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Abstract: Moss species of the family Brachytheciaceae, Kindbergia praelonga
(Hedw.) Ochyra and Kindbergia stokesii (Turn.) Ochyra, were preliminarily
analysed for their fatty acid composition with the aim of studying the chemical
relationship of these two entities. Fatty acid methyl esters were examined by
GC and GC-MS in their methanol extracts. Thirteen fatty acids were identified.
It islikely that the mosses are chemically distinguishable and should be treated
as separate entities. However, additional chemical constituents of various moss
samples, such as phenalic acids, their derivatives and flavonoids, must be also
analyzed in order to support the re-examination of the relationship between
these two species.
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INTRODUCTION

Kindbergia praelonga (Hedw.) Ochyra (typified by Hypnum praelongum
Hedw.) and Kindbergia stokesii (Turn.) Ochyra (typified by Hypnum stokesii
Turn.) belong to the subgenus Oxyrrhynchium. The latter species is now usually
considered as a synonym for or variety of K. praelonga. The genus Kindbergia
Ochyra was recently treated as a separate genus from the Eurhynchium
Schimp.1.2 According to Hill et al.,1 in Europe only one species is present within
the genus: K. praelonga (Hedw.) Ochyra (syn. Eurhynchium praelongum
(Hedw.) Schimp.). The same authors classified Eurhynchium praelongum var.
stokesii (Turner) Dixon and Eurhynchium stokesii (Turner) Schimp. as a syno-
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nym for K. praelonga. These two entities were separated into the genus Sto-
kesiella (Kindb.) H. Raob., which was later considered as an incorrect homonym
of the algal generic name Sokesiella Lemmerm. Ochyra renamed the genus Kin-
dbergia Ochyra. Now molecular results support this generic independence.3

Worldwide, eleven taxa found at various locations are known, namely K. af-
ricana (Herz.) Ochyra, K. altaica Ignatov, K. arbuscula (Broth.) Ochyra, K. brit-
toniae (Grout) Ochyra, K. dumosa Mitt., K. kenyae (Dix. Ex Tosco & Piovano)
O’ Schea et Ochyra, K. oedogonium (C. Mull.) Ochyra, K. oregana (Sull.) Ochy-
ra, K. praelonga, K. stokesii and K. squarrifolia Broth. ex lishiba.

The main reason for the repeated nomenclatural confusion and the resulting
complications surrounding Oxyrrhynchium is that the name E. praelongum was
widely used with two different meanings. Schimper employed it for E. hians
(syn. Hypnum hians, Oxyrrhynchium hians (Hedw.) Loeske) including the con-
specific E. swartzii Turn. (syn. Hypnum swartzi Turn.) and several closely re-
lated elements) for varietal synonymy, whereas his Eurhynchium stokesii corres-
ponded to E. praelongum, or following the recent nomenclature K. praelonga.
Although many bryologists knew of the problem, frequently the use of the name
E. praelongum, instead of E. hians, continued.# Thus, K. stokesii was often easily
overlooked.

Analyses were performed to test if chemotaxonomy can be helpful in the as-
signment of the two entity species, K. praelonga and K. stokesii.

EXPERIMENTAL

Both moss species, which were available as fresh material, were collected in Germany in
December 2007: Kindbergia praelonga (Hedw.) Ochyra (BEOU4701) in Kologne and Kind-
bergia stokesii (Turn.) Ochyra (BEOU4703) in the surroundings of Bonn. VVoucher specimens
were deposited in the Herbarium of the Institute of Botany, University of Belgrade, Serbia
(bryophyte collection — BEOU).

The moss samples were carefully selected and cleaned from soil and other contaminants.
The gametophyte tips were used for the extraction. Air-dried parts of both mosses were
ground (1 g) and extracted 3 times with 90 % MeOH for 1 h at room temperature. The extracts
were evaporated to dryness and were further transesterified with 5 % H,SO, in MeOH (v/v)
for 4 h at 80 °C. The resulting methyl esters of the fatty acids were analysed by comparing
their GC-FID chromatograms with the chromatogram of a standard mixture (Supelco 37) ob-
tained under the same conditions, and/or by analysis of GC-MS data using NIST 5 and Wiley
7 libraries.

