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SUMMARY:

We present a method to detect 3-nitrotyrosine chemical modifications of atmospheric proteins
with 6 mm-diameter rounds cut from air sampler prefilters using a high-performance liquid
chromatography-electrochemical detector (HPLC-ECD).

ABSTRACT:

3-nitrotyrosine (3-NT) is generated from the tyrosine residue in atmospheric bio-aerosol proteins
via a reaction with ozone (0O3) and nitrogen dioxide (NO3). Stable 3-NT is a specific marker for
oxidative damage and is reported to have a promotive effect to elicit allergies. In the present
study, we report the development of a highly sensitive assay to quantify 3-NT in air sampler filters
to collect < 2.5 um of particulate matter (PMas) from urban environmental air, including bio-
aerosol. In this method, a 6 mm-diameter round hole was cut from the filters of air samplers and
mixed with a nonspecific protease cocktail in order to hydrolyze proteins. Protein samples
digested to the amino acid level were tested for 3-NT using a high-performance liquid
chromatography-electrochemical detector (HPLC-ECD). The maximum 3-NT content was
detected in a prefilter for PM of sizes from 4.5 to 7.3 um, with a detection limit of 1.13 pg/m3.

INTRODUCTION:
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Aerosol or airborne PM contains proteins from various biological origins, including viruses,
prokaryotes, fungi, plants (pollen), and animals (insects, human)?. The ratio of protein content in
PM is estimated to be nearly 5%, which has been implicated to play a major role as an airborne
allergen?. Recent reports suggest that urban ambient aerosol of various sizes contain amino acids
with ratios ranging between 0.5% and 2%3. In addition, chemical modifications of PM proteins
have been suggested to be generated by the reactions of proteins with various pollutants, such
as O3, nitrogen dioxide (NO3), and sulfur dioxide (SO2)*.

3-NT—a protein modification—is generated by the nitration of tyrosine residues. A higher
concentration of O3 and NO2 has been shown to promote the nitration of protein molecules in
pseudo-atmospheric space>®. The nitration of tyrosine residues in the polypeptide chain
enhances the allergenic potential of pollen proteins’. Thus, the quantification and assessment of
airborne 3-NT is an important aspect in addressing the concerns of environmental health.

3-NT is also known as a biomarker of oxidative and nitrosative stress®. An emerging body of
evidence has shown a significant association of 3-NT content with several human diseases®°.
Owing to its detrimental effects, the detection and quantitative estimation of 3-NT in a biological
sample hold great relevance in determining the condition of an individual’s health. In recent years,
diverse methods have been introduced to estimate the 3-NT content, including enzyme-linked
immunosorbent assays, HPLC, and LC/MS*L. In previous studies, we have reported a detection
method using the HPLC-ECD technique bestowed with several advantages compared to previous
methods. For example, the HPLC-ECD does not require an extraction or derivatization procedure
which makes it a relatively simple assay system!2. We have confirmed that this method is
applicable to detect 3-NT from biological samples (plasma from human and rat).

Although many investigations have emphasized the detection of 3-NT in biological samples, its
detection in nonbiological samples remains elusive, and hence the present study has been
pursued. In fact, to assess the harmful effect of airborne 3-NT, a quantitative method that is
useful to detect 3-NT directly from airborne particles is required; therefore, we applied the
existing HPLC-ECD method to detect 3-NT from PM; 5 collected on a glass-fiber filter. By using the
technique, 3-NT could be detected directly from small pieces (6 mm-diameter round holes) of
the sample from a PM collection filter. We further evaluated the content of 3-NT for various PM
sizes and measured the detection limit of 3-NT. The present article proposes a high-sensitive and
high-throughput method to detect 3-NT directly from both nonbiological and biological samples.

PROTOCOL:

1. Collection of Total Suspended Particles, PM2s, or PMy, and the Hydrolysis Method for PM
Proteins

1.1. Collect the PM from a prefilter or backup filter.

1.1.1. Prior to the collection of total suspended particles (TSP), PM2.s, and PM7, weigh the quartz
filter.
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Note: Given that contamination by PM proteins and peptides should not affect the detection of
tyrosine nitration (as they lack such a nitro group), we did not treat the quartz filter at a high
temperature before the measurement. Additionally, 3-NT content in the quartz filter was under
the detection limit, as determined by HPLC-ECD.

1.1.2. Set the quartz filter on a high-volume air sampler with a particle size selector to collect PM>
at a flow rate of 1,000 L/min continuously for 7 d (Figure 1B). TSP can be collected on a quartz
filter without a size selector (Figure 1A).

