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ABSP^ACT

The purpose of* these studies was to obtain evidence 

for tho active transport of monosaccharides by the gut of 

the U. Caupo by determining if D-glucose, D-galactose, 3-0- 

mcthyl-D-glucose and/or D-mannitol wore absorbed against a 

concentration difference, and if this ability was specific 

for one or more of these monosaccharides,

Tiio following results were obtained. Positive evidence 

was shown for the active transport of D-glucose and i;as sug­

gested for D-galactose with initial ambient concentrations 
of 1,00 X lO^^moles/ml and 1,00 X lO^^moles/ml, No evidence 

for the active transport of 3-0-methyl-D-glucose and D-nan- 

nitol was obtained, D-glucose at an initial aifoient concen­
tration of 1.00 X 10”^moles/ml appears to be closer to the 

/ 
optimum transport concentration than D-glucose at 1.00 X IO- 

molos/ml. Anaerobic conditions did not inhibit active trans­

port of D-glucoso or D-galactose, This suggests the utiliza­

tion of a different energy-producing mechanism, independent 
of oxidative processes.' No evidence was found for the anab­

olism of 3-0-methyl-D-glucose, D-galactose, or D-nannitol, 

whereas significant amounts of D-glucose wore anabolized. No 

net water movement was observed between the serosal and mu­

cosal sides of gut preparations.
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IIJTHODUCTION

Active transport is the most important cellular mech­

anism for the absorption of monosaccharides by the intestine 

of animals. Although active transport studies of monosac­

charide absorption have been done extensively in the verte­

brates (Wilson and Vincent, 195>; Crane, I960; Wilson and 

Landau, I960; Lawrence, 1962); among the marine invertebrates, 

hovrever, only the molluscs (Lawrence and Lawrence, 1967a,b) 

and echinoderms (D’Agostino and Farr.ianfarmaian, I960; Lawrence 

et al,, 1966) have been studied. Thus, it would be pertinent 

to extend this information to other invertebrates.

Urechus cauno, a worm-like animal of the phylum Achiu- 

roidea (Figure 1), was selected for these transport studies 

of monosaccharide absorption for the following reasons. First, 

transport studies have never been conducted with the gut of 

this very primitive animal. Secondly, the morphology of the 

gut seemed aunlicable to in vitro studies (Figure 2). In 

addition, the presence of a high blood sugar content (Lawrence 

et al., 1971) suggests that the animal may have the ability 

to absorb large apuantitios of sugar and that this movement is 

possibly against a concentration gradient.

The purpose of this study was to obtain evidence for 

the active transport of monosaccharides by the gut of the 

Urechus caupo by determining if D-glucose, D-galactose, 3-0- 
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ifiGuhyl-D~f;lucose and/or D-marmitol wore absorbed against a 

concentration difference, and if this ability was specific 

for one or more of those monosaccharides.
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Figure. I • Umahus cgupo (Pos+eriar —y flnierior)
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K3TH0DS A1TD i^kTARIAL

AnInals

Adult animals; obtained fron Pacific BioMarine Supply 

Company, Venice, California; woro starved and kept under aer­
ation in a cold room at £°C for one week prior to experi­

mentation. Animals were used over a period of tirenty-eight 

days. Ono animal was used per experiment.

In each experiment, animals wore sacrificed in the fol- 

low'ing manner. A longitudinal incision was made through the 

body wall, whereupon the intestines wore removed and placed 

^•n U^ochus Aingors Solution (Table 1). The length of the 

total gut was measured and approximately four-inch segments 

were used for each observation, VJhonever possible, observa­

tions wore prepared consecutively from the proximal to the 

distal end of the gut. 

Chemicals

The following concentrations of throe different test 

monosaccharides were used (Table 2). In addition, a concen­

tration of D-mannitol equal to that of the test monosaccha­

ride was also present in one of the experimental approaches 
used (exception was v.’hon 1.00 X 10”®moles/inl of 3-0-methyl- 

D-glucose was used with 1,00 X 10“^moles/ml of B-mannitol).

Radioactive dual labeling was also employed as an ex­

perimental device in these studies. The following radioactive
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TABLE 1: COMPOSITION OF "URECHUS RINGERS"

Compound g/L mM

NaCl 27.0 462.00

KC1 0.9 12.07

MgCl2 2.0 9.83

MgSO4 0.6 2.43

NaHCO3 0.2 2.38

CaCl2 1.5 0.55

TABLE 2: TEST COMPOUNDS AND CONCENTRATIONS

Test compound

Concentration of 
test compound 
(moles/ml)

Concentration of
D-mannitol 
(moles/ml)

D-Glucose -91.00 x 10 -91.00 x 10 3
1.00 x 10~6 1.00 x 10

D-Galactose
-9

1.00 x 10 -91.00 x 10
1.00 x 10“6 1.00 x IO-6

3-0-Methyl-D-Glucose 1.00 x 10 ° -91.00 x 10 y
1.00 x io“6 1.00 x 10
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compounds were employed; D-glucose-U-^C, D-galactose-l-^C, 

3-0~^CH^-D-glucose, and D-nannitol-U-^H, In each case, the 

activity for ‘^’C was ^yc per liter and was pO^tc per liter 

Experimental Design

Tlie following is a description of the in vitro everted 

sac method used in this study (Crane and Wilson, 19^8 - as 

revised by Lawrence, 1963).

