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Abstract

Mononuclear phagocytes (bone marrow monocyte-derived macrophages, alveolar macrophages,
perivascular macrophages, and microglia) are reservoirs and vehicles of dissemination for the human
immunodeficiency virus type-1 (HIV-1). How virus alters mononuclear phagocyte
immunoregulatory activities to complete its life cycle and influence disease is incompletely
understood. In attempts to better understanding the influence of virus on macrophage functions, we
used one-dimensional electrophoresis, and liquid chromatography tandem mass spectrometry to
analyze the secretome of HIV-1 infected human monocyte-derived macrophages. We identified 111
proteins in culture supernatants of control (uninfected) and virus-infected cells. Differentially
expressed cytoskeletal, enzymes, redox, and immunoregulatory protein classes were discovered and
validated by Western-blot tests. These included, but were not limited to, cystatin C, cystatin B,
chitinase 3-like 1 protein, cofilin-1, L-plastin, superoxide dismutase, leukotriene A4 hydrolase, and
a-enolase. This study, through the use of a unique proteomics platform, provides novel insights into
virus-host cell interactions that affect the functional role of macrophages in HIV disease.
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Introduction

Mononuclear phagocytes [(MP): monocytes, dendritic cells, tissue macrophages, connective
tissue histiocytes, Langerhans cells of skin, Kupffer cells of liver, and microglial cells of brain]
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comprise the principle elements in the clearance and inactivation for microbial pathogens.
Paradoxically, these same cells represent the major target and infectious reservoir for HIV-1
(Bhoopat et al., 2006;Collman et al., 2003;Gartner et al., 1986;Gendelman and Morahan,
1992;Gendelman et al., 1989;Meltzer and Gendelman, 1992). In distinct ways, HIV alters MP
innate and adaptive immune functions enabling the virus to persist for long time periods
(Kramer-Hammerle et al., 2005;Maslin et al., 2005;Olivetta and Federico, 2006;Palmieri et al.,
2004). As a result of circumventing cell-based anti-retroviral mechanisms, reservoirs for HIV
are established in bone marrow progenitor cells, circulating monocytes, alveolar and
perivascular macrophages, and microglia (Collman et al., 2003;Pomerantz, 2004). Defective
phagocytic, intracellular killing, secretory activity, and antigen presentation have been reported
in monocytes recovered from virus-infected individuals or following in vitro infections
(Capsoni et al., 1992;Evans and Wansbrough-Jones, 1996;Gordon and Read, 2002;Kedzierska
and Crowe, 2002;Zhou et al., 1998).

MP-virus interactions and immune activation ultimately leads to tissue destruction. This is
commonly seen in the brain, gut, lung, and spinal cord where MP soluble factor secretion
contributes to viral spread and host tissue injury and inflammation (Ansari, 2004;Giulian, Vaca,
and Noonan, 1990;Gordon and Read, 2002;Gupta and Gollapudi, 1993;Ichikawa et al.,
2003;Kaul et al., 2005;Lim, Condez, and Poulter, 1993;McArthur, Brew, and Nath,
2005;Satomi et al., 2005;Stevenson and Gendelman, 1994). The latter events can occur by
inducing cell death or changes in immune and homeostatic functions as a result of cell
secretions. The functional and biological outcomes of HIV-1 MP infection also hinge on cell
differentiation, as the viral life cycle is dependent on it. Understanding how such events occur
is pivotal in understanding how virus can affect disease while at the same time overcome potent
innate anti-retroviral immune responses.

After entering tissue, monocytes differentiate into macrophages where they maintain
homeostasis, eliminate microbial pathogens, and clear debris. At the same time the cells
respond to a variety of environmental cues. Environmental factors, as well as infection itself,
lead to the upregulation of secreted pro-inflammatory cytokines, reactive oxygen species,
quinolinic acid, glutamate, arachidonic acid and its metabolites. How these and other cellular
factors contribute to a wide range of “primary” HIV-associated diseases is a subject of intense
research (Colton, 1994;Colton and Gilbert, 1987;Gelbard et al., 1994;Klegeris and McGeer,
1997). To gain a better understanding of the impact by which HIV-infected macrophage affects
its environment we profiled its secreted proteins. A foundation for these studies was made
through the establishment of an initial list of both the human macrophage proteome and
secretome (Dupont et al., 2004;Mor-Vaknin et al., 2003). We posit that HIV-1 infected
macrophages could affect the secretion of new proteins or change protein abundance expressed
at otherwise very low levels and under normal physiological conditions. Therefore, our study
was designed to profile secretome of infected monocyte-derived macrophages (MDM) and
compare the profiles seen with uninfected cells. The intent of these works was to discover
proteins that are linked to disease and could, in some manner, be applied as biomarkers for the
infected human host.

To achieve these goals, we utilized one-dimensional separation (1D SDS-PAGE) and tandem
MS to identify MDM proteins secreted as a consequence of HIV-1 infection. Differential
expression of selected proteins was further validated using Western-blot analysis. Presented
data provide novel insights into the delicate homeostatic changes within the macrophage
evolving from persistent viral replication and cytopathicity.
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After 7 days in culture, human monocytes differentiate into macrophage-like cells and readily
elicit productive infection following exposure to the macrophage tropic viral strain
HIV-1apa. Productive HIV-1 replication was demonstrated by RT activity and reflected
progeny virion production released into culture fluids from the infected macrophages (Table
1) (Ciborowski et al., 2004;Gendelman et al., 1988). Another measure of progressive viral
infection is formation of multinucleated giant cells (MNGC) expressed as a ratio of the number
of nuclei per cell, also called Giant Cell Index (GCI). Fig. 1A illustrates photomicrographs of
control and HIV-1-infected MDM. Fig. 1B depicts the GCI index. Formation of MNGC occurs
as early as 3 days after infection. On day 10 most MDM form large syncytia. Kinetics, but not
susceptibility, of progression of HIV-1 infection is donor dependent. In contrary to T-cells,
which are susceptible to apoptosis shortly after being infected with HIV-1, macrophages are
more resistant to cell-death and continuously support viral replication (Stevenson and
Gendelman, 1994;Vazquez et al., 2005,Wahl, Feldman, and McCarthy, 1996). HIV has been
reported to turn-off macrophage apoptotic pathways following infection (Greenway and
McPhee, 1997).

Culture supernatants were collected at days 2, 3, 5, 7, 9, 12, and 14 after infection. Removal
of the viral inoculum 24 hr after infection was performed by three consecutive rinses. These
multiple rinses also removed any proteins that were introduced into the culture with viral
inoculum during the initial period of infection. Typically, protein concentration in culture
supernatants of HIV-1-infected MDM was ~50% higher than what was observed in controls
(data not shown). This difference could reflect changes in cell metabolism. Proteomic analyses
were performed on selected culture fluids collected at maximal RT levels which coincided with
substantial HIV-1p24 protein secreted into the culture fluids (Fig. 4). This varied amongst
donors between days 3 and 9. Although in one instance the RT level was highest on day 12,
this and later time points were excluded as cytosolic proteins from dying cells could be present
in culture fluids (Kadiu et al., 2006).

