
Fig. 1, which corresponds to known 
areas of limestone outcrop. Robertson 
(4) reports P. obeliscus from a similar 
habitat in the Rio Hondo of northern 
British Honduras. 

Go-To-Hell Creek flows through a 
typical tropical rain forest environment 
and is not sufficiently large to develop 
a foliage-free corridor where sunlight 
can penetrate with ease. Nevertheless, 
sufficient available light is present to 
stimulate a subaqueous growth of blue- 
green algae on rock surfaces near the 
air-water interface. These plants prolif- 
erate in the relatively protected micro- 
habitat of the horizontal solution 
grooves where they accumulate as a 
thick, palpable slime. 

This concentrated algal growth af- 
fords la rich pasturage for the snails, 
which always align their shells parallel 
to the grooves. Ingestion of algae was 
observed to occur as a result of rasp- 
ing action by radula strokes directly 
perpendicular to the longitudinal axis 
of the grooves. Closely spaced scratches 
made by the feeding snails can be seen 
with the unaided eye and are clearly de- 
fined in Fig. 2. These scratches ex- 
tend through a thin, partially decom- 
posed surface layer of chalky consist- 
ency to expose unweathered limestone. 
Continued rasping action thus enlarges 
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In the life cycle of the fission yeast 
Schizosaccharomyces pombe Lindner a 
key role is played by the mating-type 
alleles. They control the abilities for 
copulation as well as for sporulation 
(1, 2). Below I report experiments with 
diploid S. pombe strains, which show 
some ambivalences in the course of 
events controlled by the mating-type 
alleles. For instance, after cell fusion 
nuclear fusion does not occur in part 
of the zygotes, and both nuclei under- 
go separate meioses (twin meiosis). 

The vegetative cells of S. pombe 
are normally haploid. At the end of 
vegetative growth, cells of compatible 
mating type fuse pairwise (1, 2). In 

796 

In the life cycle of the fission yeast 
Schizosaccharomyces pombe Lindner a 
key role is played by the mating-type 
alleles. They control the abilities for 
copulation as well as for sporulation 
(1, 2). Below I report experiments with 
diploid S. pombe strains, which show 
some ambivalences in the course of 
events controlled by the mating-type 
alleles. For instance, after cell fusion 
nuclear fusion does not occur in part 
of the zygotes, and both nuclei under- 
go separate meioses (twin meiosis). 

The vegetative cells of S. pombe 
are normally haploid. At the end of 
vegetative growth, cells of compatible 
mating type fuse pairwise (1, 2). In 

796 

grooves initiated by solution activity, 
deepens the trough, and presents a 
fresh rock surface for carbonate solu- 
tion as well as possible softening by 
the algae. 

In describing a remarkably similar 
instance involving the tidewater snail 
Nerita plicata, Weins (5) cites Doty 
and Morrison (6) who suggest that 
blue-green algae have a very significant 
role in the decomposition of limestone. 
Their data indicate that the process in- 
volves local changes in pH brought 
about through metabolic activities of 
the algae. 
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the resulting zygotes, fusion of the 
nuclei (karyogamy) and meiosis take 
place, and four ascospores are formed 
within the cell wall of the original 
zygote (zygotic asci). Three alleles 
(h90, h+, h-) are known at the mating- 
type locus. They determine three dif- 
ferent mating types (1-3): haploid 
strains having the allele h90 are homo- 
thallic, whereas strains with h+ or h- 
are heterothallic (4). The following lists 
show which mating types are compati- 
ble and incompatible, respectively: 

1) compatible (copulation): h90 X 
h90, h90 X h+, h90 X h-, h+ X h-; 

2) incompatible (no copulation): 
h+ X h+, h- X h-. 
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2) incompatible (no copulation): 
h+ X h+, h- X h-. 

Although the cells of S. pombe are 
normally haploid, it is possible to se- 
lect diploid strains. An analysis ,of these 
strains has shown that the mating-type 
alleles not only determine the capabili- 
ty to copulate but also the capability 
to sporulate (2). Cells of the constitu- 
tion h9?/h90, h9O/h+, h90/h-, and h+/ 
h- undergo meiosis at the end of the 
period of vegetative growth and form 
directly four ascospores (azygotic asci). 
Diploid cells which are h+l/h+ or 
h-/h- do not sporulate but will copu- 
late with either haploid or diploid cells 
of compatible mating type (2, 5). After 
copulation of diploid cells, in general 
four diploid ascospores are produced 
(6). 

