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(57) ABSTRACT 

Pregnancy-associated glycoproteins (PAGs) are structurally 
related to the pepsins, thought to be restricted to the hoofed 
(ungulate) mammals and characterized by being expressed 
speci?cally in the outer epithelial cell layer (chorion/tro 
phectoderm) of the placenta. By cloning expressed genes 
from ovine and bovine placental cDNA libraries, the inven 
tors estimate that cattle, sheep, and most probably all 
ruminant Artiodactyla, possess possibly 100 or more PAG 
genes, many of Which are placentally expressed. The PAGs 
are highly diverse in sequence, With regions of hypervari 
ability con?ned largely to surface-exposed loops. Selected 
PAG that are products of the i0nvasive binucleate cells, 
expressed highly in early pregnancy at the time of tropho 
blast invasion and expressed Weakly, if at all, in late gesta 
tion are useful in the early diagnosis of pregnancy. In a 
preferred embodiment, the invention relates to immunoas 
says for detecting these PAGs. 
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COMPOSITIONS AND METHODS FOR EARLY 
PREGNANCY DIAGNOSIS 

BACKGROUND OF THE INVENTION 

[0001] This application claims priority to US. Provisional 
Application Ser. No. 60/078,783 ?led Mar. 20, 1998 and 
US. Provisional Application Ser. No. 60/106,188 ?led Oct. 
28, 1998. The entire text of each of the above-referenced 
disclosures is speci?cally incorporated by reference herein 
Without disclaimer. The government may oWn rights in the 
present invention pursuant to grant R37 HD29483 and 
USDA grant 9601842. 

[0002] 
[0003] The present invention relates generally to the ?elds 
of veterinary medicine, reproductive biology and diagnos 
tics. More speci?cally, the present invention relates to the 
use of analytical methods to detect early stage pregnancy. 

[0004] II. Related Art 

[0005] Pregnancy diagnosis is an important component in 
sound reproductive management, particularly in the dairy 
industry (Oltenacu et al., 1990) Where a high proportion of 
arti?cial inseminations fail (Streenan and Diskin, 1986). A 
reliable yet simple pregnancy test for cattle has long been 
sought. Several procedures are available, including a milk 
progesterone assay (Oltenacu et al., 1990; Markusfeld et al., 
1990) estrone sulfate analysis (HoldsWorth et al., 1982; 
Warnick et al., 1995), rectal palpation (HatZidakis et al., 
1993), ultrasound (Beal et al., 1992; Cameron and Malmo, 
1993), and blood tests for pregnancy-speci?c antigens. Of 
these, the progesterone milk assay is the most cost effective 
for the producer (Oltenacu et al., 1990; Markusfeld et al., 
1990). Next best is rectal palpation, performed at day 50 
(Oltenacu et al., 1990). Even though all the procedures are 
potentially useful, all have fallen short of expectations in 
terms of their practical, on-farm use. For example, measure 
ments of milk or serum progesterone around day 18-22 yield 
unacceptably high rates of false positives (Oltenacu et al., 
1990; Markusfeld et al., 1990). Rectal palpation can be used 
to detect pregnancy as early as day 35, but this procedure can 
lead to 5-10% or greater embryonic mortality (Oltenacu et 
al., 1990; HatZidakis et al., 1993). Rectal palpation on day 
50 causes less damage to the embryos, but had only marginal 
economic value because of its lateness (Oltenacu et al., 
1990). Ultrasonography has an advantage over rectal palpa 
tion in accuracy, particularly before day 45 (Beal et al., 
1992; Cameron and Malmo, 1993), but the instrument is 
expensive, its use requires considerable training, and there is 
a ?nite risk to the animal. A related procedure, Doppler 
sonography, is more accurate than rectal palpation (Cameron 
and Malmo, 1993), but again requires Well trained person 
nel. The presence of estrone sulfate in urine or serum 
provides another test but is only useful after day 100 as 
concentrations rise (HoldsWorth et al., 1982; Warnick et al., 
1995). 

I. Field of the Invention 

[0006] The discovery of pregnancy-speci?c protein B 
(PSP-B) (Butler et al., 1982) provided a neW approach to 
pregnancy diagnosis since it could be detected in the blood 
of pregnant coWs by the fourth Week of pregnancy (Sasser 
et al., 1986; Humblot et al., 1988). TWo other groups have 
developed immunoassays that may be based on an identical 
or immunologically similar antigen (Zoli et al., 1992a; 
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Mialon et al., 1993; Mialon et al., 1994). In one case, the 
antigen (Mr ~67 kDa) Was called bovine pregnancy-associ 
ated glycoprotein (boPAG; noW boPAG-1) (Zoli et al., 
1992a); in the second, it Was designated as pregnancy serum 
protein 60 (PSP60) (Mialon et al., 1993; Mialon et al., 
1994). The immunoassay for PSP-B/boPAG1/PSP60 has 
tWo advantages. First, it can detect pregnancy relatively 
early. Second, interpretation of the assays does not require 
knoWledge of the exact date of service, since boPAG-1 
immunoreactive molecules are alWays present in the mater 
nal serum of pregnant coWs by day 28, and concentrations 
increase as pregnancy advances (Sasser et al., 1986; Mialon 
et al., 1993; Mialon et al., 1994). 

[0007] There remain, hoWever, tWo major disadvantages 
to this procedure. First, positive diagnosis in the fourth Week 
of pregnancy remains someWhat uncertain because antigen 
concentrations in blood are loW and someWhat variable. 
Second, boPAG1 concentrations rise markedly at term 
(Sasser et al., 1986; Zoli et al., 1992a; Mialon et al., 1993) 
and, due to the long circulating half-life of the molecule 
(Kiracofe et al., 1993), the antigen can still be detected 
80-100 day postpartum (Zoli et al., 1992a; Mialon et al., 
1993; Mialon et al., 1994; Kiracofe et al., 1993), compro 
mising pregnancy diagnosis in coWs bred Within the early 
postpartum period. Thus, the test can be carried out in dairy 
coWs at day 30 only if arti?cial insemination (“AI”) is 
performed at or after 70 day post-partum. 

[0008] Apregnancy test that could be carried out reliably 
and early in pregnancy could provide de?nitive indication as 
to Whether rebreeding or culling is required. In general, AI 
is successful less than 50% of the time and the producer 
must either rely on overt signs of return to estrus (that are 
easily missed) or delay rebreeding until pregnancy failure is 
con?rmed by one of the methods described above. Such 
delays are extremely costly and constitute a major economic 
loss to the industry. In the North Island of NeW Zealand 
alone, over tWo million coWs are bred in a six-Week period. 
A precise knoWledge of the pregnancy status of these 
animals Would be an invaluable aid to that and other diary 
industries WorldWide. As should be apparent, this ?eld has a 
need for a feasible, sensitive and accurate pregnancy test in 
cattle that can be performed by the end of the third Week 
after insemination. 

SUMMARY OF THE INVENTION 

[0009] Therefore, it is an objective of the present inven 
tion to provide a sensitive and accurate test for early 
pregnancy. Using a selected boPAG as the biochemical 
marker, the present invention provides an early pregnancy 
test in Which the PAG antigen a) is produced abundantly in 
early, and preferably not in late, pregnancy, b) is a product 
of the binucleate cell, and absent or not present in signi?cant 
amounts postpartum, and c) minimally cross-reacts With late 
PAG products that might persist in maternal serum during 
the post-partum interval. The early immunoassay Will be 
particularly useful in the dairy industry Where animals are 
usually con?ned for at least part of the day and Where 
intensive management is practiced. A modi?ed test also is 
likely to have value in captive breeding programs for other 
animals, e. g., for the ruminants okapi or giraffe and possibly 
for other non-ruminant species. 

[0010] Thus, in a particularly preferred embodiment, there 
is provided a method for detecting pregnancy in a bovine 
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animal comprising obtaining a sample from the animal; and 
detecting at least one of pregnancy associated antigen (PAG) 
Wherein the PAG is present in early pregnancy and absent at 
about tWo months post-partum, Whereby the presence of the 
PAG indicates that the animal is pregnant. Insemination is 
usually, but not invariably, performed about tWo months 
after calving in dairy cattle, until a successful conception 
results. The detection method may be applied Within about 
15 days of insemination and advantageously at about 20 to 
about 25 days after insemination. Given these facts, the time 
WindoW for the disappearance of a useful PAG is about tWo 
months after calving, although earlier disappearance is also 
advantageous. HoWever, PAGs Which persist until about 65, 
about 70, about 75, about 80, about 85, about 90, about 95, 
or about 100 days after calving also are suitable for use. The 
eXact day for this determination may vary depending on 
individual circumstances, hoWever, given the teachings pro 
vided herein, an individual of skill in the art Will understand 
the signi?cance of testing for the absence of PAG during this 
time period and Will be able to determine such a day. For 
eXample, if insemination occurs at a later date than 60 days 
postpartum, PAGs With a later disappearance pro?le may be 
useful. Thus, it is contemplated that the PAG of the present 
invention is detectable in early pregnancy but is not detect 
able at tWo months postpartum. Also, it is understood that 
the PAG indicative of early pregnancy may be absent in late 
pregnancy or present in amounts that are markedly less than 
those found in early pregnancy (for eXample, betWeen day 
15 and day 30 of pregnancy). 

[0011] In particularly preferred embodiments, the PAG 
may be selected from the group consisting of PAG2, PAG4, 
PAG5, PAG6, PAG7 and PAG9. In more preferred embodi 
ments, the PAG, independently, may be BoPAG2, BoPAG4, 
BoPAG5, BoPAG6, BoPAG7, BoPAG9, boPAG 7v; 
boPAG9v; boPAG 15; boPAG 16; boPAG 17; boPAG 18; 
boPAG 19; boPAG 20 or boPAG 21. 

[0012] In particular aspects of the present invention, the 
sample may be a saliva, serum, blood, milk or urine sample. 
Methods of sample collection are Well knoWn to those of 
skill in the art, for eXample, blood may be collected by 
needle from a tail vein or other blood vessel, milk WithdraWn 
from the udder. Saliva and urine also may be collected 
according to Well knoWn techniques. In de?ned embodi 
ments, it is contemplated that the detecting comprises an 
immunologic detection. In preferred embodiments, the 
immunologic detection comprises detection BoPAG2, 
BoPAG4, BoPAG5, BoPAG6, BoPAG7, BoPAG9, boPAG 
7v; boPAG9v; boPAG 15; boPAG 16; boPAG 17; boPAG 
18; boPAG 19; boPAG 20 or boPAG 21 With polyclonal 
antisera. In alternative embodiments, the immunologic 
detection comprises detection of BoPAG2, BoPAG4, 
BoPAG5, BoPAG6, BoPAG7, BoPAG9, boPAG 7v; 
boPAG9v; boPAG 15; boPAG 16; boPAG 17; boPAG 18; 
boPAG 19; boPAG 20 or boPAG 21 With a monoclonal 
antibody preparation. Immunologic detection methods are 
Well knoWn to those of skill in the art, in particularly 
preferred embodiment, the immunologic detection may 
comprise ELISA, in other embodiments, the immunologic 
detection may comprises RIA, in still further alternative 
embodiments, the immunologic detection comprises West 
ern blot. 

