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Var ious spe cies and cultivars of Ericaceae fam ily were checked for the pres ence of
long-chain polyprenols in their leaves. In the ge nus Rhododendron no polyprenols
were found in the ever-green spe cies, while they were pres ent in the de cid u ous type.
The polyprenols were of chain-length of 14-20 isoprene res i dues and they oc curred
in the form of acetic acid esters. The polyprenol accumulationis dis cussed with re-

spect to se nes cence of leaves.

The presence of long-chain polyprenols
(Fig. 1) in leaves was doc u mented in the num
ber of botanical systematic groups and was
suggested to be a chemotaxonomic criterion
(Swiezewska et al., 1994) —a spe cies (ge nus or
even family — e.g. Pinaceae) specific feature,
I.e. the same polyprenol pattern is observed
independently of the geographical origin of
the plant (Ibata et al., 1984; Swiezewska &
Chojnacki, 1988). This phe nom e nonwas con
firmed for over 2000 plant speciesstudiedin
our laboratory (Swiezewska et al., 1994).

It has been observed that the content of
polyprenols in leaves in creases with the age of
the leaf and that in some species the
age-dependent accumulation of polyprenols
may at tain ex tremely high val ues (Wellburn &
Hemming, 1966; Swiezewskaet al., 1994). The
search for polyprenols in the members of the
family Ericaceae, reported in the present pa-
per, is a part of our program of research
aimed at finding the general rules governing
the accumulation of polyprenols.

®Ihe B.R.A.Bihar Univer sity, Muzaffarpur, Indiaisac knowl edged for granting a study leave toR. Ranjan.
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Inour pre vious stud ies the fam ily Ericaceae
has never been studied thoroughly. There
were single observations on the presence of
long-chain polyprenols composed of 16-19
isoprene res i dues in leaves of Vaccinium vitis
idaea (Swiezewskaetal ., 1994) and on the lack

Plant polyprenols
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Fig ure 1. Struc ture of polyprenols

of polyprenols in leaves of some Rhododen
dron spe cies. Our aim to study plant spe cies of
the Ericaceae family in asys tem atic way came
from the observation that one Rhododendron
spe cies which oc curs in awild state in Po land
and was listed in the group of rare and en dan
gered Polish plants Rh. luteum) was poly-
prenol posi tive (Golaset al., 2001). The ge nus
Rhododendron was found to be attractive for
our studies on the occurrence of polyprenols
as it is a phylogenetically old group. Some of
the species were present in their contempo-
rary form even before 50 million years. The
group of rhododendrons is very numerousas
it contains over 850 species. They occur
mainly in the northernhemisphere. Thevart
ety of species offers a great range of forms
from tiny pros trate alpines to a tree with enor-
mous leaves.

The present studies could have been made
ow ing to the ac cess to the col lec tion of the Bo
tanical Gar den of the Pol ish Acad emy of Sck
ences in Powsin. The rhododendrons present
there have been col lected since 1978 and they
include over 300 taxa. All together 440 taxa
from the Heath fam ily (Marczewski, 1995) are
cul ti vated. Most of the col lected taxa were ob
tained fromother botanical gar dens as seeds.

The great number of species within the ge-
nus Rhododendron enabled us to select the
most characteristic morphological forms of
plants, especially the largest group of ever
green plantswith theirseveralvarieties,anda
representative group of deciduous plant spe-
cies.

In other group of the species studied be-
longing to Ericaceae, was confined to vari-
ous azaleas and other species, some of
which are alsocom mon in Po land. The to tal
num ber of Ericaceae isestimatedbyvarious
authors to contain 130 genera and about
2700 species.

MATERIALS AND METHODS

The specimens of leaves of all studied spe-
cieswere col lected inthe Ar bo re tum of the Bo
tanical Garden of the Polish Academy of Sci-
ences in Powsin near Warsaw. Samples of
leaves were col lected in the first de cade of Oc
tober 1999 and kept in paper envelopes for
about 3 weeks before examination. During
that time they became dry.

All chemicals, organic solvents of analytical
grade (POCh Gliwice, Poland) and materials for
thin-layer chromatography (Merck, Darmstadt,
Germany) were the same as previously de-
scribed (Swiezewska & Chojnacki, 1996).

