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Abstract

Circulating polypeptides and proteins have been implicated in reversing or accelerating aging 

phenotypes, including growth/differentiation factor 8 (GDF8), GDF11, eotaxin, and oxytocin. 

These proteoforms, which are defined as the protein products arising from a single gene due to 

alternative splicing and post-translational modifications, have been challenging to study. Both 

GDF8 and GDF11 have known antagonists such as follistatin (FST), and WAP, Kazal, 

immunoglobulin, Kunitz and NTR domain-containing proteins 1 and 2 (WFIKKN1, WFIKKN2). 

We developed a novel multiplexed selected reaction monitoring (SRM) assay using liquid 

chromatography-tandem mass spectrometry to measure five proteins related to GDF8 and GDF11 

signaling, and in addition, eotaxin and oxytocin. Eighteen peptides consisting of 54 transitions 

were monitored and validated in pooled human plasma. In twenty-four adults, the mean (SD) 

concentrations (ng/mL) were as follows: GDF8 propeptide, 11.0 (2.4); GDF8 mature protein, 25.7 

(8.0); GDF11 propeptide, 21.3 (10.9); GDF11 mature protein, 16.5 (12.4); FST, 29.8 (7.1); FST 

cleavage form FST303, 96.4 (69.2); WFIKKN1, 38.3 (8.3); WFIKKN2, 32.2 (10.5); oxytocin, 1.9 

(0.9); and eotaxin, 2.3 (0.5). This novel multiplexed SRM assay should facilitate the study of the 

relationships of these proteoforms with major aging phenotypes.
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1 Introduction

Studies have attempted to identify circulating signaling proteins that change systematically 

with aging, correlate with main aging phenotypes independent of chronological age, and 

respond to stress or trauma by compensation, repair, or adaptation differently in younger and 

older individuals. However, measuring and defining the role of these proteins in human 
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aging has proven difficult because of at least two reasons. First, the protein product of a 

single gene takes multiple proteoforms because of alternative splicing or post-translational 

modifications that affect proteolytic cleavage or terminal degradation [1]. Measuring these 

alternative proteoforms with conventional immunoassays or aptamers in the blood or other 

biological material has proven to be difficult [2]. Second, the biological activity of these 

proteins is often modulated by other proteins that may act as activators, enhancers, or 

inhibitors.

The suggestion in the literature that modulating growth/differentiation factor 11 (GDF11) 

may reverse or accelerate aging in muscle, heart, and brain is a good example of such 

complexity. Growth/differentiation factor 11 (GDF11) exists as a single isoform. After 

cleavage from the signal peptide, intact GDF11 is cleaved by furin family proconvertases 

into propeptide and mature GDF11 protein. The other product of this cleavage is a disulfide-

linked mature protein. The propeptide and mature protein dimers form a non-covalently 

bound latent complex in the circulation. The latent complex is activated through cleavage of 

the propeptide by BMP-1/tolloid family astacin metalloproteases [3] (Figure 1).

Similar to GDF11, intact growth/differentiation factor 8 (GDF8; also known as myostatin) is 

cleaved by furin family proconvertases into propeptide and mature GDF8 protein. The other 

product of this cleavage is a disulfide-linked mature protein, which is the receptor-binding 

molecule [4]. The propeptide and mature protein dimers form a non-covalently bound latent 

complex in the circulation [5,6]. The latent complex, which comprises the major circulating 

form of GDF8, is activated through cleavage of the propeptide by BMP-1/tolloid family 

astacin metalloproteases [7] (Figure 2).

GDF8 is a negative regulator of skeletal muscle growth and has received attention as a 

therapeutic target in rejuvenation research since inhibitors of GDF8 can also increase 

skeletal muscle growth in animal models [4]. GDF11 is closely related to GDF8, as their 

mature C-terminal domains share ~90% identity [2].

Since other circulating proteins and peptides can modify the biological activity of GDF11 

and GDF8, studies aimed at understanding the true relationship of circulating GDF11 and 

GDF8 with aging phenotypes should include the effect of their known, natural inhibitors. 

