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Description

[0001] Plasma Renin Activity (PRA) measures the capacity of peripheral blood to generate the peptide angiotensin |
(Angl) and is critical in the diagnosis of disorders of the renin angiotensin aldosterone system (RAAS). In the RAAS,
angiotensinogen, constitutively manufactured by the liver, is hydrolyzed by renin, an enzyme manufactured by the renal
juxtaglomerular apparatus, to form Angl. Angl can then be cleaved by angiotensin converting enzyme (ACE) to yield
Angiotensin Il (Angll), a potent vasoconstrictor and mediator of a number of downstream RAAS effects. Measurement
of renin activity is useful in the differential diagnosis of individuals with hypertension. Renin levels will be elevated in
patients with hypertension due to renal artery stenosis (i.e., renovascular hypertension). Measurement of renin activity
can also be useful in the diagnosis of primary aldosteronism. Patients with secondary aldosteronism tend to have low
renin levels. Renin activity can also be used to assess the adequacy of steroid substitution in patients with adrenal
insufficiency. Renin activity will be normal in patients with adequate supplementation and will be elevated when steroid
substitution is inadequate.

[0002] Thus, there is a need for improved lab tests to measure plasma renin activity. There is a need for improved lab
tests that are more cost-efficient, thereby allowing more frequent testing and also provide clinicians testing results sooner.
US2010/219338 discloses methods for measurement of plasma renin activity by HPLC-mass spectrometry.

Summary

[0003] The presentinvention provides for methods and the use of systems for determining activity of plasma renin to
generate angiotensin | (Angl), which is critical in the diagnosis of disorders of the renin angiotensin aldosterone system.
In certain embodiments, the invention comprises a method to measure Angl generation by mass spectrometry and/or
liquid chromatography - tandem mass spectrometry (LC-MS/MS). In certain embodiments, the invention further incor-
porates a method to confirm the correct specimen type is EDTA-Plasma.

[0004] In one embodiment the invention comprises a method for determining an amount of Angl in a sample. The
method comprises the steps of incubating the sample under conditions suitable to allow plasma renin to generate Angl
having a sequence NH2-DRVYIHPFHL-COOH (SEQ ID NO: 1) from angiotensinogen present in the sample; adding a
protease; incubating the sample under conditions to allow the protease to hydrolyze the Angl to generate a defined Angl
cleavage product; ionizing the defined Angl cleavage product to produce one or more Angl cleavage product ions
detectable by mass spectrometry; and detecting and quantifying the one or more Angl cleavage product ions by mass
spectrometry.

[0005] In certain embodiments, the method may include the use of an internal standard. For example, the method
may comprise the step of adding a stable isotope-labeled Angl peptide (SIL-Angl) to the sample as an internal standard.
As discussed in detail below, the internal standard may be selected from a variety of appropriate standards. In some
embodiments, the SIL-Angl is a peptide NH2-DRVAYIHPAFAHL-COOH (SEQ ID NO: 3), wherein # indicates an amino
acid labeled with a heavy isotope. For example, in one embodiment, V* is (13C)5H11(15N)O2, having a mass shift of
+6; PA is (13C)5H9(15N)02, having a mass shift of +6; and F” is (13C)9H11(15N)O2, having a mass shift of +6. It is
noted that there are other embodiments, wherein the SIL-Angl is a peptide NH2-DRVYIHPFHL-COOH (SEQ ID NO: 1)
wherein many combinations of amino acids could be labeled with a heavy isotope, not confined to the internal standard
used in example studies herein (SEQ ID NO: 3).

[0006] The internal standard provides a way to quantify the amount of the Angl peptide and/or Angl cleavage product
at each step. In alternate embodiments, the SIL-Angl peptide is added before or after plasma renin mediated generation
of Angl, but prior to the step of adding a protease. Thus, in certain embodiments, the amount of Angl cleavage product
is directly proportional to an amount of an SIL-Angl cleavage product generated by the protease

[0007] The method may also comprise external calibration (i.e., reference) standards which provide a known amount
of Angl for comparison to the sample so as to quantify the sample Angl. Thus, in certain embodiments, the method may
comprise the step(s) of generating a plurality of calibration standards comprising known amounts of Angl in a suitable
matrix, wherein each of the plurality of the calibration standards comprises Angl of SEQ ID NO: 1 that goes through the
same steps as the sample Angl. In certain embodiments, the external calibration standard do not go through all of the
assay steps, but are added at the final steps of ionization and mass spectrometry. Thus, in certain embodiments, the
amount of Angl in the sample is quantified by comparing an amount of Angl in the sample to an amount of Angl in at
least one of the plurality of calibration standards. The calibration standards generally should include a concentration
range that spans the expected range of Angl in the samples. For example, in certain embodiments, the calibration
standards comprise Angl concentration ranging from 0.25 to 100 ng/mL.

[0008] The method comprises generating an Angl derivative for MS/MS measurement. In certain embodiments, the
derivative is generated by incubating the sample Angl with a protease. In certain embodiments, the protease is a serine
protease. For example, in one embodiment, the protease is trypsin. For example, in certain embodiments, protease
cleavage generates an Angl cleavage product having a sequence NH2-VYIHPFHL-COOH (SEQ ID NO: 2). In certain
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embodiments, the protease generates a SIL-Angl cleavage product having a sequence NH2-VAYIHPAFAHL-COOH (SEQ
ID NO: 4).

[0009] In certain embodiments, the Angl derivative (i.e., cleavage product) is generated by hydrolysis. For example,
in certain embodiments that do not form part of the disclosure, the chemical hydrolysis agent is formic acid, acetic acid,
hydrochloric acid, or any other agent capable of hydrolyzing Angl.

[0010] Where the Angl cleavage productis Angl of SEQ ID NO: 2, the Angl ions are selected from the group consisting
of ions having a mass/charge ratio of 513.3+ 2,269.2 + 2,392.7 = 2, 257.1 = 2. Similarly, where the SIL-Angl cleavage
productis SIL-Angl of SEQID NO: 4, the SIL-Angl ions are selected from the group consisting of ions having a mass/charge
ratio of 524.3 = 2, 779.5 = 2, and 269.2 * 2.

[0011] The method may, in certain embodiments, comprise the step of terminating plasma renin activity prior to the
step of protease digestion. As discussed in more detail below, a variety of chemical agents and or physical treatments
(e.g., heat) may be used to terminate plasma renin activity. For example, in certain embodiments, methanol is added to
the sample to terminate plasma renin activity. Where an organic solvent (e.g., methanol) is added, the method may
further comprise the step of evaporating the solvent (e.g., methanol) and then reconstituting the sample in a buffer prior
to the step of protease digestion.

[0012] The Angl cleavage product (and internal standard) in the sample, and optionally, also the calibration standards,
may be further purified prior to mass spectrometry. For example, in certain embodiments, the method comprises the
step of subjecting the Angl cleavage product, and the optional SIL-Angl cleavage product, to liquid chromatography
prior to mass spectrometry.

[0013] As discussed in detail herein, a variety of mass spectrometry methods may be used. In one embodiment, the
ionization is positive electrospray ionization with selected reaction monitoring (SRM).

[0014] A variety of samples may be used. In certain embodiments, the sample is a biological fluid obtained from a
patient. For example, in certain embodiments, the biological fluid is plasma. In an embodiment, the plasma comprises
ethylenediaminetetraacetic acid (EDTA) as an anticoagulant.

[0015] In certain embodiments, the samples are verified as being plasma samples that contain EDTA. Thus, the
method may include removing an aliquot from the sample and testing the aliquot for the presence of EDTA prior to the
incubation step to generate Angl. In one embodiment, the testing for the presence of EDTA comprises addition of a
colorimetric agent, o-cresolphthalein complexone, to react with calcium ions in the sample, such that samples comprising
EDTA remain substantially unchanged in color, whereas samples that do not have EDTA turn color due to reaction of
calcium with the colorimetric agent.

[0016] The method is additionally a method of measuring plasma renin activity (PRA) according to any of the preceding
embodiments, wherein the level of PRA is calculated based on the amount of Angl in the sample. In an embodiment,
the plasma renin activity is defined by the amount of Angl generated per unit time. For example, in certain embodiments,
the plasma renin activity is expressed as ng/mL/hr. In one embodiment, the plasma renin activity has an analytically
measurable range (AMR) ranging from about 0.167-66.667 ng/mL/hr.

[0017] Embodiments of the assay are both sensitive and highly specific. In certain embodiments, the lower limit of
quantification (LLOQ) of the plasma renin activity is 0.167 ng/mL/hr and the upper limit of quantification (ULOQ) of the
plasma renin activity is 66.667 ng/mL/hr.

[0018] In other embodiments, the invention comprises use of a system for determining a level of Angl and/or an activity
of plasma renin in a sample. The system may comprise various stations and/or components for performing steps of the
method disclosed herein. For example, the system may comprise a station for incubating the sample under conditions
to generate Angl from angiotensinogen. The system may also optionally comprise a station for adding a stable isotope-
labeled Angl peptide (SIL-Angl) to the sample. In addition, the system may also optionally comprise a station for termi-
nation of plasma renin mediated generation of Angl. The system may also comprise a station for digesting the Angl and
the optionally added SIL-Angl to generate defined cleavage products of each of the Angl and the optional SIL-Angl. In
certain embodiments, the components for incubating the sample, adding the internal standard, terminating plasma renin
activity and/or performing the protease digestion may be performed as part of the same station.

[0019] The system also comprises a station for mass spectrometry. Thus the system comprises a station for ionizing
the Angl and the optional Sll,-Angl defined cleavage products to generate multiply charged gas-phase ions of the defined
Angl cleavage product and the optional defined SIL-Angl cleavage product. The system also comprises a station for
analyzing the multiply charged gas phase ion by mass spectrometry to determine the presence and/or amount of the
defined Angl cleavage product and the optional defined SIL-Angl cleavage product in the sample, wherein the amount
of the defined cleavage products is indicative of the activity of plasma renin in the sample. The system may also comprise
a station for chromatographically separating the defined cleavage products using liquid chromatography (e.g., HPLC)
prior to mass spectrometry.

[0020] As noted above, the method may comprise the step of validating that the samples are plasma containing
sufficient coagulant. Thus, in certain embodiments, the system may comprise a station for testing the sample for the
presence of EDTA.
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Brief Description of the Figures
[0021] The invention may be better understood by reference to the following non-limiting figures.

Figure 1 is a flow chart of an embodiment of a method of the invention.
Figure 2 is a schematic of an embodiment of a system of the invention.

Detailed Description

[0022] The description is to be read from the perspective of one of ordinary skill in the art; therefore, information well
known to the skilled artisan is not necessarily included.

Abbreviations

[0023] Various abbreviations may be used in the application. In most, if not all, instances, the meanings of such
abbreviations are known to those of skill in the art. These abbreviations include the following abbreviations, whose
meanings are provided. Other abbreviations are defined herein.