Ex trac tion of lipids of leaves was done as de
scribed previously (Swiezewska & Chojnacki,
1996) with some modifications, namely 100
mg samples of plant material were homoge-
nized in 4 ml of acetone/hexane, 1:1 (v/v).
TLC chromatography and semiquantitative
assay of the polyprenol content was done as
described before (Swiezewska & Chojnacki,
1996; Wellburn & Hemming, 1966). The stan-
dards of polyprenols and polyprenyl acetates
were from the “Col lec tion of Polyprenols”, In
stituteofBiochemistryandBiophysics, Polish
Academy of Sciences, Warsaw.

Alkalinehydrolysisoflipidfractionwas per
formed according to Stone et al. (1967) and
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the fraction of free polyprenols was isolated
by chromatography of unsaponifiable lipids
on Silica Gel columnwithincreasingcon cen
tra tions of ethyl ether in hex ane. A 0.8 X 6.0
cm column was used to fractionate the
unsaponifiable lipids from up to 5 g of dry
leaves. The total volume of 150 ml of the
eluent (7.5 ml portions of hexane containing
1,2,3 etc. up to 20% of ethyl ether) was used
for elution. The fraction of free polyprenols
was eluted with 8—10% ethyl ether.

The fraction of polyprenols was studied by
HPLC on reversed phase RP-18 column in a
solvent system as described previously
(Swiezewska & Chojnacki, 1996) using a Wa-
ters dual pump apparatus and a UV detector
set at 210 nm. Standard mixture of poly-
hprenols of var i ous chain length (prenologues
composed of 9,10,... etc. up to 25 isoprene
units) was used to cal i brate the HPLC col umn
between each 2—3 analyses. The polyprenol
frac tion was also ex am ined bylH-NMR spec-
trometry in deuterochloroform in a Varian
500 MHz apparatus using tetramethylsilane
as internal standard.

RESULTS AND DISCUSSION

Thirty seven rhododendron species were
stud ied for the con tent of polyprenols. No de
tect able amounts of polyprenols or polyprenyl
esterswere found in any of the fol low ing nine
teen evergreen rhododendron species:
Rh. auriculatum Hemsl., Rh. brachycarpum
D.Don, Rh. brachycarpum subsp. tigerstedti
Nitz., Rh. campanulatum D.Don, Rh. caro-
linlanum Rehder, Rh. catawbiense F.Michx.,
Rh. dauricum L., Rh. degronianum subsp.
heptam. (Maxim) Sealy, Rh. fastigiatum
Franch., Rh. ferrugineum L., Rh. impeditum
Balf.f. & W.W.Sm., Rh. macrophyllum D.Don,
Rh.maximum L., Rh. micranthum Turcz., Rh.
oreodoxa Franch., Rh. orbiculare DC, Rh.
oreotrephes W.W.Sm., Rh. purdomii Rehd. &
Wils., Rh. smirnowii Trautv., Rh. yakushit
manum Nakai. The sensitivity of the applied

semiquantitative assay enables us to state
that if any amount of polyprenol or polyprenyl
ester was present in the leaves, its amount
was be low the limit of de tec tion i.e. less than
0.02% of the dry mass of leaves.

Thelistof namesofvariouslocalvarietiesof
evergreen type rhododendrons that were
found to be polyprenol negative is as follows:
‘Alfred’, ‘America’, ‘Arno’, ‘Boursalt’,
‘Burgemeester Aarts’, ‘Caractacus’, ‘Cataw-
biense Boursault’, ‘Catharina van Tol’,
‘Cunningham’s White’, ‘Dora Webbach’, ‘Dr
H.C. Dresselhuys’, ‘Duke of York’, ‘Dyr.
Frankowski’, ‘Edward S.Rand’, ‘Effner’,
‘Everstianum’, ‘Godman’, ‘Fastuosum Ple-
num’, ‘Lee’s Dark Purple’, ‘Motyl’, ‘Parsons
Gloriosum’, ‘Rose Marie’, ‘Silva Taruoca’,
‘Van der Hoop’, ‘Van Weerden Poelman’.

