
ABSTRACT: Polyisoprenoid alcohols of the plant Coluria
geoides were isolated and analyzed by HPLC with UV detection
to determine the nature of the polyprenol and dolichol mixture in
the organs studied. In roots, a family of dolichols (Dol-15 to Dol-
23, with Dol-16 dominating, where Dol-n is dolichol composed
of n isoprene units) was accompanied by traces of polyprenols of
similar chain lengths, whereas in hairy roots grown in vitro, iden-
tical patterns with a slightly broader chain-length range were
found. Conversely, in leaves and seeds polyprenols were the
dominant form, and their pattern was shifted toward longer
chains (maximal content of Pren-19, where Pren-n is polyprenol
composed of n isoprene units). Interestingly, the pattern of
dolichols in seeds and leaves (in which Dol-17 dominated) was
similar to that found in roots. 

Structures of the dolichols and polyprenols isolated were con-
firmed by the application of a new HPLC/electrospray ionization-
MS method, which also offers a much higher sensitivity in detec-
tion of these compounds compared to a UV detector. The highest
sensitivity was obtained when the [M + Na]+ ions of polyprenols
and dolichols were recorded in the selected ion monitoring mode
and a small amount of sodium acetate solution was added post-
column to enhance the formation of these ions in an electrospray
ion source.
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Isoprenoids are among the most numerous and diverse groups
of natural products, covering approximately 30,000 com-
pounds identified thus far (1). Among these are linear five-car-
bon-unit polymers named polyisoprenoid alcohols that occur
in almost all living cells. Two main types of hydrocarbon back-
bones comprise this group: the α-unsaturated polyprenol and
the α-saturated dolichol structures (Scheme 1, where n indi-
cates the number of internal isoprene units and α and ω stand
for terminal isoprene units). Both polyprenols and dolichols are
found in cells in the form of free alcohols and esters with car-
boxylic acids (2). A fraction of polyisoprenoid phosphates also

has been detected, and this form is sometimes predominant in
dividing cells and Saccharomyces cerevisiae (3,4). The biolog-
ical role of phosphorylated polyisoprenoid alcohols as cofac-
tors in the biosynthesis of glycoproteins and glycosyl PI (GPI)
anchor or bacterial peptidoglycans (5,6) is well characterized
(dolichols for Eukaryota and polyprenols for Prokaryota). They
are also postulated to serve as donors of isoprenoid groups dur-
ing protein prenylation in rat liver (7,8) and spinach leaves (9).
In contrast, the role of free polyisoprenoid alcohols and car-
boxylic esters is uncertain. On one hand, biophysical studies
have shown that isoprenoids increase the permeability and flu-
idity of model membranes and also enhance membrane fusion
(10). On the other hand, there is evidence that these compounds
are involved in the transport of endoplasmic reticulum (ER)
and vacuolar proteins. The yeast rer2 mutant [RER2 encodes
cis-prenyltransferase, the enzyme responsible for biosynthesis
of polyprenyl diphosphate (11)] exhibits disrupted protein
transport, resulting in the mislocalization of various ER pro-
teins and abnormalities in the structure of the entire central vac-
uolar system. The results of recent molecular studies have per-
mitted the identification of the cis-prenyltransferase encoding
genes in bacteria [Escherichia coli (12), Micrococcus luteus
(13)], the yeast S. cerevisiae (11), and the plant Arabidopsis
thaliana (14). An additional homologous gene, SRT1, also has
been cloned from S. cerevisiae, and the enzymatic activity of
SRT1p resulted in the production of dolichols longer than are
typical for yeast (15,16). The biochemical and molecular data
on cis-prenyltransferases have recently been summarized in
two comprehensive reviews (17,18). 

The end product of cis-prenyltransferase, polyprenyl
diphosphate, requires saturation of the α-isoprene residue on
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its biosynthetic route toward dolichol. The mechanism of this
last chain of events in dolichol biosynthesis has not yet been
described in detail. Some experiments performed using rat liver
suggest that dephosphorylation of polyprenyl diphosphate is
followed by saturation (19), although another study postulated
a concomitant synthesis and saturation proceeding via conden-
sation with isopentenol (20). 

