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Abstract — We have isolated conditional lethal mutants of Saccharomyces cerevisiae which are low
in (1-3)-p-D-glucan synthase activity. These mutants were osmotic sensitive at nonpermissive
temperature (37C ) and showed a decreased level of alkali-insoluble cell wall glucan. The decrease
in (1-+3)-B-D-glucan synthase activity of the mutants appeared to be mainly due to the defect
in catalytic component rather than in GTP-binding component,

Fungal cell wall is a potential target for antifu-
ngal agents because of its importance in growth
and development (5). However, the architecture and
synthesis of the fungal cell wall are poorly unders-
tood. In Saccharomyces cerevisiae, cell wall $-glucan,
a homopolymer of glucose units linked through ei-
ther (1->3)-B- or (1—6)-B-D-glycosidic bonds, is one
of the major structural components which support
and maintain the cell wall structure. Nothing is
known about the biochemistry of (1-»6)-§ bond for-
mation, but valuable information has been accumu-
lated on the biosynthesis of (1->3)-8-D-glucan. The
synthesis of (1-»3)-8-D-glucan by a mixed memb-
rane fraction from 8. cerevisiae, with UDP-glucose
as a glycosyl donor, was stimulated by nucleoside
triphosphates and its analogs (4). The membrane
preparation of (1—3)-B-D-glucan synthase was dis-
sociated into two soluble components, GTP-binding
component and presumed catalytic component, by
differential extraction with detergents (6, 10). Ho-
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wever, further study of (1->3)-B-D-glucan synthase
system was hampered by the failure in purifying
its constituents.

Because of the lack of mutants defective in the
biosynthesis of cell wall (1—3)-8-D-glucan, little is
known about the mechanism of (1-—3)-B-D-glucan
biosynthesis at the genetic and the molecular level.
Although a mutant approach has been valuable in
understanding the synthesis of other cell wall poly-
saccharides such as mannan (1) and chitin (3), this
approach has been less informative for (1—3)-B-D-
glucan synthesis. The searches for conditional le-
thals with a lysis phenotype or for resistance to
drugs thought to inhibit (1->3)-B-D-glucan synthesis
have not identified synthase mutants (13). To date
only two classes of genes whose products are re-
quired for the synthesis of the major B-glucan of
the yeast cell wall were reported. One class is cwg”
genes of Schizosaccharomyces pombe (12) and the
other is KRE genes of S. cerevisiae (13).

We present here the isolation and the partial
characterization of conditional mutants of S. cerevi-
stae. They are osmotic sensitive and show a dec-
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rease in (1-»3)-B-D-glucan synthase activity at non-
permissive temperature, 37C .

Materials and Methods

Saccharomyces cerevistae GS-1-36 (o SUC2 mal gal
2 CUPL, ATCC 26180) provided by Cahib was mu-
tagenized with ethyl methanesulfonate (15). Muta-
nts that might be defective in cell wall synthesis
were 1solated by screening for the osmotically re-
mediable phenotype in the presence of 1.2 M sorhi-
tol at nonpermissive temperature, 37C . To identify
(1—3)-B-D-glucan synthase defective mutants, glu-
can synthase activity was measured with whole cell,
digitonin-permeabilized cell, and membrane prepa-
ration from the cultures grown at 37C.

The methods for the preparation of membrane
fractions and the assay condition for the (1—3)-f3-
D-glucan synthase activity were the same as pre-
viously described (6, 8, 10). When the whole cell of
mutants and digitonin-permeabilized cells were
used as enzyme source, a-amylase (25 ug) was inc-
luded In reaction mixture to prevent the incorpora-
tion of UDP-glucose into glycogen. Incorporation of
radioactivity from UDP-["C lglucose into trichloroa-
cetic acid insoluble material was determined accor-
ding to Szaniszlo ef af. (16). Protein was measured
by the method of Lowry et al. (11) with bovine se-
rum albumin as a standard.

