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ABSIRACT

-

The purposc of thesc studiss was to obtaln evidonce
for tho active transport of monosacchaorides by the sub of

the U, Couno by determining if D-glucogse, D-galactose, 3-0-

methyl-D-glucose and/or D-mannitol were absorbed against a
concentration difference, and if this sbility was specific

3

for one or more of these monosaccharides

L1

»

The following results were obtalned, Positive cvidence
was shown for the active transport of D-glucose and was suf-
gested for D-galacbose with initial ambicnt concentratlions
of 1,00 X 10 gmoles ml and 1,00 X 10—6moles/m1. o evidzence
for the active transbort of 3-0-methyl-D-glucose and D-nan-
nitol was obtuined, D-glucose at an initial ambient concoene
tration of 1,00 X lO'Qmo;es/ml aspears to be closer to the
oobimun transoort concentration than.D—gluoose at 1,00 X l()-6
roles/ml, Anaerobic condiftions did not inhibit active trans-
port of D-glucose or D-galactose, This suggests the utiliza-
tion of a different cnergy-producing mechanism, indcependent
of oxidative vrocesses, No evidence was found for the anab-
olism of 3~0O-methyl-D-glucose, D-galactose, or D-nannitol,
whercas significant amounts of D-glucose were anabolized, Fo
net yater movement was observed between the serosal and mu-

cosal sides of gut preparations,
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IHTRODUCTION

Active trsnsport is the most important ccllular mech-
anism for the ébsorption ol nionosaccharides by the intestine
of animals, Although active transnort étudies of monosac-~
charide absorption have been done extensively in the verte-
brates (Wilson and Vincent, 1955; Crane, 1950; Wilson and

Landau, 1960; Lawrence, 19562); emong the marine invertedrates,

however, only the molluscs (Laurence

2

1d Lavirence, 1557a,b)
and echinoderms (D!'icostino and Farmanfarmaian, 1960; Lowrenco
et al,, 1966) have been studicd, Thus, it would be pertincent
to extend this information to other invertebrates,

Urechus cauno, a worm-like aniwal of the phaylum ichiu-

roidea (Figzure 1), was selected Tor thesec transport studics

of monosaccharide absorvtion for the following rcasons, ifirst,

transport studies have neveor been conducted with the gut of

s 4

this very primitive animal, Secendly, the morvhclogy of the

gut seemecd applicable to in vitro studies (Figurc 2), In

addition, the prescnce of a high blood suzar content (Lawrcnce
et al.,, 1971) sugoests that the animal may have the ability
to absorb large auantitics of suzar aﬁd that this novement is
possibly sgainst a concentrotion groadient,

The purvosc of this study was to obtain evidonce Tor

the active transvort of monosaccharides by the gut of the

Urechius cauno by determining if D-glucose, D-salactose, 3-0-



methyl-D-glucose and/or D-mannitol worce absorbed azainst a
concenvration differcnce, and if this ability was speciflic

for onz or more of thcse monosaccnarides,



Fl'gurc [: Urechus caupa (Po.s—l-eriar - Anterior)
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F-'/gure 2. Dlagram of U. gaupo 9u.1.
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MATHODS AUD FATSERIAL

Anirals

Adult animals; obtained from Pacific BioMarine Supply
Company, Venice, California; wore starved and keot under aer
ation in a cold room at SOC Tfor one weck prior to expcecri-
nentation, Animsls were uscd over a period of twenty-eisht
days. One animal was uscd per cxperiment,

In cach ecxperiment, animals were sacrificed in the fol
lowing menncr, & longzitudinal incision was made through the
body wall, whncrcupon the intestines wore rcmoved and placed
in Urcchug lingers Solubion (Table 1), The loength of the
total gut was measured and aporoximately four-inch scgments
were uscd {or each observation, Wacnever possible, observa-
tions were vprepared consecutively from thoe proximal to the
distal end of the gut,

Chemicals

The following concentratvions of three diflerent test
nonosaccharides were used (Table 2), In addition, a concen-
tration of D-mannitol ecual to that of the test monosaccha-
ride was also present in one of the exporimental avwHroaches
used (excention was when 1,00 X 10810 cs/ml of 3-~-0-methyl-
D-glucose was used with 1,00 X 10“9moles/ml of D-rmannitol),

Radioactive dual labeling was also crniployed as an eXx=-

perimental device in these studics, The following radioactiv

e



TABLE 1: COMPOSITION OF "URECHUS RINGERS"
Compound g/L mM
NacCl 27.0 462,00
KCl 0.9 12.07
MgCl, 2.0 9.83
MgSo, 0.6 2.43
NaHCO3 0.2 2.38
CaCl2 1.5 0.55

TABLE 2: TEST COMPOUNDS AND CONCENTRATIONS

Concentration of
test compound

Concentration of
D-mannitol

Test compound (moles/ml) (moles/ml)
D-Glucose 1.00 x 1077 1.00 x 107°
1.00 x 107° 1.00 x 107°
D-Galactose 1.00 x 10—9 '1.00 x 1077
1.00 x 107° 1.00 x 107°
3-0-Methyl-D-Glucose 1.00 x 1078 1.00 x 107°
1.00 x 107° 1.00 x 107°
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compounds werce ervloyed; D—gluoose—U~1”C, D-galactose~-1-""C,

