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/Abstract \

Mass spectrometry (MS) has emerged as a pivotal analytical technique in the characterization of organ-
specific cellular extracts, particularly in the study of nanomized organo peptides. This research investigates
the stability of these peptides, which are critical for understanding their biological functions and therapeutic
potentials. We performed a comprehensive stability study by isolating organo peptides from various tissues
and analyzing their properties under different conditions using high-resolution mass spectrometry. Our
findings reveal significant variations in stability profiles related to specific organ sources and environmental

Qenctors, including temperature and pH levels. /
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This study underscores the importance of mass spectrometry in profiling organ-specific cellular extracts,
providing a foundation for developing effective therapeutic interventions. MALDI-TOF employs a rapid
protein fingerprinting method, facilitated by proteolytic digestion of samples, which generates MS spectra
that can be efficiently matched against databases. This approach enables quicker identification of candidates
ranked by scoring methods, wherein proteins yielding a greater number of proteolytic peptides receive
higher scores, indicating greater likelihood of identification. The performance speed of MALDI-TOF, often
generating results in under a minute, contrasts sharply with the prolonged durations associated with LC-
MS/MS runs, which can extend beyond thirty minutes, combined with extensive data parsing times. This
study underscores the benefits of MALDI-TOF mass spectrometry in peptide identification, reinforcing its
role as a highly efficient alternative to traditional LC-MS/MS techniques for organo peptide analysis. The
implications of peptide stability on drug formulation and targeted delivery strategies are discussed,
highlighting the necessity for further research in clinical applications.
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Introduction

Peptides are linear chains composed of amino acid residues linked by peptide bonds [1]. In contrast to
proteins, which typically consist of 50 to 2000 amino acids and have average molecular weights ranging
from 5.5 to 22 kDa, peptides contain fewer than 50 residues and are generally lighter than proteins [1].
Within cells, a distinct array of proteins and peptides is produced, each serving various roles in maintaining
biological balance. Research has shown that short peptides are crucial in regulating transcription,
facilitating the transmission of biological signals, and reversing genetic changes associated with aging [2].
These peptides function as signaling molecules and regulatory factors by interacting with DNA and histone
proteins [3]. Additionally, the process of aging is significantly influenced by the regulatory effects of
peptides on homeostasis, which are closely linked to the aging of cells, tissues, and organs.

Peptide therapy is designed to enhance the signaling strength received by cells, either by stimulating
peptide production or activating normal signaling processes [3-6]. This helps rejuvenate and revitalize
tissues, as well as the organism as a whole. While the peptide content in cells is generally similar, the
specific function and structure of each cell determine the types of biologically active substances it
contains. Additionally, certain biologically active substances are mainly synthesized or stored in particular
tissues. Since peptide signaling and function are closely tied to cell type, peptide therapy often employs
organ-specific extracts to target diseased or aging tissues. Due to their short length and low molecular
weight, peptides can be mass-produced through biosynthesis and extraction, making them suitable for
therapeutic use [3]. After years of research and global practice, MF-Plus has developed two products—
Nano Organo Peptides (NOPs) and Mito Organelle (MO) Peptides—designed for revitalization therapy in
both humans and animals [7].
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Nano Organo Peptides (NOPs) are 3 nm in size with a molecular weight under 10 kDa [3]. They are derived
from mammalian stem cells and undergo a proprietary parallel-extraction process, which includes
multiple ultrafiltration steps through specialized Millipore filters to obtain cellular material, referred to as
molecular-level ultrafiltrates. This extraction method ensures that the ultrafiltrates are specific to the cell
type from which they originate. Initially, NOPs are extracted from organ-specific cells, which contain
substances with a high molecular mass. These are then separated through several ultrafiltration steps
using micro-Millipore filters, allowing only molecules with a molecular weight below 10 kDa to pass
through, ensuring peptide specificity. Due to their small molecular size and high solubility, NOPs can be
administered both sublingually and via injectable routes, such as subcutaneous or intramuscular injection
[3]. NOPs have been studied and used in a range of applications, including cosmetics [8] and regenerative
organ repair [9].

