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Abstract

Sterols and fatty acids composition of some members of green algae were analysed as
tools for chemotaxonomy. Nearly from the orders of green algae, at least a representative member
was chosen as a basic model for the order. Some bryophytan members were also studied for
convenience. Owing to the debatable systematic position of Vaucheria it was also chosen and
analysed together with the members of Chlorophyta.

The data obtained suggested an obvious relation between members of Chara and
chlorophytes rather than between members of Chara and bryophytes. Members of Chara might be
therefore considered to be green algae under a separate order “Charales”, at the top of the orders in
the green algae of the division of Chlorophyta. The results stand strongly against the idea that
members of charophytes must be elevated to the rank of class or phyta. The data proved also that the
sequence of the top three orders in Chlorophyta must be arranged as follows: Conjugales,
Siphonales & Charales. Finally Vaucheria was found to be distant from Chlorophyta.

Introduction

It is probably true that sterols may serve as a taxonomic tool in plant
classification (Smith, 1976) and subsequently they will be mentioned in relation to
particular taxonomic situations (Goad & Goadwin, 1972; Grunwald, 1980; Erickson,
1983; & Matsuo & Atsuhiko, 1991).

Mohammady (1993), analysed the sterols of some green algae growing along the
Mediterranean Seashore of Alexandria and concluded that sterols could be used as a
chemotaxonomic parameters for classification of green algae.

Dunaliella and Eudorina (order: Volvocales) have been analysed for sterols
(Granwell et al., 1990). It was found that species of Dunaliella were characterized by
complex distribution of A* A7, A> sterols. While Eudorina contains both A® and A’ sterols
only.

Systematic variation of fatty acids has been also studied by Nicholas (1970),
Jamieson & Reid (1972), Mohammady (1993) and Abd El-Salam (1997). It is evident that
many species have very different fatty acid compositions which may have value for
taxonomic purposes. In general, it seems that major fatty acids are continuously
distributed to form a satisfactory basis for taxonomic conclusions and therefore they are of
potential interest to the taxonomists. Variations in the concentration of individual fatty
acid have often been reported from organism to organism. Consequently, the use of
quantitative variations may reinforce taxonomic data (Abd El-Salam, 1997).

The polyunsaturated fatty acids are believed to be absent in Cyanophyta, free-
living Prochlorophyta and higher plants (Wood, 1974). They some times occur in great
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quantities and characteristics in many of Chlorophyceae, Xanthophyceae, Rhodophyceae,
Phaeophyceae, Crysophceae, Hepatophyceae and Bacillariophyceae. It is also clear that
the lower land plants, Bryophyta and Pteridophyta, contain varying amounts of these acids
(Sewion, 1992).

Stefanov ef al. (1988) concluded that there are strong similarities in the nature of
the fatty acids found within genera although the relative proportions vary somewhat. In
fact, most of the taxonomic correlations of fatty acids variation are revealed only by
applying statistics (Wolf and Kwolek, 1971). Therefore, it may be concluded that fatty
acids variation, to a certain extent, could be considered as a tool for chemotaxonomy.

In the present work, the authors studied the debatable position of charophytes in
the plant kingdom were studied. A biochemical chemotaxonomic techniques based mainly
on sterols and fatty acids composition were conducted as a trial to shed light on the
interrelationship of charophytes with other plant taxa belonging to Chlorophyta and

Bryophyta.

Materials & Methods

The biological materials were Dunaliella Salina (Volvocales), Enteromorpha
intestinalis (L.) Link (Ulvales), Cladophora fract, Kg. (Cladophorales), Oedogonium sp.
(Oedogoniales), Spirogyra plena (W. & G.S. West) Czurda (Zygnematales), Caulerpa
racemosa (Forskal) K. Agardh & Codium dichotomum (Hudson) S.F. Gray (Siphonales).
The studied charophytean members were Chara hydropitys Reich, Chara contraria
Kutzing, Chara delicatula (Agardh) A. Braun and Chara Zeylanica Willdenow. Some
bryophytan members namely Funaria hygrometrica (L.) Sbith, Funaria serrata Brid and
Tortula muralis Hedw were also studied for convenience, beside Vaucheria hamata. They
were collected from different localities: Abu-Qir, Montazah, Burg El Arab, Mex, Sidi
Besher, Moharram Bay, Mariut lake, Rosetta, Damanhour, and Kafer- EI-Shikh. For the
identification of these biological materials, they were compared with the herbarium
specimens of late professor A.H. Nasr(late professor of Phycology, Faculty of Science,
Alex. University) found in our laboratory.