3—0—1uCH3—D—glucose, and D~mannitol-U-3H. In each case, the
activity for lﬁc was gﬂc per liter and 3% was S0uc per liter,

Experinencal Design

The following is a description of the in vitro everted

hy

sac method used in this study (Cranoc and ¥Wilson, 1958 - as

revised by Lawrcnce, 1963),

a) Everting Segments
Gut segments, O and 12 inches long, were isolatcd and
placed in a dish of Urecnus Ringers, Bach scgment vas in-
serted over a glass cverting rod and the gut segment end
at the tip of the rod ligated, Then the loose end was
pulled back over the ligated ond, bthus exposing the mu=-

sal surface of the isolated scgment (Figure 3)., Thesc

everted sepgments were then cut into four-inch segments,

b) Hounting Segnents
A small gless weight was ticd to one end of the everted
segment (Figure l.), The free ond was slivned over the
tip of a glass cannula and ligated, thus enclosing the
serosal compartment (figurc 5),

¢) Incubation
The cntire apparatus (rubber stopvor, glass cannula, and
ligated gut segment) was irmmcrsed in a wide-mouth test

tube containing 32 ml of the test solution made from

Urcchus Ringers (Pfizure 6), This 32 @1 will hercaflter be

)
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referred to as the mucosal solubion since it bathes the
mucosal surface, An identical solution to the mucosal
solution was irmediately added to the serosal coupart-
ment, This solutbtion will hcrcafter be referred to as the
serosal solution since this solution bathes the serosal
surface,

This technique was used in tarce types of experimen~
tal approaches, In Approachy, half of the gut preparations
were lrmoersed in a rmucosal solubion containing 1,00 X 10"9
moles/ml of D-zlucose uhile the remaining samples were in
a 1,00 x lO'émoles/ml of D-glucose mucosal solution, The
serosal compartments were filled with serosal solution con-
taining concentrations of D-glucosc identical to the wwu-
cosal solutions, Thesé gut preparations werc then incubated
Tor threc hours ab lSOC with constant acration of the ma-
cosal solutions, In order to detect any net water novement,
initial as well as final serosal volwics werc mcasurcd, At
the end of incubation, 200A cach of serosal and rwucosal
samples were obbtaincd and placed in 15ml of Scintillation
Cocktail I (Table 3)., These samples werc counted in a Beck=
man Liquid Scintillation Counter at 2% error.

Apnroach II was similar to Approach I except for the
follouing 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, Inmediately alftor pre-
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incubation, each sognent was placed in tubes containing a
test solution which was identical to the preincubation so-~
;:v.. ° 1O 2 ! l-t 1 56X D ! i t
lution, Subsequently, the rosal fluid was removed with

a long, slender nipett and was rceplaced with a fresh, iden-

Finally, in Approach III {the same two differcnt con-
centrations were employed in a comparison of acroblc versus
anacrobic conditions for D-glucose and D-galactosc, The only
exception was 3-0O-methyl-D-glucose which was 1,00 x 10~ -8
moles/ml, and D-mannitol was 1,060 X 10~ %moles/uil,

1. Aerobic Conditions
This phaso was equivalent to Approach II, Addivionelly
following sampling of scrogal and mucosal fluwids, each
apraracus was placed into fresh test solutions, idoht%cal
to the previous incubation fluid; a fresh, identical
scrosal fluid was also added,

2, Anacrobic Conditions
This period was similar to aewrobic conditions.cxcopt MU
cosal solutions were bubbled with a gas mixture of 0,57
carbon dioxide and 95,5% nitrogen, Also p?einoubation
was onc-half hour instcad of one hour,

3. Aerobic Conditions i
Experimental proccdures werc similar to anacrobic con-
ditions except mucosal solutions were bubbled under at-

mospheric air,



TABLE 3: SCINTILLATION COCKTAIL I

13

Reagents Proportions (ml)
Toluene (Reagent grade) 500
Liquifluor (New England Nuclear) 21
BBS-3

(Beckman) 42

TABLE 4: SCINTILLATION COCKTAIL IT

Reagents Proportions

Toluene (Reagent grade) 1000 ml

PPO (2,5-diphenyloxazole) .
(Beckman) 6 g
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1.

suc Accwulation

The subscouent proccecdures were emvloyed in all of the

xperimental approaches exceont the first, At the end of each

experiment, each gut segment was rinsed in Urcchus Ringers,

and these vroccdures werc followed,

a) Ethanol Extraction

Apnroximately 100 mg of cach gut segnent was placed in
five nl of 757 ethanol (789 ml of 95% cthanol and 211 ml
of distilled water), Ethanol, a polsr hydrovhobic sol-
venlt, can extract Ifree orzanic molcculcs from the tilssue
and dissolve it into solﬁtion. Thus, by sampling tae
ethanol-soluble portion and counting its radioactive label,
an estiration of the amount of 1MC and 3H accumlated by
the tiasue could be nmade,