Despite the numerous studies highlighting the therapeutic effectiveness of NOP peptides and the
established procedures documented on obtaining them, little is known of the exact makeup of these
formulations. Mass spectrometry (MS) has been shown to identify and quantify analytes in complex
solutions (13) and therefore is thought to be able to identify the population of peptides derived from
peptide cocktail formulations. The mass spectrometer produces a readout of peaks plotted in relative
abundance against the mass-to-charge ratios. By comparing the experimentally obtained peaks to a
database of known proteins, the peptides can be identified. This report details the experimental methods
used and presents the results from mass spectrometry analysis of various EW peptides. The objective of
this study was to assess the stability of NOPs stored at either 4 or 22 oC temperatures for one, three, and
six months.

Materials and Methods

Eight samples of EW peptides were provided by the company for a 1, 3 and six months before analysis.
Samples were provided from lot N-06 for the LPPSIMKE, and N-18A for the liver samples. All samples were
kept at either 4 or 220C throughout the duration of the experiment and were handled using good
laboratory practices.

Sample Preparation

Samples were refrigerated in sterile bottles until used. The ThermoFisher Scientific BCA Protein Assay
protocol was utilized to determine the protein concentrations of the unknown peptide solutions.
Triplicate sample readings were obtained for the four unknown peptide solutions using the Tecan Infinite
F200 microplate reader at a wavelength of 570 nm.

Preliminary Mass Spectrometry Data Preparation

Peptides were withdrawn from the sterile bottles at a volume of 30pug/mL and pipetted into auto column
tubes. Each sample prepared for mass spectrometry (using the Waters Xevo G2-XS QTof) was diluted with
deionized (DI) water to ensure the peptide concentrations remained below the mass spectrometer's
overloading threshold. The dilution factor was based on the protein concentration determined from the
BCA assay. Once samples were loaded in the columns, they were gently vortexed for 1-3 seconds to ensure
proper mixing. A total of 26 columns, made up of three replicates per sample and two auto column tubes
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of 0.9% saline controls, were labeled appropriately loaded onto plates in the mass spectrometer. Sample
name, test type, inlet file type, column position on plate, and injection volume of sample were all entered
into the MassLynx software. A blank was run between samples to flush the lines in preparation for the
next sample and to check for any potential contaminants. Once all samples were loaded and sample
information was entered into MassLynx, the mass spectrometry automation program was started.
Chromatograms were generated and stored for analysis using the MassLynx software. The samples
selected for MADLI-TOF analysis due to its relatively higher protein concentration and more prominent
chromatogram peaks.

Sample Preparation

Peptides from the Liver or LPPSIMKE samples were withdrawn at a volume of 30 ug/mL and pipetted into
auto column tubes in an agarose gel. Sample mixtures were separated based on molecular weight using
SDS-PAGE, and Coomassie™ blue staining was applied to visualize the proteins. A single protein band was
excised from the gel and transferred into a low-binding, siliconized microcentrifuge tube. The proteins
were de-stained by adding 100 ul of a 1:1 methanol-water solution and vortexing. The gel piece was then
washed further by discarding the de-staining solution and adding 400 pl of water. Tubes were shaken for
15 mins at room temperature, and the de-staining step was continued until the gel became colorless
(minimum of 3 repeats). 400ul of 100% acetonitrile was added to dehydrate the gel for 10 mins and dried
by vacuum centrifugation after removal of the supernatant. Disulfide bonds were removed with the
addition of 100ul of 10mM dithiothreitol (DTT) to the gel and then the gel was incubated for 45 minutes
at 55°C. The solution was removed and 100pl of 55mM iodoacetamide was added to the gel and it was
then incubated for an additional 30 minutes at room temperature in low light conditions, allowing trypsin
to access cleavage sites. The solution was then added to 400ul of the gel and a wash solution (50% per
volume acetonitrile, 25mM ammonium bicarbonate) was added. The gel was then incubated at room
temperature and vortexed for 15 minutes three times. The gel was subsequently dehydrated with 400l
of 100% acetonitrile for 10 mins and dried in vacuum centrifuge after removal of the supernatant.

Enzyme Digestion

A protease trypsin solution with a pH 8, diluted 1:1000 with 25mM ammonium bicarbonate, was prepared
and diluted to a final concentration of 10 - 20 pug/ml. Trypsin was added to the gel and it was incubated
on ice for 1 hour. The solution was removed and replaced with 25mM ammonium bicarbonate to cover
the gel. The gel was then incubated at 37°C overnight.

