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An integrated workflow for quantitative
analysis of the newly synthesized proteome

Toman Borteçen1,2, Torsten Müller3 & Jeroen Krijgsveld 1,3

The analysis of proteins that are newly synthesized upon a cellular perturba-
tion canprovidedetailed insight into theproteomic response that is elicited by
specific cues. This can be investigated by pulse-labeling of cells with clickable
and stable-isotope-coded amino acids for the enrichment and mass spectro-
metric characterization of newly synthesized proteins (NSPs), however con-
voluted protocols prohibit their routine application. Here we report the
optimization of multiple steps in sample preparation, mass spectrometry and
data analysis, and we integrate them into a semi-automated workflow for the
quantitative analysis of the newly synthesized proteome (QuaNPA). Reduced
input requirements and data-independent acquisition (DIA) enable the analy-
sis of triple-SILAC-labeled NSP samples, with enhanced throughput while
featuring high quantitative accuracy. We apply QuaNPA to investigate the
time-resolved cellular response to interferon-gamma (IFNg), observing rapid
induction of targets 2 h after IFNg treatment. QuaNPA provides a powerful
approach for large-scale investigation of NSPs to gain insight into complex
cellular processes.

Cells reshape their proteome in response to external stimuli or stress,
which occurs throughout the cell’s lifetime, e.g., under the influence of
growth factors to induce differentiation, or upon genotoxic stress to
enhance cell survival or leading to cell death. To investigate these
processes, proteome analysis by mass spectrometry, antibodies or
aptamers typically is performed to measure differences in overall
protein abundance levels between cellular conditions. On the one
hand, this resolves the concern of transcriptome analysis where
accumulating evidence indicates that the correlation between mRNA
and protein expression is usually low1,2. On the other hand, observing a
change in the abundance of a given protein does not indicate the
mechanism and dynamics by which this has occurred. Since mRNA
translation is central to rewire protein expression upon cellular per-
turbations and in disease3,4, the analysis of protein synthesis is key to
fill this gap, in particular, because it can reveal immediate changes in
the proteome even before this becomes apparent as a change in
overall protein abundance5. Importantly,measuring these early events,
and distinguishing them from proteins exhibiting a secondary or
delayed response in protein synthesis, are crucial to gain insight into

the underlyingmechanisms that translate a cellular perturbation into a
proteomic response.

Experimentally, protein synthesis has been investigated by ribo-
some profiling, inferring protein translation by genome‐wide sequen-
cing of ribosome occupancy sites in mRNA (Ribo-seq). This can be
combined with global RNA sequencing to obtain a measure for trans-
lation efficiency (TE) by accounting for changes in mRNA expression6.
Yet, Ribo-seq determines protein translation only indirectly by
sequencing of RNA, and it comes with a number of caveats especially
when studying cellular perturbation by requiring rigorous statistical
methods to faithfully calculate differences in TE7,8, and by the need to
disregard inactive ribosomes that do not contribute to translation9.

Therefore, a number of mass spectrometry-based proteomic
methods have been developed to identify newly synthesized proteins
(NSPs) directly at the protein level10,11, based on the incorporation of
puromycin (or its derivatives), isotope-labeled amino acids, non-
natural amino acids, or combinations thereof12,13. Puromycin is incor-
porated into nascent chains, leading to termination of protein trans-
lation and release of the truncated polypeptide which can next be
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isolated via biotin-streptavidin14 enrichment, click-chemistry15–17 or
anti-puromycin antibodies18, depending on the type of puromycin-
analog that is used. This can be combined with stable isotope labeling
with amino acid in cell culture (SILAC) to distinguish NSPs from pre-
existing or contaminating proteins by subsequent mass spectrometric
analyses. Pulsed-SILAC (pSILAC) labeling alone can also be used to
label and analyze full-length NSPs that have undergone natural trans-
lation termination. As a third approach, non-natural methionine ana-
logs such as L-azidohomoalanine (AHA)19, L-homopropargylglycine
(HPG)20 or L-azidonorleucine (ANL)21 can be incorporated into nascent
proteins by the cell’s translational machinery, exploiting their bio-
orthogonal alkyne or azide moieties for subsequent coupling of NSPs
to immobilized tags22, to biotin-conjugates23, phosphonate alkynes24 or
directly to clickable beads25. This covalent (or near-covalent in the case
of streptavidin) capture of NSPs has the great advantage to allow
stringent washing to remove pre-existing (i.e., non-labeled) proteins
and other contaminants before digestion of NSPs off the beads and
analysis by liquid chromatography coupled to mass spectrometry
(LC-MS).

Several strategies have combined the use of clickable and isotope-
labeled amino acids to enrich and quantify NSPs in the same experi-
ment. This includes the use of isotope-labeled AHA for the quantifi-
cation of newly synthesized AHA-containing peptides26, or the
simultaneous pulse-labeling of cells with AHA and SILAC amino
acids12,13,23,27. An important advantage of these strategies is that the
detection of isotope-labeled peptides is used as formal evidence for
their assignment as NSPs, and to allow relative quantification of NSPs
between conditions. These approaches have been applied to investi-
gate proteome response in various model systems including cell
culture28–30, in T cells23, and inmouse tissue both ex vivo31 and in vivo32.
In our own work, we have combined AHA and pSILAC labeling in var-
ious biological contexts, e.g., to investigate secreted proteins27,33, to
determine proteomic effects of rRNA methylation34,35, and to identify
effectors of transcriptional regulators36, thus illustrating broad
applicability. In addition, time-course analysis of macrophage activa-
tion showed that robust changes in NSPs can be detected on shorter
time scales than in conventional proteome profiling or by the use of
pSILAC without NSP enrichment5.

Despite conceptual advantages, bio-orthogonal NSP enrichment
approaches are limited in one or multiple ways with regard to
throughput, required input amounts, manual and multistep sample
preparation, and proteomic depth26,28,29. For instance, relatively large
sample input is needed to isolate the usually small fraction of NSPs,
and peptide fractionation or long LC gradients are needed prior to LC-
MS to achieve sufficient proteome coverage, however leading to
reduced throughput5,14,17. To avoid manual sample processing via
extensive enrichment protocols, two automated enrichment methods
have been developed recently, although they still include lengthy off-
deck dephosphorylation and dialysis steps, while requiring large
sample input and reporting limited proteome coverage24,37. Additional
multiplexing with isobaric tags has been used to increase throughput
but still requires offline sample fractionation and prolonged LC-MS
measurement time to achieve sufficient proteomic depth30,38,39.

Recently, mass spectrometry via data-independent acquisition
(DIA) has become a powerful alternative to conventional data-
dependent acquisition (DDA) methods for deep proteome profiling
in single-shot analyses40. Although DIA is directly compatible with
label-free quantification, it has been scarcely applied in combination
with SILAC labeling because of challenges in data analysis, which only
very few software tools are capable of processing41–43. Recently, a
workflow called plexDIA was introduced and integrated into the DIA-
NN software environment. Using plexDIA deep proteome coverage
and quantitative accuracy were demonstrated for the analysis of
multiplexed samples with non-isobaric labels (mTRAQ)44.

Conceptually, plexDIA could also be applied to SILAC-labeled samples,
in particular for the analysis of NSPs.

Here we addressed these various challenges in the analysis of
NSPs, improving multiple steps in sample preparation, mass spectro-
metry and data analysis that we integrated into an efficient workflow
named QuaNPA (Quantitative Newly synthesized Proteome Analysis).
QuaNPA is centered around automated enrichment, clean-up and
digestion of clickable NSPs on a liquid handling robot, which we
facilitated by designing high-capacity magnetic alkyne agarose (MAA)
beads. Through the use of MAA beads, the required protein input was
significantly reduced, allowing cells to be grown in 6-well plates, thus
making large-scale cell culture experiments amanageable task. Finally,
we established that plexDIA enabled the analysis of triple-SILAC-
labeled NSP samples by DIA, with quantitative accuracy equivalent to
DDA. Importantly, this can be performed in single LC-MS runs,
obviating the need for offline peptide fractionation, and thereby
achieving a significant increase in throughput. We demonstrate the
utility of QuaNPA in a time-series experiment to investigate the cellular
response to interferon-gamma (IFNg), showing expression of known
and previously unrecognized IFNg response proteins among NSPs at
distinct time points, and as early as 2 h after the addition of IFNg.
Collectively, QuaNPA presents a unified approach for systematic NSP
analyses across multiple cellular conditions, to understand
perturbation-induced proteome responses.

Results
Developing an improved workflow for proteome-wide analysis
of newly synthesized proteins
Wedeveloped a completeworkflow forquantitative newly synthesized
proteome analysis (coined QuaNPA), that integrates metabolic label-
ing of cells, cell lysis, enrichment of newly synthesized proteins, sam-
ple clean-up, LC-MS measurement, and data analysis. Here, we have
optimizedmultiple aspects of these individual steps and adapted them
for automated processing, with a focus on reducing sample input, and
on increasing proteomic depth and sample throughput (Fig. 1).

Optimizing the automated enrichment of newly synthesized
proteins with magnetic alkyne agarose beads
At the core of the QuaNPA workflow is the metabolic labeling of cells,
to incorporate AHA and SILAC amino acids for the capture and
quantification, respectively, of newly synthesized proteins (NSPs). To
enable efficient and automated enrichment of AHA-containing NSPs,
magnetic beads with high density of terminal alkyne groups are ben-
eficial. Since commercially available magnetic alkyne beads lack
capacity (30–50 nmol/mg beads), while regular alkyne agarose beads
have a high capacity (10–20 µmol/mL resin) but lack magnetic prop-
erties to permit automation, we combined the benefit of both by
producing magnetic alkyne agarose (MAA) beads by coupling epoxy-
activated magnetic agarose with propargylamine. This can be per-
formed in a one-step reaction to generate a large batch for multiple
enrichment experiments (Fig. 2). Next, we established a protocol on a
Bravo liquid handling system to perform enrichment of newly syn-
thesized proteins via click-chemistry in a semi-automated fashion,
using MAA beads and a magnetic rack. The automated protocol is
carried out using a 96-well PCR plate, enabling the parallel processing
of 8–96 samples including dispensing of reagents, click-based cou-
pling of NSPs to MAA beads, and stringent washing steps, all in a
volume of <200 µL per sample. Next, enriched NSPs are digested off
the beads by trypsin, followed by peptide purification using the
autoSP3 protocol45. To enable the dilution of the tryptic peptides to
>95% acetonitrile, samples were lyophilized after digestion prior to the
addition of magnetic SP3-beads and acetonitrile. The automated SP3
peptide clean-up protocol was run on the same Bravo liquid handling
platform after exchange of the “reagent” plate to a new 96-well plate
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(“recovery plate”) for the transfer of purified peptides (Supplementary
Fig. 1) for subsequent proteomic analysis.

To determine the best conditions for the use ofMAA beads in the
automated enrichment protocol, we generated a pulse-labeled sample
and performed enrichment experiments with different amounts of
MAA beads and protein input. Specifically, Hela cells were labeledwith
AHA and intermediate- or heavy SILAC amino acids for 4 h, and 100 µg
of protein lysate was used as input for NSP enrichment with different
amounts of MAA beads (2–8 µL bead volume per reaction, corre-
sponding to 1.1–4.3% (v/v)). Although we did not compare different
biological conditions at this point, we used both heavy and inter-
mediate SILAC labels to accurately simulate the composition of such
newly synthesized proteome samples. As a metric to assess the effi-
ciency of the newly synthesized proteome enrichment, we compared
the ratio of the heavy or intermediate SILAC-labeled precursor peptide
ions (i.e., that originate fromNSPs), over the unlabeled precursors (i.e.,
that originate from pre-existing proteins). For these initial optimiza-
tions, LC-MS analysis was carried out using a conventional data-
dependent acquisition scheme. We observed that slightly more pro-
teins were quantified in enriched compared to non-enriched samples
(Fig. 3a, Supplementary Data 1). More importantly, the ratio of newly
synthesized over pre-existing proteins was 0.25 without enrichment
(i.e., −2 on log scale), while this was on average 6.5 (2.7 on log2 scale)
after capture of NSPs across all tested amounts ofMAA beads (Fig. 3b),

thus indicating a >25-fold enrichmentofNSPs. In addition, this resulted
in improved accuracy of NSP quantification in the enriched samples,
determined by comparing the distribution of SILAC ratios around the
expected ratio (Fig. 3c). The quantitative precision, determined by the
coefficient of variation (CV) values of the SILAC ratios, was also sig-
nificantly improved in enriched NSP samples (Fig. 3d).

Although the efficiency of the click chemistry-based enrichment
with thepresentedprotocol is high,wenote that theuseof SILAC labels
is essential to distinguish genuine NSPs from non-labeled proteins that
cannot be fully removed, despite stringent washing (Fig. 3a and Sup-
plementary Fig. 2A). ‘Stickyness’ofunlabeledproteinsdoesnotdepend
on protein abundance or hydrophobicity, since both parameters span
the same full range as observed for NSPs (Supplementary Fig. 2A, B),
and therefore this cannot be used to exclude them from the analysis.

In addition to the comparisonof differentMAAbead amounts, the
same sample was used to test the influence of protein input amount at
a constant MAA bead volume of 4 µL (2.1% (v/v)). Across the range of
tested protein input amounts (1–300 µg), we observed a consistently
high ratio of SILAC labeled over unlabeled precursor intensities, indi-
cating that the automated enrichment is efficient, even with low pro-
tein input (Fig. 3e, Supplementary Data 2). As expected, the number of
identified proteins scaled with input amount, achieving >3200 pro-
teins at 50 µg of total protein input and reaching a plateau at
approximately 3600 proteins from 100 µg and upward (Fig. 3f). These

Fig. 2 | Preparation and use of magnetic alkyne agarose (MAA) beads.
a Proposed coupling mechanism of Epoxy-activated magnetic agarose beads with
propargylamine to produce MAA beads. b AHA-containing proteins are covalently

bound to MAA beads using click chemistry (Cu(I)-catalyzed azide alkyne cycload-
dition (CuAAC)).

(with Covaris LE220plus)

Fig. 1 | Schematic representation of the workflow for quantitative newly syn-
thesized proteome analysis with automated sample preparation (QuaNPA).
The workflow consists of four main steps. (1) In preparation for the enrichment of
newly synthesized proteins (NSP), epoxy-activated magnetic alkyne agarose beads
are coupled with propargylamine to produce magnetic alkyne agarose (MAA)
beads. (2) Metabolic labeling of NSPs in cultured cells is carried out with
L-azidohomoalanine (AHA) and heavy- and intermediate stable isotope-labeled
Lysine and Arginine. Cells with different treatment conditions are mixed and lysed

by adaptive focused acoustic (AFA) sonication, using a Covaris LE220 system. (3)
NSPs are enriched by covalent coupling to MAA beads via click-chemistry on a
Bravo robotic liquid handling platform. NSPs are digested off the MAA beads and
purified using the autoSP3 protocol. (4) NSPs are characterized by mass spectro-
metry via data-dependent or data-independent acquisition (DDA or DIA, respec-
tively), and data analysis is carried out with DDA search engines such as Maxquant
or DIA-NN and plexDIA for DIA data. The image of the Bravo was redrawn from the
user manual using Inkscape.
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results indicate that 50–100 µg protein input suffices to maximize the
number of protein identifications (at least for the chosen LC gradient
length and MS method) and that this can be scaled down to 10 µg or
less for scarce samples without a major reduction in efficiency of NSP
enrichment.

Collectively, these data indicate that MAA beads permit efficient
enrichment of NSPs in an automated fashion over a wide range of
protein input amounts, allowing the quantification of a larger number

ofNSPswith greater precision and accuracy compared tonon-enriched
samples. In addition, consistent performance across a range of bead
quantities indicates that the approach tolerates potential variation in
the amount of beads, thus contributing to experimental robustness.

Using plexDIA for newly synthesized proteome analysis
In addition to the described improvements of the newly synthesized
proteome sample preparation via the automated enrichment with

a b

c d

e f

Fig. 3 | Optimizing the semi-automated enrichment of newly synthesized
proteins via QuaNPA. Performance was evaluated when using different MAA bead
volumes (panels a–d) and amounts of protein input (panels e, f). Measurements
were performed using a DDA method with 105min duration on a QExactive HF
mass spectrometer (details in Supplementary Information).aNumber of quantified
protein groups (with heavy- over intermediate SILAC ratio). Numbers indicate the
average of 2 replicates (gray dots) (n = 2, 16 samples in total). b Intensity ratios of
heavy- and intermediate SILAC labeled precursors (originating from newly syn-
thesized proteins), over light precursor ions (originating from pre-existing pro-
teins). The upper and lower whiskers, of the ratio boxplots, extend from the hinges
to the highest or lowest values that are within 1.5x the interquartile range. Median
values are indicated in the boxplot through the horizontal lines in the center of the
distributions (n = 2). c Boxplot indicating the log2 SILAC H/M ratios of the indivi-
dual protein groups. The upper and lower whiskers extend from the hinges to the
highest or lowest values that are within 1.5x the interquartile range. Values outside
this range are plotted as dots and represent outliers. Median values are indicated in
the boxplot through the horizontal lines in the center of the distributions (n = 2).

