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Abstract
4n in vitro tic.ue cecumulation technigue weas used to
stuly the abeorption of L-valine ané S-glucose by the midgut

glend of the chrimp, Fenceus eztecus. ividence .was found

for *he sctive trunzport of I-valine but not for I-clucocse.
Houever,‘both corpounds were accurulcted in significent
emounts into the ethenol insolutle frection of the tissue,
indicating thet they were anzbolizesd.

The ective transport of L-veline wes indisctcd by the
followingz: 1) significant differences betwsen the accumula-
tion retaes into the cthenol solutle freaction of L-veline
and D-rennitol at several initiel embient concentrations
( D-mennitol is 2 sugzr not known to be traznsported by the
rat or hamster small intestine), 2) the inrhibition of the
trensport mechenism by anserobic conditions, 3) the almost
totel recovery of L-valine in a chericelly unaltered form,
4) the competitive inhitrition of the rate of zccumulation
of I-valine by snother naturzlly occurring armino acia
(L—leucine). and 5) the demonstration of first and zero
order kinetics.

The movement of I-glucose into the midgut gland tissues

Cwis po0bLbly by Jiifusicn as indiceted by the fact thas

o ~Tnrnca oo vat acanptirsletad ~rndnadt 4~ AnvAacmtnatSon
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gredient 2nd¢ the atscnce cf si:mificent difierences be-
tween the rotes of gccumulation of D-¢lucose and D-mennitol

into 1he ethenol sclutie frection.
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Introcuction

Futrition has been studied in many vertebrates but hes
teen szdly neglected in most invertebrates. This is true of
nutritional studies such zs the study of absorption, and in
perticular, of the physiological mechznisms by which organic
molecules ere absorbed by verious invertebrates.

The introduction shall 9onsist of two parts. The first
consists of a review of the structure and functicn of the
crustacean dicestive system. The ;econd consists of =
summery of current knowledge about amino acid and monosac-—
charide gbsorption in animals.

I

The phylum Arthropoda surpasses all others in ecological
edaptation and sheer numbers of species and individuals. Among
the major taxa which comprise the phylum Arthropoda is the
class Crustacea, the only large class of Arthropoda which
is primarily zquatic. The largest order of Crustacea is the
Decapoda, which has been further subdivided into two sub-
orders: the Natantia, comprising the shrimp (including the
genus renaeus) and the Reptantia, containing the iobsters,

CLabs wilu Cluyllsn. :0Ta xroups are ol commercial



importance to world fisheries.

The digestive system of +the decepod (llatantia) consists
of & fore-, nmid- and hindzut and the midgut gland or hepsto-
pencreas. The forezgut is divided into an esophsgus, caerdiec
stomach end pyloric stomach. Listal to the foregut is the
midgsut end its lateral diverticula, the midgut glanda. The
foreut is not zZresumed to heave any sbsorptive function
(Lockwood, 1667; van %eel, 1G70) but is reported to be
slightly permeatle to zlucose (Yonge, 1936). Dall concluded
thet the permeability to glucose in this region is in-
sufficient to permit 2 significant emount of carbohycrsate
t0o be &bsorved. The midzut or digestive gzlend is a muss of
fine, blindly-ending tubules waich unitc into a comumcn
hepatopancreatic duct emptying into the anterior end of the
ridgut. Injection of olive o0il and iron lectate into the

cardizc stomzch of Nephrcps norvezicus (Norway lobster) and

the subssquent appearence of these compounds in the midgut
epithelium and the midgut glend led Yonge (1924) to propese
an absorptive function for these areas, particularly the
midgut gland. (It should be noted that these methods mezsure
the 2bsorption of macromolecules by either pinécytosis
and/or phagocytosis and do not hecessarily reflect active
trensport per se.) Dall (1Q67) found evidence of lzbelled

metericl in the region of the midgut gland 0.5-1.0 hour



after feecdinz, tut adnittizd thot this wes not conclusive
vroof of etsorction in this erea. The gzland, however, does
play en ilmportant role in the elaborcticn and secretion of
dl””LthQ en g (Yornge, 1224; ZLockviood, 1C67; van Vecl,
1670). Cther investizztors (Rensud, 1849; Skinner, 1G65;
Versoka & Scheer, 1C70) heve concluded that the gland may
be en important storehcuse of meterisl, tut this may very

S

according to species. Zased upon experiments vhich demon-
strzted the abscorgtion of macromolecules such &s olive o1l
and iron lactate, van veel (1970) and Lockwood (1G67)
concluced that the absorption of orgenic molecules wes
confined to the midgut end midgut glend, However,'in those
crusteceans with a short digestive %ract, the miczut zlend
is probably the major absorptive organ (Yonge, 1924;
Lockwood, 1C67; van Weel, 1C70). The hindgut is believed
t0 have no absorptlve function (Lockwood, 1S67), slthough
Croghan (1958) proposed the movement of NaCl across the
epithelium of this region. | |

Surprisingly, experiments which would determine the
gbsorption of orgznic malecules by ective transport have
never beenlperformed.

