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Abstract—The occurrence of insoluble conjugated (ester-bound) hydroxycinnamic acids (p-coumaric and ferulic acids)
and flavonol glycosides (kaempferol 3-O-f-glucopyranoside and 3-O-a-rhamnopyranoside, and quercetin 3-O-f-
glucopyranoside and 3-0-a-arabinofuranoside) in cell wall preparations from leaves of 54 species from various Conifer
taxa has been investigated the bound p-coumaric and ferulic acids seem to be widespread among members of the
Coniferae-with p-coumaric acid as the major compounds in most species investigated-, while the presence of bound
flavonol glycosides appears to be of chemotaxonomic relevance for members of the Pinaceae The Pinaceae species
generally gave kaempferol 3-O-glucoside, although Abies gave in addition kaempferol 3-O-rhamnoside and Pinus

quercetin 3-O-glucoside and 3-0O-arabinoside

INTRODUCTION

In a recent communication [ 1] we described the isolation
from Norway spruce (Picea abies [L ] Karst.) needles of
msoluble conjugated (ester-bound) phenolics, the hydrox-
yeimnnamic acids (HCAs), p-coumaric and ferulic acids and
the flavonoid kaempferol 3-O-glucoside. We presented
evidence for their cell wall location, probably occurring
mainly 1n lignin-carbohydrate complexes.

The cell wall location of HCAs 1s a well-known and
widespread phenomenon (for example in monocoty-
ledonous famtlies [2]) and has been discussed to be
important for the cell wall architecture (cross-linking of
polymers) [3] or to play a role in the interactions with
light (E/Z 1somerism) resulting in changes in the structure
and properties of the cell wall [4]. On the other hand, the
possible cell wall location of hydrophilic flavonol gly-
cosides, usually located 1n vacuoles [5, 6], is rather new
[1], although the occurrence of a flavone-polysaccharide
from the hverwort Monoclea forster: has been discussed
to be cell wall associated [7] and there is some evidence
for the cell wall location of hipophilic polymethylated
flavonol glucosides in Chrysosplemum americanum [8].

To evaluate whether the location of p-coumanc and
ferulic acids and, more interestingly, that of kaempferol 3-
O-glucoside 1n cell wall preparations from Norway spruce
needles [17 might be a special feature of this plant or
possibly a common phenomenon for the Coniferae, 54
species from various coniferous taxa have been investi-
gated.

RESULTS AND DISCUSSION

In the present survey of cell wall preparations from
coniferous leaves for insoluble conjugated (ester-bound)

* Author to whom correspondence should be addressed.

HCAs and flavonol glycosides we found, besides the
known structures from Picea abies [1] (i.e p-coumaric
and ferulic acids and kaempferol 3-O-glucoside, 1, see
scheme), three additional flavonol 3-O-glycosides which
were 1solated and identified as follows. Leaf homogenates
from Abies homolepis and Pinus strobus were thoroughly
extracted with various solvents, as well as sodium chlor-
1de dodecyl sulphate solutions, to obtain crude cell wall
preparations which were finally treated with aqueous
sodium hydroxide The latter released the phenolics from
which three could readily be identified by co-TLC with
the compounds 1solated from cell wall preparations from
leaves of Picea abies [1] as (E)-p-coumaric and (E)-ferulic
acids (trace amounts of the Z-isomers) and 1 Three
additional unknown flavonoids were purified and their
structures determined by UV-Vis spectroscopy, TLC of
the hydrolysts products, NMR spectroscopy and FAB
mass spectrometry.

The UV-Vis spectroscopic analyses using the common
diagnostic shift reagents [9] gave evidence for the pres-
ence of flavonols with substitution at 3-OH. Chromato-
graphy of the hydrolysis products with reference material
(SI) for aglycones and S2 for sugars) showed identical R s
for kaempferol and rhamnose from the 4 homolepis
compound and quercetin and glucose or quercetin and
arabinose from the two Pinus strobus compounds. This
was finally substantiated by the NMR and MS data
which 1dentified the flavonoids as kaempferol 3-O-a-
rhamnopyranoside (2), quercetin 3-0--glucopyranoside
(3), and quercetin 3-O-x-arabinofuranoside (4). Com-
pound 3 was readily identified from nspection of the
'HNMR data on companson with a reference com-
pound. The 'H and !3C NMR data of 2, compared with
Iiterature !'3C data [10]. indicated the presence of the
kaempferol and rhamnose moieties The *3C shift of C-2
1s characteristic of substitution at the C-3 position, while
the couplings and chemical shifts within the rhamnose
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moiety are indicative of an a-configuration. The 1D and
2D 'H data for 4, on comparison with 3, indicated a 3-
substituted quercetin moiety and a sugar residue, which
was a pentose from the mass spectrum. The magnitude of
the coupling constants of the pentose was only com-
patible with either an z-arabmnofuranoside or f-xylofur-
anostde The presence of arabinose was determined chro-
matographically (see above)