The GC analyses were performed on an Agilent 7890A GC system equipped with a
5975C MSD and an FID, using a DB-23 column (30 mx0.25 mmx0.25 pum). The injection vo-
lume was 1 pL and injector temperature was 220 °C with 10:1 split ratio. The carrier gas was
He at aflow rate 0.9 ml min‘l, while the column temperature was linearly programmed in the
range of 150240 °C at arate of 4 °C min'! and held at 240 °C for 10 min. The transfer line
was maintained at 240 °C. The FID detector temperature was 300 °C. The El mass spectra (70
eV) were acquired in the m/z range 40-500.
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ANALYSIS OF FATTY ACID OF Kindbergia SPECIES 1639

RESULTS

For K. stokesii, 13 fatty acids were identified (Fig. 1): palmitic acid (C16:0,
25.04 %), arachidonic acid (C20:4,n-6, 18.29 %), linolelaidic acid (C18:2,n-6t,
14.57 %), a-linolenic acid (C18:3,n-3, 11.13 %), cis-5,8,11,14,17-eicosapentae-
noic acid (C20:3,n-6, 8.94 %), elaidic acid (C18:1,n-9t, 6.32 %), behenic acid
(C22:0, 3.04 %), lignoceric acid (C24:0, 2.90 %), pamitoleic acid (C16:1, 2.76 %),
stearic acid (C18:0, 2.31 %), myristic acid (C14:0, 1.31 %), oleic acid (C18:1,n-
-9¢, 1.30 %) and arachidic acid (C20:0, 1.28 %). K. praelongum showed less
variety in these constituents. only two fatty acid constituents were found (Fig. 2),
palmitic acid (C16:0, 88.58 %) and stearic acid (C18:0, 11.42 %).
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Fig. 1. Fatty acid methyl ester chromatogram for K. stokesii; myristic acid (RT 10.399 min);
palmitic acid (RT 13.150 min); palmitoleic acid (RT 13.581 min); stearic acid (RT 16.198
min); elaidic acid (RT 16.669 min); oleic acid (RT 16.798 min); linolelaidic acid (RT 17.523
min); a-linolenic acid (RT 18.570 min); arachidic acid (RT 19.273 min); arachidonic acid
(RT 21.495 min); behenic acid (RT 22.234 min); cis-5,8,11,14,17-eicosapentaenoic acid
(RT 22.543 min) and lignoceric acid (RT 25.294 min).
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Fig. 2. Fatty acid methyl ester chromatogram for K. praelongum; palmitic acid
(RT 13.167 min) and stearic acid (RT 16.212 min).
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CONCLUSIONS

The fatty acid composition of the two related and often synonymized Kind-
bergia species strongly suggested that they are chemically distinguishable and,
thus, could be treated as separate entities. This, however, has till to be confirmed
by the analyses of additional chemical constituents, such as phenolic acids and
their derivatives as well as flavonoids,® of various moss samples in order to
support a re-examination of the relationship between them. For a general consi-
deration of the quality of fatty acid profiling for chemotaxonomy, more replicates
and additional specieswould have to be included in afollow-up study.

Acknowledgment. This work was supported by the Ministry of Science and Techno-
logical Development of the Republic of Serbia (Research grants No. 142053 and 143015).

U3BOJ

MPEJIUMUHAPHA AHAJIN3A XEMUJE MACHUX KUCEJIMHA BPCTA Kindbergia
praelonga 1 Kindbergia stokesii (BRACHY THECIACEAE)

BOPHC TIEJUH", JbYBOJIPAT BYJI/ICI/Ile, MAPKO CABOBJ])EBI/ITl3, AHETA CABOBH)EBI/IT13,
BEJIE TEIIEBUR® u BJTATKA BAJC?

'Kaitiedpa 3a opzancky xemujy, Xemujcxu paxyaitiei, Ynusepauidieii y Beozpady, Citiydeniicku iipz 16, 11000
Beozpao, leemﬁap 3a xemujy, MHCIGuitiyit 3a xemujy, iwiexHoa02ujy u meianypzujy, hezowesa 12, 11000 Beozpao
u ‘?I/Ich_mu_tym 3a bomianuky u 6omianuqka bawiia, buoaowku gaxyaitieit,

Ynueepsuitieii y Beozpaoy, Taxoscka 43, 11000 Beozpao

[IpenmuMuHApHO je NCIMTHBAH CAacTaB BUIIMX MAaCHHUX KHUCEJIHHA JJBE MaXOBHHE U3 (haMHIIMje
Brachytheciaceae, Kindbergia praelonga (Hedw.) Ochyra u Kindbergia stokesii (Turn.) Ochyra, ca
XEMOTaKCOHOMCKHM IMJbeM. YKYIHO je uaeHTudukoaHo 13 Bummx macuHux xucennna GC u GC—
—MS ananmzom. Ha ocHOBY 1OOHMjeHHX EKCTIEPUMEHTAHUX pe3yJITaTa ce€ MOKE 3aKJbYUUTH Ja Ce
HaBeJleHe OMJbHE BpCTE 3HAYAJHO XEMHjCKH Pa3NUKYyjy U Ja OM ce MOorjie cMaTpaTH 3aceOHHM eH-
THTETHMa YKOJIUKO C€ TO IOTBPAU U JOJATHUM aHaIn3aMa.

(Mpumsbero 9. pedpyapa, pesuaupano 5. cenremopa 2010)
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