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This report describes the purification of placental protein 5, PP5, from the human placenta by two 
affinity chromatography steps, the first with Heparin-Sepharose and the second with Sepharose- 
linked monoclonal anti-PP5 antibody. The final purification is achieved by reversed-phase high 
performance liquid chromatography. In SDS-polyacrylamide gel electrophoresis under reducing or 
nonreducing conditions, PP5 purified in this study migrates as one major band at 36 kD. The 
previously purified PP5 is more heterogeneous: under nonreducing conditions it migrates at 30 kD 
and, after reduction, it gives three bands at 16.8 kD, 18.3 kD, and 19.0 kD. In Western blot 
analysis, both purified proteins react with polyclonal and monoclonal anti-PP5 antibodies. Three 
N-terminal amino acid sequences are obtained for the previously purified PP5, whereas the N- 
terminal of PP5 purified in this study is blocked. These results suggest that PP5 previously 
purified in the absence of protease inhibitors, does not represent the native form of PP5. Computer 
comparison of the obtained amino acid sequences revealed no significant homology to known 
protein sequences. 0 1988 Academic Press. Inc. 

Placental protein 5 is a glycoprotein originally isolated from the human placenta (1). The ability 

of PP5 to bind heparin (2) and to inhibit plasmin (1,3) and thrombin (4), and our recent finding 

that PP5 is produced by endothelial cells (5), has linked the action of PP5 to the blood coagulation 

system. Recent studies have demonstrated PP5 in various tissues and body fluids in nonpregnant 

women and in men under physiological (6-8) and pathological conditions (9). This suggests that 

the biological action of PP5 is not restricted to pregnancy. 

We purified PP5 from the human placenta in order to carry out its physicochemical 

characterization, and to compare it with the previously purified PP5 preparation and with other 

known protease inhibitors and proteins by N-terminal amino acid sequence analysis. 

MATERIAL AND METHODS 

Prenaration of tissue extract. Human term placenta was used as the starting material. 
Immediately after delivery the placenta was homogenized in 0.015 M sodium phosphate buffer 
containing 0.9 % sodium chloride (phosphate-buffered saline, PBS), 3 mM ethylenediamine tetra 
acetic acid (EDTA, Sigma Chemical Corporation, St. Louis, MO, USA), and 3 mM benzamidine 
(Sigma), pH 7.4. All steps of purification were carried out at 4 oC. After centrifugation for 2 h at 
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13,000 rpm, the supernatant was filtered through a 5 cm layer of Sephadex G-50 (Pharmacia, 
Uppsala, Sweden) on a sintered glass (Table 1) . 

Heoarin-Senharose affinitv chromatogranhy. Heparin-Sepharose (Pharmacia) column (2.2 cm 
x 4 cm) was used for the first affinity chromatography step ( Fig . 1) . 

Monoclonal anti-PPS-IeG-Seuharose affmitv chromatorrraphu. Monoclonal mouse anti-PP5 
IgGI-antibodies (clone 56CA5)(5) were purified from mouse ascitic fluid by a protein-A-agarose- 
based Affi-Gel Protein A MAPS II (monoclonal antibody purification system) kit (Bio-Rad, 
Richmond, CA, USA) and coupled to cyanogen bromide-activated Sepharose 4 B (Pharmacia) as 
described (10) (Fig. 2). 

Reversed-phase HPLC. Final purification was carried out by reversed-phase HPLC on a Cl8 
column (218 TP 54; Vydac, Hesperia, CA, USA) using a Varian 5000 liquid chromatograph, UV- 
100 detector, and Shimadzu C-R3A integrator. The previously isolated PP5 preparation (1) was 
further purified by HPLC in the same way before characterization. 

SDS-nolvacrvlamide gel electronhoresis and Western blot analvsis. SDS-PAGE was performed 
according to Laemmli (11) under nonreducing or reducing conditions. After SDS-PAGE 
separation, the proteins were transferred onto nitrocellulose paper (Tram-Blot@, Bio-Rad) and 
immunostained using monoclonal anti-PP5 antibody (5)(clone 56CE3; 1:lO dilution of hybridoma 
culture medium) or polyclonal anti-PP5 antiserum (12)&X. 606OA, Behringwerke AG, Marburg, 
FRG; 1:200 dilution) as described by Towbin (13). Bound antibodies were detected by 
peroxidase-coupled rabbit anti-mouse or sheep anti-rabbit antiserum (Dakopatts, Glostrup, 
Denmark) diluted at a ratio of 1:200. The peroxidase reaction was developed by 3,3’-diamino- 
benzidine-tetra-hydrochloride (Fluka AG, Buchs, Switzerland). 

