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P
rotein homeostasis within the en-
doplasmic reticulum (ER) is es-
sential for cell viability, and its
misregulation is implicated in

a growing number of diseases, including
Alzheimer’s disease, diabetes, and cancer
(1–3). Consequently, the pharmacological
manipulation of this pathway is of broad
scientific and clinical interest. A variety
of drugs have been used to model specific
types of stresses that impact protein fold-
ing in the ER. One of the most widely
used is tunicamycin, a mixture of homol-
ogous compounds originally isolated
from bacteria and found to have antibiotic
and antiviral properties (4). Tunicamycin
prevents the first committed step of
N-linked glycosylation of proteins by
DPAGT1 in the ER (5–7), which causes
extensive protein misfolding and acti-
vation of the unfolded protein response
(UPR). Despite its widespread use in the
laboratory, the mechanism by which tuni-
camycin enters cells has remained a mys-
tery. In PNAS, Reiling et al. (8) investigate
the requirements for tunicamycin sensi-
tivity in mammalian cells and identify
MFSD2A as a putative plasma membrane
transporter.
To identify factors required for tunica-

mycin-induced death, Reiling et al. (8)
use an insertional mutagenesis strategy in
the near-haploid human cell line KBM7.
This remarkable technique, first reported
by Carette et al. (9, 10), can yield complete
gene disruptions at targeted loci, whose
site of insertion can then be identified by
sequencing. Reiling et al. (8) grow a pool
of mutagenized KBM7 cells in the pres-
ence of tunicamycin to identify factors
whose disruption conferred resistance to
apoptosis induced by the drug.
Surprisingly, Reiling et al. (8) identify

only a single candidate—MFSD2A—as
required for the toxic activity of tunica-
mycin. MFSD2A is a member of the major
facilitator superfamily of proteins, which
is the well-known transporter of diverse
substrates from bacteria to human (re-
viewed in ref. 11). Reiling et al. (8) show
that MFSD2A is localized to the plasma
membrane and that this localization is
required for its function, consistent with
a role in transport (Fig. 1A). Depletion
of MFSD2A by gene disruption or RNAi
confers profound resistance to tunicamy-
cin treatment (Fig. 1B), whereas over-
expression of WT, but not mutant
MFSD2A, leads to tunicamycin sensitivity

and increased accumulation of tunicamy-
cin in the cell as assessed by MS (Fig. 1C).
How pleiotropic are the effects of

MFSD2A deletion? One possible expla-
nation for the ability of MFSD2A deletion
to restore growth in the presence of tuni-
camycin is that the UPR is deficient in
these cells. However, UPR induction by
other drugs (brefeldin A, thapsigargin,
and DTT) remains normal. Furthermore,
Reiling et al. (8) analyze genetic inter-
actions to show that MFSD2A function
is required for increased sensitivity to
tunicamycin induced by shRNA knock-
down of the ER protein folding factors
DPAGT1 or GRP78. Thus, MFSD2A
acts upstream of ER folding in the tuni-
camycin pathway and more specifically,
upstream of tunicamycin’s direct drug
target DPAGT1.
Why do Reiling et al. (8) find only a

single gene whose deletion could con-
fer resistance to tunicamycin? One possi-
bility is that, although deleting other
genes could have minimized the effects
of tunicamycin (e.g., by increasing chap-
erone levels or preventing the proper
localization of MFSD2A), these genes
could be essential, and their complete
loss would cause apoptosis. In this case,
a complementary approach would be
to conduct an RNAi screen to identify
genes that, when reduced, would allow
cells to survive in the presence of
tunicamycin.
The physiological role of MFSD2A is

under active investigation. Interestingly,
MFSD2A was previously shown to confer
fusogenic properties on cells, and it
acts as a receptor for the human endoge-
nous retrovirus protein Syncytin-2 on
the cell surface (12). This activity is
proposed to play a role during tropho-
blast cell fusion in the formation of
the syncytiotrophoblast during placental
development.
Are there other functions of the

MFSD2A channel? One recent study
suggests that MFSD2A may have tumor
suppressor function and play a role in
matrix attachment (13). The up-regulation
of MFSD2A in brown adipose tissue on
fasting and cold exposure (14) suggests

Fig. 1. Model for tunicamycin uptake through
MFSD2A. (A) Results by Reiling et al. (8) suggest
that the human MFSD2A gene encodes a plasma
membrane transporter that mediates uptake of
the antibiotic tunicamycin (TM; red diamonds) into
cells. After it is in the cytoplasm, TM inhibits
DPAGT1, a protein required for N-linked protein
glycosylation in the ER. Inhibition of N-linked pro-
tein glycosylation triggers the unfolded protein
response and eventually, leads to apoptosis. (B)
Reiling et al. (8) identifyMFSD2A in a TM resistance
screen using insertional mutagenesis in a haploid
human cell line. MFSD2A-depleted cells are TM-
resistant. Genetic interaction studies reveal that
MFSD2A acts upstream of DPAGT1 and the ER
chaperone GRP78. Depletion of DPAGT1 or GRP78
sensitizes WT cells to TM; this effect is blocked
in MFSD2A-depleted cells. (C) Overexpression of
MFSD2A enhances TM uptake and sensitivity, in-
creasing the amount of unglycosylated, misfolded
proteins.
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additional roles, but the identities of na-
tive ligands or transport substrates remain
to be elucidated.
Beyond its biological findings, the study

by Reiling et al. (8) illustrates the use-
fulness of the insertional mutagenesis
approach in a quasi-haploid human cell

line pioneered by Carette et al. (9, 10). It
is complementary to both RNAi-based
approaches, which allow partial knock-
down of essential genes, and genetic in-
teraction studies that reveal how indi-
vidual factors act together in pathways.
While the awesome power of yeast genet-

ics made yeast the model system of choice
for cell biologists in the 20th century,
the recent advances in insertional
mutagenesis and RNAi have given 21st
century scientists equally powerful
genetic tools to investigate human
cells directly.
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