5782 1000 0222 154 163 0 {K)JLAFLTNTSGK(I)
1248.8000 1248.6075 100.0  0.192 1Carbamid hyl->Props ide 138 148 0 {R)JANNVSPMTC(Carbamidomethyl ) LK(K)
1257.8000 1257.6797  100.0 0.120 10021012 1 (KJIQTLTSDHKSK(V)
1315.8000 1315.7369 100.0 0.0631 786 797 ] {RNLPLDGLQAGYR(H)
1455.0000 1454.7460 1000 0.254 209 219 1 {K)FYELTQKIC(Carbamidomethyl)PR{T)

Num Unmatched Masses: 25
Scarch for disulfide linked peptides.
Do a non-specific cleavage scarch.
Search for another component.

The matched peptides cover 9.2% (108/1175AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 313035

6. 9/37 matches (24%).

Acc. #: Q811MS5 Uniprot ID: CO6_RAT Species: RAT Name: Complement component C6
Organism: Rattus norvegicus OX=10116 Gene: C6 Existence: Evidence at transcript level Version: 1
Index: 71631 MW: 105115 Da pl: 6.6

— M:::;‘ tatensity g Modifications Start End cﬁ'.':.. Sequence
T10.8000 7103468 100.0 0453 310 315 0 (KIDSSFVR({I)
710.8000 7113533 100.0 -0.553 226 231 0 (RITSNPHR(V)
8548000 8543825 100.0 0417 144 150 0 (K)FLC(Carbamidomethyl)DSGR(C)
997.0000 9964163 100.0 0.584 38 46 0 (K)SC(Carbamidomethy INSGTQSR(Q)
997.0000 997.5425 100.0 -0.543 301 309 1 (KINAIEASHKK(D)
1010.2000 1010.4320 100.0 -0.232 1Carbamidomethyl->Propi id 38 46 o (K)SC(Carbamidomethy INSGTQSR(Q)
1022.0000 1021.5677 100.0 0432 509 517 1 (RIKALQEYAAK(F)
1051.8000 1051 4585 100.0 0341 417 424 1 (K)EDRC{Carbamsdomethyl ) TTNR(L}
1088.8000 1088.5847 100.0 0215 310 318 1 (K)DSSFVRIHK(V)
1202.4000 12026164 100.0 0216 449 459 o (RISQQAAALAWEKI(G)
1275.0000 1274.6409 100.0 0359 724 T34 0 (KMGESIELTC{Carbamadomethyl )PR(G)
Num Unmatched Masses: 28
nttps:/fprospector.ucs! edu/prospector/cgi-bin/mssearch.cgi Page 4 of 10
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Supplemental data S3. MS-Fit prediction for B3

MS-Fit Search Results

[+] Parameters

MS-Fit Search Results

[+] Pre Search Results (SwissProt.2021.06.18)

Fraction-Spot-Run ID: 1-1-1

MS-Fit search sclects 136 entries (results displayed for top 20 matches).

[~] Results Summary

R 5/07/28 17:24

¥ pep

"::. MSO:‘SE :"_‘.“ C’:v T.;‘C I::- '?l'.:l. ll:n Duutn 'R‘."&" Accession o cies Protein Name
Number 1 pks Da Da Prot Index# (Daypl

1 5.66c+9 24/25/3523.8352 0152 0304 1 9313 104916/5.3 Q9QXQO RAT  Alpha-actinind

3 171910 31/23/32 18.0 32.4 0.0834 0.636 No 398809 159628/5.7 Q63644 RAT  Rho-associated protein kinase |

kS 117907 17/15/21 152211 0.141 0291 No 257668 99188/7.5 D4AIWSE RAT  Microsomal triglyceride transfer protein lange subunst

5 62665 2323/32 8.7 324 0.0890 0.633 No 44532 207892/5.5 D4A631 RAT ;o;ml A-inhibited guanine nucleotide-exch

6 42015 36/29/41 22.2 40.8 0.0799 0.580 No 445894 143206/7.5 Q9ZIMY RAT S | mai of ch protein [A

7 40110 28/26/37 11.2 36.6 0.0953 0.604 No 449809 208161/5.7 Q9R095 RAT  Sperm flagellar protein 2

8 39557 19/20/28 9.4 282 0.0709 0512 No 562312 1655409.2 Q499R0 RAT  Zinc finger protein SISA

9 17037 2218/25 8.7 254 -0.00907 0.658 No 497169 201280/6.9 P49816 RAT  Tuberin

10 10633 3028/39 15.0 39.4 -0.0192 0.585 No 299767 149450/8.1 Q9Z340 RAT  Partitioning d ve 3 homolog

1 10205 17/16/23 85 239 0.0468 0.576 No 107993 165308/5.5 OS9042 RAT DNApoly alpha catalytic subunit (Frag )

12 9455 I8717/24 17.4 23.9 0.00630 0.717 No 13472 93495/64 035774 RAT  A-kinase anchor protemn 4

13 9078  19/16/23 8.6 22.5 -0.I181 0.643 No 202674 200591)5.6 Q64632 RAT  Integrin beta-d

14 8273 141521 8.1 211 0.0834 0.699 No 258175 166039/52 Q62635 RAT  Mucin2 (Fragment)

15 8044 17/15/21 16.9 211 0.00746 0.671 No 313580 879629.2 D3IZRC4 RAT  Calcium-ind dent phospholil A2.gamma

16 T428  I8/18/25 134 254 0114 0.635 No 515369 14158565 Q9ZIAG6 RAT  Vigilin

17 6949 1817/24 9.2 23.9 0.0243 0571 No 130215 16362259 Q6IV6S RAT  Fanconi amemia group D2 protemn homoelog

18 S805  17/16/23 85 22.5 0.0262 0.680 No 191151 197604/5.7 Q9JKU3 RAT  Intraflagell part protein 172 h

19 S119  I816/23 128225 0118 0549 No 313123 1238159.0 P70496 RAT  Phospholipase D1

Mitochondrial & lones I 1

20 5105  14/16/23 258 22.5 -0.0498 0.724 No 482748 S51061/83 035094 RAT mbunil‘l’!MMmm
9313 NNNINA- AN NI 1N Y fxl e x e )e de | x e e e | e de ) ] X X x| x x| xx|x
398809 |. Ix . x| xjx x|, . |x]. . xfxLoaxixx|.L . . x x| gl oo | x| X fx . x|
257668 |x [x . Kx|x|.|.|. . |.|. .| .. e e fx |- x| |o fofe | |- e fxfefe o b e x| b e e e e fe | X x|
44532 x x| xox L. el | x| Ix x| xx ] N INNN Lxllxxlx x| ol xxixix | x|, L |
45894 | x . xix x|, . x el x| & x| xjx . L fxox i x x| x| x| [ |l | x ) x| x
49809 |. x . |. LR . x]. xx]. 8 o LR xx e x L x ||l xxixix] ] xjx . |x
le! i | x| ] |- |- L |- Cxxix | . el Lxxxfxoxllx. || .| L |-
PQ‘II“ i fefxfe fe]ede fo ] . |- o [ fo 3o fo o pfafe oo lo pde e fo o fode Befe o pmfe fe fe de e fe fe | fe 4o ) Ix e | X)L ]l | x )
[299767 s x . [ <1 [ i k] 3 xfx x| x|l | x| Sl gL .- x a8 ix L x o lox L xx e x
107993 . x . |. . x| nx . L |x]. 0 ol ix) . .- x x L x ]l xx .| x| ] ||
13472 | x| |- [x ). | x| fx ). .| x| x]. . x o x|, . K. Lxi o el | Ix)e |- - x .| . kx|
1202674 |. | x| x| ] . Kix. L |- 8 | el el ] i a8 el e x| ) x| ] fx e x
[2s8175|. |. . &|. L X .| 5 3 |- Lexxix e fe e fx e [ fx e ] X L xx
313580 . |. . x| xox x| Lx L xx . 8 o kx| ol x| e || e L |- .| x|
(SIS369 . |. . |.|x]. . |- S o xfx|. | |- x| kix].|. x| |- |- x L xix . xix
130215 | fx . x|x ). .| L) x| x|l x| xfx Lxlxxx x|,
191151 |. x . x|. x|, L |- L |- 8 N3 x x| || |- L |- x| xixf ) ||| fx
BI3I23 . [ x|, . |- . |x]. x| XX x| x [x]. || |- |- & .| ] |x

o ucst.edu) gi-binj h.cai Page 10115
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MS-Fit Search Results

e o o 8 0 P O N N N A O B B P N Y A S A A N A A S A N A A |

R 5/07/28 17:24

¥ pep
"""‘““' MOWSE fimat % % ‘;’: "T':
Number Score % mat Cov TIC Da Da Prot  Index ¥

71 pks

1 S.66c+9 24/25/35 23.8 352 0.152 034 1 9313

N pep
Protein MOWSE #mat % % Mean Data
Hit Score % mat Cov TIC Err Tol Pey Index ¥
Number D Da P

71 pks

2 4.22¢+6 19/20/28 16.7 28.2 0.0845 0.529 13 9300

[~] Detailed Results
1. 25/71 matches (35%).

Similar Matches for Protein Hit 1

{Da)'pl

# Hom MS-Digest Protein MW Accession

Species Protein Name

10491653 Q9QXQO RAT  Alpha-actinined

{Da)'pl

# Hom MS-Digest Protein MW Accession

Species Protein Name

102961/5.2 Q9ZIP2 RAT  Alpha-actinin-1

Acc. #: Q9QXQO0 Uniprot ID: ACTN4 RAT Species: RAT Name: Alpha-actinin-4
Organism: Rattus norvegicus OX=10116 Gene: Actn4 Existence: Evidence at protein level Version: 2
Index: 9313 MW: 104916 Da pl: 5.3

Missed
Start End Cleavages Sequence

N
S-h:l:n " M:‘:.d Intensity n;u: Modifications

7344000 7343502 100.0 00498 669
730.6000 7394461 1000  0.154 9%
748.6000 7484240 1000  0.176 14
7504000 750.3451 1000 00549 10xidation 669
S1L.6000 BILS036 1000 00964 626
256000 8254465  100.0  0.154 an
646000 8644825 1000 0.117 s
$84.4000 8844771 1000 -00771 433
9116000 9114945 1000  0.105 597
936.4000 9364170 100.0 -0.0170 806
1005.8000 1005.5034 1000  0.297 324
1029.6000 1029.5364 1000 0.0636 mn
1092.8000 1092.5684 1000  0.232 860
1147.8000 11475888 1000 0211 ICarhamidoemethyl->Prof de 274
11748000 1174.6037 1000  0.196 167
1199.8000 1199.6307 1000  0.169 4l
1215.6000 12156732 100.0 -0.0732 301
12160000 12156732 1000  0.327 301
12556000 1255.6052  100.0 -0.00524 440
1289.8000 1289.5896 1000 0.210 500
1353.0000 1352.6263 1000  0.374 761
1430.0000 1429.7645 1000  0.235 746
1538.0000 1S37.7744 1000 0.226 153
1683.6000 1683.8588  100.0 -0.0588 1Gin->pyro-Glu 522
1742.4000 17418127 1000 0.587 838

Num Unmatched Masses: 46
Search for disulfide linked peptides.

Do a non-specific cleavage
Scarch for anoth

search.

L

The matched peptides cover 23.8% (217/911AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 9313

2. 20/71 matches (28%).

674
101
239
674
632
417

439
604
813
331
319
868
283

50
310
310
450
on
m
757

535
853

00 000 0 00 0 00 =00 000 =00 0000 o

(KYMEEIGR(T)
(RILPKPER(G)
(K)YLDIPK(M)
(KIMEEIGR{I)
(K)VQQLVPK(R)
(R)LDHLAEK(F)
(KJALDFIASK(G)
(K)EAMLKHR(D)
(RMAESNHIK(L)
(R)IQGDAEFNR(T)
(K)TIQEMQQKIL)
(RJTIPWLEDR(V)
(K)NFITAEELR(R)

(KJAETAANRIC(Carbamsdomethy ) K(V)
(K)EGLLLWQ(CarbamsdomethyJQR(K)

(R)DLLLDPAWEK(Q)
(RJILASDLLEWIR(R)
(R)ILASDLLEWIR(R)
(R)DYETATLSDIK(A)
(K)SFSTALYGESDL(-)
(KYGISQEQMQEFR{A)
(RJTINEVENQILTR(D)
(R)FAIQDISVEETSAK(E)
(K)YQLETIDQLHLEYAK(R)
(R)ETTDTDTADQVIASFK(V)

Acc. #: Q9Z1P2 Uniprot ID: ACTN1_RAT Species: RAT Name: Alpha-actinin-1

P uecst.edulprosp

fegi-bin/ h.cgi
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MS-Fit Search Resylts R 5/07/2817:24

Organism: Rattus norvegicus OX=10116 Gene: Actnl Existence: Evidence at protein level Version: 1
Index: 9300 MW: 102961 Da pl: 5.2

-+
Suh-hhud M‘:‘l:'. o Tmtensity D;:' Modifications Start End ch::’v.::.. Sequence
7344000 7343502 1000 0.0498 650 655 0 (K)MEEIGR()
7486000 74854240 1000 0176 205220 0 (R)YLDIPK(M)
750.4000 7503451  100.0 0.0549 10xidation 650 655 0  (K)MEEIGR()
7686000 7684839 1000 0.116 609 614 1 (R)QLVPRR(D)
7736000 7734264 1000 0174 494 499 1 (R)REALER(T)
S11.6000 113805 1000 0219 625 630 0  (R)QQHNER(L)
8256000 8254465 1000 0.154 392 398 0 (R)LDHLAEK(F)
S64.6000 8644825 1000 0.117 9 103 0  (K)ALDFIASK(G)
975.0000 9755106  100.0 -0.511 495 502 1 (R)EALERTEK(L)
1028.0000 10285524 100.0 -0.552 203300 0 (RTIPWLENR(V)
1147.8000 1147.5888  100.0 0.211 1Carbamidomethyl->Propionamide 255 264 1 (K)AETAANRIC(CarbamidomethylJK(V)
1174.8000 1174.6037 1000 0.196 148 156 0 (K)EGLLLWC(Carbamidomethyl)QR(K)
1199.8000 1199.6307  100.0 0.169 2 31 0 (RDLLLDPAWEK(Q)
1215.6000 12156732 100.0 -0.0732 282291 0 (KJLASDLLEWIR(R)
12160000 12156732 1000 0327 282291 0 (K)LASDLLEWIR(R)
12702000 1269.6209 1000 0.579 421 431 0 (K)DYETATLSEIK(A)
1305.8000 13057175 100.0 0.0825 604 613 1 (K)WDHVRQLVPR(R)
1404.4000 14046610 1000 -0.261 301 312 0 (R)VPENTMQAMQOKIL)
1430.0000 14297645 1000 0235 727 738 0 (RYTINEVENQILTR(D)
1538.0000 1537.7744 1000 0226 134 147 0 (R)FAIQDISVEETSAK(E)

Num Unmatched Masses: 51
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Scarch for another component.

