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Abstract: Human cytomegalovirus (HCMV) particle morphogenesis in infected cells is an
orchestrated process that eventually results in the release of enveloped virions. Proteomic
analysis has been employed to reveal the complexity in the protein composition of these
extracellular particles. Only limited information is however available regarding the
proteome of infected cells preceding the release of HCMYV virions. We used quantitative
mass spectrometry to address the pattern of viral and cellular proteins in cells, infected
with derivatives of the AD169 laboratory strain. Our analyses revealed a remarkable
conservation in the patterns of viral and of abundant cellular proteins in cells, infected
for 2 hours, 2 days, or 4 days. Most viral proteins increased in abundance as the infection
progressed over time. Of the proteins that were reliably detectable by mass spectrometry,
only IE1 (pUL123), pTRS1, and pIRS1 were downregulated at 4 days after infection. In
addition, little variation of viral proteins in the virions of the different viruses was
detectable, independent of the expression of the major tegument protein pp65. Taken
together these data suggest that there is little variation in the expression program of viral
and cellular proteins in cells infected with related HCMVs, resulting in a conserved pattern
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of viral proteins ultimately associated with extracellular virions.

Keywords: human cytomegalovirus; proteomics; mass spectrometry; virions; expression
pattern

1. Introduction

The human cytomegalovirus (HCMV) is a pathogen of substantial clinical relevance that may lead
to severe disease and sequelae after prenatal infection and life threating conditions in immunosuppressed
individuals. Considerable interest thus focuses on the development of therapeutic strategies against
HCMV infection and disease. One target area for the development of antiviral compounds is particle
formation and particle release.

The virions of HCMV are made up by an inner capsid structure, containing the linear double-stranded
DNA genome of roughly 235 kbp, an attached matrix of viral and cellular proteins, assembled as a
tegument layer, and an outer envelope [1]. The 100 nm icosahedral capsid is composed of the major
capsid protein (MCP, pUL86), the minor capsid protein (mCP, pUL8S5), the mCP-binding protein
(mCP-BP, pUL46), the smallest capsid protein (SCP; pUL48.5), and the portal protein (pUL104) [2].
Assembly of the capsids proceeds in the nucleus of infected cells, originating from scaffold-containing
procapsids. The viral DNA is encapsidated and selected tegument proteins may become associated
with the capsids already at this stage [1,2]. Capsids exit the nucleus by subsequent envelopment and
de-envelopment at the nuclear membrane. A key determinant of that process is the nuclear egress
complex (NEC) at the inner nuclear membrane that consists of the viral proteins pULS50 and
pULS3 [3—-6]. Nuclear capsid egress appears to be regulated by both cellular and viral kinases [3,7,8].
Following their release into the cytoplasm, the capsids are directed to perinuclear inclusions termed
assembly compartments (AC) [9]. The AC consists of cylindrical structures that are assembled from
the trans-Golgi network, the endoplasmic reticulum (ER), the ER-Golgi intermediate compartment
(ERGIC) and from endosomal compartments, and contains proteins characteristic for endosomal
sorting and transport (ESCRT) as well as Rab GTPases [1,10—12]. Tegument attachment to the capsids
occurs predominantly at the AC and precedes envelopment. Both virions and subviral dense bodies are
enveloped at AC and are subsequently found in cytoplasmic vesicles that are then transported to the
cell surface by an exocytotic pathway [6,13]. This transport is influenced by the product of the viral
UL103 open reading frame (ORF) [14]. Infectious virions and dense bodies are ultimately released at
the cell surface.

Early analyses used color staining or radioactive labeling in combination with SDS-PAGE to
display the protein pattern of purified HCMV virions [15—18]. Subsequent microsequencing analyses
identified a subset of viral and cellular protein components of HCMYV virions [19]. Further reports also
identified cell derived proteins to be included in HCMV virions, although some of these results have
later been challenged as being a result of contamination rather than of packaging [20-24]. A previous
study, using mass spectrometry, revealed the high level of complexity of the HCMV virion [25,26].
Seventy-one viral proteins were identified to be integral constituents of the particle. In addition,
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over 70 cell-derived proteins were found to be associated with purified particles. Proteomic analyses of
the murine CMV virion displayed a similarly complex picture [27].

