MORPHOLOGICAL CHANGES IN THE NUCLEUS
OF THE YEAST Saccharomyces cerevisiae INDUCED
BY THE EXPRESSION OF GENE pol OF HIV-1
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The present paper reports and discusses the effect of the expression of the gene pol of the human immunodefi-
ciency virus (HIV) on the nucleus of the Saccharomyces cerevisiae yeast. This unexpected result is characterized
by a loss of the nuclear membrane limits as well as of the characteristic homogeneity of the chromatin. This
group of changes gives to the nucleus of the yeast a worm-eaten aspect after the induction of the expression of
the pol gene. The possible relation of these changes with apoptosis and the possibility that S. cerevisiae may

constitute a model for their study are discussed.
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ABSTRACT

RESUMEN

En el presente trabajo se reporta y se discute el efecto de la expresién del gen pol del virus de la inmunodefi-
ciencia humana (VIH) sobre el nucleo de la levadura Saccharomyces cerevisiae. Este resultado inesperado, se ca-
racteriza por una pérdida de los limites de la membrana nuclear asi como de la homogeneidad caracteristica de la
cromatina. Estos cambios en su conjunto le confieren al nucleo de la levadura un aspecto carcomido luego de la
induccién de la expresién del gen pol. La posible relacién de estos cambios con la apoptosis y la posibilidad que
S. cerevisiae pudiera constituir un modelo para el estudio de este fenémeno son discutidos.
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Introduction

The yeast Saccharomyces cerevisiae has been used to
express many viral proteins, including the HIV-1 like
gag/pol product (1), or reverse transcriptase (2, 3),
but cytopathic effects have not been reported. Par-
ticularly, the cytopathic effects of the human immu-
nodeficiency virus (HIV) have been related to cell fu-
sion and syncitia formation, involving viral envelope
antigens and host CD4 receptor interaction, the accu-
mulation of unintegrated viral DNA and other mecha-
nisms (4). Other less documented factors include the
toxic effect on the cell of the pol gene product, particu-
larly the proteinase, (5). In order to obtain reverse tran-
scriptase the gene pol of HIV-1 was expressed in Sac-
charomyces cerevisiae and morphological changes were
found in the nucleus of the yeast.

Materials and Methods

The plasmid pBSDC that contains the HIV pol gene un-
der the control of the yeast GAPD promoter was con-
structed according to standard techniques, using the
replicative vector pBS-4 (6). Yeast cells (Saccharomy-
ces cerevisiae SEY 2201) were transformed with this
plasmid according to (7). Transformants were initially
grown for 24 hours in a minimal medium (8) supple-
mented with 2 % glycerol and were induced daily for
the next 72 hours with 2 % glucose and 3 % casein hy-
drolysate. Expression of the pol gene in yeast cells
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transformed with plasmid pBSDC was assessed by
westemn blot, reverse transcriptase activity and immuno-
gold staining of thin sections using a human HIV-reac-
tive serum (6), which were visualized at the electron mi-
croscope essentially as described (9). The experiment,
under the same parameters was reproduced three times.
As a control both untransformed yeast and yeast trans-
formed with a 2 mm based replicative vector pBS-4
were used. Also, another aspartic protein, chymosin,
cloned under the same promoter, using the same plasmid
(pBS-4) and expressed in the same strain of Saccharomy-
ces cerevisiae (10) was used as a control.

Resvults and Discussion

Electron microscope viewing of the cells, before immu-
nogold staining, revealed unexpected morphological al-
terations in the nucleus specific for the pol expressing
cells. These nuclear morphological changes are charac-
terized by both a loss of the limits of the nucleus mem-
brane as well as a detriment of the homogeneous ap-
pearance of the chromatin giving the nucleus a worm-eaten
aspect. The changes were neither detected in control un-
transformed yeast, yeast transformed with a 2 mm based
replicative vector pBS4 nor in the pol expressing cells be-
fore the induction of the GAPD promoter. However, af-
ter 96 hours of induction the nuclear morphological
changes are clearly visible in yeast expressing the
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Figure 1. Electron micrographs of yeast being transformed with plasmid -
pBSDC before (A), and after 96 hours of induction (B, C, D, E), and the same

strain transformed with plasmid pBS-4 before (F) and after induction (G). Nu-

clei (N) are indicated and nucleal morphological changes as the worm-eaten

aspect are clearly visible and marked with a stain. The arrow indicates the loss

of the limits of nucleus membrane. PC: Cellular wall, MP: Plasmatic mem-

brane, M: Mitochondria. V: Vacuole. Examination was in a JEOL-JEM-2000

80 KV (X 20K). Bar=500.
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HIV-1 pol gene but not in the yeast transformed with
plasmid pBS-4 (Figure 1). Expression of another
aspartic protease (chymosin) or induction of untrans-
formed yeast, did not show any specific alteration of
the nucleus (data not shown).

High proteolytic activity of HIV proteinase in eu-
karyotic cells has been reported . This activity is di-
rected against several cellular proteins, including cy-
toskeleton (11) and nuclear chromatin, which is found
to condense into a few granules, and nuclear morphol-
ogy is altered (12).

Recently, apoptosis has been proposed as a mecha-
nism of cell death in HIV pathogenesis (13) which in-
cludes oligosomal-size DNA fragments before the onset
of cell death.

As was pointed out, after the induction of the pol
gene, nuclear morphological changes in Saccharomyces
cerevisiae are produced, which could be, presumably,
performed by HIV proteinase, giving evidence of the
toxicity of this product on the yeast cells.

In this case, it is suggested that Saccharomyces cere-
visiae could be a model for studying apoptosis or spe-
cific toxic effects of products from the pol gene on nu-
clei of eukaryotic cells.
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