Ithanol-insoluble Extraction

After subjection to cthanol extroction, each piece of

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

tissue solubilizer, The tissue dissolved after L8 hrs, and
15 ml of Scintillation Coclttail II (Table L) was added,
Five days later, samples were counted in a Beckman Liquid
Seintillation Counter, Thus, an evaluation of how much
test monosaccharide was incorporated into the tissue

which could not be exbracted by 75% ethanol could be

th and

g

nade, This incorporatcd non-ebthanol-soluble

3y

was asswied to reprcsent the amount of
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and, 3H anabolized into large organic compounds,

No dry weight deterrminations wore nade, as these were
done ecarlier, Thcrefore, all dry weipght values uere calcu-
lated as 22% of the total wet weight (based upon earlier
percent dry weignht determinations for E&-cauﬁo by Lawrence,
unpublished observations),

Calculatvions

The following pararicters verc used in this study to
determine the presence o absence of active transport in
mnonosaccharide absorption:

a) Scrosal-mucosal ratio (8/#) is the final scrosal con-
centration versus the fincl mucosal concentration, given
as follows:

S _ Final scrosal concentration
7 =

Final rmucosal concentration
b) The final net serosal accumulation is the concoenbtration
of the actively btransported compound »er unitv dry gut
tissue welght, given as follows:

Final net Final serosal _ Initisl serosal

serosal T concentration concentration

accurmulation 100 mg dry tissue weight
¢) The ethanol-soluble tissuc accwmlation was calculated

as follows:

Ethanol-soluble Potal amount of ethanol-extractable
tissve accumu- _ test substance in terms of ra-

lation per ml of dioactive label

tissuc water Total tissue volume
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A 8/ ratio> 1, positive net serosal accumulation,
and ethanol-soluble tissuc accumulaetbtion per ml of tissue
water greater than initial ambient concentration indicate
the presence of active tfansport of 'a given test substance,
However, mnegative values do not disvprove active trans-
ﬁort, necessarily, since a test substance may be metabo-
lized so quickly and/or in such a greabt quontity as it is
trangported that no immecdiate accummlation is evident
(This will be analyzed further in the discussion),

The total net tilssue accumulation was calculabed as

follows:
Total net tissue Total amount of Total awount of
accuwmulation per = ethanol-cxtractable ethanol-noncx-~

ml tissue water test substance in + tractable test
terms of radiloactive substance in tqrms
label ' of radioactive

1abel

Total tissue volume
Thus, the diffecrence betwcecen the total net tissue accumu-
lation and the othanol-soluble tissue accumulation values
represents the ethanol-inscluble amount of the test sub-
stance which was asswned to be angbolized intc larger or-

ganic compounds,



17
RESULTS

In absorpition studies of D-glucose, 3-0-nicthyl-D-glu-
cose, D-zalactose, and D;mannitol, no not moverient of water
vas observed between the mucosal and serosal sides of the
gut preparations,

HMeasurements recorded for the length of the U, cauno
gut averaged four times the aniialls body length (2.7 ver-
sus 6"),

Egual initial concentrations of D-mannitol and D-
glucose, D-galactose, or 3-0O-methyl-D-glucosc constituted
a test sctb, An exception was made vhen D-mannitol was at
a concentration of 1,00 X lO-gmoles/ml and 3-0-methyl-D-

glucose at 1,00 X 10"8moles/ml. Bach test sct was subjected

.
3.

to two initial cmbient conceﬁt?ations, 1,00 X 10—9moles/u1
and 1,00 X 10"6molcs/m1. In 2ll cascs tested, D-mannitol
values were always lcss than those of the other monosac-
cnaride in the teslt sct., Also in all cases tested, no evi-

L B

dence for the active trens»mort of D-mannitvol against a con-
contration differcnce was found, as cobserved by S/i ratios
<1, negative net scrosal accuwmulation values, and cthanol-
goluble tissuc accunulation per ml tissue wator less than
initial ambient concenbtration (Tables 5-11),

No evidence for the active transnort of D-galactose

was obvained although S/I1 ratios and net serosal accurmi-
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lation valucsg were vpositive, but not significantly (P)0.0S},
and ethanol~sclublec tissue accurmulation valucs were lesa
than the initial ambient concentration (Tables 5 & 6), Hou-
ever, wnen compared uith D-mannitol values Tor these ro-
speective paramcters, D-golactose valucs were always found
to be greoter than those for D-mannitol, which is indicative
of active transport for D-galactose (Tables 5 & 6), Under
anaorobic conditionsg, D-galactose tronsport, if indeed pre-
sent, was not inhibited (Tables 5 & 6),

Mo evidence Tor the dctive transport of 3-0-nethil-
D-zlucose was found as deaonstrated by S/I ratios< 1, nega-
tive nct scrosal accuﬁulations, and ecthanol-soluble tissue
accumulation per ml tissue water less than initial ambient
concentrations (Tables 7 & 8). When these values were com~

pared wibth the respective values for D-mannitol, cauated at

ons, they were found to be similar

e

the sarie concentrst
(p> 0.05), This also indicated that 3-0-methyl-D-zlucosc
vas not actively transported,