The matched peptides cover 16.7% (149/892AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 9300

3. 23/71 matches (32%).
Acc. #: Q63644 Uniprot ID: ROCK1_RAT Species: RAT Name: Rho-associated protein kinase 1
Organism: Rattus norvegicus OX=10116 Gene: Rockl Existence: Evidence at protein level Version: 1

Index: 398809 MW: 159628 Da pl: 5.7

m'z
Submitted
531.4000
531.4000
T14.8000
T39.6000
743.0000
743.0000
S18.8000
845.6000
937.6000
S43.6000
975.0000
975.0000
985.8000
9884000
997.4000

ml'
Matched
531.2885
5313249
714.3529
739.4171
7434410
7434410
819.3665
845.5091
9374785
943.5823
974.5153
974.5452
985.5023
988.5534
997.4949

1075.6000 1075.5895
1102.8000 11025739

nttps: /o

ucst.

Intensity DS:' Modifications Start End
1000 0.111 8§73 876
100.0 0.0751 1017 1020
1000 0447 935 %40
1000 0.183 100 105
100.0 -0.441 4 19
100.0 -0.441 14 19
100.0 -0.567 567 573
100.0 0.0909 858 64
1000 0.122 1Carbamidomethyl->Propionamide 1279 1285
100.0 0.0177 784 791
1000 0485 878 885
100.0 0455 1006 1013
100.0 0298 1Carbamidomethyl->Propionamide 1292 1299
100.0 -0.153 1342 1350
100.0 -0.0949 1300 1308
100.0 0.0105 85 94
1000 0226 941 950

sl eaibi b cai

Missed
Cleavages

=

0 90 -0 - 90 0 - - 090 9 -0 -

Sequence

{R)ENLR(K)

{KNDRK(K)

{K)DHTVSR(L)

{R)KVYAMK(L)

{KNDNLLR{D)

{K)IDNLLR{D)

(K)SHTEMSK(S)

(KITQVKELK(E)
{R)C(Carbamidomethyl)HVKSHR(D)
(R)ILLQSELK(T)

(KNQELQSEK(E)
{K)LAEIMNRK(D)
{KJEDLIPPC(Carbamidomethyl K(V)
{R)ASPRTLSTR(S)
{K)VSYDVTSAR(D)
{R)GAFGEVQLVR(H)
{R)ILEEANNALTK(D)

Page 3 o1 15
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MS-Fit Search Results

1102.8000 1102.6103 1000 0.190
11478000 1147.6066 1000 0193
1147.8000 1147.6470 1000 0153
1161.8000 1161.5932 1000 0207
1174.8000 1174.6062 1000 0.19%4

1177.2000 1177.5881

100.0 -0.388 10xxdaticn

1212.0000 1211.5977 1000 0402
1212.0000 12125421 1000 -0.542
12228000 1222.5806 1000 0219 1Cart
12228000 1222.6249 1000 0.175
1270.2000 1269.6586 1000 0541
1270.2000 1270.7114 1000 -0.511
1430.0000 1429.6495 1000 0350
1430.0000 1429.6636 100.0 0336 1Carb
1430.0000 1429.6740 1000 0326

Num Unmatched Masses: 48
Scarch for disulfide linked peptides.
Do a non-specific cleavage search.

Q h for ne p +

877
556

1074
730
1074
7
710
740
in
51
1036
15
214
653

The matched peptides cover 18.0% (246/1369AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 398809

4. 15/71 matches (21%).

Acc. #: D4ATWS Uniprot ID: MTP_RAT Species: RAT Name: Microsomal triglyceride transfer protein large subunit

885
565

1083
739
1083
£0
719
749
320
60
1045

s
664

_—— = D D e e D e D e e e

{R)KIQELQSEK(E)
{RJTESDTAVRLR(K)
{R)FEKIDNLLR(D)
{RINELQMQLASK(E)
{K)JAENRVVETEK(Q)
{RINELQMQLASK(E)
{RIMKAEDYEVVK(V)
{K)SVAMC(Carbamidomethyl) EMEKK(L)
{K)QC(Carbamidomethy)SMLDVDLK(Q)
{KINLIC(Carbamidomethyl) AFLTDR(E)
{K)NIDNFLSRYK(D)
{RKLQLELNQER(E)
{K)RSDSAFFWEER{D)

R 5/07/28 17:24

{KJLADFGTC(Carbamidomethy IMKMNKI(E)

{RIKEAQDMLNHSEK(E)

Organism: Rattus norvegicus OX=10116 Gene: Mttp Existence: Evidence at protein level Version: 1

Index: 257668 MW: 99188 Da pl: 7.5

+
s_.:”m M‘:l“:.d Intensity ";':‘ Modifications Start End
5152000 5153664 1000 -0.166 595 598
5314000 5312959  100.0 0.104 267 211
7028000 7024509  100.0 0.349 250 255
7148000 7144509  100.0 0.349 72 278
9376000 9374738  100.0 0.126 51 s8
985.8000 9855928  100.0 0.207 342 349
1147.8000 1147.5953  100.0 0.205 383 392
1176.4000 1176.5466  100.0 -0.147 59 607
11926000 1192.5415  100.0 0.0585 10xidation 599 607
1196.8000 1196.7249  100.0 0.0751 559 569
1196.8000 1196.7249  100.0 0.0751 456 466
12120000 1211.699%4 1000 0301 1GIn=>pyro-Glu 272 283
1289.8000 1289.6770 1000 0.123 77 729
1289.8000 1289.6848 1000 0.115 833 843
13058000 1305.6719 1000 0.128 1Oxidation 717 729
1430.0000 1429.7200 1000 0.279 % a8
15100000 1509.7907  100.0 0.209 199 213

Num Unmatched Masses: 56
Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Scarch for another component.

Missed
Cleavages

e o ~0~0C OO0 O OO OO ~@0Q

Sequence

(RIRVLK(E)
(RIMVPGK(Q)
(K)IVSKQK(L)
(KIQVAGVIK(A)
(K)LQDSVGYR(I)
(R)EEILQILK(A)
(K)SDSSIILQER(F)
(K)EMIVEINYDR(F)
(K)EMIVEHNYDR(F)
(KINILLSIGELPK(E)
(K)LILGGLEKPEK(K)
(KJIQVAGVIKAIDSK(Y)
(KJMLSASGDPVSVVK(G)
(K)AEAPLRQFETK(Y)
(KJMLSASGDPVSVVK(G)

(KILTYSTEVFLDGGK(G)
(R)SGFTTANQVLGVTSK(A)

The matched peptides cover 15.2% (136/896AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 257668

5. 23/71 matches (32%).

Acc. #: D4A631 Uniprot ID: BIG1_RAT Species: RAT Name: Brefeldin A-inhibited guanine nucleotide-exchange protein 1

Organism: Rattus norvegicus OX=10116 Gene: Arfgef] Exist

ntt uested legi-bi

. E".I

level Version: 1

Page 4 o115
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Supplemental data S4. MS-Fit prediction for B4

MS-Fit Search Results

[+] Parameters

MS-Fit Search Results

[+] Pre Search Results (SwissProt.2021.06.18)

Fraction-Spot-Run [D: 1-1-1

MS.Fit search selects 183 entries (results displayed for top 20 matches).

[~] Results Summary

R 5/07/28 2310

MOWSE dmm % % MO DM e Potein M Accesion

Ht e tmmt Cnmic BT T po tndecw  Davpl o4 Speches Proteia Nume
Number 122 phs Da

1 3ATess 1097 S48 T4 0105 0605 | 169431 1399104 Q00715 RAT  Hstome H2B type |

3 NS5 URT 423 66 00759 0797 No  T48M ISSES  DIZVNI RAT  Colpase-like proten 2

4 15M96 U768 66 0169 038 | 750 NMINI PIOTIS RAT  Cysachoome o, testisspecific

s TSE WNT 4L 66 0295 0643 No 40776 9MINIAS  AILILI RAT  Centromere peotein W

. B850 MW7 440 T4 126e4 0541 Noo 4IEI42 13740100 PE28S) RAT A0S nboscenal proseis 825

T S W3 @93 33 007 056 No  1SEMS 6I0MKE PN RAT  Menllthonen: |

v 4035 &7 352 66 01X 0374 No  S951 DITIVILG PSSO RAT  Usecurtin

1" 3691 5S4 XS5 41 00252 0395 No  446M01 L9MAD PEOI92 RAT  SNARE-wcocised prolcin Seapin

n 2485 IN2 108 15 0378 0405 No s 195162 QNVIHS RAT  Cysaun- 14

7 2464 &4 M3 57 118 0569 No 27927 L4IT4ST PSSTN RAT  NHP2-ike proten |

&) 1954 IN2 248 15 9358 0S5T6 No 210928 I3S1IMS P27ISS RAT  Thymidne kinoso, cvtosolk (Fragment)

" 1785 ASM 133 41 07 0421 No Rien] KION93  QIIZFT RAT  Beta-defensm 39

15 1678 565 563 49 00810 0523 No " 5644 PSSO RAT  Dixecpamn-bending ishivilee-like §

1s 1629 SSM M2 41 022 0614 No 99 THOLV0  Q30KJZ RAT  Beta-defonsi 50

7 1622 A3 244 33 00K1 043 No SKITS IS PIMIM RAT  CDSS glyseprosen

15 1521 TSY 457 57 AR 03%0 No 272251 I27K394 PS25S04 RAT  NADH debydropomase [shiquincne] inms-sulfer proten 6, mitechondnal

Ll 1455 7T S57 ST AMK3 0636 No 229911 1418103 BIGVYE RAT  LYR metif-ceataiming protein 2

b-J 1382 443 405 33 004Kl OS85 No 1994 MAE2  QI2ZHE RAT  Bots-defonsin 15
(O LLL [ b bbbl o fo | bl B de o bl o Bledo do fo bbo do o Bisledo b bl b Bbde bo b do bbb bbb b b bl e de bl o B b b i .03085100305530.30838 3 2188881
T30 LLL R b b | sl b e e bl bl de b e bl o bisd bbbl e bl b bl bl b B bl b b B b s b bk | ol fo e bodoble e bodo | b | | 31 2183031580808
60006 LLLLF bR - b)) bbb b b de b L L sl bbb R E L - B R - ] Flede o Bl b b bl bl | pe bl L |- H- 318353188803
H1E142 Flefe bR | - FL 5L 18] xfal. Ll s]-|- o b2l ]e xR Hl-f-bH- - FH- B 1. aa3i1883.3358:3588:38 (b FL bL-L-D- )L
155305 a0 Iaa83a 00080010008 3330010830011000388318833830.] 00aI803188300033008838 2383030 .
SO39ST L L L bl bbbl e fo fe bl B le bl e bhdo do Jo e b e | o bbb e |+ bl bl b 2388 a0 alo o Bl bbb le e b b J BAe ke | | B 31830315.0081

a0 0000301008830 320 21830300801
2511 Flofe BEE | LB D) 3 3 .|| 885858838 b H- |- B H- H- |- a833543 . b - H- 3383 g855
(223927 LLL L F b bR L B ) a833.3.31888 218835188318 -k bl H- L Flde - Bl b )L | - |- bl H- 318353188803
210928

Xpep
Pt MOWSE Amat % v Jewn Dam
Scare % mst Cov TIC

1 34Tt 1097 563 T4 0405 6605
Predeis Xpep Mean

T MOWSE Amat % % por ':':
Numb Scare % mst Cov TIC Ds Da

122 pis
2 ST015  1UI0S 67.7 98 00460 0531

uest,

# Hom MS-Digest Preteis MW Accenion

Similar Matches for Protein Hit 1

# Hom MS-Digess Prosein MW Accession
Prot  Isderd  (Dadpl .

Spoches Protein Name

1990104 QOIS RAT  Hasteas HIB type |

 Hom MS-Digess Prosein MW Accession
Pep  Iedex’  (Davpl .

14215103 Q0729 RAT  Hisicae HIB type 1-A

Speches Proteln Name

3 169391

Similar Matches for Protein Hit 4

Species Protein Name

Prot  Indexd  (Danpl L]

Page 1017
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MS-Fit Search Results

4 15896 LT6 400 66 0169 0358 | #7540

Xpep

Froecl® MOWSE dmat % 5 Mo e

Score %mst Cov TIC D Dn Pep  Indexd
122 phs

£ 4950 WS 457 66 0095 0382 4 RTRM

[] Detailed Results
1. 9/122 matches (7%).

R 5/07/28 23:10

HT493  PITIS RAT  Cywehrom ¢, tedis-spoific

(Daypl

A Hom MS-Digest Precein MW Accession

Specha Prolda Name

1160696 PSXA%E RAT  Cytochrome ¢, somalic

Acc. #: Q00715 Uniprot ID: H2B]1_RAT Species: RAT Name: Histone H2B type |
m: Rattus norvegicus OX=10116 Existence: Evidence at protein level Version: 2

Organis
Index: 169431 MW: 13990 Da pl: 10.4
miz MH' Delta

Submitted Matched Incemity " Modifications Seart End C:::-’""‘"

166000 164574 1000 0143 9w o (RIEIQTAVRIL)

918000 F0L5S00Z 1000 0100 30 &5 1 (RILAHYNKR/(S)

918000 5015003 1000 @100 79 &5 1 (RIRLAHYNK(R)

0538000 9536030 1000 0197 100 108 0 (RILLLPGELAK(H)
1137.8000 11375463 1000 0254 36 0 (KESYSVYVYK(V)
11656000 11685957 1000 000432 LI ) 0 (KQVHPDTGISSKA)
I3082000 13087093 1000 -0.509 112 1 (-IMPEPAKSRPAPK(K)
17442000 17438193 1000 0331 59 ™ 0 (KMMGIMNSFYNDIFER(I)
17600000 17555142 1000 0186 10ndation 9 7 0 (KAMGIMNSFYNDIFER(D)
17768000 17758091 1000 0.59] 20xdaticn 59 ™ 0 (KMMGIMNSFYNDIFER()

Num Unmatched Masses: 113
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover $6.8% (71/125AA') of the protein.