Mass spectrometry has provided a detailed insight into the protein composition of HCMV virions.
There is, however, only limited information available about the proteomic composition of permissively
infected fibroblasts preceding the release of particles. Furthermore, analyses of the protein composition
of HCMYV virions by mass spectrometry were focused on one single AD169-derivative. Up to this
point, it remained unclear how culturing of related HCMVs in different laboratories would influence
the proteomes of infected cells and virions. To begin to address this issue, we focused on five HCMVs
that were all descendants, as bacterial artificial chromosome (BAC) clones, of the AD169 laboratory
strain of HCMV. The viruses used for analysis were RV-HB5 [28], RV-HB15 (AD169-RV) [29]) and
RV-BADwt [30], and the pp65 deletion mutants RV-Hd65 [31], RV-KB14 [32]. The RV-HBS is the
first BAC-derived HCMYV strain, originally cloned by Borst and colleagues by inserting a BAC-vector
into the US2-US6 gene region of the AD169 strain [28]. The RV-HBI15 is a modified version of
RV-HBS5, where the US2-US6 deletion was repaired and the BAC vector was removed by cre-lox
recombination at virus reconstitution, leaving one single loxP site behind in the genome. [29]. The
RV-BADwt is a full length AD169 strain that was cloned by inserting a self-excisable BAC-vector
between the ORFs US28 and US29, again leaving one single loxP site behind, following the US28
ORF [30]. The pp65neg strain RV-Hd65 was derived by replacing the UL83 (pp65) ORF from
AD169-BAC by a neomycin resistance cassette, leaving behind 151 5'-terminal base pairs of the pp65
ORF [31]. The AD169-BAC is the clone used to reconstitute RV-HB15. The neomycin resistance
cassette was removed using FLP-recombinase mediated excision in E. coli. The BAC vector was
removed by cre-lox recombination at virus reconstitution. The pp65neg strain RV-KB14 was generated
by inserting a tetracycline resistance cassette into the UL83 (pp65) ORF of pAD/cre (the BAC clone
used for reconstitution of RV-BADwt), thereby deleting all of the pp65-coding region except for 152 5'
base pairs of the ORF [32]. All viruses were characterized before with respect to their genomic
structure and biologic properties.

The data analyses presented here show a remarkable conservation of the overall levels of viral and
cellular proteins in fibroblasts, infected with RV-HB15 or RV-BADwt. Most viral proteins increased
in their steady-state levels in infected cells up to 4 days after infection (dpi). Only IE1 (pUL123), IRS1
and TRS1 appeared to be downregulated at 4 dpi. No gross alteration of the viral protein content of the
virions of pp65pos- or pp65neg-viruses were seen.

2. Results and Discussion
2.1. Conserved Pattern of Viral Protein Expression in Infected Cells

To address the steady-state levels of viral proteins in HFF, cells were infected at an m.o.i. of 1 with
RV-HBI15 and RV-BAD, respectively. Cells were collected and processed after 2 hpi, 2 dpi, or 4 dpi,
respectively, and analyzed by mass spectrometry.

The patterns of viral proteins that were detectable at 2 hpi were divergent between RV-HB15 and
RV-BADwt (Figure 1A). This, however, was not surprising, considering the low amounts of viral
proteins relative to the prevalence of cellular proteins at this early time after infection (data not
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shown). The precision of the measurement of viral proteins against this high background was limited,
thus compromising a direct comparison in this case. It was yet remarkable that viral proteins could be
detected at this early time after infection, underscoring the sensitivity of the proteomic approach. In
contrast to these results, the patterns of viral proteins at 2 dpi were comparable between RV-HB15 and
RV-BADwt (Figure 1B). This indicated that the protein expression of these two viruses was highly
conserved over the passaging on human fibroblasts. This was corroborated by the patterns observed
at4 dpi (Figure 1C). As expected, the pattern changed from 2 to 4 dpi for both viruses. At 2 hpi
and 2 dpi, regulatory proteins, like IRS1, or proteins for DNA replication, like UL44 were most
prominent (Figure 2 and Table 1). Note that, at this time point, pUL44 was the most abundant protein
in infected cells. The levels of the regulatory proteins IE1 (UL123), TRS1 and IRSI1 already peaked
at 2 dpi. These three were the only viral proteins that appeared to be downregulated, resulting in a
decreased abundance at 4 dpi (Figure 2). At the later time point, structural proteins more prominently
shaped the pattern of expression in HCMV infected cells, pp65 being by far the most abundant
representative. Surprisingly, however, UL44 was also highly expressed at 4 dpi, although other
proteins, involved in DNA replication did not reach that level. The reason for this abundance of UL44
in HCMYV infected fibroblasts is unclear at this point.

The proteomic approach shown here provided an impressive reflection of the long known burst of
viral protein expression in infected fibroblasts. Whereas viral proteins constituted below 1% of the
total protein mass in infected cells at 2 hpi, this increased to over 20% at 4 dpi (data not shown). Given
the long half-life of many abundant cellular proteins, these results underscore the intensity with which
HCMV diverts the cellular biosynthesis to its own use.

2.2. Comparable Impact of RV-HB15- and RV-BADwt-Infection on the Cellular Proteome

Proteomic analyses of the expression patterns of viral proteins in infected HFF displayed relatively
conserved patterns between two different AD169 derived viruses. To test the influence of the two
viruses on the levels of cell proteins in infected HFF, the mass spectrometry data of infected fibroblasts
were analyzed with regard to cellular proteins (Figure 3 and Supplementary Table 1). Uninfected cells
(mock) that were collected at different times after passage showed a proteomic pattern that displayed
little change over time. This result compellingly documented the accuracy and the reproducibility of
the method. The protein pattern of cells that were infected for 2 hours was identical to the pattern of
mock infected HFF for both tested viruses. This was not surprising, as no gross changes were expected
to occur at this early time. The pattern started to change at 2 dpi, and these changes were even more
pronounced at 4 dpi. The alterations were consistent with the results of many reports detailing the
dramatic impact of HCMV infection on cellular gene expression [1,33,34]. Little differences were,
however, seen between RV-HB15- and RV-BADwt-infected cells at any of the tested time points. This
indicates that HCMV infection with AD169-derived viruses results in a rather uniform pattern of
changes in the infected cell proteome (details of the data set can be found in Supplementary Table 1).
Further analyses are, however, required to investigate if the pattern of cell protein expression varies,
when viruses other than AD169-derivatives are analyzed. In addition the experimental setup chosen
here can only provide a pattern-analysis of the infected cell proteome. A more detailed insight into the
HCMV-induced changes of particular host cell proteins will await further analyses.



