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ABSTRACTI

STREIBLOV k, EA.\ (Czechoslovak Academy (If
Sciences, Piague, Czechoslovakia), K. BERAN,
AND V. POKORNY. Multiple scars, a new type of
yeast scar in apiculate yeasts. J. Bacteriol. 88:
1104-1111. 1964.-A new type of yeast scar is de-
scribed in apiculate yeasts: Saccharoiiiycodes,
Nadsonia, Hanseniaspora, and Kloeckera. These
scars are formed on the distal poles of the cell
walls in the course of vegetative reproduction, and
are the cause of the formationI of the apiculate
forIn of the cells. The structure of imiultiple scars
was studied by fluorescence microscopy and by
electron microscopy on carbon replicas and iso-
lated cell walls. The discussioni deals with the
impiortance of described cyttological structures
for the morphogenesis of cells and for determining
individual reproductive capacity of cells, and
considers some questions related to the interpreta-
tion of the development of multiple scars.

The main factor which restricts our abilitv to
observe the structure of yeast cells is lack of suit-
able staining methods. The results obtained by
electron microscopy must be interpreted with
certain reserve and comparedl with results ob-
tained by other methods. Moreover, in the
cytology of yeasts the possibilities of light
microscopy, including )hase-c(ontf-ast methods,
are limited.

In previous pap)ers, a new fluorescent staining
method was published (Streiblova and B3eran,
1963a, b). On staining with fluorochrome pri-
muline, the scars forming on the cell surface, as
a result of sel)aration of daughter cells, fluoresce.
The cytological study of yeast scar's has hitherto
been limited by lack of suitable methods (B3arton,
1950; Northeote and Horne, 1952; Houwink and
Kreger, 1953; lBartholomew and 'Mittwer, 1953;
Agar and Douglas, 1955; B3artholomew and
Levin, 1955; Bradley, 1957), and p)ap)ers p)ublished
on this subject deal with typical budding yeasts.

In the apiculate yeasts, fluorescence microscopy

yielded new information which led to the dis-
coverv of a new tpl)e of yeast seiar and to exxplana-
tion of the shape of the cells, which is a constant
morphological characteristic in this group. In bi-
polar reproduction, the distal p)oles of the cells
acquire the form of narrowed, slightly convex
excrescences, because on these sites multiple scars
arise owing to the releated seplaration of daughter
cells. They are not visible either in a normal
microscope or by l)hase contrast. l)uring the past
few years (Kawakami and Nehira, 1959; Conti
and Naylor, 1959; AMundkur, 1963), various
apiculate yeasts were studied by electron imicros-
copy". Investigations of the apiculate cells by
means of ultrathin sections did not lead to the
discovery of multiple scars, because electron
photomicrographs were interlpreted without tak-
ing the existence of these cytological structures
into consideiatioin.

In the present investigation, ultrastructure of
multiple scars was studied by electron microscopy
of carbon replicas and bv observation of isolate(d
intact cell walls.

MATERIALS AND AIETHOI)S

Cultures. Table 1 lists the yeasts used in this
study, their sotlrce, and date of receipt.

Cultiv,ation. The strains investigated wNere cul-
tivated on the synthetic medium of Olson and
Johnson (1949), consisting of: glucose, 10 g;
NH4H2PO4, 6 g; KH2PO4 0.2 g; AIgSO4.
7H20, 0.25 g; sodium citrate, 1 g; L-asparagine,
2, 5 g; biotin, 20 ,ug; calcium pantothenate, 0.5
mg; inositol, 10 mg; thiamine, 4 rng; p)yridoxine,
1 mg; zinc (as sulfate), 400 pg; iron (as ferrous
ammonium sulfate), 150 ,g; copper (as sulfate),
25 pg; and distilled water to 1,000 ml. The pH
was adjusted to 5.0 with H3P04. 'The cultures
were grown at 16 and 28 C for 24 to 28 hr on a
rotary shaker.

