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ABSTRACT Human pregnancy zone protein (PZP) is a
major pregnancy-associated protein. Its quaternary structure
(two covalently bound 180-kDa subunits, which are further
non-covalently assembled into a tetramer of 720 kDa) is simi-
lar to that of human a,-macroglobulin (a,M). Here we show,
from the results of complete or partial sequence determination
of a random selection of 38 tryptic peptides covering 685 resi-
dues of the subunit of PZP, that PZP and a,M indeed are
extensively homologous. In the stretches of PZP sequenced so
far, the degree of identically placed residues in the two pro-
teins is 68%, indicating a close evolutionary relationship be-
tween PZP and a;M. Although the function of PZP in preg-
nancy is largely unknown, its close structural relationship to
a;M suggests analogous proteinase binding properties and a
potential for being taken up in cells by receptor-mediated en-
docytosis. In this regard our studies indicate a bait region in
PZP significantly different from that present in a;M. PZP
could be the human equivalent of the acute-phase a-macro-
globulins (e.g., rat a,M and rabbit ;M) described earlier.

Human “pregnancy zone protein” (PZP)?$ is one of the major
pregnancy-associated plasma proteins. PZP was first de-
scribed in 1959 by Smithies (2) who, upon zone-electropho-
resis in starch gels, detected a characteristic band from the
sera of some pregnant women. Subsequent work showed
that PZP was a prominent constituent of late-pregnancy sera
(3, 4). In healthy non-pregnant females and in males, PZP is
present in trace amounts only (females: 10-30 mg/liter of
plasma; males: <10 mg/liter of plasma) (5). During pregnan-
cy, the plasma concentration of PZP increases and may
reach levels of 1000-1400 mg/liter just before term (5-7).
Small amounts of PZP have been prepared from pregnancy
serum and plasma or from placental extracts by elaborate
conventional procedures or more recently by immunoadsor-
bent techniques (8-16). PZP is a glycoprotein of a,-mobility
(2-4, 8, 9) containing 10-12% carbohydrate (11-13). Prepara-
tions of PZP when subjected to denaturation under non-re-
ducing conditions display a 360-kDa molecular species (12,
13, 16) along with high molecular mass aggregates (13). Upon
reduction, 180-kDa subunits are observed (12, 13, 16), which
occasionally are partially cleaved to 90-kDa fragments, as
reported by Bohn and Winckler (ref. 13; also unpublished
data). From gel chromatography and gradient-pore PAGE
studies under non-denaturing conditions, Stimson and Far-
quharson (16) suggested that PZP was a tetrameric protein
containing 180-kDa subunits. These features of PZP are
strikingly similar to those of human a,-macroglobulin (a;M),
a major proteinase binding protein containing four identical
180-kDa subunits of known primary structure (17), and indi-
cate that PZP and a,M might be related proteins. This is fur-
ther suggested by the apparent existence of common anti-
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genic determinants in PZP and a,M (ref. 18; unpublished
data).

Proteins structurally and functionally related to human
a;M have been found in the plasma of members of all major
vertebrate taxa (19). Two distinct a-macroglobulins (aMs)
having slightly different electrophoretic mobility have been
described in the rat (a;M and a;M) (20-22), the rabbit (a;M
and a,M) (23, 24), the dog (;M and a,M) (25), and the pig
(“slow” aM and “fast” aM) (26). Of the two aMs found in
the rat and the rabbit, rat a,M and rabbit ;M are acute-
phase reactants, since their plasma levels are greatly in-
creased during experimental inflammation and under a varie-
ty of stress conditions. In contrast, the plasma levels of rat
a;M and rabbit a;M, like human a;M, are only slightly af-
fected under these conditions (20-23, 27-32). The observa-
tion that the plasma concentration of rat a,M is increased
during pregnancy (28-30) indicates that PZP and rat a;M
could be functionally equivalent.

Here we demonstrate, from the results of sequence deter-
mination of an essentially random selection of tryptic pep-
tides representing =47% of the sequence of the subunit of
PZP, that PZP and a;M indeed share many stretches of ex-
tremely similar sequence. This strongly suggests a close evo-
lutionary relationship for PZP and a,M, even closer than
that already recognized for a,M and the complement compo-
nents C3 and C4 (17, 33).