Caverage Map for This Hit (MS-Digest index #): 169431

2. 107122 matches (8%).

Acc. #: Q00729 Uniprot ID: H2BIA_RAT Species: RAT Name: Histone H2B type 1-A
m: Rattus norvegicus OX=10116 Gene: H2bcl Existence: Evidence at protein level Version: 2

Organis
Index: 169392 MW: 14225 Da pl: 10.3

miz * Dedta
Subsmitted NI::’IM latemity “py

MLOWS TWINE 10 03T s 8l
WRA0) TWIVI 10 027 7% W
S6000 TISAGTZ 100 0133 19 25
SI66000 3164576 100 0143 95 101
91800 SOLSS 1600 0160 2o
9518000 9516000 1000 0197 102 10
11859000 11655776 1600 0222 3T a8
11856000 11655957 1600 003432 9 @
12176000 12176736 1000 00736 IMet-does 1B
12962000 12936726 1000 0527 36 48
13909000 13907246 1000 00754 IAcetyl 1

17768000 17766295 1000 -0.430 LOxdaticn 60 T

Num Unmatched Masses: 110
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

o

- ——m 2o =2 ==

The matched peptides cover 67.7% (86127AA's) of the protein.

Coverage Map for This Hit (MS-Digest index #): 169392
3. 8/122 matches (6%).

(RIAGEASR(L)
(RHAGEASR(L)
(KMVTKTOK(K)
(RIEIQTAVR(L)
(RILAHYNKR(S)

Missed
I“-ﬂaﬂm“"“m

(RJLLLPGELAK/(H)

(KESYSIYIYKIV)

(KQVHPDTGISSKIA)
(IMPEVSAKGTTISK(K)
(RIKESYSIVIYK(V)
CIMPEVSAKGTTISKIK)
(KMMSIMNSFVTDIFER()

Acc. #: D3ZVNI Uniprot ID: COLL2_RAT Species: RAT Name: Colipase-like protein 2

Organism: Rattus norveg
Index: 74930 MW: 11495 Da pl: 85

miz mu* Delta
Submiticd Matched "% Da Medificatioas
MSH00 TTSING 1000 0277

TEEHI0D THSINEZ 1000 53K | Cartembdometty ) Proplonamade
BI08000 37LI9TR 1000 0598 | Carbemidumethyl->Propicaarmade

W1LN0Y SO1AS0 1000 00560

L6000 SE5A3ST 1000 0161 |Cartembomethyl > Proplonamede

1328000 11325602 1000 0240

12852000 1258.661% 1000 0461

nttos: /o uest eduh eai-tsind

2 dzzwee &

®3zess L

=
-

o= 9000

icus OX=10116 Gene: Clpsi2 Existence: Inferred from homology Version: |

Missed
mn"«m

(KIDPMO(Ciebamideenciby[|PROR)
(KIDPMC(Carbamidomethy IPR(R)
(RISGAFC(Cartustidurecthyl TSK(S)
(RIGLSC(Cardamidomethy IHSK(D)
(KIDPMC(Carbamidomethy IPRRIC)
(RISLNILO(Carbeanidhamsethry PO Carbeanidhamsethey UT)

(KIRSLNILCY Carbom)domethy 2 Carbomidomethy &1

Page 2 01 7
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MS-Fit Search Results R 5/07/28 23:10

13300000 1329.6321 1000 0368 n 12 ! (X)FDFSENSDLKK(A)

Num Unmatched Masses: 114
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 42.3% (44/104AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 74930

4. 7/122 matches (5%
Acc. #: P10715 I.l-bnl ID: CYC2_RAT Species: RAT Name: G chrome ¢, testis-specific
Organism: Rattus norvegicus OX=10116 Gene: Cyet Exi id at ipt level Version: 2
Index: 87540 MW: 11743 Da pl: 93
miz Mised
Submitted mn‘ latemity D- Modifications Mm“'“&ﬁn
FE00 S434079 1000 000792 10 14 0 (KEFQKLC)
TISM00 TT5IMS 1900 0206 10t bss 1 9 1 CIMGDAEAGKK(T)
TI9A00 TTSAASE 1000 012 LI o) o (KMIFAGIXK)
MWEHM0P 054340 1000 0165 1 9 1 CIMADAEAGKK(T)
11325000 11324574 100 0313 15 23 o (KXC(C ehyDAQC Carbamid TVEKIG)
12176000 12176426 1000 Q020 29 o (KITGPNLWGLIGRIK)
13458000 1345.7375 1000 00625 29 40 1 (K)TGPNLWGLFGRK(T)
1776.8000 1775.8931 1900 0507 1Carbamidomethyt->Froponamide 10 23 1 (KAPIQRCIKC al TVEK(G)
Num Unmatched Masses: 114
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 40.0% (42/105AA') of the protein.
Coverage Map for This Hit (MS-Digest index #): 7540

§. 8/122 matches (6%).

Acc. #: AILIL1 Uniprot ID: CENPW_RAT Species: RAT Name: Centromere protein W

Organism: Rattus norvegicus OX=10116 Gene: Cenpw Existence: Inferred from homology Version: |
Index: 60776 MW: 9803 Du pl: 105

‘.

Submittcd yo | Tntessiy Do Madifications Start End 1ot Sequence
896000 S053458 1000 0254 5ol ° (RITNAC Cardarmadome iy IESK(S)
R2318000 3233604 1000 0439 1Carbamidomethyl->Propiomside S8 64 ° (RITNAQ Carbarradons ity ESK(S)
UT1L.2000 STO.LME 1000 0.5% > 38 1 (KIKPRLSLEK(R)
9IT00 STT.S084 1900 0292 1Met-hoss+ Acenyl LI ° (IMVLSTTIVOCarbamdomethyl IR(R)
12229000 12226395 1000 0.161 L 10 1 (IMVISTTIVOCsrbamidonethyl RR(T)
1294.2000 12936867 1000 0553 B 1 (RITNAC Cardamadome iy IESKSGVIKIK)
12962000 1294.6606 1000 0461 idation 1Acctyl 1C: s by )= Progi d 1w 1 (-IMVLSTTVO Carbarnid cencibyl RR(T)
13082000 1307.6624 1000 0533 1Carbamidomethyl->Propiomside 869 1 (RITNAQ Carbarmadome iy | ESKSGVIKK)
14550000 14946853 1000 0315 2 o4 1 (KILAEESRINAC(Cardamidomethy | |ESKIS)

Num Unmatched Masses- 114

Search for disulfide linked peptides.

Do a non-specific cleavage search.

Search for another component.

The matched peptides cover 41.9% (36/86AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 60776

6. 9/122 matches (7%).
Acc. #: P625S3 Uniprot ID: RS25_RAT Species: RAT Name: 405 ribosamal pmm 525

: Rathss norvegicus OX-10116 Geme: Rps25 Exi pt level Version: 1
Index: 418142 MW: 13742 Dz pl: 10.1

.
g M:':.M Tntensity "t Medifications Start mc:':."“mm
HISHI0D S154298 1000 03N 1925 1 (KIDKDPYNK(S)
RS0.2000 304781 1000 0278 05 101 0 (RAQVIYTRN)
K000 3204781 1000 0122 10 11 0 (RAQVIYTRIN)
918000 SO1ATIE 1000 00738 2029 1 (KIDPYNKSGGKIA)
9100 97224 1000 00276 B 9 0 (RAALQELLSK(G)
10120000 10125132 1000 0513 |Carbemometty)->Progicaamade 53 60 1 (KIATYDKLCI CarbamidomehyfIK(E)
11438000 11436382 1000 0162 N L (KHRAQVIYTRN)
12738000 12735655 1000 0238 12125 1 (RINTKGGDAPAAGEDA(-)
ISE39000 13K3EST0 100.0 00570 ¥ 9% 1 (RAALQELLSKGLIK(L)
Num Unmatched Masses: 113
Search for disulfide linked peptides.
i fprosp uest. ! P Jegi-bin/ h.cgi Page 3017
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Supplemental data S5. MS-Fit prediction for B1

MS-Fit Search Results

[~] Parameters

R 6/03/21, 16:46

MS-Fit Search Results

Database searched: SwissProt.2021.06.18
Digest Used: Trypsin
Max. # Missed Cleavages: 1
Constant Modification: Carbamidomethyl (C)
Minimum Matches: 4
Sort Type: Score Sort
Considered modifications: | Peptide N-terminal Gln to pyroGlu | Oxidation of M | Protein N-terminus Acetylated |
Acrylamide Modified Cys |
Min Parent Ion Matches: 1

MOWSE On: 1

MOWSE P Factor: 0.4
Report Homologous Proteins: Interesting

[~] Pre Search Results (SwissProt.2021.06.18)

Number of entries in the database: 565254
Molecular weight search (40000 - 60000 Da) selects 121313 entries.
Full pI range: 565254 entries.
Taxonomy search RATTUS NORVEGICUS selects 8135 entries.
Combined molecular weight, pI and taxonomy searches select 2168 entries.
Pre searches select 2168 entries.

Fraction-Spot-Run ID: 1-1-1
MS-Fit search selects 108 entries (results displayed for top 20 matches).

[~] Results Summary

#
™ MOWSE Smat % % Npan Daa
Number Score % mat Cov TIC Da  Da
24 pks
1 34706 12/11/46 18.9 458 0.190 0.193
2 207 /625 14.825.0 -0.174 0.746
3 193 S/521 14.1 208 -0.0440 0.723
4 143 4417 50 167 0214 0.203
s 134 5521 113 208 -0.243 0.762
o 12 60625 122250 0.197 0.658
7 958 /521 114208 0325 0.223
8 955 417 63 167 0.268 0.407
9 823 /521 10.2 20.8 -0.0736 0.601
10 80.7 4417 84 167 0.191 0342
1 543 521 115 20.8 0.0548 0.698
12 509 521 9.6 20.8 0.0302 0.777
13 486 3417 68 167 -0.191 0.560
14 419 S/521 8.1 208 -0.0538 0.627
15 405 3417 49 167 -0.184 0.675
16 401 3417 58 167 0359 0386
17 363 4417 77 167 0.0544 0.761
18 30 3417 35 167 -0.187 0570

L]
Hom
Prot
No
No
No
No
No
No
No
No
No
No

No

No

No
No
No
No
No
No

nttps:/fprospector.ucst.edujprospector/cgi-binimssearch.cgi

MS-
Digest
Index #
305238
204081
447174
273124
448905
181858
64673
204187
3729
81572

18973

128279

302709
135877
355455
124996
202716
132578

Protein
MW
(Day'pl
54751556
50214/5.1
46794/6.2
42382/6.8
56020/8.7
52712/6.9
45101552
50709/5.7
46429/6.7
46290/5.6

5490875

54764/6.3

49913/8.8
51451555
45551/6.0
59153589
53905/5.3
55356/4.9

M“:“" Species Protein Name

Q51007
Q6IFU7
BI1H267
Q64627

RAT
RAT
RAT
RAT

Q99MUS RAT

P22449
054783

Q6IG12
P13221

Q68FS2
035827
PO7953
QYZ129

RAT
RAT
RAT
RAT
RAT

RAT

RAT
RAT

QYQVCS RAT

AIASRI
Q62986

RAT
RAT

Q5PQQS RAT

D4ABPY

RAT

Xaa-Pro dipeptidase

Keratin, type | cytoskeletal 42
Sorting nexin-5

Sialidase-2
Spermatogenesis-associated protein 6
Hepatocyte nuclear factor 4-alpha
Choline/ethanolamine kinase
Keratin, type Il cytoskeletal 7

Aspartate aminot cytoy

COPY signalosome complex subunit 4

Amyloid-beta Ad precursor protein-binding

family B member 3
6-phosphofructo-2-kinsse/fructose-2,6-
bisphasphatase |

PDZ and LIM domain protein 7

Peptidyl-prolyl cis-trans somerase FKBP4

RNA binding protein fox-1 homolog 2
Estrogen receptor beta

Integrin beta-like protein |

F-box only protein 3

Page ol 9
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MS-Fit Search Results R 6/03/21, 16:46

19 255 6/6/25 153292 0.0961 0.612 No 477022 4479953 QSXIVO RAT  Terminal nucleotidyl e sC
20 246 3417 57 167 0266 0.573 No  9M33  481209.0 Q5VJISS RAT  Dynein axcaemal assembly factor 4

305238 [x x x|.x|L x| [ x| x|
204081 |. L Lu o o e dede e Ix ) xfxdxfa fa fo e e e XD X
ATIT4 | L | e [ fefe e e | ) fxfe e o) ]e XD |
273024 | Jo o [ e o e de o [ fe ) e e fe fe ) e e fe [ 1e |
448905 |. L Ix|o o | e o gl fe | pxpxfe e fe fo e e fe | e
IBI8S8). . .| |x|x X XX x
64673 .. .|| [x X x| X
204187|. . .| . x NN x|, x|x

3729 |0 | e bl e e e e e e e e L 0e |
BIST2 [ f oo fo e oo |x)e pffafo e de |e Jefe fe [ 1o |x
18973 | ix o [ofo fx)e e fu e e fo |o e fe e B fx e fe )e ] B e
128279 . x| [ x| o fo o oo fe e o [ Lo e )e 0 |-
302709 . L. do [ o e |e defo [ Lo | Ixfxfe fe fe fx ] px e [ 1e |-
13SBTT) Lo o [ x| o fe o )| fo I fa o | fe fe | 0o )
3SS4SS [ Jo o [ ] fede o [ de e pxfxfe o e o] e fe | 1e |
124996 |- Lo fo [ fo fo | defe o fe [ e o 1o | [x) fx)e ) |-
202716 | b ix | | fo o fede fe e o | L fe |- 0e X)) ) Ixde |
132578 ). o fo [ fe |o |- e o o fo e xdx e fa fo [ e ]e ]e 0 |
477022 (. 1. 1 [« x| e fe g e |l | g fx e | s X e )l |
90433 (x| o fx)o |o e de o e e fo Ix]x e e b fo e e fe )o e |

[-] Detailed Results

1. 11/24 matches (45%).

