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Bovine trophoblast protein-1 (bTP-1) is a 172-amino 
acid interferon-a that has a role in maternal recog­
nition of pregnancy in cattle. Here we describe pro­
duction of bTP-1 by recombinant procedures in 
Escherichia coli. A bTP-1 gene was constructed 
which lacked the codons representing the signal 
sequence and provided a Met initiation codon ahead 
of the TGT codon encoding Cys 1 of the mature 
protein. This construct was placed under the control 
of the Trp promoter within the expression vector 
pTrp2. Expression occurred optimally in E. coli D112 
in the absence of tryptophan and in the presence of 
0.5% acid-hydrolyzed casein (casamino acids) when 
0.5 rriM indole acetic acid was included in the me­
dium. The bTP-1 was deposited in inclusion bodies 
and accounted for as much as 27% of the total 
cellular protein. The inclusion bodies were isolated 
by differential centrifugation and washed. The bTP-
1 was solubilized by use of guanidinium-HCI and 2-
mercaptoethanol and allowed to renature in air. Final 
purification was achieved by anion exchange chro­
matography on DEAE-cellulose. The yield of purified 
product, which had an antiviral activity greater than 
10s international reference units/mg, was approxi­
mately 20 mg/liter. The recombinant bTP-1 was rel­
atively stable to freeze-thawing and frozen storage, 
and could induce the production of an acidic protein 
of 70,000 mol wt in cultured expiants of endometrium 
prepared from ewes on day 13 of the estrous cycle. 
The latter protein is a characteristic product of inter­
ferons action on uterine tissue. The availability of 
recombinant bTP-1 should allow the effects of this 
protein to be assessed on a range of reproductive 
parameters in cattle. (Molecular Endocrinology 4: 
1506-1514, 1990) 

INTRODUCTION 

The conceptus secretory proteins ovine trophoblast 
protein-1 (oTP-1) and bovine trophoblast protein-1 
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(bTP-1 ) have been strongly implicated as major agents 
involved in preventing regression of the corpus Iuteum 
during early pregnancy of sheep and cattle, respectively 
(1). More recently, NH2-terminal sequencing of oTP-1 
(2-4) and the molecular cloning of oTP-1 (2) and bTP-
1 (5) cDNA indicated that both proteins were probably 
members of the a-interferon (IFNa) multigene family. 
Purified oTP-1 had the typical antiviral (6, 7), immuno­
modulatory, and antiproliferative (7, 8) properties ex­
pected of an IFNa and appeared to bind specifically to 
type 1 IFN receptors (9). However, the lengths of their 
processed polypeptide chains (172 residues vs. 166 for 
most IFNa) were unusual, and they appeared to belong 
to a little known IFNaM subgroup (10). The latter were 
described by Capon et al. (11), after they screened 
human and bovine genomic libraries under nonstringent 
conditions with IFNa probes, and by Hauptmann and 
Swetly (12), who identified the transcripts in a human 
leukocyte cDNA library. The latter investigators consid­
ered these long IFN to constitute a distinct gene family 
(designated IFNo). 

There is very little information available regarding the 
biological properties of the proteins coded by these 
IFNa,, genes. In addition, oTP-1 and bTP-1 may well 
constitute a distinct subgroup within the IFNaM class, 
since they resemble each other in inferred amino acid 
sequence more than they do the related bovine IFNaM 

(5). There is particularly high conservation of the 3 ' -
untranslated ends of bTP-1 and oTP-1 cDNA, which is 
not extended to bovine IFNaM cDNA (5). Finally, the 
organization of up-stream promoter regions of the bTP-
1 genes is very different from that of IFNa,, (Hansen, T. 
R., J . Bixby, and R. M. Roberts, unpublished results). 

As different subtypes of the short (166-amino acid) 
IFNa, have been made available by recombinant DNA 
procedures, it has become clear that they can differ 
subtly in their effects on target cells (13, 14). The 
question has, therefore, arisen as to whether the tro­
phoblast IFN (oTP-1 and bTP-1) have unique roles in 
early pregnancy which cannot be completely mimicked 
by other IFNa. This issue is particularly crucial in view 
of the potential economic importance of employing pu-
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rified IFNa pharmacologically as a means for enhancing 
fertility in livestock (15, 16). This paper describes the 
production, purification, and bioactivity of a recombi­
nant bTP-1 from Escherichia coli. 

