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ABSTRACT

g

; ‘9" oy
X nglntestlnal
¢

,enterocyte was studied u51ng evertedﬁrlngs.i The mdvement of.

‘\[ ““?’*k ‘n'

the brush border membrane of thevmm}q,@ﬁﬁ;

Substrates was fodeQEd u51ng. [’“C] L- 1euc1ne, glycyl [?H]-
o
;‘L 1euc1ne and [‘*C] glycyl -L- 1euc1ne. | : |
‘The ‘influx of, L- 1euc1ne from a solutlon of the free:i'
amino-acid’ and from the peptlde glycyl L 1euc1ne d1sp1ayed .
saturatlon k1net1cs as\substrate concentrations 1ncreased,
‘ '?indicatinghthatva mediatediprocess~was'inuolved in thex
observedouptake.' Transfer of L- leuc1ne from the dlpeptlge
s found to occur at a faster. rate and reach hlghery
1ntrace11ular concentratlons than from free solutlon and

. / . R
Vunllke uptake as the free monomer. never reached levels above ‘

' that in the 1ncubat10n medlum. Replacement of medlum Na

b .
r,, o

«w1th chollne reduced the transport of peptlde bound L- 1euc1ne

! .

far less”than 1t did uptake from free solutlon suggestlng

: that dlpeptideganflux.ls less dependent_on the catron.

' ‘Saturation of the free;amino acidﬁsystemtwith,excess
~cold L- leu01ne (29 mM) reduced the transport osz?ieUCine
;from glycyl -L- 1euc1ne by approx1mately flfty percent, to
levels not 51gn1f1cant1y dlfferent fkom those determlned in

‘the absence of Na 6p<@,@5). The repiacement of medlum Nat



in the presence of excess free L-leucine, hgd no effect on

"the remaining transfer oflpeptide bound L—leucine.w This data

‘suggests that L leuc1ne orlginatlng from the dlpeptlde is

{

taken up into the enterocyte by two pathways._ One route .

+ \

which is avallab}e.to L-leucine 1}berated from - ‘ : ’1,‘

glycyl—Lfleucine by hydrolysis at the brush border

corresponds to the well characterized, Nat de‘endent free

'-amino‘acid transport System; thehsecond roufe is an 1nt&é
.peptlde uptake mechanlsm and Nat 1ndegﬂmd nt. ThlSv \'
conclus1on galned support from the obse'vatlon that 19 \M
L- alanyl ;3 naphthylamlde (ANA),’a pot nt brush border |

hydrolase 1nh1b1tor('reduced pept;de ound~L-leuc1nevuptake«

" to leVels not'SdgnificantlyJdifferenf'fromﬂthe Nat free

'/
a

_determlnatlons’w1th or. w1thout 20 m% free L- leuc1ne
(p<ﬂ ﬂ5). q  -

The transfer of L-leucine from glycyl L- leu01ne was>
'greater.than'the glyc1ne uptake.v This addltlonal transport
of L- leuc1ne was abollshed by the removal of medium Na ,'by
the»presence of 20 mM free_L-leuc1ne and-by ‘the addition of‘
kld mM ANA. That is‘when.the‘contrfbution,made tofthe influx =

of L- 1euc1ne from the dlpeptlde by surface hydroly81s |
'ﬁfolloweé by the preferentlal uptake of free L- 1euc1ne was
ellmlnated, ‘transfer gf both m01et1es became equal.} It was_
'concluded therefore, that glyc1ne transport from glycyl L—

fleu01ne ‘s accompllshed exclu51Ve1y v1a the 1ntact peptlde



e

Vsystem; Thls notion was verlfled by the demonstratlon that
peptlde bound glycine influx was unaffected by elther Na

removal or the presence of 2@ mM cold free L-leuc1ne.
) . ’

*

The alka101d harmallne; a reputed 1nh1b1tor of Na'
dependent transport mechanisms, was found to. have nonspec1f1c
1nh1b1tory effects on both free am1no acid and. dlpeptlde.
transport at concentratlons 1n excess of 2.5 mM.

‘The transport of L~ leuc1ne from glycyl L 1euc1ne, in the
presence ~of 20 'mM- cold free L- leuc1ne, was competltlvely
1nh1b1ted by glycyl- L prollne,*although only. partlally.

”Calculatlons showed that 1nan1tely hlgh concentratlons of
glycyl L- prollne would fall to: 1nh1b1t 44 percent of 1ntact

glycyl-L- 1eu01ne transport. Thls 1mp11es the ex1stence of at

least two pathways for the transport of 1ntact glycyl L-

|
!

leu01ne, only one of whlch is shared w1th glycyl L—prollne.

Covii
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. p}'*f“_';.':_h‘hffu INTRODUCTION
Y.T.y?‘t%‘ It is known that the. 1ntra1um1na1 phase of\protern
“algestlon;‘carrled out by‘ectivated pancreatlc proteases;Q
y1elds a complex mlxture of free amlno ac1ds and small-‘
?peptldes and that ‘the peptldes predomlnate (Adlbl et al.,
>1981).. Further, the ex1stence of a dlStlnCt medlated
.””trdhsport system for the transfer of d1— and tr1pept1des 1nto»

‘the 1ntest1nal enterocyte 1s now accepted (Matthews et al.,;,

'1975,; 98@) There appears to be confu51on however, as to

\'~.

LA

s the nature of&thls medlated peptlde transport system.;;fﬁ,;;gﬂ

Early reports on peptldé\uptake 1nd1cated thaE the

'Hf:process could be reduced w1th met' ollc 1nh1b1tors and by thev

'r'removal of;medlum Na (Newey and Smyth\\Q?Gﬂ Rublno et al.,
?1971)/suggest1ng an actlve,bNa dependent my’hanlsm.

. / S .
'fﬁ;vSubsequent 1nvestlgatlons utlllzlng poorly hydrol, ed but{

li Tl
transported peptldes clalm to have demonstrated 1ntrace luiar;
/ accumulatlon of these substrates as well as the Nada' :

: ‘dependency of thelr uptake (Matthews et al., 1972, 1974,1v-4”

_ad1979). Other studles u51ng more Common peptldes however,:"”

5fhave succeeded 1n demonstratlng only a partlal Na dependencya

“aﬁof the 1nf1ux mechanlsm wh1ch varles accordlng to the peptlde
.“iused (Rublno et al., 1971- Ganapathy et al., 1979) |

'LCheeseman and Parsons (1976), prov1ded an explanatlon for

CAREE

:"thls part1a1 Na' dependency \hrough a study of dlpeptlde

4fftransport 1nto the frog small 1ntest1ne.u They concluded that:

~

N

T
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the transport of glycyl L 1euc1ne was a consequence of tw%:

'routes of uptake avail ble to the const1tuent amino ac1ds.
Some forty percent of glyc1ne and‘L—leuclne, 1n1t1ally':n
L 'presented to‘the 1ntest1nal mucbsa as the d1pept1de, was —
.shown to enter via the free amlno ac1d uptake system
:Mfollow1ng thelr 11berat10n by surface hydroly51s.,‘The ‘
‘remalnder entered v1a an 1ntact pept1de system. It was found
F.that 1t was the free: am1no ac1d ‘route whlch was Na. dependent
wh11e the peptlde route was not iva1dence ex1sts 1nd1cat1ng~”
ftha&za varlety of other peptldes are also transported via
‘\tboth the free amlno ac1d system follow1ng hydroly51s and v1a“y”

:yan 1ntact peptlde route (Fern et al.,fl969 Cheng‘et al., f;,

70 Adlbl, 1971 Rosen Lev1n et al., 198@) ’ Wlth the

. contr1but1on made tqueptlde transport by free am1no ac1d

jsystem e11m1nated the uptake of glycyl L 1euc1ne,.

.leucyl L glyc1ne and carn051ne have been found to be Na
>’jo- 1ndependent and non concentratlve (Cheeseman and Parsons7'h
1976 Cheeseman, l98ﬂ) ”;;yr f'}mr [*j;lvh' ft ;fv‘_%ia”;fx‘

Clearly, an 1nvest1gatlon of peptlde transport cannot be» '

T properly carrled out w1thout ellmlnatlng the free amlno ac1dif

'7{uptake from surface hydron51s.- In the present work the.:b
experlments were de51gned to follow the transport of

'glycyl L leuc1ne (us1ng radlo labelled pept1de)~1nto everted-
S e
- frlngs of rat small 1ntest1ne w1th the free amlno ac1d uptake

vifrom surface hydroly51s elther completely or partlally

rfblocked by one of three separate methods.» In1t1ally the free

am1no a01d uptake system was saturated w1th ZG mM cold free'

Ceg e



L~ leucine- next the surface hydrolysis was reduced by the use‘

"ﬂ of an amlnopeptldase 1nhib1tor L- alanyl ﬁ~—vaphthy1am1de, anddb"

yﬁ flnally an. attempt was made to . e11m1nate th Na dependent

' .harmallne at concentratlons reported to 1nh1b t Na

+

'free amlno ac1d uptake through the use of “th ‘alka101d

t dependent

CA

transport mechanlsms. ' E s : ;

The study was’ concluded w1th an 1nvest1ga§1on of the.

'spec1f1c1ty of the 1ntact peptlde transport system to

"determlne whether more than one. uptake route is avallable to;,,‘

o

the intact peptlde,

s
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ABBREVIATIONS
, In an effort to 51mp11fy the text pf thlS work’ the names
of the amlno ac1ds, whether occurrlng 51ngly or in the form

of a peptlde, have been abbrev1ated to the flrst three

letters of ‘their compiete name (w1th the 51ngle exceptlon of,‘

E i
."", i

tryptamlne whlch is shortened to Trp). Note that unless
"otherwlse Indlcated all amino ac1ds andwthelr correspondrngg-
peptldes are con51dered to be 1n the\XL' configuration. |
hBelow 1s~a key to the abbreylatlons employed llsted ‘in

'_alphabetlcal order. |

AMINO ‘ACIDS

Abbrev1atlon .+~ Full Name

Ala L -alanine ;
Arg\ -arganine I
A - 4L -asparagine
~Glu : “; : L-glutamic. ac1d
-Gly o ' glycine
His - . L-histidine e
Hyp -~ 7~ N hydroxyprollne
:Leu . . L-leucine -
- Met - L-methionine e
- Phe' . L-phenylalanine .=
- Bro . S 'Pr°11ne IR :
. ) oo sar L sarcosine -
S~ o Trp .- L-tryptamine
' Lo Ty . L-tyrosine
Vval . = --L=-valine



. dee

- PEPTIDES
Abbreviation Full Name '
Ala-Phe L-alanyl-L-phenylalanine
"Asp-Gly . L-asparagnyl glycine "
Asp~Phe - L-asparagnyl-L- phenylalanlne
pAla-Gly "~ Palanyl-glycine = =
“fAla-His _ p alanyl-L-histidine ‘
Glu-Glu - , L-glutamyl-L-glutamic acid
Gly-Gly- S ‘glycyl glycine
Gly-Leu glycyl-L-leucine"
Gly-Met ‘ ;. glycyl-L-= methionine
© Gly=Pro " glycyl-L-proline
Gly~-Sar - glycyl sarcosine
Gly-Trp ' - glycyl-L-tryptophan
Gly~-val ‘glycyl-L-valine
- Leu-Ala -~ - L-leucyl-L-alanine
c Leu~Gly - L-leucyl glycine
A ~ Leu-Leu . "L-leucyl-L-leucine
/- ' " *  Leu=~Phe -~ L-leucyl-L-phenylalanine
& © . Lys-Lys - " L-lysyl-L-lysine
. Met-Met .L-methionyl-L-methionine
Pro-Hyp L-prolylhydroxy- prollne
Pro-Gly - = = L-prolyl glycine -
p Ala-Gly-Gly . laalanylglycyl glycine '
Gly-Gly-Gly . : glycylglycyl glycine
Gly ~Sar-Sar glycylsarcosyl sarcosine
Leu- Glnyly . L-=leucylglycyl glycine ’ :
Met-Gly-Met L-methionylglycyl methionine -
"'Ala-Gly-Gly=-Gly - - L-alanylglycylglycylglycine
‘s Gly-Leu-Gly-Gly ' glycyl-L-leucylglycylglycine

Leu-Gly-Gly~Gly =~ L-leucylglycylglycylglycine

The uptake:of aﬁ amino aCid from a soletion of that
amlno ac1d is notated by the abbrev1ated name of the amino-
ac1d followed 1n brackets by the solutlon from whlch 1t

'or1g1nated» For example,vthe uptake of free L- leuc1ne (Leu)

,from a solut1on of free Leu is 1ndlcated as Leu (Leu). -The-

'

uptake of an amino. ac1d from a peptlde 1s 31m1lar1y notated
b

by the abbrev1ated name of the amino. ac1d followed in
/vbrackets by the abbrev1ated name of the pept1de form which it
'orlglnated For example, the uptake of L= leucine (Leu) from

pthe d1pept1de glycyl L leuc1ne is’ wrltten as Leu (Gly Leu).



Gly (Gly-Leu) indicates the dbtake,of glycine from

- glyéyl-L-leucine,



HISTORICAL REVIEW

In the early lBﬂﬂ s it was bel1eved that whole protein
was absorbed by the 1ntest1ne with 'no chemlcal change
j'whatsoever. Thls "Liebig theory" was shown to be-lnadequatew
by Saivioli (1880) and Hofmelster (1881) who demonstrated
that peptone left in the lumen of a "11v1ng"r1ntest1ne .'f
_"dlsappeared“ or was So changed'as to no ‘longer yield a
‘biuret reaction; The_feeding eXperiments of Plész'and-Maly,u
working‘indepehdently, showed that peptones could replace
':proteln as food (1874) |
, Follow1ng this and other works . it became generally

. 3 .
:accepted toward thefend of the 19th'century, that proteln was.

broken oown by proteolytlc enzymes of the gut to peptones and

proteoses wh1ch belng water soluble were then absorbed by a
'spe01f1c act1v1ty of the; intestinal enterocyte (Reld '1899).
Th15'theory-galnedugeneral acceptance (w1thfnotab1e

dlssenters such as Salv1oll, Funk, Heldenhaln and Shore)

'desplte the fallure of researchers to 1solate peptones from

the blood stream and the demonstratlon by several

“relnvestlgators that amlno a01ds could be 1solated from the

'contents of the lumen durlng normEl dlgestlon. Kolllker and

i Muller,(1856) first 1dent1f1ed 1euc1ne_and tyr051ne 1n the



lumen of the intestine but attached no importance to their
discovery. Kiihn (1867) identified the proteolytic enzyme

trypsxne and subsequently demonstrated that - 1t wags able to

break down fibrin introduced into the duodenum releasing

appreciable quantlties of leucine and tyrosine." Kuhn

‘concluded, however, that proteid-so-completely,hydrolyzed‘

could not be absorbed hy the intestine and therefore thqt
. , ST

‘such complete hydrolYSis was'unnatural ) Nlthough-the work of

Kolliker et al and Kuhn was repeated by several workers

'(SChmldt and Mulheim, 1879; Sher;dan Lea, 189@).1t_was not

untll Neumelster (1897) that the'significance of the presence

of free amlno a01ds in the 1test1nal lumen was appre01ated

- Neumelster felt that this f1nd1ng p01nted to the further
:breakdown of peptones durlng the digestive process and that

free amino ac1ds mlght be absorbed by the 1ntest1ne._

New llght ‘was shed on the 51tuatlon by the d1scovery of

-Conhelm (l9ﬂl) that the 1ntest1ne of octopus possessed a

r‘hydrolytlc enzyme wh1ch con51stently broke down,peptones to:

Qe o

their" constltuent amlno ac1ds. Conhelm belleved that: only

~ one enzyme wasarespon51ble and named 1t erep51n. Furtherr

fﬁ.'; . he was able to 1soi£te leuclne, tyros1ne, l&sine,

‘histidine and arglnlne ;‘. ." (Cathcart, 1912) from the

octopus intestine;‘
Kutscher and Seeman (1961) isolated several amino .acids

from the intestine of a dog fed a protein meal; peptones and

- -the conéiusions4of Neumeisterf(1897),sugéested'thatvaminOp

&

]

proteoses were not detected. .These workers, in agreement with;'

i
i



acids were the normal end products of protein digestion and
as such were absorbed by the intestine and used by tissues
for resynthesis into proteins. '

Over the next few years several workers were able to
establlsh that'proteln in the intestinal lumen was broken
down beyond the peptonelstage to itsrconstituent free amino
acids and peptides in the course of hormal digestion |
(Abderhalden, 1912; Van Slyke et al., 1918; London, 1914,
1912; Conheim, 1912; 1913). Further it was sh%wn that amino
acids whether fed'or injected intravenouslgicohld be utilized
in metabollsm (Loewi,‘l902; Henderson et al., 1903; Buglia,
1912). ‘ :_ ‘ e

Although it was.well accepted that protein digestion
proceeded to the peptide and amino acid stage in the
‘1ntest1nal lumen and was absorbed\as such there was
,reluctance to accept the ‘concept of amino acids. belng taken
"1nto the blood and transported to tlssues 1n ‘this form. This
reluctance stemmed from the fallure of. many workers to
1dent1fy am1nohac1ds in the bloodstream of anlmals follow1ng
,wa'protelh meal“ "As a result, Abderhalden and several othersv’
contlnued to hold the view that though protelns)may undergo
,hydroly51s/to‘am1no acids in the lumen and be absorbed in

thls form they must be resynthe31zed to plasma protelns
w1th1n the mucosal cells before be1ng passed on to the blood
(Abderhalden, l9l2) | , ‘, :

Through the development and appllcat1on %f more'

1sen31t1ve quantltatavé//ethods for the detectlon of am1no



19
acids, Delaunay, and Van Slyke and Meyer (1911-12) larqely
resolved the controversy, laying to rest the resynthesis
theory. These workers demonstrated a risﬁ In amino nitrogen
in the blood of dogs following a meat meal. Folin and Denlis
(1912) substantiated these findings by showing a rise in non-
prétein nitrogen in the portal blood of cats following
intraintestinal Injections of glycocoll. Detfinitive proof
that amino acids were in. the blood of dogs after a protein
meal was provided by Abel, Rowntree and Turner (1913) who,
utilizing a vivi—diffusion technique, were able to isolate,
purify and identifylseveral amino acids from such animals.,
Abderhalden (1912) verified these‘findings using a
similar ﬁechnique. ’

The accepted theory to around 1914, as to the fate of a
pgoteinvmeal was summarized by Van Slyke: “"Ingested proteiné
L are hydrolzyed.in the digestive tract setting free most, if
not all, of their amino acids. These are absorbed into the
blood stream, from which they rapidiy disappear as the blodd
circulates through the tissués." (Van Slykéfand Meyer,
1913). | |

It should be noted here that to this timg the
“ﬁéossibility'of peptide absorption'from the intestine had not
been‘dfgéounted. Indeéd; most investigators during this
périod.observéd that pro;eins‘wére broken dowﬁ in the gut to
mixtures of amiﬁb écids énd peptides (Van Slyke ‘and Meyef,
i912,.i9l3; Cathcart and Leathe%,vl9ﬁ6; Abderhélden, 1912;
London, l9lﬂ} Kutschér anqueemén, 1901; anheim et al.,

R SR
o



v*t§freferred to as the class1cal hypothe51s of proteln yuny

n

hl912) B The 1dea that peptldes mlght be absorbed by the :'“"
'_,1ntest1ne and hy@rolyzed durlng the uptake process or
ysubsequent to it was dLscussed by Van Slyke in hlS 1913

“frev1ew.. He reasoned that Pf.vgg; normal dlgestlon proceeds

‘1n the ;ntestlnal lumen and wall unt1l most, 1f not all of
:fithe proteolytlc products are reduced to the stage of free

lfyamlno ac1ds" and suggests further that peptldes m1ght undergo‘,

)

:hydrolys1s ﬁhrf,“‘ elther before or after enter1ng the
:fflntestlnal.wall"f;” (Van Slyke, 1917) to free amino ac1ds{_f"‘»

Lo

Durlng the ensulng years here developed what 1s now

R B
<}

absorpt1on._ The evolut1on of th1s theory 1s d1ff1cu1t to;“

”.vfctrace but durlng the 1920 s, 3@ s and on 1nto the 5@ s 1t was@"

:belleved that protelns weme completeky hydrolyzed to amlno

Y

t“aCLds 1n the11umen of the 1ntest1ne and absorbed 1n thls" EERE

'form.g Certalnly one of the ch1ef contr1but1ng factors to b

A o

._3thls theory was the concept held durlng thlS perlod that

proteln dlgestlon products wére absorbed from the lumen 1nto

the bloodstream by 51mple dlffu51on. IQ seemedeloglcal

<

‘tu»;j_ that before 1eav1ng the 1ntest1na1 lumen these

products should f1rst be'reduced to free amlno ac1ds, thelr'

"most dlffusable form“'(Matthews et al., l975).f The 1dea that:f
’ff“amlno ac1ds entered the bloodstream from the 1ntest1nal lumen:"
:_by 51mple dlffu51on @rose largely from the fallure of : ‘
hlresearchers to demonstrate a dlfference 1n the rate of uptakeiyyu

1of stereOISomers of several am1no ac1ds. These experlments ;'

A

’rglnvolved observ1ng the rates of absorptlon of mlxtures of

cey



, 12?”
“v'and D' conflguratlon amlno a01ds (Johnston and Lew1s, 1928

‘diW1lson and Lew1s, 1§29, Chase and Lew1sd 1934- Bolton and
'QIerght, 1937) In addltlon Kratznerl(l944) reported that
'j’the rate of absorptlon of amlno ac1ds 1nto Cthk 1ntest1ne‘
f”ﬂhwas 1nversely proportlonal to the1r molecular 51ze.b

Ev1dence already in the 11terature at thls time, S

"jsuggestlng the actlve nature of amlno ac1d (and peptlde)
- A

VNG

:tra“5p°‘t bY the 1“teStlner was - apparently lgnored ’;'T"Q;)Tg'i"

Re1d (1896 1899) studled the transport of peptones in

aan 1n v1vo preparatlon of loops of dog 1leum.¢ He demonstated

:»jfthat reduc1ng the blood supply Oa procedure whlch would have

‘-c

“};greduced d1ffu51on) to a loop of gut had no effect on

"'lp~itone absorpt1on but that atrop1ne p01son1ng of- the gut

V.that peptone absorpt1on was a process 1nvolv1ng an actlve

»a,a551m11atlon" by the ep1the11al cells of the 1leum.t‘,“

11 d1d reduce peptone uptake.4 Re1d concluded therefore,,‘t7"1ﬁ

Also overlooked was the excellent work of Hober and {,‘ﬁl':"'

,L

(Hober (1937) , These workers studled the phy81cal r;{;?»“

[;fcharacterlstlcs of amlno ac1d absorptlon 1nto loops of rat
s o W S
1ntest1ne. The1r results led them to conclude that "Amlno

- o

~ac1ds are absorbed at. a rate hlgher than could be expegted

‘r,from thelr calculated molecular volume.{!;j;hf"f‘Theyl51§§L'_gf,*

i

f‘found that ".;lu the percentage absorptlon of. am1n0vacidsf b}f'
‘tfalls off w1th rlslng molarlty“ whlch is. 1ncompat1blewwith aff’{u

Vfd1ffu51on model for amlno ac1d uptake.; “Thelr (am1n0'aCids)':;'h

'absorptlon 1s not llke dlffu51on, but is. a proceSSve

. | e P SR
COmpllcated by the presence of an. acceleratlng factor' e et



-

/

"f>1somers could not Thls absorptlve process was’ also shown
o

”‘jfrom the lumen 1nto the absorptlve cell

{

(Hober and Hober} 1937) -,

it was not untll 1951 w1th the work of Glbson and

W1seman that the 51mple dlffu51on theory was flnally

’ re]ectgd" These researchers utlllzed t1ed off loops of rat'jV"'

small 1ntest1ne and showed clearly that the "1somers of
- some th1rteen dlfferent amlno ac1ds dlsappeared more rapldly
than theJr D 1somers.;AW1seman (1952) u51ng the same

techn1que showed that whlle the ] 1somers of alanlne,i*’:*

phenylalanlne, methlonlne, hlStldlne and 1soleuc1ne could'x SRR

be trahsported agalnst a concentratlon gradlent, the D'

e x

to be oxygen dependent.-m ffviT?'vybf_t'fg f?,

W1lson and wlseman (1953, 1954) developed the everted';

‘”sacrtechnlque 1n 1953 and used 1t to demonstrate that the:‘

'Ff-presence Sf. one L. aman ac1d could 1nh1b1t the entry of’"“”

& . .