AMR: Analytically Measurable Range

Angl: Angiotensin 1

APCI: atmospheric pressure chemical ionization
ARR: Aldosterone-Renin-Ratio

BSA: bovine serum albumin

CE: capillary electrophoresis

CRR: Clinically Reportable Range

CZE: capillary zone electrophoresis

DESI: desorption electrospray ionization
DMSO: dimethyl sulfoxide

EDTA: Ethylenediaminetetraacetic Acid

ESI: electrospray ionization

FAB: fast-atom bombardment

HPLC: high-performance liquid chromatography
LAESI: laser ablation electrospray ionization
LC: liquid chromatography

LC-MS/MS: liquid chromatography - tandem mass spectrometry
LLOQ: lower limit of quantitation

LSI: laser spray ionization

MALDESI: matrix-assisted laser desorption electrospray ionization
MALDI: matrix-assisted laser desorption ionization
MRM: multiple-reaction monitoring

MS: mass spectrometry

MS/MS: tandem mass spectrometry

m/z: mass to charge

PMSF: phenylmethane sulfonyl fluoride

PRA: Plasma Renin Activity

PRM: parallel-reaction monitoring

QCs: quality controls

Q-TOF: quadrupole time-of-flight

RAAS: Renin Angiotensin Aldosterone System
RIA: radioimmunoassay

SIM: selected ion monitoring

SPH: St. Paul’'s Hospital

SRM: selected reaction monitoring

Tris: tris(hydroxymethyl)aminomethane

ULOQ: upper limit of quantitation
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Definitions

[0024] The following terms, unless otherwise indicated, shall be understood to have the following meanings:

As used herein, the terms "a," "an," and "the" can refer to one or more unless specifically noted otherwise.

[0025] Throughout this application, the term "about" is used to indicate that a value includes the inherent variation of
error for the device, the method being employed to determine the value, or the variation that exists among the study
subjects.

[0026] As used herein, the terms "enzyme activity" or "enzymatic activity" refer to a measure of plasma renin specific
activity as compared to a reference standard or a calibration curve of a reference standard. In some cases, plasma renin
activity is compared to a population of normal individuals called a reference interval. This reference would include lower
and upper 95% confidence interval limits for plasma renin activity in an ostensible healthy population. The terms can be
used in conjunction with the term "amount” or "level."

[0027] As used herein, the terms "subject," "individual," and "patient" are used interchangeably. The use of these
terms does not imply any kind of relationship to a medical professional, such as a physician.

[0028] As used herein, the phrase "liquid chromatography" or "LC" is used to refer to a process for the separation of
one or more molecules or analytes in a sample from other analytes in the sample. LC involves the slowing of one or
more analytes of a fluid solution as the fluid uniformly moves through a column of a finely divided substance. The slowing
results from the distribution of the components of the mixture between one or more stationary phases and the mobile
phase. LC includes, for example, reverse phase liquid chromatography (RPLC) and high pressure liquid chromatography
(HPLC). In some cases, LC refers to reverse phase LC with a hydrophobic stationary phase in combination a mobile
phase comprised of water and/or water-miscible organic solvents, such as methanol or acetonitrile. In some case, LC
may refer to ion exchange chromatography, affinity chromatography, normal phase liquid chromatography, or hydrophilic
interaction chromatography.

[0029] As used herein the term "capillary electrophoresis" (CE) refers to a process for the separation of one or more
molecules or analytes in a sample from other analytes in the sample, based on their ionic mobility in an electrolyte
solution while exposed to an electric field. CE includes, for example, capillary zone electrophoresis (CZE).

[0030] As used herein, the term "separate” or "purify" or the like are not used necessarily to refer to the removal of all
materials other than the analyte of interest from a sample matrix. Instead, in some embodiments, the terms are used to
refer to a procedure that enriches the amount of one or more analytes of interest relative to one or more other components
present in the sample matrix. In some embodiments, a "separation" or "purification" may be used to remove or decrease
the amount of one or more components from a sample that could interfere with the detection of the analyte, for example,
by mass spectrometry.

[0031] As used herein, the term "mass spectrometry” or "MS" refers to a technique for the identification and/or quan-
titation of molecules in a sample. MS includes ionizing the molecules in a sample to form charged molecules (ions) in
the gas phase; separating the charged molecules according to their mass-to-charge ratio; and detecting the charged
molecules. MS allows for both the qualitative and quantitative detection of molecules in a sample. The molecules may
be ionized and detected by any suitable means known to one of skill in the art. The phrase "tandem mass spectrometry”
or "MS/MS" is used herein to refer to a technique for the identification and/or quantitation of molecules in a sample,
wherein multiple selective steps of mass spectrometry occur, either simultaneously using more than one mass analyzer
or sequentially using a single mass analyzer. As used herein, a "mass spectrometer” is an apparatus that includes a
means for ionizing molecules, selecting molecules and detecting charged molecules.

[0032] As used herein, "electrospray ionization" or "ESI" refers to a technique used in mass spectrometry to ionize
molecules in a sample while avoiding fragmentation of the molecules. The sample is dispersed by the electrospray into
a fine aerosol. The sample will typically be mixed with a solvent, usually a volatile organic compound (e.g., methanol or
acetonitrile) mixed with water. The aerosol is then transferred to the mass spectrometer through an orifice, which can
be heated to aid further solvent evaporation from the charged droplets and, ultimately, form gas-phase ions of the
molecules in the sample.

[0033] As used herein, the term "stable isotopically-labeled" or "stable isotope-labeled" encompasses the process of
enriching a molecule with a non-radioactive isotope of a given atom so as to alter the average mass of said atom within
a molecule and thereby alter the average mass of said molecule. Generally, this is accomplished by replacing the light
isotopes more frequently found in nature and in natural molecules (e.g., carbon-12 or nitrogen-14), with the less common
heavy isotopes (e.g., carbon-13 or nitrogen-15).

[0034] As used herein, a "quadrupole analyzer" is a type of mass analyzer used in MS. It consists of four circular rods
(two pairs) that are set highly parallel to each other. The quadrupole may be in triple quadrupole format as is known in
the art. The quadrupole analyzer is the component of the instrument that can resolve the charged molecules of the
sample based on their mass-to-charge ratio. One of skill in the art would understand that use of a quadrupole analyzer
can lead to increased specificity of results. One pair of rods is set at a positive electrical potential and the other set of
rods is at a negative potential. To be detected, an ion must pass through the center of a trajectory path bordered and
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parallel to the aligned rods. When the quadrupoles are operated at a given amplitude of direct current and radio frequency
voltages, only ions of a given mass-to-charge ratio will resonate and have a stable trajectory to pass through the quad-
rupole and be detected. As used herein, "positive ion mode" refers to a mode wherein positively charged ions are detected
by the mass analyzer, and "negative ion mode" refers to a mode wherein negatively charged ions are detected by the
mass analyzer. For "selected reaction monitoring" or "SRM," the amplitude of the direct current and the radio frequency
voltages are set to observe only specific masses

[0035] The term "centrifugation” refers to a process that involves the application of the centripetal force for the sedi-
mentation of heterogeneous mixtures with a centrifuge. This increases the effective gravitational force on a sample, for
example, contained in a tube, to more rapidly and completely cause the precipitate (pellet) to gather on the bottom of
the tube. The remaining solution is termed "supernatant.”

[0036] The terms "substrate" or "enzyme substrate" are used herein to refer to a material on which an enzyme acts.
[0037] The term "exogenous" or "external" substrate is a substrate originating from outside the sample. In certain
embodiments, the exogenous/external substrate is a "synthetic" substrate.

[0038] The term "synthetic" is used here to refer to a man-made molecule, for example, produced in a laboratory or
other similar facility. This will encompass both chemical synthesis as well as recombinant molecular techniques (i.e.,
expression from a recombinant nucleic acid construct).

[0039] The term "sequence" can be used to refer to the order of amino acids in a polypeptide, which can also be
described as "primary structure," or to a polypeptide molecule, such as a polypeptide with a particular order of amino acids.
[0040] As is known in the art, "proteins", "peptides," and "polypeptides" are chains of amino acids (typically L-amino
acids) whose alpha carbons are linked through peptide bonds formed by a condensation reaction between the carboxyl
group of the alpha carbon of one amino acid and the amino group of the alpha carbon of another amino acid. Typically,
the amino acids making up a protein are numbered in order, starting at the amino terminal residue and increasing in the
direction toward the carboxy terminal residue of the protein. The term "peptide" is used to denote a less than full-length
protein or a very short protein unless the context indicates otherwise.

[0041] The term "amino acid sequence" can be used to refer to the one letter amino acid code that defines a sequence
of peptides. The amino acid notations used herein for the twenty genetically encoded L-amino acids are conventional
and are as follows:

TABLE 1
One Letter Abbreviation | Three Letter Abbreviation | Amino Acid
A Ala Alanine
N Asn Asparagine
R Arg Arginine
D Asp Aspartic acid
C Cys Cysteine
Q GIn Glutamine
E Glu Glutamic acid
G Gly Glycine
H His Histidine
| lle Isoleucine
L Leu Leucine
K Lys Lysine
M Met Methionine
F Phe Phenylalanine
P Pro Proline
S Ser Serine
T Thr Threonine
w Trp Tryptophan
Y Tyr Tyrosine
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(continued)

One Letter Abbreviation | Three Letter Abbreviation | Amino Acid

\% Val Valine

[0042] "Sequence identity" or "sequence similarity" in the context of two or more amino acid sequences, refer to two
or more sequences or subsequences that are the same or have a specified percentage of amino acids that are the same
(for example, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%), or higher
identity over a specified region, when compared and aligned for maximum correspondence over a comparison window
or designated region. Various tools for measuring sequence similarity are available, such as protein BLAST available
from National Center for Biotechnology Information, U.S. National Library of Medicine, Bethesda, Maryland, USA. For
sequence comparison, typically one sequence acts as a reference sequence, to which test sequences are compared.
When using a sequence comparison algorithm, test and reference sequences are entered into a computer, subsequence
coordinates are designated, if necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence comparison algorithm then cal-
culates the percent sequence identities for the test sequences relative to the reference sequence, based on the program
parameters.

[0043] Asused herein, the term "similar" or "homologue" when referring to amino acid or nucleotide sequences means
a polypeptide having a degree of homology or identity with the wild-type amino acid sequence. Homology comparisons
can be conducted by eye, or more usually, with the aid of readily available sequence comparison programs. These
commercially available computer programs can calculate percent homology between two or more sequences (e.g.
Wilbur, W. J. and Lipman, D. J., 1983, Proc. Natl. Acad. Sci. USA, 80:726-730). For example, homologous sequences
may be taken to include amino acid sequences which in alternate embodiments are at least 70% identical, 75% identical,
80% identical, 85% identical, 90% identical, 95% identical, 96% identical, 97% identical, or 98% identical to each other.
[0044] Asused herein, the term atleast 90% identical thereto includes sequences that range from 90 to 99.99% identity
to the indicated sequences and includes all ranges in between. Thus, the term at least 90% identical thereto includes
sequences that are 91, 91.5, 92, 92.5, 93, 93.5. 94, 94.5, 95, 95.5, 96, 96.5, 97, 97.5, 98, 98.5, 99, 99.5 percent identical
to the indicated sequence. Similarly the term "at least 70% identical includes sequences that range from 70 to 99.99%
identical, with all ranges in between. The determination of percent identity is determined using the algorithms described
herein.