RESULTS AND DISCUSSION 

Construction of Expression Vectors and Induction 
of Protein 

A single bTP-1 expression construct (bTP-509A, based 
on the cDNA clone XbTP-509) (5) was prepared which 
lacked the codons representing the signal sequence, 
contained a C/al restriction site, and provided an initia­
tion codon (ATG) ahead of the TGT codon which en­
codes C y s 1 of the mature secreted protein. This con­
struct was placed initially in the vector pLac (17) (Fig. 
1), but expression was relatively poor (results not 
shown). It was, therefore, subcloned from the pLac 
vector into the Cla\-BamHi site of the pTrp2 vector (18). 
The Trp promoter has been found to be a powerful 
prokaryotic promoter (19) and was used previously to 
express both human IFN/3 (20) and IFNa (21) as well as 
numerous other eukaryotic proteins in E. coli. The pTrp 
vector, in particular, had been developed by Olsen ef 
al. (18) to optimize the expression of bovine G H . The 
vector possesses the Trp promoter, the Shine-Dalgarno 
ribosome-binding site (GGAGG) 5 basepairs (bp) up­
stream of a C/al cloning site, and a 14-bp AT-rich 
ribosome-binding site sequence flanking the 5 ' bound­
ary of the Shine-Dalgarno sequence (for details see Ref. 
18). The use of this vector led to bovine GH accounting 
for between 1 5 - 3 0 % of the total cellular protein in E. 
coli. 

Of three E. coli strains tested (JM-103, K-12, and D-
112), induction of bTP-1 occurred best in strain D-112 
(data not shown). There was no detectable production 
of bTP-1 when tryptophan was present in the medium. 
Induction of bTP-1 occurred in the absence of trypto­
phan, but was optimal when indole acetic acid was 
present as an inducer. The inducer was effective at a 
concentration as low as 0.1 rriM, but gave best results 
when it was present between 0.5-1 ITIM. The amount 
of acid-hydrolyzed casein in the medium was also criti­
cal (Fig. 2 and Table 1). Optimal growth and induction 
occurred when the concentration of casein amino acids 
was between 0 .2 -0 .5% (wt/vol). Densitometric scan­
ning of stained gels indicated that bTP-1 accounted for 
at least 2 7 % of the protein in D112, which had been 
induced for 4 h with 0.5 ITIM indole acetic acid under 
the above optimal conditions for growth. 

Purification of bTP-1 

The high content of bTP-1 in the cells suggested that 
the protein had been deposited in inclusion bodies. Cells 
were, therefore, broken with a French press, and inclu­
sion bodies were isolated by differential centrifugation. 
Significant antiviral activity was associated only with 

the cells containing the pTrp-bTP-509A expression vec­
tor (Table 2). Activity was relatively low in the crude 
preparation of inclusion bodies after solubilization (~1.5 
X 10 6 U from 1 liter cells). Passing cells twice through 
the French press did not significantly improve the yield 
of protein and final antiviral activity (data not shown). 
After renaturation by dilution and dialysis, specific activ­
ity increased approximately 750-fold. A total of 10 mg 
protein, equivalent to 4.2 x 10 8 laboratory units antiviral 
activity and with a specific activity of 4.2 x 10 7 labora­
tory units/mg, was recovered from a 1-liter preparation 
of E. coli. Based on comparisons with a human IFNa 
(leukocyte) reference standard, this specific activity is 
equivalent to about 3.4 x 10 s international reference 
units/mg, a value within the range of those typically 
reported for human and murine recombinant IFNa (14). 
In larger fermentations the yield of bTP-1 has usually 
been between 16-20 mg/liter, with specific activities 
averaging about 10 7 U/mg (data not shown). 

The bTP-1 solubilized from the inclusion bodies was 
relatively pure (Fig. 3). The precipitate that formed 
during aerobic renaturation contained some bTP-1, but 
also most of the contaminating protein bands originally 
associated with the inclusion bodies. Ion exchange 
chromatography on DEAE-cel lulose at pH 8.0 gave a 
major protein peak eluting at a salt concentration of 
0.25 M (data not shown). At this stage only a single 
protein band could be detected by silver staining of 
electrophoretic gels. 

Direct microsequencing of the purified recombinant 
product for 17 cycles confirmed that it was indeed bTP-
1 and that the initiating methionine had also been 
removed (data not shown). 

