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HUMAN PHOSPHOLIPID BINDING PROTEINS 

[0001] This application is a continuation application of 
US. application Ser. No. 09/390,126, ?led Sep. 3, 1999, 
entitled HUMAN PHOSPHOLIPID BINDING PROTEINS, 
Which is a division of US. application Ser. No. 09/208,718, 
?led Dec. 9, 1998, US. Pat. No. 6,063,767, Which is a 
division of US. application Ser. No. 08/958,820, ?led Oct. 
28, 1997, US. Pat. No. 5,888,742, all of Which applications 
and patents are hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to nucleic acid and amino 
acid sequences of tWo human phospholipid binding proteins 
and to the use of these sequences in the diagnosis, preven 
tion, and treatment of disorders associated With fetal devel 
opment, reproduction, cell proliferation, and the immune 
response. 

BACKGROUND OF THE INVENTION 

[0003] Membrane biogenesis is essential for cell groWth 
and differentiation. During membrane biogenesis in eukary 
otic cells, neWly synthesiZed phospholipids must be trans 
ported from their sites of synthesis to their sites of function. 
Vesicular traf?c in eukaryotic cells is characteriZed by tWo 
steps of membrane rearrangement, the formation of vesicles 
from donor membranes and their fusion With acceptor 
membranes. With respect to vesicle formation, several of the 
cytosolic proteins implicated in budding and ?ssion have 
been identi?ed. These proteins stimulate the formation of 
constitutive secretory vesicles and immature secretory gran 
ules from the trans-Golgi netWork. 

[0004] Phosphatidylcholine transfer protein (PC-TP) is a 
member of a diverse set of cytosolic lipid transfer proteins 
Which are distinguished by their ability to transfer phospho 
lipids betWeen membranes in vitro (WirtZ, K. W. A. (1991) 
Ann. Rev. Biochem. 60:73-99). PC-TPs puri?ed from 
bovine and rat liver are 213 amino acids in length and have 
molecular masses of about 28 kDa. The cDNAs Which 
encode full-length bovine PC-TP and fragments of rat and 
mouse PC-TPs Were recently isolated (Geijtenbeek, T. B. H. 
et al. (1996) Biochem. J. 316:49-55). In adult mice, levels of 
PC-TP RNA are highest in liver, kidney and testis, loWer in 
lung, heart, and gastrointestinal tissues, and nearly unde 
tectable in brain and thymus. PC-TP RNA is present in all 
stages of mouse embryo development, Which suggests a role 
for PC-TP in cell groWth and differentiation (Geijtenbeek et 
al., supra). 
[0005] Pulmonary surfactant is a lipid-rich material that 
prevents lung collapse by loWering surface tension at the 
air-liquid interface in the lung alveoli. It is composed 
primarily of the phospholipids PC and phosphatidylglycerol 
and lesser amounts of cholesterol and surfactant-associated 
proteins. Levels of PC-TP in fetal rat lung are greatest just 
prior to term and parallel the levels of surfactant production 
and of the enZymes required for PC synthesis (Teerlink, T. 
et al. (1982) Biochim. Biophys. Acta 713:61-67). 

[0006] The liver secretes large amounts of PC into the bile. 
PC-TP is proposed to contribute to PC secretion by trans 
porting PC from its site of synthesis in the endoplasmic 
reticulum to the inner lea?et of the canalicular membrane, 
possibly in concert With the class III metabolic P-glycopro 
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tein encoded by the Mdr2 gene (Smit, J. J. M. et al. (1993) 
Cell 75:451-462; Geijtenbeek et al., supra). 

[0007] PC-TP may play an essential role in membrane 
biogenesis by delivering PC to sites of groWth. Furthermore, 
PC-TP may also play a role in the signal transduction 
pathWay by delivering PC from intracellular stores to sites of 
enZymatic hydrolysis Where the PC-speci?c phospholipases 
C and D convert PC into lipid mediators such as phospha 
tidic acid, diacylglyerol and arachidonic acid (EXton, J. H. 
(1994) Biochim. Biophys. Acta 1212:26-42; Geijtenbeek et 
al., supra). 

[0008] Phosphatidylethanolamine (PE) comprises a por 
tion of the lipid pool of many organisms, including bacteria, 
loWer metaZoa, ?sh, amphibia, reptiles, birds, and mammals. 
PE is synthesiZed from ethanolamine and diacylglycerol by 
a number of mitochondrial or endoplasmic reticular 
enZymes. PE is a source of fatty acid anions and diacylg 
lycerol. Intracellular phospholipase C metaboliZes PE to 
produce diacylglycerol, a component of the protein kinase 
C-stimulating second messenger pathWay. Thus PE is an 
important intracellular component of the intracellular fatty 
acid synthesis and of the cell cycle. 

[0009] Membranes composed of PE and phosphatidylg 
lycerol, such as found in bacteria, are permeabiliZed by 
mammalian defensins (Hristova, K. et al. (1997) J. Biol. 
Chem. 272:24224-24233). Separately, biochemically modi 
?ed PE may mediate hippocampal long term potentiation 
and some of the symptoms associated With Sjogren-Larsson 
syndrome (Pavlinova, L. I. et al. (1997) Neurosci. Behav. 
Physiol. 27:234-239; James, P. F. and Zoeller, R. A. (1997) 
J. Biol. Chem. 272:23532-23539). 

[0010] A number of putative PE-binding proteins (PE 
BPs) have been isolated from human, bovine and rat brain 
during searches for molecules With differing, but speci?c, 
biochemical and pharmacological properties (Hori, N. et al. 
(1994) Gene 140:293-294). The presence of PE-BPs in 
cytoplasmic and membrane compartments suggested their 
possible implication in transport or signal mechanisms 
betWeen membranes and the cytoplasm. Subsequent tissue 
expression analysis shoWed that some of these genes are 
transcribed in various rodent tissues, such as brain, spleen, 
lung, liver, skeletal muscle, kidney, and testis. PE-BPs have 
been implicated as essential for normal spermatogenesis in 
the rat (Seddiqi, N. et al. (1996) EXperimentia 52:101-110). 

