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protoplasts from pollen tetrads of Luffa cylindrica and
Lycopersicon esculentum when treated with 59, cellulase,
whereas within the same period about 70-809, isolated
protoplasts was obtained in the case of Cajanus cajan and
Zea mays. Young pollen tetrads were found to be most
responsive to the enzyme treatment, with resulting re-
lease of protoplasts. Spherical, non-vacuolate protoplasts
thus isolated were fairly uniform in size, having a large
nucleus at the centre (figure 1). Pollen grains did not
yield release of protoplasts, probably because of their
exines being not responsive to either of the enzymes
tested.

During the isolation process, less than 3%, spontaneous
fusion was observed. Even after following the method
developed by Ito and Media® to cause spontaneous fu-
sion, we did not observe more than 5%, fusion. Agglutina-
tion or fusion was not induced through high or low tem-
perature treatments.

Neither 0.45 M mannitol nor 0.56 M sucrose could induce
fusion even after 4 h of treatment. But treatment with
0.4 M sodium nitrate for 4 h induced about 8-109, fusion.
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Over plasmolysis resulted when 1 M sodium nitrate was
used. However, the most significant result was observed
through treatment with Keller and Melchers’s®® high pH
and high calcium fusion solution with the modification.
Adherence of the naked protoplasts could be seen even
after 10 min of treatment (figure 2). The rate of agglutina-
tion and fusion increases with the increase of time and
after 30 min of treatment about 70-809, of agglutination
was observed. Fusion of the adhered cells proceeds
quickly to a dumb-bell shape structure (figure 3) followed
by formation of a spherical shape (figure 4) with the
mixing of the cytoplasm. In about 59, cases, nuclear
fusion was observed after about 10 h of culturing. When
several protoplasts were seen to fuse together, multilobed
structures were evident, which after a lapse of time
rounded off.

Work is in progress to find appropriate cultural conditions
necessary for these haploid protoplasts for carrying out
elaborate somatic genetics studies.

15 M. Ito and M. Media, Exp. Cell Res. 80, 453 (1973).

Interspecific protoplast fusion and complementation in Aspergilli

L. FErENczy, M. SzeGEDI and F. KevEer?!

Department of Micvobiology, Attila Jézsef University, P. O. Box 428, H-6701 Szeged, (Hungary), 2 June 1976

Swmmary. Protoplast fusion and nutritional complementation between auxotrophic mutants of Aspergillus nidulans
and Aspergillus fumigatus has been achieved. It is concluded that the nutritional complementation may be due to

interspecific aneuploidy.

We previously reported? that high-frequency intra-
specific protoplast fusion and heterokaryon formation
were obtained in Aspergilli and Pewnicillia. We now de-
scribe successful experiments to fuse protoplasts of auxo-
trophic mutants of taxonomically distant A. wnidulans
and A. fumigatus, resulting in nutritional complementa-
tion and interspecific aneuploidy of hyper-haploid type.

Material and methods. Stable mutants requiring lysine
(lys) and adenine (ade) were produced by UV-irradiation
from 4. nidulans R21 (yellow conidia, and requiring p-
aminobenzoic acid)®*?! and A. fumigatus 5085 (wild-
type)!. Back-mutation has never been observed with
these mutants. The methods of protoplasts formation,
fusion with polyethylene glycol (PEG) and regeneration
were carried out under optimal conditions® The com-
plemented colonies were selected on minimal medium
containing p-aminobenzoic acid (PABA). The comple-
mentation frequency is expressed as the number of
colonies developing after PEG treatment in minimal
medium compared to the number growing in yeast-
extract medium. The method of staining conidial nuclei
was based on that of Punarrad.

Result and discussion. In PABA-containing minimal
medium protoplasts were able to regenerate and develop
into colonies in low frequency after interspecific proto-
plast fusion had been induced between A. nidulans lys
and 4. fumigatus ade or A. nidulans ade and 4. fumigatus
lys. We shall deal here merely with cases when only 4.
nidulans could be recovered from the interspecific fusion
products; opposite cases, when only A. fumigatus could
be regained, are also known and will be reported else-
where. The main characteristics of these interspecific pro-
ducts are as follows.

In interspecific protoplast fusion, the complementation
frequency was of the order of 10~% whereas in intraspecific
fusion as high as 40 to 609, can regularly be attained 5,
Complementation was never observed when mycelia of
the two species were mixed and incubated in an attempt
to achieve hyphal fusion, whereas intraspecifically com-
plementation is common with these mutants and with
others®-9,

The colonies resulting from interspecific fusion were
thick, irregularly growing and differed markedly in ap-
pearance from intraspecific ones (Figure 1). The hyphae
often exhibited deformations (Figure 2). Conidium-for-
mation was infrequent, with one nucleus in each coni-
dium. Diploidization has never been found. Nevertheless,
conidia from interspecific colonies were able to germinate

1 The authors thank Mr. L. MaNczingeER and Mr. Gy. OravEcz for
producing and characterizing the required mutants; Dr. D. GoLp-
sTEIN for providing the strain 4. nidulans R. 21; Dr: D. KERRIDGE
for the wild-type strain A. fumigatus 5085; and Mr. L. Nacyv,
Miss Eva SzirAkr and Miss MAria Poérés for skilful technical
assistance.