The survey of cell wall preparations from Coniferae
(Contferopsida) leaves for the insoluble ester-bound
HCAs and flavono! glycosides (Table 1) was performed
with samples from the same location, harvested at the
same time of season Thus, possible climate- or habitat-
dependent effects had not to be taken into account The
results indicate the regular presence of p-coumaric and
ferulic acids in the Pinaceae and the species of Cupressa-
ceae and Taxaceae mvestigated. They were also found 1n
Araucaria araucana with ferulic acid as the major com-
pound p-Coumaric acid was regularly present as the
major HCA constituent in the Pinaceae The cell wall-
located accumulation of the flavonol glycosides in the
Coniferae leaves seems to be a characteristic phenom-
enon of members of the Piaceae (family specificity)
Furthermore within this family there seems to be a genus-
specific cell wall pattern All the Pinaceae investigated
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showed 1, with the exception of Pseudolarix Abies leaves
gave 1 and 2 and Pinus leaves 1, 3 and 4 Thus 2 appears
to be a characteristic cell wall constituent 1n Abies species,
whereas 3 and 4 are regularly found in the cell walls of
Pinus species. Figure 1 shows diagrams from three typical
HPLC analyses, representative of Pinus, Picea and Abies
Such qualrtative and quantitative surveys for possible
cell-wall bound phenolics, easily and quickly performed
by HPLC, may be a useful contribution to studies on
evolutionary relationships between the various Con-
iferous taxa This requires much more knowlege on the
metabolism of phenolics in the Coniferae considering the
present striking lack of knowledge mn this field, as has
already been pomnted out elsewhere [11]

The data shown in Table 1 are those from leaves which
are within the second year of development, with the
exception of Larix, Metasequiod, Pseudolarix and Taxo-
dium (one year-leaf development) We observed that
generally the cell wall-bound phenolics reached the con-
centrations of their typical final quantitative pattern n
the autumnal months of the first year of development
(data from leaves which are 1n the first year of devel-
opment are not shown) However, there are three remark-
able exceptions with respect to the HCA accumulation.
Leaves of Cedrus brewifolia and C Iibam gave 022 and

Table 1 Survey of cell wall preparations from Comiferae (Comferopsida) leaves for nsoluble ester-bound hydrox-
yannamic acids (HCAs) and flavonol glycoside

Compound*
HCAs Flavonol glycosides
Taxon Coum Fer 1 2 3 4
PINALES
PINACEAE
Abietoideae
Abies concolor (Gord ) Hoopes$ 072 005 035 036 -
A Grandis (Don ex Lamb ) Lindl 044 004 006 057 —
A holophylla Maxim 121 004 038 050
A homolepis Sieb and Zucc § 124 004 022 069
4 nunudica De Lannoy 101 tr 043 024 -
A pmsapo glauca Boiss 101 008 051 022 - —
A veutchu Carr 138 007 040 061 -
Picea abies {L ) Karst 189 015 145 - -
Pc breweriana S Wats 102 012 031 - -
Pc engelmannu Engelm $§ 143 008 092
Pc glauca (Moench) Voss 145 031 080 —
Pc glehnu (Schmdt) Mast 117 025 086 — -
Pc¢ jezoense (Sweb and Zucc) Carr 140 033 0499 -
P¢ omorica Purkyne$ 079 0658 037 - —
Pe orwentalis (L) Link 1.07 028 127 -
Pe polita Carr § 108 017 066 -
Pc¢ pungens-glauca Engelm 074 027 072
Pc purpurea Mast 086 026 064 - -
Pc sitchensis (Bong ) Carr 145 034 119 -— —
Tsuga canadensis Carr $ 076 008 062 — — —
T siboldn Carr $ 132 012 092 - — -
Laricoideae
Cedrus brewifolia Dode$ 055 012 060 - — —
C hbam stenocoma Loud § 038 009 0236 — — -
Larix decidua Mill 077 004 Q5s
L gmelm (Rup) Litvin 093 006 052 — -
Pseudolarix amalilis (Neb) Rehd 002 006 - - - -—
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Table 1 (Continued)