IT
The majority of cbsorrvtion studies of toth smino scids

end rconosaccharides have been performed utilizing mammalian



systers end, to a lesser extent, other vertebrates. EZxcellent
reviewvs of this viork hzve been compiled (Wwilson, 1562;
Yiseran, 1964; Benson & Rempone, 1966; Wiseman, 1968; Crane,
1668). The general consensus c¢f these works is that, in most
vertebrates, vroteins end cartohydrate zre digested to their
constituent parts (axino scids and ronoszccharides) and that
the ebsorption cf these smell orgenic molecules is coﬁfined
primerily to the smsll intestine (particularly the distal

J. The ctescrption of emino zcids and monosaccharides

(o]

thir
is believed to be cue prinecipally to active transport. There
is an zctive transport system (cerrier) specific fér the
neturally occurring suzsrs D-glucose and D-galactose.
Recently, Gracey et zl. (1972) suggested that D-fructose was
actively trznsported by a carrier medizted mechanism present
in the rat small intestine which is sepsrate from thet
involved in the trensfer of other actively transported sugars.
The transport systems for zmino acids have been tentatively
divided into five separzte systems (carriers): one each
specific for 1) the besic amino zcids, 2) the sliphatic
(mono-amino~-mono-cartoxylic) amino zcids, 3) the hetero-
cyclic amino acids, and separate pathways for 4) nroline

end glycine, and 5) veline, leucine and isoleucine. There

ere no knovn trensport systems for the absorption of acidic

emino scids in enimals.



In contrest, the study oi ebsorption of monosaccharides

s in the invertebrate phyla have teen confined

(o7

end srmino sci
to a few areas. The intestinzl active traznsport of mono-
saccharides hes bteen demonstrated in the chiton (Lewrence &
Lewrence, 1967), the sea cucumber (D'Azostino & Farmanfermaiszn
1660; Fermenfermeien, 166¢; Xrisnnen & Krishnesweny, 1970;
Xrishnan, 1671), vezrious echinoids (Eemford & James, 1972;
Banford et al., 1972) and the locust (Treherne, 1859). The

few invertetrztes in vh;ch ;ntestinal ective eminc scia
aﬁsorptionihas been ‘demonstrated consist of & chiton (Greer

& Lawrence, 1967), a sea cucumber (Lzwrence et 2l., 1966),

stcrfiches ( Ferszuson, 1664, 166&, 1¢71), an echinoid
(RBamferd & James, 1672) and & snail ( Gilbertson & Jones,

1972).

Active trensport is believed to be the primsry mechenisn
for the absorption of small organic molecules in the
majority of the vertebrates. In invertebrate phyla, howvever,
the picture is not so clear. Some invertebrates seem able to

survive using diffusion (sea urchin, Stronzlyocentrotus

purouratus) (Farmanfermaian & Phillips, 1962; Boolootizn &

Lasker, 1964) or facilitative transport (ssa cucumter,

Thyone brizreus) (Rundles & Fermanfarmzian, 1964) for the

upteke of organic molecules. Others (the chitor) have
developed extensive zctive transport systems to mect their

needs (Lawrence & Lawrence, 1967; Greer & Lawrence, 1967;



Henisch & Lsvrence, 1972).

It has be:n stated previously thct the midsut glend
is proracrly the mejor orgzn of ctsorption in Crustacea,
even though the experiments which heve been perfcermed to
cate have dcmonstrz=ted the absorption of macromolecules by
phagocytosis and/or pinocytosis. Eowever the mejor mechanism
of ebsorption of small orgunic molecules his been shown to

be zctive transport in the majority of the vertebrates.



Statement of Zroblemn

The present stucdies viere undertaken to determine
vrether or not smell orgzanic molecules sre za2ctively trans-
ported by the midsut zlznd of a penczeidean shrimp (Penzeus
aztecus) =nd thus determine the reletive impcrtance of this

orgsen in the nutrition of this roup of crustaceans.



llethods and Laterials

Adult shrinmp (nenzeus aztecusg) were obtained from the

{ztioneal llerine Fisheries Service, Galveston, Texes, Dow
Chenrical Compeny, Freencrt, Texcs, and the Ralsten FPurins
Comrony, Cryetzl River, rlorids. The specimens were ke t

in sersted zrtificial sez water and were not fed for &%

least 24 hours prior to their use in these experiments.