Lipid extraction: According to the method of Abd El-salam (1997).
Extraction of unsaponifiable lipids: According to the method of Abd El-salam (1997).
Isolation of sterols: According to the method of Nadal (1971).

Purification and identification of sterols: The sterol fractions separated and analysed
using GLC; SE-30 chromatographic column. The identification of these fractions was
carried out by comparing their relative retention time with that of published ones
(Thompson et al., 1980). The unknown sterol peaks were identified by comparison of
their relative retention time related to cholesterol with that of reported data (Thompson, ef
al., 1980). Purification and identification of sterols were conducted according to the
method followed by Mohammady (1993). Fatty acids were then identified by comparison
of their retention times with those of standards.

Estimation of individual sterol and fatty acid: The peak area of each individual fraction
was calculated and the relative concentration of each fraction was expressed in percentage
(Abd El-salam, 1997).
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Results & Discussion

Table (1) shows the distribution of sterol fractions and their concentrations
among the investigated plant materials. There were 24 sterol fractions, 16 of which were
identified. Most sterol fractions were of the unsaturated forms but campestanol & 24-
methyl pollinastanol were also presented. Data obtained from most sterol chromatograms
showed the presence of two dominantly sterol factions found nearly in all the studied
organisms. One of the two has a relatively small retention time and identified as z-22-
Dehydrocholesterol, the other has a high retention time and identified as cycloartenol.
5,22,24-cholesta-trien-3B-ol was only found in Oedogonium sp. but Spirogyra plena was
the only investigated alga contained brassicasterol. However, 7-ergost-en-3B-ol and 14a-
methyl-5a-chloesta-7,22-dien-3B-0l were only detected in Vaucheria hamata beside one
unidentified sterol fraction. The rest of sterol individuals were distributed among all the
investigated members as shown in Table (1).

The similarity matrix of the studied plant materials based on the distribution of
their sterol fractions was tabulated in table (2). While the similarity dendrogram was
illustrated in Fig. (1). From the data recorded in table (2) it is obvious that the maximum
degree of similarity (72.7%) was observed between Codium dichotomum and Chara
delicatula, followed by (66.6%) observed bewteen Funaria hygrometrica & Funira
serrata as well as between the genera of Dunaliella & Enteromorpha, Chara & Tortula,
Spirogyra& Codium and also between Caulerpa & Codium. On the other hand,
similarity value was observed between different Chara species and between the two
species of Funaria. Members of Charophyta showed resemblance only to one member out
of three to those of bryophytes, while showed resemblance to four members out of seven
to taxa of green algae.

It was stated by many authors that: the more advanced sterols commonly
distributed in higher plants have a methyl or ethyl group at C-24 on the side chain
(Sikorsha and Farkas, 1982; Brunengo et al., 1987; Akihisa er al., 1987). Most of the
phylogenetic systems considered that the higher plants originated, in their phylogeny,
from ancestors of green algae.
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Fig. 1: Similarity dendrogram of the investigated members
based on their distribution of sterols.

Egypt. J. Phycol. 1, 2000.
-171-



Nagwa G.M. er al.

umouuy) : up) ‘Syvinu on0 ] S|
‘DIuizs vrivuny $] ‘DINyew0i3dy vrvuny g * vwwvy vrayonny 7] ‘voMup)dae2 vivy) [] ‘DpUDIIP vivy) Y] ‘ViDLUOd viDY) 6 ‘sdndoipdy pivy)