a) Everting Segments

Gut segments, 8 and 12 inches long, were isolated and 

placed in a dish of Urechus Ringers. Each segment was in­

serted over a glass everting rod and the gut segment end 

at the tip of the rod ligated. Then the loose end was 

pulled back over the ligated end, thus exposing the mu­

cosal surface of the isolated segment (Figure 3). Tliesc 

everted segments were tJicn cut into four-inch segments,

b) Mounting Segments

A small glass weight was tied to one end of the everted 

segment (Figure 1|.). The free end ’was slipped over the 

tip of a glass cannula and ligated, thus enclosing the 

serosal compartment (Figure p),

c) Incubation

The entire apparatus (rubber stopper, glass cannula, and 

ligated gut segment) was immersed in a wTidc-mouth test 

tube containing 32 mil of the test solution made from 

Urechus Ringers (Figure 6), This 32 ml will hereafter be
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ated sec^Meni-

Figure 3* Fver+ing gu-t- segment'
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figure 4 : /^-H-aching glass weigh-(- -+6 ever+ed. 
gu4 segmen-t
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ube. S*. AHaeKin^ ever-txd gu-t- segment glass
Weight) 't'o 't"<p of glass Cdhhula
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Glass Cannula

Hypodermic 
Need /e
Two'kole^ 
rubber Sdopper

Wi'de~hnou+h 
•tes-b Hu be.

.Polyethylene
•bubinj "For 
aera-tion

•Everted irrteS" 
tinal sae

Glass weight
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referred to as the mucosal solution since it bathes the 

mucosal surface, jin identical solution to the mucosal 

solution was immediately added to the serosal compart­

ment. This solution will hereafter be referred to as the 

serosal solution since this solution bathes the serosal 

surfaco,

This technique v/as used in throe types of experimen­

tal approaches. In Approachhalf of tho gut preparations 
. -9were immersed m a mucosal solution containing 1.00 X 10 

molos/ml of D-glucose while the remaining samples were in 
-6a 1.00 x 10 moles/ml of D-glucose mucosal solution. The 

serosal compartments were filled with serosal solution con­

taining concentrations of D-glucoso identical to the mu­

cosal solutions. These gut preparations were then incubated 
for three hours at 15°0 with constant aeration of the mu­

cosal solutions. In order to detect any not water movement, 

initial as well as final serosal volumes were measured. At 

the end of incubation, 200A each of serosal and mucosal 

samples were obtained and placed in l>ml of Scintillation 

Cocktail I (Table 3). These samples were counted in a Beck-, 

man Liquid Scintillation Counter at error.

Approach II was similar to Approach I except for the 

following changes. D-mannitol was present in an equal con­

centration as D-glucose. Also, a one-hour preincubation pre­

ceded a one-hour experimental period. Iimiediately after pre­
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incubation, each segment vras placed, in tubes containing a 

test solution which was identical to the pi1 eincubation so­

lution. Subsequently, the senosal fluid was removed vrith ■ ■ 

a long, slender nipett and was replaced with a fresh, iden­

tical solution.

Finally, in Approach III the saino two different con­

centrations wore employed in a comparison of aerobic versus 

anaerobic conditions for D-glucose and D-galactoso. The only 
8 exception was 3-O-methyl-D-glucose vzhich was 1,00 x 10”

-9raoles/ml, and D-mannitol was 1.00 X 10 moles/ml.

1. Aerobic Conditions

This phase was equivalent to Approach II. Additionally, 

following sampling of serosal and mucosal fluids, each 

apparatus was placed into frosh test solutions, identical 

to the previous incubation fluid; a frosh, identical 

serosal fluid was also added.

2. Anaerobic Conditions

This period was similar to aerobic conditions except mu­

cosal solutions were bubbled with a gas mixture of O.nP 

carbon dioxide and nitrogen. Also preincubation

was ono-half hour instead of one hour,

3. Aerobic Conditions

Experimental procedures were similar to anaerobic con­

ditions except mucosal solutions were bubbled under at­

mospheric air.
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TABLE 3: SCINTILLATION COCKTAIL I

Reagents Proportions (ml)

Toluene (Reagent grade) 500

Liquifluor (New England Nuclear) 21

BBS-3
(Beckman) 42

TABLE 4: SCINTILLATION COCKTAIL II

Reagents Proportions

Toluene (Reagent grade) 1000 ml

PRO (2,5-diphenyloxazole) 
(Beckman) 6 g



Tissue Acctu"?ulation

The subsequent procedures were eznployed in all of the 

experimental approaches except the first. At the end of each 

experiment, each gut segment vzas rinsed in Urcchus Ringers, 

and these procedures wore followed.

a) Ethanol Extraction

Approximately 100 rag of each gut segment was placed in 

five nl of ethanol (7^9 ral of 95% ethanol and 211 ml 

of distilled water)'. Ethanol, a polar hydrophobic sol­

vent, can extract free organic raoloculcs from the tissue 

and dissolve it into solution. Thus, by sampling the 

ethanol-soluble portion and counting its radioactive label, 
an estimation of the sunount of ^'"C and accumulated by 

the tissue could be raadc,

b) Ethanol-insoluble Extraction

After subjection to ethanol extraction, each piece of 

gut was immersed in one ml of Solucne (Packard), a 

tissue solubilizer. The tissue dissolved after lj.8 hrs, and 

15 ml of Scintillation Cocktail II (Table Ij.) vras added. 

Five days later, samples were counted in a Beckman Liquid 

Scintillation Counter. Thus, an evaluation of how much 

tost monosaccharide was incorporated into the tissue 
vzhich could not be extracted by l5f5 ethanol could be 
made. This incorporated non-ethanol-soluble ^C and

n Ik^II was assirjed to represent tno amount oi o
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3 and. H anabolizcd. into largo organic compounds.

Mo dry weight doterr.inations were made, as those were 

done earlier. Therefore, all dry weight values were calcu­

lated as 22.70 of the total wet weight (based upon earlier 

percent dry weight determinations for U, caupo by Lawrence, 

unpublished observations).