Fluorescence microscopy. The cells were studied
in a Nf microscope (Zeiss) with an 01-17 il-
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luminator (ISSR) fixed on the microscol)e tube.
With this arrangement, it is possible to switch
from blue-violet irradiation to ordinary visible-
light illumination. The sour'ce of illumination was

a high-pressure DRSH-250 mercury vapor lamp.
The following expedients were used: an FS-1
exciter filter with 85',% transmission at 380 m,r;
filters S3S-7, S3S-14, and BS-8; apochromatic
60X and 90 X objectives; and lOX PK eyepieces
fitted with ZHS-18 supp)ression filters. The photo-
microgral)hs were taken with a MIiflex Zeiss
camera on Ilford Hl'S film, primary magnifica-
tion 600 to 900 X.
The cell material was washed three tinmes ini

distilled water, and was then suspended in a

staining solution of primuline (at a concentration
of 10-3 g/ml) and phosphate buffer (pH 6); time
of staining was 1 to 5 min. Specimens w(eriC
prepared in very thin layers from the cell susl)en-
sion in the stainino solution and were embedded
in Vaseline to prevent drying.

Electron microscopy. Isolated pure cell walls of

aliculate ye asts were obtained by the method of
Mendoza and Villanueva (1963). The degraded
wvalls were l)repared on a Formvar membrane and
were chlromium-shadowed at an angle of 30°. 'To
prepare carbon replicas, a washed-cell susl)ension
was al)l)lied tc the Formvar membrane. The prep>-
aration was given a carbon membrane 500 A thick
by vertical evalporation. After dissolving the
Formvar membr ane with chloroform, the cells
were removed in a mixture of concentrated hy-
drochloric acid and glacial acetic acid (20%,') un-

der boiling point for 5 mmin. After washing in

alcohol with water, the car bon replicas were

shadowed with Cr or W20 at an angle of 300 in a

vacuum, and were then studiedtunder an electron

microscop)e.

RESULTS

The bipolar manner of vegetative reproduction
has been described in a number of genera which
are not closely related. It is known that in apicu-
late yeasts the daughter cells are formed only at
the two )oles in the direction of the long axis.
The young cell has the form of a bud, and is con-

nected to the mother cell by a plasma bridge. As
soon as the young cell reaches a certain size, a sep-

tum is formed and the cells selparate. The next
generation arises similarly and, in the cour'se of
this process, scars are left at the distal lpoles of
the cell wall. In view of their origin and location,

TABLE 1. Apicuilate yeasts used in this study

Organism Source*

Saccharotmtycodes Itudwi-
gii 371............... NCCAS (1945)

Saenkia bispora 110.N..NCUSSIRAS (1959)
Hansen iaspora i.albyen-

sis 10631 ............. ATCC (1957)
ANadsonia elongata 10644. ATCC (1957)
N. futrescens 10645...... ATCC (1957)
Kloeckera africana 10632. ATCC (1958)
K. apicultata 768 ........ NCYC (1959)
K. javanica 282......... CB3S (1958)
K. jensenii 10637 . ATCC (1958)
K. mnagna 1398.......... IZ (1958)

* NCCAS, National Collection of Czechoslovak
Acadenmy of Sciences; NCUSSRAS, National
Collectioin of USSR Academy of Sciences; ATCC,
Americain 'T'ype Cultuire ColleCtioIn; NCYC, Na-
tionIal Collection of Yeast Cultures, England;
CBS, Centraalbureau voOr Schimmelcultures,
Baarn1, Netherlands; IZ, Institutio Zimotecniico,
Piracicaba, B3razil. Numbers in parentheses show
the year cuIltuires were received hv u1s.

they have been term(e(d tmltiple scars (Streiblov a
and Ber-an, 1963a, b). Their existence was (dem-
onstrated bv secondary fluorescence in all repre-
sentatives of the groutl) of al)iculate yeasts given
in -Materials and IMethods. In this rel)ort, the
multiple scar,s in the species Kloeckera apiculata
are demonstrated oIn microl)hotographs (Fig. 1).
The species Saccharomtycodes ludwigii was usedl
as a model fior detailed cytological study, because
it has a suitable size and is relatively resistant to
the short-wave light, applied (Fig. 2 and 3).

