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Everted sacs of the rat jejunum change the aecumullatien ef [~Ellleuone when fl-cas~morphins (IBC~Is) or synthelk 
analogs, in a ¢onceatrat[on range fit" 10 - s  tool/I ,  are eoincubated ~tth the aroma aetd. BCM5 (BCM fragment l -S ,  
'l~yr-P~.Phe-Pro-G~) and [D-AlaZ]-BCMS-NI-12 (Tyr-D-Ala-Phe-t'vo-CJly) increase, whereas [r~--Pro4]-BCMS (Tyr. 
Pro-Phe.D-Pro-Cly) decreases the leucine accumulation and [ArgS]-vasopressm has no effect. No effect o~ BCM5 could 
be obserred en the a¢¢umehtion of the space reader [taClimdin. Specifte binding sites for casomm'phins were de4eeted 
ini~oauton~ographieally, exdusivdy at the e l ~ l i a l  een layer using [3HIiD-ptO4 [.BCM5 in eompetition stlldies as a 
model. EIPLC analysis re~ealed that trader the expernnental comhtions about ~ of the studied [l>.Pro4l-BCIVl5 was 
eaxymam:al|y degraded and no intact peptide is a¢ce~ulated within the samples of everted ~ From the results we 
postulate a Imeth-bet~ler ~-¢eptor contact of the BCMs which reduces an ~terafion of the amino acid uptake. A 
amtralumiml binding ef the chemical signals is not likely, because there is no evidence for a lrmse#thelial  transport of 
intact B O l s .  The atserved effects el  the BCMs dmmnstmte  as yet unknown peptide-receptor interactams, probably 
at the lmeth-border membrane, with m l n e q u ~  effex-'ts on the n u ~ e n t  supply. Furthennore, the results support the 
general hyl~ff~esis o4I distinct ~ - ~ r . ~ p l o r  iatexa¢tions in those types of epithelia m whtch the eens are eonneeled 

~-Casomorpluns (BCMs) are segments of the/I-cg~rm 
of the bovme milk [1] whtch preferenually brad to 
opiotd receptors [2,3] In the intestine, BCMs should 
originate by enzymatl~ cleavage of fl-casem after hulk 
retake [4] Therefore, under physiological conchUons 
these pept~de molecules would contact the luminal 
surface of the intestinal eptthehum 

It was out  mtenuon to mvesttgate whether BCMs 
reduce alteranons of the transfer of leucme at the 
eptthehtm~ of the intestine From prc~ous studaes w~th 
[Arg~]-vasopre, sm, a blood borne nonapept~de, ~t ts 
known that th~s pep'tde changes the blood.to-brain 
transfer of amino abatis [5-7] The blood-brain bamer  
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as well as the m*estme ,,re both composed of cells wbaeh 
are connected by tight juncUons [Arg~]-Vasopressm is 
bound to lurmnal receptors of the tight eptthehum of 
th~ brmn v ~ d s  and decreases V ~  and K m for amino 
a~.ads [5,%8] Th,s effect Ls hgand specific BCM5, for 
instance, m contrast to [ArgSl-va~pressm had no effect 
Interestingly, BCMs are not obhgatory components of 
tile blood compartment [9] 

There is ewdtmc~ ~hat hgandq whw.,h brad to optmd 
receptors, e g ,  fl-endorphm, enkephalms, dynorphm (for 
revtew, see Ref 10), BCMs [1t,12] and enkephahn-hk¢ 
pentapepude [13], mduce a]teranons of the intestinal 
electrolyte transport, la  such cases, the hgands occupy 
receptor s~t~s at the basal surface of the mtcsuaum 
However, ,t was our mtent~on to pay attenUon to the 
problem ~hether BCM molecules contacting the turin- 
hal surface of the mtestmum reduce alteraUons of the 
transport o[ nutrmve compounds An effect on the 
transfer of leucme at the epttbehum of the mtesUne 
reduced by BCMs would suggeat two hypotheses" (1) 
BCMs axe e~xogenous pcp~<hc slgnals whmh reduce 
transfer proce.sscs across b~o]o~cal membrane~ (2) I:hs- 
tract transfer processes across epitheha v~th ught junc- 
Uons are regulated by peptMes 
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M a m n ~ s a ~  Methods 

Preparaffon of eoerted sacs 
The jejunum of mate Wistar rats (200-350 g), killed 

by cervical dislocation follnvang a blow on the head. 
,,,,as removed and premcubated m a ")°C K.rebs- 
I-len~elelt bicarbonate buffer solution (N,, ~ 117, KCI 
4 69, CaC12 2 35, KHxPO4 1 17, MgSO 4 7 .I20 1 17, 
NaHCO~ 24 6 mmol/l) plus glucose (5 retool/l) bub- 
blt.d v, ath 95% 02 and 55& CO 2 

