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Abstract Lactoferrin (LF), an 80-kDa glycoprotein of ubiquitous occurrence in body
fluids, is multifunctional and capable of assuming different configurations to serve
those functions. The capacity of LF to undergo endocytosis and the recent demon-
stration of LF binding to sequence specific DNA indicate that a function or capability
of LF, in addition to iron chelation, bacteriostasis, and receptor-specific lymphocyte
binding, may be that of gene activation or silencing. The data of this report present a
human physiological system, that of sperm entry into the oocyte in performance of
fertilization in which, since LF is a component of the sperm protein coat, that capa-
bility could be expressed. However, the configuration of LF in that locus is one in
which a revealed cryptic sequence provides the specific binding site for a natural
antibody present in the fertilization milieu. The presence of that antibody suggests
that a system of control of the potential interaction of LF with the intra-ooplasmic
DNA, that of gametes or pronuclei, is operative. The configuration of LF on the sperm
surface and designation of the reactive site for the natural antibody were enabled by
a monoclonal antibody secreted by a hybridoma derived from a human cord blood B
cell. Thus, in addition to information concerning the molecular flexibility of LF, these
observations support the proposition that the repertoire of natural antibodies pro-
vides an innate homeostatic system, with each antibody serving a specific role.

[P.S.E.B.M. 1997, Vol 216]

actoferrin (LF) has long been considered to be a
component of the protein coat of the spermatozoon
head (1, 2). In this study, we have identified a natural
antibody, invariably present in normal human sera (3, 4),
that is specifically reactive with a sequence revealed in situ
in the configuration of LF present on the sperm head. In
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other forms of native LF (e.g., those present in plasma and
milk), that sequence is not revealed and reactivity with the
natural antibody is not displayed in vitro or, presumably, in
vivo. The dependence of the natural antibody epitope upon
a cryptic sequence of LF displayed in the configuration of
LF in the sperm coat is supported by demonstration of se-
rum IgM reactivity with denatured, but not with native, LF
isolated from human milk or seminal plasma. We have lo-
calized the reactive site, revealed by denaturation, to a 10-
kDa fraction of LF consisting of two peptides, 81 and 88
residues, and we have shown that all of a large cohort of
normal human sera contain an IgM antibody reactive with
that fraction (4). Further, the characterization of the natural
antibody of human serum and its specific recognition of LF
in the sperm coat has been verified by a monoclonal anti-
body, secreted by a hybridoma derived from a human cord
blood B cell, that is specifically reactive with that 10-kDa
fraction.

Natural antibodies are those for which no exogenous
source of induction is apparent and to which benign, rather
than pathologic, function is attributed (5, 6). Continued
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study and identification of specific natural antibodies sup-
port the concept that such antibodies have arisen and, by
virtue of contribution to homeostasis, have become estab-
lished in the innate repertoire. The occurrence of a natural
antibody capable of recognizing LF in the specific configu-
ration in which it occurs in the sperm coat may indeed be an
example of the protective function of a natural antibody.
Recent studies (7, 8) have shown that LF may enter cells, be
transported to the nuclei, and interact with DNA. Since the
sperm protein coat is shed and dispersed as the fertilization-
bent sperm undergoes capacitation, acrosome reaction, and
penetration of the protective zona pellucida surrounding the
oocyte (9, 10), the endocytosis-capable LF could gain entry
to the fertilized oocyte and carry out interaction with the
DNA of the gametes in their state of transition to the pro-
nuclei of the embryo. Thus, the presence of the LF-reactive
natural antibody, in the plasma present in the ducts of the
female reproductive tract, may be a fundamental mecha-
nism of protection of the nascent genetic complement.

Materials and Methods

LF Proteins. Human milk lactoferrin, obtained from
Sigma Chemical Co. (L3770; St. Louis, MO) is designated
LF(M). Seminal plasma LF was isolated from pooled speci-
mens of semen, from clinically normal volunteer donors.
Following liquefaction, sperm-free plasma was obtained by
centrifugation and separated by DEAE ion exchange chro-
matography (11) into a pool of basic and a pool of acidic
fractions. Each pool was subjected to gel filtration (Sephac-
ryl S 300 HR; Pharmacia, Piscataway, NJ) and the first
fraction of each pool was resolved at 80 kDa and designated
SP80-basic and SP80-acidic, respectively.