[0011] Similar putative PE-BPs have been identi?ed in the 
parasitic nematode Onchocerca volvulus. Erttmann, K. D. 
and Gallin, M. Y. (1996; Gene 174:203-207) speculated that 
the nematode PE-BPs might play a role in odorant response, 
a process essential in development, feeding, and mating. 

[0012] The discovery of tWo neW human phospholipid 
binding proteins and the polynucleotides encoding them 
satis?es a need in the art by providing neW compositions 
Which are useful in the diagnosis, prevention and treatment 
of disorders associated With fetal development, reproduc 
tion, cell proliferation, and the immune response. 

SUMMARY OF THE INVENTION 

[0013] The invention features tWo substantially puri?ed 
polypeptides, human phospholipid binding proteins (desig 
nated collectively as PLBP and individually as PLBP1 and 
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PLBP2), having the amino acid sequence shown in SEQ ID 
NO:1 or SEQ ID NO:3 or fragments thereof. 

[0014] The invention further provides an isolated and 
substantially puri?ed polynucleotide sequence encoding the 
polypeptide comprising the amino acid sequence of SEQ ID 
NO:1 or fragments thereof and a composition comprising 
said polynucleotide sequence. The invention also provides a 
polynucleotide sequence Which hybridiZes under stringent 
conditions to the polynucleotide sequence encoding the 
amino acid sequence of SEQ ID NO:1, or fragments of said 
polynucleotide sequence. The invention further provides a 
polynucleotide sequence comprising the complement of the 
polynucleotide sequence encoding the amino acid sequence 
of SEQ ID N011, or fragments or variants of said poly 
nucleotide sequence. 

[0015] The invention also provides an isolated and puri 
?ed sequence comprising SEQ ID NO:2 or variants thereof. 
In addition, the invention provides a polynucleotide 
sequence Which hybridiZes under stringent conditions to the 
polynucleotide sequence of SEQ ID NO:2. The invention 
also provides a polynucleotide sequence comprising the 
complement of SEQ ID NO:2, or fragments or variants 
thereof. 

[0016] The present invention further provides an expres 
sion vector containing at least a fragment of any of the 
claimed polynucleotide sequences. In yet another aspect, the 
expression vector containing the polynucleotide sequence is 
contained Within a host cell. 

[0017] The invention also provides a method for produc 
ing a polypeptide comprising the amino acid sequence of 
SEQ ID NO:1 or a fragment thereof, the method comprising 
the steps of: a) culturing the host cell containing an expres 
sion vector containing at least a fragment of the polynucle 
otide sequence encoding PLBPl under conditions suitable 
for the expression of the polypeptide; and b) recovering the 
polypeptide from the host cell culture. 

[0018] The invention also provides a pharmaceutical com 
position comprising a substantially puri?ed PLBPl having 
the amino acid sequence of SEQ ID NO:1 in conjunction 
With a suitable pharmaceutical carrier. 

[0019] The invention also provides a puri?ed antagonist of 
the polypeptide of SEQ ID NO:1. In one aspect the invention 
provides a puri?ed antibody Which binds to a polypeptide 
comprising the amino acid sequence of SEQ ID NO:1. 

[0020] Still further, the invention provides a puri?ed ago 
nist of the polypeptide of SEQ ID NO:1. 

[0021] The invention also provides a method for treating 
or preventing a disorder associated With fetal development 
comprising administering to a subject in need of such 
treatment an effective amount of a pharmaceutical compo 
sition comprising puri?ed PLBPl. 

[0022] The invention also provides a method for treating 
or preventing a disorder associated With reproduction com 
prising administering to a subject in need of such treatment 
an effective amount of a pharmaceutical composition com 
prising puri?ed PLBPl. 

[0023] The invention also provides a method for treating 
or preventing a disorder associated With cell proliferation 
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comprising administering to a subject in need of such 
treatment an effective amount of an antagonist to PLBPl. 

[0024] The invention also provides a method for treating 
or preventing a disorder associated With the immune 
response comprising administering to a subject in need of 
such treatment an effective amount of an antagonist to 
PLBPl. 

[0025] The invention also provides a method for detecting 
a polynucleotide Which encodes PLBPl in a biological 
sample comprising the steps of: a) hybridiZing the comple 
ment of the polynucleotide sequence Which encodes SEQ ID 
NO:1 to nucleic acid material of a biological sample, thereby 
forming a hybridiZation complex; and b) detecting the 
hybridiZation complex, Wherein the presence of the complex 
correlates With the presence of a polynucleotide encoding 
PLBPl in the biological sample. In one aspect the nucleic 
acid material of the biological sample is ampli?ed by the 
polymerase chain reaction prior to hybridiZation. 

[0026] The invention further provides an isolated and 
substantially puri?ed polynucleotide sequence encoding the 
polypeptide comprising the amino acid sequence of SEQ ID 
NO:3 or fragments thereof and a composition comprising 
said polynucleotide sequence. The invention also provides a 
polynucleotide sequence Which hybridiZes under stringent 
conditions to the polynucleotide sequence encoding the 
amino acid sequence of SEQ ID NO:3, or fragments of said 
polynucleotide sequence. The invention further provides a 
polynucleotide sequence comprising the complement of the 
polynucleotide sequence encoding the amino acid sequence 
of SEQ ID NO:3, or fragments or variants of said poly 
nucleotide sequence. 