‘”janother 1nto the 1ntest1na1 enterocyte. ThlS early work

y

“ ‘ N \
stlmulated a serles of 1nvest1gat1ons characterlzlng the

competltlon between amlno ac1ds for entry 1nto the 1ntest1nal'."

'-hcells whlch contlnue today. ThlS work has lead to the

goo S

'conclu51on that there ex1st spec1f1c energy requlrlng

:pathways 1n the enterocytes for the transfer of amlno ac1ds

Although thlS and 51m11ar work dlspelled bellef 1n the . ;_

ﬂ51mp1e dlffu51on theory of amlno ac1d absorptlon, 1t
”v__.surprlslngly served to relnforce bellef in, the cla551ca1
‘f,theory of proteln absorptlon.; It was reasoned that 1f there o

»ex1sts spec1f1c actlve mechanlsms for amlno ac1d transport

PO

13



14

'i then proteln must be broken down to, th1s level before

absorptlon could poss1bly take place.i

Dent and Shllllng (1949) lent support to thls so called

[

;cla551cal hypothe51s through thelr examlnatlon of dogs blood e

kut1llzlng the then new technlque of two dlmen51onal paper

'chromatography.v They showed that there was a substant1a1

ﬁbrlse ‘in the amlno ac1d levels of both portal and Jugular

"‘psamples follow1ng a proteln meal Chr1stensen et al (1947,

'pl949) prov1ded further ev1dence 1n favor of complete proteln v

.

“?degradat1on to amlno ac1ds when they falled to detect any

“ftf'rlse 1n pept1des ‘in. the perlpheral blood of man after the

’

-'f;rngestlon of.gelatrn. It is 1nterest1ng to note that these

"7_pworkers d1d find a sllght rlse 1n plasma peptldes followlng af?-'

:proteln meal in dog but dlsm1ssed the flnd1ngs asiV

'3wf1nSIgn1f1cant._ Subsequently many other workers demonstated'

e . ]

“_that d1etary proteln was absorbed 1nto‘the'bloodfma1nly‘as;}Q; Ry

free ‘amino: ac1ds 1n several dlfferent spec1es (Parsh1n and

: eRubel 1951 Denton et al., 1954-.Whee1er and Morgan, 1958J
fNewey and Smyth 1959) ‘ To most 1nvest1gators at th1s t1me '
'lthe fact that proteln entered the portal blood st§§§E“SHiy as o

uuffree am1no ac1ds was proof enough that degradatlon of a'ff

‘1prote1n meal in the 1ntest1ne must be to the amlno a01d stage.»'

:prparently the 1dea that proteln dlgestlon products m1ght be d;"'“'

*absorbed 1nto mucosal cells 1n one form and enter the blood

\"l.stream in. another had been forgotten.

Ev1dence had been accumulatlng over the prev1ous years

‘ywh1ch was 1ncon51stent w1th the class1cal theory of proteln



‘degradatlon and absorptlon and wh1ch it seems was. 1gnored

\

funtll Flsher s 1nter3ectlon "in 1954

Ca]0r1~(1933) 1n -a study of peptone absorpt1on fronL,/,— fff

T

ﬁThlry—Vella loops in dogs found that the rate of
Adlsappearance of the peptone was much faster than could beb'
'accounted for by the hydrolytlc act1v1ty of" the lumlnal

enzymes.i He suggested therefore, that there must:

"‘”be hydrolytlc act1v1ty 1nt1mate1y assoc1ated w1th the mucosal f7

;cells and/or perhaps peptones were absorbed as such and

.{hydrolyzed to amlno ac1ds w1th1n the cells. Earlrer studles
o L

J.also had questloned the adequacy of the proteolytlc act1v1ty

e T
f”of the 1ntest1nal 1umen to account for the rapldlty of

-

"_peptone absorpt1on (Dunn and Lew1s, 1921) and observed that

v

a'“peptones appeared to be taken up by the 1ntest1ne much more'“

. Cia

‘:qulckly than correspondlng m1xtures of completely hydrolyzed
hliproteln (Nolf 1997--Messer11, 1913) | -
Flsher'(1n a crlthue of the cla551cal theory) (1954
..j11967) c1ted th1s earller work empha51z1ng that the tlme,f‘
';requlred for the complete d1gestlon of proteln was ‘a matter
rhof days and that 1t was 11ke1y therefore, that peptldes ‘
h;entered the 1ntest1nal enterocyte.v He p01nted out that there
must be a dlstlnctlon made between the uptake of substrate
Vf“from the lumen 1nto the serosa and passage from the serosa
Vto the blood stream and therefore experlments showlng‘a rise t‘”'
h_1n amlno a01ds 1n the’blood stream follow1ng a proteln meal.f;
i?”dld not negate the p0551b111ty of peptlde absorptlon from the :

u‘lumen;‘~“



One of the earllest stud1es of peptlde transport was

;”that of Agar, led and Sldhu in 1953 These workers 1ooked

"%-»from free Gly. e L R A O A

\'the»serosal 51de. Further they were able to show ‘that the
"_Gly Gly appear1ng -on the serosal side. was. the result of .

'1ntest1na1 transport of\the d1pept1de and not the resynthe51s \'

Tlatter be1ng an 1n v1vo preparat1on.d They found fas had Agari

'at the absorpt1on of/Gly Gly, Gly-Gly—Gly and Leu—Gly 1nto b‘ ,_v',”
: the perfused rat lntestlne, a preparation developed by N

JFlsher and Parsons (1949) _ They demonstrated that whlle most -

of the peptldes were hydrolyzed before enterlng the blood

,stream trace amounts of both Gly—Gly and Leu—Gly appeared on

/.

I

l The comments of Flsher as to the 1nadequacy of the

Vev1dence supportlng the cla551cal hypothe51s of proteln :
| “eabSOrptlon and the results of Agar 'S et al. work prompted

qurther study of peptlde transport. Newey and Smyth (1957,

e

'fﬁl959) stud1eg the uptake of Gly-Tyr,_Gly—Leu and Gly—Gly 1nto

“.everted 1ntest1ne of rat and 1nto loops of dog 1ntest1ne, thef

et al.; that most of the dlpeptldes transferred appeared on’.

mjthe serosal 51de as free amlno ac1ds and that only in the

”'vcase of Gly-Gly dld 51gn1f1cant amounts of 1ntact d1pept1de"_'

L appear 1n the blood or serosal flulds.. They d1d comment o i

i1t was poss1b1e that.:" i ;1unchanged peptlde.;frx.w"'Couldl

~

X .

e _ S :
Vﬁ,ﬁﬂ.‘;f; enter the mucosal cells from the 1ntest1nal 1umen..:'-

(Newey and Smyth 1959)

The f1nd1ngs of Newey and Smyth were verlfled the same o

Sy



. -/' _
‘ year by W1ggans and Johnston (1959) who utlllzed the W1seman'
preparatlon of everted s%cs of rat 1ntest1ne. They observed

that intact Gly—Gly dld appear'on the serosal side of the

gut, follow1ng 1ntroduct10n of "the dlpeptlde to the mucosal

surface. They suggested that Gly Gly mlght be more re51stant

to hydroly51s than other peptldes thereby allow1ng for 1ts.

;.1ntact transport across the mudosal barrler.

It was the wofk of Newey -and Smyth from l96@ to l964
whlch served to clarlfy the role of peptlde transport in
proteln dlgestlon and brought about the eventual abandonment
of the c1a551ca1 theory of proteln absorptlon.i The1r~1960
study traced the abSOrptlon of seVeral dlpeptldes (Gly—Gly,v
Gly Leu, Gly—Trp, Gly—Try,vLeu Gly) by an‘in v1tro
preparatlon of everted rat small,ﬁntesflne and an in v1vo

perfu51on of rat 1ntest1nal lumenr, It was shown that the

peptldase act1v1ty 1n both the 1n v1tro and 1n v1vo mucosal

solutlons was 1nadequa e.to account for the rate of dlpeptlde

hydroly51s and dlsappearance observed Thls lead Newey and

£

Smyth to suggest that proteln in the 1ntest1nal lumen~‘

.“41

» undergoes partlal hydroly51s to peptldes of dlfferent sizes'

s whlch are then absorbed 1nto the enterocytes and hydrolyzed

thereln to am1no ac1ds.5
oo The work was. contlnued w1th a detalled study of/Gly—Gly

' uptake 1nto in- v1vo and in v1tro preparatlons of rat small

1ntest1ne (Newey and Smyth,.l962) ' They found Gly-Gly to be

'_ taken up 1nto the absorptlve\cells 1ntact and subsequently o

hydrolyhed 1ntracellularly. Thls flndlng lent support to

17
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thelr prev1ous conc1u51ons (Newey and Smyth, '1964) . They
D

vdemonstrated further that the rate of entry of Gly Gly was -
\

‘fapproxfmately the same as. that for free- Gly, despite the.

»

- larger 51ze of the molecule and that the dlpeptlde s

transport_was viaa- saturable mechanlsm wh1ch was 1nh1b1ted
byﬂanOXia’and'z, 4 - d1n1trophenol. The authors d1d not

f.codsidervthis .as suff1c1ent ev1dence to conclude that Gly-Gly

~ entrance into the 1ntest1ne was via a mechanlsm dlstlnct from

Cthat utilized by free Gly. |

1

W

‘,;: Crane and Neuberger (196ﬂ) used - N labelled whole

B proteln 1n'the1r study.of-prote1n digest;onlln.man..»They-f

showed thatha maximum-concentratidn'of:”Ndlabelled amid0'?

ac1ds appeared in the systemlc blood between 39 and 5@ k-

H_mlnutes.after the 1ngestlon of the-proteln, 1nd1cat1ng that
7jthe dlgestlon and absorptlon process occurs more- rap1dly than
‘had prev1ously been assumed These 1nvestlgators concluded

. 'therefcre,‘that proteln must enter the mucosal cells 1argely

aS'intact peptlde, follow1ng an 1n1t1al rapld 1ntralum1nal

..hydrolysiST" o by cooperatlon of peps1n, tryps1n and

‘fChymotrypSin“ therein be hydrolyzed to free amino a01ds and B

subseqUently be released ‘in thls form 1nto the portal blood.
(Crane et al., 1969)

The 1nadequacy of the c1a551cal hypothe51s was

~empha51zed by Mllne (1964) who reported that thefgenetic

_d1sorders of Cyst1nur1a and Hartnup s dlsease were

demonstrab1e~1n thevlntestlnesas well‘as the kidney. ‘Both'f;

R . . : ; L Y Loy s . L, AR
~disorders are characterized by the failure of the intestine

x3
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"~ (or kldney) to°absorb certain essential free amino aclds;
'.however, patlents w1th the defect display no s1gns of proteln'
malnutrltlon follow1ng a. proteln meal. An explanatlon of the
‘phenomena is. not poss1ble baSed on a theory that prote1n is |
. -absorbed only as free amino ac1ds from the 1ntest1ne.»

Stlll, at this tlme, Ehere was ‘a reluctance by the
majorlty of 1nvestlgators to accept the 1dea that peptldes
could enter the mucosal cells of the 1ntest1ne.f ThlSl
resistanCe,arose, 1t,W°U1d appear,‘from the 1nab111ty of

:vNewey.and Smyth and others to-determine precisely the extent

of. the contr1bpt1on made by 1ntact peptide- transport and
| §\$\%ﬂlular hydroly51s in proteln dlgestlon and absorptlon..
Also a factor was the work of Ugolev (1964, 1966) whose ‘
research on sugar absorptlon demonstrated that dlsacchar1des
are hydrolyzed on the surface of the brush border membrane
(surface dlgestlon) with the resultlng monosacchar1des being .
‘taken up by the e terocyte.» ThlS sequence of events ‘was

\

’assumed to.apply. the transport of pept1des and was o

"espec1a11y attract1ve since it d1d not requlre the

s

ICOns1deratlon of a new‘mechanlsm for the transport of
',prote;n. “Fhe amino ac1ds released from the peptlde by

\ -

,h:surface hydrolys1s would be absorbed by the well known and
.exten51vely studled free amlno ac1d transport system. :fhe
.acceptance of ‘this hypothe51s was supported by the |
'demonstratlon of Nachlas et al. (196@) that 1euc1ney

am1nopept1dase is only found 1n ‘the brush border reglon of

'ﬁ‘the 1ntest1ne and probably on- 1ts surface and by the

i

fdd
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conte?tlon, held by many, that Newey ‘and Smyth's work was
done ‘with an uncommon “and atyplcal peptlde.

Interest in peptlde transport and its s1gn1f1cance to
protein digestion waned after 1962 but was reklndled w1th the‘
findings of'Matthews et al. (1968) and Adibi et al. (1968)

These 1nvestlgators, Worhlng/lndependently, demonstrated
-that amino acids are ‘taken up into the 1ntest1ne more rapldly
from d1 and trl peptldes than from a solutlon of the
equlvalent free amlno ac1ds.‘ h | f. .
| Matthews et al (1968) u51ng an in vive preparatlon of -
tied loops of rat 1ntest1ne showed that Gly uptake from
Gly-Gly. and Gly Gly Gly was more rapld than from a solutlon
‘”of the free amino ac1d ThlS work served to verlfy Newey ‘and
Smyth S observatlons on Gly—Gly absorptlon as well as thelr
“conclu51on that the peptlde must be transported ;nto the |
absorptlve cells of the rat 1htest1ne 1ntact

Ad1b1 et al (1968);used a constant'ln 51tu.pertusion
,'technlque to examlne the relative.rates'ofAabsorption_of |
_Gly—Gly and Gly—Leu and the1r constltuent am1no ac1dshinto:
the jejunum of man.g They found that the uptake rates of-

_amlno acids from the dlpeptldesAwas greater than<fromiie
‘,mixtures:o; theiequivaient amino acids. These workers

‘ considered'thatftheir results " ;’. . suggest the ex1stence
;foRanothEr entry meohaniSm, be51des the free amlno acid -
Mcarrier,-for the transport of the products of proteln o

-dlgestlon in the 1ntest1ne.3 (Ad1b1 and Phllllps, 1968).

Matthews et al._(l969) extended their. observatlons on
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peptide absorptlon into in vivo loops of rat lntestlne, to
1nclude mixed di and tri peptldes of Gly and Met. - They found
the mechanlsm of transport for Met-Met and Gly-Met to be
'saturable and the absorptlon of all amino ac1ds to be fasterv-
dfrom the peptldes than from the equ1valent free amlno o
bmlxtures, in all'cases. This investigation also.noted that
the competltlve 1nh1butory effect of Met on Gly ttansport,
normally seen in mlxtures of the two - free amlno ac1ds, was
av01ded when the mixed peptldes, Gly—Met, Met Gly and
Met- Gly—Met ‘were.. presented to the 1ntest1na1 mucosa.

Over the next several years the;klnetlc advantage of

amino acid Uptakefintofintestinal tissue from peptideSfover-a:

free amlno ac1ds became well establlshed in several dlfferent*Z
species and for a w1de varlety of peptldes (Adibi et al.
1971, 1974; Cheng et al., 1971; L;soet al., 1971; Cheeseman
;et ai.;‘i974, 1976; Matthews et'ai.;il974;'iane et al;,
'1975). According to Fisher; Whoain 1967.stated4 “If 1t could
be shown that a peptlde left the 1ntest1ne more rapldly than
tdld an equ1molar mlxture of its constltuent ‘amino a01ds, we
: should have proof of peptlde abSOrptlon whatever appeared on
the other 51de of the mucosa"v ‘the above studles demonstratef
‘that’ 1ntact peptzde transport into the 1ntest1ne does, occnr.
The work ‘of Asatoor et al (l97ﬂ) prov1ded addltlonal
4very strono evrdence for a dlstlnct peptlde transport [
mechanlsm as well as an 1nd1cat10n of the nutrltlonal
51gn1flcance of thls sytem. 'Thelr‘;nvestlgatlon 1nvolved a
hstudy of the hptake of P -alanine, L-histidine ‘and the

i
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dipeptide ﬁ'—alanyl L-histidine by the 1ntest1ne of a patient
wlth Hartnup's diseaset This 1nherited d1sease (out11ned

previously in this section) 1s~character1zedvby‘the 1nab11ity

i - R

of the je]unum and renal tubules to absorb certain neutral
‘am1no acmds 1nc1udihg L-histidine. U51ng an oral tolerance
test 1t was shown that whlle the unaffected amino ac1d

frﬁ —alanlneiwas read;ly absorbed,‘L—hlst1d1ne was not.
Howeyerj when'these amfno acids were administered'as the.
dipeptidevé alanyl L- h1st1d1ne (carnos1ne) both were found to
‘be absorbed normally Some 1nvestlgators at this t1me,’
'suggested that ‘a d1pept1de made up of one affected and one

~

unaffected amino acid would be transported v1a the pathway of

| the unaffected amino ac1d » Asatsoor et al (197@b),(however,_

demonstrated that the affected amino ac1d\\phenylalan1ne, was
_readily transported when presehted to.the defedtfyefintestlne
plas di- phenylalanlne. : iy oo ; "‘ o eth\m;‘
Analogous résults have been obtalned from a study of “
: patients with cystlnurla, a disease in whlch the}1ntest1ne.l,i\
- of pat1ents cannot absorb the amlno ac1ds orn1th1ne, 1y51ne,g
arglnlne and cystlne (Hell1er et al., 1970, 1972)“'.AS'in_i’
Hartnup patlents, the affected free amlno ac1ds were readily.
‘transported when admlnlstered in - the form of a. d1pept1de._

~ These results strongly 1nd1cate that. d1pe tldes are jf
\”transported intact. 1nto the 1ntest1nal enterbc te via a
mechanism distinct from that utlllzed by fﬁee amino ac1ds;

Also the fact‘that Hartnup and cyst1nur1c thlents do not

"show s1gns of proteln malnutrltlon suggests that ‘amino ac1d
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absorption in the form of small peptides is of major

nutritional significance. .
. . ¥

. The'renewed‘interest in the study of peptide absorption
into 1ntestinal tissues, stimulated by the aforementioned
. observat1ons, has ylelded addltlonal ev1dence supportlng the

\

concept of "a dlStlnCt peptlde transport mechanlsm. The‘

follow1ng is'a br1ef summary of ‘the more 1mportant of these
PN e

flndlngs together with representative examples.P

It has been shown repeatedly»that the‘competition for a
tranSport'mechanism normally‘exhibited between free aninb iv,
‘aclgs can be reduced or completely avoided when the same - -
' amlno ac1ds are constltutents of -a. peptide (Matthews et al.,
1969; ‘Chung et al., 1978, 1979; Rublnoret al., 1971; Ad1b1,
2”1971; Cheeseman et al., 1974,31976). Cheeseman and Parsons
',(1974, 1976) 'studied the trrnsport “of Leu and Gly and Gly-Leu
1nto the vascular bed of an in v1vo'preparat10n otﬂperfused ,
}frog 1ntest1ne.n They showed that, whlle the transfer of Gly
_.was- greatly 1nh1b1ted by the presence of Leu, w1th Gly—Leu\1n:h

the intes"

men the transfer of Gly was equal to t,ﬂtﬁoé/’

Leu. There was no d1pept1de ev1dent in the portal blood.
@ i |
There appears o’ be no compet1t19n between pept1des and

anlno ac1ds for'a: transport mechanlsm whenpthe compl1cat10n

of superf1c1a1 hydrolys1s 1s taken into account (Rubino et"
Sal., 1971;/$heeseman et al. 1974'-Slgrlst—Nelson, l975)

' Slgr1st Nelson used radio actlve labels to study the uptakev
lXOf Gly, Leu, Gly (Gly—Leu)_and.Leu (Glnyep) into Jsolated rat -

'intesfinal brush’border'membranes vesicles. Gly and Leu
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present in the Incubation medium at 49 times the concentration
of Gly-Leu failed to inhibit the transport of either labeled
species of the dipeptide. lConversely, Gly-Leu at 440 t}mes
the concentration of Gly and Leu had no\effect on the nptake
of either free aminq acid.
SeQeral groups have demonstrated that when the

enterocytes of the intestine are exposed to a concentration
of4constituent amino acids tnat is sufficiently high to
saturate the free amino acid-transport system, further uptake
of these amino acids is observed upon the addition of the
peptide (Adibi, 1971, 1974; Crampton et al., 1973; Cheeseman

et al., 1974, 1976; Ward and Boyd, 198¢, 1982). The

P
X s
~ AI‘

previously mentioned study of Chéeseman and Parsons (1976)
'demonstrated that when the peptide Gly—Led was'addedﬂto_the,
frdg intestinal lumen in the presence of saturating
concentrations. of Cly and Leu (1@ mM) , further transfer of
thefconstltuent amino ac1ds into the vascular bed occurred.
ThlS addltlonal transfer, whlch the authors suggest must have
entered the 1ntest1ne via an 1ntact peptlde route, was shown
to be‘saturable. Other saturatlon'1 studles are dlscussed
later in this section. |

Other observatlons which support the notlon of an'
1ndependent peptlde transport system have been dlscussed
under separate headlngs, these 1nclude: the dlfferent ef fect
the removal of ﬁedinm Na® has on peptide and free amino acid
B‘uptake, the competatlon for transport exhlblted by peptldes

)

,and the demonstratlon of 1ntact peptide transport.
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E chlefly through the actlons of pancreatlc endopeptldases

v

P . s ‘

o

Presently 1t 1s regarded as establlshed fact that

1ntest1na1 proteln dlgest ‘is absorbed by the mucosal cellsfh
both as free am1no ac1ds and as small peptldes in |
nutrltlonaiiy 51gn1f1cant amounts. In order to more fully
outllne the present understandlng of the/peptlde absorptlve‘d

mechanlsms however, a coq51derat10n of the hydroly51s of ;.f

prote%n together w1th the hydrolases respon51b1e 1s'

S - S

¥ R S | : | | i
The 1ntralum1nal hydroly51s of proteln 1s accompllshed .

(tryp51n,.chymotryp51n and elastase) and exopeptldases

(princ1pa11y carboxypeptldaSES A and B) Awtrﬂre nf

ﬂ amlnopeptldase act1v1ty is- also assoc;ated w1th pancreatlcﬂ

Q.

"_secretlons eGray and Cooper,'l97l Klm, 1977 Matthews et

l 1986)

'4 . Studles carrled out 1n man, dog and rat 1ndlcate that

the ma1n product of the hydrolys1s of dletary proteln durlng

the 1ntralum1nal phase of dlgestlon 15 a complex mlxture of ™

o .

free am1no'%c1ds and small peptldes, w1th the peptldes ﬁ

~predom1nat1ng (leon and Mawer, 197@ a, b Crampton et al.,

~u1971 Adlbl et ala; 1973 Chung et al., 1979).' The flndlng

that peptlde COncentratlons are usually-mueh_1argervthan‘free B

2,

‘:];f amlno ac1ds both 1n the Jejunum and ileumfestablish»théﬁ,,,h*"“i

'3]

'f‘the peptldes are few but Suggest a range of from two amlno

1mportance of peptldes as a substrate for absorptlon 51tes

(Adlb} et al., 1981). Estlmates of the mean chaln 1ength oﬁ

0

"}:ac1d re51dues to- as large as 51x (Chen et al., 1962 Ad1b1 etf

» . a.
i : . B
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' . a‘lvo‘, 197“3)»

.‘f

Slnce peptlde hydrolase act1v1ty has been shown to be

B

very hlgh 1n the 1ntest1na1 eplthellum but very sllght in.
e S

gpancreatlc secretlons and 1ntralum1na1 contents plus the factv

that malnly free am1no ac1ds appear 1n the portal blood the

——

'eplthellum 1s con51dered to, be the 51te of f1nal peptlde fJ

' ihydroly51s (Josefsson and S]ostrom, 1966 Peters, l970~ Klm,?,‘_7
"1977 Matthews, 1975, l98@, Adlbl/et a1., 1981) Subcellular g
kﬁfractlonatlon studles have revealed that most of the peptlde:
- . R ,. .

