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The uptake of iron (III) mediated by lactotransferrin to human biopsies from upper intestine has suggested
the presence of specific receptors for human lactotransferrin at the brush border (Cox, T., Mazurier, J.,
Spik, G., Montreuil, J. and Peters, T J. (1979) Biochim. Biophys. Acta 588, 120-128). In the present data,
using *I-radiolabeled transferrins, we have demonstrated that a preparation of microvillous membrane
vesicles, from rabbit jejunal brush-border specifically binds human lactotransferrin. This binding 1s specific,
saturable and calcium dependent. Scatchard plots analysis of lactotransferrin binding indicates 1.5 - 10" sites
per mg of membrane proteins with an equilibrium constant of 1.2+-10° M ~! Sodium dodecyl sulfate
solubilization of the brush-border proteins allows the lactotransferrin receptor to retain its binding activity.
Moreover, the ligand blotting of the detergent solubilized membrane proteins on nitrocellulose sheet and
after incubation with > I-labeled lactotransferrin, has shown that the receptor is a protein of about 100 kDa.
In the same experimental conditions, the rabbit microvillous membrane vesicles do not specifically bind
rabbit serotransferrin indicating the absence of serotransferrin receptors at the brush border.

Introduction

The absorption of morganic 1ron 1s affected by
its solubility wathin the intestinal lumen and the
binding of iron to high molecular weight-com-
pounds has proved to be effective in preventing its
precipitation The presence of serotransferrin and
lactotransferrin in the duodenal fluids and at the
surface of the intestinal mucosa [1,2] suggests that
these two glycoproteins are involved 1n the mecha-
nism of iron absorption The process of iron ab-
sorption has long been recogmzed as a two step
mechanism, namely mucosal uptake followed by

Abbreviations Hepes, 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid, phosphate-buffered sahne, 014 NaCl/001 M
sodium phosphate (pH 74), EGTA, ethylene glycol bis(g-
aminoethyl ether)-V, N'-tetraacetic acid

mucosal transfer [3] An important function 1s
attributed to serotransferrin in ntracellular iron
transport 1n the mucosal cells [4-6] but the in-
volvement of serotransferrn in the mucosal uptake
has not yet been clearly established

Huebers et al [4,6] have demonstrated that iron
bound serotransferrin ts absorbed, 1n vivo. by rat
mntestinal mucosa while Cox et al [7] have not
observed 1ron uptake from serotransferrin by hu-
man duodenal biopsies

The data concerning the nvolvement of
lactotransferrm m 1ron mtestinal uptake appear
also to be conflicting The relative efficient absorp-
tion of human breast milk iron [8,9] would tend to
suggest that lactotransferrin possesses an 1m-
portant role m the 1ron transport to the mucosa
[10,11] This hypothesis 1s corroborated by the
work of De Vet et al [12] and of Van Vugt et al
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[13] who have observed that, 1n pathological cases,
an nverse relationship exists between body stores
of 1ron and lactotransferrin concentration of the
duodenal flud More recently, Cox et al {7] and
Yoshino et al [14] have presented data suggesting
that lactotransferrin has selective capacity to de-
liver wron to duodenal mucosa Contranly, De
Laey et al [15] have demonstrated, in vitro, that
lactotransferrin nhibits the iron absorption by
intestinal mucosa, and Huebers et al {16] have not
observed, 1n vivo, an uptake of the iron bound to
lactotransferrin

Nevertheless, the mtial event of iron absorp-
tion 1 the transfer of wron from diferric transfer-
rins to the mucosal cells, 1s the binding of the
glycoproteins to high-affinity surface receptors Up
to now. little 1s known about the presence or
absence of receptors for transferrins on intestinal
mucosa We have therefore analysed the presence
of lactotransferrin and serotransferrin receptors on
the brush border from rabbit upper intestine

The findings reported 1n this paper demonstrate
the binding of human lactotransferrin to brush-
border vesicles 1solated from rabbit upper in-
testine The presence of only one protein receptor
of 100 kDa as indicated by the higand technique
clearly indicates the specificity of the binding of
lactotransferrin to the enterocyte

