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Alcohol consumption with concurrent cigarette smoking produces malondialdehyde
acetaldehyde (MAA)-adducted lung proteins. Lung surfactant protein D (SPD) supports
innate immunity via bacterial aggregation and lysis, as well as by enhancing macrophage-
binding and phagocytosis. MAA-adducted SPD (SPD-MAA) has negative effects on lung
cilia beating, macrophage function, and epithelial cell injury repair. Because changes in
SPD multimer structure are known to impact SPD function, we hypothesized that MAA-
adduction changes both SPD structure and function. Purified human SPD and SPD-MAA
(1 mg/mL) were resolved by gel filtration using Sephadex G-200 and protein concentration
of each fraction determined by Bradford assay. Fractions were immobilized onto
nitrocellulose by slot blot and assayed by Western blot using antibodies to SPD and to
MAA. Binding of SPD and SPD-MAA was determined fluorometrically using GFP-labeled
Streptococcus pneumoniae (GFP-SP). Anti-bacterial aggregation of GFP-SP and
macrophage bacterial phagocytosis were assayed by microscopy and permeability
determined by bacterial phosphatase release. Viral injury was measured as LDH release
in RSV-treated airway epithelial cells. Three sizes of SPD were resolved by gel
chromatography as monomeric, trimeric, and multimeric forms. SPD multimer was the
most prevalent, while the majority of SPD-MAA eluted as trimer and monomer. SPD dose-
dependently bound to GFP-SP, but SPD-MAA binding to bacteria was significantly
reduced. SPD enhanced, but MAA adduction of SPD prevented, both aggregation and
macrophage phagocytosis of GFP-SP. Likewise, SPD increased bacterial permeability
while SPD-MAA did not. In the presence of RSV, BEAS-2B cell viability was enhanced by
SPD, but not protected by SPD-MAA. Our results demonstrate that MAA adduction
changes the quaternary structure of SPD from multimer to trimer and monomer leading to
a decrease in the native anti-microbial function of SPD. These findings suggest one
mechanism for increased pneumonia observed in alcohol use disorders.
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INTRODUCTION

Alcohol misuse causes injury to the respiratory system as well as
impeding lung repair and normal immune function (1). Alcohol use
desensitizes ciliated upper airway epithelium resulting in diminished
clearance of inhaled pathogens (2). In the lower airways, alcohol
abuse causes failure to phagocytose and clear pathogens, induction of
inflammatory cytokine release, upregulation and recruitment of
inflammatory T cells, and up-regulation of pro-inflammatory
transcription factors and pathways (1). Chronic alcohol use is
associated with elevated cytokine levels resulting from increased
oxidative injury in the lungs (3). Such oxidative inflammatory
injury also results in the generation of reactive aldehydes such as
malondialdehyde (MDA) (4). Acetaldehyde is another reactive
aldehyde found in the lungs, not only in response to alcohol
metabolism, but also because of smoking, where more than 0.5 mg/
cigarette is inhaled (5). Cigarette and alcohol polysubstance use can
adversely impact the respiratory systembydepleting lungantioxidant
levels, leading tochronic inflammationand increased susceptibility to
bacterial infections (6, 7).

To minimize infection injury, the lungs have several innate
defense mechanisms including the anti-microbial collectin,
surfactant protein D (SPD). Secreted by alveolar type II cells
and Club cells, SPD is a Ca+2 dependent lectin, preferring to bind
to simple carbohydrates like glucose, mannose, and inositol
(8, 9). SPD aggregates bacteria to enhance mucociliary
transport in the upper airway and mediates macrophage
phagocytosis of pathogens in the lower airways (8). In an
environment not exposed to cigarette smoke or alcohol
consumption, SPD is known to exist in several structures with
varying functions. While monomers of SPD appear to have little
function, large multimeric forms of SPD (such as dodecamers
and even higher order structures) are strongly antimicrobial (10).
Conversely, the trimeric form of SPD shows little antimicrobial
characteristics and can even be pro-inflammatory (9).

We previously observed that the lungs of individuals who
smoked cigarettes and were heavy alcohol drinkers formed MAA-
adducted protein in response to the elevated amounts of lung
acetaldehyde and malondialdehyde (11). Furthermore, we
identified SPD to be one of these MAA-adducted proteins in mice
(12). In vitro experiments demonstrated an adverse effect of SPD-
MAA on lung epithelial cells and macrophages (7, 13). Therefore,
we hypothesized thatMAAadduction changes the structure of SPD
from multimer to trimer/monomer and, in doing so, reduces the
anti-microbial characteristics of SPD. Such a decrease in this
important innate defensin through the covalent modification by
reactive aldehydes would represent one of the injury mechanisms
caused by alcohol and cigarette smoke to help explain the
pathogenesis of increased pneumonia observed in alcohol misuse.
METHODS

Purification and MAA-Adduction of
Surfactant Protein D (SPD)
SPD was purified and adducted as previously described (7). Lung
SPD was purified from human pulmonary alveolar proteinosis
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fluid (14). SPD was MAA-adducted by incubating 1-2 mg of SPD
with a 2:1 ratio solution of malondialdehyde and acetaldehyde
(SigmaAldrich, St. Louis, MO) for 3 d at 37°C in sealed
polypropylene tubes as reported (15). Approximately 1–1.5 mg/
mL of SPD was incubated with 1.0 mM acetaldehyde and 2.0 mM
MDA in pyrogen-free 20 mM Tris buffer pH 7.4 containing 10
mM EDTA, 2 mM diethylenetriaminepentaacetic acid, and 2
mM Phytic acid in a sealed polypropylene vessel. The reaction
was performed under sterile and non-oxidizing conditions in the
dark for 72 h. At the end of incubation, the reaction mixture was
exhaustively dialyzed under aseptic conditions against pyrogen-
free phosphate buffered saline solution for 24 h at 4°C. As a
handling control, mock-treated SPD was treated in the same
manner in the absence of aldehydes.