Viruses 2014, 6

Figure 1. Proteomic analysis of viral proteins expressed in infected HFF. Fibroblasts were
infected with RV-HB15 or RV-BADwt. At 2 hpi, 2 dpi, and 4 dpi, the cells were collected
and analyzed, using nanoUPLC mass spectrometry. The relative abundance of individual
proteins is shown in the pie charts. TOP3-Intensity was calculated as the average intensity
of the three best ionizing peptides and is proportional to the molar amount of the respective
protein in the sample. Proteins were sorted in decreasing abundance according to the values
determined for four-day RV-HBI15 infected fibroblasts and numbered accordingly, as
indicated in the box. (A) samples obtained for analysis at 2 hpi; (B) samples obtained for
analysis at 2 dpi; (C) samples obtained for analysis at 4 dpi.
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Figure 2. Time course of viral protein levels in infected HFF. The data shown in the pie
charts in Figure 1 are displayed in bar chart format to show the course for each individual
protein. (A) and (C), viral proteins in RV-HB15 infected cells. (B) and (D), viral proteins
in RV-BADwt infected cells. Note that the scales are different in (A) and (B) versus (C)
and (D). TOP3-intensity was calculated as the average intensity of three best ionizing
peptides and is proportional to the molar amount of the respective protein in the sample.
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Table 1. Viral proteins detected by nanoUPLC mass spectrometry in infected cells.

178

Capsid proteins
. Reported  RV-HBI5  RV-HBI5  RV-HB15 RV-BADwt RV-BADwt RV-BADwt
HCMV ORF Synonym  Max score pe;)tides b 2 hpi® 2 dpi ¢ 4dpi 2 hpi ¢ 2 dpi ¢ 4 dpi
UL46 mCP-BP 7,323.97 9 17,316 14,320 89,186 7,064 30,425 115,613
ULS5 mCP 11,871.54 12 7,257 27,654 173,498 4,010 58,905 211,460
ULS6 MCP 29,574.99 4 6,941 69,181 556,028 8,708 149,287 572,567
ULS0 pULS0 19,479.66 9 nd 57,699 267,196 nd 160,901 354,602
Tegument proteins
. Reported  RV-HBI5  RV-HBI5  RV-HB15 RV-BADwt RV-BADwt RV-BADwt
HCMV ORF Synonym  Max score pep[:ides b 2 hdpi 2 dpi 4 dpi 2 hpi 2 dpi 4 dpi
UL25 pUL25 11,575.85 14 5,881 75,440 316,023 15,207 123,334 425,577
UL26 pUL26 2,947.21 2 6,186 17,749 39,969 nd 11,563 39,897
UL32 pp150 1,592.09 10 10,230 10,049 84,106 nd 12,225 76,558
UL35 pUL35 1,480.43 3 nd 12,827 26,106 nd 18,355 28,489
UL45 RRI 765.52 2 nd 7,799 38,594 nd 9,887 21,194
UL47  HMWP-BP 1,950.86 8 11,842 9,849 48,624 5,974 13,690 29,478
UL48 HMW-P 934.58 6 nd 7,967 33,958 3,938 12,393 30,863
ULS2 pp71 3,682.85 9 8,167 21,851 78,681 10,465 46,063 81,361
ULS3 pp65 73,413.98 27 33,740 227,127 3,026,292 100,786 309,371 3,521,603
UL103 pUL103 2114.97 2 nd 9,058 38,143 nd 16,642 34,996
Us22 pUS22 3681.41 15 6,956 80,747 120,418 4,665 99,484 116,925
Envelope proteins/glycoproteins
. Reported  RV-HBI5  RV-HBI5  RV-HB15 RV-BADwt RV-BADwt RV-BADwt
HCMV ORF Synonym  Max score pep[:ides b 2 hpi 2 dpi 4 dpi 2 hpi 2 dpi 4 dpi
UL75 gH 848.31 4 nd 5,856 57,842 nd 18,448 64,162
UL100 oM 2,800.15 2 nd 5,570 80,032 1,528 61,189 158,290
UL115 el 3,596.83 2 nd 8,146 19,951 nd 15,905 32,299
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Table 1. Cont.
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Other virion proteins