Calculations

The following parameters were used in this study to 

determine the presence o absence of active transport in 

monosaccharide absorption: .

a) Serosal-mucosal ratio (S/M) is the final serosal con­

centration versus the final mucosal concentration, given 

as follows:

S  Final serosal concentration
M - Final mucosal concentration

b) The final net serosal accumulation is the concentration 

of the actively transported compound per unit dry gut 

tissue weight, given as follows:

Final net Final serosal Initial serosal 
serosal ~ concentration concentration 
accumulation 100 mg dry tissue weight

c) Tlie ethanol-soluble tissue accumulation was calculated 

as follows:

Ethanol-soluble Total amount of ethanol-extractable 
tissue accumu-  test substance in terms of ha­
lation per ml of dioactivo label  
tissue water Total tissue volume



16

A S/M ratio>1, positive net serosal accumulation, 

and ethanol-soluble tissue accuniulation per ml of tissue 

xrater greater than.initial ambient concentration indicate 

the presence of active transport of a given test substance. 

However, negative values do not disprove active trans­

port, necessarily, since a test substance may be metabo­

lized so quickly and/or in such a great quantity as it is 

transported that no immediate accumulation is evident 
(This will be analyzed further in the discussion).

The total net tissue accumulation was calculated as 

follows:

label

Total net tissue Total amount of Total aiiiount of
accumulation per = ethanol-extractable e thanol-nonox-
ml tissue water test ;substance in + tractable test

terms of radioactive substance in terras
label of radioactive

Total tissue volume

Thus, the difference between the total net tissue accumu­

lation and the ethanol-soluble tissue accumulation values 

represents the ethanol-insoluble ariount of the test sub­

stance which was assumed to be an&bolized into larger or­

gan! c compounds,
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RESULTS

In absorption studies of D-glucose, 3-0-ncthyl-D-glu­

cose, D-galactose, and D-nannitol, no not movement of water 

was observed between the mucosal and serosal sides of the 

gut preparations.

Moasurements recorded for the length of the U, caupo 

gut averaged four times the animal's body length (21j.,! ver­

sus 6U),

Equal initial concentrations of D~raannitol and D- 

glucoso, D-galactose, or 3-0-methyl-D-glucoso constituted 

a test sot. An exception was made xrhen D-mannitol was at 
a concentration of 1,00 X 10”^moles/ml and 3-0-methyl-D- 

8glucose at 1.00 X 10"" moles/ml. Each test set was subjected 
to two initial ambient concentrations, 1.00 X 10""^molcs/i.?l 
and .1.00 X 10""^moles/ml. In all cases tested, D-mannitol 

values were always loss than those of the other monosac­

charide in the test set. Also in all cases tested, no evi­

dence for the active transport of D-mannitol against a con­

centration difference was found, as observed by S/Ii ratios 

< 1, negative net serosal accumulation values, and ethanol- 

soluble tissue accumulation per ml tissue water less than 
initial ambient concentration (Tables p-11).

Uo evidence fox’ the active transport of D-galactose 

was obtained altb.ough S/K ratios and net serosal accurau- 
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lation values wore positive, but not significantly (P^O.O^}# 

and ethanol-soluble tissue accumulation values were less 

than the initial ambient concentration (Tables 5 & 6). Hoi;- 

over, when compared xrith D-raannitol values for these re­

spective parainoters, D-galactose values were always found 

to be greater than those for D-mannitol, which is indicative 

of active transport for D-galactose (Tables 5 & 6). Under 

anaerobic conditions, D-galactose transport, if indeed pre­

sent, was not inhibited (Tables 5 & 6),

Mo evidence for the active transport of 3-O-r.iethyl- 

D-glucose was found as demonstrated by S/M ratios< 1, nega­

tive not serosal accumulations, and ethanol-soluble tissue 

accumulation per ml tissue water less than initial anbiont 

concentrations (Tables 7 & 8). VJhen these values wore com­

pared with the respective values for D-mannitol, equated at 

the sane concentrations, they were found to bo similar 

(p>0,05). This also indicated that 3-0-r.iothyl-D-glucoso 

was not actively transported.

Evidence for the active transport of D-glucose using 
an initial ambient concentration of 1,00 X 10“^iaoles/ml or 

1.00 X 10 molos/i.il were obtained, as indicated by S/H ratios 

> 1, positive not serosal accumulations, and othanol-soluble 

tissue accumulations per rnl tissue water greater than ini­

tial ambient concentrations (Tables 9 & 10), Furthermore, 

since D-mannitol values were significantly less than those
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of D-glucose (P <(. 0.05), this i;as also indicative of active 

transport for D-glucoso (Tables 9 12), it ifas also found

that D-glucose accwiulated at a faster rate at an initial 

ambient concentration of 1.00 X 10" haoles/ml as compared 
with the initial concentration of 1,00 X 10~^moles/ml (Tables 

9-12), blicn data from aerobic test periods were compared 

with those obtained in the anaerobic test periods for both 

concentrations of D-glucose (Tables 9 & 10), no significant 

differences were found (P^O.OJ?).

After five hours of in vitro conditions, the mucosal 

surfaces of the gut preparations sloughed badly; although, 

surprisingly, the active transport mechanism showed no signs 

of deterioration, since S/Il ratios either remained constant 

or continued to rise.

