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TNTROOIJCCTON GENERAL 

La biot.ina P.s r:ofar:t.or de r:arbm•ilasas (1), en las que se 

ranr:uent.ra unida r:ovalentement.e a un residuo di? lisina. Est.a 

vit.amina t.iene un papel important.e en glur:oneogénesi s, 

anaplerosis del r:ir:lo del :tr:ido cit.rir:o y en el r:at.abolismo de 

varios amirioar:idos de r:adena ramificada (2,3). Hay evidenr:in que 

indicn que la biot.ina pr.idr;a también est.ar involucrnda en la 

slnt.esis de ADN y ARN <4,5l. 

Debido a Sl.I i mport anr:i a, esta vit,;;mina l?S recir:J1:1da 

cnnt.inuamP.nte en el organismo durante P-1 recambio de Jas 

r:arhonilasas. Al ser degradadas las holoenzimas a las que est.;1 

unida, se libera bior:itina fbiot'inil-lisinal. Para que la biotina 

puP.dLI ser nuevainentl'.! utili:o:ada, la bior:itina tiene que ser 

hir.lroli2ada por la en2ima biotinidasa. 

Los mamHeros no pueden sintetizar biotina por lo que deben 

obtenerla a partir de los alimentos en los que, a pesar de 

est;ir ampliamente distribuida, se encuentra en muy bajas 

r:onr:entrar:iones. Por esta razón, para que Jos organismos puedan 

utili:o:ar a Ja vitamina contenida en la dieta deben contar con un 

eficiente sistema de absorción intestinal. 

Es probable que Ja biotinidasa también sea importante en el 

procesamiento de la vitamina contenida en los alimentos, ya que 



lil hintin;:i se encuentra en mayor prnporcion unida a protf:!inas 

(6). Sin emb<.irgo, la identidad del sitio donde se liberaría a l<i 

biotina ei<ógen<i no es del todo clara, ya que se han reportado 

difenmci<is significativas en la actividad de biotinidas<.i entre 

diferentes especies asi como entre diferentes órganos. Los 

carnívoros y omnivoros poseen actividad mayor que los 

herbivoros en suero, hígado y riñón C7l. 

En la rata, la actividad de biotinidasa pancreAtic:a es de solo 

1/30 de la actividad encontrada en plasma. 

Hasta ahora no se han reportado diferencias interespecifir.:as en 

cuilnto a la actividad de biotinidasa en péncreas y plasma; sin 

emb1:1rgo, es posible que la cantidad de biotina que fuera 

absorbida libre o unida a lisina en el intestino delgado 

dependiera de la magnitud de la actividad de biotinidasa en 

(léncreas. 

Es posible que mdstan tambi~n diferencias interespecifir.:as en 

cuanto a los mecanismos de absorción intestinal de biotina. Los 

estudios previos a este trabajo indican que en hAmster, el 

transporte de biotina parece ser un proceso mediado por 

acarreador aunque no esta claro si se trata de un transporte 

activo o un fenó11eno de difusión facilitadil lB,9,10>. Por otro 

lado, en rata hay resultados contradictorios, pues ei~isten 

reportes en los que se afirma demostrar la ei~istencia de un 

ill:arreador mientras que otros reportan que el transporte de 1 a 



vitamina en est'a m;pec:ie es debido 

fil, 12,13,Jll ,1S,t6). 

a difusión simplP-

En Ja primera fase de este trabajo se describe Ja relar.:ión que 

eiiiste entre Jos mecanismos de liberación y absorción intestinal 

de biotina; comparando h.tlmster y rata en cuanto a Ja actividad 

de biotinidasa en plasma y páncreas y Ja captación de biotina y 

bior:itina por anillos evertidos de intestino delgado. 

En Ja segunda fase se c:arac:teri2an los diferentes mecanismos de 

captación intestinal de biotina y se profundiza en el estudio de 

la n;ituraleza y requerimientos del acarreador intestinal de la 

vitamina en el hamster, reali:rnndo e:iperimentos de c:¡¡ptación en 

concentraciones 50- 1000 nM por vesículas de membrana en 

borde estriado de enterocitos. Este m~todo no había sido 

empleado con anterioridad para estudiar fenómenos de trasnporte 

intestinal en h.t.mster. 
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Association of Pancreatic Biotinidase Activity and Intestinal 
U ptakc of Biotin and Biocytin in Hamstcr and Rat1 

A(fim.w f.córr-Del·/Uo•, A111011itl Vdci?.quez•, (i/o,.ia Jli:cul110•, Guilformo Roble.t·Dit1zl', 
11/jo11so Gonzti/cz-Noriega' 
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\• l1lsti1111n Nndonnl Je IR Nutrición Salv~dor Zuhirin, M~xico, nr., Mtidco 

Kcy Words. Biotin · Jfü¡cytin · lliotinidase · l'ancreas · Intestinal uptakc · Hnmstcr · 
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Abstrae!. Pancreatic biminidase aclivity was highl'í in hani~lcr lhan in ral; these rcsuhs 
were revcrse.d in plasnr.r.llµtake was smdil!\1 in eve1míntcstinal rings. Saturation kinctics 
al 37 'C wcre 1Jbserved for biotin in hunisler and for biocytin in rat, with a Ymu of 1.83 und 
1.0.~ nmol min-t mt-1 nud an appnrent K, of25.l4 and 40.7 ~tM, rcspcctively. lli1Jtin 11p1akc 
by ham~tcr intcstiuc was rc.duced a\ 4 'C a11d whcn cholinc or potassium replaccd s1l1lium; it 
was inhibitcd by bioc)•tin only at ver¡ high concentrntions. lli1Jcytin uptakc in the rat was 
small comparetl to pnssivc diffusion and was not inílucnced by sodium or tcmpemture; it 
was no\ inhibited hy bioti11. Wc observed only passivc diffusion of biotin in rat ancl of 
bíocy¡in in hamster. Our rcsults suggcst that protcin-bound biotin may be absorbed mainly 
in its free forro in the hamstl!r. In the rat, on thé other hand, at leas\ part ofthc dictan• biotin 
may he ubsorbed lysine-bound, as biocytin. 

lntroduction 

The vitamin biotin is thc cofacltlr oí car
hnxylnses, lCJ which it is covalcntly bound to 
a lysinc r\~sidue oí tite npoenzyincs [I]. As 
such, it play~ an im11ortant role in gluconeo· 
gcncsis, citl'ic acid cycle anap\crosis, fatty 
acicl synthesis ancl amino acicl (,1tabolism. 

1 Supp1,1rtcd by g<"nls fro1i1 Con>cjo Nncion~I ele 
Ciencia y Tr.l'.noloela an<l írorn l'rogram• IJnivmi
tarin lle h11·c•ligaci6n en Salud IJNAM. 

lliocytin (biotinyl-lysinc), a product of car
boxylascs breakdown, must be hydmlyscd by 
mcans of biotinidílSe for biotin to be 1·euml 
[2, 3). Hiotinidasc is probably also imponnnt 
for the assimilation of llictary biotin, which 
i~ frequently protcin-bound [4). Al1hu11gh 
widcly distributcd in foods, biotin is prescnt 
in vcry small amuunts [ I, 5, 6]. Thcrcfor~. 
fer most dictar¡ biotin to be <)Í prolil ir 
should be frccd by biotinidasc; il also 111u~1 
tic efficicntly ahs\trbcd through thc intes
tinc. 