Cyanogen Bromide Cleavage and SDS-PAGE.
CNBr treatment of SP80-basic, SP80-acidic, and LF(M)
was carried out as described (12). Briefly, a 10-mg/ml 70%
formic acid solution of each protein was incubated with
CNBr (200-fold molar excess) at room temperature for 18—
24 hr. Following lyophylization, the cleavage mixtures were
electrophoresed on an SDS-PAGE (Fig. 1). For enhanced
resolution of the low-molecular weight fractions (Fig. 2)
electrophoresis was carried out on a 16.5% tricine gel (13).

Characterization of Fraction 7B. Fraction 7B was
excised from the gel and extracted with H,O. SDS was
precipitated by addition of KCl and the component peptides
of 7B were purified by dialysis against PBS (pH 7.2). Un-
treated sperm-free seminal plasma proteins and native LF
were PBS solutions. Determination that LF fraction 7B con-
sisted of two peptides was carried out by the Laboratory of
Mass Spectrometry at Rockefeller University, utilizing ma-
trix-associated laser desorption/ionization mass spectrom-
etry (14). N-terminal sequencing of the peptides of LF frac-
tion 7B was carried out by the Protein Sequencing Facility
at Rockefeller University, utilizing repeated cycles of Ed-
man degradation followed by PTH analysis with microbore
HPLC (15).

Immunoreactivity. Western blot was performed on
Immobilon-P (Millipore, Bedford, MA) transfers of the
electropherograms of LF(M) and acidic and basic SP80 and
visualized by chemiluminescence. Enzyme-linked immuno-
sorbent assay (ELISA) was carried out by standardized
methodology (16-18). Sera were those of a rabbit immu-
nized with human LF(M), a rabbit immunized with SP80
(acidic and basic combined), and human sera selected at ran-
dom from a group of discards from clinical laboratories, iden-
tified by gender, age, and ‘‘no clinical findings.”” Reactivity by
all human sera was solely with fraction 7 of the PAGE (Fig. 1)
and resolved at a distinct band designated 7B (Fig. 2).

Monoclonal Antibody Specific for Fraction 7B.
Mononuclear cells were isolated from cord blood of a nor-
mal neonate by density gradient centrifugation using Ficoll-
Pague (Pharmacia) and transformed with Epstein-Barr virus
(19). Fusion with the parental cell line HMMA, utilizing
standard procedures (20), resulted in a set of IgM-secreting
hybridomas for which monoclonality was established by
limiting dilution. Since reactivity of serum with denatured
milk LF(M) and SP80 was confined to a single PAGE frac-
tion (Fig. 2) that fraction was isolated from the gel and
utilized, together with a set of proteins and peptides for
which specific reactivity by other human natural antibodies
has been established (16, 18), as antigens in ELISA to
screen those monoclonal antibodies (mAbs) for exclusive
reactivity with fraction 7B.

Sperm Coat Protein Fraction. A fraction contain-
ing the components of the sperm coat was obtained by in-
duction of the acrosome reaction (21) in a suspension of
spermatozoa: the swim-up sperm were gently washed with
PBS, collected, and suspended in Ca medium: 2 mM CaCl,,
10 mM ionophore A23187 (Calbiochem, La Jolla, CA), 1
mM PMSF (Sigma) and incubated 4 hr at room temperature.
The sperm cells were pelleted by low-speed centrifugation
and the resultant supernatant cleared of particles by high-
speed centifugation followed by dialysis overnight at 4°C.
The supernatant was tested by ELISA, for reactivity with
human sera and with the mAb reactive with LF fraction 7B
(Fig. 3).

Cytologic Localization of LF/SP80 in Sperm
Heads. A fraction of swim-up human sperm was obtained
from spontaneously liquified seminal plasma, washed three
times with phosphate-buffered saline (PBS), and finally sus-
pended in either human serum diluted 1:500 in PBS or in
PBS solution of the purified mAb, followed by overnight
incubation at 4°C. Each suspension was washed three times
with PBS and the collected sperm incubated in FITC-
labeled anti-human IgM (Sigma) for 1 hr. The sperm were
washed with PBS, and a drop of the suspension placed on a
slide, examined, and photographed, utilizing FITC-specific
filters (Fig. 4).

