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The recent apparent increase in this toxicity can be 
accounted for historically. After 1945 there was a 
tendencv to abandon the traditional method of 
manuruig pepper. This was to apply large quantities 
of burnt earth, supplying adequate bases to the 
mound. Gradually, relatively small quantities of 
processed organic manures and cheaper inorganic 
fertilizers have replaced the burnt earth. Presumably, 
therefore, the continual loss of bases and their 
inadequate replacement have lod to a steady increase 
in soil acidity, which has now apparently reached a 
critical level. 

Steps aro being taken to continue this work and 
to provide remedial measures. Preliminary results 
indicate that the incorporation of magnesium lime
stone into the mound will prevent this toxicity. 

The permission of the Director of Agriculture to 
publish these results is gratefully acknowledged. 
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Digestion of the Alga, Macrocystis pyrifera, 
by the Sea Urchin, Strongylocentrotus 

purpuratus 
IT has been known for some timo1 that sea urchins 

when fed and then starved seem to retain for long 
periods the food present in the intestine. Furthermore, 
in vitro experiments have shown that a battery of 
digestive enzymes exist, some of which can digest 
complex polysaccharides such as iridophycin1 and 
algin•. During a series of experiments on the digestion 
of various substrates by sea urchins we had occasion 
to feed and afterwards starve an adult urchin and 
then recover all the material remaining after 
digestion. So far as we are aware no evidence exists 
on the percentage of algal food that can be completely 
degraded to assimilable products by a sea urchin. 
An urchin was prestarved until no foocal pellets were 
passed. The animal, a female, weighing 99·3 gm., 
test height and test diameter measuring 26 ·5 mm. 
and 63 · l mm. respectively, was then fed a 33 ·3 
mgm. (dry weight) piece of Macrocystis pyr~fera, a 
food for which the sea urchin exhibits a high degree 
of preference•, and fed no further food for 18 days. 
The algal piece was consumed within 8 hr. No foocal 
pellets were passed during the observation time, and 
the animal was killed at the end of this time. 

We removed the complete intestine of the urchin 
and recovered all the undigested materials. By 
comparison of the dry weight of the undigested 
residue with the dry weight of the food eaten, it is 
possible to determine the percentage of the alga that 
was digested, and, presumably, assimilated. 8 ·5 mgm. 
of undigested material was recovered, hence more 
than 76 per cent dry material of the alga was removed 
by the digestive processes of the urchin. 

This completeness of digestion by a sea urchin 
supports the cited study on alginase since Macro
cystis is known to contain at least 14 ·5-36 per cent 
dry weight of algin•. The extensive digestion of a 
meal when another is not forthcoming, coupled with 
the urchin's ability to resorb its gonads during starva
tion (Boolootian and Giese, unpublished work), may 
account for the urchin's ability to adapt itself to 
environments where food might become restricted. 

This work forms part of a programme of investi
gation supported by funds from the National Science 
Foundation Grant 9561 to one ofus (R. A. B.). 
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Biosynthesis of Arbutin from Some 
Phenylpropanoid Compounds in Pyrus 

communis 
HIGHER plants are capable of synthesizing aromatic 

compounds from shikimic acid, possibly through a 
pathway similar to that described by Davis et al.1. 
Certain benzene rings, however, are formed from 
acetate in accordance with the hypothesis of Birch 
and Donovan•. Thus the B ring of quercitin is 
synthesized from shikimic acid3 whereas the A ring is 
an acetate-formed ring•. 

Arbutin or hydroquinone-~-D-glucoside occurs in 
many plants, such as members of the Ericaceae, and 
accumulates to the extent of O ·05-0 · 17 per cent of the 
fresh weight of pear (Pyrus communis L.) leaves•. 
So far as we know there has been no report on the 
origin of the ring of hydroquinone. Gloor and Wiss• 
have shown that rnevalonic acid labelled with carbon-
14 is incorporated by the rat into ubiquinone (a 
2,3-dimethoxy-5-methyl benzoquinone with an iso
prene side-chain of 50 carbon atoms). They have 
suggested that, whereas the isoprene side-chain is 
built up from mevalonic acid, the ring component is 
not synthesized by animals. 

We have found that arbutin is synthesized in young 
leaves of pear from shikimic acid and more readily 
from phenylpropanoid compounds, whereas activity 
from acetate-uc, pyruvate-140, and succinate-l,4-14C 
is not incorporated into arbutin under the same con
ditions of administration. 

The methods used were as follows : ten leaf disks 
(diameter l ·2 cm.) were vacuum infiltrated with tap 
water, blotted and floated in a Petri dish in l ·2 ml. 
of a solution containing 1-2 µc. of a radioactive 
compound. The covered Petri dish was placed under 
fluorescent lights for approximately 17 hr., after 
which the leaf disks were rinsed in tap water and 
extracted with boiling 80 per cent ethanol. The 
ethanol extract was concentrated, and chromato
graphed two-directionally in 80 : 20 phenol/water 
followed by 4 : 1 : 5 butanol / acetic acid/ water. 
Radioac~i~e spots were located by radioautography, 
and aot1v1ty measurements were made by direct 
counting on the chromatograms. Arbutin, which is 
detected by its colour reactions with diazotized 
p-nitroaniline or diazotized sulphanilic acid, is well 
separated on chromatograms from chlorogenic acid 
and the other phenolics present in extracts. 

Results of some of the feedings to pear tissue are 
given in Table 1. 

Arbutin-uc obtained from a phenylalanine-U-uc 
feeding was hydrolysed with 2 N hydrochloric acid, 
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