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ABSTRACT

EARLY MATING INTERACTIONS IN SCHIZOPHYLLUM COMMUNE

By

John Vincent Leary

The objective of this research was to approach the study of the

earliest mating interactions in Schizophyllum commune Fr. on two levels,

the biological phenomenon of nuclear exchange and the molecular changes
associated with mating.

On the biological level, experiments were conducted to determine
the kinetics of the initial nuclear exchange between homokaryons in the
compatible and non-compatible mating combinations. Techniques were devel-
oped for mating mycelial fragments in liquid culture. Evidence for nuclear
exchange was based on analysis of fragments derived from the developing
heterokaryon which possessed nuclei from all 4 types of matings. The kinet-
ics of nuclear exchange were relatively independent of the method used. In
all 4 types of matings, compatible, common-A, common-B, and common-AB, the
percentage of fragments possessing both types of nuclei 12-24 hr after
mating is nearly equal. After this time, significant differences become
evident in the kinetics of the compatible vs. the 3 non-compatible matings.
Differences are also evident in the common-A vs. the common-B and common-AB
matings. The percentage of mycelial fragments possessing both nuclear types
throughout the 96 hr test period is similar for both the common-B and
common-AB matings. The kinetics of nuclear exchange were independent of
the particular mating-type alleles and nutritional markers used. Nuclear
exchange occurred more rapidly and synchronously in minimal medium than in

complete medium. This difference in mating efficiency is not due to growth
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differences in the two media. In the majority of fragments analyzed in a

compatible mating at O hr and 48 hr after mating, the number of cells/frag-
ment was fewer than 5, indicating that the interactions observed were closer

to a cell-to-cell basis than was possible before.

These studies indicated that the earliest mating interactions, i.e.
hyphal anastomosis and nuclear exchange, are independent of the mating-

type factors but that subsequent events are determined by these genes. Also,

support is given to the hypothesis that the incompatibility reaction is not
constitutive but induced.

These studies formed a basis for the design of experiments to inves-
tigate the incompatibility reaction on the molecular level. To facilitate
such experiments, it was necessary to develop methods for isolating large

amounts of ribosomes and polysomes from Schizophyllum mycelia. It was shown

that functional monosomes and polysomes could be readily isolated from my-
celia and spores which were lyophilized and then ground dry. The monosomes
were shown to have an approximate sedimentation value of 80S. Polysomes
consisting of 2, 3, and 4 ribosomes were consistently present. The poly-
somes were stable at low magnesium concentration and were sensitive to ribo-
nuclease treatment. The ribosomes were functional in a cell-free amino acid
incorporation system. This incorporation occurred in the absence of exo-
genous messenger RNA, indicating that the ribosome-mRNA complex was stable
after lyophilization and grinding.

The approach to the study of the molecular basis of the incompatibil-
ity reaction was to investigate the possibility that cytoplasmic exchange
occurred at the same time as nuclear exchange. These experiments were

conducted by differentially labelling the homokaryotic mating partners with
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deuterium and a radioactive amino acid. Appearance of radioactive label
on the heavy ribosomes was considered evidence for cytoplasmic exchange.
The ribosomes isolated from such mycelia could be separated by CsCl equil-
ibrium density-gradient centrifugation. In matings between homokaryon
grown in D50 and a homokaryon labelled with a radioactive tracer, evidence
was obtained that exchange of cytoplasm had occurred since both the heavy
and light ribosomes were radioactive. The heavy ribosomes were greatly
reduced in number after 24 hr of mating in H,0-medium. Considerable syn-
thesis and rapid turnover of ribosomes was indicated. This was confirmed
by analysis of matings after 12 hr and 24 hr of mating in H2O-medium. After
12 hr of mating, the heavy ribosomes were decreased in concentration and
ribosomes of hybrid density were present. After an additional 12 hr of
mating the hybrid ribosomes were almost gone and an increase in quantity
of "light" ribosomes was evident. Additional evidence for cytoplasmic ex-
change was that the "light" ribosomes increased in density progressively
after 12 hr and 24 hr of mating. This was interpreted to mean that the
D20 in the cytoplasm of the D,0-labelled homokaryon was made available to
the mating partner via exchange of cytoplasms and that ribosome synthesis
in the developing dikaryon occurred in a common cytoplasm which increased

in D20 content as cytoplasmic exchange increased.
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INTRODUCTION

In the Basidiomycete Schizophyllum commune Fr., sexual reproduction

and the formation of the fruiting body must be preceded by the formation
of the dikaryon.