[0013] In certain aspects of the present invention, the 
method for detecting pregnancy may further comprise 
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detecting a second PAG in the sample. The second PAG may 
be selected from the group consisting of BoPAG2, BoPAG4, 
BoPAG5, BoPAG6, BoPAG7, BoPAG9, boPAG 7v; 
boPAG9v; boPAG 15; boPAG 16; boPAG 17; boPAG 18; 
boPAG 19; boPAG 20 or boPAG 21. Alternatively, the 
second PAG may be any other pregnancy associated glyco 
protein used in the detection of pregnancy, for eXample, 
PAG1. LikeWise the present invention contemplates a preg 
nancy detection method that further comprises detecting a 
third PAG in the sample. 

[0014] In those embodiments employing ELISA as an 
immunological technique, it is contemplated that the ELISA 
may be a sandWich ELISA comprising binding of a PAG to 
a ?rst antibody preparation ?Xed to a substrate and a second 
antibody preparation labeled With an enZyme. SandWich 
ELISA is Well knoWn to those of skill in the art. In 
particularly preferred embodiments, the enZyme may be 
alkaline phosphatase or horseradish peroxidase. In other 
embodiments, the ?rst antibody preparation may be a mono 
clonal antibody preparation. 
[0015] Other aspects of the present invention contemplate 
an antibody composition that reacts immunologically With 
BoPAG2, BoPAG4, BoPAG5, BoPAG6, BoPAG7, BoPAG9, 
boPAG 7v; boPAG9v; boPAG 15; boPAG 16; boPAG 17; 
boPAG 18; boPAG 19; boPAG 20 or boPAG 21. Particularly 
preferred embodiments contemplate an antibody composi 
tion that reacts immunologically With BoPAG2. Other 
embodiments provide an antibody composition that reacts 
immunologically With BoPAG4. Further embodiments pro 
vide an antibody composition that reacts immunologically 
With BoPAG5. Still further embodiments contemplate an 
antibody composition that reacts immunologically With 
BoPAG6 Other embodiments contemplate an antibody com 
position that reacts immunologically With BoPAG7. Still 
further embodiments, contemplate an antibody composition 
that reacts immunologically With BoPAG9. It is contem 
plated that the antibody composition may be a monoclonal 
antibody composition or a polyclonal antibody composition. 
[0016] The present invention further provides a hybri 
doma cell that secretes a monoclonal antibody that reacts 
immunologically With BoPAG2, BoPAG4, BoPAG5, 
BoPAG6, BoPAG7, BoPAG9, boPAG 7v; boPAG9v; boPAG 
15; boPAG 16; boPAG 17; boPAG 18; boPAG 19; boPAG 20 
or boPAG 21. 

[0017] Also contemplated herein is a method of making a 
monoclonal antibody to BoPAG2, BoPAG4, BoPAG5, 
BoPAG6, BoPAG7, BoPAG9, boPAG 7v; boPAG9v; boPAG 
15; boPAG 16; boPAG 17; boPAG 18; boPAG 19; boPAG 20 
or boPAG 21 comprising the steps of immuniZing an animal 
With a BoPAG preparation; obtaining antibody secreting 
cells from the immuniZed animal; immortaliZing the anti 
body secreting cells; and identifying an immortaliZed cell 
that secretes antibodies that bind immunologically With the 
immuniZing BoPAG. 
[0018] Another aspect of the present invention provides a 
method of identifying a pregnancy associated glycoprotein 
(PAG) that is an early indicator of pregnancy in an Eutherian 
animal comprising the steps of obtaining a cDNA library 
prepared from the placenta of the animal betWeen days 15 
and 30 of pregnancy; and hybridiZing the library under high 
stringency conditions With a PAG-derived nucleic acid 
probe; Whereby hybridiZation of the probe identi?es the 
PAG. 
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[0019] Also provided by the present invention is a method 
of identifying a pregnancy associated glycoprotein (PAG) 
that is an early indicator of pregnancy in an Eutherian animal 
comprising the steps of obtaining an RNA preparation from 
the placenta of the animal betWeen days 15 and 30 of 
pregnancy; and performing RT-PCRTM on the preparation 
using PAG-derived primers; Whereby ampli?cation identi 
?es the PAG. 

[0020] In particularly preferred embodiments, the PAG 
detected in cattle (Bos taurus) may be any one or more of the 
folloWing PAGs that are so far knoWn to be produced in 
early pregnancy, namely: BoPAG2, BoPAG4, BoPAGS, 
BoPAG6, BoPAG7, BoPAG9, boPAG 7v; boPAG9v; boPAG 
15; boPAG 16; boPAG 17; boPAG 18; boPAG 19; boPAG 20 
or boPAG 21. More speci?cally, the bovine PAGs that may 
be detected comprise the sequence of one or more of the 
folloWing amino acid sequences: SEQ ID NO:25, SEQ ID 
NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID N030, 
and SEQ ID NOz32; SEQ ID NO:40; SEQ ID NO:42; SEQ 
ID NO:44; SEQ ID NO:46; SEQ ID NO:48; SEQ ID NOzSO; 
SEQ ID NOz52; SEQ ID NOz54; SEQ ID NOz56. When 
applied to other species, the present invention Will alloW 
detection of other PAGs produced at the time the trophoblast 
(pre-placenta) begins either to attach or to implant into the 
uterine Wall of the mother. The “early” PAGs in these 
species may cross-react immunologically With the PAGs 
useful in detecting early pregnancy in cattle. 

[0021] The present invention contemplates an isolated and 
puri?ed BoPAG2 polypeptide. In preferred embodiment, the 
BoPAG2 polypeptide comprises the sequence of SEQ ID 
NO:25. Further, the invention contemplates an isolated and 
puri?ed BoPAG4 polypeptide. In particularly preferred 
embodiments, the BoPAG4 polypeptide comprises the 
sequence of SEQ ID NO:27. Another embodiment contem 
plates an isolated and puri?ed BoPAGS polypeptide. A 
particularly preferred BoPAGS polypeptide comprises the 
sequence of SEQ ID NO:28. Yet another embodiment pro 
vides an isolated and puri?ed BoPAG6 polypeptide. In 
preferred embodiments, the BoPAG6 polypeptide comprises 
the sequence of SEQ ID NO:29. Another embodiment 
contemplates an isolated and puri?ed BoPAG7 polypeptide. 
An especially preferred BoPAG7 polypeptide comprises the 
sequence of SEQ ID NO130. Further contemplated by the 
present invention is an isolated and puri?ed BoPAG9 
polypeptide. In preferred embodiments, the BoPAG9 
polypeptide comprises the sequence of SEQ ID NO:32. 
Further contemplated by the present invention is an isolated 
and puri?ed BoPAG7v polypeptide. In preferred embodi 
ments, the BoPAG7v polypeptide comprises the sequence of 
SEQ ID NO:40. Further contemplated by the present inven 
tion is an isolated and puri?ed BoPAG9v polypeptide. In 
preferred embodiments, the BoPAG9v polypeptide com 
prises the sequence of SEQ ID NO:42. Further contemplated 
by the present invention is an isolated and puri?ed 
BoPAG15 polypeptide. In preferred embodiments, the 
BoPAG15 polypeptide comprises the sequence of SEQ ID 
NO:44. Further contemplated by the present invention is an 
isolated and puri?ed BoPAG16 polypeptide. In preferred 
embodiments, the BoPAG16 polypeptide comprises the 
sequence of SEQ ID NO:46. Further contemplated by the 
present invention is an isolated and puri?ed BoPAG17 
polypeptide. In preferred embodiments, the BoPAG17 
polypeptide comprises the sequence of SEQ ID NO:48. 
Further contemplated by the present invention is an isolated 
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and puri?ed BoPAG18 polypeptide. In preferred embodi 
ments, the BoPAG18 polypeptide comprises the sequence of 
SEQ ID NOzSO. Further contemplated by the present inven 
tion is an isolated and puri?ed BoPAG19 polypeptide. In 
preferred embodiments, the BoPAG19 polypeptide com 
prises the sequence of SEQ ID NO:52. Further contemplated 
by the present invention is an isolated and puri?ed 
BoPAG20 polypeptide. In preferred embodiments, the 
BoPAG20 polypeptide comprises the sequence of SEQ ID 
NOz54. Further contemplated by the present invention is an 
isolated and puri?ed BoPAG21 polypeptide. In preferred 
embodiments, the BoPAG21 polypeptide comprises the 
sequence of SEQ ID NO:56. 

[0022] Alternative embodiments of the present invention 
de?ne an isolated and puri?ed nucleic acid encoding 
BoPAG2. In particularly preferred embodiments, the 
BoPAG2 encoding nucleic acid comprises the sequence of 
SEQ ID NO:2. In other preferred embodiments, the BoPAG2 
encoding nucleic acid encodes a BoPAG2 polypeptide com 
prising the sequence of SEQ ID NO:25. 

[0023] Another embodiment provides an isolated and 
puri?ed nucleic acid encoding BoPAG4. In preferred 
embodiments the BoPAG4 encoding nucleic acid comprises 
the sequence of SEQ ID NO:4. In other equally preferred 
embodiments, the BoPAG4 encoding nucleic acid encodes a 
BoPAG4 polypeptide comprising the sequence of SEQ ID 
NO:27. 

[0024] In yet another embodiment, there is contemplated 
an isolated and puri?ed nucleic acid encoding BoPAGS. In 
preferred embodiments, the BoPAGS encoding nucleic acid 
comprises the sequence of SEQ ID NO:5. In other preferred 
embodiments, the BoPAGS encoding nucleic acid encodes a 
BoPAGS polypeptide comprising the sequence of SEQ ID 
NO:28. 

[0025] In still another aspect of the present invention there 
is provided an isolated and puri?ed nucleic acid encoding 
BoPAG6. In particularly preferred aspects the BoPAG6 
encoding nucleic acid comprises the sequence of SEQ ID 
NO:6. In particularly preferred embodiments, the nucleic 
acid encodes a BoPAG6 polypeptide comprising the 
sequence of SEQ ID NO:29. 

[0026] Also contemplated by the present invention is an 
isolated and puri?ed nucleic acid encoding BoPAG7. In 
preferred embodiments, the nucleic acid comprises the 
sequence of SEQ ID NO:7. In other preferred embodiments, 
the nucleic acid encodes a BoPAG7 polypeptide comprising 
the sequence of SEQ ID NO130. 

