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Dopp (1) demonstrated that an extract
from mature prothalli of Pteridium aquilinum
hastened the onset of antheridium formation
in young prothalli of this fern species by a
few days and in prothalli of Athvrium filix-
mas by a few weeks. Dopp envisaged the pos-
sibility that the promotion of antheridium for-
mation occurred by way of nonspecific growth
inhibition. Subsequent investigations, though.
led to the conclusion that the activity of the
extract must be attributed to a specific factor
which controls initiation of antheridia during
the normal process of development(2,3).

An assay was devised which took advantage
of the observation that prothalli of Onoclea
sensibilis failed to form antheridia spontane-
ously under the prevailing conditions of cul-
ture but responded readily when grown on a
medium containing extract of mature Pteri-
dium prothalli(2). Conditions were further
defined under which the extract from 7-week-
old prothalli of P. aquilinum was usually ac-
tive to a dilution of 1:30,000. This increased
the activity obtained by Dopp about 300
times. TUnder these same conditions of cul-
ture the active substance accumulated to al-
mest as high an activity in the medium(2).
The active factor was recently obtained in a
highly purified form by Pringle ¢t al.(4). It
was concluded from these studies that the in-
ducing factor must be active at a concentra-
tion of less than 1 part in 10 billion (10
pg/ml).

Although prothalli of both O. sensibilis and
P. aquilinum responded readily to the active
factor at young stages of development, they
lost their responsiveness soon after they at-
tained heart shape and a few days prior to
attaining the archegonial phase. Once insen-
sitive, the prothalli failed to form antheridia
even if supplied with the factor at a concen-
tration 15,000 times higher than that suffi-
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cient to induce antheridia in prothalli just a
few days younger(3).

Further investigations led to the conclusion
that prothalli do not begin to produce the fac-
tor at effective concentrations until after they
have become insensitive to it. Thus, the an-
theridia a prothallus forms arise in response
not to antheridial factor produced by itself,
but to antheridial factor elaborated and se-
creted into the medium by the more rapidly
growing and developing individuals of the
gametophyte population(3).

Studies on the activity spectrum of this
substance (termed Pteridium factor) dis-
closed that Pteridium medium was dctive
toward the tested representatives of 8 out of
9 subgroups of the family Polypodiaceae:
Asplenioids, Pteroids(1); Onocleoids, Blech-
noids, Dryopteroids(2); Gymnogrammoids
(5), Woodsioids(6) and in Nephrolepis hir-
sutule (Davallioids). Among nonpolypodi-
aceous species only Dennstaedtia punctilobula
(Dicksoniaceae) was responsive. The sub-
stance failed to promote antheridium forma-
tion even at the highest available concentra-
tion (35 full strength Pieridium medium that
was active toward prothalli of O. sensibilis to
a dilution of 1:30,000) in the following fern
species:  Polypodium aureum (Polypodia-
ceae), Lygodium japonicum, Anemia phylli-
tidis, Mohria cafirorum (Schizaeaceae), Os-
munda claytonia, O. cinnamomea (Osmunda-
ceae) and Alsophile eustralis (Cyatheaceae).

Subsequent investigations led to demon-
stration of a further substance (termed Ane-
miaq factor) which controls formation of an-
theridia in A. phyllitidis, one of the several
species found to be unresponsive toward the
Pteridium factor(6).

The present account is concerned with con-
trol of antheridium formation in L. jeponicum
which, like 4. phvllitidis, belongs to the fam-
ily Schizaeaceae.

Methods. The procedures used in steriliza-
tion and inoculation of the spores have been
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FIG. 1a. Magnification 76.8 X.

described (3). This same report gives a de-
tailed description of the conditions of culture
and of the medium which contains the inor-
ganic salts used by Moore(7). Hoagland’s
earlier-used A-Z solution of microelements
was replaced with a Hoagland trace element
solution of simpler composition (mg/1 of me-
dium: HgBOg 286, l\InClg * 4H20 1.81,
ZnSO, + 7H,O 0.22, MoO; 0.07, CuSOy -
SH,O 0.08). Iron was added as ferric tar-
trate. The prothalli were cultured in 125-ml
flasks, each containing 33 ml of medium, or
in 50-ml flasks with 12 ml of nutrient. Unless
stated otherwise, the media were solidified
with 19 agar.

Results. 1t was found that spores of L. ju-
ponicum, superinoculated on 25- or 40-day-
old gametophyte cultures of this same species.
gave rise to prothalli that attained the an-
theridial phase at a very early stage of de-
velopment. Prothalli superinoculated on 15-
day-old cultures attained the antheridial
phase somewhat later although still several
days prior to control prothalli.