Despite exchanges of media with serum-free DMEM prior to sample collection residual serum
albumin, immunoglobulins, and/or other most abundant serum proteins were present and likely
retained on the cell surface. A representative 12% PAGE gel 24 cm long gel was arbitrarily
divided to 20 bands indicated by black boxes (Fig. 2A). Proteins from 20 gel cubes were
subjected to in-gel trypsin digestion and subsequently identified by liquid chromatography
tandem mass spectroscopy (LC-MS/MS). Table 2 lists 83 proteins identified within high
confidence limits. For database searches Seaquest algorithm (Bioworks 3.1SR software,
ThermokElectron, Inc.) was employed. Listed proteins represent data combined from four
independent experiments. Results of database searches were filtered and confidence hits
accepted if sequenced peptides reached or exceeded the criteria of Unified Score of 3000 with
Sp>500, Xcorr> 2.5 for doubly charged and 3.5 for triply charged precursor ions, and Delta
Cn> 0.3. Identification of protein within high confidence limits was accepted as positive when
a minimum of two peptides were sequenced meeting established criteria in at least two
independent experiments. Peptides of 30 amino acids or longer with scattered y- or b- series
ions that had assigned the Unified Score greater than 3000 but low Xcorr and DeltaCn values
were excluded. HIV-1 peptides were poorly fragmented by LC-MS/MS and only few were
sequenced (Table 4), which can result from either incomplete trypsin fragmentation or poor
ionization. Serum albumin and immunoglobulins were excluded from the summary tables.
Proteins which could originate as a residual “contamination” with human serum are marked
in the table with “#.”

Two “intensely” stained protein bands ~ 49 and 25 kDa (Fig. 2A) represented serum albumin
and heavy and light chains of immunoglobulins (data not shown) in concentrated samples.
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Therefore, we removed albumin and the other five proteins (1gG, IgA, anti-a-trypsin,
haptoglobin, and transferring) from the samples and this region was re-analyzed (Fig. 2B).
After removal of high abundant proteins another 27 proteins were identified by LC-MS/MS.
One of them, L-plastin, was significantly up-regulated in HIV-1 infected MDM fluids. Table
3 shows the summaries of identified proteins. The total number of identified proteins was 110.

Although our proteomic approach was not quantitative per se, we observed differences in the
relative abundance of peptides sequenced by LC-MS/MS. This indicated that these proteins
could be differentially expressed as a result of viral infection. Based on this interpretation we
performed quantitative Western-blot analysis in order to confirm our LC-MS/MS results. This
strategy was applied successfully in our previous works (Ciborowski et al., 2004). A few
examples of differentially expressed proteins are worth noting. Mass spectrometry indicated
cystatin C as differentially expressed and found in culture supernatants of uninfected MDM,
but not in infected cells (Table 2). Although Western-blot analysis detected the protein in both
control and infected MDM, cystatin C was downregulated in infected cells making it
concordant with mass spectrometry data. Cofilin-1 was found upregulated in infected MDM
by mass spectrometry and confirmed by Western blot tests (Fig. 3). Using the same paradigm
six differentially expressed proteins were found. This included: cystatin B, cystatin C, L-
plastin, leukotrine A4 hydrolase (LTA4H), a-enolase, and chitinase 3-like 1 protein (HC-gp39).
Presence of HIV-1 p24 included in Fig. 3 served as an internal control and substantiating virus
production. Among selected proteins, levels of HC-gp39 were decreased, and L-plastin,
LTA4H and a-enolase were increased following HIV-1 infection. The exception was
superoxide dismutase (SOD), a protein shown to be up regulated in HIV-infected MDM and
confirmed by Western-blot tests although LC MS/MS showed conflicting results. We posit
that such results were seen as SOD co-migrates with other identified proteins such as cofilin-1
and cystatin B when analyzed on 1D SDS-PAGE. Thus, protein co-migration may lead to such
discrepancies between LC-MS/MS and Western-blot results.

As mentioned above, the dynamic of viral infection will vary from donor to donor. In
consequence, levels of differentially expressed proteins will vary and give rise to substantive
standard deviations amongst data sets. Nevertheless, our densitometry analyses (Fig. 4)
demonstrated that with the exception of LTA4H, all proteins showed consistent trends in
expression with many time points being different with statistical significance (p<0.05) and are
marked with “*”. We also expect that differential expression of more proteins will be identified
using this strategy enhanced by additional steps of sample preparation and fractionation.

Discussion

HIV-1 infected MP affect the human host including, most prominently, neuronal dysfunction.
This occurs by inflammatory factors and viral protein secretions (Giulian et al., 1993).
Nonetheless, little is known about how viral infection triggers immunomodulatory mechanisms
affecting its function in disease. The mechanisms of MNGC formation are also not well
understood. To gain a better understanding of macrophage function as a consequence of HIV-1
infection, we used profiled secreted proteins by proteomics tests. Our results show that the
majority of differentially expressed proteins reported in this study represent a wide range of
functional groups and include structural (cytoskeleton), redox, regulatory, and enzymes. In
some instances one protein was included in two groups as SOD is an enzyme and is an important
component of redox regulatory mechanisms. It is important to note that following HIV-1
infection, the macrophage is stimulated and the number of secreted proteins increased. This
observation supports the notion that the virus accelerates production and secretion of
macrophage proteins to its advantage, and perhaps represents a coping mechanism to best
contain ongoing viral replication.
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Using Western-blot analysis, we confirmed differential expression of a number of proteins,
which could be linked to viral replication. The roles of these proteins in HIV-1 macrophage
infection are not yet fully understood and their contribution to disease can now only be
speculated. With regards to HIV-1-associated cognitive impairment, it is well known that virus-
infected macrophages and microglia directly contribute to disease as a consequence of
inflammatory toxic secretions (Kadiu et al., 2005). The nature of these factors and their relative
contribution to disease is complex and involves interactions between primary neuronal cells,
glia and blood-borne macrophages (Rostasy, 2005).

