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Summary. Rat liver homogenates were in- 
cubated aerobically with and without added 
ribnuclease. Simultaneous determinations 
of respiratory rate and capacity to convert 
mevalonic acid to non-sapnifiable material 
were made. Loss of the synthetic capacity of 
the homogenates, considered as a reflection olf 
the failure to maintain a functional level of 
ATP, was followed by a decline in rate of 
respiration. Synthetic capacity and rate Olf 
respiration were maintained by the presence 
of added polyanions. 
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Glucose Transport by the Intestinal Mucosa of the Dogfish." (27219) 
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Few data are available in the literature on 
the transport of non-electrolytes across the 
intestine of marine fishes. In the present 
study we have used a simple preparation of 
intestinal mucosal membrane of the dogfish 
to study the transport of glucose, and to show 
the effect of temperature on transport. 

Methods. Spiny dogfish (Squalus man- 
tkias) used in this study were caught in the 
gulf of Maine during the months of July 
and August. They weighed 8-12 lb. and 
were kept in an enclosure in the ocean for 
one to 4 days. On the day of experiment, 
they were removed and immobilized by spinal 
transsection. The abdomen was opened im- 
mediately, the small intestine was removed 
and placed in an ice-chilled dogfish Ringer's 
solution without glucose. A dudenojejunal 
segment was cut open through the mesenteric 
line, and mounted on a cork ring, with wheich 
the tissue was su4bmerged in ice-chilled Ring- 
er's solution. Spiral valves of the mucosa were 
excised. The remaining mucosa was stripped 
away from s e r w l  and muscular layers. This 
mucosal membrane was then cut into 3 or 4 
sections. Each section \yas mounted over a 
cylindrical glass tube, 1.7 cm in diameter and 
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4.0 cm in length. The mucosal side was on 
the outside, and the submucosal side on the 
inside of the tube. Glucase in varying 
amounts was added to the dogfish Ringer's 
solution at  the start af each experiment. 
Then, one ml of the fresh glucose-Ringer's 
solution was pipetted into the tube against 
the submucosal surface. Next, the tube was 
placed in a plastic beaker containing 5 ml 
of the same solution. The cylindrical tube, 
beaker, membrane and solutions were shaken 
in a Dulbnoff shaker a t  36*C, 26" and 16" for 
an hour. A gas mixture, C&02 ( 5 9 5 % )  
was bubbled into the outside solution 
throughout the experiment. Dogfish Ringer's 
solution was composed of: NaCl 280 mM, 
KCl 12 mM, CaC12 10 mM, NaHCOq 4.5 
mM, NaH2P04 0.5 mM and urea 360 mM. 
The final solution was 960 milliosmoles/liter. 
Alfter one hour of incubation, the inside or 
submucosal fluid was collected for measure- 
ment of volume and glucose concentration. 
The outside or mucmal fluid was also cd-  
lected for measurement of glucose concentra- 
tion. Glucose analysis was that of Nelson 
(1 ) .  The mucosal membrane was blotted 
gently with filter paper and weighed. 

Results. The complete intestinal segment 
with intact mucosal, muscular and serosal 
layers, did not transport glucose. Experi- 
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nients. therefore. were performed only on the 
isolated mucosal membrane. Jlicroscopic es- 
ainination of the membrane showed intact 
mucosal cells, a few muscle fibres and no 
serosa. Table I summarizes the results ob- 
tained on transport of glucose by 4 different 
levels of intestine, from duodenum to ileum. 
The duodenojejunal segment gave the high- 
est rate of transpcrt and the ileal segment the 
lowest rate of transport : however, differences 
detected were minimal, and probably insig- 
nificant. Data presented here were obtained 
from experiments on the duodenojejunal seg- 
ment only. This segment was chosen because 
it was easier to dissect than were the others. 

Temperature. Fig. 1 presents results 011 

rate of glucose transport 11s concentration at 
3 6 ' C  and 26°C. Each point is the average 
of 2 to 4 esperiments. At glucose concentra- 
tion of 30-40 m31. a masimal rate of trans- 
port was reached, both at 36" and 26". How- 
ever, at 36- the rate of glucose transport was 
4.0-4.5 times greater than that a t  26". IYhen 
the intestine was incubated at  16" there was 
no net glucose transport. 

Eflect of inhibitors. I'hlorizin, sodium 
wide, iodoacetic acid, 2.4-dinitrophenol and 
uranyl acetate in varying concentrations were 
added to the outside and inside fluids. Tem- 
perature of the bath was 36" in all experi- 
ments of this type. Table TT shows that all 
olf these compounds except 2,4-dinitrophenol 
inhibited glucose transport in varying degrees 
depending iiImi the concentration of the in- 
hibitor. 