[0027] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG9. In particular 
embodiments the BoPAG9 encoding nucleic acid comprises 
the sequence of SEQ ID NO:9. In other particularly pre 
ferred embodiments, the BoPAG9 encoding nucleic acid 
encodes a BoPAG9 polypeptide comprising the sequence of 
SEQ ID NOz32. 

[0028] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG7v. In particular 
embodiments the BoPAG7v encoding nucleic acid com 
prises the sequence of SEQ ID NO:39. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG7v polypeptide comprising the 
sequence of SEQ ID NO:40. 
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[0029] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG9v. In particular 
embodiments the BoPAG9v encoding nucleic acid com 
prises the sequence of SEQ ID NO:41. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG9v polypeptide comprising the 
sequence of SEQ ID NO:42. 

[0030] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG15. In particular 
embodiments the BoPAG15 encoding nucleic acid com 
prises the sequence of SEQ ID NO:43. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG15 polypeptide comprising the 
sequence of SEQ ID NO:44. 

[0031] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG16. In particular 
embodiments the BoPAG16 encoding nucleic acid com 
prises the sequence of SEQ ID NO:45. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG16 polypeptide comprising the 
sequence of SEQ ID NO:46. 

[0032] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG17. In particular 
embodiments the BoPAG17 encoding nucleic acid com 
prises the sequence of SEQ ID NO:47. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG17 polypeptide comprising the 
sequence of SEQ ID NO:48. 

[0033] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG18. In particular 
embodiments the BoPAG18 encoding nucleic acid com 
prises the sequence of SEQ ID NO:49. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG18 polypeptide comprising the 
sequence of SEQ ID NO:50. 

[0034] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG19. In particular 
embodiments the BoPAG19 encoding nucleic acid com 
prises the sequence of SEQ ID NO:51. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG19 polypeptide comprising the 
sequence of SEQ ID NO:52. 

[0035] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG20. In particular 
embodiments the BoPAG20 encoding nucleic acid com 
prises the sequence of SEQ ID NO:53. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG20 polypeptide comprising the 
sequence of SEQ ID NO:54. 

[0036] Yet another embodiment contemplates an isolated 
and puri?ed nucleic acid encoding BoPAG21. In particular 
embodiments the BoPAG21 encoding nucleic acid com 
prises the sequence of SEQ ID NO:55. In other particularly 
preferred embodiments, the BoPAG7v encoding nucleic 
acid encodes a BoPAG21 polypeptide comprising the 
sequence of SEQ ID NO:56. 

[0037] Also contemplated herein are oligonucleotides 
comprising at least 15 consecutive base pairs of any PAG 
encoding sequence, or a complement thereof, disclosed 
herein. Particularly contemplated is an oligonucleotide com 
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prising at least about 15 consecutive bases of the sequence 
of SEQ ID NO:9, or the complement thereof. In other 
embodiments, the oligonucleotide is about 20 bases in 
length. Also contemplated is an oligonucleotide comprising 
at least about 15 consecutive bases of the sequence of SEQ 
ID NO:7, or the complement thereof. another embodiments 
contemplates an oligonucleotide comprising at least about 
15 consecutive bases of the sequence of SEQ ID NO:6, or 
the complement thereof. Yet another embodiments provides 
an oligonucleotide comprising at least about 15 consecutive 
bases of the sequence of SEQ ID NO:5, or the complement 
thereof. In still a further embodiment, there is contemplated 
an oligonucleotide comprising at least about 15 consecutive 
bases of the sequence of SEQ ID NO:4, or the complement 
thereof. Yet another embodiment contemplates an oligo 
nucleotide comprising at least about 15 consecutive bases of 
the sequence of SEQ ID NO:2 or the complement thereof. 
Yet another embodiment contemplates an oligonucleotide 
comprising at least about 15 consecutive bases of the 
sequence of SEQ ID NO139 or the complement thereof. Yet 
another embodiment contemplates an oligonucleotide com 
prising at least about 15 consecutive bases of the sequence 
of SEQ ID NO:41 or the complement thereof. Yet another 
embodiment contemplates an oligonucleotide comprising at 
least about 15 consecutive bases of the sequence of SEQ ID 
NO:43 or the complement thereof. Yet another embodiment 
contemplates an oligonucleotide comprising at least about 
15 consecutive bases of the sequence of SEQ ID NO:45 or 
the complement thereof. Yet another embodiment contem 
plates an oligonucleotide comprising at least about 15 con 
secutive bases of the sequence of SEQ ID NO:47 or the 
complement thereof. Yet another embodiment contemplates 
an oligonucleotide comprising at least about 15 consecutive 
bases of the sequence of SEQ ID NO:49 or the complement 
thereof. Yet another embodiment contemplates an oligo 
nucleotide comprising at least about 15 consecutive bases of 
the sequence of SEQ ID NO:51 or the complement thereof. 
Yet another embodiment contemplates an oligonucleotide 
comprising at least about 15 consecutive bases of the 
sequence of SEQ ID NO:53 or the complement thereof. Yet 
another embodiment contemplates an oligonucleotide com 
prising at least about 15 consecutive bases of the sequence 
of SEQ ID NO:55 or the complement thereof. Of course it 
is understood that oligonucleotides of longer lengths are also 
contemplated including oligonucleotides of 17, 18, 19, 20, 
21, 22, 23, 24, 25, 30, 35, 40, 45, 50 or more consecutive 
base pairs in length. 

[0038] The present invention further provides a kit com 
prising a ?rst monoclonal antibody preparation that binds 
immunologically to BoPAGZ, BoPAG4, BoPAG5, BoPAG6, 
BoPAG7, BoPAG9, boPAG 7v; boPAG9v; boPAG 15; 
boPAG 16; boPAG 17; boPAG 18; boPAG 19; boPAG 20 or 
boPAG 21; and a suitable container means therefor. It is 
contemplated that in particular embodiments, the kit may 
further comprise a second monoclonal antibody preparation 
that binds immunologically to the same BoPAG as the ?rst 
monoclonal antibody, but Wherein the ?rst and the second 
monoclonal antibodies bind to different epitopes; and a 
suitable container means therefor. In particularly preferred 
aspects the ?rst antibody preparation is attached to a support. 
It is contemplated that the support may be any support 
routinely used in immunological techniques. In particularly 
preferred embodiments, the support independently is a poly 
styrene plate, test tube or dipstick. 
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[0039] In particular embodiments, the second antibody 
preparation comprises a detectable label. The detectable 
label may be independently a ?uorescent tag, a chemillu 
minescent tag, or an enZyme. In particularly de?ned embodi 
ment, the enZyme is alkaline phosphatase or horseradish 
peroxidase. In further preferred embodiments, the kit may 
also comprise a substrate for the enZyme. In other embodi 
ments, the kit may further comprise a buffer or diluent; and 
a suitable container means therefor. 

[0040] In another embodiment, there is provided a kit 
including a ?rst antibody composition that binds immuno 
logically to BoPAG2, BoPAG4, BoPAG5, BoPAG6, 
BoPAG7, BoPAG9, boPAG 7v; boPAG9v; boPAG 15; 
boPAG 16; boPAG 17; boPAG 18; boPAG 19; boPAG 20 or 
boPAG 21; and a suitable container means therefor as Well 
as a second antibody composition that binds immunologi 
cally to the same boPAG as the ?rst antibody composition, 
but the ?rst and second antibody compositions bind to 
different epitopes; and included in this de?ned kit is a 
suitable container means therefor. More speci?cally, this 
aspect of the invention encompasses a second antibody 
composition including a detectable label. Other kit compo 
nents, including reagent reservoirs, instructions and the like 
are Well knoWn to those of skill in the art and also are 
contemplated for use in the kits described herein. 

[0041] In other embodiments, there is provided a method 
for detecting pregnancy in a non-bovine Eutherian animal 
comprising obtaining a sample from the animal; and detect 
ing at least one of pregnancy associated antigen (PAG) in the 
sample, Wherein the PAG is present in early pregnancy, 
Whereby the presence of the PAG indicates that the animal 
is pregnant. The PAG may be absent at a period postpartum. 
As used herein, the term “absent” means not present using 
a given detection method. In other embodiments the PAG 
may be diminished postpartum. As used herein, “dimin 
ished” means dropping to undetectable or almost undetect 
able levels using a given protocol. In particularly preferred 
embodiment, the PAG may be selected from the group 
consisting of PAG2, PAG4, PAG5, PAG6, PAG7 and PAG9. 
In various embodiments, the animal in Which pregnancy is 
being determined, may include all Artiodactyla Which 
include Suidae (pigs and their relatives) and Camellidae 
(camels). It is contemplated that the animal may be a 
member of the suborder Ruminantia. In more de?ned 
embodiments, the Ruminantin may be a member of the 
family Bovidae. In more particular embodiments, the animal 
is a goat or sheep. In other embodiments the animal may be 
a member of the order Perissodactyla. In preferred embodi 
ments, the animal may be a horse or rhinoceros. In alterna 
tive preferred embodiments, the animal is a member of the 
order Carnivora. More particularly the animal may be an 
animal of the canine or feline species. Even more particu 
larly, the animal may be a dog or a cat. In other embodi 
ments, the animal may be a human or a panda. 

[0042] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While 
indicating preferred embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

[0044] FIG. 1. Aligned amino acid sequences of different 
boPAGs. Each structure Was inferred from the sequences of 
its cDNA. The likely signal sequence is underlined and a 
knoWn site of propeptide sequence cleavage (ISG \|,RG/DS) 
for certain PAGs is shoWn (vertical arroW). Many additional 
sequences, some from cDNA not containing entire ORF, 
others differing less than 5% in nucleotide sequence from 
those shoWn, are knoWn. Numbering at end of roWs is by 
amino acid residue starting the Met1. Numbers in parenthe 
ses shoW the equivalent residue of pepsin. Boxes indicate the 
conserved sequences around the catalytic aspartic acid resi 
dues (Asp32 and Asp 215). GenBank Accession codes for 
boPAG1 through boPAG12 are M73961, L06 151, L06 153 
and AF020506 through AF 020514, respectively. 

[0045] FIG. 2. The aligned amino acid sequences of 
different ovPAGs. See legend to FIG. 1 for details. GenBank 
Accession codes for ovPAG1 through ovPAG9 are M73962, 
U30251 and U94789 through U94795, respectively. 

[0046] FIG. 3. Summary of cloning data for boPAG 
expressed in day 19 and 25 bovine placenta. Early boPAG 
clones Were identi?ed by three independent procedures. 
Numbers indicate hoW many clones of identical sequence 
Were isolated by each procedure. First, a day 25 bovine 
cDNA library Was screened by homologous hybridiZation 
(Hybrid) With a probe consisting of ov, bo and poPAG1 and 
2 as Well as eqPAG cDNA. Sixteen clones With full length 
cDNA Were puri?ed and partially sequenced. The library 
Was then immunoscreened (Immuno) With and anti-boPAG1 
antiserum and 19 clones Were puri?ed and partially 
sequenced. RNA from a day 19 Holstein coW placenta Was 
reverse transcribed and ampli?ed With PCRTM (RT-PCRTM). 
The PCRTM products Were subcloned and partially 
sequenced. Note, most of the early boPAG Were identi?ed 
by homologous hybridiZation. 

