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Abstract—The concentrations of each free amino acid in Polytrichum formosum have been determined
for female gametangia at different developmental stages of the sporophyte. On a dry weight basis,
glutamic and aspartic acids are the predominant compounds but arginine is also often present in
significant amounts. Furthermore, the quantitative changes which this amino acid undergoes are
of interest; especially in the female leafy shoot during the exit and the period of seta elongation

of the young sporophyte.

INTRODUCTION

The nitrogen metabolism of mosses has not
received much attention, and most studies have
been concerned with the nitrogen requirements
of mosses grown in a chemically defined medium.
Thus, Burkholder [1] noted the role of arginine
in the development of leafy shoots of Atrichum,
and Gagnon and Bernier [2] showed that alanine
is the predominant amino acid in Calliergonella
schreberi. However, there is little data on the
amino acid content of all parts of these plants.
Until our investigations on Dicranum [3], the free
amino acids present in the sporophyte and game-
tangia of mosses were unknown. In that work,
we noted seasonal changes in the levels and pro-
portions of soluble nitrogen compounds.

We now report the physiological significance
of various changes in nitrogen metabolism which
occur during sexual development of Polytrichum
Jformosum. We have already reported that the
onset of meiosis in the sporophyte is accompanied
by a significant decrease in glycine content, and
that the mature spores contain a considerable
amount of arginine [3}. The present paper is con-
cerned with the nature and amounts of free amino
acids present at different stages in the female
gametangia bearing the sporophyte.

RESULTS

Polytrichum formosum is a dioecious moss
which is frequently found in the fruiting condition
under natural conditions of growth. The first sam-
ples for analysis were collected as soon as the
calyptra, as a definite structure of the sporophyte,

‘emerged from the perichaetial bracts (stage GF-

la, Fig. 1). All the developmental stages were
recognized by the macroscopic characteristics of
the whole sporophyte during its ontogenesis (Fig.
1). Further samples (SP) were collected at the
period of maximum frequency of any stage. At
stage 1 and after, the seta can be easily separated
from the female gametangia (GF) for separate
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Fig. 1. Different developmental stages in Polytrichum
formosum.
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Fig. 2. Changes in the concentration of arginine during the
development of the sporophyte and the female gametangia.

analysis (Tables 1 and 2). The changes in the main
amino acids, both in gametangia and sporophyte,
are shown in Figs. 2 and 3.

The amino acids identified in Polytrichum for-
mosum are those common in higher plants. The
low level of total amino acids should be noted:
the highest found are 10 and I'Smg of amino
nitrogen per g dry weight in the female shoot and
the sporophyte, respectively.

Proline and hydroxyproline are not present in
the two organs and methionine is sometimes pres-
ent, but only in trace amounts (below 0-3 ug per
g). The other amino acids found in low con-
centrations (below 14 ug/g) are: citrulline, phenyl-
alanine, leucine, isoleucine and valine. Tyrosine
is also found in low amounts except when the
female gametangia is just above the exit of the
young sporophyte, when a relatively high level
(50 ug/g) occurs.

Histidine, lysine and ornithine are also present
in low concentrations, but change markedly dur-
ing development; thus, a relatively high level of
ornithine was observed just before the expansion
of capsula in the sporophyte (SP;, Table 2). Gly-
cine also 1s generally found at low concentrations,
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but a considerable increase was observed during
seta elongation of the sporophyte (from SP; to
SP,, Table 2) and a similar significant increase
is also found in the female gametangia when the
sporophyte becomes mature (from GF¢ to GF-).

Significant changes in the levels of alanine were
recorded during onset of meiosis in the sporo-
phyte: when the capsula was expanding and the
total amino acids increasing, the amount of
alanine decreased greatly; on the other hand, dur-
ing the division of mother cells of spores (SP,
to SP;) which is correlated with a decrease of
amino acid content, the alanine content rose
abruptly (Table 2). We had not detected ethanola-
mine in Dicranum [3}; in Polytrichum formosum,
it was present at high levels in both organs at
all different stages: in the sporophyte, an increase
was found during the maturation of the spores
{Tables | and 2).

Glutamic acid, aspartic acid and arginine were
the three predominant metabolites in the pool of
free amino acids, both in the female gametangia
after fertilization and in the sporophyte during
its ontogenesis. We noted that the low level of
total amino acid content in the sporophyte at
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Fig. 3. Changes in the concentrations of the major amino
acids: glutamic and aspartic acid. in each organism.
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Table 1. Free amino acids in the soluble nitrogen fraction extracted from the female gametangia of Polytrichum formosum

in weight
Developmental
stages GF, GF,, GF, GF, GF, GF, GF; GF, GF,
Total amino acid