On the contrary, our data do not conclude to
the presence 1n our homologous system (rabbit
serotransferrin-rabbit intestinal membrane vesi-
cles) of a serotransferrin brush-border receptor

Material and Methods

Material Purnfied ron-saturated and iron-free
human lactotransferrin [17,18] and iron-free rabbit
serotransferrin were prepared as described before
[19] Human serotransferrin was purchased from
Behring (Marburg, F R G ), bovine serum albumin
(transferrin-free), leucine aminopeptidase, L-
leucine p-mitroanilide, hen ovalbumin were from
Sigma Chemucal Co (St Lows, US A') lodo-Gen
and Surfasil were purchased from Pierce Chemical
Co (Rotterdam, Holland), Nomidet P-40 from
BDH (Pool, UK ) and the mitrocellulose mem-
branes BA85 from Schleicher and Schull (Dassel.
F R G ) Cellulose membrane filters (0 45 pm) were
provided from Millipore (Bedford, U S A ), Nunc-
lon culture dishes from Nunc (Rodkilde, Den-

mark) and propylene centrifugation tubes from
Beckman (Irvine, USA) ['**1]lodine (IMS 30)
was obtained from Amersham International
(Amersham, U K ), the radiocactivity was de-
termined by gammaspectrometry using an Auto-
logic counter (Abbot Laboratories Chicago.
USA)

Protein 1odination Proteins were labeled with
['*Ihiodine to give an average maximum of one
10dine atom per protem molecule lodo-Gen cata-
lyzed reaction was carried out for 20 min mn a 01
M sodium phosphate buffer (pH 74) at 4°C
Glass vials (5 mm of diameter) were coated with
01 ml of a 1% solution of Iodo-Gen 1n chlo-
roform Efficiency of labeling was mainly about
80% The removal of unbound ['*’Thodime was
carried out by gel filtration on Sephadex G-25
column, equilibrated in 0214 M NaCl or in the
incubation buffer Iodinated protemns were used
within 2 weeks to avoid polymerization during
storage

Non-specific binding of human lactotransferrin to
synthetic polymers Synthetic polymers (cellulose
filters, polypropylene centrifuge tubes or nunclon
culture dishes) were incubated with solutions of
125]-labeled human lactotransferrin, at a con-
centration ranging from 1 to 100 ug per ml in
phosphate-buffered saline or m 0010 M Tris-
Hepes,/005 M NaCl/0 05 M mannitol /0 001 M
glucose buffer (pH 7 3) After 20 min incubation,
the synthetic polymers were washed five times
with phosphate-buffered saline, cellulose filters and
centrifuge tubes were then directly counted The
125].]labeled human lactotransferrin bound to cul-
ture dishes was extracted overnight by 1 M NaOH

Binding of bovine serum albumun to human
lactotransferrin Culture dishes (24 mm of diame-
ter) were coated overnight with 0 5 ml solution of
human lactotransferrin at a concentration of 2 mg
per ml After washing five times with 1 ml of
phosphate-buffered saline, the dishes were n-
cubated with 03 ml of a solution of '**I-labeled
bovine serum albumin at a concentration ranging
from 0 003 to 0 5 mg per ml After 20 min incuba-
tion, the dishes were washed five times and the
complex formed by the '*I-labeled bovine serum
albumuin bound to lactotransferrin was desorbed
from the plastic support by an overnight 1 M
NaOH treatment



Membrane vesicles preparation Rabbit
brush-border membrane vesicles were prepared
according to Kessler et al [20] after Ca’" precipi-
tation Briefly, the mucosal scrapping of the prox-
imal one third part of the small intestine of three
rabbits was suspended 1n a 0002 M Trns-Hepes/
0050 M mannitol buffer (pH 73) After 4 min
homogenization with a Waring blender at max-
mum speed, sohid CaCl, was added at a final
concentration of 0010 M After 15 min standing
in the cold, the suspension was spun down at
3000 X g for 15 min The remaining supernatant
was homogenized in a Potter-Elvehjem and was
then spun down at 27000 X g for 30 min The
pellet was resuspended in a 0 010 M Tris-Hepes/
0 050 M NaCl/0 05 M mannitol /0 001 M glucose
buffer (pH73) and twice centrifuged again at
27000 X g The purification was monitored by
measuring the protemn content, the leucine
amunopeptidase and the (Na®+ K*)-ATPase ac-
tivity The vesicle suspension was immediately used
or frozen and stored at —70°C until use