In comparing the degree of anabolism of all test sets 

at both initial em;bient concentrations, it was fotmd that 

only D-glucose was anabolized into othanol-insoluble mate­

rials in all e^eriments using D-glucose (Tables 9 & 10), 

whereas neither D-galactose (Tables 5 6), 3-0-mcthyl-D-

glucosc (Tables 7 2: 8) nor D~mannitol (Tables £-11) were 

shovm to be anabolized at either initial ambient concen­

tration.
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TABLE 5: THE EFFECTS OF ANAEROBIC CONDITIONS ON ABSORPTION

OF D-GALACTOSE AND D-MANNITOL IN U. CAUPO GUTcu
Condition
and test Net serosal Total net tissue Ethanol-soluble
compound; Final serosal accumulation accumulation accumulation
number of concentration (moles/100 mg (moles/ml (moles/ml
observations S/M ratio* (moles/ml)* dry gut weight) * tissue water)* tissue water)*

D-Galactose:

Aerobic 1.08 1. 06 X 10 9 8.00 X IO-1! — ■■ ■— ■■ ■■ aw ■■
(3) ±0.06 ±7.00 X 10"11 ±8.00 X 10-11

Anaerobic
(2)

1. 31 
±0.03

1. 37
±8.00

X
X

IO-9 
10-11 3.00

±9.00
X
X

io"11
-1110

— — — — —

Aerobic
(2)

1. 47
±0.09

1. 45
±1.17

X
X

10-1010 u
4.10

±2.00
X
X

io"10
-10 10

9.
±2.

60 x 10^2
50 x 10 U 8.10

±9.00
X
X

IO"10
-11 10

D-Mannitol:

Aerobic
(3)

0.95
±0.02

9.20
±2.00

X
X

IO"10
-1110

-9.00
±3.00

X
X

io"-1110 x
—

— — — —

Anaerobic
(2)

0.95
±0.04

9.50
±5.00

X
X

io"10
-1110

-5.00
±4.00

X
X

10-11
-1110

3.
±5.

10 x 10^?
00 x 10

2.20
±5.00

X
X

io"10
-1110

Aerobic
(2)

1. 00 
±0.03

9.70
±5.00

X
X

io"10
-1110 •L

-4.00
±4.00

X
X

io"11
-1110

4-

The initial serosal and mucosal solutionsi for all test periods contained 1. 00 x 10" 9 moles/ml
each of D-galactose and D-mannitol. The duration. for each test period was one hour • The
experimental conditions for each 'test period were identical with the exception that a one-hour
preincubation preceded the first ■test period; the second and third were preceded by a half-
hour preincubation; the second •test period was under anaerobic conditions, and the first and
third under aerobic conditions. *A11 values were means ±S.E. M. 1 s.
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— 6The initial serosal and mucosal solutions for all test periods contained 1.00 x 10 moles/ml 
each of D-galactose and D-mannitol. The duration for each test period was one hour. The 
experimental conditions for each test period were identical with the exception that a one-hour 
preincubation preceded the first test period; the second and third were preceded by a half- 
hour preincubation; the second test period was under anaerobic conditions, and the first and 
third under aerobic conditions. *A11 values were means ± S.E.M.'s with the exception that 
values for the second test period were based upon one observation.

TABLE 6: THE EFFECTS OF ANAEROBIC CONDITIONS ON ABSORPTION 
OF D-GALACTOSE AND D-MANNITOL IN U. CAUPO GUT

Condition, test 
compound, and 
number of

Final serosal 
concentration 
(moles/ml)*

Net serosal 
accumulation 
(moles/100 mg 
dry gut weight)*

Total net tissue 
accumulation 
(moles/ml 
tissue water)*

Ethanol-soluble 
accumulation 
(moles/ml 
tissue water)*observations S/M ratio*

D-galactose:

Aerobic 1. 04 1.05 x 10-6 9.37 x 10 °
(3)

Anaerobic

±0.11

1.12

±1.33 x 10
1.11 x 10“6

±1.10 x 10
R5.33 x 10

(1)
Aerobic 1. 49 1.48 x 10-p -74.74 x 10 ' -75.87 x 10 ' -75.69 x 10 ‘

(2) ±0.02 ±6.40 x 10~ ±2.64 x 10-/ ±3.87 x 10-/ ±4.06 x 10~

D-mannitol:

Aerobic 0.91 -79.01 x 10 ' -7.93 x 10~q
(3)

Anaerobic

±0.04

0.92

±4.84 x 10"
9.14 x IO-7

±8.48 x 10~
— R-4.14 x 10 —___ — — — —

(1)

Aerobic 1.01 -79.80 x 10 ' -9-6.99 x 10 p -71.83 x 10 ' — R8.60 x 10 °
(2) ±0.01 ±4.25 x 10 ±1.85 x 10 ±1.12 x 10 ' ±3.83 x 10
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TABLE 7: THE EFFECTS OF ANAEROBIC CONDITIONS ON ABSORPTION
OF 3-O-METHYL-D-GLUCOSE AND D-MANNITOL IN U. CAUPO GUT

the exception that a one-hour preincubation preceded the first test period; the second and 
third were preceded by a half-hour preincubation; the second test period was under anaerobic 
conditions, and the first and third under aerobic conditions. *A11 values were means ± S.E.M.'s 
There were no significant differences (P > 0.05) for any test periods of the same parameters 
for 3-0-methyl-D-glucose and D-mannitol.

Condition, test Net serosal Total net tissue Ethanol-soluble
compound, and Final serosal accumulation accumulation accumulation
number of concentration (moles/100 mg (moles/ml ■ (moles/ml
observations S/M ratio * (moles/ml)* dry gut weight)* tissue water)* tissue water)*

3-0-Methyl-D-Glucose:

Aerobic
(3)

0.81
±0.04

8.05
±3.00

X
X

10-1010 u
-1.48 x
±4.00 x

10-ll
10

— — — — —

Anaerobic
(3)

1.17
±0.25

9.25
±2.60

X
X

10-1010 ±u
-5.20 x
±1.12 x

io"10
-1010 u

— —

Aerobic
(3)

0.97
±0.03

9.60
±2.80

X
X

10-1010 ±u
-2.70 x
±1.50 x

io"10
-1010

-91.38 x 10 * 
±2.30 x 10~

-91.17 x 10 * 
±3.70 x 10"

D-Mannitol:

Aerobic
(3)