The expected log2 SILAC ratio is 0. d Coefficient of variation (CV) values of the
SILAC H/M ratios of the quantified protein groups (n = 2). The upper and lower
whiskers extend from the hinges to the highest or lowest values that are within 1.5x
the interquartile range. Values outside this range are plotted as dots and represent
outliers. Median values are indicated in the boxplot through the horizontal lines in
the center of the distributions. e Intensity ratios of heavy- and intermediate SILAC
labeled precursors, from NSP samples prepared with different amounts of protein
input (n = 2). The upper and lower whiskers, of the ratio boxplots, extend from the
hinges to the highest or lowest values that are within 1.5x the interquartile range.
Median values are indicated in the boxplot through the horizontal lines in the
center of the distributions. f Number of quantified protein groups across the input
dilution series. Data based on 2 experimental replicates (n = 2, 20 samples in total).
nE: non-enriched NSP sample. Color coding panels (a–d): metrics after protein
enrichment of NSPs with increasing bead volumes (shades of green) or without
enrichment (orange); panels (e, f): metrics after protein enrichment of NSPs with
increasing protein input (shades of blue).
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MAA beads, we tested whether the use of data-independent acquisi-
tion (DIA) is advantageous over the use of the data-dependent analysis
(DDA) used above. Increasing evidence indicates that DIA achieves
increased proteome coverage in label-free approaches; however,
major computational challenges and limited data analysis tools have
prevented its use in combination with non-isobaric labeling methods.
However, the newly developed plexDIA44 feature of the DIA-NN
software46 was shown to maintain quantitative accuracy for the ana-
lysis of mTRAQ-labeled samples, while archiving depth comparable to
label-free DIA44. We therefore aimed to test the performance of DIA-
basedMSandplexDIA for the analysis of SILAC-labeled samples, and in
particular for NSPs. To this end, we prepared two benchmark samples
with defined ratios of SILAC-labeled Hela cell lysates for comparative
analysis via a conventional DDA method and two DIA methods. The
first sample (mix1) consisted primarily of light protein (70%), with only
a smaller fraction of intermediate- and heavy-labeled proteins,
mimicking a conventional pulse-labeled sample without enrichment.
The second sample (mix2) consisted of a smaller fraction of light
proteins (20%), with a major contribution of labeled protein, thus
mimicking an enriched newly synthesized proteome sample (Fig. 4A).
Since, in contrast to DDA, both MS1- and MS2-based quantitative data
can be used for the analysis of the DIA measurements, two DIA
methods were designed: DIA method 1 (DIA m1) was optimized for
short cycle time andMS2-based quantification, whereas DIA method 2
(DIA m2) was optimized for MS1-based quantification by including
additional high-resolution MS1 scans, resulting in a slightly increased
cycle time (Fig. 4B, see “Methods” for details). The same LC method
was used in all cases. To conduct a thorough comparison of the dif-
ferent acquisition methods, samples, and analysis software, we deter-
mined the number of protein identifications, quantitative precision
and accuracy for each of the analyses.

The DDA approach consistently quantified fewer proteins than
either of the DIA methods in both samples (Fig. 4C, Supplementary
Data 3). In addition, this number was constant among all L/M/H ratios,
indicating that the ability to quantify is independent of the abundance
of eachof these channels (within the tested range).More proteinswere
quantified in the samples of mix 1, which was primarily composed of
unlabeled light protein. A number of observations can be made in the
DIA data: first, more proteins were quantified in mix2 than in mix1,
possibly explained by the difficulty that plexDIA has to quantify the
more extreme ratios in mix 1. Second, the number of quantified pro-
teins varied depending on the SILAC channels. Notably, fewer proteins
were quantified in cases where the lower abundance channel was
involved (H andM inmix 1, L inmix2). These observations suggest that
those proteins are credited that occur in higher abundance and at a
ratio closer to 1. This is as expected since it is more difficult to quantify
signals at a low S/N ratio, and the gained proteins in the DIA data
compared to DDA are on average of lower intensity (Supplementary
Fig. 4). Third, quantification by MS1 (blue) and MS2 (red) produced
very similar numbers of quantified proteins, with a slight tendency for
more identifications by MS2 quantification, which was observed both
in DIA m1 and m2. Finally, one of the most striking observations from
the data is that the number of H/M-quantified proteins in mix2 more
than doubled from approximately 3000 in DDA to well over 6000 in
DIA (Fig. 4C), indicating a favorable scenario for newly synthesized
proteome samples that are dominated by these two SILAC labels (also
see Fig. 3b).

In addition to the number of quantified proteins, the precision of
the quantified protein groups was compared using CV values (Fig. 4D).
All median CVs were in a narrow range between 5 and 15%, indicating
excellent precision across all data acquisition methods. Yet some
subtle trends were observed, where quantification by DDA was more
precise inmix2 than inmix1, possibly because ratioswere less extreme.
Quantitative precision in the two DIA methods at the MS1 level (blue)
was highly comparable both for mix1 and mix2 (11–15%), with a

tendency for improved precision by DIAm2, likely benefiting from the
additional MS1 scans that were included in the method for this pur-
pose. Clearly, MS2-based quantification (red) yields data with even
greater precision, and the lowest CV (5.4%) was obtained for H/M ratio
with the MS2-optimized DIA method (Fig. 4D). Next, to assess the
accuracy of protein quantification, SILAC ratios were plotted and
compared to the expected ratios of the benchmark samples (Fig. 4E).
The accuracy of the MS1-based quantification data (blue) from both
DIA methods is comparable to the DDA data but also includes larger
numbers of outlier values. As observed for precision above, the accu-
racy is greater for less extreme SILAC ratios, and the best accuracy was
achieved for MS2-based quantification of 1:1 ratios (H/M) both in mix1
and mix2, which actually produced the most accurate data across the
entire dataset (Fig. 4E). These results are similarly reflected on the
precursor level (Supplementary Fig. 5).

Overall, this benchmark dataset indicates that DIAmeasurements
of SILAC labeled samples, in combination with the plexDIA function-
alities of DIA-NN, yield high-quality data with drastically increased
proteomic depth and robust quantification. This approach benefits
from the large fraction of labeled peptides in the samples, making it
highly suitable for the analysis of enriched NSP samples.

Through a combination of the semi-automated NSP enrichment
and plexDIA, increased proteomic depth can be archived even with
relatively low input amounts for enrichedNSP samples. Similarly to the
previous measurements in DDA mode, high intensity ratios of labeled
precursors are detected, indicating efficient click-enrichment and
quantification of NSP, even at low overall protein input. Increased
input leads to an increase in protein and peptide identifications, but a
maximum value of around 6000 quantified protein groups is archived
≥100 µg. However, even with 25 µg input >5000 protein groups can be
quantified (with a 90min DIA method on a Q Exactive HF) (Supple-
mentary Fig. 6).

Using QuaNPA for the analysis of newly synthesized proteome
changes in response to IFNg
Having established QuaNPA as an optimized workflow for newly syn-
thesized proteome analysis that includes the generation of magnetic
alkyne beads, conditions for automated protein capture and clean-up,
DIA-basedmass spectrometry, and data analysis by plexDIA, we aimed
to demonstrate its utility to understand proteome response to cellular
perturbations. Specifically, we studied the response of Hela cells to
interferon-gamma (IFNg) in a time-resolved manner to identify pro-
teins that are induced by this immune-stimulatory factor. Therefore,
we treatedHela cells with IFNg and collected cells at five different time
points (2–24 h), eachwith a 0.5% (w/v) BSA-treated control, and all in 3
replicates (i.e., totaling 30 samples). Notably, cells for each sample
were grown in onewell in a 6-well plate which sufficed to obtain >50 µg
total protein per condition. Importantly, cells were lysed and proteins
extracted by adaptive focused acoustic (AFA)-ultra-sonication for all
samples simultaneously in a 96-well plate45, followed by automated
NSP enrichment and peptide clean-up with automated SP3 both on a
Bravo liquid handling platform. Thus, this collectively constitutes an
integrated multistep workflow to process cells to purified peptides,
with minimal manual intervention (Fig. 5a). Upon NSP analysis by DIA
mass spectrometry (90min method, 70min active gradient) and data
analysis by plexDIA, >6000 proteins were quantified per time point
and replicate, overall totaling 8130 protein groups (6887 unique pro-
teins) (Fig. 5b, Supplementary Data 4). The rate of missing values
remained at a moderate 18.11% across the whole dataset, and on
average was 9.58% for individual samples, reflecting a keymerit of DIA.
The precision of quantification (6–8%, Fig. 5c) was within the same
range as for the benchmark dataset (Fig. 4D). Shorter labeling times
did not lead to a noticeable reduction in the number of quantified
proteins or precision (Fig. 5b, c), indicating that even sparsely labeled
proteins were confidently identified and quantified. Using principal
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component analysis (PCA), the individual replicates of the samples
clustered together for each time point, following the time course of
IFNg treatment, indicating a progressive and reproducible effect in the
newly synthesized proteome (Fig. 5d). This was confirmed in a differ-
ential protein expression analysis, where multiple significant changes
in the newly synthesized proteome were detected at each time point,

even as early as 2 h (Fig. 5e) and Supplementary Data 5. Most of the
significantly upregulated proteins are known downstream targets of
IFNg or are directly involved in the IFNg signaling pathway (Fig. 5f),
including ICAM1, STAT1 and TAP1 which were among the earliest
detected proteins, already observed after 2 h and 4 h (Fig. 5e). Com-
pared to published newly synthesized proteome analysis data of

A B

C

D

E
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IFNg-treated Hela cells, prepared with the PhosID methodology24, the
QuaNPA workflow achieves greater proteome coverage and higher
sensitivity in the detection of characteristic IFNg-induced protein
expression changes (Supplementary Fig. 7). Specifically, we identified
2.5-foldmoreproteins from5-fold lower protein input andwere able to
identify various IFN-related gene sets at the 4 h time point that were
missed by PhosID at this early time point (Supplementary Fig. 7),
indicating the sensitivity and efficiency of the QuaNPA workflow.
However, fewer differentially regulated proteins were detected at the
4 h IFNg treatment time point, compared to data produced with the
PhosID workflow. Furthermore, when comparing our data to previous
work studying IFNg response at the transcriptome level47, across all
time points we observed a significant enrichment of proteins whose
mRNA was upregulated (Supplementary Data 6), and whose gene
promoters were bound by STAT1 (Fig. 5f, Supplementary Data 7).
Indeed, a modest positive correlation was observed between mRNA
and NSP expression (R = 0.43), which was increased when only con-
sidering proteins that were differentially expressed (R= 0.66) or when
only considering STAT1 targets (R = 0.54). Notably, several differen-
tially expressed transcripts did not lead to a change in protein
expression, and conversely, multiple differentially synthesized pro-
teins had no significant change in their mRNA abundance (Supple-
mentary Fig. 8), indicating the role of translational regulation.

By a combination of the data from different time points of IFNg
treatment, we evaluated temporal profiles of differentially expressed
NSPs. Proteins were assigned to 3 groups to classify their early (2 h),
intermediate (4–9 h) or late response to IFNg (24 h), depending on the
earliest time point that differential expression was observed with sta-
tistical significance (absolute log2 fold change > 1 and adj. p-value <
0.05), at any of the 5 time points and CV < 20% across all time points;
Supplementary Data 8. Furthermore, for these proteins we collected
additional evidence for IFNg regulation, by listing the number of
reported datasets in the interferome.org database48 that provided
evidence for their regulation by IFNg, in human cells (Fig. 6a). At the
early time point of 2 h IFNg treatment, a small set of proteins is dif-
ferentially expressed, including ICAM1, SOD2 and STAT1, which is the
major transcriptional mediator in the IFNg signaling pathway. These
three proteins are well-established targets of IFNg signaling with
numerous reports of induced expression upon IFNg stimulation,
establishing them as known IFNg hallmark proteins. Additionally,
strong and rapid upregulation was observed for ZC3HAV1 (PARP13), a
protein with a strong anti-viral function and prominently reported in
the interferome as a target of IFNg, although it is not listed as an IFNg-
response gene according to GSEA-Hallmark or gene ontology data
(Fig. 6a). Interestingly, differential expression of the adapter protein
TICAM1 was only detected at the 2 h and has only been mentioned in
very few reports in relation to IFNg, making it a potential novel or at
least under-studied candidate as an IFNg-responsive protein. Proteins
with differential expression 4–9 h after IFNg stimulation also included
multiple well-characterized targets of IFNg, such as endogenous pep-
tide antigen transporter TAP1, its interaction partner TAPBP and TAP2,
MHC class-I component HLA-E, tryptophan tRNA-ligase WARS1,

transcription factor SP110 and phospholipid scramblase PLSCR1. The
group of proteins that showed a delayed response to IFNg (24 h) pri-
marily consists of proteins associated with functions of the immune
system. Complement proteins C1S and C3 and proteins involved in
endogenous antigen presentation via MHC class I, including HLA-A,
HLA-C, HLA-H, and PSME1. In addition, other hallmark proteins of IFNg
response were found in this category, such as IFIH1, IFI30, PML, and
PARP12, reaching maximum levels late (24 h) after IFNg treatment,
although for nearly all of them, expression gradually increased for the
duration of IFNg exposure (Fig. 6a). Beyond this, we identified differ-
ential expression of several more proteins which have not been pre-
viously reported as IFNg targets, such as KLF3 and SIN3B (Fig. 6a,
Supplementary Data 5). Interestingly, both these transcription factors
have established roles in hematopoiesis49,50, with prior evidence of
being regulatedby IFNg51,52, despite not being listed in interferome.org.
These data show that QuaNPA identifies bona fide targets of IFNg, in
line with IFNg’s known role in inducing hematopoiesis.

Apart from proteins whose expression is induced by IFNg, we
observed a smaller group that is repressed, such as CXCR4 (Fusin) and
IER3 (Fig. 6a). IFNg-induced downregulation of CXCR4 was previously
shown to result in reduced tumor metastasis and virus replication53. In
addition, weobserved reduced synthesis of several proteins that to the
best of our knowledge have not been reported as IFNg responsive
proteins, including stark and immediate (2 h) downregulation of the
mitochondrial protein MT-ATP8, and a more gradual decrease of
BICD2, S100A6 and SUMO1. Interestingly, these latter three proteins
have previously been shown to negatively regulate STAT1 signaling:
depletion of BICD2 was shown to increase levels of STAT1 mRNA54,
S100A6-knockdown lead to increased protein levels and phosphor-
ylation of STAT155, and SUMO1-conjugation of STAT1 lead to reduced
levels of STAT1 phosphorylation and transcription of IFNg response
genes56. Therefore, our data indicates that IFNg-induced down-
regulation of these targets constitutes a feed-forward mechanism to
enhance IFNg signaling output.

To validate the potential new IFNg targets, we performed a tar-
geted proteomic analysis using label-free parallel reactionmonitoring
(PRM). Relative changes in target protein abundance were analyzed
after 4 h and 24 h IFNg or control treatment. Canonical IFNg target
proteins STAT1, TAP1 and ICAM1 were included as positive controls
for the PRM analysis. Interestingly, only the latter was also among the
initially upregulated NSP after 2 h treatment with IFNg (Fig. 5e) and
was borderline significant at the 4 h time point, highlighting the
sensitivity of QuaNPA (Fig. 6b). In addition to the strong upregulation
of TAP1, STAT1 and ICAM1 after 24 h treatment with IFNg, moderate
upregulation of SIN3B and downregulation of BICD2 protein abun-
dance could be measured via PRM, matching the results of the newly
synthesized proteome analysis. However, no significant changes in
protein abundance could be measured for the remaining candidate
IFNg targets (SUMO1, S100A6 and CRK) (Fig. 6a, b and Supplemen-
tary Fig. 9).

