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Abstract--Coniferio (coniferyl alcohol-@-D-glucoside) was not detected in pine seeds (Piceu ubies) but it accumulated 
in the stems and roots of pine seedlings. pulse labeling experiments with L-phenyl~an~ne-[U-~4C] and NO-day-old 
pine seedlings in hydroponic solution showed a tumover of coniferin with a half life of about 60 hr. Pulse labeling 
with l*CO, and seedlings kept in soil gave a half life of about 120 hr for coniferin. The results indicate that coniferin 
could be an intermediate of lignin biosynthesis in pine seedlings. 

Experiments with labeled coniferin (coniferyf alcohol- 
&&ucoside) have shown that it can act as a lignin 
precursor in a variety of species [I]. However, the role of 
coniferin in ~~jfi~tion has remained uncertain. Freud- 
enberg et al. have postulated that the role of coniferin 
and the glucosides of other cinnamyl alcohols is to permit 
transport of the slightly soluble cinnamyt alcohols in a 
readily soluble form from the site of synthesis to the 
vicinity of the cambium, where the aglycones are 
liberated by /?-glucosidase action of the cambium and 
then polymerized [2]. Another hypothesis is that the 
glucosides act as a reservoir to au~ent the precursor 
supply of li~if~ng cells [3]. 

The incorporation of phenylalanine-~14~] into 4- 
coumaryl alcohol glucoside, coniferin, and syringin 
(sinapyl alcohol-B-D-glucoside) in pine branches has been 
reported [4]_ However, no information on the turnover 
of these glucosides is available; in this paper we report 
on pulse-labeling experiments designed to determine the 
turnover of coniferin in pine seedlings. 

The pine seeds (Piceu &es) did not contain any 
detectable amount of coniferin. For the pulse-labeling 
experiments NO-day-old seedlings were used which 
contained XI--g0 pg coniferinfg fr. wt in the experiment 
with phenylalanine-[‘4C] and 90-160 Ng in the 14C0, 
experiment. Coniferin was also present in 4O-day-old 
seedlings (70 @g/g fr. wt) and was co equally distributed 
between stems and roots. The needles did not contain 
coniferin (for occurrence of phenolics in pine needles see 
[s]), This finding agrees with that reported by Freuden- 
berg and Torres-Serres for needles from 3-5 year old 
pines [4]. The coniferin was identified by PC and TLC, 
by comparison of its UV spectrum with that of au 
authentic sample and by its enzymatic hydrolysis with 
emulsin to coniferyl alcohol and glucose. 

For pulse-labeling with phenylalanine-[‘4C] 120 
intact seedlings were placed in the phytocham~r in a 
beaker with 200 ml H,O containing 85 &!i (8.5 ~01) of 
L-phenylalauine-[U-‘4C]. After 22 hr, during which 
55% of the radioactivity had been taken up by the 
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Pig. 1. P&e-&se experiment with L-pheny~~~a~[~-~‘~]. 
Pulse from O-22 hr. Chase from X2-44 hr. 
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Fig. 2. Pulse-chase experiment with ‘%!O,. Pulse from O-50 mm. 
For the rest of the time the seedhngs were kept in air. 

seedlings, the plants were rinsed with water and then 
placed in 250 ml of a solution of unlabeled phenylalanine 
(62 pmol) for another 22 hr. The seedlings were then 
planted into quartz sand which was kept moist with a 
hydroponic solution. At definite intervals samples of 7 
plants each were worked up for coniferin as described 
under Experimental and the total radioactivity and sp. 
act. of coniferin were determined. The results shown in 
Fig. 1 show a turnover of coniferin in the seedlings with 
a half life of ca 60 hr. 

Another pulsg-labeling experiment was carried out 
with 14C0,. For this purpose 250 seedlings in soil were 
placed inside a Plexiglas chamber. After 50 min photo- 
synthesis in the presence of 1 mCi r4COa the atmosphere 
was replaced by normal air. The seedlings were then kept 
in the phytochamber for the rest of the experiment. Eight 
seedlings were worked up for coniferin for each value 
shown in Fig. 2. The half life for coniferin calculated from 
the sp. act. is ca 120 hr. 

Samples of [i4C]coniferin from both experiments 
were analyzed for distribution of radioactivity between 
coniferyl alcohol and glucose. For this purpose coniferin 
was hydrolyzed with emulsin and the hydrolysis products 
separated by PC (Table 1). With phenylalanine-[14C] as 
precursor the bulk of radioactivity is, as expected, 

Table 1. Distribution of radioactivity in coniferin from pulse- 
labeling experiments 

Coniferyl Activity ratio 
Glucose alcohol glucose/coniferyl 

hr (cpmf fcpm1 alcohol 

I t-pheuyIalanine-f-‘4C] 
22-188’ 274 10600 I:38 
212-284* 359 3650 1:lO 

Ix ‘4CO 
23 2 3840 3370 1:0.88 
95 8660 8670 1:l 

I43 12100 12800 1:1.06 
239 5910 6810 1:ISS 
283 2390 3260 1: 1.36 

* Sampfes from this time interval were coWted. 

localized in the aglycone. With i4C02 an almost equal 
distribution of activity between aglycone and glucose 
was found with time with only a slight increase in the 
relative portion in the aglycone. 