In Table 1 the results for fifteen rhododen-
drons of deciduous type (1-15) and three of
semideciduous type (16—18) were shown. In
this group of rhododendrons all 18 species
were found to con tain de tect able though vart
able amounts of polyprenols (in the form of ac
e tates) from 0.2% to 1.0% dry mass of leaves.

The iden tity of these sub stances was proved
by cochromatography with known amounts of
polyprenyl acetates isolated from leaves of
Ginkgo biloba (Ibata et al., 1983).

Among 27 plant species of Ericaceae repre-
senting 16 gen erathat were examined for the
presence of polyprenols only 5 have been
found to be polyprenol positive and the con-
tent of polyprenols (in the form of acetates)
was in the range be tween 0.2% and 1.0% of dry
mass of leaves. The polyprenol content was
not detectable in Andromeda glaucophylla
Link, A. polifolia L., Arctostaphyllos uva-ursi
(L.) Spreng., Bruckenthalia spiculifolia
(Salisb.) Reichenb., Chamaedaphne calyculata
(L.) Moench., Enkianthus campanulatus (Miq.)
Nichols., Gaultheria cuneata (Rehder et Wil-
son) Bean, G. itoana Hyata, G. miqueliana
Takeda, G. procubens L., G. shallon Pursh.,
Gaylussacia baccata (Wangenh.) K.Koch, Kal-
mia angustifolia L., K. latifolia L., Ledum
palustre L., Leucothoe walteri (Willd.) Melvin,
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Table 1.Polyprenolsin leaves of rho do dendrons
of de cid u ous (1-15) and semideciduous (16—18)

type

Content of
Name of spe cies polyprenols
(% dry mass)
1. Rh. albrechtii Maxim 0.05-0.2
2. Rh. arborescens (Pursh) Torr 0.05-0.2
3. Rh. atlanticum Rehder 0.20-1.0
4. Rh. calendulaceum Torr 0.20-1.0
5. Rh. camtschaticum Pall 0.05-0.2
6. Rh. canadense Torr 0.20-1.0
7. Rh. gandavense Rheder 0.20-1.0
8. Rh. japonicum (Gray) Suring 0.20-1.0
9. Rh. luteum Sweet 0.05-0.2
10. Rh. prinophyllum (Small) Millais  0.20-1.0
11. Rh. reticulatum D.Don 0.05-0.2
12. Rh. schlippenbachii Maxim. 0.05-0.2
13. Rh. semiobarbatum Maxim. 0.05-0.2
14. Rh. vaseyi Gray 0.20-1.0
15. Rh. viscosum Torr. 0.20-1.0
16. Rh. kaempheri Planch. 0.05-0.2
17. Rh. obtusum Planch. 0.05-0.2
18. Rh. poukhanense Level. 0.05-0.2

Lyonia ligustriana (L.) DC, Pieris floribunda
(Pursh) Benth.et Hook.f.,P.japonica (Thunb.)
D.Don, P. polita W.W.Sm. et J.F.Jeffrey, P.
taiwaniensis Hayata.

The size of the polyprenol molecules in the
few polyprenol-positive non-rhododendron
Ericaceae was simi lar to that in the rho do den
drons of decid u ous type. In each spe cies the
polyprenol family was composed of several
prenologues ranging from 14 to 20 isoprene
residues. The typical representative poly-
prenol pattern of various plant species stud-
ied in this pa per is shown in Fig. 2. The dom i-
nat ing polyprenol was built up from ei ther 17,
18 or 19 isoprene units.

InFig. 3 the'H-NMR spec trum of polyprenol
mixtures isolated from Rhododendron visco-
sum (listed in Ta ble 1; No.15) is shown. In the
recordthe peaksofthecharacteristicprotons

of polyprenol moleculearevisible. Theassign
ments of in di vid ual peaks are shown in the ac
companyinglegend. The majority of isoprene
units are in cis configuration, which is the
characteristic feature of the OH-terminal
isoprene residue. There seems to be no
dolichol component (with the saturated
OH-terminal res i due) as ev i dent from the ab
sence of the characteristic multiplet at 3.6
ppm. The exact proportion between the cis-
and trans-isoprene units in the molecule can-
not easily be given as the spectra represent
mixtures of molecules of various size. The
same type of spectrum, presenting a typical
isoprenoid pattern was also obtained for the
mixture of polyprenols prepared from an-
other plant Oxydendrum arboreum, (not
shown).