Evidencc for the active transport of D-glucose using
an inivial ambient concentration of 1,00 X 10"6moles/m1 or
1,00 X 10"9molos/ml wero oblained, as indicated by S/ ratios
> 1, positive nct scrosal accurmlations, and othanol-soluble
tissuc accurmlations per ml tissue water greater than ini-
tial ambient concentrations (Tables 9 & 10). PFurthecrmorc,

since D-mannitol values werc significantly less than those



of D-glucose (PL0,05), this was also indicative of active

tronsport for D-glucose (Tables 9 - 12), It was also found

ck
o]
Hy
ﬁ_)

that D-glucose accumulated a sbe

ambient concentratvion of 1,00 X 10 9nole.,/ml as comparcd

with the initial concentretion of 1,00 X 10 6moles/ml (Tables
cdata Cfrom acrobic test overiods were comparcd

1 those obtained in the anacrobic test periods

conccntrations of glucose (Tables 9 & 10), no significant

differcnces wers found (P> 0.05).

Af%er five hours of in vitro conditions, thoe mucosal

i

surfaccs of the gut preparations sloughed badly; elthough,

surorisingly, the active transport mochanism showed no signs
of dcterioration, sincc S/M ratios either remeined constant

or contvinued to rise,
In comparing the dogree of anabolism of all
at both initial amblent concentrations, it uvas found that

only D-glucoge was anabolized into othanol-insoluble mate-

rials in all experiments using D-glucose (Tables 9 & 10),

L_>

-

whereas neither D-galactose (Tables 5 & 6), 3-O-methyl-D-
glucosc {(Tables 7 & 8) nor D-mannitol (Tables 5-11) werec
shotm to be anasbolized 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 GUT

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:
. -9 -11
Aerobic 1.08 1.06 x 10 8.00 x 10 -——- ———=
(3) £0.06 £7.00 x 10711 :8.00 x 10711
Anaerobic 1.31 1.37 x 1072 3.00 x 10777 S ———-
(2) +0.03 +8.00 x 10711 19.00 x 10
Aerobic 1.47 1.45 x 1025, 4.10 x 10_1J 9.60 x 10_70 8.10 x 10°77
(2) +0.09 +1.17 x 10 2,00 x 10 +2.50 x 10 +9.00 x 10
D-Mannitol:
Aerobic 0.95 9.20 x 1070 =9.00 x 10717 ——- ———-
(3) +0.02 +2.00 x 10 +3.00 x 10 ———— ———
Anaerobic 0.95 9.50 x 10710 -5.00 x 10077 3.10 x 10775 2.20 x 10777
(2) +0.04 +5.00 x 10 +4.00 x 10 +5.00 x 10 +5.00 x 10
Aerobic 1.00 9.70 x 1077 -4.00 x 10777 ¥ v
(2) +0.03 +5.00 x 10 +4.00 x 10
The initial serosal and mucosal solutions for all test periods contained 1.00 x 10"9 moles/ml

each of D-galactose and
experimental conditions

D-mannitol.
for each test period were
preincubation preceded the first test period; the

The duration for each test period was one hour. The
identical with the exception that a one-hour
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.

*All values were means

*S.E.M.'s.
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TABLE 6: THE EFFECTS OF ANAEROBIC

CONDITIONS ON ABSORPTION

OF D-GALACTOSE AND D—-MANNITOL IN U. CAUPO GUT

Condition, test Net serosal Total net tissue Ethanol-soluble
compound, and Final serosal accumulation accunmulation 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:

Rerobic 1.04 1.05 x 105 9.37 x 1073 S ———-
(3) +0.11 +1.33 x 10 +1.10 x 10

Anaerobic 1.12 1.11 x 10°%  5.33 x 1078 —— ———
(1) .

. . -6 -7 -7 -7
Aerobic 1.49 1.48 x 10_8 4.74 x 10___7 5.87 x lO_7 5.69 x lO_7
(2) +0.02 +6.40 x 10 +2.64 x 10 +3.87 x 10 +4.06 x 10

D-mannitol:

Aerobic 0.91 9.01 x 1007  -7.93 x 10_7 — ——-
(3) +0.04 +4.84 x 10 +8.48 x 10

Anaerobic 0.92 9.14 x 10”7 -4.14 x 1078 ——- ——
(1)

. -7 -9 -7 -8
Aerobic 1.01 9.80 x lO_8 ~6.99 x 10_8 1.83 x‘lO_7 8.60 x lO_8
(2) +0.01 +4.25 x 10 +1.85 x 10 #1.12 x 10 +3.83 x 10

The initial serosal and mucosal solutions for all test periods contained 1.00 x 10_6 moles/ml

each of D-galactose and D-mannitol. The duration
experimental conditions for each test period were
preincubation preceded the first test period; the
hour preincubation; the second test period was un
third under aerobic conditions. *All values were
values for the second test period were based upon

for each test period was one hour. The
identical with the exception that a one-hour
second and third were preceded by a half-
der anaerobic conditions, and the first and
means * S.E.M.'s with the exception that

one observation.
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TABLE 7: THE EFFECTS OF ANAEROBIC CONDITIONS ON ABSORPTION
OF 3-0-METHYL-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)*