[0045] The terms "cleavage," "enzyme cleavage" or "enzymatic cleavage" are used herein to refer to a process or a
result of enzymatic hydrolysis of a polypeptide caused by an enzyme protease (peptidase or proteinase) or chemical
hydrolysis to generate a defined product.

[0046] The term "cleavage site" is used herein to refer to a location of cleavage by a protease in a polypeptide. The
term "cleavage site" encompasses and may be used to denote "specific cleavage site," meaning a cleavage site in a
polypeptide for which a protease is specific.

[0047] The term "cleavage product” or "enzymatic cleavage product” is used herein to refer to a polypeptide resulting
from enzymatic cleavage by a protease. For example, an Angl cleavage product can be a tryptic peptide generated from
Angl as discussed herein.

Methods for Determining the Presence or Amount of Plasma Renin Activity

[0048] The invention may be embodied in a variety of ways. The invention comprises a method to measure Angl and
plasma renin activity by mass spectrometry. In some embodiments tandem MS/MS is used. In some embodiments,
plasma renin activity is measured by LC-MS/MS. Also described are systems for measuring plasma renin activity.
[0049] For example, and referring to Figure 1, in one embodiment the invention comprises a method (100) for deter-
mining an amount of Angl in a sample. The method comprises the step (102) of incubating the sample under conditions
suitable to allow plasma renin to generate Angl peptide having the sequence NH2-DRVYIHPFHL-COOH (SEQ ID NO:
1) from angiotensinogen present in the sample. The method also comprises the step (106) of adding a protease. Also,
the method comprises the step (108) of incubating the sample under conditions to allow the protease to hydrolyze the
Angl to generate a defined Angl cleavage product. The method also comprises the step (110) of ionizing the defined
Angl cleavage product to produce one or more Angl cleavage product ions detectable by mass spectrometry. The method
further includes the step (112) of detecting and quantifying the one or more Angl cleavage product ions by mass spec-
trometry. As discussed in more detail below, the method may additionally include the step (104) of adding a stable
isotope-labeled Angl peptide (SIL-Angl) to the sample as an internal standard.

[0050] In some embodiments, the amount of plasma renin enzymatic activity in the sample need not be quantified. In
some embodiments, the method can be used to determine the presence or absence of plasma renin enzymatic activity
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in a sample. In other embodiments, the method is used to determine the amount of Angl in a sample. For example, in
some embodiments and/or aspects, the disclosure provides methods for determining an amount of Angl and/or plasma
renin activity in a sample, comprising the steps of incubating the sample to generate Angl, optionally optimizing the
sample chemistry to obviate protease activity from sample enzymes, optionally adding an internal standard (e.g., SlI,-An-
gl), hydrolyzing the Angl and the optional internal standard, optionally terminating the hydrolysis in the sample being
incubated, optionally chromatographically separating an Angl cleavage product and the internal standard cleavage
product from other components of the sample using liquid chromatography, and ionizing the Angl cleavage product and
the optional internal standard cleavage product to generate multiply charged ions that are analyzed by mass spectrometry
to determine the amount of Angl cleavage product and the optional Angl internal standard cleavage product in the
sample, wherein a ratio of the determined amounts of the Angl cleavage product and the Angl internal standard cleavage
product is indicative of the amount of activity of plasma renin in the sample. Also, in certain embodiments, for example,
where the sample is serum or plasma, an aliquot of the sample is tested to be sure that EDTA (an anticoagulant) is
present in an amount sufficient to chelate certain divalent ions (e.g., Ca2+ and Mg2+).

[0051] The amount of activity in the sample may be determined by comparison to an external standard curve. For
example, the quantity of Angl peptide may be compared to an external standard curve of calibration standards generated
using a suitable matrix having known concentrations of Angl added. The method is not limited to a specific number of
calibration levels. In some embodiments, only a single point is need to generate the calibration curve. In some embod-
iments, the calibrator may added into the sample.

[0052] An exemplary embodiment of the invention is a method for determining activity of plasma renin in a sample,
which may include the steps of incubating the sample to generate Angl, NH2-DRVYIHPFHL-COOH (SEQ ID NO: 1)
from angiotensinogen. Next, a synthetic stable isotope labeled Angl peptide analogue for Angl NH2-DRVAYIHPAFAHL-
COOH (SEQ ID NO: 3) is optionally added. The use of a stable isotope labeled internal standard allows for correction
due to less than 100% recovery of Angl peptide (or Angl cleavage product) at any step. In an embodiment, V* is
(13C)5H11(15N)0O2, having a mass shift of +6; P* is (13C)5H9(15N)O2, having a mass shift of +6; and F* is
(13C)9H11(15N)O2, having a mass shift of +6. The sample may then be subjected to optional termination of the reaction
using methanol or another organic reagent, evaporation of the solvent and reconstitution of the Angl and the optional
internal standard SIL-Angl in a buffer. At this point, a protease is added to generate an Angl cleavage product peptide
and a corresponding optional internal standard SIL-Angl cleavage product. In an embodiment, the protease is a serine
protease. In an embodiment, the protease is trypsin. For example, in an embodiment, trypsin cleavage of Angl generates
the peptide NH2-VYIHPFHL-COOH (SEQ ID NO: 2) and trypsin cleavage of the SIL-Angl generates NH2-VAYIHPAFAHL-
COOH (SEQ ID NO: 4). Next, the method may include optionally, terminating the protease cleavage step. The method
may further include optionally, chromatographically separating the Angl cleavage product and the optional Sll,-Angl
cleavage product from other components in the sample using liquid chromatography; and analyzing the Angl and SIL-
Angl cleavage product(s) by mass spectrometry to determine presence or amount of cleavage product in the sample.
The presence or the amount of the product of the Angl cleavage product in the sample is indicative of the presence or
the amount of Angl in the sample. In an embodiment, the ratio of Sll,-Angl cleavage product to measured Angl cleavage
product is used to correct for loss of Angl at any step. In an embodiment, the method further comprises generating a
plurality of calibration standards comprising known amounts of Angl in a suitable matrix. In an embodiment, the amount
of Angl in the sample is quantified by comparing the amount of Angl in the sample to the amount of Angl in at least one
of the plurality of calibration standards assayed as the hydrolyzed products.

[0053] Inone embodiment, the internal standard is Angl labeled with heavy isotopes as described above. As is known,
other types of internal standard may be employed. For example, the internal standard may be unlabeled but have a
different amino acid sequence, or other amino acids in the peptide may be labeled. The internal standard, as well as
the calibration standards may be made by chemical synthesis or recombinant methods. In some embodiments, the
calibration standards may have the amino acid sequence shown in SEQ ID NO: 1 or SEQ ID NO: 2 and the SIL-Angl
may have the have amino acid sequence shown in SEQ ID NO: 3. Additionally and/or alternatively, the internal standard
may include additional sequences containing differently labeled amino acids. In alternate embodiments, the reference
standards have at least 70%, 75%, 80%, 85%, 90%, 95% sequence similarity to SEQ ID NO: 1 or SEQ ID NO: 2, and
the internal standard has at least 70%, 75%, 80%, 85%, 90%, 95% sequence similarity to SEQ ID NO: 3.

[0054] In an embodiment, plasma renin activity is proportional to the amount of Angl product created during the
incubation period. The Angl product is proportional to the Angl derivative (e.g., a hydrolyzed cleavage product) that is
measured by mass spectrometry. In certain embodiments, the serine protease incubation (to generate the Angl derivative)
may be terminated by acid and/or temperature quenching of the enzyme. Also, in certain embodiments, the sample
containing the Angl cleavage product and the optional SIL-Angl cleavage product may be analyzed directly using mass
spectrometry. In certain embodiments, the Angl cleavage product and the optional SIL-Angl cleavage product is analyzed
by liquid chromatography (LC) or another purification technique (e.g., capillary electrophoresis) coupled with tandem
mass spectrometry (MS/MS) to measure the Angl product.

[0055] Inanembodiment, the internal standard may be added before or after generation of Angl but prior to termination
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of the reaction with methanol or temperature. In an embodiment, the internal standard may be added after the addition
of methanol, but prior to evaporation of the methanol and reconstitution of the sample in a buffer. In an embodiment,
the measured analyte: internal standard ratio is proportional to the amount of Angl formed and, thereby, directly propor-
tional to the plasma renin activity.

[0056] The ionization step results in the formation of multiply charged ions. In certain embodiments, the ionization
stepincludesionizing the Angl enzymatic cleavage productand the optional SIL-Angl cleavage product using anionization
technique, such as electrospray ionization, atmospheric pressure chemical ionization or atmospheric pressure photoion-
ization.

[0057] The analyzing step allows for characterization and quantification of the multiply charged ions formed in the
ionization step. In certain embodiments, the analyzing step includes determining the specific activity of plasma renin. In
some embodiments, the analyzing step uses tandem mass spectrometry. Using the substrate of SEQ ID NO: 1 to
generate the product of SEQ ID NO: 2, and the substrate of SEQ ID NO: 3 to generate the product of SEQ ID NO: 4,
the analyzing step may, in certain embodiments, use ions having an m/z selected from the group consisting of 513.3 =
2,269.2 +2,392.7 + 2,257.1 + 2.

[0058] The methods according to the embodiments of the present invention may comprise providing a sample. In this
context, the term "providing" is to be construed broadly. The term is not intended to refer exclusively to a subject who
provided a biological sample. For example, a technician in an off-site clinical laboratory can be said to "provide" the
sample, for example, as the sample is prepared for purification by extraction and/or chromatography.

[0059] The invention is not limited to any particular means of sample handling. In certain embodiments, the sample
requires EDTA as an anticoagulant. For example, in certain embodiments, the sample is a plasma sample comprising
EDTA. The amount of EDTA in the sample should be at a level that is sufficient to chelate the divalent ions (e.g., Ca2+,
Mg2+) present in the sample. For example, in certain embodiments, the amount of EDTA added to the sample should
result in an EDTA concentration of at least 0.5 - 3 mg/mL.

[0060] Thus,in certain embodiments, the method comprises the step of testing an aliquot of the sample for the presence
of EDTA in the sample in an amount suitable to chelate the divalent ions present in the sample. The test for EDTA may
be performed using a variety of methods. In some embodiments, the test for EDTA may comprise a colorimetric agent
that detects the presence of divalent ions. A plasma sample that contains sufficient EDTA for chelation of divalent ions
will not be able to interact with the colorimetric agent to produce a colorimetric signal. In an embodiment, the colorimetric
agent is o-cresolphthalein complexone; this reagent reacts with calcium ions to produce a purple color. Thus, if EDTA
is present in the sample in excess of the calcium ions, the sample will not change color upon addition of the colorimetric
agent. f EDTA is not present in the sample, or is not present in an amount that chelates the free calcium ions, the sample
will turn a purple color. Such samples are generally not suitable for the assay.

