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Abstract

A full-length cDNA encoding a novel human protein was cloned from placenta cDNA. The corresponding 1542 amino acid protein
sequence was termed ‘pregnancy-associated plasma protein-E’ (PAPP-E) as it shows a 62% homology to the human pregnancy-associated
plasma protein-A (PAPP-A) that is a diagnostic marker for trisomies, especially Down syndrome. The conserved domain structure contains
five motifs related to the short consensus repeats of complement proteins and selectins, three motifs related to the lin-notch motifs of
proteins regulating early tissue differentiation, and a putative zinc-binding motif and active site of the metzincin-superfamily of
metalloproteases. The PAPP-E gene was localized to chromosome 1q23-25. Northern blot analysis showed that PAPP-E is predominantly
expressed in placenta. © 2000 Elsevier Science B.V. All rights reserved.
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Pregnancy-associated plasma protein-A (PAPP-A) is a
maternal serum protein of placental origin that is disul-
fide-bonded to the proform of eosinophil major basic pro-
tein [1]. The complex is detectable from the fourth to sixth
week of pregnancy, and reaches concentrations up to 50
mg/l in the last trimester [2]. As the serum PAPP-A con-
centration is reduced by about 50-77% in the sixth to 14th
week of pregnancies with fetal trisomies, PAPP-A in com-
bination with other markers is used for non-invasive, early
detection of trisomies [3]. The biological role of PAPP-A is
not known, but a recent study has demonstrated that
PAPP-A cleaves the insulin-like growth factor binding
protein-4 (IGFBP-4) and could be involved in IGF-signal-
ing [4]. Proteolysis might result from the putative zinc-
coordination site followed by a putative Met-turn that
are conserved active site motifs of the metzincin-superfam-
ily of metalloproteinases [5,6]. Besides this, PAPP-A com-
prises five motifs related to short consensus repeats (SCRs)
of complement proteins and selectins, and three motifs
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related to lin-notch repeats (LNRs) of proteins regulating
early tissue differentiation [5,7,8].

Using the tblastn program [9] we have screened the
GenBank human EST entries with the cDNA sequence
of the catalytic domain of the human metzincin MMP-8
(matrix metalloproteinase-8, neutrophil collagenase). Be-
sides known sequences of MMPs we have found a 315
bp EST (EST79446, gi: 2020543) that codes for the con-
served zinc-binding motif of metzincins and is similar to
the PAPP-A cDNA. We have cloned this EST by prepar-
ing RNA from placenta using the RNeasy Total RNA
System (Qiagen) and performing reverse transcription
with SuperScript 1T Rnase H™ reverse transcriptase (Life
Technologies), the polymerase chain reaction (PCR) with
Tag DNA Polymerase (Roche) and the oligonucleotides
S'-tgaaggagctgaaggaggccctge-3'  and  5'-cggtgtcggcaca-
gaggtctcecg-3’, and TOPO TA Cloning (Invitrogen). Sub-
sequent 5’- and 3’-RACE (rapid amplification of cDNA
ends) with Marathon-Ready Placenta cDNA and Advan-
tage 2 Polymerase Mix (Clontech) and TOPO XL PCR
Cloning kit (Invitrogen) resulted in three cDNA fragments
comprising a 4872 bp open reading frame with 5’- and 3'-
flanking sequences (Fig. 1). Re-screening of the GenBank
entries shows that the genomic sequences AL031734.9
(HS652L8) and AL031290.1 (HS774124) partially cover
the 3" and 5 PAPP-E cDNA. The deduced PAPP-E ami-
no acid sequence shows global similarity only with PAPP-
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tccgagggcgececgggecaggtgttetgecaactectgagetgggetggacacgcaagaaatecttggttgagagggaacacctgaatcaggtgetgttggaaggagaacgt
tgttggctgggggccaaggttcgaagacccagagettetccacagcatcacctetttggagtctaccccagcagggetgggaactacctaaggecectaccececgtgggggagcaagaaate
catcatacaggacgcagcaaaccagacactgaaggaaatgctgtgagecttgttcccccagacctgactgaaaatccagcaggactgaggggtgcagttgaagageceggetgecccatgg

