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ARTICLE INFO ABSTRACT

Keywords: Human cytomegalovirus (HCMV) establishes latency within incompletely differentiated cells of the myeloid
UL138 lineage. The viral protein UL138 participates in establishing and maintaining this latent state. UL138 has
Latency multiple functions during latency that include silencing productive phase viral gene transcription and mod-
HCMV

ulating intracellular protein trafficking. Trafficking and subsequent downregulation of the multidrug resistance-
associated protein 1 (MRP1) by UL138 is mediated by one of four Golgi sorting motifs within UL138. Here we
investigate whether any of the Golgi sorting motifs of UL138 are required for the establishment and/or main-
tenance of HCMV latency in model cell systems in vitro. We determined that a mutant UL138 protein lacking an
acidic cluster dileucine sorting motif unable to downregulate MRP1, as well as another mutant lacking all four
Golgi sorting motifs still silenced viral immediate early (IE) gene expression and prevented progeny virion
formation during latency. We conclude that the Golgi sorting motifs are not required for latency establishment or

Golgi sorting motifs

maintenance in model cell systems in vitro.

1. Introduction

Human cytomegalovirus (HCMV) is a major human pathogen that
causes birth defects, the loss of organ and tissue transplants, and is
being investigated as a cofactor for glioblastoma multiforme brain tu-
mors. Like all herpesviruses, HCMV replicates productively but also
establishes non-productive, latent infections that allow life-long colo-
nization of the infected host (Collins-McMillen et al., 2018; Mocarski
et al., 2007). The long-term latent reservoir for HCMV is thought to be
CD34+ hematopoietic progenitor cells (Goodrum et al., 2004, 2002;
Maciejewski et al., 1992; Mendelson et al., 1996; Sindre et al., 1996;
Soderberg-Nauclér et al., 1997), with monocytes likely serving as a
short-term reservoir (Soderberg-Nauclér et al., 2001; Taylor-Wiedeman
et al., 1994, 1991). Reactivation in response to inflammatory and dif-
ferentiation signals allows for viral spread (Reeves et al., 2005b; Reeves
and Sinclair, 2013; Sinclair, 2008; Sinclair and Reeves, 2014; Taylor-
Wiedeman et al.,, 1994). The currently available anti-HCMV drugs
target productive (lytic) infection (Britt and Prichard, 2018). As more
about the molecular events of latency is revealed, potential drug targets
for latent reservoirs are emerging (Krishna et al., 2017a; Spiess et al.,
2015; Weekes et al., 2013).

The UL138 gene, within the UL133-UL138 latency locus of the ULb’
region of the HCMV genome, is one such target. Viruses lacking UL138

* Corresponding author.
E-mail address: rfkalejta@wisc.edu (R.F. Kalejta).

https://doi.org/10.1016/j.virusres.2019.197646

generate more infectious progeny virus during in vitro infections of
myeloid cells than do wild type viruses (Lee et al., 2015; Petrucelli
et al.,, 2009; Umashankar et al., 2014), indicating that UL138 helps
establish and maintain latent infections. The mechanism through which
UL138 supports latency is not defined. The UL138 protein is found in
the Golgi apparatus but represses transcription from the major im-
mediate early promoter (MIEP) in the cell nucleus (Lee et al., 2016,
2015; Petrucelli et al., 2009). The MIEP launches expression of the
immediate early 1 (IE1) protein, which is critical for the initiation and
completion of the productive replication cycle (Ahn and Hayward,
1997; Mocarski et al., 1996; Paulus and Nevels, 2009). UL138 achieves
this transcriptional silencing by preventing lysine demethylases from
removing repressive epigenetic marks from histones associated with the
MIEP on latent genomes (Lee et al., 2015). Motifs within UL138 re-
sponsible for MIEP silencing have not been identified, and therefore the
role that repression of the MIEP plays in latency has not yet been ex-
amined.

UL138 also downregulates multidrug resistance-associated protein 1
(MRP1) cell surface expression and steady state levels (Weekes et al.,
2013). MRP1 is an ATP-binding cassette transporter and functions as an
organic ion transporter across cellular membranes (Cole, 2014). Re-
cently, an acidic cluster dileucine motif within UL138 was identified as
required for MRP1 down-regulation (Gelbmann and Kalejta, 2019), but
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the role of this motif during latency has not been examined. Acidic
cluster dileucine motifs direct proteins and their associated cargoes into
transport vesicles that shuttle between the Golgi apparatus, the plasma
membrane, the lysosome, and other intracellular membranous com-
partments (Bonifacino and Traub, 2003).