The fluorescent 2:1 adduct formed during MAA adduct
generation was quantified using a luminescence spectrophotometer
excitation at 398 nm and emission maximum at 460 nm (Perkin
Elmer, Norwalk, CT) and expressed as nanomole of fluorescent
MAA equivalents per milligram protein.

Gel Filtration Chromatography
Purified SPD and SPD-MAA were filtered using size-exclusion
chromatography. An FPLC column (1.5 x 12 cm) (SigmaAldrich)
was packed with 20 mL of Sephadex G-200 (Pharmacia Fine
Chemicals, New York, NY) and equilibrated with 0.05 MHNaPO4

and 0.15 M NaCl (pH 7, 0.45 mm filtered). Purified SPD and SPD-
MAA (1.5 mg/mL) were loaded onto separate columns and eluted
into 12 x 1 mL fractions under isocratic conditions. Protein
concentration of each fraction of SPD and SPD-MAA was
quantified using a Bradford assay (16). Aliquots (10 mL) of each
fraction and bovine serum albumin (BSA) standards (0, 0.125,
0.25, 0.5, 1, and 2 mg/mL) were diluted in 500 mL of Coomassie
Blue (Bio-Rad, Hercules, CA) and absorption measured at 595 nm
by visible spectrophotometry (Bio-Tek, Winsooki, VT).

Western Blot
Eluted fractions were immobilized by slot blot (Bio-Rad Bio-Dot
SF, Hercules, CA). Bio-Dot SF filter paper (Bio-Rad) and 1 sheet
of 0.2 mm nitrocellulose membrane (Bio-Rad) were soaked in
Western blocking buffer (0.05 M Tris, 0.15 M NaCl, pH 7.5) for
10 min. Samples were diluted 1:1000 in Western blocking buffer
and 200 mL loaded into each slot. Nitrocellulose membranes were
incubated in Western blocking buffer with 3% BSA
(MilliporeSigma, Allentown, PA) overnight at 4°C. After a
brief rinse in Western blocking buffer, primary antibody
solution was added to the blot and rocked for 1 h at room
temperature. Primary antibodies of goat-anti SPD (R&D
Systems, Minneapolis, MN) and rabbit anti-MAA (17) were
diluted 1:10,000 in Western blot buffer with 3% BSA. Blots
were rinsed with blocking buffer for 20 min at room
temperature with rocking, rinsed again with blocking buffer
containing 0.02% NP-40 (SigmaAldrich) for 20 min with
rocking, and lastly repeat washing with blocking buffer.
Secondary antibodies for SPD (HRP-conjugated rabbit-anti
Goat; Invitrogen, Carlsbad, CA) and SPD-MAA (HRP-goat
anti-rabbit; Rockland, Limerick, PA) were diluted 1:15,000 in
Western blocking buffer with 3% BSA and incubated for 1 h at
May 2022 | Volume 13 | Article 866795
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room temperature. After repeat rinsing as described for primary
antibodies, blots were incubated with ECL Western Blotting
Substrate and Developer (ThermoFisher). Blots were exposed
to X-ray film (PDC Healthcare, Valencia, CA) for 30 sec within
10 min after adding the developer to the nitrocellulose.

Bacterial Preparation
Streptococcus pneumoniae expressing green fluorescent protein
(GFP-SP) was a generous gift from the lab of Jan-Willem
Veening in the Netherlands. S. pneumoniae were grown in
Remel Mueller Hinton Broth with cations (calcium and
magnesium), and laked horse blood (LHB) (ThermoFisher;
Waltham, MA) until they reached log phase growth. The strep
suspension was centrifuged at 1000 × g for 10 min and
resuspended in 10% neutral buffered formalin for 10 min.
The bacteria were subsequently washed three times in
phosphate-buffered saline (PBS) and resuspended in PBS for
further use.

GFP-SP-SPD Binding Assay
SPD and SPD-MAA were biotinylated using a previously
described method (18). Biotinylation of proteins was carried
out by incubating with Immunopure NHS-LC-Biotin (Pierce,
Rockford, IL) at a ratio of 2:1 of biotin to collectin by weight for
2 h at room temperature in the dark. Unbound biotin was
removed by overnight dialysis. SPD and SPD-MAA binding to
bacteria was tested by ELISA where S. pneumoniae (1 mg/ml) was
dried onto 96-well plates (Falcon, Glendale, AZ) and fixed with
methanol (MilliporeSigma) as described (19). Non-specific
binding was blocked using BSA (MilliporeSigma) and gelatin
(Bio-Rad) before incubation with biotinylated SPD. MAA-
adducted BSA (BSA-MAA) was used as a control against any
non-specific MAA adduct artifact. Bound biotinylated protein
was detected with streptavidin conjugated to horseradish
peroxidase followed by TMB substrate (Bio-Rad). Reactions
were halted with 1 N H2SO4 and optical density measured
with an ELISA plate reader using visible photospectroscopy
(Bio-Tek).

Cell Culture
BEAS-2B bronchial epithelial cells and Raw 264.7 macrophages
were purchased from American Type Cell Culture (ATCC,
Rockville, MD) and cultured in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco, Grand Island, NY) supplemented
with 10% fetal bovine serum (FBS, Atlantis Biosciences,
Singapore) and 1% penicillin/streptomycin (Gibco) and
maintained at 37°C in a humidified CO2 incubator (Panasonic,
Wood Dale, IL).

Aggregation Assay
The aggregation assay was performed as previously described
(18, 20) in the presence or absence of 5 mM calcium. PBS was
used to acquire a final volume of 50 mL. A Zeiss Axio inverted
fluorescence microscope (Zeiss, Oberkochen, Germany) was
used to visualize aggregation. An average of 10 fields of view
were examined per slide. Suspensions (50 µl) of GFP-SP were
Frontiers in Immunology | www.frontiersin.org 3
incubated with SPD (10 µg/ml) for 90 min at 37°C in the
presence or absence of 5 mM CaCl2. Samples were placed on
slides and examined by phase-contrast and fluorescence
microscopy (magnification, 50X). Ten fields of view were
counted per slide, and the average area and number of clumps
of aggregated bacteria per field of view was determined.