Lectin blotting. After SDS-PAGE, the two purified PP5 preparations were transblotted onto 
nitrocellulose paper (5 l.&/lane). After overnight incubation in PBS containing 3 % BSA, the sheets 
were exposed to peroxidase-conjugated wheat germ agglutinin (WGA), peanut agglutinin (PNA), 
or helix pomatia agglutinin (HPA) (1 l.@rnl, all from Sigma). In other experiments, the sheets 
were treated with Vibrio cholerae neuraminidase (0.1 U/ml at 37 oC for 30 minutes) to remove 
terminal sialic acid before exposure to lectin conjugates. Concavalin A (ConA) binding was studied 
by exposing the sheets first to ConA (10 pg/ml) and then to rabbit anti-ConA antibodies (10 l.tLg/ml, 
both from Serotec, Bankside, UK), followed by peroxidase-coupled swine anti-rabbit antibodies 
(Dakopatts). The specificity of ConA binding was tested by omitting the anti-ConA antibodies, or 
by inhibiting the ConA binding with 0.2 M a-methyl mannoside (Sigma). 

Amino acid seauence determination. Amino-terminal sequences were determined by automated 
Edman degradation with a gas-phase sequencer (model 470A, Applied Biosystems Inc., Foster 

Table 1. Purification of PP5 from placental tissue 

Step Volume Total PP5 Yield 
0-N prot.(w) (W (%) 

Purification 
factor 

1. Placental homogenate 160 9440a 1050 loo 1.0 
2. Heparin-Sepharose 11.2 34.12h 546 52 142.9 

column 
3. Anti-PPS-IgG Sepharose 5 41ob 320 30.4 9090 

a, Measured by the method of Lowry et al.( 18). b, Based on absorbance at 280 nm. 
Absorbance 1.0 corresponds roughly to 1.0 mg protein/ml. 
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Figure 1. Heuarin-Sepharose a&&y chromhv of PP5. 160 ml of water-soluble extract 
from human placenta was passed through a Heparin-Sepharose column pre-equilibrated with 0.015 
M NaCl, 20 mM sodium phosphate, 1 mM EDTA, 1 mM benzamidine, and 0.05 % Triton X-100 
(BDH Chemicals, Poole, England), pH 7.2. The column was washed with the same buffer and 
eluted using a stepwise gradient of 0.3 M, 0.4 M and 0.8 M NaCl containing 1 mM EDTA, 1 mM 
benzamidine and 0.05 % Triton X-100, pH 7.2. PP5 concentration was measured by RIA as 
described earlier (12). 

City, CA, USA). Two approaches were used for determining the N-terminal sequences of the 
proteins. In the first approach the HPLC-purified proteins (20 l.tg> were applied directly to a 
Polybrene/sodium chloride-treated glass fiber filter and degraded in the sequencer (14,1.5). In the 
second approach, the HPLC-purified proteins (20 p.g) were first run in a 13 % SDS-PAGE, and 
the separated proteins were transblotted onto a 3-aminopropyl-triethoxysilane-activated fibreglass 
filter. The blotted proteins were detected by staining with 3,3’-dipentyloxacarbocyanine iodide. 

0 5 10 15 20 25 
FRACTION NUMBER 

Fizure 2. Monoclonal anti-PP5 affinitv chromatomaphv of PP5. Major PPS-immunoreactive 
fractions (number 48-5 1) from Heparin-Sepharose column were pooled and diluted with 20 mM 
sodium phosphate buffer with 0.05 % Triton X-100 to give a final NaCl concentration of 0.5 M. 
The sample was incubated for 24 h with monoclonal anti-PPS-IgG-Sepharose, which then was 
packed in a column and, after washing, eluted with (a) 20 mM sodium phosphate, 1 .O M NaCl, 
pH 7.2, and (b) 0.1 M glycine, 6 M guanidine hydrochloride, pH 2.6 adjusted with HCl. 
Absorbance was measured after desalting with PD-10 column (Pharmacia). 
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The electroblotted proteins were degraded directly on the activated glass fiber filter after proteins 
corresponding to the stained protein bands were cut out (16). Amino acid phenylthiohydantoin 
derivates were analyzed by HPLC on a Spherisorb column (S5 ODS 2, 4.6 x 250) using 
acetonitrile gradient in the presence of 30 mM sodium acetate, pH 4.8 (17). 