In addition to the acidic cluster dileucine motif, the UL138 protein
also has three tyrosine sorting motifs that perform similar functions as
dileucine motifs. Furthermore, UL138 has been implicated in the traf-
ficking of additional cellular proteins including the epidermal growth
factor receptor (EGFR) and the tumor necrosis factor alpha receptor
(TNFR1) (Buehler et al., 2016; Le et al., 2011; Montag et al., 2011).
Whether the Golgi sorting motifs participate in trafficking EGFR or
TNFR1 and the role UL138-mediated protein trafficking plays during
latency are not known.

Here we show that neither the acidic cluster dileucine motif, nor
any of the tyrosine sorting motifs are required for repressing MIEP
activity and suppressing IE1 transcript and protein accumulation in the
THP-1 monocyte model for experimental latency in vitro. Furthermore,
we show that none of these Golgi sorting motifs is required for HCMV to
efficiently maintain experimental latency in Embryonic Stem Cells
(ESCs) in vitro. We conclude that the Golgi sorting motifs of UL138 are
not required for MIEP repression or latency maintenance in vitro in the
model systems utilized here.

2. Materials and methods
2.1. Cells, infections and transfections

Normal human dermal fibroblasts (NHDFs, Clonetics), THP-1
monocytes (TIB-202; ATCC), and human embryonic stem cells (ESC)
(WAO1; WiCell) were maintained as described previously (Penkert and
Kalejta, 2013; Saffert and Kalejta, 2007). An AD169-based virus en-
coding the A4 allele of UL138 (AD138A4) was created by replacing the
wild type UL138 allele in ADUL138HA (Lee et al., 2015) with the A4
allele using a two-step red recombination protocol (Tischer et al., 2010)
with the following primers (Forward: 5-AGTAGCGATGGACGATCTGC
CGCTGAAC-3; Reverse: 5-TTTCTCATTCAGGCATAGTCAGGCAC
GTC-3’). Other viruses and viral infection conditions have been pre-
viously described (Gelbmann and Kalejta, 2019). UL138 mutant alleles
have been previously described and can be found in Table 1 (Gelbmann
and Kalejta, 2019). Cells were transfected using TransIT-2020 ac-
cording to manufacturer’s instructions (Mirus, MIR 5404). THP-1 cells
were pretreated with valproic acid (VPA) (Sigma, P4543) at 1 mM for
3h and then for the duration of the infection.

2.2. Antibodies and western blots

The antibody against IE1 (1B12) has been described previously (Zhu
et al., 1995). The following antibodies were obtained from commercial
sources GAPDH (6C5, Invitrogen), HA (HA.11, Biolegend), and GM130
(D6B1, Cell Signaling Technology). For western blots equal numbers of
cells were lysed in 2% SDS lysis buffer or RIPA buffer and separated by
SDS PAGE. Gels were blotted onto nitrocellulose membranes (GE

Table 1
UL138 mutant alleles.
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Amersham, Protran). Membranes were blocked in 5% bovine serum
albumin (Research Products International Corp.) in TBST (10 mM Tris
pH 8, 150 mM NaCl, 0.05% Tween-20), incubated with the indicated
primary antibody and washed in TBST, stained with Licor IRDye 680-
and 800- secondary antibodies (LI-COR), and imaged on a LI-COR
Odyssey FC.

2.3. Luciferase assay

1 x 10° THP-1 cells were transfected with 1.5ug of pSG5-empty
vector (EV), pSG5-UL138HA, or pSG5-UL138HA mutant plasmid along
with 20ng pGL-MIEP and 40ng pRL-TK using Lipofectamine 2000
(ThermoFisher, 11668027). Cells were incubated for 48 h in antibiotic
free media then harvested. Luciferase activity was assayed using a dual
luciferase assay reporter system (Promega, E1910) according to man-
ufacturer’s instructions on a Veritas luminometer.

2.4. Latency maintenance assay

Latency maintenance assays were performed as described pre-
viously (Lee et al., 2015). Latency maintenance was quantified by ab-
normal virion production during latency by plaque assay using per-
missive fibroblasts co-cultured with latently infected ESCs, fixed and
stained with methylene blue.