Fig. 2 presents Lineweaver-Burk's plots o f  
data(2). The ordinate is the reciprocal of 

rate of transport; the abscissa, the reciprocal 
of glucose concentration of the initial fluids. 
A linear relationship between 1/V and 1/S 
was suggested by the close fit of calculated 
regression lines to the data(3). At 36", Km 
and were 20 mM and 636 mmol/kg/hr 
respectively: at  26" they were 16 m M  and 78 
mmol 'kg 'hour respectively. In  the presence 
of phlorizin the calculated Km and VAfns 
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VlG. 1 .  Intcstinal transport of L)-glucose at 3d" 
: t i i t 1  26". A rwcosal menibrane of duodenojejunal 
srgmeiit was mounted on a cylindrical tube. Thc 
mbmucosal side was filled with 1 ml of dogfish 
Ringcar solutjoIi contaiiiiiig glucose and was incu- 
lcttcvl in 5 nil of tlic same solution. 

b'I(+. 2 .  I , i I i t I~rt~;~~(~r-~i irk's  plots of intestilia1 
i rillisport of g1iic.o~ wi tli i i i i t l  without phlorizin. 
( ) r ( l i i i ; i t ( h  is r c b c . i p r o ( a f i l  of rat() of transport; all- 
srisniz, rueiproc;i 1 of glucosc conceiitr:ition. Solid 
line is ;I, control without phlorizin; dotted line is  
g!iicose transport in prescnee of 0.05 111M phlori- 
mn. 
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'l'AELk; 11. Iiil~ibitioii of Glucose Transport by 

Inhibitor Cone. % of inhibition' 

Some Inhibitors. 

40.7 (3) 
82.8 (3) 

100 (1) 
100 (2) 

0 (2) 

49 (3)  
100 (3) 
32.5 (2) 

100 ( 2 )  

46.3 (3)  

22.5 (3) 

45.2 (2) 

37.0 (2) 

* N 0. in 1):irwthesc.s indicates No. of experi- 
lll~~llts. 

were 2 7  mM and 339 mmol/kg/hour at 36', 
and 34 mM and 72 mmol/kg/'hour a t  26' re- 
spectively. At 26" the regression lines of glu- 
cose transport with and without phlorizin in- 
tercept the ordinate apparently at the same 
point, z.e., they have the same maximum. At 
36', the 2 lines intercept the ordinate at 2 dif- 
ferent points, i.e., the uninhibited and inhib- 
ited rates of transport reach different maxi- 
mal levels. 

Discussion. Data shown here indicate 
that glucose is able to move from the mucosal 
fluid to the submucosal fluid against concen- 
tration gradients. The rate of tramport is 
greater at  36" than at 26'. Certain meta- 
bolic inhibitors including phlorizin inhibit 
this transport. Such transport of glucose can 
be an active process in view of net movement 
up a concentration gradient, and af the maxi- 
mal rates reached as ooncentration of glucose 
increased. However, in preparation of the 
mucosal membrane the spiral valve was cut 
leaving a small opening between mucosal and 
submucosal solutions. If movemenlt of glu- 
cose had occurred down the concentration 
gradient, it would indicate the presence of a 
leak in the membrane. But glucose moved up 
the concentration gradient. This leaves the 
possibility of glucose movement by bulk flow 
via a siphon or pressure effect. However, 
there was neither change otf pressure nor 
change of volume on either side. Therefore, 
we have iniferred that the hole was small and 
that leakage was insignificant compared to 

movement by active transport. Two addi- 
tional facts excluded the possibility of "leak- 
age" movement of glucose. These facts are: 
first the effect of temperature, and second, 
the effect of the inhibitors. 

Experiments with inhibitors show that 
phlorizin, a t  5 X 10-5M reduced glucose 
transport to 55% of the control value. This 
concentration is far less than that needed for 
inhibition of oxidative phosphorylation (4,s). 
Therefore, phlorizin appears to be bound or 
adsorbed to the glucose carrier system as has 
been postulated by others ( 5,6) .  Our data 
show the phlorizin is a competitive inhibitor 
for glucose transport a t  26". This means 
that a t  this temperature glucose transport is 
conducted mainly by a carrier system at the 
surface of the intestinal mucoga. Fhlorizin 
binds with the carrier system selectively, pro- 
ducing a competitive inhibitory effect. How- 
ever, a t  36" the inhibitory effect of phlorizin 
is non-competitive, a more complicated trans- 
port mechanism for glucose at this tempera- 
ture is suggested. Although Csaky and Fer- 
nald(7) have shown a linear relationship be- 
tween the temperature of incubation and rate 
of disappearance of glucose in an isolated in- 
testinal loop of frog, an influence of tempera- 
ture on glucose transport in the presence of 
phlorizin has not been cited by other inves- 
tigators. It will be interesting to see whether 
a similar phenomenon may occur with glu- 
cose transport by other cellular membranes. 