[0061] Termination of the plasma renin mediated generation of Angl, and/or the protease mediated digestion of Angl
and the optional Sll,-Angl in the sample being incubated is not limited to any particular method. In some embodiments,
termination is accomplished by adding a precipitating reagent to the sample after the appropriate incubation period, in
an amount sufficient to terminate the plasma renin enzymatic reaction. A precipitating reagent can be methanol, ace-
tonitrile, acetone, 2-propanol, ammonium sulfate, trichloroacetic acid or perchloric acid. In some embodiments, temper-
ature may be used to effectively terminate the reaction. The sample may be heated so as to inactivate the plasma renin
or the sample may be cooled, potentially frozen, to slow the reaction to an effective stop. In some embodiments, the
reaction may be stopped by adjusting the sample pH not conducive for plasma renin activity, for example, below about
pH 3 or above about pH 9. In other embodiments, the reaction may be stopped by adding inhibitors of plasma renin
(and/or the serine protease), such as Tekturna or other protease inhibitors. In some embodiments, it may not be necessary
to terminate the enzymatic reaction. For example, plasma renin enzymatic reaction may be continuously monitored
during the incubation step by repeated sampling over the course of time, rather than measurement at a single time point.
[0062] Partial purification of the sample may be used to provide a partially purified sample. Partial purification can be
conducted at various stages of the method. For example, in some embodiments, partial purification can be conducted
after incubation of the sample and termination of plasma renin activity, resulting in a sample comprising Angl. In some
other embodiments, partial purification can be conducted prior to the incubation step. More than one partial purification
step may be used in the methods according to the embodiments of the present invention. Partial purification is not limited
by the method or the result of the partial purification. In some embodiments, the concentrations of one or more of the
various components in the sample, other than the component of interest, have been reduced. For example, concentration
of the other components may be reduced relative to the concentration of enzymatic cleavage product in the partially
purified sample. In another example, concentration of the other components may be reduced relative to the concentration
of Angl in the partially purified sample.

[0063] Thus, the term "removing" or "removal" does not necessarily imply the complete removal of a component. Some
amount of the removed component can still be presentin the partially purified sample, although its concentration relative
to that of the component of interest will be lower than in the pre-extraction sample. In some embodiments, the relative
concentration of the removed component to that of enzymatic cleavage product in the partially purified sample is no
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more than 90%, or no more than 75%, or no more than 50%, or no more than 33%, or no more than 25%, or no more
than 10% or no more than 5%, or no more than 1%, of its relative concentration to enzymatic cleavage product in the
sample prior to the partial purification step. The invention is not limited to any particular type of removed component. In
some embodiments, one or more of the removed components is a compound that can interfere with the analysis by
mass spectrometry or with liquid chromatography. One example of partial purification method is centrifugation after the
termination of the reaction by addition of an organic solvent. During the centrifugation, the precipitated components of
thus treated sample are removed, while the supernatant is further purified and/or analyzed.

[0064] In some embodiments of the invention, the partially purified sample can undergo one or more processing steps
before chromatographic separation. For example, in some embodiments, the partially purified sample is evaporated.
Then, the resulting residue is reconstituted in a solvent system. Any suitable solvent system can be used for reconstituting
the residue. In some embodiments, the solvent system is a solvent system that is compatible with chromatographic
separation. In some embodiments, the solvent system for reconstitution includes, but is not limited to, water, methanol,
or mixtures thereof. In some other embodiments, the partially purified sample may undergo an enzymatic treatment so
as to modify the enzymatic cleavage product. For example, the cleavage product may be further hydrolyzed. In some
embodiments, the cleavage product may be further hydrolyzed with other enzymes.

[0065] In some embodiments, the methods include (comprise) a step of chromatographically separating the Angl and
the optional SllI,-Angl cleavage product(s) from other components in the sample, for example, using liquid chromatog-
raphy. The invention is not limited to any particular manner of performing liquid chromatography. In general, the chro-
matographic separation step includes using at least one liquid chromatography (LC) column. In some embodiments,
multiple LC columns are used, such as two or more, or three or more, or four or more LC columns. In some such
embodiments two, three, four, five, six, eight or ten LC columns are used. In some such embodiments, two or more of
these LC columns are arranged parallel to each other and are connected inline to the same mass spectrometer.
[0066] The invention is not limited to any particular types of columns. Any column suitable for the separation of
enzymatic cleavage product can be used. In some embodiments, one or more analytical columns are used. In some
embodiments, the column is a C18 column, but could be comprised of C12, C8, C4, Phenyl-hexyl, amide, amine, or PFP.
[0067] Further, the invention is not limited to any particular mobile phase. Any suitable mobile phase can be used, as
long as the mobile phase is suitable for use with a particular LC column and for chromatographically separating enzymatic
cleavage product in the LC column. In some embodiments, the mobile phase is comprised of acetonitrile (0 - 100%).
Or, the mobile phase may be comprised of methanol (0 - 100%). In some such embodiments, the mobile phase employs
a gradient, such that the relative ratios of two or more solvents are varied over time. In some embodiments, the mobile
phase is comprised of ion pairing reagents, such as trifluoroacetic acid, formic acid, ammonium, heptafluorobutyric acid,
and/or acetic acid.

[0068] In certain embodiments, two or more LC columns can be used in parallel and connected inline to the same
mass spectrometer, e.g., to improve throughput. In some such embodiments, a sample (which can be a partially purified
sample) is introduced to the two or more LC columns at different times. In some embodiments, the introduction of the
test sample to the two or more LC columns is staggered, meaning that there is a pre-determined time interval separating
the introduction of sample to two or more LC columns. Appropriate time intervals can be selected based on various
factors, including the elution time, column chemistries, and the potential need to avoid interference with the analysis of
the enzymatic cleavage product eluted from one or more of the other LC columns.

[0069] Insome embodiments of the invention, an LC column can be placed in series with another column. For example,
in some embodiments, suitable guard columns can be employed. Those of skill in the art are able to select appropriate
guard columns for use in the present methods. In some embodiments, a guard column is placed in parallel with another
LC column. Such series of two or more columns can also be arranged in parallel, such that there are two or more series
of columns operating in parallel, where each series contains two or more columns. In other embodiments, online extraction
columns may be employed. For example, online solid phase extraction columns may be used to separate the hydrolyzed
Angl and optional SIL-Angl products in some embodiments of the method.

[0070] In some embodiments of the invention, the Angl and optional SIL-Angl enzymatic cleavage product may be
purified by electrophoresis. For example, in some embodiments, the enzymatic cleavage product is separated from
potentially interfering substances using capillary electrophoresis.

[0071] In some embodiments, the methods comprise analyzing the purified or separated enzymatic cleavage product
by mass spectrometry to determine the presence or amount of the Angl and optional SIL-Angl enzymatic cleavage
product. In some embodiments, two or more of the LC columns feed into the same mass spectrometer. In some further
embodiments, three or more of the LC columns feed into the same mass spectrometer. In some embodiments, the mass
spectrometer is part of a combined LC-MS system.

[0072] The invention is not limited to the use of any particular type of mass spectrometer. Any suitable mass spec-
trometer can be used. In some embodiments, the method employs a tandem mass spectrometer. In some such embod-
iments, analyzing enzymatic cleavage product can include, ionizing enzymatic cleavage product, analyzing the ionized
enzymatic cleavage product, fragmenting the enzymatic cleavage product ion into two or more fragment ions, and
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analyzing the fragment ions.

[0073] The invention is not limited to the use of a mass spectrometer using any particular ionization methods. The
method may utilize ionization techniques suitable to the generation of multiply charged ions from the enzymatic cleavage
product. Suitable ionization methods include, but are not limited to photoionization, electrospray ionization, atmospheric
pressure chemical ionization, and electron capture ionization. And in embodiments that employ fragmenting, any suitable
fragmentation technique can be used. Suitable techniques include, but are not limited to collision induced dissociation,
electron capture dissociation, electron transfer dissociation, infrared multiphoton dissociation, radiative dissociation,
electron-detachment dissociation, and surface-induced dissociation.

[0074] Insomeembodiments, the tandem mass spectrometer is a Sciex AP15500 triple quadrupole mass spectrometer.
In some embodiments, the tandem mass spectrometer has an atmospheric pressure ionization source, and the analyzing
step comprises an ionization method selected from the group consisting of photoionization, matrix assisted laser des-
orption/ionization (MALDI), electrospray ionization (ESI), atmospheric pressure chemical ionization (APCI), electron
capture ionization, electron ionization, fast atom bombardment/liquid secondary ionization (FAB/LSI), field ionization,
field desorption, thermospray/plasmaspray ionization, particle beam ionization, and so-called "hybrid ionization" tech-
niques, such as laser ablation electrospray ionization (LAESI), desorption electrospray ionization (DESI) or matrix as-
sisted laser desorption electrospray ionization (MALDESI). The ionization method may be in positive ion mode or negative
ion mode. The analyzing step may also include multiple reaction monitoring (MRM, also referred to as selected reaction
monitoring or SRM) or selected ion monitoring (SIM), and the two or more biomolecules are analyzed simultaneously
or sequentially. In some embodiments, the analyzing step uses a quadrupole analyzer. In some embodiments, the mass
spectrometer is a triple quadrupole mass spectrometer. In some embodiments, the analyzing step may be performed
with product ion scanning on quadrupole-time-of-flight (Q-TOF) or quadrupole-orbitrap instrument, such as in parallel
reaction monitoring (PRM).

[0075] In some embodiments, the method is not limited by any lower-limit of quantification (LLOQ) and/or upper-limit
of quantification (ULOQ). In some embodiments, the LLOQ of the plasma renin activity is 0.167 ng/mL/hr and the upper
limit of quantification (ULOQ) of the plasma renin activity is 66.667 ng/mL/hr. In some embodiments, the calibration
curve contains the Angl peptide at an LLOQ of 0.25 ng/mL and a ULOQ of 100 ng/mL

Methods of Generating Reports

[0076] The methods of this invention can be utilized in a method for generating a report for diagnosing a disease or
condition associated with reduced activity of plasma renin in a subject. One example of such a disease or condition is
hypertension. Another example of such a disease or condition is aldosteronism. Such a method may include the steps
of incubating the sample to generate Angl and then optionally adding an SIL-Angl peptide as an internal standard prior
to termination of the reaction and then generating an Angl peptide cleavage product and the optional SIL-Angl cleavage
product. The method may further include optionally chromatographically separating the Angl cleavage product and the
optional SIL-Angl cleavage product from other components of the sample using liquid chromatograph ionizing the Angl
cleavage product and the optional SIL-Angl cleavage product to generate multiply charged ions that are analyzed by
mass spectrometry to determine the amount of Angl cleavage product and the optional SIL-Angl cleavage product in
the sample. In an embodiment where the SIL-Angl internal standard is used, a ratio of the determined amounts of the
Angl cleavage product and the SIL-Angl product is indicative of the amount of activity of plasma renin activity in the
sample. The methods may further comprise generating a report that recites the amount of activity of plasma renin activity
and/or Angl in the sample.