PAGE 82 
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Oi<1ti1\id:w: Activity nnd Ointin Up\;¡kc 

lliotinidasc activi1y varics gi'cat!y among 
diffcrl'.nl animal spccics an<l also amling 
ti ... :, ,.C:ír.•t'rnt O'"'-'"'",. !"'I 1! r,.....,¡Ul'U"'°~ nr 

omnivorci: ( .... uch ns th1·. 1':\1) tencl lo hnvc 
hi~hcr :1<:tivitics thun hcrbivorcs in scrum, 
livcr und kidncy [2J. Thcn: i~ somc aclivity 
in lhc rnl pancrcas [2, 4J, btll in1crs1,ecics 
diffcrc11c.c.:; with rcsp<:cl 10 thc ¡iancreatic 
cnzymc ha ,·e not hccn invcstieated. 1t has 
ti\.1.11 \11\lpo~u.:d thót pnntn'2'.:1\io Qiot.inid~r11 

may play a critica! rule i11 thc processing of 
diclary, pro1cin·hot111d biotin (~J. Howcver, 
it.1 di&cstivc rnle in lhc ral is ntil clear sincc 
its nctivit)' in pancrea!ic juice is only one 
thirticth of that in Sl".rum (2, 4J. How much 
lliotit1 b alJ~orbcd free or ly~1inu~bound in a 
r,iven spccies rnay depend cin the levcl of lhe 
pancrcatic t'm)'me. 

hlterspccies diffcrcnces may also e~ist 
Wlth [cSpcCl IV \JÍllliu Ílll<->1;1101 ob>orpt;on, 

11 is a carricr-mediated process in the ham
stc1· l8-l OJ, whercas there is conflicting in· 
formalion on 1he uptakc mcchanism in the 
ral 18, 11-131. 

In lhC ¡>resent investigalion we compared 
lhc hamstcr with thc ral with rcspect to: 

( 1) pancrcalic and plasma biolinidase activi· 
ties nnd (2) the intestina! uptakc of freé and 
lysinc-hound fom1s ofbiotin, in ordcr to bet· 
li:r define \he mechanisms by which dietary 
protein-bound biolin is utili1.cd in ihese spe
cies. 

Mnterlals and Mclh<ids 

Biotmida.tc 1Jssa:J•Y 
Maie gotden harMl<rs 100-180 g and malc Wlstar 

"" 200-300 6 1>btoined frum our anim•I house werc 
used. for hintl11ld•~ •><ays !he animals werc lishlly 
nnosthetized with elher and "'ere 1vi1'fifir.r.rl by cxsan· 
e:uina\icm by cnnlbc punc1urc; hlood ""'"" c:.1..1\lr.tf.rl In 
l1"'¡lt.til\·'º"'"inir\& 'uboc, Tli,. p~nCM'i"' w~t lnun,... 

diotcty rcmnved, woshcd willt itM'JJl<l <alitte ond hn· 

mngeniz.c<;t in hurfct KH1PCl4 1 IOO 111Af. pH (1,(I, cQn· 
taining Trih'rn X·IOO (Si~ml Chcmicill, ~l. tuuh, 
•••.) n 1 N. ("' .... 11 .... ,..r t:rrur\ •• .d •e• wil\I l)n\vtrnn , .......... ~,..,.,..,..,,......,,....,,.._ ____ ~::-.--------
W3l: ccntrifu~ed :it 1.~00 e r111· 10 mln i\nrl thr. ~unt:i1io\· 
t:int storeJ at · 20 ·c. BimlnldMc 11ctivity was n\\'~· 
surcd hy Wol( C'(l!mimctrk ;u:i;ay (141. Thc rC'a<'tiut1 

tni1tu1\! cootained 100111 ufp:rni:ri:as homo~t:nate i:ir 
5Cl-l00 11! ur t>losm>, 1rn,ro, 100 m.\I, cihylcnc· 
diaminctc\raacctie ~cid 10 mM, bovint: ~cn1m :t\~u. 
mln (Sign\a Chcmic.:111} 25011eJrnl llnd biolln·4-amid·~· 
1ro ..... ,;,¡., noio:I (tio'""' f'hrmit·<il) \~!\ 11At nll '10 in 
2 mi finttl vaJumc. 'l'hc tuhts wcrc rireinct1ti:i.H'1i :11 
J7 ºC for 1 o min bcfute thc :i.dditi111l o!' thc !>:ttn¡1ks. 
Aíler it1c1•b•lion [ar 60 minal 37 "C..:, 100 µl 11t'trithl<1· 
roacctic ti.cid JO% wcrc addcd to smp thc n::lc:linn. 
Tbc tubes wcre e<nlriíugcd R\ l,SOO g Cor 10 min •nd 
l.S ml of thc supernatanl wcre addcd tu 0.5 mi di1· 
1 illr.rl water to rcstorc th~ 2 mi vol. NaN01 0.1 %, 
ammonium sulfamate 0.5% ond N-1-naphlhyl-<>ll)'I· 
cnedianlinc 0.1 q¡, 200 ~l of ca ch werc tbr.n added and 
the absorbanco was dctcrmined 31 546 nm. 

(ut<Jtltc..rl Vpl~t..t h."'p~viml'nf' 

lnlestfoal upt.ake was mmurcd by lhr. melhod of 
Mathc"" el al. 115]. Thc animals wcre hneSlhcliwl 
wilb clhcr. The abdomen was opcned and ¡he smoll 
inl«line removed, stripped oí niesentcr¡• and plae,·.d 
on •filler pa¡><r moistcnc<J wilh Tris·phosphale ~uff· 
er. Naa 118 mM. Tris·HCI 25 mM, 1:.1;1 4.7 mM. 
CaCt¡ 2.S mM, MgS04 1.2 mM, KH21'0, i.l nctl, pH 
7.4. The duodenum w., scl<1:led, rinsod whh b11ffcr 
and cvcrtod overa ¡!111 rod; preliminar)' e~pcrimeuis 
showcd thot bio1in uploke is higher in duodenun1 
Iban in jejunum or ikum (data not shoWfl). Rin¡.s oí 
10-20 mg wcre cut frorn !he nlld-rcgion uf !he pkee. 
The rin1s were ineubaled (one ring/tubt) In O.l mi oí 
lhe Tri1·phosphatc bulfer pH 1.4, contolnin& cither 
'H·biotln 33 Ci/mmol (NEN Research Products, Bos· 
loa, Mass.) or 'H-biocydn 364 mCilmmol, ar.in from 
Or. U.wrencc Swttlman, Univcr>ity of Caliíotalo, 
C:•n niran. <"-"li(. Thr. incuhatlon mcdium wa.s. pre· 
W>nncd at 17 •e for 10 rnin and i:ued wilh 9J ~ im,...---------
gen S,. C«roon dlollde before lht a<irlitiou o[ thc 
rings. Short lncubation times (3 min) wcrc u!o<Ú to 
study only lbt influ•. We hod prcviously shuwu thot 
upUkc is lin'"r with time foral least S min (data nut 
•hownJ, AOer the ineubation pcriod !he rings "trr. 
rin<r.rl in ~00 mi NaCI 1 ~4 mM ot 4 •e •nd thc c.<cr.ss 
water wa~ elln1inmd hy blouing with Oltcr p•1><r 
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'fMblt l. Puncrca~ :rnd plMma biotinidasc activity 
(¡uuol min 1 mg protein· 1) in hnmslc:r and mt 

llam~tcr 

Ha1 

Pancrc.:t~ 1 

)4.l,45:!: 10.?J 40.)R.tJ.J5 
12.30:!:4.25 JOJ.:lO:t IG.GO 

Yl4lui:~ c.1rm:!'istd ns rncans = Sf!M. 
' r - 637.5?; i> < 0.001. 