Results

The data reported here confirm previous studies indi-
cating that an 80-kDa protein of human seminal plasma is
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homologous with LF (1, 2). Fractionation of sperm-free
seminal plasma by DEAE ion exchange chromatography
(not shown) confirmed that the 80-kDa protein is present in
two forms: basic and acidic, which contains the glycan moi-
ety (22). CNBr cleavage fractions on SDS gels were iden-
tical for both forms of SP80 as well as for LF derived from
human milk (Figs. 1A and 2A). Also, the pattern of immu-
noreactivity of those fractions with serum of a rabbit im-
munized with SP80 (Fig. 1) or with LF from human milk
(not shown) are correspondingly identical. Similarly, prior
reports (4) that normal human sera show no immunoreac-
tivity with native LF from milk or with SP80 isolated from,
or in the context of, seminal plasma are confirmed (Fig. 3).
Especially significant is the confirmation (Figs. 1 and 2) that
a natural antibody, identified in normal human sera (3, 4), is
reactive with a cryptic sequence of LF and SP80 that is
revealed upon denaturation of those proteins (Figs. 1 and 2).
That sequence is segregated in fraction 7B from the PAGE
of CNBr cleavage products of LH(M) and SP80 (Fig. 2).
The innate occurrence of the natural antibody is stikingly
demonstrated by the derivation of a hybridoma from a cord
blood cell which secretes an IgM/K that is specifically re-
active with a component of fraction 7B (Figs. 2 and 3).
Mass spectrometry revealed that fraction 7B contains
two peptides, of 10 and 9 kDa. N-terminal sequencing iden-
tified DKVER for the 10-kDa major peptide and SLDGG
for the 9-kDa peptide. Upon the assumption that CNBr
cleavage of LF is at methionine residues and by reference to
the published structure of LF (12), the sequence of each of
the two peptides was derived and localized to the C lobe. A
set of 12 residue peptides, with 5 residue overlaps, com-
prising the derived linear sequences of the 2 peptides, was
created (Table I). Thus far, specific reactivity of human
serum IgM has not been identified with any one of those
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Figure 1. SDS-PAGE of CNBr cleaved LF and SP80 (A) Protein
stain: 1, molecular weight markers; 2, LF(M); 3, SP80-basic; 4,
SP80-acidic. All three proteins (2, 3, and 4) show identical cleavage
fractions 1-8. (B) Immunotransfer with serum of rabbit immunized
with SP80 (acidic and basic) showing multiplicity of reactive sites and
homology of reactivity of LF(M) and SP80. (C) Immunotransfer with
normal human male serum showing reactivity solely with fraction 7 of
each of the three proteins.
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Figure 2. Tricine SDS-PAGE. (A) Protein stain: 1, molecular weight
markers; 2, LF(M); 3, SP80 (acidic and basic). Resolution of fraction
7 shows two distinct bands. (B) Immunotransfer with normal human
male serum showing reactivity specifically localized in fraction 7B.
(C) Immunoreactivity with fraction 7B of an Mab IgM from a human

1 2 3

B cell derived hybridoma.

100p o A

S0 m- B
go ®C
70
60

50

0 D 490nm

40

30

20

3 Q Mab

Figure 3. Reactivity, by ELISA, of serum (1:100) of each of five
males, five females, and the mAb with: (A) 10 pg/ml of the comple-
ment of sperm coat proteins released following induction of the ac-
rosome reaction in a suspension of swim-up spermatozoa; (B) 10
pg/ml of purified fraction 7B LF(M); (C) 10 pg/ml native (nondena-
tured) LF(M). The relative reactivities of Bars A and B indicate that a
serum antibody and the mAb are reactive with a specific component,
but not all, of the sperm coat complement. The lack of reactivity with
native LF(C) verifies that the natural antibody of serum and the mAb
are reactive with a site of LF that is not revealed in its native state.

peptides tested singly, indicating that the fundamental epi-
tope for the natural antibody, although embodied in LF
fraction 7B, is conformation dependent.

The localization of that epitope in situ, in the sperm
head, is demonstrated by cytoimmunoreactivity of human
serum and by the mAb specifically reactive with LE(M)/
SP8O0 fraction 7B (Fig. 4). Further evidence that LF is pres-
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Figure 4. /n s/fuimmunoreactivity, displayed by FITC-labeled anti-
human IgM, of a component of human sperm heads with: (A) human
serum; (B) mAb reactive with LF fraction 7B.

ent in the sperm coat proteins, in that configuration in which
the natural antibody epitope is revealed, is provided by Fig-
ure 3. Following induction of the acrosome reaction (21),
resulting in dispersion of the protein coat/plasma membrane
ensemble overlying the acrosomal region of the sperm head,
reactivity of a component of the coat with human serum
IgM and with the mAb was shown (Fig. 3). Thus, Figures 3
and 4 provide evidence that, following the sequence of ca-