[0077] Based on the information on the amount of activity of plasma renin in the sample, one could assess whether
a subject has an abnormally low amount of such activity. Such information can be useful for diagnosing one or more
diseases or disorders that may be associated with aberrant levels of plasma renin activity in a subject. The features and
embodiments of all steps except the steps of generating the report are described immediately above. As noted above,
the method can employ more than one column, e.g., two or more columns in parallel connected inline to the same mass
spectrometer.

[0078] In some disclosures a plasma renin activity measurement may be used to determine the presence and/or
amount of a plasma renin inhibitor in the sample. By mixing at a known ratio a sample with known low activity with a
sample with known normal activity, the activity of the resulting mixed sample may be measured. Based on the known
ratio of the mixture and known activity of the individual samples, one can compare the measured activity in the mixture
to the expected activity in the mixture, whereby a measured activity lower than the expected activity is indicative of the
presence and amount of inhibitor in the low activity sample.

Systems

[0079] In another aspect, the invention provides for the use of systems for determining the presence or amount of
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plasma renin activity in a sample. Such systems include various embodiments and sub-embodiments analogous to those
described above for methods according to the embodiments of the present invention. These systems include various
stations and/or components. As used herein, the term "station" is broadly defined and includes any suitable apparatus
or collections of apparatuses (e.g., components) suitable for carrying out the recited method. The stations need not be
integrally connected or situated with respect to each other in any particular way. The invention includes any suitable
arrangements of the stations with respect to each other. For example, the stations need not even be in the same room.
But in some embodiments, the stations are connected to each other in an integral unit.

[0080] Forexample, and referring now to Figure 2, a system (200) comprises a station (202) for incubating the sample
under conditions to generate Angl. Optionally, the system may further comprise a station (204) for adding a stable
isotope-labeled peptide Sll,-Angl as an internal standard to the sample. The system may further comprise a station (206)
to add an agent (e.g., a solvent such as methanol) to terminate the activity of plasma renin. This station may include
components to evaporate the solvent and reconstitute the sample in a protease digestion buffer. The system includes
a station (208) for adding a protease (e.g., trypsin) to generate an Angl cleavage product and an optional SIL-Angl
cleavage product. In some embodiments, at least some of the station for incubating the sample, adding the internal
standard, termination plasma renin activity, and addition a protease may be combined as a single station (209)

[0081] The system further comprises allowing a station (210) for multiply charging (i.e., ionizing) and analyzing the
Angl cleavage product and the optional Sll,-Angl cleavage product by mass spectrometry to determine the amount of
the Angl cleavage product and the optional SIL-Angl cleavage product in the sample, wherein the amount of the Angl
cleavage product is indicative of the activity of plasma renin in the sample. Optionally, the system may also comprise a
station (212) for chromatographically separating the Angl cleavage product and the optional SIL-Angl cleavage product
using liquid chromatography or other separation methods (e.g., capillary electrophoresis). In an embodiment, the station
for liquid chromatography and mass spectrometry may comprise a single station (213).

[0082] The system further comprises a station or component for data analysis (214). Also, the system may also include
a station for testing the sample for the presence of EDTA (216). The system, or parts of the system may be controlled
by a computer (218).

[0083] The methods and systems according to the embodiments of the presentinvention possess various advantages.
For example, the method uses a 90 minute incubation to generate Angl compared to other embodiments which use 3
- 18 hr incubations, providing a faster method. In another example, the method uses a colorimetric reagent and buffer
to differentiate EDTA-Plasma from other specimen types, thus ensuring the correct sample type is used. In another
example, hydrolysis can be used to alter the selectivity and/or sensitivity of the method.

[0084] The following Examples have been included to provide guidance to one of ordinary skill in the art for practicing
representative embodiments of the presently disclosed subject matter.

Examples
Example 1 -Assay Reagents and Procedures

[0085] Plasma Renin Activity (PRA) is determined by LC-MS/MS using external calibration curves. The assay includes
a 1.5 hr bioassay to generate Angiotensin 1, methanol precipitation, evaporation and reconstitution, and tryptic digestion
to produce a proteolytic peptide specific to Angl. A stable isotope-labeled peptide (SIL-Angl) is added before methanol
precipitation, such that SIL-Angl also undergoes precipitation, evaporation, reconstitution, and digestion. Following
digestion of the signature and internal-standard peptides, samples are injected onto a SCIEX 5500 Triple Quadrupole
LC-MS/MS system for detection by positive electrospray ionization with selected reaction monitoring (SRM). The amount
of Angl in each sample is back-calculated from the corresponding calibration curve generated by spiking a surrogate
matrix with Angl reference standard material from 0.25 to 100 ng/mL. PRA is defined by the amount of Angl per unit
time, expressed as ng/mL/hr, making the analytically measurable range (AMR) for this assay 0.167 - 66.667 ng/mL/hr.

Specimens

[0086] Arecommendedsampleis 1 mL of plasma dispensedin EDTA. Collection tubes are generally filled to completion
to ensure a proper blood to anticoagulant ratio and mixed immediately by gentle inversion to ensure adequate mixing.
Plasma should be separated from cells within 4 hours of venipuncture and frozen until tested. As described below, the
presence of sufficient EDTA in a sample may be tested using a colorimetric agent (e.g., o-cresolphthalein complexone)
that upon chelation of calcium ions will turn purple. If the sample contains sufficient EDTA to complex the calcium ions
in the sample, the sample will not change color. If the sample does not include sufficient EDTA to complex the calcium
ions in the sample, the sample will change color.
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Colorimetric Buffer

[0087] Measure 19 mL of 2-amino-2-methyl-1-propanol reagent and add to 75 mL of distilled or deionized water. Adjust
the pH to 10.7 using 3.0-3.4 mL 6N hydrochloric acid. QS to 125 mL using deionized or distilled water. Store in an amber
bottle. Store at room temperature (15 - 30 °C) for 3 weeks.

Colorimetric Reagent

[0088] Add 15 mL of 6N hydrochloric acid to 12.5 mL deionized or distilled water. Transfer 25 mg o-cresolphthalein
complexone to the solution. Rinse the weighing vessel thoroughly to remove all of the powder using the Colorimetric
Buffer already prepared. QS to 250 mL using distilled or deionized water. Store at room temperature (15 - 30 °C) for up
to 1 month.

Liquid Chromatography

[0089] ForHPLC, 5% DMSO, 0.1% Formic Acid in water is used as the A mobile phase and 5% DMSO, 0.1% Formic
Acid in acetonitrile is used as the B mobile phase.

Plasma Renin and Protease Digestion

[0090] PMSF (100 mM) is prepared in methanol; PMSF is added to inhibit proteases other than plasma renin in the
initial incubation to generate Angl. Protease digestion, to generate Angl and SIL-Angl cleavage products, is performed
using trypsin (40 wg/mL Trypsin in 50 mM Acetic Acid) in 300 mM Tris-Cl, pH 8.0; 0.001% (w/v) Zwittergent 3-16.

Preparation of Working Internal Standard Solution (SIL-Angl)

[0091] The cleavable, labeled peptide (SIL-Angl) is assigned by amino acid analysis (e.g., 100 g per vial). One vial
is reconstituted using 1 mL of Carrier Matrix (1% (w/v) BSA in 100 mM Tris-Acetate, pH 6) by vortexing for 30 seconds
and then incubating at room temperature for > 15 minutes to produce a 0.1 mg/mL stock solution. The working internal
standard solution is created by combining 0.75 mL of the stock internal standard solution with 50 mL of carrier matrix in
a clean 200 mL volumetric flask. QS to 200 mL using carrier matrix. Cover, mix well, immediately aliquot for storage.
Store at room temperature for up to 2 hours and discard any residual after use.

Sequence: NH2-DRVAYIHPAFAHL-COOH (SEQ ID NO:3)
Label: VA = (13C)5H11(15N)O2 [Mass Shift +6]
PA = (13C)5H9(15N)02 [Mass Shift +6]

A = (13C)9H11(15N)02 [Mass Shift +6]

Assay Procedure
[0092]

1. Thaw samples and calibrators using a circulating water bath at 25 °C. Trypsin solution should be thawed just
before initiating step 3, such that when it is used in step 13 is within 1 hour of removal from the freezer.

2. Pre-heat water bath to 37 °C for subsequent steps.

3. Pipette 200 pL of blanks, standards, controls, and samples to a 2-mL, 96 deep well plate, Plate A. Then, pipette
20 pL of blanks, standards, controls, and samples to 96-well microtiter plate (Plate C) for colorimetric screening.
4. Pipette 100 pL of 100 mM PMSF in MeOH to 10 mL of Generation Buffer (275 mM Maleic Acid, pH 1.8). Vortex
5 seconds and immediately transfer 20 pL of Generation Buffer to each well of Plate A using a 12-channel pipette.
5. Centrifuge Plate A briefly, seal using a Microtiter Plate Sealer, vortex for 30 seconds at 1500 rpm, and incubate
in the water bath at 37 °C for 1.5 hr.

6. Transfer 50 p.L of colorimetric buffer and reagent to Plate C. Samples that appear purple are to be marked on
the coversheet as NOT EDTA-Plasma.

7. After generation, centrifuge Plate A briefly, then add 50 p.L of working internal standard solution (300 ng/mL SIL-
Angl in Carrier Matrix) to each well except for the double blank, which receives 50 pL of Carrier Matrix.

8. Centrifuge Plate A for 10 seconds at 3500 rpm, seal using a Microtiter Plate Sealer, and vortex for 1 min at 25
°C and 1500 rpm using a ThermoMixer.

9. Add 600 pL of methanol to each well of Plate A, seal the plate using a foil seal and vortex 5 min at 1500 rpm.
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10. Centrifuge Plate A for 10 min at 3500 rpm.

11. Transfer 200 pL of supernatant from Plate A to a new 2-mL, 96 deep-well plate (Plate B).

12. Evaporate the contents of Plate B to dryness using a TurboVap (Flow: 40Fh, Temp: 50 °C)

13. Pipette 150 p.L of Digestion Buffer into Plate B.

14. Pipette 50 pL of Trypsin Solution to each well of Plate B and centrifuge the plate for 10 seconds at 3500 rpm.
15. Seal Plate B using a Microtiter Plate Sealer, incubate for 30 minutes at 25 °C and 1500 rpm on the ThermoMixer.
16. Pipette 20 pL of Quench Solution to each well of Plate B.