Fluorescence microscopy. At the beginning of
individual dlevelol)ment, the future mother (eli
always has a siml)le scar at one of the two p)oles
(Fig. 2a). T'he first daughter cell arises at the
other pole and has the formii of a bud which in-
creases in size. Fluorochrome l)primuline does not
accumulate significantly on the periphery of the
intercell connection (Fig. 2b). T'he two cells Ire-
main connected for a certain time. Before the
cells sep)arate, a sel)tum is formed which is
strongly stained with l)rimuline (Fig. 2c). After
separation, the walls of both of the cells that took
part in the rel)roductive process show fluorescence
of siml)le multiple scars at the site of separation
(Fig. 2d). T'hese scars are of the same type on
both cells. The edges are slightly concave, and
the l)lugs bulge owing to the turgor. The fluores-

V'oi,. 88, 1964 1105



STREIBLOVA, BERAN, ANDPOKORN.

4.

AFf

FIG. 1. Multiple scars in Kloeckera apiculata. (a) Carbon replica: mother cell before development of
double scar (top); below lower pole, simple multiple scar. Daughter cell is in stage beforeformation of septum.
X8,000. (b) Fluorescence photomicrograph of mother cell in initial stage of development of third daughter
cell. XS,000. (c) Fluorescence photomicrograph of cells. Cell in middle field has double scar. Daughter cell
(fourth) is in stage before formation of septum. X>,000.

cence of the plugs is less intense than that of the
cell wall remaining intact. During the reproduc-
tive process, structural changes occur repeatedly
at the distal poles at the sites of the plugs (Fig.
2d, arrow). In the course of multiplication, addi-
tional scars develop (Fig. 2d to i) with rims placed
concentrically to those of the preceding scars.

The plugs of the scars always remain of the same

type in both cells, irrespective of the multiplicity
of scars (Fig. 2h). Areas of weaker fluorescence
persist between the individual rims of the mul-
tiple scars, so that reproductive capacity of cells
can be reliably assessed.
The poles of the oval and long-oval cells be-

come elongated by multiplication and determine
the shape of the cells. The apiculate projections,
composed of multiple scars, are sometimes larger
than the mother cell. Straight exerescences (Fig.
2g and h) develop when edges of scars are parallel,
and the curved form of projection (Fig. 2i) is due
to the divergence of the scars. Occasionally,
branched projections occur in which an arm de-

velops at a right angle to the original direction and
the edges lie in a corresponding manner.
The maximal reproductive capacity of single

cells of S. ludwigii under the given conditions of
cultivation was 16 daughter cells. A maximum of
11 cells separated from one pole, which is the
highest observed multiplicity of the scars de-
scribed. The fluorescence of primuline in younger
rims is of the same intensity as in the older ones.

The first daughter cell develops at a pole, and the
second always develops at the opposite pole (Fig.
2b). No further rule for the order of formation of
daughter cells at the two poles has been found.

Electron microscopy. Electron photomicro-
graphs of carbon replicas and isolated cell walls
were studied simultaneously, to confirm and
widen observations made by the fluorescence
technique. Attention was first directed to the
ultrastructure of the surface of the multiple scars.

The carbon replicas of apiculate yeasts clearly
showed that, as a result of the reproduction proc-

ess, morphological changes arise on the surface

b
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FIG. 2. Fluorescence photomicrographs of cells of Saccharomycodes ludwigii stained by the primuline
technique. (a) Future mother cell with birth scar. X2,500. (b) Mother cell in first stage of bipolar reproduc-
tion. The intercell connection between mother and daughter cell is without significant accumulation of fluoro-
chrome X2,500. (c) Mother cell in second stage of bipolar reproduction. Between mother and daughter cell is
fluorescent septum (s). X2,500. (d) Daughter cell separating. Equal, simple, multiple scars developing in
walls. To the lower right, simple multiple scar with basis of third daughter cell (de). X2,500. (e) Mother cell
before development of double scar (top); daughter cell in stage of septum formation. X2,500. (f) Mother cell
with double scar (top); daughter cell in the process of separation. X2,500. (g) At upper pole, mother cell at
stage before development of third scar; at lower pole, triple scar. X2,000. (h) Mother cell with total reproduc-
tive capacity of six daughter cells. Sixth cell in stage of separation. X3,000. (i) Mother cell with total re-
productive capacity of eight daughter cells. Right, topper pole, sixfold scar; below lower pole, double scar
(partially visible). X3,000.
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FIG. 3. Ultrastracturiie of surface of cells of Saccharoinlycodes Iludwigii. (a) Carbon replica of cell with
simple scar. X20,000. (b) Caarbon replica of apiczulate projection with triple scar. X12,000. (c) Detail of
surface with scar- r argins. X15,000. (d) Isolated yeast cell wall with double scar. X8,000. (e) Isolated
yeast cell wall with fivefold scar. X8,000.

