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B-Casomorphins alter the intestinal accumulation of L-leucine
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Everted sacs of the rat jejunum change the accumulation of PPHjleucine when S-cascirorphins (BCMs) or synthetic
analogs, in a concentration range of 10 ~° mol /1, are coincubated with the ammne acid. BCMS (BCM fragment 1-5,
"Iyr-Pro-Phe-Pro-Gly} and [D-Ala’|-BCMS-NH, (Tyr-D-Ala-Phe-reo-Gly} increase, whereas [L-Pro?]-BCMS (Tyr-
Pro-Phe-p-Pro-Gly) decreases the leucine accumulation and |Arp®]-vasopressin has no effect. No effect of BCMS could
be observed on the accumulation of the space masker " Clinulin. Specific binding sites for casomorphins were detected
microautoradiographically, exclusively at the epithelial cell layer using [*H]jp-Pro?[-BCMS5 in competition studies as a
model. HPLC analysis revealed that under the expenimentat conditions about 50% of the studied [D-Pro*-BCMS was
eazymaucally degnaded and no intact peptide is accumulated within the samples of everted sacs. From the resulis we
postulate a brush-border veceptor contact of the BCMs which induces an alteration of the amino acid uptake. A
contraluminal binding of the chemical signals is not likely, because there is no evidence for a transepithelial transport of
ntact BCMs. The sbserved effects of the BCMs d>monstrate as yet unknown peptice-receptor interactions, probably
at the brush-border membrane, with subsequent effecis on the putnient supply. Furthermore, the results support the
general hypethesis of distinct peptide-—-receptor interactions in those types of epithelia in which the cefls are connected

by tight juncticns,

ntraduction

B-Casomorphuins (BCMs) are segments of the §-casem
of the bovine mulk [1]} which preferenually bind to
opiod receptors [2,3] In the intestine, BCMs should
onginate by enzymatic cleavage of S-casemn after mulk
mtake [4] Therefore, under physiological conditons
these peptide molecules would contact the luminal
surface of the mtestinal epitheham

It was our mntention to mvestigate whether BCMs
induce alterations of the transfer of leucne at the
epithehum of the intestne From previous studies with
[Arg®)-vasopresstn, a blood bome nonapepude, it 1s
known that this pepude changes the blood-to-bram
transfer of amno acds [5-7] The blood-bramn barrer
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as well as the mntestne are both composed of cells which
are connected by tight junctions [Arg®}-Vasopressin 1s
bound to lummal receptors of the tught epithelhum of
the bran vesseds and decreases Vg, and K for amimno
acids [5,7.8] This effect 1s hgand specific BCMS3, for
stance, 10 conirast to {Arg®}vasopressin had no effect
Interestingly, BCMs are not obhgatory components of
the blood compaitment [9]

There 1s evadence that hgands which bind to opiord
receptoss, e g , f-endorphin, enkephahing, dynorphan (for
review, see Ref 10), BCMs [11,12] and enkephalin-like
pentapeptide {13}, induce aiterations of the mtestinal
electrolyte transport. In such cases, the hgands cccupy
receptor sites at the basal surface of the wntesunum
However, 'i was our intention 0 pay attention to the
problem whether BCM molecules contacting the Jumi-
nal surface of the intestmum nduce alterations of the
transport of nutntive compounds An effect on the
transfer of leucine at the epithehum of the intestine
mduced by BCMs would suggest two hypotheses: (1)
BCMs are exogenous pephhe signals which induce
transfer processes across biological membranes. (2) Dis-
unct transfer processes across epithelia wath tight junc-
tions are regulated by peptides

dical Division}
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Materials and Methods

Preparavion of everted sacs

The jejunum of male Wistar rats (200-350 g), killed
by cervical distocation following a blow on the head,
was removed and premncubated 1 2 7°C Krebs-
Henseleit bicarbonate buffer solution (Na ' 117, KClL
469, CaCl, 235, KH,PO, 117, MgS80O, 7 1,0 117,
NalICO, 24 6 mmol/1) plus glucose (5 mmol/l) bub-
blud with 95% O, and 5% CO,