By turning the mucosal stde out wtth the help of 
glass rods everted sacs of about 2 em length of jejunum 
~ere qmckl) prepared and trod at both ends 

lncubauon of everted sacs 
Single evertexi sacs cf successive parts of the jejunum 

v, ere transferred to vtals c o r i n g  the buffer solution 
(15 nil) ~vtth either L-[~H]leucme or [laC]muhn as tracers 
After mcubatton times of 15, 30, 45 or 60 s, respectively, 
and 3, 5, 7 and 10 nnn each sac was washed m an 
tee-cold buffer and cut qmckty into a sample of about 
25 mg After weiglung, the samples were dissolved m 
Protosol and its radtoaettx.ity, as well as that of the 
meubatmn media, determined by hqmd scmtdlatton 
counting To test the effe.~ of pepttdes, the following 
peptldes were added to the vials containing the tracers 
and maintained 0t the mdacated oonccntrat~nns BCM5, 
06 10 -s  reel/l,  CD-Ala2]-BCMS-NH2, 06 10 -s  
mol/l  [n-Pro4]-BCMS, 08 10 -s  tool/l,  [ArgS]- 
va.sopressm, 1 10 -s  mol/ l  In the test seines, we took 
care (1) that control wals, and those .n,~*atmng the 
pepttde as well, were bandied tdenttcally, ~ d  (2) the 
control and the expanmental sac came from adjacent 
segments of the intestine 

Calculatmn of the accumulatmn and the uptake of the 
tracers 

The accumulation of the tracers in the everted sacs 
( 4~0 ) was calculated from the equa*,on 

R,., 100 
A.)- __,,,"',~ R~ (~/g) O) 

where Rmt rc!ercsents the radtoacttvtty of the everted 
sac sample, W~n t its weight and Rm¢ a the radtoactiwty 
of the mcubanon medmm per ml The uptake of L- 
[~H]leu~m'_ (UL~.) was calculated from the equation 

(Al~.-/I,.) 
Ut'~ 100 C (pmol/g) (2 t 

where ALe a and A,n represent the accumulation for 
3 14 [ H]leucme or [ C]muhn, which was used as a marker 

for extracellular space ( 'muhn space') C represems the 
concentratson of L-leucme m mol/ml 

Lacahzatmn of casomorphms 
Tyr-Pro-[3H]Phe-i)-Pro-Gly was used in loeahz¢ the 

pepude by HPLC analysis and by nucroautoradtogra- 
phy For HPLC analys,s the everted sacs were in- 
cubated m the buffer system containing addmonally the 
radtoacuve p~pttde (29 10 - s  reel/l) After different 
incubation penods the sacs were washed m buffer con- 
taming the nonlabeled analog m a conc~ntraUoa of 
6 8 10 -~ mol/I  Iater, the sacs were weighed and 
homogenized and the radtoaetmty was estimated The 
HPLC analysts (HP 1084 B, Umted Packard) included 
both, everted sacs and the incubation fluid 

For the mteroautoradtographt¢ locahzatton cverted 
sacs, and, for comparison, another tassue of the ammal, 
the chaphragma, were incubated for 10 or 30 nun either 
vath the tnUated analog (4 10 -e reel/l) alone or m a~a 
meubatton medmm contalmng both the labelled and the 
unlabellcd peptide (about 2200-fold tusher con- 
centrated. 9 10 -s  reel/b,  for competition Later, the 
washed and frozen ( - 1 8 0 ° C ,  Isopentan) tissue samples 
were cut m a Cryostat to 12./tin sections winch were 
thaw mounted [14] on a photographic emulsion (ORWO 
K 6) After a 200 days exposure at - 1 5 0 C  the photo- 
8raphteally processed autorathographs were stained with 
Tolmdme blue For the evaluation of the autotadto- 
grams sdver grmns were counted over an area of 4000 to 
15000 #to 2 of the following Iocatmns" (1) the nmer 
space of the everted sacs, (2) the muscle layer of the 
jejunum. (3) the eptthehal layer. (4) the mucus sur- 
rounding the epahehum, and (5) the muscle tissue com- 
posing the d,aphragma 

Statrstws 
Data wen  evaluated stanstscally by the matcheM-palrs 

two taded WILCOXON-test when the sacs were ob- 
tained from adjacent mtestmal segmems The U-test by 
Mann and Wlumey was used for evalualang the autora- 
dtographtc studies Nonlinear regressmn esttmatmns 
were obtained by unweighted least squares to calculate 
the theoretical curves 