Many proteins identified in this study are directly involved or associated with MP inflammatory
responses. SOD follows macrophage activation as it is regulated by pro-inflammatory
cytokines and independent of substrate concentrations (Ferlat and Favier, 1993;Marikovsky et
al., 2003). If mechanism of SOD and other redox enzymes goes out of delicate balance,
macrophage are unable to control the levels of toxic radical species which leads to tissue injury.
Decreased levels of cystatin C in culture supernatants of in vitro HIV-1-infected MDM
correlates with previous reports showing decreased levels of this enzyme in cerebrospinal fluid
(CSF) during inflammatory processes (Nagai et al., 2000). In CSF of multiple sclerosis patients,
the levels of cystatin C were decreased compared to healthy controls (Irani et al., 2006); while
in CSF of patients with Alzheimer's or Creutzfeld-Jacobs diseases, cystatin C were increased
(Carrette et al., 2003,Sanchez et al., 2004). Taking this together we postulate that the
mechanism regulating cystatin C expression is modulated in a disease specific manner rather
than being a general characteristic of inflammatory activation of macrophage in the brain. This
might be indicative of a compensatory response of macrophage to ongoing productive HIV-1
infection and subsequent inflammation. HC-gp39 is a 42 kDa glycoprotein secreted by articular
chondrocytes, synoviocytes and macrophages found to play a role in modulation of cytokine
responses following TNF-a and IL-1 stimulation. Therefore, decreased expression of HC-gp39
may lead to enhancement of pro-inflammatory effects and profound toxicities. Leukotrienes
are made predominantly by polymorphonuclear leukocytes, macrophages, and mast cells.
LTA4H catalyzes the hydrolysis of leukotriene A4 (LTA,) into leukotrine B4 (LTB,). LTBy4
is a lipid mediator with roles in immune defense, inflammation, and disease. It is a potent
chemo-attractant and mediator of inflammation (Funk, 2001), stimulator of adhesion to
endothelium (Tonnesen et al., 1989), and degranulation (Dahlen et al., 1981). It also stimulates
generation of superoxide anion (Claesson and Feinmark, 1984) and phagocytosis.
Overproduced LTB,4 contributes to the pathogenesis of a variety of inflammatory disorders
(Goetzl, An, and Smith, 1995).

It is intriguing that cellular proteins, such as cofilin-1 and L-plastin, are found secreted by
HIV-1-infected macrophages. Cofilin-1 was not detected or detected at very low levels in
culture fluids of control MDM and is present in significant levels in culture supernatants of
infected counterparts. Ott and colleagues (Ott, 2002) postulated that structural proteins such
as actin, cofilin, ezrin, and moesin are involved in virus assembly and budding, are carried
specifically with viral particles, and were not found in vesicles. An H9 T-cell lymphoma cell
lines was used as a model for these studies in which virus is released by budding from cell
membrane. In our studies, MDM were used where virus budding occurs through the exosomal
pathway (Nguyen et al., 2003). Both studies indicate that cofilin-1 is involved in viral assembly
and budding suggest that although virus release has different pathways, there are common but
yet unknown elements regulating this process. Inhibition of viral assembly utilizing such
elements can be used for targeting both types of cells in which HIV-1 replicates.

Presented work provides a systematic proteomic approach leading to a better understanding of
the impact of HIV-1 on regulation of MP, which are critical components of innate immunity.
In a previously published study of macrophage secretome using 2-dimensional electrophoresis
and MALDI-TOF protein fingerprinting, the authors reported 66 identifications based on
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accession numbers; but many of these identifications were duplicates such as actin, serum
albumin, apolipoproteins, etc. (Dupont et al., 2004). In our current study, we did not find all
previously reported proteins; however we found proteins that were not reported by Dupont and
colleagues (Dupont et al., 2004). It is important to note that our validation Western-blot
analyses showed significant and important differences in expression of several proteins which
were identified in samples from infected and control MDM. Identification of functional roles
of proteins, which seems to be typical cytoplasmic such as a-enolase and cofilin-1 and which
we found to be at relatively higher levels in the extracellular milieu due to HIV-1 infection of
MDM, may lead to better understanding mechanisms of how macrophage respond to viral
infection. These proteins may have yet unknown functions, specific to extracellular
localization, or can be specifically incorporated in HIV-1 particles. Moreover, the fact that
proteins belonging to various classes can be regulated in macrophages following viral infection
highlights the broad range of cellular processes controlled by the virus.

Proteomic analysis of MDM secretions induced by HIV-1 infection identifies a spectrum of
proteins that can be explored for potential use as a broader panel of biomarkers.
Multidimensional fractionation protocols of samples lead to identification of constantly
increasing number of proteins. Nevertheless, huge dynamic range of proteins concentrations
(Anderson and Anderson, 2002) and sensitivity of mass spectrometers remain problems in
proteomic studies. Although, in this study we did not detect low abundant proteins such as
cytokines and/or chemokines, we did identify differential regulation of many proteins that have
not been reported in the literature. Determining whether an individual differentially expressed
protein will serve as a biomarker of an inflammatory process in the brain or will be a part of a
group of biomarkers with value in predicting clinical outcome will require a larger study using
CSF samples from individuals whose clinical status of neuropathology is well defined. Such
study is currently undergoing in our laboratory. The application of proteomic approaches are
likely to be of continued importance in studies of macrophage function and gene regulation
leading to a better understanding of disease processes and the means to combat them.

Material and Methods

Isolation, cultivation, and HIV-1 infection of human MDM

Peripheral blood mononuclear cells were isolated from HIV-1, 2 and hepatitis seronegative
donors by leukophoresis and purified by countercurrent centrifugal elutriation (Gendelman et
al., 1988). Purified monocytes were cultured in Dulbecco's Modified Eagle Medium (DMEM)
(Gibco, Carlsbad, CA) supplemented with 10% heat-inactivated pooled human serum, 1%
glutamine, 50 ug/ml gentamicin (Sigma Chemical Co., St. Louis, MO), 10ug/ml ciprofloxacin
(Sigma) and 1000 U/ml highly purified recombinant human macrophage colony stimulating
factor (MCSF; a generous gift from Wyeth, Inc., Cambridge, MA). Cells were maintained at
37°C with 5% CO, and half medium exchange was performed every two days. After seven
days in culture, MDM were infected with HIV-15pa at a multiplicity of infection of 0.1 or left
uninfected as controls. Cells were exposed to viral stock for 4 hr at 1/5 of the total medium
volume followed by an additional incubation time of 20 hr in full volume of medium. After 24
hr of exposure to viral stock, inoculum was removed, cells were washed twice, and fresh full
medium was added to the cultures. Twenty-four hours prior to media collection for proteomic
analyses, full medium was removed, cells were rinsed twice with PBS, and freshly prepared
serum-free DMEM was added to the cultures (Ciborowski et al., 2004;Ghorpade et al., 2001).

Cytopathicity

To determine levels of cytopathicity by determining the GCI in HIV-1 infected MDM,
monocytes were cultured in 4-well Lab-Tech chamber slides (Invitrogen, Carlsbad, CA) and
treated as adherent cultures described above. Giemsa staining was performed on HIV-1pa
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infected and control MDM according to the manufacturer's protocol (Fisher Scientific,
Pittsburgh, PA) to assess number of nuclei per cells.