18

19
17

M~ .

10 20 min

Figure 2. HPLC re cord of the polyprenolsiso lated
from Oxydendrum arboreum (L.) DC.

The numbers over the peaks mark the position of a
given prenologue (17, prenol-17; 18, prenol-18; 19,
prenol-19). For other details see Materials and
Methods.

The,,polyprenol pattern“wascharacteristic
in all so far studied species of Magnoliaceae,
Moraceae, etc. (Swiezewska et al., 1994). The
main polyprenols in their leaves were
prenol-10 and-11. In sev eral other plant fam i-
lies we could observe the domination of
prenol-19, -20 e.g. in Rosaceae. In the present
pa per plants of fam ily Ericaceae have been ex
amined for the presence of long chain
polyprenols. The former trials have demon-
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strated that some Ericaceae contained poly-
prenols of the chain length of 16—19 isoprene
units (e.g. Vaccinium vitis idaea) but in the ev-
ergreen rhododendrons the presence of
polyprenols has never been detected. The de-
ciduous type of rhododendrons as well as
other members of Ericaceae were found to
contain polyprenols of similar chain length (in
the form of acetates).

R JLJM

T 1
1.0 PPM

T T !
5.0 3.0
Figure 3. 'H.NMR spec trum of polyprenols ofRho-
dodendronviscosum.

As sign ment of H-NMR sig nals

ppm Hydrogenatoms (inital ics)
1.60 -CHj trans, -C Hy trans (omega)
1.68 -CH3 cis, -CH3 cis (omega)

1.74 -CH3 cis (al pha)

4.10 =CH-CH, -OH

5.12 =CH-

5.45 =CH-CH,-OH

The chro mato graphic and NMR spec tro met
ric characteristics of the polyprenols in
polyprenols positive family of Ericaceae
strongly indicate that they are of the same
structure as those described for other plant
families. It was though not possible to deter-
mine whether the polyprenols were of di-trans
or tri-trans type. The highest amount of
polyprenols reach ing the val ues of about 1% in
studied plant species was of the same order
ob served in sev eral plant spe cies (Swiezewska
et al., 1994). The “polyprenol pat terns* of the
studied Ericaceae were found to be similar to

those of Pinaceae family (Ibata et al., 1984;
Swiezewska & Chojnacki, 1988) and of Ginkgo
biloba (Ibata et al., 1983). The similarity of
“polyprenol spec tra* in very dis tant groups of
plants has been ob served ear lier in the case of
species belonging to Cycadopisida and Rosa-
ceae (Chojnacki et al., 1987). One can specu-
late that this similarity may be the re flection
of com mon func tion of these sub stances in the
above mentioned distant groups of plants.
Since a long time it has been known that in
deciduous plants de-greening of chloroplasts
occurs during autumn and finally leads to
death of leaves. Anumber of physiological fac
tors are in volved in this pro cess. In our de cid
uous rhododendrons accumulation of poly-
prenols was observed dur ing au tumn. Thisis
inagree mentwiththeobservedaccumulation

Table 2. Polyprenols in leaves of var i ous
Ericaeae

. Contentof
Name of spe cies polyprenols
(% dry mass)
Lyonia mariana (L.) D.Don 0.4-1.0
Menziesia pilosa (Michx.) Juss. 0.2-1.0
Oxydendrum arboreum (L.) DC 0.4-1.0
Vaccinium vitis idaea L. 0.2-1.0
Zenobia pulverulenta (W.Bartam 0.2-1.0

ex Wild.) Pol lard

of polyprenols in de-greening leaves of var i ous
representatives of Rosaceae, Magnoliaceae
and Anacardiaceae (not shown). The accumu-
lation of polyprenols in the material studied
may be due to the enhancement of a bio-
synthetic process, as it is the case of forma-
tion of secondary metabolites. The phenome-
non of accumulation of polyprenols in some
plants (and dolichols in aging animal cells
(Chojnacki & Dallner, 1988) deserves further
investigation.
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