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Abstract

The cytochrome P450 enzymes (CYP or P450) 46A1 and 27A1 play important roles in cholesterol
elimination from the brain and retina, respectively, yet they have not been quantified in human
organs because of their low abundance and association with membrane. Based on our previous
development of a multiple reaction monitoring (MRM) workflow for measurements of low
abundance membrane proteins, we quantified CYP46A1 and CYP27A1 in human brain and retina
samples from four donors. These enzymes were quantified in the total membrane pellet, a fraction
of the whole tissue homogenate, using 1°N-labled recombinant P450s as internal standards. The
average P450 concentrations per mg of total tissue protein were 345 fmol of CYP46A1 and 110
fmol of CYP27ALl in the temporal lobe, and 60 fmol of CYP46A1 and 490 fmol of CYP27A1 in
the retina. The corresponding P450 metabolites were then measured in the same tissue samples
and compared to the P450 enzyme concentrations. Investigation of the enzyme-product
relationships and analysis of the P450 measurements based on different signature peptides
revealed a possibility of retina-specific post-translational modification of CYP27A1. The data
obtained provide important insights into the mechanisms of cholesterol elimination from different
neural tissues.
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Introduction

Cholesterol is essential for life in mammals, yet if chronically in excess it becomes a risk
factor for cardiovascular and Alzheimer’s diseases and possibly age-related macular
degeneration.1=3 The mechanisms that control cholesterol levels vary depending on the
organ but all comprise cholesterol hydroxylation, an enzymatic process that initiates
cholesterol removal. Cholesterol hydroxylation is especially important for the maintenance
of cholesterol homeostasis in the brain, where the conversion to 24S-hydroxycholesterol,
catalyzed by the cytochrome P450 enzyme CYP46AL1, represents the major mechanism of
cholesterol elimination.>~7 In the brain, cholesterol is also metabolized to 27-
hydroxycholesterol and pregnenolone by CYP27A1 and CYP11A1, respectively. However,
under normal conditions these enzymatic reactions are quantitatively less important than
cholesterol 24S-hydroxylation.® The brain is a part of the central nervous system, which also
includes the retina, a thin layer of image-processing neuronal cells that line the back of the
eye. Recent work has investigated cholesterol elimination from the retina.~12 Evidence
suggests that the two neural tissues, the brain and retina, have distinct mechanisms of
enzymatic cholesterol elimination.13 Recently, we measured the levels of different
cholesterol metabolites in samples from human donors and found that in the retina
cholesterol is predominantly hydroxylated at position 27, not position 24 as in the brain, and
the major cholesterol metabolite, 5-cholestenoic acid, is a derivative of 27-
hydroxycholesterol, rather than 24S-hydroxycholesterol. We also found that retinal
concentrations of 5-cholestenoic acid vary significantly in human subjects, raising a
question as to whether the expression of CYP27A1 varies as well.13 However, at the time
neither CYP27A1 nor CYP46AL1 had been quantified in human tissues.

Multiple reaction monitoring (MRM) assays allow the simultaneous quantification of
multiple proteins in complex biological samples. This approach relies on liquid
chromatography coupled to triple quadrupole mass spectrometry (LC-MS/MS) and has
successfully been used for the analysis of biomarkers and the determination of protein
modifications in cell lysates and human plasma.1~17 However, the application of MRM
assays to the direct measurement of membrane proteins is more recent'8=20 and still
represents a challenge. Cholesterol-metabolizing P450s are low abundance membrane
proteins; therefore, MRM assays for these P450s require optimization of the tissue
processing procedure in addition to optimization of the instrumental parameters. Previously,
we developed a protocol for quantification of low fmol levels of CYP11A1 per mg of tissue
protein, and suggested that this protocol can be used for the measurement of other
membrane proteins.20 In the present work, we have confirmed the applicability of this
protocol and measured brain and retinal concentrations of microsomal CYP46A1 and
mitochondrial CYP27AL. Protein quantification was carried out on specimens from four
donors and the results support the notion that cholesterol elimination from the retina is
indeed different from that in the brain. We also measured the concentrations of the P450
products 24S-hydroxycholesterol, 27-hydroxycholesterol and 5-cholestenoic acid in the
same donor samples. Analysis of the enzyme-product relationships revealed a lack of
enzyme-product correlations in human retina but not human brain. This unexpected finding
suggests retina-specific post-translational modification of CYP27A1.