The inhibitors of GDF11 and GDF8 include their respective propeptides [8–10], follistatin 

[10,11], follistatin-related protein 3 (FSTR3) [9], and WAP, Kazal, immunoglobulin, Kunitz 

and NTR domain-containing proteins 1 and 2 (WFIKKN1, WFIKKN2) [10,12].

These polypeptides and proteins mentioned above have been difficult to study in the blood 

using conventional immunoassays or reagents that bind large conformational epitopes, such 

as aptamers, since some of the peptides or proteins exist in multiple isoforms, undergo post-

translational modifications (PTMs) such as cleavage or terminal degradation, or have high 

portions of homologous sequence [2]. GDF11 and GDF8 circulate as propeptides and 

mature proteins [9,10]. There are two circulating isoforms of plasma follistatin and one 

cleaved form [13].

In order to facilitate studies aimed at connecting these circulating proteoforms with aging 

phenotypes, we developed a novel multiplexed selected reaction monitoring (SRM) assay for 
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the measurement of GDF11 and GDF8 propeptides and mature proteins, WFIKKN1, 

WFIKKN2, and follistatin. We also included two other proteins in the assay, oxytocin and 

eotaxin, because they have been identified in animal models as promising candidates with a 

role in aging. Oxytocin, which circulates as a nonapeptide and as carboxyl-extended forms 

with biological activity [14], may rejuvenate skeletal muscle [15]. Eotaxin may adversely 

affect cognition [16].

2 Materials and Methods

2.1. Selection of proteotypic peptides

For SRM assay development, tryptic peptides were selected following the guidelines of 

Kuzyk and colleagues [17]. Tryptic peptides unique to each protein were identified using 

PeptideCutter (ExPASy, Swiss Institute of Bioinformatics), NCBI BLAST and UniProt/

BLAST searches, with further support for selection of peptides and optimization of 

transitions through Skyline (Seattle Proteome Center) using the ProteoWizard libraries 

(Table 1).

2.2. Synthesis and purification of peptides

Peptides were obtained from New England Peptide (Gardner, MA). Tryptic fragment 

peptides were prepared by Fmoc-based solid-phase peptide synthesis using per-15N,13C-

labeled (>99% isotopic purity) Arg or Lys as the C-terminal residue attached to the resin. 

Cysteine side-chain residues were blocked as the carboxyacetamidomethyl thioether. 

Peptides were cleaved from the resin with ~90% trifluoroacetic acid (TFA) containing 

appropriate scavengers and isolated by precipitation from ether or by drying of the cleavage 

cocktail. Peptides were purified by reversed phase chromatography (C18 stationary phase 

using water-acetonitrile gradients, ion-pairing agent ~0.1% TFA). The purity of the synthetic 

heavy peptides was ≥ 95% for each by the confirmation of analytical HPLC. MALDI-MS 

was used to confirm peptide identity. Purified peptide solutions were prepared and the 

concentration of the solution was determined by amino acid analysis.

2.3. Optimization of the assay

Selection of optimal charge state and collision energy, confirmation of co-elution of 

endogenous and SIS peptides, and interference detection were conducted as detailed 

elsewhere [17]. Mass spectrometry optimization was conducted with a continuous injection 

of individual peptide and internal standard at 100 nM by ramping the following parameters: 

declustering potential (DP) (0–400 volts), collision energy (CE) (5–130 volts) and collision 

cell exit potential (CXP) (0–66 volts) from low to high with a step of 1 for all parameters 

and a fixed setting of 10 volts for entrance potential (EP). Three interference-free SRM 

transitions constituted the final SRM assay for the respective proteotypic peptides. The SIS 

peptide spiking concentration was optimized at 100 nM. Details of SRM parameters, linear 

range of quantification, and lower limit of quantification (LOQ) are shown in Supporting 

Information Tables 1 & 2.
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2.4. Sample preparation and measurement

We measured plasma proteoforms in twenty-four adults who participated the Baltimore 

Longitudinal Study of Aging (BLSA) or the GESTALT Study. The BLSA and GESTALT 

protocols were approved by the National Institute of Environmental Health Science 