1.1.3. Collect PM2;s using a low-volume air sampler with a size classification unit at a flow rate of
116 L/min continuously for 7 d. Using this unit, particles can be classified as PMas.2.5, PM73.45,
PM1s.7.3, and TSP-PM35 and collected onto quartz filters for classification. PM2s can be collected
onto a backup filter (Figure 1C).

1.1.4. Record the total flow volume at the time of the filter collection. Measure the weight of the
TSP, PM3 5, and PMy on the filters by subtracting the precollection weight from the postcollection
weight. Seal the filter in a plastic bag and store it at -30 °C until the next step (see section 2).

1.2. Proteolyze the samples.

1.2.1. Dissolve nonspecific protease cocktail with a 0.1 M acetate buffer (pH 7.4). Put the solution
into a dialysis membrane (molecular weight cutoff = 5,000 Da) and immerse itin 1 L of 0.1 M
acetate buffer with stirring at 4 °C. Replace the buffer 2x every 12 h, and then perform dialysis
overnight in order to remove endogenous 3-NT and nitrite (NO2). After the dialysis, collect the
solution and measure the protein concentration by bicinchoninic acid (BCA) protein assay.

1.2.2. Punch round circles of 6 mm out of the prefilter or the backup filter and put them into
microtubes. Up to five pieces of 6 mm fractions can be used for the analysis (Figure 2).

1.2.3. Add 300 pL of 0.1 M acetate buffer containing 50 ug of protein of the nonspecific protease
cocktail (prepared in step 1.2.1) to the tube to hydrolyze the PM proteins at 50 °C for 16 h with
rotation.

Note: To subtract endogenous 3-NT from the nonspecific protease cocktail solution, it is
necessary to prepare and digest a nonspecific protease cocktail-only sample.

1.2.4. Rinse the ultrafiltration membrane along with its supplied tube by adding 0.1 M acetate
buffer and centrifuging (10,000 x g for 30 min; the exact speed depends on the membrane), due
to contaminating chemicals similar to 3-NT in the membrane.

1.2.5. Post-proteolysis, centrifuge the samples at 2,500 x g for 10 min. Load the supernatant into
the ultrafiltration membrane and centrifuge it at 10,000 x g and 4 °C for ultrafiltration (MWCO =
10,000), until sufficient volume of elution is collected. Store the eluates at 4 °C in the dark.



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

CAUTION: Due to the detection of a similar peak to 3-NT in the spin column, it is necessary to
wash it well with clean water or with a buffer such as HPLC water and a 0.1 M acetate buffer prior
to use.

2. Determination of 3-NT Content in TSP, PM.s, and PM; via a High-performance Liquid
Chromatography and Electrochemical Detection (HPLC-ECD) System

Note: See Figure 3.
2.1. Prepare the mobile phase.

2.1.1. Prepare 0.2 M phosphate buffer (pH 2.5) containing 50 mg/L EDTA. Measure off 98
volumes of the buffer and two volumes of acetonitrile (HPLC grade), pour them into a clean glass
bottle, and mix vigorously with a cap.

2.1.2. Settle the mobile phase at room temperature for several hours until the dissolved air goes
flat.

Note: If the system is started earlier, the mobile phase can be sonicated and degassed under a
vacuum. However, over-degassing will change the ratio between the water and organic phase via
evaporation.

2.2. The HPLC-ECD system consists of a pump, an HPLC column, a degasser, an ECD, and an
injector. Equilibrate the mobile phase and stabilize the system to reduce the background and
noise.

2.2.1. Install the mobile phase and the HPLC column in the HPLC system. Turn on the HPLC pump
and stabilize the column with the mobile phase at a flow rate of 500 uL/min at 25 °C column
temperature from the day before the start day.

2.2.2. On the next day, ignite the ECD and set the parameters (the reduction voltage at -900 mV
and the excitation voltage at 400 mV). Stabilize it for at least 3 h.

2.3. Measure the 3-NT concentration in the PMj.

2.3.1. Prepare various concentrations of 3-NT standards (5 - 500 nM) and a blank (without the 3-
NT standard and nonspecific protease cocktail, to make sure neither the vial nor the buffer is
contaminated) in a 0.1 M acetate buffer.

2.3.2. Run the HPLC data processor.

2.3.3. Put sample vials in the auto-injector and set the injection volume to 25 uL. Operate the
same conditions of mobile phase and flow rate as mentioned in step 2.2.1.
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Note: If the sample preparation is complete, there should be samples, a standard (5 - 500 nM), a
nonspecific protease cocktail-only sample, and a blank vial.