0.91
±0.03

9.00
±2.00

X
X

io"10
-11 10

-8.00 x 
±2.00 x

io"11
-1110

— —— — —

Anaerobic
(3)

1.24
±0.28

9.70
±1. 00

X
X

io"10
-1110 ■L

-2.00 x
±1.00 x

io-n
-11 10

—— — — —

Aerobic
(3)

0.99
±0.02

9.80
±2.00

X
X

io"10
-11 10

-1.00 x
±2.00 x

io"11
-1110

1.20 x 10~3"° 
±1.00 x 10*

4.00 x 10"^ 
±1.00 x 10“

The initial serosal and mucosal solutions for all. test periods contained 1. — A00 x 10 moles/ml
of 3-0-methyl-D-glucose and 1.0C) x: 10-9 moles/ml of D-mannitol. The duration for each test
period was one hour. The experimental <conditions; for each test period were identical with



TABLE 8: the effects of AN7XEROBIC: CONDITIONS ON ABSORPTION
OF 3-0--METHYL-:D-GLUCOSE AND D-MANNITOL IN U. CAUPO GUT

C\J
Condition, test Net serosal Total net tissue Ethanol-soluble
compound, and Final serosal accumulation accumulation accumulation
number of concentration (moles/100 mg (moles/ml (moles/ml
observations S/M ratio* (moles/ml)* dry gut weight)* tissue water)* tissue water)*

3-0-methyl-D-Glucose:

Aerobic 0.81 7.84 X 10 g -1.29 x 10-8 — — — —
(3) ±0.05 ±4.56 x 10 8 ±1.20 x 10 8 ♦

Anaerobic 0.94 9.36 x 10-8 -3.69 x 10,1
(3) ±0.01 ±1. 62 x 10 8 ±4.83 x 10 9

Aerobic
(3)

0.97
±0.02

9.64
±2.20 X 

X 
o 
o
1 ! CO -
J

-1.89 x
±5.74 x

co <n
1 
l

o
 o

— R8.71 x 10 °
±2.44 x 10

_ q8.15. x 10 °
±2.02 x 10

D-Mannitol:

Aerobic 0.89 8.42 x 10"^ -9.34 x ioz= —— ——
(3) ±0.04 ±4.91 x 10 8 ±1.42 x 10 8

Anaerobic
(3)

0.99
±0.04

9.68
±1.51

x 10-8 x 10 8 -1.68 x
±4.44 x

10=9
10

— — — — ———' —

Aerobic
(3)

0.98
±0.02

9.87
±1.58

x 10-8 x 10 8 -6.78 x
±6.04 x

10-910 y
8.07 x lO^p 

±1.20 x 10
— R2.69 x 10 ° 

±5.25 x 10 y

The initial serosal and mucosal solutions for all test periods contained 1.00 x 10 moles/ml 
each of 3-0-methyl-D-glucose and D-mannitol. The duration for each test period was one hour. 
The experimental conditions for each test period were identical with the exception that a one- 
hour preincubation preceded the first test period; the second and third were preceded by a 
half-hour preincubation; the second test period was under anaerobic conditions, and the first 
and third under aerobic conditions. *A11 values were means ± S.E.M.’s. There were no 
significant differences (P > 0.05) for any test periods of the same parameters for 3-0-methyl- 
D-glucose or D-mannitol or between 3-0-methyl-D-glucose and D-mannitol.



-9The initial serosal and mucosal solutions for all test periods contained 1.00 x 10 moles/ml 
each of D-glucose and D-mannitol. The duration for each test period was one hour. The 
experimental conditions for each test period were identical with the exception that a one- 
hour preincubation preceded the first test period; the second and third were preceded by a 
half-hour preincubation; the second test period was under anaerobic conditions, and the first 
and third under aerobic conditions. *A11 values were means ± S.E.M’s. There were no 
significant differences (P> 0.05) between any test periods of the same parameters for D- 
glucose. All respective parameters for each test condition of D-glucose were significantly 
(P < 0.05) than the respective parameters for each test condition for D-mannitol.

TABLE 9: THE EFFECTS OF ANJXEROBIC CONDITIONS ON ABSORPTION 
OF D-GLUCOSE AND D-MANNITOL IN U. CAUPO GUT

Condition, test 
compound, and 
number of

Final serosal 
concentration 
(moles/ml)*

Net serosal 
accumulation 
(moles/100 mg 
dry gut weight)*

Total net tissue 
accumulation 
(moles/ml 
tissue water)*

Ethanol-soluble 
accumulation 
(moles/ml 
tissue water)*observations S/M ratio*

D-glucose:

Aerobic
(3)

16.28
± 3.00

11.35
± 2.02

X
X

10-910 y
7.15

±1.33
X
X

10-910 y
———— —

Anaerobic
(3)

18.00 
± 0.80

13.73
± 9.80

X
X

10-1010 u
8.80

±1.60
X
X

10-9
10

— —

Aerobic
(3)

20.12
± 7.21

13.27
± 5.04

X
X o 
o

1 1 V
D
 VO 7.40

±1.30
X
X H

 H
O

 O
 

1 1 V
O

 UD 12.08 x 
± 4.40 x H

 H
O

 O
 

1 1 kD
 kD -98.98 x 10 y 

±2.96 x 10"y

D-mannitol: t

Aerobic
(3)

0.80
± 0.28

8.10
± 8.00

X
X

IO"10 
io"11 -1.15

±7.00
X
X

io"10
-1110

---- — — — —

Anaerobic
(3)

1.27
± 0.51

1.27
± 1.10

X
X

10-10
10

1.17
±2.00

X
X

io"10
-1110

—— — — —— — -

Aerobic
(3)

1.39
± 0.12

1.35
± 1.30

X
X

10-1010 ±u
2.20

±2.00
X
X

io"10
-1110

6.90 x 
± 3.20 x

10"10
-1010

5.10 x 10~^ 
±2.60 x 10 U



TABLE 10: THE EFFECTS OF ANEROBIC CONDITIONS ON ABSORPTION 
OF D-GLUCOSE AND D-MANNITOL IN U. CAUPO GUT.