Collectively, the QuaNPA workflow allowed us to quantify
proteome-wide changes in protein synthesis in response to IFNg in a

Fig. 4 | Comparative analysis of SILAC labeled benchmark samples using data-
dependent acquisition (DDA) and data-independent acquisition (DIA) mass
spectrometry. A Schematic representation of the composition of the SILAC-
labeled Hela samples. B Schematic representation of the top 20 DDA method and
the two DIA methods, which were used for the analysis. The maximum cycle time
for eachmethod is indicated in brackets.CComparisonof the numberof quantified
protein groups for the different methods, with values based on MS1-based quan-
tification in blue and MS2-based quantification indicated in red. Numbers indicate
the average of 3 replicates (indicated individually with dots and triangles (n = 3)).
D Boxplot indicating coefficient of variation (CV) values of the SILAC ratios of the
quantified protein groups, with values based on MS1-based quantification in blue
and MS2-based quantification indicated in red (n = 3). Median values are indicated

below the boxplots. The upper and lower whiskers extend from the hinges to the
highest or lowest values that are within 1.5x the interquartile range. Values outside
this range are plotted as dots and represent outliers. E Boxplots indicating the
distributionof log2-transformed SILAC ratios of the quantifiedproteingroups, with
values based on MS1-based quantification in blue and MS2-based quantification
indicated in red (n = 3). Themedian of the difference from the theoretical log2 ratio
is indicated below the boxplots. Upper and lower whiskers extend from the hinges
to the highest or lowest values that are within 1.5x the interquartile range. Values
outside this range are plotted as dots and represent outliers. Data are based on 3
technical replicates of the single SILACmix samples (2 different samples measured
with 3 different LC-MS methods in 3 technical replicates (n = 3, 18 measurements
in total)).
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time-resolved manner, benefitting from automated sample prepara-
tion and reduced input requirements. We detected changes in the
newly synthesized proteome at various time points during the time
course of IFNg treatment, distinguishing immediate and delayed
events occurring at 2 h or gradually toward 24 h, indicating primary
and secondary targets of IFNg signaling. Importantly, this included
induction or repression of established IFNg target proteins as well as
several novel ones, two of which could be validated in targeted

proteomic analysis, demonstrating the power of QuaNPA to infer
relevant biology from temporal expression profiling of newly synthe-
sized proteins.

Discussion
The analysis of newly synthesized proteins affords distinct conceptual
advantages over conventional protein abundance profiling, giving
insight into the cell’s proteome response toperturbations at rapid time

10 ng/mL IFNg
0.5 % BSA

2-6 hAHA & SILAC 
labeling

0-18 h

LC-MS/MS ( plexDIA )

automated NSP enrichment

lysis & AFA ultrasonication

mix (100 µg total protein)

10 ng/mL IFNg

2 h 4 h 6 h 9 h 24 h

(IFNg treatment)

a b c d

f

e

Fig. 5 | Analysis of newly synthesized proteins in Hela cells in response to
treatment with interferon-gamma (IFNg). a Schematic representation of the
experimental design and analysis workflow. The IFNg treatment time is indicated
using text labels and the length of the colored bars, the pulsed SILAC and AHA
metabolic labeling time is indicated with red coloration of the bars. b Number of
quantified protein groups in the samples with the indicated IFNg treatment time
points. Numbers indicate the average of three replicates (n = 3) (indicated indivi-
duallywithblackdots).cBoxplots indicating the coefficient of Variation (CV)values
of the quantified protein groups for each time point (n = 3). Upper and lower
whiskers extend from the hinges to the highest or lowest values that are within 1.5x
the interquartile range. Median values are indicated in the boxplot through the
horizontal lines in the center of the distributions. Values outside this range are
plotted as dots and represent outliers. d Principal component analysis (PCA) of the
NSP samples (n = 3). Colors in panels (b–d) indicate treatment time points.

e Volcano plots of the IFNg-induced changes in the newly synthesized proteome.
Significantly upregulated proteins (adjusted p-value < 0.05 and log2 fold change >
0.585) are highlighted in red and significantly downregulated protein (adjusted p-
value < 0.05 and log2 fold change < −0.585) are highlighted in blue. Only unique
protein groups were included in the differential expression analysis. A modified
empirical Bayes moderated t-test, adjusting t-statistic and two-sided p-values with
precursor counts, was carried out with the “spectraCounteBayes” function of the
DEqMS R/Bioconductor package69. Data based on 3 experimental replicates (n = 3,
15 samples in total). fDot plot highlighting overrepresented sets of proteins, which
are significantly upregulated in response to IFNg at the indicated time points (q-
value < 0.05). Overrepresentation analysis was carried out using a hypergeometric
test via the “enricher” function of the clusterProfiler R/Bioconductor package70.
Adjustments for multiple comparisons were carried out using the
Benjamini–Hochberg approach73.
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scales. Yet, involved protocols for labeling of cells, enrichment of
NSPs, and analysis of data result in a labor-intensivemethodology with
low throughput and sensitivity, thus hampering adoption in the field.
In QuaNPA, we have addressed these issues while maintaining the
benefits of AHA labeling, protein enrichment, and pulsed SILAC
labeling. We have achieved this by designing high-capacity alkyne-

functionalized magnetic sepharose beads, automating protein
enrichment, implementing a single-shot DIA-based LCMS methodol-
ogy, and using DIA-NN’s plexDIA-function for data analysis. Moreover,
we integrated this with the autoSP3 protocol that we developed
recently45, combining multiplexed cell lysis by AFA-based sonication
and protein/peptide clean-up by SP3 on the same Bravo liquid

adj. p-value < 0.05 &
|log2(FC)| > 0.585

⁕ = listed in "response
to IFNg" GO- or
Hallmark gene list

a

b
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handlingplatformused forNSP enrichment. Collectively, QuaNPA thus
constitutes an integrated pipeline with minimal manual intervention,
and processing of samples in the same plate throughout. As a result,
the semi-automated enrichment of 96 samples is completed in 5.5 h for
96 samples (4.25 h for 8 samples), including the 2h-incubation of the
CuAAC-based coupling of the NSPs to the magnetic alkyne beads, and
subsequent washing steps that make upmost of the protocol runtime.
Tryptic digestion of the samples was carried out off the Bravo deck
since it requires a heated lid. Lyophilization of the diluted tryptic
peptides can be carried out in approximately 1.5 h, and subsequent
peptide purification via autoSP3 takes about 1.25 h of runtime, all for
96 samples simultaneously. QuaNPA requires low amounts of input
material (≤100 µg) to obtain high-quality data (Fig. 3e, f, Supplemen-
tary Figs. 2 and 6), which enables the use of small culturing flasks/
dishes such as 6-well plates, thus rendering large-scale studies with
multiple cellular treatments a manageable endeavor.

When evaluating QuaNPA using a pulsed-SILAC and AHA-labeled
HeLa sample, we found that protein enrichment on MAA beads mod-
estly increased the total number of identified NSPs compared to the
omission of enrichment (Fig. 3a), which is in line with our previous
observations5. More importantly, the enrichment of NSPs improved
the quantification of newly synthesized proteome analysis (Fig. 3c, d).
Both observations can be readily explained by the removal of the
excess of pre-existing proteins, increasing the signal-to-noise of pep-
tides originating from AHA-containing proteins. Through the usage of
the MAA beads in a semi-automated protocol, the efficiency of NSP
enrichment was maintained across a broad range of protein input
amounts (1–300 µg, Fig. 3e), enabling diverse study designs both with
low or non-limited cell numbers. As observed in this study, even
stringent washing steps during NSP enrichment cannot completely
remove unlabeled pre-existing proteins. These can be readily recog-
nized by their SILAC labeling status, contrasting with label-free
approaches15,24,57,58 where such contaminants cannot be distinguished
from genuine NSPs, thereby compromising quantitative accuracy.

The recently developed plexDIA functions of DIA-NN enable the
DIA-based analysis of multiplexed samples with non-isobaric labels44.
Since the analysis of label-free samples via DIA has been demonstrated
to achieve deep proteome coverage in single LC-MS runs (i.e., without
peptide fractionation), similar performance for SILAC-labeled proteins
would save measurement time, and increase the throughput of the
QuaNPA workflow. Indeed, we observed a major increase in the num-
ber of identified proteins in our benchmark sample when using either
of the tested DIA methods, doubling the number to 6000 proteins
compared toDDA analysis (Fig. 4C). Accordingly, very similar numbers
were achieved when analyzing the actual NSP samples (Fig. 5b and
Supplementary Fig. 6). These results were obtained without optimi-
zation of other parameters in DIA-NN. In particular, and in contrast to
conventional DDA SILAC search engines, DIA-NN does not feature a
“re-quantify” function, which enables the calculation of SILAC ratios
with labeled peptides whose intensity is close to the noise level.
Instead, DIA-NN calculates channel and peak translation q-values,

which at high stringency lead to the filtering of labeled peptide ions
with very low intensity. Our benchmark showed that plexDIA per-
formed particularly well for triple-SILAC samples that resemble enri-
ched NSPs. In addition, we observed high quantitative accuracy and
precision when using plexDIA both with MS1- and MS2-optimized
quantification, showing comparable performance to conventional
DDA analysis. (Fig. 4D, E). Since we obtained high-quality data with
stringent translated- and channel q-value filters, we did not extensively
investigate the different features of the DIA-NN output tables such as
the multiple quantitative metrics and q-value filters. Optimization of
these parameters might further improve the proteomic depth and
quantitative accuracyof sampleswith large SILAC ratios, as in ourmix1.
To address the issue of large SILAC ratios, the inverted spike-in
workflow, implemented in the Spectronaut software was used for
pSILAC DIA analysis43,59. In recent work using different instruments for
plexDIA, such as the timsTOF SCP, MS1-based quantification was pre-
ferred over MS2-based quantification44. This somewhat contrasts with
our observations (Fig. 4); however, this may result from the use of a
different mass spectrometer, the use of low-input samples at the
single-cell level, and the fact that samples were labeled using different
methods. Future work should further delineate the best approach for
diverse use cases, but nevertheless, these published data, now aug-
mented with our SILAC data, demonstrate that non-isobaric labeling
can be effectively used in DIA-based workflows for multiplexed pro-
teomic experiments. The capacity to analyze NSP samples in single LC-
MS runs has important implications since it enhances throughput by
significantly reducingmeasurement times. These characteristics make
the QuaNPA workflow ideally placed for quantitative NSP analyses
across multiple conditions, such as different cellular treatments or
time course experiments.

We applied QuaNPA to investigate the cellular response of HeLa
cells to IFNg since this is a well-characterized perturbation with many
known targets to allow benchmarking of our data. For instance, the
biological system has also been used in global proteome and tran-
scriptome analysis, and in two recent strategies coupling AHA-
containing NSPs to phosphonate alkynes24 or biotin-alkyne59 with
subsequent affinity purification via a Bravo AssayMap platform. How-
ever, both protocols require relatively large amounts of protein input
(500 µg per sample/condition24, i.e., 10x more than in QuaNPA), or
lysates from cells grown in 15 cm dishes59, and they contain long
additional steps, such as overnight dephosphorylation24 or dialysis59,
likely leading to protein losses and contributing to the reduced pro-
teomic depth and sensitivity compared to QuaNPA (Supplementary
Fig. 7). In our data we observed the upregulation of multiple well-
established downstream targets of IFNg signaling. Importantly, core
response proteins (ICAM1, STAT1, SOD2) were already observed after
2 h of IFNg treatment, i.e., much earlier than in previous work24,59. In
addition, many other IFNg-targets exhibited a gradual increase in
protein synthesis over time, including proteins for which we could not
find prior associationwith IFNg signaling48.We anticipate that proteins
observed to be immediately regulated (2–4 h) may be direct targets of

Fig. 6 | Response to IFNg treatment. a Heatmap of newly synthesized proteins
with differential expression in response to IFNg treatment. The subset of differ-
entially expressed proteins (|log2 fold change| > 1 and adj. p-value < 0.05, at any of
the 5 time points and CV < 20% across all time points) was selected and classified
into three groups depending on the earliest time point in the time course their
change in expression reached statistical significance (|log2 fold change| > 0.585 and
adj.p-value < 0.05) (early: 2 h; intermediate: 4–9 h; late: 24 h). Significant changes in
newly synthesizedprotein abundance are indicatedwith black outline in the cells of
the heatmap and the color gradient indicates the log2 fold change values of the
proteins. The bar graph indicates the number of datasets in the interferome data-
base, in which a fold change >2 or <0.5 was reported in human cells or tissues for
the respective protein or gene. The asterisk sign (∗) on top of bars indicates whe-
ther the protein is listed in the response to IFNg Hallmark or GO-term. Statistical

analysis of the quantitative NSP data was carried out using a modified empirical
Bayes moderated t-test, adjusting t-statistic and two-sided p-values with precursor
counts, via the “spectraCounteBayes” function of the DEqMS R/Bioconductor
package69. b Volcano plots of the IFNg-induced protein abundance changes, after
4 h and 24 h treatment, determined via targeted PRM analysis. Significantly upre-
gulated proteins (adjusted p-value <0.05 and log2 fold change > 0.585) are high-
lighted in red and significantly downregulated protein (adjusted p-value < 0.05 and
log2 fold change < −0.585) are highlighted in blue. Statistical analysis was carried
out using TIC-normalized fragment peak areas, via the MSstats module in Skyline.
Data are based on 3 experimental replicates (n = 3, 12 samples in total). Statistical
analysis in MSstats is carried out using by fitting a two-sided mixed linear model
onto the data, via the “lm” and “lmer” functions of the stats and lme4 R packages.
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IFNg, including those that go down in expression such as SUMO1,
S100A6 and MT-ATP8 (Fig. 6a). Others may also represent secondary
responses, regulated by the large number of IFNg hallmark proteins
inducedduring the time course.Moderate changes inBICD2andSIN3B
abundance could be validated using a targeted proteomics approach.
The lack of significant protein abundance changes for the other tested
targets (SUMO1, S100A6 and CRK) could be due to the fact that more
time is required for the changes in protein synthesis to lead to a
measurable effect in overall protein abundance. (Fig. 6a, b and Sup-
plementary Fig. 9). Alternative mechanisms of protein degradation or
stabilization could also explain the discrepancy in the results. How-
ever, this would need to be further investigated.

The QuaNPA workflow was designed to determine changes in
protein synthesis as a measure for a perturbation-induced proteome
response; however, it does not take into account the role of protein
degradation that may act as a counteracting effect to reach a certain
overall protein expression level. Pulse-chase experiments can be per-
formed to obtain a more complete view that considers both synthesis
and degradation, usually in a time-course manner, and enrichment of
labeled proteins via theQuaNPAworkflowcould readily be adapted for
such applications. Furthermore, by preparation of magnetic azide
agarose beads, proteins labeled with other non-canonical amino acids
such as L-homopropargylglycine (HPG), β-ethynylserine (β-ES)60 or
puromycin conjugate O-propargylpuromycin (OPP) could be used
instead of AHA, expanding the utility of the QuaNPA workflow (Sup-
plementary Fig. 10).

In conclusion, the QuaNPA workflow features automated
sample preparation of up to 96 samples in parallel, enabling the
detection of changes in protein synthesis with high quantitative
accuracy and precision with increased proteome coverage, while
requiring short metabolic labeling and LC-MS/MS measurement
times. Although we used AHA here as a mark for protein NSP
enrichment, it is readily conceivable to implement other clickable
amino acids or puromycin analogs in the workflow. In addition,
performance characteristics of QuaNPA should enable combined
studies with global protein expression profiling, to benefit from
complementary insights that can be gained from alterations in
protein synthesis and in overall protein abundance. We anticipate
that QuaNPA will empower large-scale NSP analyses in numerous
biological contexts to understand the proteomic response that is
elicited by diverse perturbations and signaling events.

Methods
Preparation of magnetic alkyne agarose beads
Epoxy-activatedmagnetic agarose beads (Cube Biotech) were coupled
with propargylamine (Santa Cruz Biotechnology) to producemagnetic
alkyne agarose (MAA) beads. Then, 5mL epoxy-activated magnetic
agarose beads were washed with 10mLmilliQ water and resuspended
in the coupling solution of 1M propargylamine in 0.5M dipotassium
phosphate solution (pH 10.5). The handling of the propargylamine and
coupling solutionwas carried out under a fume hoodwith appropriate
safety precautions. The beads and coupling solutionwere incubated in
a thermo shaker at 45 °C for 16 h, and beads were then washed with
25mL milliQ water. To ensure the complete quenching of the
remaining epoxy groups on the beads, they were incubated with 1M
Tris-HCl buffer (pH 8.0) for 4 h. The beads were subsequently washed
with 45mL milliQ water and stored in 20mM sodium acetate buffer
(pH 6.5) with 20% ethanol at 4 °C. TheMAA beads are stable at 4 °C for
multiple months.

Cell culture
Hela cells, obtained from ATCC (CCL-2), were grown in DMEM high
glucose medium (Gibco) supplemented with 2 mM L-glutamine, 10%
(v/v) fetal bovine serum (Gibco) and an additional 2mM GlutaMAX
(Gibco). For the interferon-gamma (IFNg) stimulation experiments,

Hela cells were treated with 10 ng/mL recombinant IFNg (Cell Signal-
ing), diluted in 0.5% (w/v) bovine serum albumin (Serva). For the pre-
paration of the SILAC benchmark samples, Hela cells were grown in
high glucose DMEM, with the previously listed supplements, dialyzed
fetal bovine serum (Gibco) and heavy- (13C6

15N4-Arg,
13C6

15N2-Lys),
intermediate (13C6-Arg, D4-Lys) or light isotope-containing Lysine,
Arginine for 10 days. Hela cells were grown in 15-cm dishes for the
preparation of newly synthesized proteome samples used for protocol
optimization. For the SILAC benchmark sample preparation, the cells
were grown in 10-cm dishes and for the preparation of the samples of
IFNg-treated Hela cells, the cells were grown in 6-well plates. No cell
line authentication and testing for Mycoplasma contaminations was
carried out.