For many years it was generally accepted that α-unsaturated
polyprenols are present in bacteria, plant photosynthetic tis-
sues, and wood, whereas dolichols occur in mammalian tissues
and yeast cells (2). Only traces of polyprenols accompanying
dolichols were detected in pig liver (21). A more detailed ex-
amination, together with progress in the development of a new
chromatographic 2-D TLC technique (22), showed that this
simplified polyprenol vs. dolichol dichotomy is, in fact, far
more complicated. Dolichols were found as the predominant
form in shoots (23) and seeds (24) of dicotyledonous plants.
Small amounts of dolichols were also observed in young roots
of Hevea brasiliensis. (25). As expected, polyprenols were the
dominant form in old leaves, but the ratio of polyprenols to
dolichols was species specific (from 2:1 in H. brasiliensis to
8000:1 in Ginkgo biloba). Detectable amounts of dolichols also
occurred in the leaves of angiosperm plants (Ref. 26; Bajda,
A., personal communication), and there were equal amounts of
polyprenols and dolichols in the case of Capparis coriaceae. 

Mechanisms of the parallel biosynthesis of polyprenols and
dolichols within the same cell have not been studied in detail.
The dolichol biosynthesis pathway mentioned above might
suggest polyprenols as the precursors of dolichols. However,
the existence of two independent cis-prenyltransferases respon-
sible for the biosynthesis of polyprenols and dolichols in
spinach leaves has been postulated (27). 

Both polyprenols and dolichols usually occur as a “family”
of prenologs. Dolichol families consist of six to eight members,
irrespective of the organism with Dol-16 in yeast cells, Dol-18
in rat, and Dol-19 in humans (where Dol-n is dolichol com-
posed of n isoprene units) dominating the respective mixtures
(28). In some cases, a second family of longer dolichols (with
Dol-21 being the most abundant) has been observed in yeast,
which could be due to the physiological stimulation of expres-
sion of the SRT1 gene (29). In contrast to dolichols, the diver-
sity of polyprenols is much broader, ranging from Prenol-6 to
Prenol-130 (where Prenol-n is polyprenol, composed of n iso-
prene units; see the review in Ref. 30 and Chojnacki, T., un-
published report). The polyprenol spectrum is considered to be
a species-specific feature. Multifamily mixtures of polyprenols
have been isolated from old leaves and needles of several gym-
nosperm and angiosperm plants (31,32). Differences in the
polyprenol pattern of flower buds (in which Pren-11 domi-
nates) and leaves (in which Pren-17 dominates) of Magnoli-
aceae were also observed (Ranjan, R., and Chojnacki, T., per-
sonal communication).

The content of all isoprenoid alcohols increases during the
life of the organism, sometimes achieving a 100-fold increase
over the neonatal level in the mammalian brain, the highest
concentration being found in the endocrine tissues (10). Exten-

sive studies of the polyprenol content in the photosynthetic tis-
sues of plants have shown not only a 10- to 20-fold increase in
senescing leaves (33) but also seasonal variations in the case of
evergreen plants (34). 

Experiments on the occurrence of secondary metabolites in
cultured plant tissues confirmed that they could be used as
models for biochemical studies. Among others, hairy roots
were found to be an abundant source of many classes of sec-
ondary metabolites (35). 

Coluria geoides (Rosaceae) is a perennial plant native to
South Siberia and Mongolia (36). Fresh roots of C. geoides are
considered a cinnamon substitute; they contain eugenol, which
is used in perfumery and as a dental analgesic and which com-
prises 96% of the oil obtained from this tissue. Thus, an in vitro
root culture of C. geoides has been established (37), and a de-
tailed characterization of the lipid components is required. Tis-
sues of plants belonging to Rosaceae are also known to accu-
mulate high amounts of polyisoprenoid alcohols (30). Indeed,
initial experiments performed using cultures of hairy roots
from C. geoides indicated the presence of polyisoprenoid alco-
hols in this tissue, although data concerning the structure of
these compounds were not presented (38). 

The aim of this study was to complete a detailed structural
characterization of the isoprenoid alcohols formed in a C.
geoides root culture. This was achieved using a new HPLC/
electrospray ionization (ESI)-MS method. 

MATERIALS AND METHODS

Plant material. Seeds, leaves, and roots of C. geoides Ledeb.
(Rosaceae) were collected from plants grown in the open air in
the garden of the Research Institute of Medicinal Plants  (Poz-
nan, Poland). 

In vitro cultures. To obtain hairy roots of C. geoides, shoots
were inoculated with a fresh culture of Agrobacterium rhizo-
genes strain LBA 9402 (37). Roots were incubated in liquid
medium (100 mL of modified B-5, where 0.75% glucose was
the sole carbon source) (39) for 21 d in darkness at 22°C on a
rotary shaker at 105 rpm.