Y3 YoIp WinTpo)) */ 4 vdiapv) 9 ‘vuzpd vad3ondg ¢ ds wmuodopa) ‘¢ ‘vovif vioydopvy) ‘¢ ‘sypunysann vydiowosauy 7 ‘vunps viraTEUn( ‘|
LTTI SE61 -] 8un
- | zun
€EEl - | 9un
798 99°'€7 0e'81 - | gun
65HS L1'8T L6LT 1§61 - | pun
443 vT8 61'€ES | 688 IP6Z | 005 | 61'vT [OUBUROPASIAYIIN-HT 91
0S°SE S601 | ZP'IT L6LT | T6'ET 0$'6Z | 086 999 JOULIRO[OAD Sl
9681 5Tl | 0611 86Tl | OL°8T | 6781 [o-g€-ua-£-1seuSns-n-g vl
19V€ v06l | v6ZE L8P fosisous-g [ €1
lo-gg-ue
-8-15e31-0¢-IAYPRN-RYT | 71
9L 11 L€ foueiseutjjodjAylIN-pZ | 11
9Ll 10-g€-ua-150812-£ 0l
Y€l 6761 LLSE 911 0TLL | 9¢°LI ot ns 6
85°7T w81 | el fourisadwe) 13
1o-gg-uaip-zzL
sTb -ISI[OY-DG-AYRN-0-b1 | L
ISL 65¥T [011S[OYRURAYIRIN-H T 9
[o-gg-ua-,
o1t | 61 “1S[OY-0G-APRW-P-p | S
16¢ Joisedisselq 14
0
LOEL -geuan-msoy-477T’s | €
9E b1 8L°81 679 | SE¥L | 61'TL L96 | LST1I 0333531040 4
Y8 | 96 | er1¢ 88€EL | LE 11 811 | 61°C1 | 6TTI 0TI [0J2152[OY20IPAYR(-ZZ-Z I
€L€e | oLe | Leor | LIL 6£91 | 8¢ | o081 | SLOI | 928 - |em
LYLT | 16§ -] zun
€LEl | s6¢C SEVl | €0C | 62 a1 13781 | 85°6F - Tun
St vl €1 Al i1 o1 6 8 L 9 S 14 € T 1 ON
BXE) paresnseau] 03218 yead

a538)uad1ad se passaidxa SuolIBIIUIIUOD 2A1)E[21 113Y) PUE SIIQUAU PI)JESIISIAUL o) SUOWE SUOIIIEI) [013)s JOo UoNQLIISIQ (1) 2[qEL

Egypt. J. Phycol. 1, 2000.

-172-



Sterols and fatty acids composition of charophytes in relation to some other green plants

DN DINLIO ] G | ‘DID4IPS DILOUN.]
F1 ONW0IINY DUDUN Y €] * DIDWDY DLIYIND, | 7] ONUDLDT 04DYD) || DJHIDINAP DY) (] ‘DIOLUOD DvY) 6 ‘sAndodpAly vivyD) g winuwo)oydp

wmpo?) | ‘vsowaovs vdiapoyy 9 ‘vuad vifonds ¢ ds wmuo3opagy + ‘vpvif vioydopo) ¢ syprusana vydiowoidmy 7 vunos vpanvung |
N P = I = | - A } B : N - : - o
98 | - - . - - - - - - - - - - 5 bl
'S | 999 - - - - - - - = - ) - » - 1
00T | 181 181 = = : = 2 2 s 7 2 - - 4l
999 | Lo £ 6l 99l - - - - - - - - & @ & 1l
0oy (Y £ 0t 00t i 3 = . " * B ¥ = = % = ol
8L [ 991 | t'tt '8l tCl S pe - - - - - - - . = 6
00¢ Lt L0t 00 [QVAS 0 0s (g & = - - & - ) = 8
tot 0 0¢ 00 1’81 L0t LT 19y S19 - - - - - - - L
£t 0 0¢ £te (] 1 9y t Yt 1 9r {14 999 - - = - - o 9
18l 00¢ 0°0¢ 18l . L0t s pe Lty L0t 999 991 N - - - s <
-ttt £ L0t 00T .14 t 9t 991 ¢ 8T LOE - L8l L0t N - = & 4
00y £yt ['81 00y tty 009 t 9t tEe £t9 1 81 Spe 00¢ - N = t
£9¢ 991 991 181 L Ov 181 tte 4474 00¢ 008 tet 1 Ob 99t - - 4
£9t | 991 | 991 I'81 | L0t €9t | 00S | LOE [ €€ | ter | 991 | 00S | £9€ | 999 5 l
sHun
%¢< | Yvl %t 1 e Yoll %01 b %8 %L YY) VS %b Yot %1 %l JIWOUONR]
[euonerad()

UOMGLIISIP SOI2S 119Y] 0 DIULPIOIDE UT SIAGUIW PAESNSIAUL Oy Jo Xiew Auejuis ay ] (7) ajqe)

Egypt. J. Phycol. 1, 2000.