Metabolic labeling of newly synthesized proteins
A metabolic labeling approach, combining pulsed stable isotope-
labeling (pSILAC) and L-Azidohomoalanine (AHA)-based labeling
of newly synthesized proteins was used. Prior to the labeling, the
cells were washed with warm PBS and incubated with DMEM high
glucose medium deprived of Methionine, Arginine and Lysine for
45 min. The pulsed SILAC and AHA labeling was carried out with
Methionine-free DMEM high glucose medium containing heavy-
(13C6

15N4-Arg,
13C6

15N2-Lys) or intermediate (13C6-Arg, D4-Lys)
Lysine, Arginine and 100 µM AHA for 2 h, 4 h or for a maximum of
6 h. The cells used for initial method optimization were labeled
for 4 h without any perturbations. The IFNg-stimulated cells were
labeled for the indicated IFNg treatment time, except for the 9 h
and 24 h time points, in which the cells were labeled during the
last 6 h of IFNg exposure.

Cell lysis and ultrasound sonication
Cells were lysed with lysis buffer containing 1% Sodium-dodecylsulfate
(SDS), 300mM HEPES (pH 8.0) and cOmplete EDTA-free protease
inhibitor cocktail (Merck). Lysates, which were used for the method
optimization and SILAC benchmark were sonicated with a probe
sonicator (Branson) at 10%power for 1min. The IFNg-treated cellswere
sonicated in AFA-tube TPX strips (Covaris), using a Covaris LE220R-
Plus for 300 s at 325 peak power with a duty factor of 50%, 200 cycles
per burst, average power of 162.5. The dithering parameters were set
to ± 5mm in x and z direction and 4.5mm in y direction at a speed of
20mm/s. Protein concentrations of the sonicated lysates were deter-
mined using a BCA assay (Pierce). A total of 100 µg (50 µg per condi-
tion) protein was used as input for the enrichments, except in dilution
series to test performance at lower input.

Automated enrichment of newly synthesized proteins
The automated newly synthesized proteome enrichment protocol was
programmed to enable theprocessingof up to96 samples inparallel in
a PCR plate. By setting the number of columns on the sample plate,
incubation times, volumes of buffers and reagents as variables, adap-
tations to the protocol can easily be introduced.

The combined lysates were diluted to a total volume of 150 µL
using lysis buffer. In order to prevent the coupling of proteins con-
taining strongly nucleophilic Cysteine to the beads61, the samples
were alkylated by the addition of 3.4 µL of 600mM iodoacetamide
(IAA) for 20min at room temperature. Subsequently, 20 µL of mag-
netic alkyne agarose (MAA) beads, diluted in lysis buffer and the
Copper(I)-catalyzed Azide Alkyne Cycloaddition (CuAAC) reaction62,63

mixture were added, containing 21.62mM CuSO4, 108.11mM Tris-
hydroxypropyltriazolylmethylamine (THPTA), 216.22mM pimagedine
hydrochloride and 216.22mM sodium ascorbate. Next, the plate was
removed from the Bravo platform, sealed using VersiCap Mat 96-well
flat cap strips (Thermo Fischer Scientific) and incubated for 2 h at
40 °C in a thermal shaker. Following the coupling of the AHA-
containing newly synthesized proteins (NSP), the plate was unsealed
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and moved back onto the orbital shaker (position 9, Supplementary
Fig. 1) on the Bravo platform, and the supernatant was removed, by
placing the sample plate on amagnetic rack (ALPAQUAMAGNUM FLX
enhanced universal magnet) for 30 s and aspirating the supernatant in
two steps using tips from position 6 and dispensed in the waste plate
(position 2). The beads were subsequently washed with 150 µL milliQ
water. After the addition of the liquid to the beads on the orbital
shaker, the plate was moved to the heating station (position 4) where
the beads were mixed by pipetting up and down 8 times with a con-
stant flow rate of 300 µL/s, to prevent aggregation of the beads. Next,
the plate was transferred onto the magnetic rack, and the supernatant
was removed. TheNSPbound to the beadswere subsequently reduced
and alkylated by the addition of 150 µL of 10mM Tris(2-carboxylethyl)
phosphine (TCEP) and 40mM2-chloroacetaminde (CAA), dissolved in
100mM Tris-HCl buffer (pH 8.0), containing 200mM NaCl, 0.8mM
Ethylendiamintetraacetic acid (EDTA), 0.8% SDS and incubating on the
heating station at 70 °C for 20min and subsequent incubation at 20 °C
for 15min on the orbital shaker. The beads were subsequently washed
three times with 1% SDS dissolved in 100mM Tris-HCl (pH 8.0),
250mMNaCl and 1mMEDTAbuffer, oncewithmilliQH2O, three times
with 6M Guanidine-HCl in 100mM Tris-HCl (pH 8.0) and three times
with 70% ethanol, in consecutive washing steps of 150 µL each. Fol-
lowing the washing steps, the beads were resuspended in 50 µL
100mM Ammonium bicarbonate buffer (pH 8.0). Proteins were
digested off the beads by adding 6 µL of 1 µg/µL sequencing grade
Trypsin (Promega), diluted in 50mM acetic acid, for 16 h at 37 °C,
which was performed in a thermal shaker after sealing the plate with
VersiCap Mat 96-well flat cap strips.

Automated peptide purification
The automated SP3 protocol was used for the purification of peptides
by processing 16–96 samples in parallel on a Bravo liquid handling
robot45. Following protein digestion, the peptide-containing super-
natant was transferred from the sample plate on position 7 onto a new
plate on position 8, and peptides were lyophilized using a UNIVAPO-
150H vacuum concentrator, coupled to a UNICRYO MC2 cooling trap
and UNITHERM 4/14 D closed circuit cooler (UNIEQUIP). On the Bravo
platform, magnetic carboxylate Sera-Mag Speed Beads (Fischer Sci-
entific) were diluted to 100 µg/µL in 10% formic acid and 5 µL were
added to each lyophilized sample. Aggregation of the peptides onto
beads was induced via the addition of 195 µL acetonitrile and incu-
bating for 18min while shaking at 100 rpm on the orbital shaker. Next,
the supernatantwas removed from themagnetic rack in two steps. The
beads were washed 2 times with 180 µL acetonitrile and subsequently
dried. In the final steps, the beads were resuspended in 20 µL 0.1%
formic acid in water and sonicated in an Ultrasonic Cleaner USC-T
(VWR) for 10min and the supernatant was transferred to a new plate.
The purified peptides were dissolved in 0.1% formic acid and used for
LC-MS/MS analysis.

Preparation of proteomics samples without enrichment of
newly synthesized proteins
For this, 50 µg of AHA and SILAC pulse-labeled Hela cell lysate and
100 µg of 10-day-long SILAC-labeled cell lysate were used for the pre-
paration of non-enriched proteome samples, which were used to
compare non-enriched and enriched NSP samples and to evaluate
different mass spectrometry acquisition methods. For the targeted
analysis of IFNg target proteins, 50 µg cell lysate was used. Cells were
lysed with 1% SDS and 300mMHEPES (pH 8.0) containing lysis buffer,
sonicated with a probe sonicator (Branson) for a total of 1min per
lysate. Theprotein concentrationof the lysateswasdeterminedusing a
BCA assay (Pierce) and the lysates of the labeled Hela cells were
combinedwith 2 defined ratios, to a total of 100 µgprotein input. The 2
different SILAC mix samples were created to represent an enriched
newly synthesized proteome sample and a pulse-labeled sample

without enrichment. The mix 1 sample consisted of 70% unlabeled
protein, 15% heavy and 15% intermediate SILAC labeled protein,
whereas the mix 2 sample consisted of 40% heavy, 40% intermediate
labeled protein and 20% unlabeled protein. Proteome samples of the
labeled lysates and lysates of cells treated with IFNg, for targeted
validation experiment via PRM, were prepared using the SP3 protein
purification protocol64. Aggregation of the proteins on the magnetic
beads was induced by the addition of acetonitrile to a final con-
centration of 50% (v/v) and incubating at room temperature for 18min.
The beadswere subsequently washed twicewith 80% (v/v) ethanol and
acetonitrile. On bead digestion of proteins in the samples was carried
outwith 1 µg sequencing grade Trypsin (Promega) (protease to protein
input ratio 1/50) in 100mMammoniumbicarbonate (pH8.0) for 16 h at
37 °C. Following the tryptic digestion, the supernatant was removed
from the beads using a magnetic rack and trifluoroacetic acid (TFA)
was added to a final concentration of 1% (v/v).

LC-MS/MS
Quantitative measurements of tryptic peptides, of the enriched newly
synthesized proteins and proteomics samples, were carried out using
an EASY-nLC 1200 system (Thermo Fischer Scientific) coupled to a
QExactive HF mass spectrometer (Thermo Fischer Scientific).

The peptides were separated by reverse-phase liquid chromato-
graphy using 0.1% formic acid (solvent A) and 80% acetonitrile (solvent
B) as mobile phases. Peptide separation occurred on an Acclaim Pep-
Map trap column (Thermo Fischer Scientific, C18, 20mm × 100 μm, 5
μm C18 particles, 100Å pore size) and a nanoEase M/Z peptide BEH
C18 analytical column (Waters, 250mm × 75 μm 1/PK, 130Å, 1.7 μm).
The samples were loaded onto the trap columnwith the constant flow
of solvent A at a maximum pressure of 800bar. The analytical column
was equilibratedwith 2μL solvent A at amaximumpressure of 600bar
heated to 55 °C using a HotSleeve+ column oven (Analytical SALES &
SERVICES). The peptides were eluted with a constant flow rate of 300
nL/min. The concentration of solvent Bwas gradually increased during
the elution of the peptides in either of three different HPLC gradients
used in this study.

The gradient used for the analysis of the newly synthesized pro-
teome and input samples started with 4% solvent B and was increased
to 6% in the first 1min, increased to 27% at 70min and further
increased to 44% after 85min. After 85min the percentage of solvent B
was raised to 95%.After 95min the systemwas re-equilibrated using 5%
solvent B for 10min. The gradient used for the analysis of the SILAC-
labeled Hela benchmark samples started with 3% solvent B for the first
4min, increased to 8% after 4min and to 10% after 6min. After 68min
the percentage of solvent B was raised to 32% and after 86min to 50%.
From 87min to 94min of the gradient the percentage of solvent B
increased to 100%. After 95min the system was re-equilibrated using
3% solvent B for 10min. The gradient used for the analysis of the newly
synthesized proteome samples of IFNg-treated Hela cells started with
4% solvent B andwas increased to6% in thefirst 1min, increased to 27%
at 51min and further increased to 44% after 70min. After 70min the
percentage of solvent Bwas raised to 95%. After 80min the systemwas
re-equilibrated using 5% solvent B for 10min. Eluting peptides were
ionized and injected into the mass spectrometer, using the Nanospray
flex ion source (Thermo Fischer Scientific) and a Sharp Singularity nESI
emitter (ID = 20 µm,OD= 365 µm,L = 7 cm,α = 7.5°) (FOSSILIONTECH),
connected to a SIMPLE LINK UNO-32 (FOSSILIONTECH). A static spray
voltage of 2.5 kV was applied to the emitter and the capillary tem-
perature of the ion transfer tube was set to 275 °C.

The QExactive HF mass spectrometer was operated in the data-
dependent (DDA) or data-independent (DIA) mode for the five differ-
ent acquisition methods evaluated in this study. Detailed descriptions
of the different HPLC- and mass spectrometry methods can be found
in the Supplementary Methods. DDA methods for the measurements
of the NSP samples, input samples and SILAC-labeled Hela samples
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only differed in their HPLC gradient. In all cases, a full scan range of
375–1500m/z, Orbitrap resolution of 60000 FWHM, automatic gain
control (AGC) target of 3e6 andmaximum injection time of 32ms was
set and data-dependent MSMS spectra were acquired using a Top
20 scheme, using a fixed scan range from 200 to 2000m/z and fixed
first mass of 110m/z. The quadrupole isolation window was set to
2.0m/z and normalized collision energy was set to 26. The Orbitrap
resolution was set to 15000 FWHM with an AGC target of 1e5 and a
maximum injection time of 50ms. MSMS spectra were acquired in
profilemode and a charge state exclusion of 1, 5–8 and >8was defined.
An intensity threshold of 2e4 and aminimumAGC target of 1e3was set.

Two different DIA methods were used for the analysis of the
SILAC-labeled Hela benchmark samples. In DIA method 1 a full scan
range of 400–1000m/zwithOrbitrap resolutionof 60000FWHM,3e6
AGC target and maximum injection time of 20ms was set. Data-
independentMSMS spectra were acquired with an Orbitrap resolution
of 30000 FWHM,maximum injection time of 50ms and AGC target of
1e6, using 26 equally sized, 1 Th overlapping isolation windows with a
width of 23.3m/z. The normalized collision energy for the fragmen-
tation of precursor ions was set to 27 and a fixed first mass of 200m/z
was set for the acquisition of the MSMS spectra. DIA method 2 used
three full scanswith a range from400 to 1000m/z,Orbitrap resolution
of 120000 FWHM, 3e6 AGC target and maximum injection time of
20ms. Data-independent MSMS spectra were acquired with an Orbi-
trap resolution of 30000 FWHM, maximum injection time of 50ms
and AGC target of 1e6, using 27 equally sized, 1 Th overlapping isola-
tionwindowswith awidth of 23.2m/z. The normalized collision energy
for the fragmentation of precursor ions was set to 27 and a fixed first
mass of 200m/z was set for the acquisition of the MSMS spectra. For
the analysis of the IFNg-treated NSP samples, a different DIA method
was used. This third DIA method featured a full scan range of
400–1000m/z, Orbitrap resolution of 60000 FWHM, 3e6 AGC target
and maximum injection time of 40ms. Data-independent MSMS
spectra were acquired with an Orbitrap resolution of 30000 FWHM,
maximum injection time of 40ms and AGC target of 1e6, using 28
equally sized, 1 Th overlapping isolation windows with a width of
22.0m/z. The normalized collision energy for the fragmentation of
precursor ions was set to 27 and a fixed first mass of 200m/z was set
for the acquisition of the MSMS spectra. Targeted proteomic analysis
of selected IFNg target protein candidates was carried out via parallel
reactionmonitoring (PRM). The previously described 90min gradient
(identical to DIA method number 3) was applied. Targeted precursors
were isolated using 1.4m/z wide isolation windows and fragmented
using various normalized collision energies. The full scan resolution
was set to 60000, scan range was set from 370 to 1015m/z with target
AGC of 3e6 and the maximum inject time to 30ms. Subsequent tar-
geted MS/MS scans were carried out using 1.4 Th wide quadrupole
isolationwindows,with amaximum inject timeof 200ms andOrbitrap
resolution of 60000.

Detailed summaries of the LC-MS methods used in this study can
be found in the Supplementary Information.

Statistics and reproducibility
Statistical analysis of the data was carried out using the R software
environment (version 4.0.3) with additional software packages, which
are specified in the Data analysis section. No statistical method was
used to predetermine the sample size. The number of experimental
and technical replicates was based on considerations from previous
experiments. Due to low confidence identifications in the PRM analy-
sis, KLF3 precursors were excluded from downstream analysis,
otherwise, no data were excluded from the analysis in this study.
Information on the statistical tests is described in the figure legends
and Data analysis section.

The 96-well plate positions and measurement order for the IFNg-
treatment experiment were randomized. To avoid potential carry-over

effects in the LC-MSmeasurements, samples fromthedilution series of
magnetic alkyne agarose beads and protein input were acquired in
ascending order.

Data analysis
Raw files from DDA measurements were processed using Maxquant
(version 2.0.3) and the Andromeda search engine65, using a human
proteome fasta file, retrieved from the SwissProt database (version
from February 2021 with 20934 entries). The enzymatic digestion was
set to Trypsin/P and a maximum of 2 missed cleavages per peptide
were allowed. For the analysis of NSP data, raw files of both the NSP
and global proteome samples were processed together, using Max-
quant (version 2.0.3). The multiplicity was set to 3, comprising a light
channel, an intermediate channel with Arg6 and Lys4 and a heavy
channel with Arg10 and Lys8. Cysteine carbamidomethylation was set
as fixed modification, whereas Methionine oxidation, N-terminal
acetylation, and deamidation of Asparagine and Glutamine were set
as variable peptide modifications. The Re-quantify function was
enabled, match-between-runs was disabled and other search functions
were leftwithdefault parameters.Minimumpeptide lengthwas set to 7
and max peptide mass was set to 4600Da. PSM-, Protein- and site
decoy fraction FDRwere set to 1%. Theminimumdelta score threshold
for unmodified peptides was set to 6, and 40 for modified peptides.
Only for the analysis of the SILAC-labeled Hela benchmark samples the
match-between-runs function was enabled. Unique and razor peptides
were used for quantification and normalized SILAC ratios and iBAQ
values were calculated. The minimum ratio count was set to 0 to not
exclude identifications in single SILAC channels.