The process of dikaryosis has been shown to be a coordinated series
of events in which the vegetative homokaryon with one nucleus per cell

is transformed into the dikaryon. The dikaryon is unique in that it is

capable of indefinite vegetative growth in a state where each cell pos-
sesses two genetically distinct nuclei.

The events leading to formation of the dikaryon include hyphal
anastomosis, reciprocal nuclear exchange, extensive nuclear migration,
and conjugate nuclear division with concomitant clamp connection formation.
These events are under the strict control of two series of incompatibility
alleles, the A series and the B series (Raper, 1966b). Thus, the dikaryon
will result only from a mating in which the two homokaryons possess unlike
A and B factors, i.e. Al Bl X A2 B2~ (Al Bl + A2 B2).

There is evidence from several laboratories that the incompatibility
factors control specific processes necessary for the formation of the di-
karyon. In matings between homokaryons having A-factors in common (common-A
mating, Al Bl X Al B2), karyogamy and nuclear migration occur but clamp
connection formation and therefore conjugate nuclear division are dis-

rupted. In mafings involving homokaryons with like-B factors (common-B

2 Bl), clamp connection formation and conjugate nuclear

mating, A

Bl X
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division proceeds but nuclear migration is severely restricted. Observa-
tions such as these on the effect of the incompatibility factors upon the
mycelial morphology of the particular heterokaryon support the hypothesis
that the A locus controls clamp connection formation and that the B locus
controls nuclear migration (Esser and Raper, 1965).

Virtually nothing is known about the time in the mating process at
which the incompatibility factors act. In addition, almost all the previ-
ous studies on the incompatibility system in the tetrapolar Basidiomycetes
were based on observations of nuclear behavior only. The role the cyto-
plasm plays in the initial mating interactions of Schizophyllum commune
has not been investigated. There is some evidence, however, that the cy-
toplasm may be involved in the initial incompatibility response. Raper
(1966b) postulated a cytoplasmic effect in the unusual growth shown by
heterokaryons possessing modified A and B factors. Casselton and Lewis
(1967) have presented evidence that individual nuclei existing separately
in the same cell behave differently from similar nuclei combined as a dip-
loid nucleus. Also, Sicari and Ellingboe (1967) demonstrated that marked
changes in the cytoplasm may occur shortly after hyphal anastomosis.

The objective of this research was to investigate the early mating
interactions on the biological and molecular levels in an attempt to
determine the time in the mating process at which the incompatibility
factors act and the role the cytoplasm may play in initial mating inter-
actions. More specifically, experiments were designed to: (1) determine
the kinetics of initial nuclear exchange in compatible and non-compatible
matings; and (2) to determine whether the cytoplasms are exchanged in
matings, at which time such exchange might occur, and the possible mani-

festations of exchange. In connection with these studies, preliminary







experiments were conducted to determine whether intact functional ribo-

somes could be isolated from Schizophyllum commune and Coprinus lagopus.







LITERATURE REVIEW

Sexual incompatibility in the higher fungi has been studied inten-
sively since the original investigations of Kniep (1913a,b). The re-
searches on incompatibility were reviewed extensively in recent years
(Lewis, 1954; Papazian, 1958; Raper, 1966a, b; Raper and Esser, 1964;
Raper and Raper, 1968). Much of the interest has centered on the Basid-

iomycetes Schizophyllum commune and Coprinus lagopus.

The incompatibility system in Schizophyllum and Coprinus deter-

mines the events in the life cycle of these fungi. Comprehensive accounts

of the life history of Schizophyllum and Coprinus have been published

(Buller, 1941; Whitehouse, 1949; and Raper, 1953). The binucleate basid-
iospore germinates to produce the homokaryon consisting primarily of
uninucleate cells (Jersild, Mishkin and Niederpruem, 1967). The homo-
karyon is the haploid phase of the life cycle and is capable of indefinite
vegetative growth. The second phase of the life cycle is termed the
dikaryotic phase or dikaryon. The dikaryon must result from the sexual
mating of two homokaryons having compatible mating types.