Phagocytosis Assay
Phagocytosis of GFP-SP was performed as previously described
(21). RAW 264.7 cells were incubated overnight in media onto
coverslips in a 12-well plate. RAW cells were then incubated for
30 min in a final 500 µL suspension of SPD or MAA-SPD in PBS
with or without 5 mM calcium. Cells were then incubated with
100 µL of bacterial suspension for 60 min, quenched with 1 mL
Trypan Blue (Gibco)/well for 3 min, washed 2X with PBS, fixed
with 0.5% formalin (ThermoFisher) for 10 min, and then washed
again. Coverslips were mounted onto slides and fluorescence was
visualized by fluorescence microscopy.

Permeability Assay
The permeabilizing effects of SPD and SPD-MAA on S.
pneumoniae were assayed as a function of bacterial phosphatase
release using a commercial endogenous phosphatase detector kit
(Thermo Fisher).

Anti-Viral Protection Assay
BEAS-2B (2 x 105 cells/mL) were cultured in 24-well tissue
culture plates for 2 d, until approximately 85% confluent.
Respiratory syncytial virus (RSV-2A; Advanced Biotechnologies;
Eldersburg, MD) was diluted to 0.1 MOI in DMEM without
serum or antibiotics in the presence of 0, 10, and 100 µg/mL SPD
or SPD-MAA in a total volume of 0.5 mL and incubated for 1 h at
4°C. Cells were washed in PBS to remove serum and antibiotics
and 200 µL per well of each RSV treatment condition was added
to a well for 2 h at 37°C. After 2 h, an additional 200 µL of DMEM
with penicillin/streptomycin was added (post-inoculation) and
cells incubated for 48 h at 37°C. Cell supernates were then
collected, dead cells pelleted at 200 g for 10 min, and media
decanted. Pelleted cells and remaining cells attached in wells were
assayed for total protein by Bradford. As previously reported for
RSV-infected BEAS-2B (22), lactate dehydrogenase (LDH)
activity was measured in the supernatant media using the LDH
Activity Assay Kit (Sigma-Aldrich) according to the
manufacturer’s instructions. Cell homogenates were added to
the LDH assay buffer and LDH substrate mix. Absorbances
were measured at 595 nm by visible spectrophotometry (Bio-
Tek). Each sample was standardized by total protein.

Statistical Analysis
All experiments were performed a minimum of 5 times (n=5).
Each data point graphically presented represents the standard
deviation of those experiments. Data were analyzed using Graph
Pad Prism (v9.2.0 for Mac, GraphPad Software, San Diego CA).
Data were analyzed for statistical significance using a non-
parametric Kruskal-Wallis test. Significance was accepted at
the 95% confidence interval.
May 2022 | Volume 13 | Article 866795
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RESULTS

MAA Adduction Changes the Structure
of SPD
Purified SPD and SPD-MAA (1.5 mg/mL) were each resolved by
size exclusion chromatography and measurable protein detected
by Bradford assay in eluted fractions 3, 7, and 9 (Figure 1). Three
fractions corresponding to multimer (>589 kDa), trimer (55
kDa), and monomer (18 kDa) were collected from SPD with
multimeric protein eluting out of the column first in fraction 3.
Only two SPD-MAA fractions containing protein were eluted as
fraction 7 and 9, corresponding to trimer and monomer.
Western blot using goat anti-SPD revealed the presence of
SPD protein in all 3 fractions for purified SPD, but only
fractions 7 and 9 for purified SPD-MAA. Western blot using
rabbit anti-MAA detected MAA-adducted protein in fractions 7
and 9 for SPD-MAA. No reactivity for anti-MAA was observed
in the fractions eluted from non-adducted, purified SPD. As
expected, these data confirm that purified non-adducted SPD
predominately exists as multimer, trimer, and monomer, but
most of the SPD-MAA elutes as trimer and monomer with no
detection of the multimeric form.

MAA Adduction Decreases SPD Binding
to Bacteria
SPD exhibits loss of bacterial binding in trimeric form as
compared to the native multimeric form [Arroyo 2020]. To
determine whether SPD-MAA exhibits reduced bacterial
binding compared to SPD, we conducted binding assays using
S. pneumoniae and biotinylated surfactant proteins. SPD bound
to bacteria in a dose-dependent manner with maximum binding
between 10-20 µg/mL SPD (Figure 2). In contrast, SPD-MAA
showed no significant binding to S. pneumoniae except at the
Frontiers in Immunology | www.frontiersin.org 4
highest concentration (20 µg/mL) tested. At this concentration,
SPD bound significantly higher (p<0.01) than SPD-MAA. No
bacterial binding was detected with BSA or BSA-MAA. These
data reveal a functional difference in SPD bacterial binding when
the protein is MAA-adducted.

MAA Adduction Decreases SPD
Aggregation of Bacteria
As the term collectin suggests, SPD aggregates bacteria to enhance
opsonizationandphagocytosis.UsingGFP-SP in the absenceof any
cells, we observed a diffuse punctate dispersal of bacteria by
fluorescence microscopy (Figure 3). Upon the addition of 5 mM
calcium, S. pneumonia can form small clumps in culture. In the
presence of 10 µg/mL SPD, large aggregates ofGFP-SPwere readily
evident. However, at the same concentration, SPD-MAA failed to
aggregate bacteria and produced no additional clumping beyond
that observed with calcium alone. These data identify a functional
difference in bacterial aggregation between SPD and SPD-MAA
that is consistent with the reported difference between SPD
multimer vs. trimer forms.

