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INTRODUCCTION GEMERAL

I.a hintina es rcofactor de carbnvilasas (), en las nque e
rncuentra unida rcovalentemente a un residun de lisina. Esta
vitamina tiene un  papel importante en  gluconeogénesis,
anaplernsis del rciclo del Acido citrico y en el catabnlismn  de
varins aminpacidns de cadena ramificada (2,%). Hay evidencia que
indica nue la bintina pndria también estar involucrada en la

sintesis de ANDN y ARN 4,5).

Debido a su importancia, esta vitamina =355 reciclada
continnamente en el organismn  durante el recambio de las
carbnvilasas. Al ser degradadas las holoenzimas a las que esta
unida, se libera biocitina biotinil-lisina). Para que la bintina
pueda ser nuevamente utilizada, la  hiocitina  tiene nue  ser

hidrnlizada por la enzima biotinidasa.

l.os mamiferns nn pueden sintetizar binotina por Io que deben
obteneria a partir de los alimentos en los qQue, a pesar de
estar ampliamente  distribuida, se encuentra en muy hajas
concentraciones. Por esta razén, para que los organismns puedan
utilizar a la vitamina contenida en la dieta deben contar fon un
eficiente sistema de absorcién intestinal.

Es: prohable que la biotinidasa también sea importante en el

procesamiento de la vitamina contenida en lns alimentos, ya nue



1a bhintina se encuentra en mayor proporcion unida a proteinas
t4). Sin embargn, la identidad del sitino donde se liberaria a la
hintina eudgena no es de) todo clara, ya fgue se han reportado
diferencias significativas en la actividad de bintinidasa entre
diferentes esperies asi comn entre diferentes drganns. s
carnivoros  y  omhivoros poseen  actividad mayor gque  los

herhivoros en suero, higado y rifén (7).

En la rata, la a~ctividarj de hintinidasa pancredtica es de solo
1730 de 1a z\ct_ividad encontrada en plasma.

Hasta ahora no se han reportado diferencias interesperificas en
ruanto a la actividad de biotinidasa en pancreas y plasma; sin
embargn, es posible que la cantidad de biotina que fuera
absorbida libre o unida a lisina en el intestino  delgadn

dependiera de la magnitud de la actividad de bintinidasa en

pAncreas.

Es posible que evistan también diferencias interespecificas en
cuanto a los mecanismos de absorcién intestinal de biotina. Lns
estudins previos a este trahajo indican que en hamster, el
transporte de  bintina parece ser un proceso  mediado por
acarreador aungque no esta claro si se trata de un transporte
activo o un fenomenn de difusién facilitada (8,9,10). Por otro
lado, en rata hay resultados contradictorios, pues evisten
reportes en las que se afirma demostrar la eristencia de un

acarreador mientras que otros reportan gue el transporte de la



vitamina en esta ecspecie es  debido a difusién  simple

11,12,13,14,15,16).

En la primera fase re este trabain se describe la relacién gue
eriste entre los mecanismos de liberacidon vy absnrcp‘bn intestinal
de bictina; comparando hamster y rata en cuantp a la actividad
-de bintinidasa en plasma y pancreas y la captacién de biotina vy

bioritina por anillos evertidos de intestino delgado.

£n 1a segunda fase se caracterizan los diferentes mecanismbs de
captacidn intestinal de biotina y se profundiza en el estudio de
1a naturaleza y requerimientos del acarreador intestinal de Ia
vitamina en el hamster, realizando evperimentos de captacién en
conkcentraciones S50~ 1000 M por vesiculas de mesbrana en
. horde  estriado de enterocitos. Este método no  habia  sido
empleado con anterioridad para estudiar fenémenns de trasnporte

intestinal en hamater. '
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Association of Pancreatic Biotinidase Activity and Intestinal
Uptake of Biotin and Biocytin in Hamster and Rat!
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Abstract. Puncreatic biotinidase activity was higher in hamstier than in rat; these resulty
were reversed in plasnrr-tptake was studitd in everf€d intcstinal rings. Saturation kinetics
at 37 °C were observed for biotin in humster and for biocytin in rat, with & Vg, of 1.83 und
1.05 nmol min~! ml-! and an apparent K, of 25.14 and 40.7 M, respectively. Biotin uptake
by hamster intestine was reduced at 4 °C and when choline or potassium replaced sodium; it
was inhibited by biocytin only at very high concentrations. Biocylin uptake in the rat was
small compared 10 passive diffusion and was not influenced by sodium or temperature; it
was not inhibited by biotin, We observed only passive diffusion of biotin in rat and of
biocytin in hamster, Qur results suggest that protcin-bound biotin may be absorbed mainly
in its free form in the hamster. In the rat, on the other hand, atieast part of the dietary biotin
may he absorbed lysine-bound, as biocytin,

Introduction

The vitamin biotin is the cofactor of car-
boxylases, to which it is covalently bound to
a lysine residue of the apoenzymes (1), As
such, it plays an important role in gluconeo-
gencsis, citric acid cycle anaplerosis, fatty
acid synthesis and amino acid catabolism.

' Supportcd by granis from Consejo Nacional de
(iencia y Teenolopfa and from Programu Universi-
tarin de [nvestigacidn cn Salud UNAM.