, . Reported  RV-HBI5  RV-HBI5  RV-HB15 RV-BADwt RV-BADwt RV-BADwt

HCMV ORF Protein - Max score pepl:ides b 0 dpi 2 dpi 4 dpi 0 dpi 2 dpi 4 dpi
IRS1 pIRS1 13,209.55 19 4,284 150,080 138,219 5,178 189,945 114,985

TRSI pTRSI 10,401.20 18 8,602 97,473 87,607 12,635 133,632 45,993
UL34 pUL34 2,813.53 5 nd 35,364 142,758 9,861 56,510 117,824
UL44 pUL44 70,382.59 20 7,621 379,249 1,477,506 5,522 631,538 1,200,976
UL50 pUL50 1,314.75 2 nd 6,143 40,091 3,617 31,638 45,208
UL52 pUL52 1,623.85 11 2,043 29,069 73,220 3252 58,778 77,154
UL56 pULS6 1,143.55 2 nd 14,351 29,524 nd 16,585 31,192
UL57 pUL57 2,937.02 23 11,186 36,083 84,431 13,807 40,880 69,838
UL69 pUL69 878.59 5 nd 20,258 36,525 nd 24,015 25,949
ULS84 pUL84 8,406.89 13 4,630 23,259 108,290 6,403 59,514 137,353
UL$9 pUL89 1,075.02 2 nd 2,815 21,271 nd nd 40,538
UL97 pUL97 1,740.41 4 nd 10,305 33,074 nd 14,152 35,229
UL98 pUL9S 2,791.21 9 7,904 18,894 53,714 1,835 31,351 89,966
UL112/113  pULI112/113 4,259.03 9 39,266 88,103 163,205 39,268 68,815 160,294
UL122 IE2 38,858.88 9 4333 68,426 309,712 4,071 101,350 431,908
UL123 IE1 2,927.93 7 1,829 33,285 2,040 3,456 25,160 7404

* maximum Protein Lynx Global Server (PLGS) identification score; Tandem MS Search Algorithm [35]; ° number of different peptides detected for each protein in all

samples; © TOP3 quantification values correlated with the protein amounts; nd, not detected.
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Figure 3. Proteomic analysis of cellular proteins in infected HFF. Fibroblasts were infected
with RV-HB15 or RV-BADwt. After 2 hpi, 2 dpi or 4 dpi, the cells were collected and
analyzed using nanoUPLC mass spectrometry. The relative frequency of the viral proteins
in the samples is shown in the pie charts. Proteins were sorted according to frequencies
found in four day RV-HBI1S5 infected fibroblasts, displayed from left to right in the caption.
The 100 most frequent proteins in RV-HBI15 infected HFF are shown. A detailed
representation of the data is provided in the Supplementary Table 1.
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2.3. Conserved Stoichiometry of Viral Proteins in Virions of AD169-Derived Viruses

Viral protein levels in HFF were comparable between the two AD169-derived viruses. We next
asked the question, if this conservation was also reflected in the proteomes of virions from the different
viruses. For this, also two AD169 variants were used that did not express the most abundant tegument
protein pp65, in addition to three pp65positive (pp65-pos) viruses. Proteomic analyses showed a
striking level of similarity in the protein pattern of the three pp65-pos viruses (RV-HB5; RV-HB15;
RV-BADwt) and the two pp65-negative (pp65-neg) viruses (RV-Hd65; RV-KB14), respectively
(Figure 4). As expected, the most prominent constituent of the pp65pos viruses was pp65, followed by
the major capsid protein, pp71, pp150 and pUL94. These results were comparable to what has been
published before for the proteome of AD169 virions [25]. There was some variation in the relative
molarity of pp65, which is a non-essential tegument protein [18]. The number of pp65 molecules that
are included in the tegument may thus vary. Accordingly, the relative copy numbers of some of the
tegument proteins, known to interact with pp65 [36—38] showed subtle alterations which may be
related to variations in pp65 content. There were also some differences in the ranking of abundance of
some other virion proteins, compared to previously published data [25]. We do not know the reasons
for this at this point. Different infection and particle purification strategies, e.g., with regard to the time
point of collection of infectious supernatant or with regard to ultracentrifugation may account for these
variations. In addition, different mass spectrometry protocols were used. In our study, exogenously
added enolase was employed as an internal standard, providing a high level of confidence with respect
to relative quantification. However, more detailed analyses of the virion composition, including
different strains, will have to be performed to more accurately display relative abundances of
individual proteins in HCMV virions.

The compositions of the two pp65neg viruses and the three pp65pos viruses were virtually identical,
except for the lack of pp65 in the former (Figure 4). Note that RV-Hd65 is a derivative of
AD169-BAC [29], the BAC, used for reconstitution of RV-HB15 (AD169-RV), and RV-KB14 is a
derivative of pAD/cre [30], the BAC used for reconstitution of RV-BADwt. The slight differences
seen in the protein pattern of the two parental viruses were not detectable in the pp65neg variants.