gtaggggatagtcctattgggcaatctgagetgetgggagatgatgacgettatcteggcaatcaaagatccaaggagtetctaggtgaggeegggattcagaaaggctcagecatgget
M A

geccactactaccaccgecattttcacaaccctgaacgaacccaaaccagagacccaaaggaggggctgggccaagtccaggcagegtcgecaagtgtggaagaggegggeggaagatggg
A T T T TATIF TTL NE P K PETQRRG WA KSR QRIRUQUV W KZRZRAEDG

cagggagactccggtatctcttcacatttccaaccttggeccaagecatteccttaaacacagggtcaaaaagagtccaccggaggaaagcaaccaaaatggtggagagggctcctacega
Q G D S G I S S HF Q P WP KHS L KHUZ RV KK S P P EESNQNGSGE G S Y R

gaagcagagacctttaactcccaagtaggactgeccatcttatacttetetgggaggegggageggetgetgetgegtccagaagtgetggectgagattccecgggaggegttcacagtg
E A ETFN S QV GGL P I L Y F S GURIREUZRULULULWZRU®PEUVLAETIUPIREA AT FTUV

gaagcctgggttaaaccggagggaggacagaacaacccagecatcategecaggtgtgtttgataactgeteccacactgtcagtgacaaaggetgggecctggggatcegetcagggaag
E A WV K P EGGOQNNUPATI I AGV F DDNIZCSHTV S DI K GWAULGTIUR S G K

gacaagggaaagcgggatgctegettettettetecctetgecaccgaccgegtgaagaaagecaccatcettgattagecacagtegetaccaaccaggcacatggacccatgtggeagee
D K G K R DAWRVFVFF SL CTDU RV K KA ATTIULTISHSIRYQP G TWTH V A A

acttacgatggacggcacatggecctgtatgtggatggcactcaggtggetagecagtctagaccagtetggtecectgaacagececttecatggecatettgeegetetttgetectgggg
T YD GRHMA ALY VD GTQ VA S SLDIOQSG?PULNJSUPFMAST CRSULULUL G

ggagacagctctgaggatgggcactatttccgtggacacctgggcacactggttttctggtcgaccgccctgccacaaagccattttcagcacagttccaagcattcaagtgaggaggag
G DS S EDGHYFRGHULGTULV F W ST ATLUPOQS HTF QH S S Q H S E E E

gaagcgactgacttggtcctgacagcgagctttgagecctgtgaacacagagtgggttcectttagagatgagaagtacccacgacttgaggttctccagggectttgageccagagectgag
E A TDUL VL T A S F E P VN TE WV P F RDEK Y P RL E VL Q G F E P E P E

attctgtcgectttgecageccccactetgtgggcaaacagtectgtgacaatgtggaattgatcteccagtacaatggatactggecccttcggggagagaaggtgatacgctaccaggtg
I L $S P L QP PL CGQ TV CDNUVEUZLTIS S QY YNSGYWU?PULURGEIZ KUV I RYQUV

gtgaacatctgtgatgatgagggcctaaaccccattgtgagtgaggagcagattegtctgecagecacgaggcactgaatgaggecttcageecgetacaacatcagetggecagetgagegte
vV NI CDDEGTLNU®PI VS EE QI RULQHEA ATLNDNEA ATFSURYNTISWQUL s V

caccaggtccacaattccaccctgcgacaccgggttgtgecttgtgaactgtgagecccagcaagattggcaatgaccattgtgaccccgagtgtgagcacccactcacaggctatgatggg
H Q VH N S TULRHURV VL VNCUEU®PS K I GNDUHT CDU®PET CEUHU®PULTG Y D G

ggtgactgcecgectgcagggecgetgetactectggaaccgecagggatgggetctgtcacgtggagtgtaacaacatgetgaacgactttgacgacggagactgetgegacceccaggtg
G D CRUL QG RCY S WNU RUBRDSGL LT CHVETCNNMTLNDT FDUDGDCCD P Q V