Experimental Section

Materials

Ammonium chloride (15N, 99 %), [25,26,26,26,27,27,27-2H7]24-hydroxycholesterol,
[26,26,26,27,27-2H5]27-hydroxycholesterol, 5-cholestenoic acid and 5-cholenic acid-3p-ol
were purchased from Cambridge Isotope Laboratories (Andover, MA). Unlabeled 24S-
hydroxycholesterol and 27-hydroxycholesterol were from Avanti Polar Lipids, Inc
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(Alabaster, AL). The DC Protein Assay kit was from Bio-Rad Laboratories (Hercules, CA).
Complete, EDTA-free, cocktail of protease inhibitors was from Roche Diagnostics
(Indianapolis, IN). Sequencing grade modified trypsin was obtained from Promega Corp.
(Madison, WI). All other chemicals were purchased from Sigma-Aldrich (St. Louis, MO).

Protein Standards

Recombinant human CYP27A1 and CYP46A1 were expressed and purified as described. 21
22 To obtain 1°N-labeled proteins, Escherichia coli cells GC5 were co-transformed with the
expression construct for specific P450 and pGro7 vector (Takara Bio Inc., Japan) containing
chaperones GroEL and GroES. Subsequent expression followed the procedure of Marley et
al.23 Briefly, overnight cultures were diluted 100-fold with 3L of Terrific Broth medium and
grown by shaking (250 rpm) at 37°C until O.Dggg reached 0.6. Cultures were then washed
twice with 1L of M9 minimal media salt solution followed by incubation in 1L of M9
minimal media containing 1 g/L of 1°NH,ClI as the sole nitrogen source and 0.5 mM &-
aminolevulinic acid. Expression of P450s and chaperones was induced by 1 mM isopropyl
-D-thiogalatopyranoside and 0.18 g/ml L arabinose, respectively, and proceeded for 72
hours by shaking at 210 rpm. CYP27A1 was expressed at 29.5 °C whereas CYP46A1 was
expressed at 26.5 °C. Purification of 1°N-labeled P450s was similar to that of the unlabeled
proteins. The P450 concentration was assessed by the CO-reduced difference spectrum
using an absorption coefficient of 91 mM~1ecm™1 for the absorbance difference between 450
and 490 nm.24

In-Solution Digestion

Recombinant 1°N-labeled and unlabeled P450s (100 pmol each) were digested in 25 mM
NH4HCO3 using 0.1 pg of trypsin. The mixtures were incubated for 15 h at 37 °C and stored
in aliquots at —20 °C.

Determination of 1N Incorporation

The percent incorporation of 15N in the recombinant P450 was determined at the peptide
level. Simulated isotopic distributions with varying percent of 15N incorporation were
generated for multiple tryptic 1°N-labeled peptides from each protein, using the
OrgMassSpecR computer program (http://orgmassspecr.r-forge.r-project.org). These
simulations were then compared to the experimental precursor ion mass spectra acquired on
a 4700 Proteomics Analyzer (Applied Biosystems, Framingham, MA) to determine the best
match and therefore the 1°N incorporation.

Human Tissues

Human tissue use conformed to the Declaration of Helsinki and institutional reviews at the
University of Texas Medical Branch and Case Western Reserve University. Brain and eye
specimens were obtained from de-identified donors following informed consent of the
respective families. Demographic information on the donors and pertinent medical history
are summarized in the Supporting Information (Table S1). Samples of gray matter from the
temporal lobe were obtained during autopsy at the University of Texas Medical Branch 9-11
h after death. These samples were rinsed in cold 0.9% NaCl, blotted, flash frozen in liquid
nitrogen, and stored at —80 °C. Eyes were acquired through the Cleveland Eye Bank and
dissected within 10-14 hrs after death. The anterior segment was removed, and fundus
photos were taken to confirm the absence of retinal pathology. Thereafter, the neural retina
was isolated, flash-frozen in liquid nitrogen and stored at —80 °C until analyzed.
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Processing of the Human Brain and Retina