F,. R.R:l; 1> • 0,0J. 

{Wlullnlan ~fl). Thc ringo; we(C wdghcd """placed in 
1 1111 sulfo1:ilicyl!c ad<I (60 ti/) •I IUO •e far l min to 
l!Xtrart thc biotin nr biocytin l3kcn up by 1hc tissuc. 
Aftt~r c~ntrifu~lllion (5,000 g for S min) thc l'.1.dio:tc:'.· 
1ivity in lht~ su1>crn:\tant was mcasurcd usin& a liquid 
.~cintill:uinn countc:r Packi\rd Tri~rb 4000. ~1tlr2CCl
lular íluid spar~ was dctcm1/ncd using lnu/in t<1 esti· 
m:\lc: tite prnp0nion or substrate rcmaining in tlir: 
c>traccllulur fluid sp•« and in any fluid adhcrcnt to 
lile tissue Qlld which was nut «moved by rlnsins and 
hln11i11e Thr. intestinal rin~s wcrc incubatcd in 0.5' mi 
Tri!·phosphute buffer pH 7,4 eontolnin& 1.25 11Ci 
1'l"lnulin (Amc,.ham [n1cn1atlon1l, Buckln&ham
shin:), 13.~ Ci/ntol :u 37 •c..; tinrlcr thc abovl!-111cn-
1i1111ed incuhatlon C<indillons. Al thc cnd ofthc incu
ballon pcriod thc tissucs wer< trcatcd as demihed 
carlitr aud 1he radlo:\ctivity takcn up mcasurtd. In 
orde1' to e>limate thc carricr-mediatcd upltke of bio
lin or biocyli11, intestinal ring1 werc incubaied ol 4 • C 
and the resulls of thcsc cxpcriments werc subtracted 
from uptakc al n 'C. Keiults arcc•rressed as nmolcs 
of •ubstratc taken up per minute per millililer cdl 
water. Ce// water was estimatcd os 80% of thc wct 
wcight of thc tissuc. To inveuigotc the spccificity of 
transpon of lhc free and ly.1inc-bound formsofhiotln, 
intcs1in11f rid's wcrc incubatct.1 with onc Corm 'H
labr.lt:d, ata c:,1ncen1rl\tiun ncu ih K11 in thc presence 
e1f lncrcMing conccntrations uf the othcr form of the 
•hn111l11 1 uuul1<l..wlc.d, "'l'h• •n'••t .. r ,.,..~:nm '"' th.~ 

unlake wos investlRotc1I by rcplacing N•CI with KCI 
,..,. 111lth •·h1'llinr rl .. n M tn mo.int:ain UnCh:lnR,cd lhC 
Có\lltln c.:ou1:1.•11t1Jtkm oí thc i11vul1utia1\ mb.turu. 

Stnti.\'lir.al Anall11i.\· 
L>:tta werc :m:tlyi.ed by onc:·way :matys1s or vart· 

onrc. l.evcl of 1i~11i11c~nr.: wos p < 0.05. 

Rcsulls and Oi•cussion 

Pancn:atic biotinidasc activily was signif
icanlly ltighcr in hamslcr !han in ral. Thcsc 
rcsults werc rcl'erscd in plasma, biotinitlasc 
bcing more acli\'C in rat than in hamstcr (la
hlc 1 ). Pancrcas may be thc major sourcc \11' 

biotinidasc in thc inlcstinal lumen: Wolf et 
al. [4] rcportcd mcasurablc aetivity in rat 
pancrea:ir.juicc - although only onc thi11ic1h 
of that prcscnl in scrum, pcr unit volumc -
but 11011c in tite bn1sh bordcr membranc. No 
similar •ludies ha ve bccn pcrformcd in othcr 
spccics, including thc ham~tc1'. Assuminc 
that pancrcatic bi1ltinidasc activity is an ac
c11rntc indicator ofbiocyti11 hydrolysis in lit~ 
intestinal lumen, it is likely that aftcr protein 
digestion more biotin may be free in thc 
intestinal 111mcn of thc hamstcr than of the 
rat. !t is intcrcsting that plasma biotinidase 
activity is subslantially highcr in this last 
spec1cs t11an in ll\e rram:-¡u:r. :;1111..:c tlli;.11.. i~ 

alsn somc intracellular en1.yme activity in 
tite rat intcslinal muc\1sa [2, 4], absorbed 
dictary biocytin may be hydrolysed cithcr in 
lhc mucosa or in the bloodslream in specics 
with low intestinal (pancreatic) biotinidase 
ac1ivi1y. Prcviously, Pispa (2] rcportcd a len
dency Cor carnivorcs and omnivorc.s, such a~ 
the mi, to havc higher scrum biotinidasc 
activity titan herbivorcs. He tlid not carry 
this comparison lo lhe pancrcalic cnzymc, 
but sludicd its acti1•ity only in thc rat pan· 
creas, wlterc it was quite low, comparc<l tu 
serum and to most othcr organs. Pancrca1ic 
biotinidasc has not hcen prcviously studicd 
in othcr herbivores; it is possiblc thal lliey 
share tite cattcrn ol h1g11 pancreauc anti luw 
scru1u Ulotinidl13C tlrnl ""·~ !u,•:.: nhccr.•'Jd m 
the hamster. 

Tv c: ... •u•: ... : wh.-thr'l.I" thr.~,-. r.r.ooioo dirT•r 
cnccs in diclary biolin relensc are as1ocia1cd 

PAGE 04 
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l'lg. J. Rcl:1ti1mshi¡1 hc:twee!l iuitfol r~tc of substratc u11l:1ke and suhstr:ue conccniration in thc inc:uhalion 
m~dium al 4 'C (ri) and at 3 7 'C (•). 'J'he ~inetic paramoters ofhiotin uptakc in homSler (V,,., 1.83 nmul min ·< 
mi '; K, 25.14 µM) ond of bioey1in uptake in rot (1.05 n111ol min·' mi"'; 40.7 µM) worc oblained aner.sub· 
t1-:i.c1ing thc rcsults ¡u 4 ºC ímm 1h1)!i.C at 37 •c. Yalucs are mc¡,ns :t Sl'tM; n - J for cach polm. 