Acc. #: Q510D7 Uniprot ID: PEPD_RAT Species: RAT Name: Xaa-Pro dipeptidase

Organism: Rattus norvegicus OX=10116 Gene: Pepd Existence: Evidence at transcript level Version: 1
Index: 305238 MW: 54751 Da pl: 5.6

S-b:,:u d .\l:{ll:: od Intensity D::' Modifications Start End c’::::« Sequence

T99.6000 7994057 100.0 0.194 201 207 [ (R)ISSEAHR(E)

T99.6000 7994308  100.0 0.169 389 395 [ (RMDEPGLR(S)

R19.6000 8194723 100.0 0.128 93 9 [ (K)STLFVPR(L)

934.6000 9345356  100.0 0.0644 304 311 [ (KJAIYEAVLR(S)

967.6000 967.4731 100.0 0127 160 168 [ (R)EASFEGISK(F)

1010.8000 1010.5629  100.0 0237 336 343 [ {(RNMHLEELTR(I)

1105.6000 11055558  100.0 0.0442 188 196 [ (K)TDMELEVLR(Y)
1121.8000 11215507 100.0 0.249 10xidation 188 196 [ (KJTDMELEVLR(Y)
1224.8000 1224.6082  100.0 0.192 100 110 [ (R)ILPASYATWMGK(1)
1240.8000 1240.6031 100.0 0.197 10xidation 100 110 [ (R)LPASYATWMGK(1)
1276.0000 12756038 100.0 0396 57 66 [ (R)YC(Carbamidomethyl ) TDTSHFR(Q)
1749.2000 1748.9177  100.0 0282 IMet-loss+Acetyl 117 [ {(-IMASTVRPSFSLGNETLK(V)

Num Unmatched Masses: 13
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 18.9% (93/492AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 305238

2. 6/24 matches (25%).
Acc. #: Q6IFU7 Uniprot ID: K1C42 RAT Species: RAT Name: Keratin, type I cytoskeletal 42
Organism: Rattus norvegicus OX=10116 Gene: Krt42 Existence: Inferred from homology Version: 1

nttps:/fprospector.ucst.edulprospectorfcgi-biny h.cai Page 2019
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MS-Fit Search Results R 6/03/21, 16:48

Index: 204081 MW: 50214 Da pl: 5.1

m'z MH" Delta Missed

Submitted Matched Intensity Da Modifications Start End Cleavages Sequence
1117.0000 11175735 100.0 0574 430 439 0 (R)TIVEEVQDGK(V)
1 Carbamidomethyl- .
1166.0000 1166.5445  100.0 -0.545 >Proplonamide 18 28 0 (K)YGLCO(Carbamidomethy JAPGMGFSR(M)
1 Carbamidomethyl- .
1166.2000 1166.5445  100.0 -0.345 >Proplonamide 18 28 0 (K)GLCO(Carbamidomethy )APGMGFSR(M)
1196.6000 1196.6494  100.0 -0.0494 440 449 1 (K)VVSSREQVHR(S)
1699.2000 16988657  100.0  0.334 IMet-loss+Acetyl 117 1 (-IMASTTSIRQFSTSGSVK(G)
1868.0000 1867.8637  100.0 0.136 40 58 0 (RIAPSLLGGGSC(Carbamidomethy )SSNMSVTSSR(F)

Num Unmatched Masses: 18
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 14.8% (67/452AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 204081

3. 5/24 matches (20%).

Acc. #: BIH267 Uniprot ID: SNX5_RAT Species: RAT Name: Sorting nexin-5

Organism: Rattus norvegicus OX=10116 Gene: Snx5 Existence: Evidence at protein level Version: |
Index: 447174 MW: 46794 Da pl: 6.2

miz MH*Y Delta Missed

Submitted Matched Intensity Da Modifications Start End Cleavages Sequence

967.6000 967.5571 100.0 0.0429 150 158 0 (R)LSSHPVLSK(D)
1166.0000 1166.5688  100.0  -0.569 315 324 0 (KJALIDYENSNK(A)
1166.2000 1166.5688  100.0 0369 315 324 0 (KJALIDYENSNK(A)
1215.6000 12156078 100.0 -0.00782 297 306 0 (R)YYMLNIEAAK(D)
1699.2000 1698.8771 1000 0323 124 137 1 (KIMKQELEAEYLAVFK(K)
1699.2000 16988843  100.0 0316 10xidation 375 388 1 (KINLIEMSELEIKHAR(N)

Num Unmatched Masses: 19
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 14.1% (57/404AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 447174

4. 4/24 matches (16%).

Acc. #: Q64627 Uniprot ID: NEUR2_RAT Species: RAT Name: Sialidase-2

Organism: Rattus norvegicus OX=10116 Gene: Neu2 Existence: Evidence at protein level Version: 1
Index: 273124 MW: 42382 Da pl: 6.8

m'z MH"
Submitted Matched
1105.6000 1105.5380
1121.8000 1121.5329
1224.8000 1224.5388
1240.8000 1240.5337

Num Unmatched Masses: 20
Search for disulfide linked peptides.
Do a non-specific cleavage search.

nttps:)) P west

h.cgi

Missed

(-IMETC(Carbamidomethyl) PVLQK(E)
(-)METC(Carbamidomethyl)PVLQK(E)
(R)SMNPC(Carbamidomethy)PLYDK(Q)
(R)SMNPC(Carbamidomethy)PLYDK(Q)

Intensity D::‘ Modifications Start End Cleavages Sequence
100.0 0.0620 19 0
100.0 0267 10xidation 19 0
100.0 0261 84 93 0
100.0 0.266 10xidation 84 93 0

Page 3of 9
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MS-Fit Search Results R 6/03/21, 16:46

Search for another component.

The matched peptides cover 5.0% (19/379AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 273124

5. 5/24 matches (20%).

Acc. #: Q99MUS Uniprot ID: SPAT6_RAT Species: RAT Name: Spermatogenesis-associated protein 6
Organism: Rattus norvegicus OX=10116 Gene: Spata6 Existence: Evidence at protein level Version: 2
Index: 448905 MW: 56020 Da pI: 8.7

mz

MH Delta Missed
Submitted Matched Intensity Da Modifications  Start End Cleavages Sequence

ICarbamidomethyl- )
934.6000 9344887  100.0 0.111 >Proplonamide 179 185 1 (R)LQC(Carbamidomethy)RTSR(S)
1073.2000 1073.6023 100.0 -0.402 17 26 0 (R)SVTC(Carbamidomethy)PGVLLK(D)
1166.0000 1166.5688  100.0 -0.569 205 214 0 (KINYEQPTISSK(S)
1166.2000 1166.5688  100.0 -0.369 205 214 0 (KINYEQPTISSK(S)
1Carbamidomethyl- . .
1749.2000 17488564  100.0 0.344 >Propionamide 29 42 0 (K)EDIYLSIC(Carbamidomethy )VFGQYK(K)
10xidation
1749.2000 1749.7730 1000 -0.573 2Carbamidomethyl- 287 300 1 (RIMHSDHPHLGC(Carbamidomethyl)C(Carbamidomethy)RAK(D)
>Propionamide

Num Unmatched Masses: 19
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 11.3% (55/488AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 448905

6. 6/24 matches (25%).

Acc. #: P22449 Uniprot ID: HNF4A_RAT Species: RAT Name: Hepatocyte nuclear factor 4-alpha
Organism: Rattus norvegicus OX=10116 Gene: Hnf4a Existence: Evidence at protein level Version: 3
Index: 181858 MW: 52712 Da pl: 6.9

+
S-b'::led .\l:?i od Intensity D::. Modifications  Start End (:::‘::“ Sequence
067.6000 9673873  100.0 0.213 91 97 0  (KINHMYSC(Carbsmidomethyl)R(F)
10xidation
007.0000 9973678  100.0 -0.398 ICarbamidomethyl- 91 97 0 (K)NHMYSC(Carbamidomethyl)R(F)
>Propionamide
1117.0000 11165392 100.0 0.461 128 136 1 (K)EAVQNERDR(I)
1317.8000 1317.7274  100.0 0.0726 22223 0 (RIAHAGEHLLLGATK(R)
1699.2000 16988414 100.0 0359 l‘m"::“"y" 254 267 1 (RJHC(Carbamidomethy)PELAEMSRVSIR()
17492000 1748.7268  100.0 0.473 718 1 (KHYGASSC(Carbemidomethy])DGC(Carbamidomethy\KGEFR(R)

Num Unmatched Masses: 18
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 12.2% (58/474AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 181858

7. 5/24 matches (20%).
Ace. #: 054783 Uniprot ID: CHKB_RAT Species: RAT Name: Choline/ethanolamine kinase
Organism: Rattus norvegicus OX=10116 Gene: Chkb Existence: Evidence at protein level Version: 3

nttps:, ucst.edu/pr fcgi-biny h.cgi Page 4 of 9
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Supplemental data S6. MS-Fit prediction for B2

MS-Fit Search Results R 6/03/22,16:17

MS-Fit Search Results

-] Parameters

Database scarched: SwissProt.2021.06.18
Digest Used: Trypsin

Max. # Missed Cleavages: 1

Constant Modification: Carbamidomethyl (C)
Minimum Matches: 4

Sort Type: Score Sort

Considered modifications: | Peptide N-terminal Gln to pyroGlu | Oxidation of M | Protein N-terminus Acetylated | Acrylamide
Modified Cys |

Min Parent lon Matches: 1

MOWSE On: 1

MOWSE P Factor: 0.4

Report Homologous Proteins: Interesting

[~] Pre Search Results (SwissProt.2021.06.18)

Number of entries in the database: 565254

Molecular weight scarch (40000 - 60000 Da) sclects 121313 entries.

Full pl range: 565254 cntrics.

Taxonomy search RATTUS NORVEGICUS sclects 8135 entries.
Combined molecular weight, pl and taxonomy scarches sclect 2168 entrics.
Pre scarches sclect 2168 entrics.

Fraction-Spot-Run [D: 1-1-1
MS-Fit scarch sclects 64 entries (results displayed for top 20 matches).

[~] Results Summary

¥
""l':"' MOWSE #mat % % ’:::_" '.’r:‘I' # Hom MS-Digest Protein MW Accession g 0o
Number Score % mat Cov TIC Da Da Prot  Index# {Daypl L]
20 pks

1 205 7735 118350 0200 0535 No 513950 4639880 035757 RAT  Vascular endothelial growth factar C

2 168 4420 47 200 00257 0935 No 486581  46509/6.4 QSPQVS RAT  Traphoblast glycoprotein

3 137 SS25 115250 0198 0331 No 302612  S6624/5.9 P1IS98 RAT  Protein disulfide-isomernse A3

4 132 S/S/25 102250 -0.144 0.648 No 137880 S9S26/8.6 P36365 RAT  Dimethylaniline genase [N-oxide-forming] |

S 976 7735 125350 0.0672 0783 No 203995  S6S05/5.01 Q6IFW6 RAT  Keratin, type I cytaskeletal 10

6 812 4420 73 200 00375 103 No 19244 4633884 Q6AYC2 RAT  Immunity-relsted GTPase family M protein

7 423 420 140200 005480919 No 67036 4703589 Q6AYUD RAT  Uncharacterized protein C120rf50 bomalog

8 327 4420 B3 200004150829 No 48426  SB4S99.2 Q6AXUI RAT  BTB/POZ domain-containing protein 16

9 307 S420 9.0 200 0.126 0425 No  Te9SI  472699.0 PI3233 RAT  2'¥-cyclic-nucleotide ¥-phosphodicsterase

10 270 4420 9.8 200 -0.131 0.661 No 77849 559969.1 PIITII RAT  Cytochrome P450 2A1

1 252 4420 9.0 20.0 0.0919 0.518 No 489266  54955/6.9 QIWVS9 RAT  E3 wbiquitin-protem ligase TRIM17
12 237 4420 ILT 200 -0.169 0.419 No 446910  47042/6.5 Q6P6S0 RAT  Synaptosomal-associted protein 47
13 231 4420 7.9 200 -0.193 0410 No 489358  59980/4.6 QSPQNS RAT  Tripartite motif-containing protein 55
14 226 4420 8.7 200 -0.271 0527 No 81520 53429/6.4 P97834 RAT  COP9 signalosome complex subunit 1
15 203 4420 111 20.0 0.0524 0999 No 319543 40766/6.7 Q6DGGO RAT  Peptidyl-prolyl cis-trans isomerase D
16 196 4/4/20 115200 0220 0376 No 9628 45804/6.0 Q6AYST RAT  Aminoacylase-1A

17 194 &/630 111300 -0.139 0.767 No 212280 5781866 P11980 RAT  Pyruvate kinase PKM

18 164 4/4720 12.4 20.0 0.0304 0.690 No 56922 43454/5.7 B2RZS86 RAT  Coiledcoil domain-containing protein 89
19 152 &/630 14.0 30.0 0.0596 0.454 No 166295  467439.0 PI18266 RAT  Glycogen synthase kinase-3 beta

20 145 4420 63 200 0.109 0562 No 181858  S52712/6.9 P22449 RAT  Hepatocyte muclear factor 4-alpha

S13950 . ;. | |- o )| ) xfx]. xfx]. . |,

MBESBE|. | [ xfo|o | de ool 1o xx]e e fx]L L]

302612|. | x| fo |- o) B[ o] fixie o] X

137880 |. |. |. x| [x|x]o [ ol 0 fe o 0 e Ix) x|
nttps:/fprospector.ucst edulprospector/cgi-bin/mssearch.cai Pagetofl 8

126



MS-Fit Search Results

(203995, |. |x|x|.|. |x'x].

R 6/03/22, 16:17

X x X

199244 . [ |- | |- |- | |- &|o e =[] 0e =
67036 |. [ || | |- ) e fe o &) | xxx
48426 | [.|.|. |- |- |x] |- |x)< - x ) x
T0951 |x . |. | x| o o |l fx)s

77849 | [ |.fo fo x| fe e oL B x )L 0 e x
489266 . |.|. . .| |x . | X . x|x
446910 N INAN x|x|.x
489358 xix|. [x]. .| x
81520 x x x| x
319543 x x| [x]. x|, |. |-

9628 x x .| fxix
212280 x . x|xLox).|x x
56922 x| x|, ] x
166295 (x |. |. |. |. |x|x|. |. | XX x
181858 . |.|. | |.|.|x|. |.|.x X x

[-] Detailed Results

1. 7/20 matches (35%).