Isolation of polyisoprenoids. Plant material (seeds, leaves,
roots, and hairy roots) of C. geoides were dried at room tem-
perature and then extracted with acetone/hexane (1:1, vol/vol)
in a Soxhlet apparatus for 48 h. Alkaline hydrolysis of the lipid
fraction was performed as described previously (38). Lipids
were collected, evaporated, dissolved in hexane, and purified
on a silica gel 60 column eluted with hexane containing an in-
creasing concentration of diethyl ether (0–50%). Detectable
amounts of polyisoprenoid (according to TLC) were pooled
and analyzed by HPLC (40), with modifications.

HPLC-UV analysis of polyisoprenoids. A mixture of puri-
fied polyisoprenoids was analyzed on a 4.6 × 60 mm Hypersil
ODS (3 µm) reversed-phase column (Knauer, Germany) using
a Waters dual-pump apparatus, a Waters gradient programmer,
and a UV detector set at 210 nm. For elution, a combination of
convex (Waters no. 5, from 0 to 75% B for the initial 20 min;
where solvent A was methanol/water, 9:1, vol/vol, and solvent
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B was methanol/propan-2-ol/hexane, 2:1:1, by vol) and linear
(from 75 to 100% B during the following 10 min) gradients
was used; in the last 5 min, re-equilibration back to 0% B was
performed. The solvent flow rate was 1.5 mL/min. Pren-16
from Sorbus suecicca and Dol-16 from pig liver, together with
corresponding natural mixtures of polyprenols and dolichols,
were used as qualitative standards. A Dol-23 solution was used
as the external standard for quantification of polyisoprenoid al-
cohols. All standards were from the Collection of Polyprenols
(Institute of Biochemistry and Biophysics, Polish Academy of
Sciences, Warsaw).

HPLC-MS analysis of polyisoprenoids. HPLC-MS experi-
ments were carried out using an HP 1100 series HPLC system
(Agilent Technologies) coupled to an API 365 triple quadru-
pole mass spectrometer (Applied Biosystems). 

All experiments were performed using a 2 × 200 mm HPLC
column filled with Nucleosil 100-C18 (5 µm). Gradient elution
was used in the separation experiments. Solvent A was a
methanol/propan-2-ol/water mixture (12:8:1, by vol) and sol-
vent B was a hexane/propan-2-ol mixture (7:3, vol/vol). The
linear gradient started from 100% of solvent A and changed to
70% of solvent B in 30 or 40 min depending on the experiment.
The flow rate was 0.2 mL/min. The UV detector was set at 210
nm.

Isocratic conditions were used to create a calibration curve.
The solvent consisted of a mixture of solvent A/solvent B (6:4,
vol/vol). Sodium acetate dissolved in solvent B was introduced
postcolumn by a syringe pump (flow rate, 5 µL/min) through a
T-union into the LC flow before entering the mass spectrome-
ter. The final concentration of sodium acetate in the sample was
10 µg/mL.

Mass spectra were acquired using a standard TurboIon
Spray ion source. Nitrogen was used as the nebulizing and cur-
tain gas. ESI was carried out in a positive ion mode. Spray tip
voltage was kept at 4500 V. The declustering potential was set
to 85 V and the focusing potential to 380 V. These parameters
were optimized for the highest intensity of the peak of the [M
+ Na]+ ion of Dol-16. The data acquired were processed using
an Analyst v. 1.1 software package (Applied Biosystems, Fos-
ter City, CA). Standard smoothing procedures were applied to
the data in all the chromatograms presented.

RESULTS AND DISCUSSION

Chromatographic identification of polyisoprenoid alcohols in
C. geoides tissues. It was previously shown (38) that hairy roots
of C. geoides contain a family of polyisoprenoid alcohols.
More detailed studies including careful chromatographical sep-
aration of these products revealed that the roots of C. geoides
accumulated a mixture of both saturated and unsaturated alco-
hols, with dolichols (α-saturated) as the predominant com-
pounds (Scheme 1). The chain lengths of dolichols covered the
range from Dol-13 to Dol-29, with Dol-16 being the dominant
form. The dolichol family was accompanied by a family of
polyprenols with the identical chain-length spectrum (Fig. 1A;
Table 1).