2.3.4. Make sure that the baseline in the chromatogram is flat and start the sample injection.
Note: Generally, 3-NT is detected in 20 - 21 min; however, approximately 30 min is recommended
as the running time per sample injection. Otherwise, contaminant peaks will be included in the
next run.

3. Analysis of Chromatograms and Quantification of 3-NT Content in PM;y

3.1. Check the 3-NT peak in the chromatograms and calculate the content.

3.1.1. After the data collection, open the chromatogram data file with analysis software.

3.1.2. Draw a line across the 3-NT peak from the flat baseline and read the peak height from the
drawn line.

Note: The quantitative limit is approximately 5 nM (125 fmol in a 25 pL injection).

CAUTION: The electrode in the ECD becomes depleted slowly, and the limit will be high due to
the S/N ratio.

3.1.3. Prepare a regression line from the 3-NT standard peaks, calculate the slope, and intercept.

3.1.4. Assign these constants into the following equation and calculate the 3-NT content in the
samples as follows.

Sample 3 — NT (nM) = [sample peak — intercept] / slope Eqg. (1)

Note: The standard curve should be well represented as a straight line between 5 nM and 500
nM.

3.2. Calculate the 3-NT in the air environment and the PMy7 from the sample vial.

3.2.1. Multiply the 3-NT concentration by the reaction volume (and the dilution factor, if any),
and evaluate the absolute 3-NT content in PM7 from the circle.

3.2.2. Measure the collected filter area and calculate the 3-NT content in the total PMy filter by
the following equation.

Total PM7 = [3-NT content in the PM5 of the circle] x [ratio of the PMy filter area to the circle area]
X 226.19 (in the case of converting moles to grams) Eqg. (2)
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3.2.3. Evaluate the 3-NT content in the air environment or PM7 by dividing the total PM5 by the
total air flow volume or PM7 weight (recorded in step 1.1.3).

REPRESENTATIVE RESULTS:

The HPLC-ECD principle is simple. Samples containing the target are separated by the HPLC
column and mobile phase, and the separated target compound is reduced and/or oxidized in the
electrochemical detector.

In the HPLC-ECD system, a 3-NT peak is detected in approximately 22 minutes. ECDs (PEC-510
and HTEC-500) are connected in tandem in the HPLC line. The first ECD reduces the hydroxyl
groups in the compounds, and the next oxidizes the reduced chemicals. ECDs have a highly
sensitive detection range of 10''> M. The detection limit of the HPLC-ECD system was 1.13 pg/m?3,
which was calculated as the mean basal signal (mV) of 10 parts x 3.

Representative chromatograms are shown in Figure 4. By analyzing a pure 3-NT standard, a
definitive peak with a stable baseline can be detected (Figure 4A). 3-NT in PM7 was also measured
using 6 mm, round-shaped samples (Figure 4B).

Regarding the accuracy of 3-NT detection capability, when a 3-NT standard was injected in
HPLC, the peak corresponding to 3-NT was detected at a retention time of 20 minutes. In PM
samples, 3-NT was separated from other substances, and the independent peak was detected
at the same retention time as the standard. A typical standard curve is shown in Figure 5,
where linearity is observed between 5 and 40 nM. Linearity can be seen up to 500 nM (data not
shown).

Table 1 shows the 3-NT contents in the atmosphere, calculated as pg/m? air. The highest
concentration of 3-NT in a PM; 5 prefilter was observed in #3 (PM7.3.45).

FIGURE AND TABLE LEGENDS:

Figure 1: Collection scheme for TSP, PM5, and PMs. (A) The total suspended particles (TSP) are
collected directly onto a collection filter (at a flow rate of 1,000 L/min). (B) When PMy is collected,
large particles are excluded by a size selector (at a flow rate of 1,000 L/min). (C) PM2 s is collected
through four prefilters (at a flow rate of 116 L/min). A quartz filter is commonly used as a backup
filter for PM7 and PM; s or as a collection filter for TSP, as shown in this figure.

Figure 2: Preparation of a 6 mm-round circle. The collection filter was cut using a hollow punch
tool with a 6 mm diameter. Then, the sample was stored in a 1.5 mL microtube.