Raw files from DIA measurements were analyzed using DIA-NN46

(version 1.8.1). A predicted spectral library was generated from the
fastafile, whichwas also used in theMaxquant searches. Additionally, a
fasta file containing common protein contaminants was added for the
spectral library prediction66. Default settingswere used for the spectral
library prediction, with the addition of Methionine oxidation as vari-
able modification. For the processing of the raw files, the default set-
tings of DIA-NN were used with additional functions from the plexDIA
module enabled44. Three SILAC channels with mass shifts corre-
sponding to Lys, Lys4 (+4.025107Da), Lys8 (+8.014199Da), Arg, Arg6
(+6.020129Da), Arg10 (+10.008269Da) and an additional decoy
channel with Lysine (+12.0033Da) and Arginine (+13.9964Da) were
registered. Translation of retention times between peptides within the
same elution group was enabled. The first 13C-isotopic peak and
monoisotopic peak was included for the quantification and the MS1
deconvolution levelwas set to 2. Peptide length rangewas set from7 to
30, precursor charge rate was set from 1 to 4, mass of charge (m/z)
range of the precursors was set from 300 to 1800 and fragment ionm/
z range was set from 200 to 1800. Precursor FDR was set to 1%. Pre-
cursor matrix output tables were filtered for FDR <0.01 and addi-
tionally for channel q-value < 0.01 and translated q-value < 0.01. The
MBR function in DIA-NN was enabled, except for the protein input
dilution (Supplementary Fig. 6). However, the “first-pass-search”
results prior to MBR were used for the SILAC benchmark (Fig. 4), to
exclude the effects of MBR for the comparison. For the analysis of the
protein input dilution series with plexDIA, the “unrelated runs” option
in the DIA-NN GUI was ticked.

The output tables from Maxquant (“ProteinGroups.txt”, “evi-
dence.txt”) and DIA-NN (“report.pr_matrix_channels_translated.tsv”
and “report.pr_matrix_channels_ms1_translated.tsv”) wereprocessed in
the R software environment (version 4.0.3) using custom scripts.
Identified contaminants were removed and protein abundance was
calculated using the MaxLFQ algorithm, applied to the individual
SILAC channels, using the iq (version 1.9.6) R package function
“process_long_format()”67. For MS1- and MS2-based quantification, the
“Ms1.translated” and “precursor.translated” quantity was used for the
MaxLFQ calculation, respectively. Protein-group SILAC ratios were
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calculated for each sample using the LFQ values. For the analysis of the
IFNg-treated Hela cells, only MS2-based quantification was used.
Principle component analysis (PCA) of the log2-transformed SILAC
ratios was performed using the “prcomp” function of the stats (version
4.0.3) R package. Peptide hydrophobicity (GRAVY index) was calcu-
lated using the “hydrophobicity” function of the Peptides (version
2.4.4) R package. For differential expression analysis, only unique
protein groups (single Uniprot identifier) with a minimum of 2 SILAC
ratios values in 3 replicates were used. Differential expression tests
were carried out using the Limma (version 3.46.0)68 and DEqMS (ver-
sion 1.8.0)69 R/Bioconductor packages, by fitting the data onto a linear
model and performing an empirical Bayes moderated t-test. The
number of precursors, with consideration of modified peptide
sequences and charge but not SILAC channels, of each protein group
was included as a factor for the variance estimation in DEqMS. Over-
representation enrichment analyisis of significantly deregulated pro-
tein groups (absolute log2 fold change > 0.585 and adjusted p-
value < 0.05), from the IFNg time course experiments, was carried out
using a hypergeometric test via the “enricher” function of the clus-
terProfiler (version 3.18.0)70 R/Bioconductor package. Gene set
enrichment analysis was carried out using the sorted log2 fold change
values of all quantified protein groups, using the “GSEA” and “gseGO”
function of the clusterProfiler (version 3.18.0)70 R/Bioconductor
package. Gene lists of the Molecular Signatures Database were
retrieved and analyzed using the msigdbr (version 7.5.1) R package of
the CRAN software repository71. Gene sets of the Hallmark (H) subset
were included in the analysis. Additionally, the top 500 significantly
upregulated genes from the 24 h IFNg-treated Hela cells of the
deposited RNA-seq dataset (GSE150196, more specifically
“GSE150196_RNA-seq_DESeq2_priming_vs_naive.tab”)47 and the top
500 target genes from a public STAT1 ChIP-seq dataset from 30min
IFNg-treated Hela S3 cells (ENCSR000EZK, more specifically
“ENCFF039MZH.bed”) were included in the enrichment analysis
(Supplementary Data 7)72. The ChIP-seq data was processed using a
custom R-script, only genes within 2000 bp upstream or downstream
of the annotated transcription start sites of thehg38 referencegenome
were included in the final STAT1 target gene list. Quantified protein
groups in the respective condition were included as background gene
list for the enrichment and p-values were adjusted using the
Benjamini–Hochberg approach73. The number of datasets in which
differential expression of selected proteins or genes was reported in
response to IFNg in human cells or tissues, was retrieved from the
interferome.org database48. Raw PRM data was analyzed using Skyline
(version 22.2.0.527)74. A predicted spectral library, which was gener-
ated by Prosit was used for the analysis in Skyline75. Relative quantifi-
cation and statistical analysis were carried out using the sum of TIC-
normalized fragment ion peak areas via MSstats (version 4.2.2.0)76.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The mass spectrometry data and processing parameters for the Max-
quant, DIA-NN and Skyline search engines have been deposited to the
ProteomeXchange Consortium via the PRIDE77 and Panorama Public78

repository. The data from the initial method optimizations are avail-
able with identifier PXD036886 (semi-automated enrichment of AHA-
containing newly synthesized proteins with magnetic alkyne agarose
beads), data from the SILAC labeled benchmark sampleswith identifier
PXD039580 (Benchmarking of DDA and plexDIA analysis with SILAC-
labeled Hela cell samples) and PXD039578 (Benchmarking plexDIA
analysis with SILAC-labeled Hela cell samples), and data from the IFNg
time course experiment with identifier PXD038915 (Newly synthesized
proteome analysis of interferon-gamma treated Hela cells). Raw files

and data from the PRM analysis are available with ProteomeXchange
identifier PXD043967 at Panorama Public (Label-free Parallel Reaction
Monitoring (PRM) analysis of selected novel potential targets of IFNg
stimulation in Hela cells). Raw files and data from the plexDIA input
dilution analysis are available with PRIDE identifier PXD043817
(Applying plexDIA analysis to newly synthesized proteome samples
generated using a semi-automated enrichment protocol). Source data
are provided with this paper.

Code availability
R scripts for the processing ofDIA-NNandMaxquant output tables and
analysis of the proteomic data in this study, together with the protocol
files for the semi-automated enrichment protocol (for anAgilent Bravo
liquid handling robot) are available from: https://github.com/
krijgsveld-lab/QuaNPA79.

References
1. Schwanhüusser, B. et al. Global quantification of mammalian gene

expression control. Nature 473, 337–342 (2011).
2. Buccitelli, C. & Selbach, M. mRNAs, proteins and the emerging

principles of gene expression control. Nat. Rev. Genet. 21,
630–644 (2020).

3. Fabbri, L., Chakraborty, A., Robert, C. & Vagner, S. The plasticity of
mRNA translation during cancer progression and therapy resis-
tance. Nat. Rev. Cancer 21, 558–577 (2021).

4. Sriram, A., Bohlen, J. & Teleman, A. A. Translation acrobatics: how
cancer cells exploit alternate modes of translational initiation.
EMBO Rep. 19, e45947 (2018).

5. Eichelbaum, K. & Krijgsveld, J. Rapid temporal dynamics of tran-
scription, protein synthesis, and secretion during macrophage
activation. Mol. Cell. Proteomics 13, 792–810 (2014).

6. Ingolia, N. T., Hussmann, J. A. &Weissman, J. S. Ribosome profiling:
global views of translation. Cold Spring Harb. Perspect. Biol. 11,
1–20 (2019).

7. Chothani, S. et al. deltaTE: detection of translationally regulated
genes by integrative analysis of Ribo-seq and RNA-seq data. Curr.
Protoc. Mol. Biol. 129, e108 (2019).

8. Chothani, S. P. et al. A high-resolution map of human RNA transla-
tion. Mol. Cell 82, 2885–2899.e8 (2022).

9. Liu, T. Y. et al. Time-resolved proteomics extends ribosome
profiling-based measurements of protein synthesis dynamics. Cell
Syst. 4, 636–644.e9 (2017).

10. Ross, A. B., Langer, J. D. & Jovanovic, M. Proteome turnover in the
spotlight: approaches, applications, and perspectives. Mol. Cell.
Proteomics 20, 100016 (2021).

11. Ma, Y. & Yates, J. R. Proteomics and pulse azidohomoalanine
labeling of newly synthesized proteins: what are the potential
applications? Expert Rev. Proteomics 15, 545–554 (2018).

12. Van Bergen, W., Heck, A. J. R. & Baggelaar, M. P. Recent advance-
ments in mass spectrometry–based tools to investigate newly
synthesized proteins. Curr. Opin. Chem. Biol. 66, 102074 (2022).

13. Iwasaki, S. & Ingolia, N. T. The growing toolbox for protein synthesis
studies. Trends Biochem. Sci. 42, 612–624 (2017).

14. Aviner, R., Geiger, T. & Elroy-Stein, O. Novel proteomic approach
(PUNCH-P) reveals cell cycle-specific fluctuations in mRNA trans-
lation. Genes Dev. 27, 1834–1844 (2013).

15. Forester, C. M. et al. Revealing nascent proteomics in signaling
pathways and cell differentiation. Proc. Natl Acad. Sci. USA 115,
2353–2358 (2018).

16. Barrett, R. M., Liu, H.W., Jin, H., Goodman, R. H. &Cohen,M. S. Cell-
specific profiling of nascent proteomes using orthogonal enzyme-
mediated puromycin incorporation. ACS Chem. Biol. 11,
1532–1536 (2016).

17. Uchiyama, J., Ishihama, Y. & Imami, K. Quantitative nascent pro-
teome profiling by dual-pulse labelling with O-propargyl-

Article https://doi.org/10.1038/s41467-023-43919-3

Nature Communications |         (2023) 14:8237 14

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE150196
https://www.ebi.ac.uk/pride/archive/projects/PXD036886
https://www.ebi.ac.uk/pride/archive/projects/PXD039580
https://www.ebi.ac.uk/pride/archive/projects/PXD039578
https://www.ebi.ac.uk/pride/archive/projects/PXD038915
https://panoramaweb.org/9BBjQ6.url
https://www.ebi.ac.uk/pride/archive/projects/PXD043817
https://github.com/krijgsveld-lab/QuaNPA
https://github.com/krijgsveld-lab/QuaNPA


puromycin and stable isotope-labelled amino acids. J. Biochem.
169, 227–236 (2021).

18. Uchiyama, J. et al. pSNAP: proteome-wide analysis of elongating
nascent polypeptide chains. iScience 25, 104516 (2022).

19. Kiick, K. L., Saxon, E., Tirrell, D. A. & Bertozzi, C. R. Incorporation of
azides into recombinant proteins for chemoselective modification
by the Staudinger ligation. Proc. Natl Acad. Sci. USA 99,
19–24 (2002).

20. VanHest, J. C.M., Kiick, K. L. & Tirrell, D. A. Efficient incorporation of
unsaturated methionine analogues into proteins in vivo. J. Am.
Chem. Soc. 122, 1282–1288 (2000).

21. Ngo, J. T. et al. Cell-selective metabolic labeling of proteins. Nat.
Chem. Biol. 5, 715–717 (2009).

22. Dieterich, D. C., Link, A. J., Graumann, J., Tirrell, D. A. & Schuman, E.
M. Selective identification of newly synthesized proteins in mam-
malian cells using bioorthogonal noncanonical amino acid tagging
(BONCAT). Proc. Natl. Acad. Sci. USA https://doi.org/10.1073/pnas.
0601637103 (2006).

23. Howden, A. J. M. et al. QuaNCAT: quantitating proteome dynamics
in primary cells. Nat. Methods 10, 343–346 (2013).

24. Kleinpenning, F., Steigenberger, B., Wu, W. & Heck, A. J. R. Fishing
for newly synthesized proteins with phosphonate-handles. Nat.
Commun. 11, 3244 (2020).

25. Hong, V., Presolski, S. I., Ma, C. & Finn, M. G. Analysis and opti-
mization of copper-catalyzed azide–alkyne cycloaddition for
bioconjugation. Angew. Chem. Int. Ed. Engl. 48, 9879–9883
(2009).

26. Ma, Y., McClatchy, D. B., Barkallah, S., Wood, W. W. & Yates, J. R.
Quantitative analysis of newly synthesized proteins.Nat. Protoc. 13,
1744–1762 (2018).

27. Eichelbaum, K., Winter, M., Diaz, M. B., Herzig, S. & Krijgsveld, J.
Selective enrichment of newly synthesized proteins for quantitative
secretome analysis. Nat. Biotechnol. 30, 984–90 (2012).

28. Zhang, G. et al. In-depth quantitative proteomic analysis of de novo
protein synthesis induced by brain-derived neurotrophic factor. J.
Proteome Res. 13, 5707–5714 (2014).

29. Bagert, J. D. et al. Quantitative, time-resolved proteomic analysis by
combining bioorthogonal noncanonical amino acid tagging and
pulsed stable isotope labeling by amino acids in cell culture. Mol.
Cell. Proteomics 13, 1352–1358 (2014).

30. Rothenberg, D. A. et al. A proteomics approach to profiling the
temporal translational response to stress and growth. iScience 9,
367–381 (2018).

31. Elder, M. K. et al. Age-dependent shift in the de novo proteome
accompanies pathogenesis in an Alzheimer’s disease mouse
model. Commun. Biol. 4, 823 (2021).

32. Ma, Y., McClatchy, D. B., Martínez-Bartolomé, S., Bamberger, C. &
Yates, J. R. Temporal quantitative profiling of newly synthesized
proteins during Aβ accumulation. J. Proteome Res. 20,
763–775 (2021).

33. Kuhn, T. C. et al. Secretome analysis of cardiomyocytes identifies
PCSK6 (proprotein convertase subtilisin/kexin Type 6) as a novel
player in cardiac remodeling aftermyocardial infarction.Circulation
141, 1628–1644 (2020).

34. Pauli, C. et al. Site-specific methylation of 18S ribosomal RNA by
SNORD42A is required for acute myeloid leukemia cell prolifera-
tion. Blood 135, 2059–2070 (2020).

35. Zhou, F. et al. A dynamic rRNA ribomethylome drives stemness in
acute myeloid leukemia. Cancer Discov. 13, 332–347 (2023).

36. Hisaoka, M. et al. Preferential translation of p53 target genes. RNA
Biol. 19, 437–452 (2022).

37. Vargas-diaz, D. & Altelaar, M. Automated high-throughput method
for the fast, robust, and reproducible enrichment of newly synthe-
sized proteins. J. Proteome Res. 21, 189–199 (2022).

38. Savitski, M. M. et al. Multiplexed proteome dynamics profiling
reveals mechanisms controlling protein homeostasis. Cell 173,
260–274.e25 (2018).

39. Klann, K., Tascher, G. & Münch, C. Functional translatome pro-
teomics reveal converging and dose-dependent regulation by
mTORC1 and eIF2α. Mol. Cell 77, 913–925.e4 (2020).

40. Kitata, R. B., Yang, J. C. & Chen, Y. J. Advances in data-independent
acquisition mass spectrometry towards comprehensive digital
proteome landscape. Mass Spectrom. Rev. 42, 2324–2348 (2022).

41. Pino, L. K., Baeza, J., Lauman, R., Schilling, B. & Garcia, B. A.
Improved SILAC quantification with data independent acquisition
to investigate bortezomib-induced protein degradation. J. Pro-
teome Res. https://doi.org/10.1101/2020.11.23.394304 (2020).

42. Salovska, B., Li, W., Di, Y. & Liu, Y. BoxCarmax: a high-selectivity
data-independent acquisition mass spectrometry method for the
analysis of protein turnover and complex samples. Anal. Chem.
https://doi.org/10.1021/acs.analchem.0c04293 (2021).

43. Salovska, B. et al. Isoform‐resolved correlation analysis between
mRNA abundance regulation and protein level degradation. Mol.
Syst. Biol. 16, e9170 (2020).

44. Derks, J. et al. Increasing the throughput of sensitive proteomics by
plexDIA. Nat. Biotechnol. https://doi.org/10.1038/s41587-022-
01389-w (2022).