Taken together these results showed that the viral protein composition of extracellular virions of
AD169 descendants is subject to only subtle variations. This argues in favor of a conserved process of
viral protein packaging within a given strain of HCMV. Remarkably, however, the pattern did not
change dramatically by removing pp65 which, in our analyses, comprised up to one third of the total
mass of viral proteins in the particle. Despite the absence of pp65, tegument assembly appeared to
follow along a controlled process that resulted in protein patterns that were comparable between
pp65pos and pp65neg viruses. It is likely that the network of tegument protein interactions, as reported
by others [37,39] will be instrumental to this process; yet this hypothesis still awaits confirmation.
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Figure 4. Proteomic analysis of HCMV proteins from purified virions. Virions were
purified by glycerol-tartrate-gradient-centrifugation from supernatants of 67 day infected
foreskin fibroblasts. The pp65pos strains (RV-HBS, RV-HB15, and RV-BADwt) and the
pp65neg strains (RV-Hd65 and RV-KB14) were used for analysis. Purified virions were
analyzed using nanoUPLC mass spectrometry. The stoichiometry of individual proteins,
normalized to exogenously added enolase is shown in the pie charts. Proteins were sorted
in decreasing abundance according to the values obtained for RV-HBI15 virions and

numbered accordingly, as indicated in the figure caption.
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3. Experimental Section

For proteomic analyses of infected cells, HFF were infected at a multiplicity of infection (MOI) of 1
in each case. For this, culture supernatants from 67 day infected HFF had been collected and stored
at —80 °C. One sample was thawed and analyzed for infectivity, using IE1 (UL123) specific antibody
staining. An MOI, based on serial dilution of the supernatants was calculated. For proteomic analyses
of virions, cells were infected in a way that all cells showed a cytopathic effect at day one of infection.

Mass spectrometry was performed as described elsewhere [32]. Briefly, sample preparation and
protein digestion of virions were performed as described in [32]. Nanoscale LC separation of tryptic
peptides was performed with a nanoAcquity system (Waters Corporation, Manchester, UK) equipped
with a BEH C18 1.7 um, 75 um X 150 mm analytical reversed-phase column (Waters Corporation) in
direct injection mode as described before [40]. Mobile phases, gradients and flow rates were chosen as
described in [32] and 0.2 uL of sample (50 ng of total protein) was injected per technical replicate.
Running conditions were as described in [32].

Mass spectrometric analysis of tryptic peptides from infected cells and virions was performed in
quintuplicate using a QTOF-Premier mass spectrometer (Waters Corporation) with a typical resolution
of at least 10,000 FWHM (full width half maximum) as described before [32]. All analyses were
performed in positive mode ESI using instrument settings and nanoLockspray calibration as described
before [32].

Continuum LC-MS data were processed and searched using ProteinLynx GlobalSERVER version 2.5.2
(Waters Corporation) [41]. Protein identifications were obtained by searching a custom compiled
database containing sequences of human and HCMV proteins from the Uniprot database. Sequence
information of enolase 1 (S. cerevisiae) and bovine trypsin were added to the databases to normalize
the data sets or to conduct absolute quantification as described before [42]. Database search was
performed allowing a maximal mass deviation of 15 ppm for precursor ions and 30 ppm for fragment
ions with one missed cleavage allowed and fixed carbamidomethyl-cysteine and variable methionine
oxidation set as the modifications. For valid protein identification, the following criteria had to be met:
at least two peptides detected with together at least seven fragments. The false positive rate for protein
identification was set to 1% based on search of a triple randomized database. Guideline identification
criteria were applied for all searches.

For the absolute quantification of proteins, we employed a well established label-free quantitative
proteomics workflow that we have previously used both for the quantification of nanoparticle protein
coronas [40] and also higher complexity samples such as myelin [42]. Label-free quantification using
the TOP3-approach allows both the relative and absolute quantification of proteins. TOP3-Intensity
was calculated as the average intensity of three best ionizing peptides and is proportional to the molar
amount of the respective protein in the sample [43]. Values were normalized across technical replicates
and samples using ISOQuant [44]. For the proteomic analysis of HFF, cells were infected at an MOI
of 1 for 2 h, 2 d, or 4 d, respectively. After that, cells were collected by removing the culture
supernatant and subsequently adding 5 mL of 50 mM EDTA solution in 1x PBS. They were detached
from the support after an incubation time of 515 minutes at 37 °C and were subsequently centrifuged
at 470 g for five minutes. The pellet was resuspended in 10 mL of PBS and the cells were centrifuged
again as described above. This was repeated once. The final pellet was resuspended in 2-3 mL PBS
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and the cells were counted. 0.5 millions of cells each were transferred to 1.8 mL Eppendorf tubes and
the cells were again centrifuged at 1,300 g for three minutes. The supernatant was carefully removed
and the tubes were stored at —80 °C until further mass spectrometry. The samples were subsequently
analyzed by mass spectrometry as detailed above.