Sample processing

Collected culture fluids were centrifuged at 6000 x g for 10 min to remove any detached cells
which might be collected with the fluids. Such prepared culture supernatants were
supplemented with a cocktail of protease inhibitors (Sigma, St. Louis, MO) and 0.1% Triton
X-100 (Fisher Scientific, Pittsburg, PA). For reverse transcriptase activity measurements,
aliquots of culture supernatants were set aside without adding detergent and inhibitors. Protein
concentrations were determined using Bio-Rad DC Protein Assay (Bio-Rad, Hercules, CA)
and then samples were concentrated to ~2 mg/ml with an Ultrafree-CL centrifugal filter device
with 5000 Da cutoff membrane (Millipore Corporation, Bedford, MA) unless stated otherwise.
Concentrated supernatants were dialyzed 18 hr against water at 4°C using QuixSep® micro
dialyzers (Membrane Filtration Products Inc., Seguin, TX) and protein concentrations were
measured again using a Bio-Rad DC Protein Assay.

Multiple Affinity Column, 4.6 x 50 mm Hu-6 (Agilent Technologies, Inc., Santa Clara, CA)
was used to remove the 6 most abundant proteins (serum albumin, 1gG, antitrypsin, 1gA,
transferrin, haptoglobin) from concentrated culture supernatants following manufacturer
recommendations. Briefly, 700 ul of concentrated culture supernatant was mixed with Buffer
A and loaded onto the column. A flow through fraction was collected and column was
regenerated using Buffer B. To collect sufficient amounts of protein for analysis, a total amount
of 2.1 ml (3 injections, 700 ul each) was processed for each sample.

Measures of RT activity

RT measured levels measured the numbers of progeny virus and is reflective of productive
viral replication. RT activity was determined in culture fluids in triplicates. Reaction mixture
consisting of 0.05% Nonidet P-40 (Sigma), 10 ug/ml poly(A) oligonucleotide, 0.25 ug/ml oligo
(dT) (Amersham/Pharmacia Biotech, Piscataway, NJ), 5 mM dithiothreitol (Amersham
Pharmacia), 150 mM KClI, 15 mM MgCl,, and 10uCi/ml [3H] dTTP (Perkin Elmer, Wellesley,
MA\) in 50 mM Tris-HCI buffer (pH 7.9) was incubated with samples for 18 hr at 37°C.
Radiolabeled nucleotides were precipitated with cold 10% trichloroacetic acid and 95% ethanol
using an automatic cell harvester (Skatron Inc., Sterling, VA) and were quantitated by liquid
scintillation spectroscopy (Kalter et al., 1991).

One Dimensional Electrophoresis (1-DE) and Western-blot assays

Antibodies

1-DE SDS-PAGE separations were performed using BioRad Proteome I1xi system and 4-20%
gradient gel. For sequencing, a sample of 200 ug of denaturated and reduced proteins were
loaded per lane. Gels were stained with Brilliant Blue G-Colloidal Coomassie (Sigma), de-
stained following the protocol provided by the manufacturer, and digitized using a Typhoon
9410 Phosphoimager (Amersham Biosciences). For Western-blot analyses, 5 to 25ug of protein
was loaded per lane of 4-12% NuPAGE gel (Invitrogen, Carlsbad, CA). Electrophoresis
followed by transfer and immunodetection was performed as previously described (Ciborowski
et al., 2004).

The following primary antibodies were those directed against cystatin B (Biovision, Mountain
View, CA), HIV-1 p24 (DakoCytomation, Carpinteria, CA), cystatin C (U.S. Biological,

Swampscott, MA), HC-gp39 (R&D Systems, Minneapolis, MN), cofilin-1 (BD Transduction
Laboratories, Lexington, KY), L-plastin (Biovision, Mountain View, CA), SOD (Calbiochem,
La Jolla, CA), Leukotriene A4 hydrolase (Cayman Chemical, Ann Arbor, MlI), and a-enolase
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(Santa Cruz, Santa Cruz, CA). Secondary antibodies included HRP-conjugated F(ab'),
fragment of Goat anti-Mouse Fc, and Cy5-conjugated F(ab'), fragment of Donkey anti-Mouse
IgG (Jackson Immunoresearch, West Grove, PA), HRP-conjugated anti-Rabbit 1gG (Cell
Signaling Technology, Beverly, MA), and HRP-conjugated anti-goat 1gG and HRP-conjugated
anti-Sheep 1gG (U.S. Biological). All antibodies were used at concentrations recommended by
manufacturers.

In-gel trypsin digestion

Gel pieces excised from 1-DE were cut into 20 fragments and destained at room temperature
using 200 pl 50% ACN/50 mM NH4HCO3 for 1 hr. Gel pieces were dried, and 1pg trypsin in
50 mM NH4HCO3 buffer (Promega, Madison, WI) was added to each piece. Tryptic digestion
was carried out overnight at 37°C. Peptides were extracted by washing gel pieces twice with
60% acetonitrile and 0.1% trifluoroacetic acid, transferred to clean vials, dried, and re-
suspended in 12 pl of water with 0.1% formic acid for mass spectrometric analysis. All samples
were purified using ZipTip® (Millipore Corporation) prior to mass spectrometric analysis.

ESI-LC-Tandem Mass Spectrometry and search parameters

Samples of in-gel trypsin digested proteins were fractionated on microcapillary RP-C1g column
(New Obijectives, Woburn, MA) and resulting peptides were sequenced using ESI-LC-MS/MS
system (ProteomeX System with LCQDecaPlus mass spectrometer, ThermoElectron, Inc., San
Jose, CA) with a nano-spray configuration. The spectra obtained from LC-MS/MS analysis
were searched against the NCBI.fasta protein database narrowed to a subset of human proteins
using Sequest search engine (BioWorks 3.1SR software from ThermoElectron, Inc.). In the
TurboSEQUEST Search Parameters, Threshold for Dta generation was 10000, Precursor Mass
Tolerance for .Dta Generation was 1.4. For .Dta Search, Peptide Tolerance was 1.5 and
Fragment lons Tolerance was 0.00. Charge state was set on “Auto.” Database nr.fasta was
retrieved from ftp.ncbi.nih.gov and used to create “in-house” an indexed human.fasta.idx with
the following 5 key words: Homo, sapiens, human, man, primate and excluding keratins and
cytokeratins. We have excluded keratins from our database search based on observations that
these proteins can be just contaminants acquired during gels and samples processing. Database
was updated every other week throughout of this study. Oxidated methionine was allowed in
searches.