of the cell wall at the site of the l)olar projections.
After the first splitting of a septum, simple scars

(Fig. 3a) appear on both cells involved, with
edges in the form of slightly projecting thicken-
ings. The development of further daughter cells
from the same place leads to repeated changes in
the layers of scar plugs. Shortly before further
sel)aration of cells, additional septa are formed,
which then split. Edges of scat's also project like
rings, so that regular structures are formed on the
surface of the polar projections of ap)iculate yeasts

(Fig. 3c). The protoplasmic scar canal becomes
narrower. In multiple scars, the oldest edges lose
their morphological distinctness and do not l)ro-

ject so clearly above the surface of the scar (Fig.
3b to e).

Electr-on micr ographs of isolated walls show
that the multiple scars have the character of
superiml)osed concentric funnels with parallel
or nonparallel rims (Fig. 3d and e). After rupture
of the cells, the central protoplasmic cylindeir is
removed without difficulty. The individual rims

....
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of the scar are firmly united, thus forming the
sear canal and a continuous cell wall. The plugs
of the scars evidently show a different electron
density. Disruption of the cell wall occurs most
often at the site of a new l)lug, where the structure
is least firm.

DISCUSSION

M\ost yeast cells arc ellipsoidal in shape, and
changes in form and size are dependent on the
external environment. Only some forms have
typ)ical cell shapes and can be used to differentiate
species and genera. Yeasts of the geneTa Saccharo-
mycodes, Nadsonia, Hlanseniaspora, and Kloeckera
form one groul) with a definite morphology. The
causes of the development of apiculate forms were
hitherto unknown (Sentheshanmuganathan and
Nickerson, 1962), and only fluorescence micros-
copy (Streiblova and Beran, 1963a, b) explained
the structure of the l)olar cell projections. In
S. ltdwigii and all other apiculate yeasts given in
AIaterials and MIethods, without excel)tion, a new
tyl)e of scar, not, previously described, was found,
which we termed multiple scars.
The main morphogenetic role is p)layed by the

cell wall, which l)rovides mechanical protection to
the protol)last. Young cells are round-ovoid and
ovoid, and acquire the typical apiculate form
only in the course of their individual develop-
ment. D)uring multiplication, layers of cell wall
are repeatedly rebuilding at the sites of the plugs,
and the edges of the scars become differentiated
in the form of sulerimlposed funnels. It seems that
the structtUres developing in the cytokinetic
process render the cell w'all so firm that the distal
poles project. Despite the layers of these poles
being bound firmly together and forming a con-
tinuous cell wall, the scars preserve their individ-
ual character, and it is just this arrangement
which permits the exact determination of the
replroductive capacity of the cell by induced
primuline fluorescenc(e.
The first period of bipolar reproduction in

ap)iculate yeasts is interl)reted as budding (de
Beeze, 1956). In typical budding yeasts and
apiculate yeasts, fluorochrome accumulates in a
different manner at the sites of connection of the
mother and daughter cells and in the scars; this
is manifested by differences in the intensity of
fluorescence. In the apiculate yeasts, primuline
never accumulates at the base of the connected
cells on splecific structures. On the other hand, in

multipolar budding, scars already form before
separation of the buds and their circular thicken-
ings show intense fluorescence (Streiblova and
Beran, 1963a, b). We assume that p)rimuline is
bound to a part of the glucan-protein coml)lex of
cell walls, probably to glucan fibrils, and the in-
tensity of fluorescence appears to be dependent on
the arrangement of the microfibrillar components.
At the edge of the bud sear, glucan fibrils are
oriented circularly (Nickerson, 1963); thus,
spatial accumulation of microfibrils is brought
about, in contrast to the rest of the cell wall where
the distribution of microfibrils is different.