to the way biotin is tran~potled throu&h the 
intestinal cpithclium, we u1~u:;1ucd thc up· 
1akc by intestinal rings ofbiotin and biocytin 
in a rnngc bclwccn 0.1 and 200.0 ¡1.1\f. Biotin 
uptakc in lhc hamster duodcnum showed 
satul'alion kinetics with ¡¡ Y m" of t.83 nrnol 
min·I m1-1 and un upparcnt K, for biotin of 

25.14 ¡tM; it was rcduced at 4 ºC c-0mparcd 
\,~ 37 •e (fig. la). On thc othcr hand, hiocy
lin uptake in this ~pccies was not appreciably 
affcctcd by temperature and did not NIHlW 

saturation kinetics (tig. 1 h). In thc rat, biotin 
uptake was linear with incrcasing suhfilrate. 
concentrntion and this process was not al~ 

PAGE 85 
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feclcd by tcmperature (lig. le}. lliocylin up
takc in rat was also apparr.ntly linear, bu! 
when thc rangc was narrowcd down to 0.1-
30 11M bio1:ytin uptnke prnceeócd by a pro
ces~ whid1 showcd saturntiun kinctics al 
37 ºC bu! 1101 ut 4 'C (fig. Id), with a K1 of 
40,7 µManci Y01unfl.05 nmolmi11-1 rnl-1. 
Tritiatcó biotin upiakc by hamster intestinal 
rings was nnt inhihited "by biocytin al con
ccntralions near its K1, and was rcduced by 
26% al biocytin conce111rations 7-fold higher 
than thc K1 for biotin (fis. 2a); 'H-biocylin 
uptakc by rat duodcnum was nnt affccted 
whcn cold biotin was aódcd lo lhe. incuba
lion medium al conccntrations as fli&l1 as 

t'lg. 2. Effcct oí no~labclcd bio
cytin on uptakc of lH·biotln 30 µAl 
by hamstcr intestinal rings (•) ond 
oí nonln!J(led biotiu on upLakc oí 
lH·blocylln 30 µM by raL i111cs1inal 
ring¡ (b). Valucs ~n: mcans • SEM: 
n - 3 for cach point 

12.5-fold higher lhan 1he K1 of bi\1cy1in 
(lig. 2b). Thesc rcsulls suggesl lhe cxistencc 
of spccilic carriers for biotin in hamster and 
fui· bicrcytin in mi. Hiotin uptakc hy hamstr.r 
intcstine was sodium-dependcnt; it was rc
duced when ch\1line or potassium rcplaccd 
sodium in thc lncubation medium. In con· 
lrast, this cfTcct was not observcd for hioc)'· 
tin in rat inlcsline (table 2). 

How our rcsuhs are rclalcd to thc dictar)' 
history of !he ferinc ancestors of the Jablll'a
tory ham~ter and rat wc can Mly spcculalc. 
'!'he hamster in thc wild is mainly a grain 
cater, thus consuming prcdominantly pro
tein·hound biolin. We hnvc shown thal it lrn~ 
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l lnlt,• "· f!Jl\\,I uf .1•1<liu.1" UH lh.o:" 11¡\h~I~ nfhi<Jtiíl 
anti hiocr1i11 (nniol mi 1 cdl Willcr lbr 20 min) 

l11c\1hation 
l\\CllÍUl\1 

No(.'.I 

KCI 
C:hutinc CI 

IJ::un-~1cr 1 

(blotíu) 

10.88.c0.86 (6) 
9.01> .± 0.66 ('/) 
?.59;;-0,36 (6) 

¡¡,,, 
(hiOC)'IÍll) 

7,43.±0.73 (4) 
ND 
6.9? .!:0.:13 (4) 

V.11\lc.~ CX.r>rc:!t.Sclt a~ tnr.a11s -t .1t:M. J.im1\l.>~r;, i11 

(lHrénlhescs rcprc~c:nt nmub('r uf cxpermH~nts. f\lJJ = 
Not clc:tcrmiocd. 
1 NaC:I compMcti wi1h K<.:1: F ..;. j.:'\4~ p - 0.092. 
NtiC...'I conwarcd wiih d11·1Hnc r.J: F ... 7,4t'i; p •O 02. 
! Nal.:I c•llllp:ucd wilh cholinr. CI: F ~ 0.39; p • 
o.~li. 

Qúilc subs<antial pancrcatic biotinidasc ac
tivity, so nioM dictary lliotín must be re· 
lcased in thc iotcstinal lumen. A sodium
dependent, spccific carricr for free biotin in 
thc hamster intestine thus makes sensc. Our 
rcsults werc obtained in intestinal rings and 
coincide with lhosc ofS¡icnccr and Brody [81 
who uscd thc evcned sac lcd111ique, Bcrger 
et ni. {9) who cxposcd only the mucosa! facc 
to the biotin·containing mcdium, and Goré 
and Hoinard [ J Oj who studied this vitaniin 
up1;1ke by hamster c11terocytcs. On the other 
lwnd, wc obscrvcd onty passive diffusion of 
biocytin in tite ham>ter intestine, but this 
111ay he physiologically unimportant in this 
spccies if lhis compound is iudeed hydru
lysed to biotin by pancrcn1ic biotinidase. 
This is the first rcport of biocytin transport 
in hnmstcr intcstinc. 

Therc was c-0nsidcrably less pancrea!ic 
biotinidasc aclivity in the rat. This i,¡ an 
omnivorous, coprophagic animal and as 
such it~ dict prubably contains more free 
bio1in-and mor~ abundantly too. Free biotin 
is produ<:cd by the colonic nora nnd it may 
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he nutrítionally imnortanl in n coprophagic 
spccics. Thcrc have bccn conílicting rcpoMs 
rcgarding 1hc mechanism ofbir.1tin uptnkc by 
rat intcstinc. Ncílher Spcnccr and flrody [Hj, 
Goré et al. f 11 j nor us, usins such difforcnt 
1:.perimental systcms as cvcrtcd sacs, ente· 
rocylcs and intestinal rings, found cvidcncc 
of carricr·mcdiatcd uptal<c but obsc1·vcd in· 
stcad <:<111sidcrablc passivc c!ííl"usion. On Jhc 
01ho• hoo<i, Soórl ""'t Rr.dha f 121 an<I Uow. 
man et al. ( 1 )), employinc c"c11c1l .aes a11d 
in vivo inlcslinal loops, reponed r~sulls sug. 
sc•tin¡¡ a c.1rricr for bíutin i11 rn1 í111c~tin~ 
with u K, ()f 3.7 and 9.6 µM, rcsp¡~ctively. 
Further studícs are nccded 10 clarify this 
matter. With respcct to biocytín, our rcsulls 
are consistent with a specifíc c:nrrier-mc· 
diatcd uptakc in the rat intestinc, bu! i1s 
physiological signifíC;lnce is not clear !Je. 
cause it was quantitatívely mino1· comparcd 
to passivc diffosion al thc submatc: conccn· 
trations studied and bccnusl' i1 was not sig
nificantly i111!11cnced by s<>dium or tcmµcra
turc. 