gctgatgtgcgcaagacctgctttgaccctgactcacccaagagggcatacatgagtgtgaaggagctgaaggaggccctgcagctgaacagtactcacttcctcaacatctactttgcc
A DV R K TCUFDU?P D S P KR A Y M S V K E K EA L Q L N S THF L N I Y F A

agctcagtgcgggaagaccttgecaggtgetgecacctggecttgggacaaggacgetgtcactcacctgggtggeattgtectcageccageatattatgggatgectggecacaccgac
S S Vv.R EDL A GAATW?PWD KD AUV THULGS GTI VL S ?PAY Y GMUPGHTD

accatgatccatgaagtgggacatgttctgggactctaccatgtctttaaaggagtcagtgaaagagaatcctgcaatgacccctgcaaggagacagtgccatccatggaaacgggagac
T M I HE V GH VL GL Y HV F K GV S E®RESCNDU?PTZCI KETV P S MET G D

ctctgtgccgacaccgeccccactcccaagagtgagectgtgecgggaaccagageccactagtgacacctgtggettcactegettecccaggggetecegttcaccaactacatgagetac
L ¢ aAaDTA A®PTU®PIK S ELCURE?PEU®PTSDTTCG G FT RV F?P G AUPFTNUZYMS S Y

acggatgataactgcactgacaacttcactcctaaccaagtggcccgaatgcattgetatttggacctagtctatcagcagtggactgaaagcagaaagcccacceccacceccatteca
T D D N CTDNU FT PN Q V A RMHCYULDIUL V Y Q Q W TE S RIK P TP TP I P

cctatggtcatcggacagaccaacaagtccoctcactatccactggetgectectattagtggagttgtatatgacagggectcaggcagettgtgtggegettgecactgaagatgggace
P MV I GQ TNIKSL TTIHWULUPUPI S GV VY DI RASGSULT CSGA ATCTETDGT

tttcgtcagtatgtgcacacagcttcctccngcgggtgtgtgactcctcaggttattggaccccagaggaggctgtggggcctcctgatgtggatcagccctgcgagccaagcttacag
F R Q YV HTA A S S R RV CD S S G Y W T P E P P DV D QP CE P S L Q

gcctggageccctgaggtccacctgtaccacatgaacatgacggtecectgecccacagaaggctgtagettggagetgetettecaacacceggtccaagecgacaccctecacectgtgg
A W S P E V HL Y HMNMT V9P CU?PTESGT CSULETLULT FOQH?PVQADTTULTTULW

gtcacttccttettcatggagtcctegecaggtectetttgacacagagatcttgectggaaaacaaggagtcagtgcacctgggececttagacactttectgtgacatcccactcaccate
v T S F FME S SQ VL F DT ETIULTZLENIZKESVHLG?PULUDT FTCDTIU®PULTTI

aaactgcacgtggatgggaaggtgtcgggggtgaaagtCtacacctttgatgagaggatagagattgatgcagcactCctgaCttctcagccccacagtcccttgtgctctggctgcagg
K L H S vV K v Y T F D ER I EI DAALLTS QP H S P L C S G CR

cctgtgaggtaccaggttCtccgcgatcccccatttgccagtggtttgcccgtggtggtgacacattctcacaggaagttcacggacgtggaggtcacacctggaCagatgtatcagtac
P VR Y Q VL R D P P F A S G L P V V V T H S HR K F T D E V T P G Q M Y Q Y

caagttctagctgaagctggaggagaactgggagaagcttcgectectctgaaccacattcatggagetecttattgtggagatgggaaggtgtcagagagactgggagaagagtgtgat
Q VL AEAGGETLTGEM ASU©PUPILNUHTIUHEGA AZPYT CCGDSGI KU VS EUZRTULTGEECTD

gatggagaccttgtgagcggagatggctgecteccaaggtgtgtgagetggaggaaggtttcaactgtgtaggagageccaagectttgectacatgtatgagggagatggcatatgtgaacct
D G DLV S GDSGTCS KV CETZLTETESGT FNTCVGEU®PSULCYMYETGUDGTIOCE P

tttgagagaaaaaccagcattgtagactgtggcatctacactcccaaaggatacttggatcaatgggectacccgggecttactectctcatgaagacaagaagaagtgtectgtttecttg
F ER K T S I v DCG I Y TP XK GYULDQWAT®RAY S S HET DI K K KT CU?PV S L