Biocytin (biotinyl-lysine), 2 product of car-
boxylases breakdown, must be hydrolysed by
means of biotinidase for hiotin to be reused
{2, 3]. Biotinidase is probably also important
for the assimilation of dictary biatin, which
is frequently protein-bound (4). Although
widely distributed in foods, biotin is present
in very small amounis |1, 5, 6]. Therefore,
for most dictary hiotin to be of profit it
should be freed by biotinidasc; it also must
be efficicntly absorbed through the imes-
tinc.
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Biotinidase activity varies greatly among
different animal spcctcs und also among

thais diffeernt pnogana t T Camiunene nr
omuivores {such as the vat) tend to have
higher activitics thun ferbivores in scrum,
fiver and kiduey [2]. There is somce activity
in the rat pancreas {2, 4], but interspecics
differences with respecl to the pancreatic
enzyme have not been investigated, 1t has
thaa prapoascd that pancraatio bintinidace
wmay play a critical rofe in the processing of
dictary, protcin-bound biotin (4], However,
its digestive role in the rat is not clear since
its activity in puncreatic juice is only one
thirticth of that in serum {2, 4], How much
biotin iy abisorbed Iree or lysine-bound in a
siven species may depend on the level of the
pancreatic cnzyme,

Interspecies differences may also exist
with respect w biutin inteatinal absorption,
I is a carrier-mediated process in the ham-
ster {8-10], whercas there is conflicting in.

formation on the uptake mechanism in the

rat 18, 11-13),

In the present investigalion we compared
the hamster with the rat with respect to:
(1) pancreatic and plasma biotinidase activi-
ties and (2) the intestinal uptake of frec and
lysine-hound forms of biotin, in order to bet-
tur define the mechanisms by which dietary
protein-hound biotin is wtilized in these spe-
cies,

Materials and Mcthods

Blotinidase Assays

Mule gotden hamsters 100-180 g and male Wistar
rats 200-300 g obtained from our animu! house were
used. For hiotinidase ussays the animals were lightly
onesthetized with cther and were sanrificed by exsan-
guination by cardiac punclure; hlood was calited in
fivpatin-containing tuber, The pancress wat immee
diately remaved, washed with icc-cold saline-and ho-

magenized in bufTee KHiQy, 100 mAf, pH 6.0, con-
taining Triton X-100 {Sigma Chemical, K1, Louis,

Paay D UIR (A miima Al tieron) ot 20 with Dalviran

\ ey
wae centrifuged at 1,500 g fe 10 minand the xu;u:ma.
tant stored at «20°C. Biodnidase uctivity was mwa-
surcd hy Wolf colorimetric assay [14], The reaction
mixture contained 100 ul of pancreas Romogenate or
50100 ub of plasma, KI6;PO. 100 maf, eihylene-
diaminetetraacetic acid 10 mas, bovine sevum alhu.
min {Sigma Chemicat) 250 ng/mt und bintin-d-amido-
kamucio noid (Sigma Chemiral) 1S pAt nlt &4 in
2 mi fina! volume, The tubes were preincubated
37°C for 10 min before the addition of the sumplus,
Afer incubation for 60 min at 37 °C, 100 piof trichio-
roacetic ueid 30% were added Lo stop the reaction,
The tubes were centrifuged at 1,500 2 for 10 min and
1.5 mi of the supernatant were added to 0.5 ml dis-
tilied water 10 restore the 2 mi vol. NaNQ, 0.1%,
ammonium suifamate 6.5% and N-!-naphthyl-ethyl.
cnedianiine 0,1 %, 200 pl of cach were then added and
the absorbance was detcrmined at 546 nm.

futestital Uptak Bxperimonts

Intestinal uptake was measured by the method of
Mathews ¢t al. [15). The animals were anesthetized
with ethier. The abdomen was opened and the small
intestine removed, siripped of mesentery and placed
ona filter paper moistened with Tris-phasphate buff
er NaCQl {18 mdf, Tris-HC 25 mAf, KCI 4.7 md/,
CaCly 2.5 mM, MgSOq 1.2 mM, KH, '3, 1.2, pH
7.4, The duedenum was sclected, rinsed with buffer
and cverted over a glass rod; preliminary experiments
showed that biotin uptake is higher in duodenum
than in jejunum or ileum (data aot shown}. Rings of
16-20 mg were cut from the mid-region uf the piece.
The rings were incubafcd (one ring/tube) in 0.5 mf of
the Tris-phosphate buffer pH 7.4, contalning cither
'H-biotin 33 CWmmol (NEN Research Products, Bos-
tos, Mass.) or SH-biocytin 364 mCi/mmol, a ift from
Dr. Lawrence Sweetman, University of California,
Qan Nirgn, Calif. The incubation medium was pre-

warmed at 37 *C for 10 tnin and gased with 9.3 % oxy

gen 5% carbon’ dioxide before the addition of the
tings. Short Incubation times (3 min} were used 10
study only the influx. We had previously shown that
uptake is lincur with time for at least $ min {daia not
shown), Aficr the incubation period the rings were
einsed in 500 ml NaCl 154 mAf at 4 *Cand the cxcess
water was eliminated hy blotting with filter paper
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‘Tuble 1. Pancreas and plasma biotinidase activity
(pmol min ! mg protein=!} in hamster and rat

Specics 1 Pancreas! Plasma?
flamaster 1 3545+ 1070 40.3R£3.35
Rat 3 12.30£4.25  103.30£16.60