The incompatibility system in Schizophyllum and Coprinus has been
designated as tetrapolar incompatibility by Kniep (1920). Tetrapolarity
refers to the fact that mating type in these fungi is determined by two
factors, A and B, which segregate independently at meiosis (Kniep, 1920).
The A factor of Schizophyllum commune consists of two closely-linked

genes (subunits) AAA and Aﬁi_(?apazian, 1951; Raper, Baxter and Middleton,

4
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1958; Raper, Baxter and Ellingboe, 1960). The number of A factors was
shown to be approximately 500, with 9 ACA alleles and 50 Aﬁi alleles
estimated (Raper and Raper, 1968). The B-factor is also complex and con-
sists of at least two loci, BA and Qéi. There appears to be fewer B

factors in the world-wide population, with a total of 93 estimated. To

date, 7-8 Bdh's and 7 g;i's have been identified (Koltin, Raper and Sim-
chen, 1967; Raper and Raper, 1968). The dikaryon is normally established
from a mating between homokaryons having different A and different B fac-
tors. Only one of the & and li subunits of each of the A and B factors
must be different for a compatible relationship. For example, the mating
I_{(E‘_L—ﬁ) g(g_g—@) X A(g\_g-ﬁ_l.) g(c_kg-pg) will produce a dikaryon,
whereas A(Q\_l-_ﬁ;) _B_(_q‘_l_-é) X A(Q‘_l_-él_) _B_(gk_g-ﬁ_Q) will not. Complex
A and B factors thought to be of a similar nature have been identified in
other tetrapolar Basidiomycetes (Day, 1960; Terakawa, 1960; Takemaru, 1961).
The mechanism of action of the incompatibility factors has been
studied primarily tﬁ}ough observations of the biological effects of the
factors on heterokaryosis. Heterokaryosis was defined (Hansen and Smith,
1932) as the condition in which two (or more) different nuclear types
can be shown to have co-existed in a single hypha, cell, or multinucleate
conidium. The method most commonly used to induce heterokaryosis is to
employ two strains whose nuclei carry non-allelic, complementing muta-
tions. The resulting mycelium will appear much like the wild-type, Dodge
(1942) showed-that two slow-growing strains of Neurospora can form a
rapidly growing heterokaryotic mycelium. Beadle and Coonradt (1944)
showed that complementation between two non-allelic nutritional require-
ments would permit the heterokaryon to grow as a stable prototroph.

Nuclear complementation of auxotrophic mutations has become a standard
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method for studying heterokaryosis in the fungi, bacteria, and higher

organisms such as Drosophila (Fincham, 1966 ).

A complex series of events has been shown to be necessary for

successful establishment of the dikaryon in Schizophyllum and Coprinus.

The sequence of events can be summarized as follows (Raper and Raper,

1968):

1. Hyphal anastomosis and nuclear exchange: Anastomosis occurs

between two homokaryotic mycelia and reciprocal exchange of nuclei
follows. Hyphal fusions will occur between hyphae of a single homokaryon

(Raper and Miles, 1958).

2. Nuclear migration: Buller (1931) first demonstrated that the

exchanged nuclei will migrate throughout the recipient mycelium. This

phenomenon has been confirmed in Schizophyllum commune (Snider and Raper,

1958; Snider, 1963; Ellingboe, 1964), in Coprinus lagopus (Swiezynski,

1961a, b; Swiezynski and Day, 1960b) and in Gelasinospora (Dowding and

Buller, 1940).

3. Nuclear pairing: The reciprocal exchange of nuclei and

reciprocal nuclear migration results in a dikaryotic mycelium in which
each cell contains two nuclei, one from each homokaryon. Some strains,
designated unilateral maters, will donate nuclei but do not function as
recipient mycelia (Papazian, 1951). Only the homokaryon which is bilat-

eral will become dikaryotized.

4, Conjugate nuclear division with concomitant clamp connection

formation: Kniep (1920) observed that both nuclei in the dikaryotic cell

divided at the same time. One nucleus divided along the axis of the cell.
The other nucleus was oriented so that one daughter nucleus migrated

through the clamp connection. This process insured that the new tip
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cell would become dikaryotic and the subterminal cell would remain so.