Electron microscopy Vesicle suspensions were
fixed for 30 min at 4°C n 25% (v/v) glutaralde-
hyde in 0 1 M sodium cacodylate buffer (pH 7 4)
They were then washed in cacodylate buffer and
post-fixed for 2 h with osmum tetroxide in the
same buffer The samples were then embedded in
Epon The thin sections were viewed under a JEOL
120CX electron microscope

Binding assays Aliquots of membrane vesicles
(0 040 ml) were mixed with 0020 ml of part A
(labeled protein solution) and 0 080 ml of part B
in order to have after reconstitution the follow-
g composition 0010 M Tns-Hepes/0 050 M
NaCl/0 05 M mannitol /0 001 M glucose (pH 7 3)
Part B of the medium mixture was used to include
competing agents such as fetuin, bovine serum
albumin and different transferrins The reaction
muxture was made up 1n cellulose propionate tube
centrifugation (5 X 20 mm) which have been previ-
ously coated with silicomzing agent to prevent
adsorption of transferrins on the tube All incuba-
tions were performed at 37°C The reaction was
terminated by adding 0 2 ml of cold saline and the
tubes were 1mmediately centrifuged for 3 mun at
120000 X g The resulting membrane pellets were
washed three times by resuspension in 0214 M
NaCl The radioactivity of the membrane pellets
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and of 0050 ml of the first supernatant was then
counted The non-specific binding was determined
by incubation 1n presence of a 100-fold molar
excess of unlabeled lacto or serotransferrin
Solubilization and analysis of microvillous mem-
branes Microvillous membrane suspensions were
solubilized at 4°C for 3 h by adding a solution of
SDS 5% 1n order to obtan a final detergent con-
centration of 1% and a protein concentration of
01% The electrophoresis was run on a gel having
the following charactenistics [21] length of the
running gel, 10 cm, thickness, 1 mm, acrylarmde
concentration, 7 5%, buffer, 0 050 M Tris /0 38 M
glycime/01% SDS Gels were calibrated with
standards of known molecular weight
Electrophoretic transfer of proteins to mitrocellu-
lose Protein transfer was performed overmight, at
4°C, from SDS slab gels to mitrocellulose sheet,
according to Towbin et al [22] and Burnette [23],
ma002M Tris/015 M glycine,/20% methanol
buffer at 0 3 A The lanes containing the standards
were cut off and stained with Amido black and the
lanes containing the membrane proteins were in-
cubated with '®I-labeled transferrins
Incubation of nitrocellulose strips with transfer-
rins Each strip of nmitrocellulose paper was soaked
with 10 ml of a 0010 M Tris-HC1/0 15 M NaCl
buffer (pH 74) containing either 50 mg/ml of
bovine serum albumun (transferrin-free) to visual-
1ze the serotransferrin receptor After a stay of 12
h at 4°C, the buffer was replaced by 10 ml of fresh
buffer contaiming '**I-labeled lacto or serotrans-
ferrin at the concentration of 12 107° M After
overnight incubation at 4°C, the mtrocellulose
strips were washed twice with a solution of 0010
M Tris-HC1 /0 15 M NaCl (pH 7 4), twice with the
same buffer contaiming Nomdet P-40 at a con-
centration of 0 05% and once with the buffer alone
Revelation was done by autoradiography car-
ried out by exposing Kodak X-O-mat film to the
nitrocelulose for 3 to 5 days

Results and Discussion

Interaction of lactotransferrin with plastic surfaces
and with bouvine serum albumin

During the study of the interaction of transfer-
rin with membrane receptors, 1t was found that
lactotransferrin binds awidly to plastic surfaces
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Further investigations revealed that this binding
was not imhibited, as expected, by addition of
bovine or human serum albumin, in view of these
problems, the binding constant affimity of
lactotransferrin to plastic surfaces and to bovine
serum albumin was determined