'bg hydrqlase act1v1ty assoc1ated w1th the 1ntest1nal eplthellum o

"-is located 1n both the brush border membrane and the

e L

fnytoplasmlc fractlons (Josefsson et al.,‘l966 Rhodes et al.,
"1967 Hezier et al., 1969 Peters,‘l97ﬂ (Rim® et al., 1972,-. .
SR 1974)

Brush border peptldases'are con51dered to be actiVe

e ’ : . . . SRR

\/

":agalnst peptldes of from two to elght amlno ac1d res1dues;ff'f
T:‘Théy hydrolyze peptlde bonds‘sequentlally from the NHA fy‘u
hl—termlnal end of the peptlde‘and are therefore referred‘to asyh3iy
Jiamlno ollgopeptldases (Klm, 1977 Ad1b1 et al.,'1981) ieQ7f
brush border peptldases have been found to be d1st1nct from
‘hfthose 1n the cytoplasm of the v1llous cells w1th the act1v1tyfh"
'?f:of each depend1ng on the amlno.ac1d comp051tlon and chaln |
dlength of the peptlde substrate presented., About ten percentf.
T{;of the total cellular act1v1ty aga1nst dlpeptldes is N o
;;assoc1ated w1th the brush border membrane, the remalnlng

y!act1v1ty belng found 1n the cytoplasmlc fractlon._ Wlth‘.

btrapeptldes as: the substrate, 6@ percent of the peptldasq

-.'\
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o .

act1v1ty is a55001ated w1th the brush order and the majorlty

it .’u
ST

'»of the: act1v1ty agalnst tetrapeptldes4ls found in thlS N

'fractlon.‘ Pept1des made up of more than four am1no ac1d

re51dues appear to be hydrolyzed exclus1vely by brush border

‘fam1no ol1gopept1dases (Roblnson, 1963- Josefsson et al.,"-"

.?»-2 :

7?1966 Hez1er et al., 1969 Kim et 31-1-1972r 1974' 1977)'

»Cytoplasm1c amlno pe tldase acb1v1ty 1s malnly assoc1ated

o w1th d1D and tr1pept1dase act1v1t1es whlle am1no—

-

1011gopept1dase act1v1ty probably represents/the~major1ty~of

e

7'ﬁthe amlnopeptldase act1v1ty of the 1ntest1nal brush border
K . / . R

5imembrane.v There are several llnes of ev1dence suggestlng f”f
~that the pept1dases found in the brush border membrane and
those 1n the cytosol are dlStlnCt groups of enzymes.i Thé;_

#se two groups of enzymes dlffer.
/

vThe patterns obtalned from the brush border fractlon show few'ggw

'}zymograms obtalned from th
bands, are homogeneous ang appear not to depend on the

'f;substrate used On the other hand zymograms obta1ned w1th

cyt05011c enzymes are characterlzed by heterogeneous mult1ple_T

'_band patterns whlch vary accordlng to the substrate used.

)

oIt 1s 1nterest1ng that the zymograms produced from-cytosollc uafi

enzymes obtalned from varlous organs of the rat, (l1ver,’“

ikldney, small 1ntest1ne) are v1rtually 1dent1cal (K1m et al.,f:ﬂf‘

yil977). K1m postulates therefore, that &@@ peptldases of the o
- - T ¥
p];cytoplasm do not vary between organs, and that these enzymes
"; }'. may play a more general role 1n cellular metabol1sm.?_

:_(Kim,’l971), Zymogram patterns obtalned from brush border

“>peptidaseS"ofgthehsmallg1ntest1ne_have_been foundjto be;'w



gunlque to thls organ (Klm et al., l977)“ wOjnarowska and

Gray (1975) noted the dlfferent spec1f1c act1v1t1es dlsplayed

'”"fby 1ntest1nal brush border hydrolases as compared to thelr

.v“renal counterparts and suggested that perhaps the 1ntest1nal
"membrane peptldases are organ spec1f1c. The studles of Noren
~‘et al (1977) however, show that there are 51m11ar1t1es g
"between the “1ntest1nal brush border peptldases and the
correspondlng partlculate enzymes from other tlssues, a ,i
rflndlng whlch 1s also°va11d for cytosollc dlpeptldases. »
“'i(Noren et al., 1977).d These workers suggest that the rbie'L-
’:played by brush border peptldases in’ dlgestlon depends on 4

'ythelr 1ocallzatlon 1n a partlcular organ and not on

‘hvdlfferentlatlon of enzymes for a specrflc functlon._~'
' ¢

3 fContlnued work 1n the area w111 clarlfy thlsep01nt., Brush'fﬂﬁngaw

e s
»vborder enzymes have been shown to be more heat stable thanT;

.nlasm P

i-fcytosollc enzymes and unllke the peptldases of ‘the cyt
'Hare unlnhlblted bY P‘hdeOXYmercurl benzoate.?h¥thhés enﬁr“h'”
‘;assumed for some tlme that dl- and trlpepthdes cahﬁaihiﬁéfpfo‘;vif
jvare hydrolyzed exc1u51vely 1n the cytoplasm as: péptidase,gl, e

e )

jiact1v1ty agalnst these Pro contalnlng peptldes has been shown

L vto be absent from the brush border membranes of man and rat/""

‘(Fujlta et al.; 1972 K1m et al., 1977 Ad1b1 et al.,_1981).'y‘11g

lrs3Recently however, Ganapathy et al (1981) reported

*a51gn1f1cant Gly—Pro hydroly21ng act1v1ty 1n hlghly purlfled

:Zjbrush border membrane ve51cles of " k1dney and 1ntest1ne ‘in.

.'rabblt' d°9 a“d pig (Ganapathy ot al., 1981) R

-f‘Isolatlon and purlflcatlon of two amlno ollgopeptldasesdrbi‘p



u‘;of the brush border of rat 1ntest1ne has been accompllshed by |
‘_..several groups (Wojnarowska and Gray, 1975 K1m and Brophy,
v':l976 sz, 1977 Gray and§Sant1ago, 1977 Kanla et al.,

’ l977).» The enzymes 1solated whlle not belng 1dent1ca1
1betweenugroups were all found to be h1gh molecular welght

"llntegral transmembrane glycoprote1ns w1th ‘two domalns.:‘Au :

'nehydrophllllcfm01ety of the proteln extends out of the

"_membrane bllayer (representlng as much as 8@ percent of the
*molecule) belng or1ented toward the external surface of the
ifmicrov1llus membrane., ThlS portlon 1ncludes the act1ve 51teo

bfas well as the total sugar content of the enzyme., A smaller‘J

""yhydrophoblc peptlde sequence 1s 1ntegrated 1nto the l1p1d

: matrlx thereby anchor1ng the prote1n to the membrane (Klm et-'b'”

A;éi., 1976 Louvard et a1., 1975, Adlu} et al., 1981) Thé e

,hydroph01b1c portlon of the peptldase has been shown to spanjrﬁf‘

'l‘the m1crov1llus membrane w1th a portlon 51tuated at theflnner‘
;rfface of the membrane (Louvard et,al., 1976)-'*A545t§ted*bY[f
}';Wojnarowska and Gray' | | | o | 4
o '"These peptlde hydrolases are strateg1cally located.”‘
‘nat ‘the .intestinal lumen . cell’ 1nterface ‘and possess bio-
- chemical characteristics making them ideally suited to
- .play a pivotal role in the final stage of proteln : '
V‘ dlgestlon. (Wo;narowska and Gray, 1975) ERIETEE

The 1solated enzymes were shown to hydrolyze a w1de

var1ety of peptldes (1nclud1ng Gly Leu) conta1n1ng neutral or .~

*~g;bas1c am1no ac1ds all requlrlng a free a——am1no a01d and

-,L conflguratlon of the am1no ac1ds at the NHir-termlnal and

.‘lCOOH termlnal ends.. The rate of peptlde hydroly31s by brush
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ﬂborder peptldases is: 1nf1uenced by the chaln 1ength of the
substrate. WOjnarowska and Gray (1975) noted that the magor'?'”
enzyme they 1solated (ollgopeptldase II) hydrolyzed tr1—:and/\\;:
' tetra pept1des at a faster rate than d1pept1des.f The -
detalled study of Kanla et al (1977) also worklnng1th
amlno ol1gopept1dase II found that for each serles of
peptldes tested the addltlon of a thlrd -amino ac1d res1due -
1ncreased both the aff1n1ty of the substrate for ‘the enzyme' it
A'$fland the rate of hydroly51s. In the case of the Phe peptldes,i‘h
.j'the addltlon of a fourth re51due lowered,the Km but brought
about no further 1ncrease 1n the rate of‘hydroly51s over that
found for the tr1pept1de.‘ Other factors,determlnlng the
eff1c1ency of the hydroly51s of peptldesfls dlscussed later
ﬂ5_1n thls sect1on._l o |
The 1ntracellu1ar hydrolys1s of small'peptldes 1s‘
| \accompllshed by the amlnopeptldases of the cytosol hev'
great ma]orlty of the cytosol peptldase act1v1ty 1s aga1nst
mfdl—‘and trlpept1des althdugh Chung et a11 frg79) presentS'vl

ev1dence for the 1ntact transport of a tetrapeptlde 1nto rat

’ j,small 1ntest1ne 1n vivo- whlch is apparently hydrolyzed w1th1n,

)

T

the mucosal cells.» Most, 1f not all d1—.and tr1pept1des can
be hydrolyzed by both brush border and cytosol peptldases and
as 1n the brush border, peptldes are hydrolyzed in the e
cytoplasm from the NH ‘—termlnal end There are several
B d1pept1dases ‘in the cytoplasm of the 1ntest1nal mucosal cells
veach w1th dlfferent although overlapplng substrate ;fv |

'spec1f1c1t1es but some have an: except1ona11y broad range of

R



31

' substrates.

el

L

A true dipeptidase with‘a‘wide substrate specificity'
has been 1solated and purlfled from the 1ntest1ne of plg

(Noren et al., 1971 1973) and of- monkey (Das et al., 1973).
| ‘

ThlS enzyme was found “to be actlve aga1nst Gly—Leu (and hence

has been named Gly Leu dlpeptldase) .as well as nearly all the
neutral d1pept1de substrates tested w1th the exceptlon of
Gly—Gly, Gly—Pro, Gly His and ‘some d1pept1des composed of
bas1c or. ac1d1c amino ac1ds.f Invest1gators con51der thatw

Gly—Leu d1pept1dase 1s respon51ble for mostrof the

]

‘ antracellular dlpeptldase act1v1ty of the 1ntest1ne

™~

(Josefsson et al., 1977- ‘Adibi et a1/ 1981) L

A cytoplasmlc amlnotr1pept1dase has been 1501ated wh1ch

has ‘a broad substrate spec1f1c1ty for trlpeptldes w1th a, free.

,vo<~—NHA group,'a free w-COOH group and L conf1gurat1ons of the S

v

flrst two amlno ac1d re51dues (Ad1b1 et al., l981).v ThlS: '

- enzyme dlffers from the brush border amino- ollgopeptldases in

that 1t does not hydrolyze peptldes larger thag three amlno E
'ac1d res1dues long and w111 hydrolyze tr1pept1des w1th a- Pro'

at the NHz‘—termlnus.

~

‘.Peptlde Molecular Structure as it Affects Uptake and

_ ﬂydroly51s by the Intest1na1 Musocsal Cells

Al hough there st111 ex1sts a need for a systematlc'

fstudy of the subject, several 1nvestlgatlons have

demonstrated that the molecular structure of a peptlde
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‘;nfluences its aff1n1ty for the transport s1te as well as the
degree of hydrolys1s it undergoes at the 1ntest1nal brush

‘border.

N

v”..\\ . ‘ ‘ .. 4’. . N
Sterioisomerism = .~ .. . '

Thelpeptide transport'system of the small,intestine‘
favors peptides made up of L-amino acids.. Peptides
B .v" ' ' ./ . C 4 " .v . . :v - . ‘,
.containing D—amino‘acids appear to be'transported‘via the;
\

.same system as those made up of L- amlno a01ds but at a
:reduced rate. Also the presence of D- —amino ac1ds reduces the
lirate of hydrolys1s by the peptldases of the 1ntest1nal
'eplthellum.“j sfv o ,.”J”‘,r ",M'vpy‘ﬁfjc'”

he fact that thellntroductlon of a D am1no ac1d re51due
reduces the rate df transport of a dlpeptlde was flrst shown

iby Burston et al (1972).‘ They noted that Gly- —Val was

transported very slowly by rlngs of everted rat gut and that

'~fhydroly51s of the d1pept1de was also reduced “which was‘

{ev1denced by the appearance of 1ntact peptlde 1n the
Qflntracellular flu1d ‘ T 1" yﬂ‘ - :
Cheeseman and Smyth (1972, 1973)’foundjthehD—Leu—Clyi

:transport 1nto everted sacs of rat 11eum whlle beJng slow,-
”doccurred ‘via.a saturable mechanlsm apparently shared by
‘:L—Leu—L-Ala.. They reported that D Leu—Gly was, hydrolyzed -
only sllghtly by homogenates of the small 1ntest1ne. b
viAddltlonal ev1dence that peptldes contalnlng D—amlno ac1d ’ﬂ.rf

i res1dues are transported by the same carrler system as those

made up of L amlno ac1d re51dues was prov1ded by Addlson et
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l.‘(1975);: ?hese‘workers observed.that Gly—D—Leu,‘whfch wash
.poorly,tranqurted, inhibited'theluptake of Gly-Sar-sar
‘though-much more weakly than-did L-Gly?L—Leu. The presence

of D-amino acids apparently reduces afflnlty for the

i
i

“transport system, _
| The,study.carried oUt by Asatoor et al. (1973) on the‘

transport and hydroly51s of dlpeptldes conta1n1ng D- am1no -
tac1d res1dues remalns the most thorough to date. -They

.
observed that —Ala L Phe and L-Leu- L- ~-Leu were taken up 1ntoh

S 9

yloops of tled rat small 1ntest1ne at rates many tlmes greaterl
‘"than those of thelr D- D and L-D isomers althougg;the L-D.
elsomers were taken up more qulckly than the D- D 1somers. ‘The
7major port1on of - the absorptlon of both D—Ala D-Phe and
.D Leu-D- Leu was concluded to occur ‘in the 11eum since the
,ratestof uptake were much greater therevthan 1n the jejunum. L
‘_Hydroly51s of D—Ala -D- Phe, D- Leu- -D-Leu and Gly—D Trp wasj
sllght, all of these dlpeptldes appear1ng 1ntact in"; |
' s1gn1f1cant quantltles in the ur&ne of the: test anlmals.-r
F1na11y,-1n,the Je]unumvthe rate/ofaabsorptionmof Gly,‘D—Ala;‘
: D;Léu;D—phé, D;Trp; —Ala—D—Phe{"D—LéuFD—Leu'and'Gly—DéTrp'
'Twas shown to decrease w1th the 1ncrea51ng molecular welghts
suggestlng a large 51mp1e d1ffus1ve component to their
uptake.~ This. relatlonshlp was not found in- the 11eum.

| Recently Boyd and Ward (1982) completed a m1croelectrode
vstudy of several aspects of ollgopeptlde transport 1nto the

‘4sma11 1ntest1ne of ‘the mudpuppy (Necturus maculosus) 'As

"part of th1s work they showed that whlle the entry of L Leu-



L Leu was assoc1ated w1th a depolarlzatlon of the 1ntest1nal

_cell membrane,‘the exposure\bf the mucosal cells to the D-D.
\ _

formhof'the peptide* produced only a very Sllght alteratxon in
membrane.potential. The authors interpret this to mean_that—
the L-L configuratipn‘of‘the peptide was transported much.

more‘readily than the D-D form. ,\

Amino Acid Side Chains

Very little information isoavailable’in the_literature;
regarding‘the.infiuence amino‘aoid side chain struqture'has
v qn'peptide transport. | | »
?UVE?Adibi.et ai '(l9§4) found that Gly—Leu and Leu—Gly were
absorbed better than Gly—Gly into human je]unum.u They //
'1nterpreted»thls data as an indication that longer chain”
amino acids whether 1n the amino- term1na1 or carboxyl
1 termlnal p051tlons, 1ncreases a dlpeptlde S aff1n1ty for’the

g

'carrler system (Ad1b1 et al.} 1981).
Kania et al’ (1977) barriEdrout a kinetic analySis'of
-the major, rat. 1ntest1nal surface membrane am1nopept1dase
(amlno ollgopeptldase II) w1th ollgopeptlde substrates.

‘Their results 1nd1cate that a bulky side chain on.the ‘NH, -

termlnal amlno a01d of a peptlde increases the afflnlty of

~

_the substrate for the enzyme as well as" 1ncrea51ng hydrolytlc o

rates., However,_no decrease in Km w1th 1ncrea51ng length of.
the'Side_chalns on the carboxyl termlnalfamlno acids of

o peptides couid be demonStrated. The rate of the,hydroiysis,

of peptides_With'Leuvas the NH -terminal amino acid was ShQWn
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to incrase proportionally as the length of :the side chains of

the COOHiterminal»amino\acid_increased. ‘This“Effect,Was{not

‘observed with other peptides:.

Amino Terminal Group

‘Evidence.in'the literature Suggests that any

. % ! ’

'substltutlon of the ‘amino termlnal group of d1pept1des
results in greatly reduced afflnlty for transport sites.

Acetylation of the’ NH —termlnal group of Gly—Gly_reduced.this

peptide'S‘ability to rnhibit the uptakehof Gly—Prd (RubinQ_et

‘al., _1'97_1-)‘,',9,—A1'a—ﬁis (Addison" et ai ) 1974), ‘and Gl»y—S'ar—Sar
4(Addisonvet,al;,‘l975) he methy'atlon of the NH -termlnal |
lgroup (Sar—gly) resulted in poor uptake and hydrolysis
(Burston etral.,.1972) as,well as_fa;lure to 1nh;plt the y
'transport of Glyesar—sar'(AddiSOn;;1975). has and
Radhakrishnan (1975) cenciuded.thatythe‘N—terminal, ;;amine‘
groupfis impertant in determfning uptake since” o
'N-benZyiexycarbonyl;Gly—Leu was feund/tofbe ahpoof inhibitor‘!
of Gly-Leu transport. AlSo.Amaya—F et al.j(l976?‘demonstrated
.ythat N “N-di'ki—deeXy—Z—ketosyl) Gly—Leu was: not taken up by
;an in vivo preparatlon of rat small 1ntest1ne,vnor was thlS
‘dlpeptlde hydroyzed to any extent. by Leu amlnopeptldase. -
"Kania et al. (1977) has shown that the aff1n1ty of
'dlpeptldes for the major rat 1ntest1nal surface membrane"
'amlnopeptldase as well as the1r rate of hydroly51s may vary
according . to the -amino. ac1d re51due at the NH, —termlnal

7“posit19n,; They found that the Leu.groupvproylded a "marked
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k1net1c advantage over most of the Nle-terminal amino acids -

tested. ThlS advantage was most notable when Leu dipeptlde

hydrolytlc rates and aff1n1t1es were compared to those of Gly

‘

and Val dlpeptldes, the former hav1ng hydrolytlc COeff1c1ents

‘one to two orders of magnitude hlgher than the latter. Th1s

data is compatlble with the observatlon that Leu -Gly

.‘hydroly51s is greater in frog. intestine than' is that of

le—Leu (Cheeseman et al., 1976) o | j

Carbo&yl Termlnal Group

Addison et al. (1974, 1975) were able to show that the %
methylatlon of the carboxyl groups of Gly Gly and Gly Gly Gly |

ellmlnated the ability of these peptldes to 1nh1b1t

'Gly—Sar Sar and pAla His absorptlon into hamster jejunum in.

v1tro. This same study found that the esterlflcatlon of
|

Asp—Phe to produce Asp Phe OMe 51gn1f1cantly reduced 1t§

ab111ty to 1nh1b1t Gly—Sar Sar absorptlon (Add1son et al.,

.1975). Although based solely on competltlon Studles many

- :vw-r b ’
-

~authors have concluded that the amldation and/or

'esterlflcatlon of the carboxyl group of dlpeptldes reduces

thelr afflnlty for transport mechanlsm (AddlSlon, 1974, 1975;

<

Matthews, 1975, 198¢; Adibi et al., 1981).

The rate of hydroly51s of - dlpeptldes has been shown to

-

be an order of magnltude hlgher when thelr COOH—termlnal

res1due 1s Leu or Phe than when 1t ‘is Gly (Kanla et al

1977). R L S e
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, . o <t : .
Elongation of thevPeptide Chain and Substitution of the

, gegtidéthnd

Studies have shown that ﬁ-Ala-His, p-Asp-Gly and

I

p-Ala— Gly—Gly, while belng poorly hydrolyzed are transported
"1nto hamster jejunum in vitro and that. thlS transport can be
inhlblted‘by various other peptides which have an «-amino .
acid (Matthews, 1974; Addision etial., 1974‘a, b, 1975).
This has led to the conclus1on that the elongatlon of the
:~peptlde length by the 1nsertlon of an extra' carbon‘between
bthe NH,. -termlna% group and the peptide bond effects
hydroly51s of the dlpeptlde but not 1ts afflnlty for the-
peptlde transport mechanism, - However, the 1nsertlon of two

extra' carbons, a 711nkage, appears to be 1ncompat1ble w1th
_dlpeptlde transport. Burston et al., (1972) observed that 7—
Glu -Glu was transported very poorly 1nto rat small 1nteSt1ne
and was hydrolyzed slowly, 1ntact peptlde appearlng in the
'1ntracellular flu1d o ‘

AddlSon et al. (1972, 1974, 1975) through thelr studles
on Gly—Sar uptake have concluded that methylatlon of the |
“Inftrogen of the peptlﬂe bond of a dlpeptlde appears to reduce
ihydrolys1s but not transport. It is 1nterest1ng to note that'
Gly-Sar as well as Gly-Sar Sar are the only peptldes whlch
have . been demonstrated to be actlvely transported’ 1nto'
v1ntest1nal tlssue. | o
. ¢ T~
' Although the dlpeptlde, Gly-Pro has a substituted.

“pept1de bond its transport has been dmonstrated by several

.workers (Rub1no et al., 1971- Addlson et al., 1975 Das and
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Radhak;lshnan, 1975; Ganapathy et al., 1979, 198d). It would
appear»that Gly~Pro is hydrolyzed more slowly than many
dipeptides an observation which has been attrlbuted to the
substltuted peptid bond (Matthews et al., 1975, 1980).

A large proportion of the studies carried out to
determine the influence'molecular structu:e‘has on peptide
transport and hydrolysls have'been done "in hamster using
‘Gly-Sar and Gly-Sar-Sa:;,/Obvlously there is a need for

further work on this sebject utilizing other: species 'and more

common peptides.

Hydroly51s of Peptldes S gmw

'.It fs now well eStabl}shed thag dgi,an%”tr1pept1de

}q‘

.uptake is the result of three proce&u, fﬁ(l) hydrolysis by

Y

luminal enzymes followed by absorptlon%of the llberated free
am1n0'ac1ds; (2) hydﬁbﬂy51s by membrane bound amlnopept1dases
_followed by absorptlon of the 11berated free amlno acids and
(3) intact absorptlon followed by 1ntracellular hydroly51s
(Adibi, 1971; Matthews, 1975, 198@) Intra—lum1nal
hydroly51s appears to play only a very mlnor role (Kim- et

al., 1977) so the ma]or questlon is the relative 1mportance '

of surface hydrolysis followed by free‘amlno;absorptlon and

intact peptide uptake. Estimates of the,relative‘importance

of these'two processes has revealed that it is'llkelﬁ;to vary
from peptlde to peptlde.

. Q./-"— . i
“:Fernmet al. (1969) est1mated the surface: hydrolys1s of

leeu—Leu, Leu—Gly, Gly—LeﬁKandely—Gly by everted rings-of rat

.)w

“



4

[V
e S
P

Jejunum 1n v1tro by determlnlﬁg the percentage 1nh1b1tlon of

-0

;ff- C] Leu uptake caused by each d1pept1de. They reasoned f‘z
.bthat 1t was the free am1do a01ds released by surfaCe f" |

‘fhydroly51s wh%gh would br1ng abeut the observed 1nh1b1tlon of~

2R S

‘fLeu uptake. The results 1nd1cated that at 1 mM concentration'
Fnof the dlpeptldes, Leu Leu was 5@ percent hydrolyzed and
Gboth Leu-Gly’ and Gly—Leu were about 3@ perCent hydrolyZed
%fTheypnoted that Gly—Gly ‘was - hydrolﬁﬁgg much more,slowlywandt:f

1ntact dlpeptlde was found in the t1ssue.-~ “,[ﬂf@

\

. Both Cheng et al (1976) ‘and Caspary (1973) have

'_utlllzed the snake venom L- am1no ox1dase 1n thelr stud1es of
ffdlpeptlde uptake 1nto everted r1ngs of 1ntest1ne in v1tro.