This observation suggested that as the
prothalli of L. jepomicum reached a certain
stage of development, they began to elabo-
rate, and to secrete into the medium, a sub-
stance controlling induction of antheridia.
This hypothesis received support when me-
dium that had supported the growth of Lvgo-
dium prothalli was assayed for antheridium-
inducing activity. The assays were conducted
by inoculating spores of L. japonicum on fresh
nutrient medium which contained medium of

FIG. 1b. Magnification 33.6 X.

Lygodium cultures. The Lygodium medium
was added at a dilution series with a dilution
factor of approximately 3 (1/3, 1/10, 1/30,
1/100, . ..). Fifty-ml flasks which contained
12 ml of medium were used. Assays were
read 15 days after inoculation, 6-7 days prior
to onset of spontaneous antheridium forma-
tion. Medium from 15-day-old cultures or
younger cultures was regularly inactive even
at 24 full strength, the highest concentration
of Lvgodium medium tested. The medium of
25-day-old cultures, however, induced anthe-
ridium formation to a dilution of 1/10, the
medium of 30-day-old cultures to a dilution
of about 1/30, and media of 40- and 50-day-
old cultures to a dilution of 1:100 (occasion-
ally 1/300), and 1:300 (occasionally 1/
1000), respectively. Fig. la shows a 14-day-
old prothallus with 5 antheridia (see arrows)
which were initiated in response to 1/30 full
strength medium of a 40-day-old Lygodium
culture, while contrel prothalli have not yet
attained the antheridial phase even 19 days
after inoculation (Fig. 1b). Whereas the low-
est effective concentration of Lvgodium me-
dium brought about antheridium formation in
only 1 out of 4 to 20 prothalli, the percentage
¢of responding prothalli rose to 100 as concen-
tration of the active factor was increased by
a factor of from 3 to 10. Antheridial initials
could be first discerned about 11 days after
the spores were inoculated (the first spores
germinated about 5 days following their in-
oculation), about 10 to 11 days prior to their
appearance in control cultures.
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Bauke(8) and Heim(9) reported that L.
japonicum, unlike most other fern species. be-
gins to form archegonia before it attains the
antheridial phase. Archegonium-bearing pro-
thalli first appeared in our cultures about 20
to 21 days following inoculation and 1 or 2
further days elapsed until gametophytes with
antheridium initials could be seen. The pro-
thalli which had just initiated the first anthe-
ridium all bore either one or, mostly. 2 arche-
gonium initials. Thus, these prothalli actu-
ally attained the archegonial phase shortly
before the first antheridium initial could be
seen. Inspection of slightly older cultures.
though, showed that the observations of
Bauke and Heim were incomplete. All pro-
thalli bore antheridia in about 25-day-old cul-
tures but the smaller ones, i.e., the most slowly
growing individuals of the gametophyte popu-
lation, lacked archegonia. Within a few fur-
ther days, however, all prothalli bore sex or-
gans of both types. It is inferred from this
that the sequence of sex organ formation en-
countered in the prothalli that first attain the
reproductive phase is reversed in more slowly
growing individuals of the gametophyte popu-
lation. This reversal may be understood if we
consider that the most rapidly growing pro-
thalli first attain the developmental stage at
which elaboration of the antheridium-inducing
factor, and its secretion into the medium. sets
in. It may thus be postulated that the more
slowly growing individuals begin to form an-
theridia at an earlier stage of development be-
cause they respond to this secreted factor be-
fore they themselves begin to produce it. This
hypothesis was considered established with
the demonstration, firstly, that onset of the
antheridial phase preceded attainment of the
archegonial phase in all prothalli if the me-
dium was supplemented with the antheridium-
inducing factor and, secondly. that the oppo-
site sequence prevailed in all prothalli if they
were picked randomly from voung (13-day-
old) cultures and isolated. one per flask. on
new medium.

The zone of spontaneous antheridium for-
mation in L. japonicum is, according to Bauke
and Heim (8,9), restricted to the anterior part
of the gametophyte. While this could be con-
firmed for the majority of gametophvtes, a

few of the very smallest individuals occa-
sionally bore antheridia in the posterior re-
ion.