Virions were purified from the culture supernatants of HCMV infected human foreskin fibroblasts
(HFF). For this, cells were infected in a way that all cells showed a typical cytopathic effect at day 1
after infection. Culture supernatants were collected at 6—7 days of infection and were purified by
gradient ultracentrifugation as originally described by Irmiere and Gibson [15]. For this, the culture
supernatants were collected and centrifuged for 10 min at 1,900 g to remove cells and debris. After
that, the supernatant was collected and centrifuged at 95,000 x g (70 min, 10 °C) in a SW32Ti rotor in
a Beckman Optima L-90K ultracentrifuge. Pellets were resuspended with 2 mL 1x PBS. Na-tartrate
gradients were prepared directly before use. For this, 4 mL of 35% Na-tartrate solution in 0.04 M
Na-phosphate buffer, pH 7.4 were applied in one, and 5 mL of 15% Na-tartrate/30% glycerol solution
in 0.04 M Na-phosphate buffer, pH 7.4 were applied in the second column of a gradient mixer. The
gradients were prepared by slowly dropping the solutions into Beckman Ultraclear™ centrifuge tubes
(14 x 89 mm), positioned at an angle of 45°. 1 mL of the viral particles was then carefully layered on
top of the gradient. Ultracentrifugation was performed in slow deceleration mode in a Beckman SW41
swing out rotor for 60 min at 90,000 g and 10 °C. Particles were collected from the gradient,
illuminated by light scattering. For this, the centrifuge tube was penetrated with a hollow needle below
the band and samples were carefully drawn from the tube with a syringe. The particles were then
washed once with 1x PBS and centrifuged in a SW41 swing out rotor for 90 min at 100,000 g
and 10 °C. Following that centrifugation step, the pellets were resuspended in 120-150 pL 1x PBS.
The protein concentration of the purified virions was determined with the Pierce BCA Protein Assay
Kit (Thermo Scientific, Bonn, Germany). Twenty pg aliquots of the virions were then pelleted by
ultracentrifugation for 60 min, 100,000 g at 10 °C and stored at —80 °C for analysis by mass spectrometry.

4. Conclusions

We are only at the advent in our understanding of the complexity of HCMV particle morphogenesis.
Mass spectrometry has provided a technical leap in our attempts to understand the molecular events
that direct the formation and release of infectious progeny. The results indicate that there are only
limited variations in both the intracellular and the virion proteome with regard to viral proteins in
derivatives of one particular laboratory strain, AD169. This argues in favor of a highly ordered process
of viral protein expression and interaction to ultimately result in packaging and virion release. In line
with this, also the proteome of cellular proteins appeared to be conserved following infection with
different viruses. However, the data also immediately foster the request for analogous proteomic
analyses of other HCMYV strains, clinical isolates being of particular interest in this respect.

Acknowledgments

This work was supported by a grant from the Deutsche Forschungsgemeinschaft, (DFG), Clinical
Research Unit 183 (KFO 183) and by the Research Center for Immunology of the University Medical
Center of the University of Mainz, Mainz, Germany. We gratefully acknowledge the donation of



Viruses 2014, 6 185

BAC-derived viruses from Thomas Shenk, Ulrich Koszinowski, Martin Messerle, Eva Borst, and
Gabriele Hahn.

Conflicts of Interest

The authors declare no conflict of interest.

References and Notes

10.

11.

12.

Mocarski, E.S.; Shenk, T.; Griffiths, P.D.; Pass, R.F. Cytomegaloviruses. In Fields Virology,
6th ed.; Knipe, D.M., Howley, P.M., Eds.; Wolters Kluwer Lippincott Williams & Wailkins:
Philadelphia, PA, USA, 2013; pp. 1960-2014.

Gibson, W.; Bogner, E. Morphogenesis of the cytomegalovirus virion and subviral particles. In
Cytomegaloviruses: From Molecular Pathogenesis to Intervention, 2th ed.; Reddehase, M.J., Ed.;
Caister Academic Press: Norfolk, UK, 2013; pp. 230-246.

Milbradt, J.; Auerochs, S.; Marschall, M. Cytomegaloviral proteins pUL50 and pULS53 are
associated with the nuclear lamina and interact with cellular protein kinase C. J. Gen. Virol. 2007,
88, 2642-2650.

Milbradt, J.; Auerochs, S.; Sticht, H.; Marschall, M. Cytomegaloviral proteins that associate with
the nuclear lamina: Components of a postulated nuclear egress complex. J. Gen. Virol. 2009, 90,
579-590.

Camozzi, D.; Pignatelli, S.; Valvo, C.; Lattanzi, G.; Capanni, C.; Dal, M.P.; Landini, M.P.
Remodelling of the nuclear lamina during human cytomegalovirus infection: Role of the viral
proteins pULS50 and pULS3. J. Gen. Virol. 2008, §9, 731-740.

Colberg Poley, A.M.; Williamson, C.A. Intracellular sorting and trafficking of cytomegalovirus
proteins during permissive infection. In Cyfomegaloviruses From Molecular Pathogenesis to
Intervention, 2th ed.; Reddehase, M.J., Ed.; Caister Academic Press: Norfolk, UK, 2013;
pp. 196-229.

Marschall, M.; Feichtinger, S.; Milbradt, J. Regulatory roles of protein kinases in cytomegalovirus
replication. Adv. Virus Res. 2011, 80, 69-101.