By turming the mucosal side out with the help of
glass rods everted sacs of about 2 cm length of jejunum
were quackly prepared and tied at both ends

Incubation of everted sacs

Single everted sacs of successive parts of the jejuhum
were transferred to vials contauung the buffer solution
£15 ml) with either L-[*H]leucine or [* Clinulin as tracers
After mcubation times of 15, 30, 45 or 80 s, respectively,
and 3, 5, 7 and 10 )mn each sac was washed n an
we-cold buffer and cut quickly mto a sample of about
25 mg Afier weighing, the samples were dissolved m
Protosol and its radioactivity, as well as that of the
incubation media, deternuned by lbquid scinhliation
counting To test the effect of pepudes, the following
peptides were added to the vials contaimng the tracers
and maintaned at the indicated concentrations BCMS,
06 107% mol/l, [D-Ala?’}-BCMS-NH,, 06 1078
mol/1  [D-Pr*}-BCMS, 08 107% mol/1, [Arg®]-
vasopressin, 1 107 mol/l In the test senes, we took
care (1) that control wials, and those .onvtaimng the
pepude as well, were handled 1dentically, «nd (2) the
control and the expenmental sac came from adjacent
segments of the intestine

Calculation of the accurmidaton and the uptake of the
lracers

The accumulatien of the tracers m the everted sacs
{ 4,) was calculated from the equatron

Kon 100

Ay = Roea W (5/8) )

where R, represents the radioacuvity of the everted
sac sample, W, 1s weight and R, the radwactivity
of the incubation medium per mi The uptake of L-
[*Hijleuuns (Uy.,) was caleulated from the equation

_ (A= A)

Uiew 0 € (pmoi/g) @

where A, and A4, represeat the accumulation for
[*Hlleucine ar ["*Clinuhn, which was used as a marker

for extrareilular space (‘inulin space’) (' represents the
concentration of L-leucine 1n maol/ml

Localization of casomorphing

Tyr-Pro-[*H]Phe-D-Pro-Gly was used io locahze the
peptide by HPLC analysis and by mucroautoradiogra-
phy For HPLC analysis the everted sacs were m-
cubated 1n the buffer system contaimng additionally the
radioactive peptrde (29 10~% mol/l) After different
mcubation penods the sacs were washed in buffer con-
taimng the nonlabeled analog mm a conceniration of
68 107° mol/1 Tater, the sacs were weighed and
homogenized and the radioactivity was estrated The
HPLC analysis (HP 1084 B, Umited Packard) included
both, everted sacs and the mcubation fluid

For the mucroautoradiographic localization everted
sacs, and, for companson, another tissue of the ammal,
the diaphragma, were cubated for 10 or 30 min either
with the tritiated analog (4 10~% mol/1) alone or m an
incubation medinm contaimng both the labelled and the
unlabelled peptide (about 2200-fold Igher con-
centrated, 9 10~ mol/ly, for competiion Later, the
washed and frozen (—180°C, Isopentan) tissue samples
were cut 1n a Cryostat to 12-pm sections which were
thaw mounted [14} on a photographic emulston (ORWO
K i) Afier a 200 days exposure at —15°C the photo-
graphically processed autoradiographs were stained with
Tolmdine blue For the evaluation of the autoradio-
grams silver gramns were counied over an area of 4000 to
15000 pn?® of the following locations: (1) the mner
space of the everted sacs, (2) the muscle layer of the
Jejunum, (3) the epithehal layer, (4) the mucus sur-
rounding the epithelium, and (5) the muscle tissue com-
posmg the diaphragma