[0027] The invention also provides an isolated and puri 
?ed sequence comprising SEQ ID NO:4 or variants thereof. 
In addition, the invention provides a polynucleotide 
sequence Which hybridiZes under stringent conditions to the 
polynucleotide sequence of SEQ ID NO:4. The invention 
also provides a polynucleotide sequence comprising the 
complement of SEQ ID NO:4, or fragments or variants 
thereof. 

[0028] The present invention further provides an expres 
sion vector containing at least a fragment of any of the 
claimed polynucleotide sequences. In yet another aspect, the 
expression vector containing the polynucleotide sequence is 
contained Within a host cell. 

[0029] The invention also provides a method for produc 
ing a polypeptide comprising the amino acid sequence of 
SEQ ID NO:3 or a fragment thereof, the method comprising 
the steps of: a) culturing the host cell containing an expres 
sion vector containing at least a fragment of the polynucle 
otide sequence encoding PLBP2 under conditions suitable 
for the expression of the polypeptide; and b) recovering the 
polypeptide from the host cell culture. 

[0030] The invention also provides a pharmaceutical com 
position comprising a substantially puri?ed PLBP2 having 
the amino acid sequence of SEQ ID NO:3 in conjunction 
With a suitable pharmaceutical carrier. 

[0031] The invention also provides a puri?ed antagonist of 
the polypeptide of SEQ ID NO:3. In one aspect the invention 
provides a puri?ed antibody Which binds to a polypeptide 
comprising the amino acid sequence of SEQ ID NO:3. 
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[0032] Still further, the invention provides a puri?ed ago 
nist of the polypeptide of SEQ ID NO:3. 

[0033] The invention also provides a method for treating 
or preventing a disorder associated With fetal development 
comprising administering to a subject in need of such 
treatment an effective amount of a pharmaceutical compo 
sition comprising puri?ed PLBP2. 

[0034] The invention also provides a method for treating 
or preventing a disorder associated With reproduction com 
prising administering to a subject in need of such treatment 
an effective amount of a pharmaceutical composition com 
prising puri?ed PLBP2. 

[0035] The invention also provides a method for treating 
or preventing a disorder associated With cell proliferation 
comprising administering to a subject in need of such 
treatment an effective amount of an antagonist to PLBP2. 

[0036] The invention also provides a method for treating 
or preventing a disorder associated With the immune 
response comprising administering to a subject in need of 
such treatment an effective amount of an antagonist to 
PLBP2. 

[0037] The invention also provides a method for detecting 
a polynucleotide Which encodes PLBP2 in a biological 
sample comprising the steps of: a) hybridiZing the comple 
ment of the polynucleotide sequence Which encodes SEQ ID 
NO:3 to nucleic acid material of a biological sample, thereby 
forming a hybridiZation complex; and b) detecting the 
hybridization complex, Wherein the presence of the complex 
correlates With the presence of a polynucleotide encoding 
PLBP2 in the biological sample. In one aspect the nucleic 
acid material of the biological sample is ampli?ed by the 
polymerase chain reaction prior to hybridiZation. 

BRIEF DESCRIPTION OF THE FIGURES 

[0038] FIGS. 1A, 1B, 1C, 1D, and 1E shoW the amino 
acid sequence (SEQ ID NO:1) and nucleic acid sequence 
(SEQ ID NO:2) of PLBP1. The alignment Was produced 
using MACDNASIS PRO softWare (Hitachi SoftWare Engi 
neering Co. Ltd. San Bruno, Calif.). 

[0039] FIGS. 2A, 2B, and 2C shoW the amino acid 
sequence (SEQ ID NO:3) and nucleic acid sequence (SEQ 
ID NO:4) of PLBP2. The alignment Was produced using 
MACDNASIS PRO softWare (Hitachi SoftWare Engineer 
ing Co. Ltd. San Bruno, Calif.). 

[0040] FIG. 3 shoWs the amino acid sequence alignments 
betWeen PLBP1 (3014759; SEQ ID NO:1) and bovine 
PC-TP (GI 897693; SEQ ID NO:5) produced using the 
multisequence alignment program of DNASTAR softWare 
(DNASTAR Inc, Madison Wis.). 
[0041] FIG. 4 shoWs the amino acid sequence alignments 
betWeen PLBP2 (3126479; SEQ ID NO:3) and Onchocerca 
volvulus PE-BP D1 (GI 1143527; SEQ ID NO:6) produced 
using the multisequence alignment program of DNASTAR 
softWare (DNASTAR Inc, Madison Wis.). 

[0042] FIGS. 5A and 5B shoW the hydrophobicity plots 
for PLBP1 (SEQ ID NO:1) and bovine PC-TP (SEQ ID 
NO:5), respectively; the positive X axis re?ects amino acid 
position, and the negative Y axis, hydrophobicity (MACD 
NASIS PRO softWare). 
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DESCRIPTION OF THE INVENTION 

[0043] Before the present proteins, nucleotide sequences, 
and methods are described, it is understood that this inven 
tion is not limited to the particular methodology, protocols, 
cell lines, vectors, and reagents described, as these may vary. 
It is also to be understood that the terminology used herein 
is for the purpose of describing particular embodiments only, 
and is not intended to limit the scope of the present invention 
Which Will be limited only by the appended claims. 

[0044] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “an”, and “the” 
include plural reference unless the context clearly dictates 
otherWise. Thus, for example, reference to “a host cell” 
includes a plurality of such host cells, reference to the 
“antibody” is a reference to one or more antibodies and 
equivalents thereof knoWn to those skilled in the art, and so 
forth. 

[0045] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meanings as com 
monly understood by one of ordinary skill in the art to Which 
this invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods, devices, and materials are noW 
described. All publications mentioned herein are incorpo 
rated herein by reference for the purpose of describing and 
disclosing the cell lines, vectors, and methodologies Which 
are reported in the publications Which might be used in 
connection With the invention. Nothing herein is to be 
construed as an admission that the invention is not entitled 
to antedate such disclosure by virtue of prior invention. 