Institutional Review Board, and all participants provide written, informed consent. The 

subjects were 12 males and 12 females, mean (SD) age 55.0 (22.2) years with no history of 

chronic diseases. The protocol for this study was also approved by the Johns Hopkins 

School of Medicine Institutional Review Board. Plasma samples were thawed on the day of 

analysis and centrifuged at 14,000 × g for 15 min at 4°C for delipidation. A volume of 5 µL 

plasma was aliquoted in 0.1% (w/v) RapiGest buffer containing 100 mM Tris-HCl, pH 8.0, 

and 100 mM dithiothreitol and incubated at 55°C for 1 h for denaturation and reduction. The 

samples were then alkylated for 30 min at room temperature in dark with a final 

concentration of 50 mM iodoacetamide, digested by trypsin/LysC mix (Promega) at an 

enzyme-to-substrate ratio of 1:50 for 18 h at 37°C. The digestion was terminated with 10% 

TFA to a final concentration of 1%, followed by centrifugation at 14,000 × g for 15 min to 

remove RapiGest, and the sample was cleaned up with a 96-well extraction plate vacuum 

manifold (Waters, Milford, MA, USA) according to manufacturer’s instruction.

SRM assays were run on a 5500 QTrap (Sciex, Framingham, MA, USA) mass spectrometer 

equipped with an electrospray ionization source, a CBM-20A command module, 

LC-20ADXR pump, and a CTO-10Ac column oven heater (all Shimadzu, Kyoto, Japan). A 

sample volume of 10 µL was injected onto the column via a Shimadzu SIL-20AXR 

autosampler set to 4° C at a flow rate of 0.2 ml/min, with an instrument run time of 18 min/

sample including the 5 min column regeneration step. Chromatographic separations were 

conducted using an XBridge BEH C18 Column, 130Å, 3.5 µm, 2.1 mm × 100 mm (Waters), 

with a linear gradient starting from 5% phase B increasing to 36% phase B within 10 min 

with the column oven set at 37° C. Mobile phases consisted of water containing 0.1% formic 

acid (phase A) and 98% acetonitrile containing 0.1% formic acid (phase B). The mass 

spectrometry analysis was performed in positive ion mode and a scheduled SRM analysis 

was performed at unit resolution in both Q1 and Q3 quadrupoles. All sample data were 

collected using Analyst (version 1.5) software and processed using MultiQuant software 

(version 3.02 with a scheduled-MRM-Algorithm) (Sciex). Peak review had the parameters: 

Gaussian smooth width 0 or 1, analyte peak update to an expected retention time, minimum 

peak width of three points, noise percentage 40.0%, baseline subtraction window 2.00 min, 

and peak splitting 2 points. In order to monitor quality control (QC), three internal QC 

plasma standards were prepared at low, middle, and high concentrations respectively.

Pooled plasma samples were prepared from twenty-four adult participants. In order to 

monitor QC, sixteen internal QC of the pooled plasma standards were used. We generated 

calibration curves with a 5-point calibration curve within the range of 0.1, 0.20, 0.39, 0.78, 

1.56, 3.12, 6.25, and 12.5 nM, depending on the targeted proteoform. For oxytocin-GK, the 

calibration curve went up to 200 nM because of the higher concentration range of this 

proteoform. To protect from carry over, we inserted several 20 min washes and blanks 

between two samples or standards, and monitored QC in each batch of 10 samples. 

Calibration curves and quality controls were run using the standard addition method. All 
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standards and samples were run with three technical replicates for calculation of mean and 

CVs. Concentrations below LOQ were excluded from the calibration calculations. Any 

sample with CV >20% was re-run with the same standard curves and QC arrangement. 

Although results are reported in ng/mL for each proteoform, the developed SRM method 

provides a measure of relative abundance, not absolute quantification due to potential matrix 

effects.

3 Results

A total of 18 peptides were designed and synthesized to monitor plasma propeptides and 

mature proteins. For each peptide, HPLC and MS parameters of the SRM assay were 

optimized, and transitions were selected to achieve the greatest sensitivity. HPLC 

optimization showed a good resolution of peptides in a total time of 18 min, with a linear 

increasing concentration of acetonitrile from 5% phase B to 36% phase B within 10 min.