Condition, test Net serosal Total net tissue Ethanol-soluble
compound, and Final serosal accumulation accumulation accumulation
number of concentration (moles/100 mg (moles/ml (moles/ml
observations S/M ratio* (moles/ml)* dry gut weight)* tissue water)* tissue water)*

D-glucose:
x io2? 1.37

±2.02

1.22
±3.09

X
X

X
X

10-710 '
1OZ67
10 '

Aerobic
(3)

Anaerobic
(3)

3.00
±0.60

2.87
±0.76

3.08 
±1.71

3.18 
±1.74

X

X
X

10 w

10-610 6

Aerobic 2.35 2.62 X 10-6 8.87 X io-7 1.62 x 10^7 1.14' x I0Z7
(3) ±0.65 ±8.28 X IO'7 ±2.67 X io"7 ±3.07 x 10 7 ±1.75 x 10

D-mannitol:

Aerobic
(3)

Anaerobic
(3)

Aerobic

0.81
±0.10

0.91
±0.09

0.91

8.73 
±8.86

1. 04 
±8.21

1. 05

X
X

X
X

X H
 

H
 H

 
H

 H
o 

o 
o 

o 
o

II
 

II
 

II
at

 co cn 
oo

-6.94
±4.33

1.51
±3.63

6.51

X
X

X
X

X o o o
 o o 

ii ii 
ii

 
)O

 co
 CO CO 

C
O

 CO

-71.60 x 10 7 9.90 x 10 °
(3) ±0.13 ±1.76 X 10 ' ±9.31 X 10 ±2.84 x 10 ±2.19 x 10

— 6The initial serosal and mucosal solutions for all test periods contained 1.00 x 10 moles/ml 
each of D-glucose and D-mannitol. The duration for each test period was one hour. The 
experimental conditions for each test period were identical with the exception that a one- 
hour preincubation preceded the first test period; the second and third were preceded by a 
half-hour preincubation; the second test period was under anaerobic conditions, and the first 
and third were under aerobic conditions. *A11 values were means ± S.E.M's. There no sig­
nificant differences (P > 0.05) between any test periods of the same parameters for D-glucose. 
All respective parameter?, for each test condition of D-glucose were significantly greater 
(P < 0.05) than the respective parameters for each test condition for D-mannitol.
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TABLE 11: THE EFFECTS OF CONCENTRATION ON ABSORPTION 
OF D-GLUCOSE AND D-MANNITOL IN U. CAUPO GUT

Test compound Total net tissue Ethanol-soluble
and initial 
concentration 
(moles/ml)

Number of 
Observations S/M ratio*

Final serosal 
concentration 
(moles/ml)*

accumulation 
(moles/ml 
tissue water)*

accumulation 
(moles/ml 
tissue water)*

D-Glucose:
-9 „-8 -9 -91.00 x 10 y 3 15.60 1.21 x 10 ° 6.33 x 10 * 4.09 x 10 *

± 0.28 ±5.10 x 10" ±5.64 x 10"y ±2.12 x 10~
-6 -6 -7 -71.00 x 10 ° 2 2.48 2.52 x 10 ° 9.64 x 10 ‘ 7.38 x 10 1

— 7 —8 —7± 0.27 ±3.87 x 10 ±8.80 x 10 ±2.04 x 10 1

D-Mannitol:
-9 t -9 -10 -10 t

1.00 x 10 3 1. 05 1.03 X 10-ll 3.35 X 10-10 1.32 X 10-ll
± 0.06 ±7.86 X 10 ±1.44 X 10 u ±6.21 X 10

1.00 x 10"6 2 1.02t 9.84 X 2.33 X
-710-9 6.60 X

10:^
± 0.01 ±5.00 X 10 y ±8.07 X 10 y ±1.52 X 10 0

A one-hour preincubation preceded a one-hour test period. *A11 values were means ± S.E.M's.
These mannitol values were significantly less (P > 0.05) than their respective D-glucose 

values, tAll respective parameters for each test condition of D-glucose were significantly 
greater (P<0.05) than the respective parameters for each test condition for D-mannitol.
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TABLE 12: THE EFFECTS OF CONCENTRATION ON ACTIVE TRANSPORT 
OF D-GLUCOSE IN U. CAUPO GUT

Initial ambient 
concentration 
(moles/ml)

Final serosal
Number of concentration
observations S/M ratio* (moles/ml)*

-91.00 x 10 -93 18.21 9.76 x 10 q
± 8.00 ±4.35 x 10

1.00 x IO-6 2 4.50 4.25 x 10"^
± 2.42 ±2.42 x 10"

The duration of 
± S.E.M's.

the test period was three hours. *A11 values were means
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DISCUSS!OM

Tlio parardeters used to detemrnno the presence o£ ac­
tive transport were S/K ratios> 1, positive net serosal ac­

cumulation values, and ethanol-soluble tissue accumulations 

greater than the initial arabient concentration. Of* course, 

those criteria are not absolute and do suffer limitations 

since they are designed to measure only terminal evidence of 

active transport. It must be pointed out that metabolic 

factors may affect those parameters and cause misinterpret­

ation of data in terms of whether active transport occurred 

or not. Thus, for exsmple, if a metabolizable sugar demon­

strates negative evidence for active transport as measured 

By these parameters, this docs not disprove the presence of 

an active transport mechanism.