Compound*
HCAs Flavonol glycosides
Taxon Coum Fer 1 2 3 4
Pinoideae
Pinus cembra L 165 048 1.48 — 017 tr
Pn. contorta latifoha Dougl 118 014 0.74 — tr 011
Pn. koraiensis Sieb and Zucc 168 032 162 — 005 005
Pn. leucodermis Ant 254 014 082 — tr 035
Pn. monticola Dougl 206 034 131 — 018 035
Pn. mugus Turra 175 017 102 - 004 008
Pn nigra Am § 171 018 090 — 018 028
Pn pinaster Ait. 077 0.21 054 — 004 018
Pn ponderosa Dougl 082 0.13 043 — 069 013
Pn strobus L.$ 165 026 154 — 027 006
TAXODIACEAE
Cryptomenia japonica (L f) D Don.$ 005 001 003 — — —
Cunminghama lanceolata (Lamb.) Hook $ — — — — — —
Matasequoia glyptostrobordes Hu and Cheng — 009 — — -— —
Sciadopitys verticellata (Thunb ) Sieb. and Zucc $ 0.01 010 — — - —
Sequowa giganteum (Lindl.) Buchh $ — — — — — e
S. sempervirens (Lamb ) Endl $ — 004 — — — —
Taxodwm ascendens brongn 001 — — — — —
T. distichum (L.) Rich. 001 — — — — —
CUPRESSACEAE
Chamaecyparis obtusa (Sieb. and Zucc.) Endl § 002 001 — — — —
Ch. pisifera (Sieb. & Zucc.) bndl.$ 0.13 0.03 — — — —
Jumperus communis L.$ 0.02 001 — — — —
J virgimana L.$ 0.02 0.03 — — — —
Thwa occudentalis L $ 0.32 009 — e — —
Th. phcata D. Don $ 012 0.12 — — —_— —
ARAUCARIACEAR
Araucaria araucana (Mol ) K Koch$ 003 085 — — — —
TAXALES
TAXACEAE
Taxus bacata L § 005 001 — — - .
T cusbidata L § 007 002 - — e -
Torreya nucifera (L) Sieb & Zucc $ 001 0.01 — — - -

* umol/g leaf fresh weight (data from one of two experiments which gave similar results), $ first and second year of leaf
development investigated (only the data from the second year of leaf development are shown), otherwise only the leaves
from the second year of development were investigated with the exception of Larix, Metasequioa, Pseudolarix, and
Taxodium (one year-leaf development),- = not detected, tr =trace (<0 01 umol), Coum = (E)-p-coumaric acid, fer = (E)-
ferulic acid, 1=kaempferol 3-O-f-glucopyranoside, 2 =kaempferol 3-O-a-rhamnopyranoside, 3 = quercetin 3-0-f-
glucopyranoside, 4 = quercetin 3-O-a-arabinofuranoside.

0.15 1n the first year and only 0.12 and 0.09 umol ferulic
R=H  p-Coumanc acid acid/g fresh weight 1n the second year of development,
those of Taxus baccata 0.12 and 005 umol p-coumaric
acid n the first and second year, respectively. This
mdicates a further metabolism of the cell wall HCAs,
posstbly through conversion of non-hydrolysable lmn-

R =OMe Ferulic acid

kages.
So far nothing 1s known about the stte of attachment of
1 Rl-H, R% D-Glucopyranose these phenolics and therr cell or tissue dxst.nbutlon within
2 R'-H, R%:q-Rhamnopyranose the Pinaceae leaves. There is only some evidence from our
3 R': OH, RZ= B-Glucopyranose earlier investigation on Picea abies [1] that they might be
4 R'-OH R2=a-Arabinofurancse predominantly located 1n ‘}lgnln-carbohydrate com-
) plexes’ [12] A feruloylated trisaccharide has been tsola-
ted [13] from bagasse lignin-carbohydrate complex.
Scheme 1. Whereas the esterification of HCAs with sugar moteties of
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Fig 1 Dragrams from representative HPLC analyses of cell wall-bound phenolics which were 1solated by
saponification of cell wall preparations from Coniferae leaves Peak identification ! =(E)}-p-coumanc acid (R,
=106 min), 2 = (E)-ferulic acid (R, =117 min), 3 = quercetion 3-O-glucoside (R, = 16 7 min}., 4 = quercetin 3-O-

arabinoside (R,=190 min), 5=kaempferol 3-O-glucoside (R,=17 Smun), 6=kaempferol

3-O-rhamnoside

(20 6 min) The chromatographic column used was prepacked with Nucleosil C 4 (5 um) (Macherey-Nagel, Duren).