The SRM assay included 18 proteotypic peptides and 54 transitions. Optimized MS 

parameters for the respective peptides were Q1 and Q3 set to dwell time 16 msec and EP 10 

V. Peptide-specific tuned CE, DP, CXP voltage, and the retention time for each transition are 

listed in Supporting Information Table 1.

An SRM assay was developed for all peptides using a standard addition method with pooled 

plasma on the 5500 QTrap. No significant matrix effects were found for these peptides (P 
>0.05). Figure 3 shows the representative MS/MS spectra from GDF8 propeptide of 

LETAPNISK, and mature protein DFGLDC(Cam)DEHSTESR, GDF11 propeptide of 

SGHWQSIDFK, and mature protein YPHTHLVQQANPR. In the plasma matrix, all the 

targeted peptides were resolved by HPLC separation with good sensitivity, shown in a 

representative chromatogram of propeptides and mature of GDF8 and GDF11 proteins 

(Figure 4) and coelutions of four transitions with the light or heavy ion pairs in the SRM 

reaction (Figure 5).

Calibration curves of each proteoform were generated before running samples. The lower 

limit of detection (LOD) and LOQ were determined for each peptide. LOQ was defined as 

the lowest detected concentration with coefficient of variation (CV) ≤ 20% and a signal-to-

noise (S/N) ratio ≥10; the instrument LOD was based on S/N >3. The LOQ are reported in 

both ng/mL and nM in Supporting Information Table 2. The plasma concentrations of 

proteoforms in 24 healthy adult men and women are shown in Table 2.

4 Discussion

We developed an SRM assay using LC-MS/MS for quantification of GDF8 and GDF11 

mature proteins, the known antagonists of GDF8 and GDF11 (the respective GDF8 and 

GDF11 propeptides, follistatin, WFIKKN1, and WFIKKN2), and two additional candidate 

rejuvenating factors, oxytocin and eotaxin. In general, SRM offers advantages over 

immunoassays in that (i) no antibodies are required, and SRM overcomes many of the 

limitations of Western blotting and ELISA that are related to antibody availability and 

performance, and issues related to antibody recognition of highly similar homologues and 

sequence variants, and inability of antibodies to recognize epitopes that are hidden in 
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circulating protein or peptide complexes; (ii) the assay can be systematically configured for 

a set of proteins of interest in a single multiplexed analysis [18], and (iii) SRM is linear over 

a 1,000-fold concentration range and proteins present in unfractionated plasma in the low to 

sub ng/mL (attomole) range can be detected and measured by SRM using recent platforms 

[19,20].

The present SRM assay, to our knowledge, is the first multiplexed LC-MS/MS assay that is 

capable of measuring GDF8 and GDF11 mature proteins and five of their known circulating 

antagonists. The assay requires only 5 µL of plasma to measure 12 proteoforms, which is 

much less sample volume than would be required for conventional immunoassays. The 

strengths of our SRM assay included the use of both light and heavy labeled peptide 

standards for quantification of all the individual proteoforms and the use of three transitions 

to monitor each peptide in order to give high confidence of detection.

In the present SRM assay, we did not use antibodies for immunoaffinity purification prior to 

SRM for four reasons. First, the proteins and polypeptides targeted in this assay are found in 

the human circulation in the ng/mL range or higher, which is a sufficient concentration for 

detection by SRM without immunoaffinity purification. Second, previous immunoassays to 

measure GDF8, GDF11, and their antagonists did not disrupt non-covalent binding 

complexes such as the latent GDF8 propeptide-GDF8 mature protein complex [9,10], 

WFIKKN2-GDF8 mature protein complex [10], or FSTR3-GDF8 mature protein complex 

[9] prior to measurement. Pre-treatment of human plasma with acid to disrupt non-covalent 

binding complexes increases GDF8 mature protein concentrations that are measured using 

ELISA [21]. Third, recombinant proteins do not have the same epitopes as native proteins. 