-173-



Nagwa G.M. et al.

The results for the distribution of sterol fractions revealed that nearly all of the
methylated sterol fractions at C-24 were recorded in both green algae and stoneworts;,
while at the same time they were rarely found in the bryophytes. These results support the
view that charophytes are more related to chlorophytes.

Similarity matrix and similarity dendrogram based on distribution of the same
criterion indicate that Chara hydropitys and Chara delicatula are most related to Codium
dichotomum (61.5% and 72.7% respectively followed by (60.0%) between Cladophora
Jfracta and Chara delicatula. Concerning the similarity matrix and similarity dendrograms
between members of charophytes and bryophytes. the maximum values of similarity
(66.6% and 50%) were recorded between each of Chara zeylanica and Chara hydropitys
and Tortula muralis (Table 2).

From a comparative point of view, and based on sterols composition, B-sitosterol
(Stigmast-5-en-3p-0l; (24R)-24-ethylcholest-5-en-3f3-0l) represents the most widely
distributed sterol in higher plant (Sikorsha and Farkas, 1982; Brunengo ef a/., 1987 and
Akihisa et al., 1987). Chlorophyta (Mohammady, 1993) and some members of Bryophyta
(Marsili and Morelli, 1970). In our results this sterol was extracted from Dunaliella
salina, two members of Charales and Tortula muralis and not extracted from other
chlorophytan members. The results of the present work revealed that the studied taxa
belonging to Charales have different advanced sterol fractions and accordingly reinforced
the idea that Charales must be placed at the top of orders of green algae. Stigmast-7-enol
(5a-stigmast-7-en-3p-ol) which was detected in 4cacia sp. by Abd El-Salam (1997) and
in both algae and insects (Thompson et al., 1980) was observed in this work in Codium
dichotomum, Caulerpa racemosa, Chara hydropitys, Chara delicatula, Chara zeylanice
and Tortula muralis. Also a saturated nucleus fraction (A°) campestanol (24R) 24-methyl-
5 a-Cholestan-3B-ol); which is an advanced stanol: in our results it was found in both
Chara hydropitys and Chara contraria. Taking into consideration the variations in sterols
distribution, it was found that similarity matrix and similarity dendrogram as well as the
stereogram agree with those of protein and isozymes (previously analysed by Abd El-
Salam, 1997) that members of Charales are more related to members of Siphonales. The
highest similarity value was (72.7%) this valuc can be observed between Codium
dichotomum and Chara delicatula. The similarity value between spirogyra plena
(Conjugales) and members of Charales is (54.5%) much lower than that between
Siphonales and Charales (72.7%). At the same time, the taxonomic stereogram
concerning sterols distribution revealed the same conclusion. Two members out of four of
charophytes showed resemblance to Siphonales (50% resemblance), while only member
out of four showed resemblance to Conjugales (25% resemblance). At the same time,
these results are against those of Stewart and Mattox (1975) they considered that
Cytologically Conjugales are more related to Charales than Siphonales. This forced them
to consider Conjugales more advanced than Siphonales.

The obtained GLC data concerning fatty acids distribution (Table 3) gave fatty
acid fractions with varied carbon chain lengths ranged from C 8.0 to C 24:0 with
differences in the degree of saturation. Eleven saturated fatty acids and seven unsaturated
ones were detected. The distribution of fatty acid fractions and their relative concentration
differed according to the studied genera. C 10:0 demonstrates the mostly wide distributed
fraction between the OUT’S, while C 20:1 shows a minimum representation of these
fractions. However, the green algae contained nearly most of these fatty acids (77.7%)
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followed by charophytes (61.1%) then bryophytes (50.0%), the distribution, however
shows more variation between the bryophytan taxa.

The similarity matrix of the studied plant materials based on their fatty acids
distribution was tabulated in Table (4). While the similarity dendrogram and taxonomic
stereogram of these plant materials were shown in Figures (2 & 3). The data reflected
considerable relation between the investigated members. The highest similarity value
(92.8%) was found between Oedogonium sp. and Spirogyra plena. Other high similarity
values were also recorded between Dunaliella salina and Chara delicatula (88.8%),
Enteromorpha intestinalis and both Oedogonlum sp. and Spirogyra plena (86.6%), and

I-o_l5|l02ll7l3.6l53l|0l2

s
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Fig. 2: Similarity dendrogram of the investigated members based on their distribution of fatty
acids. '

ALY /h“.c\
A\ ARSI
RBMLLSE SN
SRS ’0‘“ \“‘-

Fig. 3: Taxonomic stereogram showing similarity bonds (concerning sterols and fatty acids) between the
investigated members. Similarities above 50% were considered.