250 x 4mm 1d Chromatographic conditions with a delay time of 0 6 min hinear gradient elution within 20 mm

from 25 to 60% solvent B (MeOH-MeCN-H,0, 1 1 1) in solvent A (15% H,PO, in H,0), flow ratc at
1§ mlymun, detection at 320 nm

pectines or (hemi) celluloses appears to be plausible, that
of the flavonol glycosides 1s rather obscure It would be
nteresting to search for a molecule linking together the
glycosidic flavonol moiety and a sugar from a cell wall-
carbohydrate fraction It 1s quite possible that a dicar-
boxylic acid, frequently found as an acyl group in this
class of flavonoid [14-16], may function in this way
Studies on the linking structure and possible acyltransfer-
ase reactions tnvolved 1n the formation of cell-wall bound
phenolics are n progress. In addition, the relation be-
tween metabolically active soluble flavonol glycosides
[17] and those serving as end-products in the Coniferae
leaf cell walls will be investigated

EXPERIMENTAL

Plant material Leaves from various taxa of the Coniferae,
identified by A Moller, were collected 1n June and July 1987
from the Forstbotanischer Garten (forest garden), Koln-Roden-
kirchen, F R G, and were immediately frozen with hiq N, on the
spot Once in the laboratory, they were stored at —30°

Crude cell wall preparation Analytical Coniferae leaves (1 g fr
wt) were treated with an Ultra-Turrax homogenizer (5-10 min,
depending on the leaf material) until consistent homogeneity in
10 ml MCF (MeOH-CHCl1;,-7 M HCO,H, 12 5 3 [18)), allo-
wed to stand for 1 hr with continuous stirring, and centrifuged at
2000 g to remove MCF-soluble components The pellet was re-
extracted twice with 10 ml MCF and then consecutively treated
with the following solvents (20 ml) each for 30 min with stirring
followed by centnfugation) (1) x 2 MeOH, (1) x4 H,0, (i) x6
MeOH; (1v) x 2 Me,CO, (v) x2 Et,O The remaining insoluble
whitish matenial (crude cell wall fraction) was dried at 60° (ca 1
hr) Preparative Leaves (100 g fr wt) from A homolepis and Pn
strobus were homogenized in the presence of ig N, mn a
centrifugal mill (Retsch, type ZM 1) The resulting fine powder
was suspended 1n 700 ml 80% ag MeOH and allowed to stand

for 4 hr with continuous stirrnng After filtration the insoluble
residue was re-extracted x4 with the same solvent and then
consecutively treated x 2 with 500 ml each of H,0, 05m aq
NaCli[19]},0 5% ag SDS [20], H,0, MeOH. Me,O. and Ft,0
The remaining matenal was dried overnmight at 60

Isolation of insoluble phenolics Analytical Crude cell wall
preparations were suspended m 8 m] hot (80') 1 M ag NaOH
and allowed to stand for ca 17 hr at room temp The hydrolysates
were centrifuged and aliquots (2 mi) of the supernatants were
acidified (ca pH 2) with 200 ul H;PO, 200 ul aliquots were
centrifuged and 20 ul of the clear supernatants analysed by
HPLC for the presence of phenolics Preparative The matenals
from the preparative cell wall preparations from A homoleprs
and Pn strobus were treated for ca 17 hr with 400 ml 0 5m aq
NaOH at 70’ The filtrates were acidified (pH 1-2) with conced
HCY, the liberated phenolics extracted with Et,O. and kaem-
pferol 3-O-rhamnoside (2). quercetin 3-O-glucoside (3) and
quercetin 3-O-arabmoside (4) 1solated as follows The Et,O
fractions were dried i vacuo and the residues redissolved in 4 ml
50% aq MeOH These were fractionated on a polyamide
column using H,0, 40% aq MeOH. 80% aq MeOH. 100%
MeOH, and 0 02% NH, in MeOH The flavonol glycosides to be
identified (2 from A homolepis and 3 and 4 from Pinus strobus)
were obtained with the 80% aq MeOH fraction and separated
on TLC m St 2 (R,033, UV deep purple, UV'NH, yellow
green fluorescence), 3(R 0 15, UV deep purple, UV 'NH, yellow
fluorescence), and 4 (R0 18. UV deep purple, UV NH, orange
fluorescence) The TLC-flavonol glycoside bands were scraped
off and eluted from the cellulose with 50% aqg MeOH Final
purification was achieved on a Sephadex LH-20 column eluting
with 50% aq MeOH