Staustics

Data were evaluated statistically by the matched-pairs
two talled WILCOXON-test when the sacs were ob-
tamed from adjacent mtestinal sepments The U-test by
Mann and Whitney was used for evaluaung the autora-
diographic stuches MNonlinear regression estumations
were obtamed by unweighted least squares to calculate
the theoretical curves

Materials

1{4,5-*H]Levcine (1 47-474 TBg/mmol) AVVR,
Prague and Amersham International, [**Clmulin
(185-370 MBg/mmol} Amersham International,
{Arg¥}-vasopressm Institute of Organic Chenustry and
Biochemustry, Pragne, BCMs (including {Pke-*H]D-
Pro*]-BCMS, 695 GBg/mmol). lastitute of Biochem-
istry, Halle, G D.R., Protosol, New England Nuclear;
POPOP sng PPO Ruedel Detlaen

Results

Avccumulation of tracers and uptahe of 1-leucine
Everted sacs accumulate L-leucine and muhn depend-
g on the mcubation ume (Fig 1A) The curve of the
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Fig 2 Time dependens 1 ptake of L [*H]leucme (#) 1n everted sacs. ©

L{*Hlleuctne plus BCM5 (06 10°% mol /1), ®, 1| Hllescme plus

[Arg*-vasopressain (107 ° mol/1) Dataare means(n = 4—31) SD =4
1050% * P3005 O versus &

muhn-accumulauon reaches a plateau after a few
mnuies, that of L-leucine after about 10 mun A,
exceeds considerably the corresponding values of A, 1n
the range of the platcau by a factor of about 2.8
Comcubation of 1-leucine with BCM5 (Fig. 1A), {p-
Ala’]-BCM5-NH, (Fig 1B) or [p-Pro*|-BCMS5 (Fig.
1C) but not [Arg*}-vasopressin (Fig 2) alters the accu-
mulatton of tL-leucine A, remamns unalteted after
councubation of the space marker with BCMS,

The changes of A, mduced by the peptides are
different BCM5 and [p-Ala*}-BCMS nduce an in-
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Fig. 1 Time-dependent accunulation of 1-{*Hjlzueme (8) or {"*Chn-
uln (W) 1 everted sacs o, L[ HJleucime plus (A) BCMS (06 107°
mol/M, or plus (B) [D-Ala®}BCMS-NH, (06 107% mol/1). or phis
(C) [p-Pro*}-BCMS (08.10~% mol/) Data are means+SD, n=
4-15 (A}, 4-13 (B), 7-25 (C), respectvely * P €005, and ** P<

001 mversus ©

d, [D-Pro*]-BCMS a decreased accumwlation of
teucine The morease induced by both pepudes 15 nota-
ble m all corresponding data, most sigmficantly com-
parng corresponding values (Figs 1A and 1B) and
amounts o as much as 30% (BCMS3) or even 100%
([D-Ala?}-BCM5-NH,) [p-Pro*}FBCMS induced a de-
crease of 4;., by 8 to 30% (Fig 1C).

40
" l
: l
. 3
|
B s : s ' CE—
tine [min]
Fig. 3 Time-dependent I of *H rad n d
sacs bated m a med [PHYp-Pra* FRCMS (3 1072

mol/1) Data ate means{n=5)1SD
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O~ = — Phe=-D Pro=-Gly
A-D Pio~BCMS.
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Fig 4 HPLC analysis of ume dependent concentrattons of {*Hilp-
Pro*|-BCMS and uts metabolite [*HJPhe-n-Pro-Gly mn the medium
during the incubanon of everted sacs {7 =10) at 37°C {*Hlp-Prc*]-
BCMS (3 107 mol/1) wes added to the med:em (15 ml) prior 1o the
ncubation of everted sacs Lines were drawn by compurtenzed optumu-

zation

Convertang A, to U, reveals that BCMS3 actually
sigmficantly mnereases the transport of L-leucine into the
tissues of the everted sacs, m contrast to jArgtl
vasopressin {Fig 2)