[0046] De?nitions 

[0047] PLBP, as used herein, refers to the amino acid 
sequences of substantially puri?ed PLBP obtained from any 
species, particularly mammalian, including bovine, ovine, 
porcine, murine, equine, and preferably human, from any 
source Whether natural, synthetic, semi-synthetic, or recom 
binant. 

[0048] The term “agonist”, as used herein, refers to a 
molecule Which, When bound to PLBP, increases or prolongs 
the duration of the effect of PLBP. Agonists may include 
proteins, nucleic acids, carbohydrates, or any other mol 
ecules Which bind to and modulate the effect of PLBP. 

[0049] An “allele” or “allelic sequence”, as used herein, is 
an alternative form of the gene encoding PLBP. Alleles may 
result from at least one mutation in the nucleic acid sequence 
and may result in altered mRNAs or polypeptides Whose 
structure or function may or may not be altered. Any given 
natural or recombinant gene may have none, one, or many 
allelic forms. Common mutational changes Which give rise 
to alleles are generally ascribed to natural deletions, addi 
tions, or substitutions of nucleotides. Each of these types of 
changes may occur alone, or in combination With the others, 
one or more times in a given sequence. 

[0050] “Altered” nucleic acid sequences encoding PLBP 
as used herein include those With deletions, insertions, or 
substitutions of different nucleotides resulting in a poly 
nucleotide that encodes the same or a functionally equiva 
lent PLBP. Included Within this de?nition are polymor 
phisms Which may or may not be readily detectable using a 
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particular oligonucleotide probe of the polynucleotide 
encoding PLBP, and improper or unexpected hybridization 
to alleles, With a locus other than the normal chromosomal 
locus for the polynucleotide sequence encoding PLBP. The 
encoded protein may also be “altered” and contain deletions, 
insertions, or substitutions of amino acid residues Which 
produce a silent change and result in a functionally equiva 
lent PLBP. Deliberate amino acid substitutions may be made 
on the basis of similarity in polarity, charge, solubility, 
hydrophobicity, hydrophilicity, and/or the amphipathic 
nature of the residues as long as the biological or immuno 
logical activity of PLBP is retained. For eXample, negatively 
charged amino acids may include aspartic acid and glutamic 
acid; positively charged amino acids may include lysine and 
arginine; and amino acids With uncharged polar head groups 
having similar hydrophilicity values may include leucine, 
isoleucine, and valine, glycine and alanine, asparagine and 
glutamine, serine and threonine, and phenylalanine and 
tyrosine. 
[0051] “Amino acid sequence” as used herein refers to an 
oligopeptide, peptide, polypeptide, or protein sequence, and 
fragment thereof, and to naturally occurring or synthetic 
molecules. Fragments of PLBP are preferably about 5 to 
about 15 amino acids in length and retain the biological 
activity or the immunological activity of PLBP. Where 
“amino acid sequence” is recited herein to refer to an amino 
acid sequence of a naturally occurring protein molecule, 
amino acid sequence, and like terms, are not meant to limit 
the amino acid sequence to the complete, native amino acid 
sequence associated With the recited protein molecule. 

[0052] “Ampli?cation” as used herein refers to the pro 
duction of additional copies of a nucleic acid sequence and 
is generally carried out using polymerase chain reaction 
(PCR) technologies Well knoWn in the art (Dieffenbach, C. 
W. and G. S. Dveksler (1995) PCR Primer; a Laboratory 
Manual, Cold Spring Harbor Press, Plainview, NY). 

[0053] The term “antagonist” as used herein, refers to a 
molecule Which, When bound to PLBP, decreases the amount 
or the duration of the effect of the biological or immuno 
logical activity of PLBP. Antagonists may include proteins, 
nucleic acids, carbohydrates, antibodies or any other mol 
ecules Which decrease the effect of PLBP. 

[0054] As used herein, the term “antibody” refers to intact 
molecules as Well as fragments thereof, such as Fab, F(ab‘)2, 
and Fv, Which are capable of binding the epitopic determi 
nant. Antibodies that bind PLBP polypeptides can be pre 
pared using intact polypeptides or fragments containing 
small peptides of interest as the immuniZing antigen. The 
polypeptide or oligopeptide used to immuniZe an animal can 
be derived from the translation of RNA or synthesiZed 
chemically and can be conjugated to a carrier protein, if 
desired. Commonly used carriers that are chemically 
coupled to peptides include bovine serum albumin and 
thyroglobulin, keyhole limpet hemocyanin. The coupled 
peptide is then used to immuniZe the animal (e.g., a mouse, 
a rat, or a rabbit). 

[0055] The term “antigenic determinant”, as used herein, 
refers to that fragment of a molecule (i.e., an epitope) that 
makes contact With a particular antibody. When a protein or 
fragment of a protein is used to immuniZe a host animal, 
numerous regions of the protein may induce the production 
of antibodies Which bind speci?cally to a given region or 

Jun. 26, 2003 

three-dimensional structure on the protein; these regions or 
structures are referred to as antigenic determinants. An 

antigenic determinant may compete With the intact antigen 
(i.e., the immunogen used to elicit the immune response) for 
binding to an antibody. 

[0056] The term “antisense”, as used herein, refers to any 
composition containing nucleotide sequences Which are 
complementary to a speci?c DNA or RNA sequence. The 
term “antisense strand” is used in reference to a nucleic acid 
strand that is complementary to the “sense” strand. Anti 
sense molecules include peptide nucleic acids and may be 
produced by any method including synthesis or transcrip 
tion. Once introduced into a cell, the complementary nucle 
otides combine With natural sequences produced by the cell 
to form duplexes and block either transcription or transla 
tion. The designation “negative” is sometimes used in ref 
erence to the antisense strand, and “positive” is sometimes 
used in reference to the sense strand. 