The occurrence of dolichols and polyprenols in hairy roots
of C. geoides cultured in vitro raised the question of the con-
tent of these compounds in the roots and other organs of plants
grown in the soil. As might be expected, the regular roots con-
tained similar mixtures of dolichols and polyprenols, although
both families were more narrow (Fig. 1B). Dol-15  to Dol-22
were easily detectable, together with a family of polyprenols
with corresponding chain lengths (Table 1). 

Examination of the leaves and seeds showed that polyiso-
prenoid alcohols were also present in these tissues, although
notable differences were observed: polyprenols were the pre-
dominant alcohols, and the spectrum was shifted toward longer
prenologs, i.e., from Pren-16 to Pren-29, with Pren-19 domi-
nating. Traces of dolichols were also observed, yet the pattern
was slightly different. Dol-17 was the predominant component
of the dolichol family in leaves and seeds (Figs. 1C and 1D;
Table 1). This result concerning the proportion of prenol/
dolichol in seeds questions the conclusion of Ravi et al. (24)
that dicotyledonous plants contain exclusively dolichols in the
seeds. Total polyisoprenoid content was highest in leaves,
reaching approximately 57 µg/g of dry weight (Table 2). The
level in other organs was lower, from approximately 4.5 to 16.2
µg/g of dry weight, which is comparable to the values reported
previously for plant tissues (41). In roots the total amount of
dolichols exceeded that of prenols by 4.5- to 5.5-fold, which is
in contrast to seeds and leaves, where the prenol-to-dolichol ra-
tios were 3.4:1 and 3.8:1, respectively (Table 2). One should
keep in mind that these numbers were obtained by extrapola-
tion from the HPLC-UV integration data. A more accurate es-
timation requires a more precise separation of these alcohols
than can be achieved with the reversed-phase chromatographi-
cal system. 

Significance of the different polyisoprenoid patterns in plant
organs. The similarity in the dolichol pattern observed in all C.
geoides tissues could indicate that the biosynthesis of dolichols
is more strictly regulated than that of polyprenols in plants. As
mentioned above, these data are in agreement with the litera-
ture describing the relatively narrow dolichol families in the
animal kingdom, irrespective of the organism (28). To discover
the full biological implications of our results, further detailed
analysis is required. On first inspection, these data could sug-
gest the independent regulation of dolichol and polyprenol
biosynthesis in plants. The shift of polyprenol chain length to-
ward longer molecules in leaves and seeds excludes the possi-
bility that they are the direct precursors of dolichols, at least in
these tissues. Instead, in leaves and seeds our findings support
the work of the Sagami group (27), which demonstrated the ex-
istence of two independent cis-prenyltransferases responsible
for the biosynthesis of polyprenols and dolichols in plants. In
this previous study, polyprenols (Pren-11 and Pren-12) were
recovered from chloroplasts, whereas dolichols (Dol-14 to Dol-
16) were found in microsomes of spinach leaves. Parallel ex-
periments performed in vitro confirmed the activity of the ap-
propriate cis-prenyltransferases. Whether roots also have two
distinct pathways is not yet known. Experiments on the subcel-
lular localization of isoprenoid alcohols in roots are in progress.
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Interestingly, in this tissue the pattern of polyprenols and
dolichols is very similar, and the possibility cannot be ruled out
that in roots accumulated polyprenols are intermediates in the
dolichol biosynthetic pathway. 

The models just discussed should be also considered in light
of the possible involvement of two alternative pathways in the
early steps of isoprenoid biosynthesis in higher plant cells. The
classical mevalonate pathway operates in the cytoplasm and
possibly mitochondria to provide sterols, sesquiterpenes, and
ubiquinones, whereas plastidial isoprenoids originate from the
mevalonate-independent deoxyxylulose/methyl-erythritol phos-
phate pathway (42–44). The precise biosynthetic route leading
to polyprenols and dolichols awaits elucidation, although ex-
tensive labeling from mevalonate suggests that the mevalonate
pathway is active in roots (Skorupińska-Tudek, K., Olszowska,
O., Chojnacki, T., and Swiezewska, E., unpublished data).

