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IROA-based metabolomics
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The IROA (Isotopic Ratio Outlier Analysis) protocols embed specific
chemical characteristics into the mass spectral data stream in the form of
mathematically definable isotopic patterns.

This information is used to retrieve higher quality data, with reduced error,

and lowest possible experimental variance when the IROA peak is a
constant or Internal Standard.
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Creating Isotopic Patterns
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Creating Isotopic Patterns
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Creating Isotopic Patterns — C13 (5%)
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TecHNoLoGiEs  Creating Isotopic Patterns - C13 (95%)
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This comprises a triply-redundant information system.
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Curation of L-PHENYLAL AMINE IROW ldr
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The IROA signal is made up of two halves.
Together they make a complete picture.
Only a molecule of biological origin can show this signal.
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Automated Data Reduction

Based on IROA-embedded information, the
ClusterFinder (CF) program (A) collects the experlmental design
and data, (B) provides tools to examine the spectra, performs an

108 datapoints (mostly noise)

d'oo.30-0.-0'.'0'.oﬁ‘-l.SQfoggooosuuvc

Rati
automated non-targeted analysis (C), and a targeted analysis (D), and ate
produces a detailed output (E). 50 | .
CF handles variance control, data reduction, noise removal, data °
definition, formula assignment, quantitation (by area, height, and -5.0

ratio), and peak correlation of adducts and fragments.
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Three IROA Protocols

The Basic IROA Protocol

For R&D: labeled isotopomer-paired control
and experimental samples; untargeted analysis
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Triply redundant peak info

The Phenotypic IROA Protocol

For clinical and molecular diagnostics: labeled Internal
Standards; targeted analysis for 100s of compounds

The Fluxomic IROA Protocol

For medical flux studies; labeled experimental samples
and tracer metabolites; targeted analvsls
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IROA TruQuant
1QQ

Identify, Quantify, Qualify

IROA
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IROA TruQuant/IQQ is a high-quality quantitation system for making accurate
biological measurements on several hundred biochemicals simultaneously in
small quantities of biological samples.

This is achieved by spiking a complex IROA Internal Standard (IROA-IS) into a biological
sample and 1) quantifying all of the biochemicals in the sample relative to their
counterparts in the IROA-IS, 2) suppression-correction of each compound, and 3)
normalization of sample to sample variances are determined through the IROA-IS.

Day-to-day reproducibility (QA/QC), and chemical identification are determined using a
Long-Term Reference Standard (IROA-LTRS) that is always the same and is used assure
reproducible instrument performance.

The system is completely automated using IROA ClusterFinder software.
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The IROA TruQuant / 1QQ workflow uses 2 Standards: IROA-LTRS and IROA-IS

IROA-LTRS is a “Long Term Reference Standard” - run daily every 10 to 12 injections
* Yeast extract fully-labeled at both 95% C13 and 5% C13; mixed 1:1
* Provides the “I” and “Q” of 1QQ; assured Identity, and Quality (complete QA/QC)

IROA-IS is an “Internal Standard” - spiked into experimental samples
* Same fully-labeled 95% C13 (only) yeast extract as the LTRS, at the same concentration
¢ Provides the 2nd “Q” of 1QQ; Quantitation

The IROA TruQuant workflow combines 2 Protocols
Protocol # 1 is the IROA Basic Protocol - used with the IROA-LTRS Standard
Protocol # 2 is the IROA Phenotypic Protocol - used with samples with added IS
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Experimental Samples
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TruQuant 1QQ

IDENTIFICATION* IS BASED ON THE IROA-LTRS

*using both IROA ms characteristics, and
secondary IROA (ms/ms, IMS, etc.)
assures identity is correct.
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The triply redundant IROA Basic peak in ms
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In IROA msms fragmentation, such as SWATH, the IROA peaks retain their patterns (D2’) because wide windows are used.
Since all fragments retain their IROA character, their formulae (D3’) and the relationships between them (D4’) are determinable.
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Paired Peaks (ms)

IROA pair
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ms/ms Compound ldentification
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In IROA msms fragmentation, such as SWATH, the
IROA peaks retain their patterns because wide

windows are used.