Raper and Raper (1968) subdivide clamp connection formation into 3 distinct
events: formation of the hook-cell, formation of septations in the apical
cell and in the hook-cell, and fusion of the hook-cell with the subter-
minal cell. The division was based on the demonstrated effects of muta-
tions of the A and B factors on the formation of clamp connections (Raper

and Raper, 1966).

In Schizophyllum commune, heterokaryons resulting from incompatible

matings are morphologically distinguishable, making them a particularly
useful tool.

The common-A>6r "flat" heterokaryon results from a mating such as
Al Bl X Al B2 in which both homokaryons have a common-A factor. Papazian
(1950) demonstrated that reciprocal nuclear exchange and nuclear migration
occur in common-A matings as in compatible matings. The important fea-
tures of the common-A mating are that the nuclear ratios in the individual
cells are very irregular, ranging from near 1:1 to 4000:1 (Snider and
Raper, 1965), that such disparate nuclear ratios have marked effects on
nuclear complementation (Raper and San Antonio, 1954) and, the almost
total absence of clamp connections (Papazian, 1950).

The common-B heterokaryon, derived from a mating such as Al Bl X

2 Bl, was first described by Quintanilha (1935) and was later confirmed

by Papazian (1950). The distinctive feature of the common-B heterokaryon
is the presence of false clamp connections (Parag, 1960). Hook cells de-
velop as in the dikaryon but fail to fuse with the subterminal cell, so
that one nucleus becomes trapped in the hook cell. The terminal cell is
binucleate (dikaryotic) but the subterminal cell is uninucleate (homo-

karyotic). Growth of the unfused hook-cell or lateral branching of
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the subterminal cell produces homokaryotic hyphae.

Heterokaryosis in the common-AB mating (Al Bl X A2 B2) was demon-
strated through nuclear complementation between homokaryons possessing
different auxotrophic mutations (Middleton, 1962, 1964). Only a small
portion of the established mycelium became truly heterokaryotic, with
nuclear ratios at the point of inoculum near 1l:1, but, at the mycelial
periphery, both types of nuclei were found together very rarely.

Studies of heterokaryosis in Schizophyllum commune and other
tetrapolar species have led to the proposal that the incompatibility
factors control specific events of the sequence leading to the successful
establishment of the dikaryon. It was suggested that the A factor con-
trols nuclear migration and the B factor controls clamp connection
formation (Esser and Raper, 1965; Raper, 1966b). Additional support for
these hypotheses has been obtained from the study of A and B factor mu-
tants and modifier mutations. These studies were discussed at length
in recent reviews (Raper, 1966b; Raper and Raper, 1966). This account
will therefore be quite brief. Homokaryons possessing such mutated
factors mimic heterokaryons in basic morphology, nuclear distribution,
cellular nuclear ratios, and mating behavior (Raper, Boyd, and Raper,
1965). Modifier mutations of five distinct phenotypes have been isolated
and described (Raper and Raper, 1964; Raper and Raper, 1966). Each of
these classes of modifiers may effect a particular step in dikaryosis
or they may effect several steps. The ultimate effects of experiments
with modifier mutations have been a greater understanding of the sequ-
ence of events necessary for the establishment of the dikaryon and
greater elucidation of the role of the individual A and B factors in

this sequence.
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Various models for the mode of action of the incompatibility fac-
tors have been proposed. These were summarized in the recent reviews by
Lewis (1966), Raper (1966b) and Esser and Raper (1965). Only two of the
more recent models will be discussed here. Lewis (1964) proposes a pro-
tein dimer basis for pollen-style incompatibility in higher plants. The
product of the S and Z genes is hypothesized to be a dimer, one poly-
peptide chain, A\, coded for by the S gene and the other polypeptide,

ﬁ?, coded for by the Z gene. The particular S and Z alleles give specific
dimers. This hypothesis is in accord with genetic evidence (Lewis, 1960).
In addition there is biochemical evidence in support of the dimer hy-
pothesis. Lewis (1964) summarized this evidence as: a specific pollen
protein, a specific style protein, a complex pollen-style protein (all
identified by serological tests), and a unique RNA species found in

styles pollinated with incompatible pollen. This RNA is not present be-
fore pollination. The RNA is thought to be the product of an induced

gene and to code for an inhibitor of pollen tube growth.