120
40

240
80

360
120

480
160

600
200

720
240

840
280

960
320

1080
360

1200
400

1320
440

1440
480

1560
520

1680
560

1800
600

1920
640

2040
680

2160
720

2280
760

2400
800

2520
840

2640
880

2760
920

2880
960

Fig. 1. cDNA and deduced protein sequence of PAPP-E. The putative prepropeptide is in italics and according to the PAPP-A sequence [5] negatively
numbered; start and stop codons are boldface.
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2881 gtaactggagaacctcattccctaatttgcacatcataccatccagatttacccaaccaccgtcccctaactggetggtttcectgtgttgeccagtgaaaatgaaactcaggatgacagg 3000
%1 Vv T G E P H §$ L I C¢C T S Y H P D L P NHUR P L TGWF P CV A S ENETQ D D R 1000
3001 agtgaacagccagaaggtagcctgaagaaagaggatgaggtttggctcaaagtgtgtttcaatagaccaggagaggccagagcaatttttatttttttgacaactgatggectagttcce 3120
1001 s E Q P E G S L K K E D E V W L K VvV ¢ F N R P G EAURA ATIF I F L T TD G L V P 1040
3121 ggagagcatcagcagccgacagtgactctctacctgaccgatgtccgtggaagcaaccactctecttggaacctatggactgtcatgeccagcataatccactgattatcaatgtgacccat 3240
1041 G E H Q Q P T V T L Y L T DV R G S NH S L G T Y G UL S CQHNP L I I NV T H 1080
3241 caccagaatgtcccttcccaccataccacctcagtgctgccgaatttctcatccccacgggtcggcatctcagctgtggctctaaggacatcctcccgcattggtctttcggctcccagt 3360
1081 H Q N V L F H H T T S V L P N F S §S P R V G I S A V A R T S S R I G L S A P S 1120
3361 aactgcatctcagaggacgaggggcagaatcatcagggacagagctgtatccatcggccctgtgggaagcaggacagctgtccgtcattgctgcttgatcatgctgatgtggtgaactgt 3480
1122 N C I s E D G Q NH Q G Q §s C I HRPCGIKOQDSCU?PSULLLDHADUV V N C 1160
3481 acctctataggcccaggtctcatgaagtgtgctatcacttgtcaaaggggatttgcccttcaggccagcagtgggcagtacatcaggecccatgcagaaggaaattctgetcacatgttect 3600
1161 T s 1 G p G L. M K C A I T C Q R G F A L Q A S S G Q Y I R P M Q K E I L L T C S 1200
3601 tctgggcactgggaccagaatgtgagctgccttecccgtggactgeggtgttcccgaccegtetttggtgaactatgcaaacttctectgectcagagggaaccaaatttctgaaacgetge 3720
1200 s G H W D Q NV sSs CL P VD CGVPDUPSL VNYANUTFSCS EGTK F L K R C 1240
3721 tcaatctcttgtgtcccaccagccaagctgcaaggactgagcccatggectgacatgtecttgaagatggtetetggtetetecctgaagtctactgcaagttggagtgtgatgeteccect 3840
1241 s 1 s ¢ v P P A KL Q GL S P WL T CULEUDGULWS UL PEV Y CIKULETCTDA A P P 1280
3841 attattctgaatgccaacttgctcctgcctcactgectccaggacaaccacgacgtgggcaccatctgcaaatatgaatgcaaaccagggtactatgtggcagaaagtgcagagggtaaa 3960
1281 I I L N A N L L L P H C L Q DNHDV G T I CK Y ECI KUPGY Y V A E S A E G K 1320
3961 gtcaggaacaagctcctgaagatacaatgcctggaaggtggaatctgggagcaaggcagectgcattectgtggtgtgtgageccaccececctectgtgtttgaaggcatgtatgaatgtace 4080
1321 vV R N K L L K I Q ¢C L E G G I W E Q G s c¢c 1 P V V CE P P P P V F EGMYE C T 1360
4081 aatggcttcagcctggacagccagtgtgtgctcaactgtaaccaggaacgtgaaaagcttcccatcctcetgcactaaagagggectgtggacccaggagtttaagttgtgtgagaatctg 4200
131 N G F S L D §$ Q ¢ VvV L N C N Q E R E K L P I L C T K E G L W T Q E F K L C E N L 1400
4201 caaggagaatgcccaccacccccctcagagctgaattctgtggagtacaaatgtgaacaaggatatgggattggtgcagtgtgttccccattgtgtgtaatccccecccagtgaccecegtg 4320
1401 Q G E C P P P P S E L N S V E Y K CE Q G Y G I GAV CS©PLCUV I P P S D P V 1440
4321 atgctacctgagaatatcactgctgacactctggagcactggatggaacctgtcaaagtccagagcattgtgtgcactggeccggegtcaatggcacccagaccecgtcttagtccactge 4440
1441 ™M L P E N I T A D T L E H W M E P V K V Q 8 I v C T G R R Q W H P D P V L V H C 1480
4441 atccagtcatgtgagcccttccaagcaaatggttggtgtgacactatcaacaaccgagcctactgccactatgacgggggagactgectgctcttccacactctcctccaagaaggtcatt 4560
1481 I Q S C E P F Q A N G W C D T I N NRA AYCHYDGGDT CTCS S TUL S S K K V I 1520
4561 ccatttgctgctgactgtgacctggatgagtgcacctgccgggaccccaaggcagaagaaaatcagtaactgtgggaacaagccecteecctccactgectcagaggcagtaagaaagaga 4680
1521 P F A A D C D L D E C T C R D P K A E E N Q Stop
4681 ggccgacccaggaggaaacaaagggtgaatgaagaagaacaatcatgaaatggaagaaggaggaagagcatgaaggatcttataagaaatgcaagaggatattgataggtgtgaactagt 4800
4801 tcatcaagtagcccaagtaggagagaatcataggcaaaagtttctttaaagtggcagttgattaacatggaaggggaaatatgatagatatataaggaccctccacctgcccgggeggee 4920
4921 gctc