Densitometry and statistical analyses

Differential expression of 9 proteins was analyzed by Western-blot (Western Pico, Pierce, Inc.
Rockford, IL) and results were transformed into numerical values using densitometry
measurement of X-ray films. Densitometry was performed using ImageQuant 5.2 (GE
Healthcare, Inc.). Samples were from 3 donors, in infected and control samples on days 1, 3,
57, and 10. Sample from one donor was measured twice and the results were averaged and
treated as one biologic replicate for analysis. Data was normalized from each analysis by taking
the fold change as infected/control on each day for each experiment. The data was then
transformed on the log10 scale so that a ratio of 1 on the original scale becomes 0 on the log10
scale, ratios greater than 1 are then positive numbers on the log10 scale and ratios less than 1
are negative on the log10 scale. The experiments from Donor 5 were then averaged giving one
set of values to be analyzed. One sample t-tests were then used to compare the average log10
(ratio) to O for each day. P-values less than 0.05 are considered to be statistically significant.
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HCgp-39

chitinase 3-like 1 protein
LTA4H

leukotriene A4 hydrolase
DMEM

Dulbecco's Modified Eagle Medium
MCSF

macrophage colony stimulating factor
RT

reverse transcriptase
1-DE

one-dimensional electrophoresis
MS/MS

tandem mass spectrometry
ROS

reactive oxygen species
LTA,

leukotriene A4
LTB,

leukotrine B4
MNGC

multinucleated giant cells
GCl

Giant Cell Index
mAb

monoclonal antibody
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Figure 1.

Cythopatic effects of HIV-1apa” infected MDM. (A) Photographs of MDM culture infected
with HIV-1 showing progressive MNGC formation from initiation of infection to day 10. (B)
An index of the number of nuclei per cell increases along with culture progression and
secondary infection of cells that were not infected during initial exposure to the virus.
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Figure 2.

1DE SDS-PAGE analysis of secreted proteins from MDM culture supernatants. Gels were
stained with SyproRuby® fluorescent dye. (A) Samples of 100 ug of protein were loaded per
lane. 1DE SDS-PAGE analysis of secreted proteins before and after removal of 6 most
abundant proteins: serum albumin, IgG, IgA, a-antitrypsin, haptoglobin, and transferring. (B)
Samples of 60 pg of protein were loaded per lane. Black box shows region which was re-
analyzed after serum albumin was removed.
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Figure 3.

Western blot analysis of HIVp24, cystatin B, cystatin C, cofilin-1, L-plastin, SOD, LTA4H,
a-enolase, and HCgp-39 in culture supernatants of a representative experiment. Samples of
culture supernatants from HIV opa-1-infected and control MDM (5 to 259 of protein per lane)
were loaded on 4-12% NuPAGE gel. Separated proteins were electroblotted onto PVDF
membrane and immunodetected as described in the Material and methods.
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Figure 4.

Quantitative changes in expression of 9 proteins (HI\VVp24, cystatin B, cystatin C, cofilin-1, L-
plastin, SOD, LTA4H, a-enolase, and HCgp-39) in culture supernatants of HIV-1apa infected
MDM. Graph represent densitometric measurements of Western-blots and are expressed as
log10 transformed value of change comparing to the corresponding control. Statistical
significant differences (P< 0.05) in levels of expression are marked with *,

Virology. Author manuscript; available in PMC 2008 June 20.




Page 17

Ciborowski et al.

palsel uOc.

pa12318p 10U
*

an
; ; ; 97°02 26 18'ST v
; . ; 19'9¢ 2079 0€'LT a
9T'LS S6'vE - SEvy 21's8 €5YT 6
9225 £2'ZE 06'€ €125 'y £r'S L sfeq
0 1Tt 059 ; ; ; 5
1281 T 19'9% ; ; ; £
2Lee ; ; - 4
an an an an an <N 1
9 5 v £ 4 T Jouoq

¥0Tx 1d

NIH-PA Author Manuscript

NIH-PA Author Manuscript

T alqel

sjueyewsadns ainyjnd 9 ul ANANoe (1Y) aseldLiosuel] 8SI8A31 JO S|aAsT

NIH-PA Author Manuscript

Virology. Author manuscript; available in PMC 2008 June 20.



Page 18

Ciborowski et al.