(ug of N/g dry wt) 996 955 995 734 362 181 857 749 734
Histidine 529 256 584 235 16-8 84 185 197 412
Lysine 409 232 333 13-7 87 53 12:0 165 185
Ornithine 14-8 106 53 39 17 1-4 157 140 16-8
Arginine 571 4357 435 235 1540 381 460:3 3657 3427
Aspartic acid 1502 69-7 1019 177 287 230 405 54:2 50-1
Threonine 17-4 63 181 235 03 32 279 11-5 113
Glutamic acid 2302 140-2 1382 1553 557 507 1197 1310 100-8
Glycine 62 60 32 25 20 21 34 2-1 363
Alanine 675 346 44-7 209 12:3 12:6 13-0 12:6 119
Valine 89 T 83 2-8 1-8 1-8 46 435 36
Isoleucine 133 1-4 32 34 1-8 1-0 34 48 21
Leucine 10-4 2-8 132 131 106 49 94 91 70
Citrulline 47 T T 28 T T 108 58 118
Tyrosine 501 1-1 67 11 07 06 20 1-8 17
Phenylalanine 70 127 42 46 2:0 21 34 53 38
Serine + amides 1859 1079 97-4 903 249 113 80-8 598 61-5
Ethanolamine 832 769 239 619 414 147 424 363 251

stage 2 was accompanied by an exceptional low (Fig. 2); at stage 7, the mature stage, arginine
concentration of aspartic acid. The amounts of accumulated greatly presumably as a nitrogen
arginine were usually higher than those of gluta- reserve.
mic acid in the female shoot and, quantitatively,

aspartic acid usually came third (Figs. 2 and 3).

In the sporophyte, the level of arginine rose dur- It should first be noted that the procedures
ing the expansion of the capsula and after meiosis used did not allow an examination of the changes

DISCUSSION

Table 2. Free amino acids in the soluble nitrogen fraction extracted from the sporophyte of Polytrichum formosum during

ontogenesis
Developmental
stages SP, SP, SP, SP, SP; SP¢ SP,
Total amino acid
(ug of N/g dry wt) 3830 1981 10164 6419 490-2 7319 1494-1

Histidine 336 76 512 479 449 735 458
Lysine 12-0 59 286 244 378 283 482
Ornithine 67 31 395 356 12:6 297 95
Arginine 874 308 980 1383 403 170:0 9734
Aspartic acid 353 42 914 58-8 210 417 112
Threonine 70 21 150 185 113 188 27
Glutamic acid 79-5 776 299-6 134-5 904 90-6 503
Glycine 52 0-8 973 431 8-8 115 49
Alanine 204 62 364 49 532 337 7 644
Valine 25 03 63 83 109 87 109
Isoleucine 06 T 42 10-6 81 137 27
Leucine 08 T 32 62 76 10-6 87
Citruiline 16-8 T 8-4 10-7 95 39 77
Tyrosine 17 T 2-1 31 52 57 60
Phenylalanine 0-8 T 7-8 83 49 14-4 43
Serine + amides 46-1 31t 197-3 71-8 570 735 89-0
Ethanolamine 434 284 385 276 762 1075 162-1

T= <0015 uM/g dry wt (<02 g N).
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in amides which are essential mobile amino com-
pounds in most vascular plants; these compounds
are recorded as a common peak with serine.
Tryptophan was also not determined in this work.

From the analytical data, we can conclude that
the relative concentrations of free amino acids in
Polytrichum formosum are similar to those found
in higher plants [4]. It is not easy to draw definite
conclusions from the changes in the amounts of
histidine and ornithine, but among the basic
amino acids, arginine obviously plays an impor-
tant physiological role. This amino acid has been
found to accumulate in several plants [5,6] and
appears to be one of the soluble nitrogen reserves
which can be mobilized when it is required for
growth. This view is supported by the data in
the present study (Fig. 2). The high percentage
of arginine in spores just before dispersal could
indicate that it may serve nitrogen requirements
during germination. On the other hand, it also
accumulates in the female shoot and the greatest
concentration of arginine is found at the stage
preceding the exit of the sporophyte (GF,). The
amount of arginine then decreases in the leafy
shoot while it is increasing in the sporophyte (Fig.
2). These results suggest that, the emerged sporo-
phyte receives nitrogen in the form of arginine
from the mature leaves of the female gametangia
in the same way that numerous metabolites of
the field pea are translocated from mature to
young organs [7].

C. UniL (GUYOMARC'H)

It was recently established that the sporophyte
of the moss Funaria was fully autotrophic at two
developmental stages, especially during the
expansion of the capsula [8]. Thereafter. this
organ started to synthesize certain amino acids.

EXPERIMENTAL

Samples were air dried and fincly ground. Dry weight was
determined at 103

Preparation of extracts. Powder was suspended in 10" trich-
loracetic acid (TCA, 40 ml/g) and stirred for 15 min at 0°. After
15h at 0" supernatant was removed by centrifugation and
the ppt washed 2 x with 2:5% TCA and once with H,O.

Analytical procedures. Total soluble N, (NS) was deter-
mined by a micro-kjeldahl procedure. Excess TCA was
extracted with Et;O and the soln cvaporated to dryness at
357, Residue, in 2 ml of citrate buffer at pH 22 was chromato-
graphed on ion exchange resin columns with an automatic
amino acid analyser.

Acknowledgements— The author wishes to thank Prof. P. Maz-
liak for his valuable comments during the preparation of this
manuscript.

REFERENCES

1. Burkholder, P. R. (1959) Brvologist 62, 6.

2. Gagnon. J. D. and Bernier, B. (1963) Le Natwraliste Cana-
dien XC, 6-7, 178.

. Guyomarc’h. C. (1969) Buil. Soc. Sci. Bretagne 44, 193:
(1971) C. R. Acad. Sci. Paris 272, 3041.

. Fowden. L. (1973) Phytochemistey 2, 1.

. Durzan, D. J. (1968) Can. J. Botany 46, 909.

. Guitton, Y. (1964) Physiol. Véy. 2, 95.

. Pate. J. S, (1968) in Recent Aspects of Nitrogen Metabolism
in Plants, 219,

8. Krupa, J. (1969) Acta Soc. Bot. 38, 207.

[9%]

~3 O =