3-0-Methyl-D-Glucose:

Aerobic 0.81 8.05 x 103, ~-1.48 x 1005, — ———
(3) £0.04 £3.00 x 10 £4.00 x 10
Anaerobic 1.17 9.25 x 10_7  -5.20 x 10_7] - —
(3) £0.25 £2.60 x 10 £1.12 x 10
: -9 -10 -9 ' -9
Aerobic 0.97 9.60 x 10_10 -2.70 x 10_lO 1.38 % lO_lo 1.17 % lO_lo
(3) £0.03 £2.80 x 10 £1.50 x 10 £2.30 x 10 £3.70 x 10
D-Mannitol:
Aerobic 0.91 9.00 x 10719 -8.00 x 10777 — —
(3) £0.03 £2.00 x 10 £2.00 x 10
Anaerobic 1.24 9.70 x 10070 =-2.00 x 10077 ——- ——
(3) +0.28 £1.00 x 10 £1.00 x 10
Aerobic 0.99 9.80 x 10775 -1.00 x 10711 1.20 x 10_77 4.00 x 10717
(3) £0.02 £2.00 x 10 £2.00 x 10 £1.00 x 10 £1.00 x 10

The initial serosal and mucosal solutions for all test periods contained 1.00 x lO—8 moles/ml
of 3-0-methyl-D-glucose and 1.00 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
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. *All 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.
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TABLE 8: THE EFFECTS OF ANAEROBIC CONDITIONS ON ABSORPTION
OF 3-0-METHYL-D-GLUCOSE AND D-MANNITOL IN U. CAUPO GUT

Condition, test Net serosal Total net tissue Ethanol-soluble
compound, and Final serosal accumulation accunmulation 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_]  -1.29 x 10_] —_——- ——
(3) £0.05 £4.56 x 10 +1.20 x 10
Anaerobic 0.94 9.36 x 100) -3.69 x 10 ¢ ———- —-
(3) £0.01 £1.62 x 10 £4.83 x 10
Aerobic 0.97 9.64 x 100, -1.89 x 10, 8.71 x 10_9 8.15.x 10_
(3) £0.02 £2.20 x 10 £5.74 x 10 £2.44 x 10 £2.02 x 10
D-Mannitol:
Aerobic " 0.89 8.42 x 107] -9.34 x 10°5 —— —
(3) £0.04 £4.91 x 10 +1.42 x 10
Anaerobic 0.99 9.68 x 10_] -1.68 x 10_J ——- -
(3) £0.04 +1.51 x 10 £4.44 x 10
Aerobic 0.98 9.87 x 107]  ~6.78 x 10_, 8.07 x 10 ¢ 2.69 x 107
(3) £0.02 +1.58 x 10 +6.04 x 10 £1.20 x 10 £5.25 x 10

The initial serosal and mucosal solutions for all test periods contained 1.00 x 10 6 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. *All 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.
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TABLE 9: THE EFFECTS OF ANAEROBIC 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 accunmulation
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:

Aerobic 16.28 11.35 x 10  7.15 x 10_g ——- —
(3) £ 3.00 £ 2.02 x 1077 £1.33 x 10
Anaerobic 18.00 13.73 x 1005, 8.80 x 10 ——- ———-
(3) £ 0.80 £ 9.80 x 10719 x1.60 x 10
Aerobic 20.12 13.27 x 10, 7.40 x 107, 12.08 x 10 3 8.98 x 10,
(3) £ 7.21 £ 5.04 x 1072 £1.30 x 10 £ 4.40 x 10 £2.96 x 10
D-mannitol: .
Aerobic 0.80 8.10 x 107710 -1.15 x 10773 — -
(3) £ 0.28 £ 8.00 x 10 T £7.00 x 10
Anaerobic 1.27 1.27 x 1075, 1.17 x 10770 ——- —
(3) £ 0.51 £ 1.10 x 10719 +2.00 x 10
Aerobic 1.39 1.35 x 1072, 2.20 x 10_7) 6.90 x 10779 5.10 x 10779
(3) £ 0.12 £ 1.30 x 10710 £2.00 x 10 £ 3.20 x 10 £2.60 x 10

The initial serosal and mucosal solutions for all test periods contained 1.00 x 10_9 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. *All 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.
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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
nunber of concentration (moles/100 mg (moles/ml (moles/ml
observations S/M ratio* (moles/ml)* dry gut weight)* tissue water)* tissue water) *

D-glucose:

Aerobic 3.00 3.08 x 1075 1.37 x 1075 — ——
(3) +0.60 +1.71 x 10 £2.02 x 10
Anaerobic 2.87 3.18 x 1070 1.22 x 1079 - —
(3) £0.76 +1.74 x 10 £3.09 x 10
Aerobic 2.35 2.62 x 1075 8.87 x 1077 1.62 x 1075 1.14 x 1005
(3) £0.65 £8.28 x 10 £2.67 x 10 +3.07 x 10 £1.75 x 10
D-mannitol:
Aerobic 0.81 8.73 x 10_]  -6.94 x 107 —— —
(3) £0.10 £8.86 x 10 £4.33 x 10
Anaerobic 0.91 1.04 x 1075 1.51 x 10_¢ —— —
(3) . £0.09 +8.21 x 10 +3.63 x 10
Aerobic 0.91 1.05 x 10_5  6.51 x 10 ¢ 1.60 x 1077 9.90 x 10 ¢
(3) £0.13 +1.76 x 10 £9.31 x 10 £2.84 x 10 £2.19 x 10

The initial serosal and mucosal solutions for all test periods contained 1.00 x 10 6 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. *All 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 parameters for each test condition of D-glucose were significantly greater

(P < 0.05) than the respictive parameters for each test condition for D-mannitol.

t
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TABLE 11: THE EFFECTS OF CONCENTRATION ON ABSORPTION

OF D—-CLUCOSE AND D-MANNITOL IN U. CAUPO GUT

Test compound

and initial Final serosal
concentration Number of concentration
(moles/ml) Observations S/M ratio* (moles/ml) *

Total net tissue
accumulation
(moles/ml

tissue water)*

Ethanol-soluble
accumulation
(moles/ml
tissue water) *

D-Glucose:

1.00 x 107° 3 15.60 1.21 x 1025, 6.33 x 107, 4.09 x 1077
+ 0.28 £5.10 x 10 £5.64 x 10 £2.12 x 10
1.00 x 107° 2 2.48 2.52 x 1025 9.64 x 10_] 7.38 x 1077
£ 0.27 £3.87 x 10 +8.80 x 10 £2.04 x 10
D-Mannitol:
-9 t o1 ~10t -10
1.00 x 10 3 1.05 1.03 x 103,  3.35 x 10_7 1.32 x 10770
£ 0.06 £7.86 x 10 +1.44 x 10 +6.21 x 10
1.00 x 10°° 2 102 9.84 x 107] vk 1077 6.60 x 10 ¢ t
+ 0.01 £5.00 x 10 £8.07 x 10 +1.52 x 10

A one-hour preincubation preceded a one-hour test period.

*Al1l values were means * S.E.M's.

These mannitol values were significantly less (P > 0.05) than their respective D-glucose
values. Y All 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 FPinal serosal
concentration Number of concentration
(moles/ml) observations S/M ratio* (moles/ml) *
-9 -9
1.00 x 10 3 18.21 9.76 x 10_9
+ 8.00 +4.35 x 10
1.00 x 107° 2 4.50 4.25 x 1078
+ 2.42 +2.42 x 10

The duration of the test period was three hours. *All values were means
* S.E.M's.
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DISCU oM

U)
l—-i

The paraaeters uscd to determine the prcsence of ac-
tive transport werc S/ ratios> 1, positive net serosal ac-
cunulation values, and cthanol-soluble bissue accurnmlations

greater then the initisl ambient concentration., Cf course,

C;

these criteria are not absolute and do suffer limitations
since they arc designed to measure only terninal evidence of
active transport, It must be polnted out that mevchbelic

retors. may affcev these varancbers and couse misin

dA
i
0]
ct
H

ation ol data in terms of whethor activs Ctransport occurrced
or not, Thus, for exsmple, if a metabolizable suzar deumon=-

strates necgative evidonce for active transport ag measurced

By thesc paramsters, this docs not di ove the presencc of
an active transport mechaniasm,

In general, three aspects of metobolism, i,0., a sim-
ple chemical conversion of the test comwound (e.g., glucose

—>» lactic acid), anabolism of the test comzound into larger

organic compounds, and cababolism of the test comnound into

carbon dioxide and waoter, may affect thesec transport paran-
eters and clter them in such a way that crroneous conclu~
sions of transport would be made, For oxample, &s a mono-

saccharide 1s sbsorbed by tne gut ti

e

su

@

t m2y be slightly

(6]

3

chemically altered into a different organic compound and

thus, is vrescnb as a differeat commound at the serosal side,
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though still detectable by its radioactive lzbel, Thus,

k] 2]

despite the foet that a sugar demonstrated active btrans-~
vort in terms of final scrosal and ethanocl-soluble tissue
accumulations according to the varamebers discussed esr-
licr, it cannot be absolubtely concluded from these studies
whether the sugar was actively transported wunodified or
chermically altered into a non-diffusable compnound which
would account for the serosal and cthanol-soluble tissue
accumulations, Chromabtogravinic analysis, such as paper
chromatography, could be emnloyed to identifly the compo-
nents in the ebhan ol-soluble Iraction and the final scro-
sal volumc which contain the rodiocactive label and thus
deteritine whobther the test compound was transporbed un-
altered or chnomically converted into a non-diffusable con
pound, reosulting in serosal os well as ethanol-soluble tis—
sue accunulations, In anothcr aspcet of metabolism, a mono-
saccharide may be anabolized into larzer orzanic compounds
as it is actively transpnorted, The concentration of the
monosaccharide anabolized is debvermined by the differcnce
between the total net tissue accurmlation value and the cth-
anol-goluble tissue acciwwrmia tion volue, Thereforc, 1t 1s
conccivable that 2 comnound which is significantly anabolize
would not demonstrabe positive evidence for active trons-
port based upon the parameters discusscd earlier even though