Buipuig unoe 656'06¢ STEVTO 06,5888 [suaides owoH] g utweyy AIH
Buipuiq unoe 192082 geeted 6965021 [susides owoH] utweyy AIH
Buipuiq ute104d [e18]8%s03A0 LET'6T 9ZrN60 LYTE909 [suaides owoH] unize AIH
Buipuig ursiold _Em_w_me\s 6TV'8T 2zrned TSTE909 [suaides owoH] z utfjinoiko AIH
1An0R
aseuabolpAyap arejew :AlAIOR 3SLIONP8IOPIXO G62'9¢ GZ607d 6ESYLTS [suaides owoH] aseusboipAysp a1ejew 91j0s01Ad AIH
AlARSR uonezusWIpowoy
uia04d ‘AAnoe Jouqiyul asealold aulgIsAd 66.'ST ¥£0T0d 10TE0SY [suaides owoH] 10sindaid O uneisAy N
Auanoe Jonqiyut
asealoud auIglsAd ‘AliAnoe Jonqiyul asepndadopus ovT'TT V19,0 €8/89 [suaides owoH] (g uysis) g uneisko NOD
Buipuiq urerold LEL'8T T82A60 8/29v6€€ [suaides owoH] ¢ utjyod AIH
Burpuq ureroad ‘Buipuiq unoe T.€'8T 8z5€ezd T€52850€ [suaides owoH] (ajosnw-uou) T ut|1yod AIH
Ainnoe
aseuyo ‘spunoduwiod |As0dA|6-0 BuizAjoipAy €T9'ey 2ez9ed 17085052 [suaides owoH] T ax1|-g aseunyd NOD
Ananoe asejolpAy
“JUBN]IISUO0D [eINONIIS XLITRW Je|n||aorixa
AUIANDR 8SB1ONPIOPIXO
‘AIAnoe Jspodsuesy uol Jaddod ‘AlIAIOR asepIX0.ia) 502'22T 0S700d G8Y7/GSY [suaides owoH] (asepixo.tiay) uiwsejdojnia) NOD
Aianoe asepndadopus adA1-auislsAa 0TS'/E ¥//52d 1G66.T [suaides owoH] S uisdayrea AIH
Ainnoe asepndadopus adA1-oiuedse 2SS 6££.0d SYTE0SY [suaides owoH] uialoidoidaid @ uisdayred AIH
suig104d Jo Janouin] pue uoirepelfiap Jejnjjaoenul 228'/€ 858/0d 1€¥8€522 [suaides owoH] uisroidoidaid g uisdayred NOD
Buipuig unoe 875'8€ T2T0vd €T625¢E9 [suaides ogo_.:H o-Q%o AIH
susides
Buipuiq unreday ‘AnAnoe Jsyiodsuesn pidi| 86¢'8€ 6v.20d ¥2959T¢E owoH] (1 urejo1doaA|B-z-e1eq) H utsiododijody W02
Buipuig
urajoud ney ‘Butpuig pidil ‘Auanoe seuiodsues pidi| vST'9€ 67920d GZELGSY [suardes owoH] 10sindaid 3 utsioidodijody NOD
Hodsuess ‘wsijogesw pidi| 9/2'1¢ 06050d €9T20SY [suaides owoH] J0s1n2aid @ utsiododijody W02
Ainnoe asedi| uisjoadodi| 26801 95920d €28/SSY [suaides owoH] 10s1n2aid |1]-D uisloidodijody N
Auanoe asedi| utsjoudodi| ¥82'TT G5920d 8TSOETZE [suatdes owoH] 10sindaid |1-0 utsloidodijody N
Buipuiq usjoud ‘AnAnoe Jsuodsuely pidi T.E'Sy 12190d 1G/8/T [suaides owoH] Josinoaid Al-Vv utsloidodijody NOD
Buipuiqg uisjoud ‘AnAnoe Jauodsuely pidi S/T'TT 25920d 671205y [suaides owoH] utsroidoidaid |- utsloidodijody #NOD
Butpuiq utsjoid ‘Ayanoe sspiodsues pidi) 8LL°0¢ 8,090 S9v66v.LE I-v uiejoidodijody #NOD
Buipuig J01deoal ‘AnAnae sapodsuels pidi| €9G'GTS YTT¥0d 08.8¢ 10s1n2a1d 00T g-0dy OO
Auanoe Jouqiyui ssedijoydsoyd €l1'8e G5eL0d 8/690€9T 2V uIxauuy NOD
Buipjoy uaroud 18€'Ge €v.20d 6€€¢850¢E winJss ‘Jusuodwod d pIojAwy NOD
‘asuodsai aseyd-anoe
‘Alquiasse xajdwod uigoid parelpaw-auoiadeyd
Auanae Joyqiyur asepndadopus adA-sulas 87822 L7110 /€982 uisdAnnue T-eydiy 4#N0D
AuAnoe Jo1eAnoR
uaboulwse|d ‘Alanoe asejelpAy areaniAdoydsoyd 8€0'/Y £€/90d 601992 asejous eyd|y NOD
1lodsuen usjoid Jejnjjaoenul 8/2'€9T £20T0d GTE2T89Y uingojBoioew g eydy 4#WN0D
Annnoe
onAleres ‘Auanoe asejople syeydsoydsig-asoion.y 682'6¢ S.0t0d G658¢ ursjoud v ssejop|y NOD
N N N SWI0J SNOLIBA UNOY NOD
uononpsuel)
leuBis Jo uonenBai ‘sisoNw Jo uonenbal 1/1'82 186T9d 9/6EYSTE uigjoid uoneanoe AIH
aseuabAxoouow-g ueydoydAly/aseusbxoouow-g
Buipuig a14198ds urewop uialold 1662 29d190 00029ZY 2V asedijoydsoyd a1josoikosutelold g-g-4T AIH
Buipulq Jo1oey :o_a_am%g Svl'le ¥07€9d 8/92/8€€ eljap/elsz urelold g-g-4T AIH
sisuabolq
pue uoneziuelio [e1e1aXs0AD ‘uononpsuel ] [eubis T.1'82 18679d 0TE€92.S ursjoud ewweb g-g-4T AH
uonouNS pare|nisod "MIN 104d SSIMS 190N ursload uowiwod - NOD

pa1auIun - N
paldajul -AlH

Virology. Author manuscript; available in PMC 2008 June 20.

(uonearnUaPI SIN/SIN-DT) INAIN [011U0D pUE Pa1daJUI-T-AlH JO SWO18108S Ul PaljIIuap! suIdlold
¢39l|qelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 19

Ciborowski et al.