17. Vortex Plate B for 5 min @ 1500 rpm and centrifuge for 10 seconds at 3500 rpm.

Precursor/Fragment lons

[0093] Forthe Anglcleavage peptide (SEQID NO: 2) (AngldesDR)the transitions are selected from the group consisting
of: 650.3 * 2, 763.4 = 2,513.3 = 2, 269.2 + 2, 392.7 = 2, 257.1 = 2 For the SIL-Angl cleavage peptide (SEQ ID NO:
4) (IS) the transitions are selected from the group consisting of: 524.3 = 2, 779.5 + 2, and 269.2 = 2.

Example 2 - Validation of the Assay

[0094] The LC-MS/MS method to measure PRA for validation of quantitative methods intended for use in clinical
diagnostic testing and routine clinical trials was validated as summarized below. The validation included evaluations of
matrix effects, sensitivity, selectivity, stability, inaccuracy, imprecision, linearity, inter-assay comparisons, reference-
interval verification, and automation.

[0095] Specificity of the assay in calibrator matrix (Carrier Matrix: 1% (v/v) BSA, 100 mM Tris-Acetate, pH 6.0) was
assessed by evaluating the interference among the matrices for Angl and SIL-Angl using both (6- and 8-point) calibration
series. No interference was observed in calibrator matrix (Carrier Matrix: 1% (w/v) BSA, 100 mM Tris-Acetate, pH 6.0,
Table 2, 81) and the assay specificity for Angl is unaffected by SIL-Angl. Further, carryover following the ULOQ is less
than that observed in the LLOQ. These results indicate the assay is specific for the analysis of Angl in calibrator matrix.
[0096] Giventhe specificity of the assay, the accuracy and precision of the calibrators and quality controls was evaluated
across intra-assay (20 X 1) and inter-assay (6 X 3, 5x 5 or 1 X 20) studies. The results indicated the assay is accurate
and precise for the detection of Angl and PRA . For example, recovery at the LLOQ was <+ 20% bias and <20% CV to
the nominal concentration and recovery at the ULOQ was <+ 15% bias and <15% CV across all studies. Calibrator
reproducibility was shown across 5 separate analytical runs. The relative accuracy of the assay in carrier matrix and
EDTA-Plasma was evaluated by performing mixing and spike and recovery studies. Accurate Angl measurements after
mixing of a high-level calibrator and EDTA-plasma at 3:1, 1:1, and 1:3 ratios indicated matrix equivalency of 100 * 5%.
Spike and recovery demonstrates the assay recovers Angl at 5, 10, and 50X the LLOQ in three generated EDTA-plasma
specimens (Table 11). These results indicate that the assay is accurate in carrier matrix and EDTA-plasma.

[0097] The specificity and accuracy of the assay was interrogated in the presence of interferents. Only 20 mg/dL
conjugated bilirubin affects the analytical measurement of Angl, whereas 10 mg/dL conjugated bilirubin does not, nor
does 20 mg/dL un-conjugated bilirubin, 3000 mg/dL triglycerides, 500 mg/dL hemoglobin, or 12 mg/dL total protein.
Additionally, gross hemolysis, icterus, or lipemia did not affect the accuracy of the PRA assay as demonstrated by sample
mixing with a normal EDTA-plasma specimen prior to generation; however, matched draws of normal and hemolyzed
specimens demonstrated some systematic bias of PRA measurements. This inconsistency is perhaps due to the differ-
ence in the degree of hemolysis between experiments as well as the use of exogenous hemolysate in the former
experiment, which may not contain other cellular components that are released from red blood cells in a patient-dependent
manner that could interfere with PRA measurements. Thus, the assay is accurate in the presence of interferents, except
for conjugated bilirubin levels at or above 20 mg/dL and moderate-to-gross hemolysis, which may be rejected.

[0098] Assay accuracy was evaluated for samples are diluted before generation (encompassing the biology) or after
extraction (including only the analytical measurement). Results demonstrated that it is preferable that specimens are
not be diluted before generation using carrier matrix, but may be diluted after extraction using digestion buffer up to 50-
fold. These studies indicate that patients yielding PRA values above the ULOQ (66.667 ng/mL/hr) can be diluted into
range after extraction using digestion buffer.

[0099] PRA assays often split specimens into two samples for the generation reaction: hot (37°C) and cold (4°C). In
this format, the final PRA measurement consists of subtracting the Angl measurement in the cold sample from the Angl
measurement in the hot sample to produce an adjusted Angl measurement that accounts for the endogenous basal
Angl in the PRA calculation. To evaluate if the cold sample is required for clinical interpretation of PRA, the hot and
adjusted measurements of 106 patients were compared. Passing-Bablok regression yields a slope of 1.000 and a
correlation coefficient of 0.998, with a mean bias of 2.032%. These results indicated that only the hot sample is required
for the accurate measurement of PRA.

[0100] The stability of samples and trypsin was evaluated. First, calibrator, quality control, and specimen stability was
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interrogated atroom temperature, refrigerated, frozen, and through freeze-thaw cycles. The calibrators are stable through
two freeze-thaw cycles, and for 14 days at RT, refrigerated, frozen (-20 °C), and 128 days frozen (<-70 °C). The QCs
are also stable through two freeze-thaw cycles, but, in contrast to the calibrators, are stable for 4 hours at RT. Similarly
to the calibrators, though, the QCs are stable for 14 days refrigerated or frozen. Also, the quality controls are stable for
35 days at <-70 °C. EDTA-Plasma is stable through three freeze-thaw cycles. In comparison to the QCs, EDTA-Plasma
is also stable for four hours at room temperature after thawing, yet in contrast to both the QCs and Calibrators is unstable
refrigerated. EDTA-Plasma is stable for 14 days frozen (-20 °C). Finally, the stability of working trypsin solution (40
prg/mL in 50 mM Acetic Acid) and stock trypsin solution (32 mg/mL in 50 mM Acetic Acid) was evaluated and observed
to be stable frozen for 63 days (<-10 °C) and 244 days (<-70 °C), respectively.

[0101] Given the instability of EDTA-Plasma at room temperature, a time-to-freeze stability study of four patients was
performed to provide guidance to collection sites for sample handling. Briefly, samples were processed immediately
(baseline) or incubated at room temperature (15 - 30°C) for 1, 2, or 4 hours prior to freezing. The results indicate EDTA-
Plasma is stable when processed and frozen within 4 hours after collection from the patient. Thus, sites of collection
should process and freeze EDTA-Plasma samples from patients after collection with minimal interruption.

[0102] In-process and post-extraction stability of calibrators, controls, and samples was conducted. Acceptable in-
process stability was observed post-generation (on wet ice, 1 hour), post-precipitation (<-10 °C, 55 days), and post-
digestion (on wet ice, 1 hour). Additionally, acceptable post-extraction stability was observed on the bench-top (15-30
°C) for 4 hours and in the autosampler (10 °C) for 10 days.

[0103] Toevaluate the harmony among PRA assays, the LC-MS/MS assay was compared to the protocols of Endocrine
Sciences (RIA), Center for Esoteric Testing (RIA, Tables 57, 58), and St. Paul’'s Hospital (SPH, LC-MS/MS) (G. Van
Der Gugten and D. Holmes, "Quantitation of Plasma Renin Activity in Plasma Using Liquid Chromatography Tandem
Mass Spectrometry (LC-MS/MS)," Clinical Applications of Mass Spectrometry in Biomolecular Analysis, 2016,
1378:243-253). The LC-MS/MS assay correlated worst to Endocrine Sciences (Slope: 1.123, Mean Bias: 19.6%) and
best to SPH (Slope: 1.030, Mean Bias: 1.64%). To verify the SPH reference interval, 142 reference interval specimens
were filtered according to Aldosterone, serum Sodium, serum Potassium, History, and blood pressure measurements.
Verification of the SPH reference failed (Table 61), due to >10% of samples being below the SPH lower RI limit.
[0104] Consequently, de novo reference interval generation was performed. First, 142 specimens were interrogated
for normal Aldosterone [0-30 ng/dL], Sodium [3.5-5.2 mmol/L], Potassium [134-144 mmol/L] and history of hypertension.
EP Evaluator was used to generate a transformed parametric reference interval of 0.167 ng/mL/hr (fixed at the assay
LLOQ) to 5.3804 ng/mL/hr (4.6091 - 6.2448, 90% CI) and a confidence ratio of 0.16. Given that the PRA assay is
evaluated in the context of the Aldosterone-to-Renin Ratio (ARR), the ARR reference interval (ng/dL : ng/mL/hr) was
also verified using the 142 filtered specimens. The analytical correlation of the LC-MS/MS aldosterone and PRA assays
between the assay described herein and SPH suggests that patient samples interrogated for the ARR at either site
would receive similar care.

[0105] Agreement between the manual and automated assays was interrogated. Briefly, one manual plate containing
QCs and Patient samples was evaluated against two automated plates. Passing-Bablok regression of manual v. auto-
mated plate 1 yields a 0.919 slope (0.898 - 0.938 90% ClI), an intercept of -0.0108 (-0.0744 - 0.0596; 90% CI) with a
correlation coefficient of 0.9946. Passing-Bablok regression of the manual v. automated plate 2 yields a 0.948 slope
(0.926 - 0.972 90% Cl), an intercept of -0.0406 (-0.1058 - 0.0104 90% CI) and a correlation coefficient of 0.9921. These
data indicate that automation can be used for double-plate batches of this PRA assay.

Claims
1. A method for determining an amount of Angiotensin | (Angl) in a sample, the method comprising:

(a) Incubating the sample under conditions suitable to allow plasma renin to generate Angl having a sequence
NH2-DRVYIHPFHL-COOH (SEQ ID NO: 1) from angiotensinogen present in the sample;

(b) adding a protease;

(c) incubating the sample under conditions to allow the protease to hydrolyze the Angl to generate a defined
Angl cleavage product;

(d) ionizing the defined Angl cleavage product to produce one or more Ang | cleavage product ions detectable
by mass spectrometry; and.

(e) detecting and quantifying the one or more Angl cleavage product ions by mass spectrometry.

2. The method of claim 1, further comprising adding a stable isotope-labeled Angl peptide (SIL-Angl) to the sample
as an internal standard.
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The method of claim 2, wherein the SIL-Angl is a peptide NH2-DRVAYIHPAFAHL-COOH (SEQ ID NO: 3) wherein
A indicates an amino acid labeled with a heavy isotope, and optionally wherein V* is (13C)5H11(15N)O2, having a
mass shift of +6; P* is (13C)5H9(15N)02, having a mass shift of +6; and F* is (13C)9H11(15N)0O2, having a mass
shift of +6; or wherein the SIL-Angl is generated from the peptide NH2-DRVYIHPFHL-COOH (SEQ ID NO: 1) using
other combinations of amino acids labeled with a heavy isotope; or wherein the SIL-Angl peptide is added before
or after plasma renin mediated generation of Angl, but prior to the step of adding a protease; or wherein the amount
of Angl cleavage product is directly proportional to an amount of an SIL-Angl cleavage product generated by the
protease.