Values expressed as means % SEM.
'R« 637,59 p ~ 0,001,
¢ Fe RRYp =003

(Whaiman 50). The rings were weighed anel placed in
1wl sutfosaticytic ucid (60 g/f) t 100 °C for § min to
extract the biotin ur biocytin taken up by the tissue,
After centrifugation (5,000 g for § min) the radioac-
tivity in the supernatant was measurcd using a liquid
scintilation counter Packard Tricarb 4000. Extracel-
lular Nuid space was determined using inulin 10 esti-
mate the proportion of substrate remaining in the
extraccl{ular fluid spuce and in any fluid adherent to
the tissue and which was not removed by rinsing and
Naiting The intestinal rings were incubated in 0.5 mi
Trs-phosphate buffer pH 7.4 vontaining 1,25 pCi
U nulin (Amersham [ntemational, Buckingham.
shire), 13,4 Cifmol at 37 *C under the above-men-
tioned incubatlon conditlons. At the ¢nd of the incu-
batlon period the tissucs were treated as described
carlier and the radioactivity taken up mcasured. in
order 10 cstimate the carrier-mediated uptake of bio-
tin or biocytin, intestinal rings were incubaled at 4 *C
and the results of these cxperiments were subtracted
from uptake a1 37 *C, Results arc expressed as nmoles
of substrate taken up per minute per milliliter cell
water, Cell water was estimated as 80% of the wet
weight of the tissue. To investigate the specificity of
transport of the free and lysine-bound forms of biotin,
intestinal rings were incubated with one form ‘H-
Jabeled, at a concentration neac its K, in the presence
ol increasing concentrations of the other form of the
vhiabin, wunlubuled, The alleet of tadinm nn the
untake was investigated by replacing NaCl with XCI
acwith rhaline C1 wnoas tn maintain unchanged the
cauon coneentsation of the invubution mixture.

Ntatistical Analvsiy
Dats were analyzed by one-way anatysis of vari-

ance. Level of significance was p ~ 0.05.

Results and Discussion

Pancreatic biotinidase activily was signif-
icantly higher in hamsler than in rat. These
results were reversed in plasma, biotiniduse
being more sctive in rat than in hamster (la-
ble 1), Pancreas may be the major source of
biotinidase in the intestinal lumen: Wolf et
al. {4] reported meusurable activity in rat
pancreaiicjuice - although only once thintieth
of that present in serum, per unit volume -
but none in the brush border membrane. No
similar studics have been performed in other
specics, including the hamster. Assuming
that pancreatic bintinidase activity is an ac-
curate indicator of biocytin hydrolysis in the
intestinal lumen, it is likely that after protein
digestion more biotin may be free in the
intestinal lumen of the hamster than of the
rat. It is interesting that plasma biotinidase
activity is substantially higher in this last
species than in the mamsier, Shsce e i
alsn some intracellular enzyme activity in
the rat intestinal mucosa (2, 4], absorhed
dictary biocytin may be hydrolysed cither in
the mucosa or in the bloodstream in specics
with low intestinal {pancreatic) biotinidase
activity. Previously, Pispa {2] reported a ten-
dency for carnivores and omnivores, such as
the rat, to have higher serum biotinidase
activity than herbivores. He did not carry
this comparison to the pancreatic enzyme,
but studlicd its activity only in the rat pan-
creas, wherc il was quite low, compared to
serum and to most other organs. Pancreatic
biotinidasc has not heen previously studied
in othcr herbivores; it is possible that they
share the pattern ol high pancreatc and luw
serutn iotinidase that we Bave sheorved i
the hamster,

Ty craing whethee theas npooios dilfer
cnces in dictary biotin releasc are associated

PAGE 04
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Fig. 3. Relationship between initial rate of substrate

uplake and substrate conceniration in the incubation

medium 2l 4 °C (1) and at 37 °C(w). The kinetic parameters of biotin uptake in hamster (Vs [.83 nmol min-!
ml ¥ K, 25.14 pAf) and of biocylin uptake in rat (1.05 amol min=' ml=!; 40,7 pAf) were oblained after-sub-
wacting the results at 4 °C from those at 37 *C, Valucs arc mcans + SEM; n = 3 for each polat,

10 the way biotin is transported through the
intestinal epithelium, we measwed the up-
take by intestinal rings of biotin and biocytin
in a range beiween (0.1 and 200.0 pAf. Biotin
uplake in the hamster duodenum showed
saturation kinetics with & Vg, of 1.83 nmol
min-! ml=! and an apparent K, for biotin of

25,14 pAf; it was reduced at 4 °C compared
to 37°C (fig. 1a). On the other hand, hiocy-
tin uptake in this species was not appreciably
affccted by temperature and did not show
saturation kinetics (fig. [h). In the rat, biotin

uptake was linear with increasing substrate

concentration and this process was not af-
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® Fig. 2. Effect of nonlabeled bio-
4 0 4 cytin on uptake of *H-biotin 30 pAf-
b b by hamstcr intestinal rings (a) and
g o 1_ I ) of nonlabeled biotin on uptake of

by B w0 Yo o o | *Heblocytin 30 uAf by rat intestinal
ARalDy Fentration, LM rings (b). Yalues arc means + SEM;
n = 3 for cach point.