Materials 
L-[4,5-~H]Leuemc (1 47-4 74 TBq/mmol) A W R ,  

Prague and Amersham Internatannal, [a4C]inuhn 
(185-370 MBq/mmot)  Amersham International, 
[ArgS]-vasopressm Institute of Orgame Chemistry and 
Bloehenustry, Prague, BCMs 0nelud,ng [Pke-3HID- 
Pro4]-BCM5. 695 GBq/mmol). lnstaut¢ of Biochem- 
istry.. Halle, G D,R,, Protosol, New Ea~and Nuclear; 
POPOP ,,nd PPO Raedel DeHaen 

Aceumulatw~ of tracers and uptake of  L-leucme 
Everted sacs accumulate L-leueme and mulm depend- 

mg on the incubation time (FLg 1A) The curve of the 
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Fig 2 Time dependent 1 ~lake of L [ IHllet~mne (O) m evened ~acs. O 
L-[3H]leucme plus BCM5 (0b 10 -s mol/IL I L-IJHrteeeme pkm 
[Arg~]-~ a .~pr~m (lO- s real/I) Dater axe meem.~ (n = 4-.-11"I S D - 4 

tO 513r$ * P.~l)05 ClvePau.~@ 

m u h n - a c c u m u l a t , o n  reaches a p la teau  after  a few 
minutes,  t ha t  o f  L-leucme after  abou t  l 0  rmn A L ~  
exceeds cons iderably  the cor responding  va].ue~ of  A m, ta  
the r ange  of the  p la teau  by  a fac tor  of  a b o u t  2.8 
C o m e u b a t ] o n  of  L-leucme with t lCM5 (Fig. 1A), [D- 
AIaa I -BCMS-NH2 (Fig 1B) or  [D-ProaI-BCM5 (Fig. 
1C) b a t  no t  [Atga]-vasopressm (Fig 2) alters the accu-  
m,.datton of  L-leueme A,n remains  unal tered  af ter  
c o t n e u b a u o n  of  the  space marker  wi th  BCMS. 

The  changes  of  A t ~  mdueed  by  the pept tdes  are 
different  BCM5 and  [o-A]a2]-BCM5 induce an  m-  
creased, [D-Proa]-BCM5 a decreased aceumulaUon of 
| eucme  The  increase induced b y  bo th  pcpudes  is nota-  
ble m all  co r r e spond ing  data ,  mos t  sigmfleanfly com-  
pa r ing  co r re spond ing  values (Figs 1A and  1B) a n d  
a m o u n t s  to as  m u c h  as 80% (BCMS) or  even 100% 
( [D-Ala2]-BCM5-NH2)  [D-Pto4]-BCM5 reduced a de-  
cl'ea,se of  ALe ~ by  8 to  30% (Fi 8 1(2). 

4 O  

I , ,  i i I I 

, ,m i',~h,1 
FI~ 3 Tlrne-de1:cnde~t accumulatton of ~H radx<~'uvn'y m c',,~rtcd 

m~iba~l m a mechum c o p , ~ - $  [~Hl~,-Proa]-1~'-'M$ (3 10 -~ 
real/1.) Data ate mca~in  - 5)+S D 
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F~g 4 H P L C  ana l~sm o f  t.tmc depeudc~' l t  conceu t ra laons  o f  [ ~ H ] [ D -  

Pro'tI-BCM5 mtd ~ts metabohte [~HIPhe-~-Pro-Oiy m the medmm 
throng the mcubauon of es cried sups (n = 10) at 37 ~ C l ~H]~ I>proa ]" 
BCM5 (3 10 -s tool/l) was added to the medz~m L15 ml) prior to the 
mcubatton of everted sues Lined were druwrt by computm'me, d opUrm- 

z a t l o n  

Converting A~a  to U t ~  reveals that BCM5 actual ly 
stgmfieantly mereases the t ransport  of L-leucme mto  the 
ussues of the everted sacs, m contrast  to [Arg~]- 
vasopressm (Ftg 2) 