1. Dunaliella salina 6. Caulerpa racemosa 11. Chara zeylanica

2. Enteromorpha intestinalis 7. Codium dichotomum 12. Vaucheria hamata

3. Cladophora fracta 8. Chara hydropitys 13. Funaria hygrometrica
4. Oedogonium sp. 9. Chara contraria 14. Funaria serrata

5. Spirogyra plena 10. Chara delicatula 15. Tortula muralis
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also between Dunaliella salina and Enteromorpha intestinalis (86.6%), Oedogonium sp.
and Funaria hygrometrica (84.6%), Oedogonium sp. and Codium dichotomum (83.3%).
Spirogyra plena and Codium dichotomum (83.3%), as well as Chara delicatula and Chara
zeylanica (83.3%), Codium dichotomum and Funaria hygrometrica (81.8%), and between
Spirogyra plena and both species Chara delicatula and Funaria hygrometrica (81.4%).
On the other hand, the lowest similarity value (35.2%) was recorded between Chara
zeylanica and Vaucheria hamata followed by (38%) which was recorded between
Oedogonium sp. and Vaucheria hamata. Generally, it is clear that most of the investigated
members are tied together with a degree of similarity above 50%.

Although the stereogram concerning fatty acids distribution (Fig. 3) showed that
members of both Chlorophyta and Bryophyta are equally tied to Charophyta (100%
resemblance), yet the similarity values were different. The highest similarity value
between members of charophytes and members of chlorophytes was (88.8%) while the
highest similarity matrix between members of charophytes and those of bryophytes was
(80.0%). At the same time, the individual dendrogram reveals also the same conclusion.
It was found by Aknin et al. (1992) that C 16:1 fatty acid originates in chloroplasts and it
is widely distributed in leaves of higher plants. Since the algal ancestors of the land flora
was a filamentous terrestrial green alga like Fritschiella (McBride, 1970 and Floyd ef al.,
1971) or Terntepolly (Graham and McBride, 1974), therefore the predominance of this
unsaturated fatty acid (C 16:1) in the green algae and stoneworts in the present work and
its absence from bryophytes may indicate that the first two plant groups are related to each
other than the third one. It was believed that bryophytes have an evolutionary pattern of
their own for fatty acid biosynthesis and cannot be described as an intermediate stage
between lower and higher plants (Sewion, 1992). This idea was supported also by many
authors (Stewart and Mattox, 1975) they concluded that Charales and Coleochaetales
(order of green algae) are most related to each other cytologically. They also added that
Charales and Coleochaetales are the most highly advanced algae cytologically similar to
Archegoniatae plants. From the similarity matrix based on fatty acids distribution, there is
a very close correspondence between all the studied members belonging to Charales or
belonging to the other orders of green algae. Accordingly, it seems difficult to determine
the relation of these orders to each other. However, from the data based on fatty acids
distribution it is obvious that Oedogoniales and Conjugales have the highest similarity
value (92.8%), a result which confedrate with the opinion that these two orders are
generally agreed to have been derived long ago from common ancestors (Pickett-Heaps.
1975). The average similarity matrix and average dendrogram as well as the average
taxonomic stereogram concerning fatty acids and sterols are on the same line with the
results obtained previously by Abd El-Salam (1997) for protein and some isozymes that
members of Chara are more related to members of Siphonales rather than to conjugales.
The highest average similarity value could be recorded between Codium dichotomum and
Chara delicatula (78.2%).

The above data concerning the sterols and fatty acids composition revealed that
members of Chara are merely green algae. The results stand strongly against the idea that
members of Chara must be elevated to the rank of class or phyta. There is a clear relation
between members of Chara and chlorophytes rather than between members of Chara and
bryophytes. Members of Chara must be placed as a separate order “Charales” at the top
of the orders within Cholorophyta. The sequence of the top three orders in Cholorophyta
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must be arranged as Conjuéales: Siphonales and Charales. However, Vaucheria was
found to be distant from Chlorophyta.
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