Peptide Extraction

The supernatant containing the peptides was transferred to a new microcentrifuge tube. A gel extraction
solution, consisting of 50% acetonitrile, 1% trifluoroacetic acid (TFA), and 49% water, was added, and the
mixture was incubated at room temperature and vortexed for 20 minutes. This solution was then
combined with the peptide-containing supernatant in the new tube.

Analysis
10ul of a 1:1 solution of 0.1% TFA and 100% acetonitrile was added to 10ul of each sample. 1ul of DMP
was added onto the MALDI plate. 1ul of sample solution was then applied with 1:1 0.1% TFA and 100%
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acetonitrile onto the same spot as the DMP and the spot was allowed to dry. The samples were run on
MALDI in triplicate and the peaks were compared against a database to identify the key peptides and
amino acids found in the samples.

Data Analysis

Data was analyzed using the chromatogram tool in MassLynx software. Replicates for each sample were
analyzed together and chromatograms for each were generated. Batches 1 and 2 were matched to
compare consistency across products. The mass of the most prominent three peaks was deconvoluted
and the key peptides and amino acid components were determined against open-source databases.

Results

The analyses were conducted to assess the impact of temperature storage and duration of storage on
peptide stability. Figure 1 presents MS data for the acidic peptide N-06 D extracted from liver samples
stored at 4 or 22°C for one-, three-, and six- month period of time. The left panels (Retention time plots)
display the intensity plotted against time, showing major peaks around three minutes for each time point.
The one-month sample displays a strong and sharp peak at three minutes, which becomes less intense
and broader by three months. After six months, MS data shows the peak continues to diminish in intensity,
suggesting a degradation or reduced peptide concentration. There is also a secondary peak around 4.2
minutes, which becomes less defined over time. The right panels display the intensity plotted against the
mass-to-charge (m/z) ratio (x-axis). A consistent peak around 1037 m/z is observed across all time points,
indicating that some peptides or peptide fragments remain stable during the six-month storage period.
However, changes between 700-1000 m/z, show peaks shifts which vary in intensity, indicating potential
breakdown products or modifications over time. The spectra are more complex and higher in intensity at
1 month, with significant declines by six months. Overall, the data suggests that acidic peptides stored at
22°C experience degradation over time, with a clear reduction in both peak intensities and overall peptide
stability by six months of storage (figure 1).
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Figure 1: N-O6A NOP assessed by MS stored at 40C for six months.

The stability of a seven acidic peptide combination (N-18A) over time at room temperature analyzed by
MS is presented in Figure 2. The mixed N-18A peptide was stored at 22°C for one, three- and six months.
Retention time plots display the intensity plotted against time. At one month, a clear, sharp peak around
three minutes, indicates a strong and stable peptide signal. AT 3 months, the peak remains prominent but
appears to broaden slightly, and the intensity starts to diminish, suggesting a decrease in peptide stability.
At six months, the main peak is still present, but the intensity is noticeably lower compared to earlier
points, indicating further degradation or reduced peptide concentration. The right panels display the
intensity plotted against the mass-to-charge ratio (m/z). Across all time points, there are consistent peaks
around 1056 m/z, which indicates that certain peptide components remain stable over time. However,
the 1-month data shows a more complex and intense spectrum with additional peaks in the lower m/z
region (around 700-900 m/z), indicating a higher diversity of peptide fragments early on. By three months,
some of these lower m/z peaks begin to weaken, and by six months, the spectrum shows a marked
reduction in intensity, particularly in the lower mass range, suggesting degradation or loss of certain
peptides. Overall, the data shows that N-18A stored at 22°C experiences progressive degradation over
time, with a noticeable reduction in peptide stability and complexity by six months (figure 2).
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Figure 2: N-18A 7 peptide combination assessed by MS stored at 220C for six months.

Figure 3 presents MS for a 7-peptide combination (N-18A) stored at 4°C over one- three-and six months.
Left panels show intensity versus time, with a major peak around three minutes at each storage duration.

The peak is sharpest at one- and three months. However, at six months, the peak intensity decreases and

becomes less defined, suggesting some degradation or loss of peptide integrity over time. A secondary

small peak around four minutes remains visible throughout, but its intensity also diminishes at 6 months.