[0047] FIG. 4. PairWise companions of the amino acid and 
nucleotide sequences of bovine PAG The data shoW percent 
nucleotide sequence identity (shaded) and percent amino 
acid sequence identity of translated sequences (unshaded). 

[0048] FIG. 5. A phylogram based on amino acid 
sequences shoWing the relationship of all knoWn cloned 
PAGs to common mammalian aspartic proteinases. The tree 
Was constructed by the Wisconsin GCG programs Distances 
and GroWTree. The lengths of the branches are proportional 
to the degree of amino acid diversity Within pairs of proteins. 
Protein data bank symbols: PEPA_pig, porcine pepsinogen 
A; PEPF_rabbit, rabbit pepsinogen F. 

[0049] FIG. 6. Southern genomic blotting of DNA from 
some selected ruminant and nonruminant ungulate species 
and from a member of the family Carnivora (Panda). DNA 
Was digested With EcoRI and probed With a boPAG1 probe. 
DNA siZe markers are on the left. Some samples of DNA, 
e.g., Suffolk Sheep and Mule Deer Were analyZed tWice. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0050] 
[0051] Despite the availability of several assays to detect 
pregnancy, there remains a need to provide improved assays 
for accurate and early detection of pregnancy, especially in 
cattle that are bred Within tWo to three months postpartum or 
earlier. In the context of the present invention, a preferred 
species is bovine. The present invention identi?es several 
placentally expressed polypeptides, designated pregnancy 
associated glycoproteins (PAGs) that can be utiliZed to make 
early and accurate diagnoses of bovine and other pregnan 
cies. Additional embodiments include the development of 
reagents from these polypeptides, and their corresponding 
genes, for use in assays to detect pregnancy. Extrapolation to 
other closely and distantly related species extends the appli 
cation of these methods. 

I. The Present Invention 

[0052] For use according to the present invention, selected 
PAGs are those that a) is produced abundantly in early and 
preferably not in late pregnancy, b) is a product of the 
binucleate cell, and absent or not present in signi?cant 
amounts postpartum, and c) minimally cross-reacts With late 
PAG products that might persist in maternal serum during 
the postpartum interval. Further, the PAG should be detect 
able in serum at concentrations suf?cient for a straightfor 
Ward and rapid detection. Finally, the PAGs should be 
amenable to reproducible polyclonal and monoclonal anti 
body production in suitable host species. The remaining 
disclosure describes various features of the invention and 
their implementation. 

[0053] 
[0054] The placenta is the hallmark of the eutherian mam 
mal. Rather than being the most anatomically conserved 
mammalian organ, hoWever, it arguably is the most diverse 
(Haig, 1993). Placentation ranges from the invasive hemo 
chorial type, as in the human, Where the trophoblast surface 
is in direct contact With maternal blood, to the epitheliocho 
rial (e.g., pig), Where the uterine epithelium is not eroded 
(Amoroso, 1952). Not only is placental structure highly 
variable, the polypeptide hormones the placenta produces 
also vary betWeen species (Haig, 1993; Roberts et al., 1996). 
For example, no group of mammals other than higher 
primates possesses a chorionic gonadotrophin homologous 
to hCG for luteal support in early pregnancy, and only the 
ruminant ungulates are knoWn to produce Type I interferon 
as an antilyteolytic hormone (Roberts et al., 1996). 

II. Pregnancy Associated Glycoproteins 

[0055] Placentation in ruminants, such as cattle and sheep, 
is super?cial, relatively noninvasive, and knoWn as synepi 
theliochorial cotyledonary (Wooding, 1992). ‘Synepithelio 
chorial’ describes the fetal-maternal syncytium formed by 
the fusion of trophoblast binucleate cells and uterine epi 
thelial cells, Whereas, ‘cotyledonary’ describes the gross 
structure of the placenta and speci?cally the tufts of villous 
trophoblast (cotyledons) that insinuate themselves into the 
crypts of the maternal caruncles. These regions of interdigi 
tated and partially fused fetal cotyledonary and maternal 
caruncles are the placentomes and are the main sites for 
nutrient and gas exchange in the placenta. The binucleate 
cells, Which compose about 20% of the surface epithelium 
(trophectoderm) migrate and fuse With maternal uterine 
epithelial cells and deliver their secretory products directly 
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to the maternal system. Among the products are the placental 
lactogens (Wooding, 1981) and the pregnancy-associated 
glycoproteins (Zoli et al., 1992a.) Bovine pregnancy-asso 
ciated glycoproteins (boPAGs), also knoWn under a variety 
of other names including pregnancy-speci?c protein-B (But 
ler et al., 1982), Were discovered in attempts to develop 
pregnancy tests for livestock (Sasser et al., 1986; Zoli et al., 
1991; Zoli et al., 1992a). Rabbits Were injected With extracts 
of placental cotyledons, and antibodies not directed against 
placental antigens Were removed by adsorption With tissue 
extracts from nonpregnant animals. The resulting antisera 
provided the basis of an accurate pregnancy test for cattle 
and sheep as early as one month post-insemination. 

[0056] Xie et al. (1991) used an antiserum directed against 
puri?ed boPAGs from cattle and from sheep to screen cDNA 
libraries from late placental tissue. The full-length cDNAs 
shared 86% nucleotide sequence identities With each other 
and a surprising 60% sequence identity to pepsinogens. The 
boPAGs had mutations in and around their active sites that 
Would render them inactive as proteinases (Xie et al., 1991; 
Guruprasad et al., 1996). The similarities to pepsin A (~50% 
amino acid identity) and chymosin (~45%) in primary 
structure has alloWed atomic models of ovine (ov)PAG1 and 
boPAG1 to be built (Guruprasad et al., 1996). Both mol 
ecules have the bilobed structure typical of all knoWn 
eukaryotic aspartic proteinases and possess a cleft betWeen 
the tWo lobes capable of accommodating peptides up to 7 
amino acids long. Modeling strongly suggested that both 
ovPAG1 and boPAG1 can bind the pepsin inhibitor pepsta 
tin, a prediction that has been validated. 

[0057] Even in initial studies (Butler et al., 1982; Zoli et 
al., 1991; Xie et al., 1991; Xie et al., 1994; Xie et al., 1996), 
it Was clear that the boPAGs Were heterogenous in molecular 
Weight and charge, and as more isoforms have been puri?ed 
it has become evident that they differ in their amino terminal 
sequences (Atkinson et al., 1993; Xie et al., 1997a). Further 
library screening has revealed additional transcripts in rumi 
nants (Xie et al., 1994; Xie et al., 1995; Xie et al., 1997b) 
and the existence of PAGs in non-ruminant species such as 
the pig (SZafranska et al., 1995), and the horse (Guruprasad 
et al., 1996). 

[0058] Despite their apparent lack of proteolytic activity, 
all of the PAGs Whose amino terminal sequences have been 
determined are proteolytically processed in a manner typical 
of other aspartic proteases such as pepsin (Davies, 1990). 
For example, a pro-peptide of most PAGs, Which constitutes 
the ?rst 38 amino acids of the secreted form and Which 
normally folds into the active site region, has been cleaved 
from the secreted forms of PAG. Thus, the calculated 
molecular Weight of the mature, non-glycosylated PAG, i.e. 
With signal sequence propeptide removed Would be ~36,000 
daltons and the circulating antigen in serum Would also lack 
this segment. The observed molecular Weight of secreted 
PAG, hoWever, is much larger ranging from 45,000 daltons 
to 90,000 daltons (Xie et al, 1991; Sasser et al., 1989; Xie 
et al., 1996), probably due to extensive glycosylation (Hold 
sWorth et al., 1982). Multiple boPAG genes in the bovine 
genome have most likely contributed to the triphasic alter 
ations of PAG concentrations in maternal serum. 

[0059] A. BoPAGl 

[0060] Bovine (bo) PAG1 Was initially identi?ed as a 
unique placental antigen by raising antisera to total bovine 
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placental extracts (Zoli et al., 1991). It is a product of 
binucleate trophoblast cells (Xie et al, 1991; Zoli et al., 
1992b) Which constitute the invasive component of the 
placenta (Wooding, 1992; Guillomot, 1995). In 1991, cDNA 
for both boPAG1 and ovine PAG1 Was identi?ed (ovPAG1) 
(Xie et al., 1991). Surprisingly, the PAG1 belong to the 
aspartic proteinase gene family, a grouping that 
includes pepsin, chymosin, renin, and cathepsin D and E 
(Guruprasad et al., 1996). Unlike other members of the AP 
family, both ovPAG1 and boPAG1 appear to be enZymati 
cally inactive, since the catalytic domain in the active site 
region is mutated (Xie et al., 1991; Guruprasad et al., 1996). 

[0061] BoPAG 1 gene contains 9 exons and 8 introns (Xie 
et al., 1996), an identical organiZation to that of other 
mammalian aspartic genes. Southern genomic blotting With 
a probe encompassing exon 7 and exon 8, Which represent 
the most conserved region of PAG relative to other AP, 
indicated that there Were probably many PAG genes. In 
addition, When a bovine genomic library Was probed With 
boPAG1 cDNA, 0.06% positive phage plaques Were iden 
ti?ed, suggesting that there may be 100 or more PAG genes 
in the bovine genome (Xie et al., 1995). This approximation 
has recently been con?rmed by a variety of other approaches 
(Xie et al., 1997b). 

[0062] Levels of boPAG1 or related molecules that cross 
react With a boPAG-1 antiserum are very loW around day 21 

to day 27 (Warnick et al., 1995; Beal et al., 1992; Cameron 
and Malmo, 1993; Butler et al., 1982), are maintained at a 
higher, but still loW concentration until about day 100 of the 
pregnancy and then rise quickly to 100 ng/ml. The concen 
trations then remain relatively constant until the last quarter 
of pregnancy When they peak at 1 pig/ml of serum or greater 
right before parturition. One explanation for the triphasic 
pro?le of boPAG1 immunoreactivity is that expression of 
boPAG1 is very loW in early pregnancy, rises considerably 
at mid gestation and peaks before parturition (Sasser et al., 
1986; Zoli et al., 1992a; Patel et al., 1995). Alternatively, the 
presence of immunoreactive antigen in very early pregnancy 
may be due to the production of other boPAGs. The rise in 
the second trimester may re?ect production of yet a different 
class of boPAG or possibly the initiation of loW PAG1 
expression. The exponential rise of boPAGs just prior to 
parturition could represent a sudden increase in the synthesis 
of one or more boPAG1 related molecules or increased 

“escape” across a leakier utero-placental junction. 