MATERIALS AND METHODS

Human PZP was isolated by immunoadsorbent techniques
as described earlier (15) from pooled late-pregnancy serum.
Following extensive washing with 0.1 M barbital acetate, pH
8.5/1 M NaCl, PZP was eluted from the column of Sepha-
rose-bound anti-PZP with 3 M MgCl,/0.6 M NaCl, pH 4.8
(15). Contaminating a,M (<5%) was removed by passing the
dialyzed eluate through a column of Sepharose-bound anti-
a;M. Reducing NaDodSO4/PAGE showed that this prepara-
tion, which was used for the tryptic digest described below,
contained about 30% 90-kDa cleavage products.
Hydrolysates of proteins and peptides were analyzed on a
Beckman 6300 instrument. Automated sequenced analyses
on 1- to 5-nmol samples of proteins and peptides were per-
formed on a Beckman 890D Sequencer in the presence of
pretreated Polybrene (34) using the 0.1 M Quadrol program
supplied by the manufacturer. Phenylthiohydantoin deriva-
tives of amino acids were analyzed by HPLC on a 4 x 250
mm column packed with DuPont Zorbax C;g material in a
Hewlett-Packard 1084B instrument equipped with a fixed

Abbreviations: PZP, pregnancy zone protein (human); aM, a-mac-
roglobulin; C, complement.

$The pregnancy zone protein (PZP) is also known as pregnancy-as-
sociated a,-glycoprotein, pregnancy-associated globulin, a,-acute-
phase glycoprotein, a,-pregnoglobulin, pregnancy-associated a-
macroglobulin, schwangerschafts protein-3, Xh antigen, and Pa-1

).
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wavelength detector (254 nm) essentially as described (35).
Reagents and solvents for sequence analysis were purchased
from Beckman and from Burdick and Jackson (Muskegon,
MI).

EXPERIMENTAL

PZP (50 nmol of 180-kDa subunit) containing no detectable
impurities was reduced with dithiothreitol and alkylated with
[PHJICH,COOH essentially as described for the sequence
analysis of ;M (34). After gel chromatography on a 2.5 X
100 cm column of Sephadex G-25 F (Pharmacia), the void
volume fraction (50 ml) was digested with 0.2 mg of N-tosyl-
phenylalanyl chloromethyl ketone-treated bovine trypsin
(Worthington) for 2 hr at 22°C. The digestion was stopped by
the addition of 0.2 mg of soybean trypsin inhibitor (Wor-
thington) and the solution was freeze dried. The tryptic pep-
tides were resolved into 29 pools by DEAE-Sephacel chro-
matography in NH,HCO;-containing buffers (34) (Fig. 1).
Following freeze drying, the peptides in selected pools were
redissolved in 0.5 ml of a 1% aqueous trifluoroacetic acid
solution (Pierce) and further separated by HPLC on a 8 X
250 mm column of Vydac C4 material (300-nm pore size).
The peptides were eluted at 43°C with a linear gradient of
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Fi1G. 1. Separation of tryptic peptides from 50 nmol of dithio-
threitol-reduced and [*H]carboxymethylated PZP on a 0.75 x 22 cm
column of DEAE-Sephacel. The column was equilibrated with 10 mM
NH,HCO; and eluted with gradients of NH;HCO;: from 10 mM to
250 mM (100 ml + 100 ml) and from 250 mM to 500 mM (50 ml + 50
ml). The column was finally eluted with 0.25 M NH,HCO;/3 M
guanidine-HCI ( 1). The flow rate was 6 ml/hr and 1.5-ml fractions
were collected. The separation was monitored by measuring the ab-
sorbance at 230 nm and by determining the amount of radioactivity
in 10-ul aliquots from each fraction. Except for pool 29, which was
first resalted into 0.1 M NH,HCO; by Sephadex G-25 gel chroma-
tography, all pools were directly freeze dried. Selected pools were
further separated by reverse-phase HPLC (results not shown). Pools
1-3, 6, 21, 25, 27, and 28 were not investigated. No pure peptides
were recovered from pools 14, 15, 19, 20, and 29. The stretches of
sequence from PZP shown in Fig. 2 were obtained from the follow-
ing pools: pool 4: 71-85, 86-92, 129-136, 137-149, 285-296, 317-326,
and 338-352; pool 5: 782-788, 1125-1129, and 1298-1306; pools 7
and 8: 23-45, 160-181, 485-498, 499-516, 665-687, 892-917, and
1168-1187; pools 9 and 10: 192-203, 215-235, 242-251, 1142-1156,
1307-1321, and 1322-1333; pools 11 and 12: 428-461, 997-1008, and
1100-1113; pool 13: 49-70, 303-316, and 744-764; pools 16 and 17:
395-427, 807-818, and 879-891; pool 18: 518-553; pool 22: 252-274
and 710-743; pool 23: 819-830; pool 24: 603-647; pool 26: 1426~
1451. The numbering of stretches in PZP is that of a,M.
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CH;CN [from 10% CH3CN/90% 0.1% trifluoroacetic acid to
70% CH3CN/30% 0.1% trifluoroacetic acid (36)] at a flow
rate of 2 ml/min. All separations were performed with a Wa-
ters instrument equipped with a 214-nm fixed wavelength de-
tector.