2.5. Immunofluorescence

Cells were harvested by centrifugation, allowed to sit on washed
coverslips for 1 h and then fixed with 1% formaldehyde. Cells were then
permeabilized with 0.1% Triton X-100 (Sigma) and 0.05% Tween 20
(Sigma) and stained with the indicated antibodies. Secondary anti-
bodies used were Alexa 488 and Alexa 594 (Molecular Probes), and
cells were counterstained with Hoechst 33342. Coverslips were
mounted on slides using Fluoromount-G (Southern Biotech, 0100-01).
Slides were imaged on a Prairie Laser Scanning Confocal Microscope
(Prairie Technologies) using a 100X objective. Images were analyzed
using FIJI (Schindelin et al., 2012). Co-localization was quantified using
the FLJI plugin Colocalization Threshold.

2.6. Quantitative reverse transcriptase PCR and quantitative PCR

An equal number of cells were harvested by centrifugation. RNA
and DNA were extracted using IBI Mini Total RNA Kit (IB47323) and
Mini Genomic DNA Kit (IB47202), respectively. 250 ng of total RNA
was treated with DNAse and converted to complementary DNA (cDNA)
using Maxima~ H minus ¢cDNA Synthesis Master Mix (ThermoFisher,
M1682). DNA and cDNA were diluted and amplified using iTaq~
Universal SYBR® Green Supermix (BioRad; 172-5124). Viral transcripts
and genomes were compared to cellular glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) transcripts and DNA respectively. qPCR pri-
mers have been previously described (IE Forward 5-CGACGTTCCTGC
AGACTATG-3’ Reverse 5-TCCTCGGTCACTTGTTCAAA-3’ and GAPDH
Forward 5-GAGCCAAAAGGGTCATC-3’ Reverse 5-GTGGTCATGAGTC

Mutant name Mutation Specific substitutions Corresponding mutant virus  Study
WT Wild type; no mutations in UL138 TB138-HA (Lee et al., 2015)
AD138
mY-1 Mutated first tyrosine motif YosLAY to AygAAY
mY-2 Mutated second tyrosine motif Y44RWL to A44AAA
mY-3 Mutated third tyrosine motif Ys4GEY to As4GEY
mLL Mutated acidic cluster dileucine motif = Dj4,VDLL to A;40AAAA TB138 mLL-HA
A4 All Golgi motifs mutated The four above mutant alleles combined in a single allele = TB138 A4-HA (Gelbmann and Kalejta, 2019)

AD138A4
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Fig. 1. The Golgi Sorting Motifs of UL138 are not required for UL138 protein localization to the Golgi apparatus in transfected THP-1 cells. A. Indirect
immunofluorescence of THP-1 cells transfected with plasmids expressing UL138 wild type (WT) or the indicated mutants. Cells were harvested, fixed and stained 48 h
post transfection. GM130 is a Golgi marker. Nuclei were counterstained with Hoechst. HALO serves as a non-Golgi localized control. Representative images of at least
three independent biological replicates are shown. B. Images from A were analyzed for co-localization and Pearson’s Correlation Coefficients were determined. Data
represent the mean = standard error of the mean (SEM) from three independent biological replicates, where five cells from each replicate were measured. *

p < 0.05; ns, not significant (p > 0.05) by Student’s t-test.

CTTC-3’) (Hwang et al., 2011; Juckem et al., 2008). Data was compared
to untreated AD169 infections using the AACT method (Livak and
Schmittgen, 2001).

3. Results

3.1. The Golgi Sorting Motifs of UL138 are not required for UL138 protein
localization to the Golgi apparatus in transfected THP-1 cells

The simultaneous disruption of all four Golgi sorting motifs within
UL138 failed to change its subcellular localization at the Golgi appa-
ratus in fibroblasts where HCMV initiates a productive (lytic) replica-
tion program (Gelbmann and Kalejta, 2019). To determine if the Golgi
sorting motifs control the localization of UL138 in a cell type that
supports latency, we transfected THP-1 cells with expression plasmids
for mutant UL138 proteins with each Golgi sorting motif disrupted in-
dividually (mY-1, mY-2, mY-3, or mLL), or a mutant UL138 with all