Aaid hydrolysis and product identification Compounds 2 4 3
were dissolved 1n 20% aq HCO,H and kept for 60 nun at 100
The aglyca were separated from the hiberated sugars by repeated
extraction with Et,O TLC of hydrolysis products gave kaempf-
fpferol (R, 044 n S1} and rhamnose (R,082 mn S2) from 2,
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quercetin (R0 21 1n 1) from 3and 4, glucose (R ;0 63 1n S2) from
3 and arabinose (R;0.64 n S2) from 4.

TLC On mcrocrystalline cellulose (‘Avicel’, Macherey-Nagel,
Duren) with St (CHCl;-HOAc, 3 2, H,O satd) and on silica gel
(impregnated with 0 5 M NaH,PO, in H,0-MeOH, 3 1) with
S2 (1s0-PrOH-Me,CO-0 1 M lactic acid, 2 2 1) according to
Hansen [21] Flavonols were detected under UV light (350 nm)
without and with NH, vapour (UV/NH ) and sugars in day light
after spraying with aniline-diphenylamine-Me,O-H,PO,
(2ml 2g 100 ml 15 ml) and subsequent heating at 110° until
colour development (arabinose = violet, glucose = blue-green,
rhamnose = olive-green) Kaempferol and quercetin (Roth,
Karlsruhe) and glucose, rhamnose and arabinose (Serva, Heidel-
berg) were used as reference matenal

HPLC The hquid chromatography (two-pump system) and
the data processor (Chromatopac C-R3A) for quantitative calcu-
lations used were from Pharmacia LKB (Freiburg) and Shim-
adzu (Kyoto, Japan), respectively Injections were performed via
a Rheodyne (Cotati, CA, U.S A) rotary valve with a 20 ul loop
For details of the chromatographic conditions see Fig 1 p-
Coumaric and ferulic acids, kaempferol 3-O-rutinoside and
quercetin 3-O-rutinoside (Roth) were used as ext std for quan-
tification All the quantitative experiments were performed 1n
duplicate The data shown in Table 1 were taken from one of the
two expeniments which gave similar results (10-20% variation)

UV Vis spectroscopy UV/Vis spectra were recorded in MeOH
solutions and the flavonol glycosides 14 gave results (+ shift
reagents) identical to those described by Mabry et al [9]

NMR spectroscopy and MS The 'H and '*CNMR spectra
were recorded at ambient temp locked to the major deuterium
resonance of the solvent Chemuical shifts are reported in ppm
relative to TMS and coupling constants in Hz Kaempferol 3-0-
a-thamnopyranoside (2) 'HNMR (CD,0D), 67 810 [“d”, H-2',
H-6',J(2'-3)+ J(2'-5")89],6 976 [“d”, H-3', H-5'], 6 417 [d, H-8,
J(8-6) 2 1], 6 240 [d, H-6], 5417 [d, H-1", J(1"-2") 1.7], 4 261
[dd, H-2", J (2"-3"y 34}, 3751 [dd, H-3", J(3"—4") 9.3],
343-330 [m, H-4", H-5"], 0961 [d, H-6", J(6"-5") 58]
3CNMR (CD,0D) 6 = 179 63 (s, C-4), 166 11 (s, C-7), 163 22 (s,
C-5) 161 57 (s, C-4'), 159 28, 158 60 (s x 2, C-2, C-9), 136 24 (s,
C-3), 131 88 (4, C-2', C-6'), 122 70 (s, C-1"), 116 55 (d, C-33', C-5'),
10592 (s, C-10), 103 54 (d, C-1"), 9994 (d, C-6), 94 83 (d, C-8),
7325, 7220, 7203, 7194 (d x 4, C-2" to C-5"), 17 64 (g, C-6").
FABMS m/z 431 [M—H]~ Quercetin 3-0-f-glucopyranoside
(3) '"HNMR (CD,0D), 67 749 [d, H-2', J(2'-6') 2 1], 7 633 [d. d;
H-6', J(6'-5')8 5], 6 910 [d, H-5'], 6 437 [d, H-8, J(8-6) 2.1], 6 245
[d, H-61, 5303 [d, H-1", J(1"-2") 7 4], 3 756 [d,d, H-6"A, J(6"A-
57 21, J(6"A-6"B) 1191, 3614 [dd, H-6"B, J(6"B-5") 53],
355-3 25 (m, H-2" to H-5""] Quercetin 3-O-a-arabimofuranoside
(4) 'HNMR (CD;0D, 67 568 [d, H-2', J(2'-6') 2 1], 7.539 [d,d,
H-6', J(6'~5)8 3],6 942 [d, H-5"],6 434 [d, H-8, J(8-6) 2 1], 6 247
[d, H-6], 5509 [d, H-1", J(1"-2") 0 8], 4 370 [d.d, H-2", J(2"-3")
291,3950 [d.d, H-3", J(3"—4") 5 4], 3908 {m, H-4"], 3.54 [m, H-
5"AB] FABMS m/z 433 [M—-H]~