[0063] Immunocytochemistry and in situ hybridiZation 
analyses have shoWn that boPAG1 and ovPAG1, and their 
close relatives (since neither the antisera nor the probes are 
expected to be monospeci?c) are localiZed to binucleate 
cells (Xie et al., 1991; Zoli et al., 1992b) In contrast, the 
antigenically distinct boPAG2 is expressed in predominantly 
mononucleate cells of the trophectoderm (Xie et al., 1994). 
In the ruminants, binucleate cells are the invasive compo 
nents of the trophoblast and do not appear until about day 13 
in sheep and day 17 in cattle (Wooding, 1992). They then 
quickly increase in number. By day 21 in cattle they con 
stitute up to 20% of cells in the trophectoderm, and a high 
percentage are actively fusing With maternal uterine epithe 
lial cells (Wooding, 1992; King et al., 1980; Guillomot, 
1995). Binucleate cell granules, Which contain PAG1 (Zoli 
et al., 1992b), are discharged from the fusion cell toWards 
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the maternal stroma and its netWork of capillaries. There 
fore, the binucleate cell products have ready access to the 
maternal circulation. 

[0064] B. Novel OvPAG and BoPAG Species 

[0065] According to the present invention, cDNA for a 
series of novel boPAGs have been identi?ed and cloned 
(FIG. 1). A similar large family of ovine (ov) PAGs have 
been identi?ed from sheep placenta (Xie et al., 1991; Xie et 
al., 1997a; Xie et al., 1997b; FIG. 2). Certain of the boPAGs 
are useful in detection of early pregnancy in cattle. These 
molecules are homologous to, but different from, boPAG1 
(Xie et al., 1991; FIG. 1; FIG. 3). The inventors noW 
estimate that there are at least 100 PAG-related genes in 
cattle, and the inventors have already cloned and Wholly or 
partially sequenced at least 20 distinct cDNA (including 10 
complete cDNA from early pregnancy). Apparently, PAGs 
constitute a polymorphic group (Xie et al., 1994; Xie et al., 
1995; Xie et al., 1997a; Xie et al., 1997b), Whose members 
either shoW variable degrees of immunocrossreactivity or do 
not cross-react at all With the antisera that have been 
developed. Some of the cloned PAGs are only expressed in 
binucleate cells of the placenta (see Example 3). These cells 
are knoWn to have an endocrine function (Wooding, 1992). 
They produce placental lactogen and steroids, for example. 
HoWever, the functions of the PAG family members are 
unknoWn, although they enter the maternal circulation. 

[0066] One important aspect of the present invention is 
that PAGs are not expressed uniformly throughout preg 
nancy (see Example 4). Some are found early in pregnancy, 
While are others are expressed in later stages. For example, 
PAGs that are expressed most strongly in the invasive 
binucleate cells at implantation are not dominant in late 
pregnancy. Conversely, boPAG1 (PSP-B) (Xie et al., 1991; 
Butler et al., 1982; Sasser et al., 1986) primarily is a product 
of binucleate cells of the late placenta, and antiserum raised 
against it fails to recogniZe the dominant PAG produced by 
binucleate cells in early pregnancy. Therefore, the test 
developed by the other groups and based on boPAGl/PSP 
B/PSP60 (Butler et al., 1982; Sasser et al., 1986; Zoli et al., 
1992a; Mialon et al., 1993; Kiracofe et al., 1994) is only 
marginally useful early in pregnancy because the antigen is 
produced in extremely small amounts, if at all, at that time. 
The expression pattern of boPAG1 also helps explain the 
concentration pro?le of the antigen measured in serum. At 
term, levels can exceed 5 pig/ml, While at day 40, When the 
development of the placenta in terms of siZe is almost 
complete, concentrations are around 10 ng/ml, i.e., 500-fold 
loWer. 

[0067] Certain of the novel boPAGs disclosed in this 
invention (boPAG 4, 5, 6, 7, and 9), having the sequences of 
SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29, SEQ ID 
NO:30, and SEQ ID NO:32 are present at day 25 of 
pregnancy. These PAGs are expressed in invasive binucleate 
cells Which release their secretory granules into maternal 
uterine capillary bed (see Example 3). Of these ?ve, 
boPAG4 appears to cross react With the late pregnancy PAG, 
boPAG1, Which has been the basis of the earlier pregnancy 
test (see Example 1). By virtue of their early expression, 
these PAGs can be detected by conventional immunological 
techniques in physiological ?uids of heifers or coWs (espe 
cially in serum, urine, and milk) to detect the presence of a 
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fetus or fetuses in the uterus prior to day 30 of pregnancy. 
Thus, the presence of these antigens provide a diagnostic test 
of early pregnancy in cattle. 

[0068] Similar observations on the diversity of PAGs, the 
localiZation of different PAGs to either mononucleated and 
binucleated cells, and the likely varied timing of PAG 
expression have been noted in sheep (Xie et al., 1991; Xie 
et al., 1997a; Xie et al., 1997b). Because of the large number 
of genes noted in other species (FIG. 6) these observations 
are likely also to hold for other Artiodactyla, as Well. 

[0069] C Structural, Functional and Evolutionary Aspects 
of PAGs 

[0070] PAGs are members of the aspartic proteinase gene 
family (Xie et al., 1991; Xie et al., 1994; Xie et al., 1995), 
although the inventors do not believe they are necessarily 
active as proteolytic enZymes. cDNAs for these antigens 
(called pregnancy-associated glycoproteins or PAG) have 
been cloned from early placenta and expressed in a variety 
of systems in order to produce recombinant products. 

[0071] The active aspartic proteinases, Which include the 
various pepsins, chymosins, cathepsin E and D and renin, 
are clustered in the central branches of the tree. Included 
among them is eqPAG 1, Which is paired With rabbit 
pepsinogen F. EqPAG1 is an active proteinase after propep 
tide excision (Green et al., 1998) and may therefore be the 
horse homolog of pepsin F. Unfortunately little is knoWn 
about pepsinogen F; it has been cloned from the stomach of 
a neonatal rabbit (Kageyama et al., 1990), but its overall 
expression pattern in the fetus has not been studied, nor has 
pepsinogen F been described in any other species. 

[0072] BoPAG1 and 2 occupy an intermediate position 
betWeen the enZymatically functional aspartic proteinases 
and the PAGs from cattle and sheep. Of the latter, boPAG8, 
boPAG10 and ovPAG5 are the three most distant and 
possibly most ancient gene products so far identi?ed. Most 
closely related to them are ovPAG2 and boPAG2, 11 and 12. 
As determined by in situ hybridiZation analysis, their genes 
are expressed in both the mononucleated as Well as the larger 
invasive binucleated cells of the outer trophectoderm layer 
of the placenta. The remaining PAG genes, ovPAG1, 3, 4, 6, 
7, 8 and 9 and boPAG1, 3, 4, 5, 6, 7 and 9, Which have 
diverged less than the grouping above, have strictly binucle 
ate cell-speci?c expression. Because binucleate cells are a 
typical feature of the trophectoderm of the synepitheliocho 
rial placentas of the pecoran ruminants (suborder: Ruminan 
tia) (Wooding, 1992), it is tempting to speculate that the 
PAG1 related genes diverged relatively recently. 

[0073] If the entire PAG gene family arose by a series of 
relatively recent duplications during the diversi?cation of 
the even toed ungulates (Artiodactyla), the expected lengths 
of the branches leading to the individual PAG might be 
expected to be relatively short. Instead many are long, far 
exceeding the distance betWeen human, rabbit and rat cathe 
psin E (FIG. 8) Whose divergence encompasses more than 
100 million years of evolutionary time. There seem to be tWo 
alternative explanations. One is that the recent origin theory 
is Wrong and that duplication of PAGs occurred early in the 
diversi?cation of mammals. The second is that the genes 
duplicated late but accumulated mutations at a high rate. 
Early diversi?cation seems unlikely in vieW of the fact that 
large numbers of aspartic proteinase gene family members 
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have not been described in either rodents or man despite 
considerable efforts to clone them (Birch and Loh, 1991). 
The inventors’ data for the horse (Perissodactyla) and cat 
(Carnivora) indicate only a limited number (and possibly 
only a single) expressed PAG gene in each species. There 
fore, the inventors favor a late and rapid diversi?cation of 
the PAG Within the Artiodactyla. In this regard, the related 
ness of ovPAG2 and boPAG11 (94% at the amino acid level) 
suggests they are functional homologs. These genes are the 
most closely related of all the PAGs shoWn in FIG. 8, 
despite a species separation of around 18 million years 
(Miyamoto et al., 1993). 

[0074] An analysis (Nei, 1987; Li, 1993) of the nucleotide 
substitutions Within the protein-coding regions of the PAG 
genes reveals that the ratio of synonymous (silent) mutations 
per synonymous site to nonsynonymous (replacement) 
mutations per nonsynonymous site (Ka) in pairWise com 
parisons among all PAGs averages 1.18:0.27 (mean:S.D.). 
A closer examination indicates that Within highly conserved 
regions the Ks to Ka ratio is high, While it is loW in the 
hypervariable loop-encoding regions. For example, the Ks to 
Ka ratio averages 3071108 for the highly conserved 29 
codons encoding the buried carboxyl end of the molecules. 
By contrast, the value for the preceding 21 codons, Which 
are hypervariable and encode the tWo loops (291-296 and 
281-287) shoWn in FIG. 5B, is 0531018. Thus, mutations 
that alter amino acids have accumulated faster than silent 
mutations. 

[0075] Mutations that lead to amino acid changes are 
much more likely to be deleterious and therefore to be 
eliminated than synonymous changes. For this reason Ks/Ka 
ratios are generally greater than 2.0 (Ohta, 1992). The PAGs 
appear exceptional in this respect, With the data suggesting 
that their high variability has occurred as the result of 
positive selection. Other related aspartic proteinases, such as 
ovine and bovine chymosins, enZymes Whose coding 
regions are 95% identical in sequence (Moir et al., 1982; 
Pungercar et al., 1990) despite 18 million years of separation 
(Miyamoto et al., 1993), exhibit a Ks to Ka ratio of 2.47, a 
value more than tWice as high as the average PAG pair. 

[0076] The only PAG pair that exhibits a comparable value 
to the chymosins is ovPAG2 and boPAG11 (ratio 2.92) 
proteins Whose relatedness has been commented upon ear 
lier (FIG. 8) and Which may be functional homologs. Equine 
PAG and rabbit pepsinogen F, both active enZymes, provide 
a value of 2.61. Conceivably these genes have also acquired 
a function that is less able to tolerate changes in the surface 
loop regions than PAGs in general. 