Table I. Overlapping Duodecapeptides Comprising
the Components of LF Fraction 7B

A. DKVERLKQVLLH B. SLDGGYVYTACK
KQVLLHQQAKFG VYTACKCGLVPY
QQAKFGRNGSDC CGLYVPVLAENYK
RNGSDCPDKFCL LAENYKSQQSSD
PDKFCLFQSETK SQQSSDPDPNCYVY
FQSETKNLLFND PDPNCYDRPVEG
NLLFNDNTECLA DRPVEGYLAVAY
NTECLARLHGKT YLAVAVVRRSDT
RLHGKTTYEKYL VRRSDTSLTUWNS
TYEKYLGPQYVA SLTWNSVKGKKS
GPQYVAGITNLK
GITNLKKCSTSP
KCSTSPLLEACE
SPLLEACEFLRK

Nofte. A = 10 kDa; B = 9 kDa. As noted (Results) reactivity of human
serum IgM or of the mAb was not displayed against any of the
peptides, indicating that the epitope is conformational.

pacitation and acrosome reaction in vivo, the LF shed from
the sperm coat may be available for entry into the sperm-
penetrated oocyte. However, since the complete immuno-
globulin repertoire of plasma is present in the female repro-
ductive tract (23) that availability may be inhibited by the
natural antibody.

Discussion

We have identified an IgM characterized as a natural
antibody since it has been shown to be present in a large
cohort of normal human sera, and for which no pathologic
role or association is apparent. The reactive site for that
natural antibody has been shown previously (3), and con-
firmed here, to be present in the plasma membrane complex
of the sperm head. These studies, designed to establish the
molecular identity of that reactive site, have confirmed that
an approximately 72-6-kD protein present in seminal
plasma (2), accurately determined here as 80 kD, is also
present in the protein coat of the sperm head and that 80-
kDa protein is homologous with, and in fact is, lactoferrin.
We show here that the noted natural antibody is specifically
reactive with LF in a configuration other than that of the LF
ubiquitous in body fluids. That configuration and the natural
antibody reactivity is revealed in vitro (Figs. 2 and 3), fol-
lowing denaturation of native circulating LF and is revealed
in vivo (Fig. 4) in the LF incorporated in the protein coat of
the human sperm head. LF is present in seminal plasma in
the native configuration and, by a mechanism not yet de-
termined, the antibody recognition form is assumed when it
is deposited in the spermatozoal membrane/coat complex.
The transition to that form and deposition in the sperm
surface coat presumably take place during the period of
spermatogenic maturation in the seminiferous tubules of the
testes. It is relevant, therefore, to note that large molecules
such as immunoglobulins, particularly IgM, are excluded
from the lumina of the seminiferous tubules (24) and, there-
fore, from immunoreactivity with sperm components during
spermiogenesis. That barrier, however, does not exist in the
female reproductive tract, where the full complement of
circulating antibodies is present (23). Therefore, the LF re-
active natural antibody is available for immunoreactivity
with the LF of the sperm coat, following ejaculation into the
female reproductive tract. That interaction may take place in
the sperm coat in situ as shown (Fig. 4) and is definitely
capable of taking place with the LF released, along with
other coat and plasma membrane components (Fig. 3) as the
sperm undergoes the sequence of capacitation and acrosome
reaction, which facilitate passage of the sperm through the
protective zona pellucida surrounding the oocyte, and sub-
sequent entry into the oocyte (9, 10). Since the acrosome
reaction involves fusion of the acrosomal membrane with
the plasma membrane, the components of the overlying pro-
tein coat are dispersed. Thus, the released LF could have
ready access to the ocoplasm were it not for the presence, in
the fertilization milieu, of the natural antibody capable of
immunological nullification of the ability of that LF to en-
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docytose through the oocyte membrane and, subsequently,
to interact with the DNA of the gametes or pronuclei.

The salutory effect of that restriction of LF entry may
be particularly relevant since there is good evidence that, in
mammals, the transition of the male gamete chromosomal
complement to the pronucleus of the embryo includes a
brief interim period when the DNA is ‘‘naked’’—that is, the
interval between shedding of spermatozoal specific prot-
amines and replacement with the characteristic somatic
complement of histones (25, 26). In that interval, in-
traooplasmic LF could have ample opportunity to interact
with the paternal DNA.