Locahzaoon of Tyr-Pro-I 3H]Phe-o-Pro-GI.v 
Fig 3 demonstrates the accumulatton of radtoaeU~,aly 

m everted sacs after the meubatmn wath [aH'~l:,-Proa]- 
BCM5 The HPLC analysas revealed that the measured 
aceumulauon of radtoaetwRy originated from the 
l abded  pher~ylalanme m the tnpeptade Pho-D-Pro-Gly 
and not  from the intact  pentapeptxde The intact  pepude 

mm 

Tm L! m d 
.= 

i ~m La m 1 

Rg 5 Number of silver gratm (means+ S D ) over regtcns of the rat 
jejunum mad the thapl~ragm after the mcubahon of everted sacs for 10 
or 30 mm m the mcubatmn me,hum oonlammg [~H~v-Pro'tbBCM5 
(4 tO -~ m l f l )  (black colunms) or, for corapetlbon the labelled 
Ig'Plade together ruth the tmlabedled (9 10 -~ mol/'l) {white colums) 
t. tuner spa¢~ of the saCs. Fin, muscle layer% L~ mueosal ep~thehum, 

m. mucus, d, &aphragJrna * * * P g O 00t 

could be demonstrated in the meubatmn medium (Fig 
4) Calculat ions of the half-hfe from a sample contam- 
mg ten ~verted sacs leads to a value of approx, 10 n-an 

Autorachograplucally, rachoa.cttwty was vtsuahzed 
over all locations studted (Fig 5) with the heavaest 
concentrat ion m the mucus layer Under  competmon 
condmons  only the labell ing of the up,the.hal layer of 
the everted sacs was stgmflcantly dlmtrashed after the 
10 nun mcuba tmn wtth [~H][D-ProaI-BCM5 

D i s e u s s i o n  

Everted sacs are an accepted model for s tudying 
transport  prccasses of the m a m m a h a n  intestine [15-20] 
Under  the carcumstanc~s descnbed, the a~-umnlatton of 
L-leueme ( A t ~ )  is a t tme-depondent and  saturable pro- 
cuss reaching a plateau m about  10 nan  The real uptake 
of L-leucme (UL~), 10 - s  m o l / l  concentrat ion was about  
5 p m o l / g  per 15 ram. Ties  value corresponds with 
measurements  of amino acid t ransport  rote isolated 
segments [21]. nngs  [22] and  everted sacs of rat small 
tmcstme [231 

Comcubat lon  of labelled x-leucme vath pepttdes had 
chfferent effects on the ace tmmlaaoa  of the anuno amd 
BCM5 and [D-AIa~]-BCM5-NH2 increased Ate. u, 
whereas [D-Proa]-BCM5 decreased and [ArgS]-vasopres - 
sm had no effect Furthermore,  no  effect of BCM5 on  
the accumutat ton of inulin was observed Therefore, the 
phenomenon observed is signal (pepttde) and  substrate  
specific 

Two problems arme from the results obtained (1) 
wha t  taught be the events underlying the effects ob- 
servedV and, (2) what  aught  be i ts  sagmftcance? 