ESI-MS of polyprenols and dolichols. The results described
above were based on the chromatographic identification of

polyprenols and dolichols and required further confirmation.
Several approaches involving MS techniques have been ap-
plied successfully, and a comprehensive review summarizing
these studies was published recently (see Ref. 41 and refer-
ences therein). Electron ionization mass spectra of dolichols up
to 19 isoprene units published in the 1970s and more recently,
after some modification of the method (45), demonstrated mo-
lecular peaks and substantial fragmentation, but the sensitivity
of this method was not very high. More recently developed soft
ionization techniques such as FABMS and field desorption
(FD)-MS allowing estimation of polyisoprenoid alcohols re-
quire prederivatization to acetates (46) or phosphates (47) to
increase the sensitivity. High hydrophobicity and nonvolatility
of the polyisoprenoid alcohols caused technical difficulties that
led us to test a new MS technique based on the ESI method
(48). ESI is generally considered to be unsuitable for nonpolar
molecules, but our experience with other classes of compounds
indicates that it is possible to use ESI to analyze polyisoprenoid
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FIG. 1. HPLC-UV spectra of polyisoprenoid alcohols isolated from (A) hairy roots, (B) regular
roots, (C) leaves, and (D) seeds of Coluria geoides. Lipids were analyzed as described in the
Materials and Methods section. Arrows indicate dominating prenols and dolichols. Dol-n,
dolichol composed of n isoprene units; Pren-n, polyprenol composed of n isoprene units.



alcohols. To our knowledge, the only similar ESI-MS applica-
tion described thus far required chemical derivatization of iso-
prenoid alcohols (45). 

Analysis of the spectra of the standards Dol-16 and Pren-
16, injected directly as a solution in a methanol/propan-2-
ol/water mixture (12:8:1, by vol) with a trace amount of sodium
acetate added, showed intense peaks at m/z 1132.2 (Fig. 2A)
and 1130.3 (Fig. 2B), corresponding to the expected monoiso-
topic masses of the pseudomolecular ions [M + Na]+ of Dol-16
(1132.0) and Pren-16 (1130.0), respectively. Small signals orig-
inating from traces of pseudomolecular ions [M + K]+ (m/z
1148.2 and 1146.2, respectively) and [M + Na + MeOH]+ ions
(m/z 1164.3 and 1162.3, respectively) were also observed (Figs.
2A and 2B). No peaks corresponding to the protonated mole-
cules were observed. By using a series of Dol-16 solutions of
known concentration, a calibration curve for this compound
was drawn showing a linear detector response (R2 = 0.9993) in
the range from 40 pg to 10 ng of the injected standard (data not
shown). These promising results encouraged us to consider
using the ESI-MS technique for studies of the polyisoprenoid
alcohols in biological samples.

Estimation of the structure of putative dolichols and
polyprenols following several chromatographic purification
steps was possible only after application of the HPLC-MS sys-
tem, since the signals of interest were not strong enough to be
analyzed after direct injection. The first series of experiments
was performed using a full-scan technique (mass range
600–2100 Da). The sensitivity of this method was comparable
to that obtained by UV detection (Fig. 3), and quite sophisticated
processing of the results was necessary. The total ion current
(TIC) chromatogram (Fig. 3A) failed to show any peaks in the
expected region, but the extracted ion current chromatogram cre-
ated using masses of the [M + Na]+ ions of polyprenols and
dolichols was a considerable improvement (Fig. 3B). The disap-
pointing TIC chromatogram may be explained by a deficiency
of sodium ions in the solution entering the ESI ion source. This
would also explain the observed shift in peak intensities toward
lower chain lengths compared to the UV chromatogram (Fig.
3C). Most probably, compounds entering the ESI ion source first
deplete the available sodium ions so that the intensity of the lat-
ter peaks is lowered. This effect can be easily overcome by a

postcolumn addition of sodium acetate solution (see below). It is
also noteworthy that, in contrast to UV detection, the full scan
MS method gives unequivocal identification of the polyiso-
prenoid species corresponding to each peak in the chromatogram
and, additionally, makes the identification of other compounds
leaving the LC column during the experiment possible. The
combined mass spectrum for the time range corresponding to
elution of dolichols is presented in Figure 3D. 

Much better results were obtained using the selected ion
monitoring (SIM) technique with postcolumn addition of a
small amount of sodium acetate solution. Two series of [M +
Na]+ ions, one corresponding to the dolichol and the second to
the polyprenol series (12 to 30 isoprene units), were recorded.
The results obtained for all samples analyzed are presented in
Figure 4. The plots show overlaid SIM chromatograms ob-
tained for dolichols (normal line) and polyprenols (bold line).
Such results can be used to estimate the relative concentrations
of the dolichol and polyprenol alcohols in a sample. It should
be noted that simple comparison of the peak areas is not appro-
priate here, because the third isotope ion of a polyprenol has
the same mass as the first isotope ion of the related dolichol, so
the peak intensities for dolichols are increased. To obtain cor-
rect quantitative results, the necessary corrections attributable to
the polyprenol isotope ion abundances have to be applied. Gen-
erally, the results obtained by using the HPLC-MS technique are
in agreement with the HPLC-UV results presented above (Table
2). It should be noted, however, that in the experiments presented
in Figure 4, the intensities of the highest peaks are reduced be-
cause of the saturation of the MS detector. This was done delib-
erately to enhance the intensity of the peaks corresponding to