When recombinant proteins are used as immunogens to generate antibodies used for 

immunoaffinity purification, the antibodies may not recognize native proteins with high 

efficiency because of differences in folding and structure between recombinant and native 

protein. It is difficult to generate disulfide bonds in recombinant proteins that are expressed 

by E. coli due to the reduced environment of the bacterial cytoplasm. E. coli-derived 

recombinant GDF8 and GDF11 may not contain the four disulfide bonds that are required 

for proper protein folding. In addition, recombinant proteins are unlikely to have the same 

post-translational modifications as native proteins, such as glycosylation or phosphorylation, 

which affect structural conformation of the protein. Notably, GDF8, GDF11, FST, 

WFIKKN1, and WFIKKN2 all contain one or more glycosylation sites. GDF8 and FST 

contain one or more phosphorylation sites.

Finally, immunoaffinity purification of GDF8, GDF11, and their antagonists is likely to be 

further compromised by non-covalent binding complexes as noted above, since epitopes 

recognized by the antibodies can be blocked or altered by binding with antagonists. In 

addition, oxytocin is largely bound to albumin [22], and eotaxin forms heterodimers or 

homodimers [23,24] which could interfere with the recognition of specific epitopes by 

antibodies. The denaturation, reduction, alkylation, and digestion of plasma proteins disrupts 

protein complexes, albumin binding, and dimers, and allows the quantification of specific 

proteotypic peptides of the proteins and polypeptides targeted in the assay.
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The plasma concentrations of proteoforms in twenty-four adults as measured by our SRM 

assay are shown in comparison with other values from the published literature in Table 2. 

The plasma concentrations for the proteins and polypeptides reported in the present paper 

are generally higher than other reports in the literature that used antibody-based approaches, 

including ELISA and immunoaffinity-SRM. Circulating GDF8 concentrations by ELISA-

based approaches have yielded highly discrepant results for healthy adults, with means or 

medians ranging from about 3 to 120 ng/mL [25–32]. The mean protein concentrations of 

both GDF8 mature protein and propeptide reported in the present study somewhat similar to 

published GDF8 concentrations using ELISA [25–29] and immunoaffinity SRM [30–32].

In the present study, plasma GDF11 mature protein concentrations were higher than reported 

in an assay that used immunoaffinity SRM [30] or ELISA [2]. In contrast to previous reports 

in the literature, our results suggest that both GDF11 mature protein and propeptide circulate 

in concentrations that are comparable to GDF8 mature protein and propeptide. To our 

knowledge, our study is the first to report GDF11 propeptide concentrations in humans. 

Plasma concentrations for FST in the present study are higher than most previous reports by 

immunoassay [26,34,35], similar to a report based upon spectral counting [36], but less than 

1328 ng/ml reported by ELISA [37]. The present study is the first, to our knowledge, to 

report circulating FST303 concentrations in humans. Importantly, our results suggest that the 

follistatin cleavage form FST303 is the dominant proteoform of FST in the circulation, as 

FST303 was found at more than three-fold higher concentrations than FST. Distinguishing 

FST from FST303 may be biologically important since their binding affinities are different 

[38]. The present SRM assay has advantages over immunoassays as it can distinguish and 

quantify both FST and FST303.

To our knowledge, the present study is the first to quantify plasma WFIKKN1 

concentrations in humans. The concentrations of WFIKKN2 in the present study are higher 

than reported elsewhere as measured by immunoaffinity SRM [32] or one ELISA [26], but 

less than another report by ELISA [29]. A limitation of the present SRM assay is that it does 

not include FSTR3, a known antagonist of GDF8 and GDF11. A proteotypic peptide for 

follistatin-related protein 3, QATC[CAM]FLGR, was originally included in assay 

development but did not pass quality control. Studies are in progress to test alternative 

proteotypic peptides such LQV[CAM]GSDGATYR and GHPDLSVMYR in order to 

include FSTR3 in future updates of our assay.