The binding of human lactotransfernin to cel-
lulose ester, cellulose propionate polypropylene
and nunclon plastic surfaces was assessed for con-
centrations of proten ranging from 1 to 100 ug
per ml The results obtained show that the binding
1s saturable and easily interpretable in terms of
Scatchard plots The binding constant K, presents
value (Table 1) of the same magnitude (10¢ M)
for each plastic surface and 1s 1dentical to those
determined for the binding of serotransferrin to
polypropylene [24] However. the number of bind-
ing sites of human lactotransfernn to polypro-
pylene was 100-fold higher than for serotransferrin
[24] The binding of lactotransferrin to plastic
surfaces was decreased to 5% after coating with
sthconizing agent Usually, the binding of proteins
to plastic surfaces 1s inhibited by addition of bovine
serum albumin at a concentration of 1% i the
incubation medium [25] However, as it can be
seen from Table I, in the case of lactotransferrin.
addition of bovine serum albumin produced a
2 6-fold increase of the binding parameters These
results suggest the existence of interactions be-
tween lactotransferrin and bovine serum albumin

The binding of serum albumin to immobilized
lactotransferrin 1s found to be saturable the bind-
ing affinity constant and the number of sites which
have been measured according to Scatchard {26]

TABLE 1

BINDING PARAMETERS OF HUMAN LACTOTRANS-
FERRIN TO DIFFERENT PLASTIC SURFACES

Plastic surfaces K, Number of sites
Mh per mm"®

Cellulose ester filter 100 10° 382 10"

Polypropylene centnfuge tubes 150 10 642 10"

Nunclon culture dishes ¢ 200 10 210 10"
Nunclon culture dishes ? 520 10° 500 10"

* The incubation was performed without bovine serum al-
bumin

® The intubation was performed in presence of 1% bovine
serum albumin

are, respectively, K, =037 10° M 'and n=15
10'* mm ™~

The findings reported herein demonstrate that
lactotransferrin binds strongly to plastic surfaces
and forms with bovine serum albumin a complex
which leads to an increase of the background and
therefore to a substantial misestimation of the
binding parameters ( K, and »n) of lactotransferrin
to the cells [27]

Characterization of rabbit brush-border membrane
vesicles

The duodenal brush border membrane vesicles
preparations obtained, were essentially free from
containing organelles as judged by electron mi-
croscopy (Fig 1) The vesicles were exclusively
right-sidé-out and predominantly filled with core
proteins The different preparations used in this

Fig 1 Electron micrograph of the 1solated brush-border vesicles
Magnification X 28000



study were characterized routinely by assessment
of the increase of leucine aminopeptidase activity
The final vesicle suspension (n = 3) contained 2 75
+ 5% of the homogenate proteins (m + S E) and
40% of the leucine aminopeptidase activity corre-
sponding to an enrichment relative to the whole
homogenate of 20 The (Na*+ K *)-ATPase activ-
ity, determined as a marker of the basolateral
membranes was not enriched

Transferrins binding to brush-border membrane
vesicles

Serotransferrin binding Binding of '**I-labeled
rabbit serotransferrin to aliquots of brush-border
vesicles was investigated at protein concentrations
ranging from 1 to 80 pg per ml The binding, as 1t
1s shown 1n Fig 2A for the iron-saturated rabbit
serotransferrin was not significantly different from
the non-specific binding determined 1n presence of
a 100-fold excess of unlabeled serotransfernin In
the conditions used, these results demonstrate the
absence of serotransferrin receptors at the surface
of the rabbit brush-border vesicles

Lactotransferrin binding Binding of the '*I-
labeled human lactotransfernn was investigated at
protein concentration ranging from 1 to 80 pg per
ml An mvestigation time of 20 min was chosen, as
a half maximal binding was observed at time less
than 5 min The results shown in Fig 2B with
wron-saturated human lactotransferrin, indicate
that saturation of microvillous membrane
lactotransferrin binding sites occurred with protein
concentrations higher than 20 pg