Since all fragments retain their IROA character, their
formulae and the relationships between them are
determinable, supporting both identification and
structure elucidation. Noise peaks are excluded.

MSMS pattems: MSMS mass differences
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* Because all of the isotopomeric peaks in an IROA cluster share
the same CCS they have identical lon Mobility behavior

* Coeluting IROA peaks are separated
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* Each compound retains its distinctive
CCS which confirms the IROA MS-
determined identity
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1QQ
QA/QC* IS BASED ON THE IROA-LTRS

*The reproducibility of the LTRS
may be measured many ways.
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* The IROA-LTRS is injected (randomly) every 10 to 12 injections.

* Measurements made in every IROA-LTRS sample relative to instrument performance include:
— Number of IROA paired peaks seen « QA - sensitivity

— Retention time for each compound +/ QA - chromatography
— Relative strength of signal/compound «” QA - in-source fragmentation activity

— Total signal found for all compounds & QA - injection accuracy

The distribution of standard compounds in the LTRS ->
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1QQ
QUANTITATION* IS BASED ON THE INTERNAL STANDARD IROA-IS

* As a phenotypic sample, the quality of the measurement
benefits from the redundancy of the IROA peaks in the IS.
Measurements may be made either on the raw data,
suppression-corrected data, or fully normalized data.
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In order to prove the ability to correct for suppression and then use
suppression-corrected values to normalize samples against one
another the following experiment was defined:

— A large homogeneous single extract of plasma was made.
— Varying quantities of the extract were delivered as individual samples
(in triplicate).
— Samples were dried and resolvated in a constant volume of the IROA-IS.
— Samples (and IROA-LTRS) were MS analyzed and the IROA peaks examined.

IROA . .
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. . . A Aliquot area B IS area
Variable aliquots (ranging from 5 ul to 400 ul) of a plasma ;00000 150,000,000
: P f it Correlation =0.9307 Correlation =-0.8201
sample were dispensed and dried. Each aliquot was 50,000,000 . >
resolubilized in an equal quantity of Internal Standard (IS). """ 5 100000000 1o e
Aliquots were prepared in triplicate. 20000000 |— 3 ‘ 50,000,000
10,000,000 °
. . . o @
A strong suppression is seen for the compound (A) is o 10 20 30 40 50 Sl am am 3w un 5w
shown (and its IROA-IS isotopologue-B). Both are o C12Totinten c13Totinten
non-linear, indicating any quantitation based on these
measurements will be inaccurate.
C Ratio C12 to C13
However, the C12/C13 (area of sample/area of IS) ratio (C) for 2

. . Correlation = 0.9967
the compound present is perfectly linear.

0 e®
0 100 200 300 400 500

12



7/18/2018

| |IROA
|, .|l TECHNOLOGIES

..making metabolic profiling easy®

Suppression (expected vs. observed)
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All Compounds are Suppressed

Distributions of suppression seen in this experiment

o994ag
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° All compounds showed some level of
suppression. The range of suppression
ranged from 6% to 92%.
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Very heavily suppressed compounds have a
negative correlation to concentration.
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-making mebolic pofiing 2 (fOllOWing suppression-correction)

Pre and Post-normalization values
(C12 values shifted to be side by side)
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IROA TruQuant provides a robust system for reproducible peak identification,
peak quantitation, and a daily QA/QC for instrument performance and process
control.

The IROA-LTRS is a Long Term Reference Standard that directly provides
continuous run-time performance characteristics.

The IROA-LTRS allows both inter- and intra- cross-platform comparisons.

The IROA-LTRS is the basis of a validated chemical identification system for
between 500 and 1000 compounds.

The IROA-IS contains all of the compounds in the IROA-LTRS at exactly the same
concentration, and provides for reproducible quantitation.

The IROA-IS provides a mechanism for suppression-correction, and sample-to-
sample normalization.
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Thank You!

Any Questions?
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