Burpuiq ureyoud 66¢'SS 600T0d €G¢r850¢€ Jongiyur sseutsiold (sulsisAd 10) suLiss WNOD
‘AAnae Jojqiyul asepndadopua
adA1-auuias ‘Alanoe Jojigiyul asepndadopua
[suaides
Auanoe Jo)qiyur uoierossIp-das oyy 886'C¢ 996¢4d 0€06.€0¢ OWOH] 130 J0}1qIyut UOKEIN0SSIP dd9 oYY NIH
umouxun 19T'8 €025TO 75€L0€ [suardes owoH] eydje uisowAuyioid AIH
xa]dwod swosesjold 0€z'L2 97 1N60 26.0TY0E Z 1nungns JojeAnioe awoseajold AIH
xa]dwod swosesjold £2.'82 £€2£900 0665515 T 1UNgns JojeAnioe awoseajold AIH
sisauaBolq pue uoneziueio uoys|exsoIkd ¥G0'GT v AESO T¥8¢850¢€ T uljyoid NOD
Butpuig d1v ‘Butpuig
ursjoud ‘U0J33XS0IAI JO JUBNIIISUOD [BINJONAS 9102y LXA960 E€TCEBYTS 0€OSMH 01 Jejiwis :d3101d3dd [A[e}e}
AAnoe aseury aresaoA|boydsoyd 8y 8G6500d €9/50SY [suaides owoH] T aseury aresaaA|boydsoyd AIH
A)IA1OR JuRpIXONUR
‘Ainnoe asepixosad ‘AlIANOE 85EIONPAIOPIXO 011'22 0£8900 18865655 T uIxopaiixolad NOD
uononpsueu} [eubis €09'€C 8£5160 6255051 [suaides owoH] z proanwosoio 4#N0D
uonoeas aseyd-smnae ayy Bunp
WwASAS aunwiwli 8y} Jo ANARde ayl bulrejnpow 215'ee £9/20d 09202002 [suaides owoH] J0sindaid ‘T p10aNWosoI0 u_\,_oo
[suaides
Ananoe (+dawvN) sseusfiospAysp ayenoost 659'97 7.85.0 V99VLETT owoH] aseusbolpAyap syesn100s! Juspusdap-davN AIH
Buipuig u1si01d [e38]8Xs01Ad 689'29 8£092d 152505y [suaides owoH] utssouw AIH
Annnoe
asepndadopuao[ejal ‘uolenualayip abeydoloew Lev'sL 08.¥Td 8Y0EYYOT [suaides owoH] 6dININ NOD
Buipuiq unoe 25'8€ T210%d L9E0ELTT urajoud Buiddes sbeydosoein AIH
Aunnoe aseuaboipAyap sjejoe|- 855'9¢ 8£€00d LTvlTsre aseuaBolpAyap sresoe|- AIH
Aanoe aseusbolpAysp areroel-1 6.6'TV 2ZA960 2€0/SSY [suaides owoH] g aseusboipAysp a1e1oe| AIH
Annnoe
8se10NPalopIXo ‘AlIANOR aseusbolpAysp a1e1oe]- 105'9¢ £HINZ9O /G8TE0S [suaides owoH] v aseusaboipAysp a1e10e] NOD
10s1n2a1d 7H ureys
Aunnoe Jouqyur asepndadopua 85€'€0T v2or1O 26TZEVET Aneay sonqyur utsdAn-eydie-1a)ul NVINNH YHLI AIH
AuAnoe Jonqiyur co:m_oo%_u.n_omo oyy G0L'TT 995¢5d ¥,9.281 uixopaiolyl uewnyH NIH
ulpuiq
uigojBoway ‘Auanoe ssepidadopus adAl-sutiss GZsTy 6A9190 £5996¢ [suaides owoH] eydre-zdy AIH
[suaides
AiAnoe uleday ‘Auanoe Jongiyul asesjold auisisAa 8/G'6S 96TY0d 687705 owoH] J0sindaid uis101doaA|6 you-auipnsiH N
Buipuig
uigojbowsay ‘Alanae asepndadopus adA)-aulias 502'Sy 8£/00d 06E.EEE [suaides owoH] uigojboideH 4#N0D
Buipuig
uiqojBowsay ‘Ananoe asepndadopus adA-autes 800°'6E 6£.00d 96£029T [suaides owoH] uiqojbordeH u_\,_oo
Auanoe ursiod Joreanoe pidijobuiyds 228'02 006.Td 158T€ [suaides owoH] uteiod 10yeAnRde-ZIND [NeJe}
Ainnoe (BunejAioydsoyd) [suaides
aseuaboupAyap areydsoyd-g-apAyapleladk|b 226'GE 90¥0d GY9TE owoH] aseuaboipAyap areydsoyd-g-apAyapleladk|b AIH
[suaides
A)IANOR aselaysurl) auolyen|b 995'/2 SOV1S0O 9¥65265S owoH] T-T efawo asessysueli-s auoiyyein|b AIH
Buipuig uol wnofes ‘uoneziiswAjod Jusue|i) unoe 869'G8 96£90d 88ZY708€ (o1wse|doifo) [susides owoH] g wiiojos! uljose9 NOD
Buipuiq uor wintofes ‘uoneziawAjod Juswey unoe 169's8 96£90d G9TY0SY [suaides owoH] e wuoyost utjosjao W02
[T snaia
% % GE0T.9TZ Aouaioigapounwiwi uewnH] uisyodAjod jod-6eb AIH
% % 606SVTIES [T snuiA Aouaioiyepounwiwi uewnH] uislosd Beh AIH
% % ST6SYTES [T snua Aousidyyapounuiw uewnH] uigioid Heb AIH
% % GEEITYSS [T snuiA Aouaioiyepounwiwi uewnH] uislosd Beh AIH
wistjogelaw ayepAyoqies mwooom 19¥760d €4GGE6CE [suaides owoH] asereydsoydsig-9‘T-asojoniy NIH
Buipuig
u1s1o4d ‘JUaNISUOI [eINIONIIS XIJJewW Je|njjadesxa 109'292 16/20d G/96/2 uewny - [parepijea] Josindaid unosuoiqy NHNA N
Butpuig unoe 922'8.¢ 634090 T22T6.€S [suaides owoH] v uweyy AIH
uonoun4 payen1sod "M 101d SSIMS 190N uig04d uowiwiod - NOD

pa1auIun - N
paajul -AlH

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Virology. Author manuscript; available in PMC 2008 June 20.



Page 20

Ciborowski et al.

WinJss Uewiny Ul punoy suig)oid juepunae 1sow ZT Qo._.u

'S8U0Jeas aseqepep WOl paurelqo alem (syuswbesy Buipnjout) sWI0S SNOLIBA JO S1IaquINU UOISaae a|dniNiAl
*

*K18A108dsal S18GINU UOISBIIE 10dSSIMS pue |gON - $ pue 7

¥ 9]qe 98s s|Ie1ep _Eo\
(]

u03318%s01A

10 JUBMINSU0D [eamONIS ‘Bulpuiq utsiold 0z5€s 0£980d LTESTTLY NIA AIH
Buipuiq Jo1oey uonduosuen Gv.'l2 ¥0TE9d G29S€ELTL ureloud AIH
uoneAnae aseusbAxoouow- G ueydoidAiy/g auisolhy
ursjoud Buipuig-suoulioy proiAys €18'ST 964190 €E65YT8Y il NOD
Buipuiq usioad [eys|axs0lhd 16€'82 9€6.9d 656£082T  wisoAwodos | AIH
Buipuig u1s104d [e18]93s03A0 GLT'.2 6SNASO 0859955 € uisoAwodos AIH
Annnoe asesswos) syeydsoyd-asoly 8£5'9Z ¥2109d GT868ELT T aseJauwos! areydsoydasonl | AIH
AIAnoe 101dadal uLiajsuel) T06'V8 98/20d 1S¥20SY J01dadal uLLIaysue) AIH
Buipuiq uoi uour ‘yodsues uol 0S0'2L 18120d GS8.Y.LLE urajsuel L #N0J
wis1jogelsw aelpAyogues ors'Le 1£8/€d 18TE08S [susides owoH] T asejopjesuen AIH
ANAnoe aseinwsip apixoladns 508'ST T¥700d G£8590/2 [suaides owoH] aseinwsiq apixoladng N
¥ -T WJ040S! ureyd
Buipuig uor wniofed ‘AnAnoe Jojow 66.'9T 09909d 292986.T BI 1e3ie UISOAW S]9SNL-UOU pUB dJISNW Yjoows AH
[suaides owoH] €
urajoud paesss 18€'6 €27150 68709655 31| utsroad you-pioe ofweln|B Buipuig urewop gHS N
uoldun4 pale|nisod ‘M'IN 101d SSIMS 19DON ulaload uowwod - INOD
palodyuIun - N
pajosgul -AIH

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Virology. Author manuscript; available in PMC 2008 June 20.



Page 21

Ciborowski et al.