The method of any one of claims 1 to 3, further comprising generating a plurality of calibration standards comprising
known amounts of Angl in a suitable matrix, wherein the each of the plurality of the calibration standards comprises
Angl of SEQ ID NO: 1 that goes through the same steps as the sample Angl; and optionally wherein the amount of
Angl in the sample is quantified by comparing an amount of Angl in the sample to an amount of Angl in at least one
of the plurality of calibration standards; and optionally wherein the calibration standards comprise Angl concentration
ranging from 0.25 to 100 ng/mL.

The method of any one of claims 1 to 4, wherein the protease is a serine protease; and optionally trypsin.

The method of any one of claims 1 to 4, wherein protease cleavage generates an Angl cleavage product having a
sequence NH2-VYIHPFHL-COOH (SEQ ID NO: 2).

The method of any one of claim 3 and claims 4 to 6 when dependent on claim 3, wherein the protease generates
a SIL-Angl cleavage product having a sequence NH2-VAYIHPAFAHL-COOH (SEQ ID NO: 4).

The method of any one of claims 1 to 7, wherein the Angl ions are selected from the group consisting of ions having
a mass/charge ratio of 513.3* 2, 269.2 = 2, 392.7 = 2, 257.1 = 2.

The method of any one of claim 2 and claims 3 to 8 when dependent on claim 2, wherein the SIL-Angl ions are
selected from the group consisting of ions having a mass/charge ratio of 524.3 = 2, 779.5 = 2, and 269.2 = 2.

The method of any one of claims 1 to 9, further comprising terminating plasma renin activity prior to the step of
protease digestion; and optionally wherein methanol is added to the sample to terminate plasma renin activity; and
optionally further comprising evaporating the methanol and then reconstituting the sample in a buffer prior to the
step of protease digestion.

The method of any one of claims 1 to 10, wherein the Angl cleavage product, and the optional SIL-Angl cleavage
product are subjected to liquid chromatography prior to mass spectrometry; and/or wherein the ionization is positive
electrospray ionization with selected reaction monitoring (SRM).

The method of any one of claims 1 to 11, wherein the sample is a biological fluid obtained from a patient; and
optionally wherein the biological fluid is plasma; and optionally wherein the biological fluid comprises ethylenedi-
aminetetraacetic acid (EDTA) as an anticoagulant.

The method of any one of claims 1 to 12, further comprising prior to the incubation step to generate Angl, removing
an aliquot from the sample and testing the aliquot for the presence of EDTA; and optionally wherein the testing for
the presence of EDTA comprises addition of a colorimetric agent, o-cresolphthalein complexone, to react with
calcium ions in the sample, such that samples comprising EDTA remain substantially unchanged in color, whereas
samples that do not have EDTA turn color due to reaction of calcium with the colorimetric agent.

The method according to any of the preceding claims wherein further the level of plasma-renin activity is calculated
based on the amount of Angl in the sample; and optionally wherein the plasma renin activity is defined by the amount
of Angl generated per unit time, or wherein the plasma renin activity is expressed as ng/mL/hr, and/or wherein the
plasma renin activity has an analytically measurable range (AMR) ranging from 0.167-66.667 ng/mL/hr, and/or
wherein the lower limit of quantification (LLOQ) of the plasma renin activity is 0.167 ng/mL/hr and the upper limit of
quantification (ULOQ) of the plasma renin activity is 66.667 ng/mL/hr.

Use of a system for determining a level of Angl and/or an activity of plasma renin in a sample in the method of any
one of claims 1 to 14, the system comprising:
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(a) a station for incubating the sample under conditions to generate Angl from angiotensinogen;

(b) optionally, a station for adding a stable isotope-labeled Angl peptide (SIL-Angl) to the sample;

(c) optionally, a station for termination of plasma renin mediated generation of Angl;

(d) a station for digesting the Angl and the optionally added SIL-Angl to generate defined cleavage products of
each of the Angl and the optional SIL-Angl;

(e) a station for ionizing the Angl and the optional SIL-Angl defined cleavage products to generate multiply
charged gas-phase ions of the defined Angl cleavage product and the optional defined SIL-Angl cleavage
product; and

(f) a station for analyzing the multiply charged gas phase ion by mass spectrometry to determine the presence
and/or amount of the defined Angl cleavage product and the optional defined SIL-Angl cleavage product in the
sample, wherein the amount of the defined cleavage products is indicative of the activity of plasma renin in the
sample; and optionally further comprising a station for testing the sample for the presence of EDTA; and/or
further comprising a station for chromatographically separating the defined cleavage products using liquid chro-
matography.

Patentanspriiche

Verfahren zum Bestimmen einer Menge von Angiotensin | (Angl) in einer Probe, wobei das Verfahren umfasst:

(a) Inkubieren der Probe unter Bedingungen, die dazu geeignet sind, Plasma-Renin zu ermdglichen, Angl mit
einer Sequenz NH2-DRVYIHPFHL-COOH (SEQ ID Nr. 1) aus Angiotensin, das in der Probe vorhanden ist, zu
erzeugen;

(b) Zugeben einer Protease;

(c) Inkubieren der Probe unter Bedingungen, um der Protease zu ermdglichen, das Angl zu hydrolysieren, um
ein definiertes Angl-Spaltungsprodukt zu erzeugen;

(d) lonisieren des definierten Angl-Spaltungsprodukts, um ein oder mehrere Angl-Spaltungsprodukt-lonen zu
produzieren, die durch Massenspektrometrie nachweisbar sind; und

(e) Nachweisen und Quantifizieren des einen oder der mehreren Angl-Spaltungsprodukt-lonen durch Massen-
spektrometrie.

Verfahren nach Anspruch 1, weiterhin umfassend ein Zugeben eines stabilen isotopmarkierten Angl-Peptids (SIL-
Angl) zu der Probe als ein interner Standard.

Verfahren nach Anspruch 2, wobei das SIL-Angl ein Peptid NH2-DRVAYIHPAFAHL-COOH (SEQ ID Nr. 3) ist, wobei
A eine Aminosaure angibt, die mit einem schweren Isotop markiert ist, und optional wobei V* (13C)5H11(15N)0O2
mit einer Massenverschiebung von +6 ist; P* (13C)5H9(15N)O2 mit einer Massenverschiebung von +6 ist und FA
(13C)9H11(15N)O2 mit einer Massenverschiebung von +6 ist; oder wobei das SIL-Angl aus dem Peptid NH2-
DRVYIHPFHL-COOQOH (SEQ ID Nr. 1) unter Verwendung anderer Kombinationen von Aminosauren, die mit einem
schweren Isotop markiert sind, erzeugt ist; oder wobei das SIL-Angl-Peptid vor oder nach einer Plasma-Renin-
vermittelten Erzeugung von Angl, jedoch vor dem Schritt des Zugebens einer Protease zugegeben wird; oder wobei
die Menge von Angl-Spaltungsprodukt direkt proportional zu einer Menge eines SIL-Angl-Spaltungsprodukts, das
durch die Protease erzeugt wird, ist.

Verfahren nach einem der Anspriiche 1 bis 3, weiterhin umfassend ein Erzeugen von mehreren Kalibrationsstan-
dards, umfassend bekannte Mengen von Angl in einer geeigneten Matrix, wobei jeder der mehreren Kalibrations-
standards Angl der SEQ ID Nr. 1 umfasst, das dieselben Schritte wie das Proben-Angl durchlauft; und optional
wobei die Menge von Angl in der Probe durch Vergleichen einer Menge von Angl in der Probe mit einer Menge von
Angl in mindestens einem von den mehreren Kalibrationsstandards quantifiziert wird; und optional wobei die Kali-
brationsstandards eine Angl-Konzentration umfassen, die von 0,25 bis 100 ng/mL reicht.

Verfahren nach einem der Anspriiche 1 bis 4, wobei die Protease eine Serinprotease und optional Trypsin ist.

Verfahren nach einem der Anspriiche 1 bis 4, wobei eine Proteasespaltung ein Angl-Spaltungsprodukt mit einer
Sequenz NH2-VYIHPFHL-COOH (SEQ ID Nr. 2) erzeugt.

Verfahren nach einem von Anspruch 3 und den Anspriichen 4 bis 6 bei Abhangigkeit von Anspruch 3, wobei die
Protease ein SIL-Angl-Spaltungsprodukt mit einer Sequenz NH2-VAYIHPAFAHL-COOH (SEQ ID Nr. 4) erzeugt.
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Verfahren nach einem der Anspriiche 1 bis 7, wobei die Angl-lonen aus der Gruppe bestehend aus lonen mit einem
Masse-/Ladungsverhaltnis von 513,3 * 2, 269,2 = 2, 392,7 = 2, 257,1 = 2 ausgewabhlt sind.

Verfahren nach einem von Anspruch 2 und den Anspriichen 3 bis 8 bei Abhangigkeit von Anspruch 2, wobei die
SIL-Angl-lonen aus der Gruppe bestehend aus lonen mit einem Masse-/Ladungsverhaltnis von 524,3 + 2, 779,5
+ 2 und 269,2 + 2 ausgewahlt sind.

Verfahren nach einem der Anspriiche 1 bis 9, weiterhin umfassend ein Beenden der Plasma-Renin-Aktivitat vor
dem Schritt eines Proteaseverdaus; und optional wobei Methanol der Probe zugegeben wird, um die Plasma-Renin-
Aktivitat zu beenden; und optional weiterhin umfassend ein Verdampfen des Methanols und dann ein Rekonstituieren
der Probe in einem Puffer vor dem Schritt des Proteaseverdaus.

Verfahren nach einem der Anspriiche 1 bis 10, wobei das Angl-Spaltungsprodukt und das optionale SIL-Angl-
Spaltungsprodukt einer Flissigkeitschromatographie vor der Massenspektrometrie unterzogen werden; und/oder
wobei die lonisation eine positive Elektrospray-lonisation mit Selected Reaction Monitoring (SRM) ist.

Verfahren nach einem der Anspriiche 1 bis 11, wobei die Probe ein biologisches Fluid ist, das von einem Patienten
erhalten wird; und optional wobei das biologische Fluid Plasma ist; und optional wobei das biologische Fluid Ethy-
lendiamintetraessigsdure (EDTA) als ein Antikoagulans umfasst.

Verfahren nach einem der Anspriiche 1 bis 12, weiterhin umfassend vor dem Inkubationsschritt zum Erzeugen von
Angl ein Entnehmen eines Aliquots aus der Probe und ein Testen des Aliquots auf das Vorhandensein von EDTA;
und optional wobei das Testen auf das Vorhandensein von EDTA eine Zugabe eines kolorimetrischen Mittels, o-
Kresolphthalein-Komplexon, umfasst, um mit Calcium-lonen in der Probe zu reagieren, so dass die Farbe von
Proben, die EDTA umfassen, im Wesentlichen unverandert bleibt, wohingegen die Farbe von Proben, die kein
EDTA aufweisen, aufgrund einer Reaktion von Calcium mit dem kolorimetrischen Mittel umschlagt.