3521

Acknowledgements—We thank A. Moller (forstobotanischer
Garten, Koin-Rodenkirchen) for identification of the plant mate-
nal and H. Dirks {(GBF, Braunschweig) for recording the mass
spectra This work was supported by the Deutsche Forschung-
sgemeinschaft  (Schwerpunktprogramm  ‘Physiologie  der
Baume’) and the Fonds der Chemischen Industrie

REFERENCES

1 Strack, D, Heilemann, J, Klinkott, E.-S. and Wray, V. (1988)
Z. Naturforsch (in press)

2 Harns, P. and Hartley, R. D. (1980} Biochem. Syst. Ecol. 8,
153

3 Fry, S. C (1986) Annu. Rev. Plant Physiol. 37, 165.

4 Towers, G H N and Yamamoto, E. (1985) in Annu. Proc
Phytochem. Soc Europe, Vol 25, The Biochemustry of Plant
Phenolics(Van Sumere, C. F. and Lea, P. J., eds) pp. 271-287.
Clarendon Oxford.

S Wagner, G J (1982) in Rec Adv. Phytochem., Vol. 16;
Cellular and Subcellular Locahization in Plant Metabolism
(Creasy, L L and Hrazdina, G., eds), pp. 1-45. Plenum, New
York

6 Matile, P. (1984) Naturwissenschaften 71, 18.

Markham, K R (1972) Phytochemistry 11, 2047.

8 Ibrahim, R. K, De Luca, V, Khoun, H, Latchiman, L,
Brisson, L and Charest, P. M. (1987) Phytochemustry 26,
1237.

9 Mabry, T.J,, Markham, K. R. and Thomas, M B. (1970) The
Systematic Identification of Flavonowds. Springer, Berhin.

10 Markham, K. R., Char, V. M. and Mabry, T. J. (1982) in The
Flavonowds Advances in Research (Harborne, J. B. and
Marby, T J., eds), pp. 19-134. Chapman & Hall, New York.

11. Niemann, G J (1979) Acta Bot. Neerl. 28, 73.

12 Azuma, J., Takahashi, N. and Koshyima, T. (1981} Car-
bohydr Res 93, 91.

13 Kato, A, Azuma, J. and Koshijima, T. (1983) Chem. Letters
137

14 Koster, J, Strack, D and Barz, W (1983) Planta Med. 48,
131

15 Asen, S. (1984) Phytochenustry 23, 2523.

16 Harborne, J B (1986) Phytochenustry 28, 1887.

17. Dattrich, P and Kandler, O. (1971) Ber. Dtsch. Bot. Ges. 84,
465

18 Bilesky, R L. and Young, R. E. (1963) Anal. Biochem. 6, 54.

19. Punnett, T and Derrenbacker, E. C. (1966) J. Gen. Micro-
biol 44, 195

20 Takeda, H. and Hirokawa, T. (1985) in Modern Methods of
Plant Analysis, New Series, Vol 1; Cell Components (Lin-
skens, H F and Jackson, J. F., eds) pp. 31-53. Springer,
Berlin

21 Hansen, S A (1975) J. Chromatogr 107, 224.

~3