I. In Vitro iiethod
A. Preperations for and Conditions of Incubation

In preparation fcr these experiments, the animzls were
covered with ice and when sufficiently immotilized, the
carapace superior to the midgut gland was cut awszy and the
gland removed. The gland was then placed in ice c:1d (0-5°C)
shrimp Ringer's solution (see Table 1 for composition) and
cut into sections aprroximately 10-20 mg in weight. The
sections were then placed (2-6 sections per flask) into = 25
rl Erlenmeyer flask contzining 2.5 ml of shrimp Ringer's
solution. The flask wzs then plac:zd in a Dutnoff metabelic

: . . 5 , . . ~C O
shekin_ incutator to preincubate fecr 5 r.inutes at 2£°C and
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TARLE 1

CCLPCSITICY (3 SERIL? RIIGLR'S SCILUTIC
Compoﬁnd g/Titer mil/Liter
XaCl 21.63 | 370
IgSO4~7H20 4,.G3 20
¥Cl 1.12 15
cacl, 0.443 4
HCL1* 0.0C:z6 0.1

A constont pZ of 7.21 wes obteined after ellowing the
Ringer's to esuilibrote to atmostheric gir overnishit. *Cne
tenth ml of 1 N HCl wes £dcded per liter of chrimp Ringer's.

TAZELZ 2
COLIPOSITICK CF SCIKTILLATICN CCCXTAIL I

Compound Amount

Ligquifluor (¥ew Znglend XNuclear)* 21 ml
BBS~3 (Beckman)** 42 ml

Toluene (Reagent grade) 500 ml

* Contzins 100 g PPO (2,5-diphenyloxazole) and 1.25 g

s )
ter cf

[
'._l

TCPC? (p-Zic 2-(5-phenylonczelyl)-kennenz in o
toluene
** Conteins a strong bease
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at a shezkin, rate of 1CC oscillations per minute.

The test earino scid =2nd sonoszceckarice used in this

4]

stucy wvere L-valine and Z-zlucose, recsrectively. Their
rovement into the tiscsues was followed by the use of
tritizted (cenerelly lebelled) L-vzline or D-zluccse at an
ectivity of C.2 uli per ml final volume. The roverment of
sutstances by cifiusion clcne was folliowed by the use of
14C-universally lebelled T-mennitol at an activity of 0.2
4.Ci per ml firsl volume. Racioactive comrounds were

obteined Irom Kew Zngland fuclear Corporation and ICH

o

@

orporation. All irncubzation solutions utilizing L-valine

-

s the <test compound contuined D-glucose in ean amount one

C-L

©

tenth the concentration of L-valine.

Various initial concentrations of L-veline &nd
D-zlucose were used. The initisl concentration of D-mannitol
was always equal to the initizl concentrztion of L-valine
or D-glucose.

The experiment was initiszted by the sddition of C.5 ml
of shrimp Ringer's solution contsining the desired amount
of the test amino acid or monoszccharide and D-masnnitol,
bringing the totzl volume of the incubztion medium to 3.0
ml. The sections were incubated for 15 minutes and the
exveriment was terminated by the removzl of the tissue
éections froxm the flzsk end subsequently rinsed in 10.C ml

of shrimp Ringer's solution.
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B. Tissue Zxtrection

EFoch section of tiscue weas removed &nd rinsed and
imredictely plzced into 5.C ml of 757 ethanol for 24 hours.
Pilot studies indicated that at least 95% of the radio-
activity extractatle in 75% ethanol vias removed on this
first extraction. The D-_:lucose snd L-veline thus removed
ve.s csgsured to represent that portion accumulated into the

free tissue monoscccharide or amino 2c¢id pool.

C. Iethods of Assay

At the end of the extraction period, the gland sections

+

N

were weighed &nd then dricd in en ovez at 10C C to obtein
a constant dry weight. The difference in the welghts of the
wet and dry tissues represented tissue water.

Semvles were taken of the incubzticn medium and the
extraction fluid (0.2 ml and 1.C ml, respectively) and
placed into a scintilletion vial containing 15.0 ml of
scintillation cocktail I (see Table 2 for composition) to
determine the eamount of radiozctivity present. The vials
were then counted in a Beckman LE-15C liguid scintillation

counter.

D, ZEstimetion of Insolutle Test Compounds
To obtain an estimation of the =mount of test compound

incorporated into the ethanol insoluble fraction, &
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representztive croup of tissue sections were solubilized
with Soluene (Pzckerd). Lech tissue sescticn (epproximetely
10-20 mz in weight) weas placed into & scintillation vial
vith 1.0 ml of Soluene, and after 24 hours, 15.0 ml of
scintilletion cocktzil II (6.0 gm of FPO in 1000 ml of
toluene) wes added. The vials were then countzd in &
Eeckman LS-150 liquid scintillation counter to determine

the zmount of rzdioczctivity present.