[0077] In a more general context, the evolution of multi 
gene families has been the subject of several recent revieWs 
(Ohta, 1995; Hughes, 1994; Fryxell, 1996). All agree that 
most duplicated genes are likely either to be quickly lost or 
accumulated as pseudogenes, as a result of “purifying” 
DarWinian selection, unless they acquire a novel function. 
By this argument it must be assumed that individual PAGs 
are not only functional molecules, but that each has a subtly 
different role. Hughes (1994) has argued that Weak bifunc 
tionality must be acquired prior to gene duplication and that, 
once duplicated, genes become separated by a burst of 
amino acid replacements that alloWs a speci?c function to 
become ?xed and enhanced. These mutations are likely to be 
acquired by a combination of nonsynonymous point muta 



US 2005/0100975 A1 

tions, and by gene conversion events Which can probably 
occur readily betWeen closely linked, structurally similar 
genes (Ohta, 1995). Genetic drift and natural selection Will 
ensure the retention of those mutations that are not delete 
rious. At present it is not possible to estimate What kinds of 
mutational changes contributed most to PAG diversity. 

[0078] Fryxell (1996) has argued that the retention of a 
duplicated gene Will in general, require the presence of a 
preexisting or similarly evolving family of complementary 
molecules With Which the products of the duplicated genes 
can interact. Among the best knoWn rapidly evolving gene 
families are immunoglobulins, T cell receptors and MHC 
antigens, the cytochrome p450 system and the odorant 
receptors. In each of these cases, diversi?cation is linked to 
a more exacting capacity to bind particular ligands. For the 
PAGs, it is tempting to speculate that their function relates 
to their peptide-binding capabilities, although a function 
involving some structural feature other than the cleft, such 
as the propeptide or carbohydrate, cannot be ruled out. Even 
though the regions around the tWo catalytic aspartyl residues 
are generally conserved in all aspartic proteinases (Davis, 
1990; Takahashi et al., 1995), substitutions elseWhere can 
markedly in?uence What peptides gain access to the catalytic 
center, clearly evident When the exceedingly narroW sub 
strate speci?city of renin is compared With that of pepsin A. 
The reorganiZation of the combining site of an antibody 
against a nitrophenyl phosphate hapten as it evolved from its 
germline precursor led to a 30,000-fold greater af?nity for 
ligand and involved only a handful of amino acids, many of 
Which Were in a surface location and none of Which made 
direct contact With the ligand (Wedemayer et al., 1997). 
Small additive changes in the packing of loops provided a 
combining site able to lock in the hapten With much greater 
ef?ciency. Similar events could presumably modify the 
peptide-binding cleft of PAGs and provide molecules With a 
considerable range of speci?cities. 

[0079] D. Variants of PAGS 

[0080] It is contemplated that, for various uses, variants of 
PAGs can be utiliZed according to the present invention. 
These changes may improve stability or function, for 
example, antigenicity or immunoreactivity. It may be desir 
able to create substitutional, insertional or deletion variants 
or fusion proteins from the identi?ed PAGs. Deletion vari 
ants lack one or more residues of the native protein. Inser 
tional mutants typically involve the addition of material at a 
non-terminal point in the polypeptide. This may include the 
insertion of an immunoreactive epitope or simply a single 
residue. Terminal additions, are fusion proteins. Substitu 
tional variants typically contain the exchange of one amino 
acid for another at one or more sites Within the protein, and 
may be designed to modulate one or more properties of the 
polypeptide, such as stability against proteolytic cleavage, 
Without the loss of other functions or properties. Substitu 
tions of this kind may be termed “conservative,” that is, one 
amino acid is replaced With one of similar shape and charge. 
Conservative substitutions are Well knoWn in the art and 
include, for example, the changes of: alanine to serine; 
arginine to lysine; asparagine to glutamine or histidine; 
aspartate to glutamate; cysteine to serine; glutamine to 
asparagine; glutamate to aspartate; glycine to proline; his 
tidine to asparagine or glutamine; isoleucine to leucine or 
valine; leucine to valine or isoleucine; lysine to arginine; 
methionine to leucine or isoleucine; phenylalanine to 
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tyrosine, leucine or methionine; serine to threonine; threo 
nine to serine; tryptophan to tyrosine; tyrosine to tryptophan 
or phenylalanine; and valine to isoleucine or leucine. 

[0081] The folloWing is a discussion based upon changing 
of the amino acids of a protein to create an equivalent, or 
even an improved, second-generation molecule. For 
example, certain amino acids may be substituted for other 
amino acids in a protein structure Without appreciable loss of 
interactive binding capacity With structures such as, for 
example, antigen-binding regions of antibodies or binding 
sites on substrate molecules. Since it is the interactive 
capacity and nature of a protein that de?nes that protein’s 
biological functional activity, certain amino acid substitu 
tions can be made in a protein sequence, and its underlying 
DNA coding sequence, and nevertheless obtain a protein 
With like properties. It is thus contemplated by the inventors 
that various changes may be made in the DNA sequences of 
genes Without appreciable loss of their biological utility or 
activity, as discussed beloW. Table 1 shoWs the codons that 
encode particular amino acids. 

[0082] Another embodiment for the preparation of 
polypeptides according to the invention is the use of peptide 
mimetics. Mimetics are peptide-containing molecules that 
mimic elements of protein secondary structure. See, for 
example, Johnson et al, “Peptide Turn Mimetics” in BIO 
TECHNOLOGY AND PHARMACY, PeZZuto et al, Eds., 
Chapman and Hall, NeW York (1993). The underlying 
rationale behind the use of peptide mimetics is that the 
peptide backbone of proteins exists chie?y to orient amino 
acid side chains in such a Way as to facilitate molecular 
interactions, such as those of antibody and antigen. A 
peptide mimetic is expected to permit molecular interactions 
similar to the natural molecule. These principles may be 
used, in conjunction With the principles outline above, to 
engineer second generation molecules having many of the 
natural properties of PAGs, but With altered and even 
improved characteristics. 

[0083] E. Puri?cation of the Proteins 

[0084] It Will be desirable to purify the various PAGs 
identi?ed by the inventors or variants thereof. Pro 
tein puri?cation techniques are Well knoWn to those 
of skill in the art. These techniques involve, at one 
level, the crude fractionation of the cellular milieu to 
polypeptide and non-polypeptide fractions. Having 
separated the polypeptide from other proteins, the 
polypeptide of interest may be further puri?ed using 
chromatographic and electrophoretic techniques to 
achieve partial or complete puri?cation (or puri?ca 
tion to homogeneity). Analytical methods particu 
larly suited to the preparation of a pure peptide are 
ion-exchange chromatography, exclusion chroma 
tography; polyacrylamide gel electrophoresis; iso 
electric focusing. A particularly ef?cient method of 
purifying peptides is fast protein liquid chromatog 
raphy or even HPLC. 

[0085] Certain aspects of the present invention concern the 
puri?cation, and in particular embodiments, the substantial 
puri?cation, of an encoded protein or peptide. The term 
“puri?ed protein or peptide” as used herein, is intended to 
refer to a composition, isolatable from other components, 
Wherein the protein or peptide is puri?ed to any degree 
relative to its naturally-obtainable state. Apuri?ed protein or 
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peptide therefore also refers to a protein or peptide, free 
from the environment in Which it may naturally occur. 

[0086] Generally, “puri?ed” Will refer to a protein or 
peptide composition that has been subjected to fractionation 
to remove various other components, and Which composi 
tion substantially retains its expressed biological activity. 
Where the term “substantially puri?ed” is used, this desig 
nation Will refer to a composition in Which the protein or 
peptide forms the major component of the composition, such 
as constituting about 50%, about 60%, about 70%, about 
80%, about 90%, about 95% or more of the proteins in the 
composition. 
[0087] Various methods for quantifying the degree of 
puri?cation of the protein or peptide Will be knoWn to those 
of skill in the art in light of the present disclosure. These 
include, for example, determining the speci?c activity of an 
active fraction, or assessing the amount of polypeptides 
Within a fraction by SDS/PAGE analysis. A preferred 
method for assessing the purity of a fraction is to calculate 
the speci?c activity of the fraction, to compare it to the 
speci?c activity of the initial extract, and to thus calculate 
the degree of purity, herein assessed by a “-fold puri?cation 
number” (i.e., 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 
1000-fold, etc.). The actual units used to represent the 
amount of activity Will, of course, be dependent upon the 
particular assay technique chosen to folloW the puri?cation 
and Whether or not the expressed protein or peptide exhibits 
a detectable activity. 

[0088] Various techniques suitable for use in protein puri 
?cation Will be Well knoWn to those of skill in the art. These 
include, for example, precipitation With ammonium sul 
phate, PEG, antibodies and the like or by heat or acid pH 
denaturation of contaminating proteins, folloWed by cen 
trifugation; chromatography steps such as ion exchange, gel 
?ltration, reverse phase, hydroxylapatite and af?nity chro 
matography; isoelectric focusing; gel electrophoresis; and 
combinations of such and other techniques. As is generally 
knoWn in the art, it is believed that the order of conducting 
the various puri?cation steps may be changed, or that certain 
steps may be omitted, and still result in a suitable method for 
the preparation of a substantially puri?ed protein or peptide. 

[0089] There is no general requirement that the protein or 
peptide alWays be provided in their most puri?ed state. 
Indeed, it is contemplated that less substantially puri?ed 
products Will have utility in certain embodiments. Partial 
puri?cation may be accomplished by using feWer puri?ca 
tion steps in combination, or by utiliZing different forms of 
the same general puri?cation scheme. For example, it is 
appreciated that a cation-exchange column chromatography 
performed utiliZing an HPLC apparatus Will generally result 
in a greater “-fold” puri?cation than the same technique 
utiliZing a loW pressure chromatography system. Methods 
exhibiting a loWer degree of relative puri?cation may have 
advantages in total recovery of protein product, or in main 
taining the activity of an expressed protein. 

[0090] It is knoWn that the migration of a polypeptide can 
vary, sometimes signi?cantly, With different conditions of 
SDS/PAGE and according to hoW extensively it is glycosy 
lated (Capaldi et al., 1977). It Will therefore be appreciated 
that under differing electrophoresis conditions, the apparent 
molecular Weights of puri?ed or partially puri?ed expression 
products may vary. 
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[0091] High Performance Liquid Chromatography 
(HPLC) is characteriZed by a very rapid separation With 
extraordinary resolution of peaks. This is achieved by the 
use of very ?ne particles and high pressure to maintain an 
adequate ?oW rate. Separation can be accomplished in a 
matter of min, or at most an hour. Moreover, only a very 
small volume of the sample is needed because the particles 
are so small and close-packed that the void volume is a very 
small fraction of the bed volume. Also, the concentration of 
the sample need not be very great because the bands are so 
narroW that there is very little dilution of the sample. 