\vahe enzyme whlch destroys L am1no ac1ds by ox1dat1ve

.
o

'Effdeamlnatlon but has no*effect on dlpepthdes was shown to-;
_',‘v'vreduce Met (Met Met) transPort by Sllghtly more than 5”

vaercent and to reduce Met (Met-Gly) and Met (Gly—Met) to even»

lower levels whdle Gly transport was unaffected (Cheng et

': aL;, 197@).‘ Caspary found that the enzyme approx1mate1y Af' .

halved the uptake of Met (Met Met), Leu (Gly Leu), Leu

”}~(Leu—Gly) and Leu (Leu Leu) | These authors suggested that
the reductlon 1n uptake of these d1pept1des caused by the

'ML amlno ox1dase ‘was probably a result of the destruet1on of

e} “ Lo

‘uthe amlno ac1ds llberated by superf1c1a1 hydroly51s and that
Ithe rema1n1ng uptake was via a process 1nseh51t1ve to the
: enzyme,,l e., lntact d1pept1de transport (>Also 51nce only
rrfree am1no ac1ds were demonstrable in the 1ntracellu1ar}f}u1d§t

‘vthese results 1nd1cate that the f1nal hydroly51s of theSe

39



"3d1pept1des must occur at a 51te/wh1ch is 1nacce31ble to the
S D T : ‘
‘j{enzyme (1ntramembrane or - 1ntrace11ular hydrq1y51s)p

Adlbl s (1971) 1nvest1gatlon of the dlsappearance rates
f‘of Gly—Leu and’Gly—Gly from the Jejunum and 1leum of man

-Eylelds results wh1ch dlffer from the above. The presence of

D N
W ¢

{a saturatlng concentratlon of 1soleuc1ne produced only a 13
"fpercent reductlon 1n Leu (Gly—Leu) 1nf1ux suggesﬁlng that the l fak'

‘.major portlon of Gly Leu transport 1nto the mucosai/cell is \ R

f{vla an 1ntact transport route. The uptake of Gly—Gly was"'\

5ffcompletely unaffected by the presence of saturatlng f S ‘vﬁ”ﬂﬁ/
'*concentratlons of free Leu.v Slnce Leu has been shown to have

¥ v

jﬂa much hlgher afflnlty for a carrler shared w1th Gly
'»L(Cheeseman and Parsons, 1976 Himukal and Hoshl, 1979) thls‘”
‘fyobservatlon 1nd1cates that Gly-Gly 1nf1ux must be exclus1velyf‘

- B N
_as the 1ntact d1pept1de.__;tf=--- o

o Cheeseman and Parsons (1974 l97o) perfused the Small

”Q,lntestlne of the:h:og (Rana plplens) w1th elther Gly—Leu or ;

‘ fLeu Gly 1n the;presence of a saturatlng concentratlon of free‘f'
v/ o .

:

.m5Leu and 1ooked at the appearance of Gly and Leuxln the ;'f‘:i'b

.,vascular bed W1th the fr e amlno ac1d transport system

P .\‘.
o

xllsaturated the authors assumed that any further transfer of

',1‘
‘,‘ i

vrom elther/of the dlpeptldes would have ‘to be"’i

1a the 1ntact transport route. From thlS procedure they
':estlmated that 6@ pecent of Gly—Leu and Leu—Gly transport was

the result of 1ntact peptlde absorptlon and therefore that
about 40 pegcent of these d1pept1des presented to the 'i““:,’f ;‘;fgh,

vfhlntestlnal mucosa underwent superf1c1al hydrolys1s.

/
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The saturat1on technlque was utlllZEd by Crampton et

: = al;, (1973) 1n thelr 1nvestlgat10n of Met Met and Gly Gly

, absorptlon 1nto tied loops of rat 1ntest1ne 1n v1vo. Wlth

the free Met uptake system saturated w1th lﬂﬂ mM free Met, itb
‘ i L

'can be calculated from the1r data that 1ntact Met Met

:_transport accounted for some 6l percent of the observed
‘uptake in the most prox1mal loops studled (duodenum and upper S
hjejunum), about 8@ percent 1n the follow1ng two loops (lower

‘fjejunum and upper 11eum) and approx1mate1y Sﬂ:percent 1n the

'*flmore dlstal loops (1ower 11eum);' The absorptlon of GlY GlY

1‘was determlned to 1nvolve the uptake of 1ntact d1pept1de

‘exc]_us;lvely. S B ) PR o

More recently Rosen Lev1n et al (1979) found that the'

. dlsappearance of Leu Gly Gly and Leu Leu from the Perfused PO

- ‘small 1ntest1ne of rat in. VlVO was reduced by 38 and 51

2

I

Sy

‘affectlng 1ntact trans%ﬁa_“

ﬁ‘a%d Leu Leu uptaké3by 49 percent, Th1s reductlon was

@

percent respectlvely 1ndthe presenge of 2@ mM Gly—Pro.. Theseri'

,workers cons1dered thls reductlon to be due to the blocklng :77”c
of 1ntact peptlde transport by G%y Pro and that the remalnlngV“h'M”

uptake of Leu and Gly was v1a the free amlno ac1d transport

system follow1ng the1r 11beratlon from the peptlde by surface T

mx..v

hydroly51s. Addltlonal ev1dence was obtalned through the usep_ff

_ of elther 8. 1 mM phthallmldo or Ala p-—naphthylamde (1@ mM)“,g'*

both of whlch 1nh1b1t brush border amlnopeptldases Mgthout

"J

3N

In‘the presence of one® of thesecu

1nh1b1tors ﬁeu-Gly—Gly %Tansport was reduced by 64 percent

ST
- consxdered to be’ due to- the 1nh1b1tlon of surface hydroly51sl~""

e . ’ E A ’ PR s . R o



’_,gu1nea plg 1ntest1ne._ They ndt“

thereby allow1ng only 1ntact transport to take place. »Thesehh

‘Lresults 1nd1cate that for Leu-Gly-Gly uptake surface

:'\.

hydroly51s followed by the uptake of: free amlno ac1ds plays a.
sllghtly greater role in a551m11at10n than 1ntact transport
tvwhlle for Leu- Leu transporb both processes are-. of equal
1mportance. !_ : | | | |
H1muka1 and Hosh1 (1979) studled the uptake of Leu

(Gly-Leu) and G&y (Gly~Leu))1nt041“blated everted segments of :

ﬁLeu (Gly—Leu) 1nf1ux:,l.

°

f was about tw1ce that of Gly (Gly—Leu) and also that the

ree amlno ac1d uptake system reduced Leu'

saturatlon of the‘i
(Gly—Leu) uptake by 46 to 64 percent but had no effect on Gly,ﬁ

(Gly-Leu) transport. They concluded that Leu (Gly—Leu)

‘],»uptakeﬁ-‘oceeds approx1mately equally v1a both the 1ntact

ﬁd free am1no ac1d transport systems wh11e Gly
g1nf1ux occurs v1a ‘an 1ntact pept1de transport 3
rsm.exclu51ve1y; ,a E i}v‘liiri'\-‘d"'h‘: thd"
'Yasumoto et al (198@) were able to reduce Gly~Leu o
hlnflux 1nto 1solated eplthellal cell of rat 1ntest1ne by 50

percent u51ng a potent amlnopeptldase 1nh1b1tor,—bestat1n, as

"‘well as demonstrate 1ntracellular 1ntact Gly—Leu in the‘vj'

o

presence of . the 1nh1b1tor. ThlS was taken by the authors.as"
@ : s -
proof that Gly—Leu transport is med1ated by the two processes ,

v‘of 1ntact transport followed by hydroly51s and hydroly51s o

preceedlng transport and that they contrlbute almost equally L y

'*f"ln the uptake of Gly-Leu.'
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Maxlmum Slze of Transported Peptldes

.
1

Matthews et ‘al. (1968) studTed the uptake of d1-,ttri; t
and te:Z;dlyc1ne 1nto t1ed loops of: rat 1ntest1ne and found .
that Gly uptake was, more rap1d from each of' the peptldes than

Jfrom a solutlon of the free amlno ac1d They concluded that
}511 of the ol1q9pept1des must therefore be transported |
1ntact The follow1ng year Matthews et al (1969) determlned
Mthat both Met and Gly were transported more rap1dly when:';

: presented as. ollgopeptldes of Met alone or as the m1xed

':[‘d1pept1de._ Trlmethlonlne was the largest pept1de used

| . =
P . /

In apparent contrast to the above work Peters et al
(1970) found only free Gly and Gly—Gly 1n the plasma and

- 1ymph of rats follow1ng 1ntra duodenal 1nfu51on of hlgh

'.fhconcentratlons of Gly and Gly ollgopeptldes (up to and

']1nclud1ng tetra Gly). S1nce Peters ‘et al prev1ous work'

.15(1968) 1nd1cated that most dlpepkldase act1v1ty of the rat
*»enterocyte‘was:in the cytosol and that longer peptsdes ‘were
Vfcleaved to free amlno ac1ds‘or d1pept1des, 1t was-concludedfwl
lﬂlthat only free Gly and Gly—Gly were transported 1nto the g

; enterocyte.

Edwards (197@) utlllzed t1ed loops of rat small

'pintestlne in v1vo and demonstrated that Gly—Gly‘and Gly—Gly+
\’pGly 1nh1b1ted {3—Ala HlS uptake but had no effect on Leu-Gly

r"transport. ThlS was con31dered ev1dence that tr1 Gly was_lt'

‘transported via a route shared w1th ;3—Ala HlS but not

’wLeu—Gly.‘ Both Addlson et al (1975) and Slelsenger et al

oo

T
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(1976) showed that the poorly hydrolyzed dl—‘and tr1 peptldes
;Gly—Sar and Gly—Sar Sar were transported 1nto rlngs of
‘.everted gulnea p1g 1ntest1ne in v1tro. They found however;
_ that the tetra pept1de Gly—Sar Sar Sar was not taken up into

'the 1ntest1nal rlngs except very slowly and suggested’

Jtherefore; that tr1 peptldes may- be the largest peptldes

' transported

Ad1b1 and ‘Morse (l977)lfound that of the-peptldes of Gly
studled only di- and. tr1 Gly were transported 1ntact 1nto the
'}absorptlve cells of human je]unum and everted rlngs of rat
ismall 1ntest1ne.: The dlsappearance of hexa—.ipenta—‘and "
a7tetra Gly ‘was attrlbuted to thelr belng hydrolyzed by brush
'«aborder amlno ollgopept1dases)1nto smaller peptldes and

i.free~Gly and absorbed -as. such.i Smlthson and Gray (1977)

‘demonstrated that the tetrapept1de Gly-Leu—Gly—Gly was not -
g transported 1ntact 1nto e1ther an 1n v1vo ‘or 1n v1tro
preparatlon.of rat Jejunum.‘ In contrast to these flndlngs
’Chung et al (1979) have reported that 5@ percent of the
transport of the tetrapeptlde Leu—Gly Gly-Gly 1nto rat
'-1ntest1ne is v1a an 1ntact peptlde route not shared by

)

'Leu—Gly.or Leu—GlyeGly. They showed that L~ alanlne whlch

fcaused no 1nh1b1t10n of Leu (Leu—Gly) or . Leu (Leu—Gly-Gly)
’ruptake reduced Leu (Leu Gly—Gly Gly) transport by 50 percent.

Also the use of 2@ mM L—Alanyl ﬁ naphthylamlde whlch

f @

e 1nh1b1ts brush border amlnopeptldase act1v1ty had 11tt1e

t;effect on Leu (Leu-Gly—Gly-Gly) abSOrptlon. Burston et»al{

(1979) 1nvestlgated the uptake of Leu—Gly-Gly Gly as well as .
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vAlaFGiy—GlyéGly into rat and-hamster'everted‘inteStinal rings
and could £ind no ev1dence for intact transport of ‘these .
’tetrapeptldes.- u ij | ‘

Whlle Gly Gly ‘and Gly- Gly—dly were found to cause large
and_per51sting;depolarlzatlonsjof»the‘rntestlnalventerocyte
membrane of mudpuppy}‘the tetrapeptide, GlyéGly—Gly-Gly; had"
an‘effect whatsoeVer on the membrane restlng potentlal (Boyd
,wandﬂWard,d1982);‘ It,was assumed therefore, that the |
tetrapeptide mas‘not transported “.?.“. suggestlng an upper
=1imit of three amino ac1d re51dues for 1ntest1nal

ollgopeptlde transport" (Boyd and. Ward 1982).

The Nature ofithe Mediated TranSport'of-Peptides

The process of peptide transport dlsplays saturatton
e
7klnethS as.. well as:- spec1f1c1ty for the substrate transported
n‘p(Matthews, 1975, 98@).d It~1sltherefore con51dered‘
reStagl1shed that the. chanism'responsibie is medlated fv;.: i
lttransport}, What.islezs clear is whether thls medlated 5
system ishactiVe ordpa551ve.“ An actlve transport process'may
:bewdefinedvas "{,,'. the energy—requlrlng movement of a
metabollte or an 1norgan1c 1on across a membrane agalnst a
’gradlent of concentratlon“ (Lehnlnger, 1975)' In order to
‘ establlsh that peptlde transport 1s ‘the resﬁlt of an actlve’
huptake mechanlsm therefore requ1res the demonstratlon that
‘peptldes;are-accumulated~or‘concentrated within the‘%‘v
enterocyte and also that thlS uptake is dept At on®

~,metabollc energy..



As early as l§62‘Neweyoand~5mythfshoued'that peptide
transport into»the'small'lhtestine was apparently‘inhibited
by anoxia and metabollc 1nh1b1tors but more d1rect proof of.
actlve transport was dlfflcult. The demonstratlon of';ntact
peptide w1th1n the.lntestlnal enterocyte accumulatingbagainst»
,l 1ts concentratlon gradlent is made dlfflcult by the rap1d1ty

w1th whlch most small dlpeptldes are hydrolyzed w1th1n the
‘mucosal;cells, In,an.effort to c1rcumvent thls,problem,”;
Addision et al, (1972) Studied“the ‘Yhptake of a readily

transported but poorly hydrolyzed pept1de, Gly Sar. They.

“found' that thlS dlpeptlde was - accumulated 1ntact agalnst an’
"electrochemlcal grad1ent into rlngs of everted hamster

-1ntest1ne.; Further they demonstrated that thls accumulatlon“

was . 51gn1f1cantly 1nh1b1ted by anox1a, 2, 4 d1n1trophenol and"' B

by the absence of medlum Na.y. ,Thesevworkers found-very
51m1lar results 1n the1r study of thevtripeptideﬂcly—Sar+Sar
'.c uptake 1nto everted hamster 1ntest1na1 r1ngs and concluded '
'_,that the uptake of‘bothuGly—Sarhand Gly~Sar—Sar must.be v;a
ranyaCtivektranSport system~(Addision'et‘al., l974)h

: ”*Vmatthews'et‘a1= (1974) looked at the uptake of p—\

Ala- Hls (carnos1he), a d1pept1de whlch 1s hydrolyzed even
.more poorly than Gly-Sar,‘1nto r1ngs of everted hamster
>-jejunum., Thel? resUlts 1nd1cate that llke ‘Gly- Sar,'carnoslne
ln‘was concentrated by the 1ntest1nal rlngs, the uptake belng e
saturable and’ apparently conformlng to Mlchael1s~Menton type
K&netlcs. Carn031ne transport was. reduced by anox1a; Q3’

t.

| 'metabol1c 1nh1b1tors and the replacement of med1um Na with‘



tris, choline.and Kt .

Addislon'et‘al. (1975) examlned the transport of the
d.poorly hydrolyzed tr1pept1de {3 Ala Gly-Gly 1nto hamster
‘1ntest1na1 r1ngs. They found that while 1ts uptake was
inhibited by anoxia ‘and metabol1c 1nh1b1tors accumulatlonlof
.Vthe peptide could not be demonstrated | |

‘The work of Cheeseman and Parsons (1976) and Cheeseman ‘f
(1977 198@) suggests, 1n contrast to the aforementloned

'investrgatlons, that pept;de transportfln the_lntestlne_;s

- via.a passive‘mediated‘méchaniSm.' The uptake of both Leu

(Gly—Leu) and Leu (Leu—Gly) 1nto an 1n vivo perfu51on
preparat1on of the frog (R. plplens) ;ntest1ne reached muchﬁh
lower tissue concentrat1ons than‘d1d‘the_constituent free
amino acids durlng the7stop’flow;portion oftthe'procedurehl.ha
(Cheeseman4and Parsons, 1976) . %his_obServation was |
'COnsidered'evidence in favor of a'nonconcentrativeumechanism
‘for the transport of these. d1pept1des. Subsequently,
Cheeseman (1977, 198@) using the same 1n'vivo preparation o
ver1f1ed the extremely poor accumulatlon of Leu (Gly-Leu) and; 
further (1n sharp contrést to Matthews' flndlngs) that
:carnos1ne was not concentrated w1th1n the enterocytes durlng
:the one hour stopped vascular flow to levels above that 1n
“the 1ncubat10n‘med1um.‘ Th1s latter observatlon was repeated
,u51ng everted tissue rlngs in v1tro. Comment1ng on these
vobservatlons Cheeseman (1985) p01nts out that when 1ntest1na1

',enterocytes have an 1ntact vascular flow, i.e., in vivo

preparatlons,‘substrates are cleared rapldly and accumulation



never occurs; Also the rapid hydroly51s wh1ch most peptldes
'undergo in the cytosol of the mucgsal cells creates a natural
downhlll gradlent fromithe lumen 1nto the enterocyte. Hence
entry of peptides into the absorptlve cells-need not‘be,
actiye;,‘ . ‘ | o |
The Na+ —coupledvtransport or.amino;acids into the

intestine is now accepted; The rolée of Na+'1n ‘the transport
of peptides however)\is stili a contentidus issue. Those who-
malntain that p?ptlde trahsport is an*active'process'envisage
‘the coupllng of Na  to peptide transport as the source of
energy, dr1v1ng the substrate uphlll against 1ts |
'electrochemical gradient as Na diffuses into the enterocyte
down 1ts concentratlon gradlent malntalned by the (Na*'f§+.)—
,ATPase.s The elucxdation of the part played by Na in‘peptide
transport is 1mportant in understanding the mechanlsm and is
dlscussed separately in. the follow1ng section. ‘
+

Na Dependency of Peptide Transport

In 1971, Rublno et al. noted that replacement of medlum |
Na+ w1th choline reduced the uptake of Gly (Gly—Pro) into
<rabb1t 11eal mucosa in vitro by decrea51ng the apparent Vmax

of the process whereas the absence of the catlon reduced free

Gly transport by 1ncrea51ng the Kt. Tney,found also that the

apprec1able 1nf1ux of Gly (Gly—Pro) remaining in the near
vabsence of Na was too}large to_be‘attrfbuted td”simpie'
diffusion. | | '» |

The fnvestigations outlineduin the'previous”section"

J— - - 1



(Actlve Transport of Peptldes) 7thdy1ng the trahsport of
Gly—Sar, Gly-Sar-Sar, carn051né and PAAla Gly-Gly 1nto,

hamster jejunum in vitro found all of these peptldes to be

"\
\

llnhlblted,,to varylngxdegrees, by the removal of medium Nat

The authors in each case concluded therefore, that peptlde
transport 1s Na* dependent (AddlSlon et al., 1972, 1974 //
©1975; Matthews, 1974). | |

More‘recently Ganapathy and_Radhakrishnan,(1979) made

use of theedrug harmaline in their effort to determine the

role plaYed by Na* in the translocation of“Gly-Leu and

~

Gly-Pro across the intestinal'membrane-of-strips.of monkey

'ileum{ Harmaline, a reputed inhibitor of Na* dependent

transport mechanisms, was found to-reduce‘GlyJPro'uptake'by‘

»

>about 35 percent ‘and Gly Leu 1nf1ux by 57 percent. The
51mple removal of Nat from the 1ncubat10n medium had Very

similar effects. These 1nvestlgators concluded that whlle

the transport of dlpeptldes is at least partlally dependent

on medium Na‘t ; the 51gn1f1cantvtransport remaining in the
~ absence of Na must occur via'a mediated mechanism since it
'was 1nh1b1ted by the presence of other d1pept1des.‘

As noted earller the transport of dlpeptldes into

‘.mudeppy 1ntest1ne_1s,rheogen1c (Boyd and Ward, 1982). The :

authors point out that the dipeptides studied (Leu—Leu}.
Gly—Pro‘and-carnosine)-are all uncharged at the pH of the

medium‘employed (7.25) indicating that'the.influx'of,thet

dipeptides themselves did not depolarize the-intestinal cells

but that dipeptide'transport:must be associated with the flux

1
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- of an ionic species. While this data is consistent with the

theory of the Na® -coupled transport of dipeptides, it was

¥

found that Uniike free amino acid influx, dipeptides persist
invproducing electrical effeCts eveh in the absence of medium
Nat ., Boyd and Ward (1982) sugéest‘ that the rapid f -
intracellular hydrolysis ofpdipeptides ﬁiéht maint&anva
cohgenttationvgradient sufficient to drive Na+ —coupled‘
peptide entry'evenvwith Naj goncentrations at very low

. | R .

levels., . | .

In contrast to the above studles there are reports in
the 11terature whlch claim to demonstrate the Na+ |
-1ndependence of pept;de uptake into 1ntest1nal tissue. .

As éiscussed ptevioosly Cheeseman-and.Parsonsi(l974; 
il976) in their study of thevuptakeaof Gly—LeJ/and Leu—Glx Lor
the frogfsmal1viﬁtes€ihe showed‘that'with the free amino acid’
‘ transpott system saturated Qith_free Leu_aod Gly;-additional'
influk of’both.these'amino acios occarred foilowing the
:introduotion'of either Gly-Leu or LeufGl§ into the lUmeH§
ATheypreasoned that this;additional tranSport must;have been
via an intact peptide route and demohstrated it to be
’unaffected by the removal of Nat from the 1um1nal solutlons.
These observatlons lead Cheeseman and Parsons to propose a
model for dlpepttde absorption into the spall ;ntestlne whlcﬁ
‘soggests-that Leu (Gly—Leu) or Leu (Leu—giyf‘can'eoter the
?iatestihal_enterocyte via thmdistinot toqtes: one oeing an
intact'peptide transport system is'Na*.inaependent and /

non-concentrative and another corresponding to the usual free

»
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-~

amino acid uptake system-which is known to be’Na+ dependent
‘and capable of accumulatlng 1ts substrates., The 1atter route
- would be ut111zed by amlno ac1ds freed from dlpeptldes durlng

surface hydrole1s. Cheeseman (1977; 198a) extended the N

above observations demonstrating that [3—A1a-His (carnosine)

was taken up into'the‘anuran small intestine via a Na'
1ndependent mechanlsm. ﬁ
4
Sigrist- ~Nelson (1975) studied the transport of Gly, Leu

and Gly-Leu 1nto 1solated brush border membranes of ra

intestine.‘hAlthough shehreached no conclusionias to
- of Na+ in Qly—Leu tranSport, itvwas noted that NaT
replacement had a lesser effect on the dipeptide's uptake’
than on free Leu absorption. | | »

Gly-Gly transport Ento isdlated ileumlof guinea pig_was
~found to be reduced only sllghtly follow1ng the total ._ - V ‘
replacement of Na' in the 1ncubatlon medlum, whereas Gly i |

uptake was abollshed (Hlmukal anf Hoshi, 1978). These

authors noted that therom1551on of Na caused a small
S

increase in the Kt for Gly—Gly transport but the Vmax of th”

process was unaffected ’ The fact that the Vmax was unchanged

suggested to these workers that superf1c1al hydroly51s w1tH

subsequent transport of .the llberated monomer may not be ;f - L

(s : TR ST

1nvolved in the transport of Gly (Gly—GLy) The follow1ng %z_

year Hlmukal and HOShl (1979) .observed - that whlle Gly

R
W
>,

o

(Gly—Leu) uptake into 1solated gulnea p1g ileum was

unaffected by Nat vreplacement w1th D—mann1t01 Leu (Gly-Le
\5transport was reduced by‘SQ percent. ThlS dlscrepancy, th
_ _ o ¢

~o T
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reasoned, arises from the fact that Gly (Gly-Leu) uptake
occurs only via the intactgpeptide transport route while Leuw
(G;y—Leu) absorption utilizes both the intact mechanism which

+ dependent'free amino ac¢id

is Nat independent‘plus the Na

system fo%lowing sorface hydrolysis and the release of tree

Leu. Only this- latter process is eliminated by Na+.removal.
, Ganapathy et al., (1989) studied the primary

translocation step in the uptake of Gly-Pro into purified:

intestinal and renal brush border vesicles. These membrane’

u

vesicles were’shown to be*devoid of (Na+ -K+

)—ATPase and
'cytoplasmlc components, thereby 51mp11fy1ng the
.1nterpretatlon of”the results. “The determlnatlons showed *
that Gly—Pro transport was the same from NaCl and KCl
solutlons into both intestinal and renal ve51cles. Further,»
it was found that whlle L Ala 1nf1ux was stlmulated by the
rntroduct;pn of a Na* gradlent ‘across. the brush,border_

membrane of both preparatlons the transport of Gly—ProWWas

unatfected In sharp contrast to Ganapathy aﬁg v <

a0t

thadhakx'shnan,s (1979) flndlngs, the. addltlon of harmaline'(Z

mM) t the 1ncubat10n medium had no effect on Gly- Pro

transport 1nto renal or 1ntest1na1 ve51c1es e1ther in the

”presence or absence of Na ."The authors-concluded that
,‘"Thls work clearly demonstrates that the dlpeptlde transport
into 1ntest1nal and renal prush‘border vesicles isvtotally NaT

'independent" (Ganapathy’et al., 1980).