Wc studír.d the uptake of !he vitamin in ~ 
rnnge bctwcen 0.1 and 200 µM; physiologi
cal concentra1ions of hiotin and biocytin in 
tite inteslínal Jumen are not known, al1hough 
Goré et al. { 1 lj cstimated lhat it is 0.6 ¡¡M 
for biutin in the rat. This concentration m11st 
havc been quite vari~ble ín thc ferine nnccs
tors ofthc laboratory hamster and ral. Biotin 
i~ widcly dístrihutcd in nalure b111 is presenl 
in vcry small amounts 'in mo~t food source.s 
and ils bioa>'ailability is also vcry variable. 
Sinoc its blood conccntration is also quite 
low {approxinrntcly O.O 1 11M, ZJ. it is possi
llle that carricr-mediatcd tran~r>Or1 of biutín 
and biocytin is pnrticularly signiticanl in 1hc 
nanomolar rang1:, whcre passivc diffusion 
may nlll be suílicien1 t<l supply cnough vita
min to the Olll31lism. Aftcr wc lrnd t:<.1111-
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plc!r.d most of thc µrcs,cnt work, the paper by 
Dakshinamurli el 111. l 161 on biotin and bio
cy1in tran.1po11 in rnl ínlcstinc using tht' 
cvcrtcd sac lechniquc camc to our allention; 
tl>cy found saturation kinetics at lhe nano
mnlar rang<: with a K1 of O.O 17 ¡1M both for 
biotin aod for biocylin. 

111 sunimary, our resulls show that in the 
hamstcr, a hcrbivore with high pancrcatit' 
and h)w plasma bíotinidasc activilic~. thcrc 
is an intestinal bintin-specific carrier, but 
not onc fue hiocy1in, In thc r:u, an omnivnrc, 
thcsc rcsuhs are rcvcrsed, biotinidase activ
Íly is lnw in (lancreas hut hígh in plasma, mu! 
tJ>crc is an íntestinal carricr for biocytin, 
allhough it is 110! clear ifthcre is one for bio· 
tin. Thus dietnry protein-bound biolin may 
bt: absorbed niainly in its free fonn in the 
formcr specics but lysinc-bound in thc lattcr. 
Thcse rcsults may be physiologically signílí
cnnt wflc11 thcse animals are on a relatively 
high biotin diet. 
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MECl·IAtHSMS OF BTOTTN IJPTf.ll'E BY l3RIJSl·H30RPER t1EHBRAMF.: l.'ESJCl-ES 

OF HANSTF-R r::~m::r<DCYTES. 

Alfonr,;o Leon-ílel-·Rio, Dirl< Hol Soto-Borj::. and Antonio \Jela::qun;;. 

Unidad di? Genetir:;i de la t·h.1t.ril:ir.m, Tnstit.ut.o de Tnver,;tigar:ioner,; 

Binmradir:;;is, IJHAN and Tnst.ituto Nacional de Pediatria, SSA. Mm•ir:o 

n.r=. 

TNTROOIJCTTON 

Thl? vitamin bir:it.in i.s a r:of;;ir:tor of r:a1-boaylases, en;:ymes 

involvl?d in fat.t.y at:id synt.hr.sis, gli.1r:r.m1?ognnesis, r:it.rir: ;:ir:id 

r:yr:ln an.;1pler0Gi5 anc1 amino.:ir:id r:at..:ibolio;;m (1L Physiologir:al 

r:oncP-ntrat.ions of biotin in thn intestinal l1.1men are not 

precisl?ly knr:i1·m, although they have bl?en est.imat.ed in t.ht? 

nanomoln1- range (:!). Biotin iG 1·1id1?ly dist.ribut.ed in n::1t.1.1re but. ls 

present. in ve1-y sm.-:.11 amont.s in mDo:;t foDd source"' ;;nrl ito; 

bionvail.:ibilit.y is ve1-y variabl!? <3>. Since it.s blood r:onci:mt.1-c.1t.iDn 

is ::ilso q1.1it.e 101-1 M>, it is possible that. cari-ier-mt?di;;,tr:d 

t.ransport of biotin is part.ir:uforly significant in the n.:inomol;:u

rangra, whP.re passive r.liffusion may not be suffir:ir.nt to supply 

ranough vit.amin to 'l:hl? organiGm. l-lo~iever, rnost studies nn 

intr-st.inaJ. biotin transport have braen perfot-mrad in thr. mir:romol:.r 

rc>ngC?. Furthermore, there are r:onflir:ting n;ports regardinlJ thr. 

mechnnisms responsible fo1- it 15,t,,7l. Some of these di ffict.tltiras 

may he nssor:iated with t.he complei1it.¡r of the preparations usod 



study {everted sacs, intestinal ringra, isol;:ited 

enteror:ytesl. 

Brush border membrane vesir:les <BDHVl <•re relatively simple 

strur:tures which permit the study of transport without the 

intP.rferenr:e of r:ellular metabolism; they facilitate the use of 

101-1 vitamin concentrations and provide an easier manipulation of 

e!!p1?rim1mtal variables. 

Ne recently shm·1ed that in the h;r,mster, a herbivore 1.¡ith high 

pancreatic and 101-1 plasma biotinidase activities, there is an 

intestinal biotin·-speci fir: carrier r7l. Thus dietary protein-bound 

biotin m;;iy be! absorbed mainly in its free form. However, sinr:e 

the;;e result;; were obtained using biotin concentrations in the 

mir:romol;:ir range, they may he significant only 1.¡hen the ;inimals 

;:ire on a relatively high biotin diet. Although severa] studies 

have been done on biotin intestinal transport in the 1<:1borator)" 

ham5ter, none has empJoyed BBHV. 

Mr; no1-1 report studies using hamster BDMV lihir:h show that there 

i'O 11 r:;;irrk-r""mediated, Na-dependent nr:tive transport pror:e5s 

•1hich operates at 101·mr, more physioJogical nanomoJ,;r 

r:oncentrations. We h.;ve employed ,-;, novel approar:h to estímate 

thP- di fferent r:omponents of the inte5tinal uptake. 

MATF.:RTALS AMD METllODS. 



Th"' brur;h border membrane vesir:les 1-mn~ prepa1-ed by the calcium 

prer:ipitation pror:ecture cm. 

Golr.len hamsters 100-180g 1~ere used, 11 to 6 in each ei:periment. 

Prim- to their s;1r:rHice they 1-1ere allor1ed 1~ater and laboriltory 

r:hm·1 nd libitum. The ilnimals 1•ierf? sacrHiced by a chloroform 

ovf?rdose. Th1m the intestines Mere removed and f11.1shed 1-1ith ice

r:olr1 s"'line <0.9% N.;iCJ,.J.T.Bnl'.er r.le Mellir.:o,X.,Jostoc,Hell.) solution 

r:ont;:iining mH PMSF Cphrmyl--methyl-·s1.1lphonyl-Huoride,Sigma 

Chem.Co.,St.Loui5 Mo.). Jnte5tines 1·1ere cut into manageable pieces 

;;md E-verted • A glass microscopE- slide 1~as used to scn:1pe the 

r:ells from the inte5tinal mucosa. The m1.1cos;;J scnipes riere put 

in a gl<•SS beal~er on ice, and 100 mi of Mannitol buffer consiting 

of 300 mM mannitol (J.T.Dakerl, lmH dithiotreithol (Sigma Chem.Co.), 

0.1 mM PHSF and lmM Tris-CI (E.Mercl(,Oarm5tadt,W.Germany> pH 7 .O 

1·1as adder.I. 