[0092] Gel chromatography, or molecular sieve chroma 
tography, is a special type of partition chromatography that 
is based on molecular siZe. The theory behind gel chroma 
tography is that the column, Which is prepared With tiny 
particles of an inert substance that contain small pores, 
separates larger molecules from smaller molecules as they 
pass through or around the pores, depending on their siZe. As 
long as the material of Which the particles are made does not 
adsorb the molecules, the sole factor determining rate of 
How is the siZe. Hence, molecules are eluted from the 
column in decreasing siZe, so long as the shape is relatively 
constant. Gel chromatography is unsurpassed for separating 
molecules of different siZe because separation is indepen 
dent of all other factors such as pH, ionic strength, tempera 
ture, etc. There also is virtually no adsorption, less Zone 
spreading and the elution volume is related to molecular 
Weight. 

[0093] Af?nity Chromatography is a chromatographic 
procedure that relies on the speci?c af?nity betWeen a 
substance to be isolated and a molecule that it can speci? 
cally bind to. This is a receptor-ligand type interaction. The 
column material is synthesiZed by covalently coupling one 
of the binding partners to an insoluble matrix. The column 
material is then able to speci?cally adsorb the substance 
from the solution. Elution occurs by changing the conditions 
to those in Which binding Will not occur (alter pH, ionic 
strength, temperature, etc.). 

[0094] Aparticular type of affinity chromatography useful 
in the puri?cation of carbohydrate containing compounds is 
lectin affinity chromatography. Lectins are a class of sub 
stances that bind to a variety of polysaccharides and glyco 
proteins. Lectins are usually coupled to agarose by cyanogen 
bromide. Conconavalin A coupled to Sepharose Was the ?rst 
material of this sort to be used and has been Widely used in 
the isolation of polysaccharides and glycoproteins other 
lectins that have been include lentil lectin, Wheat germ 
agglutinin Which has been useful in the puri?cation of 
N-acetyl glucosaminyl residues and Helix pomatia lectin. 
Lectins themselves are puri?ed using af?nity chromatogra 
phy With carbohydrate ligands. Lactose has been used to 
purify lectins from castor bean and peanuts; maltose has 
been useful in extracting lectins from lentils and jack bean; 
N-acetyl-D galactosamine is used for purifying lectins from 
soybean; N-acetyl glucosaminyl binds to lectins from Wheat 
germ; D-galactosamine has been used in obtaining lectins 
from clams and L-fucose Will bind to lectins from lotus. 

[0095] The matrix should be a substance that itself does 
not adsorb molecules to any signi?cant extent and that has 
a broad range of chemical, physical and thermal stability. 
The ligand should be coupled in such a Way as to not affect 
its binding properties. The ligand should also provide rela 
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tively tight binding. And it should be possible to elute the 
substance Without destroying the sample or the ligand. One 
of the most common forms of affinity chromatography is 
immunoaffinity chromatography. The generation of antibod 
ies that Would be suitable for use in accord With the present 
invention is discussed beloW. 

[0096] F. Synthetic Peptides 

[0097] The present invention also describes portions of 
PAG-related peptides for use in various embodiments of the 
present invention. Because of their relatively small siZe, the 
peptides of the invention can also be synthesiZed in solution 
or on a solid support in accordance With conventional 
techniques. Various automatic synthesiZers are commer 
cially available and can be used in accordance With knoWn 
protocols. See, for example, SteWart and Young, (1984); 
Tam et al., (1983); Merri?eld, (1986); and Barany and 
Merri?eld (1979), each incorporated herein by reference. 
Short peptide sequences, or libraries of overlapping pep 
tides, usually from about 6 up to about 35 to 50 amino acids, 
Which correspond to the selected regions described herein, 
can be readily synthesiZed and then screened in screening 
assays designed to identify reactive peptides. Alternatively, 
recombinant DNA technology may be employed Wherein a 
nucleotide sequence Which encodes a peptide of the inven 
tion is inserted into an expression vector, transformed or 
transfected into an appropriate host cell and cultivated under 
conditions suitable for expression. 

[0098] G. Antigen Compositions 

[0099] The present invention provides for the use of PAGs 
or peptides as antigens for the generation of polyclonal 
antisera and monoclonal antibodies for use in the detection 
of pregnancy. It is envisioned that some variant of a PAG, or 
portions thereof, Will be coupled, bonded, bound, conjugated 
or chemically-linked to one or more agents via linkers, 
polylinkers or derivatiZed amino acids. This may be per 
formed such that a bispeci?c or multivalent composition or 
vaccine is produced. It is further envisioned that the methods 
used in the preparation of these compositions Will be famil 
iar to those of skill in the art and should be suitable for 
administration to animals, i.e., pharmaceutically acceptable. 
Preferred agents are the carriers such as keyhole limpet 
hemocyannin or glutathione-S-transferase. 

[0100] In order to formulate PAGs for immuniZation, one 
Will generally desire to employ appropriate salts and buffers 
to render the polypeptides stable. Aqueous compositions of 
the present invention comprise an effective amount of the 
PAG antigen to the host animal, dissolved or dispersed in a 
pharmaceutically acceptable carrier or aqueous medium. 
Such compositions may be referred to as inocula. The phrase 
“pharmaceutically or pharmacologically acceptable” refer to 
molecular entities and compositions that do not produce 
adverse, allergic, or other untoWard reactions When admin 
istered to an animal or a human. As used herein, “pharma 
ceutically acceptable carrier” includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal 
agents, isotonic and absorption delaying agents and the like. 
The use of such media and agents for pharmaceutically 
active substances is Well knoW in the art. Except insofar as 
any conventional media or agent is incompatible With the 
vectors or cells of the present invention, its use in therapeu 
tic compositions is contemplated. Supplementary active 
ingredients also can be incorporated into the compositions. 
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[0101] The compositions of the present invention may 
include classic pharmaceutical preparations. Administration 
of these compositions according to the present invention Will 
be via any common route so long as the target tissue is 
available via that route. This includes oral, nasal, buccal, 
rectal, vaginal or topical. Alternatively, administration may 
be by orthotopic, intradermal, subcutaneous, intramuscular, 
intraperitoneal or intravenous injection. Such compositions 
Would normally be administered as pharmaceutically 
acceptable compositions, described supra. 

[0102] The PAGs also may be administered parenterally or 
intraperitoneally. Solutions of the active compounds as free 
base or pharmacologically acceptable salts can be prepared 
in Water suitably mixed With a surfactant, such as hydrox 
ypropylcellulose. Dispersions can also be prepared in glyc 
erol, liquid polyethylene glycols, and mixtures thereof and 
in oils. Under ordinary conditions of storage and use, these 
preparations contain a preservative to prevent the groWth of 
microorganisms. 

[0103] The pharmaceutical forms suitable for injectable 
use include sterile aqueous solutions or dispersions and 
sterile poWders for the extemporaneous preparation of sterile 
injectable solutions or dispersions. In all cases the form must 
be sterile and must be ?uid to the extent that easy syring 
ability exists. It should be stable under the conditions of 
manufacture and storage and must be preserved against the 
contaminating action of microorganisms, such as bacteria 
and fungi. The carrier can be a solvent or dispersion medium 
containing, for example, Water, ethanol, polyol (for example, 
glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), suitable mixtures thereof, and vegetable oils. 
The proper ?uidity can be maintained, for example, by the 
use of a coating, such as lecithin, by the maintenance of the 
required particle siZe in the case of dispersion and by the use 
of surfactants. The prevention of the action of microorgan 
isms can be brought about by various antibacterial an 
antifungal agents, for example, parabens, chlorobutanol, 
phenol, sorbic acid, thimerosal, and the like. In many cases, 
it Will be preferable to include isotonic agents, for example, 
sugars or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the use in 
the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 

[0104] Sterile injectable solutions are prepared by incor 
porating the PAGs in the required amount in the appropriate 
solvent With various of the other ingredients enumerated 
above, as required, folloWed by ?ltered steriliZation. Gen 
erally, dispersions are prepared by incorporating the various 
steriliZed active ingredients into a sterile vehicle Which 
contains the basic dispersion medium and the required other 
ingredients from those enumerated above. In the case of 
sterile poWders for the preparation of sterile injectable 
solutions, the preferred methods of preparation are vacuum 
drying and freeZe-drying techniques Which yield a poWder 
of the active ingredient plus any additional desired ingredi 
ent from a previously sterile-?ltered solution thereof. 

[0105] The compositions of the present invention may be 
formulated in a neutral or salt form. Pharmaceutically 
acceptable salts include the acid addition salts (formed With 
the free amino groups of the protein) and Which are formed 
With inorganic acids such as, for example, hydrochloric or 
phosphoric acids, or such organic acids as acetic, oxalic, 
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tartaric, mandelic, and the like. Salts formed With the free 
carboxyl groups can also be derived from inorganic bases 
such as, for example, sodium, potassium, ammonium, cal 
cium, or ferric hydroxides, and such organic bases as iso 
propylamine, trimethylamine, histidine, procaine and the 
like. 

[0106] For parenteral administration in an aqueous solu 
tion, for example, the solution should be suitably buffered if 
necessary and the liquid diluent ?rst rendered isotonic With 
sufficient saline or glucose. These particular aqueous solu 
tions are especially suitable for intravenous, intramuscular, 
subcutaneous and intraperitoneal administration. In this con 
nection, sterile aqueous media Which can be employed Will 
be knoWn to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 1 
ml of isotonic NaCl solution and either added to 1000 ml of 
hypodermoclysis ?uid or injected at the proposed site of 
infusion, (see for example, “Remington’s Pharmaceutical 
Sciences” 15th Edition, pages 1035-1038 and 1570-1580). 
Some variation in dosage Will necessarily occur depending 
on the condition of the subject being treated. The person 
responsible for administration Will, in any event, determine 
the appropriate dose for the individual subject. Moreover, 
preparations should meet applicable sterility, pyrogenicity, 
general safety and purity standards. 

[0107] III. Nucleic Acids 

[0108] A. PA G-Encoding Sequences 

[0109] The present invention provides, in another embodi 
ment, genes encoding the various PAG polypeptides. Spe 
ci?cally, those encoding PAG2, PAG4, PAG5, PAG6, PAG7, 
and PAG9 are envisioned. Those nucleic acid sequences 
encoding the proteins having the sequences of SEQ ID 
N0125; SEQ ID N0127; SEQ ID N0128; SEQ ID N0129; 
SEQ ID N0130; and SEQ ID N0132 are encompassed by the 
present invention, as are those polynucleotides disclosed in 
SEQ ID N012; SEQ ID N014; SEQ ID N015; SEQ ID N016; 
SEQ ID N017; and SEQ ID N019. The present invention is 
not limited in scope to these genes, hoWever, as one of 
ordinary skill in the art could, using these nucleic acids, 
readily identify related PAGs in various other species. 

