
Phytochemistry, Vol. 25, No. 4, pp. 823-827, 1986. 
Printed in Great Britain. 

EFFECTS OF LACK OF OXYGEN ON THE METABOLISM 
TYPHA ANGUSTIFOLIA 

LOVEDAY E. T. JENKIN* and TOM AP REES 

0031-9422186 53.00 + 0.00 
Pergamon Press Ltd. 

OF SHOOTS OF 

Botany School, University of Cambridge, Downing Street, Cambridge, CB2 3EA, U.K. 

(Received 11 September 1985) 

Key Word Index--Typha angustifolia; Typhaceae; lesser reedmace; shoot; hypoxia; [‘%]sucrose metabolism; 

protein synthesis. 

Abstract-Excised young shoots of Typha angktifoh were incubated with [U-“Y7&ucrose in air, nitrogen and 
mixtures containing 14, 11, 8, 6,4, 2 and 1 y0 oxygen. Total i4C metabolized was not significantly affected by oxygen 
concentration. The percentage of metabolized 14C recovered in the fractions that contained the major macromolecules 
was not reduced until the oxygen concentration reached 1 ‘A and was appreciable even in anoxia. Pulse and chase 
experiments with [i4C]valine confirmed appreciable protein synthesis in anoxia and indicated that 90% of the 
anoxically synthesized protein was in the cell-wall and the membrane fractions of the shoot. This behaviour of Typha 
shoots, which had no living connexion with the atmosphere, is contrasted with that of a wetland plant with well 
developed aerenchyma. 

INTRODUCTION 

When excised roots of the flood tolerant Glyceria maxima 
and the flood intolerant Pisum sativum were incubated in 
[14C]sucrose, lowering the oxygen concentration greatly 
reduced the percentage of metabolized 14C that was 
recovered in the root fractions that contained the major 
macromolecules; polysaccharide, protein, nucleic acid and 
lipid. Anoxia reduced this labelling to the point at which it 
could barely be detected. Both the degree of reduction in 
labelling of the macromolecules and the oxygen concen- 
tration at which this reduction became apparent, 4-6 %, 
were very similar in both types of root [ 11. Thus, although 
GIyceria maxima grows well in soils that lack oxygen [2], 
its roots, when made anoxic, are largely incapable of 
converting sucrose, their normal source of carbon, to the 
major macromolecules formed during growth. Our obser- 
vations are consistent with those of Barclay and Crawford 
[3] who showed that Glyceria maxima was amongst the 
majority of the wetland plants that they studied in that it 
made no detectable growth when the whole plant was 
made anoxic. However, a small number of plants have 
been shown to make at least some growth in anoxia [3]. 
The aim of the work described in the present paper was to 
discover if the young shoots of one of these plants, 7’ypha 
angustifolia, responded to oxygen deficiency differently 
from the roots of Glyceria maxima in respect of 
[i4C]sucrose metabolism. Our experimental approach 
was similar to that used earlier [l] in that we determined 
the effects of anoxia and a range of oxygen concentrations 
on the detailed distribution of label after supplying [U- 
i4C]sucrose to excised shoots of Typha angustifolia. 
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RESULTS AND DISCUSSION 

Our experimental material was young shoots, l-2.3 g fr. 
wt, freshly excised from rhizomes growing naturally in 
mud covered with at least 20 cm of water. We stress that 
the excised shoots included their basal meristem and were 
otherwise undamaged. In the plants that we sampled the 
only connexions between the rhizomes and the atmos- 
phere were dead sodden leaves of previous years’ growth. 
The redox potential at rhizome depth ranged from + 232 
to + 249. The oxygen concentration in water taken from 
the surface of the mud was 6%. Thus our experimental 
material came from naturally hypoxic sites. 

We suspended the shoots in buffer in flasks that we 
gassed with appropriate mixtures of oxygen and nitrogen 
for 45 min. Then [U-i4C]sucrose was added and incu- 
bation was continued, with gassing, for a further 5 hr 
when it was stopped by the addition of perchloric acid. 
The tissue was extracted and the water extract and the 
suspending medium were added together to give the 
water-soluble substances, which were then analysed by 
ion-exchange chromatography. The residue was next 
extracted with ethanol to give the water-insoluble 
ethanol-soluble substances, and the water- and ethanol- 
insoluble substances. The latter were incubated with 
amyloglucosidase and a-amylase to release 14C present in 
starch, and then with Pronase to obtain i4C present in 
protein. Most of the label in the water- and ethanol- 
insoluble fraction that resisted solubilization by the above 
enzymes is likely to have been in structural 
polysaccharides. 

The relative rarity of 7’ypha angustijolia made it difficult 
to obtain identical shoots that contained the same number 
of actively metabolizing cells. To take into account sample 
variation, and the possibility that changes in oxygen 
concentration might affect the amount of i4C taken up 
and metabolized, for each sample we have expressed the 
i4C recovered in the tissue fractions as a percentage of the 
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nitrogen for 45 min and then 0.5 ml 0.2 mM [U-‘4C]valine 
(75 Ci/mol) was injected into each flask. Gassing was continued 
throughout the pulse and chase. Six or eight hr after the addition 
of C’4C]valine the pulse samples were fractionated at once but 
the chase samples were rapidly rinsed in 4.2 mM valine in 0.02 M 
KHz PO*, pH 5.2, and then resuspended in 8.0 ml of this soln for 
the chase. Samples taken for analysis at the end of the pulse and 
the chase were rinsed with 4.2 mM valine in 0.02 M KH2P04, 
pH 5.2, and then chopped with razor blades and homogenized 
with a pestle and mortar and an all-glass homogenizer in 10 vol 
4.2 mM valine in 1 M KH2P04, pH 7.0 (extraction medium). 
The homogenate was centrifuged at 500 g for 10 min and the 
resulting pellet was resuspended in extraction medium and 
centrifuged at 3500~ for 10min. The two supernatants were 
combined and centrifuged at 63 000 g for 30 min to give what we 
call sediment at 63000 g and supernatant at 63000g. The 
material that sedimented at 500 g and again at 3500 g was washed 
(7 x 30 ml extraction medium) by resuspension and centrifug- 
ation at 3500 g to give what we call the 500 g sediment. The above 
fractionation was done quickly at 2”. As soon as the final fractions 
were obtained each was made 5 % (w/v) with trichloroacetic acid. 
The resulting ppts were washed according to ref. [7] and counted. 
Complete and partial hydrolysis of protein was as in ref. [7]. 

General. 14C in aq. samples was measured as in ref. [I] or after 
adding Beckman ‘Ready Solv’ EP scintillation fluid. 14C in 

insoluble material was determined as in ref. [l] after treatment 
with NCS Tissue solubilizer (BDH Poole, Dorset, U.K.). Redox 
potentials were measured as in ref. [2], and oxygen in pond water 
with a portable oxygen meter (E.I.L. Analytical Instruments, 
Richmond, Surrey, U.K.). 
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