The model for incompatibility in the Basidiomycetes proposed by
Dick (1965) and Raper (1966b) also hypothesizes "incompatibility proteins"
which are dimers. One polypeptide chain of the dimer is produced by
the Q&;subunit, the other by the éz-subunit. These authors postulated
that the "incompatibility proteins" act in the homokaryon to repress
the operon (0) responsible for initiating gene action necessary for
dikaryosis. The compatible mating reaction occurs because the dimers
of one mate bind to the dimers of the other forming a tetramer which
cannot act as a repressor. The basis for this model is the genetic
evidence derived from studies of heterokaryosis and of modifier muta-

tions. Raper and Esser (1961) demonstrated by serological techniques
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specific differences between the proteins of two isogenic homokaryons and
the dikaryon that resulted from their mating. Similar differences were
demonstrated by acrylamide-gel disc electrophoresis by Dick (1965). How-
ever, differences of the same magnitude were demonstrated between homo-
karyons.

Recently, Wessels and Niederpruem (1967) reported that a cell-wall
glucan-degrading enzyme isolated from Schizophyllum commune (Wessels, 1966)
may play a role in the mating process. On the basis of data which in-

i
dicated that enzyme activity was greater in dikaryons and common-A

heterokaryons than in the component homokaryons, the authors postulated

that unlike B factors are necessary for derepression of the enzyme.

However, their data also indicated that the enzyme activity was as ele-
vated in the common-B heterokaryons as in the common-A heterokaryon.
Also, the ages of the matings were always greater than 160 hr, so that
the effect of the enzyme was noted only after the particular heterokaryon
was well established. A role of this enzyme in early mating interac-
tions could not be postulated from these studies.

Very little work has been done on the molecular basis of incompat-
ibility in the tetrapolar Basidiomycetes. Virtually nothing has been
reported concerning the nature of the protein synthesis system except a
characterization of the ribosomes (Taylor and Storck, 1964) and ribosomal

RNA (Taylor, Glasgow, and Storck, 1967) from Schizophyllum commune.

Some of the problems encountered in such studies with Schizophyllum
which have deterred previous workers are the very resistant cell wall
(Wang and Miles, 1966; Wessels, 1965) and the production of large amounts

of extracellular polysaccharide (Dick, 1965).
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It has been shown conclusively that protein synthesis occurs on
the polysomes (Goodman and Rich, 1963; Risebrough, Tissieres, and Watson,
1962; Warner, Knopf and Rich, 1963; Wettstein, Staehelin, and Noll,
1963). The isolation of polysomes has been accomplished from such

diverse biological species as bacteria (Das, Goldstein and Lowney, 1967;

Dresden and Hoagland, 1965; Oppenheim et al, 1968), slime molds (Phillips,
Rich and Sussman, 1964), algae (Gnanam and Kahn, 1967), higher plants
(Chen and Wildman, 1967) and a variety of animal tissues (Breillatt and
Dickman, 1966; Infante and Nemer, 1967; Howell, Loeb, Tomkins, 1964). -
Polysomes have been isolated from various species of fungi (Chao and

Schachman, 19563 Hanney and Storck, 1964; Kimura, Ono and Yanagita,

1965; Kuntzel and Noll, 1967; Staples and Bedigian, 1967; Staples,
Bedigian, and Williams, 1968, Zalokar, 1960a,b; Zalokar, 196la,b). How-
ever, in all the examples of polysome isolation, the source was fresh
or frozen tissue and the need for very gentle means of cell disruption
was stressed because of the fragility of the polyribosome-messenger RNA

complex. If such methods were not applicable to Schizophyllum commune

and Coprinus lagopus because of the difficulty in rupturing the cells,

other methods would have to be developed.

