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Cellular lipids play essential but understudied roles in the
replication of mammalian viruses. For example, the replication and
assembly of many viruses occur on cellular membrane structures
and the lipid bilayer of enveloped viruses is derived entirely from
the host cell. Consequently, changes in lipid metabolism and signal
transduction associated with viral infection and pathogenesis are
of great interest as potential therapeutic targets for the treatment
of viral diseases.'* Significant advances in the use of quantitative
mass spectrometry (MS) make this methodology ideal for inter-
rogating virus-mediated alterations in host metabolism, as recently
evidenced by the use of targeted MS methods to quantify changes
in small molecule metabolites associated with cytomegalovirus
infection.*> Improvements in the detection and quantitative analysis
of cellular lipids have, moreover, greatly increased the use of this
methodology to characterize the lipid content of biological samples.®”
Recent advances in liquid chromatography—mass spectrometry
(LC—MS) based untargeted metabolite profiling have enabled the
identification of metabolites associated with specific disease states
and would clearly complement existing virological methods that
do not interrogate changes in low molecular weight metabolites.
Toward this end, we have utilized LC—MS based untargeted
metabolite profiling® to examine changes in steady-state levels of
lipids in cells replicating human hepatitis B virus (HBV), a small
enveloped virus that infects the liver, the organ primarily responsible
for lipid metabolism.

Cell line HepG2.117° is a human hepatoma cell line engineered
to stably replicate HBV in a tetracycline-controlled manner. Equal
numbers of HBV-expressing (HBV+) and negative control (HBV—)
cells from six independent cultures were homogenized in a 1:1:2
PBS—methanol—chloroform mixture, and total lipids in the chlo-
roform phase were analyzed by positive mode and negative mode
LC—MS. In all, over 10 000 individual mass ion intensities were
compared between the HBV and control samples with the XCMS
software package'® (Figure 1).

The results from experiments performed in triplicate indicated
that cells replicating HBV had small differences in the abundance
of major lipid classes such as free fatty acids, phospholipids, and
sphingolipids (Figure 1 and Supporting Information). These small
fold changes may reflect significant changes in cellular composition
in the case of highly abundant species. Notably, however, untargeted
metabolite profiling indicated that HBV+ cells had a comparatively
large overabundance of ion 367 m/z (M—OH) (Figure 1). Accurate
mass calculations of this metabolite, A, indicate a formula of
C»H440, consistent with a dehydrogenated isomer of cholesterol.
MS detection of A occurred at two elution times that presumably
correspond to the free alcohol and ester forms. Notably, HBV

" Harvard Medical School.
* Harvard University.

5030 = J. AM. CHEM. SOC. 2009, 731, 5030-5031

¥

3

o

Fold Change
=

4
Retention Time 30

Figure 1. Untargeted lipid ion profiling of cells replicating HBV. Total
lipids from HBV+ cells and negative control cells were quantified by
LC—MS, and comparisons were made with XCMS software. ** indicates
a p-value of less than 0.0003 by students 7 test.

replication was associated with a dose-dependent increase in the
steady-state abundance of A (Supporting Information). Using a
deuterated cholesterol standard for absolute quantification in
picomoles, we discovered 18-fold and 4-fold enrichment of the free
alcohol and ester forms of A, respectively, in HBV+ cells (Figure
2). For comparison, cholesterol esters were decreased by 2-fold
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Figure 2. Quantification in biological triplicate of metabolite A, its ester,
cholesterol, and cholesterol ester by normalization to deuterated cholesterol
standard in HBV+ and HBV— cells.

and cholesterol was unchanged in HBV+ cells versus negative
controls (Figure 2).

Four lines of evidence support that the structure of A is
7-dehydrocholesterol. First, the LC—MS retention time of A most
closely matches that of a 7-dehydrocholesterol standard versus other
standards of the same mass (Supporting Information). Second,
coinjection of lipid extract from HBV+ cells with a 7-dehydro-
cholesterol standard resulted in a single peak for A, whereas
coinjection of the HBV+ extract with other standards, such as
desmosterol, resulted in two peaks (Supporting Information). Third,
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Figure 3. MS spectra for metabolite A from two aliquots of HBV+ total
lipid extract. The peak corresponding to molecule A in HBV+ extracts
(upper panel) disappears upon Diels—Alder reaction with 4-phenyl-1,2,4-
triazoline-3,5-dione using a method previously reported for the selective
derivatization of 7-DHC (lower panel).'"'?

the peaks for A were consumed in a Diels—Alder reaction
previously shown to specifically utilize 7-dehydrocholesterol''-'?
(Figure 3). Fourth, the ion fragmentation pattern of A matched that
of the 7-dehydrocholesterol standard, but not the patterns of
desmosterol, zymosterol, or vitamin D3 standards (Supporting
Information). Collectively, these data unequivocally demonstrate
that the identity of A is 7-dehydrocholesterol (7-DHC), the
penultimate intermediate in cholesterol biosynthesis.

Sterols have increasingly been implicated as essential for the
entry and fusion activity of many enveloped viruses.'>'* Most
previous studies have utilized cholesterol chelating agents or specific
biosynthesis inhibitors,'>~'? both methods that deplete all intra-
cellular sterols and that are therefore unable to resolve the role of
individual sterols in the viral life cycle. Our results provide the
first evidence that a virus is associated with accumulation of a
specific lipid molecule, 7-DHC, and furthermore that this accumula-
tion is selective versus all other cellular lipids detected by untargeted
lipid metabolite profiling. The finding that viruses not only utilize
cellular lipids but also have mechanisms for perturbing lipid
metabolism highlights a growing appreciation of the mechanisms
by which viruses exploit cellular resources to favor their own
propagation. Coupled with increasing evidence from model systems
that minor changes in sterol structure are associated with significant
changes in functions including membrane dynamics,?*" lipid raft/
domain formation,*** and raft-associated receptor signaling,?* our
results provide strong motivation for ongoing studies characterizing
the functional role of 7-DHC in HBV biology. Finally, our results

illustrate the power of untargeted analytical methods in identifying
metabolites that are critical in disease states, including viral infection
and pathogenesis.
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