ITI Chromatozraphy

The ethanol extrsction fluid was anslyzed by one
c¢imensionel dcescending peper chromateography to ascertain
vhether the fest erino 2cid had undergone chemical alteration
during the test period. Two hundred larbda of the ethanol
extrection fluid wus spottel on “hatmen o. 1 filter paper
end developed using a solvent of tutanol: acetic acid:
water (v/v 4:l:i). The dried chromatogram was sprayed with
ninhydrin and redried. To determine the zmount of radio-
activity present in the chromztograrhic spots, a seccnd
chromato.ram was spotted (also with 200 lambda) snd sprayed
with ninhyfrin. The &reas which reacted with ninhydrin on
toth chromato.ramrs were cut out znd placed in scintilletion

vials contzininz 15.C ml of scintillation cocktail I and

counted in & feckmen 1LS-150 ligquid scintillation counter.
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The zrecs which rezcted witn ninkyfrin on the first
chremeto rex contiined the zctivity which wvics present in the
form of L-vzline, vwhile theé seccnd chromstogrem contained
2ll the ectivity pressent in the ethanol extraction fluid. A
rztio of the counts from each chrometogram would therefore
give = neans of esgtirmeting the rer cent recoviry of the
radiozctivity from the ethznol extraction fluid as the

original test .zmino acid.

111 Calculation of Datsz

The sccurulation of test compound into the midgut
slend tigceve reovresents thet emount s=ctively zbsorted by
the tissue plus the amount which enters ty diffusion, The
emount which enters ty diffusion czn be estimzated by using
D-rennitol in the incubaticn mecdium 2t the same initicsl
concentration as the test compound. This vzlue, subtracted
frem the total accumulaticn, gives an estimated amouﬁt of
test compound which entered by an active mechanism
(assuming that D-mannitol end the test compounds exhibit

the szme rate of diffusion).

IV Experimentzl Studies
The previously descrited in vitro technicue was

followed in 211 the .experimentzl stulies except wken
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rodified gs indicated.

A Concentretion ftudies

7o study the effect of cconcentrztion upon the absorption
of amino ecids, L-velire was used in the incutation media at
initial concentrotions of 1075, 1¢7%, 1.0, 2.5, 5.C, 10.C
3C.C end 10C.0 wlioles/ml. Similérly, I~glucose was used at

1

initial concentrations of 1072, 107%, 1C.0, 15.0, 22.5, 30.0,

3.5, 50.0, 75.0, 10C.C &nd 112.5 yloles/ml.

B Competitive Inhibition Studies

7o ceterrine the suscertibility of the system to
cowpetitive irhitition, 2 test solution of L-valine wes
used &t a concentration of 1.0 wlioles/ml in the presence of
L~leucine at a concentration 3C tirmes that of L-valine

C Energy Dependence Studies

To determine the depencdence of the system upon metabolic
energy, L-veline wes used as the test compound at an
initisl concentration of 1.0 ulioles/ml. Anszerobic conditions
were used to inhibit conditions dependent on aerobic
respiration. Anzerobic conditions were meintzined by
Eubbling the urtient solution with N2 £as for 20 minutes

prior to initiating the exseriment ana stoppering the



flesk until the termination of the experiment.

15



Results

Chroraztographic anelfsis was performed in those experi-
rents where L-veline was used as the test compound, since
there wes an indiceaticn that it misht be actively transported.
There wzs no evicence for the active transport of D-zlucose
end thus the extractions from those experiments were nct
enalyzed. Chromato.raphic snalysis cf the ethanol extraction
fluid indicated that S0+5 % of the radiozctivity present in
the sample could be recovered as valine. This would indicate
that the mojority of L-valine absorbed into the free amino
acid tissue pool was in its original chemical form &nd not

significantly metabolized.

A Concentration Studies
T/A (terminal tissue concentration/ terminsl ambient
concentretion) ratios are not reporfed since none were
significant. There was a significant (p< 0.01) difference
between thé accumulations into the ethanol soluble fraction
of L-valine and D-mannitol when both ﬁere present initially
-1

gt =rliernt concentritions of 10_3, 10 7, and 1.C uMoles/r1

(Tztle 3). Ko si.nificant difierence vas demonutrated when
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TABLE 3: ACCUMULATION OF L-VALINE AND D-MANNITOL INTO THE
ETHANOL SOLUBLE FRACTION OF THE MIDGUT GLAND OF P. AZTECUS

Initial Ambient

Accumulation

Concentration Test No. (uMole/g tissue
(uMoles/ml) Compound Obs. wet weight)
1073 L-Valine 8 0.95 x 107 3%
+0.14
10”3 D-Mannitol 8 0.49 x 1073
+0,036
107t L-Valine 6 0.0839%
+0.,0089
1071 D-Mannitol 6 0.0418
+0.0032
1.0 L-Valine 8 0.852%
£0.10
1.0 D-Mannitol 8 0.543
+0.056
£0.36
2,5 D-Mannitol 8 1.13
+0.26
+0.55
5.0 D-Mannitol 8 2.95
+0.46
10.0 IL-Valine 8 5.99
*0.70
10.0 D-Mannitol 8 4,79
+0.59
30.0 L-Valine 19 21.89
2,10
30.0 D-Mannitol 19 17.10
. *1.60
100.0 L-Valine 7 62.30
*9,20
100.0 D-Mannitol 7 57.70
+8.11
Temperature of incubation was 28°C. All values represent

mean +* S.E.M.

