
Little information is available con- 
cerning the mechanism responsible for 
tetraploidy in such cultures. It is possi- 
ble that cell fusion with subsequent 
homosynkaryosis (9, 10) may be re- 
sponsible for a proportion of tetraploid 
cells. However, tetraploidy may also 
result from failure of cytoplasmic cleav- 
age with subsequent fusion of two 
daughter nuclei or from endoredupli- 
cation (6). 

It would be of interest to carry out 
similar studies with a variety of chromo- 
somally marked strains to determine the 
frequency of somatic segregation as a 
function of specific genomes and auto- 
somes. Should it prove to be of wide- 
spread occurrence, it could form the 
basis of a beginning formal genetic 
analysis in man. Cytogenetic studies 
would have to be combined with bio- 
chemical or antigenic analysis of clones 
from individuals heterozygous for mark- 
ers that are expressed in cell culture. 
In view of the widespread occurrence 
of enzyme polymorphism in man (10), 
it is probable that a variety of suitable 
markers could be exploited for such a 
genetic analysis. The zymogram tech- 
nique (10) -should permit the identifi- 
cation of heterozygous clones and each 
of the two types of homozygous diploid 
segregants. Replicate plating of such 
segregants could permit the assignment 
of other loci to the relevant linkage 
groups, since all loci linked to the seg- 
regated chromosomes would become 
homozygous. Such an analysis cannot 
be carried out efficiently, however, 
without methods for the selection of 
recombinant diploid clones. Selective 
techniques are especially essential in 
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view of the eventual "senescence" of 
such cultures (7); in our laboratory, 
more than 100 mass cultures and over 
200 clones from a variety of human 
diploid cultures have ceased to repli- 
cate, with a maximum life-span of 
about 65 cell doublings (11). 
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Fungal Endogenous Rhythms Expressed by Spiral Figures 

Abstract. Culture zonations in two fungi, Nectria cinnabarina and Penicillim 
diversum, are expressions of endogenous rhythms. These culture donations may 
take the form of either concentric rings or Archimedes' spirals. The rhythm in 
N. cinnabarina is noncircadian. The rhythm in P. diversum is relatively insensitive 
to temperature and has a period of approximately 24 hours. The lack of a demon- 
strable mechanism for phase shifting suggests that this rhythm may also be non- 
circadian. 

Spirals of biological origin are com- 
mon and almost always logarithmic 
(1). A notable exception is the web of 
some spiders which is often an Archi- 
medes' spiral. Archimedes' spirals occur 
in the fungi Nectria cinnabarina and 
Penicillium diversum. These spirals are 
the visible expression of endogenous 
rhythms. 

Nectria cinnabarina was cultured on 
media containing 48 g/liter of Bacto- 
potato dextrose broth (PDB) and 2Q 
g/liter of Bacto-agar (Difco). Penicil- 
lium diversum was cultured on 12 g/liter 
of PDB and 20 g/liter of Bacto-agar. 
Cultures were initiated from a single ger- 
minated spore placed in the center of 
a plate. Sporulation of N. cinnabarina 
was induced by growing the cultures 
under continuous illumination from a 
Growlux fluorescent lamp at 4.8 X 103 
erg cm-2 sec-1. Since growth of the 
P. diversum isolate was somewhat in- 
hibited by light, the cultures were 
maintained in continuous darkness, 
where sporulation occurred. All cul- 
tures were incubated in constant tem- 
perature chambers. 