four Golgi sorting motifs simultaneously disrupted (A4) and visualized
their sub-cellular localization by indirect immunofluorescence. Wild
type UL138 served as a positive control for Golgi localization as de-
termined by co-localization with the cis-Golgi marker GM130, and the
Halo peptide served as a negative control. THP-1 cells were chosen
because they have higher transfection efficiency than other in vitro
models, and because they faithfully recapitulate all tested parameters of
latency as demonstrated in primary monocytes or primary CD34+
hematopoietic progenitor cells, including reactivation (Albright and
Kalejta, 2013; Keyes et al., 2012; Krishna et al., 2017b; Lau et al., 2016;
Saffert et al., 2010; Wagenknecht et al., 2015). Similar to the wild type
protein, all the singly substituted mutants, as well as the mutant with
the four motifs simultaneously disrupted localized to the Golgi in both
qualitative (Fig. 1A) and quantitative (Fig. 1B) assays. Compared to our
previous study in fibroblasts we did observe qualitatively more non-
specific speckling outside of the Golgi apparatus in THP-1 cells
(Gelbmann and Kalejta, 2019). This could be a reflection of the relative
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Fig. 2. The Golgi Sorting Motifs of UL138 are not required for UL138-
mediated suppression of an MIEP reporter in THP-1 cells. A. THP-1 cells
were transfected with an MIEP firefly luciferase reporter along with a Renilla TK
reporter and the indicated UL138 expression vector for 48 h, then luciferase
activity was measured. Firefly (MIEP) luciferase activity normalized to Renilla
luciferase activity was compared to empty vector (EV) control. Data represent
the mean + SEM three independent biological replicates. * p < 0.05; ns, not
significant (p > 0.05) by Student’s t-test B. Lysates from the transfected cells
were analyzed by Western blot with the indicated antibodies. Representative
images of three independent biological replicates are shown.

paucity of cytoplasm in THP-1 cells compared to fibroblasts. UL138
outside the Golgi apparatus is concentrated into a smaller space in THP-
1s giving the appearance of more UL138 outside the Golgi. Quanta-
tively UL138 colocalization with the Golgi apparatus was very similar
between THP-1 cells and fibroblasts. We conclude that disruption of all
four Golgi sorting motifs is insufficient to displace UL138 from the
Golgi. The correct sub-cellular localization of the mutant proteins
renders them useful for assays to gauge the role of the Golgi sorting
motifs in UL138 function during latency.

3.2. The Golgi Sorting Motifs of UL138 are not required for UL138-
mediated suppression of an MIEP reporter in THP-1 cells

Transfected UL138 represses an MIEP promoter reporter construct
in the THP-1 cells where UL138 expressed from the viral genome at-
tenuates IE1 transcript and protein accumulation during latent infec-
tions (Lee et al., 2015). To determine if the Golgi sorting motifs of
UL138 control repression of the MIEP in a cell type that supports la-
tency, we transfected THP-1 cells with expression plasmids for mutant
UL138 proteins with each Golgi sorting motif disrupted individually
(mY-1, mY-2, mY-3, or mLL), or a mutant UL138 with all four Golgi
sorting motifs simultaneously disrupted (A4) and quantitated the ac-
tivity of a co-transfected MIEP reporter. Wild type UL138 served as a
positive control for MIEP repression and an empty vector was used as a
negative control. Similar to the wild type protein, all the singly sub-
stituted mutants, as well as the mutant with the four motifs simulta-
neously disrupted repressed the MIEP reporter (Fig. 2A). Western blots
confirmed that the mutants were not overexpressed compared to the
wild type protein (Fig. 2B). As before (Gelbmann and Kalejta, 2019; Lee
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et al., 2016), we observed the expression of both the long and short
isoforms of UL138, as well as the anomalous electrophoretic migration
of mutants in which the acidic cluster dileucine motif is disrupted. We
conclude that disruption of all four Golgi sorting motifs does not affect
the ability of UL138 to suppress an MIEP reporter.

3.3. The Golgi Sorting Motifs of UL138 are not required for UL138-
mediated suppression of IE1 transcript and protein accumulation in HCMV-
infected THP-1 cells