Plasma oxytocin has been particularly challenging to measure. Plasma oxytocin 

measurements using ELISA or radioimmunoassay (RIA) are problematic and unreliable 

[39]. Some commercial kits (Assay Designs, Alpco) require C18 column extraction of 

oxytocin from a large amount of plasma (3 mL) prior to ELISA. Without extraction (as used 

by some investigators), plasma oxytocin levels are 100-fold higher than extracted plasma, 

with no correlation between measurements done with or without extraction [39]. RIA lacks 

sensitivity; many subjects are below the limit of detection [39]. Circulating levels for 

oxytocin in the published literature range from low pg/mL [40,41] to 0.05 to 2.75 ng/mL 

[42–44] as measured by ELISA, or even as high as 35 ng/mL reported using relative 

quantitation and spectral counting [37]. Only one study, to our knowledge, attempted to 

measure oxytocin-X (the C-terminal extended forms of oxytocin) and found 0.002 ng/mL 
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using radioimmunoassay [14]. Immunoassays may be inappropriate for measuring oxytocin, 

since most circulating oxytocin is bound to plasma proteins such as albumin [22]. Oxytocin 

levels described in the present study are similar to another study using LC-MS/MS [22]. In 

the latter assay, the precursor mass used for oxytocin was 1007.475, which is incorrect. If 

cysteine alkylation is ignored, the correct precursor is 1010.4434 (mono). However, the 

alkylation of the oxytocin nonapeptide CYIQNCPLG definitely must be considered as 

carboxyamidomethylcysteine (CAM) from Cys modification by iodoacetamide results in 

C[CAM]YIQNC[CAM]PLG, in which case the correct precursor is MH+2 at m/z 562.8 

(native, mono).

The present SRM assay allows the quantification of mature oxytocin as well as two C-

terminal extended forms of oxytocin. Using our method, we show that the C-terminal 

extended forms of oxytocin, such as oxytocin-G and oxytocin-GK, account for a substantial 

amount of circulating oxytocin. A limitation of our SRM assay is that the third C-terminal 

extended form of oxytocin, oxytocin-GKR, cannot be measured using our approach, since 

the C-terminal arginine (-R) is removed during trypsin digestion. The plasma eotaxin 

concentrations in the present study are higher than values reported using a Luminex assay 

[45] or ELISA [46]. Plasma eotaxin concentrations may be underestimated by ELISA, since 

E. coli-derived eotaxin was used as the immunogen to generate antibodies to eotaxin [46], 

which is problematic for eotaxin, since it contains two disulfide bonds. E. coli-derived 

eotaxin which lack disulfide bonds may not fold like native eotaxin, thus giving rise to 

differences in epitopes between recombinant and native eotaxin.

Animal studies suggest that GDF8 and GDF11 and their antagonists, and two other 

candidate rejuvenating factors, oxytocin and eotaxin, may be relevant to human aging. The 

relationship of these factors with aging phenotypes in humans has not been well 

characterized and remains a major gap in knowledge. The concentrations of GDF8, GDF11, 

and their antagonists as measured by this SRM assay are generally higher than reported by 

antibody-based assays that did not take measures to disrupt circulating protein and 

polypeptide complexes. A recent protocol for disrupting protein complex binding increases 

GDF8 concentrations measured using ELISA by approximately four-fold, but the ELISA is 

still prone to interference by follistatin and WFIKKN2 [21]. Concomitant measurement of 

antagonists to GDF8 is underscored by the observation that that latent GDF8 complex still 

has biological activity that is controlled by WFIKKN1 and WFIKKN2 binding [47]. The 

SRM assay present in this paper should facilitate future studies of twelve proteoforms that 

represent seven proteins of great interest to human aging. The use of this SRM assay, 

combined with precision robotic sample preparation [48], could be applied to cohorts of 

human aging to determine whether these circulating proteoforms and their antagonists are 

relevant to major adverse aging outcomes, such as change in muscle strength and mass, 

physical performance, mobility disability, cognition, renal function, and all-cause mortality. 