MAA Adduction Decreases SPD
Enhancement of Phagocytosis
Phagocytosis of S. pneumoniae is enhanced by the binding and
aggregation of SPD to bacteria. We evaluated the impact of
MAA adduction on the SPD-mediated S. pneumoniae
phagocytosis by macrophages in an in vitro assay. RAW
264.7 macrophages were incubated with GFP-SP in the
presence or absence of 10 µg/mL SPD or SPD-MAA.
Cultures were then washed, and Trypan blue was used to
quench non-internalized GFP-SP fluorescence allowing for
visualization of only internalized GFP-SP by fluorescence
microscopy. GFP-SP was phagocytosed by 25-50% of the
FIGURE 1 | Bradford protein assay with corresponding bands from the Western blot. Column fraction protein concentrations were quantified using a Bradford
assay. Protein was detected in 3 fractions eluted by gel filtration. In SPD, most of the protein (multimer) was collected in Fraction 3. In SPD-MAA, almost no multimer
eluted while trimer (Fraction 7) and monomer (Fraction 9) were collected. Western blots for each slot blotted fraction were probed for SPD and SPD-MAA. The SPD
column fractions showed the presence of SPD in 3 fractions. SPD-MAA column fractions only contained SPD in Fractions 7 and 9. Blots probed with anti-MAA
detected protein from SPD-MAA column fractions 7 and 9 (not shown).
May 2022 | Volume 13 | Article 866795
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RAW 264.7 cells per each field of view (Figure 4). The addition
of 10 µg/mL SPD enhanced the average number of cells
phagocytosing GFP-SP. However, SPD-MAA had no
significant enhancement effect on bacterial uptake by the
Frontiers in Immunology | www.frontiersin.org 5
macrophages. A significantly different level of phagocytosis
was observed between SPD and SPD-MAA (p<0.0004). These
data suggest that MAA adduction of SPD prevents surfactant
protein enhancement of phagocytosis.

MAA Adduction Decreases SPD
Enhancement of Bacterial Permeability
Surfactant can engage in direct anti-microbial action through
increasing bacterial membrane permeability. To determine the
effect of MAA adduction on SPD anti-bacterial killing, we assayed
membrane permeability as a function of endogenous phosphatase
release in cell-free in vitro suspensions of S. pneumoniae and
surfactant. After 30 min of incubation with 10 µg/mL SPD, we
detected a significant increase (p<0.01) in endogenous phosphate
release vs. no SPD (Figure 5). However, the ability of SPD-MAA
to permeabilize bacteria was significantly (p<0.05) decreased
compared to that of SPD. These data support that MAA
adduction reduces anti-bacterial killing.

MAA Adduction Decreases SPD Anti-Viral
Protection
The anti-microbial innate defense by SPD extends to anti-viral
protection. RSV is a pathogen that specifically infects the airway
epithelium resulting in cell detachment and death. To
determine if surfactant protein protection from RSV is
impacted by MAA adduction, we infected bronchial epithelial
BEAS-2B cells with RSV in the presence or absence of 10-100 µg/
mL SPD or SPD-MAA and measured LDH as a marker for cell
viability. RSV caused a decrease in cell viability, but the addition
of 10 or 100 µg/mL SPD significantly (p<0.0002) decreased the
amount of LDH detected (Figure 6). In contrast, SPD-MAA
produced no protection from cell death, as increased LDH
remained after treatment with 10 µg/mL (p<0.01) and 100 µg/
mL (p<0.006) SPD.
FIGURE 2 | Surfactant protein binding to S. pneumoniae. Plates were
coated with bacteria and incubated with 0-20 µg/mL SPD, SPD-MAA, BSA
(negative control), or BSA-MAA. Bound SPD was detected with antibodies by
ELISA. Absorbance at 450 nm of bound SPD at the different concentrations
was determined (n = 5), non-parametric Kruskal-Wallis test was performed,
differences between SPD and SPD-MAA were significant at all concentrations
(*p< 0.01). The data are the averages +/- SD of five experiments. The only
significant difference between SPD-MAA and the BSA negative control was
observed at 20 µg/mL. No binding was observed for BSA-MAA.
FIGURE 3 | Aggregation of S. pneumoniae in the presence of surfactant protein. GFP-SP were incubated with 10 µg/ml SPD or SPD-MAA for 90 min in the
presence of calcium (5 mM) and visualized by fluorescence microscopy (X 500). The average area of aggregated clumps of bacteria was measured per field of view.
The data are the averages +/- SD of five experiments. In the presence of calcium, SPD significantly increased aggregation compared to SPD-MAA, *p<0.0003. No
clumping or aggregation of pneumococci was observed in the absence of calcium.
May 2022 | Volume 13 | Article 866795
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DISCUSSION

Chronic alcohol use predisposes an individual to a plethora of
maladies including chronic liver disease, chronic kidney disease,
cancer, and respiratory disease (23). Alcohol is particularly
important in pulmonology as alcohol misuse is associated with
increased risk of acquiring pneumonia, developing antibiotic
resistant pneumonia, and pneumonia severity compared to
Frontiers in Immunology | www.frontiersin.org 6
individuals who do not abuse alcohol (24). Alcohol abuse has
been shown to leave an individual more at risk of contracting
respiratory illness from S. pneumonia, L. pneumophila, and
gram-negative enteric bacilli (24).

In 2019, an estimated 14.5 million Americans over the age of
12 were impacted by alcohol use disorder (AUD) (25). Already
classified as one of the top 3 lifestyle-related causes of death in
the United States (26), alcohol misuse is expected to rise due to
FIGURE 5 | SPD-induced anti-bacterial permeability is decreased by MAA adduction. S. pneumoniae was incubated in the presence of either 10 µg/mL SPD or
SPD-MAA for up to 30 min and supernatant media phosphatase release measured as a function of bacterial permeability. A significant reduction in permeability
(*p<0.05) was observed between SPD and SPD-MAA. Bars represent averages +/- SD, n=5 experiments.
FIGURE 4 | MAA adduction of SPD decreases phagocytosis of S. pneumoniae. GFP-S. pneumoniae were incubated with the murine macrophage cell line RAW264.7.
The percent of RAW264.7 cells containing internalized bacterial cells per field was determined using fluorescence microscopy (X 500) after quenching non-internalized
GFP-SP with Trypan blue. The image results are a representative of 5 independent experiments summarized by graph. Bars represent averages +/- SD, *p<0.0004.
May 2022 | Volume 13 | Article 866795
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COVID-19 (27), thus underscoring the importance of
understanding alcohol effects on tissue injury.