Among the many functions and interactions defined for
LF, its capacity to be endocytosed and interact with DNA is
of increasing interest (7, 8, 27-29). Particularly interesting
are the recent reports that the interaction of LF with DNA is
marked by sequence specificity (7). The underlying molecu-
lar bases for that specificity have not been defined, but it is
reasonable to expect that, if LF/DNA interaction occurs in
vivo, it does so within a defined control system. It is logical,
also, to propose that such a system exists in the organized
chromosomal complement of somatic cells, but not in the
nascent undifferentiated complements of the pronuclei.
Thus, in that context the postulated control of sequence
specificity in interaction of LF with DNA may not be op-
erative. The presence of a natural antibody selectively re-
active with LF in the specific configuration in which it
exists in the sperm coat, but not with LF in its ubiquitous
circulating form, may represent a fortuitous natural selec-
tion mechanism on two bases: (i) inhibition of LF interac-
tion with the DNA complements of the fertilized oocyte and
(ii) restriction of immunoreaction by the circulating natural
antibody with LF at other loci, in its more prevalent, im-
portant function-serving forms. The innate occurrence of
that natural antibody is verified since the hybridoma secret-
ing the mAb, utilized to provide significant data of this
study, was derived from a human cord blood B cell.

The capacity of LF to assume different configurations
to serve its different functions has been imaginatively ex-
pressed as ‘‘the jaws of lactoferrin’” (30) and less whimsi-
cally, but cogently, described in recent analyses of its physi-
cal properties (31-33). In this study, we present evidence
for a functional involvement of lactoferrin that requires the
opening of a previously unrecognized ‘‘set of jaws’’ or a
novel configuration.

We thank Dr. Joshua Lederberg and Dr. Vincent G. Allfrey for read-
ing the manuscript, helpful discussions, and suggestions. We are grateful to
student volunteer Rachel Zoffness for excellent assistance with literature
search and preparation of references.

1. Hekman A, Rumke P. The antigens of human seminal plasma (with
special reference to lactoferrin as a spermatozoa-coating antigen). Pro-
tides Biol Fluids 16:549-552, 1969.

2. Goodman SA, Young LG. Immunological identification of lactoferrin

408

17.

18.

19.

20.
21.

22.

23.

24.

ANTIBODY CONTROL OF LACTOFERRIN ACTIVITY

as a shared antigen on radioiodinated sperm surface and in radioio-
dinated human seminal plasma. J Reprod Immunol 21:99-108, 1981.

. Rodman TC, Laurence J, Pruslin FH, Chiorazzi N, Winston R. Natu-

rally occurring antibodies reactive with sperm proteins: Apparent de-
ficiency in AIDS sera. Science 228:1211-1215, 1985.

. Manchester K, Winston R, Rodman TC. Lactoferrin-reactive natural

antibodies. Ann N Y Acad Sci 815:475-477, 1997.

. Boyden SV. Natural antibodies and the immune response. Adv Immu-

nol 5:1-28, 1965.

. Guilbert B, Dighiero G, Avrameas S. Naturally occurring antibodies

against nine common antigens in human serum. Detection, isolation
and characterization. J Immunol 128:2779-2787, 1982.

. He I, Furmanski P. Sequence specificity and transcriptional activation

in the binding of lactoferrin to DNA. Nature 373:721-724, 1995.

. Bi BY, Liu JL, Legrand D, Roche A-C, Capron M, Spik G, Mazurier

J. Internalization of human lactoferrin by the Jurkat human lympho-
blastic T cell line. Eur J Cell Biol 69:288-296, 1996.

. Yanagimachi R. Mammalian fertilization. In: Knobil E, Neil JD, Eds.

The Physiology of Reproduction. New York: Raven Press, pp 189—
317, 1994,

. Aitken RJ. Fertilization and early embryogenesis. In: Hillier SG,

Kitchener HC, Neilson JP, Eds. Scientific Essentials of Reproductive
Medicine. London: W. B. Saunders, pp 2-10, 1996.

. Friesen AD, Bowman JM, Price HW. Column ion exchange prepara-

tion and characterization of an Rh immune globulin for intravenous
use. J Appl Biochem 3:164-175, 1981.

. Metz-Boutigue M-H, Jolles J, Mazurier J, Schoentgen F, Legrand D,

Spik G, Montreuil J, Jolles P. Human lactoferrin: Amino acid sequence
and structural comparisons with other transferrin. Eur J Biochem
145:659-676, 1984.

. Schigger H, van Jagow G. Tricine-sodium dodecyl sulfate-poly-

acrilamide gel electrophoresis for the separation of proteins in the
range from 1 to 100 kDa. Anal Biochem 166:368-373, 1987.