Two different complete culture media 
are used in experiments with S. pombe: 
YEA (7) and an incubation tempera- 
ture of 30?C are suitable for vegeta- 
tive growth, whereas MEA (7) and 
25?C are favorable for copulation and 
sporulation. The results with diploid 
strains cited above (2, 6) were ob- 
tained with MEA (or beer wort) at 
25?C. 

In experiments using YEA at 30?C, 
I observed that h90/h90 cells not only 
sporulate, but also frequently copulate 
with each other. After 2 to 4 days of 
incubation, h9O/h90 cultures show main- 
ly azygotic asci, but a considerable num- 
ber of giant zygotic asci are present 
too. The latter have either four large, 
apparently diploid spores, or they have 
six, seven, or, more frequently, eight 
spores of normal size (8). Spores from 
eight-spored asci were isolated by mi- 
cromanipulation. Upon cultivation they 
gave rise to haploid cultures. This pre- 
liminary finding seemed to be consist- 
ent with the idea of "brachymeiosis" 
discussed in the earlier literature on 
Ascomycetes (9). It was therefore of in- 
terest to perform a more detailed anal- 
ysis of the multispored asci by means 
of strains with different genetic mark- 
ers. In addition, the possible forma- 
tion of eight-spored asci in mating-type 
combinations other than h90/h90. X h90?/ 
h90 was examined. 

I made nine different crosses with 
diploid strains on YEA and incubated 
them 2 to 4 days at 30?C. To avoid 
sporulation of the h90/h90 and h90/h- 
strains before mating, the freshly se- 
lected diplonts were grown in liquid 
yeast-extract medium on a shaker. In 
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yeast-extract medium on a shaker. In 
liquid medium only very few azygotic 
asci are formed, in contrast to cul- 
tures on agar. With respect to the 
mating-type combinations the crosses 
were of five different types (Table 1). 
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"Twin Meiosis" and Other Ambivalences 

in the Life Cycle of Schizosaccharomyces pombe 

Abstract. Diploid cells of the yeast Schizosaccharomyces pombe carrying the 
mating-type allele h90 are capable of sporulation and copulation. After copulation 
karyogamy does not always occur. In this case both nuclei will undergo meioses 
separately (twin meiosis). Asci with eight haploid spores derive from this event. 
Diploid cells homozygous for the mating-type alleles h+ or h- do not sporulate. 
However, their nuclei can perform meiosis when they are in a common cytoplasm 
with a diploid nucleus of compatible mating type. 
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In type I, both parents were able to 
sporulate; in types II, III, and IV, 
sporulating strains were mated with 

nonsporulating diplonts (h+/h+ or 
h-/h-); and in type V, both diplonts 
were unable to sporulate. In all crosses 
one strain was auxotrophic for uracil, 
the other for lysine (10). Furthermore, 
each strain was heterozygous for two 
nonidentical ade-6 alleles giving strong 
complementation (11). Due to the al- 
lelic complementation, the diplonts did 
not form the red pigment characteris- 
tic of ade-6 mutants. As an example, 
the full genotypes are given in Table 
2 for one cross of type IV. All mark- 
ers used (ade-6, ura-1, lys-2, mating- 
type) are unlinked. 

In the crosses of types I to IV, both 
four-spored azygotic asci (due to direct 
sporulation of h9?/h90 and h90/h- cells, 
respectively) and zygotic asci were pres- 
ent. As expected, in the cross of type 
V only zygotic asci were present. In 
all crosses (even in type V!) about 30 
to 50 percent of the zygotic asci showed 
six to eight spores and the rest had 
four large, apparently diploid spores 
(12; see also 8). Figure 1 shows asci 
from a cross of type III. 