As with alcohol, cigarette smoking is the leading cause of
preventable death and disease in America (28). Cigarette
smoking is an established cause of several health ailments,
including impairing the respiratory system’s ability to function,
protect, and repair itself (29). With 34.1 million active Americans
adult smokers in 2019, the burden that cigarettes place on
individual and public health results in nearly $300 billion
dollars of smoking-related costs each year (28). Cigarette
smokers incur up to a fourfold increased risk ratio of
developing pneumonia than non-smokers (29). Cigarette
smokers have increased white blood cell counts, specifically
with regard to CD4+ and CD8+ lymphocytes, cytokines (IL-1,
IL-8, TNF alpha, and granulocyte-macrophage colony-
stimulating factor), and decreased phagocyte activity (29).

The combined use of alcohol and cigarettes introduces a new
set of potential risk factors to respiratory disease and immune
function. Most individuals with an AUD also use cigarettes (6).
Evidence suggests that individuals consuming nicotine are more
likely to overconsume alcohol (30). It is known that co-exposure
to cigarette smoke and alcohol use is uniquely negative to the
respiratory system. The proposed mechanism for this damage is
through reactive aldehydes generated during the metabolism of
both cigarette smoke and alcohol (11). Cigarette smoke contains
acetaldehyde (AA) and several reactive oxidative species (ROS),
and when inhaled cause oxidative stress (31). ROS can cause lipid
Frontiers in Immunology | www.frontiersin.org 7
peroxidation in the liver leading to the synthesis of
malondialdehyde (MDA) (15, 31). Alcohol metabolism similarly
leads to the AA formation through CYP2E1 and alcohol
dehydrogenase (12). CYP2E1 also generates ROS, leading to
lipid peroxidation in the liver which forms MDA (12). ROS can
lead to inflammation and cytokine release, activating neutrophils
and monocytes (4). Chronic inflammation from this can lead to
DNA damage, cancer, and inhibition of apoptosis, leading to
illnesses like chronic obstructive pulmonary disorder (COPD) (4).
AA can form adducts to proteins and DNA, which can lead to
robust inflammatory responses (12). AA and MDA can react
through a Schiff base intermediate to generate hybrid
malondialdehyde-acetaldehyde adducts, or MAA adducts (32).
MAA adducts are stable and can covalently bond to proteins at
lysine residues (15, 33).

One of the first lines of defense the body has is innate defense
mechanisms; in the respiratory system this includes SPD. The
simplest unit of SPD is the monomer, which lacks discernable
function on its own (10). SPD monomer structure consists of 355
amino acids (43 kDa) arranged into 4 subunits: a short N-terminal
domain, a long collagen region, alpha-helical coiled neck domain,
and a C-terminus with a carbohydrate recognizing domain (8, 9).
The neck and head region of SPD are stabilized by 2 Ca+2 ions and
2 disulfide bonds (9). The carbohydrate recognizing domain is
located at amino acids Glu 321 and Asn 323, in order to bind to
carbohydrates a glycoprotein is required (9).. The long collagen
region is a repeating sequence of Gly-X-Y, a region thought to be
responsible for oligomerization of SPD and interacting with
scavenger receptor A (SRA). SRA is the hypothesized
macrophage receptor that interacts with SPD to generate its
immune functions (9). The short N-terminus is composed of 2
Cys located in aa15 and aa20 allowing for an interchain disulfide
crosslinking to form which stabilized SPDs trimer structure (9).
Three monomers can oligomerize to a trimer through the
assembly of the collagen regions into triple helices and a coiled
bundle made of alpha-helical neck regions (8). Trimers lack the
protective immune functions of high order structures but can still
bind to 2-3 glycoconjugates due to the spacing of the heads (9, 10).
High level of trimerized SPD could inhibit higher order oligomer
functions, such as bacterial aggregation and phagocytosis, but
encourage inflammation (9). Two trimers can form a hexamer, the
next higher order structure of SPD found in vivo. Hexamers are a
structural intermediate, found as either V-shaped or rod-shaped
forms, and bind and aggregate 50-60% of available bacteria (8, 10).
Four trimers make up a dodecomer structure, which is the most
abundant structure in vivo (8). Dodecamers and other higher
order structures (fuzzy balls) have shown to be strongly
antimicrobial (10). The formation and distribution of SPD
structures was largely facilitated by the immediate environment’s
pH (8). Dodecamers and other higher order oligomers are
associated through the N-terminus of trimer subunits (9).

Inactivation of SPD through N-terminus modifications can
occur through several known modifications including
nitrosylation of the cysteine-residues, which also results in a
change in the structure from an oligomeric form to a trimeric
form (34). While by no means the only means of SPD structural
FIGURE 6 | MAA adduction of SPD decreases cell viability in response to
respiratory syncytial virus (RSV). Infection of BEAS-2B with RSV increases
LDH release compared to control media (no RSV). SPD (10-100 µg/mL)
significantly (p<0.0002) decreases RSV-induced LDH release vs. the absence
of SPD. No such decrease is observed with either 10 µg/mL (*p<0.01) or 100
µg/mL (**p<0.006) SPD-MAA vs. equal amounts of SPD. Bars represent
averages +/- SD, n=5 experiments.
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change, MAA adduction occurs primarily on lysine residues. At
the N-terminus of SPD, which governs quaternary structure, is a
lysine-containing target for possible adduction. It is the N-
terminal region of each SPD subunit that is responsible for the
formation of multimeric structures (9). When MAA adducts to
SPD to form SPD-MAA, it forms a stable intermediate
(Figure 7) that is not easily degraded and leads to altered
immune effects (12). SPD-MAA adducted proteins bind to
scavenger receptor A (CD204) before being internalized to
trigger an inflammatory response (31). SRA is found on
immune cells such as macrophages, epithelial cells, dendritic
cells, and the endothelium (31). Ligand-bound SRA activates
PKCϵ to recruit more neutrophils, keratinocyte chemoattractant
(KC), and release inflammatory signal molecules and
chemokines including: TNFa, IL-6, IL-8, IL-12 (12, 35, 36).
Due to the decreased protective functions of SPD once it has
been MAA adducted, we observed that SPD-MAA functionally
resembles the SPD trimer structure that lacks the innate immune
properties of higher order oligomers such as the dodecomer
(Figure 7). Our size exclusion results confirmed that native SPD
predominately exists in multimeric form while SPD-MAA exists
as trimer and monomer structures. Our findings provide a
Frontiers in Immunology | www.frontiersin.org 8
potential mechanism for the previous study where a reactive
aldehyde contained in cigarette smoke, acrolein, also resulted in
decreased SPD function (37). This shift in SPD structure from
multimer to trimer due to MAA adduction replicates the
previously reported decreases in SPD binding, aggregation, and
killing of bacteria (10). In addition, macrophage phagocytosis of
S. pneumoniae was no longer enhanced when SPD was MAA
adducted. As well as being antibacterial, SPD is an endogenously
produced antiviral protein (9). We observed that bronchial
epithelial cell death due to RSV infection was significantly
reduced in the presence of SPD. This protection was lost when
SPD was MAA adducted. Because SPD is the key surfactant in
the lungs that binds to the S-protein of SARS-CoV-2 (38, 39),
decreased SPD protection against COVID-19 may be similar to
that of RSV. Loss of innate defense at the level of SPD in alcohol
misuse may explain one of the mechanisms for alcohol
comorbidities observed in the COVID-19 pandemic (10, 40).
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS

CN wrote the manuscript and conducted experiments. DM and
KB conducted experiments and edited the manuscript. KK
prepared SPD-MAA and edited the manuscript. TW designed,
analyzed data, wrote, and edited the manuscript. All authors
contributed to the article and approved the submitted version.
FUNDING

Support was obtained from Central States Center for
Agricultural Safety and Health (CS-CASH; U54 OH010162 to
TW), VA Merit (I01 BX003635 to TW and I01 BX005413 to TW
and KB), and National Institute on Aging (R01 AG0535553 to
KB). TW is the recipient of a Research Career Scientist Award
(IK6 BX003781) from the Department of Veterans Affairs.
ACKNOWLEDGMENTS

The authors wish to acknowledge Lisa Chudomelka for expert
editorial assistance in the preparation of this manuscript.
REFERENCES
1. Yeligar SM, Chen MM, Kovacs EJ, Sisson JH, Burnham EL, Brown LA.

Alcohol and Lung Injury and Immunity. Alcohol (2016) 55:51–9.
doi: 10.1016/j.alcohol.2016.08.005

2. PriceME, CaseAJ, Pavlik JA,DeVasure JM,Wyatt TA,ZimmermanMC, et al. S-
Nitrosation of Protein Phosphatase 1 Mediates Alcohol-Induced Ciliary
Dysfunction. Sci Rep (2018) 8(1):9701. doi: 10.1038/s41598-018-27924-x
3. Wu D, Cederbaum AI. Alcohol, Oxidative Stress, and Free Radical Damage.
Alcohol Res Health (2003) 27(4):277–84.

4. Sapkota M, Wyatt TA. Alcohol, Aldehydes, Adducts and Airways.
Biomolecules (2015) 5(4):2987–3008. doi: 10.3390/biom5042987

5. Seeman JI, Dixon M, Haussmann HJ. Acetaldehyde in Mainstream
Tobacco Smoke: Formation and Occurrence in Smoke and Bioavailability
in the Smoker. Chem Res Toxocol (2002) 15:1331–50. doi: 10.1021/
tx020069f
FIGURE 7 | Summary model. Covalent modification of surfactant protein D
(SPD) by malondialdehyde-acetaldehyde (MAA) adduction changes the
structure of the protein from multimeric form to trimeric form and reduces
anti-microbial innate defense.
May 2022 | Volume 13 | Article 866795

https://doi.org/10.1016/j.alcohol.2016.08.005
https://doi.org/10.1038/s41598-018-27924-x
https://doi.org/10.3390/biom5042987
https://doi.org/10.1021/tx020069f
https://doi.org/10.1021/tx020069f
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Nissen et al. MAA Adducts Change SPD Function
6. Burnham EL, McNally A, Gaydos J, Brown LA. The Relationship Between
Airway Antioxidant Levels, Alcohol Use Disorders, and Cigarette Smoking.
Alcohol Clin Exp Res (2016) 40(10):2147–60. doi: 10.1111/acer.13201

7. Wyatt TA, Kharbanda KK, McCaskill ML, Tuma DJ, Yanov D, DeVasure J,
et al. Malondialdehyde-Acetaldehyde-Adducted Protein Inhalation Causes
Lung Injury. Alcohol (2012) 46(1):51–9. doi: 10.1016/j.alcohol.2011.09.001

8. Arroyo R, Martin-Gonzalez A, Echaide M, Jain A, Brondyk WH, Rosenbaum
J, et al. Supramolecular Assembly of Human Pulmonary Surfactant Protein
SP-D. J Mol Biol (2018) 430(10):1495–509. doi: 10.1016/j.jmb.2018.03.027

9. Crouch EC. Surfactant Protein-D and Pulmonary Host Defense. Respir Res
(2000) 1(2):93–108. doi: 10.1186/rr19

10. Arroyo R, Echaide M, Moreno-Herrero F, Perez-Gil J, Kingma PS. Functional
Characterization of the Different Oligomeric Forms of Human Surfactant
Protein SP-D. Biochim Biophys Acta Proteins Proteom (2020) 1868(8):140436.
doi: 10.1016/j.bbapap.2020.140436

11. Sapkota M, Burnham EL, DeVasure JM, Sweeter JM, Hunter CD, Duryee MJ,
et al. Malondialdehyde-Acetaldehyde (MAA) Protein Adducts Are Found
Exclusively in the Lungs of Smokers With Alcohol Use Disorders and Are
Associated With Systemic Anti-MAA Antibodies. Alcohol Clin Exp Res (2017)
41(12):2093–9. doi: 10.1111/acer.13509