*Indicates L-Valine value is significantly

(p < 0.01 as determined by comparison of paired observa-
tions by the two-tailed +¥-test) greater than the respec-
tive value for D-mannitol.
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L-vaeline end D-mennitol were present tozether &t ambient
concentrations of 2.5, 5.0, 10.C, 30.0 &ané 100.C «{loles/ml
(Table 3). This inciceted that the increzse in the rate of
accumuletion of L-valine zt these concentrations was due
to diffusion andéd that L-valine sné thet L-veline and
D-mznnitol heve very similer diffusion coefficients.

Fet accumulation by ective transport may ke estimated
by subtracting the D-mznnitol velues from the rescective
L-veline velues and the lines thus obteained Irom the plot
of net zccuruletion of L-valine ve. its initial ambient
concentration have two distinet slopes (Fi_ure i). It mey
be inferred thet the two lines thus obtzined represent first
end zero orier kinetics, additionzl evidence for the presence
of a carrier mediated system. All velues for the eccumulstion
of L-valine into the ethanol insoluble fraction were signi-
ficantly grester than the respective values for D-mannitol,
gs incicated in Table 4. No vzlue for the asccumulation into
the ethanol soluble fraction of D-glucose was significantly
greater thaen the respective vzlue for D-mennitol (Table 5).
There was & significent difference between the accumulations
into the ethanol insoluble frzction of ID-zlucose and
D-mannitol at a2ll initizl embient concentrations (Table 6).

mi- 3 3 i~ R ~ +~A M3 AprT T > T
Tris cdoto s cleo roprocentcd rophicclly in Tioure 2. It

~—

should be noted. however. that the totzl sccurulstion of



Figure 1
Figure 1. A plot of net cccurulation of L-veline (totel

IL-valine accurulation mirus total D-mennitol sccumulation)

into the midput gl=nd of Pereeus aztecus vs. initial en-
tient concentration of L~valine.
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TABLE 4: ACCUMULATION OF L-VALINE AND D-MANNITOL INTO THE
ETHANOL INSOLUBLE FRACTION OF THE MIDGUT GLAND OF
PENAEUS AZTECUS

Initial Ambient Accumulation
Concentration Test (uMoles/g
(uMoles/ml) Compound wet weight)
1.0 L~Valine 0.016
+0.002
1.0 D-Mannitol <0,001
2.5 I~Valine 0.044
+0.006
2.5 D~Mannitol <0.001
5.0 IL~-Valine 0.098
+0.007
5.0 D~-Mannitol <0.001
10.0 I-Valine 0.28
’ +0.12
10.0 D-Mannitol <0,01

Temperature at incubation was 28°C. All values represent
mean * S.E.M. of 8 observations. All L-Valine values were
significantly greater than respective values for D-Mannitol.



TABLE 5: ACCUMULATION OF D-GLUCOSE AND D~-MANNITOL INTO
THE ETHANOL SOLUBLE FRACTION OF THE MIDGUT
GLAND OF PENAEUS AZTECUS

22

Initial Ambient Accumulation
Concentration Test No. of (uMole/g wet
(yMoles/ml) Compound Obs. weight)
1073 D-Glucose 7 0.472 x 1073
. +0.056
1073 D-Mannitol 7 0.456 x 1073
+0.049
107t D-Glucose 8 0.053
+0.0042
107t D-Mannitol 8 0.050
+0.0034
10.0 D~Glucose 5 6.22
+0.17
10.0 D-Mannitol 5 6.93
+0.38
15.0 D-Glucose 5 8.72
+1.02
15.0 D-Mannitol 5 9.28
. +0.84
22.5 D-Glucose 5 10.0
1.7
22.5 D-Mannitol 5 10.7
1.9
30.0 D-Glucose 5 15.1
4.0
30.0 D-Mannitol 5 12.7
+2.1
33.5 D-Glucose 5 l14.6
. 2.4
33.5 D-Mannitol 5 15.7
e i2.5

(next page)



TABLE 5 (Continued)