Acc. #: 035757 Uniprot ID: VEGFC_RAT Species: RAT Name: Vascular endothelial growth factor C

Organism: Rattus norvegicus OX=10116 Gene: Vegfc Exi Evid at protein level Version: 2
Index: 513950 MW: 46398 Da pl: 8.0
m'z M’ Delta -
Submitted Matched Intensity Da Medifications  Start End Qleavagrs Sequence
8352000 $35.4785  100.0 -0.278 1Gln->pyro-Glu 216 222 0 (R)QVHSIR(ER)
1165.4000 1165.5783 1000 -0.178 i‘:;:;‘:"“""“"‘u Y 319 38 0 (K)LFLNSC(Casbamidometiyl GANR(E)
1340.2000 1340.5756  100.0 -0.376 if,w""“i nido f":"‘"' 309 318 1 (R)DSC(Carbamidomethyl)QC(Carbamidometisyl)VC(Carbamidomethyl)KNK(L)
1382.0000 13817005 100.0 0.300 342 353 1 (R)TC(Carbamidomethyl)PRNQPLNPGK(C)
1395.0000 1395.5681  100.0 -0.568 372 381 0 (K)FHHQTC(Carb iy 1)SC(Carhy hyl YR(R)
1407.6000 1407.7161  100.0 0.116 i;‘;:‘l‘"“""“"‘h ¥° 317 328 1 (K)NKLFLNSC(Carbamidomethyl}GANR(E)
1Carbamidomethyl- N e
1409.4000 14095837 1000 -0.184 SRl 372 381 0 (K)FHHQTC(C (C ¥ YR(R)
Num Unmatched Masses: 13
Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Secarch for anoth p
The matched peptides cover 11.8% (49/415AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 513950
2. 4/20 matches (20%).
Acc. #: Q5PQVS Uniprot ID: TPBG_RAT Species: RAT Name: Trophoblast glycoprotein
Organism: Rattus norvegicus OX=10116 Gene: Tpbg Existence: Evidence at protein level Version: 1
Index: 486581 MW: 46509 Da pl: 6.4
m'z Mt Delta Missed
Submitted Matched Intensity Da Modifications  Start End Cleavages Sequence
9168000 916.4622 1000 0.338 317 324 0 (KETEVVPDK(A)
13820000 1381.5293 1000 0.471 62 73 0 {R)C(Carbamidomethyl)PAAC(Carbamidomethyl)EC(Carbamidomethyl)SEAAR(T)
1Carbamidomethyl- N - N - PR
1395.0000 13955450 10000545 ., Cn o 62 7 0 (RICIC IPAAC(C JEC(C: SEAAR(T)
2Carbamidomethyl- . " - P
1409.4000 14095606 100.0-0.161 Jp ot t 62 73 0 {R)C(Carbamidomethyl)PAAC(C: JEC(C: SEAAR(T)

Num Unmatched Masses: 16
Search for disulfide linked peptides.
Do a non-specific cleavage search.

h o Lead f Jcgi-bin/ h.cgi
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MS-Fit Search Results

Scarch for another component.

The matched peptides cover 4.7% (20/426AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 486581

3. 5/20 matches (25%).

Acc. #: P11598 Uniprot ID: PDIA3_RAT Species: RAT Name: Protein disulfide-isomerase A3
Organism: Rattus norvegicus OX=10116 Gene: Pdia3 Existence: Evidence at protein level Version: 2
Index: 302612 MW: 56624 Da pl: 5.9

Slb::ned M:'t:l: od Intensity Dl;:l Modifications Start End Cr::::“ Sequence

877.8000 S77.48%0 1000 0211 297 304 0 (K)LNFAVASR(K)
1198.0000 1197.7201 1000 0.280 423 433 1 (K)LSKDPNIVIAK(M)
1395.0000 1394.6587 1000 0.341 162 173 0 (RIDLFSDGHSEFLK(A)
1396.8000 1396.6955 1000 0.105 367 379 o (K)SEPIPETNEGPVK(V)
1592.8000 1593.8483 100.0 -0.0483 483 496 0 (RIEATNPPHIQEEKPK(K)

Num Unmatched Masscs: 15
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Scarch for another component.

The matched peptides cover 11.5% (58/505AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 302612

4. 5/20 matches (25%).

Acc. #: P36365 Uniprot ID: FMO1_RAT Species: RAT Name: Dimethylaniline monooxygenase [N-oxide-forming] 1
Organism: Rattus norvegicus OX=10116 Gene: Fmol Existence: Evidence at protein level Version: 2

Index: 137880 MW: 59826 Da pl: 8.6

Sﬂ::ned M‘::f o Tnteasity Dl;'_" Modifications Start End cr:::« Sequence

9168000 9164921 1000 0.308 451 458 0 (RJAMLLTDPR(L)

1063.4000 1063.4989  100.0 -0.0989 34 &2 0 (RSC(Carbamidomethy)DLGGLWR(F)
1109.2000 11095473 100.0 -0.347 35354 0 (K)VEDGQASLYK(Y)

1409.4000 1409.9454  100.0 0545 292304 1 (RITGKVLIKPSIK(E)

1593.8000 15938370 100.0 -0.0370 503 516 0  (RITVQETPSTFETLLK(L)

Num Unmatched Masses: 15
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Scarch for another component.

The matched peptides cover 10.2% (54/532AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 137880

5. 7/20 matches (35%).

Acc. #: Q6IFW6 Uniprot ID: K1C10_RAT Species: RAT Name: Keratin, type I cytoskeletal 10
Organism: Rattus norvegicus OX=10116 Gene: Krt10 Existence: Inferred from homology Version: 1
Index: 203995 MW: 56505 Da pl: 5.1

+

S " M‘::: g Tntemsity D;'_" Modifications Start End &':"::u Sequence

877.8000 §77.4486 1000 0351 490 497 1 (K)GSNTNKTR(V)
9168000 9163829  100.0 0.417 25291 0 (KINHEEEMK(D)
1109.2000 1109.4898  100.0 -0.250 3432 0 (KIDAEAWFNEK(S)
1165.4000 1165.5848  100.0 -0.185 441 49 0 (RILENEIQTYR(S)
1235.2000 12346790 1000 0.521 235244 1 (RILKYENEVALR(Q)
12438000 1243.6529  100.0 0.147 501511 0 (KJTHEEVIPEGR(V)
13402000 13406917 100.0 0492 1Gln>pyro-Glu 245 256 1  (R)QSVEADINGLRR(V)

Num Unmatched Masses: 13

Ito ucst.edulp Jegi-bin h.cgi
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Supplemental data S7. MS-Fit prediction for B3

MS-Fit Search Results R 6/03/22, 16119

MS-Fit Search Results

[-] Parameters

Database scarched: SwissProt.2021.06.18
Digest Used: Trypsin

Max. # Missed Cleavages: 1

Constant Modification: Carbamidomethyl (C)
Minimum Matches: 4

Sort Type: Score Sort

Considered modifications: | Peptide N-terminal Gln to pyroGlu | Oxidation of M | Protein N-terminus Acetylated | Acrylamide
Modified Cys |

Min Parent lon Matches: 1

MOWSE On: 1

MOWSE P Factor: 0.4

Report Homologous Proteins: Interesting

[-] Pre Search Results (SwissProt.2021.06.18)

Number of entries in the database: 565254

Molecular weight search (100000 - 200000 Da) sclects 22559 entries.
Full pl range: 565254 entrics.

Taxonomy scarch RATTUS NORVEGICUS sclects 8135 entries.
Combined molecular weight, pl and taxonomy searches select 755 entries.
Pre scarches select 755 entries.

Fraction-Spot-Run ID: 1-1-1
MS-Fit search selects 47 entrics (results displayed for top 20 matches).

[-] Results Summary

#f pep
Protein : Mean Data #  MS-  Protein .
Hit M;::‘:: :"':_'I C’:v T’I‘C Err  Tol Hom Digest MW SS90 g0 ies Protein Name
Number 11 pks Da Da Prot Index# (Daypl
1 109 S/545 4.4 455 00452 0238 No 505477 10324259 Q32PZ3 RAT  Protein unc-45 homolog A
2 872 4436 2.7 364 0.00823 0.0681 No 237671 11008263 Q4VSB3 RAT  Mediator of RNA poly n iption subunit 24
3 816 6/6/55 33 545 -0.0313 0556 No SIS003 15025186 PS3767 RAT  Vascular endothelial growth factor receptor 1
4 471 SA36 3.1 364 0.0446 0.0692 No 203367 129706/5.5 P97607 RAT  Protein jagged-2 (Fragment)
5 464 4436 2.4 364 -0.0193 0.0782 No 356762 141944/6.6 QSPQJS RAT  Rho GTPuse-activating protein 29
6 424 6545 23 455 0.0317 0243 No 210459 182565/7.0 FIMSNT RAT  Kinesin-like protein KIF21B
7 413 4436 2.6 364 00555 0330 No 264860 11528454 QIOT28 RAT  Protein phosphatase 1 regulatary subunit 12A
8 373  S4/36 2.5 364 -0.0413 0204 No 459036 172595/8.3 OT0608 RAT  Synaptonemal complex protein 2
9 301 4436 2.4 364 -0.199 0520 No 494430 127630/6.6 QSR4SS RAT | "';"“""’""“‘“"“‘ cation channel subfamily M
10 279 4436 33 364 0.0404 0153 No 109002 10804658 Q9EPAO RAT  Dystrophin-related protein 2
1 229 4436 3.4 364 -0.0309 0.0792 No 47692 10672092 DATT3 RAT  Bromodomain testis-specific protein

-
~

223 5436 3.2 364 0.0114 0275 No 282362 107210/5.3 P52590 RAT  Nuclear pore complex protein Nupl07
215 4436 2.3 364 00826 0300 No 503693 176157/7.6 Q6IE24 RAT  Inactive ubiqustin carboxyl inal hydrolase 54

-
-

14 211 4436 2.7 364 0.0477 0184 No 276152 14310387 Q62645 RAT  Glutamate receptor ionotropic, NMDA 2D
15 210 S4/36 2.0 364 -0.236 0.626 No 106512 182775/8.5 Q9Z330 RAT DNA(cytosine-5)methyltransferase 1
16 207 4436 25 364 00227 0.0769 No 562804 135301/8.7 QSEXX3 RAT  Zinc finger and BTB domain-containing protein 38
17 190  64/36 2.9 364 00176 0.105 No 12432 172885/8.0 COHLI2 RAT  Adhesion G protein-coupled receptar Bl
18 L78  S/54S 23 455 00361 0172 No 107964 136857/6.4 QUQYVE RAT  DNA polymerase subunit gamma- |
19 166  4/4/36 2.1 364 0.0917 0.197 No SI1844  165614/6.6 D4AEC2 RAT  Calmodulin-regulated spectri iated protein 2
20 164 54/36 3.1 36.4-0.003450.0433 No 225089 156654/6.2 QSSGEQ RAT  Leucine-rich PPR motif-containing peotein, mitochondrial
.Slﬂle.x ] x| [x].
L TSTURN NN N N
nttps: /s WCST.edu/p fegi-bin/ h.cgi Pagetof 9
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ISISIIJx.xx..x.x.x
[2o3367]. x|, . [ x| [x ] |x .
1356762 |.|.|.
2 xfx ).
1264860 x . |. |.
459036 .
94430 .

Aevues .
47692 |.
|282362|x .| . |
jsezeoslx L. | [ L x L xx
276152, 1. [x|. |x|. |.|. x|. Ix
106512]. x|. |x|x/. | |xl. [ ],
IS62804 . x|.|. |. xx|. . |x .
12432 | x| | fx ). | |- xx ).
107964 x . |. | [xx x| L |x .
SIB44 |x (x| [l x)L ] 0x
225089. . [x|. | [xfx|. . |. Ix

[-] Detailed Results

1. 5/11 matches (45%).

Acc. #: Q32PZ3 Uniprot ID: UN45A RAT Species: RAT Name: Protein unc-45 homolog A

Organism: Rattus norvegicus OX=10116 Gene: Unc45a Existence: Evidence at transcript level Version: 1
Index: 505477 MW: 103242 Da pl: 5.9

+
s_b"’“ M'::Ld Intensity Dl‘;'.“ Modifications Start End Clh::'::u Sequence
7136000 7133763 1000 0224 |Carbamidomethyl->Propionamide 65 70 0  (R)AAC(Carbamidomethy/HLK(L)
719.4000 7193206  100.0 0.0794 154 190 0 (R)EDAGAEK(D)
§33.4000 8334186  100.0 -0.0186 923 930 0 (RIAAAAC(Carbamidomethyl)LEK(A)
1099.6000 10995643 100.0 0.0357 618 626 0  (KIQUVPEQHPK(D)
1275.6000 1275.6943 1000 0.0943 1Gln->pyro-Glu 517528 1 {(KIQFAEGSTLKLAK(Q)

Num Unmatched Masses: 6

Search for disulfide linked peptides.
Do a non-specific cleavage search.
Scarch for another component.

The matched peptides cover 4.4% (42/944AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 505477

2. 4/11 matches (36%).

Acc. #: Q4VEB3 Uniprot ID: MED24 RAT Species: RAT Name: Mediator of RNA polymerase 11 transcription subunit 24
Organism: Rattus norvegicus OX=10116 Gene: Med24 Existence: Evidence at protein level Version: |

Index: 237671 MW: 110082 Da pl: 6.3

m'z Mt Delta Missed

Submitted Matched Intensity Da Modifications Start End Cleavages Sequence
719.4000 719.3471 100.0 0.0529 720 725 0 (KYGWVDSR(S)
T47.4000 747.4182 100.0 -0.0182 637 642 0 (KSLOMIR(Q)
833.4000 833.4186 100.0 -0.0186 628 634 0 (RIMLGLDER(E)
£65.4000 865.3832 100.0 0.0168 134 141 0 (R)C(Carbamidomethyl I TAASAER(L)

Num Unmatched Masses: 7

Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 2.7% (27/987AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 237671

n uest edu P fegi-bing h.cgi
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MS-Fit Search Results R 6/03/22, 16:19

3. 6/11 matches (54%).