Right panels display the intensity versus mass-to-charge (m/z). Across all time points, a peak around 1057

m/z remains prominent, indicating the stability of a key peptide or peptide fragment in the mixture.

However, changes are observed in lower m/z regions (around 650-850 m/z), where peak intensities and

positions shift, suggesting peptide breakdown or modifications over time. Overall, the data shows that
while some peptides in N-18A remain stable (e.g., around 1057 m/z), there is noticeable degradation and
variability in the peptide profiles as the samples are stored for longer periods, particularly at the six-

months (figure 3).
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Figure 3: N-18A 7 peptide combination assessed by MS stored at 40C for six months.

Figure 4 depicts MS comparing the stability of N-06D peptides in liver samples stored at 4°C over one-,
three, and six months. Left panels show intensity plotted against time, highlighting peptide elution profiles
for each storage duration. Across all time points, there is a prominent peak at approximately three
minutes, though its intensity decreases from one month to six months, indicating a gradual loss in peptide
abundance or stability over time. The peaks also become less defined and broader as storage time
increases, especially at six months. Right panels display (intensity vs. m/z ratio), showing variations in the
peptide mass-to-charge (m/z) profiles over time. The peak at 1037 m/z is consistently dominant across all
times, suggesting the stability of NO6D. However, changes in other peaks, especially between 700 and
1000 m/z, indicate alterations in the peptide composition or potential degradation products forming over
time. In summary, the data suggests that while some peptides remain stable, there are notable changes

in the peptide profiles over time (figure 4).
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Figure 4: N-06A NOP assessed by MS stored at 22C for six months.

Discussion and Conclusion

Short peptides have been shown to play an important role in the modulation of transcription and
transmission of biological information and have been found to decline in production during the natural
process of aging [2]. Peptide therapy seeks to stimulate peptide production or restore normal signaling
patterns by enhancing the strength of the signals received by cells. Since different tissues produce distinct
peptides, the therapy uses organ-specific extracts to target aging or diseased tissues. The goal is to
rejuvenate normal peptidergic signaling in these areas, thereby improving overall health and well-being.
Through years of testing and development, European Wellness (EW) and MF-Plus has manufactured two
products — Nano Organo Peptides (NOPs) — that are intended for use in peptide therapy in both humans
and animals [7]. Despite numerous studies demonstrating the potential of NOPs in therapeutic
applications such as cosmetics [8] and regenerative organ repair [9], little research has been done to
investigate and identify the key peptides in these solutions. Mass spectrometry (MS) is a chemical analysis
technique that enables the direct identification of molecules based on their mass-to-charge ratios and
fragmentation patterns [14]. By comparing experimental MS data with that of well-established open-
source databases, a determination can be made of the proposed identity of the molecules, peptides, or
proteins found within a solution. Due to the low-cost and rapid application of MS in identifying the
components of unknown solutions, our study employed MS as our primary method of identification.
Although our preliminary data relied upon LC-MS/MS based peptide sequencing techniques to produce
chromatograms and deconvolute our data, we utilized MALDI-TOF MS identification techniques for our
in-depth analysis due to a number of calculated benefits [15]. First, MALDI-TOF utilizes a protein
fingerprinting method in which the sample is digested by a proteolytic enzyme such as trypsin and used
to generate an MS spectrum that can be searched against a database. Matched hits are ranked according
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to a scoring method in which the candidate protein that contains more proteolytic peptides has a higher
score and generally represents the protein/peptide that is most probable. The desirability of MALDI-TOF
also includes the speed at which each run is performed— often less than one minute to obtain— and the
speed at which analysis can be performed against a database. In contrast, data acquired through LC-
MS/MS typically requires multiple hours to obtain due to the length of runs— sometimes requiring over
thirty minutes for each run— and requires several hours to parse through the data to identify a potential
candidate. Unlike MALDI-TOF, LC-MS/MS requires data to be manually sorted and compared against a
database. This can be time consuming and won’t necessarily guarantee the most accurate result.

The results of our study observed slight differences in peptide products between batches is likely due to
the heterogeneous nature of cellularly-derived solutions and differences that occurred during the
extraction process. Further research must be conducted to confirm or disprove this theory.

Funding

This research was funded by a grant to the University of California, Irvine from European Wellness.

Institutional Review Board Statement
Not applicable

Data Availability Statement

The data presented in this study are available in the study outlined.