fected by temperature {fig. Ic). Biocytin up-
take in rat’ was also apparcolly linear, but
when the range was narrowed down to 0.1~
30 pAf biocytin uptake proceeded by a pro-
cess which showed saturation kinctics at
37°C but not a1 4°C (fig. 1d), with a K, of
40,7 pAf and Vyex 0f 1.05 nmol min~! ml-t,
Tritiatcd biotin uptake by hamster intestinal
rings was not inhibited by bioeytin at con-
centrations neur its K, and was rcduced by
26% at biocytin concentrations 7-fold higher
than the K, for biotin (fig. 2a); 3H-biocytin
uptake by rat duodenum was not affceted
when cold biotin was added to the incuba-
tion medium at conccntrations as high as

12.5-fold higher than the K, of biocytin
{fig. 2b). These results suggest the ¢xistence
of speeific carriers for biotin in hamster and
for biceytin in rat, Biotin uptake hy hamster
intestine was sodium-dependent; it was re-
duced when choline or potassium replaced
sodium in the incubation medium. In con-
trast, this effect was not observed for hiocy.
tin in rat intestine (table 2). ’

How our results arc related 1o the dietary
history of the ferinc ancestors of the labora-
tory hamster and rat we can only speculate,
‘The hamster in the wild is mainly a grain
eater, thus consuming predominantly pro-
tein-bound biotin, We have shown that it has
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§ &0k 2. B oF andium ar the npiske af hiotin
and triocytin (nmol mi ! celt water Jor 20 min)
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fucubation Hamsier? Rat!

mediung {Liotin) {hiocytin)
Natt H).88 £0.86 (6) 1.43=0.73(4)
Kt 9.06 20,66 (7} ND

Chatine €1 7.59:0.36 {6) .97 =033 (4)
Valtes expresscd us meuads < SEM, MHumbers in
parentheses represent nsmber of cxpenments, NI =
Nat determingd, ’
!t NaC) vompared with KCE F < 3.34; p = 0,092,
NaCt compured with vlwding O F = 7,46, p = 102,
P Nal) vompated with choline €l F < 0.39; p »
.56,

quite substantial puncreatic biatinidase ac-
tivity, sv most dictary biotin must be re-
leused in the inlestinal lumen. A sodium-
dependent, specific carrier for [ree biotin in
the hamster intestine thus makes sensc. Our
resulls were oblained in intestinal rings and
coincide with thosc of Spencer and Brody [8]
who ustd the everted sac technique, Berger
et al. {9] who cxpostd only the mucosal face
ta the biotin-containing medium, and Goré
and Hoinurd {10] who studied this vitamin
uptake by hamster enterocytes. On the other
hund, we observed only passive diffusion of
bioeytin in the hamster intestine, but this
may be physiologically unimpostunat in this
species if this compound is iudeed hydro-
lysed to hiotin by pancreatic biotinidase,
This is the first report of biocytin transport
in hamster intestine, ’

There was considerably less pancreatic
biotinidase aclivity in the rat, This is an
omnivorous, coprophagic animal and us
such ity dict probably contains more free
biotin and more abundantly too. Free biotin
is praduced by the colonic flora and it may

234 KARGER AG BASEL CH
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he awritionally important in a coprophagic
species. There have been canflicting reports
regarding the mechanism of bintin uptake by
rat intestine. Neither Spencer and Brody (K],
Goré et sl. {11} nor us, using such diflerent
vxperimental systems us everted sacs, enfe.
rocyies and intestinal ripgs, found evidence
of carricr-mediated uptake but observed in-
stead considerable passive diffusion, On the
other hand, Said and Redha (12] and Bow.
wan et al. [13], employing cverted sacs and
in vivo intestinal loops, reponicd resuits sug.
gesting a careier for biotin in rat intestine
with 4 K, of 3.7 and 9.6 pM, respeetively,
Further studies are nceded to clarify this
matter. With sespect to bioeytin, vut results
are consistent with a specific carrier-me-
diated uptake in the rat intesting, but its
physiological significance is not clear be-
cause it was quantitatively minor compared
to passive diffusion at the substeate concen-
trations studied and because it was not sig-
nificantly influenced by sodivm or tempera-
ture.

We studied the uptake of the vitamin in 1
range between 0.1 and 200 pAf: physiologi-
cal concentrations of biotin and biocytin in
the intestinal Jumen are not known, although
Goré ct al, {11} estimated that it is 0.6 pAs
for biotin in the rat, This concentration niust
have been quite variable in the ferine ances-
tors of the laboratory hamster and rat, Biotin
is widely distributed in nature but is present
in very small amounts’in most food sources
and its bioavailability is also very variable,
Since its blood concentration is also quitc
low {approximately 0.01 pAf, 23, it is possi-
hie that carrier-mediated transport of biutin
and biocytin is particularly significant in the
panomalar range, where pussive diffusion
may not be sufficient to supply cnough vita-
min {0 the organism. After we had com-

PAGE @7
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pieted most of the present work, the paper by
Dakshinamurti et ul. {16] on biotin and bio-
cylin transport in rat ionlestine using the
everted sae technique came (o our atiention;
they found saturation kinetics at the nano-
molar range with a K, of 0.017 jAf both for
biotin and for biocylin.