The models for the mechanism of action of the incompatibility
factors in Schizophyllum would of necessity involve the cytoplasm of
the mating partners. Any "incompatibility protein" synthesized in the
homokaryon would be expected to reside in the cytoplasm, either free or
associated with some organelle. This suggests that investigation of
the molecular basis of incompatibility should include a study of possi-
ble cytoplasmic exchange during mating and the biochemical events occur-

ring in the cytoplasm early in the mating process. Very little is known
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to date about the role of the cytoplasm in incompatibility in Schizo-
phyllum commune or other tetrapolar Basidiomycetes. Such is not the
case in the Ascomycetes. In Neurospora, in addition to the nuclear mating-
type loci, there are additional genes which determine the capability of
forming the heterokaryon (Sansome, 1946). Homokaryons with the same
mating-type (sexually incompatible) will form the vegetative hetero-
karyon, whereas homokaryons of unlike mating-type (sexually compatible)
will not. The genetic control of heterokaryosis resides in the CDE
genes in Neurospora (Garnjobst, 19533 Garnjobst, 1955; Wilson and Garn-
jobst, 1966). Any two strains carrying different genes at any of the
3 loci will not form the heterokaryon. For example, a mating of CDE X

CDE or cde X cde will result in a heterokaryon but cde X CDE or cDE X CDE

will not. The site of action of these genes was shown to be the cyto-
plasm. Hyphal anastomosis is not prevented but shortly after fusion,
death of one or both cells involved occurs, usually in the first hour
(Garnjobst and Wilson, 1956). In microinjection studies, Wilson has
demonstrated that the injection of CDE incompatible cytoplasm into cells
of another strain had the same effect as hyphal fusion (Wilson, 1961;
Wilson, Garnjobst, and Tatum, 1961). A substance has been isolated from
Neurospora cytoplasm with some of the properties of a protein and which,
when injected into cells of unlike CDE genotype, will cause death of the
cells (Wilson, et al, 1961). The authors suggest that the substance may
act antigenically. Heterokaryon incompatibility of a similar nature has

also been demonstrated in Aspergillus by Grindle (1963).

The heterokaryon incompatibility system in Neurospora suggests
that the incompatibility mechanism is constitutive, that the molecular

basis of this type of incompatibility resides in the cytoplasm, and that
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cytoplasmic exchange between mating partners is necessary for the incom-
patibility reaction to occur. The role of the cytoplasm in incompatibil-
ity has been suggested from other research. Harder (1927) used micro-
surgery to destroy the terminal and clamp cells of dikaryons of Schizo-
phyllum commune. The uninucleate cells formed false clamps and eventually
reverted to homokaryotic morphology. He interpreted these results to
mean that some cytoplasmic substance responsible for clamp-connection
formation was formed by the two nuclei of the dikaryon. This substance
was thought to persist until diluted out by subsequent growth. Apirion

(1966 ) working with Aspergillus nidulans and Casselton and Lewis (1967)

with Coprinus lagopus have shown that genetic complementation of auxo-

trophic mutations occurs less readily in heterokaryons than in the di-
karyon or diploid. Papazian (1956) suggested that the behavior of

unilateral maters in Schizophyllum and other species is determined by

the state of the cytoplasm. He postulated that the donors (unilateral
maters) have a deficient cytoplasm not capable of supporting the foreign
nuclear type. Most recently, Sicari and Ellingboe (1967) presented
observations which would suggest that the presence of two nuclei in the
heterokaryotic cytoplasm induces a response which results in lysis of
the cells involved in anastomosis. The notable difference between these
results and the situation in Neurospora was that several hours were re-

quired before any visible response was noted.
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MATERIALS AND METHODS

Strains and Media

All cultures used throughout this research had the common parent,
wild-type strain 699 (Ellingboe and Raper, 1962a,b) and differed only
in mating-type factors and biochemical mutations. The media used
throughout were migration complete medium (Snider and Raper, 1958) and
Schizophyllum minimal medium (Raper and Miles, 1958).