The AD169 strain of HCMV is missing the UL138 gene (and several
others) due to a genomic deletion that occurred during serial passage in
fibroblasts (Cha et al., 1996; Wilkinson et al., 2015). Upon infection of
cells that support latency (e.g. primary CD34+ cells and THP-1 cells)
with AD169, IE1 transcripts and protein fail to accumulate, unless a
histone deacetylase inhibitor such as valproic acid (VPA) is added
(Albright and Kalejta, 2013; Qin et al., 2014, 2013; Saffert et al., 2010).
Re-introduction of UL138 back into AD169 prevents this VPA-induced
accumulation of IE1 transcripts and protein in latently infected cells,
leading in part to the conclusion that UL138 participates in the silen-
cing of IE1 transcription that is a defining characteristic of latency (Lee
et al., 2015). Clinical strains like TB40/E retain unidentified restrictions
in addition to UL138 that prevent MIEP activation in the presence of
VPA (Lee et al., 2015) and could not be used in these assays. To de-
termine if the Golgi sorting motifs of UL138 control IE1 transcript and
protein accumulation in a cell type that supports latency, we created an
AD169 virus that encodes a mutant UL138 protein with all four Golgi
sorting motifs simultaneously disrupted (A4), infected THP-1 cells, and
quantitated [E1 transcript and protein accumulation. AD169 encoding
wild type UL138 served as a positive control and the parental AD169
virus was used as a negative control. Similar to virus encoding the wild
type protein, the virus encoding the UL138 mutant with the four motifs
simultaneously disrupted significantly reduced VPA-induced IE tran-
script accumulation (Fig. 3A) as well as VPA-induced IE1 protein ac-
cumulation (Fig. 3C and D). The defects in IE1 transcript and protein
accumulation in UL138 (wild type or mutant) expressing cells was not
due to inefficient infection because they displayed similar genome le-
vels as cells infected with the parental AD169 virus (Fig. 3B). There was
also no delay in IE gene expression during lytic infection of fibroblasts
in either the wild type or mutant UL138 expressing viruses compared to
the parental AD169 virus (Fig. 3E). We conclude that disruption of all
four Golgi sorting motifs does not affect the ability of UL138 to suppress
IE1 transcript and protein accumulation during latency in THP-1 cells.

3.4. The Golgi Sorting Motifs of UL138 are not required for the
maintenance of latency in ESCs

The TB40/E strain of HCMV contains the UL138 gene. During in
vitro latency assays in CD34 + cells and ESC, TB40/E produces very few
infectious virus progeny during the establishment and maintenance
phases prior to a reactivation stimulus. Following a reactivation sti-
mulus, infectious progeny virus production is increased (Goodrum
et al., 2007; Reeves et al., 2005b, 2005a). During these in vitro latency
assays in CD34 + cells and ESCs, viruses lacking UL138 generate more
infectious virions prior to a reactivation stimulus than wild type viruses
(Lee et al., 2016, 2015; Petrucelli et al., 2009), indicating that UL138 is
required for the proper establishment and/or maintenance of latency.

Specific features of UL138 required for latency maintenance remain
unknown. To determine if the Golgi sorting motifs of UL138 control the
establishment or maintenance of latency, we infected ESCs with a
TB40/E virus that encodes either a mutant UL138 protein with a dis-
ruption in the acidic cluster dileucine motif (mLL) or with all four Golgi
sorting motifs simultaneously disrupted (A4) for ten days and quanti-
tated infectious virion production during the establishment and main-
tenance phases of latency in the absence of a reactivation stimulus by
plating the infected ESCs on fibroblasts and counting plaques (Lee et al.,
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Fig. 3. The Golgi Sorting Motifs of UL138 are not required for UL138-mediated suppression of IE1 transcript and protein accumulation in HCMV-infected
THP-1 cells. A. IE transcripts from THP-1 cells infected with WT AD169 (AD) or UL138 expressing recombinant AD169 (AD138) or the UL138 quadruple Golgi
mutant recombinant AD169 (AD138A4) at an MOI of one for 18 in the presence (+) or absence (-) of VPA were quantitated by qRT-PCR. Data represent the
mean * SEM of three independent biological replicates. * p < 0.05; ns, not significant (p > 0.05) by Student’s t-test B. Lysates from THP-1 cells infected with the
indicated viruses at an MOI of one for 18 h were analyzed for viral genomes by qPCR. Results are plotted relative to WT virus infection. Data represent the
mean + SEM of three independent biological replicates. ns, not significant (p > 0.05) by Student’s t-test C. Lysates from THP-1 cells infected with the indicated
viruses at an MOI of one for 18 in the presence (+) or absence (-) of VPA were analyzed by western blot with the indicated antibodies. Representative images of
three independent biological replicates are shown. D. Protein from experiments in panel C was quantified by densitometry and compared relative to WT AD169 (AD)
infection. Data represent the mean + SEM of three independent biological replicates. *** p < 0.001; * p < 0.05 by Student’s t-test E. Lysates from fibroblasts
infected with the indicated virus at an MOI of one harvested at the indicated time point post infection were analyzed by western blot with the indicated antibodies.
Representative images of three independent biological replicates are shown.