[0057] The term “biologically active”, as used herein, 
refers to a protein having structural, regulatory, or biochemi 
cal functions of a naturally occurring molecule. Likewise, 
“immunologically active” refers to the capability of the 
natural, recombinant, or synthetic PLBP, or any oligopeptide 
thereof, to induce a speci?c immune response in appropriate 
animals or cells and to bind With speci?c antibodies. 

[0058] The terms “complementary” or “complementar 
ity”, as used herein, refer to the natural binding of poly 
nucleotides under permissive salt and temperature condi 
tions by base-pairing. For example, the sequence “A-G-T” 
binds to the complementary sequence “T-C-A”. Comple 
mentarity betWeen tWo single-stranded molecules may be 
“partial”, in Which only some of the nucleic acids bind, or it 
may be complete When total complementarity eXists 
betWeen the single stranded molecules. The degree of 
complementarity betWeen nucleic acid strands has signi? 
cant effects on the ef?ciency and strength of hybridiZation 
betWeen nucleic acid strands. This is of particular impor 
tance in ampli?cation reactions, Which depend upon binding 
betWeen nucleic acids strands and in the design and use of 
PNA molecules. 

[0059] A“composition comprising a given polynucleotide 
sequence” as used herein refers broadly to any composition 
containing the given polynucleotide sequence. The compo 
sition may comprise a dry formulation or an aqueous solu 
tion. Compositions comprising polynucleotide sequences 
encoding PLBP (SEQ ID NO:1, SEQ ID NO:3) or fragments 
thereof (e.g., SEQ ID NO:2 or SEQ ID NO:4 and fragments 
thereof) may be employed as hybridiZation probes. The 
probes may be stored in freeZe-dried form and may be 
associated With a stabiliZing agent such as a carbohydrate. In 
hybridiZations, the probe may be deployed in an aqueous 
solution containing salts (e.g., NaCl), detergents (e.g., SDS) 
and other components (e.g., Denhardt’s solution, dry milk, 
salmon sperm DNA, etc.). 

[0060] “Consensus”, as used herein, refers to a nucleic 
acid sequence Which has been resequenced to resolve 
uncalled bases, has been eXtended using XL-PCR (Perkin 
Elmer, NorWalk, Conn.) in the 5‘ and/or the 3‘ direction and 
resequenced, or has been assembled from the overlapping 
sequences of more than one Incyte Clone using a computer 
program for fragment assembly (e.g., GELVIEW Fragment 
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Assembly system, GCG, Madison, Wis). Some sequences 
have been both extended and assembled to produce the 
consensus sequence. 

[0061] The term “correlates With expression of a poly 
nucleotide”, as used herein, indicates that the detection of 
the presence of ribonucleic acid that is similar to SEQ ID 
NO:2, or SEQ ID NO:4, by northern analysis is indicative of 
the presence of mRNA encoding PLBP in a sample and 
thereby correlates With expression of the transcript from the 
polynucleotide encoding the protein. 

[0062] A “deletion”, as used herein, refers to a change in 
the amino acid or nucleotide sequence and results in the 
absence of one or more amino acid residues or nucleotides. 

[0063] The term “derivative”, as used herein, refers to the 
chemical modi?cation of a nucleic acid encoding or comple 
mentary to PLBP or the encoded PLBP. Such modi?cations 
include, for example, replacement of hydrogen by an alkyl, 
acyl, or amino group. A nucleic acid derivative encodes a 
polypeptide Which retains the biological or immunological 
function of the natural molecule. A derivative polypeptide is 
one Which is modi?ed by glycosylation, pegylation, or any 
similar process Which retains the biological or immunologi 
cal function of the polypeptide from Which it Was derived. 

[0064] The term “homology”, as used herein, refers to a 
degree of complementarity. There may be partial homology 
or complete homology (i.e., identity). A partially comple 
mentary sequence that at least partially inhibits an identical 
sequence from hybridiZing to a target nucleic acid is referred 
to using the functional term “substantially homologous.” 
The inhibition of hybridiZation of the completely comple 
mentary sequence to the target sequence may be examined 
using a hybridiZation assay (Southern or northern blot, 
solution hybridiZation and the like) under conditions of loW 
stringency. A substantially homologous sequence or hybrid 
iZation probe Will compete for and inhibit the binding of a 
completely homologous sequence to the target sequence 
under conditions of loW stringency. This is not to say that 
conditions of loW stringency are such that non-speci?c 
binding is permitted; loW stringency conditions require that 
the binding of tWo sequences to one another be a speci?c 
(i.e., selective) interaction. The absence of non-speci?c 
binding may be tested by the use of a second target sequence 
Which lacks even a partial degree of complementarity (e.g., 
less than about 30% identity). In the absence of non-speci?c 
binding, the probe Will not hybridiZe to the second non 
complementary target sequence. 

[0065] Human arti?cial chromosomes (HACs) are linear 
microchromosomes Which may contain DNA sequences of 
10K to 10M in siZe and contain all of the elements required 
for stable mitotic chromosome segregation and maintenance 
(Harrington, J. J. et al. (1997) Nat Genet. 15:345-355). 

[0066] The term “humaniZed antibody”, as used herein, 
refers to antibody molecules in Which amino acids have been 
replaced in the non-antigen binding regions in order to more 
closely resemble a human antibody, While still retaining the 
original binding ability. 
[0067] The term “hybridization”, as used herein, refers to 
any process by Which a strand of nucleic acid binds With a 
complementary strand through base pairing. 