Mating Procedures

The homokaryons were grown on migration-complete agar medium for
5 days at 22°C. The entire 5-day-old mycelium was macerated in approx-
imately 25 ml sterile distilled water and 5 ml portions pipetted into
300 ml Erlenmeyer flasks containing 25 ml migration complete medium.
After 48 hr growth without agitation at 32°C, the homokaryotic cultures
which gave the desired mating type combination were combined in a Waring
Blendor cup and macerated together for 1 min in 30 sec intervals. Five
ml aliquots of this mating mixture were pipetted into 25 ml of the appro-
priate liquid medium. The matings were incubated at 32°C without agita-
tion for the 12-96 hr period. At the time of analysis, the mycelium
was macerated for 1 min in 30 sec intervals and these fragments analyzed
for the presence of the nuclei from both homokaryons.
Analysis of Nuclear Exchange

Analysis of the percentage of fragments possessing both types of

nuclei was made by one or more of 3 methods: (1) The macerated

14
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fragments from matings involving fully compatible homokaryons were ex-
amined directly by phase contrast microscopy for an estimate of the
percentage of fragments having clamp connections. (2) Fragments de-
rived from a mating and allowed to grow several days exhibit the char-
acteristic morphology if dikaryotic or common-A. The percentage of
fragments which gave rise to dikaryotic or common-A morphology after a
certain period of mating was used as an estimate of the extent to which
hyphal anastomosis and nuclear exchange had occurred. To make such an
analysis, macerated fragments were diluted to give approximately 20-30
fragments/ml and 1 ml aliquots were added to 2 ml molten migration-
complete agar medium. The entire 3 ml mixture was overlayed on plates
of migration-complete agar medium. After 24 hr at 22°C, growing frag-
ments were isolated and inoculated onto fresh agar. Fragments were
allowed to grow 7 days and the morphology scored at that time (Figure 1).
(3) Nuclear exchange in all four classes of matings was measured by

the percentage of fragments capable of growth on minimal medium due to
nuclear complementation of different auxotrophic mutations present in
the two homokaryons. Nuclear complementation would be possible only if
the fragments contained both types of nuclei. Fragments from the devel-
oping heterokaryon were diluted to give 20-30 fragments/ml and 1 ml ali-
quots were pipetted into 2 ml molten minimal medium. The entire 3 ml
mixture was overlayed on plates of minimal medium. The plates were
incubated at 22°C for 72-96 hr at which time they were scored for the
percentage of total fragments capable of growth on minimal medium. The
auxotrophic mutations used were non-leaky so that analysis of growth vs.

no growth was very clear (Figure 2).
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Growth of fragments derived from a fully-compatible
mating between two different auxotrophic strains.
The growing fragment (A) is clearly distinguished
from the non-growing fragment (B) after 72 hr growth
on minimal medium.
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b. Preparation of Spores and Germlings: Fruiting bodies of

Schizophyllum commune deposited spores onto dry Petri dish covers.

Spores were collected from the covers by flooding with sterile distilled
water and by scraping the spores off the cover. Ungerminated spores
(O hr) were immediately centrifuged at 12,000 X g (Sorvali SS-1 centri-
fuge) for 5 min at 4°C, the pellet resuspended in 2 ml 5.0 mM Tris-HCl
(pH 7.4) containing 5.0 mM MgCl, (Tris-Mg+2 buffer) and centrifuged
again. The washed pellet was immediately lyophilized and subsequently

.
ground as described above. To obtain germinating spores, the ungermi-
nated spores were collected as described above and inoculated into

flasks containing 25 ml Schizophyllum minimal medium supplemented with

0.1 mM arginine, nicotinic acid and adenine (supplemented minimal med-
ium). The spores were germinated in shake culture at 22°C for periods
up to 15 hr. The germlings and remaining ungerminated spores were
collected and treated in the same manner as described for O hr spores.
Conditions for obtaining 14C-arginine labelled germlings were the same
as those above except that each flask of liquid medium contained 1 pc
sterile 14C-arginine.

c. Preparation of Ribosomes: Predetermined amounts of ground,
lyophilized material were suspended in 5 ml Tris-Mg+2 buffer with sodium
deoxycholate added to a concentration of 1% and centrifuged at 15,000
X g for 25 min. The supernatant was layered over 6 ml 2 M sucrose
(Breillatt and Dickman, 1966), the final volume brought to 12 ml with
Tris-Mg+2 buffer and centrifuged at 105,000 X g for 3 hr. The super-
natant fluid was discarded and the pellets resuspended in 2% sucrose
in Tris-Mg+2 buffer. The non-ribosomal material was removed by centri-

fuging the suspension at 15,000 X g for 15 min. The resulting
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