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THE NATURE AND ORIGIN OF THE BINUCLEATED
CELLS IN SOME BASIDIOMYCETES.

AU PERCIVAL NICHOLA.

INTRODUCTION.

Rees (20) was among the frst to attempt & careful study of
the myeelinm of the Basidiontycetes with reference to the ques.
tion of the origin of the earpophore. By making artificial culi-
urea of Joprinug stercorgrius in dung decoction on elides he was
able to observe the formation of ereet short hyphae on which
he believed sexual cells, apermnetia and carpogonis were borne.
He also believed that he found a gpermatinum fuged with a car-
pogonium. After fertilization, branches arise from the base of
the carpogonivm which developed into the carpophora.

Van Tieghem (25) also perminated the spores of Coprinus
stercorerius and radigtus in dung decoction and studied the de-
velopment of the carpophore, In his first paper he agreed with
Rees. He found the swollen end eclls on the lateral branches
of the myeelinm. These **carpogones’’ usnally terminated in &
papilla with which the spermatia fused. The carpogone then
divided into three cells, the two lower developing & system of
lataral branches which corve around snd enelose the terminal
cell, Their further development in slide cultures was prevented
by lack of nutriment. But by observations made on larger cult-
ures they were geen to be the beginniegs of carpophores, Later
Van Tieghem reversed this opimon.

Brefeld (8, 4) grew myeelium of Coprinus stercorarius from
gingle epores in dang decoetion and fipures a series of stages in
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the development of the young carpoplore., From the older por-
tion of the mycelium a perpendieular hypha very rich in proto-
plasm arises. This hypha branches profusely forming a denss
snarl from the ecenter of which & bundls of parallel hyphae de-
velop forming the first indieation of the stips. Lateral branches
are formed incrsasing the size of the mass and at the same time
the stipe grows rapidly in length. The pileus and gills are
differentiated very early in the development of the fruit body.
Brefeld found no evidencs of the existence of sexnal organs at
the formation of tha ecarpophore.

With the stundy of the nuclear phepomena new stand-points
arcse. The work of Rosen (21}, Rosenvinge (22), Wager (26,
27, 28), and Dangeard (5) has established the fact that the
cells of the carpophore are frequently multinucleated while the
basidie are at first binueleated. In fypiesl basidia the two
nuelei fuse and the fosion nuclens divides into the four spore
nnele,

Maire (15) found that the cells of the young earpophore are
binuecleated and that the cells of the hymenial layer never have
more than two nuoelei, but that the cells of the stipe and pilens
may become multinueleated through the amitotie fragmentation
of the two nuclei originalfy present. The young basidiom when
it ig formed from the hymenial cells receives two and only two
ouelei which unite to form the laree fusion nueleus of the basid-
inm. He further states that the nuclei in the series of binue-
leated cells in the young earpophore divide by econjugate divi-
gions so that the two nuelei which fuse in the basidinm are of
widely different origin. Bt his evidenca is not eonclusive on
this point. it

Maire deseribes the division of the muclaus in the basidinm in
detail. The nuclear membrana disappears and ithe spindle ap-
pears at about the same time. The chromatin filaments break
up into irregular granules or protochromosomea which are placed
on the spindle withont any definite ovrdar. At the end of the
prophsse these protochromosomes unite into two definite chro-
mosomes. ‘That the formation of only two chromosomes iz not
universal among the Bagidiomyeetes as Maire assumes has been
shown by Wager, Ruhland and others. Maire states further
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that the ehromosomes afier a longitudinal splitting are- pulled
apart at the center and move to the poles. The second division
is eimilar to the first. The four eentrosomes remain at the
summit of the basidium while the nuclei move to the center or
base of the basidium. Soon 8 sierigma is formed sbove each
eentrosome, and fibres appear extending from the centrosome
to the nuclei which now move to the sununit, prebably through
the influence of these tibrea.

Two notes of Maire's (16 & L7} in the Comptes Rendus report
that the last two or three cells of the sscogenous hyphae of
Pustulorig vesiouloss, Galectinic swuccoss and Acefabule acefal-
wlum are binucleated. The aseas like the basidinm is the last
of a series of binucleated cells. In order that such a comparison
should haye any value we must know how the ascogenous hypkae
eriginate.

In Hypochnus Harper (12) was able to trace & series of bi-
mucleated cells from the hymeninm to the myeelium in the sub-
strainm.  The myceliwn did net form dense weits or strands but
spread through the decaying wood where it could be readily
studied. The eeils were reptlarly binucleated. The stages of
nuclear fusion and division were similar to those described by
Wager. At the equatorial plate stage the chromosomes were
distinet and at laast six or eight in nember.

The origin of the hinucleated cells was not determined by
these observern. Maire states that the two nuelei in the apore
of Coprinur radicfus psss into the germ tube and a cross wall
may or may not be formed between them. The myecelium is
then of two types, the cne apocytie, the other eellular. The
eells of the latter mre uminucleated. He did not observe the
transition from these stages to the binucleated condition found
in the young earpophore.