In general, throe aspects of metabolism, i.c,, a sim­
ple chemical conversion of the test compound (e.g., glucose 

—> lactic acid), anabolism df the tost compound into larger 

organic compounds, and catabolism of the test compound into 

carbon diomido and water, may affect these transport param­

eters and alter them in such a way that erroneous conclu­

sions of transport would be made. For example, as a mono­

saccharide is absorbed by the gut tissue, it may be slightly 

chemically altered into a different organic compound and 

thus, is present as a different compound at the serosal side. 
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though still detectable by its radioactive label. Thus, 

despite the fact that a sugar demonstrated active trans­

port in terras of final serosal and ethanol-soluble tissue 

accumulations according to the parameters discussed ear­

lier, it cannot be absolutely concluded from these studies 

whether the sugar was actively transported uroiodified or 

chemically altered into a non-diffusable compound which 

would account for the serosal and ethanol-soluble tissue 

accumulations. Chromatographic analysis, such as paper 

chromatography, could be employed to identify the compo­

nents in the ethan ol-soluble fraction and the final sero­

sal volume which contain the radioactive label and thus 

deterj.'iine whether the test compound was transported un­

altered or chemically converted into a non-diffusable com­

pound, resulting in serosal as well as ethanol-soluble tis­

sue accumulations. In another aspoct of metabolism, a mono­

saccharide may be anabolizod into larger organic compounds 

as it is actively transported. The concentration of the 

monosaccharide anabolizod is determined by the difference 

between the total not tissue accwiulation value and the eth­

anol-soluble tissue accuriuia tion value. Therefore, it is 

conceivable that a compound which is significantly anabolized, 

would not demonstrate positive evidence for active trans­

port based upon the parameters discussed earlier even though 

the substance is actively transported. For example, if the
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rate of anabolism exceeds the rate of transport, then frac­

tional S/I-i ratios, negative net serosal accwnulations, and 

ethanol-soluble tissue accumulations loss than the initial 

ambient concentration will be evidenced. Thirdly, a monosac­

charide may be metabolized completely into carbon dioxide 

and water as it is actively transported. If a compound is 

catabolized extensively as it is transported, the rate 

of transport versus the rate of catabolism must be consid­

ered. As long as the rate of transport exceeds the rate of 

catabolism, S/H ratios^ 1, positive net serosal accumulations, 

and ethanol-soluble tissue accumulations greater than the 

initial ambient concentration may still be obtained. Ho;r- 

ever, when a compound is catabolized at a faster rate than 

it is transported, again as in the previous case when the 

rate of anabolism exceeded the rate of transport, then frac­

tional S/M ratios, negative net serosal accumulations, and 

ethanol-soluble tissue acciwiulations less than the initial 

ambient concentration will be evidenced.

All three events could occur to some degree in the 

gut tissue for all monosaccharides tested. However, it is 

the interplay and extensive occurrence of the latter two 

events which may cause the failure to detect the active 

transport of a compound.

Since the parameters for the determination of active 

transport are not perfect. the inclusion of D-mannitol in
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the experimental approaches further substantiated the case 

for active transport of a given monosaccharide, ITo evidence 

for the active absorption of D-mannitol by the U, can >o gut 

was found. This finding coincided with numerous Imovm studies 

in vzhich no evidence was found for the active transport of 

D-mannitol by any animal gut tissue to date studied (Cori, 

1925; Davidson and Garry, 1940; Wilson and Vincent, 1955; 

Lawrence and Lawrence, 1967a). Consequently, movement of D- 

mannitol could be assumed to bo due to diffusion. Thus, D- 

mannitol served as an added control for D-glucose, D-galac- 

tose, and 3-0-methyl-D-glucoso, since the diffusion coef­

ficient for mannitol equals the diffusion coefficient of 

D-glucose and D-galactoso and is only slightly higher than 

that of 3-0-methyl-D-glucose, Thus, any significant move­

ment of a monosaccharide greater than that of D-mannitol 

suggests processes other than diffusion. Further, this phy­

siological process is due to active transport, which has 

been shown with gut tissues of other ani’mals (Gori, 1925; 

Davidson and Garry, 1950; Wilson and Vincent, 1955; Lawrence 

and Lawrence, 1967a),

Of the four monosaccharides tested, D-galactose, 3-0- 

methyl-D-glucose, and D-mannitol did Hot show positive 

evidence for active transport in the U, caunq gut, as eval­

uated by S/M , net serosal and ethanol-soluble tissue accu­

mulation parameters. Only evidence for the active trans-



32

port of D-glucose Has suggested, by these transport pararr.- ' 

eters. A faster rate of accivnu2a tion Has obtained using the
-9initial aribient concentration of 1.00 X 10 molos/ml as 

compared to 1.00 X 10~^moles/ml. Tliis indicated that the 

lower test concentration was closer to the optimum for trans­

port; however, no kinetics studios have been done to deter­

mine whether this concentration is the most optimum for 

sugar transport by the U. caupo gut. The rate of absorption 

of D-galactosc into and across the gut was always greater 

than that for D-mannitol, as indicated by S/li ratios, net 

serosal accumulations, and ethanol-soluble tissue acciaau- 

lations higher than D-mannitol values (Two of fifteen values 

wore significant at probability). This evidence suggests 

that D-galactose is possibly actively transported but at a 

very slow rate. Additional observations would be required 

in order to definitely detersiiine 'whether D-galactose is ac­

tively transported,

D-glucosc was not inhibited by anaerobic conditions, 

and if D-galactoso were indeed transported, it was also not 

inhibited. Tliis leads to the speculation that perhaps this 

active transport mechanism vzas not dependent upon metabolic 

energy derived through oxidative processes. On the other 

hand, it is just as probable to ask whether anaerobic con­

ditions were established. It is felt that the former ex­

planation is the more probable, since those- same techniques
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havo been used with other aninal tissues in this laboratory 

in which inhibition of active transport resulted. Moreover, 

anaerobic conditions do not ali/ays inhibit active transport 

in all animal tissues, as illustrated by D-galactoso trans­

port in the distal gut region of £, stoileri (Lawrence and 

Lawrence, 196?a), sone fish gut tissues (Wilson and Lin, 

I960), and some embryonic tissues (Kusacchia ct al. , 196L|.). 