2016, 2015). TB40/E (TB138-HA) and TB40/EAUL138 (TBA138-HA) 2009). However, in ESCs, the UL138-null virus produced, on average,

served as controls. We utilized ESCs for this assay because they provide 14.3-fold more virus (Lee et al., 2016). This increased dynamic range,
a more robust readout of latency maintenance and broader dynamic combined with the ready supply of cells, allows subtle phenotypes to be
range than do primary CD34 + cells while producing identical pheno- quantitated and statistically analyzed with increased rigor and re-
types (Lee et al., 2015; Penkert and Kalejta, 2013). For example, producibility than typically achieved using CD34+ cells.

UL138-deficient viruses produce, on average, 4.6-fold more infectious Similar to the parental TB40/E virus, the recombinant TB40/E
virus than wild type viruses during latency maintenance assays in viruses encoding the mLL or A4 allele of UL138 generated significantly
CD34+ cells (Goodrum et al., 2007; Lee et al., 2016; Petrucelli et al., fewer infectious progeny virions during the establishment and
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Fig. 4. The Golgi Sorting Motifs of UL138 are not required for the main-
tenance of latency in ESCs. ESCs were infected at an MOI of three for 10 days
with the indicated virus then plated on permissive fibroblasts. Plaques were
counted 10 days later. Data represent the mean = SEM of three independent
biological replicates, ** p < 0.01; ns, not significant (p > 0.05) by Student’s t-
test.

maintenance phases of latency than did the TB40/E UL138-null virus
that produced ~ 22-fold more virus than the parental TB40/E strain
(Fig. 4). Interestingly, the acidic cluster dileucine motif mutant (TB138
mLL) and the A4 mutant (TB138 A4) produced ~4- and ~ 6-fold (re-
spectively) more virus than wild type, but these differences were not
statistically significant. In total, we conclude that disruption of the
acidic cluster dileucine motif or all four Golgi sorting motifs does not
affect the ability of UL138 to establish or maintain latency in ESCs in a
statistically significant manner.

4. Discussion

The Golgi sorting motifs within UL138 are not necessary to suppress
the MIEP in THP-1 cells or to maintain long term latency in ESCs, two in
vitro models of HCMV latency. The only known role for any of these
motifs is the requirement of the acidic cluster dileucine motif for
UL138-mediated downregulation of MRP1 (Gelbmann and Kalejta,
2019). Although UL138 has been shown to downregulate MRP1 during
latency (Weekes et al., 2013), it would appear from the phenotype of
the mLL and A4 mutant viruses tested here that UL138-mediated MRP1
downregulation is not required to support in vitro latency. Because
viruses with mutations in the acidic cluster dileucine motif grow in fi-
broblasts without a growth defect (Gelbmann and Kalejta, 2019), this
function of UL138 does not appear necessary for productive replication
either. Thus, the role of UL138-mediated MRP1 downregulation during
HCMV infection remains an enigma.

A corollary to these findings is that MRP1 downregulation does not
appear to be necessary for UL138-mediated silencing of productive
phase transcription during latency. Although it is understood that the
general means used by UL138 to suppress viral transcription is the
preservation of heterochromatic epigenetic signatures on the viral
genome (Lee et al., 2015), a detailed molecular mechanism remains
elusive. Furthermore, as the Golgi sorting motifs are dispensable for
both MIEP repression and latency maintenance, it remains likely, or at
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the very least possible, that the mechanism through which UL138 helps
maintain latency is through the repression of the MIEP and the sub-
sequent restriction of IE1 transcript and protein accumulation.

Interestingly, viruses with disruptions in either the acidic cluster
dileucine motif or all four Golgi sorting motifs trended toward higher
infectious virion production during latency than wild type virus, al-
though the increases seen did not reach statistical significance (Fig. 4).
However, the fold increases (4- and 6-fold respectively) were modest
compared to the UL138-null virus (22-fold). It is unclear how these
mutants might perform in the more physiologically relevant but less
dynamic CD34+ cell assay of latency maintenance. Thus, it remains
possible that UL138 impacts on intracellular trafficking may affect la-
tency maintenance. Because the trafficking of at least three cellular
proteins is known to be modified (MRP1, EGFR1, TNFR1), it will likely
require UL138 mutants defective for trafficking individual proteins, not
a mutant generally deficient in trafficking, to reveal the roles of UL138-
dependent modulation of these proteins for HCMV latency.
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