In sunitnary, our results show that in the
humster, a herbivore with high pancreatic
and tow plasmu biotinidase activitics, there
is un jntestinal bintin-specific carrier, but
ao one {ur biocytin, In the rat, an omnivore,
these results are reversed, biotinidase activ-
ity is low in pancreas but high in plasma, and
there js an intestingl currier for biocylin,
although it is not clear if there is one for bio-
tin, Thus dietary protein-bound biotin may
be absorbed mainly in its free form in the
former specics but lysine-bound in the latter.
These results may be physiologically signifi-
citnt when these animals are on a relatively
high biotin diet,
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TNTRODISCTION

The wvitamin bintin is8 a cofactor of carboxylases, encyoes
involved in fatty acid synthesis, gliconengenesis, cibric acid
cycle  anaplerosis and  aminparcid cataboliam ). Physinlogical
econcentrations  nf bintin in the intestinal  Jueen  are oot
precisely  known, althpugh they have been estimated in the
nanomplar range (. Biotin is widely distributed in nature but is
present in very saall amonts  in most  food sources and  ite
hinavailability is very variable (3). Gince its blond concentration
is  algo guite low M), it s ppssihle that coavrier-mediated
transport of biotin is particularly significant in the nanomolar
rangr, where passive diffusion may not be sufficient o supply
enough vikamin to  the orgapnism. However, meost studies on
intestinal. biotin transport have been performed in the micromolor
range. Furthermore, there are conflicting reports regarding the
mechamisms responsible foirr it (5,4,7). Some of these difficulties

may he associated with the complenity nf the preparationz used



frrr itn study {everted Sacs, intestinal rings, isnlated

enterpcytes),

BFrush bprder membrane wvesicles (BRBEBMV)Y  are  relatively simple
structures which permit the study of transport without the
interference of cellular metabnlismy they facilitate the use of
10w vitamin concentrations and provide an emasier manipulation of

euperiment.al variables.

We recently showied that in the hamster, a herbivore with high
pancreatic and low plasma hiotinidase arctivities, there is an
intestinal hiotin-specific carrier (7). Thus dietary protein-bound
hiotin may bz absorbed mainly in its free form. However, since
these results were obtained using biotin concentrations in the
micromplar range, they may he significant only when the animals
are on a relatively high biotin diet. Although several studies
have been done on biotin intestinal transport in the laboratory

hamster, none has employed RBEMY.

We now report studies using hamster BERMY which show that there
is A carrier~mediated, Na-dependent oarctive transport process
which operates at lower, ' more physinlogical nanomblar
concentrations. We have employed & novel approach to estimate

the different components of the intestinal uptake.

MATERTALS AND METHODS.



The brush border mesbrane vesicles were prepared b';l the calcium
precipitation procedure (8.

Golden hamsters 100-180g were used, 1 to & in each euperiment.
Prior- to their sacrifice they were allowed water and laboratory
chow ad libitum. The animals were sacrificed by o chloroform
overdose. Then the intestines were removed and flushed with ice-
cold saline (0.9% MaCl,J.T.Raler de MewicoXalostoc,Men.) solution
containing 1 WM PHSF (phenyl-methyl-sulphonyl—fluoride,Sigma
Chem.Co.,Sthouis Mod. Intestines were cut into manageable pieces
and everted . A glass microscope slide was used to scrape the
cells from the intestinal mucosa. The mucosal scrapes were. put
in a glass beaker on ice, and 10D ml of Mannitol buffer consiting
of 300 mM mannitol (J.7.Balker), iaM dithiotreithol (Sigma Chem.Co.),
1 mM PHMSE and 1mM Tris-Cl (E.Merclk,Darmstadb,W.Germany) pH 7.0
was added.

The mucpsa was homogenized with a Polytiron. ((linematica, Kriens-
lumern) for 30 sec at setting 9 , and then spun at SO0 % . The
supzrnatant was aspired into a chilled flask on ice and then
made up to 250 ml with manpnitol buffer containing 10mM CaCl2
(1.T.Raker). The solution was Ieft in the cold room (1°0) under
constant shaling for 45 min before it was centrifuged a‘t 5700
¥ g ¥ S min. The supernatant was then centrifuged at 37,500 u g
¥ 45 min. The peligts were resuspended in a 300mM mannitol, 10mM
Hepes (8igma)-Tris pH 7.4 buffer and centrifuged at 43,040 @ g
60 min. The r‘esulting pellets were resuspended in 0.5 ml of the

aforementioned buffer.



Thiz brush border"marlfer enzyme, &alkaline phosphatase (P -
nitrophenyl-phpaphatase EL.54.3.4), was routinely assayed D o
verify the purity nof the preparations. The speciﬁ;: Ry me
ackivity was enriched approvisately  18-feld  in the wesicles’
suspension as  compared  to the  crude  intestinal MUCDS5
hompgenate:.

Differences in hiotin uptsle between BEMV incubated with NaCl o
¥C1 gradients, were not observed when the vesicles had been
previously frozen (Data not shown)., For this resson it was
asaumed that BBMYV had lost  their  functional integrity and
therefore o  fresh new BBMV preparation waes made  for each
,‘m:periment.The total protein conce_ntratinns of BBMV  were
aszayed by the method of Lowry et al. using bovine Serum
albumin as a standard.