Moreover, if spores of L. japonicum were
inoculated on 30-day-old cultures of this same
fern species or on medium supplemented with
antheridium-inducing factor, antheridia were
observed to occur in the basal region, even
among the very basal cells, of all gameto-
phvtes. As these prothalli continued to grow,
the zone of newly formed antheridia became
eradually restricted to the anterior portion of
the gametophyte, indicating that the basal
cells were sensitive to the antheridium-induc-
ing factor during an initial period but lost
their responsiveness as they matured. This
hypothesis was considered established with
the demonstration that antheridia arose on
the basal parts of all gametophytes if antheri-
dial factor (0.5 ml of 1% full strength medium
from 40-dav-old Lvgodium cultures that was
active to a dilution of 1:300) was added to
7-dav-old cultures in 350-ml flasks, while oc-
currence of antheridia was restricted to the
anterior region if the same amount of anthe-
ridium-inducing factor was added to 14-day-
old cultures (again with the exception of the
very smallest, i.e., developmentally least ad-
vanced, individuals).

The Lygodium factor failed to promote an-
theridium formation in prothalli of O. clay-
tonia (as checked 15 days after inoculation,
2 days prior to onset of spontaneous antheri-
dium formation) which were also unrespon-
sive to the Pteridium factor and the Anemia
factor (6).

The antheridium-inducing activity of the
Lygodium medium was adsorbed on charcoal
and destroyed by ashing, as was the case also
for Pteridium and Amnemia factors(2,6). Bio-
logical activity of the Lygodium medium was
further found to be stable to autoclaving for
15 min at a pressure of 15 1b at pH 5 and to
boiling for 10 min at pH 2 and 12 (it is pos-
sible that some inactivation, just at the verge
of detectability, takes place upon boiling at
both pH 2 and 12). The dnemia factor was
stable under these conditions(6), while the
Pteridium factor differed only by its lability
at pH 12(2). ;

As mentioned earlier, Pleridium mediom
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failed to promote antheridium formation in
L. japonicum throughout the wide range of
applied concentrations (%5 to 1/30,000 full
strength Pteridium medium that was active
toward prothalli of O. sensibilis, i.e., the pro-
thalli used to assay for the Pieridium factor,
to a dilution of 1:30,000). In the reciprocal
experiment 13 out of 16 samples of Lygodium
medium (active toward prothalli of L. jeponi-
cum mostly to a dilution of 1:300) were with-
out effect in O. sensibilis. Two of 16 samples
brought about an antheridial response in O.
sensibilis if only at the highest concentration
(V3 full strength). These 2 samples were ac-
tive toward L. japonicum to a dilution of
1:300. The remaining sample brought about
an antheridial response in O. sensibilis to a
dilution of 1:10 even though it was active
toward L. japomicum only to a dilution of
1:100. The last-mentioned sample of Lygo-
dium medium was boiled for 10 min at pH 12,
under which conditions the Pteridium factor
was shown to be labile(2). The batch of Ly-
godium medium thus treated failed to bring
about an antheridial response in O. sensibilis
even at the highest concentration. In con-
trast, its activity toward L. japomicum, as
tested again by a dilution series, remained un-
impaired.  This experiment could not be re-
peated because all subsequently harvested
batches of Lygodium medium lacked detec-
table activity toward Onoclea prothalli.
Even though a few samples of Lygodium
medium showed very slight activity toward O.
sensibilis, the factor controlling antheridium
formation in L. japonicum would appear to be
chemically distinct from the Pteridium factor.
This is indicated by the unresponsiveness of
Lygodium prothalli toward Pteridium medium
even at a concentration 10,000 times higher
than that necessary to bring about a minimal
response in Onoclea prothalli. The selective
destruction of the activity of Lygodium me-
dium toward O. sensibilis upon boiling for 10
min at pH 12 and the indicated variable pro-
portion between the antheridium-inducing ac-
tivities of Lygodium medium toward O. sensi-
bilis and L. japonicum point in the same di-
rection. The Lygodium plants from which
spores were obtained grew together with many
other fern species, hence the possibility can-

not be discounted that the antheridium-induc-
ing activity toward O. semsibilis was elabo-
rated by the prothalli of a species other than
L. japowicum (amount of antheridium-induc-
ing factor produced by a single prothallus of
P. aquilinum is ample to account for the ob-
served effect(3)).

1t was earlier concluded that the Pteridium
factor is chemically distinct from the sub-
stance controlling antheridium formation in
A. phvilitidis(6). 1t was of further interest
to assay for possible similarity between this
Anemia factor and the substance that controls
antheridium formation in L. japonicum.