50.0 D~Glucose 5 25.2
+

50.0 D-Mannitol 5 27.2

+3.1

75.0 D~Glucose 5 34.2

: +8.2

75.0 D-Mannitol 5 32.3

+7.8

100.0 D~-Glucose 8 47 .8

+10.4

100.0 D~-Mannitol 8 42 .9

+8.9

112.5 D-Glucose 5 55.7

+3.8

112.5 D-Mannitol 5 56.1

+4.,1

Temperature of incubation was 28°C. All values represent
mean * S.E.M. No D-Glucose value was significantly
different from the respective value for D-Mannitol,



TABLE 6: ACCUMULATION OF D-GLUCOSE AND D-MANNITOL INTO THE
ETHANOCL INSOLUBLE FRACTION OF THE MIDGUT GLAND OF
PENAEUS AZTECUS

Initial Ambient

Concentration Test Accumulation
(uMoles/ml) Compound (uMoles/g wet weight)

10.0 D~Glucose 0.40
0,02

10.0 D-Mannitol <0,02
15.0 D~-Glucose 0.56
+0.02

15.0 D-Mannitol <0.02
22.5 D-Glucose 0.85
+0.07

22,5 D-Mannitol <0,02
33.5 D-Glucose 0.94
+0,02

33.5 D-Mannitol <0.02
50.0 D-Glucose 0.94
+0.05

50.0 D-Mannitol <0.02
75.0 D-Glucose 2.59
0,21

75.0 D-Mannitol <0.05
112.5 D-Glucose 3.09
30.01

112.5 D-Mannitol <0,05

Temperature of incubation was 28°C. All values represent mean
+ S.E.M. of 5 observations. All D-Glucose values were signi-
ficantly greater than respective values for D-Mannitol.
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Figure 2

Fizure 2. A plot of accurulstion of I-glucose and D-mannitol
into the midgut glznd of Penszcus aztecus vs. initisl ambi-

ent concenttation of D-glucose and D-mennitol. Open circles
represent the accurulation of D-nmennitol into the ethznol
soluble fraction. Closed circles represent the szccumulation
of T-glucose into the ethznol soluble fraction. Oven

squeres represent the zccumulaticn of D-glucose into the
ethanol insojuble fracticn. The accumulation of D-mannitol
into the ethanol insoluble frwction was insignificent end

is not shown. Verticzl lines indiczte & renge of two S.E.L's.
The line was fitted by observation.
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D-zlucose (ethanol solutle vzlues plus etkenol insoluble
zlues) was not significantly differsnt from that of
D-mennitol, incicating that the suzer was not actively

absorbved.

B Competitive Inhibition Studlies
Cne of tre characteristices of en zctive transport
system is its inhitvition by compound(s) vhich struciturzlly

res.rbls the compound(s) teins trsnsported. In the presence

|._+’

of L-leucine, the sccumulation of L-valine into the ethazrol
solulle fraction veas significently (p <0.01) lower than the

centrol L~valine value (Tevle 7). In sddéition the control

(4

value Ior the cccurulation cf L—vaiine into the ethanol
solutle fracticn was significently (p < .00l) greater than
the respective value for D-mannitol, while in the presence
of L-leucine, no significent cdifferences between the two
could be demonstrated. The vzlues for the ethanol soluble
eccumulations of D-mennitol in the presence and absence of
L-leucine were not significantly c¢ifferent from one another.
The lzck of effect on D-mannitol accurulation indicstes

that this effect was specific for the uptake of L-veline.

C Energy Lependence Stucies
It has becn previously shown that the rate of zccumu-

lztion of L-veline into the ethcnol soluble frection was
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TABLE 7:ACCUMULATION OF L~VALINE AND D-MANNITOL IN THE PRESENCE
OF L-LEUCINE INTO THE ETHANOL SOLUBLE FRACTION OF THE
MIDGUT GLAND OF P. AZTECUS

Inhibitor (Initial Test- Accumulation
Concentration) Compound ( mMole/ g wet weight)
None L-Valine 0.68 *
+0.067
D-Mannitol 0.49
+0.046
L-Leucine L-Valine 0.49 +
(30.0 uMoles/ml) : +0.049
D-Mannitol 0.43
+0.046

Temperature of incubation was 28°C. All values represent mean
* S,E.M. of 13 observations for the control value and 9 obser-
vations for the L-Leucine values. The initial ambient medium
for each experiment contained 1.0 uMoles/ml of L-Leucine.
*Indicates that the value for L-Valine is significantly (p<.001
as determined by comparison of paired observations and the two-
tailed t-test) greater than the respective value for D-Mannitol.
tIndicates that the value for L-Valine is significantly (p<.0l
as determined by comparison of paired observations and the two-
tailed t-test) less than the control L-Valine value.
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siznificontly greater thzo the respective value for
T-rznnitol at an initisl erbient ccorncentration of 1.0
#.0les/ml (Tables 3, 8). Lowever, with the imposition of
anaerobic conéiticns, no si.nificant difference between the
rates of esccurulaticon into the ethanol soluble frection of
L-valine end D-mennitol could be deronstrated (Table 8).
Further, the rate of accumuleticn of L-veline under aerotic
conditions was greater then uncer znserotic conditions.