Figure 3: Schematic diagram of the HPLC-ECD system. 3-NT in an injected sample was separated
in the HPLC column through which mobile phase flows. The 3-NT was reduced to aminotyrosine,
oxidized to iminotyrosine, and detected electrochemically in the detector.
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Figure 4: Typical chromatograms in the HPLC-ECD system. (A) Pure 3-NT analyzed by the HPLC-
ECD system. (B) 6 mm circle sample from a PMy filter used to detect 3-NT. A 3-NT peak is indicated
by an arrow.

Figure 5: Standard curve of pure 3-NT samples. The results at a lower concentration are
indicated in another graph.

Table 1: 3-NT in the atmosphere measured by the HPLC-ECD system. The 6 mm circular spots
from each filter were measured using the HPLC-ECD system. Prefilters #1 - #4 were collected in
the same period. Note that the concentrations of 3-NT in the air are influenced by various factors,
such as the collected date, year, or location. The data (n = 3 - 10) are represented as the mean *
the standard error.

DISCUSSION:
This article describes a quantification method to evaluate 3-NT in airborne PM collected on quartz
filters using highly sensitive HPLC-ECD techniques.

In general, 3-NT measurement methods have been developed as biomarkers of oxidative stress
in human diseases. Antibody-based methods (e.g., the enzyme-linked immunosorbent assay) are
considered as semi-quantitative because there is no strict assay validation and it is difficult to
assess the test’s reliability. HPLC with electrochemical detection (ECD) and mass spectrometry-
based assays have adequate sensitivity for the quantification of 3-NT®3. Although they are
sensitive, mass spectrometry-based methods like GC-MS or GC-MS/MS require the derivatization
of amino acids, and the process of derivatization often results in the formation of artifacts'.

Compared to both the GC and LC techniques, HPLC-ECD is relatively less expensive and has a
sufficient sensitivity to measure 3-NT. Additionally, the derivatization step in GC-MS and LC-MS
often requires additional time. Although the method presented here requires 16 hours for the
protein digestion step, it can, nevertheless, be carried out overnight (as described above, about
30 minutes of hands-on time is required per sample). Automatic repeat measurement by using
an autosampler may provide a high-throughput measurement system. Previous studies have
reported immunological methods to measure 3-NT in PM?27; however, such methods could not
detect 3-NT in the winter season due to the low levels of 3-NT in the PM?*°,

The HPLC-ECD method has additional advantages over other standard methods; for example, (i)
an extraction process is not required in this method, (ii) it is completely detergent-free, (iii) it has
minimal sample requirement, and, importantly, (iv) it has high sensitivity. Particles that are
collected onto filters are frequently separated by sonication for further investigations, including
the quantification of various components. Detergents are also used to isolate PM-bound proteins
from filters. However, these additional steps increase the risk of contamination, sample loss, and
underestimation due to extraction efficiency, and furthermore, most detergents are
incompatible with LC/MS. In the present HPLC-ECD method, HPLC samples can easily be
separated from the filter by using a simple hollow punch and without the requirement of an
additional sample preparation process. The area of the round-shaped sample is 28.3 mm?, which
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is very small compared to the size of the original quartz filter (8 x 10 inch = 203.2 x 254 mm =
51,600 mm?).

The HPLC-ECD condition has been reviewed carefully to avoid interference to the 3-NT signal, as
described previously!?. A strong acidic pH of mobile phase and an adequate concentration of
acetonitrile is important for detection. Using these conditions, other compounds, including nitro
base, can be separated from nitrotyrosine. The present condition is suitable for the detection of
3-NT from samples with a different physical property (e.g., particulate matter and plasma).

To evaluate 3-NT in the air, the measurement of the filter weight and the elimination of the
background are critical steps. In general, over approximately 100 mg of PMy are collected over a
period of four to seven days; however, several factors affect the filter weight before and after
the PMy collection, including humidity and static electrical charge. To avoid these effects, the
stabilization of the filter weight for long periods is necessary under subequal temperature and
humidity. The location where the electronic balance is installed should be maintained in a stable
environment. For sample preparation, it is important to correct the background effects from the
nonspecific protease cocktail and the ultrafiltration membrane, which often show a similar peak
to 3-NT.

This method can be applied to other particles, including those in indoor environments. The
nitration of proteins may increase their allergenic potential?. Therefore, this method may help to
evaluate environmental cleanliness and prevent nitrosative stress.