Locatization of Tyr-Pro-f 3H]Phe-D-Pro-G|'y

Fig 3 demonstrates the accumulation of radicactivaty
in everted saes after the incubation with [*HfD-Pro®}-
BCMS5 The HPLC analysis revealed that the measured
accumulation of radicactivity ongmated from the
labeled phenylatamine 1 the tnpeptide Phe-D-Pro-Gly
and not from the intact pentapeptide The intact peptide

ﬂhb['j

el o) i AR )

Fig 5 Number of silver grains {means+ 8 D ) over regions of the rat

Jejunum and the diaphragm after the incubation of everted sacs for 10

or 30 mm m the meubanon medium contamung [H)D-Pro®|-BCMS

@ 10" mal/) (black col ) or, for com the labelled

peplde together with the unlzbelled (9 10-* mol /1} (white columns)

1, wner spacs of the sacs, 'm, muscle layers, Le, mucosal epithelrem,
m, mucus, d, diaphragma **% P £ 0 001

e
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could be demonstrated n the incubation medium (Fig
4) Calculations of the half-life from a sample contain-
g len everted sacs leads 1o a value of approx, 1¢ nmun

Autoradiographically, radioactivity was visuahzed
over all locations studied (Fig 5) with the heawest
concentration 1n the mucus layer Under competiion
conditions only the labelling of the epithehal layer of
the everted sacs was significantly dimimished after the
10 mun ncubation with [*H)D-Pro}BCM5

Discussion

Everted sacs are an accepted model for siudyng
transport processes of the mammaban ntestne [15-20]
Under the circumstances described, the accumulation of
L-leucine (A, ) 15 a ime-dependent and saturable pro-
cess reaching a plateau m about 10 mun The real uptake
of L-leucine (U, ), 10~® mol /1 concentration was about
5 pmol/g per 15 mun. This value corresponds with
measnrements of amuno acid transport into 1solated
segments [21], rings [22] and everted sacs of rat small
intestine [23]

Comcubation of labelled 1-leucine with peptides had
dufferent effects on the accumulation of the amino acid
BCMS5 and [D-Ala®].BCMS-NH, mcreased A,.,
whereas [D-Pro*}- BCMS5 decreased and [Arg®)-vasopres-
sin had no effect Furthermore, no effect of BCMS on
the accumulation of inulin was observed Therefore, the
phenomenon observed 1s signal (peptide) and substraie
speaific

Two problems anse from the results obtained (1)
what nught be the events vnderlving the effects ob-
served? and, (2) what might be its sigmficance?

Regarding the first problem, the data suggest an
alterauon of the carner-mediated leucine transport at
the brush-border membrane induced by a bgand-recep-
tor interaction This explanation ss underhned by the
following arguments The BCMs alter only the satura-
ble, that means the carrier mediated [16,24] component
of the teucine transport There 15 no evidence of any
alteration of the passive diffusion of the amno acd
because the accumulation of the space marker mulin
was not changed A BCM-receptor mteraction at the
epithehal layer of the everted sacs 15 postulated as a
result of the mucroautoradiograptuc data (Fig. 5) Bind-
g of [*H[[D-Pro*]BCMS was sigmficantly mhibited by
an excess of unlabelled peptide only at the epithehal
layer The resolution power of the mucroautoradio-
graphic techmgre used does not make it possible to
decide whether the specific binding sites are localized
wminal and/or ablunmnal at the epithehia! layer But,
two further groups of arguments wndicate the brush
border membrane as the primary site of the specific
binding the origin of BCMs mm vivo and the properties
of the tight mntestinal epithellum in regacd to transport
of peptides across 1t