Expression of these data in the form of
Scatchard plots allowed, after subtraction of the
non-specific binding as determined 1n presence of
100-fold excess of unlabeled lactotransferrin, the
binding constant affimities and the number of
receptor binding sites for human lactotransferrin
to be estimated Equilibrium association constant
of K,=056 10°M ' with n=11 10" binding
sites per mg of membrane proteins were determined
by linear estimates (correlation coefficient 0 91)
The values of the binding parameters obtained for
ron-free lactotransferrin were not statistically dif-
ferent

In order to decrease the high background and
to demonstrate the specificity of the binding of
lactotransferrin to vesicles, the binding was per-
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Fig 2 Binding of rabbit serotransfernn (A) and human
lactotransferrin (B) to mucrovillous membrane vesicles The
receptor-mediated binding was analyzed as a function of con-
centration of radiolabeled protein Reaction mixtures con-
taining 120 wg microvillous membrane proteins and varying
amount of '*I-labeled transferrin (specific activities were about
30 10° cpm/ug protemn) serotransferrin (a 0y,
lactotransferrin (O O) were incubated as described 1n
Materials and Methods Non-specific binding (W L
[ ] ®) was measured by adding a 100-fold excess of
unlabeled higand to the assay muxture before addition of the
membrane vesicles

formed 1n presence of human serotransferrin, calf
fetuin, hen ovalbumin and serum bovine albumin

Competitive binding assays were realized by
incubating microvillous membrane preparations
for 20 min at 37°C with increasing concentrations
of '®I-labeled lactotransferrin in presence of the
competing proteins at the concentration of 1% In
the range of lactotransferrin concentrations used
(1 to 80 pg per ml), no significant inhibition was
produced by serotransferrin, calf fetuin or hen
ovalbumin (Table II) demonstrating the specificity
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of the binding The binding affinity measured was
about 12 10° M ™', this value 1s consistent with
the concentration of lactotransferrin (1 6 mg/ml)
which 1s present 1n the rabbit bile [13] Contrarnly,
the presence of bovine serum albumin in the
incubation medium, produced an increase of the
apparent association constant to K, =56 10’
M~ ! and a S-fold decrease of the number of
binding sites of lactotransfernn to brush-border
vesicles These modifications of the binding
parameters cannot be interpreted in terms of
saturation of non specific binding sites since they
have not been observed in presence of serotrans-
ferrin, hen ovalbumin or calf fetuun They are
more probably the reflect of the interactions be-
tween human lactotransferrin and bovine serum
albumin as described above

Comparable studies of lactotransferrin binding
to brush-border membranes have not been re-
ported, but binding affinities of lactotransferrin to
membrane receptors of macrophages, K, =06
10°M " and K, =058 10° M~ [27.28] and of
mononuclear cells, K,=07 10° M~ [29] are of
the same order of magnitude The number of
binding sites of human lactotransferrin to rabbut
brush-border vesicles that we have to express per
mg of membrane protemns n=(11-15) 10" per
mg. cannot be compared to the values given in the
literature which are expressed as number of sites
per cell However, the number of lactotransferrin
binding sites calculated 1s sumilar to the number of
n=25 10" per mg binding sites of serotransfer-
rin to placenta vesicles [30]

Ligand blotting of lacto- and serotransferrin recep-
tors from proteins membranes of rabbit brush border
The rabbit brush-border vesicles were solubi-

TABLE II

BINDING PARAMETERS OF HUMAN LACTOTRANS-
FERRIN TO RABBIT BRUSH-BORDER VESICLES

Competing proteins K, Number of sites

M™h per mg of
protein

None 056 108 110 10"

Human serotransferrin 120 10° 130 10"

Calf fetuin 120 10° 140 10

Hen ovalbumin 120 10¢ 150 10"

Bovine serum albumin 530 107 219 10"

lized, subjected to 75% slab gel electrophoresis
contamning 0 1% SDS, and the proteins were elec-
trophoretically transferred to mtrocellulose paper
The lanes A and B of Fig 3 show an Amido black
stain of the proteins in the SDS gel (Lane A) and
of their transfert on nitrocellulose paper (Lane B)
As 1t can be seen, the proteins of molecular mass
lower than 100 kDa were quantitatively blotted

Conditions have been found in which lacto- and
serotransferrins do not adhere non specifically to
nitrocellulose paper and therefore do not cause a
high background on the mtrocellulose strips More
particularly, all the experiments with human
lactotransferrin were performed in presence of 5%
human serotransferrin one of the proteins which
does not interact with human lactotransferrin (Ta-
ble II)

Lane E of Fig 3 identifies the receptor-bound
125]-labeled lactotransferrin as visualized by auto-
radiography

The ligand blotting technic has been successful
since the lactotransferrin receptor retains its abil-

A B C D E F

* !