Riotin uptake assays: 10 wl of the BEMY preparation wérm
incubated at 37°C with 20 ul of incubation buffer whick contains
150 mM NaCl, KCl, LiCl pr Choline-Cl (depending on the assay
purpose), IH-Biotin 33 Ci/mmol ®MEN Rescarch Products, Boston,
Mass.) enough to provide the desired vitamin concentrations (50—
G00 nﬁ) and 20 mM tlepes—Tris pH 7.4,

At the end of the incubation time, 1 m of ice cold quench
solution containing 150 oM KCl, 12 uM cold bintin (Sigma Chem.Co.)
and 10aM Hepes-Tris pH 7.4 was added to stop the reaction. OF
thié, 200 ul were filtrated under vacuum through a 0.45 um
_prenct nitrocellulose filter Gehleicher % Schuell,Dasael,
W.Germany). The filters were washed with quench solution, removed

and put into scintillation vials and disolved with 1 m) of butyl-



acetate. 10 ml of RBray scintillation cocktail were added and the
biotin tallen up by the BREMY was measured using a T‘ri-—Carb 4000
ligid scintillation counter (Packard Instruments,Downers Grove,ll.
1J8A).

In the euperiments where the biotin uptake as a function of
incubation time or binotin concentration were studied, the values
obtained in the presence of a FC1 gradient were substracted to
those cbtained with a Nalll gradient in order to evaluate only
the sodium-dependent component of the wvitamin uptale. The
Linetic constants were calculated by the Lineweaver-Burk and
Michnaelis-Menten methods.

Effect nf’ osmnlarity on  hiotin uptake: BBRMV physical  and
functional integrity as wiell as bhiotin binding to vesicles were
assayed studying the 200 nM biotin uptake as a function of
oamolarity (the desired osmolarities were obtained by varying
the mannitol concentration in the incubation buffer.).The uptake
values are expressed as a function of 1/0Osmolarity.
Tripsinization of BEMV: BRMV were subjected to proteolysis with
trypsin Mifco Laboratories,Detroit,Mich.U.S.A) flag trypsin /7 20
mg of BRMY protein) for different periods of time (20 min).
Riotin 200 nM uptake by these different-time trypsinised BBMY
was then studied incuhating them in the presence of NaCl or FCI
gradients for 1 min as previously described. Results are
expressed as a percentage of the NaCl control value fGi.e. the
witamin uptalke by non-previously trypsinised BBMV incubated in a

Ma gradient). A



RESIN.TS

Effect of osmplarity.

The response of biotin uptake to changes in  the medium
osmplarity was studied to determine the PBMV integrity and to
differentiateé between binding of the substrate +o  membrane
surface and transport into the intravesicular space Fig 1.
There was a linear relationship between reciprocal osmolarity
and uptake, which demonstrate that BBMY are osmotically-
responsive structures. Euxtrapolating  the - line to infinite
osmolarity shows minimal uptake (Gntercept = 0. ). These results
indicate that at 1 min and under isotonic conditions, 78% of
hiotin taken up by BBMV is the result of transport into the
intravesicular space and. the remaining 227 represents biﬁding

to the membrane surface,

Effect of cation gradients on biotin uptake.

Tt was ohserved that biotin uptake was higher when the vesicles
viere  incubated in a NaCl gradient ¢ out > in ) than when
subjected to gradients of other cations such as ¥, Li or choline
(Fig 2). The cation gradient also influenced the time course ‘nf
hintin uptake. In the presence of a Na gradient the transport of
ﬁiotin wbs rapid and linear during the first 40 sec of incubation
with a distinct "overshoot” phenomenon. At this point biotin was
accumilated in the vesicles to  approdimately 2 times theb
equilibrium value. After that, accumulation 6& biotin decreased
reaching thEvequilibrium value ;ai ca, 180 sec of incubation

indicating efflux from vesicles. In the presence of a K gradient



“the initial rate of biotin transport was slower, no overshoot
was  ohserved, and souilibrium was reached after 3 min of
incubation (fig 3). It is apparent that biotin is accumilated in

the vesicles against a chemical gradient:

fintravesicular/entravesicular) by a NMa-stimulated mecchanism.

Finetics of Ma-dependent biotin transport.

To determine the kinetic parameters of biotin uptake by RBMY,
these were incubated in media which contained different vitamin
concentrations (S0O-500 nM) and with either Na or K gradients. In
the latter there was a lingar relationship between uptake and
bhiotin concentration, whersas in the Na medium this relation was
hyperbolic, thus indicating saturation kinetics. Figun:« 4 depicts
these results  after substrachting those in K from the ones
ohserved in Na gradients. Na-dependent bintin uptake in hamster
BBMY is therefore rcarrier-mediated with an apparent Kt and \)n;m:

of 106.4 M and 0.1302 pmol min~t ag—* respectively.
Trypsin pretreatment of RBMY

In order to euplore the nature of the biotin carvier, 1 min
uptake was measured after the vesicles were treated with
trypsin during varying times. Na-dependent upfalﬁe was markedly
reduced by trypsinization Fig. 5. Furthermore, this treatoent
abolished the overshont phenomenon Fig. &), indicating the
protein pnature of the carrier-mediated, HNa-dependent active

transport.



Since uptalke in K gradient “hoEf;E no evidence was found of a
fuctional  carrier-- was alsp diminished after trypsinization,
although to a much lesser eutent, part of the "total® uptake
(i.e.,, uptalte in Na gradient without trypsinization) is probably
the result of binding of biotin to proteins on the vesicles
surface, nnt ;:ranspnrtc:d to their interipr. © This  hinding
corresbnnds to approvimately 16% of total uptake; therefore 847

of total uptake is transported into the intravesicular space.