ThP- m1.1cosci 1·1as homogenized 1~ith a Polytron (l(inematica, l~riem;

Lu::e1-nl for 30 sec at setting 9 , and then spun at 500 ll g. The 

s1.1pr?rn;:;tant 1~;:;s ;:,5pfred into a chiller.! flask on ice nnd thE-n 

madP- up to 250 ml with mannitol bufff.lr containing tOmM CaC12 

(,J.T.Dal'.er). Ttie solution Na¡:; left in the cold room MºCl under 

r.:onst;:.nt shal•ing for ~5 min be fore it 1-tas ci:ntrifuged at 5700 

" <J i1 5 min. The supern,:;t.:int was then centrifuger.I at 37,500 li g 

ll 115 min. The pellets 1-tere resuspended in a 300mM mannitol, 10mM 

Hepes (Sigm<il--T1-is pU 7.11 buffer and centrifuged at 113,1'10 ll g H 

60 min. The resuJting pellets 1-tere resuspend.ed in 0.5 mi of the 

aforementionf?d buffer. 



.• 

Tho brush br.irder marlcer en:;yme, alkaline phosphnt.a;;;o IP · 

nitrophenyl-phosphatase E.C.3.l.3.1), v1as n:iutinoly a;:;r..:iyod (9) to 

verHy the pui-íty o f the prepan1tions. Thi? spoci fic nn::yme 

.:ir.:tivity 1·1as enriched ;::,ppronim;:;tc;Jy 18-fold in tho v¡;;:;ir.:Jes' 

as comp.;red to the crude intnstin.:il mue.o~.:, 

homooenate. 

Differenr.:es in biotin uptaf,e between IJElMV incubated ~1ith tJilCl r.u

l~Cl gradients, were not observed when the vesicles had been 

previously fro;:en mata not shown>. For this re;;;:;on it 1·1,;;; 

assumed that DBHV had Jost theit- f1mctional integrit.y and 

tharefore i1 fresh niw DBNV preparation was made fm· ench 

ei:periment.The total protein conr:mntrations of BBHV were 

assayed by the method oF Lowry et al. using bovine .serum 

albumin as a stand.:ird. 

Biotin uptal(e nssays: 10 ul of the BBM'I prepar;:ition ¡.¡¡;re 

incubated at 37°C 1>1ith '.W ul of incub,)tion buffer which r:ontaim; 

150 mM NaCl, l~Cl, LiCl 01- Choline-·Cl (depending on the assily 

purposeJ, 3H-Biotin 33 Ci/mmol <NEN Research Products, floston, 

Mass.) enough to provide the desired vitamin concentrations 150-

soo nM> and ~O mM !lepes-Tris pH 7.11. 

At the end of the incubation time, ml of ice r:old quern::h 

solution r:ontilining 150 mM l(CI, 12 uM r:old biotin !Sigma Chem.Co.) 

•"lnd IClmM Mepras-Tris pH 7.11 was added to stop tho rear:tion. Of 

this, 900 ul werl? filtrated under vacuum through a 0.115 um 

prl?~IOt nitroct?llulose filter !Sr:hleicher Schuell,Dilssel, 

W.Orarmany). The filt:ers •~en:; 1•1ashed with quench oolution, romoved 

and put into scintillation vials and di5olved ~1íth l mi of butyl-

·-------------------



ac:rat,1te. 10 mi of Bn;y scintillation cocl:tail 1iere addc:d and thc:; 

biot:in t;;l'.en up by the BBMV 1·1as measured using a Tri-Ca1·b 11000 

liquid sc:int:ill;:ition counter <Pacl:ard Instruments,Do~mrars Grove,IL. 

USAl. 

Tn the e:rprarimrants 1·1hrarra thra biotin uptal'.e as a funct:ion of 

inc1.1bation timra or biotin conc:entriltion l'll?re studied, the valw?s 

obtnined in the prl?srance of a J(Cl gradient 1·1ere substractert to 

those obtained 1•1ith ;1 NaCl gradient in order to evaluatn only 

thi; sodium-dc:prandc:nt componimt of the vitamin uptal•:e. Thc: 

l'.inetic c:onstants were calculated by the Linc:weaver-Durl: nnd 

Mich.-ielis-·Menten methods. 

EHect of osmolnrity on biotin uptal:e: DDMIJ physical and 

·funr.:tir:mal integrity as wrall as biotin binding to vesir.:les were 

assayf:!d studying the 200 nM biotin uptal(e as a function of 

osmolarity fthc: desired osmolaritic:s 1 .. e1·c: obtained by varying 

the mannitol concrantration in the incubation buffnr .l. The uptal:o 

vah.1f:!s are e::pressed as a function of t/Osmolarity. 

Tripsini::atir:m of BBl'1V: BBMV were subjr:r.:ted to proteolysis l'lith 

trypsin ffiHco Laboratories,Detroit,Mlc:h.U.S.A.l 'lmg trypr.in I 20 

mo of EIDMV protí.!in) for diHP.rrmt periods of time fl· 30 minl. 

F.liOtin C:?OO nMl uptnl:e by the!'.?ra diffrari?nt-·time ·trypsinised BDMV 

~1as thr.>n sturlied incubating them in the presence of NaCl ar V.CJ 

gr;;dir;nt:s for min ns pn?viousl~' desc1·ibed. Results are 

e::prei:;sed ¡;;; a prarcentage of the NnCJ control value U.e. the 

vi tnmin uptalm by non-previously trypsinised BBMV inc:ubated in a 

N<1 gi-ndientl. 

~ 
.J 



RESULTS 

EHect of osmolarity. 

The re5ponse o f biotin upt;;ke to changes in the medium 

m;mnlarity i.1;:1s studied to detc;rmine the BBMV integrity and to 

difFerentiate betv1een binding of the sub5triltra to membr<:;ne 

surface <:.nd transport into the intravesicular space <Fig 1). 

Therl? wns a linear relationship between 1-eciprocal osmolarity 

and upt.alm, 1-1hich demonstr;;te that BBMV are osmotically

responsive structures. E:itrapolating t.he line to infinite 

osmolai·ity shows minimal uptake <intercept = o. >. These reGults 

indic;.,te t.hat at 1 min and under isotonic conditions, 7El% of 

biotin taken up by BBMV is the result of transport into the 

intravrasicular space and the remaining 

to the membrane surface. 

:!2/. represents binding 

Effect of cation gradients on biotin uptal:e. 

Tt 1-1as obsorved that biotin uptal:e was higher when the veGicles 

Mere incubated in a NaCl gradient out > in than 1>1hen 

subjectod to gradients of othrar c.:itions sLH:h as 1(, U or choline 

<Fig 2). The cation gradirant also influenced the time course of 

hiotin upt.al'.e. · In the presenr:e of a Na gradient the transport of 

biotin 1·rns rapid and linear during the first 110 snc of incubation 

•·•lth il distinr:t "ovrarshoot" phenomenon. At this point biotin was 

;:1ccumuli'.lted in the vesicles to apprmiimately 2 times the 

equilibrium value. After that, accumulation of biotin decreased 

reaching the equilibrium vaJue at ca. 180 sec of incubation 

indicating efflw: from vesicles. In the presem;:e of a Y. gradient 

b 



the initial t-ate of biotin transport ivas slm·ier, no ovl?rshoot 

1·1as observed, ilnd 1?q1.tilibrium was reached .:ifter 3 min of 

incub;;ition (fig 3). It is apparent that biotin is accumulated in 

tho vesic:Ji:m against chemic.;1 gradient: 

(intravesic1.1lar/ei:travesic1.1lr1r) by ;:; Na-stimulated mecch<:lnísm. 