In this study, we report a highly sensitive measurement method for atmospheric 3-NT of air
sampler filters with easy-to-handle and inexpensive apparatus. The generation of 3-NT in the
atmosphere is associated with environmental pollutants such as Os, NO;, PM proteins, and
meteorological elements which affect human allergenicity. In conclusion, the method developed
in the present investigation may help to assess the atmospheric reaction of O3, various pollutants,
and PM proteins under various meteorological conditions. With these endeavors of developing
HPLC-ECD for an estimation of 3-nitrotyrosine in the atmosphere, we anticipate better
environmental cleanliness, improving human health.
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Table 1

Subject Days ?f Spot 3-N3T

Collection (pg/m™ air)

PM2.5 Prefilter #1 27 4 8.25+0.37
Prefilter #2 27 4 29.66 £ 1.94

Prefilter #3 27 4 74.37 £4.09

Prefilter #4 27 4 32.70+£0.75
Backfilter 7 5 4.21+0.91

PM7 Backfilter 7 1 89.16 + 6.36
TSP Filter 7 1 10.34 +2.09

Click here to access/download;Table;Table1.xlsx 2
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Name of Material/ Equipment Company Catalog Number Comments/Description

Quartz filter, backup quartz filter PALL life sciences 7204 Tissuquatrz 2500QAT-UP, 8x10in

High-volume air sampler SIBATA SCIENTIFIC TECHNOLOGY HV-1000F
SPM (suspended particulate matters) is defined
in Japan that particles with 10 um of 100% cut-

Particle size selector for SPM SIBATA SCIENTIFIC TECHNOLOGY 080130-061 off diameter. SPM is almost identical to PM7.

Low-volume air sampler SIBATA SCIENTIFIC TECHNOLOGY AH-600F

Size classification unit for PM2.5 SIBATA SCIENTIFIC TECHNOLOGY AH-600

Quartz filters for classification

(PM4.5-2.5, PM7.3-4.5, PM15-7.3,

and TSP-PM15) Tokyo Dylec AHQ-630

Non-specific protease cocktail Roche 11459643001 Pronase from Streptomyces griseus

3-Nitrotyrosine SIGMA N7389

Ultrafiltration membranes Millipore UFC5010BK AMICON ULTRA 0.5 mL - 10kDa cutoff
standalone HPLC-ECD unit (HTEC-510) and Pre-

ECD Eicom HTEC-500, PEC-510 electrolysis cell (PEC-510), includes pump

HPLC column Eicom SC-50DS

Data processor Eicom EPC-300

Injector Hitachi High-Tech Science L-7200 Auto sampler

Analyzing software eDAQ Japan ES280 PowerChrom software
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:
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§

Tatsuo Ito, Keiki Ogino, Kenjiro Nagaoka, Kei Takemoto, Rina Nishiyama, Yurika Shimizu

Author(s):

Item 2 (check one box):

\A The Author is NOT a United States government employee.

L

i

vj The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

L The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE.publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in ltem
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JOVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one’
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail-or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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Editorial comments:

Click here to access/download;Rebuttal Letter;Answers to Editorial comments.docx 2

1. This language is still unclear in places; please proofread, ideally by a fluent

English speaker.

Please find edited full article.

2. Your explanation of the flow rate (“optimized to each instrument by
aerodynamic calculation and design”) is vague and not very helpful to
researchers who would like to adapt this to their own equipment. Please explain
in the text how to optimize flow rate, if only by reference to previous work or to

product literature; this could be added as a ‘note’ after, e.g., 1.1.2.

As for sampling of ambient air we usually follow the method issued by EPA.
For detail please refer document entitled “Compendium Method 10-2.2
SAMPLING OF AMBIENT AIR FOR PM10 USING AN ANDERSEN
DICHOTOMOUS SAMPLER”

3. 1.1.1: You have still not clearly explained how you know that there was no
contamination of PM proteins and peptide; please explain within the text or
using a reference. Also, what does “3-NT content in the quartz filter was under
detection limit by the following method” mean? Is the ‘method’ the HPLC-ECD

method?

Basically, ECD system detecting redox potential by using the nitro group is reduced to an
amino group and further oxidized to an imino group. So, it is necessary to have the same nitro
group in order to be detected in this system. For these reasons, it is considered that the
possibility of detecting substances other than 3-NT at the same retention time in PM is low.
Actually, in our previous analysis, nitrophenylalanine could be divided from nitrotyrosine by
HPLC-ECD method, even these two substrates have similar structure. Moreover, at HPLC-
ECD analysis of human serum sample that contain lot of unexpected factors, we could not

detect 3-NT. [Hitomi et al., J Biochem, 2007].

4. Figure 5: | saw the explanation of which regions showed a linear relationship,

but how good is this relationship (e.g., R-squared)?

R-squared value showed 0.995. We added it into figure 5.
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