“Both in Na and in K gradients, trypsin pretreatment diminished

biotin uptake to abput 3I0% of the total (Fig. 55 monst of it
ll;lce!y represents passive diffusion, since active transport and
non specific binding have been already accounted for. Assﬁming
this is so,-of the 84% of total uptake which is internalized, &4%

is by active transport and 3467 via passive diffusion.



DISCUSSION

Riotin intestinal transport has been studied since Turner and
Hughes published their results in 19613 many of these studies
have also been done in hamsters, using comple: systems such as
everted intestinal sacs or intestinal rings. This is the first
time that hintin uptake has heen studied in hamster BBMY; this
technique makes it possible to study transport in preparatinns
containing only the cellular entity responsible for this
phenomenon  and lacking cellular metabolism of the transported
vitamin. Furthermore, these vesicles allow the study of uphake
at. lower concentrations; previous studies have used biotin

concentrations in the micromolar range.

Although widely distributed in nature, biotin is present in very
low amounts in most fonds; Goré (2) has estimated abput &O0
nanomolar its concentration in the rat intestinal lumen. Its
plasma con:entratidn in mammals, including the rat and the human,
is near 10 nanomolar. We have now shown that biotin uptake is a
high affinity prpcess, with a Kt of 106 nM, only one order of

magnitude above the normal plasma concentration of the vitamin.

There are ronflicting reports concerning the mechanism of biotin
uptale in the hamster intestine. Berger and Semenza (11), with a
preparation . exposing the mucosa to the incubation medium,

concluded that it is an active trancport process. On the other



hand, Goré (&) proimfz.ed facilitated diffusinon to account for his
results on hamster enterocytes. ﬁur observation of an overshoot
shows that biotin uptake in hamster BBMY is to a large entent
an active process, driving the vitamin against a concentration
vgradient. Its sensitivity to trypsin pretreatment further attests
its existence. Transport of the vitamin from the epithelium to
the; hloodstream across the hasolateral membrane,’ on the other

hand, seems to he a facilitated diffusion process (12).

Active transport seems to be the most important component in
the intestinal uptake of hiotin, compared to passive diffusion or
to mere surface binding. We could estimate binding by  twp
independent approaches: uptake extrapolated at infinite
osmolarity (Figure 1) and 'uptal:e in K gradient sensitive to
trypsin (Fig. 5). These results are similar, 20 and 16% of total
uptake, respectively. Therefore only about 807 of biotin taken
up by BBMV is actually internalized. Trypsin pretreataent of
REMY allows to estimate how much of it is actively transported
64%) and how mich passively diffuses into the intravesicular

space (36%).

The amount. of vitamin bound to the vesicles surface increased
significantly the uptake values and must be taken into account
whenever the actual quantity of vitamin that is transported to
the intravesicular space is to be determined.‘ Estimation of the

uptake components from the resiults of trypsin pretreatment of



RRMYV as described above is a useful approach; to our knowledge

it has not been used previously.

Our results also confirm the Na depsndence of biotin transport,
which has heen observed by several authors using such diverse
preparations as everted sacs (9), exposed intestinal mucosa (1)
antd intestinal rings (7)Y and which was net found by Goré u-:fng
isnlated enterocytes (). It may he that sodium, moving down its
electrochemical gradient, provides the energy to move biotin
against its awn chemical gradient. 1In vivo, the Na—-K ATPase pump,
v;hich is lnocated in the basplateral membrane of  the
enterocytes, would mantain the sodium  gradient  across the
cellular membrane; the gradient would then propell the vitamin

transport across the intestinal epithelium.

It has been suggested that biotinidase may have a role in the
intestinal transport of biotin (3). MWe assayed biotinidase in

BRBMV and found it to be below detection limits (data not shown).
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NISCUSION GEMERAL

I_os resultadns nbtenidos sugieren la evistencia de una relacion
entre los mecanismos de liberacion y absorcion intestinal de
bintina. En ®] hamster, especie que posee elevada actividad de
bintinidasa pancreatica, eviste un acarreador especifico para
hiotina pero no para biocitina, mientras que en la rata , en la
que la actividad de biotinidasa es mayor en plasma que en
pAncreas, eviste un acarreador para bhiocitina pero no para

hiotina.

l.a alimentacién  patural del hamster estd constituida
principalmente por granps y semillas, por Io que es probable fue
consuma  predominantemente biotina wnida a proteinas (17). Si
aceptamps que la actividad de biotinidasa pancredtica es un buen
i‘ndicadnr de la capacidad de un organismo para liberar biotina,
entonces en el hamster la mayor parte de la vitamina contenida
en -la dieta seria liberada en el lumen intestinal. Este hechn
haria entonces razonable la idea de la evistencia de un

acarreador especifico para binotina.

l.os resultadns obtenidos de los edperimentos con anillos
evertidos de intestino de hamster coinciden con los resultados
de Spencer .y Brody (8) en los que se utilizaron sacos evertidos

de intestinn, y con los de Berger et al. (10) quienes estudiaron



el transporte de  biotina exponiendo uGnicamente la mucosa

intestinal al medio de incubacién,

Por otro lado, ep la rata, un omnivoro coprofigico cuya dieta
prohablemente contiene mayores cantidades de biokina vy que
‘pnsee una mucho menor actividad de biotinidasa poncreatica, 1a
vitamina seria absorbida como biocitina y posteriormente
liberada en el plasma 0 en otros tejidos, donde se ha encontrado
actividad de biotinidasa. Cabe hacer notar que ni Spencer vy
Brody (7), Goré et al (1), ni nosotros {(8) estudiando la
captacién de la vitamina en el orden uM hallamos evidencia de un
acarreador de biotina en intestino de rata. S5in embargo,
recintemente Nakshinamurti et al. (3jutilizando  sacos evertidos
de intestino delgado, reporta un transporte saturable en el
orden nanomolar para biotina y biocitina con una Kt de 0.017 uM

para ambos compuestos.