Kinetics of Na-dependent biotin transport. 

To determine the l:inetic: parameters of biotin uptalm by BBMV, 

these were incubated in media whic:h contaíned diHerent vitamin 

conc:entrations !50-500 nM) and 1·1ith either Na or K gradients. In 

the li:ltter there ~1as <• linear relationship between uptalm ;md 

biotin c:oncentration, whereas in the Na medium this relation was 

hyperbolir.:, thus indicating saturation ldnetics. Figure 4 depir:ts 

thm:m rE?m.1lti; after substnir.:ting those in V. from t.he ones 

observed in Na gradients. Na-dependent biotin uptake in humGtl'.'r 

DBNV is therefore r.:arrier-mediated with an appurent l<t. and Vm;:w 

of 106.11 nl1 and 0.1302 pmol min-• mg-• respectively. 

···~ 
Trypsín pretreatment of BBMV 

Tn order to m:plore the nature of the biotin r.:arrier, 1 min 

uptal:e was measured after the vesicles 1·1ere treated ~1ith 

trypsin during varying times. Na-dependent uptalm was m<orkedly 

reduced by trypsini~ation <Fig. 5>. Furthermore, this treatment 

abolíshed the ovnrshoot phenomenon fFig. 6>, indicating the 

protein nature of the carrier-mediated, Na-dependent. activo 

trilnsport. 



Since uptake in I~ gradient --1.¡here no evidence was found of a 

fuctional carrier-- 1·rns also diminished after trypsini2ation, 

although to a much le5ser ei:tent, part of the "total" upt;;ke 

!i,e., uptake in Na gradient wil:hout trypsinizationl is prTibably 

the result of binding of biotin to proteins on the vesir.:les 

surface, not transported to their interior. This binding 

r.:orresponds to appronimately 16?: of total uptal:e; therefore 84Y. 

of total uptake is transported into the intravesicular space. 

Both in Na and in K gradients, trypsin pretreatment diminished 

biotin uptake to about 30Y. of the total !Fig. 5>; most of it 

likely represents passive diffusion, since active transport and 

non sper.:ific binding have been already accounted for. Assuming 

this is so,. of the 84Y. of total uptake which is internalized, 64'Y.. 

is by active transport and 36% via passive diffusion. 

8 



nrscussroN 

Biotin intestinal trnm:;port has berm studied !:iincn Turnar ilnd 

Hughes publi.shed their results in 1961; many of these studies 

have also bean done in hamsters, using c:omplei: systems such as 

everted intestinal sacs or intestinal rings. This' is thP- first 

time that biotin uptal:e has been studied in hamster BBMV; this 

tec:hnique mal'.es it possible to study transport in preparc;tions 

containing only the c:P-llular entity responsible for this 

phenomenon and lac:king ceJJular mP-tabolism of the transported 

vitamin. Furthermore, these vesicles allow the study of uptake 

at. lower r:oncentrations; previous studies have usP-d biotin 

c:onc:ent:rations in t.he mir::romolar range. 

Altho1.1gh widP.ly distributP.d in nat:ure, biotin is present in very 

10~1 amounts in most foods; Gor~ (2l has estimated about 600 

ni.lnomolar its concentration in the rat intestinill Jumen. rts 

plt1sma concentration in mammals, including the rat and the human, 

is near to nanomolar. Ne have no~1 shown that biotin uptal:e is a 

high affinity proc:ess, wit:h a Kt of 106 nM, only one order of 

magnitude above the normal plasma concentration of the vitamin. 

There are r:onflic:ting reports c:oncerning the mec:hanism of biotin 

upt;1lm in the hamster intestine. Berger and Semam;:i UU, ;iith a 

preparution . e!~posing the mucosa to the incubation mndium, 

r:onc:Juded that it i!:l <in active trani:;port procP-sG. On the othf?r 



hanr.I, Goré C6> proposer.1 facilitated diffusion to account for hü; 

ri:sults on hnmster enterocytes'. 01Jr observation of arr overshoot 

shows that biotin uptal:e in h;:imstcn- BBMV is to a large e;:tent 

an active process, driving thn vitamin against a concentration 

gradient. Its sensitivity to trypsin prefreatment further ;ittests 

it5 m:istence. Tran5port of the vitamin from the epithelium to 

t.he bJoodstream across the basolateral membrane, · on the other 

hilnd, seems to be a facilitated diffusion process C12l. 

Active transport seems to be the most import;int compom:;nt in 

thP. intestinal upt:.1ke of biotin, compared to passive diffu5ion or 

to mere surface binding. We could estímate binding by t:wo 

independent approaches: 

osmolarity CFigure 1l and 

uptal:e 

uptal:e 

e~:trapol ated 

in K grar.lient 

at irrfinite 

serrsitive to 

trypsin CFig. 5). These results are simil;:u-, 20 ;-.nd 11.,;. of tot.11 

upt;:il:e, respectively. Therefore only abnut BO'l. of biotin t<1kP.n 

up by BBMV is actually internalized. Trypsin pretreiltment of 

BBMV allows to estímate hm1 much of it is activ1:1Jy tr;mspc-.rted 

f6'17.l anrl how much passively diffuses into the intravesir:1.1l<1r 

space C36"/.). 

The <imount. of vitamin bound to the vesic!P.s surface inr:reasP.rl 

signific:antly the uptal:e vaJuP.s and must be till'.P.n into <1cco1.1nt 

whenP.vl?r t.he ;ictual quant.ity nf vitamin that is transpnrted to 

the intravesiclllilr space is to be determined. Estimation of the 

upt¡¡l:e c:omponents from the results of trypsin pretreat.ment of 

1 (J 



f!BMV as described ilbove is a useful approach; to our knm1Jedge 

it has not been used pr-eviously. 

Our re!'.lults nlso confirm the Na depr;ndence of biotin tr;insport, 

i-1hich has bei;n obser-ved by sevi;ral authors using such diverse 

preparations as everted sacs (5), i;::posed intestina 1 mucosa (11) 

nnd intestinal rings <7> and ~1hich 1~as not found ·by Goré U5ing 

isolated enteroc:ytes (6). It may be that sodium, moving do~m its 

electrochemic:al gradient, provides the energy to move biotin 

against its own chemical gradient. In vivo, the Na-K IHPase pump, 

whir:h is located in the basolateral membrane of the 

entP.ror:ytes, 1-muld mantain the sodium gradient across the 

cellulilr membrane; the gradient would then prope11 the vitamin 

trilnsport across the intestinal epithelium. 