POLYPRENOLS AND DOLICHOLS IN COLURIA 985

Lipids, Vol. 38, no. 9 (2003)

TABLE 1
Pattern of Polyisoprenoid Alcohols in Different Organs of Coluria geoides Obtained
by HPLC-UV analysisa

Polyprenols (number of isoprene units)

Tissue Dolichols (number of isoprene units)

Seeds 16 17 18 19 20 21 22 23 24 25 26 27 28 29
16 17 18 19 20 21 22

Leaves 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
15 16 17 18

Roots 13 14 15 16 17 18 19 20 21 22
15 16 17 18 19 20 21 22 23

Hairy roots 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

aNumbers in bold indicate the dominating prenologs.

TABLE 2
Content of Polyisoprenoid Alcohols in Different Organs of C. geoidesa

Total isoprenoid alcohols
Tissue (µg/g of dry weight) Ratio of Pren/Dol

Seeds 16.17 3.4:1
Leaves 56.60 3.8:1
Roots 5.71 0.2:1
Hairy roots 4.43 0.2:1
aLipids were isolated and analyzed as described in the Materials and Methods
section. Pren, polyprenol; Dol, dolichol; see Table 1 for other abbreviation.
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FIG. 2. Electrospray ionization (ESI) mass spectra of (A) Dol-16 and (B) Pren-16 injected as solutions in a methanol/propan-2-ol/water mixture
(12:8:1, by vol). In both spectra, [M + Na]+ pseudomolecular ions were observed (m/z 1132.2 and 1130.3, respectively), together with small
amounts of [M + K]+ ions (m/z 1148.2 and 1146.2, respectively) and [M + Na + MeOH]+ ions (m/z 1164.3 and 1162.3, respectively). For other ab-
breviations see Figure 1.



polyisoprenoid alcohols present at lower concentrations. After
a significant reduction in the amounts of injected samples, the
anticipated peak intensities were obtained and were compara-
ble to those measured by UV detection.

As expected, the results obtained by HPLC-MS confirmed
the peak assignments, based on co-elution with standards, ob-
served using the HPLC-UV technique. Also, the patterns of
polyisoprenoid-derived peaks from the UV and MS detectors
were in very good agreement, again confirming the validity of
the applied method. However, the HPLC/ESI-MS technique
has many advantages over the HPLC-UV method. As men-
tioned, this method makes possible the unequivocal identifica-
tion of polyisoprenoid alcohols in a mixture without the neces-
sity of using standards. It also permits the  dolichol/polyprenol
ratio to be established, even without full chromatographic sep-
aration of these species. Additionally, HPLC/ESI-MS using
SIM scanning gives significantly enhanced sensitivity and se-
lectivity of detection of polyisoprenoid alcohols. A detailed de-

scription of these methods is planned for presentation in a sep-
arate publication (Biénkowski, T., Skorupińska-Tudek, K.,
Hertel, J., Chojnacki, T., Swiezewska, E., and Danikiewicz, W.,
unpublished data).

The results reported here show that in some organisms the
balance between polyprenols and dolichols, compounds of simi-
lar structure, varies among tissues. New MS-based methods for
their structural analysis provide the opportunity to follow this
phenomenon in detail. What remain to be explained are the rea-
sons for the particular saturation state of the α-isoprene unit of
isoprenoid alcohols in certain tissues. One hypothesis is based
on the greater chemical stability of dolichyl, compared to
polyprenyl, derivatives (49) being critical in some physiological
conditions. Another possible explanation comes from the postu-
lated differences in the effects of the two groups of isoprenoid
alcohols on the fluidity of membranes. The hairy root culture de-
scribed here might be a useful model in future studies aimed at
answering these questions. 
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FIG. 3. HPLC-MS of the polyisoprenoid alcohols extracted from hairy roots: (A) total ion current chromatogram; (B) extracted ion current chromato-
gram; (C) UV (210 nm) chromatogram; (D) combined mass spectrum for the time range from 12 to 28 min. For abbreviations see Figure 1.
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