Acc. #: P53767 Uniprot ID: VGFR1_RAT Species: RAT Name: Vascular endothelial growth factor receptor 1
Organism: Rattus norvegicus OX=10116 Gene: Flt] Existence: Evidence at transcript level Version: 1
Index: 515003 MW: 150251 Da pl: 8.6

m'z MH" Delta Missed

Submitted Matched Intensity Da Modifications Start End Cleavages Sequence
713.6000 7133875 1000 0212 1017 1021 1 (RIKC(Carbamidomethyl)[HR{D)
TAT.4000 7473784 100.0 0.0216 184 189 0 (RHAWDSR(R)
T68.8000 7693661 100.0 -0.566 307 312 0 (K)GLYTC(Carbamidomethy JR(V)
8354000 8354560 100.0 -0.0560 1147 1153 o (R)FAELVEK(L)
1099.6000 10995353 100.0 0.0647 925 932 1 (K)RDFFC({Carbamsdomethy )LNK(D)
1363.8000 1363 6641 1000 0136 172 183 0 (K)FPFDALTPDGQR({I)

Num Unmatched Masses: §

Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 3.3% (44/1336AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 515003

4. 4/11 matches (36%).

Acc. #: P97607 Uniprot ID: JAG2 RAT Species: RAT Name: Protein jagged-2 (Fragment)

Organism: Rattus norvegicus OX=10116 Gene: Jag2 Existence: Evidence at transcript level Version: 1
Index: 203367 MW: 129706 Dapl: 5.5

miz  ME _ Delta Missed
Submitted Nfat, Intemsity Modifications Start End Cleavages Sequence
719.4000 7193107 1000 0.0893 73 739 0 (RIDGWEGR(T)
§33.4000 5333393 1000 0.0607 S06 812 0  (R)O(Carbamidomethy!)SC(Carbamidomethy)PPGR(S)
§33.4000 S334046  100.0 -0.00465 1951200 1 {(K)DVRO(CarbamidomethyIAGR(E)
$65.4000 S653655 1000 00345 2Curbamidomethyl- 456 462 0 (K)C(Carbamidomethyl)ASSPC(Carbamidomethyl)R(R)
>Propionamide
1275.6000 12755569 1000 0.0431 icpm“b?““""" .':""" 849 858 1 (R)C(Carbamidomethy!)LDGHRDC(Carbamidomethyl)SK(V)

Num Unmatched Masses: 7

Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Scarch for another component.

The matched peptides cover 3.1% (37/1202AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 203367

5. 4/11 matches (36%).

Acc. #: Q5PQJS5 Uniprot ID: RHG29 RAT Species: RAT Name: Rho GTPasc-activating protein 29
Organism: Rattus norvegicus OX=10116 Gene: Arhgap29 Existence: Evidence at protein level Version: 2
Index: 356762 MW: 141944 Da pl: 6.6

miz mu* Delta Missed

Submitted Matched Intensity Da Modifications Start End Cleavages Sequence
S01.4000 SO13737  100.0 0.0263 920 926 0 {R)DSDHSLK(Q)
£33.4000 £333999  100.0 6.24e5 396 402 0 (R)NDLENTK(R)
8354000 8354560 100.0 -0.0560 759 765 0 {K)EFIDLAK(E)
1275.6000 12756474 100.0 -0.0474 1Carbamid; hyl->Propi ide 386 365 1 {K)VC(Carbamidomethy )VINVEERR(N)
Num Unmatched Masses: 7
Scarch for disulfide linked peptides.
Do a non-specific cleavage search.
Scarch for another component.
nttps:/jprospector.ucst.edujprasp Qi-bin{ h.cgi Page 3 0f 9
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Supplemental data S8. MS-Fit prediction for B4

MS-Fit Search Results R 6/03/22, 16:20

MS-Fit Search Results

[~] Parameters

Database searched: SwissProt.2021.06.18
Digest Used: Trypsin

Max. # Missed Cleavages: 1

Constant Modification: Carbamidomethyl (C)
Minimum Matches: 4

Sort Type: Score Sort

Considered modifications: | Peptide N-terminal Gln to pyroGlu | Oxidation of M | Protein N-terminus
Acetylated | Acrylamide Modified Cys |

Min Parent lon Matches: 1

MOWSE On: 1

MOWSE P Factor: 0.4

Report Homologous Proteins: Interesting

[~] Pre Search Results (SwissProt.2021.06.18)

Number of entries in the database: 565254

Molecular weight search (100000 - 200000 Da) selects 22559 entries.
Full pl range: 565254 entries.

Taxonomy search RATTUS NORVEGICUS selects 8135 entries.
Combined molecular weight, pl and taxonomy searches select 755 entries.
Pre searches select 755 entries.

Fraction-Spot-Run ID: 1-1-1
MS-Fit search selects 10 entries.

[~] Results Summary

# pep MS-
Protein " o, o, Mean Data # Protein
Hit MOWSE #mat % % “po" po) Hom DSty ACCession oo ies Protein Name
Score % mat Cov TIC Index #
Number 8 Da Da Prot (Da)/pl
pks #
1 501 4/4/50 32 50.0 0.0368 0.147 No 10188 128937/5.8 P21932 RAT  Adenylate cyclase type 3

Protein phognh 1 1
429  5/M4/50 5.1 50.0 0.0319 0.241 No 264860 115284/5.4 Q10728 RAT ]2Acm, N e ¥

2
3 252 5/4/50 3.0 50.0 -0.0353 0.246 No 562312 165540/9.2 Q499R0 RAT  Zinc finger protein S18A
4 217 4/4/50 3.4 50.0 -0.0286 0.175 No 56803 109555/6.6 D3Z8K2 RAT  Coiled-coil domain-containing protein 39
5 185  4/4/50 3.8 50.0 -4.34e-4 0.269 No 324238 106765/83 AIASS1 RAT  Pre-mRNA-processing factor 6
6 L71  5/4/50 32 50.0 -0.0171 0.186 No 110496 171559/7.7 Q9ES45 RAT  Dual oxidase 2

7 144 5/4/50 3.7 50.0 -0.0265 0.246 No 345437 153785/6.6 Q9JIL8 RAT  DNA repair protein RADSO

8 LIS 6/5/62 3.6 62.5 -0.0278 0.164 No 83921 192662/5.7 D3IZEF4 RAT  Cullin-7

9

Regulating synaptic membrane
exocytosis protein 1
1-phosphatidylinositol 4,5-bisphosph

10 0.641  7/4/50 4.0 50.0 0.0346 0.173 No 313083 147736/6.4 P24135 RAT phosp};odicst;msc gamma-2

0.929 5/4/50 2.8 50.0 -0.0396 0.252 No 360075 179656/9.6 Q9JIR4 RAT

10188 |x|. [. x|x|. |x|.
264860 |x|. |x|. |x|. [x]|.
562312 |x|x|. x|x|. |.|.

htt P ucst.edu/prosp fegi-bin/ h.cgi Page 1ol 6
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56803 |. |x|x|. [x]. [x].
324238 |x|. |x|. |.
110496 |. |x|x .
345437 |. |x|.
83921 |.|. |x
360075|. |x|x
313083 |x |x |x

o e -

[~] Detailed Results

1. 4/8 matches (50%).

Acc. #: P21932 Uniprot ID: ADCY3_RAT Species: RAT Name: Adenylate cyclase type 3

Organism: Rattus norvegicus OX=10116 Gene: Adcy3 Existence: Evidence at protein level Version: 1
Index: 10188 MW: 128937 Da pl: 5.8

miz  MH"  pengey Delts Modifications Start End M9 sequence

Submitted Matched Cleavages
T13.4000 7133287 100.0 0.0713 10Oxidation 881 B85 0 (R)VYEMR(R)
1067.6000 10676136 100.0 -0.0136 1112 1120 0 (K)GELLTFFLK(G)
1316.6000 1316.6337 100.0 -0.0337 286 296 1 (K)HVADEMLKDMK(K)
14188000 1418.6766 100.0  0.123 454 465 0 (R)VHISQSTMDC(Carbamidomethy) LK(G)

Num Unmatched Masses: 4

Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 3.2% (37/1144AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 10188

2. 4/8 matches (50%).

Acc. #: Q10728 Uniprot ID: MYPT1_RAT Species: RAT Name: Protein phosphatase 1 regulatory subunit 12A
Organism: Rattus norvegicus OX=10116 Gene: Ppplrl2a Existence: Evidence at protein level Version: 2
Index: 264860 MW: 115284 Da pl: 5.4

Snb::ll(( ed M:::ed Intensity DI;I:‘ Modifications Start End Cl:::':::“ Sequence
7134000 7133035 100.0 0.0965 552 557 0 (R)SC(Carbamidomethyl)SFGR(R)
979.6000 979.3963 1000 0.204 676 683 0 (R)DEESESQR(K)
1316.6000 1316.6627 100.0 -0.0627 1Oxidation 1005 1015 1 (KYMLPDLKADNQR(L)
1316.6000 1316.6917 100.0 -0.0917 463 475 1 (K)DTAGVIRSASSPR(L)
1418.8000 1418.7863 100.0 0.0137 195 209 1 (RJHAKSGGTALHVAAAK(G)

Num Unmatched Masses: 4

Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 5.1% (53/1032AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 264860

3. 4/8 matches (50%).
Acc. #: Q499R0 Uniprot ID: Z518A_RAT Species: RAT Name: Zinc finger protein S18A
Organism: Rattus norvegicus OX=10116 Gene: Znf518a Existence: Evidence at transcript level Version: 1

https; P ucstedu, P fegi-bin/ h.cgi Page 20l 6
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Index: 562312 MW: 165540 Da pI: 9.2

s.b:::md M!:lt?;e d Intensity D;':‘ Modifications  Start End C!:::lv’::u Sequence
713.4000 7134556  100.0 -0.0556 1GIn->pyro-Glu 4 19 1 (K)QTILKK(D)
919.4000 919.5095 100.0 -0.109 816 823 1 (K)EEVIKSSK(D)
1067.6000 1067.4245 100.0  0.176 lgmﬂ\yl- 181 188 0 (K)C(Carbamidomethyl)DIC(Carbamid hyl)NSER(S)
1316.6000 1316.6515 100.0 -0.0515 802 812 0 (K)NLPLDC(Carbamidomethyl)DQTLK(K)
1316.6000 1316.7355 100.0 -0.135 1Oxidation 1404 1414 1 (K)MLKPVNSVKER(F)

Num Unmatched Masses: 4

Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 3.0% (44/1478 AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 562312

4. 4/8 matches (50%).

Acc. #: D3Z8K2 Uniprot ID: CCD39_RAT Species: RAT Name: Coiled-coil domain-containing protein 39
Organism: Rattus norvegicus OX=10116 Gene: Ccdc39 Existence: Inferred from homology Version: 1
Index: 56803 MW: 109555 Da pl: 6.6

m/z MH* Delta Missed

Submitted Matched Intensity Da Modifications Start End dnuges Sequence
919.4000 9195030 100.0 -0.103 608 615 0 (K)AMLTSQIR(Y)
979.6000 979.5571 100.0 0.0429 571 578 1 (R)ARELLYSK(A)
1316.6000 1316.7056  100.0 -0.106 305 315 1 (R)NQLKDELDTLK(T)
1418.8000 1418.7485 100.0 0.0515 309 320 1 (K)DELDTLKTTLNR(T)

Num Unmatched Masses: 4

Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 3.4% (32/934AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 56803

5. 4/8 matches (50%).
Acc. #: A1AS5S1 Uniprot ID: PRP6_RAT Species: RAT Name: Pre-mRNA-processing factor 6

Organism: Rattus norvegicus OX=10116 Gene: Prpf6 Existence: Evidence at protein level Version: 1
Index: 324238 MW: 106765 Da pl: 8.3

m/z MHY Delta Missed
Submitted Matched Intensity Da Modifications Start End Cleavages Sequence
7134000 713.5032 100.0 -0.103 294 299 1 (K)JARLLLK(S)
979.6000 979.5142  100.0 0.0858 131 137 1 (K)YRMERPK(I)
1369.6000 1369.7263 100.0 -0.126 575 585 1 (K)ISVWLRAAYFEK(N)
1418.8000 1418.6580 100.0 0.142 716 727 0 (K)GQIEEQGELMER(A)
Num Unmatched Masses: 4
Search for disulfide linked peptides.
Do a non-specific cleavage search.
ntt f uest, Jprosp Jegi-bing h.cgi Page3of 6
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Supplemental data S9. MS-Fit prediction for B5

MS-Fit Search Results R 6/03/22, 16:24

1-CoA:3-ketoacid A
forase 2A. mitochondrial
20 169  S/6/24 1L1240 0104 0.680 No 345061 51032/57 Q62739 RAT  Rab-3A-interacting protein

19 182 4/4/16 7.5 160 0.118 0846 No 436338 56901/9.4 QSXLJ9 RAT

13887 ||| || xfe e ffo b fo o fo fe e fe ) fxxgx].

Q0350 | oL fo oo oo ppfeda e o e et X pxfe fe fe e )]s Ix
65675 |. [ oo | fe e g oo defe o e fe 1o [ pxix e |e |- |xix
204081 (. [ Ix o |ofufolo o efede s i fe o) x| |-]s

T7706 | [ o fo | e e fe o e e de | | I fe 1o [ i fe | fe |- )
724 | x [l fe el e e b e e L Lo Lo e Lo e B e
ROSISBT [ [ oo e fofode oo e defe Ix]e e e e fxfefe |- ]s
64670 |. [ | | |- x e | pxfxfa o oo fode e o px)e || |- 1s
161184 (. | . L |xfx | o xxoxfe o x oo fo o] e )l .

BOTSIT [ [ e e fufe e oo e de e o e e fo [o )o I fxfx [x].
245852 (. | | x| | fx o fofode e o e de e fe fe fe e ] e
466898 (. | . L x|L L xxxix L[l [ x] x|, NN AN
56190 | [ o p|ofo el [ )e e de | x]xfe de [xx)afe || |- ]e
84690 [ [ . | xpxfe o e de e e [ e Lo de e [ | X)L ] s
TT849 L[l o] o fe e de [ fo e de | fe fxde e ]e ] 1s

132555 [x|o fx o |ofo fofo fo fedo e fe | e fe e fe fe fe]e ] s
316984 (. [ 1. o xfxfe o oo fede e oo e B e fo e fefe |- 1s
436338 (. [ 1. xfu e o oo e e o ) fu fe e )l e fe f< e
345061 |. | Lo pefe o e o fe e e e L e ]

Similar Matches for Protein Hit 4

# pep
Protein Mean Data
Hit Ms(::VSE .:m( C% '[‘.:.c Err Tol # Hom Mlsn-dl:h:n I'nlt)dn hlIW Acee:hl Species Protein Name
Number S€0r¢ % :‘:" ov Da Da x#  (Da)p
4 838  5/520 93 20.0 0.0117 0977 1 204081  50214/5.1  Q6IFU7 RAT  Keratin, type I cytoskeletal 42
# pep
Protein Mean Data
Hit MOWSE #mat % % Err  Tol # Hom MS-Digest Protein MW Accession Species Protein Name
Number Score % mat Cov TIC Da Da Pep  Index# (Da)/pl #

25 pks
8 415 4416 67 16.0 0.137 0.842 1 204053 5238149 Q6IFX1 RAT  Keratin, type I cytoskeletal 24

[~] Detailed Results

1. 9/25 matches (36%).