Tt has been. suggested that biotinidase may have a role in the 

intestinal transport of biotin (13). We <1ssayed biotinidnse in 

BBMV ilnd found it to be below detection limits <data not shmm>. 
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DTSCIJSJON GEMERAL 

Los resultados obtenidos sugieren la e:iistenci¡¡ de una reJ¡¡ción 

entre Jos mecanismos de liberación y ¡¡bsorción intestin¡¡J rJe 

biotina. En el hémster, especie que posee elevada ;ictividad de 

biotinidasa pancreática, e:dste un acarreador especifico para 

biotina pero no para biocitina, mientras que en Ja rat¡¡ , en la 

que Ja actividad de biotinidas¡¡ es mayor en plasma que en 

péncrea!l, e:iiste un acarreador para biocitina pero no pilril 

biotina. 

La alimentación natural del hámster esté r.:onstituída 

principalmente por granos y semillas, por lo que es probable r¡ue 

consuma predominantemente biotina unida a proteínas <17). Si 

.1ceptamos que Ja actividad de biotinidasa pancretitica es un buen 

indicador de la capacidad de un organismo para liberar biotinil, 

entonces en el hémster Ja mayor parte de Ja vitamina contenirla 

en Ja dieta seria liberada en el lumen intestinal. Este hecho 

haría entonces razonable la idea de Ja existencia de un 

acarreador especifico para biotina. 

Los resultados obtenidos de Jos e:iperimentos con ilnillos 

r.vertidos de intestino de h~mster coinciden con los resultados 

de Spencer ,y Brody (8) en los que se utilizaron sacos evE?rtidos 

de intestino, y con Jos de Berger et al. <10> quienes estudiaron 

-- - - --------·----·------------



el transporte de biotina ei:poniendo unicamente la mur:ns;:i 

intestinal al medio de incubación. 

Por otro lado, en la rata, un omnívoro coprofágico cuya dicta 

probablemente contiene mayores cantidades de biotina y que 

posee una mucho menor actividad de biotinidasa p;:incret.tica, la 

vitamin;:i sería absorbida como biocitina y posteriormente 

liher;:ida en el plasm;:i o en otros te ji dos, donde se ha encontr;:ido 

actividad de biotinidasa. Cabe hacer notar que ni Spenr.:er y 

Brody <7>, Gorl! et al <tn, ni nosotros <181 estudiando la 

captación de la vitamina en el orden uM hallamos evidencia de un 

acarreador dn biotina en intestino de rata. Sin embargo, 

recintemente Oill:shinamurti et al. C13lutilizando sílcos evertidos 

de intestino delgado, reporta un trílnspol"te saturable en el 

orden nanomoJar par-a biotina y biocitina con una Kt de 0.017 uM 

par-a ambos compuestos. 

A partir de nuestros resultados par-ece que los acar-readorns de 

hiotina en ht.mster- y de biocitina en rata son entidades 

independientes y no !'m trata de un acar-reador común. 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 composición iónica del medio 

de incubación. La identidad de ambos acarreadores ful! 

posteriormente confirmada cuando se observó que no elliste 

competencia, significativa de ambas especies moleculares de la 



vitamina por sus respectivos acarreadores, al menos en J¡¡s 

concentraciones estudiadas. 

Uti1i:umdo el método de anillos evertidos de intestino delgado y 

estudiando la captación de biotina y biocitina en concentraciones 

de 0.1 a 200 uM, se encontró que un importante porcentaje de la 

captación total, se debe a un proceso no saturable, lo que nos 

hizo cuestionarnos acerca de la importancia fisiológica riel 

acarreador. 

La concentración de biotina y biocitina en el lumen intestinal no 

se conoce, aunque Goré <11> calcula que es de alrededor de 600 

nM para biotina en la rata. Ya que la concentración 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 

difusión simple no pudiera suministrar suficiente vitamina al 

organismo. 

Con objeto de estudiar lo anterior y caracteri:?ar al acarreador, 

se estudió la captación de biotina en concentraciones del orden 

nanomolar (50-1000 nMl, por vesículas de membrana de borde 

estriado de enterocitos de hámster. Esta técnica hace posible 

estudiar el proceso de transporte a través de membranas sin la 

interferencia del metabolismo celular. 

Al eliminar. el acarreador de la vitamina tratando a las 

vesículas con tripsina se determinó que de la captación total de 



hiotina, apro>:imadamente el 60/. es debida a un transporte 

mediado por acarreador, dependiente de sodio, 207. a difusión 

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 captación de biotina únicamente el transporte 

mediado por acarreador y la difusión simple podrían contribuir 

al suministro intracelular de la vitamina, siendo .eJ acarreador 

el principal responsable del transporte de biotina al menos in 

vitro. 

Nuestros datos confirman que el transporte de biotina en 

hámster es mediado por un acarreador r¡ue depende de un 

gradiente transmembranal lfuera>dentro) de sodio. Este 

acarreador es capaz de concentrar biotina en contra de su 

gradiente químico por lo que el sistema de transporte puede 

clasificarse como activo. 

Nuestras observaciones refutan el modelo presentado por Goré 

19>, que afirma que el transporte de biotina en hAmster es 

debido a un proceso de difusión facilitada y nos permiten 

proponer un modelo que ei:plica el transporte de biotina en 

intestino de hámster. 

La bomba de Na-K localizada en Ja membrana basolateral de los 

enterocitos mantiene un gradiente transmembranal de Na. Ente 

catión, al desplazarse a favor de su gradiente electroquímico a 

través de Ja membrana celular, proveería la energía necesaria 



··-

para impulsar el t"ransporte de biotina mediado por un acarreador 

localizado únicamente en la membrana de borde estriado. 

El transporte intestinal de biotina en hámster contrastaría con 

el de biocitina en intestino de rata, el cual, segl~n la evidencia 

presentada en la primera parte de este trabajo, parece llevarse 

a cabo por un proceso de difusión facilitada independiente de Na. 

Es necesario realizar experimentos de captación de biocitina en 

el orden nanomolar por vesículas de enterocitos de rata para 

comprobar lo anterior así como para asegurar que no existe un 

acarreador de hiotina en esta especie que funcione en 

concentraciones menores a las estudiadas empleando anillos 

evertidos de intestino delgado. 

Nuestros resultados evidencian la existencia de un acarreador 

de biotina adaptado para funcionar en concentraciones de biotina 

del orden nanomolar. La Kt calculada <106 nMl es de solo un 

orden de magnitud mayor a la concentración de la vitamina en 

plasma. Es necesario hacer notar que al menos en hámster, la 

presencia de un acarreador intestinal de biotina capaz de 

transportar a la vitamina en contra de su gradiente de 

concentración crearía las condiciones ideales para que una vez 

dentro del enterocito, la biotina alcanzara la sangre por un 

proceso de difusión facilitada como fué sugerido por Said et al. 

(19) 



Hasta donde sabemos esta es la primera vez que se utiliza el 

sistema de vesículas de borde estriado de enterocitos para 

estudiar fenómenos de transporte intestinal en hámster. De igual 

modo, esta es la primera vez que se trata de dar una 

eiiplicaciOn a las diferencias interespecificas que han aparecido 

en la literatura con respecto a los mecanismos de transporte 

intestinal de biotina. 
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