Electron photomicrographs of isolated walls
and carbon replicas also confirm the differences in
the two ways of vegetative replroduction. The
edges of scars in budding yeasts, which already
have the form of rings, in connected mother and
daughtei cells, arc demonstrable under suitable
magnification on cell material which has not been
treated chemically, as indicated both by our
observations (Streiblova and Beran, 1964) and
by the work of other authors (Northcote and
Homne, 1952; Bradley, 1957). The electron photo-
microgrlaphs showed that in apiculate yeasts such
structural changes at the sites of junction of
mothei and daughter cells do not occur.
Although as vet we have not investigated the

fibrillar structure of cell walls by direct methods,
all these results indicate that a change in the
spatial arrangement of microfibrils, such as is
found in multipolar budding, should not occur in
the first l)hase of vegetative reproduction of
apiculate yeasts. On the basis of these findings,
we assume that, although there exists an external
morphological similarity between multipolar bud-
ding and bipolar reproduction, different struc-
tural changes evidently take place in the cell
walls, connected with the mechanism of the cyto-
kinetics of the two tyl)es of reproduction.

In the second )hase of bipolar reproduction (de
Beeze, 1956), a sel)tum is formed in a mnanner
similar to that in arthrosporing Schizosaccharo-
myces. Conti and Naylor (1959), using ultrathin
oections of fission yeasts, explained the formation
sf septa by the centripetal growth of the inner
part of the cell wall. This means that the margins
of division scars are formed by the remaining ex-
ternal layer of the cell wall; the same is true of the
margins of the multiple scars. This conception is
in accord with our observations. The surface of
the cell walls on the distal projection is not
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smooth. The cell wall is thickened at the margins
of multiple scars by layers which evidently form
from the outside of the cell wall when the septum
splits. The structures formed on the yeast-cell
surface by this process are visible both on carbon
replicas and on isolated walls. At these sites,
fluorochrome primuline accumulates in zones.
We assume that plugs of multiple scars have a

different chemical composition from the rest of
the cell wall, since their material differs in in-
tensity of secondary fluorescence and in concen-
tration of electron-opaque material. A decrease in
fluorescence is also evident between the separate
rims of the multiple scars. It would appear that
these parts are formed by the remains of the plugs
of older scars. Mundkur (1960, 1963) showed
that, although the details of the composition are
not yet known, the structural material of the
plugs differs in Saccharomyces and Saccharomy-
codes. With primuline, however, both types of
scar plugs have the same decreased intensity of
fluorescence. That would confirm that primuline
shows fluorescence in the constituent which does
not react with Schiffs periodate stain and is com-
mon to both types of scar (glucan).

In both the carbon replicas and the electron
photomicrographs of isolated walls, the older scars
show less clearly on the surface, but their sec-
ondary fluorescence remains unchanged. From
this, it could be assumed that the surface of multi-
ple scars probably undergoes further develop-
mental changes. In the outer layer, which does
not show fluorescence with primuline staining,
but whose surface can be partly studied on repli-
cas, secondary substances of a polysaccharide-
protein type or only a component of this complex
probably are deposited.
For the first stage of the study of the ultrastruc-

ture of multiple scars, electron microscopy of car-
bon replicas and observation of pure cell walls
were used, and proved to be suitable. In previous
studies by electron microscopy, the apiculate
yeasts have been studied only by use of ultrathin
sections (Conti and Naylor, 1959; Kawakami and
Nehira, 1959; Mundkur, 1963). These studies did
not lead to the discovery of multiple scars, mainly
because the investigators did not consider the
possibility of their existence. Kawakami and
Nehira (1959) did not interpret the simple multi-
ple scars which occurred on the photographs of
their sectioned cells.
The structure of multiple scars is also of im-

portance for judging the reproductive capacity of
multipolarly budding yeasts. Barton (1950), who
first investigated scars of budding yeasts, as-
sumed that further daughter cells never develop
at the site of the scarring. Some authors (Windish
and Bautz, 1960; Mundkur, 1960) did not con-
sider the question settled, because experimental
proof is lacking. Fluorescence microscopy afforded
a cytological method which supports Barton's
opinion. In our opinion, the study of fluorescence
of scars in budding yeasts would have revealed
cytological changes of the type of multiple scars.
No similar structures were found on extensive ex-
perimental material.
The present knowledge of multiple scars has

become the basis for interpreting the vegetative
reproduction of apiculate yeasts (Streiblovi and
Beran, 1965). In addition, it simplifies the study
of the architectonics of multiple scars in ultrathin
sections and the solving of the question of their
chemical composition and structure.
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