[0068] The term “hybridization complex”, as used herein, 
refers to a complex formed betWeen tWo nucleic acid 
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sequences by virtue of the formation of hydrogen bonds 
betWeen complementary G and C bases and betWeen 
complementary A and T bases; these hydrogen bonds may be 
further stabiliZed by base stacking interactions. The tWo 
complementary nucleic acid sequences hydrogen bond in an 
antiparallel con?guration. A hybridiZation complex may be 
formed in solution (e.g., Cot or Rot analysis) or betWeen one 
nucleic acid sequence present in solution and another 
nucleic acid sequence immobiliZed on a solid support (e.g., 
paper, membranes, ?lters, chips, pins or glass slides, or any 
other appropriate substrate to Which cells or their nucleic 
acids have been ?xed). 

[0069] An “insertion” or “addition”, as used herein, refers 
to a change in an amino acid or nucleotide sequence result 
ing in the addition of one or more amino acid residues or 
nucleotides, respectively, as compared to the naturally 
occurring molecule. 

[0070] “Microarray” refers to an array of distinct poly 
nucleotides or oligonucleotides synthesiZed on a substrate, 
such as paper, nylon or other type of membrane, ?lter, chip, 
glass slide, or any other suitable solid support. 

[0071] The term “modulate”, as used herein, refers to a 
change in the activity of PLBP. For example, modulation 
may cause an increase or a decrease in protein activity, 
binding characteristics, or any other biological, functional or 
immunological properties of PLBP. 

[0072] “Nucleic acid sequence” as used herein refers to an 
oligonucleotide, nucleotide, or polynucleotide, and frag 
ments thereof, and to DNA or RNA of genomic or synthetic 
origin Which may be single- or double-stranded, and repre 
sent the sense or antisense strand. “Fragments” are those 
nucleic acid sequences Which are greater than 60 nucleotides 
in length, and most preferably includes fragments that are at 
least 100 nucleotides or at least 1000 nucleotides, and at 
least 10,000 nucleotides in length. 

[0073] The term “oligonucleotide” refers to a nucleic acid 
sequence of at least about 6 nucleotides to about 60 nucle 
otides, preferably about 15 to 30 nucleotides, and more 
preferably about 20 to 25 nucleotides, Which can be used in 
PCR ampli?cation or a hybridiZation assay, or a microarray. 
As used herein, oligonucleotide is substantially equivalent to 
the terms “amplimers”,“primers”, “oligomers”, and 
“probes”, as commonly de?ned in the art. 

[0074] “Peptide nucleic acid”, PNA as used herein, refers 
to an antisense molecule or anti-gene agent Which comprises 
an oligonucleotide of at least ?ve nucleotides in length 
linked to a peptide backbone of amino acid residues Which 
ends in lysine. The terminal lysine confers solubility to the 
composition. PNAs may be pegylated to extend their 
lifespan in the cell Where they preferentially bind comple 
mentary single stranded DNA and RNA and stop transcript 
elongation (Nielsen, P. E. et al. (1993) Anticancer Drug Des. 
8:53-63). 
[0075] The term “portion”, as used herein, With regard to 
a protein (as in “a portion of a given protein”) refers to 
fragments of that protein. The fragments may range in siZe 
from ?ve amino acid residues to the entire amino acid 
sequence minus one amino acid. Thus, a protein “compris 
ing at least a portion of the amino acid sequence of SEQ ID 
NO:1” encompasses the full-length PLBP and fragments 
thereof. 
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[0076] The term “sample”, as used herein, is used in its 
broadest sense. Abiological sample suspected of containing 
nucleic acid encoding PLBP, or fragments thereof, or PLBP 
itself may comprise a bodily ?uid, eXtract from a cell, 
chromosome, organelle, or membrane isolated from a cell, a 
cell, genomic DNA, RNA, or cDNA (in solution or bound to 
a solid support, a tissue, a tissue print, and the like. 

[0077] The terms “speci?c binding” or “speci?cally bind 
ing”, as used herein, refers to that interaction betWeen a 
protein or peptide and an agonist, an antibody and an 
antagonist. The interaction is dependent upon the presence 
of a particular structure (i.e., the antigenic determinant or 
epitope) of the protein recogniZed by the binding molecule. 
For eXample, if an antibody is speci?c for epitope “A”, the 
presence of a protein containing epitope A (or free, unla 
beled A) in a reaction containing labeled “A” and the 
antibody Will reduce the amount of labeled A bound to the 
antibody. 
[0078] The terms “stringent conditions” or “stringency”, 
as used herein, refer to the conditions for hybridiZation as 
de?ned by the nucleic acid, salt, and temperature. These 
conditions are Well knoWn in the art and may be altered in 
order to identify or detect identical or related polynucleotide 
sequences. Numerous equivalent conditions comprising 
either loW or high stringency depend on factors such as the 
length and nature of the sequence (DNA, RNA, base com 
position), nature of the target (DNA, RNA, base composi 
tion), milieu (in solution or immobiliZed on a solid sub 
strate), concentration of salts and other components (e.g., 
formamide, deXtran sulfate and/or polyethylene glycol), and 
temperature of the reactions (Within a range from about 5° 
C. beloW the melting temperature of the probe to about 20° 
C. to 25° C. beloW the melting temperature). One or more 
factors may be varied to generate conditions of either loW or 
high stringency different from, but equivalent to, the above 
listed conditions. 

[0079] The term “substantially puri?ed”, as used herein, 
refers to nucleic or amino acid sequences that are removed 
from their natural environment, isolated or separated, and 
are at least 60% free, preferably 75% free, and most pref 
erably 90% free from other components With Which they are 
naturally associated. 

[0080] A “substitution”, as used herein, refers to the 
replacement of one or more amino acids or nucleotides by 
different amino acids or nucleotides, respectively. 