8
+

160 kDa

=80 kDa

' -4=30 kDa

Fig 3 Ligand blotung of transferrnin receptors from rabbit
brush border The rabbit brush-border vesicles (30 ug) were
submutted to electrophoresis 1n 7 5% slab gel-containing 0 1%
SDS The gel strip in lane A and 1ts electrophoretic transfer on
mitrocellulose paper 1n lane B were stained with Amido black
The nitrocellulose strips were incubated with one of the follow-
ing compounds lane C, 12 107° M 'PI.labeled rabbit
serotransferrin, lane D, 12 107° M !®I-labeled human
serotransferrin, lane E, 12 107° M !*I-labeled human
lactotransfernn, lane F, 12 107° M '®I-labeled human
lactotransferrin 1n presence of 1 107* M EGTA, as described
in Materials and Methods

.
x&\ﬁ‘% B
» B A,



=160 kDa

-gme= 80 kDa

Fig 4 Ligand blotting of human lactotransferrin receptors
from rabbit brush border Effect of varying concentrations of
Ca®" 10ns The experimental conditions are described in Fig 2
The nitrocellulose strips were incubated with 12 107° M 12°]-
labeled human lactotransferrin 1n the absence (lane A) and in
the presence of 3 mM (lane B) and 5 mM (lane C) CaCl,

ity to bind lactotransferrin following SDS treat-
ment and since the rate of dissociation of the
complex permuts extensive washing without re-
moval of the ligand The lhgand technic blotting
can be widely used to i1dentify the lactotransferrin
receptors for which no antibody 1s available at the
moment

Binding was markedly inhibited when EGTA
was included 1n the mncubation medium at a con-
centration of 1 mM (Lane F), suggesting that
divalent 10ns are required for the binding-activity
To test this hypothesis, the nitrocellulose strips
were treated with '*I-labeled lactotransferrin and
CaCl, at concentration ranging from 0 to 5 mM
By visual mspection of Fig 4, an increase of the
receptor-bound lactotransferrin was apparent

The electrophoretic mobility of the lactotrans-
ferrin receptor on 0 1% SDS slab gel (Fig 3) was
the same as expected for a protein of 100 kDa, 1n
absence of reducing agent

Conclusion

The results reported 1n this paper indicate, in
an homologous system, the absence of rabbit
serotransferrin binding to brush-border vesicles
1solated from rabbit upper intestine These results
corroborate those reported previously by Marx et
al [31] who have demonstrated the absence of
binding of monoclonal antibodies (OKT, and
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B83/25) against human serotransferrin receptor at
the surface of the human brush-border mem-
branes Our results do not apparently support the
interpretations of Huebers et al [6] who have
observed, in rats and 1n vivo, an adsorption of iron
bound to serotransferrin and have therefore pro-
posed a mechamism for intestinal iron absorption
by which the complex of iron and serotransferrin
1s taken up by the enterocytes

A species difference in the role of sero- and
lactotransferrin or the fact that our study has used
human lactotransferrin and rabbit membrane
vesicles could explain these contradictory results
An other possibility 1s the involvement of a non-
receptor mediated uptake of serotransferrin by the
enterocytes Nevertheless the involvement of the
mononuclear cells in 1ron absorption through the
macrophage-monocyte system [32.33] and the
presence of receptors for both lactotransferrin and
serotransferrin at the surface of macrophage and
monocyte [27,29,34] highly suggest that these two
ron binding glycoproteins could play a role 1n the
iron absorption

Acknowledgements

This work was supported 1n part by the Centre
National de la Recherche Scientifique (Laboratoire
Associe No 217 Relations structure-fonction des
constituants membranaires) and by the Mimstére
de la Santé (Convention de Recherche 82-03) We
are grateful to Dr E Porchet for electron mu-
croscopy analysis and to Dr D Léger for the gift
of rabbit serotransferrin