the substance is acctively transported, For example, if the
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rate of anzbolism cxceeds the rate of btransport, then frac-
tional S/ ratiocs, negabive net scrosal accumulations, and
ethanol-soluble tiszue accurmlations less than the initial
ambient concentration will be evidenced, Thirdly, a monosac-
charide may be metabolized completely into carbon dloxide
and water as it is actively transported, If a compound is
catabolized ecxltensively as it is transnorted, the rate

of transport versus the roete of catabolism rmst be consid-
ered, As lonz as the rate ol transnort excecds the rate of

catabolisgm, 5/} ratiosD 1, positive net serosal accurmlation

and ethanol-soluble tissue accuwnulations greator than the
initial ambient concentration mey stlll be obtained, How~

Sa7

ever, wWhoen a compound is cataboliged at a faster rate thon

it ds transported, asain as in the previous cose wnen ths
rate of anabolian excceded the rate of vrunsporv, then frac-

ethanol-soluble tissue accwmlations lsss than the initial
ambicnt conconbration will be evidenced,

A1l three events could occur to gorie degree in the

0]
ot
o
4]

ut tissue for all nonosaccharides tested, Hdowever, 1

the interslay and exbteonsive occurirence of the latter two

e}
o
l-—l 13
o
o]

events which may cause the failurc to detect the a
transport of a compound,
Since the veraneters for bthe determination of active

Teoct, the inclusion of D-mannitol in

trensport are not per s
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the experimental apprbachos further substoentiaved the casc
for active transport of a givon monosaccharide, Yo evidence
for the active absorption of D-mannitol by the U, causo gut
was found, This finding coincided with numerous known studies
in which no evidence was found for the active transport of
D-mennitol by any animal gut tissuc to date studied (Cori,
1925; Davidson and Garry, 191.0; UWilson and Vincent, 1955;
Lawrence end Lawrence, 19567a), Consequently, moverment of D-
mannitol could be assumed to be dus to diffusion, Thus, D-
nannitol served as an added control for D-glucose, D-gpalac-
tose, and 3~0-methyl-D-glucose, since the diffusion coefl-
ficient for mannitol equals the diffusion cocfficicnt of
D-glucose and D-galactoso and is only slightly higher than
that of 3-0-nethyl-D-glucose, Thus, any significant move-
ment of a monosaccharide greater than that of D-mennitol
sugzgests orocesscs other than diflfusion, Further, this phr-
sioclogical procegs 1s due to active transport, which has
been shown with gut tissues of other animmls (Cori, 1925;
Davidson snd Garry, 19.0; Wilson and Vincent, 19553 Lauwrcnce
and Laurencc, 1967a),

Cf the four ménosaccharidos tested, D-zalactose, 3-0-

methyl-D~glucose, and D-mannitol did 2ot show vositive

cr

evidence for active tronsport in the U, cauno gut, as eval-

—

nated by S/M , net serosal end ethanol-soluble tissue accu-

rmulation parasetors, Only cvidence for the active traons-
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port of D-glucosc was suggesbed by thesc transport param-

F
N

civula tion was obtained usine the

-9

eters, A faster rate o
initial armbient concentration of 1,00 X 10 “moles/ml as
comparca to 1,00 X 10—6moles/ml. This indicated that the
Jover test concentration was closcr to the opbtimum for trans-
port; however, no kinebics studics have been donc to deber-
mine whether this concentration is the most optimum for

sugar transport by the U. couwno gut, The rate of absorption

of D-galactose into and across the gut was always sreaber

1

than thet for D-mannitol, as indicatced by 35/11 ratios, net

ol

serosal accumulations, and ethanol-soluble tissue acclwu-
lations higher than D-mennitol valucs (Two of fifteen values
wore significant at 5% probability), This evidence sugzests

wsported but at a

that D-gaolacvose i1s possibly actively transy

very slou rate, Additional obsgservations would be reqguired
in order to definitely deteraine whether D-galactose is ac-
tively tronsported,

D-glucosec wag not inhibited by anaerobic conditions,
and if D-galactose werc indeed btransvorted, it was also not
inhibited, This leads to the sveculation that perhaps this
active transport zicchanism was not depondent upon metabolic
energy derivod through oxidative vrocesses, On the other

hand, it is just as probable to ask vhetlier anaerobic con-

ditions were established, It is Telt that the Torier ex-

vlanation is the more probabls, since thesc same technigues



have been used with other animal tissues in this laboratory
in which inhibition of active tromnsport rcsultced., Moreover,

anaerobic conditions do not always inhibit active transport

[~

in all animal tissues, as 11us*rated by D-galactosc trans~
port in the distel gut region of C, stclleri (Laurcace and
Laurence, 1967a), somc fish gut tissues (Jilson and Lin,
1960), and some embryonic tissves (Fusacchia et al., 196l),
In addition, the U, cauwo is an intertidal animal living in
a U-shaped burrow beneath the substratum, and during neriods
-of low vides, it suffers from oxygen deprivation due to lack
of fresh sea water, Thus, it wvould not be surprising that
this animal has the ability to develop o large oxygen debt,

s 3.

since anacrobic conditions are not uncommon to 1ts ode of
existence, The use of a glycolytic innibitor would substan-
tiete this speculation.