Fig. 1 (continued).

A. Both proteins have about 44% identical and 62% sim-
ilar amino acids [10], a corresponding size of 1547 and
1542 (PAPP-E) amino acids, a conserved pattern of cys-
teine residues, and a homologous domain structure (Fig.
2). Therefore, we named the novel sequence ‘pregnancy-
associated plasma protein-E’ (PAPP-E). (In the 1970s, the
terms PAPP-B, -C, and -D were assigned to a 1300 kDa
octadecamer protein, the pregnancy-specific B-glycopro-
tein and the placental lactogen, which are not related
with PAPP-A and PAPP-E [11-13].)

According to the PAPP-A motifs [5], the PAPP-E se-

quence comprises a putative prepropeptide, a putative
zinc-binding site and Met-turn, five motifs that are related
to short consensus repeats of complement proteins and
selectins, and three motifs that are related to the lin-notch
motifs of proteins regulating early tissue differentiation
(Fig. 3). For example, proteins showing significant partial
homologies with PAPP-E are P-, E-, and L-selectins
(CD62), complement decay-accelerating factor (CDS5Y),
complement receptor types 1 and 2, complement factor
H, neurogenic locus notch (homolog) proteins, Caenorhab-
ditis elegans lin-12 protein, and the catalytic domains of

Table 1

Comparison of PAPP-A and PAPP-E protein and genetic parameter

Parameter PAPP-A PAPP-E

Amino acids 1547180 1542/82

Cysteines 82/2 86/0

M, (kDa) without glycosylation 172.3/8.7 171.1/9.4

Putative glycosylation sites 14 X Asn; 7X Ser 15X Asn; 12X Ser
Theoretical p/ 5.4/12.3 5.0/10.7
Predominant expression Placenta Placenta
Chromosomal localization 9q33.1 1q23-25