45. Müller, T. et al. Automated sample preparation with SP3 for low‐

input clinical proteomics. Mol. Syst. Biol. 16, 1–19 (2020).
46. Demichev, V.,Messner, C. B., Vernardis, S. I., Lilley, K. S. & Ralser,M.

DIA-NN: neural networks and interference correction enable deep
proteome coverage in high throughput. Nat. Methods 17,
41–44 (2020).

47. Siwek,W., Tehrani, S. S. H., Mata, J. F. & Jansen, L. E. T. Activation of
clustered IFNγ target genes drives cohesin-controlled transcrip-
tional memory. Mol. Cell 80, 396–409.e6 (2020).

48. Rusinova, I. et al. INTERFEROME v2.0: an updated database of
annotated interferon-regulated genes. Nucleic Acids Res. 41,
1040–1046 (2013).

49. Turner, J. & Crossley, M. Basic Krüppel-like factor functions within a
network of interacting haematopoietic transcription factors. Int. J.
Biochem. Cell Biol. 31, 1169–1174 (1999).

50. Cantor, D. J. & David, G. The chromatin-associated Sin3B protein is
required for hematopoietic stem cell functions in mice. Blood 129,
60–70 (2017).

51. Ulgiati, D., Subrata, L. S. & Abraham, L. J. The role of Sp family
members, basic Kruppel-like factor, and E box factors in the basal
and IFN-gamma regulated expression of the human complement
C4 promoter. J. Immunol. 164, 300–307 (2000).

52. Weng, X. et al. Sin3B mediates collagen type I gene repression by
interferon gamma in vascular smooth muscle cells. Biochem. Bio-
phys. Res. Commun. 447, 263–270 (2014).

53. Shirazi, Y. & Pitha, P. M. Interferon downregulates CXCR4 (fusin)
gene expression in peripheral blood mononuclear cells. J. Hum.
Virol. 1, 69–76 (1998).

54. Dharan, A. et al. Bicaudal D2 facilitates the cytoplasmic trafficking
and nuclear import of HIV-1 genomes during infection. Proc. Natl
Acad. Sci. USA 114, E10707–E10716 (2017).

55. Lerchenmüller, C. et al. S100A6 regulates endothelial cell cycle
progression by attenuating antiproliferative signal transducers and
activators of transcription 1 signaling. Arterioscler. Thromb. Vasc.
Biol. 36, 1854–1867 (2016).

56. Begitt, A., Droescher, M., Knobeloch, K. P. & Vinkemeier, U. SUMO
conjugation of STAT1 protects cells from hyperresponsiveness to
IFNγ. Blood 118, 1002–1007 (2011).

57. Shao, Y. et al. Enhancing comprehensive analysis of newly syn-
thesized proteins based on cleavable bioorthogonal tagging. Anal.
Chem. https://doi.org/10.1021/acs.analchem.1c00965 (2021).

Article https://doi.org/10.1038/s41467-023-43919-3

Nature Communications |         (2023) 14:8237 15

https://doi.org/10.1073/pnas.0601637103
https://doi.org/10.1073/pnas.0601637103
https://doi.org/10.1101/2020.11.23.394304
https://doi.org/10.1021/acs.analchem.0c04293
https://doi.org/10.1038/s41587-022-01389-w
https://doi.org/10.1038/s41587-022-01389-w
https://doi.org/10.1021/acs.analchem.1c00965


58. Yang, Y., Grammel, M., Raghavan, A. S., Charron, G. & Hang, H. C.
Article comparative analysis of cleavable azobenzene-based affi-
nity tags for bioorthogonal chemical proteomics. Chem. Biol. 17,
1212–1222 (2010).

59. Wu, C. et al. Global and site-specific effect of phosphorylation on
protein turnover. Dev. Cell 56, 111–124.e6 (2021).

60. Ignacio, B. J. et al. THRONCAT: metabolic labeling of newly syn-
thesized proteins using a bioorthogonal threonine analog. Nat.
Commun. 14, 3367 (2023).

61. Ekkebus, R. et al. On terminal alkynes that can react with active-site
cysteine nucleophiles in proteases. J. Am. Chem. Soc. 135,
2867–2870 (2013).

62. Rostovtsev, V. V., Green, L. G., Fokin, V. V. & Sharpless, K. B. A
stepwise Huisgen cycloaddition process: copper(I)-catalyzed
regioselective ‘ligation’ of azides and terminal alkynes. Angew.
Chem. Int. Ed. 41, 2596–2599 (2002).

63. Tornøe,C.W., Christensen,C. &Meldal,M. Peptidotriazoles on solid
phase: [1,2,3]-triazoles by regiospecific copper(I)-catalyzed 1,3-
dipolar cycloadditions of terminal alkynes to azides. J. Org. Chem.
67, 3057–3064 (2002).

64. Hughes, C. S. et al. Ultrasensitive proteome analysis using para-
magnetic bead technology. Mol. Syst. Biol. 10, 757 (2014).

65. Cox, J. & Mann, M. MaxQuant enables high peptide identification
rates, individualized p.p.b.-range mass accuracies and proteome-
wide protein quantification. Nat. Biotechnol. 26, 1367–1372 (2008).

66. Frankenfield, A.M., Ni, J., Ahmed,M. &Hao, L. Protein contaminants
matter: buildinguniversal protein contaminant libraries for DDAand
DIA proteomics. J. Proteome Res. https://doi.org/10.1021/acs.
jproteome.2c00145 (2022).

67. Pham, T. V., Henneman, A. A. & Jimenez, C. R. Iq: an R package to
estimate relative protein abundances from ionquantification in DIA-
MS-based proteomics. Bioinformatics 36, 2611–2613 (2020).

68. Ritchie, M. E. et al. limma powers differential expression analyses
for RNA-sequencing andmicroarray studies.Nucleic Acids Res. 43,
e47 (2015).

69. Zhu, Y. et al. DEqMS: a method for accurate variance estimation in
differential protein expression analysis. Mol. Cell. Proteomics 19,
1047–1057 (2020).

70. Wu, T. et al. clusterProfiler 4.0: a universal enrichment tool for
interpreting omics data. Innovation 2, 100141 (2021).

71. Liberzon, A. et al. The Molecular Signatures Database Hallmark
Gene Set Collection. Cell Syst. 1, 417–425 (2015).

72. Luo, Y. et al. New developments on the Encyclopedia of DNA Ele-
ments (ENCODE) data portal. Nucleic Acids Res. 48,
D882–D889 (2020).

73. Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: a
practical and powerful approach to multiple testing. J. R. Stat. Soc.
Ser. B 57, 289–300 (1995).

74. MacLean, B. et al. Skyline: an open source document editor for
creating and analyzing targeted proteomics experiments. Bioinfor-
matics 26, 966–968 (2010).

75. Gessulat, S. et al. Prosit: proteome-wide prediction of peptide
tandem mass spectra by deep learning. Nat. Methods 16,
509–518 (2019).

76. Choi, M. et al. MSstats: an R package for statistical analysis of
quantitative mass spectrometry-based proteomic experiments.
Bioinformatics 30, 2524–2526 (2014).

77. Perez-Riverol, Y. et al. The PRIDE database resources in 2022: a hub
for mass spectrometry-based proteomics evidences. Nucleic Acids
Res. 50, D543–D552 (2022).

78. Sharma, V. et al. Panorama public: a public repository for quanti-
tative data sets processed in Skyline. Mol. Cell. Proteomics 17,
1239–1244 (2018).

79. Bortecen, T. An integrated workflow for quantitative analysis of the
newly synthesized proteome, QuaNPA. Zenodo https://doi.org/10.
5281/zenodo.10021823 (2023).

Acknowledgements
Theauthorswould like to thankDr.VadimDemichev for helpful comments
regarding the analysis of SILAC-labeled samples with DIA-NN. This work
was funded in part by the German Ministry of Education and Research
(BMBF), as part of the National Research Node “Mass spectrometry in
Systems Medicine” (MSCoreSys), under grant agreement 161L0212A.

Author contributions
T.B. and J.K. conceived the study and designed the approach. T.B.
developed the protocol for the preparation of magnetic alkyne agarose
beads. T.B. prepared samples, acquired and analyzed data. T.M. and T.B.
created the automated enrichment protocol. J.K. together with T.B.
wrote the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s41467-023-43919-3.

Correspondence and requests for materials should be addressed to
Jeroen Krijgsveld.

Peer review information Nature Communications thanks Jana Zecha
and the other anonymous reviewer(s) for their contribution to the peer
review of this work. A peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jur-
isdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2023

Article https://doi.org/10.1038/s41467-023-43919-3

Nature Communications |         (2023) 14:8237 16

https://doi.org/10.1021/acs.jproteome.2c00145
https://doi.org/10.1021/acs.jproteome.2c00145
https://doi.org/10.5281/zenodo.10021823
https://doi.org/10.5281/zenodo.10021823
https://doi.org/10.1038/s41467-023-43919-3
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	An integrated workflow for quantitative analysis of the newly synthesized proteome
	Results
	Developing an improved workflow for proteome-wide analysis of newly synthesized proteins
	Optimizing the automated enrichment of newly synthesized proteins with magnetic alkyne agarose�beads
	Using plexDIA for newly synthesized proteome analysis
	Using QuaNPA for the analysis of newly synthesized proteome changes in response to�IFNg

	Discussion
	Methods
	Preparation of magnetic alkyne agarose�beads
	Cell culture
	Metabolic labeling of newly synthesized proteins
	Cell lysis and ultrasound sonication
	Automated enrichment of newly synthesized proteins
	Automated peptide purification
	Preparation of proteomics samples without enrichment of newly synthesized proteins
	LC-MS/MS
	Statistics and reproducibility
	Data analysis
	Reporting summary