Cell wall polysaccharide, total alkali-insoluble B-
glucan, and (1—6)-B-glucan were prepared as outii-
ned by Boone et al. (2). Total carbohydrate of each
fraction was measured as hexose by phenol sulfuric
acid method (7).

Results and Discussion

By ethy! methanesulfonate mutagenesis, 45 mu-
tants showing osmotically remediable phenotype at
nonpermissive temperature (37C ) were isolated. To
identify (1—>3)-B-D-glucan synthase defective muta-
nts, we measured the activity of {1—3)-8-D-glucan
synthase of 16 mutant strains grown at 37C. As
shown in Figure 1, most of the mutants showed
lower level of (1—3)-B-D-glucan synthase activity.
Interestingly, P5101, 210, and 211, showed the same
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Fig. 1. (1—3)-p-D-glucan synthase activity of wild type
and mutant strains.
Enzyme activity of each strain was assayed with whole
cell (»), cell treated with 1% digitonin (1), and mem-
brane preparation (O) from cultures grown at 37C.

level of enzyme activity regardless of the enzyme
sources used. The result indicates that these three
mutants could have an increased cell permeability
as the case of fragile mutants which had the pheno-
type of increased permeability for substances una-
ble to penetrate wild type S. cerevisiae (17, 18).
There have been several reports on the isolation
of conditional lysis mutants of S. cerevisiae; cly mu-
tants by Hartwell (9), mnn9 mutants by Ballou (1),
and fragile mutant by Venkov et al. (17). None of
these lysis mutants showed the decrease in (1>3)-
B-D-glucan synthase activity. The only mutants of
S. cerevisiae defective in (1-3)-B-D-glucan synthase
activity were null mutants of KRE6 obtained from
one of the killer toxin resistant mutants by one-step
gene disruption. These mutants showed reduced
level of alkali-insoluble (1—3)- and (1-»6)-B-D-glu-
can. Despite of the lack in a significant amount of
wall B-glucan, these mutants were still viable and
not osmotically sensitive (13). As can be seen in
Table 1, PS110, 210, and 211 showed 61 to 86.5%
reduction of ir vitro enzyme activity and conditional
lethality at the nonpermissive temperature. It colud
be concluded, therefore, that the mutants reported
here are a novel class of 8. cerevisiae lysis mutants,
which have similiar characteristics of the thermose-
nsitive mutants of 8 pombe requring the presence
of an osmotic stabilizer to survive and grow at non-
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permissive temperature and showing defect in the
(1—3)-B-D-glucan synthase (12). The morphologies
of the three mutants, P5110, PS210, and PS5211,
.grown at 37C in the presence of 1.2M sorbitol
are shown in Figure 2.

In order to ascertain that the content of (1—>3)-
B-D-glucan was atfected by the mutation, the level
of alkali-insoluble B-glucan was measured. These
mutants showed a decrease in the level of alkali-
insoluble P-glucan even at the permissive tempera-
ture (Table 2). Although all the three mutant st-
rains showed reduction in (1—>3)-B-D-glucan syn-
thase activty as well as (1-—3)-B-D-glucan content,
there was not a clear correlation between them.
Most nterestingly, P5210, which showed normal

Table 1. Effect of temperature on the growth and (1
—3)-p-glucan synthase activity

Strain Temperature Growth (1-—23)-B-glucan %~
(C) synthase activity
(mol/h-mg protein)
(:5-1-36 25 + 228.9 100.0
30 + 296.2 100.0
37 + 381.0 100.0
P5110 25 + ND*
30 + 163.7 55.3
37 — 143.6 39.0
P5210 25 + 107.0 46.8
30 + 08.8 33.4
37 — bl4d 135
P5211 25 + 104.5 45.7
30 + 88.4 29.8
37 — 65.4 17.2