Krosky, P.M.; Back, M.C.; Coen, D.M. The human cytomegalovirus UL97 protein kinase, an
antiviral drug target, is required at the stage of nuclear egress. J. Virol. 2003, 77, 905-914.
Sanchez, V.; Greis, K.D.; Sztul, E.; Britt, W.J. Accumulation of virion tegument and envelope
proteins in a stable cytoplasmic compartment during human cytomegalovirus replication:
Characterization of a potential site of virus assembly. J. Virol. 2000, 74, 975-986.

Das, S.; Vasanji, A.; Pellett, P.E. Three-dimensional structure of the human cytomegalovirus
cytoplasmic virion assembly complex includes a reoriented secretory apparatus. J. Virol. 2007,
81,11861-11869.

Das, S.; Pellett, P.E. Spatial relationships between markers for secretory and endosomal
machinery in human cytomegalovirus-infected cells versus those in uninfected cells. J. Virol.
2011, 85, 5864-5879.

Indran, S.V.; Britt, W.J. A role for the small GTPase Rab6 in assembly of human
cytomegalovirus. J. Virol. 2011, 85, 5213-5219.



Viruses 2014, 6 186

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tandon, R.; AuCoin, D.P.; Mocarski, E.S. Human cytomegalovirus exploits ESCRT machinery in
the process of virion maturation. J. Virol. 2009, 83, 10797-10807.

Ahlgvist, J.; Mocarski, E. Cytomegalovirus UL103 controls virion and dense body egress.
J. Virol. 2011, 85, 5125-5135.

Irmiere, A.; Gibson, W. Isolation and characterization of a noninfectious virion-like particle
released from cells infected with human strains of cytomegalovirus. Virology 1983, 130, 118-133.
Roby, C.; Gibson, W. Characterization of phosphoproteins and protein kinase activity of virions,
noninfectious enveloped particles, and dense bodies of human cytomegalovirus. J. Virol. 1986,
59, 714-727.

Jahn, G.; Scholl, B.C.; Traupe, B.; Fleckenstein, B. The two major structural phosphoproteins
(pp65 and pp150) of human cytomegalovirus and their antigenic properties. J. Gen. Virol. 1987,
68, 1327-1337.

Schmolke, S.; Kern, H.F.; Drescher, P.; Jahn, G.; Plachter, B. The dominant phosphoprotein pp65
(UL83) of human cytomegalovirus is dispensable for growth in cell culture. J. Virol. 1995, 69,
5959-5968.

Baldick, C.J., Jr.; Shenk, T. Proteins associated with purified human cytomegalovirus particles.
J. Virol. 1996, 70, 6097-6105.

Grundy, J.E.; McKeating, J.A.; Griffiths, P.D. Cytomegalovirus strain AD169 binds beta 2
microglobulin in vitro after release from cells. J. Gen. Virol. 1987, 68, 777-784.

Stannard, L.M. Beta 2 microglobulin binds to the tegument of cytomegalovirus: An immunogold
study. J. Gen. Virol. 1989, 70, 2179-2184.

Wright, J.F.; Kurosky, A.; Pryzdial, E.L.; Wasi, S. Host cellular annexin II is associated with
cytomegalovirus particles isolated from cultured human fibroblasts. J. Virol. 1995, 69, 4784—4791.
Giugni, T.D.; Soderberg, C.; Ham, D.J.; Bautista, R.M.; Hedlund, K.O.; Moller, E.; Zaia, J.A.
Neutralization of human cytomegalovirus by human CD13-specific antibodies. J. Infect. Dis.
1996, 173, 1062—-1071.

Michelson, S.; Turowski, P.; Picard, L.; Goris, J.; Landini, M.P.; Topilko, A.; Hemmings, B.;
Bessia, C.; Garcia, A.; Virelizier, J.L. Human cytomegalovirus carries serine/threonine protein
phosphatases PP1 and a host-cell derived PP2A. J. Virol. 1996, 70, 1415-1423.

Varnum, S.M.; Streblow, D.N.; Monroe, M.E.; Smith, P.; Auberry, K.J.; Pasa-Tolic, L.;
Wang, D.; Camp, D.G.; Rodland, K.; Wiley, S.; et al. Identification of proteins in human
cytomegalovirus (HCMV) particles: The HCMV proteome. J. Virol. 2004, 78, 10960—10966.
Caposio, P.; Streblow, D.N.; Nelson, J.A. Cytomegalovirus proteomics. In Cytfomegaloviruses
From Molecular Pathogenesis to Intervention, 2th ed.; Reddehase, M.J., Ed.; Caister Academic
Press: Norfolk, UK, 2013; pp. 86-108.

Kattenhorn, L.M.; Mills, R.; Wagner, M.; Lomsadze, A.; Makeev, V.; Borodovsky, M.; Ploegh,
H.L.; Kessler, B.M. Identification of proteins associated with murine cytomegalovirus virions.
J. Virol. 2004, 78, 11187-11197.

Borst, E.M.; Hahn, G.; Koszinowski, U.H.; Messerle, M. Cloning of the human cytomegalovirus
(HCMV) genome as an infectious bacterial artificial chromosome in Escherichia coli: A new
approach for construction of HCMV mutants. J. Virol. 1999, 73, 8320-8329.