RESULTS

The amino acid composition of PZP, prepared as in ref. 15, is
given in Table 1 and is in fair agreement with that determined
earlier by Von Schoultz and Stigbrand (12). The composition
of PZP is remarkably similar to that of human a,M (17). Al-
though the preparation of PZP contained =~30% cleaved sub-
units, the sequence of the first 19 residues could be confi-
dently identified by using “background” subtraction as in
ref. 37 (Fig. 2). The NH,-terminal sequences of PZP and hu-
man oM are strongly homologous (the sequence of PZP
starts at position 4 in human a;M). The extent of homology
in this region between human a,M and PZP is about the
same as for human a,M and rat a,M (17).

To investigate if PZP and a,M would share extended
stretches of homologous sequence, a tryptic digest of re-
duced and [*Hlcarboxymethylated PZP was investigated.
Although such a digest would be exceedingly complex and a
number of larger hydrophobic peptides were likely to be re-
covered in a low yield (34), an essentially random selection
of relatively small peptides would be obtained. The tryptic
peptides from PZP were initially fractionated by DEAE-Se-
phacel ion-exchange chromatography (Fig. 1) followed by fi-
nal purification by reverse-phase HPLC (data now shown).

The results of complete or partial sequence determination
of 38 pure tryptic peptides, accounting for 685 residues, are
given in Fig. 2. In almost every case, even for the short pep-
tides, the sequences obtained from PZP could be readily
aligned with corresponding regions in the human a;M se-
quence shown in Fig. 2 (data from ref. 17). In a few instances
small deletions had to be introduced in either sequence to
obtain maximal alignment of the sequences. These areas
(residues 256-260, 401-407, and 618-630) probably consti-
tute parts of the surface regions in the two proteins. One
major 28-residue tryptic peptide did not contain arginyl or
lysyl residues and probably represents the COOH-terminal
tryptic peptide of PZP. This peptide matches well with a,M

Table 1. Amino acid composition of PZP and a;M
Amino acid PZP* Mt

Asx 131 115
Thr 96 100
Ser 129 122
Glx 189 188
Pro 78 76
Gly 87 90
Ala 99 92
Cys 20 24
Val 118 137
Met 25 25
Ile 61 57
Leu 141 134
Tyr 55 56
Phe 65 62
Lys 76 87
His 31 39
Trp ND 11
Arg 54 46

ND, not determined.

*The result of duplicate analyses of the material used for the tryptic
digest of PZP (6 M HC1/0.1% phenol; 110°C, 20 hr). No correction
has been made for hydrolytic loss or incomplete hydrolysis. The
composition is calculated on the basis of 54 residues of arginine.