Acc. #: P25409 Uniprot ID: ALAT1_RAT Species: RAT Name: Alanine aminotransferase 1
Organism: Rattus norvegicus OX=10116 Gene: Gpt Existence: Evidence at protein level Version: 2
Index: 13887 MW: 55110 Da pl: 6.1

s “b:hm .\lh:t:[: od Intensity D;.m Modifications Start End Oh:?::“ Sequence
830.6000 8304730  100.0 0.127 170 177 0 (K)LLVSGEGR(A)
885.0000 884.5928  100.0 0407 477 483 1 (K)LRLLLEK(L)
989.6000 989.4945  100.0 0.105 224 231 1 (R)ALC(Carbamidemethy )QARDR(C)
989.6000 989.4945  100.0 0.105 224 231 1 (R)ALC(Carbamidemethy )QARDR(C)
989.6000 989.5084  100.0 0.0916 253 260 0 (R)EC(Carbamidomethy)IEAVIR(F)
989.6000 989.5084  100.0 0.0916 253 260 0 (R)EC(Carbamidomethy)IEAVIR(F)
989.6000 9895778  100.0 0.0222 58 65 0 (K)KPFTEVIR(A)
989.6000 9895778  100.0 0.0222 58 65 0 (K)KPFTEVIR(A)
1075.8000 1075.5526  100.0  0.247 10xidation 468 476 0 (RIMTILPPMEK(L)
1100.6000 1100.5946  100.0 0.00539 45 53 0 (R)ALELEQELR(Q)

nttps ucst 9% fcgi-biny h.cgi Page 2 0of 10
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MS-Fit Search Results R 6/03/22, 16:24

1419.0000 1418.7130 100.0 0287 20 31 0 (K)VLTLDTMNPC(Carbamidomethy ) VR(R)
1434.8000 1434.7079 100.0 0.0921 10xidation 20 31 0 (K)VLTLDTMNPC(Carbamidomethy ) VR(R)
1474.0000 1473.7696 1000 0230 392 404 0 (K)LTEQVFNEAPGIR(C)

Num Unmatched Masses: 16
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 16.5% (82/496AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 13887

2. 5/25 matches (20%).

Acc. #: P04694 Uniprot ID: ATTY _RAT Species: RAT Name: Tyrosine aminotransferase
Organism: Rattus norvegicus OX=10116 Gene: Tat Existence: Evidence at protein level Version: 1
Index: 40350 MW: 50636 Da pl: 5.3

Stnb:‘;‘n ed Ml:lt:l: d Intensity Ds:‘ Modifications Start End Cr:::?::“ Sequence

989.6000 9895666 100.0 0.0334 185 192 0 (K)LYNLLPEK(S)

989.6000 989.5666  100.0 0.0334 185 192 0 (K)LYNLLPEK(S)

1334.8000 1334.6158  100.0 0.184 41 s 0 (RIWDVRPSDMSNK(T)

1335.0000 1334.6158  100.0 0.384 41 s 0 (R)IWDVRPSDMSNK(T)

1854.2000 1854.0630  100.0 0.137 312 328 1 (K)LSQRILGPC(Carbamidomethy ) TIVQGALK(S)

Num Unmatched Masses: 20
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 7.9% (36/454AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 40350

3. 6/25 matches (24%).

Acc. #: Q66HC3 Uniprot ID: CI072_RAT Species: RAT Name: Guanine nucleotide exchange C9orf72 homolog
Organism: Rattus norvegicus OX=10116 Existence: Evidence at transcript level Version: 1

Index: 65675 MW: 54306 Da pl: 5.7

miz MH*  Delta Missed
Submitted Matched Intensity Da Modifications  Start End Cleavages Sequence

916.8000 916.5098 100.0 0.2% 157 164 0 (K)JVLEGTER(M)

1334.8000 13347137 100.0 0.0863 | Carbamidomethyl- 0 500 (RYTLC(Carbamidomethyl)LFLTPAER(K)
>Propionamide
1335.0000 1334.7137  100.0 0286 'Cabamidomethyl- 55y 5g o (RyTLC(Carbamidomethyl) LFLTPAER(K)
>Propionamide
13816000 1381.7733  100.0 -0.173 130 140 1 (R)VC(Carbamidomethyl)VDRLTHIIR(K)
1474.0000 1473.6461  100.0 0.354 26221 1 (K)XC(Carbamidomethyl)SRLC(CarbamidomethyDEAESSFK(Y)
1854.2000 1853.9644  100.0 0236 74 9 1 (RINAESGAIDVKFFVLSEK(G)

Num Unmatched Masses: 19
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 12.3% (59/481AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 65675

nttps:/fprospector.ucst.edu/y fcgi-bin/ h.cgi Page 30110
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MS-Fit Search Results R 6/03/22, 16:24

4. 5/25 matches (20%).

Acc. #: Q6IFU7 Uniprot ID: K1C42_RAT Species: RAT Name: Keratin, type I cytoskeletal 42
Organism: Rattus norvegicus OX=10116 Gene: Krt42 Existence: Inferred from homology Version: 1
Index: 204081 MW: 50214 Da pl: 5.1

A M’:'(:‘: g Intensity -y Modifications Start End cm’::a Sequence

807.4000 8073995  100.0 4.56e-4 174 180 0  (R)LAADDFR(T)

1153.0000 11525289 1000 0.471 18 28 0  (K)GLC(CarbamidomethyDAPGMGEFSR(M)
11662000 1166.5445 1000 -0.345 1Carbamidomethyl->Propionamide 18 28 0  (K)GLC(CarbamidomethyDAPGMGEFSR(M)
1193.0000 11935878 100.0 -0.588 20 39 1 (RIMSSVRIGGAC(Carbamidomethy)R(A)
13912000 1390.6809 1000 0.519 332 344 0 (K)ASLENSLAETEAR(Y)

Num Unmatched Masses: 20
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 9.3% (42/452AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 204081

5. 4/25 matches (16%).
Acc. #: P11715 Uniprot ID: CP17A_RAT Species: RAT Name: Steroid 17-alpha-hydroxylase/17,20 lyase

Organism: Rattus norvegicus OX=10116 Gene: Cyp17al Existence: Evidence at protein level Version: 2
Index: 77706 MW: 57251 Da pl: 6.9

sm::lm ”':::': g Tntensity DI;'_“ Modifications Start End C'::::“ Sequence

1153.0000 11526371 100.0 0.363 471 480 1 (K)QLPRLEGDPK(V)

1334.8000 13345901 1000 0210 ICarbemidomethyl->Propionamide 151 161 0  (K)SLC(Carbamidomethy)DMMLAHDK(E)
1335.0000 13345901 1000 0410 |Carbamidomethyl->Propionamide 151 161 0  (K)SLC(Casbamidomethy)DMMLAHDK(E)
1335.0000 13355522 100.0 -0.552 1Gla->pyro-Glu 10xidation 496 507 0 (RIQAWMDAQAEVST(-)

1381.6000 13816594 100.0 -0.0594 199 211 0 (KYTETEGIVDATGDR(N)

Num Unmatched Masses: 21
Search for disulfide linked peptides.
Do a non-specific cleavage search.
Search for another component.

The matched peptides cover 9.1% (46/507AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 77706

6. 4/25 matches (16%).

Acc. #: Q5PQN2 Uniprot ID: BFAR_RAT Species: RAT Name: Bifunctional apoptosis regulator
Organism: Rattus norvegicus OX=10116 Gene: Bfar Existence: Evidence at transcript level Version: 1
Index: 43724 MW: 53025 Da pl: 6.4

s ub:’;lnzd .\ll:lt:':zd Intensity D::‘ Modifications Start End C:::.v'::a Sequence
8032000 R03.3604  100.0 -0.160 1Acetyl 1 6 0 (-IMEEPQK(N)
8032000 R03.4662  100.0 -0.266 94 100 0 (K)LFPDAIK(M)
1391.2000 1391.7390  100.0 -0.539 166 177 1 (R)SRESEHGLLVHK(A)
1419.0000 14186708  100.0 0329 56 66 0 (R)HC(Carbamidomethy)LALWWMSSK(K)
1434.8000 1434.6657  100.0 0.134 1Oxidation 56 66 0 (R)HC(Carbamidomethy)LALWWMSSK(K)

Num Unmatched Masses: 21

nttps:/| west.edulprosp fegi-bin/ h.cgi Page 4 o1 10

137



MS-Fit Search Results R 6/03/22, 16:24

MS-Fit Search Results

[~] Parameters

Database searched: SwissProt.2021.06.18
Digest Used: Trypsin

Max. # Missed Cleavages: 1

Constant Modification: Carbamidomethyl (C)
Minimum Matches: 4

Sort Type: Score Sort

Considered modifications: | Peptide N-terminal Gln to pyroGlu | Oxidation of M | Protein N-terminus Acetylated |
Acrylamide Modified Cys |

Min Parent Ion Matches: 1

MOWSE On: 1

MOWSE P Factor: 0.4

Report Homologous Proteins: Interesting

[~] Pre Search Results (SwissProt.2021.06.18)

Number of entries in the database: 565254

Molecular weight search (50000 - 60000 Da) selects 48751 entries.

Full pI range: 565254 entries.

Taxonomy search RATTUS NORVEGICUS selects 8135 entries.
Combined molecular weight, pl and taxonomy searches select 990 entries.
Pre searches select 990 entries.

Fraction-Spot-Run ID: 1-1-1
MS-Fit search selects 100 entries (results displayed for top 20 matches).

[~] Results Summary

Protein o pep Mean Data # MS-  Protein
Hit ";:‘:E ,:.':':"( c.:v ,;:’C Err  Tol Hom Digest MW %08 oo ies Protein Name

Number 25 pks Da Da Prot Index# (Da)pl
1 1980  10/%36 16.5 36.0 0.141 0237 No 13887 55110/6.1 P25409 RAT  Alanine aminotransferase |
2 165 3/5/20 7.9 200 0.154 0289 No 40350 50636/5.3 PO4694 RAT  Tyrosine aminotransferase
3 120 §/6/24 123240 0.180 0390 No 65675 54306/5.7 Q66HC3 RAT  Guani leotide exchange C9orf72 homolog
4 838 S/520 93 20,0 0.0117 0.977 | 204081 50214/5.1 Q6IFUT RAT  Keratin, type I cytoskeletal 42
5 43.5 4416 9.1 160 0.0742 0.790 No 77706 57251/69 P11715 RAT  Steroid 17-alpha-hydroxylase/17,20 lyase
6 429 S/4/16 8.0 160 -0.100 0.681 No 43724 53025/6.4 Q5SPQN2 RAT  Bifunctional apoptosis regul
7 427 44716 10.1 16,0 0.00839 0.949 No 204187 50709/5.7 Q6IGI12 RAT  Keratin, type Il cytoskeletal 7
9 385 4520 73 200 0.153 0516 No 64670 S51825/6.1 Q01134 RAT  Choline kinase alpha
10 356  R/832 123360 0210 0372 No 161184 51012/8.8 Q4VSJ4 RAT  Glycerol-3-phosphate acyltransferase 3
11 32.6  S/520 8.7 200 -0.245 0.751 No 397517 S8038/8.4 Q4G5S RAT  RNA-binding region-containing protein 3
12 271 S/624 88 240 0120 0312 No 245852 53428/5.4 P03957 RAT  Stromelysin-1
13 247 G728 109280 0.153 0349 No 466898 53333/8.1 QSMTW7 RAT  Probable proline—-tRNA ligase, mitochondrial
14 241 §/6/24 8.8 24.0 -0.0809 0.730 No 56190 59291/5.4 Q6AYN9 RAT  Coiled-coil domain-containing protein 181
15 240 4416 8.0 160 -0.262 0.714 No 84690 54948/5.9 QIKR64 RAT  Uncharacterized protein CXorf49 homolog
16 239 3416 63 160 0.129 0.476 No 77849 55996/9.1 P11711 RAT  Cytochrome P450 2A1
17 230 4520 69 200 0.177 0352 No 132555 57400/6.4 BZRYN2 RAT  F-box only protein 31
18 193 4416 7.3 160 -0.0334 0.609 No 316984 53512/7.6 DIZW91 RAT  POCI centriolar protein bomolog B

nttps:/ P ucst edufpe gi-bin/ h.cgi Page 10110
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Supplemental data S10. MS-Fit prediction for B6

MS-Fit Search Results R 6/03/22, 16:25

MS-Fit Search Results

[~] Parameters

Database scarched: SwissProt.2021.06.18
Digest Used: Trypsin

Max. # Missed Cleavages: 1

Constant Modification: Carbamidomethyl (C)
Minimum Matches: 4

Sort Type: Score Sort

Considered modifications: | Peptide N-terminal Gin to pyroGlu | Oxidation of M | Protein N-terminus Acetylated | Acrylamide
Modified Cys |

Min Parent lon Matches: 1

MOWSE On: 1

MOWSE P Factor: 0.4

Report Homologous Proteins: Interesting

[~] Pre Search Results (SwissProt.2021.06.18)

Number of entries in the database: 565254

Molecular weight search (50000 - 60000 Da) sclects 48751 entries.

Full pI range: 565254 entrics.

Taxonomy scarch RATTUS NORVEGICUS sclects 8135 entries.
Combined molecular weight, pl and taxonomy searches select 990 entrics.
Pre scarches select 990 entries.

Fraction-Spot-Run ID: 1-1-1
MS-Fit scarch sclects 231 entries (results displayed for top 20 matches).