In vivo, BCMs onginate 1in the immediate neighbour-
hood of the brush-border membrane [1.4] Contact be-
tween the two, the peptidic signal and the assumed
specific membranous binding sites should occur as long
as degrading enzymes [25] do not cleave the peptide
molecules prior the interaction In the m vitro expern-
ments presented (Fig 4), the haif-life of [D-Pro*|-BC#i5,
concentration 10™% mol/l, amounts to about 10 mun
That concentration, which 1s on the lower himit of
BCMs within the human gut alter mtake of 11 bovine
milk (107%-10"%) [4], 1s sufficient ta estabhsh contact
between the peptidic signal and the assumed receptor at
the brush-border membrane withun the tme interval
used Qur results indicated that 1t was ghiy unbkely
that the miact pentapeptide crosses the mmtestinal epi-
theltum m sipnificant amounts This conclusion 1s based
on HPLC analysis, which revealed no intact peptide
within sampies of everted sacs (Fig 4) Furthermore the
tightness of the epithelbum for melecules like peplides
or mulin 15 high considering the measured accumulation
{Fig 1A) In addition, BCMs do not increase the
nubm-space, that means they do not produce pathways
for therr penetration Tome et al [11] detected no
transepithelial BCMS5 passage i the rabbit ieum,
whereas a BCM-analog, stable aganst enzymalic de-
gradation, passes through up to 001 percent Takng
mnto account these data, in our own expenments we can
expect only a munute transepithelial transport of en-
zymatically resistent sequences of the stable analogs,
leading to concentrations of about 10~ mol/1 1a the
serosal compartment An effect of such minute con-
cenurabons at oprate receptors wathan the muscle layer,
e g. at the myentenc plexus, 18 questionable Brantl et at
[2] detected that concentrations i the vange of 107°
mol/] of stable BCM-analogs are necessary for a 50%
mlubition of the clectncally mduced contractions of the
gwnea pig ileum preparations

Changes of the mtestinal amino acd transport, on
the other hand, were found to be ehcited by -
travenously admemstered pepudes (somatostatin [26),
V1P, somatostatin, CCK [27]) or 1 1solated enterocytes
(somatostatin [28]) In these cases, at least after the
intravenous admumstration of the peptides, contact of
the signals with the basolateral membranes of the ep-
thehum should oceur Therefore, although 1t would be
very unhkely regarding the siudies presented, an alter-
ation of the intestnal amano acid transport mnduced by
a basolateral contact of BCMs cannot be untl now,
totally excludad

Interestingly, a luminal pepude-receptor mtéraction
assumed here for the intestinal epithehum seems to be a
more general phenomenon. At the lumnat site of the
epi~(endo-jthelium representing the blood-bran bamer,
[Arg}-vasopressin and some analogs, but not BCMS5,
induce carner-mediated iransepithehal anuno acid
transport alterattons [5-7,29] Furthermore, at the
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blood-brain barmer vasopressin-receptors have been de-
tected [5.8,30]

The events underlying the different alterations of the
amino acid transport induced by the dsfferent BCMs
are not fully understood The higher accumulation in-
duced by [D-Ala®} BCM5-NH, in companson to BCMS
itself could possibly, be explames by its kugher affimity
to the assumed receptor Brantl et al [2] observed a
hugher affimty of the analog 1o §-opate receptors The
lower leucine accumulaton mduced by the p-Pro ana-
log remans unclear until real ligand receptor interac-
tions have been measured

Regarding the significance of the effects observed we
assume a support of the nutnent supply [31]

In conclusion (1) BCMSs, ongmating by proteolytic
degradation wathun the intestinal lumen come 1 contact
with assumed receptors at the brush-border membrane
of absorptive enterocytes (2) The peptide-receptor -
teraction 1ndluces alteratiors of the amune aad transfer
across the ntesunal epithelium. (3) This, as yet un-
k¥nown, pepude—raceptor interaction at the brush-border
membrane with 1*, probable effects on the nutrtent
supply support the general hypothesis of peptide—recep-
tor interactions of those types of epitheha m which the
cells are connected by ught juactions
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