Specificity of Peptide Transport Route(s)

Therinterpretation,of-the results as well as the‘design'



£

'_the competltlve 1nh1b1t1on observed is. a result of

.7must be shown to be of a competltlve nature. 7f\p

i

_of the many experlments carrled out in an/effort to determlne

Ry A

the mu1t1p11c1ty of the peptlde uptake system has d1v1ded

1nvestlgators to two groups. One group suggests that there

',,1s but one route avallable for intact peptlde transport whlle

;v_the other proposes the’ ex1stence of at. least two and perhaps‘h

as ~many as three \Eparate uptake systems.'4gkl". B <

;j Much of the confu51on 1n thlS area has arisen. from ther

RS : :
fa11ure of several workers to take 1nto account the u".f"/

-
compllcatlng factons of superf1c1al hydroly51s, experlenced

by most peptldes to vary1ng°degrees,'when de51gn1ng thelr

o experlments and 1nterpret1ng the results therefrom. Clearlysv

such an over51ght makes 1t 1mp0551b1e to determlne whether e

v/‘._
\ .

"r1nteractlons between the peptldes themselves or between thelr

e

>Lconst1tuent amlno ac1ds released by hydrolases at the

F L ,/‘. | » - B g> /
”membranefsurface.,-" ‘ ‘/v;ﬂ : 'w;*

" The ev1dence for and agalnst the ex1stence of multlpleilw

‘.,pathWays for peptlde transport con51sts of . demonstratlons

?that‘one pept1de does or does not 1nh1b1t the uptake of

*another pept1de.” If 1t 1s to be conv1nc1ngly proven that ‘*V"

'-peptldes share the same uptake route their . mutual 1nh1b1tlon n”

I

..

\

‘Rublno et al (1971) prov1ded ev1dence for the uptake of

;peptldes v1a Dne common carr1er system with thelr

\Wdemonstrat1on ‘that' Gly (Gly—Pro) uptake 1nto rabblt 1leal

.

"mucosa 1n v1tro was 1nh1b1ted by 51x other d1pept1des and

‘trlpept1de.~~Thls'lnh1b1t1on¢was;shown;to be_competltlve,w-'
o '/:,

4

e :-\;’,fjr
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however only in the‘case of’Leu Leu.
Das and Radhakrlshnan (1975) carrled out a study on ‘the

o 1nh1b1t10n of Leu (Gly—Leu) and Gly (Gly-Leu) uptake 1nto

o

monkey 1ntest1ne 1n v1tro by a w1de spéctrum of 4

All of the 38 dlpeptldes tested 1nh1b1ted bo th /&

‘ uptake from Gly Leu to varying degrees._ The.competitive’

nature of the 1nh1b1tlon was shown for only four of the 38-

dlpeptldes., It should be noted that no- correctlon was made

: for superf1c1al hydroly51s effects in thlS work ‘ The authorS‘

state ﬁhat thelr results suggest strongly that there 1s a
dlp ptlde uptake{system 1n monkey lntestlne with an- extremely

e broad spec1flclty.d

In an effort to av01d th‘ oomplicatingxfactor’of brushh

border gurface hydroly51s,ia eries'of investigationsfhave'

i

been carrled out utlllzlng p orly hydrolyzed peptldesnsuch as -

d1- trl— and tetrapeﬁtldes ”f Gly and Sar as well asythes‘

d1 eptlde carnos1ne ( -Ala'Hls)'i All of these experlments,.'
P

N

have used the 1n v1tro prep ratlon of eVerted rlngs of f S
hamster Jejunum. AddlSlon/(1974a) demonstrated that
i Gly Sar Sar was 1nh1b1ted Ly d1— and trlpeptldes of Gly and

Met.; Carn051ne uptake wa shown to be 1nh1b1ted by several

I

peptldes made up of neutral amlno aélds.h The'effects,of
j | R .

Gly~Pro were found to be competltlve (AddlSlon, 1974b)' fThe
dlpeptldes Lys Lys and Glu Glu falled to 1nh1b1t carn051ne‘ p
1nf1ux, nor d1d they 1nh1b1t the uptake of each other whlch

'.1s compatlble w1th the ex1stence of a’ separate pathway for‘~'

~7 . s

: the uptake of dlpeptldes made up of neutral amlno aclds and

lo R 2R
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‘“thoSe made up of ba51c or ac1d1c amlno ac1ds.:‘The inhibition
-.of the 1nf1ux of Gly—Sar -Sar and -ala- Gly—GlN by a series of

‘dl— and trlpeptldes (1nclud1ng Lys Lys and Glu Gﬁm) was.
‘ gt

”demonstrated by AddlSlon et al (1975) They concluded thatr
: d1— and trlpeptldes share a Tommon uptake mechanlsm but thath
peptldes made up of ba51c or. ac1d1c res1duei would appear to
.3fhave a low affrnlty for thls system 81nce the 1nh1b1tlon of'

‘uly Sar Sar uptake by Lys Lys and Glu Glu was sllght.,;ﬂj

Q-

HSlelsenger et al (1976) prov1ded add1t10na1 ev1dence 1n

AR

'support of ‘a: COmmon transport system for d1— and trlpeptldes-;

'fw1th the demonstratlon that Gly-Sar was 1nh1b1ted by "i:'tﬁ:

e

'Gly Sar Sar 1n a competltlve way and Vlce versa. ﬂThe-v N
~1nh1b1tory effect of Glu Glu on. Gly Sar uptake 1nto hamster'
?_jejunum 1n v1tro was 1nvest1gated 1n some detall by Matthews

7et al (1978) Incubatlons were carrled out at a pH of f1ve».

‘:ln order to reduce surface hydroly51s\of Glu Glu to a
mlnlmum. It was«shown that at a constant concentratlon of
: o R

»kGlu—Glu, Gly—Sar uptake was 1nh1b1ted 1n

'ﬁhcompetltlve manner

and also that a constant concentratlon of Gly-S%pwhad the

<
e, Kt

»same effect on Glu Glu transport i Taylor et al’ (1979)

obtalned analogous results/w1th Gly—Sar and Lys~Lys.-,The

fconclus1on was. thaf the neutral dlpeptlde Gly-Sar, the '*#y

'e’-ac1d1c dlpeptlde Glu—Glu and the ba51c dlpeptlde Lys Lys all i_:

share ‘the. same up ake mechanlsm.g
B
Sy

Several studles ex1st whlch are at odds w1th the concept‘-‘
"of a 51ngle carrler for peptlde transport 1n the 1ntest1ne.«

vaEdwards (197@) £ und that carn051ne absorptlon 1nto loops of



1_der1vat1ves.~‘

.,d1pept1des are transportedlby separate routes. K

. 56:

rat gut in v1vo was 1nh1b1ted by d1- and trl—Gly but not by

Leu—Ala. Leu-Ala uptake, whlle belng 1nh1b1ted by a number .

'of dlpeptldes was not reduced 1n the presence of carnos1ne,}3—

_Ala Gly nor . d1— or tr1 Gly. ThlS data suggests the presence

of at least two’ transport mechanlsms for ollgopeptldes in-. the

rat 1ntest1ne. Gupta and Edwards (1976) added to the above

"Aobservatlons notlng that nelther Leu Gly or;?Ala HlS

(carnos1ne) representatlve m’mbers of two dlstlnctly

:dlfferent tranSport broups, 1nh1b1ted the uptake of Pro Hyp

‘tlnto loops of rat 1ntest1ne 1n v1vo.' S1nce Pro Hyp was shown

tolbe 1nh1b1ted by other prolyl d1pept1des these authors

"concluded that thls was ev1dence for the ex1stence of at

37

least three separate‘ carrler prote1n systems 1n the rat

-small gut" exempllfled by Leucyl Alanyl and Propyl

G

Lane et al (1975) 1ooked at the uptake of Pro—Gly and

’~Gly—Pro 1nto~rat jejunum in v1vo and found that whlle 4@ mM

| ”,dldginthTt lZ mM Pro- Gly transport 51gn1f1cantly., Slnce

”uptake, Lane et al suggested that these d1pept1des mlght be

handled by dlfferent uptake systems. These results and thelrb.jf;ﬁ‘>

g

'1nterpretatlons are con51stent w1th those of Edwards (197@)

RE

.

g;nto the rat small 1ntest1ne in v1vo, wa%¢1nh1b1ted by

fthly—Prb but not: Pro-Gly, and also concluded that the two Pro‘

y

Toowm e e

',Pro-Gly falled to 1nh1b1t 10 mM Gly Pro uptake, 4@ mM Gly Pro 2

: Rublno (1971) also found that Pro Gly did not effect Gly Pro y-' '

<

»cvand Gupta and Edwards (1976) who found;that Leu~Ala uptake f‘f',h
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écly—Leu 1n71u# across: the mucosal border of gulnea plg

} ileum-in. vitro was‘shown not to be 1nhib1ted by the presence.
'of di- or trl—ély but. Gly—Leu was found to 1nh1b1t d1—G1y
”uptake by 46 percent, the 1nh1b1t10n belng of-a mlxed type
.(Hlmukal dnd Hoshl, 1979) - The authors concluded that

,Gly Gly and Gly-Leu are transported by separate systems with
Lhelr respectlve b1nd1ng 51tes belng in such close prox1m?ty\

~,that the b1nd1ng of Gly—Leu to its b1nd1ng 51te mlght cause a-

d"deformatlon of the Gly Gly 51te and thereby reduce the@—r

——

eff1c1ency of Gly—Gly blndlng and subsequent transport.= Gly—

Gly blndlng, apparently has no effect on the Gly—Leu site.
oo A
The Boyd and Ward

Xﬂ 82) mlcro electrode. study, outllned3"‘

t/

'd]prev1ously, found that the depolarlzatlon of the enterbﬁ@te
'Q4membrane assoc1ated w1th carn051ne transport was abollshed by
bi;the presence"of Leu-Leu, suggestlng that’these dlpeptldes
fshare a common transport mechanlsm.r It was dlscovered,_
dhowever, that even at hlgh concentratlons, carn051ne falled :
'f}to totally 1nh1b1t the depolarlzatlon caused by Leu Leu‘tf

i7’"1nflux.‘ Slnce these observatlons were made in the presence

ﬁof a saturatlng concentratlon of free Leu (thereby

'rfﬁellmlnatlng the compllcatlon of - surface hydrolys1s) these ;

‘fiauthors postulated the ex1stence of two transport systems for
' *peptlde transport both of wh1ch can be utlllzed by Leu Leu

'fbut only one of'whlch is shared w1th carn051ne.“ Further, it

":Qtransport route w1th d1 Leu 51nce no further depolarlzatlon

' was observed when the trlpeptlde was 1ntroduced 1nto the"'
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incubation medium ", .:.ﬁih ;hevpresenée pf,a'higherb(iﬂ'mM)-

. concentration of the dibeptidé“'(Boydvand Ward, 1982).

[



[

METHODS AND MATERIALS

1. . Animals

~Male Spreague Dawlay rats with a weight range. of 250 to
L ? - . Lo

3@@ grams were used The rats were‘maintained with free

\

‘accegs to food and water up to the time of.Sacrifice.

‘IZQ ‘Experlmental Procedure : ] o '

Thls progect utlllzed a modlflcatlon of the r1ng
technlque as descrlbed by Crane and Mandelstam (196@) »The
- rat was kllled w1th a blow to the head and an 1n0151on 1nto
the abdomlnal cav1ty made . along the med1an l1ne. The-smallv
1ntest1ne was severed d1stal to the l1gament of Treltz,
pulled free of the adher1ng mesentery and flushed out w1th
normal sallne (at room temperature) Next the small ;
1Atest1ne was freed from the body‘by cuttlng it atfthe
1leocaecal junctlon., The small 1ntest1ne wasfﬁhen
transferred to a bowl conta1n1ng Normal sallne (at room
\\\ temperature),‘washed of adherlng blood and everted1u51ng a’ ;’ /li
n'sta1nless steel rod, ’outer-dlameter of 2 mm. The'everted |
1ntest1ne wa§ placed‘ln a trough, again conta1n1ng normal“
sallne at room temperature and the. mlddle flfth was exc1sed
Normally the length of the everted gut measured sllghtly over G \f
one metre 1n length so that the m1ddle flfth removed fell» 5 ‘
‘v_betweenfthe.40‘and Gzicml marks,giﬁﬁglmlddlefflfth;of’thev
. | ENE ”l{fip '~d'59{g;?gln

. * . ": a,‘” -'
LB Y

RoN A



1ntestine was chosen'based on the ava1labﬂ/ evidence
suggestlng that, 1nlrat,-max1mal absorﬂ"on of peptldes
occurs in the prox1mal 11eum (Matthews, 1975, 198@). hei
‘procedure outllned here would most 11kely succeed in isolating

. the prox1mal to mid 1leum. The excised Sectlon of small
intestine was then cut 1nto small rlngs‘(l -.2 mm in
vthlckness) with a palr of sharp, fine sc1ssors and collected

LT

.in a reservolr (SQ mls) of Krebs rrnger solutlonﬂwhlch was:

at roo temperature. L N S .

3 Whéﬁndeterminations wereucarriedsout in test-solutions‘
containing’Na* , the rings were allowed:to:equilibrate in the
. Krebs for flve minutes;‘ In thetexperiments in which choline

.Was used ‘to replace Na .in'the testhsolutions, the rings
were prelncubated in the Krebs for thlrty mlnutes.

The reservoir. was contlnually gassed with a 95 percent
"Ok 'f f1ve percent COl'mlxture for the eXper1ments carrled

'out in the presence of NA" and w1th 199 percent 04, for those
| experlments 1n whlch Na. was’ replaced with- chollne, due‘to
.thezdlfferent buffer systems employed in each
| From the reserv01r the rlngs were transferred to. 12,‘,

'16 X 125 mm test tubes, each contalnlng 1 ml of a test.
‘.solutlon together w1th the radio actlvely labelled marker.
"Normally each everted gut y1elded some 70 rlngs and therefore
routlnely flve rlngs were placed 1n ‘each of the 12 tubes.v |
These - tubes were 1ncubated 1n a water bath at 37° C and

;rgaSSed v1gorously w1th elther the 95 percent Oy . - 5vpercentl

COL mlxture or the l@ﬂ percent 0 dependlng)upon the'buffer"
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system employed.

'Terminaticn of the incubation period in each test
'soluticn was acconplished by.emptyrng the hnhes into a filter
fdnnelrconnected'tO»a vacUuh; The rings were then |
plmmedlately washed w1th ice cold choline chlorlde (154 mM5
and transferred to a separate fllter paper dampened w1th
choline chloride. .

The wet welght of each groupkof rings was. determlned onp.
"a torsion balance (VEREENIGDE DRAADFABRIEKEN NIJMEGEN o
HOLLAND) after which the rlngs were- placed 1n a drylng oven
(PRECISION MODEL 18) at lﬂ0° C for 60 mlnutes. The dry
ﬂwelght Qf each group of_rlngspwas then\determlnEd Qn'the same
,tcrsiCn baiance}' ."v'”¥; | mm—yhihﬁm
Extractlon of the tlssue.was/accompllshed by 1mmer31onv
.of each of the 12 groups of rlngs into 30@ mlcro lltres of
.95 N nitric acid forgone hour,- Twozhundrid micro-litre-
aliquots of each'of fhese'gchps_ofpextracﬁsiwere‘taken for

liquid scintillation counting.

h 3. ‘SolutiOns -
fhe Krebs rlnger solutlon.contalnlng Na consiSted of‘
5the'f0116wing. (expressed in m1111moles per 11tre) NaCl, 118;
KCl, 4.7; caCl, , 1;25-~KHL'PO4 , 1.2; MgSO, + 1.2; NaHCO, ,
’25. The sodlum free phosphate rlnger solutlon was of the .
' .fo119w1ng cqmpqsltlon: Chollne Chlorlde,1118mM K HPO4 ,

{

- .1.2; KH,PO, , 0.85;'MgSO+‘, 1.20; and CaCly b[z 5, KC1 3 mMg'
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4. Materials S L
“Lfleuhine, L—p;diihe, gleyl—L—leﬁcine,leucyl—L-leucine,
glycquLiglycine, prolyi—L—Qlycine and leucyl—L-alanihe were’ .
.”supplied by‘the Sigma.chemical Co. (St. Louis, Missohri).‘
»_The’aqueous,counting scintiliapt cocktaii'(ACS) wasvobtaihéd
from Amersham Corp.>(Ar1ington Heights,Illinois) as were the
L-[3,4,5 - TH(N)] ieucine, L-['"%] leucine, and ‘the [l - ”c1L
‘glycyi-L—leucine.  THe [ e inqiin was from New England -
Nuclear (Lach%he, Québeci.' | | |

N\

5. scintillation Counting .

~TwWo hunared midroflitfé'aliquqts‘of the agid‘tissue'
extracttwere,édded dirécEiy to the scintillant fér counting.
No deproteipizatibn'was necésséry. Quenchiﬁg was measqred' /
f:dm-the qhannels ratio using én external staﬁdafd{ .Counting
was.performed i; afBeékman'LS 3133T‘1iquid.scintillatidn'

i

counter. .

6. ,Synthesis éf'Glybyl—L-[ ’H] Leucine
O All chemica&s for this synthesis were supplied by Sigma
éhemiéé; Co;'(St;.Lbuis,‘M1550uri).. -
| N-éert—BQC—glycine,.ﬂ.875»g, was‘activiated with.ﬂ;é3 g
of»N—hyd?oxyl SQCCinimidetwhich had been dissol@ea:ih'l@ ml
of éthyl‘aceﬁaté. These reactants were-cooled'on}ice. 1.03
’g of didygiohekyl—carbédimide dissolved in 5 ml. of ethyl
acetate Waéﬂthén adaéd aha7the mixture stirred and éooled for

12 Hou{s.'



v,mmreactants were left st1rr1ng overnlght . -
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The‘resultinglwhite precipitate was filtered and washed
with 50 mls:of ethyl acetate. The solutionvwas kept and
evagoratedoto drynessr The whlte re51due was recovered and
vsuspended in a small volume of- ether., This was flltered
1eav1ng a whlte‘powder (BOC~ glyc1ne OSu) whlch was tested for
 purity by a melting pomnt»determlnatlon‘(155—160 c).
| To an aqueous solution of 5 m ci of, L—[3 4, S - 3H(N)]
.leuc1ne and NaHCO3 powder was added an equal volume of

dloxane to yield a one percent solutlon of b1carbonate. /To
/

thls, 190 mg of the act1vated BOC glyc1ne was added and the

/
/

/
g
The solutlon was evaporated to dryness and hhe res1due

d1ssolved with 10 mls “of ethyl acetate.' This solutlon was4
"deccanted into a separatlng funnel and 5 mls of g.1 N HCl was .
added. The organlc phase - conta1n1ng the producé was
separated and washed repeatedly w1th ethyl acetate, The
lacetate washlngs were then pooled and evapora}ed to.dryness;‘
. The BOC group was Femoved from the glyoiné-hy the
additionfof 2-mls-of'trifluoroaoetic acid andfafter two hours’
the TfAdwasveVaooratedvoff.- To enSure complete removal of
the.acid further drying of the’residue‘was carried out using.
a Ni;stream. "The finalvproduot was'resuspendediin water. and

i

‘the pH adjusted to 7.4 with NaOH. _
Identification of the final product was accomplished
through a‘thin‘layer,of chromatography on silica gel using

two solvent systems, isobutanol—acetic acidfwater'(12:3:5

v/v) and propanol water (8:2'v/v). The_radioactivi;y Was



found to‘bevaSSociated'with ‘the spot corresponding to
glycyl L leucine at a level 1nd1cat1ng better than 99 percent

purlty.

7. Extracellular Soace Determination

" The volume of the extracellular fluid: (ECS) in the
1ntest1nal tlssue rings was estlmated ut11121ng [ C] 1nul1n§
a marker reported in the l1terature to freely equlllbrate
within the extracellular space and not penetrate the cell
membrane (Espoeito'and Ceaky, 1974; Dlnda and Beck, 1977).

Everted 1ntest1nal r1ngs were 1ncuba§ed ‘with the ['*C]
inulin marker for 2, 5,;lﬂ, 15, 25land“300m1nutes in
“solutions ofbvarYing compositiony'

: It'waeffound necessary to determlne'the extracellular
fluid volume for the‘tissue-ringe under fivekdietinctvjz
condltlons each of which had- the effect of changlng the ECS
and each of whlch would be utlllzed in thlS study. ~The
rvarxlng cond1tlons refers to the varylng comp051tlon of the

test solutlons and/or the time the tissue was prelncubated in

this solution. The five conditions were: .

i) Krebs bicarbonate>ringer: Preeincubation oftfive '
minttes T T - T ‘
ii) Krebs Choline rlnger- Chollne used to subst1tute

for Na in whlch the tlssue‘was prelncubated for

30 minutee

L iiil) The same as in ii) but the ‘tissue wds preincubated

for five minutes
|

¥



iv)  The samefas i) but with the addition of 5 mM ;‘ o T

harmaline and no preincubation with harmaline '~ .
v) The same as ii) but with 5 mM harmal1ne added and
no prelncubat1on w1th the harmallne : . ‘W.

The extracellular fluid volume was calculated by
comparing the disintegrations (D.P.M.s) associated with
200 , 1 aliquots of acid used to extract the everted

lntestlnal r1ngs, with the disintegrations (D. P.M.s)

assoc1ated with correspondlng 200}¢l standards.

‘Extracellular fluid volumes were expressed as micro litres

'calculated extracellular space was a result of . a steady

!

*extracellular space,avallable‘to datev(Espo51to et al., 1979;

per gram dry weight of tissue.’

The'reSults of the five eitracellular space
.determlnatlons are represented as F1gures 1 to 5. ~Thé’
graphs, in all five cases, 1nd1cate an apparent failure of
the [’”C] 1nu11n to reach equ111br1um w1th the extracellular

(ECS) fluld after 30 minutes 1ncubat10n. Ev1dence in the

fliterature however, indicates “that‘a.complete equilibration

- of [””C] inulin withfthe'EC fluid occurs as early as five

mlnutes after the beg1nn1ng of the 1ncubat10n" (Dinda et al,, .

1977) and that the observed progress1ve 1ncrease in

increase in extracellular flu1d containing [’*C] 1nu11n "andv
not from an incomplete’ equ111brat10n ot 1nulln_1n the EC s
fluida"'(Dinda et al., 1977);, |

Further, prev1ous work in thlS fleld 1nd1cates that

[’”C] 1nu11n to be one of the more satlsfactory markers for
\ .

v
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tDiNdé et al., 1977; Esposito and CSaky, 1974) e
i ‘since, in this study, incuba@ion periods of less than

gf1vefm1nutes were- employed it was hecessary tgﬁapprox1mate

‘the extracellular spaces to be used in‘calculating the uptake
of substrate into the tlssudﬁrlngs, dur&ng these shorter
1ncubat1on times.> ThlS was accompl1shed by extrapolat1ng ‘the

stralght part of the curves (beyond five minutes) of graphs
1 -.5 back to thelr 1ntersect10n with the y axis. The

’ ] AR
extracellular space for 1ncubatmon times of less than five

minutes were then read from this extrapolated line. Graphs
1 - 5 have these lines included. - L

T
PO 21
R L

8. Calculat1onvand EXpre551on of Results

" The amount of substraté assumed to be. absorbed 1nto the

'enterocyte of the 1ntest1na1 rlngs was calculated by -
1compar1ng the amoudbhof the radlo labelled marker in the
thssue extracts w1th that in a known volume*of 1ts - :
T :
"”correspond1ng standard« The apgropnlate extracellular

J \7

3 "3

- substrate, estrmated from the ECS determlned for each sample

from the standard curves (F1gures l =5), was subtracted to

" i

-g1ve the 1ntracellu1ar amount and was expressed as/umoles per

,s

gram dry welght of tlssue per mlnute.