"The enzyme activity of GS-1-36 at a given tempera-
ture was taken as 100%.
"Not determined.
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growth and cell wall (1—3)-B-D-glucan content,
showed decreased in wvitro activity of (1—3)-B-D-
glucan synthase even at the permissive tempera-
ture, 25C . We cannot rule out the possibility that
more than two enzymes could participate in the
biosynthesis of cell wall (1—3)-B-D-glucan in S. ce-
revistae as the case of chitin synthase (14) and of
(1—6)-B-D-glucan biosynthesis (13). Definitive evi-
dence will come from the genetic analysis and clo-
ning of the genes. We do not know yet whether
the osmotic sensitivity of mutants at nonpermissive
temperature was caused by the defect in (1—>3)-B-
D-glucan synthase activity and/or in other gene
products which confer the osmaotic stabhility of yeast
cell.

Table 2. Levels of alkali-insoluble B-glucans in wild type
and mutants

B-glucan, pg/mg cell wall dry wt

Strain - Temperature
(C) Total® (1—6) {13y
(GS-1-36 25 718.3 127.0  591.3 (100)
37 864.7 130.0  734.7 (100)
PS110 25 345.0 88.0 257.0 (435)
37 180.0 281 1519 (20.7)
P5210 25 668.3 76.1 5922 (100)
37 485.9 29.3 426.6 (58.1)
PS211 25 505.4 60.3 445.1 (75.3)
37 166.5 570 1095 (14.9)

“The amount was determined as the sum of the carbo-
hydrate content of both the Zymolyase-insoluble pellet
and the solubilized supernatant before dialysis.

*The amount was determined as the difference of the
carbohydrate content between total and (1—6)-B-glu-

can.
“The amount of (1—-3)-f-glucan of GS-1-36 at a given
temperature was taken as 100.

Fig. 2. Morphology of wild type and mutant strains viewed by light microscope.
Cells were grown at 37C in the presence of 1.2M sorbitol. a, GS-1-36; b, PS110; ¢, PS210; d, PS211 (X 400).
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Table 3. Effect of GTP-binding component on particulate catalytic component from wild type and mutant strains

grown at 37°C

Origin of Glucan synthase activity, cpm

GTP-binding No catalytic GS-1-36 PS110 PS210 PS211

component component

No GTP-binding — 1482 1419 1429 1694
component added

GS5-1-36 1688 10724 2651 2479 2042

P5110 1557 9304 3343 2264 2401

P5210 2010 6312 1853 1640 2129

PS211 1795 6923 2346 2883 2277
Reconstitution experiments were performed to Q o}

determine which component was affected by muta-

tions. As shown in Table 3, when each of the par- Bol o weghl3-2F57) A AS0] e Sge-

ticulate catalytic component from (1”3‘)—B-D-glucan charomyces cerevisige®) A4 =9 {;1 mEo Hal

synthase defective mutants was reconstituted with =

the solubilized GTP-binding component from wild
type strain, no stimulation of enzyme activity was
observed. On the contrary, when each of the GTP-
binding component from PS110, PS210 and PS211

was added to the catalytic component from wild

86.6, 58.8, and 64.6% of wﬂd type strain, respecti-
vely. It seemed more probable that the reduction
of enzyme activity in the (1—3)-8-D-glucan syn-
thase defective mutants might be mainly due to
the defect in catalytic component as the case of
cwgl-1 mutant of S. pombe (12). These results, ho-
wever, would not exclude the possiblity of partial
defect in GTP-binding compoenent or in other fac-
tors involved in glucan synthase system.

In this communication we present that the glucan
synthase defective mutants of S. cerevisiae were iso-
lated from the lysis mutants. The mutants obtained
in this study are a novel kind of lysis mutants of
S. ceremisiae that have distinct properties such as
the deficiency in (1-—>3)-B-D-glucan synthase and
the conditional osmotic sensitivity. These characte-
ristics are different from those of any other lysis
mutants of S. cerevisiae reported previously. These
mutants would make us enable to perform the ge-
netic and molecular study on the gene(s) involved
in the cell wall glucan biosynthesis of fungi.
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