[~] Results Summary

Protein ! #pep Mean Data " ,
e MO 2 % Tl M P M A e
Number 9 pks Da Da
1 1400 109723 20.2 231 0.0949 0579 No 515408 S37335.1  P31000 RAT  Vimentin
2 563  &8/21 110205 0.0634 0591 No 244942  S8586/5S9 OS8368 RAT  Microphthalmi iated iption factor
3 411 4513 7.7 128 0086 0542 No 448396 S32059.7 Q3KRF1 RAT  Spll0 nuclear body protein
Rl 196 S5/13 101 128 0.198 0512 No 174370 S65T3S3  QO6AZSS RAT  Hemogen
5 191 3/4/10 81 103 0.180 0.195 No 293639 S1480/83 PSIS78 RAT  P2X purinoceptor 5
6 169 718 109179 0211 0444 No 211102 5565562 Q68G30 RAT  Kinesin light chain 3
7 165 S/5/13 114 128 0.0258 0.695 No 77942 S5046/7.7 035293 RAT  Cytochrome P450 2F
8 163 4/4/10 10.0 103 -0.00762 0.467 No 141899  S797250 Q2AI121 RAT  Alpha-ketogl dependent dioxyg FTO
9 162 S/6/15 118 154 0.115 0475 No 108596 5325792 QSXIR6 RAT  Dynein regulatory complex protein 10

10 126  S6/15 1.7 154 0279 0643 | 204081 S02145.1  QSIFUT RAT  Kenatin, type [ cytaskeletal 42

1 113 4§5/13 86 128 0281 0806 No 448905 5602087 Q9IMUS RAT  Spermatogenesis-associated protein 6

13 105 4513 74 128 0.9 0.151 Ne 132315 3016145 Q9WVHS RAT  Fibulin.5

4 102 513 9.1 128 0.0882 0333 No 158021  S36738.7 P24524 RAT  Glycine receptor subunit alpha-3

15 953 4513 41 128 0136 0432 No 56059  596809.5 Q4VSBS RAT  Coiled-coil domain-containing protein 116
16 90.7  4/S/13 10.0 128 -0.0695 0300 No 483717 523899.6 QSU4F4 RAT Transmembrane protein 135

17 889 4410 7.0 128 0.0926 0855 No 52081 S51589/7.2 QOB163 RAT  Adenylyl cyclase-associated protein 1

18 855 4513 9.7 128 022 0121 No 564280 S5532/55 QSPPG4 RAT  Zinc finger protemn 639

19 759 4513 6.6 154 00230 0.654 No  SI9331 S4326%83 008816 RAT  Neural Wiskott-Aldrich syndrome protein
20 755 4813 73 128 -0.109 0.684 No 355920  SS6928.3 P49803 RAT  Regulator of G-protein signaling 7

sisqo8. [|. L[] | [sfslex| L 0 [ 0 L0 0 Bl [T B ] 1e -] I - ] -
244942, .......x:.......‘.xl.....x....x:xx‘..x.
(LU JNANARRRANANNRRNY L INARSINNRN NSRRI INN AN
RS OINIRAARANNAANRARNAANARYINAANIARRARSINEA
T
https: /i P west.edu/prosp, fegi-bin/t h.cgi Page1of 9
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Roseso|. L. LI [ 1 J- - L B |- L B B 0 B B Qe L B B B =)D D L ) b ] 0 0 D
200002 L L. o fe |t )e fmbx e fof fe fmpde e o fe de fde de fe e defe Jo Lo fe 1 Lo fe 1o U)o 1
7942 | Ll bl e de o e e B )e e e B e e de I pm e e bl e de e e de de fo e g Lo g ) e ] 1)
141899 . L. o fo|xde | fede e fedade e o de e o e de bde de fe e b e fe fe ) dm ) e fe fe )< | fx
108596 |x x x x X x
204081 |. x|. |x x fx x x

448905 . xfx . xx x

132315, L|x x|x XX

158021 |x x x|x x
56059 |. xx . |xjx x

483717 x x x X x
52081 |. x x fx x x
564280 . x x XX x
519331, x X x xx|x
355920 x x x|x x

Similar Matches for Protein Hit 10

rotein # pep Mean
P Hit MOWSE #mat % % o Data # Hom MS-Digest Protein MW Atunlu s Protein Name
Score % mat Cov TIC Prot  Index # (Daypl F
Number 39 pks Da Da

10 126 SIS ILT 1540279 0643 1 204081  S02145.1 Q6IFUT RAT  Keratin, type [ cytaskeletal 42

Protein
Hit
Number

Mean Data
Err  Tol
Da Da

¥ pep
MOWSE #mat % %
Score % mat Cov TIC
39 pks
12 112 7821 116 205 0.221 0.649 | 203995 S6505/5.1 Q6IFW6 RAT  Keratin, type [ cytoskeletal 10

# Hom MS-Digest Protein MW Am-l-n

Index (Daypl Species Protein Name

[-] Detailed Results

1. 9/39 matches (23%).

Acc. #: P31000 Uniprot ID: VIME _RAT Species: RAT Name: Vimentin

Organism: Rattus norvegicus OX=10116 Gene: Vim Existence: Evidence at protein level Version: 2
Index: 515408 MW: 53733 Da pl: 5.1

m'z t Delta Missed

Submisted M::: o Intemsity 1" Modifications  Start End ( UF | Sequence
873.0000 8724108 1000 0.589 5 12 0 (RISVSSSSYR(R)
1060.8000 1060.5269 1000 0273 160 168 0 (RYQVDQLTNDK(A)
1060.8000 1060.5633 1000 0.237 402 410 1 (R)KLLEGEESR(I)
1121.6000 1121.5837 100.0 0.0163 382 3%0 0 (REYQDLLNVK(M)
1122.0000 1121.5837  100.0 0.416 382 350 0 (REYQDLLNVK(M)
1125.2000 1125.6051 100.0 -0.405 14 122 1 (R)FANYIDKVR(F)
1309.4000 1309.6059 100.0 -0.206 283 292 o (KINLQEAEEWYK(S)
1361.8000 1361.6842 100.0 0.116 1Oxidation 176 186 1 (R)DNLAEDIMRLR(E)
1405.8000 1405.6376  100.0 0.162 10xidation IAcetyl 1 12 1 (-)MSTRSVSSSSYR(R)
1405.8000 1405.7573 100.0 0.0427 224 235 o (K)VESLQEEIAFLK(K)
1587.6000 1587.7973 100.0 -0.197 101 13 1 (R)TNEKVELQELNDR(F)

Num Unmatched Masses: 30

Search for disulfide linked peptides.

Do a non-specific cleavage search.

Q, . for ath, p

The matched peptides cover 20.2% (94/466AA’s) of the protein.

Coverage Map for This Hit (MS-Digest index #): 515408

2. 8/39 matches (20%).

Acc. #: O88368 Uniprot ID: MITF_RAT Species: RAT Name: Mi hthalmi iated transcription factor

Organism: Rattus norvegicus OX=10116 Gene: Mitf Existence: Evidence at transcript level Version: 2
Index: 244942 MW: 58586 Da pl: 5.9

nttps: /o el f legi-biny h.cgi Page 2019
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+
S M’::; g Inteasity DI;‘_" Modifications Start End cnm Sequence
1121.6000 11215837 100.0 0.0163 1Gln->pyro-Glu 141150 0 (K)QYLSTTLANK{)
1122.0000 11215837 100.0 0.416 1Gln->pyro-Glu 141150 0 (K)QYLSTTLANK{)
12204000 1220.6205 1000 -0.220 80 89 0 (KLQAAQFMQOR(Y)
1352.0000 1352.5093 1000 -0.509 ICarbumidomethyl->Propionamide 515 526 0 (R)SSMSAEETEHAC{Carbamidomethyl)(-)
1475.8000 1475.6002  100.0 0.200 205 217 0 (RJAESEC(Carbamidomethyl)PGMNTHSR(A)
14758000 1475.6002 1000 0.200 205 217 0 (RIAESEC(Carbamidomethy)PGMNTHSR(A)
1459.8000 1489.6158 1000 0.184 ICarbamidomethyl->Propionamide 205 217 0 (RJAESEC(Carbamidomethyl)PGMNTHSR(A)
1717.0000 17167792 1000 0.221 1Gln->pyro-Gla 61 1 1  (RIQOLMREQMQEQER(R)

Num Unmatched Masses: 31
Scarch for disulfide linked peptides.
Do a non-specific cleavage scarch.

Q h for h P t

The matched peptides cover 11.0% (58/526AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 244942

3. 5/39 matches (12%).

Acc. #: Q3KRF1 Uniprot ID: SP110_RAT Species: RAT Name: Sp110 nuclear body protein
Organism: Rattus norvegicus OX=10116 Gene: Sp110 Existence: Evidence at protein level Version: 1
Index: 448396 MW: 53205 Da pl: 9.7

s m:u’ln - M::::;d Intensity Dl;l:' Modificatians Start End a’::ﬁ Sequence

1166.0000 1165.5670 1000 0.433 92101 0  (RIEYPSLGAIC(CarbamidomethylIR(S)
1166.0000 1165.5670 1000 0.433 92101 0  (RJEYPSLGAIC(CarbamidomethylIR(S)
1179.8000 1179.5827 1000 0.217 ICarbamidomethyl->Propicnamide 92 101 0 (RJEVPSLGAIC(CarbamidomethylIR(S)
1459.8000 14897468 100.0 0.0532 419 431 0 (K)C(CarbamidomethyDIQNEAGAWLTVK(E)
1557.6000 1587.5047  100.0 -0.205 S0 63 0 (K)ESLEAC(Carbamidomethyl)QNLVPLSK(V)

Num Unmatched Masses: 34
Scarch for disulfide linked peptides.
Do a non-specific cleavage scarch.

< h for th P "

The matched peptides cover 7.7% (37/478AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 448396

4. 5/39 matches (12%).

Acc. #: Q6AZ54 Uniprot ID: HEMGN_RAT Species: RAT Name: Hemogen

Organism: Rattus norvegicus OX=10116 Gene: Hemgn Existence: Evidence at protein level Version: 1
Index: 174370 MW: 56573 Dapl: 5.3

m'z Mt Delta N Missed

Submitted Mptched Intensity Da Moedifications Start End Cleavages Sequence
1244.0000 1243.6681 100.0 0332 400 410 0 (K)EFTVPIVSSHK(T)
1352.0000 1351.5439 100.0 0.456 1Carbamsd, hyl->Propi id 182 192 0 (KMC(Carbamidomethy JQDMAEPEAR(S)
1383.8000 1383.5337 100.0 0.266 20xidation 1Carbamsd hyl->Props ide 182 192 0 (KMC(Carbamidomethy JQDMAEPEAR(S)
1587.6000 1587.8159 100.0 -0.216 294 307 0 (KNC(Carbamidomethy )QDVARPDVLSSK(T)
1658.0000 1657.8465 1000 0.153 336 351 0 (K)TLPQSDVTPMSVTPGK(N)

Num Unmatched Masses: 34

Search for disulfide linked peptides.

Do a non-specific cleavage scarch.

Search for anoth p ¢

The matched peptides cover 10.1% (52/514AA’s) of the protein.

Coverage Map for This Hit (MS-Digest index #): 174370

5. 4/39 matches (10%).

Acc. #: P51578 Uniprot ID: P2ZRXS_RAT Species: RAT Name: P2X purinoceptor 5

nttps:/ P ucst P gi-bin/t h.cgi Page 30f 9
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MS-Fit Search Results

Organism: Rattus norvegicus OX=10116 Gene: P2rx5 Existence: Evidence at transcript level Version: 1
Index: 295639 MW: 51480 Da pl: 8.3

miz ‘o Delta, Missed
Submitted M’::: " o Modifi Start End (/0 Sequence
1335.0000 1334.6739  100.0 0.326 240 251 0 (R)WAGADFQDIALK(G)
1405.8000 1405.6607  100.0 0.139 285 206 0 (K)HTHSISSGYNFR(F)
1475.8000 1475.6721  100.0 0.128 407 419 0 (R)IQDEQSQELAQSGR(K)
1475.8000 1475.6721  100.0 0.128 407 419 0 (R)IQDEQSQELAQSGR(K)

Num Unmatched Masses: 35
Search for disulfide linked peptides.
Do a non-specific cleavage scarch.
Search for another component.

The matched peptides cover 8.1% (37/455AA's) of the protein.
Coverage Map for This Hit (MS-Digest index #): 295639

6. 7/39 matches (17%).

Acc. #: Q68G30 Uniprot ID: KLC3 RAT Species: RAT Name: Kinesin light chain 3

Organism: Rattus norvegicus OX=10116 Gene: Klc3 Existence: Evidence at protein level Version: 1
Index: 211102 MW: 55655 Da pl: 6.2

+
Submitted ypE | Inteasity D2 Modifications Start Ead cr:’::u Sequence

9736000 9734949 1000 0.105 22239 0 (RIQALEDLER(S)

1033.6000 1033.4796 1000 0.120 121 128 0 (REELEETQR®R)

1121.6000 11215949 100.0 0.00505 34 334 0 (K)VLGADHPDVAK(Q)
1122.0000 11215949 1000 0.405 34 334 0 (K)VLGADHPDVAK(Q)
1166.0000 11655452 1000 0.455 451 464 1 (RYGESMAGAAGMKR(A)
1166.0000 11655452 1000 0.455 451464 1 (RYGESMAGAAGMKR(A)
17158000 17158680 100.0 -0.0680 465 480 1 (RAMSLNMLNVDGPRAAR(M)

Num Unmatched Masses: 32
Search for disulfide linked peptides.
Do a non-specific cleavage scarch.
Scarch for another component.

The matched peptides cover 10.9% (55/505AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 211102

7. 5/39 matches (12%).

Acc. #: 035293 Uniprot ID: CP2F2_RAT Species: RAT Name: Cytochrome P450 2F2

Organism: Rattus norvegicus OX=10116 Gene: Cyp2f2 Existence: Evidence at transcript level Version: 1
Index: 77942 MW: 55946 Da pl: 7.7

—_— M’::::d Intensity DI‘:‘ Modifications Start End Cr::‘m Sequeace

1122.0000 11225174 100.0 0517 10120 0 (K)GNGIAFSDGER(W)

1158.8000 1158.5500  100.0 0.250 263 271 0 (RIDFIDC(CarbamidomethylFLTK(M)
1185.0000 1184.6568 1000 0343 04 443 1 (RIRLC(Carbamidomethy)LGEPLAR(M)
1206.6000 12067093 1000 -0.109 75 8 0 (RWVIVLSGYQTVK(E)

1717.0000 17168374 1000 0.163 344 358 0 (RIASMPYTDAVIHEVQR(F)

Num Unmatched Masses: 34
Scarch for disulfide linked peptides.
Do a non-specific cleavage scarch.
Search for another component.

The matched peptides cover 11.4% (56/491AA’s) of the protein.
Coverage Map for This Hit (MS-Digest index #): 77942
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