*Calculated from the complete sequence of a,M (17).
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o SVSGKPQYMYLVPSLLHTETTEKGCVLLSYLNETVTIVSASLESVRGNRSLFTOLEAENDVLHCVAFAVPKSSSNEEVMFLTVQVKGPTQEFKKRTTVMVK
P TEPQYMVLVPSLLHTEAVK/IGCVLLSHLXETVTIVSASLEEGR  /SLFTODLVAEKDLFHCVSFTLPRISASSEVAFLSIQIK/GPTQODFR/

200
s NEDSLVFVQTDKSIYKPGQTVKFRVVSMDENFHPLNELIPLYYIQDPKGNRIAQWQSFQLEGGLKQFSFPLSSEPFQGSYKVVVQKKSGGRTEHPFTVEE
P2P IDENFRPRINELIPLIYLENPRR/ JLEAGINQLSFPLSSEPIQGSYR/ ITQHPFTVEE

300
oz FYLPKFEVQVTVPKIITILEEEMNVSVCGLYTYGKPVPGHVTVSICRKYSDASDCHGEDSQAFCEKFSGQLNSHGCFYQQVKTKVFQLKRKEYEMKLHTE
3 [ARY INUNC---DKQEVCEEFSQQLNSK MLQITNTGFEMK/

400
EW AQIQEEGTVVELTGRQSSEITRTITKLSFVYKVDSHFRQGIPFFGQVRLYODGKGVPIPNKVIFIRGNEANYYSNATTDEHGLVQFSINTTNVMGTSLTVRY
P JIREEGTOLEVIANRISEITNIVSK Q61 PFFAQVLLVDGK/ ISFIVHY

500
H NYKDRSPCYGYQWYVSEEHEEAHHTAYLVFSPSKSFVHLEPMSHELPCGHTQTVQAHYILNGGTLLGLKKLSFYYLIMAKGGIVRTGTHGLLVKQEDMKGH
2 LR LCFHYSWVAEEHQGAQHTANRNFSLSGSYIHLEPYAGTLPCGHTETITAHYTLNKQAMGQLSELSFHYLTMAK/ ISGTHTLPVESGDMK/GS

600
e FSISIPVKSODIAPVARLLIYAVLPTGOVIGDSAKYDVENELANKYOLSFSPSQSLPASHAHLRVTAAPQSVCALRAVDQSVLLMKPOAELSASSVYNLLP
PP FALSFPVESDVAPIARXFIFAILPDGEYVGDSEKFEIENCLANKVOLHFXPAQ

698
ag EKDLTGFPGPLNDQODDED--CINRHNVYINGITYTPVSSTNEKDMYSFLEDMGLKAFTNSKIRKPKMCPQLQQYEMHGPEGLRVGFYESDVMGRGHARLY
p2P IOLTNFPONVOQQEEEQGHCPRPFFIHNTAL-YVPLSS-NEADIYSFLU/ ISCSVTPSVSA-BAVGQ--GYYGA

798
By HVEEPHTETVRKYEPETMIMOLYYYNSAGVAEVGYTVPOTITEWKAGAFCLSEDAGLGI SSTASLRAFQPFFVELTMPYSVIRGEAFTLKATVLNYLPKC
2 JSYFPETWIWELVAVQSSGVAEVGVTVPOTITEWKAGAFCLSEDAGLGISSTASLR/ IBEVETLK/

898
o IRVSVQLEASPAFLAVPVEKEQAPHCICANGRNTVSWAVTPKSLGNVNFTVSAEALESQELCGTEVP SVPEHGRKDTVIKPLLVEPEGLEKETTFNSLLC
P JASPAFLASQNTKGEESYCICGNER/ ITLLVEAEGIEQEK/TFSSMTC

998

agM P SGGEVSEELSLKLPPNVVEESARASYSVLGDILGSAMQNTQNLLQMPYGCGEQNMVYLFAPNIYVLDYLNETQQUTPEIKSKAIGYLNTGYQRQLNYKHY
P ASGAEVSEQLSLKLPPNVY MaQ

1098
S DG SYSTFGERYGANQGNTWLTAFVLKTFAQARAYIFIDEANITQALIUWLSQROKDNGC RSSGSLLNNAIKGGVEDEVTLSAYITIALLEIPLTVTIHPVY
3 DESYSTFGER/ IONGCFR

1198
aM RNALFCLESAMKTAQEGDHGSHVYTKALLAYAFALAGNQOKRKEVLKSLNEEAVKKDNSVHWERPQKPKAPVGHFYEPQAPSAEVEMTSYVLLAYLTAQP
PP INALFCLESAWNVAK/ IALLAY JEILNSLDKEAVKEDNL/ JAPVGHLYQPQAPSAEVEMTS

