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INVESTIGATION OF AMINO ACID COMPOSITION
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Bryophytes are rich in a variety of secondary biological active compounds, thus
provide a great potential for biotechnological and biopharmaceutical applications.
Bryophytes contain potentially useful natural products, including polysaccharides
terpenoids, lipids, amino acids and phenylpropanoids. Bryophytes isolated compounds
and extracts have cytotoxic, antimicrobial activities. The result of our research indicate
the presence in the extracts of bryophytes collected in Armenia, the entire spectrum
of amino acids, especially essential ones. Also revealed in some species a certain
amount of nitrogen — 840 mg/g, which indicates a more intensive synthesis of non-
essential amino acids. The results obtained can be used in medicine, pharmacology.
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Introduction. Medical plants play an important role in health care and
medicine, as a treatment for both traditional and alternative medicine. World Health
Organization data indicate that approximately 80% of the world’s population use
plants as a treatment for various diseases [1-3].

Bryophytes considered the first land plants, are a group of over 24 000 species
worldwide. They have been used since ancient times for the treatment of diseases
such as tuberculosis, pneumonia, burns, seizures, snakebites, as an antibacterial
agent etc. [4, 5]. Interest in bryophytes increases with the discovery of a large number
of biologically active compounds that have a positive effect in the treatment of
tumors of various etiologies [1, 6], have antibacterial potential [7, 8]. The study of
biologically active compounds (polysaccharides, amino acids), as a well as antioxi-
dant potential, will expand the range of use of these plants as an affordable
alternative to existing drugs. Herbal medicines are a viable, safe and very rarely have
side effects. They contain arganic compounds that have important physiological
effects on the human body. These substances include tannins, alkaloids, carbohydra-
tes, amino acids, terpenoids, steroids, flavonoids and phenolic compounds [8, 9].

Bryophytes are subdivided into 3 groups: anthocyanins, liwerworts and green
mosses. These plants are used in the treatment of various diseases. Of the greatest
interest are bryophytes in recent years antibacterial, antifungal, antivirial and
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antitumor properties of these plants have been discovered. The antitumor effect of
bryophytes is due to the activation of genetic and biological pathways that lead to
apoptosis and necrosis [7].

In plant organisms amino acid derivatives amides and betaines perform
important functions. Asparagine and glutamine, glycocolbetaine are well studied.
Asparagine and glutamine are involved in the formation of a protein molecule, ared
important metabolites, due to which are synthesis of all nitrogenous bases, alkaloids,
some lipids, vitamins, chlorophyll, phytohormones (auxins, cytokinins) of plant
organisms. Plants and microorganisms can synthesize all the necessary amino acids
from other organic compounds in contrast to humans and animals, the body of which
is not able to synthesize some proteinogenic amino acids. These amino acids are
called essential (lysine, tryptophan, methionine, threonine, leucine, valine,
isoleucine, phenylalanine) and they must be ingested with food. In the organism,
with a lack of amino acids, protein synthesis is inhibited, with can be the cause of
severe pathologies [10].

In plants the content of free amino acids depends on the organ or tissue, age,
environmental conditions, and especially on the course of biochemical processes
(synthesis of proteins, nucleic acids and some nitrogenous compounds). The
concentration of some amino acids can increase due to metabolic disorders in the
body, also under stress. For example, with a lack of water in plant cells, an
accumulation of proline occurs, and with an excess of ammonium substances, an
accumulation of asparagine, glutamine and arginine [5].

Bryophytes are a rich reservoir of biological active compounds such as
terpenoids, flavonoids, alkaloids, glycosides, saponins, anthroguinons, sterols and
other aromatic compounds. They also possess anticancer and antimicrobial activity
due to their unique chemical constituents. In the present investigation on
Phytochemicals and antimicrobial activity of Bryophytes [3]. Amino acids readily
interact with reducing sugars to form melanoidins (dark colored compounds). During
the enzymatic oxidation of tyrosine and phenylalanine, melanin is formed and
interacting with atmospheric oxygen, from darkening on peeled potato roots.
Melanins are synthesized from pyrochatechol and dioxyphenylalanine (DOPA) [4].

In this paper we study the amino acid composition of bryophytes common in
Armenia for use in medicine and pharmacology.

Materials and Methods.

