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EFFECTS OF BREFELDIN A ON THE EXPRESSION AND TRANSPORT
OF INFLUENZA A VIRUS HAEMAGGLUTININ, M1 AND M2 PROTEINS
WITHIN THE CELL
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Summary. - Brefeldin A (BFA) decreased the expression of influenza A virus haemagglutinin (HA) and
M2 protein on the plasma membrane of virus-infected MDCK cells. It caused a retention of M1 protein in the
cell nucleus and a decrease of its expression on the plasma membrane. On the other hand, an increased label-
ling of the cytoplasmic domain of M2 protein on the plasma membrane in BFA-treated cells was observed in
contrast to the labelling in BFA-untreated cells. The effects of BFA on the microtubules and cellular motors are

discussed.
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Introduction

The influenza virus M2 protein is a type 1 integral
membrane protein consisting of 97 amino acids, a 23-resi-
due N-terminal extracellular domain and a 54-residue
C-terminal intracellular cytoplasmic domain (Lamb er al,
1985); it represents an fon channel with a homotetramer
structure (Sugrue and Hay, 1991; Holsinger and Lamb, 1991;
Shimbo et al., 1996) that is expressed at the surface of vi-
rus-infected cells but is a relatively minor component of
influenza virions (Zebedee and Lamb, 1988; Cian‘lpor,
1993).

Abbreviations: BFA = Befeldin A; BSA = bovine serum albu-
min; ER = endoplasmatic reticulum; FITC = fluorescein isothio-
cyanate; GAR-FITC = goat anti-rabbit IgG-FITC conjugate;
GAM-TRITC = goat anti-mouse IgG-TRITC conjugate;
HA = haemagglutinin; MEM = Eagle’s Minimal Essential Me-
dium; MoAb = monoclonal antibody; PBS = phosphate bufferced
saling; RT = room temperature; SRP = signal recognition parti-
cle; TGN = trans-Golgi network; TRITC = tetramethylrhodamine
isothiocyanate; VSV = vesicular stomatitis virus

Amantadine and rimantadine are specific inhibitors of
replication of influenza A viruses (Dolin et al., 1982). An
amantadine treatment of cells infected with
influenza A viruses causes a M2 protein-mediated conver-
sion of HA from its native to low-pH conformation. The
structural alteration and hence drug action occur shortly after
HA exits from the Golgi complex during its passage through
the trans-Golgi region (Ciampor et al.,, 1992a,b).

The influenza virus integral membrane proteins (HA, NA
and M2) are synthesized on membrane-bound ribosomes
and are translocated across the membrane of the endoplas-
matic reticulum (ER) in an signal recognition particle (SRP)-
dependent manner (Elder ef «l,, 1979; Hull ef al., 1988).
The membrane proteins to be expressed at the plasma mem-
brane are subsequently transported from the ER to the Gol-
gi complex and beyond it via vesicular carriers that recycle
between successive compartments along the pathway
(Palade, 1975, 1982).

Such studies have been published in recent years as
a result of the discovery of compounds that disrupt certain
parts of the exocytotic pathway. One of them, BFA, is
a hydrophobic fungal metabolite, an antiviral macrocyclic
antibiotic isolated from Penicilium biefeldinianiom Dodge
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tected by antibody R53) and M1 proteins on the cell sur-
face, but increased that of M2 protein (as detected by
antibody R54) on the cell surface and that of intracellu-
lar M1 protein.

Discussion

The trans-Golgi network (TGN) is an organelle engaged
in the exocytosis and the site of the amantadine-induced,
MZ-mediated conversion of influenza A virus HA from
its native to the low-pH conformation (Ciampor et al.,
1992a,b).

In contrast to the Golgi apparatus of MDCK cells, TGN
is sensitive to BFA (Wagnerer al., 1994). Ata concentration
of Ing/ml, BFA promoted extensive tubulation of TGN,
while the medial Golgi marker alfa-mannosidase 11 was not
affected. Extensive structural alterations of TGN were ac-
companied by functional disruptions, such as an extensive
missorting of influenza HA, and by a release of the TGN-
marker gamma-adaptin. These results suggest the involve-
ment of BFA-sensitive adaptor proteins in the TGN-surface
transport.