Extraction of the target proteins followed a previously described procedure designed for the
absolute quantification of membrane proteins.20 The steps included: (i) homogenization of
the biological sample in a trypsin compatible buffer (25 mM NH4HCO3); (ii) use of 2%
SDS to measure the total protein concentration in the tissue homogenate; (iii) use of the total
membrane pellet obtained after the 153 000g centrifugation of the tissue homogenate, and
(iv) use of trypsin-compatible detergents. While all these steps are important, the key
innovation was the use of the total membrane pellet,20 through which it had been possible to
detect mitochondrial cytochrome P450 11A1 (CYP11A1) at 7 fmol/mg of tissue protein. In
the present work, each tissue was placed in 25 mM NH4HCO3 and homogenized by
sonication at 30 W using three 10 s continuous cycles (Sonicator 3000, Misonix Inc.,
Farmingdale, NY). The total protein concentration was measured in the presence of 2% SDS
using the DC protein Assay kit and bovine serum albumin as a standard. The homogenates
were then aliquoted into 1 mg-portions of the total tissue protein per tube. One set of tubes
was frozen at —80 °C, whereas the other set was subjected to centrifugation at 153 000g for
30 min. The resulting pellet was frozen at —80 °C. Thus, two types of fractions were
obtained and used for subsequent measurements: the whole tissue homogenate and the total
membrane pellet. During the following processing, each fraction was supplemented with
0.2% sodium cholate in 25 mM NH4HCO3 and an exact known amount of the 1°N-labeled
internal standards, 1°N-CYP27A1 and 1°N-CYP46A1. The samples were heated at 90 °C for
5 min, cooled to room temperature, and treated with trypsin type 1X-S from porcine
pancreas (Sigma-Aldrich, catalog number T0303) for 15 h at 37 °C. The substrate/trypsin
ratio was 50:1 (w/w). After trypsinolysis, the samples were centrifuged at 153 000g for 30
min, and the supernatants were transferred to new tubes. Each supernatant was then treated
with 0.5% TFA for 30 min at 37 °C and centrifuged again at 153 000g for 30 min. The
supernatants from the second centrifugation were transferred to new tubes again, mixed with
an equal volume of acetonitrile, and dried using a Vacufuge (Eppendorf AG, Hamburg,
Germany).

LC-MS/MS Analysis

Instrumental analyses were performed on a hybrid triple quadrupole/linear ion trap mass
spectrometer (4000 QTRAP, ABI/MDS-Sciex) coupled to an Eksigent nanoLC-2D system
(Dublin, CA). Peptide separations were performed with a PicoFrit (75 um 1D/10 um tip 1D,
New Objective) column self-packed to a bed length of 12 cm with Reprosil-Pur 120 C18-
AQ, 3 um resin (Dr. Maisch GmbH, Germany). Peptides were eluted over a 42 min-gradient
from 13% to 31% acetonitrile, containing 0.1% formic acid and at a flow rate of 300 nL/
min. The column effluent was continuously directed into the nanospray source of the mass
spectrometer. All acquisition methods used the following parameters: an ion spray voltage
of 2100 V, curtain gas of 30 psi, source gas of 9 psi, interface heating temperature of 170
°C, declustering potential of 76 V for +2 precursor ions and 65 V for +3 precursor ions,
collision energy of 30 V for +2 precursor ions and 22 V for +3 precursor ions, and collision
cell exit potential of 16 V for +2 precursor ions and 13V for +3 precursor ions. The dwell
time for all transitions was 40 ms.

Quantitative Analysis and Validation

Protein concentrations were calculated from the ratio of the light and heavy MRM peak
areas multiplied by the known amount of 15N-labeled internal standard of P450 spiked into
the sample prior to the digestion. The mass spectrometer monitored three transitions per
peptide. The identities of the measured peptides were confirmed based on two parameters of
the internal standard which was run under the same conditions: (1) the retention time of the
three MRM peaks from a given peptide and (2) the ratio among the three MRM peaks. The
selection of the MRM transitions is described in Results and Discussion. The three
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transitions from each peptide were treated as independent measurements, each resulting in a
concentration value expressed as pmol of quantified protein per mg of total tissue protein.
The mean and standard deviation for the consensus protein concentrations were calculated
by treating the three transitions for each of the target peptides and the three experimental
replicates all as independent measurements.