When all test sets at botn initial aiibient concen-
trations werc compared, no evidence was obtained for the
anabolisn of D-galactose, 3-0-methyl-D-glucose, and D-man-
nitol in tcrws of no sisnificant net accumulation of these
sugars into the ethanol-insoluble froctions, It was felt
that the small insignificant amounts of 3-0~methyl-D-glu-
cose, D-galactose, and D-mannitol accwrulated into the

ecthanol-insoluble fractions were probably due to insff

clenecy of the ethanol exbtractlion sicthods to remove all of
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the test comnound (ethanol extraction was 90-957% efficient),

Further, no evidonce for the anabolism of D-zalnctosc
(Lasmrence, 1962), 3-0-methyl-D-glucosce (Campbell and Young,

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

—a—

De-mannitol (Cori, 1925; Davidson and Garry, 19L0; Wilson

and Vincont, 1955; Lawrence and Lawronce, 1967a) has ever
been decmonstrated in other known studics, Significant
anounts of D-glucosc, in all experiuicnts conducted with D-
glucose, were anabolized into larger orzanlc comvounds, as
_indicatod by total net tissue accunulabions siznificantly
greater bthan cthanol-soluble tiszue accwmlation valucs
(i,e.,, amount anabolized was assuncd to be 2li-3h.5 of total -
net Pissue eccwmilation), The anabolism of D-zlucose has
boen cited in other knowm studics (Lawrcence ¢t al., 1966),
In conclusion, the purnose of theso studics was to
obtain evidence for the active transport of monosaccharides

by the gut of the U, cauno, Established ovarasmeters werc used

to deternine if D-glucose , D-galeoctose, D-mamnitol, and 3-
O-methyl-D-glucosc were actively transported, No 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 bransvorted in any animal gut vissue
(Cori,1925; Davidson and Garry,19.0; Wilson and Vincent,1955;
Lawrence and Lawrence, 1967a), Data also sugsests that 3-0-

nethyl-D-glucose did not dewonstrate active absorpvion by
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the U, caumo gubt, This is survrising sinece 3-0-methyl-D-
glucose is actively btransported in nammalian (Wilson and
Vincent, 1955; Wilson and Landau, 1960), bird (Westenbrink,
1936), amphibian (Csaky and Fernald, 1960), fish (Cordier
and Yorbe, 1955) btissues; and in the proximal gub region of
the marine mollusc, 8, stelleri (Lawrence and Lawrence,
1967a), If D-galactose is indeed actively transporte
by the U, cauno 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, 1960), bird (Wostenbrink, 1935), amshibian
(Lavrence, 1962), and fish (Cordier and Worbe,1955) tissuos,
and in the gut of the mollusc, C, stclleri (Lawrence and
Lavrence, 1967a), The conclusion tnot D-glucose was actively
transported (assuming that most of tho monosaccharide was
not chonmically altercd to another Torm) correlatces with other
knovn cvidence of its active transport in marmalian (Wilson
and Vincent, 1$55; Wilson and Landau, 1960), bird (Westen-
brink, 1936), emphibian (Lawrence, 1962), fish (Cordier and
Worbe, 1955), a2nd molluscan (Lawrence and Lawrence, 1967a)
tissues, Thus, the prcsence of active transgort for sone
monosaccharides has been established in another groupn of.inu

vertebraotes,
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SUMIEARY

The purpose of these studies was to obtain evidence

the active tronsport of mornosacchorides by the gut of

the U, cauno by determining if D-glucose, D-galactose, 3~

O-methyl-D-glucose and/or D-mannitol were absorbed against

a concentration diffcrence, and if this ablility was spoeci-

L]

fic Tor one or more of these monosacccnarides,

)

£5

The followingz results were obtaincd:
Positive evidonce was shoun for the active transport of
D-glucose and was suggested for D-galoactose with inibtial
ambient concentrations of 1,00 X 10"9molos/ml and 1,00
X 10_6molos/ml.
Ho cvidence for the active transport of 3-0O-methyl-D-
glucose and D-mannitol was obbtained,
D-glucoso at an initial cmbicnt concentration of 1,00
X 10—9molcs/m1 aopcarg to he closer to the opvinmum trans-
port concentration than D-zlucose at 1,00 X 10"6m01°"/ml
innercblc conditions did not inhibit active tranasnort of
D-glucose or D-galactoss, This suggests the utilization
of a different encrgy-nroducing mecechanism, independent of
oxidative vrocesses,
Ho evidence was found {or the anabolis:i of 3-D-methyl-D-
glucose, D-galactosc, or D-mannitol, whereas significant

amounts of D-glucose were anaboliged,
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) Fo net water movement was observed betwcen the serosal

and mucosal sides of put preparations,
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