References

—

Masson PL Heremans JF and Dive C (1966) Chn

Chim Acta 14 735-739

Isobe, K Sakurami, T and Isobe, Y (1978) Acta Haema-

tol Jpn 41, 1328-1333

Valberg L and Flanagan, P R (1983) in Biological Aspects

of Metal and Metal-related Diseases (Bibudhendra Sarkar

ed ), pp 41-66, Raven Press New York

4 Huebers M., Huebers, E Forth W and Rummel, W
(1971) Life Sci 10 1141-1146

5 Halliday, JW, Powell LW and Mack U (1976) Br J
Haematol 34, 237-241

6 Huebers H, Bauer, W Huebers, E Csiba E and Finch
C (1981) Blood 57 218-228

7 Cox T Mazuner J Spik G, Montrewl J and Peters R

(1979) Biochim Biophys Acta 558 120-128

[\

w



460

8

9

10

11
12

13

14

15

16

17

18

19

20

McMillan, JA Landaw, SA and Oski
Pediatrics 58, 686691

Saarinen UM, Sumes M A and Dallman, PR (1977) J
Pediatr 91, 36-39

Montrewl J, Tonnelat, J and Mullet, S (1960) Biochim
Biophys Acta 45, 413-421

Brock, JM (1980) Arch Dis Child 55, 417-421

De Vet B and Van Gool, J (1974) Acta Med Scand 196
393-402

Van Vugt, H, Van Gool, J Ladiges, N and Boers W
(1975) Q J Exp Physiol 60, 79-88

Yoshino Y Hisayau, S, Onnmo M and Hirat Y (1983) in
Structure and Functions of Iron Storage and Transport
Protein (Urushizaki, I, Aisen, P, Listowsky, I and Drys-
dale JW , eds), pp 419-422, Elsevier Amsterdam

De Laey P Masson P and Heremans JF (1968) in Prot
Biol Fluids Proc Colloq Brugges (Peters H ed ), Vol 16
pp 627-632, Pergamon Press, Oxford

Huebers H, Huebers E Csiba, E Rummel
Finch, C (1983) Blood 61, 283-290

Cheron A, Mazuner, J and Fournet, B (1977) C R Hebd
Seances Acad Sct Paris 284D, 585-588

Mazurier, J and Spik G (1980) Biochim Biophys Acta
629 399-408

Leger D, Tordera V, Spik, G Dorland, L Haverkamp
J and Vhiegenthart, J F G (1978) FEBS Lett 93 255-260
Kessler M Acuto, O, Storelh, H, Murer H, Muller, M

FA (1976)

W and

[ SSJ )
[

24
25
26
27
28
29
30

31

LFS RSt
[DVI )

and Semenza G
136-154
Kerckaert, JP (1978) Anal Biochem 84, 354 -360
Towbin, H Staehehn, T and Gordon J (1979) Proc Natl
Acad Sc USA 76, 4350-4354

Burnette, W N (1981) Anal Biochem 112 195-203
Phillips, JL (1976) Biochem Biophys Res Commun 71
726-732

Thorstensen K and Romslo (1984) Biochim Biophys Acta
804 393-397

Scatchard, G (1949) Ann NY Acad Sa 51, 660-672
Goavec, M (1984) These 3eme Cycle Lille
Campbell EJ (1982) Proc Natl Acad Sa
6941-6945

Bennet R J, Davis, J, Campbell, S and Portnoff, S (1983)
J Chin Invest 71, 611-618

Loh TT, Higuch1 A Van Bockxmeer FM , Smuth, C H
and Brown, EB (1980) J Clin Invest 65, 1182-1191
Marx, J J M, Ligdeur, M Geertsema, C and Schuurman
HJ (1984) Abstracts of Iron Club Meeting Rennes, 10-13
July, 1984

Bjorn-Rasmussen, E (1983) Lancet, 914-916

Refsum S and Schreiner, B (1984) Scand J Gastroenterol
19, 867-874

Nishisato, T and Aisen, P (1982) Br J Haematol 52
631-640

(1978) Brochim Biophys Acta 506

USA 79