Quantification of Sterols

Sterols were quantified by isotope dilution gas chromatography-mass spectrometry (GC-
MS) as described previously.13 The internal standards were
[25,26,26,26,27,27,27-2H;]cholesterol, [25,26,26,26,27,27,27-2H7]24-hydroxycholesterol,
[26,26,26,27,27-2H5]27-hydroxycholesterol, and 5-cholenic acid-3p-ol. The following ions
(m/z) were monitored: 368 (cholesterol), 375 (cholesterol-D7), 145 (24-hydroxycholesterol);
152 (24-hydroxycholesterol-D7), 417 (27-hydroxycholesterol), 422 (27-hydroxycholesterol-
Ds), 331 (5-cholenic acid-3p-ol), and 373 and 412 (5-cholestenoic acid).

Results and Discussion

Characterization of 1°N-Labeled P450s

Studies by our group and others indicate that, for MRM measurements, labeled protein
internal standards perform better than signature labeled peptides.20: 25=27 Protein standards
reduce variance due to incomplete digestion and/or missed-cleavage, which is especially
important for quantification of membrane proteins since their digestion can be inefficient.
Also, labeled proteins provide a broad selection of peptides for quantification, allow the
detection of posttranslational modifications, and distinguish between various protein
isoforms in a complex biological sample. Therefore, in the present study we continued to
use 15N-labeled proteins as internal standards for the MRM measurements. To ensure
accurate quantification, we first evaluated the isotopic incorporation in the internal standards
as described previously.20 Briefly, purified 15N-CYP27A1 and 15N-CYP46A1 were digested
in solution with trypsin and mass spectra of the digests were acquired on a 4700 MALDI-
TOF/TOF (Applied Biosystems, Framingham, MA) operated in the single stage MS mode.
Multiple peptides from each protein were analyzed for their 1°N incorporation by simulating
the isotopic distributions from 92% to 100% 1°N incorporation, with 1% increments. These
simulations were then compared to the experimental spectra to determine the best fit. The
same labeling efficiencies were observed in multiple peptides from each protein. Figure 1
shows experimental spectra for representative peptides and their closest simulated isotopic
distribution. This comparison shows that the 1°N-labeling efficiency was approximately
99% for 15N-CYP27A1 and 95% for 1°N-CYP46AL.

Selection and Validation of the MRM Transitions

We used the previously described procedure? to identify the optimal signature peptides and
optimal transitions for the target proteins. Briefly, the optimal peptides were determined by
first monitoring the +2 and +3 precursor ion charge states for each theoretically possible
tryptic peptide in unlabeled recombinant CYP27A1 and CYP46A1. Next, for the detected
peptides, the +2 charge precursor ions with the corresponding +1 charge fragment ions, and
the +3 charge precursor ions with the corresponding +1 and +2 charge fragment ions, were
measured in MRM mode. We used the following rules to select the target peptides: (1)
methionine- and cysteine-containing peptides were excluded due to the existence of various
natural oxidation entities, which could introduce variations in the quantification; (2) putative
membrane-associated peptides 28: 29 were excluded:; (3) only peptides with zero missed
cleavages and molecular weights between 700 Da and 2500 Da were selected; (4) only
peptides whose uniqueness was verified by a tblastn search of the human genome
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) were selected; and (5) only b- and y-ions with m/z
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values greater than the precursor m/z were selected because these fragments tend to be more
intense and there is less noise in this region of the spectrum. These experiments allowed us
to select four signature peptides per P450 and the three most intense MRM transitions per
each peptide (Table 1).

The signal intensities of the twelve MRM transitions for each target protein were measured
in tissue samples spiked with the 1°N-labeled P450s. Tables 2 and 3 show that only two of
the four CYP27A1 signature peptides were recovered in the temporal lobe and three of the
four CYP46A1 peptides were found in the retina. The peak areas from the labeled internal
standards in the biological sample were always smaller than those of the internal standards
digested in pure solution alone, leading to a decrease in the abundance of certain peptides
below the level of confident detection. This lower recovery of the labeled peptides implies
that the efficiency of the tryptic hydrolysis of membrane proteins in biological samples was
not identical to that in pure solution. It is also possible that hydrophobic peptides from the
membrane proteins adhere to lipid membranes and have reduced extraction efficiency. In
either case, the reduced peptide recovery should equally affect the 1°N-labeled standard and
unlabeled analyte, and should not influence the results of the quantification.

