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regeneration-rate, it is obvious that fcetal bremo
globin has been formed in extra-uterine life. Cases 
with an indiscriminate destruction of patient's and 
donor's cells show that there is no relationship what
ever to the type of hremoglobin present in the red 
blood corpuscles. In full agreement with these find
ings are the results obtained by Mollison5, who 
studied the survival of transfused erythrocytes in 
hremolytic disease of the new-born by the method of 
differential agglutination. In almost all cases where 
Rh-positive red blood cells have been transfused 
they were eliminated within ten days. The de
struction of erythrocytes in hremolytic disease of 
the new-born depends on their sensitization by Rh 
antibodies and shows no relationship to the chemical 
constitution of the globin component of their 
chromoprotein. 
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Carbonic Anhydrase in Arenicola marina 
SEVERAL years ago, Brinkman and his collaborators 

reported that carbonic anhydrase is present in the 
blood of Arenicola1 • This observation was confirmed 
by Florkin1• Recently, through the kindness of 
Prof. H. Munro Fox, I have had an opportunity of 
studying the distribution of the enzyme in this 
annelid in more detail than was done in these two 
papers, and some interesting points have come to 
light. 

The determinations of enzyme activity were made 
by the 'boat' method of Meldrum and Roughton3 , 

precautions being taken to ensure that diffusion did 
not constitute a limiting factor. All the experiments 
were carried out at 0° C., the Meldrum- Roughton 
unit of activity being calculated for that temperature. 
Tissues were cut into small pieces, washed with several 
changes of sea water and then weighed. Mter being 
ground with a little sand, they were extracted for 
one hour at room temperature with distilled water 
in the proportion of 1 ml. to each 25 mgm. of tissue. 
The catalytic effect of the tissue extracts was always 
compared with the activity of blood diluted to give 
the same final hremoglobin concentration. Renee 
any errors due to traces of blood remaining in the 
tissues were reduced to a minimum. Hremoglobin 
was determined directly with a Hilger- Nutting 
spectrophotometer. 

Table 1 gives the figures obtained for blood samples 
taken from five individuals, together with figures for 
human blood (A.M. C.) to serve as a comparison. 
It will be seen that the mean activity of Arenicola 
blood is about the same as that of human blood, 
although there is considerable individual variation. 

Table 1 
Enzyme Hremoglobin Activity: 

(units per c.mm.) (gm. %) 

4·0 2·9 1·38 
3·6 3·5 1·03 
4 ·5 4·1 1·10 
3·4 2·6 1·31 
2·6 1·8 1·44 

Mean: 3·6 Mean: 3·0 Mean: 1 ·25 

3 ·7 (A.M. C.) 15·3 0·024 

The ratio of enzyme activity to hremoglobin con
centration, calculated as units of enzyme per cubic 
millimetre of blood and grams of hremoglobin per 
hundred c.c., is much higher in Arenicola than in 
human blood and tends to be fairly constant. The 
presence of such a large amount of carbonic anhydrase 
is of considerable importance, for Arenicola blood, 
like that of most annelids, contains very few 
corpuscles. Of four samples of blood centrifuged 
for thirty minutes at 3,200 r.p.m., only one showed 
any signs of a slight deposit of cellular material. 
Thus the enzyme must be free in solution, an ex
ception to the generalization that carbonic anhydrase 
is never found outside cells'. 

The enzyme is also present in appreciable amounts 
in many of the tissues of Arenicola (Table 2) but is 
absent from the ccelomic fluid, as was noted by 
Florkin. 

Table 2 

Tissue 
<Esophageal pouches 
Chlorogenous tissue of stomach 
Gllls 
<Esophagus 
Nephridia 
Intestine 
Ep dermis 
Muscles 
Proboscis 
Nerve cord 
Crelomic fluid 

Units of enzyme 
per 50 mgm. wet weight 

71-110 
15-38 

5-16 
6-14 
3-12 
1-4 
1-3 

Traces 
Traces 

Nil 
Nil 

Of all the tissues examined, the cesophageal 
pouches showed the highest concentration of car
bonic anhydrase. Although these diverticula have 
a very rich blood supply from several large sinuses 
situated beneath the inner epithelial lining, it seems 
rather improbable that they play an important part 
in the direct elimination of respiratory carbon dioxide 
from an animal so well equipped with external gills 
as Arenicola. On the other hand, it is difficult to 
see what other function they could have. The secre
tion is only slightly acid (pH about 6·4), so the 
glands can scarcely be similar to the gastric glands 
of vertebrates. It might be worth while considering 
whether the pouches represent a primitive respiratory 
organ which was of importance in annelids lacking 
external gills. In this connexion it is interesting to 
recall the work of Eisig5 on some of the smaller 
polychretes. He made a careful study of the ceso
phageal diverticula in syllids and hesionids and 
concluded that they act as reservoirs of water and 
air, from which oxygen can be obtained when the 
supply from the external medium is insufficient to 
meet the organism's requirements. Eisig compared 
the pouches with the swim bladder of a fish. It 
would be interesting to examine the catalytic activity 
of the tissues of Arenicola assimilis, a form which 
possesses several pairs of cesophageal pouches. 

This investigation is being carried out during the 
tenure of an 1851 Exhibition Science Research 
Scholarship. My thanks are due to Prof. D. Keilin 
for suggesting the problem and for his interest in its 
progress. 
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