Computer comparisons were carried out by the Protein Identification Resource at the National 
Biomedical Research Foundation (Washington, D.C., USA). 

RESULTS 

After homogenization and filtration one term placenta yielded 207 ml of extract with a PP5 

concentration of 6.5 pg/ml. Thus, the total amount of extracted PP5 was 1345 pg. In reversed- 

phase HPLC, pooled PPS-immunoreactive fractions from monoclonal anti-PPS-IgG-Sepharose 

column appeared as one peak eluting at 41 % acetonitrile (Fig.3a). 

In SDS-PAGE under nonreducing conditions, the newly purified PP5 appeared as one band at 

36 kD (Fig.4, lane 3). In Western blot analysis, polyclonal anti-PP5 antiserum (not shown) and 

monoclonal anti-PP5 antibody 56CE3 reacted with the nonreduced PP5 at 36 kD (Fig.5, lane 3). 

Reduced PP5 reacted with polyclonal anti-PP5 antiserum at 36 kD (Fig.5, lane 2). In addition, two 

faint immunoreactive bands were seen at 20 kD and 21.5 kD (Fig.5, lane 2), which were not 

detectable by protein staining. 

In SDS-PAGE under nonreducing conditions, the previously purified PP5 appeared as two 

bands: the major band at 30 kD and the minor band at 27.5 kD (Fig.4, lane 4). Upon reduction a 

single band was observed at 18 kD region (FigA, lane 1). In Western blot analysis, polyclonal 

anti-PP5 antiserum (not shown) and monoclonal anti-PP5 antibody 56CE3 reacted with the 

nonreduced PP5 at 30 kD and 27.5 kD (Fig.5, lane 4). In addition, bands at 56 kD and 62 kD 

(Fig.5, lane 4) were seen. After reduction, polyclonal anti-PP5 antiserum reacted with three 

polypeptides at 19.0 kD, 18.3 kD and, 16.8 kD (Fig.5, lane 1). 

In lectin blot experiments, negative results were obtained with the PNA, HPA, and WGA 

conjugates both before and after treatment with neuraminidase. Both the newly (36 kD) and 

previously purified PP5 (30 kD and 27.5 kD) reacted with ConA. 

HPLC-purified PP5 isolated in this study gave no N-terminal amino acid sequence before or 

after reduction. By contrast, the previously isolated HPLC-purified PP5 migrating at 30 kD gave 

three N-terminal amino acid sequences when tested nonreduced. After reduction the same three N- 

terminal amino acid sequences were recovered from the electroblotted PPS-immunoreactive bands 

migrating at 19 kD, 18.3 kD, and 16.8 kD (Table 2). Computer comparison of these sequences 

revealed no significant homology to any previously known protein sequence. 

DISCUSSION 

The newly purified PP5 appeared as one peak in HPLC and migrated as a single band in SDS- 

PAGE under nonreducing conditions. The previously isolated PP5 preparation consisted of three 
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polypeptide chains, as seen in Western blot analysis after reduction. The N-terminal amino acid 

sequence analysis also revealed three chains. Because no protease inhibition was reportedly used in 

the previous purification of PP5 (l), the differences between tire two PP5 preparations may be due 

to proteolysis, either in vivo or in vitro. The heterogeneity observed in Western blot analysis of 

the newly purified PP5 may also be due to degradation in vivo before the addition of the protease 
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Figure 3. Reversed-uhase high performance liouid chromatographv of newlv and nreviouslv 
purified PP5. (a) 250 pg of PP5 from monoclonal anti-PPS affinity chromatography was dissolved 
in 0.1% trifluoroacetic acid and injected onto a Ctg coIumn equilibrated with 0.1 % trifiuoroacetic 
acid. A linear gradient of acetonittile (O-60 %) containing 0.1 % nifluoroacetic acid was used to 
elute protein. The flow rate was 1 ml/min and 1.0~min fractions were collected and lyophilized. (b) 
500 p.g of PP5 previously purified was treated in the same way. The fmctions were lyophilizcd and 
5 pg of PP5 from fractions 21-23 was analyzed in SDS-PAGE under nonreducing conditions 
(inset). Fraction 22 was used for further characterization. 
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12 3 4 