Plant Materials. The bryophytes viz Mniaceae, Mnium spinosum (\oit)
Schwaegr, Plagiomnium cuspidatum (Hedw), Brachytheciaceae, Brachythecium
salebrosum (Web. et Mohr) B.S.G., Thuidiaceae, Thuidium recognitum (Hedw)
Lindb, Dicranaceae, Dicranum scoparium (Hedw), Anomontaceae, Anomodon
viticulosus (Hedw), Amblystegiaceae, Drepanocladus aduncus (Hedw) were collected
from Armenia (at a height of ~1450 m). The plants were identified by Dr. A. Poghosyan
(Department of Botany and Mycology, Yerevan State University, Armenia) and
deposited in the Takhtadjyan Herbarium of the Department of Botany and
Mycology, YSU (Vouchers no. 13450, 13451, 13452 and 13453, 13454, 13456,
13457, respectively).
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Air dried and powdered mosses (0.5 g) were hydrolyzed with 5 mL 6 N HCI
(2 h, 105°C). The precipitate was placed in an evaporation dish (washed until
neutral pH).

Determination the Amino Acid Composition. The amino acid composition of
mosses was determined by chromatography on paper. For this, the concentrated
aqueous solution was evaporated to dryness and washed of quantitatively with 10 mL
70% ethanol solution. The 0.03 mL obtained extract was applied with a micropipette
on chromatographic paper FN-6 (Germany) and chromatographed by the descending
method in the solvent system n-butanol-acetic acid—water (4 : 1: 5) for 16 h. The
amino acid zones were detected with a 0.2% freshly prepared ethanol solution of
ninhidrina, followed by heating the chromatogram in an oven at 60°C for 30 min [9].
The amino acids were used as control see Tab. 1.

The quantitative determination of amino acids in the extracts of the studied
mosses was carried out by the spectrophotometric method. It is based on the measu-
rement of the optical density of diketonehydrindelidiketonehydramine (DUDA), a
coper derivative. The quantitative trace of the amino acid and the optical density of
its color are in a linear and relationship within the range of 0.025-0.25 pmol. In a
weakly acidic medium as a result of the interaction of ninhydrina with an amino acid,
the resulting blue DUDA transforms into a absorption spectrum of which is 530 nm [10].

Results and Discussion. We investigated the qualitative and quantitative amino
acid composition amino acid of mosses common in Armenia. During the hydrolysis
of proteins, all the amino acids presented by use were found. The results are given
in Tab. 1.

Table 1

Amino acid composition of some mosses common in Armenia
(amino acids in 100 g by dry biomass, n=>5, p<0.05)

IAmino| A. viticulosus | P. cuspidatum | D.aduncus | M. spinosum | B. salebrosum | T. recognitum | D. scoparium
acid mg % mg % mg % mg % mg % mg % mg %
cys | 1.60+0.1 | 2.2 | 0.42+0.2 | 0.4 |0.60+0.01| 0.5 - — ]0.72+0.01| 0.8 |0.62+0.01 (0.7 - -
lys |3.20+0.01 | 4.5 [4.41+0.01| 4.8 |5.08+0.02| 4.9 |2.88+0.04| 4.9 |4.71+0.01| 5.3 |4.60+0.03|5.4[3.28+0.01|5.2
his | 3.78+0.2 | 5.42.82+0.01]| 3.1 [5.40+0.03|5.2|0.76+0.01| 1.3 | 3.12+0.1 | 3.5 |3.01+0.01|3.5|11.6+0.03| 1.8
arg | 1.40+0.03 | 2.0 |2.06+0.02| 2.2 |4.88+0.05|4.7 - - [2.36+0.2| 2.7 [3.25+0.02(3.8 -
asp | 2.04+0.01 | 2.9 |7.42+0.03| 8.2 |8.48+0.10{8.2(3.18+0.01| 5.5 | 7.72+0.1 | 8.8 |7.61+0.02|9.0|3.58+0.01|5.7
glyc | 6.70+0.02 | 9.5 [5.96+0.02| 6.5 | 6.80+0.1 | 6.6 |5.28+0.02| 9.1 | 6.26+0.3 | 7.1 |6.15+0.03|7.3|5.68+0.02|9.0
ser |5.52+0.01 | 7.8 [4.84+0.03| 5.3 | 6.46+0.3 | 6.2 |4.76+0.03| 8.2 | 5.14+0.5| 5.2 |5.13+0.02| 6.4 |5.16+0.04 8.2
gln [12.78+0.04|18.2|11.70+0.05|12.3|14.69+0.06/14.2| 7.86+0.01 | 13.6 {14.70+0.4/|16.8 | 11.89+0.1 [14.1{8.26+0.01 | 9.6
thr | 5.04+0.03 | 7.2 [6.68+0.02 | 7.3 |10.60+0.08/10.3|5.64+0.06| 9.7 | 8.98+0.3 |10.2|6.89+0.03|8.1|6.04+0.01 [19.5
ala [10.70+0.02|15.2|12.52+0.05|13.8|12.68+0.3(12.3]11.82+0.03| 20.5|12.88+0.3| 14.7 |12.73+0.01|15.1]12.22+0.03| 6.9
tyr | 4.68+0.1 | 6.6 |5.88+0.02| 6.5 |6.98+0.01|6.7|3.96+0.01| 6.8 |6.18+0.01| 7.0 |6.09+0.02|7.2|4.36+0.01| —
met - - - - - - - - - - - - - -
val |3.80+0.03|5.4[7.02+0.01| 7.7 |6.78+0.03| 6.5 |3.04+0.01| 5.2 |7.32+0.01| 8.3 |7.23+0.02|8.5|3.44+0.01|5.5
phe |2.02+0.02 | 2.8 | 1.80+0.1 | 7.9 |2.46+0.01|2.3|2.60+0.01| 4.5 [2.10+0.01| 2.4 |2.01+0.01|2.3| 3.0+0.01 |4.7
leu |67.4+0.145| 9.6 |6.82+0.01] 7.5 [10.86+0.04]10.5|5.84+0.02|1.01|7.12+0.02| 8.1 | 7.03+0.01 | 8.3|6.34+0.02[10.1]