This SRM assay should facilitate the testing of the hypothesis that plasma concentrations of 

these candidate proteoforms change with aging, and, beyond chronological age, predict the 

development of specific aging phenotypes in humans.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Cleavage of intact GDF11 into propeptide and mature protein, followed by dimerization of 

mature protein. Propeptide and mature protein form latent complex which is activated by 

metalloproteinase cleavage. Follistatin, FSTR3, WFIKKN1, WFIKKN2, and GDF11 

propeptide antagonize mature GDF11.
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Figure 2. 
Cleavage of intact GDF8 into propeptide and mature protein, followed by dimerization of 

mature protein. Propeptide and mature protein form latent complex which is activated by 

metalloproteinase cleavage. Follistatin, FSTR3, WFIKKN1, WFIKKN2, and GDF11 

propeptide antagonize mature GDF8.
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Figure 3. 
MS/MS spectra from proteotypic peptides of (a) GDF8 propeptide, (b) GDF8 mature 

protein, (c) GDF11 propeptide, and (d) GDF11 mature protein.
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Figure 4. 
Chromatographic separation of representative propeptides and mature GDF8 and GDF11 

proteins.
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Figure 5. 
Representative SRM reaction in transitions with light and heavy labeled propeptides and 

mature GDF8 and GDF11 proteins.

Semba et al. Page 16

Proteomics. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Semba et al. Page 17

Table 1

Proteotypic peptides for SRM assay

Protein Amino
acid

Target peptide sequences Proteoform
quantified

SRM transitions

GDF8 66–74 LETAPNISK propeptide 486.8/558.3(y5);486.8/629.4(y6);486.8/730.4(y7)

210–217 TVLQNWLK propeptide 501.4/560.1(y4);501.4/688.2(y5)501.4/801.3(y6)

218–228 QPESNLGIEIK propeptide 614.3/260.2(y2);614.3/559.3(y5);614.3/672.4(y6)

267–280 DFGLDC[CAM]DEHSTESR mature 556.6/579.0(y5);556.6/716.2(y6);556.6/674.7(+3y11+2)

GDF11 90–96 EAPNISR propeptide 393.7/293.7(y5+2);393.7/489.3(y4);393.7/586.3(y5)

232–241 SGHWQSIDFK propeptide 602.8/911.4(b8);602.8/737.4(y6);602.8/923.5(y7)

253–265 YPHTHLVQQANPR mature 521.0/457.02(+3y4);521.0/585.1(+3y5);521.0/713.1(+3y6)

299–312 NLGLDC[CAM]DEHSSESR mature 540.4/565.0(y5);540.4/611.1(y10+2);540.4/696.1(y12+2)

Follistatin 230–238 SIGLAYEGK isoforms 1 
& 2

469.3/496.0(y4);469.3/567.1(y5);469.3/737.2(y7)

312–331 HSGSC[CAM]NSISEDTEEEEEDEDQ FST303 809.5/843.3(b8);809.5/7262.0(y2);809.5/764.1(y6)

WFIKKN1 509–521 DGVAVLDAGSYVR mature 661.3/767.1(y7);661.3/880.0(y8);661.3/1050.0(y10)

WFIKKN2 32–39 SLALPPIR mature 433.9/482.1(y4);433.9/595.2(y5);433.9/666.2(y6)

298–306 ADFPLSVVR mature 502.3/573.1(y5);502.3/670.2 (y6);502.3/409.1(y7+2)

Oxytocin 20–28 C[CAM]YIQNC[CAM]PLG mature 562.8/839.1(b6);562.8/286.1(y3);562.8/446.0(y4)

20–29 C[CAM]YIQNC[CAM]PLGG oxytocin-G 591.3/839.2(b6);591.3/343.1(y4);591.3/503.1(y5)

20–30 C[CAM]YIQNC[CAM]PLGGK oxytocin-GK 655.4/745.1(y7);655.4/873.2(y8);655.4/986.3(y9)

Eotaxin 41–45 IPLQR mature 313.8/257.1(y4+2);313.8/416.1(y3);313.8/513.1(y4)

87–91 YLDQK mature 333.7/275.1(y2);333.7/390.0(y3);333.7/503.1(y4)
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