L

A determlnatlon of the 1qtracellular substrate‘

concentratlon was poss1ble u51ng the average wet to dry.

tlssue we1ght ratio‘measured for each sample. The ratlo

l “ -

enabled an est@mate to be made of the mlllllltres of\water

:-present per gram of tlssue. From this flgure the approprlate’

.
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ECS was subtracted to yield the amount‘of 1ntrace11ular w!&er

¢

present 1n each gramooﬁ tlssue., The 1ntracellular concentra— -

|

'*ntlon of substrate was détermlned as/Amoles per gram dry wt/

// ’

mlllllitre 1ntrace11ular water per gram of tlssue and

» B . . i o~

expressed as mllllmolaR ‘A-_ : R R --f‘,' R

[ e T e
a S

oy 9 Statlstlcal Methods-'

]
R

_ Statystlcal comparlsons of the groups/of data obtalned

under the varlous condltlons employed 1n thls study were made viﬂ

i using a nested de51gn of ana1y51s of wvariance (Snedecor and

5h!4 Cochrag§\1967) A flve percent level of probablllty éas

¢

employed as belng 51gn1f1cant- hence, 1f p <ﬁ @5, the data,.f#

groups were con51dered to be 51gn1f1cantly dlfferent



. . RESULTS -

o

l;hp“Leuc1ne Uptake 'ﬁl - VU.
“f;The follow1ng are the results of the-rin;v{tro'
vexperlments (everted 1ntest1nal r1ngs) performed toh‘
| f1nvestlgate the characterlstlcs of free leuc1ne and 1n.

partlcular glycyl L leuc1ne transport 1nto the rat small

"1ntest1neﬂ9 e jk':vn ‘}_; | ‘ ‘"ff"\V

'hﬁ A.v Leucine Uptake Agalnst Tlme ‘hpf,f‘,~ C “‘“;ow

the 1ncubatlon of.1ntest1nal rlngs 1n l mM Leu over‘,

s

1m1ncreas1ng perlods of tlme both 1n the presence and absence;

. ro,o o
e

The graphs 1n Flgure 6 demonstrate that leuc1ne uptake-d

,'.

, was reasonably l1near over the’ flrst f1ve mlnutes of/VW
-

ncubat1on both w1th ;er1thout Na' and that 1n both

LB

fplateaued LAt

RE AN

s tuatlons the u@takef&f‘the su@s, ,‘e

In the presence of Na ’the uptake of Leu was much
more rapld than 1n the absence of the catlon and in the

former case the eplthellal cells were able to accumulate

the substrate to a level substantlally above the lmM con—"L

centratlon of Leu in the med1um reachlng 1ntrace11u1arxf

-y

concentratlons of 6 5 mM after 3Z mlnutes of 1ncubat1on.ﬁ

\

Replacement of Na w1th chollne abollshed the ab;llty:of

N ¢ L o :
the enterocytes to concentrate the free amlno;acid above .
N . N . g . . . L . ) - T

Flgure 6 represents graphlcally the data obta1ned from M”?f

‘ g
+ : RS
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.Ju Further,'1n the presence and absence of Na ’ Leu uptake ;;,1';

- that in th

,substrate w1th and w1thout Na .? The results of these

o

‘substantlal 1n the presence of Na than 1n 1ts absence.

o

,test solutions;plntracellular concentratxons

‘reachlng a max1mum of 2.91 mM after 30 mlnutes.'

B.‘ Leuc1ne Uptake Versus Leucxne Concentratlon’

In order to further descrlbe the characterlst1cs of
leuc1n@quptake into the enterocyte of the rat small
1ntest1ne, a serles of experlments were carrled out in whlch
rlngs of everted rat gut were 1ncubated for one mlnutemln;

s

test solutlons contalnlng a range of concentratlons of the

determlnatlons are represented graphlcally 1n Flgure

g A one mlnute 1ncubat10n was chosen for thls serles of
X S : o1
experlments based upon the observatlons.of Leu uptake

E agalnst tlme (Flgure 5) The uptake ofgLeu at one mlnute o

" B L
. \ R
appeared to be 11near 1n nature 'S0 . that;apy f ctors affectlng;

1. B
5

Leu transport 1n th1s reglon of thevcurve"_ould have been‘l‘}‘
clearly dellneated Thls shorter 1ncubat10n perlod should
have reduced the extent of backflux of the Leu from the.r
ep1the11a§§cells 1nto the medlum w1th the/result that the .
data obtalned reflected pr1mar11y Leu uptake._ Further /'\

short 1ncubat10n t1mes reduce the loss of pept1dases

"'from the brush border and cytosol

i As Flgure 7 shows Leu u@take was far more rapld and

v‘r 4
i

was a- saturable funct1on of the 1ncreas1ng concentratlons of L
the substrate, saturatlng at about 25 mM. : SRR e i



'u_'2 Glycyl L Leuc1ne Uptakef‘ ‘

wq -

‘as F1dure 8 ‘ij

;varlous Tncubatlon tlmes 1n the presence and absence of Narf‘

wkxabsence of Na .

. I :
i)~ Klnetlcs

: S
[
‘. B PO . .

N

The apparent M1chaells constants were der1ved for Na ;'ﬁf,ém'

:dependent Leu (Leu) transport 1nto r1ngs of everted rat

'1ntest1ne;, The Na+ dependent Leu (Leu) transport was : . N

calculated by subtractlng the uptake of Leu determ1ned in the

absence of Na from that obtalned 1n the presence of Na+ ;

The result1ng values were plotted as substrate concentrat1on

“over veloc1ty of the reactlon versus substrate concentrat1on c

(Morrls’ 1978) ,."l ; ‘,'- i, ~‘ : . . -”':; v\ Lo
The resultlng graph together w1th the calcualted Vmaxv;

‘v

L <t -1 |
,'~(14 ﬂ/*moles g dry wt. mrn; ) and Kt (3 3 mM) are presented

3]Leu uptake 1nto the@rat sm-,f 1ntest1ne, a - ser1es of

'.rexperlments des1gned t{'descrlbe Gly—Leu transport lnto the F A

' “h.A;' Leu (Gly—'eu) Uptake Over Tlme, tNa-:

? F1gure 9 111 strates the data obtalned from 1ncubat1ng

v}

-_1ntest1nal r1ngs 1n test solutlons conta1n1ng 1 mM Gly Leu at

+“,

[

As thh the uptake studles of Leu (Leu), Leu (Gly—Leu)

'3uptake proceded in- a: reasonably llnear fash1on for the flrst Ll

| ten mlnutes of 1ncubatlon both 1n the presence and the_t ,5

_ S ,.w]f' 3,' Sl e -
‘In ‘the’ presence of Na E Leu (Gly-Leu) uptake was much

|

'”h“,morevrapld than 1n the studles where chollne replaced Na

.‘,")



-;elncrea51ng concentratlons of the substrate, Gly—Leu, for one

71

also the ep1the11al cells were able to‘accumulate the
lsubstrate to a levél above - that 1n the,medlum (l mM) , only
'lﬁwhen‘Nafvwas present. Leu (Gly—Leu) 1ntracellu1ar concen-
» ftrations»reached levels of 5. 5 ‘mM- after 3@ m1nutes in: the d
presence~of Na but 1n the- absence of the cation the 1ntra—
cellular concentratlon for ‘the same 1ncpbat10n per1od fell
: R

i,to 8.7 mM.. f";fff L e

As 'seen w1th the Leu (Leu) studies,lthefuptake;of Leuf
f(Gly—Leu) d1d plateau whether Nat was. present or not.

'B{- Leu (Gly—Leu} Uptake Versus Gly—Leu

l, The Uptake of Leu (Gly—Leu) was: studled further by

:incubat1n% rte&‘1ntest1nal r1ngs 1n test solutlons of

'mlnute.‘ As 1n the free 1euc1ne éaperlments the one mlnute

ai’

"1ncubatlon per1od was chosen 51nce the uptake ﬁf Leu

\\\\\

‘4.
g

‘d‘“at thlS t1me and that at th1s relatlvely short 1ncubat1onfj :'fw
hr,tlme backflux of 1euc1ne from the enterocyte was predlcted g. "
“to be sl1ght. | |

The data obta1ned from these determlnatlonsllsu
.ff.presented 1n F1gure lﬂ and Table I.t In the presence of
fZ;N the uptake of Leu (Gly—Leu) proceeded at a. faster rate

: / | e
‘than in the absence of the catlon.; Both w1th and w1thout

'-ENa*Q};the uptake of the peptlde was ‘a saturable functlon

>

f’hfzof the concentratlon of. the substrate. Thls saturatlon

“,xoccurred at approx1mately 2@ mM 1n both cases.. Thel_‘-"“.~f'lf

'removal of Na‘-reduced the\max1mal uptake of Leu (Gly-Leu)
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to sllghtly less than 50 percent of the control maxﬁmum.
. Note that the removal of Na reduced the uptake of Leu-
(Gly—Leu) by about 5@ percent as compared to an almost 8@

percent reductlon of Leu (Leu) uptake in the absence of the

catLon.‘ o ,@M
Clearly these results suggest that leuc1ne entry into

the rat small 1ntest1ne was less

111

sen51trve to Na® when
: presented as. the peptlde, Gly—Leu, than when presented as a

free amino ac1d
' l

i) K1net1cs

%

.-f + dependent Leu (Gly—Leu) tranaq

the up@w

&

and th

e of Leu (Gly—Leu) determrned 1n the presence of Na
“determlned in- Na ‘s absence. The resultlng data

‘was plotted as’ substrate concentratlon over veloc1ty of the‘

reactlon versus substrate concentratlon ‘an (sopears.as Flgure

.;;"%Jll,b Note that the Vmax. (12 lﬂ_moles g. dry'wt mind ) and Km.

4

(3 8 mM) of thls Na dependent Leu (G@y—Leu) uptake 1s

51m11ar to the Vmax 14. G and Km 3 . 3 determlned for the Na

.

,,,,,

T dependent e %(Leh¥ uptake (Flgure 7)

‘@ﬂ’i-- : Secondly the k1net1cs of»Na+ 1ndependent -Leu (Gly Leu)

-uptake were: examlned ‘The»Na+p1ndependent Leu (Gly—Leu)

.uptake was taken.to be the‘transport of Leu (Gly—Leu)

determ1ned 1n the absé%ge of Na@ . Th1s data was also

o . .
s, G

plotted as TS]/V versus [s} and the Mlchaells constants i"

-



as Flgure 12 together w1th the Vvmax (19. 3/umoles g dry w‘
"mln.' ) -and Km (8 7 mM) ;of Na' 1ndependent Leu (Glyebeuli

transpert.

"(Gly—Leu) (Flgure 10) or the Na* dependent Leu (Leu) (Figur

7) SYstems. x : - d"; ["w'; .@

.revealed that the transport system handllng th1§ free amino

';:ac1d saturated at 2@ mM Leu. In an attempt tg ellmlnate the

,calculated from the graph The results of this’ plot appear

Nl

Note thatthe'Na+ independent Leu (Gly—Leu) system ha

much ' hlgher Vmax and Km than e1ther the Na* dependent/Leu‘

Y]

"C Saturatlon of the Free Leuc1ne Transpbrt 8ystem
\

'The'Leu (Leu) uptake versus Leu concentratlon studles'
3

,x“ t‘:\

fy
‘:awn* H‘

‘free~am1no ac1d system, thereby leav1ng the peptldj system ‘as
the only p0551ble entry route for Leu (Gly Leu), thls

saturatlon characterlstlc was exp101ted - . L

In1t1ally rlngs ofweverted rat smallelntestlne were%@ﬁ

'1ncubated 1n test solutlons contalnlng 2ﬂ mM Leu 1n the

‘presence of Na for one” mlnute.' The Uptake of Leu (LEU)

under these condltlons is 1nd1cated by bar A' of the

T

hlstogram (Flgure 13)

. To verlfy the saturatlon of the free leu01ne system the

above exper1ment was repeated but the concentrat1on of Leu 1n

Y

the medlum was - 1ncreased to 25 mM.. The results of th1s

’

‘determlnatlon are: represented ‘as bar B' of the hlstogram~'

(F1gure 13) Note that w1th the 25 mM solutlons there was no

= addltlonal uptake of Leu over and above that obta1ned w1th a

/

\
i
i

: The free Leu transport 5fy

22
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_system was ‘therefore assumed to be saturated. 4

-

D. Leu (Gly-Leu) Uptake from 5 mM Gly-Leu in .the

~ Presence of 20 mM Leu

Everted rings of rat gut were incubated in solutions
| . ) i o : B \..,‘i '

containing 5 mM Gly-Leu, 20 mM Leu and Na*t for one minute,

. The data obtained is represented. as bar ‘C' of ‘the histogram
* (Figure 13).

ggmhij,g, There was a substantlal uptake of Leu above that

: ‘obtalned‘from elther the 2@ mM or 25 mM free Leu test

gD

y

J%ksolutlons. "Th1s addltlonal Leu uptake was assumed to have

‘»entered via the Gly—Leu 1ntact peptlde transport system

exclu51vely,‘51nce Zﬂ ‘mM leuc1ne had been shown to saturate

."the free Leu uptake mechanlsm complehely. . ,

E,'Leu (Glereu)’Uptake'Versus the Concentration of

s

Gly-Leu Plus 20 mM Leu,#’Na* } o i}

The characterlzatlon of the 1ntact Gly—Leu transport
:mechanlsm was begun by observlng the uptake of Leu (Gly-Leu)
- 1nto r1ngs of everted rat . 1ntest1ne ove:l a range of

f-'“
,éoncentratlons of the peptlde in the pr= sence of Zﬂ mM - free

'Leu, durxng an 1ncubatlon perlod of one minute. The /o

-

experlments were carrled out both 1n the presence and the

/

absence of medlum Na . "& .

'_.The data_obtained from this series of experimentsois‘,'

L
-~

. presented in Table I. . ' ? o : e
'The’removal of'Na+ ’ in’the-presence of.ZG‘mmeeu*had no
'51gn1f1cant effect on the uptake oé Leu (Gly—L@u) (p>ﬁ 65).

It would appear that the dntact transport of Gly—Leu is not
: ‘ : oy .



dependent on the presence of medium Na*t

F. Leu (GlyALeu) Uptake Versus Time in the Presence of

10 mM L—Ala B -naphthylamlde (ANA)

ANA has been.demonstratedlto be an effective inhibitor
of the membrane peptidases responsible for the surface
hydroly51s of peptldes in the rat small 1ntest1ne (Chung et
al., 1979; Rosen-Levin et al., 1989) .

- The agents efféctiveness/wasvinitially teSted‘by
/

1ncubat1ng 1ntest1nal r1ngs,ﬂn 1 mM Gly Leu solutlons, in_the

~ presence of lﬂ mM ANAwand Na for 1ncrea51ng perlods of

f

tlme:gzk~lﬂ mM concentratlon of ANA was used since this was-
thehnax1mum concenbratlon soluble in water.‘ _

< 4 . \ .

The results o%ﬂﬂbese determ1nat1ons are presented in

. i 2

F1gure l4.Q'This'éiqure also 1ncludes, for compar1t1ve

RE

'purposes, a graph of the results of Leu (Gly—Leu) transport
versus t1me in the absence of Nat exper1ments (Flgure 6)
The uptake of Leu (Gly-Leu) determlned over tlme, in the

presence of ANA was not s1gn1f1cantly dlfferent from that

observed 51mp1y 1n the absence of Na* (p>ﬁ.ﬂ5).

Ge. Leu.(Gly-Leu) VerSus the,Concentration of Gly-Leu in

the Presence of 10 mM ANA and Nab . IR .

The effect of ANA was studled further by 1ncubat1ng
1ntest1nal rlngs in solutlons contalnlng a 10 mM
concentratlon of the: peptldase 1nh1b1tor plus 1ncreas1ng
: concentratlons of Gly—Leu w1th Na ~§or one minute. The
‘resultlng data appears in Table I.

The uptake of Leu (Gly—Leu) 1n the presence of 19 mM ANA

~

e



- concentratlon range, in. the presence Na¥ and is not

76

 was not’significantly different“from either Leu (Giy—Leu)

determined in the absence of medium Na' or .Leu (Gly-Leu)

uptake in the presence of 20 mM Leu and the absence of Na'

(p>8.05). However, an analysis of variance between Leu

(Gly—Leu) plus lﬂ mM ANA and Leu (Gly-Leu) plus 20 mM Leu -in

the presence of Na revealed a significant»difference at the
i, . 'l

.bf1ve perceﬁ% level of probablllty..'Since there was no

51gn1f1cant dlfference found between Leu (Gly Leu) uptake :

plus 2@ mM Leu and Leu (Gly-Leu). uptake in the absenCe of Na

.(p>¢.05), a student't test was employed to.determlne any

Y . /

significant differences between each data point for Leu

(Gly-Leu) transport plus 2% mM Leu and Leu (Gly~Leu).uptake

) plus 1@ mM ANA.' Only two of the six p%lntS proved to be

’151gn1f1cant1y dlfferent.

H. Gly (Gly Leu) Uptake versus the Concentratlon of

-Gly- Leu Plus Na'

RAN
Y

Ut1llz1ng the marker['*C] Gly-L- Leu{ the uptake of Gly
(Gly-Leu) was studled by 1ncubat1ng 1ntest1nal rlngs for one *

mlnute 1n,solutlons‘contalnlng,a range of concentratlons of

~Gly;Leu‘plus Nat .

"The results of th1s work are presented in Table II..
. A\ '
‘ Note that the uptake ?f Gly (Gly Leu) reached about half‘

the levels attalned by Leu (Gly-Leu) uptake over the same ;'

P

51gn1f1cantly d1fﬁerent from the uptake of Leu (Gly-Leu) plus

-

20 mM free. Leu (p>ﬁ.l5). o k» -



i

I. Gly (Gly—Leu) Uptake Versus the Concentratlon of

»
)
Gly—Leu in the Presence of 20 ‘mM Leu and Na f‘zfl

w )

The effect of a saturatlng concentratlon of free Leu on -

the uptake of Gly sGly-Leu) was studled by 1ncubat1ng everted

‘rlngs of rat 1ntest1ne in solutlons contalnlng 20 mMKfree

N
Leu, Na and a range of concentratlons of G1y~Leu, foryone

mlnute. The resulting data from this serles of exper\nents
is presented in Table II.

There is no significant dlfference between Gly (Gly—Leu)

: uptake in the presence of 20 mM' L'eu and Na* and Gly (Gly-Leu)

<
—

uptake 1n the presence of\xa ?gontrol) (p>0 ﬂ5) The
addltlon of 20 mM Leu had no effect on Gly (Gly—Leu)
transport.,*; 't” - : l . N

J. Gly (Gl:y—Leu) Uptake versus the Concentratl' :
Lo . '

Gly—Leu in the Absence of Na® .
L&

The Na' dependency of Gly (Gly—Leu) uptake was
1nvestlgated by 1ncubat1ng 1ntest1na1 rlngs in solutlons
contalnlng a range of Gly—Leu conc tratlons,l1n the absence
of Na for-one minute. The resul¥s of these determlnatlons
are presented in Table II. |

There 1s no 51gn1f1cant dlfference between Gdy (Gly-Leu)

© ey

uptake in the presence or . absence ofsNa (p>0.05),

3. Harmaline‘StudVQ? : R

"Harmaline is a psychotom1£;z\c alka101d w1th the reputed
s

fab111ty to . reduce Nat dependent solute transport The drug

L was applled to: the study of peptlde transport in the

©

277

A



‘concentratloaé Qf harmallne.
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following series of g;periments.

A. Leu (Leu) Uptake Versus the Concentratlon of

Harmal1ne Plus Nat

InitiallY'the effectiveness of‘harmaline4%HC1) was

tested by incubating intestinal rings for one minute in

solutions containing‘lmm Leu, Nat and inereasing

o
concentrations of harmaline.
[ *\ o o tel - o .'

The results are presented graphically in Figure 15,
The data'indicates that as the harmaline concentration

a !

was increased the uptake of Leu (Leu) dlmlnlshed : Note that

'the harmaline was effectlve at reduc1ng Leu (Leu) uptake‘at;;

very low concentratlons.

B. Leu (Gly—Leu) Versus _the Concentratlon of Harmallne \

In a similar series of experiments to those just

described everted gut rlngs were 1ncubated for one m1nute 1n\

"test solutlons contalnlng 1mM Gly-Leu, Na and ;ncrea51ng'\“\
: ' \

- ' . Y
\

The results of thlS work,‘represented graphlcally ﬁs

*Flgure 15, demonstrate a gradual xeductlon in the uptake of

Leu (Gly—Leu) as the concentratlon of harmallne was

1ncreased It is evident from Flgure 15 that harmallne d1d7

i

‘not reduce the uptake of Leu (i?y—Leu) to the ‘same extent as‘
it dld Leu (Leu). Also,vas in thé free Leu study, harmallne T

1nh1b1ted the uptake of Leu (Gly—Leu) even at.thetlowest.‘ a

g V : A}

-

concentrations used. o

Plus Na, | .V'i\' - o ' ‘f - 'Y‘

&
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c. Leu (Leu) Uptake Versus the Cencentration of .

Harmaline in the Absence of Nat

I3

Harmaline'sneffectiveheSS ih the absence of Na' was
studled by 1ncubat1ng everted intestinal rlngs for one mlnute
in 501ut10ns containlng 1mM- Leu. and 1ncreasing concentratlons
of«harmallne. In‘thls serres of experiment's choline was used
to replace Na o . | |

The graph constructed from the rgsults of. thls work is

'included in Flgure 15. ' S ' 1 //;,/;////

" Note that harmallne had no effect on Leu (Leu) uptake
until- its concentratlon reached 2. 5 mM W1th concentratlons

qf harmallne'ahove_Z.S mM the reduction of Leu (Leu) uptake>

o
El

‘'was highly signifiwapt'(p<GJﬂS). .Harmaline'therefdre did

inhibit Leu (Leu) uptake in the absence of Na?t

NRRCERT - o L o N | )
‘D;.Leu_(Leu)‘Uptake Versus the Concentration of Leu Plus

o5

. 5 mM Harmaline%in the Presence and“Absence;of Na+

The nature of the. 1nh1b1&ory effect of harmallne on Leu -

(Leu) uptake was 1nvestlgated by 1ncubat1ng 1ntest1na1 rlngs

~in solutions contalnlng 5 mM‘harmillne and increasing

concentraticns of Leu for ohesminUte. This procedure was
+

carrled out in the presence and'absence of Na~ .

‘ A harmallne concentratlon of 5 mM was, chosen based on

\
S

the observatlons made prev1ously 1n thls sectlon‘

i 5

> -

Bp fexperlme“tal serles (1)) that a SJgnafzcant effect‘of the
; o ﬁ . .

u"‘

5 ; : B ":[; \
L NN ; i‘ : | .o - \ o . -



e

.,reductlon in the uptake of Leu (Leu).

’jsolutions-containing 5 ‘mM
- concentrations’ of Gly-Leu’

NaT. .

~“determlned by 1ncubat1ng rlngs Ofgﬁ‘
_ : oA

i

‘above are presented graphically ‘in Figure kG

B
: "

Included with

these reults is a control curve ofDLeu (Leu) versus Leu '””

- concentration plus-Na . : L ‘~/ . :

Note that,/1n the presence of Na ‘; the addition of'SFmM

t

,.;#harmallne reduced the uptake of Leu (Leu) only sllghtly below

the control levels. Further note that the removal of Na*

in the presence of 5 mM harmallne, caused a dramatlc

had not elimlnated Na

\

s1gn1f;cant degree (p>ﬂ 65). 43;1 o S ‘ ‘:‘

L DR . .
" E. Leu“(Gly—Leu) uptake Versus the Concentratlon of

Gly- Leu Plus 5 mM Harmallne in thé Presence of Na

Th1s serles of.. experlments was des1gned to. further study

the nature of harmallne 1nh1b1tlon~of Leu gGly-Leu) uptake.

small 1ntest1ne]were ‘incubated in

harmallne plus increas1ng ["L

Everted rings of rat

/

for one mlnute,,ln the presehce of

+ \The.resulting data_ls presented in Table I.
'Leu (Gly—Leu)

approx1mately the same level as that observed by re ov1ng *@ (

i The effect of harmallne on G

i S
Ved~rat gut'ln
PR “ - .