DISCUSSION 

Both pulse-labeling experiments prove a rapid syn- 
thesis of coniferin in the pine seedlings and a slower 
turnover of this compound with a half life in the order 
of 60420 hr. The longer half life calculated from the plot 
of sp. act. from the t4C0, experiment may be due in 
part to the slight decrease of total coniferin content of 
the seedlings during the time ofthe experiment. Whereas 
in the phenylalanine-[i4C] experiment the seedlings had 
to be taken out of the soil, put into water and then kept 
under hydroponic conditions, the plantlets in the 14C02 
experiment could be kept in soil all the time. It follows 
from these results that a turnover of coniferin occurs 
under normal physiological conditions. This finding 
would be in agreement with the assumption that a part 
of or all lignin biosynthesis occurs via coniferin in pine 
seedlings but of course does not prove it. A quantitative 
correlation between coniferin turnover and lignin forma- 
tion was not possible under our conditions. The average 
fr. wt of the seedlings did not increase signi~c~tly 
during the time of the experiments. An increase in lignin 
content, if measurable at all, would certainly be too 
small to allow any quantitative correlations. However, 
the small pool size of coniferin of about 50-70 nmol 
coniferin per seedling (average wt 190-250 mg) and its 
relativeiy slow turnover suggest that only a part of 
lignin synthesis occurs via coniferin. 

In our experiments no differentiation was made 
between coniferin from stems and roots. It should be 
considered that the turnover in these two organs could 
be different. 

EXPERiMENTAL 

Seeds of P. &es were obtained from the institute for Waldbau, 
Preiburg. Plants were raised in soil in a ~h~~h~~r at 20” 
(60% rel. humidity) under long-day conditions (15 hr, 12000 lx). 

Extraction of coniferin. Aher removal of the needles, the 
seedlings (7-8) were cut into small pieces and then ground in a 
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mortar with quartz sand and 20 ml of 25 y0 EtOH. The homo- 
genate was heated to boiling for 1Omin. Alter low speed 
centrifugation, the sediment was washed with 25 % EtOH and 
the combined supematants were extracted x 3 with 10 ml of 
Et,O. The aq. phase was coned in racuo to a small vol. and 
applied to a TLC plate (0.8 mm, Si gel, F 254). The starting zone 
was coned by developing the plate twice for a short distance in 
MeOH. The plate was then developed with Me@-EtOAc- 
H,O (10: 10: 1). The zone of coniferin (Rd 0.38) was detected 
under UV, scraped off and eluted with 30 /, MeOH. Coniferin 
was rechromatographed by PC on prewashed Whatman 3 MM 
paper with BuOH-2% NH,. The coniferin zone (R, 0:3) was 
eluted with 30% MeOH, the solvent’evapd and the residue 
dissolved in a known vol. of 30 % MeOH. The concn of coniferin 
was determined at 295 nm. For determination of radioactivity 
0.5 ml of the soln was counted in 10 ml Triton scintillation 5uid 
(12.5 g PPO, 800 ml Triton X-100, 1600 ml toluene) plus 0.5 ml 
Ha0 in a liquid scintillation counter. Part of the coniferin was 
rechromatographed by PC with BuOH-HOAc-H,O (4: 1: 2,2) 
(R, 0.66) and eluted from the paper, and the sp. act. was deter- 
mined as described above. 

Experiment with L-phenylalanine-rU-‘4C1. 120 pine seedlings 
(100 days old) were placed in a beaker containing 200 ml H,G 
with 85 uCi L-ohenvlalanine-TU-r4C1 (Radiochemical Centre 
Amersham, 10 Ci/mbl). During the time of the expt the seedlings 
were kept in the phytochamber under conditions described 
above. After 22 hr the plants were rinsed with H,O and trans- 
ferred to a beaker with 250 ml 0.25 mM ‘cold’ L-phenylalanine. 
After a further 22 hr the seedlings were planted into sea-sand 
which was kept moist with a nutrient soln of the following 
composition (in g/11. H,O): 0.58 Ca(NO,),*4H,O, 0.25. KNO,, 
0.3 NH,NO,, 0.52 MgSO,*7H,O, 0.25 (NH&SO,, 0.25 
KH,PO,, 0.2 (NH,),HPO,, 0.1 Na,SiO,, 0.065 Na-Fe-EDTA 
and-l m~trace~elem&ts (A?-soln [I$). The pH was 5-5.5. 

Exmriment with “CO,. A trav with 250 nine seedlings (100 
days old) in soil was placdd in a plexiglas chamber of 3.: 1. vol. 
The chamber was illuminated with two 300 W tungsten lamps 
with a heat absorbing filter. r4C02 was generated from 1 mCi 

Na,i4C0, (60.1 Ci/mol) with 2ml cone H,SO+ and the air 
inside the chamber was circulated by a small ventilator. After 
35 min 0.5 ml 33 mM ‘cold’ Na,CO, som was added to the 
H,SO, to expel the ‘*CO, completely. After 50 min the 
remaining CO, was trapped in KOH soln. The tray with the. 
seedlings was then placed in the phytochamber under the 
conditions described above. 

Enzymatic hydrolysis of coniferin. Coniferin was dissolved in 
0.03 M McIlvaine buffer, pH 5, and incubated for 20 hr at 37” 
with emulsin (Scrva). The reaction vial was then heated for 
10 min at 100” and the supematant applied to Whatman 3 MM 
paper. PC was performed with BuOH-HOAoH,O (4: 1: 22). 
The radioactive zones detected by a chromatogram scanner 
corresponded to coniferyl alcohol (R 0.95, detected under UV) 
and glucose (R, 0.3, detected by an&e phthalate). The radio- 
active zones were cut out and counted in a toluene scintillation 
nuid. 
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