12. McCaskill ML, Kharbanda KK, Tuma DJ, Reynolds JD, DeVasure JM, Sisson
JH, et al. Hybrid Malondialdehyde and Acetaldehyde Protein Adducts Form
in the Lungs of Mice Exposed to Alcohol and Cigarette Smoke. Alcohol Clin
Exp Res (2011) 35(6):1106–13. doi: 10.1111/j.1530-0277.2011.01443.x

13. Wyatt TA, Warren KJ, Wetzel TJ, Suwondo T, Rensch GP, DeVasure JM, et al.
Malondialdehyde-Acetaldehyde Adduct Formation Decreases Immunoglobulin
A Transport Across Airway Epithelium in Smokers Who Abuse Alcohol. Am J
Pathol (2021) 191(10):1732–42. doi: 10.1016/j.ajpath.2021.06.007

14. Strong P, Kishore U, Morgan C, Lopez Bernal A, Singh M, Reid KB. A Novel
Method of Purifying Lung Surfactant Proteins A and D From the Lung Lavage
of Alveolar Proteinosis Patients and From Pooled Amniotic Fluid. J Immunol
Methods (1998) 220(1-2):139–49. doi: 10.1016/S0022-1759(98)00160-4

15. Tuma DJ, Thiele GM, Xu D, Klassen LW, Sorrell MF. Acetaldehyde and
Malondialdehyde React Together to Generate Distinct Protein Adducts in the
Liver During Long-Term Ethanol Administration. Hepatology (1996) 23
(4):872–80. doi: 10.1002/hep.510230431

16. BradfordMM.ARapid and SensitiveMethod for the Quantitation ofMicrogram
Quantities of Protein Utilizing the Principle of Protein-Dye Binding. Anal
Biochem (1976) 72:248–54. doi: 10.1016/0003-2697(76)90527-3

17. Wyatt TA, Kharbanda KK, Tuma DJ, Sisson JH, Spurzem JR. Malondialdehyde-
Acetaldehyde Adducts Decrease Bronchial Epithelial Wound Repair. Alcohol
(2005) 36(1):31–40. doi: 10.1016/j.alcohol.2005.06.002

18. HartshornKL,CrouchE,WhiteMR,ColamussiML,KakkanattA,TauberB, et al.
Pulmonary Surfactant Proteins A andD EnhanceNeutrophil Uptake of Bacteria.
Am J Physiol (1998) ;274(6):L958–69. doi: 10.1152/ajplung.1998.274.6.L958

19. Barka N, Tomasi JP, Stadtsbaeder S. Use of Whole Streptococcus Pneumoniae
Cells as a Solid Phase Sorbent for C-Reactive Protein Measurement by ELISA.
J Immunol Methods (1985) 82(1):57–63. doi: 10.1016/0022-1759(85)90224-8

20. Jounblat R, KadiogluA, Iannelli F, PozziG,Eggleton P, AndrewPW.Binding and
AgglutinationofStreptococcusPneumoniaebyHumanSurfactant ProteinD (SP-
D)VaryBetweenStrains, But SP-DFails toEnhanceKilling byNeutrophils. Infect
Immun (2004) 72(2):709–16. doi: 10.1128/IAI.72.2.709-716.2004

21. Kjos M, Aprianto R, Fernandes VE, Andrew PW, van Strijp JA, Nijland R, et al.
Bright Fluorescent Streptococcus Pneumoniae for Live-Cell Imaging of Host-
Pathogen Interactions. J Bacteriol (2015) 197(5):807–18. doi: 10.1128/JB.02221-14

22. Huang YC, Li Z, Hyseni X, Schmitt M, Devlin RB, Karoly ED, et al.
Identification of Gene Biomarkers for Respiratory Syncytial Virus Infection in
a Bronchial Epithelial Cell Line.GenomMed (2008) 2(3-4):113–25. doi: 10.1007/
s11568-009-9080-y

23. CDC. Alcohol Use and Your Health. Atlanta, GA, USA: Centers for Disease
Conrol and Prevention (2021).

24. de Roux A, Cavalcanti M, Marcos MA, Garcia E, Ewig S, Mensa J, et al. Impact
of Alcohol Abuse in the Etiology and Severity of Community-Acquired
Pneumonia. Chest (2006) 129(5):1219–25. doi: 10.1378/chest.129.5.1219

25. Alcoholism NIoAAa. Alcohol Facts and Statistics. Bethesda, MD, USA:
National Institute on Alcohol Abuse and Alcoholism (2021).

26. Danaei G, Ding EL, Mozaffarian D, Taylor B, Rehm J, Murray CJ, et al. The
Preventable Causes of Death in the United States: Comparative Risk
Frontiers in Immunology | www.frontiersin.org 9
Assessment of Dietary, Lifestyle, and Metabolic Risk Factors. PLoS Med
(2009) 6(4):e1000058. doi: 10.1371/journal.pmed.1000058

27. Steffen J, Schlichtiger J, Huber BC, Brunner S. Altered Alcohol Consumption
During COVID-19 Pandemic Lockdown. Nutr J (2021) 20(1):44. doi: 10.1186/
s12937-021-00699-0

28. CDC. Current Cigarette Smoking Among U.S. Adults Aged 18 Years and Older.
Atlanta, GA, USA: Centers for Disease Conrol and Prevention (2021).