In addition, the U. caupo is an intertidal animal living in 

a U-shaped burrow beneath the substratum, and during periods 

of low tides, it suffers from oxygen deprivation due to lack 

of frosh sea water. Thus, it would not be surprising that 

this animal has the ability to develop a. large oxygen debt, 

since anaerobic conditions are not uncomir.on to its mode of 

existence. The use of a glycolytic inhibitor ’would substan­

tiate this speculation.

VJhon all test sets at both initial ambient concen­

trations were compared, no evidence was obtained for the 

anabolism of D-galactose, 3-0-rnothyl-D-glucose, and D-man- 

nitol in terms of no significant net accumulation of those 

sugars into the ethanol-insoluble fractions. It was felt 

that the small insignificant amounts of 3-0-methyl-D~glu- 

cose, D-galactose, and D-mannitol accum.ulatod into the 

ethanol-insoluble fractions wore probably due to ineffi­

ciency of the ethanol extraction methods to remove all of
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the test compound (ethanol extraction vzas 90-95/3 efficient). 

Further, no evidence for the anabolism of D-^ala.ctosc 
(Laurence, 1962), 3-0-methyl-D-p;lucoso (Campbell and Young, 

1952; Csaky and Glenn, 1957; Lavzrcnce et al., 1966), or 

D-mannitol (Cori, 1925; Davidson and Garry, 19-40; Wilson 

and Vincent, 1955; Laurence and Lawrence, 1967a) has ever 

been demonstrated in other known studios. Significant 

amounts of D-glucoso, in all exporiiicnts conducted with D- 

glucose, v/ore anabolized into larger organic compounds, as 

indicated by total net tissue accumulations significantly 

greater than ethanol-soluble tissue accumulation values 
(i.e., armount ana.bolized was assumed to be 24”3’l-5 of total » 

not tissue accumulation). The anabolism of D-glucose has 

been cited in other known studies (Lawrence et al.., 1966), 

In conclusion, the purpose of these studios was to 

obtain evidence for the active transport of monosaccharides 

by the gut of the U. caupo. Established paraj.ieters were used 

to determine if D-glucose , D-galactosc, D-mannitol, and 3- 

O-methyl-D-glucosc wore actively transported. ITo evidence 

for the active transport of D-mannitol was shown. This coin­

cided with all prior studies in which D-mannitol was not 

known to be actively transported in a.ny animal gut tissue 
(Cori,1925; Davidson and Garry,1940; Tilson and Vincent,1955;

Lawrence and Lawrence, 1967a), Data also suggests that 3-0- 

riiethyl-D-glucoso did not demonstrate active absorption by
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the U« calico gut. This is surprising since 3-0-mothyl--D-. 

glucose is actively transported, in narmalian (Wilson and 

Vincent, 1955> Wilson and Landau, I960), bird (VZestenbrink, 

1936), aiiiphibian (Csaky and Fornald, I960), fish (Cordier 

and Worbe, 1955) tissues; and in the proxiraal gut region of 

tho marine mollusc, C, stelleri (Lawrence and Lawrence, 

1967a). If D-galactosc is indeed actively transported 

by tho U. caupo gut, then this information would agree with 

prior positive evidence for active transport of this mono­

saccharide in mammalian (Wilson and Vincent, 1955; Wilson 

and Landau, i960), bird (Wostenbrink, 1936), amphibian 

(Lawrence, 1962), and fish (Cordier and Worbe,1955) tissues, 

and in the gut of the mollusc, C. stelleri (Lawronee and 

Lawrence, 1967a). Tlie conclusion that D-glucose was actively 

transported (assuming that most of tho monosaccharide was 

not chemically altered to another form) correlates with other 

known evidence of its active transport in mamriialian (Wilson 

and Vincent, 1955; Wilson and Landau, i960), bird (Westen- 

brink, 1936), amphibian (Lawrence, 1962), fish (Cordier and 

Worbe, 1955)# and molluscan (LatJrcnce and Lawrence, 1967a) 

tissues. Thus, the presence of active tra.nsport for some 

monosaccharides has been established in another group of in­

vertebrates.
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SUM-LiRY

The purpose of these studies was to obtain evidence 

for the active transport of nonosacchuridos by the gut of 

tho U, cauno by determining if D-glucoso, D-galactose, 3- 

O-rnothyl-iD-glucoso and/or D-mannitol were absorbed against 

a concentration difference, and if this ability was speci­

fic for one or more of these monosaccharides.

The following results were obtained:

a) Positive evidence was shown for the active transport of 

D-glucose and was suggested for D-galactoso with initial
_Q ,airbiont concentrations of 1.00 X 10 ''molos/ml and 1.00

X 10""^molos/i:il.

b) IIo evidence for the active transport of 3-0-mothyl-D- 

glucoso and 0-nannitol was obtained.

c) D-glucoso at an initial ambient concentration of 1.00
-GX 10 haolos/ml appears to be closer to the optimum trans­

port concentration than D-glucoso at 1.00 X lO’^moles/ml,

d) Anaerobic conditions did not inhibit active transport of

D-glucose or D-galactose. This suggests the utilization 

of a different energy-producing mechanism, independent of 

oxidative processes.

e) Ho evidence was found fox* the anabolism of 3-0-methyl-D- 

glucosc, D-galactose, or D-mannitol, irhereas significant 

amounts of D-glucose were anabolized.
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f) No neb water movement was observed between the serosal

and mucosal sides of gut preparation
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