
to the initial culture tubes. The period a t  which the 
transfer was made depended upon the abundance of 
opalinids in the culture. Subsequent transfers were 
made as required to keep the culture going. If bac- 
terial growth was excessive, a combination of anti-
biotics (dihydrostreptonlycin sulfate and penicillin 
G sodium) was added at the time of transfer. 

Opalinids isolated from a single toad have been 
cultured continuously since Dec, 10, 1952. At the time 
of writing, March 30, 1953, they were still in abun- 
dant culture. The number and uniform size of the 
opalinids in all cultures indicated active multiplica- 
tion and growth. Dividing forms have been observed. 
Attempts to start a culture with one or a few opalin- 
ids have not been successful. I n  some tubes, entamoe- 
bae were rather abundant. Control of bacterial growth 
with the above-mentioned antibiotics was, in most 
cases, satisfactory. If  bacterial growth was very 
heavy, simultaneous or alternate use of two anti-
biotics was more satisfactory than the use of one 
alone. 
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Phosphorylation of 3-Methylglucose by 
Hexokinase from Rat's Intestinal Mucosalp 

Department of Pharmacology, University of 
North Carolina, Medical School, Chapel Hill 

I t  is now a well-established fact that galactose, glu- 
cose, and fructose are more rapidly absorbed from the 
intestine than are other inonosaccharides and that in 
the selective absorption of these sugars some enzymic 
processes must be involved besides the simple physical 
process of diffusion. Verzk and his colleagues (2 )  pro-
posed the theory that the selective,absorption is con- 
nected with phosphorylation of the particular sugars 
in the intestinal mucosa. This theory was supported 
by the finding that the amount of hexose phosphate 
esters in the mucosal cells increases considerably dur- 
ing the a.bsorption of galactose, glucose, and fructose 
(2). I t  was. found, moreover, that homogenates of 
rat intestinal mucosa phosphorylate galactose, glu- 
cose, and fructose in vitro in the presenoe of adeno- 
sinetriphosphate (ATP) ( 3 ) .  I n  the latter experi-
ments there was a fair agreement between the rate 
of phosphorylation of these sugars in vitro and the 
rate of absorption in vivo. 
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Time (minutes) 

I+IG. 1. Decrease of free glncose (interrupted Iine) and of 
3-iiiethylglucose (solid line) in 1-ml total samples in the 
Ill'esence of intestinal mncosa homogenate and ATP. 

The use of the unnatural yet stable methyl ethers 
of glucose in the study of different aspects of carbo- 
hydrate metabolism was suggested several years ago 
by'this author (4, 5 )  and the absorption of 2-, 3-, 5-, 
and 6-methyl derivatives of glucose from the rat's in- 
testine was studied ( 6 ) .  Only 3-methylglucose is ab- 
sorbed a t  about the same rate as glucose, whereas the 
blocking of the carbon atoms 2, 5 ,  or 6 completely 
abolishes the selective absorption. This finding seemed 
to support the phosphorylation theory and einpha- 
sized the possibility of an aldose-ketose transforma- 
tion during the absorption to yield phosphofructo- 
furanoses. 

The absorption of 3-methylglucose from the in-
testine of rats and cats was studied later in another 
laboratory with similar results ( 7 ) .From the latter 
experiments the conclusion was drawn that phos-
phorylation cannot play an important role in the 
selective absorption of glucose. This conclusion was 
based on the finding that 3-methylglucose is not gly- 
cogenic in rats and thus "almost certainly not phos- 
phorylated in vivo" (8). No direct experimental evi- 
dence was presented, however, to demonstrate the 
failure of the intestinal mucosa to phosphorylate 
3-methplglucose. 

I n  the course of further study of the metabolism 
of glucose methyl ethers, it was found recently in this 
laboratory that the amount of free reducing sugars 
decreases in the case of both glucose and 3-methyl- 
glucose if incubated with rat's intestinal mucosa 
homogenate and ATP ifz  vitro. No decrease of such 
nature is noticeable if ATP is omitted from the mix- 
ture. This is strong presumptive evidence that the 
disappearance of free reducing sugars is due to phos- 
phorylation by hexokinase. The following experimen- 
tal procedure was used. White rats were sacrificed by 
decapitation and the intestinal mucosa was scraped off 
and homogenized with 2 ml of ice-cold distilled water. 
Tn small open Pyrex test tubes, mixtures containing 
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0.5 ml hoi~logeiiate in total volunie of 1.0 1111 were in- 
cubated in a water bath at 30° C. Each tube contained 
beside, the hoinogenate : tris (hydroxymethyl) -amino- 
methane-HC1 buffer p H  8.0, 0.10 M;  MgCl,, 0.01 M ;  
sugar, 0.01 M ;  and ATP, 0.03 M. Immediately after 
addition of ho~nogenate and at short intervals there- 
after 0.1-ml samples were taken and treated with 
Ba(OH),  and ZnSO, and centrifuged. I n  the super- 
natant the reducing capacity was measured according 
to the method of Somogyi (9). Figure 1 shows the 
rapid decrease of thc reducing capacity in the samples 
containing glucose and 3-methylglucose in the pres- 
ence of intestinal nlucosa homogenate and ATP. The 
reducing capacity did not decrease in either of the 
sugars itudied if the ATP was omitted from the ex- 
penmental mixtures. 