These resultg indicate thet the gysterm wes dezpendent uron

o3

zerobic metabolic energy. The accumulation of D-mennitol
into the ethenol soluble fraction was not si mnificsntly

altered by anserobic conditions.
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TABLE 8: EFFECT OF ANAEROBIC CONDITIONS ON THE ACCUMULATION
OF L~VALINE AND D-MANNITOL INTO THE ETHANOL SOLUBLE
FRACTION OF THE MIDGUT GLAND OF P. AZTECUS

Condition of Test No. of Accumulation
Incubation Compound Obs., ( uMole/ g wet weight)
Aerobic L-Valine 13 0.682 ,
+0.067
D-Mannitol 13 0.497
+0.046
Anaerobic L-Valine 7 0.54
+0,.13
L-Mannitol 7 0.55
+0.11

The initial ambient medium for each experiment contained 1.0

uMoles/ml each of L-Valine and D~Mannitol.

Temperature of

incubation was 28°C. All values represent mean * S. E. M,
*Indicates a significant difference (p<0.05) between the re-
spective values of L-Valine and D-Mannitol as determined by
comparison of paired observations and two~tailed t-test.



Discussion

3

'he ztsorvtion of orzanic rolecules by vertebrates is
believed to be accormplished primerily by the physioiogical
rechenism, sctive trensvort. Six of the mejor characteris-~
tics of zctive transport zre:

1. The ability to move csubstances agzinst their
concentration grzdients. |
2. The depencence upon metebolic energy.

3. The compound transported is not chemicelly
eltered during transport.

4, The susceptitility to .inhibition ty compounds
which structurally resemble the compound(s) being trans-
ported (competitive inhibition).

5. The specificity for compounds which sre cheri-
cally similer.

6. The demonstration of first and zero order ki-
netics.

The movenment of L-valine into the shrimp digestive
glend tissues was probably by an sctive transport mechanism.
This was suggested in this study by: 1) significant differ-
ences between the accumulations into the ethanol soluble

frection ¢f L-vzline and J-munnitol at several initisl ani-

~\
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inhivition by eneerotic conditions, indicatinz a dependence
uoon metabolic exnergy, 2) the recovery of over 907 of the
i-vzline in & chemically unaltered forz from the ethanol
extrection fluid, 4) the competitive inhibition of the sys-
tem with the zddition of & structurelly similar compound
znd 5) the demonstration of first snd zero order kinetics.
D-mannitol is & sugar not knovn to be transported by either
the rat or hzamster szsll intestine (Crane & liandelstan,
1G660) andé thus has been used in these experiments to deter-
rmine what cmount of & smell orgznic compound is entering the
tissue by pessive diffusion. Also, since the rate ¢f sccumu-
lation was ncet affected by angerotic conditions and corpeti-
tive irhibition, indicetions are_that the significent reduc-
tion in the rates of accumulation of L-valine under these
conditions was not due to the exverimentazl technicue. In
addition, the significant accumulation of L-veline into the
ethanol insoluble fraction of the midgut gland with no accu-
mulation of D-mannitol indicates that L-valine was incor—'
porated (anabolized) into the midgut glsnd tissues, while
D-mennitol was not. This result was not surprising, since
L-valine is usuelly included among the essentisl amino
ecids and thus can te expected t0 be incorporated, while
D-mannitol is not known to be utilized by any animsl.

The deata from these exveriments suzgest that the opti-

nwn concentration 10r the avsorption or L-veline is in the
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vicinity of 1.0 x 1073 1 for the riézut zland of Penseus
aztecus. This level is similer to that reported for the
hemster (i.e., 1.0 x 10™4 I¥) using similer tissue accumu-
latioh.methods (Viiseman, 1968).

The data in tiis study suggest glso that the moverment
of D-glucose into the gland tissues was probably by diffu-
sion. This was indiczted by 1) the fact that D-glucose wes
not moved acainst its concentration gradient and 2) the lack
cf significent differences tetween the rctes of accumulaticn
into the ethanol soluble frzction of T-zlucose &nd
D-maznnitol at any initial smbient concentraticn. This in-
formation, coupled with the linezr proczression obtained
with the plot of rate of acoumulation vs initial ambient
concentraticn of both compounds, would seem to indicate that
D-glucose was not transported by the midgut gland tissues.
D-glucose was anabolized to & significantly greater degree
than D-mennitol, as indicated by the significaent accumula-
tion of I-zlucose but not D-mannitol into the ethanol in-
soluble fraction. Again, this is not surprisong, as D-glucose
plays an important role in the netabolism of the cell,
while D—ménnitol, as mentioned before, is not known to be
utilized.