In & preliminary notics Blackman (2) has given s brief ac-
eount of the life history of two of the Uredinece. He finde that
the spermatia do not have the structure of conidia but of maie
eells; a thin wall, no reserve materisl, a very large nucleus with
no nucleolus and cytoplasm greatly reduced in amount. IHe
also studied in detail the development of the aecidinm of Phrag-
midium wvioleccum. The secidium arises as & layer of uninu.
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cleated cells just beneath the epidermis of the leaf. Each of
these cells divides into a sterile cell above and a fertile eell below.
The fertile eell becomes binueleated mot by the division of its
original single nnelens but by the migration through the wall
of the nueleus of a neighboring vegetative cell of the myeelium.
He says, ‘‘In the preseuce of the spermatia with their speeial
cytological charaeters, ete., the only view that seems capable of
explaining the facts is that the Fertile cell was formerly fer-
tilized by the spermatia, but that now the process has hecome
reduced, fertilization by means of spermatia having been re-
placed by the more certain method of fertilization by the nuecleus
of @ neighboring vepetative cell.”” In view of these facts he
holds it to be evident ‘*that the Uredineae preseni an alierns-
tion of generations which is as sharply marked as that of tha
higher plants.™

Sinee the young carpophores invariably have binueleated cells
these must originate sifher at the first formation of the car-
pophore or sometime during the growth of the myceliom. Thae
latter hypothesis iz suggested by Hﬁrpar’s obeervations on Hy-
pochnus, In order to obtain some evidence on this point-tha
study of the nuelei in the mycelinm of some of the dgerics was
begun at the sugpestion of Professor . A. Harper under whoae
direction the work wns carried om.

METHODE,

SBpores were collected from a large number of Ageries in the
following manner. Zine racks were washed in alechol and passed
through a flame and then placed in plates which had beon washed
in 95 per eent. aleohol. The racks were eovered with bell jars
which were also washed in 95 per eent slechol. Two racks were
plaeed side by side under cach jar, Blides were washed m
aleohol and passed through a flame and then placed on the lower
bars of the racks, cach rack holding four. The pileus from a
mature fruit body was carefuily removed from the stipe and
placed on the upper bars of the rack. When the basidia dis
charge their spores they fall on the slides below thus lessening

3
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the danger of infection Prom the gills, Afier the apores were
discharged the pileus was earafully removed and the bell jar
replaced the slides remaining oo the racks until needed. Sporea
preserved in this manner remained pure for a year.

A decoction of etring beans, {about 392 grams to a liter of
water) proved to be the hest nutrient although a deeoction of
Coprinus and of dung was nsed for some forma. For the eariy
titages in the development of the mycellum small enltures were
made in dishes holding 10 e. e. of the notrient solutions. Large
quantities of spores wers sown and at the end of 12, 24, and 48
hours, the nuirient solution was removed by a pipette until only
2 ¢, o, remained, the dish was then filied with fixing solution
which would thus he reduced about one-fifth in strenpth. After
fixing 94 hours the spores were stippled on the slide by the
method described by Harper (11} In his paper on the nuelear
phenomena in the smuts.

Sporas were also sown in thin filma of acar-agar on sterilized
slides, When the mycelinm had attained the Jdesired growth
the entire slide was immersed in fizing eolution. If the film
loosened from the shde it was easily fastened azain by a film of
albumen.

To obtain myeelia;, cultures were made similar to those de-
scribed by Falk (8). Rye bread cut in slices two or three inches
thiek were moistened in bean deepetion snd fitted into battery
jars five inches deep by four wide. For covers petri dishes four
and a half inches in diameter were used. A thin layer of eotton
was placed between the cover and the dish to allow free eirenla-
tion of air. Apar-agar plates were also used,

The spores germinate in from six to eight hours and at the
end of two or three days form a growth of mycelinm which ap-
pears a8 a white mat sbout a guarter of inch in dismeter on
the surface of the bread. The mat increases in size rapidly until
it iz two or three inches in diameter. At the same time there
appear all over the eulture small white dot-like masses of myeel-

jum. These ave mew growths from oidia scattered from the

first mycelizm, Falk has also deseribed and illustrated such
aidial eolomies, These small secondary growths were removed
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whole with about & quarter of sn ineh of the substratum.
Larger mycelia were cul into small pieces for fixation. In order
to foree the flnid through the thick felt which the mycelinm
forms the material was placed in & small hottle and well cov-
ered with the fixing fluid. The betile was then fitted into the
end of a rubber tube which was connected with the air pump.
The air was pumped out from the closely matted hyphae, after
which the fixing fimid was renewed.

The materisl was fixed in Flemming’s solutions both the
stroneer and the weaker. Meikel’s and Herman's solutions
were alao userd.  Tha hest resulls were obtained from Flemming's
weaker solution. Both Flemming’s triple stain and Heiden-
bhain’s iron haematoxylin pave satisfactory rosnla.

Hypholoma perplezunt, Pk

The spores of Hypholonte perplesum were collected in great
abundance. The earpophores appeared m great profusion on
decaying stumps and logs of oak throughont September and Oe-
tober. The spores were cidlected and stored after the manner
already deseribed. A large per cenil of the spores obtained from
mature pilei germinated in & shorter time than those obtained
from wyounger ones.  The spores were sown in the hanging drop
agar eultures made with bean decoction. The eultures were kept
in a dark box at a terperature of 20° e. Az all the gpores do
not germinate at the same time bt vary from four to forty-cight
hours in the time of the appearance of the germ tube a larpe
number of stages are obtained from the same glide.

The matura sporea ware stadisd in the drop cultures and also
in the eross geclions of the gills whera they were gtill in connee-
tion with the sterigmata.

The mature spore of Hyploleme perplexum has a dark brown
opagne wall which before germinating swells to two or three
times its oviginal thickness becoming mueh lighter in eolor and
trangparent. At this time it ia easy to distinguish two nuelei
lying close together near the center of the spore. They show
the usnal strueture of the resting nueleus and are small spheriesl
bodies with a well defined membrane, a large distinct nueleole