8
APTSEoLTSATNIVKulTKQQNAOGGFSSTODTVVALNALSKVGAATFYRTGKAAQVYIQSSGYFSSKFOVDNHNRLLLQOVSLF(LPGEVSNKVTGEGIg

13
-%: VYLQTSLKYNILPEKEEFPFALGVQTLPQ AHTSFQISLSVSYTGSRSASNMAIVDVKMVSGFIPLKPTVKMLERSNHYVSRTEVSSNHVLIYLDK
VYLQTY SHWK/YNILPEKEDSPFALK/YQTVPQ

-
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F1G. 2. Alignment of completely or partially sequenced tryptic peptides from PZP with corresponding stretches from a,M. The complete
sequence of human a,M is from ref. 17. The amino acid sequences are given in the single-letter code (38). X denotes an unidentified amino acid
residue. Identically placed residues in the two proteins are underlined. The first 19 residues of PZP were determined by sequenator analysis of
the intact preparation. In addition to a major threonine residue, minor amounts of asparagine, serine, and glycine were also observed in step 1.

the cleavage sites. Further evidence in favor of a bait region
a,M sequence. In some regions the sequences of longer in PZP was obtained from an experiment in which PZP was
stretches of PZP and a,M are nearly identical (e.g., the treated with a 2-fold molar excess of trypsin for 2 min. Upon
stretches corresponding to residues 5-41 and 710-764 of reducing NaDodSO,/PAGE, the complete disappearance of

and suggests a 2-residue deletion at position 1448-1449 in the

a,M). On the average the stretches determined contain 68% the 180-kDa subunit was accompanied by a corresponding
identically placed residues. About one-half of the dissimilar increase in the amount of 90-kDa fragments (results not
residues involve chemically similar residues or exchanges shown).

that retain a charged or hydrophilic residue at a given posi- No tryptic peptides were recovered from the long stretch-
tion. Of the expected 20-24 half-cystine residues in the PZP es 1168-1297 and 1334-1425. During the sequence determi-
monomer, 18 have been determined, including the half-cys- nation of a;M the recovery of tryptic peptides from these
tine residue that by analogy with a;M (17), presumably regions was low due to their large size and their tendency to
bridges two-subunits to form a 360-kDa half molecule. As form aggregates (34). As seen in Fig. 1, a set of strongly re-
séen from Fig. 3, the disulfide bridge pattern of PZP is likely tained peptides could be eluted from the DEAE-Sephacel
to be very similar to that of a,M. The half-cystine residue at column by 3 M guanidine-HC1/0.25 M NH,HCO;. Howev-
position 540 has no counterpart in a;M. Since no peptides er, none of these peptides could be recovered in appreciable
have been recovered from the region 923-996, which in a,M yield after an attempt of purification by reverse-phase
is largely constituted by a 56-residue tryptic peptide contain- HPLC.
ing the B-cysteinyl-y-glutamyl thiol ester structure (17, 39), it
is not yet apparent from the sequence data if PZP also con- DISCUSSION
tains such a structure. When the PZP preparation used in The results of NH,-terminal sequence determination and
these studies was examined for its ability to incorporate partial or complete sequence determination of tryptic pep-
[’HICH;NH, covalently, <0.02 mol of CH;NH, per mol of tides from highly purified PZP show that this human plasma
PZP subunit was bound. Of course, the method of purifica- protein is a close homolog of human a,M. The 38 peptides
tion of PZP might be expected to inactivate its putative pro- presented in Fig. 2 account for 685 residues of the =1450
teinase-inhibiting activity and cleave any internal thiol ester residues of the subunit of PZP. Sixty-eight percent of the
bonds. residues in these peptides are identical to those of ap,M. Al-
The partial sequence of a major half-cystine-containing though no peptides were recovered from certain areas of
peptide showed only a modest degree of homology with a,M PZP, notably the COOH-terminal half, it is likely that the
and was tentatively located at position 665-687. The region overall degree of sequence homology between PZP and a,M
681-686 in a;M contains the primary sites of proteolytic will turn out to be very high. Including chemically similar
cleavage and has been referred to as the bait region (17). The residues(D=E, T=S,V=M=1=L,F=Y=H=W,
and K = R), the extent of homology increases to about 76%,

results of NH,-terminal sequence determination of the pres-
ent PZP preparation, which contained 30% 90-kDa cleavage indicating that the subunits of PZP and a,M have essentially
products, did not allow the identification of the sequences at the same tertiary structure. Both proteins appear to have the
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FIG. 3. Schematic representation of the 180-kDa subunit of @;M, emphasizing the disulfide bridge pattern (data from ref. 17). Half-cystine
residues found in PZP are labeled by an asterisk (*). The activation cleavage area (') and the B-cysteinyl-y-glutamyl thiol ester site (v) of a;M

are indicated.