*801ut10ns cohta1n1ng l mM Gly Leu, Na : 'and 1ncrea51nm

I

concentrat1ons of harmallne7 for one mlnute.. The results of

v

: \Bg

Clearly 5 mM harmaline

dependent Leu uptake to any R

N

uptake was reduced by 5. mM harmal ne tO’:;V



*hlso 1ncluded 1? Flgure 17, 1% the graph of data obtalned ;VR/”’”

. . »\‘\‘ < :
erom the determlnatloqs of Leu (Leu) uptakg versusxharmallné

f‘fw concentratlon in the abseace of Na+ ;

) R

Ty

Hasmvllne had no effect on Gly (Gly—Leu)
-\

KT
1ts concentrat1on reaqhed'ﬂ 5 mM.;

N e

R

uptake unt11 S e

o As the rnh1b1tor
”pw~' e .

concentgatlon was chreased above 2. 5 mM to awmaX1mal 10 mM,
o [ g
\‘-J the 1nh1b1tlon became hlghly 51gn1f1cant (p<g gs),,_ ,'M"

,ﬁf7j35" G Gly (Glereu) Uptake Versus the Concentratlon of/ f5;fffiffiff

2

'f; Gly-Leu 1n the Presenceiof 5 \N Harmallne and Na* ﬁ*;ﬁ‘\”,;lff
o : N ~ . ' e e
‘:\g s The effecﬂ of harmaléne upon the uptake of Gly (Gly—Leu)

/

‘m:was studled fhrther by 1ncubat1ng EVerted rlngs of 1ntest1ne:

'ﬁln test solutlons contalnlng 1ncrea51ng c0ncentrat10ns of

‘Gly—Leu, 5 mM harmallne and Na The results of tth L;”;li,;ghh!.*
3fexper1ment are presented 1m Table II. ;153;?;fﬁglﬁf~ﬁff':"5ﬁ75lff”Vde

Y

Harmallne (SmM) reduced Gly (Gly—Leu) uptake to levels

351gn1f1cant1y lower than those determlned for Gly‘WGly—Leu)

rguptake plus Na

(control) over the same concentrétlon range,f,,g

efof substrate (p<@ ﬂS) f:;:ﬁfﬁf.:

A"Ap Competltlon Studles ;;f'efjffjsg R fift"lw

. In an effort to more fully characterlze the 1ntact

peptlde transport utlllzed by Gly Leu,

the effect of other
peptldes on Gly—Leu uptake was studled ‘.x;“,%%ffi/?“’

Z_VA Leu (Gly-Leu) Versus the Concentratlon of Gly—Pro 1n

|
e

the Presence df 20 mM Leu and Na

The effectsof Gly—Pro on- Leu (Gly—Leu)

transport was

FEREER
e SO {



LB

detepmlned by incubatlng evertedurat 1ntest1nal rlngs for one-fmj"_T”

' »\\ :

mrnute 1n solutzons conta1n1ng 1 mM Gly—Leu,’lncrea51ng Vaf[{-if;f’

.L o 'd\'

concentratlons of Gly-Pre and 2ﬂ mM ALl the.competltlon

W

e studles were“\arrled out in the presenp Qg Nat ; The,xf;"‘

‘ results of thls experlment are presented graphlially'lnnft
: SRR

Flgure 18 and 1n Table IIIa;

As the graph shows, Gly Pro~1nh1b1ted the tranSport of

Leu(Gly—Leu) at all the concentratlons used.¢ A max1ma1

concentrat1on of 26 mM ;*:XQl gffradfw'”5w i

The eff1cacy of Gly—Pro as an inhlbltor of Leu (Gly—Leu)fv”':
uptake was 1nvestlgated further by plottlng the data deplcted{

1n Flgure 18 as: Jc/Jc—J1 vs..l/[I]. Jc and J1 represent thef_t'”

ptake.of Leu iGlY*Leu) measured in: the preﬂﬁnce and ab c@j}%wfﬁ

N

'5ﬂthe concentratlon of

¢ \

of Gly-Pro respectlvely and [I]//

Gly-Pro used (Inu1 and Chﬁdstensen,.l966) ) Thls graph\\\
appears as Flgure 19. flfﬁ}vf e S

,./ T

The data when plotted 1n th1s’yanner ylelded a stralght>

-

l1ne w1th a y 1ntercept of l 78, whlch 1s 51gn1f1cantly

dlfferent from l Z.” The 1nverse of the y—1ntercept 1nd1cates
\ the percentage uptake that would be 1nh1b1ted by an r”;‘ﬁfjn"”

1nf1d1te1y hlgh Gly—Pro concentratlon (Inul andvehrlstensen,ffv'

pvrcent 1nh1b1tLon observed at the Zﬂ mM Gly Pro

thcofcentrat1on used in: these determlnatlons (F1gure 18),_1 th"

fg'wo‘ld appeaé that Gly~Pro 1s capable of only pertlally Q
i L ¢ f
‘-.flnhibltlng the uptakefof Leu (Gly—Leu) even at 1nf1n1tely

ﬁ,

! .

ol

1966) and corresponds to 56 percent.f Thls value 1s the samet’ Ee



.o R o v

hlgh concentratlons. 3f J“Tifbf;j‘f :1"*_g;"‘ﬂ2.’a;__:\;‘

The natuEE of the partlal 1nh1b1t10n of the uptake of o

'f?Leu (G y-Leu) by Gly-Pro was aetermlned by flrst subtractlng

gtpthe unaffected portlon of Leu (Gly—Leu) transport (44 per— ;fg,;of‘J“

N

: cent) from the uptake of the'substrate determlned for each ' j‘t:_é-

AES

ff_concentratlonf/f 1nh1b1tor 1n Flgure 18.' The resulting data

;fftwas replotted aiﬂl/v vs. [I], where V 1s the uptake of Leu~“ SRR
o o . 6‘ . : v

‘(GlyﬁLeu) sensptlve to Gly-Pro and/I 1s the concentratlon of
tprGly—Pro used This plot appears as Flgure 2@ S The fact that

,“5’a straeght lrne‘was obtalned 1ndlcates that Gly-Pro

%

-ucompgtetivelyolnhlblts the sen51t1ve portlon of Leu (Glyﬂ@eu)

o

ff' transport (Neame and Rlchagds, 1972). hh'v

.//

.";fffff B Leu (Gly—Leu) Uptake Versus Concentratlons of Prollne j;ra"

To ensure that the\observed 1nh1b1t10n of Leu (Gly—Leu)
- SR B & (.,’:T'., .

\4 . e

uptake by’Gly—Pro/was not. a. consequence of the Pro m01ety, ffﬂ:

R Y

the follow1ng exﬁLrlment was perforned
Everted rlngs of rat small 1ntest1ne were 1ncubated for_;lwiffh“

g g . : A
v onetminute 1n solutlons contalnlng l mM Gly-Leu and 1ncrea31ng i\

concentratlons of Pro. ”¢f"'

.iv\gglﬁkjaThe resultlng data, 1ncluded 1n Table III,11ndlcates that

g ',tlne*had no effect on reduc1ng Leu“(Gly—Leu) uptake j"-'f"

B ?:x_"_f(p>ra a5) \ |

f;fC; Leu (Gly—Leu) Uptake Versus the Concentratlon of

Gly—Leu 1n th\\Rresence of 2% mM Leu and lﬂ mM

~

_‘_..

-

» Th;saexpenlment*was,designedftotobtain additionait;j=f”



fnl Tab1=e III y _' \

"f:obtalned from the control experlment Leu (Gly-Leu) uptake'

"prresence of Gly—Pro appears to have had lxttle effect on the

y

-

,‘ " 4 : . . . A ) ) 3 . 84 B

]

kllnformatlon on the nature of the 1nh1b1tory effectjoffGiy¥Pron_l‘:

Von Leu (Gly—Leu) tran port Dua to -a concern that'the;“fﬂ}

¢ » ’\\

° +

:v:osmolallty of the test solutlons employed 1n these‘studles vjfl‘:

,.o,,

”sé1a‘3¢”mm Gly-Pro-3

'xfwere becomlng too hlgh, 1t was decided to

o concentratlon. The dlpeptlde did prof;ce a near max1mal

’1nh1b1tory effect at th1s concentrat1 n (F1gure 18)._;}37

n

Intestlnal rlngs were’ 1ncubated 1

,,solutlohs contalnlng o
'\ o ‘.

3ﬂ'f26 mM Leu, lﬂ mM’Gly—Pro and 1ncreas1ng concentﬁatlons of

”5fGly~Leu, for one mlnute.; TKe resultlng data is presented in’

\

T
)

£l : \

F1gure 21 represents the data as a wOolf plot ([S]/V vs.*‘

;qu]).; Also 1nc1udeq 1n Flgure 21 is a- wOolf plot Of:fhe datadﬁﬂff"’"

_7versus substrate concentratlon plus 2@ mM Leu and Na ”lThe

1

“ 8
J,.’

”ivmax of Leu (Gly Leu) transport wh11e SlgNIflcantly ;, ,;.
"55;1ncrea51ng the M1chae11s constant of the process. These

;fresults would 1nd1cate that Gly-Pro competetlvely‘lnhlblts

ereu (Gly—Leu) 1ntact transport and therefore verlflesmﬁhewﬁ """"""""""

*.conc1u51ons drawn from experlment (1) of thls sectlon.‘

.0.

S ‘ -
D Leu (Gly—Leu) Uptake Vésngs the Concentratlon of

Gly Leu 1n the Presence of a& .
——
) ’.jb
lx—Pro L gs

e11m1nate the contrlbutlon of the free Leu transport systemv

B to Leu (Gly-Leu) uptake., The results of thls work are

'.\?,_" [



djpresented 1n Table III.
: ERe

' The uptake of Leu (Gly—Leu) under the condltlons of thlsj o

-feXperlment are not s1gn1f1cantly d1fferent from Leu (Gly—Leu) o

i -&’

o ( .
’fﬂuptake determlned 1n experiment (C) (p>0 05). It 1s ev1dent

1therefore that lﬂ mM ANA and 20 mM Leu were equally effektlve K

'1n ellmlnatlhg the contrlbutlon made to Leu (Gly Leu) total

'btransport, by the surface hydroly51s of - Gly—Leu followed bw

i

:,the preferent1a1 uptake of free Leu.«

E The Effect of Varlous Dlpeptldes on. the Uptake of Leufh

(Gly—Leu) 1n the Presence _of 2@ mM Leu and 10 mM

» 3 _ L et S \
T Glz—Pro :?Lffff' ,3(,,‘H; "J;, i_*,gﬁu_r *ic'ff

Everted rlngs of rat 1ntest1ne were lnéhbated 1n test
‘. B -W B

'”solutlons contalnlnqﬁg mM Gly—Leu, 2@ mM Leu, lﬂ mM Gly—Pro

;ﬂ;:and a lﬂ mM coquntratlon of elther Gly-Gly, Pro Gly,: o

”3,Leu-G1y,_Leu Leu or Leu—Ala for one mlnute. The results of

‘f;these determlnatlons appear 1n Table IV.w ﬂf j“n”f{gsiﬁf.g

Two of the dlpeptldes tested, Leu Leu and Leu—Ala,. Vo

A[lnhlblted the uptake of Leu (Gly—Leu)\under the condr%;ons of

A

5th15 experlmental serles. Only the Leu—Leu 1nh1b1t10n proved

-Tto be 51gn1f1cant.-_nff’b

F Gly (Gly-Leu§ Uptake Versus the Concentratlon of

- Leu Leu in the Presence of 20 mM Gly—Progfalfgsrj

¢

The nature of Leu—Leu 1nh1b1t10n of Gly—Leu uptake 1n f'
-Y{Jthe presence of 2@ mM Gly-Pro was'1nvest1gated utlllzlng the
:emarker [ “’C] Gly—Leu, .L;i*fiﬂf

"*f Intestlnal rlngs were 1ncubated for one mlnute,}ln test

f}solutlons contalnlng l/mM Gly—Leu,_Zﬂ mM Gly—Pro and
‘ AR, 1 _ SO . :

w



' mftfthe uptake of Leu (Gly-Leu) (p<ﬂ ES).

il

f,lncreasing concentratlons of teu Leu. The 2@ mM Leu was not .

s required in thlS experlment s1nce, as shown earlier Gly

. \
'_(Gly-Leu) enters the enterocyte e2c1u51vely v1a the peptlde

route.’ The results of th1s exper1mental serles are presented-

;in Flgure 22, S ,_". o

e L v . . . . Lo

\.

The graph of the data grom thlS determlnatlon show '
;Leu Leu to have no-. effect on Gly (Gly—Leu) uptake untllj

f;crltlcal concentrat1on of Leu Leu was reached whlch suggests
. / .

e -

'other than a compet1t1ve 1nh1b1tlon. ,f," i ?-w’f_/r/

.G. Leu (Gly-Leu) Uptake Versus the Concenfratlon of

1

Gly—Leu in the Presence of 2@ mM Leu and lﬁ mM
Leu Leu PRI fv»n,‘_j': S ,.*v'f;_;yT‘
o l B - xt.} D EICE N
The complex1ty of .the 1nteractlon of Leu Leu w1th

fGﬂy—Leu transport was:- studled further w1th the follow1ng

’“determlnatlon.;g,q” 't,’ ‘;'ﬁ' 5ﬁ . y,j.fﬁ."' R |

:ﬂ Rlngs of everted rat gut were 1ncubated for ‘one mlnute

"in solut1ons contalnlng 2@ mM Leu, l@ mM Leu Leu and

l1ncreas1ng concentratlons of Gly—Leu.f F1gure 23 1s a fdgu’

Vgraphlcal presentatlon of the data resultlng from thls o N SN

?nexperlmentu‘ Included 1n Flgure 23 1s a control curve show1ng'

l

the uptake of Leu (Gly—Leu) versus the concentratlon of S

”.fGly—Leu plus 2@ mM Leu.‘f,

From a compar1son of the two Curves of Flgure 23, it‘is'f:‘

ﬂhev1dent that Leu-~ Leu had a s1gn1f1cant 1nh1b1tory effect on

* 7
. -
& g

A k1net1c analy51s of the data presented 1n Flgure 23

“ was accompllshed by plott1ng both sets of results as ‘a Woolf

Te



“p,plot ([S]/V vs.([S]) The resulting‘curves are'found in
'Figure 24, . pi‘ _" o : |
Flgure 24 reveals that the presence of lﬂ mM Leu- Leu
F

effected a. substantial decrease in the Vmax, f Leu (Gly—Leu) {‘

uptake wh11e siqniflcantly increa51ng tga ap ”x&ﬁﬁ\Kml .

Clearly then, Leu Leu had a mixed 1nh2§;&*t “
‘(Gly—Leu) uptake, the exacb’nature of wh?%h‘wullk%equire

f further study.

o



) “v’
R | ' DISCUSSION -

S, Studies on thé Na’ Dependencv of Peptlde Transport

The observed 5@ percent reductlon in Leu (Gly—Leu)

‘1nflux into everted rat Lntestlnal rings follow1ng Na. 3i"

;replacement 1n the lncubatlon medium (Flgure 108) tends to
support the flndlngs of Cheeseman and Parsons (l974,rl976)
and Hlmukal and Hoshl (198@) as well . as thelr suggest1on$&hgl
' Gly—Leu transport occurs equally via two routes, only one of<

“,.whlch is- dependent of Na+ (See LITERATuRErREVIEw Na\\§

'Dependency of Dlpeptlde Transport).A

The k1net1c Constants calculated for the Na dependent

4

-”portlons of Leu (Leu) and Leu (Gly—Leu) transport (F1gures 8

and ll) were found to be similar (K; :Leu (Leu) 3. 3 mM, Leulb'

\ 2 g
(Gly-Leu) 8 mM Vmax Leu (Leu) 14 Zjlmoles g dfy wt ‘ mln

- -
Leu (Gly—Leu) 12 3}}moles g dry wt. mln. ) 1nd1cat1ng that

-

‘1t is p8351b1e that the two processes share a common pathway.

On the. other hand' the Kz and Vmax calculated for the Na\;

1ndependent port1on of Leu (Gly—Leu) 1nflux (Flgure 12), were‘”"

' qulte dlfferent (Kt 8 7 mM Vmax 19. 3j*moles g dry. wt. m1n )

vsuggestlng that th1s process occurs v1a a pathway dlstlnct

from the free am4no ac1d transport system.. If; as 1nd1cated

L 4

, by the work of Cheeseman et al (1974, 1976) and‘Hlmukal et

(1980), the Na'’ 1ndependent portlon of Leu (Gly-Leu) doesf

represent 1ntact peptlde transport, th% k1net1c constants

T W
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determined above are in agreement’with the general'trend

reported in the literature 1ndicating that peptide transport'

'might be” characterlzed by a hlgher Kt and Vmax than that of

free amino a01ds (Matthews et al., 1968, 1969; Adfbi et al.,

14

o 1974)

W1th the exceptlon of thlf general observatlon a

3

comparision between the absolute values determ1ned»for the

in the 11terature

~apparent k1net1c constants in thlS work with those reported

has not been attempted. Thomson and

D1etschy (198@) have determlned that the type of in vitro

_preparatlon used to study transport ‘has ' a « .. profound o

-1nf1uence ‘on the apparent k1net1cs of the act1ve solute

*transport process.

. They conclude therefore, that it is not

-

. valid to compare the ". . . kinetic constants deriyed:from"

different in'vitro_tissueTpreparatLons.“ fSeveral studies“

’have-also~pointed
EesistanCe of_thev
vitro and in.yivo
: ﬁapparent klnetics

_probable that the

test solutlons.j

out?that fallure to correct for the

large unstirred layers 1nherent in 1n

’1ntest1nal preparations can.d1stort the

I3

of mediated transport systems. It is

unstirred water layer in the everted ring

“preparation used‘invthis study was’large,'even’though‘there

 was an effort made to reduce it by v1gorous bubbllng of the

i

The Kz and Vmax values calculated are

therefore‘most likelylan_overestimation'(winne, 1972} wiISOn

et'al.y 1974' ThomSOn, 1979~ Thomson et.al.,.1986). 'Despite

1

f

" this 1naccuracy 1t may st111 be valld to compare the klnetlc_

.plconstants determlned.w1th the same preparatlon,'ln an attempt



1

w . » . Vv -
to observe variations as - a resu;t of experimental

5manipulations' (Thomson'et al., 1586).

| In the presence}ofva\satughting concentration of'free
Leu (29 mM)‘additional uptake’of Leu, into everted rings of
: rat-intestine, was ohsersedifollowing the addition of Gly—Leu
to the test solutlon (Flgure\l3).‘ Since the free -amino acid
'system was shown to be completely saturated by .a 20 mM.
concentration of cold Leu (Flgures 7 and 13), the further
uptake of Leu must have been via a pathway not shared by free
Leu and had'to or1g1nate from the dlpeptlde.‘ These ~
'observatlons strongly suggest that &he 1ntact dlpeptlde
uptake mechan;sm utlllzed_by Gly-Leu.%?s 1solated from the
”‘free‘amino.acid159stem‘by saturating the latter with free'
Leu. | | o

The’ 1nflux of Leu from 1 mM Gly—Leu% follow1ng the

-,addltlon of 20 mM cold Leu. to the test solutlons was . reduced

to'about half;of the contxol uptake observed in the presence p

’jobeaf (Tabie i) If 1t is assumed that the Leu (Gly-Leu)

PR

entering the 1ntest1nal enterocyte w1th ‘the free amiho ac1d

'asystem saturated.does so’ in the form ofvlntact G1y~Leu 1t
would appear that ‘as much as. half the observed 1nflux of Leu'
(Gly—Leu) occurs‘V1a an 1ntact peptlde transport system.'
Further the transport observed in the presence of saturat1ng7
‘Leu was found to\be unaffected by the replacement of medlum

' Naf w1th chollne (p<a. ﬂS) and was not 51gn1f1cantly dlfferent
' from Leu (Gly-Leu) transport determined 51mp1y in the absence

of the catlon (p<0 05? A klnetlc analysls of Leu (Gly-Leu)

,u \ ., | ’ ’ 98- '
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transport in the presence of 2¢ mM Leu yielded kinetic

‘ -l -
constants (K+ 8.5 mM; Vmax Zﬂjumoles g dry wt. min.' )
similar to those calcualtedgfor the Na® independent portion

1.‘:' B N ’\m

of Leu (Gly-Leu) control studies (K+ 8.7 mM; Vmax 19.3 u

moles g dry wt? min’

). Either the addition of 20 mM Leu
or the removal of Na' evidently unmasks the same Na®
‘_independent, intact dipeptideg transport system..v

The reduction in Leu (GLy-Leuy_influx caused by
saturating the freeﬁamino acid transport system indicates
"also that half of Leu uptake from the dipeptide must occur
via this route and therefore~that about‘5ﬂ percent of the
‘ Gly—LeU'presented to the ilealAmucosa-undergoes superficial
hydroleis prior to beingxtransported, The liberated free
Leu is then taken up‘by'its well characterized amino”acid_
' transportyroute. Further ev1dence in support of thls *
‘conclu51on was’ found through the appllcatlon of an 1nh1b1tor
of surface hydroly51s.v

Kanla (1977) has shown that L-Ala ﬂ naphthylamlde :
(ANA) has a much greateﬁ aff1n1ty for’ the amlnopeptldases of
jthe 1ntest1nal brush border membrane than dlpeptldes with Gly
as the NH, -terminal amlno a01d, as well as a hydrolytlc rate/
far 1n;excess of the varlety of d1pept1des they tested This
compound has therefore been successfully used as an 1nh1bitor
:of surface hydroly51s in studles of dlpeptlde transport 1nto o
the small 1ntest1ne (Chung et al., 1979, 'Roseén- Lev1n, '1979) .
‘In thlS 1nvest1gat10n the presence of ANA (l@ mM) in the

medlum reduced the rate of uptake of Leu’ (Gly—Leu) to-
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approximately 50 percent of control va;uaa and to ldvels not °
stqgtficantly different from those observed in the presence
of saturating Leu and the absence of Nat (p>0.85), or simply
in the abeence of Na" (p>@.085) (Table I), | L L
The three methods emplojed to eliminate the comtribution
made to Leu  (Gly-Leu) transport by surface hydrolysis
(removal of Na+ from the medium, saturation with free Leu and
.inhibition of surface hydrolases) reduced uptake to levels
not significantly different from bne another (p>é.05f and
corresponded to approx1mate1y 50 percent of control levels
(Table I). Thesa results are consistent with the findlngs of
both Cheeseman and Paréons (1976) and. Himukai and Hoshi ; '
(198@)‘thathLeU'(Gly-Leu) transport intd the small intestine
occurs via two systems; dne;_the‘preferential transport-of
Leu>liberatedyfrom Gly-Leu fbilewing surface nydrolysis by |
~ the Nat dependent and concentratlve free’ amlno ac1d system
and two, the uptake of intact dipeptide by a nonconcen—
trative, saturable and Na .1ndependent mechanism. .

‘Gly (Gly Leu) uptake 1nto ever ted rat 1ntest1ne,'1n the

presernce of Na*t p was approx1mat1ey half that of Leu

V(Gly—Leu) cdntrol determlnatlons over a w1de range of Giy—péum
concentratlons (Table II). ThlS observatlon was made for\’
’Gly—Leu-transportﬂlnto monkey 1ntest1ne ({Das et al., 1975;
Ganapatnyaet al,,_1979); guinea pig.fntestine (Himukai et
'al;;‘198ﬂ),and tat‘jejunum (Fern et al., 1969). Das et al.

. é1975) attributed this preﬁerentdalpuptake of Leu from -\

Gly-Leu, partly to a greater efflux of Gly over Leu from the



s

enterocyte into the lumen and partly to a difference in the

uptake, rates of Leu and Gly from free solution ﬁcllowinq

surface hydrolysis. Both Fern et al. (1969) and Himukai et
al, (igad)vattributed this sAme phenomena entirely to the
prefgrential*ttansport‘oﬁ liberated Led)fcllowlng surface

hydrolysis of Gly-Leu at the brush border membrane. The

A

latter conclusion gains support from the observation that the

L J

efflux of Gly and Leu from. the intestinal enterocyte have
been shown to be equal (Fern et al., 1969; Himukal et al.,
1980) and by the much smaller K¢, value of Leu (l 5 mM) than
.Gly (27 mM)*reported by Himukai and Hoshi (1975)n The
findings of this }tudy tend‘to'sdbb;rt this explanation.
There. was no significant~différencg (p>0.085) found between
GlY"(Giy'LeJ} transport. (Table II) and that observed for Leu
(Gly-Leu) uptake' measured in the pregggce of either‘ﬁgtmm *
cold Leu (1n theﬁpresence or absence of Nat ) o? 12 mM ANA

or élmply in the absence of medium Nat (Table I). ‘In other
words, when the contrlbutlon made to Leu (Gly-Leu) influx

by surface hydrolysis folioweq by thg preferential absorption
of the giberated Leu iS'elﬁmin;ted the trahsﬁer‘of Leu
(Gly-Leu)‘ahd Gly (Gly-Leu)\across the intestinai membrane
'gecome équal It -is also apparent fréﬁ these observations
-that Gly (Gly-Leu) transport. into rings of evérted rat
1ntest1ne must occur’exclusxvély via intact peptide transport.,
Ingeed, when 20 mM free Leu was added to thg mgdxum durlng»a
'determination of Gly (Gly—Led),uptaie?ovér ;'concentration

range of the substrate, there was no significant reduction in
/ o : . : . T



”*ftransfer of Gly (Table II- p>ﬂ 65) ' In v1ew of the . much

3‘greater“aff1n1ty for the frée amlno acrd carrler exhlblted by

"1Leu dVer Gly,san excess of Leu 1n the 1ncubatlon medlum would ﬁ'?