The study showed that the amount of the total amino acid value in the extract
of D. aduncus moss — 102.75 mg/100 g of dry biomass. The data on the amino acid
composition of proteins indicate that in the total amount of amino acids the content
of glutamic acid, alanine, threonine prevails over the rest. Of the essential amino
acids in D. aduncus moss extracts the threonine content is significant. The mosses
under study are distinguished by their amino acid composition, quantitatively and
nor quantitatively. From the studied bryophytes according to the total number of



G. H. SEMERJYAN, I. H. SEMERJYAN 293

amino acids D. aduncus — 107.7 mg/100 g, P. cuspidatum — 90.35 mg/100 g, then
B. salebrosum — 62.98 mg/100 g, T. recognitum — 84.24 mg/100 g, A. viticulousus —
62.98 mg/100 g, in last place moss M. spinosum —52.62 mg/100 g. All studied bryo-
phytes lack the essential amino acids methionine. The species D. aduncus revealed the
presence of essential amino acids: threonine —10.8 mg/100 g, leucine — 10.6 mg/100 g,
valine — 6.7 mg/100 g, histidine — 5.4 mg/100 g, lysine — 5.08 mg/100 g. The share
of essential amino acids in the total number is 6.3%, significant amount is made up
of nonessential amino acids, the content of glutamic acid is especially high —
14.6 mg, alanine — 12.6 mg, aspartic acid — 18.4 mg, tyrosine — 6.9 mg which is the
lowest value in all studies types. From this point of view, the species M. spinosum
can be distinguished in the extracts of with the proportion of essential amino acids
is 5.1%, a relatively large amount of leucine, threonine and lysine was found
D. scoparium moss extract contains les histidine, and the amino acid arginine was
absent. On the nonessential amino acids in the extract of A. viticulousus: glutamic
acid — 12.78 mg/100 g, alanine — 10.70 mg/100 g, in extract of mosses D. scoparium
— glutamic acid — 14.69 mg/100 g, alanine — 12.68 mg/100 g was found. The research
results indicate the content of equal amounts of essential amino acids — 5.7% extract
of mosses B. salebrosum and T. recognitum. The extract of these species have a
particularly high threonine content of 8.9 mg/100 g and 6.08 mg/100 g. The species
Brachytheciaceae and Thuidiaceae are distinguished by the content of nonessential
amino acids, in particular glutamic acid.

Table 2

Amount of nitrogen in mosses (n=5, p<0.05)

Moss Content in mg/g
Anomodon viticulosus 840+0.1
Plagiomnium cuspidatum 17.92+£0.3
Drepanocladus aduncus 45+0.01
Mnium spinosum 3.64 £0.01
Brachythecium salebrosum 840+0.1
Thuidium recognitum 2.59 £0.01
Dicranum scoparium 1.540 +£0.02

Further, was investigated the nitrogen content in mosses. Nitrogen is the main
constituent of proteins, which is the predominant metabolite in the body. The
nitrogen cycle in nature is the main condition without which life on our planet would
be impossible. Nitrogen is a part of proteins, which are the main constituents of the
cytoplasm and nucleus, nucleic acids, chlorophyll, enzymes, many vitamins and
other organic nitrogenous compounds that play an important role in metabolic
processes in plants. Climatologists note that bryophytes, lichens, cyanobacteria are
the best nitrogen consumers on our planet. Mosses and lichens recycle 7% of
nitrogen throughout the year, using it to synthesize the necessary compounds. In the
course of research it was revealed that mosses, lichens absorb 14.36 billion liters of
CO,, which is approximately 7% of the total CO. In addition, scientists have found
that mosses and lichens are the most productive nitrogen absorbers, they are also the
main sources of nitrogen in the biosphere, on average they contribute from 30-80%
of biological nitrogen, depending on climatic conditions and environmental
conditions. Atmospheric deposition is considered to be the main nutrient source for
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forest mosses and they efficiently absorb deposited nutrients [11]. We can say that
they are a reservoir that accumulates nutrients and represent a reserve of important
nutrient for the ecosystem [12].