2 .. Ferenczy, F. Kever and M. Szecepi, Experientia 37, 1028
(1975).

3 Y. Poracueck and R. F. ROSENBERGER, J. Bact. 727, 332 (1975).

4 J. E. PunaLra, Phytopathology 63, 1488 (1973).

5 1. Ferenczy, F. Kevel, M. Szecep1, A. FrRaNk6 and I. Rojik,
Experientia 32, 1156 (1976).

% G. PoxntECORVO and J. A. RoOPER, J. gen. Microbiol. 6, 7 (1952).

7 G. PonTECORVO, A. Rev. Microbiol. 70, 393 (1956).

8 J. A. RopEr, Experientia 8, 14 (1952).

9 J. A. Roper, in The Fungi (Eds. G. C. AinsworrH and A. S.
SussmAN; Academic Press, New York and London 1966), vol. 2,
p. 589,
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Fig. 1. Complemented colonies resulting from intraspecific and inter-
specific protoplast fusion on minimal medium. Top left: 4. nidulans
ade + A. nidulans lys. Top right: 4. fumigatus ade + A. fumigatus
lys. Bottom left: A. nidulans lys + A. fumigatus ade. Bottom right:
A. nidulans ade + A. fumigatus lys.

Fig. 2. Hyphae exhibiting characteristic deformations in the inter-
specific fusion product of A. nidulans lys + A. fumigatus ade. Marker
represents 50 wm.
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on minimal medium and develop into typical inter-
specific colonies. Haploid conidia in intraspecific colonies
did not germinate on minimal medium, because of segre-
gation into the parental auxotrophic mutants.

The interspecific mycelia could be cultivated and
maintained indefinitely on minimal agar medium. The
inoculated mycelia gave rise to central, thick, slow-
growing colonies and rapidly-growing thin sectors fan-
ning out from the central part. In both parts mycelia
were complemented for lysine and adenine. Practically all
conidia from both parts germinated on yeastextract me-
dium or media containing the compound required by the
A. nidulans mutant involved in the fusion. On minimal
medium, almost all conidia taken from the central part
germinated and developed into colonies, compared with
only about 19, of the conidia from the rapidly-growing
sectors.

If mycelia grown in minimal medium were transferred
onto yeast extract medium, the above differences were
even more pronounced. The slow-growing, thick, proto-
trophic central part became pigmented and produced
many rapidly-growing sectors (Figure 3). Neither mycelial
nor conidial inoculation from the sectors gave rise to
colonies on minimal medium. In fact, the A. nidulans
parental mutant was recovered in these cases. All these
facts strongly recall the behaviour of intraspecific aneu-
ploids of hyper-haploid type10-12. We explain our results
by aneuploid formation between the two different species.

From a given colony we could not recover both paren-
tal mutants simultaneously or any kind of heterokaryons,
despite the broad variations employed (general and selec-
tive media; mycelial and conidial inoculation; repeated
protoplast formation from the fusion products and inocu-
lation of different media with the protoplasts; ‘transfu-
sion’ of A. fumigatus mitochondria into protoplasts of the
fusion product; fusion of protoplasts derived from the in-
terspecific fusion products of the two types).

With the parental pairs of the PABA-requiring 4. #i-
dulans lys and 4. fumigatus ade, we obtained colonies
which needed neither lysine nor PABA for growth; the
complementation frequency was less than 10-% ie. 3
orders of magnitude less than that with lysine alone.

10 I, KAFER, Nature, Lond. 786, 619 {1960).
1 T3, KA¥ER, Genetics 46, 1581 (1961).
12 P Luoas, Nature, Lond. 790, 744 (1961).

Iig. 3. Rapidly-growing sectors emerging from the slow-growing
interspecific fusion product of A. nidulans lys + A. fumigatus ade
on yeast-extract medium.
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Consequently, no interdependency was observed between
the losses of requirement for lysine and PABA. The same
held for the reappearance of amino acid and PABA re-
quirements. On a basic culture medium containing lysine
but not PABA, rapidly-growing lysine-dependent sectors
developed from transferred prototrophic colonies. Mycelia
from these sectors became both lysine- and PABA-depen-
dent after transfer onto media containing both compounds,
and the original 4. nidulans lys was recovered at this
stage. The same result was obtained if the sequence of
supplementing the vitamin-free culture medium was the
reverse, with the exception that PABA-dependent sectors
developed first. We assume that in these rare cases two
chromosomes integrated from 4. fumigatus into A. nidu-
lans, and were then eliminated independently and rapidly
when the selective pressure ceased.