A19A1103ds81 S19qWINU UOIS3IR 104dSSIMS puUe |gDN - $ pue

uononpsue [eubis ‘Buleudis |8o-118d ‘uoisaype |13 112'19 Zr6STO GY80€48S UuIxAz AIH
Buipuig urejod [eyajasoihD €T7'69 SIXAYO 81/11€99 (unza) z ulA AIH
16109 01 swosopus ‘Lodsuely speiboiay 10.'T6 ™M0960 0582296 Ge u1groad Bunos Jejondep NAIH
uolsaype 130 £€566'GL 1XN98d S06T8ZTY wioy Buoy z utsrold parefsi ZTT-ONN AIH
wstjogelsw as0an|f uspuadaput-usbAXo 906',9 GINTESO T26LTVIE ase|ojaysuel L NOD
SISeISOaWOoY Uol uo.l ANAIDR ‘103dadal uliIajsuel | T06'78 98/20d 1S10SY 101da0a1 uLLIaysuRl | N
uodsuely pareIpaw-a[oISaA L¥T'98 9epSTO ¥122028¢ Vv ulaloud parejal-£z03s AIH
THEVEDTS SPUIQ ‘SJUBLUE|1 UNIE JO pud padaeq Bulpulg 79589 Tesed 608982 uixipey AIH
91e4ISqNS D aseuly
Buipuiq uinpotufes ‘Bulpulq Jusue|l URdY €2r'1E 99662d GY9€0295 urajoud you-suiuere payelKoisLAN AIH
Buipuiq Joidadas ‘Anow [189 ‘U0I8aXS01AD JO JUBNIISUOD [RINONAIS 68929 8€09¢d €€96TVS UISsoN AIH
uonenualayip abeydoioew
‘Buipuiq uoi ouiz ‘Aiande g aseuniejsh ‘Alanoe sseusbeljod 12v'8L 08.¥1d 18726522 6 8seutajoidoyelsw xureN NOD
UOIIQIYUI BAINIISUOD pajelpaw-ulgiold © saejnpowl
pue / 8dA} 10)de0a1 sjeweln|B o1donogelsw ay} Yim sjoelsiul 658'vT TIAN9O G68..8€€ urel0id SYOHVIN AIH
Buipuig uor wniofed ‘Buipulq unoy 682°0L 96/€1d 6SEEYOYT unseyd- NOD
SISaYIUASOI] auaLIoX N3] ‘asuodsal Alorewwelyul
‘Butpuiq uot ouiz ‘Ananoe ssepidad ‘Aanoe asejoipAy spixod3 ¥ST'69 09660d 620505V 35e|0JpAY YV ausLIONNaT NOD
uo1ed0|SuUeR ‘snajonu ojul odwil
urgjoud ‘snajonu ojul Joduwi syensgns Buriesg-STIN ‘Bulpuig uol aurz 0.T',6 v.6¥TO ZYTECB6T T ©39q uniaydoArey| AIH
suonounl asualaype 1e
Buieubis 493 pue S10BIL0D |[80-][80 PaSeq-ULIBYPRI-IA SaIRIPaIN 6€5'20T YNTd9O 0v9¥.90 ure101d Tdvol AIH
uononpsues
leubis ‘sisoydode Jo uononpui ‘asuodsal asuajep ‘Buipuiq 419 o', 16502d 1625051 u1a104d XN pasnpui-uoJayialu| AIH
urelo4d papjojun o3 ssuodsal ‘Wisijogered YNYW ‘sisoydode-nuy 250°02 £0780d 2686251 2-0LdSH AIH
Juswdojansp piewsads
‘uIgy04d papjoyun 0y asuodsail ‘sisolaw ajew ‘Buipuiqg uisloid papjojun 120'0. 25915d 0887021 u1s30.d »20ys JeaH AIH
ursoud v9z'c8 L6150 9T¥7029S e18q ‘T u1e101d BAX06 Ho0ys JedaH NIH
papjoyun ‘Buipjosel ulroid ‘sisayluAsolq apIXo JLlU Jo uolejnbal
annisod ‘Buipuiq urewop Hdl ‘10re|nbal aseyluAs apIxo-oLlN
uononpsue er1'86 ¥Tddzd 6796698 eyde ‘T ulal04d B@06 %00US JeaH AIH
Jeubis ‘Buipjose. u1s104d ‘siSayluASOIq 8PIX0 JLIIIU JO uolre|nbal
sueJ) [eLIPUOYI0IIW ‘Bulpulg urewop Ydl ‘uoneziuswipowoy
u1a104d ‘1ore|nbal aseyluAs apixo-ouiu ‘Buipulq 41v
ursyoid papjoyun Z
03 asuodsau ‘Buip|oy utaioud ‘Buipulg spposjonu ‘Bulpulg d1v 005'€S 24HESO 989vELYe WJ040s| 8 U1s304d e@X0. 4I0ys ¥eaH AIH
‘Buiddes juawrejiy unoe
pus-pageq ‘BulisAss Juswe|ly unoe ‘uolieziiawAlod Juswe|ly unoy 869'G8 96€90d 88¢vY08€E urjosjeo NOD
uononpsuel) jeubis ‘asuodsal
aunwuwi ‘Aemyred Buieubis uisioid Jo1dadal pajdnod uisiold-9 9181 ¥2010d 16.98/01 € uauodwod Juswajdwo) e}
sisoydode-nue ‘AlAnoe asedsed Jo uonenbai
annelau ‘ANAiloe JopqIyul asedsed ‘Buipuig uol wnidfes ‘Bulpulq d 1V €ee'es T20TTd 26VEVTT did AIH
eaM0L
x3]dwo9 ased Vv 10199s-0M] Buijiodsuel-uolold ¥0€'89 9098€d 906TVEST JewososA| ‘Buinodsues) +H ‘ased | v AIH
uonezuswobijoowoy uisiold ‘Buipuig 4NL ‘Buipuiq
8-11 Buipuig T-11 ‘Buipuiq swAzus ‘Auanoe Jongiyur ssepndadopus 812'€9T €20T0d GTECT8IY utngojfosoew g eydly N
suoI1oUNy Paye|NIsod WA $lodssims I8ON uig101d uowwiod - NOD

‘parospuIun - N
‘pa1vajul - AIH

Virology. Author manuscript; available in PMC 2008 June 20.

"suIg10.d JuepUNGE 1SOW 9 JO [eAOWaJ Jaye JAT Ul edX 09 01 0§ JO abuel syl Ul pPalyuapI sulLl0ld
€ 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 22

Ciborowski et al.

16€°0 0¢6'€ C CL'8GST M133SD1L071Sd010 [6€6899GIT 9cc/Z04V 1T Z809vAV VIGPIGE6899G1D u1a104d begy
€5€°0 LE6°C € 90°G¢8¢ MATIHOAIOTLINNMILYNINOAVO [T15906¢911 T 60602 AV VIABIT 1590629110 U18)01d0JA|D 8dofsAu3
2ce0 T1¢9°¢ € 06°97EE HAdTTAXLINSSOTIVASOXMOINDTANAOA [80560ZGG] T 6Z985/AV V140305602 GGND 9Se1dIIosue.} aSIonay
Ve)2IEl] 110X 7 AN 30UaNDbas apndag T30WUNU UOISS3008 [9ON T1a101d

NIH-PA Author Manuscript

*su19104d pa1aidas T-AlH 10 siuejeusadns ainynd ur punoy pue sutajold T-AlH Pa1uapl SIA/SIN-D1

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Virology. Author manuscript; available in PMC 2008 June 20.