:°1f}have 1nh1b1ted any portlon of Gly (Gly-Leu) transport

_5occurr1ng v1a the free amlno ac1d uptake system after surface

‘b,hydrolwgls and a reductlon 1n total Gly (Gly—Leu) transport

?waould have been observed The klnetlc constants determlned

-

fv*grfor Gly (Gly—Leu) transport (K+ 7 83 mM Vmax 17 a/*moles g ﬁ::'

"j'dry wt.{.mln. ) lndlcate further that only the lntact

’“_,peptlde transport route 1s 1nvolved 51nce the values closely

htgamatch those determlned for the Na

+-

0

»v=3;(Gly-Leu) transport (K+ 8 7 mM Vmax 19 B/Amoles g dry wt.t»ff”k

”':mlnjb ) and Leu (Gly—Leu) uptake 1n the presence of 2@ mM

”\wifﬁfree Leu. (K¢ 8 5 mM Vmax 2@ ﬂj4moles g dry wtfk mlnf'fj,:ffis

f'ﬂfaffected by the replacement of medlum Na w1th chollnewu.f?7 S

Flnally, 1n support of the studles w1th Leu (Gly—Leu) it_’.

.fjwas found thag Gly (Gly Leu) uptake was not 51gn1f1cant1y

M'fov(p<ﬂ 05), agaln suggestlng that 1ntact Gly-Leu transport 1s:”,*°f

'Q*fnot Na dependent

o

'roA' RAR N

The Na 1ndependent nature of dlpeptlde transport has

L

T.ffaISO been demonstratéd 1n an 1n v1vo preparatlon of frog
"ﬂtlntest1ne (Cheeseman et al., 1976), 1solated rabblt "*Zﬂ;;fr;ﬁ

wgflntestlnal brush border membrane ve51cles (Ganapathy et a1.,]j

5_vl98ﬂ) and gulnea p1g 1ntest1ne 1n v1tro (Hlmukal et al.,

”tf%198ﬂ) The Na '1ndépendency of dlpeptlde uptake has

; /

_‘“therefore been establlshed ln foun dlfferent anlmal spec1esh,f

”fu51ng a varlety of preparatlons.;-fi

" "

1ndependent portlon of Leu'aﬁf



The demonstratlon that 1ntact Gly—Leu transport 1n Na

"findependent is con51stent w1th the observatlon that Leu'v 7}

:.v(Gly-Leu), 1n thls study, was not accumulated w1th1n

3:fﬂthe rat enterocyte to concentratlons above that 1n the

Q“

’1"mfmed1um,(see:& Results, Leu (G1y~Leu) Uptake Versus T1me in

uthe Absence of Nat ) It would appear thepefore, that 1ntact
ijly—Leu transport 1nto the rat 1ntest1ne 1s v1a a fac111tated

'fmechanlsm._ Thls conclu51on was also reached by Cheeseman and

'bParsons (1976) and Cheeseman (198@) who found 1ntact Gly—Leu

'Jfand carn051ne uptake 1nto the frog small 1ntest1ne to be v1a aj&j

'"-f,nonfaccumulatlve, Na+ 1ndependent route.‘v

,2;*, Harmallne Study L

,"“7 ,:‘ .

s i SRBEAY : R
Harmallne (3 4 dlhydro 7 methoxy—l methyl 9 pyrld ’g,\,?ng
h~1[3 4 bls] 1ndole) 1s a psychotomlmetlc alka101d, extracted

dfrom a Colomblan 11ana and belongs to the,lyserglc and

“zgfdlethylamlde 11ke class of drugs._;xffyff,fvyft;b;?[mfihixff?f

'?bﬂmembrane ATPase preparatlons (Canessa et al., 1973).. Canessa/;fﬁ

The earllest study ut111z1ng thlS drug, showed 1t to be s
*,ﬁan 1nh1b1tor of the (Na+ + K )= ATPase sYstem 1n several LIS 4
. o f e

/

/

fﬁconcluded that the drug competetlvely 1nh1b1ted the blndlng /_}ff

"f‘of Na 1ons to the phosphorylated untermedlate of the (N +f7 P

i

‘f-bK* ) ATPase reactlon 1n the rat braln.n Slnce thlS 1n1t1a1

';observatlon by Canessa several workers have ver1f1ed her
"flndlngs 1n a wlde varlety of tlssue and enzyme preparatlonS'T.y’

T
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(Dunn and Hunt, 1975 Roblnson, 1975 Sepulveda et al., 1976
'::Ehrenfeld and Romeu, 1977' Sarmarz1ja,.l977 Sousa and
| ";HGrosso, 1977 Lea and Ashley,£1981). ;KF;A;*uc,‘-,_![:jj;;fp§;.».

s /% ‘f' In 1974, harmallne s ab111ty to 1nh1b1t sugar and amlno
.hgf?‘ra01d transport 1nto gulnea p1g 1ntest1nal rlngs was noted
el . - ER

(Sepulveda and Roblnson, 1974)., ubsequent publlshed studlesf"

by these and other authors have presented conv1n01ng ev1dence

S ihat 1n addltlon to harmallne s 1nh1b1tory actlon on the Na

/

‘f'ubspump, the drug also competes‘w1th Na+ for 1ts blndlng 51te on’
?ithe carrler molecule at the membrane surface._ These workers:'Vh
‘ﬂhmalntaln that harmallne 'S abllltymto 1nh1b1t SOIute transportfh?
'uls due to thlS latter actlon and is not secondary to 1tsif‘f~f

"féélnhlbltfon of the (Na+ + K+ ) ATPase system (Sepulveda and

"Roblnson, 1974 1975; 1976 1978- Alvarado et al., 1979).

Slnce a speclflc 1nh1b1tpr of Na dependent amlno ac1d""ff’

lr

g'transport at the level of the carrler would prov1de an

”addltlonal method of 1solat1ng the pepflde system enabllng a‘h””
:fbcomparlson Wlth the Leu saturatlon and ANA experlmental data,-h:
s an lnvestlgatlon of harmallne s effects was undertaken. e

The 1n1t1al experlments u51ng harmallne showed that

’ Q\Flncrea51ng concentratlo“s of the drug d1d 51gn1f1cantly reduceh'

“lthe uptake of Leu 1nto ev"rted 1ntest1ne of both 1 mM free
fLeu and l mM Gly—Leu (Flgure 15) The 1nhrb1t10n was'max1mait‘
v1n both cases at an 1nh1b1tor concen?ratlon of 10 mM but\ii

;f;mharmallne dld not reduce Leu (Gly-Leu) uptake to as low a

“flevel as 1t dld Leu (Leu) uptake.b ThlS observatlon fltS the

'wfhypothe51s that Gly-Leu uptake 1s made up of two components f



?only one of thCh 1s Na dependent (the freeoamlno a01d

. a

iR transport system) and therefore harmaline\sens1t1ve. ﬂ-r*

- The Na*\free determ1nat1ons of Leu (Leu) uptake in the “"j-
presence of 1ncrea51ng concentratlons of harmallne (Flgure

15) however,'suggest that harmallne has 1nh1b1tory effects on
e - '

solute transport 1nto the 1ntest1nal enterocyte whlch are 1nA“

K}

add1t1on to 1ts 1nh1b1tlon of Na b1nd1ng. These results
\ ) P . o
gshow that when present 1n concentrat}ons in: excess of 2 5 mM jﬁ

'gharmallne s1gn1f1cantly reduced Leu (Leu) uptake 1n Na free

¢fwa?;hfiAt harmallne concentratlons‘below 2. 5 mM‘the drug had nq';gj
-erffect on Gly (Gly—Leu) transport whlch serve to verrfzwthe -
hhfflndlngs of the Leu saturatlon and ANA experlments
‘“;(prev1ously descrlbed), demonstratlng the Na 1ndepend@nce of:ﬁh
;fth1s process._ However, concentratlons of harmallne a %v 2. Shi'?
hfme had a 51gn1f1cant 1nh1b1tory effect (Flgure 17) Furtherpfﬂf
:a harmallne concentratlon of 5 mM was shown to 1nh1b1t Gly
*m(Gly—Leu) transport over a- w1de range of substrate"'

:f(concentratlons by an average of 33 percent as compared to fflu

:control 1evels (Table I)-_ﬁgv'

Harmallne then, has been shown in these experlments toi/(
71nh1b1t free amlno a01d uptake in the absence of medlum Na //iﬂf

P

dfpﬁand also to 1nh1b1t the Na 1ndependent prdcess of Gly //'

s 1s con51stent w1th the theory g

'.’F

:_(Gly—Leu) uptake when presejt 1n concentratlons above 2 5 mM.
Nelther of these observatlo
that harmallne 1hh1b1ts amlno ac1d transport solely through

compet1t10n w1th Na at the membrane carr1er 51te.°j'

T e



Recently 1t has beenAdemonstrated that harmal1ne is- able'
gto penetrate into the cells of’muscle flbres and actually be:hl
_;accumulatedv1ntracellularly agalnst 1ts concen ratlon'

-‘hgradlent to 1evels substantlally above that in- tre bathlng

-lkmedlum (Lea and Ashley, 1981) ‘ These results hf‘;y.’arelyp
4befound to be - con51stent w1th the hypothe51s that extracellular‘}
fﬁharmallne can penetrate the cell membrane and act on the Na ;

x-:tpump at the 1nterlor fac1nghs1te (Lea and Ashley, 1981) ‘

Samar21ja et al showed that harmallne s effects\may not

']be 11m1ted to the (Na ;- K+ ) ATPase system.,’Durlng an
,( :

"'1nvest1gat1on of the actlon of 5 mM harmallne on rat prox1malfy

v““tubular solute and water tran\port,.these worker5vconcluded

hf{that the drug 1nh1b1ted both th e

.‘ilf

Na+ = K+ ) ATPase and Mg %igg

e

"'ahATPase systems of perltubular cell membrane fractxonslﬁas

'well as the HCO\ stlmulated ATPaSe of a br'gh border membrane;:pt

,v

“=_fractlon (Samar21ja, 1977) Further,_the data",om the;rgw~“

'N:work suggests that harmal1ne s 1nh1b1tory effect on’, th q

R N

5ff— K+ ) ATPase could not ,f} 51mply result from a. “?f(ﬂivffég;;ﬂ

ta

*ylcompetltion between harmallne and Na ﬁ (Samar21ja, 1977)..:_a~*"

o The transport of free Leu was studled 1n the presence of;

u"iS mM harmal1ne over a concentratlon range of the substrate 1;f7"

ﬂff:fboth 1n the presence and absence of Na (Flgure 16) A 5 mM'

';iharmal1ne concentratlon was: chosen based on the observatlon'fg"n
ithat at thls level the drug 1nduced a. near max1mal 1nh1b1t10nf¥
'*“—of Leu from a l mM solutlon b{\free Leu (Flgure 15) and Glso ,_ﬂﬁ

:fon reports 1n the 11terature suggestlng that hlgher

'fconcentratlons would\produce secondary effects on' the



enterocyte (Sepulveda and '651Qson, 1976)

| Harma11ne s- ab111ty4to inhiblt Leu (Leu) uptake was

shown to d1m1n1sh as’ thl substrate concentratlon was:

Vv1ncreased in- the presence of Na (Flgure 16) v At a Leu///
concentratlon of l mM, 5 mM harmallne reduced Leu (Leu)
‘uptake (as compared to control uptakes) by as:much as 30
percent. ThlS 1nh1b1tlon fell to a low of 14 percentratTLeu l
concentratlons of 20 mMi' A k1net1c analy51s of thlS data
:ikpilndlcates that the presence of harmallne caused a- decrease

“in: the Vmax of Leu (Leu) uptake whlle 1nduc1ng an 1ncrease

1n the apparent Km.‘ ThlS 1ndicates that harmallne,'

1nh1o1ted Leu (Leu) transport in a noncompet1t1ve manner.
':Tls is not unexpected 51nce none of the theorles as to the:'
.drugs mode of act1on sdggest d1rect compet1t1on w1th thejv

: substrate and harma11ne.¥ The removal of Na+ from th1s

| preparat1on reduced the uptake of free Leu to levels

approx1mate1y 5@ percent lower than the 5 mM harmallne alone

5pg'<'could effect (Flgure 16), 1nd1cat1ng the cons1derab1e portlon ri
: of Nat dependent Leu (Leu) transport unaffected by thls_”’ '
relat1vely h1gh concentratlon of the drug.‘pzﬂ‘ |
vl] An explanatlon for harmallne s fa1lure to lower [
leu01ne uptake to the samebextent as Na removal may 11e in
nibthe fact that phy51ologlcal Na concentratlons (143 mM) were‘ﬁ7;ﬁ
"used, Many of the prev1ous studles utlllzlng harmal1ne were‘
;i done at much lower levels and 1t 1s well establlshed

1n the 11terature that as Na concentratlons are 1ncreased

harmallne 1nh1b1tlon can be reduced and eventually abollshed



d'discus51on of Samarzija s (1977) negatlve
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(Alvarado et al., 1979). it is possible, as sugqested 1n a

Vesults w1th

harmallnevgthat Na concentratlons as h1gh s 143 mM may be

‘SUfficient."} to counteract any p0551b1e harmallne
"i:éfﬁects.h. ."tln some exper1menta1 preparatlo S
;‘(hivarado, 1979) - v[nf o ;' j‘ : "}':;.
o On the baSlS of the observatlons made on‘the‘lnhlbltlon

”of Leu (Leu) and Gly (Gly—Leu) uptake by harmallne 1t 1s

o

 ‘poss1b1e to explaln the ab111ty of the drug to reduce Leu

(Gly—Leu) transport to 1evels 51m11ar to those in the Nat :u;‘i’
. . .

1free, Leu saturatlon and ANA experlments (Table I) - The drug,

\

Vuexerted two 51multaneou5'1nh1b1tory effects .on: Leu (Gly—Leu)
IR 3
"absorptlon, one belng an 1ncomplete 1nh1b1t10n of the Na

’ 7dependenttuptake_of,freerLeuvllberated by surface hydrolysis“

’_‘andfthe'oﬁher'afnonspecific inhibition'of .the'Na+ independent

':,1ntact transport of Gly—Leu.: The sum of these two effects,

b'1t would appear,-lnhlblted total Leu (Gly—Leu) uptake
df?fortu1tously to the same degree as d1d the 81mp1e removal of;
pNa v Leu saturatlon or the use of ANA.:‘ | |

| Whlle harmallne may be useful at or below a.

'-concentratlon of 2 5 mM to 1nd1cate whether or - not Na is,--”
) { . ‘

tlnvolved 1n‘a glven transport process,.lt cannot be used at
hhhlgh enough concentratlons to el1m1nate Na+ dependent | |
uqtransport due to the drugs nonspec1f1c 1ntrace11ular';

{effects. fﬂ,]1751f:;'; . dh:;;;@t | | v

In 11ght of the characterlstlcs of harmallne

demonstrated heéeidthe work of Ganapathy and Radhakrlshnan g"A

<7



) :, 191
(1979 see’ LITERATURE REVIEW. Na+/Dependency of Peptide
Transport) ‘must- be v1ewed WLth cautlon.; These au&hors,d‘
‘through the usevof harmallne, claim to‘have demonstrated
the Na dependency of Gly—Leu uptake‘1nto monkey 1ntest1ne -
'1n v1tro. They observed that both Leu (Gly-Leu) and Gly . -

-,(Gly-Leu) 1nflux to be 51gn1f1cantly reduced in the presence_

*of 4 mM harmallne. Max1mal effect was - obtalned only after/i

|
|

a ten mlnute preincubatlon of the intestinal t1ssue with
4’the drug. - Y’f o }

. Y
It~is most 1ke1y that the reductlon of dlpeptlde

¢

obseived 1n the above procedure was a result not only of
nh1b1tlon of ‘Nat —dependent processes but also of the

the
'nonspec1f1c 1ntracellular 1nh1b1tory effects 1nduced by af
,harmadlne concentrat1on as hlgh as 4 mM. Further 1ncubat1ng.
C;the tlssue for ten mlnutes 1n harmallne would, in all
llkellhood result in 1ntracellular accumulat1on,of the
drug,‘as shown to ;écur 1n muscle f1bres (Lea and Ashley,;
~l98@), whereln concentratlons even h1gher than 4. mM. could"
.‘exert a. nonspec1f1c 1nh1b1t10n of cellular metabollsm -and
secondarlly pept1de transport _
| Ganapathy et. al (198G); see LITERATURE REVIEW* Na

”Dependency of Peptlde Transport) demonstrated harmallne 8
1neffect1veness at 1nh1b1t1ng dlpeptlde transport 1nto‘.
1ntest1nal and - renal brush border membrane ve51cles#from.ﬁ
lrabblt, whlch lacked a’ (Na f K*')—ATPase system. v

v -

Appargntly when the target for harmallne s nonspec1f1c'l

"1nh1b1tory effects 1s removed 1t no longer is able to

Y
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disrupt Nat -independent processes. , >

3. Competition Study ;Jf

In the presence of a saturat1ng concentratlon of c01d
"Leu (2Z mM), Gly—Pro was found to 1nh1b1t Leu from Gly-Leu (1_
‘mM) by only 57 percent at the hlghest 1nh1b1tor concentratlon
used (F1gure 18). hls_part1al;1nh1b1tlon 'was - shown to be
_compefitiue,in nature by the‘tuo methods:outlineddrnifidures
K\Zﬂ and 2l; lA repldtting of this data as outlined by .Inui and -
‘féhristensen in l966 (F1gure 19) reVealed'that an infinitely_ |
high doncentrat1on of Gly- ro- would fall to inhibit:44v
percent of Leu (Gly—Leu) transport, suggestlng that thlS.
port1on of Leu (Gly—Leu) 1nflux proceeds via an 1ntact uptake
’system not shared by Gly-Pro. ‘That 1s,‘1t~wou1d-appear, from
his 1nvestlgat1on that 1ntact Gly Leu has two- routes of |
'entry 1nto the 1ntest1nal enterocyte, one‘whlch is used by‘
both Gly—Leu and Gly-Pro and another wh1ch is avallable only
jto Gly—Leu. The above procedure was, repeated u51ng L—alanyl |
; naphthylamlde (lﬂ mM) 1n place of 20 mM cold Leu to ellmlnate'
blthe contrlbutlon of surface hydroly51s to Leu (Gly—Leu) |
“transport.r The fact that the results obta1ned were. not -

’

"s1gn1f1cantly dlfferent (p>0 z5) ver1f1es the effectlveness

" of ANA as an 1nh1b1tor of the brush border amlno peptldases

whlch hydrolyze Gly—Leu (Table III)

Slmllarly Rosen and Lev1n (1979) ‘were able to’ block only
— : &
- 7ﬁ percent of Leu Leu 1nflux into rat 1ntest1ne through the

4s1multaneous app11cat10n of’ Gly—Pro (Zﬂ mM) and ANA (lﬁ mM).\_
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'Although these workers did not analyze this aspect of their
data, they alluded to the possibility that there ex1sts in

- the’ rat intestine a ".'.'} third mechanlsm of a551m11atlon of
,peptides.that is nbt'blochedvbﬁicly—Pro. ,‘." (Rosen Lev1m,
1979) Boyd and Ward (1982] observed that whlle Leu-Leu \‘
could completely abollsh the depolarlzatlon caused by

~ carnosine 1nflux into mudpuppy 1ntest1ne, even high
‘concentratlons of carn051ne could not totally abollsh the
Adepolarlzatlon 1nduced by Leu Leu transport S1nce the
effects were seen 1n the presence of a saturatlng

concentratlon of free Leu, the authors concluded that two

pathways must ex1st for intact Leu- ~Leu absorptlon only one

- of wh1ch is. shared by carn051ne.

The f1nd1ng that there may exlst more than one. 1ntact
transport route ava1lable to Gly-Leu 1s in agreement with the
several stud1es suggestlng that peptide uptake occurs via at’

I

: least two uptake mechanlsms (see LITERATURE REVIEW

»‘nggggltlon Studles) The 1nvest1gatlons 1nd1cat1ng tQat a'

“single transport system handles most 1f not all, peptlde
-absorptlon from the gut are largely unsat1sfactory. Das and
Radhakr1shnan 'S work (1975) showed that all 38 dlpeptldes

. tested 1nh1b1ted Leu (Gly-Leu) and Gly (Gly—Leu) uptake 1nto

',monkey 1ntest1ne wh1ch they con51dered as strong ev1dence for

"the ex1stence of -a - 51ng1e w1de spectrum dlpeptlde uptake"_

.system. However, the 1nh1b1t10n was shown . to be compet1tive
in the case of only four of the dlpeptldes. Furthermore, ) :
dthls k1net1c analy51s was. performed by determlnlng the effectsb S
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4

of the four dipeptides on the influx of Leu (Gly—Leu) w1th no
compensation for the compllcation of surface hydrolysis.
AThese 1nvestigators also carried out a 11m1ted study~of the
‘inhibitory effects of five dipeptides on the 1nf1ux of Leu
:(Gly—Leu) 1nto human 1ntest1ne in v1tro and agaln no
correctlon was made for surface‘hydroly51s.: It is
;interesting however, that Gly~Pro:(lﬂ mM), which is poorlyf
hydrolyzed by human brush border am1nopept1dases (K1m ‘et al.,
1977), was able to brlng about only a 44 percent reductlon 1nh
: Gly—Leu (G 5 mM) uptake.' No klnetlc treatment of th1s data
‘was reported.‘ Matthew's groups. have studled the effects of
warious peptides on the uptake'of peptldes‘of Gly<and Sar,
(Addison:ét ai;, 19754 Sleisenger et°al., ié?éh»Matthews'ét
alr,'l978 Taylor et al., 1979) Although the use of these
'peptides (Gly-Sar, Gly—Sar Sar, etc.) reduces the \
';compllcat1on of surface hydroly51s 1t is. unclear,‘to date,'
‘whether or not such atyp1cal pept1des reflect the havxor of f
'the vast majority of pept1des whlch do undergo sup rf1c1al J‘
- hydroly51s. Certalnly the technlque employed in thel latter
- two studies (Matthews et al., 1978 Taylor et al., 1979T'of
»lower1ng medlum pH from 7. 4 to 5.8 in- order to reduce‘»h 4fﬂ ~
vamlnopept1dase act1V1ty“of:the brush'border, creates, |
'f\unphysiological conditions which’llkely comproniSecthef
normal funct1on1ng of transport systems.h;
In the present work the Gly—Pro 1nsens1t1ve port1on.of

v‘Leu (Gly—Leu) uptake was. 1solated by the addltlon of 2@ mM

cold Leu and 19 mM cold. Cly-Pro to the 1ncubat10n medlum and h
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the effect of 10 mM concentrations of several dfpeptides on

Leu (Gly-Leu) uptake via this second intaCt peptdderroute'

: 'determined (Table 1V) . Only Leu—Leu proved to have a

';51gn1f1cant 1nhib1tory effect and thlS inhibition was found

'to be noncompetltlve (Figure &2) The interactron of Leu-~Leu
and Leu (Gly—Leu) transport was tested further by determlnlng
‘the effect of Leu Leu (19 mM) on 1ncreas1ng concentratlon of
-Gly~Leu in the presence of saturatlng cold Leu (20, mM).

Under these condltrons'oniy the free amino acid system was ’

) unavailable for Leu kGiy—Leu) transport withrboth intact

‘peptlde systems (if- 1ndeed two ex1st as suggested by the
data) unaffected., As 1nd1cated 1n Flgure 23, Leu Leu: dld
1nh1b1t Leu (Gly-Leu) uptake and -an analy51s of thls effect

fshoyed the 1nh1b1tlon to be of a. mlxed type or'

noncompetltlve. A poss1b1e explanatlon of thls phenomena is ‘1Qr

that the b1nd1ng 51te for 1ntact Leu Leu transport is very

close to the blndlng 51te for 1ntact Gly-Leu transport not

xAshared by Gly—Pro. The blndlng of Leu Leu to its blndlng

51te may therefore cause a conformatlonal change of the

"Gly—Leu blndlng s1te thereby reduc1ng .the - eff1c1ency of 1ts

<Y

functlon. ThlS allosterlc hlnderance effect has been.v"
suggested by Hlmukar et .al. (1980) as an explanatlon of the
mlxed type' 1nh1b1t10n exerted by Gly—Leu on Gly—Gly uptake

into gu1nea p1g small intestine.

Clearly further 1nvestlgatlons are requ1red to- determune

l/the nature of the p0551ble second 1ntact transport route for ‘t

Leu (Gly-Leu). ' _ ﬁ» FETT i

|
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