The accuracy of protein quantification could also be affected by non-specific interference
from the biological sample that overlaps with the selected transitions.15 20 To validate the
selected transitions, the relative ratios of the three transitions for every pair of labeled and
none-labeled peptides were evaluated. Figure 2 shows the extracted ion chromatograms and
MRM spectra of the transitions monitored for representative peptides from 15N-CYP27A1
and CYP27A1 in the retina. The full set of data for all transitions monitored for CYP27A1
and CYP46ALl in the temporal lobe and retina is in the Supporting Information (Figure S1
and Figure S2) and demonstrate the absence of any interference due overlap from to the
biological samples.

Quantification of CYP46A1 and CYP27A1 in Human Brain and Retina

Two fractions, the whole tissue homogenate and total membrane pellet after the 153 000g
centrifugation of the tissue homogenate, were assayed (Tables 2 and 3). These fractions
were tested because previously we were unable to detect the low abundance membrane
protein CYP11A1 in the whole homogenate of bovine retina but could detect the protein in
the total membrane pellet.20 Similarly, in the present work, CYP46A1 was below the
detection limit in the retinal homogenate, but it was possible to reliably measure CYP46A1
in the retinal total membrane pellet. In contrast, CYP27AL1 could be quantified in both
fractions, in both retina and brain. A comparison of the whole homogenate and total
membrane pellet shows similar levels of each P450 in the two fractions, except for
CYP46AL1 in the retina. In the gray matter of the temporal lobe, CYP27A1 was in the range
of 97-120 and 107-121 fmol/mg of tissue protein in the whole homogenate and total
membrane pellet, respectively, whereas the range of CYP46A1 expression was about 3-fold
higher (320-340 and 326-385 fmol/mg of tissue protein in the whole homogenate and total
membrane pellet, respectively). In the retina, however, CYP27A1 turned out to be a much
more abundant (~6-10-fold) protein than CYP46A1, with concentrations of 403-510 and
464-570 fmol/mg of tissue protein in the whole homogenate and total membrane pellet,
respectively. The retinal content of CYP46A1 was 58-63 fmol/mg of tissue protein in the
total membrane pellet. Thus, in the present study we demonstrated the advantage of the
“membrane pellet” approach? for the quantification of low abundance membrane proteins.
The high-speed centrifugation which generates the total membrane pellet separates the
membrane-associated P450s from the bulk of tissue soluble proteins and enriches the total
membrane pellet with the P450 enzymes. This partially helps to overcome a broad dynamic
range of cellular proteins, which is an obstacle for quantitative measurements. Assuming the
average mass of tissue proteins is 50 kDa, 1 mg of tissue protein is equal to 20 nmoles. This
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makes the dynamic range of the measurement on the total membrane pellet equal to 3.5 x
1077 for CYP11A1 (> 7 fmol/20 nmoles of tissue protein29). Note that quantification using
the total membrane pellet is possible only when the membrane proteins remain associated
with the membrane during tissue homogenization and do not distribute between the
supernatant and pellet after high speed centrifugation.29 This is usually the case for
microsomal P450s that have the N-terminal transmembrane anchor30 and also seems to be
the case for mitochondrial P450s, as demonstrated by our studies of CYP11A1 and
CYP27AL. Unlike microsomal P450s, mitochondrial enzymes do not have the
transmembrane anchor and interact with the lipid bilayer via several non-contiguous
portions of the polypeptide chain.3!

The quantification of other P450 enzymes by different methods has been reported, including
drug-metabolizing P450s in the liver measured by semi-quantitative immunochemical
staining32 and LC-MS/MS18 after separation of a microsomal fraction by the SDS-PAGE.
The mean enzyme levels were in the range of 100-200 pmol of P450/mg microsomal
protein. In our study, we were able to improve the limit of detection to 50 fmol/mg tissue
protein and use a gel-free format by conducting the measurements in-solution in the
presence of detergent and by using 1°N-labeled proteins as internal standards.