29. Arcavi L, Benowitz NL. Cigarette Smoking and Infection. Arch Intern Med
(2004) 164(20):2206–16. doi: 10.1001/archinte.164.20.2206

30. Doyon WM, Dong Y, Ostroumov A, Thomas AM, Zhang TA, Dani JA.
Nicotine Decreases Ethanol-Induced Dopamine Signaling and Increases Self-
Administration via Stress Hormones. Neuron (2013) 79(3):530–40.
doi: 10.1016/j.neuron.2013.06.006

31. Berger JP, Simet SM, DeVasure JM, Boten JA, Sweeter JM, Kharbanda KK,
et al. Malondialdehyde-Acetaldehyde (MAA) Adducted Proteins Bind to
Scavenger Receptor A in Airway Epithelial Cells. Alcohol (2014) 48(5):493–
500. doi: 10.1016/j.alcohol.2014.02.005

32. Thiele GM, Worrall S, Tuma DJ, Klassen LW, Wyatt TA, Nagata N. The
Chemistry and Biological Effects of Malondialdehyde-Acetaldehyde Adducts.
Alcohol Clin Exp Res (2001) 25(5 Suppl ISBRA):218S–24S. doi: 10.1111/
j.1530-0277.2001.tb02399.x

33. Freeman TL, Haver A, Duryee MJ, Tuma DJ, Klassen LW, Hamel FG, et al.
Aldehydes in Cigarette Smoke React With the Lipid Peroxidation Product
Malonaldehyde to Form Fluorescent Protein Adducts on Lysines. Chem Res
Toxicol (2005) 18(5):817–24. doi: 10.1021/tx0500676

34. Guo CJ, Atochina-Vasserman EN, Abramova E, Foley JP, Zaman A, Crouch E,
et al. S-Nitrosylation of Surfactant Protein-D Controls Inflammatory
Function. PLoS Biol (2008) 6(11):e266. doi: 10.1371/journal.pbio.0060266

35. Sapkota M, Kharbanda KK, Wyatt TA. Malondialdehyde-Acetaldehyde-
Adducted Surfactant Protein Alters Macrophage Functions Through Scavenger
Receptor a. Alcohol Clin Exp Res (2016) 40(12):2563–72. doi: 10.1111/acer.13248

36. Sapkota M, DeVasure JM, Kharbanda KK, Wyatt TA. Malondialdehyde-
Acetaldehyde (MAA) Adducted Surfactant Protein Induced Lung
Inflammation is Mediated Through Scavenger Receptor a (SR-A1). Respir
Res (2017) 18(1):36. doi: 10.1186/s12931-017-0517-x

37. Takamiya R, Takahashi M, Maeno T, Saito A, Kato M, Shibata T, et al.
Acrolein in Cigarette Smoke Attenuates the Innate Immune Responses
Mediated by Surfactant Protein D. Biochim Biophys Acta Gen Subj (2020)
1864(11):129699. doi: 10.1016/j.bbagen.2020.129699

38. Leth-Larsen R, Zhong F, Chow VT, Holmskov U, Lu J. The SARS Coronavirus
Spike Glycoprotein is Selectively Recognized by Lung Surfactant Protein D
and Activates Macrophages. Immunobiology (2007) 212(3):201–11.
doi: 10.1016/j.imbio.2006.12.001

39. Hsieh MH, Beirag N, Murugaiah V, Chou YC, KuoWS, Kao HF, et al. Human
Surfactant Protein D Binds Spike Protein and Acts as an Entry Inhibitor of
SARS-CoV-2 Pseudotyped Viral Particles. Front Immunol (2021) 12:641360.
doi: 10.3389/fimmu.2021.641360

40. Bailey KL, Samuelson DR, Wyatt TA. Alcohol Use Disorder: A Pre-Existing
Condition for COVID-19? Alcohol (2021) 90:11–7. doi: 10.1016/j.alcohol.
2020.10.003

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Nissen, Mosley, Kharbanda, Katafiasz, Bailey andWyatt. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
May 2022 | Volume 13 | Article 866795

https://doi.org/10.1111/acer.13201
https://doi.org/10.1016/j.alcohol.2011.09.001
https://doi.org/10.1016/j.jmb.2018.03.027
https://doi.org/10.1186/rr19
https://doi.org/10.1016/j.bbapap.2020.140436
https://doi.org/10.1111/acer.13509
https://doi.org/10.1111/j.1530-0277.2011.01443.x
https://doi.org/10.1016/j.ajpath.2021.06.007
https://doi.org/10.1016/S0022-1759(98)00160-4
https://doi.org/10.1002/hep.510230431
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.alcohol.2005.06.002
https://doi.org/10.1152/ajplung.1998.274.6.L958
https://doi.org/10.1016/0022-1759(85)90224-8
https://doi.org/10.1128/IAI.72.2.709-716.2004
https://doi.org/10.1128/JB.02221-14
https://doi.org/10.1007/s11568-009-9080-y
https://doi.org/10.1007/s11568-009-9080-y
https://doi.org/10.1378/chest.129.5.1219
https://doi.org/10.1371/journal.pmed.1000058
https://doi.org/10.1186/s12937-021-00699-0
https://doi.org/10.1186/s12937-021-00699-0
https://doi.org/10.1001/archinte.164.20.2206
https://doi.org/10.1016/j.neuron.2013.06.006
https://doi.org/10.1016/j.alcohol.2014.02.005
https://doi.org/10.1111/j.1530-0277.2001.tb02399.x
https://doi.org/10.1111/j.1530-0277.2001.tb02399.x
https://doi.org/10.1021/tx0500676
https://doi.org/10.1371/journal.pbio.0060266
https://doi.org/10.1111/acer.13248
https://doi.org/10.1186/s12931-017-0517-x
https://doi.org/10.1016/j.bbagen.2020.129699
https://doi.org/10.1016/j.imbio.2006.12.001
https://doi.org/10.3389/fimmu.2021.641360
https://doi.org/10.1016/j.alcohol.2020.10.003
https://doi.org/10.1016/j.alcohol.2020.10.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Malondialdehyde Acetaldehyde-Adduction Changes Surfactant Protein D Structure and Function
	Introduction
	Methods
	Purification and MAA-Adduction of Surfactant Protein D (SPD)
	Gel Filtration Chromatography
	Western Blot
	Bacterial Preparation
	GFP-SP-SPD Binding Assay
	Cell Culture
	Aggregation Assay
	Phagocytosis Assay
	Permeability Assay
	Anti-Viral Protection Assay
	Statistical Analysis

	Results
	MAA Adduction Changes the Structure of SPD
	MAA Adduction Decreases SPD Binding to Bacteria
	MAA Adduction Decreases SPD Aggregation of Bacteria
	MAA Adduction Decreases SPD Enhancement of Phagocytosis
	MAA Adduction Decreases SPD Enhancement of Bacterial Permeability
	MAA Adduction Decreases SPD Anti-Viral Protection

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