Values are mature protein/preproprotein. Asn, putative N-glycosylation site; Ser, putative sites for the attachment of glycosaminoglycans. PAPP-A data

are according to [5].
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B ¢ ]
EAETFNSQVGLP--ILYFSGRRERLLLRPEVLAEI PREAFTVEAWVKPEGGQNNPAI IAGVFDNCSHTVSDKGWALGIRSGKDKGKRDARFFFSLCTDRVKKATILISHSRYQPGTWTHV
EA P LYFSGR E+L + L E+PR+AFT++ W++ EGGQ +PA+I G++D CS+ D+GW +GI + D+ +D R+FFSL TDR ++ T + +H Y PG W ++

EARGATEEPSPPSRALYFSGRGEQLRVLRADL- ELPRDAFTLQVWLRAEGGQRSPAVITGLYDKCSYISRDRGWVVGIHTISDQDNKDPRYFFSLKTDRARQVTTINAHRSYLPGQWVYL

#
AATYDGRHMALYVDGTQVASSLDQSGPLNSPFMASCRSLLLGGDSSEDGHYFRGHLGTLVFWSTALPQSHFQHSSQHSSEEEEATDLVLTASFEPVNTEWVPFRDEKYPRLEV - - LQGFE
AATYDG+ M LYV+G QVA+S +Q G + SP C+ L+LGG + H +RG++ W A Q L+L  +++ V W P +D P++E GF
AATYDGQFMKLYVNGAQVATSGEQVGGIFSPLTQKCKVLMLGGSALN- - HNYRGYIEHFSLWKVARTQREILSDMETHGAHTALPQLLLQENWDNVKHAWS PMKDGSSPKVEFSNAHGFL

& @ LNR-1
PEPEILSPLQPPLCGQTVCDNVELISQYNGYWPLRGEKVIRYQVVNICDDEGLNPIVSEEQIRLQHEALNEAFSRYNISWQLSVHQVHNSTLRHRVVLVNFEPSKIGNDHCﬁPECEHPL
+ + L+PPLCGQT+CDN E+I+ YN R KV+RY+VVN+ +D+ NP V+ EQ+ QH L EAF +YNISW+L V +V NS+LR R++L NC+ SKIG+++CDPEC H L

LD- - - - TSLEPPLCGQTLCDNTEVIASYNQLSSFRQPKVVRYRVVNLYEDDHKNPTVTREQVDFQHHQLAEAFKQYNISWELDVLEVSNSSLRRRLI LANCDI SKIGDENCDPECNHTL

&
A

& a g g @
PTPIPPMVIGQTNKSLTIHWLPPISGVVYDRASGSLCGACTEDGTFRQYVHTASSRRVCDSSGYWTPEEAVGPPDVDQPCEPSLQAWSPEVHLYHMNMTVPCP - TEGCSLELLFQHPVQA
P +PV+G T S+T+ WPPI G ++R GS C CE QY ASS C SG+W+P EA G PDV+QPC+ S++ WSP + + CP +GC LEL F +P+

PVALAPQVLGHTTDSVTLEWFPPIDGHFFERELGSACHLCLEGRILVQYASNASSPMPCSPSGHWSPREAEGHPDVEQPCKSSVRTWSPNSAVNPHTVPPACPEPQGCYLELEFLYPLVP

a

DTLTLWVT--SFFMESSQVLFDTEI LLENKESVHLGPLDTFCDIPLTIKL-HVDGKVSGVKVYTFDERIEIDAALLTSQPHSPLCSGCRPVRYQVLRDPPFASGLPVVVTHSHRKFTDVE
++LT+WVT S +SS + D ++L + +++ LGP + FCD+PLTI+L V +V G+++YT DE +EIDAA+LTS +PLC C+P++Y+V+RDPP + ++ H +RKF D++
ESLTIWVTFVSTDWDSSGAVNDIKLLAVSGKNISLGPQNVFCDVPLTIRLWDVGEEVYGIQIYTLDEHLEIDAAMLTSTADTPLCLQCKPLKYKVVRDPPLQMDVASIL-HLNRKFVDMD