Both N. cinnabarina and P. diversum, 
under the conditions described above, 
produce concentric rings of spores sim- 
ilar to many fungi that exhibit zona- 

tion phenomena (2). Culture zonations 
of both fungi are produced with stable 
periodicities under constant environ- 
mental conditions. The rhythm of N. 
cinnabarina is noncircadian. The period 
of the rhythm ranges from 6 to 16 hours, 
depending upon the temperature. A 
Q10 of 2.73 has been determined for 
the period of the N. cinnabarina 
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Fig. 1. Culture zonation in Nectria cin- 
nabarina in the form of a single Archi- 
medean spiral. 
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rhythm from 190 to 281C. Above 
281C the period is so short that sporu- 
lation bands are essentially continuous. 
Growth is severely restricted below 
19'C. The rhythm of N. cinnabarina 
is free-running-once the rhythm is 
evident, no further environmental cues 
are required to maintain the oscil- 
lation. The period of the rhythm is the 
same in either constant light or dark. 

urn 

* 4 

Fig. 2. Culture zonation in Nectria cin- 
nabrinwa; concentric rings (top), single spi- 
ral (center),, and double spiiral (bottom). 
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Cultures grown- in the dark produce few 
spores, but the zonations are evident 
as alternating rings of sparse and dense 
hyphae. Spore rings, produced in the 
light, become less distinct after ap- 
proximately 14 rings have been pro- 
duced. 

Approximately 40 percent of the cul- 
tures of N. cinnabarina produce a 
spiral pattern of zonation rather than 
concentric rings (Fig. 1). Because the 
radial distance between any two ad- 
jacent bands is equal, the spiral is 
Archimedean. 

Infrequently two spirals were ob- 
served to form within the same cul- 
ture, one turning within the other. The 
same relationship holds with the dou- 
ble spiral in that the distance between 
adjacent bands is equal. The distance 
between adjacent bands of the same 
spiral is doubled because any two bands 
of the same spiral are separated by 
an interposing band of the alternate 
spiral. 

Since the colony diameter enlarges 
at a constant rate, the number of 
sporulation bands encountered on a 
radial transect is an expression of the 
period of the rhythm regardless of 
whether the zonation pattern is con- 
centric rings, a single spiral, or a dou- 
ble spiral. The single spiral turns 
through 3600 in the same time interval 
required to produce one ring of spores 
in comparable cultures. On the other 
hand, in those cultures that produce 
double spirals, each individual spiral 
turns through 3600 in twice the time 
required for the formation of the same 
arc in a single spiral or for one ring 
(Fig. 2). 

Spiral zonation is not peculiar to N. 
cinnabarina. Both concentric rings and 
single spirals (Fig. 3) are observed in 
the zonation patterns of Penicilliurm di- 
versurn cultures. As in N. cinnabarina, 
the spirals of P. diversurn are Archi- 
medean and may be of either clockwise 
or counterclockwise configuration. The 
zonation pattern of P. diversumn, 
whether concentric or spiral, is formed 
rhythmically, has a period of approxi- 
mately 24 hours, and is nearly tempera- 
ture-independent. A Q10 value of 1.15 
has been determined for the period of 
the rhythm between 230 and 31 'C. 
Zonation, as rings or spirals, is pro- 
duced in darkness or in constant light. 
As yet no mechanism for phase shift- 
ing has been found. The rhythm of P. 
diversum must be tentatively regarded 
as noncircadian. 

These rhythms provide a contrast in 
the character of endogenous rhythms. 

1 cm 

Fig. 3. Archimedean spiral produced by 
culture zonation in Penicilliuin diversum. 

As noted by Cumming and Wagner (3): 
"Fungi may provide a physiological 
link between organisms which do and 
those which do not exhibit classic cir- 
cadian phenomena." The zonation 
rhythm of N. cinnabarina is noncir- 
cadian. The rhythm in P. diversum, al- 
though not clearly circadian, has some 
properties of circadian rhythms (4). 
Both rhythms have the same expres- 
sion, producing zonation either as con- 
centric rings or as Archimedean spirals. 
Normally, spiral growth would not be 
considered a rhythmic process because 
the configuration forms a continuum. 
The spirals described in these fungi 
grow at a predictable rate in terms of 
radians per hour, and therefore they 
can be considered rhythmic. 

The mechanism for the formation of 
spirals is unknown. It is known, how- 
ever, that discontinuity in rings does 
not occur. Apparently a spiral forms 
when one side of a colony becomes out 
of phase with the other. The continuum 
of zonal lines is then expressed as a 
spiral and the two sides remain out of 
phase with each other. 
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