Viruses 2014, 6 187

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hobom, U.; Brune, W.; Messerle, M.; Hahn, G.; Koszinowski, U.H. Fast screening procedures for
random transposon libraries of cloned herpesvirus genomes: Mutational analysis of human
cytomegalovirus envelope glycoprotein genes. J. Virol. 2000, 74, 7720-7729.

Yu, D.; Smith, G.A.; Enquist, L.W.; Shenk, T. Construction of a self-excisable bacterial artificial
chromosome containing the human cytomegalovirus genome and mutagenesis of the diploid
TRL/IRL13 gene. J. Virol. 2002, 76, 2316-2328.

Besold, K.; Frankenberg, N.; Pepperl-Klindworth, S.; Kuball, J.; Theobald, M.; Hahn, G.; Plachter,
B. Processing and MHC class 1 presentation of human cytomegalovirus pp65-derived peptides
persist despite gpUS2—11-mediated immune evasion. J. Gen. Virol. 2007, 88, 1429-1439.

Hesse, J.; Reyda, S.; Tenzer, S.; Besold, K.; Reuter, N.; Krauter, S.; Biischer, N.; Stamminger, T.;
Plachter, B. Human cytomegalovirus pp71 stimulates major histocompatibility complex class i
presentation of IE1-derived peptides at immediate early times of infection. J. Virol 2013, §7,
5229-5238.

Zhu, H.; Cong, J.P.; Mamtora, G.; Gingeras, T.; Shenk, T. Cellular gene expression altered by
human cytomegalovirus: Global monitoring with oligonucleotide arrays. Proc. Natl. Acad. Sci.
USA 1998, 95, 14470-14475.

Rabinowitz, J.D.; Shenk, T. Human cytomegalovirus metabolomics. In Cytomegalovirus from
Molecular Pathogenesis to Intervention, 2th ed.; Reddehase, M.J., Ed.; Caister Academic Press:
Norfolk, UK, 2013; pp. 59-67.

Protein Lynx Global Server (PLGS) Ion Accounting Search Algorithm. PLGS is available from
Waters, Manchester, UK. Available online: http://www.waters.com/ (accessed on 21 October 2013).
Chevillotte, M.; Landwehr, S.; Linta, L.; Frascaroli, G.; Luske, A.; Buser, C.; Mertens, T.;
von Einem, J. Major tegument protein pp65 of human cytomegalovirus is required for the
incorporation of pUL69 and pUL97 into the virus particle and for viral growth in macrophages.
J. Virol. 2009, 83, 2480-2490.

To, A.; Bai, Y.; Shen, A.; Gong, H.; Umamoto, S.; Lu, S.; Liu, F. Yeast two hybrid analyses
reveal novel binary interactions between human cytomegalovirus-encoded virion proteins.
PLoS One 2011, 6, €17796.

Becke, S.; Fabre-Mersseman, V.; Aue, S.; Auerochs, S.; Sedmak, T.; Wolfrum, U.; Strand, D.;
Marschall, M.; Plachter, B.; Reyda, S. Modification of the major tegument protein pp65 of human
cytomegalovirus inhibits virus growth and leads to the enhancement of a protein complex with
pUL69 and pUL97 in infected cells. J. Gen. Virol. 2010, 91, 2531-2541.

Phillips, S.L.; Bresnahan, W.A. Identification of binary interactions between human cytomegalovirus
virion proteins. J. Virol. 2011, 85, 440—447.

Tenzer, S.; Docter, D.; Rosfa, S.; Wlodarski, A.; Kuharev, J.; Rekik, A.; Knauer, S.K.; Bantz, C.;
Nawroth, T.; Bier, C.; et al. Nanoparticle size is a critical physicochemical determinant of the
human blood plasma corona: a comprehensive quantitative proteomic analysis. ACS Nano. 2011,
5,7155-7167.

ProteinLynx GlobalSERVER, version 2.5.2; Waters Corporation: Manchester, UK, 2011.



Viruses 2014, 6 188

42. Patzig, J.; Jahn, O.; Tenzer, S.; Wichert, S.P.; de Monasterio-Schrader, P.; Rosfa, S.; Kuharev, J.;
Yan, K.; Bormuth, I.; Bremer, J.; e al. Quantitative and integrative proteome analysis of
peripheral nerve myelin identifies novel myelin proteins and candidate neuropathy loci.
J. Neurosci. 2011, 31, 16369-16386.

43. Silva, J.C.; Gorenstein, M.V.; Li, G.Z.; Vissers, J.P.; Geromanos, S.J. Absolute quantification of
proteins by LCMSE: A virtue of parallel MS acquisition. Mol. Cell Proteomics. 2006, 5, 144—156.

44. Distler, U.; Kuharev, J.; Navarro, P.; Levin, Y.; Schild, H.J.; Tenzer, S. Drift time-specific
collision energies enable deep-coverage data-independent acquisition proteomics. Nat. Methods
2013, doi:10.1038/nmeth.2767.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