8
VTPGQMYQYQVLAEAGGELGEASPPLNHIHGAPYCGDGKVSERLGEECDDGDLVSGDGCSKVCELEEGFNCVGEPSLCYMYEGDGICEPFERKTSIVDCGI YTPKGYLDQWATRAYSSHE
+ G +YQY V+ +G E E SP + +IHG YCGDG + + GE+CDD + ++GDGCS C E FNC+ EPS CY ++GDG+CE FE+KTSI DCG+YTP+G+LDQWA+ A SH+
LNLGSVYQYWVITISGTEESEPSPAVTYIHGRGYCGDGI IQKDQGEQCDDMNKINGDGCSLFCRQEVSFNCIDEPSRCYFHDGDGVCEEFEQKTSIKDCGVYTPQGFLDQWASNASVSHQ

L é
DKKKCPVSLVTGEP-HSLICTSYHPDLPNHRPLTGWFPCVASENETQDDRSEQPEGSLKKEDEVWLKVCFNRPGEARAIFIFLTTDGLVPGEHQQPTVTLYLTDVRGSNHSLGTYGLSCQ
D ++CP ++ G+P S +C + DL W+PC S +Q + WL+ F++P A A+ + L TDG G+ +Q T+++ L D + +H LG + LSC+
D-QQCPGWVIIGQPAASQVCRTKVIDLSEGISQHAWYPCTISYPYSQ----------~ LAQTTFWLRAYFSQPMVAAAVIVHLVTDGTYYGDQKQETISVQLLDTKDQSHDLGLHVLSCR

é & SCR-1 & @
HNPLIINVTHHQNVLFHHTTSVLPNFSSPRVGISAVALRTSSRIGLSAPSNCISEDEGQNHQGQSCIHRPCGKQDSCPSLLLDEADVUNCTSIGP - GLMKCAITCQRGFALQASSGQY ﬂ
+NPLII VH + F+H+ +V +FSSP V IS VALR+ S+C E + QSC+H C K D CP L +++A +NC+S +C ++C+ G+ LQ al

NNPLIIPVVHDLSQPFYHSQAVRVSFSSPLVAI SGVALRSFDNFDPVTLSSC- QRGETYS PAEQSCVHFACEKTD-CPELAVENAS - LNCSSSDRYHGAQCTVSCRTGYVLOTRRDDELI)
] & SCR-2 & SCR-3

MQ--KEILLTCSSGHWDQNVSCLPVD}GVPDPSLVNYANFSCSEGTKFLKRCSISCVPPAKLQGLSPWLTCLEDGLWSLPEVYQKLECDAPPIILNANLLLPHCLQDNHDVGTICKYE
il ; Y  A+FSC EGT F +CS C PA+L4G + LTC+EDGLWS PE +L C APP + NA+L C ++ H VG+ CKY+
SQTGPSVTVTCTEGKWNKOVACEPVDCS I PDHHOVYAASESCPEGTTFGSOCSFOCREPAQLKGNNSLLTCMEDGLWSEPEAL LMCLAPPPVPNADL TARCRENKHKVGSFCKYK(

SCR-5
NOEREKLPILCTKEGLWIQEFKLCENLQGECPPPPSELNS - VEYKCEQ
+Q I C KiG W F +O+ +QG+C P+ELNS +4 +C

- SVPNELNSNLKLQCED!

L LNR-3

»GIGAVCSPLCVIPPSDPVMLPENITADTLEHWMEPVKVQSIVCTGRRQWHPDPVLVHCIQS EPFQANGWCDTINNRAYCHYDGGDCFSSTLSSKKVIPFAADCDLD ECTCRDPKAEE
IG+ Ct. Ot S+ ++LP N+T  + HW+ P +V+ +VCT +W+P P L+HC++ CEPF + +CD INNRA+C+YDGGDCC+ST+ +KKV PF CDL +C CRDP+A+E