same quaternary structure (identical 180-kDa units pair-wise
disulfide bridged and further assembled to form tetramers of
720 kDa) (16, 17).

It has been pointed out recently that the proteins human
a;M, murine C3, and human or murine C4, which all contain
an internal reactive B-cysteinyl-y-glutamyl thiol ester (40-
43), display large segments of homologous sequence, indi-
cating a common evolutionary origin (33). However, the ho-
mologous regions of a;M and C3, which account for 75% and
67% of their sequence, respectively, only contain 19-31%
identically placed residues (33). The mutual sequence identi-
ty between C3 (44, 45), C4 (46), and an =~491-residue seg-
ment of C5, spanning the B-chain—a-chain junction (47) is
35-40%, indicating that these proteins, which all circulate as
multiple-chain 190- to 200-kDa plasma proteins, could con-
stitute one subset of a group of proteins related to a,M,
whereas a;M, PZP, aMs from different animal species, and
perhaps the proteinase binding protein from chicken egg
white, ovostatin (48), could constitute another subset. This
subset is characterized as tetrameric proteins containing
subunits of =180 kDa, which may or may not be proteolyti-
cally processed. Interestingly, both ovostatin (48) and C5
(49) apparently do not contain an internal thiol ester.

Preparations of PZP have immunosuppressive properties
under certain experimental conditions (e.g., by inhibiting the
phytohemagglutinin and concanavalin A stimulation of T
lymphocytes) (50, 51). These properties are thought to be of
importance in the maintenance of the immunologically privi-
leged status of the fetus (50-52). Similar phenomena have
been reported for a;M (53), and it has been suggested that
these properties might reside in peptide(s) associated with or
liberated from a;M during a;M-proteinase complex forma-
tion (54). It is not yet clear whether the effects observed with
a;M preparations are due to a,M or are due to a slight con-
tamination with PZP. Most likely, PZP, by virtue of its close
similarity with a;M, has been present as a contaminant in
most a»,M preparations utilized so far.

In contrast to a;M (31, 32, 55), highly elevated plasma lev-
els of PZP are found during pregnancy. A less-pronounced
increase in the plasma level of PZP is found in females using
oral contraceptives, in males who receive estrogens during
treatment for prostatic cancer, and in a variety of surgical
and malignant conditions (56-59). These features indicate
that PZP could be the human equivalent of the acute-phase
protein rat aoM that is also elevated in pregnancy (28-30).
Like human a,M, the plasma concentration of rat eyM is
relatively stable during the acute-phase response (20-22).
For both rat aMs, the liver is probably the major site of syn-
thesis (60-62) as it is for a,M (unpublished data). Although
PZP has been localized in the villous parenchymal tissue of
the placenta and in trophoblasts (63), this organ is probably
not the site of its synthesis (64). Though in vitro estrogen-
dependent synthesis of PZP has been demonstrated in cul-
tures of human leukocytes (65-67), synthesis of PZP by the
liver hepatocytes is probably quantitatively most important
(68, 69).

The demonstration here that human plasma contains a tet-
rameric protein, PZP, which is strongly related to a,M in
terms of primary structure, subunit organization (12, 13, 16),
and potential to become specifically cleaved near the middle
of its subunits, as also recognized earlier (13), suggests that

the function of PZP, although still largely obscure, might be
analogous to that of a,M. In particular, investigations on the
ability of PZP to form complexes with proteinases and the
possible specific clearance of these complexes by receptor-
mediated endocytosis will be important for defining the role
of PZP in pregnancy. Furthermore, the study of the gene
structures of PZP and a,M may contribute to a deeper un-
derstanding of the structural elements that control the
expression of these two proteins.
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