	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Additional information



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Aachen-Bold
    /ACaslon-AltBold
    /ACaslon-AltBoldItalic
    /ACaslon-AltItalic
    /ACaslon-AltRegular
    /ACaslon-AltSemibold
    /ACaslon-AltSemiboldItalic
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-BoldItalicOsF
    /ACaslon-BoldOsF
    /ACaslonExp-Bold
    /ACaslonExp-BoldItalic
    /ACaslonExp-Italic
    /ACaslonExp-Regular
    /ACaslonExp-Semibold
    /ACaslonExp-SemiboldItalic
    /ACaslon-Italic
    /ACaslon-ItalicOsF
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-RegularSC
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /ACaslon-SemiboldItalicOsF
    /ACaslon-SemiboldSC
    /ACaslon-SwashBoldItalic
    /ACaslon-SwashItalic
    /ACaslon-SwashSemiboldItalic
    /AdobeGaramondBold
    /AdobeSansMM
    /AdobeSerifMM
    /AGaramondAlt-Italic
    /AGaramondAlt-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-BoldItalicOsF
    /AGaramond-BoldOsF
    /AGaramondExp-Bold
    /AGaramondExp-BoldItalic
    /AGaramondExp-Italic
    /AGaramondExp-Regular
    /AGaramondExp-Semibold
    /AGaramondExp-SemiboldItalic
    /AGaramond-Italic
    /AGaramond-ItalicOsF
    /AGaramond-Regular
    /AGaramond-RegularSC
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGaramond-SemiboldItalicOsF
    /AGaramond-SemiboldSC
    /AGaramond-Titling
    /AGBook-Stencil
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /AgfaRotisSemiSerif
    /AgfaRotisSemiSerif-Bold
    /AgfaRotisSerif
    /AgfaRotisSerif-Bold
    /AgfaRotisSerif-Italic
    /AGOldFace-Shaded
    /AgrafieLL
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldCn
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Cn
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightCn
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightIt
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-LightSC
    /AkzidenzGroteskBE-LigItOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdCn
    /AkzidenzGroteskBE-MdCnIt
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AkzidenzGroteskBE-SuperItalic
    /AkzidenzGroteskBE-XBd
    /AkzidenzGroteskBE-XBdCn
    /AkzidenzGroteskBE-XBdCnIt
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Black
    /AntiqueOlive-Bold
    /AntiqueOlive-BoldCond
    /AntiqueOliveCE-Black
    /AntiqueOliveCE-Bold
    /AntiqueOliveCE-Italic
    /AntiqueOliveCE-Light
    /AntiqueOliveCE-Roman
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Light
    /AntiqueOlive-Nord
    /AntiqueOlive-NordItalic
    /AntiqueOlive-Roman
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialMT-BlackItalic
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AshleyScriptMT
    /ATypewriterMedium
    /AvantGarde-Bold
    /AvantGarde-BoldObl
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-CondBold
    /AvantGarde-CondBook
    /AvantGarde-CondDemi
    /AvantGarde-CondMedium
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGarde-ExtraLight
    /AvantGarde-ExtraLightObl
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /AvantGarde-Medium
    /AvantGarde-MediumObl
    /Barmeno-ExtraBold
    /BasicCommercial-Black
    /BasicCommercial-BlackItalic
    /BasicCommercial-Bold
    /BasicCommercial-BoldItalic
    /BasicCommercial-Italic
    /BasicCommercial-Light
    /BasicCommercial-LightItalic
    /BasicCommercial-Roman
    /BaskervilleBE-Bold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /BaskervilleCyr-Bold
    /BaskervilleCyr-Inclined
    /BaskervilleCyr-Upright
    /BaskervilleGreek-Bold
    /BaskervilleGreek-Inclined
    /BaskervilleGreekP-Bold
    /BaskervilleGreekP-Inclined
    /BaskervilleGreekP-Upright
    /BaskervilleGreek-Upright
    /BaskOldFace
    /Batang
    /BauerBodoniBT-Black
    /BauerBodoniBT-BlackCondensed
    /BauerBodoniBT-BlackItalic
    /BauerBodoniBT-Titling
    /Bauhaus93
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /Beesknees
    /Bellevue
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-BoldItalicOsF
    /Bembo-BoldOsF
    /Bembo-Expert
    /Bembo-ExtraBold
    /Bembo-ExtraBoldExpert
    /Bembo-ExtraBoldItalic
    /Bembo-ExtraBoldItalicExpert
    /Bembo-ExtraBoldItalicOsF
    /Bembo-ExtraBoldOsF
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-ItalicOsF
    /BemboMedium
    /Bembo-SC
    /Bembo-Semibold
    /Bembo-SemiboldExpert
    /Bembo-SemiboldItalic
    /Bembo-SemiboldItalicExpert
    /Bembo-SemiboldItalicOsF
    /Bembo-SemiboldOsF
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothic-Bold
    /BenguiatGothic-BoldOblique
    /BenguiatGothic-Book
    /BenguiatGothic-BookOblique
    /BenguiatGothic-Heavy
    /BenguiatGothic-HeavyOblique
    /BenguiatGothic-Medium
    /BenguiatGothic-MediumOblique
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BermudaLP-Squiggle
    /BernardMT-Condensed
    /Bernhard-BoldCondensed
    /BernhardModern-Bold
    /BernhardModern-BoldItalic
    /BernhardModern-Italic
    /BernhardModern-Roman
    /BertholdScript-Medium
    /BertholdScript-Regular
    /Birch
    /Birka
    /Birka-Bold
    /Birka-BoldItalic
    /Birka-Italic
    /Birka-SC
    /Birka-SemiBold
    /Birka-SemiBoldItalic
    /BlackadderITC-Regular
    /BlackBoardGreek12
    /BlackBoardGreek17
    /BlackBoardGreek5
    /BlackBoardGreek6
    /BlackBoardGreek7
    /BlackBoardGreek8
    /BlackBoardGreek9
    /BlackBoldGreek
    /BlackBoldGreek10
    /BlackBoldGreek11
    /Blackoak
    /BlippoBT-Black
    /Bliss-Bold
    /Bliss-BoldItalic
    /BlissCaps-Bold
    /BlissCaps-BoldItalic
    /BlissCaps-Italic
    /BlissCaps-Light
    /BlissCaps-LightItalic
    /BlissCaps-Regular
    /BlissFractions-Light
    /BlissFractions-LightItalic
    /Bliss-Italic
    /Bliss-Light
    /Bliss-LightItalic
    /Bliss-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /BodoniBE-Bold
    /BodoniBE-BoldCn
    /BodoniBE-BoldCnItalic
    /BodoniBE-BoldExp
    /BodoniBE-BoldItalic
    /BodoniBE-BoldItalicExp
    /BodoniBE-BoldItalicOsF
    /BodoniBE-BoldOsF
    /BodoniBE-CnItalic
    /BodoniBE-Condensed
    /BodoniBE-Italic
    /BodoniBE-ItalicExp
    /BodoniBE-ItalicOsF
    /BodoniBE-Light
    /BodoniBE-LightExp
    /BodoniBE-LightItalic
    /BodoniBE-LightItalicExp
    /BodoniBE-LightItalicOsF
    /BodoniBE-LightSC
    /BodoniBE-Medium
    /BodoniBE-MediumCn
    /BodoniBE-MediumCnItalic
    /BodoniBE-MediumExp
    /BodoniBE-MediumItalic
    /BodoniBE-MediumItalicExp
    /BodoniBE-MediumItalicOsF
    /BodoniBE-MediumSC
    /BodoniBE-Regular
    /BodoniBE-RegularExp
    /BodoniBE-RegularSC
    /Bodoni-Bold
    /Bodoni-BoldCondensed
    /Bodoni-BoldItalic
    /Bodoni-Book
    /Bodoni-BookItalic
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bodoni-PosterItalic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Bold
    /Bookman-BoldItalic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Bookman-Medium
    /Bookman-MediumItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Boton-Bold
    /Boton-BoldItalic
    /Boton-Italic
    /Boton-Light
    /Boton-LightItalic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BroadwayBT-Regular
    /BroadwayEngravedBT-Regular
    /BrushScript
    /BrushScriptMT
    /Caecilia-Bold
    /Caecilia-BoldItalic
    /Caecilia-BoldItalicOsF
    /Caecilia-BoldItalicSC
    /Caecilia-BoldOsF
    /Caecilia-BoldSC
    /CaeciliaCE-Bold
    /CaeciliaCE-BoldItalic
    /CaeciliaCE-Heavy
    /CaeciliaCE-HeavyItalic
    /CaeciliaCE-Italic
    /CaeciliaCE-Light
    /CaeciliaCE-LightItalic
    /CaeciliaCE-Roman
    /Caecilia-Heavy
    /Caecilia-HeavyItalic
    /Caecilia-HeavyItalicOsF
    /Caecilia-HeavyItalicSC
    /Caecilia-HeavyOsF
    /Caecilia-HeavySC
    /Caecilia-Italic
    /Caecilia-ItalicOsF
    /Caecilia-ItalicSC
    /Caecilia-Light
    /Caecilia-LightItalic
    /Caecilia-LightItalicOsF
    /Caecilia-LightItalicSC
    /Caecilia-LightOsF
    /Caecilia-LightSC
    /Caecilia-Roman
    /Caecilia-RomanOsF
    /Caecilia-RomanSC
    /CaflischScript-Regular
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Carta
    /CaslonBookBE-Bold
    /CaslonBookBE-BoldExp
    /CaslonBookBE-BoldOsF
    /CaslonBookBE-Italic
    /CaslonBookBE-ItalicExp
    /CaslonBookBE-ItalicOsF
    /CaslonBookBE-Medium
    /CaslonBookBE-MediumExp
    /CaslonBookBE-MediumSC
    /CaslonBookBE-Regular
    /CaslonBookBE-RegularExp
    /CaslonBookBE-RegularSC
    /CaslonClassico
    /CaslonClassico-Bold
    /CaslonClassico-BoldItalic
    /CaslonClassico-Italic
    /CaslonClassico-SC
    /CaslonFiveForty-Italic
    /CaslonFiveForty-ItalicOsF
    /CaslonFiveForty-Roman
    /CaslonFiveForty-RomanSC
    /CaslonOpenFace
    /CaslonThree-Italic
    /CaslonThree-ItalicOsF
    /CaslonThree-Roman
    /CaslonThree-RomanSC
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /Castellar
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /Centaur
    /Century
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpanded
    /CenturyExpanded-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /Century-Ultra
    /Century-UltraItalic
    /Chaparral-Display
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CharterITC-Blac
    /CharterITC-BlacItal
    /CharterITC-BlacItalOS
    /CharterITC-BlacOS
    /CharterITC-Bold
    /CharterITC-BoldItal
    /CharterITC-BoldItalOS
    /CharterITC-BoldOS
    /CharterITC-BoldSC
    /CharterITC-Regu
    /CharterITC-ReguItal
    /CharterITC-ReguItalOS
    /CharterITC-ReguOS
    /CharterITC-ReguSC
    /Cheltenham-Bold
    /Cheltenham-BoldItalic
    /Cheltenham-Book
    /Cheltenham-BookItalic
    /Cheltenham-Light
    /Cheltenham-LightItalic
    /Cheltenham-Ultra
    /Cheltenham-UltraItalic
    /Chiller-Regular
    /City-Bold
    /City-BoldItalic
    /City-Light
    /City-LightItalic
    /City-Medium
    /City-MediumItalic
    /Clearface-Black
    /Clearface-BlackItalic
    /Clearface-Bold
    /Clearface-BoldItalic
    /Clearface-Heavy
    /Clearface-HeavyItalic
    /Clearface-Regular
    /Clearface-RegularItalic
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /cmbsy8
    /CMBSY8
    /cmbsy9
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /cmcb10
    /cmcbx10
    /cmcbx12
    /cmcbx5
    /cmcbx6
    /cmcbx7
    /cmcbx8
    /cmcbx9
    /cmcbxsl10
    /cmcbxti10
    /cmccsc10
    /cmccsc8
    /cmccsc9
    /cmcitt10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /cmcsl10
    /cmcsl12
    /cmcsl8
    /cmcsl9
    /cmcsltt10
    /cmcss10
    /cmcss12
    /cmcss17
    /cmcss8
    /cmcss9
    /cmcssbx10
    /cmcssdc10
    /cmcssi10
    /cmcssi12
    /cmcssi17
    /cmcssi8
    /cmcssi9
    /cmcssq8
    /cmcssqi8
    /cmcti10
    /cmcti12
    /cmcti7
    /cmcti8
    /cmcti9
    /cmctt10
    /cmctt12
    /cmctt8
    /cmctt9
    /cmcu10
    /cmcyr10
    /cmcyr12
    /cmcyr17
    /cmcyr5
    /cmcyr6
    /cmcyr7
    /cmcyr8
    /cmcyr9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /cmex8
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /Cochin
    /Cochin-Bold
    /Cochin-BoldItalic
    /Cochin-Italic
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScriptBT-Regular
    /CommonBullets
    /CommunicationsP01
    /CommunicationsP02
    /CommunicationsP03
    /CommunicationsP04
    /CommunicationsP05
    /CommunicationsP06
    /CompactaBT-Black
    /CompactaBT-Bold
    /CompactaBT-BoldItalic
    /CompactaBT-Italic
    /CompactaBT-Light
    /CompactaBT-Roman
    /Concise1-Normal
    /ConSup-Normal
    /CooperBlack
    /CooperBlackCE-Italic
    /CooperBlackCE-Regular
    /CooperBlack-Italic
    /CooperBT-Black
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-BlackItalicHeadline
    /CooperBT-BlackOutline
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopperplateGothic-Light
    /Copperplate-ThirtyAB
    /Copperplate-ThirtyBC
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyOneBC
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoAB
    /Copperplate-ThirtyTwoBC
    /Copperplate-TwentyNineAB
    /Copperplate-TwentyNineBC
    /Corona
    /Cosmos-ExtraBold
    /Courier
    /Courier10PitchBold
    /Courier10PitchBT-Bold
    /Courier10PitchBT-BoldItalic
    /Courier10PitchBT-Italic
    /Courier10PitchBT-Roman
    /Courier10PitchItalic
    /Courier10PitchNormal
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /Cushing-Bold
    /Cushing-BoldItalic
    /Cushing-Book
    /Cushing-BookItalic
    /Cushing-Heavy
    /Cushing-HeavyItalic
    /CushingITCbyBT-Heavy
    /CushingITCbyBT-HeavyItalic
    /Cushing-Medium
    /Cushing-MediumItalic
    /Cutout
    /Cyrillic
    /CyrillicBold
    /CyrillicBold-Italic
    /CyrillicNormal-Italic
    /DataSeventyPlain
    /Delphin-I
    /Delphin-IA
    /Delphin-II
    /Delphin-IIA
    /DfCalligraphicOrnamentsPlain
    /DfDiversitiesPlain
    /DIN-Black
    /DIN-BlackAlternate
    /DIN-BlackExpert
    /DIN-Bold
    /DIN-BoldAlternate
    /DIN-BoldExpert
    /DIN-Light
    /DIN-LightAlternate
    /DIN-LightExpert
    /DIN-Medium
    /DIN-MediumAlternate
    /DIN-MediumExpert
    /DIN-Regular
    /DIN-RegularAlternate
    /DIN-RegularExpert
    /DomCasual
    /DomCasual-Bold
    /Dutch766BT-BoldA
    /Dutch766BT-ItalicA
    /Dutch766BT-RomanA
    /Dutch801Bold
    /Dutch801BoldItalic
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-ExtraBoldItalic
    /Dutch801BT-Italic
    /Dutch801BT-ItalicHeadline
    /Dutch801BT-Roman
    /Dutch801BT-RomanHeadline
    /Dutch801BT-SemiBold
    /Dutch801BT-SemiBoldItalic
    /Dutch801Italic
    /Dutch801Roman
    /Dutch809BT-BoldC
    /Dutch809BT-ItalicC
    /Dutch809BT-RomanC
    /Dutch811BT-BoldD
    /Dutch811BT-BoldItalicD
    /Dutch811BT-ItalicD
    /Dutch811BT-RomanD
    /Dutch823BT-BoldB
    /Dutch823BT-BoldItalicB
    /Dutch823BT-ItalicB
    /Dutch823BT-RomanB
    /EdwardianScriptITC
    /EhrhardtMT-Italic
    /EhrhardtMT-Regular
    /EhrhardtMT-Semibold
    /EhrhardtMT-SemiboldItalic
    /Elephant-Italic
    /Elephant-Regular
    /EllingtonMT
    /EllingtonMT-Bold
    /EllingtonMT-BoldItalic
    /EllingtonMT-ExtraBold
    /EllingtonMT-ExtraBoldItalic
    /EllingtonMT-Italic
    /EllingtonMT-Light
    /EllingtonMT-LightItalic
    /EnglischeSchT-Regu
    /EngraversLH-BoldFace
    /EngraversMT
    /ErasContour
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /Esprit-Black
    /Esprit-BlackItalic
    /Esprit-Bold
    /Esprit-BoldItalic
    /Esprit-Book
    /Esprit-BookItalic
    /Esprit-Medium
    /Esprit-MediumItalic
    /EstrangeloEdessa
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /eufb6
    /EUFB7
    /eufb8
    /eufb9
    /EUFM10
    /EUFM5
    /eufm6
    /EUFM7
    /eufm8
    /eufm9
    /EURB10
    /EURB5
    /eurb6
    /EURB7
    /eurb8
    /eurb9
    /EURM10
    /EURM5
    /eurm6
    /EURM7
    /eurm8
    /eurm9
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /eusb6
    /EUSB7
    /eusb8
    /eusb9
    /EUSM10
    /EUSM5
    /eusm6
    /EUSM7
    /eusm9
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /FalstaffMT
    /FC-Regency-Rgl
    /FelixTitlingMT
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /Flareserif821BT-Roman
    /Flora-Bold
    /Flora-Medium
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FootlightMTLight
    /Formata-Bold
    /Formata-BoldItalic
    /Formata-Italic
    /Formata-Light
    /Formata-LightItalic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Outline
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-HeavyOblique
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FranklinGothic-Roman
    /FreestyleScript
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FrizQua-Bold
    /FrizQua-BoldItal
    /FrizQua-BoldItalOS
    /FrizQua-BoldOS
    /FrizQuadrata
    /FrizQuadrata-Bold
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /FrizQua-Regu
    /FrizQua-ReguItal
    /FrizQua-ReguItalOS
    /FrizQua-ReguOS
    /FrizQua-ReguSC
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FrysBaskervilleBT-Roman
    /FTRA
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FuturaCE-Bold
    /FuturaCE-BoldOblique
    /FuturaCE-Book
    /FuturaCE-BookOblique
    /FuturaCE-ExtraBold
    /FuturaCE-ExtraBoldOblique
    /FuturaCE-Heavy
    /FuturaCE-HeavyOblique
    /FuturaCE-Light
    /FuturaCE-LightOblique
    /FuturaCE-Medium
    /FuturaCE-Oblique
    /Futura-Condensed
    /Futura-CondensedBold
    /Futura-CondensedBoldOblique
    /Futura-CondensedExtraBold
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-CondensedOblique
    /Futura-CondExtraBoldObl
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /Futura-Oblique
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /GloucesterMT-ExtraCondensed
    /Glypha
    /Glypha-Black
    /Glypha-BlackOblique
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Light
    /Glypha-LightOblique
    /Glypha-Oblique
    /Glypha-Thin
    /Glypha-ThinOblique
    /GouAscents
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /GoudyCatalogueT-RegularItalicRe1
    /GoudyCatalogueT-RegularRe1
    /GoudyCatDCD-Regu
    /GoudyCatSCT-Regu
    /GoudyCatT-Regu
    /GoudyCatT-ReguItal
    /Goudy-ExtraBold
    /GoudyHanD
    /GoudyHanDCD
    /GoudyHandtooledBT-Regular
    /GoudyHanIniD
    /GoudyHanSCD
    /GoudyHeaD
    /GoudyHeaOutP
    /GoudyHeaP
    /Goudy-Heavyface
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-HeavyfaceItalic
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyOldStyT-Bold
    /GoudyOldStyT-ExtrBold
    /GoudyOldStyT-Regu
    /GoudyOldStyT-ReguItal
    /GoudyStout
    /GoudyTextMT
    /GoudyTextMT-Alternate
    /GoudyTextMT-Dfr
    /GoudyTextMT-LombardicCapitals
    /GreymantleMVB