Verfahren nach einem der vorhergehenden Anspriiche, wobei weiterhin das Niveau der Plasma-Renin-Aktivitat auf
der Basis der Menge von Angl in der Probe berechnet wird; und optional wobei die Plasma-Renin-Aktivitdt durch
die Menge von Angl, die pro Zeiteinheit erzeugt wird, definiert wird oder wobei die Plasma-Renin-Aktivitat als ng/mL/h
ausgedriickt wird und/oder wobei die Plasma-Renin-Aktivitat einen analytisch messbaren Bereich (AMR) aufweist,
dervon 0,167-66,667 ng/mL/h reicht, und/oder wobei die untere Quantifizierungsgrenze (LLOQ) der Plasma-Renin-
Aktivitat 0,167 ng/mL/h betragt und die obere Quantifizierungsgrenze (ULOQ) der Plasma-Renin-Aktivitat 66,667
ng/mL/h betragt.

Verwendung eines Systems zur Bestimmung eines Spiegels von Angl und/oder einer Aktivitat von Plasma-Renin
in einer Probe in dem Verfahren nach einem der Anspriiche 1 bis 14, wobei das System umfasst:

(a) eine Station zum Inkubieren der Probe unter Bedingungen, um Angl aus Angiotensin zu erzeugen;

(b) optional eine Station zum Zugeben eines stabilen isotopmarkierten Angl-Peptids (SIL-Angl) zu der Probe;
(c) optional eine Station zum Beenden einer Plasma-Renin-vermittelten Erzeugung von Angl;

(d) eine Station zum Verdauen des Angl und des optional zugegebenen SIL-Angl, um definierte Spaltungspro-
dukte von jeweils dem Angl und dem optionalen SIL-Angl zu erzeugen;

(e) eine Station zum lonisieren des definierten Angl- und des optionalen definierten SIL-Angl-Spaltungsprodukts,
um mehrfach geladene Gasphasenionen des definierten Angl-Spaltungsprodukts und des optionalen definierten
SIL-Angl-Spaltungsprodukts zu erzeugen; und

(f) eine Station zum Analysieren des mehrfach geladenen Gasphasenions durch Massenspektrometrie, um das
Vorhandensein und/oder die Menge des definierten Angl-Spaltungsprodukts und des optionalen definierten
SIL-Angl-Spaltungsprodukts in der Probe zu bestimmen, wobei die Menge der definierten Spaltungsprodukte
die Aktivitat von Plasma-Renin in der Probe angibt; und optional weiterhin umfassend eine Station zum Testen
der Probe auf das Vorhandensein von EDTA; und/oder weiterhin umfassend eine Station zum chromatogra-
phischen Trennen der definierten Spaltungsprodukte unter Verwendung von Flissigkeitschromatographie.

Revendications

1.

Procédé pour déterminer un montant d’angiotensine | (Angl) dans un échantillon, le procédé consistant a :
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(a) incuber I'’échantillon sous des conditions appropriées permettant a de la rénine plasmatique de générer de
'Angl ayant une séquence NH2-DRVYIHPFHL-COOH (SEQ ID N° 1) a partir de I'angiotensinogéne présent
dans I'échantillon ;

(b) ajouter une protéase ,

(c) incuber I'échantillon sous des conditions permettant a la protéase d’hydrolyser I’Angl pour générer un produit
de clivage de 'Angl défini ;

(d) ioniser le produit de clivage de I’Angl défini pour produire un ou plusieurs ions produits de clivage de I'’Angl
détectables par spectrometre de masse ; et

(e) détecter et quantifier le ou plusieurs ions produits de clivage de I'’Angl par spectrometre de masse.

Procédé selon la revendication 1, consistant en outre a ajouter un peptide Angl marqué par isotope stable (SIL-
Angl) a I'échantillon comme étalon interne.

Procédé selon la revendication 2, dans lequel le SIL-Angl est un peptide NH2-DRVAYIHPAFAHL-COOH (SEQ ID
N° 3), dans lequel A indique un acide aminé marqué par un isotope lourd, et éventuellement dans lequel VA
représente (13C)5H11(15N)02, affichant un décalage de masse de +6 , PA représente (13C)5H9(15N)02, affichant
un décalage de masse de +6 ; et FA représente 13C)9H11(15N)02, affichant un décalage de masse de +6 ; ou
dans lequel le SIL-Angl est généré a partir du peptide NH2-DRVYIHPFHL-COOH (SEQ ID N° 1) en utilisant d’autres
combinaisons d’acides aminés marqués par un isotope lourd ; ou dans lequel le peptide SIL-Angl est ajouté en
amont ou en aval de la génération d’Angl médiée par rénine plasmatique, mais en amont de I'étape consistant a
ajouter une protéase ; ou dans lequel le montant de produit de clivage de I'’Angl est directement proportionnel a un
montant d’un produit de clivage du SIL-Angl généré par la protéase.

Procédé selon I'une quelconque des revendications 1 a 3, consistant en outre a générer une pluralité d’étalons de
calibrage comportant des montants connus d’Angl dans une matrice appropriée, dans lequel chaque étalon de
calibrage de la pluralité des étalons de calibrage comporte une Angl ayant une SEQ ID N° 1 qui passe par les
mémes étapes que celles de I’Angl de I'échantillon ; et éventuellement dans lequel le montant d’Angl que contient
I’échantillon est quantifié en le comparant a un montant d’Angl que contient I'échantillon & un montant d’Angl dans
au moins un étalon de calibrage de la pluralité d’étalons de calibrage ; et éventuellement dans lequel les étalons
de calibrage comprennent une concentration d’Angl allant de 0,25 a 100 ng/mL.

Procédé selon l'une quelconque des revendications 1 a 4, dans lequel la protéase est une sérine-protéase ; et
éventuellement de la trypsine.

Procédés selon I'une quelconque des revendications 1 a 4, dans lequel le clivage de protéase génére un produit
de clivage d’Angl ayant une séquence NH2-VYIHPFHL-COOH (SEQ ID N° 2).

Procédé selon I'une quelconque de larevendication 3 et des revendications 4 a 6 lorsque relevantde la revendication
3, dans lequel la protéase génére un produit de clivage de SIL-Angl ayant une séquence NH2- VAYIHPAFAHL-
COOH (SEQ ID N° 4).

Procédé selon I'une quelconque des revendications 1 a 7, dans lequel les ions de I’Angl sont sélectionnés dans le
groupe consistant d’ions ayant un rapport masse sur charge de of 513,3+ 2, 269.2 = 2. 392,7 = 2. 257,1 = 2.

Procédé selon I'une quelconque de larevendication 2 et des revendications 3 a 8 lorsque relevantde la revendication
2, dans lequel les ions de SIL-Angl sont sélectionnés dans le groupe consistant d’ions ayant un rapport masse sur
charge de 524, 3 = 2.779,5 = 2, et de 269,2 * 2.

Procédé selon I'une quelconque des revendications 1 a9, consistant en outre a terminer I'activité rénine plasmatique
en amont de I'étape de digestion protéasique ; et éventuellement dans lequel du méthanol est ajouté a I’échantillon
pour terminer l'activité rénine plasmatique ; et éventuellement consistant en outre a évaporer le méthanol et a
reconstituer ensuite I'échantillon dans un tampon avant de passer a I'étape de la digestion protéasique.

Procédé selon I'une quelconque des revendications 1 a 10, dans lequel le produit de clivage d’Angl, et le produit
de clivage facultatif de SIL-Angl font I'objet d’'une chromatographie liquide avant de faire I'objet d’'une spectrométrie
de masse, et/ou dans lequel l'ionisation est une ionisation par électronébulisation en mode positif selon une mesure
de réactions sélectionnées (SRM).
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Procédé selon 'une quelconque des revendications 1a 11, dans lequel I'échantillon estun fluide biologique provenant
d’'un patient ; et éventuellement dans lequel le fluide biologique est du plasma ; et éventuellement dans lequel le
fluide biologique comprend de I'acide éthylénediaminetétraacétique (EDTA) comme coagulant.

Procédé selon l'une quelconque des revendications 1 a 12, consistant en outre avant I'étape d’incubation pour
générer de I’Angl a supprimer un aliquot de I'échantillon et a tester I'aliquot pour vérifier la présence d’EDTA ; et
éventuellement dans lequel le test de la présence d’EDTA comprend I'ajout d’un agent colorimétrique, une com-
plexone o-crésolphtaléine, en vue d’'une réaction avec des ions de calcium dans I'échantillon, de sorte que la couleur
des échantillons contenant de 'TEDTA demeure essentiellement inchangée, alors que les échantillons qui ne con-
tiennent pas d’EDTA changent de couleur suite a une réaction du calcium sous l'effet de I'agent colorimétrique.

Procédé selon 'une quelconque des revendications précédentes, dans lequel le niveau de I'activité rénine plasma-
tique est calculé d’aprés le montant de I'Angl que contient I’échantillon ; et éventuellement dans lequel I'activité
rénine plasmatique est définie par le montant d’Angl généré par unité de temps, ou dans lequel I'activité rénine
plasmatique est exprimée en ng/mL/h, et/ou dans lequel 'activité rénine plasmatique comprend une gamme ana-
lytiquement mesurable (AMR) allantde 0,167 266,667 ng/mL/h, et/ou dans lequella limite inférieure de quantification
(LLOQ) de l'activité rénine plasmatique est de 0,167 ng/mL/h et la limite supérieure de quantification (ULOQ) de
I'activité rénine plasmatique est de 66,667 ng/mL/h.

Systéme destiné a déterminer un niveau d’Angl et/ou une activité de rénine plasmatique dans un échantillon dans
le procédé selon I'une quelconque des revendications 1 a 14, le systéme comprenant :

(a) une station d’incubation de I'échantillon sous des conditions permettant de générer de I'Angl a partir
d’angiotensinogene ;

(b) éventuellement, une station pour ajouter du peptide Angl marqué par isotope stable (SIL-Angl) al’échantillon ;
(c) éventuellement, une station pour terminer la génération d’Angl médiée par rénine plasmatique ;

(d) une station pour digérer 'Angl et éventuellement du SIL-Angl ajouté pour générer des produits de clivage
définis de chaque Angl et de chaque éventuel SIL-Angl ;

(e) une station pour ioniser les produits de clivage définis de 'Angl et de I'éventuel SIL-Angl pour générer une
phase gazeuse d’ions a charge multiple du produit de clivage d’Angl défini et du produit de clivage de SIL-Angl
défini ; et

(f) une station pour analyser la phase gazeuse d’ions a charge multiple par spectrométrie de masse pour
déterminer la présence et/ou le montant du produit de clivage d’Angl défini et du produit de clivage de SIL-Angl
défini dans I'échantillon, dans lequel le montant des produits de clivage définis témoigne de l'activité rénine
plasmatique dans I'échantillon ; et éventuellement comprenant en outre une station pour tester la présence
d’EDTA dans I'échantillon ; et/ou comprenant en outre une station pour séparer par chromatographie les produits
de clivage définis en ayant recours a de la chromatographie liquide.
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