Similar results were obtained with soluble enzyme 
prrparations from intestinal Inucosa of rats and dogs. 
These preparations were made by scraping off the 
muco3a and freezing immediately with liquid air and 
pulvrrizing in a mortar. The powder while frozen was 

Comments and 
The Tension Concept in Aquatic Biology 

STUDENTSof animal respiration have long used the 
tension concept to express the pressure of 0, or CO, 
in body fluids. (Tension =partial pressure of 0, or 
CO, in the gas phase at equilibrium between gas and 
liquid phases.) For terrestrial animals the concept is 
realistic and valuable because an exchange of gases 
between gas and liquid phases is essential to the respi- 
ration process. But in aquatic animals, where move- 
ment of CO, and 0, is confined to the liquid phase, 
the tension concept is superfluous and even mislead- 
ing. I t  is superfluous because the 0, and CO, contents 
of the environment can be measured directly, and mis- 
leading because it leaves the erroneous impression that 
exchange of dissolved gases between animal and en- 
vironment is similar to the exchange between gas and 
liquid phases. When respiration in aquatic envirm- 
i n ~ r ~ t sis studied at constant tem~erature. the relation 
between tension and concentration is a constant one, 
and no serious ambiguity rewlts; but when tempera- 
ture varies, the tension-concentration relationship, of 
course, varies greatly as a result of changing solubili- 
ties of 0, and CO,. 

These facts are well known, but their importance 
has not always been evaluated carefully. An example 
of such failure appears on pages 242-243 of Com-
prrrntire Aninlo1 Physiology (Prosser, Brown, Bishop, 
Jahn and Wullf [Saunders, 19501) where, in Fig. 53, 
a graph of F ry  arid I-Iart (The relation of tempera- 
ture to oxygen consumption in the goldfish, Biol. 
Bull., 94, 66-77 [1948]) is reproduced. The graph 
shows the relation between oxygen tension and con-
sumption in a goldfish exposed to temperatures vary- 

treated several times with cold (below -10' C)  ace-
tone, thereafter with ether, and dried in air. This ace- 
tone dry powder could be kept a t  temperatures below 
- l o 0  C for 10-14 days without loss of activity. Solu- 
ble preparations were made by stirring the dry pow- 
der with ice-cold distilled water and centrifuging. The 
clear supernatant loses activity if stored more than 
48 hr, even at temperatures below -10' C. 
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Communications -
ing between 5' and 35' C. Prom this graph Prosser 
et al. draw the conclusion: "At reduced tensions the 
oxygen consumption rapidly falls off, being affected 
at a higher oxygen tension for the higher metabolic 
rate, indicating the inability of the fish to maintain 
the specific activity at the designated temperature." 
But if this graph is reconstructed using eoncentra-
tions, i.e., oxygen in solution, instead of tensions, the 
trend practically disappears, and the critical oxygen 
concentration proves to be about 60 pmol per liter 
regardless of temperature (or the fish's activity). The 
relative constancy of this critical oxygen concentra- 
tion indicates that diffusion across the gill membranes 
was not an important limiting factor in 0,-uptake 
during those experiments-a significant implication of 
the data which Prosser et al. have missed while dis- 
oussing a trend which was primarily an artifact of 
changing solubility. 

The text goes on to say that one should not ignore 
the changing solubility of oxygen, and the increase in 
activity, with temperature. But no evaluation of these 
factors is made. One is left with the inlpression that 
these variables cannot be isolated. The authors could 
profitably have turned back to pages 210-211, where 
they reproduce Fick's law, and where they discuss 
the influence of temperature on the "diffusion con-
stant." Fick's law employs concentrations, not ten-
sions, thus the influence of solubility is taken into con- 
sideration simply by determining the conrentration. 
The influence of temperature on the diffusivity or 
"diffusion constant" can also he estimated (about 1% 
per degree near 20' C )  so the product Concentra-
tion x Diffusivity provides an expression of oxygen 