Altogether 124 eight-spored asci were 
dissected. In 23 asci only four or fewer 
spores germinated; they were not ana- 
lyzed further. The other 101 asci 
yielded between five and eight single- 
spore colonies. These colonies were 
examined further. In Table 1 are 
shown the numbers of asci with five 
to eight germinated spores obtained in 
the various crosses. A total of 641 
single-spore colonies were analyzed. All 
colonies were red-no white ones were 
found. All sporulating colonies showed 
zygotic asci of normal size; azygotic 
asci were not found. This strongly indi- 
cates that all spores were haploid. If 
diploid spores had occurred, part of 
their colonies would have been white 
owing to complementation between the 
ade-6 alleles, and/or would have sporu- 
lated with azygotic asci. Intragenic re- 
combination between the ade-6 hetero- 
alleles, which gives rise to spores pro- 
totrophic for adenine, is not to be 
expected in the relatively small sample 
of asci analyzed (see 11). 

The unlinked markers ura-1 and lys-2 
did not recombine in the eight-spored 
asci; the spore cultures were either 
ura-1 + or + lys-2. As an example, 
the segregation in the asci with com- 
plete spore germination is shown in 
Table 2 for a cross of type IV. It is 
seen that recombination has further 
not occurred between the mating-type 
10 NOVEMBER 1967 

locus and either auxotrophic markers 
ura-1 or lys-2. Furthermore, within 
both groups ura-1 + and + lys-2 the 
ade-6 heteroalleles showed a 2: 2 segre- 
gation. Corresponding results were ob- 
tained in all other crosses. The segre- 
gations in the asci with incomplete 
spore germinations were similar except 
that one to three random spore colo- 
nies were missing. 

In the cross type Ib a lethal muta- 
tion (let) had occurred in the h90/h- 
parent which is closely linked with the 
h- allele. In that cross a maximum 
of six spores germinated, and all h- 
alleles were lost. In the crosses of 
types I, II, and IV some selfings had 
obviously occurred within the h9?/h90 
parents. Twelve asci (listed in the bot- 
tom row of Table 1) were obtained, 
which yielded five to eight haploid h90 
colonies possessing only the markers of 
the h90/h90 strain involved in the cor- 

responding cross. 
The observed segregations strongly 

suggest that the giant eight-spored asci 
originate from zygotes in which, after 

plasmogamy, fusion of the diploid nu- 
clei does not occur, but both nuclei 
undergo separate meioses. The ex- 
traordinary fact is that the diploid 
nuclei stay genetically distinct and 
meiosis goes on separately in the two 
nuclei in the fused cells. I suggest 
calling this phenomenon "twin meio- 
sis." 

The results show that diploid cells 
are ambivalent in respect to meiosis, 
copulation, and karyogamy if grown 
on YEA at 30?C. On MEA at 25?C 
this ambivalence is only slightly indi- 

Fig. 1. Asci from a cross of type III. In 
each picture one zygotic ascus with eight 
spores is shown. In (A) and (C) zygotic 
asci with four large spores are to be seen 
also. Furthermore, (C) shows one azy- 
gotic ascus. Not all spores are in focus. 
Magnification: (A) and (B) X 2270; (C) 
X 1500. 

Table 1. Types of crosses made between diploid strains, and number of eight-spored asci 
analyzed. Only those asci are listed in which at least five spores germinated. 

No. of asci with 

Type of cross No. of 8, 7, 6, or 5 
Type of cross asci analyzed germinated spores 

8 7 6 5 

Ia) h90/h90 X h90/h- 5 5 0 0 0 
Ib) h0/h90 X h90 + /h- let 9 0 0 8 1 
II) h90/h90 X h+/h 9 2 1 4 2 

III) ih90/h- X h+/h+ 21 0 2 8 11 
IV) h90/h"9 X h-/h- 24 10 3 7 4 
V) ,h+/h X h-/h- 21 2 5 8 6 

Selfings in h90/h90 strains 12 7 3 1 1 

Table 2. Genotypes of the strains used in one cross of type IV, and segregation in the asci 
with completely germinated spores. 

Cross (type IV) 
Segregation in the eight-spored asci 

ura-1 + + lys-2 

h90 ade-6-M216 ura-1 ?- 
h90 ade-6-M210 ura-1 + Four h'0 spores: Four h- spores: h?? ade-6-M210 ura-1 - 

h- ade 6-M210 lys-2 Two ade-6-M216 Two ade-6-M210 
X ,- ., I c h- ade-6-L702 - lys-2 Two ade-6-M210 Two ade-6-L702 
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cated. If we consider the behavior on 
MEA at 25?C as normal, the follow- 
ing instabilities can be stated. 