[0110] In addition, it should be clear that the present 
invention is not limited to the speci?c nucleic acids dis 
closed herein. As discussed beloW, a given “PAG gene” may 
contain a variety of different bases and yet still produce a 
corresponding polypeptide that is functionally (i.e., antigeni 
cally, immunologically), and in some cases structurally, 
indistinguishable from the genes disclosed herein. 

[0111] Similarly, any reference to a nucleic acid should be 
read as encompassing a host cell containing that nucleic acid 
and, in some cases, capable of expressing the product of that 
nucleic acid. In addition to therapeutic considerations, cells 
expressing nucleic acids of the present invention may prove 
useful in the context of screening for agents that induce, 
repress, inhibit, augment, interfere With, block, abrogate, 
stimulate or enhance the detectability of PAGs. 

[0112] Nucleic acids according to the present invention 
may encode an entire PAG gene, a domain of a PAG that 
contains a relevant epitope, or any other fragment of the 
PAG sequences set forth herein. The nucleic acid may be 
derived from genomic DNA, i.e., cloned directly from the 
genome of a particular organism. In preferred embodiments, 
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hoWever, the nucleic acid Would comprise complementary 
DNA (cDNA). At a minimum, these and other nucleic acids 
of the present invention may be used as molecular Weight 
standards in, for example, gel electrophoresis. 
[0113] The term “cDNA” is intended to refer to DNA 
prepared using messenger RNA (mRNA) as template. The 
advantage of using a cDNA, as opposed to genomic DNA or 
DNA polymeriZed from a genomic, non- or partially-pro 
cessed RNA template, is that the cDNA primarily contains 
coding sequences of the corresponding protein. There may 
be times When the full or partial genomic sequence is 
preferred. It also is contemplated that a given PAG from a 
given species may be represented by natural variants that 
have slightly different nucleic acid sequences but, nonethe 
less, encode the same protein (see Table 1). 
[0114] As used in this application, the term “a nucleic acid 
encoding a PAG” refers to a nucleic acid molecule that has 
been isolated free of total cellular nucleic acid. In preferred 
embodiments, the invention concerns a nucleic acid 
sequence essentially as set forth in for example, SEQ ID 
N0125; SEQ ID N0127; SEQ ID N0128; SEQ ID N0129; 
SEQ ID N0130; or SEQ ID N0132. The term “as set forth 
in, for example, SEQ ID N0125; SEQ ID N0127; SEQ ID 
N0128; SEQ ID N0129; SEQ ID N0130; or SEQ ID N0132” 
means that the nucleic acid sequence substantially corre 
sponds to a portion of SEQ ID N0125; SEQ ID N0127; SEQ 
ID N0128; SEQ ID N0129; SEQ ID N0130; or SEQ ID 
N0132 respectively. The term “functionally equivalent 
codon” is used herein to refer to codons that encode the same 
amino acid, such as the six codons for arginine or serine 
(Table 1), and also refers to codons that encode biologically 
equivalent amino acids, as discussed in the folloWing pages. 

TABLE 1 

Amino Acids Codons 

Alanine Ala A GCA GCC GCG GCU 
Cysteine Cys C UGC UGU 
Aspartic acid Asp D GAC GAU 
Glutamic acid Glu E GAA GAG 
Phenylalanine Phe F UUC UUU 
Glycine Gly G GGA GGC GGG GGU 
Histidine His H CAC CAU 
Isoleucine Ile I AUA AUC AUU 
Lysine Lys K AAA AAG 
Leucine Leu L UUA UUG CUA CUC CUG CUU 
Methionine Met M AUG 
Asparagine Asn N AAC AAU 
Proline Pro P CCA CCC CCG CCU 
Glutamine Gln Q CAA CAG 
Arginine Arg R AGA AGG CGA CGC CGG CGU 
Serine Ser S AGC AGU UCA UCC UCG UCU 
Threonine Thr T ACA ACC ACG ACU 
Valine Val V GUA GUC GUG GUU 
Tryptophan Trp W UGG 
Tyrosine Tyr Y UAC UAU 

[0115] AlloWing for the degeneracy of the genetic code, 
sequences that have at least about 50%, usually at least about 
60%, more usually about 70%, most usually about 80%, 
preferably at least about 90% and most preferably about 
95% of nucleotides that are identical to the nucleotides of 
FIG. 1 Will be sequences that are “as set forth in FIG. 1.” 
Sequences that are essentially the same as those set forth in 
FIG. 1 may also be functionally de?ned as sequences that 
are capable of hybridiZing to a nucleic acid segment con 
taining the complement of FIG. 1 under standard conditions. 
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[0116] Naturally, the present invention also encompasses 
DNA segments that are complementary, or essentially 
complementary, to the sequence set forth in FIG. 1. Nucleic 
acid sequences that are “complementary” are those that are 
capable of base-pairing according to the standard Watson 
Crick complementary rules. As used herein, the term 
“complementary sequences” means nucleic acid sequences 
that are substantially complementary, as may be assessed by 
the same nucleotide comparison set forth above, or as 
de?ned as being capable of hybridiZing to the nucleic acid 
segment of SEQ ID NO:2; SEQ ID NO:4; SEQ ID NO:5; 
SEQ ID N016; SEQ ID NO:7; or SEQ ID NO:9 under 
relatively stringent conditions such as those described 
herein. Such sequences may encode the entire PAGs encom 
passed herein or functional or non-functional fragments 
thereof. 

[0117] B. PAG-Encoding Fragments 
[0118] Alternatively, the hybridiZing segments may be 
shorter oligonucleotides. Sequences of 17 bases long should 
occur only once in the human genome and, therefore, suffice 
to specify a unique target sequence. Although shorter oli 
gomers are easier to make and increase in vivo accessibility, 
numerous other factors are involved in determining the 
speci?city of hybridiZation. Both binding af?nity and 
sequence speci?city of an oligonucleotide to its complemen 
tary target increases With increasing length. It is contem 
plated that exemplary oligonucleotides of 8, 9, 10, 11, 12, 
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 
65, 70, 75, 80, 85, 90, 95, 100 or more base pairs Will be 
used, although others are contemplated. Longer polynucle 
otides are contemplated as Well. Such oligonucleotides Will 
?nd use, for example, as probes in Southern and Northern 
blots and as primers in ampli?cation reactions. These 
reagents are particularly useful in identifying structurally 
related PAGs. 

[0119] Suitable hybridiZation conditions Will be Well 
knoWn to those of skill in the art. In certain applications, for 
example, substitution of amino acids by site-directed 
mutagenesis, it is appreciated that loWer stringency condi 
tions are required. Under these conditions, hybridiZation 
may occur even though the sequences of probe and target 
strand are not perfectly complementary, but are mismatched 
at one or more positions. Conditions may be rendered less 
stringent by increasing salt concentration and decreasing 
temperature. For example, a medium stringency condition 
could be provided by about 0.1 to 0.25 M NaCl at tempera 
tures of about 37° C. to about 55° C., While a loW stringency 
condition could be provided by about 0.15 M to about 0.9 M 
salt, at temperatures ranging from about 20° C. to about 55° 
C. Thus, hybridiZation conditions can be readily manipu 
lated, and thus Will generally be a method of choice depend 
ing on the desired results. 

[0120] In other embodiments, hybridiZation may be 
achieved under conditions of, for example, 50 mM Tris-HCl 
(pH 8.3), 75 mM KCl, 3 mM MgCl2, 10 mM dithiothreitol, 
at temperatures betWeen approximately 20° C. to about 37° 
C. Other hybridiZation conditions utiliZed could include 
approximately 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 
pM MgCl2, at temperatures ranging from approximately 40° 
C. to about 72° C. Formamide and SDS also may be used to 
alter the hybridiZation conditions. 

[0121] As stated above, one method of using probes and 
primers of the present invention is in the search for genes 
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related to the PAG encompassed in the instant invention or, 
more particularly, homologs of PAG from other species. The 
existence of a variety of homologies strongly suggests that 
other homologs Will be discovered in additional species. 
Normally, the target DNA Will be a genomic or cDNA 
library, although screening may involve analysis of RNA 
molecules. By varying the stringency of hybridiZation, and 
the region of the probe, different degrees of homology may 
be discovered. 

[0122] Another Way of exploiting probes and primers of 
the present invention is in site-directed, or site-speci?c 
mutagenesis. Site-speci?c mutagenesis is a technique useful 
in the preparation of individual peptides, or biologically 
functional equivalent proteins or peptides, through speci?c 
mutagenesis of the underlying DNA. The technique further 
provides a ready ability to prepare and test sequence vari 
ants, incorporating one or more of the foregoing consider 
ations, by introducing one or more nucleotide sequence 
changes into the DNA. Site-speci?c mutagenesis alloWs the 
production of mutants through the use of speci?c oligo 
nucleotide sequences Which encode the DNA sequence of 
the desired mutation, as Well as a suf?cient number of 
adjacent nucleotides, to provide a primer sequence of suf 
?cient siZe and sequence complexity to form a stable duplex 
on both sides of the deletion junction being traversed. 
Typically, a primer of about 17 to 25 nucleotides in length 
is preferred, With about 5 to 10 residues on both sides of the 
junction of the sequence being altered. 

[0123] C Vectors for Cloning, Gene Transfer and Expres 
sion 

[0124] Within certain embodiments, expression vectors 
may be utiliZed to produce PAGs Which can then be puri?ed 
and, for example, be used to generate antisera or monoclonal 
antibody With Which further studies may be conducted. 
Expression requires that appropriate signals be provided in 
the vectors, and Which include various regulatory elements, 
such as enhancers/promoters from both viral and mamma 
lian sources that drive expression of the genes of interest in 
host cells. Elements designed to optimiZe messenger RNA 
stability and translatability in host cells also are de?ned. The 
conditions for the use of a number of dominant drug 
selection markers for establishing permanent, stable cell 
clones expressing the products are also provided, as is an 
element that links expression of the drug selection markers 
to expression of the polypeptide. 

[0125] Throughout this application, the term “expression 
construct” is meant to include any type of genetic construct 
containing a nucleic acid coding for a gene product in Which 
part or all of the nucleic acid encoding sequence is capable 
of being transcribed. The transcript may be translated into a 
protein, but it need not be. In certain embodiments, expres 
sion includes both transcription of a gene and translation of 
mRNA into a gene product. In other embodiments, expres 
sion only includes transcription of the nucleic acid encoding 
a gene of interest. 

[0126] In preferred embodiments, the nucleic acid encod 
ing a gene product is under transcriptional control of a 
promoter. A “promoter” refers to a DNA sequence recog 
niZed by the synthetic machinery of the cell, or introduced 
synthetic machinery, required to initiate the speci?c tran 
scription of a gene. The phrase “under transcriptional con 
trol” means that the promoter is in the correct location and 














































































