Quantification of Cholesterol Metabolites, the Products of CYP46A1 and CYP27A1

The same tissue samples used for the P450 measurements were used for the quantification of
24S-hydroxycholesterol, the product of enzymatic activities of CYP46A1; and two
CYP27A1 metabolites, 27-hydroxycholesterol and 5-cholestenoic acid, that are formed in
the brain and retina, respectively (Table 4). Higher expression of CYP46A1 was observed in
the brain compared to the retina, and this corresponded to a higher concentration of 24S-
hydroxycholesterol in the brain compared to the retina. Higher expression of CYP27A1 was
observed in the retina compared to the brain, and this corresponded to higher concentrations
of the associated metabolites in the retina compared to the brain. The concentrations of the
cholesterol metabolites, however, varied among the donors and, on an individual basis, were
not correlated with enzyme expression levels. We measured up to 5-fold inter-individual
variability of 5-cholestenoic acid, corresponding to observations made previously!3, the
levels of which did not correlate to the concentration of CYP27A1 in the respective
individuals. In fact, the highest concentration of 5-cholestenoic acid was in the retina of
donor 12, which had the lowest CYP27A1 expression; and donor 17, with the lowest
concentration of 5-cholestenoic acid, had the highest expression of CYP27AL. Retinal levels
of the CYP46A1 product 24S-hydroxycholesterol varied as well, but these were low pmol/
mg protein amounts near the limit of sterol detection. At such low concentrations, definite
conclusions regarding the CYP46A1-product relationship are not possible. In the gray
matter of the temporal lobe, the concentration of the CYP27A1 product (27-
hydroxycholesterol) had less inter-individual variability than the concentration of the
product in the retina (5-cholestenoic acid) and seemed to correlate with the CYP27A1
expression levels on an individual basis. Donor 3 had the lowest 27-hydroxycholesterol
content and the lowest CYP27A1 expression; donor 4 had intermediate metabolite and
protein levels, and donor 2 had the highest content of both 27-hydroxycholesterol and
CYP27AL1 protein. Thus by comparing the enzyme and metabolite concentrations we were
able to determine that in the retina, individuals’ expression levels of CYP27A1 do not
correlate with the corresponding metabolite concentrations.

The lack of enzyme-product correlation in the retina raises a question regarding the possible
mechanism of decreased CYP27A1 activity in this organ, resulting in a lower metabolite
formation. One cause could be a post-translational modification of the protein, resulting
from the highly oxidative retinal environment and relatively high concentration of
polyunsaturated fatty acids. Tables 2 and 3 show that measurements based on one peptide in
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the retina, the lysine-containing VVLAPETGELK in CYP27A1, consistently resulted in
lower CYP27A1 values. The retinal content of CYP27A1 was approximately 410 fmol/mg
tissue protein based on this peptide alone, and approximately 517 fmol/mg tissue protein
based on the other three peptides. In the brain, however, an underestimation of CYP27A1
based on the VVLAPETGELK peptide was not observed. This analysis implies that a post-
translational modification of CYP27A1 may occur in the retina but not the brain.
Experiments are in progress to test this hypothesis.

Conclusions

In the present study we have used the combination of MRM and GC-MS measurements to
investigate the enzyme-product relationships. By quantifying two low abundance membrane
proteins CYP27A1 and CYP46AL1 in a gel-free format in the human brain and retina, we
demonstrated the applicability of our previously developed MRM protocol for
measurements of membrane proteins and generated data indicating important differences in
cholesterol elimination from the retina as compared to that in the brain. Our results are
consistent with the established role of CYP46AL1 as the principal cholesterol hydroxylase in
the brain® and support a greater role for CYP27A1 in cholesterol elimination from the retina.
Subsequent quantification of the P450 metabolites by GC-MS enabled detection of the lost
enzyme-product relationship in human retina but not human brain and created the basis for
our current studies investigating the nature of this discrepancy. Collectively, our data
demonstrate that the mechanism of cholesterol elimination from the retina is indeed different
from that in the brain (cholesterol 27-hydroxylation vs. cholesterol 24-hydroxylation) and
that simultaneous use of the advanced mass spectrometry techniques represents a powerful
approach in studies of the enzyme-product relationship.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Experimental and simulated MALDI mass spectra of representative peptides from 1°N-
labeled P450s. (A) °N-VVLAPETGELK from 15N-CYP27A1; the labeling incorporation
was determined to be 99% when compared to the simulated spectrum (C). Similarly,

(B) 15N-GEEVPADILTQILK from 1>N-CYP46A1; the labeling incorporation was
determined to be 95% when compared to the simulated spectrum (D).
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Figure 2.

Extracted ion chromatograms (A — B) and MRM spectra (C — D) of transitions monitored
for 15SN-CYP27A1 and CYP27AL1 in the retina. Data are presented for the LYPVVPTNSR
and VVLAPETGELK peptides. Overlaid extracted ion chromatograms and ions in the
MRM/MS spectra are color-coordinated (cps, counts per second).
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