Summary. A simple technic using the mu- 
cosal membrane of dogfish gut to study the 
transport of glucose was presented. It was 
found that the mucosa,l membrane can trans- 
port glucose from the mucolsal to the sub- 
mucosal fluid against concentration gradients. 
This transport was greater at 36' than at  26", 
and was inhibited by phlorizin, sodium azide, 
icrdoacetic acid and uranyl acetate. Mich- 
aelis-Menten analysis of data has shown that 
inhibition of glucose transport by phlorizin 
was com'petitive at  26' and non-competitive 
at  36". I t  is postulated that a carrier system 
for glucose transport operates a t  the low tem- 
perature, while a more complicated mecha- 
nism handles glucose transport a t  36'. 
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Oxidative Assiniilation and C1.I Distribution in Axotobacter agilis. (27220) 
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4zotobacter agilis ( 1 ) has a high rate ( Qo2 ) 
of oxygen consumption in the presence of a 
readily oxidizable substrate but exhibits low 
endogenous activity and relatively low effi- 
ciency of oxidative assimilation. A .  agilis 
oxidatively assimilates approximately 15-20p 
of the glucose utilized, the remainder being 
oxidized to carbon dioxide and water. Values 
around 18% were reported for acetate and 
succinate and 22% for pyruvate or lactate 
( 1 ) .  This study is concerned with both the 
influence of the growth substrate on assimila- 
tion and distribution of assimilated material 
within the cells. 

Materials and methods. Cells were grown 
for 20 hours in Burk's medium(2) gelled with 
2% agar and containing 1% glucase, acetate 
or succinate as the carbon and energy source. 
,411 manometric tests were carried out at 30' 
C1 using standard technics. The cell suspen- 
sions were prepared in 0.05 molar phosphate 
buffer of pH 7.2 containing magnesium chlo- 
ride in a final concentration of 0.005 molar 
and were adjusted to a Klett-Summerson 
colorimeter reading (green filter, #42) of 300. 
The methods for cell fractionations and meas- 
urements of radioactivity were those de- 
scribed in a study on Bacillus cereus( 3) .  all 
samples being converted to C 0 2  and nieas- 
ured in a T>vnacon (Suclear ('hicago c'orp.). 
This procedure yields more accurate and re- 
producible values than barium carbonate 
plating and counting methods. 

Results. Of the various compounds tested 
manometrically, acetate, pyruvate. succinate. 
f ti marate. mala te, &e tog1 11 t a ra t e ,  ethanol 
and glycerol were oxidatively assimilated by 
A .  agilis, generally in the range of 20-25%, 

by acetate-, succinate-, or glucose-grown cells. 
Sylose, arabinose, glutamate, glycine, gly- 
osylate, glycolate: and formate were not oxi- 
dized by A .  agilis. Lag periods of the order 
of 30-50 minutes were observed Ifor oxidation 
of most substrates (excluding growth sub- 
strate) except no lag was noted for oxidation 
of acetate, pyruvate and ethanol by all cells 
and. in the case of succinate-grown cells, fu- 
marate and malate also were oxidized without 
lag. Glucose, however, was an exception. It 
was oxidized readily by glucose-grown cells 
but not by cells grown on acetate or succinate. 
Long lag periods, 100-200 minutes, were cam.- 
monly observed and the rate of glucose oxi- 
dation in suspensions containing 4 p-moles 
of glucose never approached by more than 
one-sixth the rate observed with glucose- 
qrown cells. On the other hand, the rate of 
oxidation of succinate by acetate-grown cells 
approached that of succinate-grown cells after 
approximately a 50-minute lag period. In- 
creasing the initial concentration of glucose 
10-fold or more decreased to some extent the 
duration of the lag period, particularly with 
succinate-grown cells. Typical response of 
acetate- or succinate-grown cells to oxidation 
of glucose and of acetate-grown organisms to 
succinate oxidation is illustrated in Fig. 1. 
The behavior with glucose was confirmed with 
the use of uniformly labeled C14-glucose. 
(;lucose oxidation went to completion within 
about 40 minutes with glucose-grown cells 
while oxygen consumption in the presence of 
glucose by succinate-grown cells, corrected 
for endogenous respiration, amounted to 5.2% 
of the theoretical value for complete oxida- 
tion at  the end of 1 hour. and 14.1, 41.0, and 