[0081] “Transformation”, as de?ned herein, describes a 
process by Which eXogenous DNA enters and changes a 
recipient cell. It may occur under natural or arti?cial con 
ditions using various methods Well knoWn in the art. Trans 
formation may rely on any knoWn method for the insertion 
of foreign nucleic acid sequences into a prokaryotic or 
eukaryotic host cell. The method is selected based on the 
type of host cell being transformed and may include, but is 
not limited to, viral infection, electroporation, heat shock, 
lipofection, and particle bombardment. Such “transformed” 
cells include stably transformed cells in Which the inserted 
DNA is capable of replication either as an autonomously 
replicating plasmid or as part of the host chromosome. They 
also include cells Which transiently express the inserted 
DNA or RNA for limited periods of time. 

[0082] A “variant” of PLBP, as used herein, refers to an 
amino acid sequence that is altered by one or more amino 
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acids. The variant may have “conservative” changes, 
Wherein a substituted amino acid has similar structural or 
chemical properties, e.g., replacement of leucine With iso 
leucine. More rarely, a variant may have “nonconservative” 
changes, e.g., replacement of a glycine With a tryptophan. 
Analogous minor variations may also include amino acid 
deletions or insertions, or both. Guidance in determining 
Which amino acid residues may be substituted, inserted, or 
deleted Without abolishing biological or immunological 
activity may be found using computer programs Well knoWn 
in the art, for eXample, DNASTAR softWare. 

[0083] The Invention 
[0084] The invention is based on the discovery of tWo neW 
human phospholipid binding proteins (collectively referred 
to as “PLBP” and, individually, as “PLBP1” and PLBP2”), 
the polynucleotides encoding PLBP, and the use of these 
compositions for the diagnosis, prevention, or treatment of 
disorders associated With fetal development, reproduction, 
cell proliferation, and the immune response. 

[0085] Nucleic acids encoding the PLBP1 of the present 
invention Were ?rst identi?ed in Incyte Clone 3014759 from 
the forearm muscle tissue cDNA library (MUSCNOT07) 
using a computer search for amino acid sequence align 
ments. A consensus sequence, SEQ ID NO:2, Was derived 
from the folloWing overlapping and/or eXtended nucleic acid 
sequences: Incyte Clones 1308719 (COLNFET02), 
1628536 (COLNPOT01), 2922782 (SININOT04), 3014759 
(MUSCNOT07), 069945 (HUVESTB01), 1216577 (BRST 
TUT01), 340858 (NEUTFMT01), 1628536 (COLNPOT01 
), and 812951 (LUNGNOT04). 
[0086] In one embodiment, the invention encompasses a 
polypeptide comprising the amino acid sequence of SEQ ID 
NO:1, as shoWn in FIGS. 1A, 1B, 1C, 1D, and 1E. PLBP1 
is 214 amino acids in length and has a potential protein 
kinase A or G phosphorylation site at residue S-169, tWo 
potential casein kinase II phosphorylation sites at S-7 and 
S-110, one potential protein kinase C phosphorylation site at 
residue S-110, and an isoelectric point of 5.51. As shoWn in 
FIG. 3, PLBP1 has chemical and structural homology With 
bovine PC-TP (GI 897693; SEQ ID NO:5). In particular, 
PLBP1 and bovine PC-TP share 81% amino acid sequence 
identity, one potential protein kinase Aor G phosphorylation 
site, one potential casein kinase II phosphorylation site, and 
one potential protein kinase C phosphorylation site. As 
illustrated by FIGS. 5A and 5B, PLBP1 and bovine PC-TP 
have rather similar hydrophobicity plots. Northern analysis 
shoWs the eXpression of this sequence in various libraries, at 
least 55% of Which are immortaliZed or cancerous and at 
least 29% of Which involve immune response. Of particular 
note is the expression of PLBP1 in lung, gastrointestinal, 
breast, and prostate tissues; and in fetal, hematopoietic, and 
tumor tissues. 

[0087] Nucleic acids encoding the PLBP2 of the present 
invention Were ?rst identi?ed in Incyte Clone 3126479 from 
the lung cDNA library (LUNGTUT12) using a computer 
search for amino acid sequence alignments. A consensus 
sequence, SEQ ID NO:4, Was derived from the folloWing 
overlapping and/or eXtended nucleic acid sequences: Incyte 
Clones 3126479 (LUNGTUT12), 198504 (LUNGAST01), 
1603350 (LUNGNOT15), 1375574 (LUNGNOT10), and 
1359626 (LUNGNOT12). 
[0088] In one embodiment, the invention encompasses a 
polypeptide comprising the amino acid sequence of SEQ ID 
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NO:3, as shown in FIGS. 2A, 2B, and 2C. PLBP2 is 227 
amino acids in length and has a potential N-glycosylation 
site at residue N-169, three potential casein kinase II phos 
phorylation sites at residues T-21, S-73, and S-101, tWo 
potential protein kinase C phosphorylation sites at residues 
T-4 and S-174, one potential tyrosine kinase phosphoryla 
tion site at residue Y-67, a potential signal peptide betWeen 
residues M-1 and T-21, and an isoelectric point of 5.9. As 
shoWn in FIG. 4, PLBP2 has chemical and structural 
homology With Onchocerca PE-BP D1 (GI 1143527; SEQ 
ID NO:6). In particular, PLBP2 and Onchocerca PLBP share 
30% amino acid sequence identity. Northern analysis shoWs 
the eXpression of this sequence in various libraries, at least 
52% of Which are immortalized or cancerous and at least 

11% of Which involve immune response. Of particular note 
is the eXpression of PLBP2 in lung, prostate, heart tissues; 
and in fetal and tumor tissues. 