A partir de nuestros resultados parece que los acarreadores de
biotina en bhamster ‘y de biocitina en rata son entidades
independieptes y no se trata de un acarreador comin. Ambos
acarreadores se ven afectados por la temperatura; sin embargo,
el transporte de biotina es estimulado por sodio mientras que el
de biocitina no es afectado por la composicion iénica del medio
de  incubacién. La identidad de ambos acarreadores fué
posteriormente confirmada cuando se ohservé que no ediste

competencia, significativa de ambas especies moleculares de la



vitamina por sus respectivos acarreadores, al menos en las
concentraciones estudiadas.

Utilizando el métndo de anillos evertidos de intestino delgado y
estudiando la captacién de biotina y biocitina en concentraciones
de 0.1 a 200 uM, se encontré que un importante porcentaje de la
captacién total, se debe a un proceso no saturable, lo que nos
hizo cuestionarnns acerca de la importancia fisiolégica del

acarreador.

f-a concentraci.On de biotina y biocitina en el lumen intestinal no
se conoce, aungque Goré (1) calcula que es de alrededor de 600
nM para biotina en la rata. Ya que la concentracién de biotina
en sangre es también muy baja (0.01 uM) esto hace suponer que el
transporte mediado por acarreador de. biotina o biocitina es
particularmente importante en el orden nanomolar, cuando la
difusién simple no pudiera suministrar suficiente vitamina al

organismo.

Con nbjet‘o de estudiar 1o anterior y caracterizar al acarreador,
se estudié la captacién de biotina en concentraciones del orden
nanomolar (S0-1000 nM), por vesiculas de membrana de horde
estriado de enterocitos de hamster. Esta técnica hace pngihlé'
estudiar el procesoc de trénsporte a través de membranas sin la

interferencia del metabolismo celular.

Al elininar, el acarreador de la vitamina tratando a las

vesiculas con tripsina se determind que de la captacion total de



biotina, aprn;:imadémente el 60% es debida a un transporte
mediads por acarreador, dependiente de sodio, 207 a difusién
simple y el restante 20% es la cantidad de vitamina unida a
componentes de la membrana sensibles a tripsina. De los tres
componentes de la captacién de biotina unicamente el transporte
mediado por acarreador y la difusién simple podrian contribuir
’ al suministro intracelular de la vitamina, siendo .el acarreador
el principal responsable del transporte de biotina al menos in

vitro.

Nuestros datos  confirman que e] transporte de biotina en
hamster es mediado por un- acarreador que depende de un
gradiente transmembranal fuerardentro) de sodio. Este
acarreador es capaz de concentrar biotina en contra de su
gradiente quimico por lo que el sistema de transporte puede
clasificarse como activo.

Nuestras observaciones refutan el modelo presentado por Goré
9, que afirma que el transporte de biotina en hamster es
debido a un proceso de difusion facilitada y nos permiten
prnpnnér un modelo due explica el transporte de . biotina en

intestino de hamster.

t_a bomba de Na-K localizada en la membrana basolateral de los
enterocitos mantiene un gradiente transmembranal de Na. Este
catién, al desplazarse a favor de su gradiente . electroquimico a

través de la membrana celular, proveeria la energia necesaria



para impulsar el transporte de biotina mediado por un acarreador
localizado Gnicamente en la membrana de borde estriado.

El transporte intestinal de biotina en hAmster contrastaria con
el de hiocitina en intestino de rata, el cual, segin la evidencia
presentada en la primera parte de este trabaijn, parece llevarse

a cabo por un proceso de difusién facilitada independiente de MNa.

Es necesario realizar experimentos de captacién de biocitina en
el orden nanomolar por vesiculas de enterocitos de rata para
comprobar lo anterior asi como para asegurar gque no existe un
acarreador de bhiotina en esta especie que funcione ' en
concentraciones menores a las estudiadas empleando anillos

evertidos de intestino delgado.

Muestros resultados evidencian la existencia de un acarreador
de biotina adaptado para funcionar en concentraciones de biotina
del orden nanomolar. La Kt calculada 06 nM es de solo un
orden de magnitud mayor a la concentracion de la vita\mirlla en
plasma. Es necesario hacer notar que al menns en hamster, la
presencia de un acarreador intestinal de biotina capaz de
transportar a lar vitamina en contra de su gradiente - de:
‘concentraciOn crearia las condiciones ideales para que una vez
déntro del enterocito, la biotina alcanzara la sangre por un
proceso de difusién facilitada como fué sugerido por Said et al.

{19



Hasta donde sabemos esta es la primera ver gue se utiliza el
sistema de vesiculas de borde estriado de entgrocitos para
estudiar fenfmenos de transporte intestinal en hamster. De igual
modo, esta es la primera vez que se trata de dar una
explicacidn a las diferencias interespecificas que han aparecidn
en la literatura con respecto a los mecanismos de transporte

intestinal de hiotina.
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