The data of Wood ef al. (1991) showed that BFA causes
a microtubule-mediated fusion of TGN with the early en-
dosomes, and revealed a membrane transport cycle between
TGN and the early endosomes, perhaps used for the secre-
tion or delivery of molecules to the cell surface.

Pelham (1991) reviewed the recent data on multiple tar-
gets of BFA and on species-specific effects of BFA on the
vesicular transport that suggest several distinct sites of ac-
tion of BFA on the endomembrane systen.

BFA inhibits the export of proteins from distal Golgi
compartments to the cell surface of BHK-21 cells (Millerer
al., 1992). The results of these authors suggested that BFA
blocked the export via both the constitutive and regulated
pathways. In contrast, the endocytosis and recycling of the
vesicular stomatitis virus (VSV) G protein were not blocked
by BFA, but it did block the constitutive secretion of gly-
cosaminoglycan chains that had been synthesized and sul-
fatated in the trans-Golgi cisternae.

On the other hand, Low et al. (1992) showed a selective
inhibition of protein targeting to the apical domain of BFA-
treated MDCK cells.

The presented experiments confirm and extend further

the data obtained in our earlier studies on the transport of

HA and M2 protein in the cytoplasm of infected cells in-
cluding the role of TGN in conformational changes of HA
dependent on M2 protein (Ciampor ef al,, 1992a,b; Ciam-
por, 1993), and on the effect of BFA on influenza virus-
infected MDCK cells (Zavodskd et al., 1995; Ciampor et
al,, 1996). We also show additional results concerning the

Table 1. Influence of BFA (5 pg/ml) on the distribution of virus
proteins in influenza virus-infected MDCK cells as determined by

ELISA
Virus Cell Whole
proteins Antibodics surface” cell”
HA HC2 61.5 85.8
Ml 290 83.7 125.1
M2 R53 73.5 91.0
M2 R54 116.0 98.3

“The ELISA valucs of the BFA-untreated controls were taken for 100%.

effect of BFA on the M1 protein transport from the nucleus
to plasma membrane,

BFA inhibited the expression of HA as well as of M2
protein on the plasma membrane. HA at the plasma mem-
brane was reduced to 61.5% and total HA to 85.8% of the
control, respectively. A similar reduction was observed for
the extracellular domain of M2 protein at plasma membrane
(to 73.5%) and for the total one (to 91.0%).

Surprising results were obtained with the labelling of the
cytoplasmic domain of M2 protein. In infected BFA-untreat-
ed cells, the labelling of the plasma membrane was regular-
ly poor but strongly positive in BFA-treated cells. The cor-
responding intracellular labelling was not significantly af-
fected by BFA (reduction to 98.3% only).

Similarly, M1 protein, which is normally transported di-
rectly from the cell nucleus to the plasma membrane and its
transport does not depend on the Golgi complex, accumu-
lated in BFA-treated cells in the cell nucleus and its expres-
sion on the plasma membrane was reduced.

Studies of Lippincott-Schwarz et al. (1989, 1990) showed
that BFA caused a microtubule dependent redistribution of the
Golgi complex in relation to ER and thus provided
a morphological evidence for a retrograde, incompartmental
transport pathway between the Golgi cisternae and the ER. In
this article, we show that BFA first of all affects cytoskeletal
proteins, microtubules and that all the changes in the transport
pathway are the result of this primary effect. The accumulation
of M1 protein in the cell nucleus observed by us corresponds
to the results of Lippincott-Schwarz er al. (1989, 1990).

The increased labelling of the extracellular domain of
M2 protein on the cell surface provokes a speculation that
the position of transmembrane proteins in the plasma mem-
brane of vesicles transporting via TGN depends not only on
intramembrancous interactions but also on an interaction
with cytoskeletal proteins, e.g. microtubules. The apical or
basolateral transport of vesicles from TGN is affected by
BFA (Low et al., 1992),

BFA has multiple targets (Pelham, 1991), but our results
comparing the transmembrane protein transported via the
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Golgi stack or directly from the nucleus to the cell surface
indicate one common target — cytoskeletal proteins, main-
ly the microtubules and cell motors. BFA by affecting the
microtubules causes microtubule-mediated changes in the
endocytosis and exocytosis pathways.

Our results represent only a partial support to this hy-
pothesis an direct our attention to a more detailed investi-
gation of the role of the microtubules and cell motors in
these processes,
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