Figure 4. D - 1 a lami 1. The newly (lanes 2 and 3; 5pg/lane) 
and the previously purified PP5 (lane 1 and 4; Spg/lane) were heated for 2 min at 100 nC in SDS- 
sample buffer without (lanes 3 and 4) or with 2-mercaptoethanol (5 % v/v; lanes 1 and 2), 
electrophoresed in polyacrylamide gel (15 %) in the presence of SDS, transblotted onto 
nitrocellulose paper; the proteins were stained with 0.2 % Ponceau S (Chroma, Stuttgart, FRG) 
with 3 % trichloroacetic acid in H20. A low molecular weight electrophoresis calibration kit 
(Pharmacia) was used as a standard (reduced left; nonreduced right). 

inhibitors took place. Results obtained with lectin blotting suggest that PP5 contains N-glycosidic 

residues, but not 0-glycosidic saccharides (19). 

PP5 can be distinguished from other serine protease inhibitors on several grounds. Using RIA 

and polyclonal antibody PP5 is not detected in the serum of nonpregnant individuals (12). This 

suggests that it is not a major serum protein. Immunologically, PP5 is distinct from the major 

circulating protease inhibitors such as antithrombin III, cx2-macroglobulin, az-antiplasmin, and 

al-proteinase inhibitor, all of which are abundant in normal human serum (20). Two plasminogen 

Mplb3 ! Mplb' 

@4- 
, 

-24 
67- j - -67 

12 3 4 

Figure 5. Western blot analysis of PP5. The PP5 transferred to nitrocellulose (Fig.5) was washed 
with PBS and incubation overnight in 3 % BSA-PBS. After washing, the sheets were cut apart and 
processed as described in Materials and Methods. Lane 1, reduced original PP5 reacted against 
polyclonal antiserum; Lane 2, reduced newly purified PP5 reacted against polyclonal antiserum; 
Lane 3, nonreduced newly purified PP5 reactedtwith monoclonal antibody (56CE3); Lane 4, 
nonreduced original PP5 reacted with monoclonal antibody (56CE3). The molecular-size standards 
are as in Fig.4. 
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Table 2. N-terminal sequences of electroblotted PPS-immunoreactive proteins 

1 5 10 

19 Kd Ala Ala Ala Gln Glu Pro Thr Gly Asn Asn Ala X Ile 
18.3 Kd Asn X Ile Glu Asn X Phe Pm X Glu Ala Thr X Met 
16.8 Kd Ala Leu Leu Leu X Tyr Tyr 

Positions indicated by X gave no clear assignment suggesting cystein residues at these positions. 

activator inhibitors (PAI) have been characterized in pregnancy plasma: the endothelial type (PA1 1) 

and the placental type (PA1 2) (21). PA1 1 and PA1 2 react with the urokinase-type (u-PA) and 

tissue-type plasminogen activators (t-PA) only (22), and thus have different substrate specificities 

from those of PP5. Furthermore, PA1 1 and PA1 2 are immunologically different from PP5 (8). 

PA1 1 and PA1 2 have been sequenced (23,24), and their structures show no homology to the 

sequences of PP5. Another plasminogen activator inhibitor, protease nexin I, is produced by a 

variety of cells in vitro (25,26). Like PP5, protease nexin I has binding sites for heparin (27) and 

it, too, forms complexes with and inhibits several serine proteases. Like in the case of PP5, these 

proteases include thrombin, trypsin, and plasmin (25). However, the molecular weights of PP5 

and protease nexin I differ substantially (36 kD versus 50 kD), and their N-terminal amino acid 

sequences are different (28) 

The previously isolated PP5 may not represent the native form of PP5, but rather a 

proteolytically cleaved fragment of it. Our results suggest that PP5 is not related to any previously 

known protease inhibitor. 
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