Lygodium medium failed to bring about an
antheridial response in 4. phyllitidis through-
out the wide range of applied concentrations
(15 to 1/30,000 full strength Lygodium me-
dium). The same result was obtained in a
dozen repetitions with further batches of Ly-
godium medium which were active toward L.
japonicum to a dilution of 1:300, occasionally
to 1:1,000. In the reciprocal experiment,
Anemia medium regularly showed activity
toward Lygodium prothalli. To obtain a
minimal antheridial response, however, the
Anemia medium had to be supplied to the
Lygodium prothalli at a concentration 10 to
30 times higher than to the Anemia prothalli.

Discussion. The results are considered to
show that the factor controlling antheridium
formation in L. japonicum differs from the
Pteridium factor, i.e., the substance which
controls this same process in many species of
the fern family Polypodiaceae.

The further question arises whether this
Lygodium factor is identical with the antheri-
dial factor of A. phyllitidis. The need for a
higher concentration of Anemia medium to
bring about a minimal response in Lygodium
is consistent with this hypothesis if we postu-
late that this species possesses a greater ca-
pacity than Anemia to inactivate, or otherwise
neutralize, the active substance. In the re-
ciprocal experiment, though, this hypothesis
calls for greater activity of Lygodium medium
toward Anemia than toward Lygodium itself.
Instead, the Anemia prothalli were found to
be unresponsive to Lvgodium medium even at
the highest applied concentration. The hy-
pothesis that the same substance controls an-



86 CONTROL OF ANTHERIDIUM FORMATION

theridium formation in the two species may
be retained by invoking complex subsidiary
assumptions. It seems more likely, however,
that control of this developmental event in
L. japonicum will be traced to a different fac-
tor than in 1. phvilitidis. 1 we assume that
the 2 substances are similar. then the factor
controlling antheridium formation in Anemia
might itself be effective also in Lygodium,
provided it is supplied to the latter species at
a high enough concentration. This postulate
is compatible with the experimental result.
In the reciprocal experiment, failure of .{ne-
mia prothalli to respond to even the highest
applied concentration of Lygodizm medium is
also consistent with this hypothesis if we con-
sider that the Amemic factor might more
easily “fit” the Lygodium acceptor molecule
than the sim’lar 7 vgodium factor “fits” the
corresponding molecule in Anemia. Tt seems
quite as likely, however, that the antheri-
dium-inducing activity of Anemic medium
toward Lygodium is referable to a different
substance than its activity toward .Inemia it-
self. Work now in progress should clarify
some of these questions.

It is hoped that these investigations will
contribute to the classification of Pterido-
phytes which remains in a state of consider-
able fluidity. More important, they should
provide information on the mode of evolution
w.thin a closely delimited segment of metabol-
ism. Kluyver and Van Niel have directed at-
tention to the similarity, even identity, of
many basic biochemical patterns in taxonomi-
cally widely separated organisms. The pro-
posed investigation should be of special inter-
est because of its concern with the less fre-
quently considered question: How similar or
dissimilar among organisms are the biochemi-
cal processes associated with a given develop-
mental event (viz. antheridium formation)
that we conceive of primarily in morphological
terms and which in different groups of ferns
proceeds similarly in terms of morphology and
is identical in terms of function?

Summary. It is demonstrated that pro-
thalli of L. japonicum elaborate, and secrete
into the medium, a substance which controls

formation of antheridia in this fern species.
The antheridium-inducing activity of the me-
dium is stable to boiling for 10 min at both
pH 2 and 12. It is adsorbed on charcoal and
destroyed by ashing. The results are consid-
ered to show that this antheridium-inducing
substance differs from the substance which
controls the same developmental event in
many species of the fern family Polypodia-
ceae. The results further indicate that the
Lyrodium factsr is also chemically distinct
from the substance that controls antheridium
formation in A. pkyll'tidis which, like L. ja-
ponicum, belongs to the fern family Schizaca-
The individuals that first attain the re-
productive phase in a gametophyte population
of L. japonicum give rise to one or 2 arche-
gonia before the first antheridium initial ap-
pears. This sequence of sex-organ formation
is reversed in the prothalli which subsequently
attain the reproductive phase. All prothalli
attain the archegonial phase first if they are
isolated, one per flask, at an early stage of
development. In contrast, all prothalli attain
the antheridial phase first if they are all pro-
vided with the antheridium-inducing sub-
stance at an early stage of development. It is
concluded that the more slowly growing in-
dividuals in a gametophyte population of L.
japonicum attain the antheridial phase first
because they respond to the antheridium-in-
ducing substance that is elaborated, and se-
creted into the medium, by the more rapidly
growing gametophytes.

cede.
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