Ifuch of the literature to dete hes emphasized the role
of the micgut gland in the absorption of small orgenic mole-

cules. The results from these experiments would indicate
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mino zcids are sctively absorbed by the tissues of the
midzgut gland while monoszccherides are zbsorbed primerily,
if not entirely, bty diffusion - a conclusion that stands

et lezst portielly in contradiction to the literature. Sim-
ilerly, amino acids but not monosacchzrides were reported

to be transported in the holothurien, Stichopus pervimensis

(Lawrence gt al., 1966). Interestingly, a contemporary stu-

dy (lorgan, 1971) showed thzt the midgut of Peraeus aztecus

actively transported toth L-valine znd I-glucose tut not
D-mennitol. A comparison of the total absorptove ability of
both organs indicates that the midgut and not the midgut
glaend has the greater absorptive capzbility for amino acids
ené monosaccharides at the same ambient concentration. This
stronzly suggests that the midgut is the more significant
absorptive orzan, and that if the midgzut gland is important
for the zbsorption of amino acids and monosaccharides, it
is only secondarily.

Unfortunately, large S.E.M.'s were obtained in the
course of these experiments. The large S.E.X.'s probably
reflect the following veriables. Animzls were obtained at
all seasons of the year, and thus seascnal variations in
the enimels may have contributed to fluctuations in the
results. In addition, the animals were in different molting
stages (i.e., the mejority were in intermolt, with a few

individuals in premolt). It should be noted that
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physiologicel changes are taking place even within the inter-~
molt stage end thus veriations in the results may also re-
flect these changes. The test results would heve teen ob-
tained if animzls st one stzge of molting were used and if
the experiments had been performed during one season.

It must bte noted also thaet the mid ut gland in this
species is smzall in relation to the rest of the animal, at
lezst in the large (11-20 cm in length) a2dults used in these
experiments. This is in contrast to the informztion avzil-
able about other decapods, where the gland is described as
being large and diffuse (Yonge, 16¢24; Dall, 1964; Dall, 1967).
Eowever Dall reports variation in the size of the digestive
gland between two penzeidean species (1964) and reflects
that this difference may be related to the manner in which
the animal obtains food. The decapods are reported té be
predators, scavengers and/or detritus feeders, and varia-
tions in size of the gland may be due to this. The digestive
gland has been observed to undergo cyclic changes in re-
sponse to the molt cycle (Skinner, 1965; Yamaoka & Scheer,
1970). Variations in size and perhaps physiology have also
been observed in similar organs of other vertebrates: the
digestive caeca of the starfish change in size and function
(Allen & Giese, 1966) cnd tre digestive =land of the chiton
Katharina tuniczta chenges in size znd perhaps physiology

(Lawrence, lawrence & Giese, 13965), both in response to the
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seasons.

The literature to dzts on crustscean nutrition has er~
phasized ths role ofthe rid ut gland in the &bsorption of
organic nutrients, btut this study has shown that, while
the midsut glend is capable of zctively transporting amino
acids, it lacks this capacity for D-glucose. Thus it rust
be concluded thst the midzut gland is only secondarily of
importance in the absorﬁtion of sﬁall organic molecules.

Considering that this is the second time that amino
acids but not monosacchariaes have been reported to ke ac-
tively transported by the same tissve, it is interesting to
speculate whether this is an indication that amino acid
transport is the more primitive of the two processes or,
alternatively, whether monosaccharide transport has become

egenerate in these tissues.



Summary
An in vitro tissue accumulation tecknique was used to
study the eabsorption of I-valirne and D-glucose by the midgut

glané of the shrimp, Penseus sztecus. Zvidence was found for !

the active transport off L-valine tut not for L-glucose.
However, both compounds were accumulated in significent
emcunts into the ethanol insoluble fraction of the tissue,
indicating that they wsre arabolized.

The active transport of IL-veline was indicated by the
following: 1) significant differences tetween the zccumula-
tion rates into the ethanol solubie fracticn of L-valine
end D-mannitol at several initial ambient concentrations
(D-mannitol is a suger not known to be transported by the
rat or hemster small intestine), 2) the inhibition of the
transport mechenism by anzercbic conditions, 3) the almost
total recovery of IL-valine in a chemicelly unaltered form;
4) the competitive inhibition of the rate of accumuletion
of L-valine by &nother naturally occurring amino acid
(L-leucine) and 5) the deronstration of first and zero
order kinetics. |

The movement of L-zlucose into the midgut gland

VABLUT S v pdubaudy by Udliluolills &S LLusla ol by L8 dwlwe
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thet D-glucose wes not accurulzted ageirst its concentration

greclent ard the ebscrnce of significant differences betveen

e

the raetes c¢f cccurulztion of D-gluccse and T-mznnitol into

the ethanol scluble frection.
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