Acknowledgments
The authors wish to acknowledge the support of the Department of Surgery and the Core Mass
Spectrometry laboratory of the University of California, Irvine, for their support.

Conflicts of Interest

The funders had no role in the design of the study; in the collection, analyses, or interpretation of data;
in the writing of the manusxcript, or in the decision to publish the results.

References

1. BerglM, Tymoczko JL, Stryer L. (2002) Primary Structure: Amino Acids Are Linked by Peptide Bonds to Form
Polypeptide Chains. In Biochem. 5(1):2-14.

2. Caputi S, Trubiani O, Sinjari B, Trofimova S, Diomede F, et al. (2019) Effect of short peptides on neuronal
differentiation of stem cells. Int J Immunopathol Pharmacol. 33:2058738419828613.

3. Khavinson VK, Lin'kova NS, Tarnovskaya SI. (2016) Short Peptides Regulate Gene Expression. Bull exp Biol
Med. 162(2):288-92.

4. Klokol D, Nallenthiran L, Chan MKS, Wong MBF, Pan P, et al. (2019) Cell therapy as the main stratagem of
anti-aging and regenerative medicine. Europ J Pharm Med Res. 6(6):295-99.

5. Lee AC, Harris JL, Khanna KK, Hong JHA. (2019) comprehensive review on current advances in peptide drug
development and design. Int J mole sci. 20(10):2383.

6. De La Torre BG, Albericio F. (2017) Peptide therapeutics 2.0. Molecules (Basel, Switzerland). 25(10):2293.

Review Article | Lakey JRT, et al. ) Stem Cell Res.2024, 5(2)-66.
DOI: https.//doi.org/10.52793/JSCR.2024.5(2)-66



https://doi.org/10.52793/JSCR.2024.5(2)-66
https://doi.org/10.52793/JSCR.2024.5(2)-66

10.

11.

12.

13.

14.

15.

11

Klokol D, Chan M, Wong M, Tullina D, Chernykh V, et al. CryoPause: A New Method to Immediately Initiate
Experiments after Cryopreservation of Pluripotent Stem Cells. J Stem Cell Res Med. 2 (2):1-5.

Chan MKS, Wong MBF, Béguin A, Teppone M, Tukhvatullina D, et al. (2016) In Efficacy of the MFIIl placenta
extracts softgels supplementation: a randomized double-blind placebo-controlled study. Basic Research
Journal of Medicine and Clinical Sciences. 5(4): 86-95.

Chan MK, Michelle WB, Klokol D, Pong H, Wolodymyr C, et al. (2017) Biohormonal Therapyin Early
Management of Premature Menopause and Andropause. Int J Curr Med Pharm Res. 3(1):1278-81.

Lee C, Zeng J, Drew BG, Sallam T, Martin-Montalvo A, et al. (2016) The mitochondrial-derived peptide
MOTS-c promotes metabolic homeostasis and reduces obesity and insulin resistance. Cell metabolism.
21(3):443-54.

Wu D, Kampmann E, Qian G. (2021) Novel insights into the role of mitochondria-derived peptides in
myocardial infarction. Frontiers in Physiology. 12.

Krejcova G, Patocka J, Slaninova J. (2004) Effect of humanin analogues on experimentally induced
impairment of spatial memory in rats. J Pept Sci. 10:636-9.

Hopfgartner Gr, Bourgogne E. (2003) Quantitative high-throughput analysis of drugs in biological matrices
by mass spectrometry. Mass Spectrometry Reviews. 22(3):195-214.

Urban PL. (2016) Quantitative mass spectrometry: an overview. Philosophical transactions. Series A,
Mathematical, physical, and engineering science. Philos Trans A Math Phys Eng Sci.374(2079):20150382.
Padoan A, Basso D, Zambon CF, Bellocco R, Zattoni F, et al. (2018) MALDI-TOF peptidomic analysis of serum
and post-prostatic massage urine specimens to identify prostate cancer biomarkers. Clin Proteomics. 15:23.

Review Article | Lakey JRT, et al. ) Stem Cell Res.2024, 5(2)-66.
DOI: https.//doi.org/10.52793/JSCR.2024.5(2)-66



https://doi.org/10.52793/JSCR.2024.5(2)-66
https://doi.org/10.52793/JSCR.2024.5(2)-66