Stability of Recombinant bTP-1 

There was no significant loss of antiviral activity when 
bTP-1 was stored at a concentration of 25 /¿g/ml in 0.1 
M Tris-HCI buffer, pH 8.0, at - 2 0 C for 6 months. 
Activity was not significantly reduced by four cycles of 
freezing and thawing. Activity was also retained when 
the protein was stored at 4 C for 2 weeks, or exposed 
to acidic conditions (pH 2.0; 30 min). This stability along 
with ease of purification was gratifying, since bTP-1 
produced from cultured conceptuses has proven diffi­
cult to purify in good yield, even though it is the domi­
nant secretory product of the tissue (22). The fact that 
bTP-1 from conceptuses is /^-glycosylated (23, 24), 
presumably on A s n 7 8 (5), while the recombinant material 
is not, suggests that carbohydrate may not contribute 
greatly to the stability of this IFN. 

Serological Analysis 

The antiviral activities of the recombinant bTP-1 and 
recombinant bovine IFNa lI (rbolFNa,1) were tested in 
checkerboard assays. The anti-bTP-1 antiserum pre­
pared in rabbits against the recombinant bTP-1 (rbTP-
1) neutralized 7 5 % of the activity of bTP-1 when used 
at a dilution of 1:810 and was completely effective at a 
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Codon: 1 2 3 4 5 6 7 8 9 10 
---CGATA ATG TGT TAC CTG TCT GAG GAC CAC ATG CTA G  

TAT TAC ACA ATG TAC AGA CTC CTG GTG TAC GAT CCA CG-
Cla 1 Ban 1 

Cla 1 Ban 1 Ssp 1 

coding region 
4 D T P - 5 0 9 

750 

Lac promo 

Fig. 1. Strategy for Construction of bTP-1 Expression Vector pLac-bTP-509A 
Plasmid containing full-length bTP-509 cDNA was digested with Sani and Sspl to yield a 739-bp fragment. This was Iigated to 

an adaptor molecule (consisting of a synthetic double stranded oligonucleotide which contained a 5'-C/al restriction site, an initiation 
codon, codons 1-9 of the bTP-1 mature protein, a 3'-6anl restriction site), and the Cla\/Sma\ linearized pLac vector. This construct 
was transformed into E. coli JM101. The Lac promoter on the vector is indicated by the box, and only relevant restriction sites are 
shown. The length of the DNA inserted was 750 bp. The coding region consisted of 173 codons, including the initiating ATG. The 
diagram of the plasmid is drawn proportionately in relation to the size of the insert. A C/al/BamHI fragment was later prepared from 
pLac-bTP-509A and Iigated into the pTrp2 vector (18), which had been linearized by C/al/BamHI digestion. 

dilution of 1:90. The antiserum to rbolFNa,1 blocked all 
antiviral activity of rbolFN«,1 at a dilution of 1:810, but 
had no effect on bTP-1 even at a dilution of 1:10 (Table 
3). 

All other antisera tested, including one that had been 
raised against a carboxyl-terminal peptide of bTP-1 and 
which recognizes recombinant bTP-1 on Western blots, 
were ineffective (Table 3). The result with the antipep-
tide antibody is consistent with the view that the ter­
minal 10-13 amino acids of IFNa, may not be essential 
for antiviral activity (25, 26). 

Interestingly, an antiserum to oTP-1 used at a dilution 
that completely neutralizes oTP-1 antiviral activity was 
ineffective against bTP-1, even though the same re­
agent can be used to immunoprecipitate bTP-1 from 

conceptus culture medium (22). Antisera to bovine, 
porcine, and human IFNa also failed to affect the anti­
viral activity of the recombinant bTP-1. It has been 
reported previously by Adolf (27) that human IFNa,, is 
antigenically distinct from human IFNa, and IFN/3. 

Induction of Ovine Endometrial Protein p70 

Endometrium from ewes between days 14-22 of preg­
nancy releases an acidic protein of approximately 
70,000 mol wt when the tissue expiants are placed into 
culture (28). This protein is not produced by ewes that 
are not pregnant, but can be induced in endometrial 
tissue from cyclic ewes by either oTP-1 (29, 30) or 
recombinant human IFNa, (31 ). It appears to serve as 
a useful marker for IFNa action on the uterus. Figure 4 