. Beavis RC, Chait BT. High accuracy molecular mass determination of

proteins using matrix-assisted desorption mass spectrophotometry.
Anal Chem 62:1836-1840, 1990.

. Atherton D, Fernandez J, DeMott M, Andrews L, Mische SM. Routine

protein sequence analysis below ten picomoles. In: Angeletti RH, Ed.
Techniques in Protein Chemistry IV. San Diego, CA: Academic Press,
pp 409418, 1993.

. Rodman TC, Pruslin FH, Chauhan Y, To SE, Winston R. Protamine-

reactive natural antibodies in human sera. J Exp Med 167:1228-1246,
1988.

Pruslin FH, To SE, Winston R, Rodman TC. Caveats and suggestions
for the ELISA. J Immunol Methods 137:27-35, 1991.

Rodman TC, To SE, Hashish H, Manchester K. Epitopes for natural
antibodies of human immunodeficiency virus (HIV)-negative and
HIV-positive sera are coincident with two key functional sequences of
HIV Tat protein. Proc Natl Acad Sci U S A 90:7719-7723, 1993.
Chiorazzi N, Wasserman RL, Kunkel HG. Use of Epstein/Barr virus
transformed B-cell lines for the generation of immunoglobulin-
producing human B cell hybridomas. J Exp Med 156:930-935, 1982.
Chiorazzi N. Generation of stable autoantibody-secreting B cell hy-
bridomas. Mol Biol Rep 16:65-73, 1992.

Jamil K, White IG. Induction of acrosomal reaction in sperm with
ionophore A23187 and calcium. Arch Androl 7:283-292, 1981.
Spik G, Coddeville B, Mazurier J, Bourne Y, Cambillant C, Montreuil
J. Primary and three-dimensional structure of lactotransferrin (lacto-
ferrin) glycans. Adv Exp Med Biol 357:21-32, 1994.

Yee AJ, Silver LM. Contraceptive vaccine formulations with sperm
proteins. In: Bronson RA, Alexander NJ, Anderson DJ, Branch DW,
Kutteh WH, Eds. Reproductive Immunology. Malden, MA: Blackwell
Science, Part 2:Chapter 33, 1996.

Haas GG Jr., Bronson RA, D’Cruz J, Fusi FM. Antisperm antibodies
and infertility. In: Bronson RA, Alexander NJ, Anderson DJ, Branch
DW, Kutteh WH, Eds. Reproductive Immunology. Malden, MA:
Blackwell Science, Part 2:chapter 7, 1996.



25.

26.

217.

28.

29.

Rodman TC, Pruslin FH, To SE, Winston R, Allfrey VG. Turnover of
basic chromosomal proteins in fertilized eggs: A cytoimmunochemical
study of events in vivo. J Cell Biol 90:351-361, 1981.

Monchev S, Tsanev S. Protamine-histone replacement and DNA rep-
lication in the male mouse pronucleus. Mol Reprod Dev 25:72-76,
1990.

Fleet JC. A new role for lactoferrin: DNA binding and transcription
activation. Nutr Rev 53:226-231, 1995.

Garre C, Bianchi-Scarra G, Sirito M, Musso M, Ravazzolo R. Lacto-
ferrin binding sites and nuclear localization in K562 (s) cells. J Cell
Physiol 153:477-482, 1992.

Hutchens TW, Henry JF, Yip TT, Hachey DL, Schanler RJ, Motil KJ,

30.
31.

32.

33.

ANTIBODY CONTROL OF LACTOFERRIN ACTIVITY

Garza C. Origin of intact lactoferrin and its DNA-binding fragment
found in the urine of milk-fed infants. Evaluation of stable isotopic
enrichment. Pediatr Res 29:243--250, 1991.

Concar D. The jaws of lactoferrin. Nature 344:710, 1990.

Gerstein M, Andersen BF, Norris GE, Baker EN, Lesk AM, Clothia C.
Two hinges produce a see-saw motion between alternative close-
packed interfaces. J Mol Biol 234:357-372, 1993.

Baker EN, Anderson BF, Baker HM, Day CL, Rumball SV, Smith CL,
Thomas DH. Three dimensional structure of lactoferrin in various
functional states. Adv Exp Med Biol 357:1-12, 1994.

Loénnerdal B, Iyer S. Lactoferrin: Molecular structure and biological
function. Annu Rev Nutr 15:93-110, 1995.

409