Studies have shown that mosses are sensitive to the presence of nutrients, they
can effectively trap nutrients and be important sources of N and F [13, 14].

The data indicate that the extract of studied bryophytes contain a certain
amount of nitrogen (see Tab. 2). As shown in the table 2 840 mg/g of nitrogen was
found in the extracts of A. viticulosus and B. salebrosum mosses, which is a high
indicator in comparison with other species. Thus, it can be stated that in these two
representatives of bryophytes the biosynthesis of nonessential amino acids occurs
more intensively. It should also be noted that a certain amount of nitrogen was also
found in other species, which is very important for metabolic processes occurring in
plants (synthesis of new amino acids, formation of biologically active compounds).

The results of our research indicate that the studied mosses have a rich amino
acid composition and contain a sufficient amount of nitrogen, which indicates that
these plants due to the content of biologically active compounds, are advisable to use in
pharmacology, medicine and the food industry (as a packaging for perishable foods).
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<UsudusuuvNru surusdudo Nrnc Udunusuusvuer,h
UUhLU(HEIU3hTL WUQUDL NFUNFULUURMNRGE-8NFLL

Uundinindtipp hwpniunm &b pugqiuquit jauwputiaju wjnhy thugnip—
Jnibbipny, htyp pny; £ mwhu ngpubiip oqunugnpoly Yhuwnmbhubninghwjui
U Yhlwwpdrujub tyunwlitph hwdwp: Uwdnenbtpp yupniwynid o
wnjhuwhuwphnbtp, whpyttinhpbtp, huhndbp, wihtwpeenbtp, $hthuypnuw-
tnpnbtin: Uuwininbbiph jnudundquopbtipnl odnjwo Gt ghninnpuhly, hwmju-
dwlipbuyhtt wumpynigyudp: Ukp hnwgnunnigyniibtiph wipnyniopbtpp yuynid
LG, np <uyuunwiinid mwpuwdywd dwininbtiph nudwdqyuidplitinp wwpniw-
Unud G wdhtweeniitip, npnig pynid qquih £ wthnpiuphbtihitinh pubwp:
Lwymbwpbpgt) £ twle wgnnh npnpwijh yupnibwnipyni htimwgnunygnn
InLowiqudptitipniy, npnp thipluywgnighstitiph Unn wyl juqunid t 840 wdg/q,
htyp Yyuynid E thnpowphtitijh wdhtwpenibtph htmtituhy uh@ptiqgh dwuhb:
Umnwgywd wprynibpbtipp Juipnn i hpunyty pdoynipjub b ntinupuinipjub
utip:

I'.T. CEMEPJKSH, U.I'. CEMEP/DKAH

NCCIEAOBAHUE AMHMHOKHCIIOTHOI'O COCTABA HEKOTOPBIX
MOXOOBPA3HBIX, COBPAHHbBIX B APMEHUU

Moxo00pa3Hble OoraThl MHOKECTBOM BTOPHYHBIX OMOJIOTMUYECKU aKTHBHBIX
COCTMHCHHM, YTO TO3BOJBICT MMPUMEHATh UX JJI1 OMOTEXHOJOTHICCKUX B Omodap-
MaIeBTHUECKUX Iienieli. MoxooOpa3Hble cofepiKaT MOIHCcaxapuibl, TSPIICHOUIBI,
JUTH]IBI, aMUHOKHCIIOTHI, (PEHUIPONIAHOUABI. DKCTPaKThl OpHO(GUTOB 0071a1aI0T
IIUTOTOKCHUYECKOH, aHTUMHUKPOOHON aKTHBHOCTBIO. Pe3ynbTaThl HAIIUX HCCIIE0-
BaHWH CBUACTEIHCTBYIOT O HAJMYMH B DKCTPAKTaX MOXOOOpA3HBIX, COOPAHHBIX B
ApMeHHH, BCETO CIEKTpa aMHUHOKHUCIOT, B OCOOCHHOCTH HE3aMEHHMBIX. Takke
BBISIBJICHO HAIMYKE a30Ta, y HEKOTOPBIX MPECTaBUTENeH OHO cocTaBisieT 840 mele,
YTO CBUIETEIHCTBYET O O0Jiee WHTEHCHBHOM CHHTE3€ 3aMCHHMBIX aMHHOKHCIIOT.
[Tomy4eHHBIE pe3yabTaThl MOKHO HCIIOJIB30BaTh B METUITMHE, (DapMaKOJIOTHH.
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