    /Haettenschweiler
    /HandelGothicBT-Regular
    /HarlowSolid
    /Harrington
    /HEL
    /HELB
    /HELBI
    /HelSmallCaps
    /HelvAccent-Bold
    /Helvetica
    /HelveticaAccentsI
    /HelveticaAccentsR
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /HelveticaBoldItalic
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /HelveticaCondensedBoldItalic
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /HelveticaNarrow
    /Helvetica-Narrow
    /HelveticaNarrowBold
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-BoldOutline
    /HelveticaNeueCE-Black
    /HelveticaNeueCE-BlackItalic
    /HelveticaNeueCE-Bold
    /HelveticaNeueCE-BoldItalic
    /HelveticaNeueCE-Heavy
    /HelveticaNeueCE-HeavyItalic
    /HelveticaNeueCE-Italic
    /HelveticaNeueCE-Light
    /HelveticaNeueCE-LightItalic
    /HelveticaNeueCE-Medium
    /HelveticaNeueCE-MediumItalic
    /HelveticaNeueCE-Roman
    /HelveticaNeueCE-Thin
    /HelveticaNeueCE-ThinItalic
    /HelveticaNeueCE-UltraLight
    /HelveticaNeueCE-UltraLightIt
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeueLight
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueMedium
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinExt
    /HelveticaNeue-ThinExtObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Hlli
    /Hobo
    /Humana
    /HumanaSansITC-Bold
    /HumanaSansITC-BoldItalic
    /HumanaSansITC-Light
    /HumanaSansITC-LightItalic
    /HumanaSansITC-Medium
    /HumanaSansITC-MediumItalic
    /Humana-SC
    /HumanaScriptITC-Bold
    /HumanaScriptITC-Light
    /HumanaScriptITC-Medium
    /Humanist521BT-BoldCondensed
    /Humanist521BT-RomanCondensed
    /Impact
    /ImperialBT-Bold
    /ImperialBT-Italic
    /ImperialBT-Roman
    /ImprintMT-Shadow
    /InflexMT-Bold
    /InformalRoman-Regular
    /Insignia
    /IrisPlain
    /Isadora-Bold
    /Isadora-Regular
    /ItcEras-Bold
    /ItcEras-Book
    /ItcEras-Demi
    /ItcEras-Light
    /ItcEras-Medium
    /ItcEras-Ultra
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-BoldItalicOsF
    /JansonText-BoldOsF
    /JansonText-Italic
    /JansonText-ItalicOsF
    /JansonText-Roman
    /JansonText-RomanSC
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /Kaufmann-Bold
    /Khaki-Two
    /Korinna-Bold
    /Korinna-KursivBold
    /Korinna-KursivRegular
    /Korinna-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LASY
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /Latha
    /LatinMT-Condensed
    /LatinWide
    /LCIRCLE1
    /Lcircle10
    /LCIRCLE10
    /LCIRCLEW10
    /Lcirclew10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LennoxITC-Bold
    /LennoxITC-Book
    /LennoxITC-Medium
    /LibertyBT-Regular
    /LINE10
    /LineNfCNormal
    /LINEW10
    /Linew10
    /Linoscript
    /Linotext
    /LinotypeTrajanus-Black
    /LinotypeTrajanus-BlackItalic
    /LinotypeTrajanus-Bold
    /LinotypeTrajanus-BoldItalic
    /LinotypeTrajanus-Italic
    /LinotypeTrajanus-Roman
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /Lucida
    /Lucida-Bold
    /Lucida-BoldItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /Lucida-Italic
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-BoldItalic
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MacBembo
    /MacBemboBold
    /MacBemboItal
    /MacBemboTItal
    /Machine
    /Machine-Bold
    /MacmillanAKL
    /MacmillanAssorted
    /MacmillanAssortedA
    /MacmillanItal
    /MacmillanMath
    /MacmillanMathBItal
    /MacmillanNewRoman
    /MacmillanNormal
    /MacmillanNwRoman
    /MacmillanRoman
    /MacmillanSAM
    /MacmillanSBM
    /MacmillanTxBoldItal
    /Macmmi10
    /Macnew
    /Macnew1Macnew1
    /Madrone
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MathPackDoyle
    /MathPackEight
    /MathPackEleven
    /MathPackExOne
    /MathpackExSeven
    /MathPackExSeven
    /MathPackExSix
    /MathPackExThree
    /MathPackExTwo
    /MathPackFive
    /MathPackFour
    /MathPackNine
    /MathPackOne
    /MathPackSeven
    /MathPackSix
    /MathPackTen
    /MathPackThirteen
    /MathPackThree
    /Math-PackTw
    /MathPackTwelve
    /MathPackTwo
    /MaturaMTScriptCapitals
    /Mcmbx
    /MCMMIB
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MendozaRoman-Bold
    /MendozaRoman-BoldItalic
    /MendozaRoman-Book
    /MendozaRoman-BookItalic
    /MendozaRoman-Medium
    /MendozaRoman-MediumItalic
    /MFutura
    /MFuturaBold
    /MicrosoftSansSerif
    /MILassortNormal
    /MILassortOneNormal
    /MilassortThreeNormal
    /MilassortTwoNormal
    /MImprint
    /MImprint-Bold
    /MImprint-BoldItalic
    /MImprint-Italic
    /Minion-Black
    /Minion-BlackOsF
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-BoldItalicOsF
    /Minion-BoldOsF
    /Minion-Condensed
    /Minion-CondensedItalic
    /MinionCyr-Bold
    /MinionCyr-BoldItalic
    /MinionCyr-Italic
    /MinionCyr-Regular
    /MinionCyr-Semibold
    /MinionCyr-SemiboldItalic
    /Minion-DisplayItalic
    /Minion-DisplayItalicSC
    /Minion-DisplayRegular
    /Minion-DisplayRegularSC
    /MinionExp-Black
    /MinionExp-Bold
    /MinionExp-BoldItalic
    /MinionExp-DisplayItalic
    /MinionExp-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Regular
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-ItalicSC
    /Minion-Ornaments
    /Minion-Regular
    /Minion-RegularSC
    /Minion-Semibold
    /Minion-SemiboldItalic
    /Minion-SemiboldItalicSC
    /Minion-SemiboldSC
    /Minion-SwashDisplayItalic
    /Minion-SwashItalic
    /Minion-SwashSemiboldItalic
    /MiniPics-Digidings
    /MiniPics-International
    /Mistral
    /MMMaths-EnglishOpen
    /MMMaths-FrakturBold
    /MMMaths-GreekOpenUpright
    /MMMathsGreekSansItal
    /MMMaths-GreekSansUpright
    /MMMaths-GreekSansUprightBold
    /MMMathsOpenItalicLetters
    /MMMathsOpenItalicLettersNormal
    /MMMaths-OpenLetters
    /MMMaths-Sorts
    /MMMaths-SortsOne
    /MMSBME
    /Modern-Regular
    /Mojo
    /MonolineScriptMT
    /MonotypeCorsiva
    /MonotypeOldStyleMT-BoldOut
    /MOptima
    /MOptimaBold
    /MOptimaBoldTItal
    /MOptimaItal
    /MSAM10
    /MSAM5
    /msam6
    /MSAM7
    /msam8
    /msam9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Mincho
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol-Italic
    /MTSymbolMedium
    /MTSYN
    /MurrayHillBT-Bold
    /MurrayHillBT-Regular
    /MVBoli
    /MyriadBold
    /Myriad-Bold
    /MyriadBoldCondensed
    /MyriadBoldCondensedItalic
    /MyriadBoldItalic
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadLight
    /MyriadLightCondensed
    /MyriadLightCondensedItalic
    /MyriadLightItalic
    /MyriadRegular
    /MyriadRegularCondensed
    /MyriadRegularCondensedItalic
    /MyriadRegularItalic
    /Myriad-Roman
    /MyriadSemiBold
    /MyriadSemiBoldCondensed
    /MyriadSemiBoldCondensedItalic
    /MyriadSemiBoldItalic
    /Myriad-Tilt
    /NCB
    /NCI
    /NCMMBI
    /Ncmmi
    /NCR
    /NewAstAccents-Italic
    /NewAstAccents-Regular
    /NewAster
    /NewAster-Black
    /NewAster-BlackItalic
    /NewAster-Bold
    /NewAster-BoldItalic
    /NewAster-Italic
    /NewAster-SemiBold
    /NewAster-SemiBoldItalic
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewBerolinaMT
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewCenturySchoolbookBoldItalic
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /Novarese-Bold
    /Novarese-BoldItalic
    /Novarese-Book
    /Novarese-BookItalic
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Novarese-Medium
    /Novarese-MediumItalic
    /Novarese-Ultra
    /NuptialScript
    /Nyx
    /OCRA-Alternate
    /OCRAExtended
    /OfficinaSanITC-Black
    /OfficinaSanITC-BlackItalic
    /OfficinaSanITC-BlackItalicOS
    /OfficinaSanITC-BlackOS
    /OfficinaSanITC-BlackSC
    /OfficinaSanITC-Bold
    /OfficinaSanITC-BoldItal
    /OfficinaSanITC-BoldItalOS
    /OfficinaSanITC-BoldOS
    /OfficinaSanITC-BoldSC
    /OfficinaSanITC-Book
    /OfficinaSanITC-BookItal
    /OfficinaSanITC-BookItalOS
    /OfficinaSanITC-BookOS
    /OfficinaSanITC-BookSC
    /OfficinaSanITC-ExtraBold
    /OfficinaSanITC-ExtraBoldItalic
    /OfficinaSanITC-ExtraBoldItalOS
    /OfficinaSanITC-ExtraBoldOS
    /OfficinaSanITC-Medium
    /OfficinaSanITC-MediumItalic
    /OfficinaSanITC-MediumItalicOS
    /OfficinaSanITC-MediumOS
    /OfficinaSanITC-MediumSC
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxMT
    /Optima
    /Optima-Black
    /Optima-BlackItalic
    /Optima-Bold
    /Optima-BoldOblique
    /OptimaCE-Bold
    /OptimaCE-BoldOblique
    /OptimaCE-Oblique
    /OptimaCE-Roman
    /Optima-DemiBold
    /Optima-DemiBoldItalic
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Medium
    /Optima-MediumItalic
    /Optima-Oblique
    /Ouch
    /PALAB
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /PALAI
    /Palatino-Bold
    /PalatinoBoldItalic
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Light
    /Palatino-LightItalic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Medium
    /Palatino-MediumItalic
    /Palatino-Roman
    /PALR
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Pcmmi
    /PCMMIB
    /Peignot-Bold
    /Peignot-Demi
    /Peignot-Light
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhoneticNormal
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldCondensed
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Playbill
    /PLI
    /PMingLiU
    /Poetica-ChanceryI
    /Pompeia-Inline
    /PoorRichard-Regular
    /Poplar
    /PopplLaudatio-Bold
    /PopplLaudatio-BoldItalic
    /PopplLaudatio-Italic
    /PopplLaudatio-Light
    /PopplLaudatio-LightItalic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PopplPontifexBE-Bold
    /PopplPontifexBE-BoldExp
    /PopplPontifexBE-BoldOsF
    /PopplPontifexBE-Italic
    /PopplPontifexBE-ItalicExp
    /PopplPontifexBE-ItalicOsF
    /PopplPontifexBE-Medium
    /PopplPontifexBE-MediumCn
    /PopplPontifexBE-MediumCnExp
    /PopplPontifexBE-MediumCnSC
    /PopplPontifexBE-MediumExp
    /PopplPontifexBE-MediumSC
    /PopplPontifexBE-Regular
    /PopplPontifexBE-RegularExp
    /PopplPontifexBE-RegularSC
    /Postino-Italic
    /PrestigeElite
    /PrestigeElite-Bold
    /PrestigeElite-BoldSlanted
    /PrestigeElite-Slanted
    /Pristina-Regular
    /Quark
    /Raavi
    /RageItalic
    /Ravie
    /Reporter-Two
    /Revue
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rosewood-Fill
    /Rosewood-Regular
    /rsfs10
    /rsfs5
    /rsfs7
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-BoldItalicOsF
    /Sabon-BoldOsF
    /SabonCE-Bold
    /SabonCE-BoldItalic
    /SabonCE-Italic
    /SabonCE-Roman
    /SabonCyr-Bold
    /SabonCyr-Italic
    /SabonCyr-Roman
    /SabonGreek-Bold
    /SabonGreek-Italic
    /SabonGreek-Roman
    /Sabon-Italic
    /Sabon-ItalicOsF
    /Sabon-Roman
    /Sabon-RomanOsF
    /Sabon-RomanSC
    /ScriptBoldBold
    /ScriptMTBold
    /Serpentine-Bold
    /Serpentine-BoldOblique
    /Serpentine-Light
    /Serpentine-LightOblique
    /Serpentine-Medium
    /Serpentine-MediumOblique
    /ShowcardGothic-Reg
    /Shruti
    /Shuriken-Boy
    /SimSun
    /Slimbach-Black
    /Slimbach-BlackItalic
    /Slimbach-Bold
    /Slimbach-BoldItalic
    /Slimbach-Book
    /Slimbach-BookItalic
    /Slimbach-Medium
    /Slimbach-MediumItalic
    /SLines
    /SLinesTab
    /SLinesTab-Bold
    /SMinionBold
    /SMinionBoldItalic
    /SMinionItalic
    /SMinionPlus-Bold
    /SMinionPlus-BoldItalic
    /SMinionPlus-Italic
    /SMinionPlus-Regular
    /SMinionPlusSC-Bold
    /SMinionPlusSC-BoldItalic
    /SMinionPlusSC-Italic
    /SMinionPlusSC-Regular
    /SMinionPlusTab-Bold
    /SMinionPlusTab-BoldItalic
    /SMinionPlusTab-Italic
    /SMinionPlusTab-Regular
    /SMinionRegular
    /SnapITC-Regular
    /Souvenir-Bold
    /Souvenir-BoldItalic
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /Souvenir-Medium
    /Souvenir-MediumItalic
    /SpringerLogo
    /SprMyriad
    /SprMyriadBold
    /SprMyriadBoldItalic
    /SprMyriadItalic
    /SPSASORT-Normal
    /Spsmmi10
    /SpumoniLP
    /SSymbol-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-BoldItalicOsF
    /StempelGaramond-BoldOsF
    /StempelGaramondCE-Bold
    /StempelGaramondCE-BoldItalic
    /StempelGaramondCE-Italic
    /StempelGaramondCE-Roman
    /StempelGaramond-Italic
    /StempelGaramond-ItalicOsF
    /StempelGaramond-Roman
    /StempelGaramond-RomanOsF
    /StempelGaramond-RomanSC
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackItalic
    /Swiss721BT-Bold
    /Swiss721BT-BoldItalic
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-Light
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Sylfaen
    /Symbol
    /Symbol-Black
    /Symbol-BlackItalic
    /Symbol-Bold
    /Symbol-BoldItalic
    /Symbol-Book
    /Symbol-BookItalic
    /SymbolITCbyBT-Black
    /SymbolITCbyBT-BlackItalic
    /SymbolITCbyBT-Bold
    /SymbolITCbyBT-Bold-Bold
    /SymbolITCbyBT-BoldItalic
    /SymbolITCbyBT-Book
    /SymbolITCbyBT-Book-Book
    /SymbolITCbyBT-BookItalic
    /SymbolITCbyBT-Medium
    /SymbolITCbyBT-MediumItalic
    /SymbolITCbyBT-Medium-Medium
    /Symbol-Medium
    /Symbol-MediumItalic
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tahoma
    /Tahoma-Bold
    /Tekton
    /Tekton-Bold
    /Tekton-BoldOblique
    /TektonMM
    /Tekton-Oblique
    /TempusSansITC
    /ThrohandRegular-Italic
    /ThrohandRegular-Roman
    /Tiepolo-Black
    /Tiepolo-BlackItalic
    /Tiepolo-Bold
    /Tiepolo-BoldItalic
    /Tiepolo-Book
    /Tiepolo-BookItalic
    /Tiffany
    /Tiffany-Demi
    /Tiffany-DemiItalic
    /Tiffany-Heavy
    /Tiffany-HeavyItalic
    /Tiffany-Italic
    /TimesAccents
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /TimesMath-FrakturLight
    /TimesMath-LatinOpenFace
    /TimesMath-LatinOpenFaceAlt
    /TimesMath-LightScript
    /Times-MathLightScriptA
    /TimesMath-SansSerifBold
    /TimesMath-ScriptBold
    /TimesMath-ScriptFirstBold
    /TimesMath-ScriptFirstLight
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-NRExpertMT
    /Times-NRExpertMTBold
    /Times-NRExpertMTBoldItalic
    /Times-NRExpertMTItalic
    /TimesNRGreekMT
    /TimesNRGreekMT-Bold
    /TimesNRGreekMT-BoldInclined
    /TimesNRGreekMT-Inclined
    /TimesNRMT
    /TimesNRMTAccent
    /TimesNRMT-Bold
    /TimesNRMT-BoldItalic
    /TimesNRMT-Italic
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Phonetics
    /Times-Roman
    /TimesTen-Bold
    /TimesTen-BoldItalic
    /TimesTen-BoldItalicOsF
    /TimesTen-BoldOsF
    /TimesTen-Italic
    /TimesTen-ItalicOsF
    /TimesTen-Roman
    /TimesTen-RomanOsF
    /TimesTen-RomanSC
    /Timlig
    /Tiraccent
    /Tiraccent-Bold
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /Trajan-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TrumpMediaeval-Bold
    /TrumpMediaeval-BoldItalic
    /TrumpMediaeval-BoldItalicOsF
    /TrumpMediaeval-BoldOsF
    /TrumpMediaeval-Italic
    /TrumpMediaeval-ItalicOsF
    /TrumpMediaeval-Roman
    /TrumpMediaeval-SC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Umbra
    /Univers
    /Universal-GreekwithMathPi
    /UniversalItalic
    /Universal-NewswithCommPi
    /Univers-Black
    /Univers-BlackOblique
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /UniversBoldItalic
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedLight
    /Univers-CondensedLightOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackObl
    /UniversityCyr-Roman
    /UniversityRoman
    /UniversityRomanAltsPlain
    /UniversityRomanBoldPlain
    /UniversityRomanCE
    /UniversityRomanItalicPlain
    /UniversityRomanItAltsPlain
    /Univers-Light
    /Univers-LightOblique
    /UniversMedium
    /Univers-Oblique
    /Usherwood-Black
    /Usherwood-BlackItalic
    /Usherwood-Bold
    /Usherwood-BoldItalic
    /Usherwood-Book
    /Usherwood-BookItalic
    /Usherwood-Medium
    /Usherwood-MediumItalic
    /Utopia-Black
    /Utopia-Bold
    /Utopia-Italic
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /Uvb
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Veljovic-Black
    /Veljovic-BlackItalic
    /Veljovic-Bold
    /Veljovic-BoldItalic
    /Veljovic-Book
    /Veljovic-BookItalic
    /Veljovic-Medium
    /Veljovic-MediumItalic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /WarnockPro-Bold
    /WarnockPro-BoldCapt
    /WarnockPro-BoldDisp
    /WarnockPro-BoldIt
    /WarnockPro-BoldItCapt
    /WarnockPro-BoldItDisp
    /WarnockPro-BoldItSubh
    /WarnockPro-BoldSubh
    /WarnockPro-Capt
    /WarnockPro-Disp
    /WarnockPro-It
    /WarnockPro-ItCapt
    /WarnockPro-ItDisp
    /WarnockPro-ItSubh
    /WarnockPro-Light
    /WarnockPro-LightCapt
    /WarnockPro-LightDisp
    /WarnockPro-LightIt
    /WarnockPro-LightItCapt
    /WarnockPro-LightItDisp
    /WarnockPro-LightItSubh
    /WarnockPro-LightSubh
    /WarnockPro-Regular
    /WarnockPro-Semibold
    /WarnockPro-SemiboldCapt
    /WarnockPro-SemiboldDisp
    /WarnockPro-SemiboldIt
    /WarnockPro-SemiboldItCapt
    /WarnockPro-SemiboldItDisp
    /WarnockPro-SemiboldItSubh
    /WarnockPro-SemiboldSubh
    /WarnockPro-Subh
    /wasy10
    /wasy5
    /wasy7
    /wasyb10
    /Webdings
    /Willow
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Outline
    /WindsorBT-Roman
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-CyrillicA
    /WP-MathA
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /YBDings
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldItalic
    /ZurichBT-Italic
    /ZurichBT-Light
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