Diploid homothallic cells (either 
homozygous or heterozygous for the 
h90 allele) normally sporulate directly 
(azygotic asci). On YEA at 30?C they 
also copulate frequently. In the latter 
case a further ambivalence is obvious: 
the nuclei either fuse (zygotic asci with 
four large spores, see 6) or do not 
fuse but undergo separate meioses 
(twin meiosis, zygotic asci with eight 
haploid spores). Thus two conclusions 
can be drawn for homothallic diploid 
cells: although having a nucleus able 
to perform meiosis, the cells still have 
a tendency for copulation. Also, their 
nuclei still have an ability to fuse. 
In about 50 percent of the zygotes 
karyogamy occurs, whereas the rest 
of the copulations result in twin me- 
iosis. 

The diploid cells homozygous for 
incompatible mating-type alleles (h+/ 
h+ or h-/h-) are not able to sporulate 
but can copulate with cells of com- 
patible mating type. Normally asci with 
four diploid spores are formed (2, 6). 
However, on YEA at 30?C twin meio- 
ses also occur frequently (see 12). The 
occurrence of twin meiosis in crosses 
with h+/h+ and h-/h- cells demon- 
strates an interesting complementation 
mechanism since their nuclei individual- 
ly do not have the complete genetic in- 
formation for meiosis. In each of the 
crosses of types II to IV, one of the 
diploid nuclei involved in the twin 
meioses was able to perform meiosis. 
In these cases, it is therefore sufficient 
to assume that due to the diploid 
homothallic nucleus all substances nec- 
essary for meiosis are present in the 
common cytoplasm, and that these sub- 
stances enable the h+/h+ or h-/h- 
nucleus to undergo meiosis too. In the 
cross of type V, however, neither nu- 
cleus was capable of independent meio- 
sis. Here one has to conclude that com- 

plementing gene products are formed 
by the h +/h + and h-/h- nuclei, and 
that these substances, when combined, 
enable the nuclei to undergo meiosis re- 
gardless of whether they are fused or 
not. 

The latter situation is surprising: af- 
ter copulation of the diploid cells 
(h+/h+ X h-/h-), their nuclei have a 
tendency to fuse, but are obviously 
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enable the nuclei to undergo meiosis re- 
gardless of whether they are fused or 
not. 

The latter situation is surprising: af- 
ter copulation of the diploid cells 
(h+/h+ X h-/h-), their nuclei have a 
tendency to fuse, but are obviously 
producing at the same time the (incom- 
plete) gene products necessary for 
meiosis. Whether twin meiosis or kary- 
ogamy will occur seems to depend 
merely on whether the "meiotic" gene 
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products complement each other to a 
sufficient level before the nuclei have 
fused. 

The observed ambivalences might of- 
fer a possibility of evaluating in further 

experiments the regulatory mechanisms 
involved in copulation, karyogamy, and 
meiosis. 

HERBERT GUTZ 
Division of Biology, 
Southwest Center for Advanced 
Studies, Dallas, Texas 75230 
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boron plays a role in the regulation 
of phenol synthesis, either directly or 

indirectly-for example, by control of 
substrate permeability through mem- 
branes, or by interaction with enzymes 
of the glycolytic or pentose-shunt path- 
way, or of both. The metabolism of 
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Table 1. Radioactivities of selected compounds from B+ and B- sunflower fed 4"CO2 for 30 
minutes under light. 

Time after feeding with 14CO2 (hr) 

Compound 0 (count/mia) 30 (count/min) 

B+ B- B+ B- 

Citric acid 614 ?- 11 421 ? 10 54,010 ? 73 16,620 -- 41 
Glyoxylic acid 19,540 -- 44 38,462 ? 62 
Phenylalanine 633 ? 12 576 + 10 10,950 +4 33 25,080 - 50 
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Boron in Plants: A Biochemical Role 

Abstract. Boron, as borate, appears to have a role in partitioning metabolism 
between the glycolytic and pentose-shunt pathways. This effect results from the 
association of borate with 6-phosphogluconic acid, forming a virtual substrate that 
inhibits the action of 6-phosphogluconate dehydrogenase. In the absence of borate, 
the inhibition of the enzyme is released, and excess phenolic acids are formed. 
These acids also associate strongly with borate and thus develop an autocatalytic 
system for production of excess phenolic acids which cause necrosis of tissue and 
eventual death of the plant. 
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