[0089] The invention also encompasses PLBP variants. A 
preferred PLBP variant is one having at least 80%, and more 
preferably at least 90%, amino acid sequence identity to the 
PLBP amino acid sequence (SEQ ID NO:1) and Which 
retains at least one biological, immunological or other 
functional characteristic or activity of PLBP. A most pre 
ferred PLBP variant is one having-at least 95% amino acid 
sequence identity to SEQ ID NO:1. 

[0090] The invention also encompasses polynucleotides 
Which encode PLBP. Accordingly, any nucleic acid sequence 
Which encodes the amino acid sequence of PLBP can be 
used to produce recombinant molecules Which express 
PLBP. In a particular embodiment, the invention encom 
passes the polynucleotide comprising the nucleic acid 
sequence of SEQ ID NO:2 as shoWn in FIGS. 1A, 1B, 1C, 
1D, and 1E. In another embodiment, the invention encom 
passes the polynucleotide comprising the nucleic acid 
sequence of SEQ ID NO:4 as shoWn in FIGS. 2A, 2B, and 
2C. 

[0091] It Will be appreciated by those skilled in the art that 
as a result of the degeneracy of the genetic code, a multitude 
of nucleotide sequences encoding PLBP, some bearing mini 
mal homology to the nucleotide sequences of any knoWn 
and naturally occurring gene, may be produced. Thus, the 
invention contemplates each and every possible variation of 
nucleotide sequence that could be made by selecting com 
binations based on possible codon choices. These combina 
tions are made in accordance With the standard triplet 
genetic code as applied to the nucleotide sequence of 
naturally occurring PLBP, and all such variations are to be 
considered as being speci?cally disclosed. 

[0092] Although nucleotide sequences Which encode 
PLBP and its variants are preferably capable of hybridiZing 
to the nucleotide sequence of the naturally occurring PLBP 
under appropriately selected conditions of stringency, it may 
be advantageous to produce nucleotide sequences encoding 
PLBP or its derivatives possessing a substantially different 
codon usage. Codons may be selected to increase the rate at 
Which expression of the peptide occurs in a particular 
prokaryotic or eukaryotic host in accordance With the fre 
quency With Which particular codons are utiliZed by the host. 
Other reasons for substantially altering the nucleotide 
sequence encoding PLBP and its derivatives Without altering 
the encoded amino acid sequences include the production of 
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RNA transcripts having more desirable properties, such as a 
greater half-life, than transcripts produced from the naturally 
occurring sequence. 

[0093] The invention also encompasses production of 
DNA sequences, or fragments thereof, Which encode PLBP 
and its derivatives, entirely by synthetic chemistry. After 
production, the synthetic sequence may be inserted into any 
of the many available eXpression vectors and cell systems 
using reagents that are Well knoWn in the art. Moreover, 
synthetic chemistry may be used to introduce mutations into 
a sequence encoding PLBP or any fragment thereof. 

[0094] Also encompassed by the invention are polynucle 
otide sequences that are capable of hybridiZing to the 
claimed nucleotide sequences, and in particular, those 
shoWn in SEQ ID NO:2, or SEQ ID NO:4, under various 
conditions of stringency as taught in Wahl, G. M. and S. L. 
Berger (1987; Methods EnZymol. 152:399-407) and Kim 
mel, A. R. (1987; Methods EnZymol. 152:507-511). 
[0095] Methods for DNA sequencing are Well knoWn and 
generally available in the art and may be used to practice any 
of the embodiments of the invention. The methods may 
employ such enZymes as the KlenoW fragment of DNA 
polymerase I, SEQUENASE (US Biochemical Corp, Cleve 
land, Ohio), Taq polymerase (Perkin Elmer), thermostable 
T7 polymerase (Amersham, Chicago, 111.), or combinations 
of polymerases and proofreading eXonucleases such as those 
found in the ELONGASE Ampli?cation System marketed 
by Gibco/BRL (Gaithersburg, Md.). Preferably, the process 
is automated With machines such as the Hamilton Micro Lab 
2200 (Hamilton, Reno, Nev.), Peltier Thermal Cycler 
(PTC200; MJ Research, WatertoWn, Mass.) and the ABI 
Catalyst and 373 and 377 DNA Sequencers (Perkin Elmer). 

[0096] The nucleic acid sequences encoding PLBP may be 
eXtended utiliZing a partial nucleotide sequence and employ 
ing various methods knoWn in the art to detect upstream 
sequences such as promoters and regulatory elements. For 
eXample, one method Which may be employed, “restriction 
site” PCR, uses universal primers to retrieve unknoWn 
sequence adjacent to a knoWn locus (Sarkar, G. (1993) PCR 
Methods Applic. 2:318-322). In particular, genomic DNA is 
?rst ampli?ed in the presence of primer to a linker sequence 
and a primer speci?c to the knoWn region. The ampli?ed 
sequences are then subjected to a second round of PCR With 
the same linker primer and another speci?c primer internal 
to the ?rst one. Products of each round of PCR are tran 
scribed With an appropriate RNApolymerase and sequenced 
using reverse transcriptase. 

[0097] Inverse PCR may also be used to amplify or eXtend 
sequences using divergent primers based on a knoWn region 
(Triglia, T. et al. (1988) Nucleic Acids Res. 1618186). The 
primers may be designed using commercially available 
softWare such as OLIGO 4.06 Primer Analysis softWare 
(National Biosciences Inc., Plymouth, Minn.), or another 
appropriate program, to be 22-30 nucleotides in length, to 
have a GC content of 50% or more, and to anneal to the 
target sequence at temperatures about 68°-72° C. The 
method uses several restriction enZymes to generate a suit 
able fragment in the knoWn region of a gene. The fragment 
is then circulariZed by intramolecular ligation and used as a 
PCR template. 

[0098] Another method Which may be used is capture PCR 
Which involves PCR ampli?cation of DNA fragments adja 














