The precondition of interspecific complementation in
otherwise incompatible fungi may possibly be the disinte-
gration of nuclei of one of the two species. Such a disinte-
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gration could be followed by the retention of one or a few
chromosomes. This might be the reason for both the low
frequency of complementation and our inability to recover
both fusion partners simultaneously from a given colony.

Aneuploidy is a frequent consequence of interspecific
fusion of animal cells3 14, Our results suggest that this
might be valid on a broader scale in eukaryotes. Moreover,
a directed and selective retention and propagation of
foreign chromosomes might be achieved with fungi by
using suitable mutants. This method may offer further
possibilities in eukaryotic genetics.

13 S. D. HANDMAKER, A. Rev. Microbiol. 27, 189 (1973).

4 G. PoNTECORVO, in Modification of the Information Content of
Plant Cells (Eds. R. MarkHAM, D. R. Davies, D. A. Hopwoop
and R. W. HornE, North-Holland Publ. Co., Amsterdam and
Oxford 1975), p. 1.

Crossing between nondiapausing and diapausing races of Sarcophaga peregrina

H. Kuranasut and T. OaTARI!

Department of Medical Entomology, National Institute of Health, 10-35, Kawmiosaki, 2 Chome, Shinagawa-ku, Tokyo 1471
(Japan), 6 July 1976

Summary. The temperate race (D) of S. peregrina undergoes pupal diapause in response to certain environmental
conditions of photoperiod (13L:11D-11L:13D) and temperature (under 20°C). The tropical race (ND) does not do so
under the same circumstances. The tendency toward diapause was suppressed in 30-409, of the hybrids of crossings
D@ X NDg and NDQ X Dg even under such short day and low temperature conditions as 11L.:13D-9L: 15D, 20°C.

For entering diapause, the hybrids require a shorter day length (13L:11D) than that of (D) parents (15L:9D).

Sarcophaga peregrina Rob.-Desvoidy (Diptera: Sarco-
phagidae) is one of the synanthropic flesh flies which are
commonly found in Japanese privies throughout Japan.
Seven related species are distributed in and around the
Indo-Australian area . S. peregrina has the widest distri-
bution, covering China, Japan, Volcano Is., Bonin Is.,
Mariana Is., Formosa, Hainan Is., India, Ceylon, Aus-
tralia, New Guinea, New Britain, Samoa, Gilbert Is.,
and Hawaii. The northernmost boundary would appear
to lie in Hokkaido?®. This species is known to be a mechan-
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The induction of pupal diapause in Japanese diapause (D) and New
Guinean nondiapause (ND) races of Sarcophaga peregrina and their
hybrids (¥,) under different light regimes (at 20 °C). Each experiment
was performed 3 times and the results averaged.

ical vector of aetiological agents of disease and its larvae
are responsible for intestinal myiasis in these areas.
Adults appear from May to September in Central Japan,
and the facultatively diapausing pupa is known to be the
overwintering form*. Under conditions of short day and
low temperature, this flesh fly enters pupal diapause in
Japan.

A New Guinean race whose colonies are derived from a
single wild female collected in Wau (7.22 S, 146.40 E),
alt. 1050-1250 m, Morobe District, in December 1973,
was available for the present crossing experiment®. In a
preliminary experiment it was found that the tropical
race (ND) did not enter pupal diapause, even if parents
and their offspring were bred under such light regimes
and low temperature conditions as 14L:10D-12L:12D at
20°C. A few of the offspring reared under the conditions:
20°C, 11L:13D, however, developed into diapause pupae
(2%). Nondiapausing colonies were selected and used for
the crossing experiment. The 2 geographical races are
morphologically distinguishable by the male genitalia,
especially by the shape of the apical plate of aedeagus.
Hybrid generations exhibited normal fertility of crossing.
Eggs of each race are fertilized by sperms of the other,
and at least some of the zygotes develop normally. Both

! Present address: Department of Biology, Faculty of Science,
Kanazawa University, Kanazawa 920, Japan.

¢ H. pE S. LopEs, Mem. Inst. Oswaldo Cruz 59, 69-82 (1961).

3 R. Kaxo, Jap. J. exp. Med. 20, 823-831 (1950).

4 T. Outak: and M. TakanasHi1, Jap. J. med. Sci. Biol. 23, 369-376
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3 We thank Dr R. Kano and Dr S. Shinonaga, Tokyo Medical and
Dental University, for supplying the New Guinean material.