Regarding the fwst problem, the data  suggest an 
al terauon of the earner-mediated leueme t ransport  at  
the brash-border  membrane  reduced by  a hgand-recep-  
to t  mte racuan  Tins  explanat ion ts underhned by the 
following asguments  The  BCMs al ter  only the satura- 
ble, that  means the ca ree r  media ted [16,24] component  
of the leucme t ranspor t  There m no esadence of any 
al terat ion of the passtve dfffusmn of the amino  acid 
because the aceumulauon of the space marker  mulm 
was not  changed A BCM-rer.,eptor mteracUon at the 
eptthehal  layer of the everteA sacs ts postulated as a 
~e.sult of the aucroautoradaograpluo data  (F~g. 5) Bmd- 
mg  of [3H][D-Pro4]BCM5 was s tgmhcant ly  mhlbt ted by  
an exc, ess of unlabel led peptide only at  the eptthehal  
layer The  re.solution power of the rmcroautoradto- 
graphte teelmaque used does no t  make t t  posstble to 
dectde whether the specific b ind ing  sites are localized 
luminal  a n d / o r  ab luanna l  at  the epltheha: layer But, 
two further groups of arguments  m&cat¢ the brash  
border membrane  as the pr imary  sate of the specific 
b ind ing  the o n g m  of BCMs m vwo and the propert ies 
of the t tght  intest inal  epi thehum m regard to t ransport  
of pepttdes across it 
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In wvo, BCMs originate m the tmmedmte nelghbour- 
hood of the brush-border membrane [1,4] Contact  be- 
twOen the two, the pepudlc sssnal and the assumed 
specific membranous binding sites should occur as long 
as d e ~ a d m g  e.nzymes 1251 do not  eleave the pepttde 
molecules p n o r  the mteracnon In the in wtro  expert- 
merits presented (Fig 4), the half-hfe of [D-Pro4]-BCblS, 
concentration 10 - s  tool / l ,  amounts to about 10 nan  
That  concentrataon, which ~s on the lower hm~t of 
BCMs w~thm the haman  gut after retake of I l bowne 
tmlk {10-s -10  - s )  [4], ts su fhoen t  to estabhsh contact  
between the pepttdtc signal and the assumed receptor at  
the brush-border membrane within the t ime interval 
used Our results indicated that i t  ',,,as lughfy unhkely 
that  the mtuct pentapept ide crosses the intestinal  ept- 
thehum in s lgmheant  amounts  This conctuston is based 
on HPLC analysts, which revealed no mtact  pepUde 
watlmn samples of everted sacs (Fig 4) Furthermore the 
ughmess  of the ep~thehum for molecules hke pept~des 
or muhn  ~s high considenng the measured accumulat ion 
(Fig 1A) In addition, BCM~ do not  mcrease the 
muhn-space,  that means they do not produce pathways 
[or their  penetraUon Tome et al [11] detected no 
transep~thehal BCM5 passage m the rabbi t  deum. 
whereas a BCM-analog, stable against  unzymattc de- 
gradation, passes through up to 0 01 per ten t  Takang 
mto  account  these data,  m our  own experiments  we can  
expect only  a remote transeptthehal transport  of en- 
zymatteally reastent  sequenc~  of  the stable analoss,  
l eadmg to conoentrauons of about  10-i~ m o l / I  m the 
serosal compar tment  An effect of such nu~ute con- 
centraUons a t  op~ate receptors w~thm the muscle layer, 
e g~ at  the myentenc  plexus, ts quesuonabte  Brantl et al 
[2] detected that  concentrations m the range of 10 -~  
m o l / l  of stable BCM-analogs are necessary for a 50% 
m h t b m o n  of  the c l ~ t n c a l l y  m d u t e d  contraehoos  of the 
gumea  l~g i leum preparat ions 

Changes of the mtestmal  a tmno acid transport,  on 
the other hand, were found to be ehctted by m- 
r'ravenously admmastered pepudes (somatosta tm [26], 
V I E  somatostatm, CCK [271) or m isolated enterocytes 
(somatostatm [28]) In  these eases, a t  least after the 
mtravenous admunstra t ion of the pepudes,  contact  of 
the fagnals ~ t h  the basolateral  membranes  of the ep~- 
thehum should occur Therefore, al though tt would be  
very unlikely regardmg the studies pre~mted,  an alter- 
a l ton of the mtestmat ammo acid t ransport  mduced by  
a basolateral  contact  of BCMs cannot  be un td  now, 
totally excluded 

lnterestangly, a I . m m a l  pepttde-re~eptor mtexaetton 
assumed here for the intestinal ept;.hehum seems to be  a 
more general phenomenon.  A t  the luminal  m e  of the 
ept-(endo-jthehum representmg the btood-bram burner,  
[ArgS]-vasopressm and some analogs, but  no t  BCM5, 
reduce carner-medaatecl t ranseptthehal  amino acid 
transport  alteraUons [5-7,291. Furthermore,  at  the 

blood-bram burner  vasopressm-rec~'ptors have b~tx de- 
~eeted [5.8,30] 

The events under lymg the d t f f~ent  aherat tons of the 
armno acid t ransport  induced by the different BCMs 
are not fully understood The higher accumulation re- 
duced by [D-AIa2]-BCM5-NH2 m comparison to BCM5 
itself could possibly, b¢ explamed by its h g h e r  afhmty 
to the assumed receptor Brantl et al [2] observed a 
hasher afftmry of  the analog to 8-opiate receptors The 
lower leucme accumulation mduced by the D-Pro ana- 
log r e t a i n s  unclear untal real 1.gand receptor mterae- 
nuns have been measured 

Regardmg the slgmficance of the effects o ~ e r v e d  ~e  
assume a support  of the nutrient  ~upply [3!] 

l a  conclusion ( t )  BCMs, ongmatang by proteotyUc 
degradat ,on wnhm *.he mtesunal  lumen come m contact  
vmh assumed receptors at the brush-border membrane 
of absorpttv¢ enterecytes (2) The pept lde-receptor  in- 
teraction reduces alterattoPs of the atmno acid transfer 
across the intestmal  eptthehum. (3) This. as yet  un- 
known, pepude  receptor mteractton at  the brush-border 
membrane with i% probable effects on the nutrient 
supply support  the general hypothesm of peptade-recep- 
tot  rarefactions of  those types of vpttheha m whach the 
tel ls  are connected by tight junctions 
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