ATGSECATSCLDEN ESIILPMNVTVRDIPHWL PTRVERVVCTA LKWYPHPALIHCVKGQEPEMGDNYCDAINNRAFCNYDGGDQKTSTVKTKKVTPFPMSCDLQGDCACRDPQAQE

1541 N
+
1536 H

Fig. 2. Alignment of PAPP-E and PAPP-A sequences and putative motifs. LNR, lin-notch repeat; SCR, short consensus repeat; Zn>*, zinc-binding
site; M, N-glycosylation site Asn—Xaa—Ser/Thr; 4, site for attachment of glycosaminoglycans.
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Short consensus repeats (SCRs):

SCR-4 (PAPP-E
SCR-5 (PAPP-A

CEPPPPVFEG-MYE- -CTNGFSLD-SQCVLNC

————— NQEREKLPIL-----------------CTKEGL-WTQEFKL--C
CSVP-NELNSNLKLQ-CPDGYAI-GSECATSCLDHNSESIILPMNVTVRDIPHWLNPTRVERVVCTA-GLKWYPHPALIHC

SCR-1 (PAPP-A): C--PELAVENAS-LN-CSSSDRYHGAQCTVSCRTGYVLQIRRDDELIKSQTGPSVTVT------ CT-EGK-WNKQVA---C
SCR-1 (PAPP-E) : C--PSLLLDHADVVN-CTSIGP-GLMKCAITCQRGFALQASSGQYIRPMQ--KEILLT------ CSS-GH-WDQNVS---C
SCR-2 (PAPP-A) : CSIPDHHQVYAASFS-CPEGTT-FGSQCSFQCRHPAQLKGNNSLLT-~---=-=---===--===---~ CMEDGL-WSFPEAL--C
SCR-2 (PAPP-E) : CGVPDPSLVNYANFS-CSEGTK-FLKRCSISCVPPAKLQGLSPWLT--------=-=----=----- CLEDGL-WSLPEVY--C
SCR-3 (PAPP-A): CLAPPPVPNADLQTARCRENKHKVGSFCKYKCKPGYHVPGSSR-KSKKRAFKTQ------~---- CTQDGS-W-QEGA---C
SCR-3 (PAPP-E) : CDAPPIILNANLLLPHCLQDNHDVGTICKYECKPGYYVAESAEGKVRNKLLKIQ----~------ CLEGGI-WEQGS----C
SCR-4 (PAPP-A): CDPPPPKFHG-LYQ--CTNGFQFN-SECRIKCEDSDASQGLGSNVIH----------------- CRKDGT-WNGSFHV--C

) :

) :

) :

SCR-5 (PAPP-E

PAPP-A SCRs

Lin-notch repeats (LNRs):

CPPPPSELNS-VEYK-CEQGYGI-GAVCSPLCVIPPSDPVMLPENITADTLEHWMEPVKVQSIVCTGRRQ-WHPDPVLVHC

LNR-1 (PAPP-A): CDISKIGDEN------- CDPE--- - - CNHTLTGHDGGD-
LNR-1 (PAPP-E): CEPSKIGNDH------- CDPE--- - - CEHPLTGYDGGD-
LNR-2 (PAPP-A): CRHLRHPAFVKKQHNGVCDMD- - - -- CNYERFNFDGGEC
LNR-2 (PAPP-E): CR-LQGRCYSWNRRDGLCHVE----- CNNMLNDFDDGDC
LNR-3 (PAPP-A): CEPFMGDNY-------- CDAINNRAFCNY - - - - -DGGDC
LNR-3 (PAPP-E): CEPFQANGW-------- CDTINNRAYCHY- - - - -DGGDC
H E
PAPP-A LNRS : C-------=----==-- CD------- CNY- - - - -DGGDC

Zinc-binding motifs:

PAPP-A: HEIGHSLGLYH
PAPP-E: HEVGHVLGLYH
Metzincins: HE-GH--G--H

Fig. 3. Alignment of PAPP-A and PAPP-E consensus sequences. PAPP-A motifs are according to [5].

metzincins [9]. Primary structure analysis with the ExXPASy
proteomics tools shows that corresponding to PAPP-A,
PAPP-E has a molecular mass (without glycosylation) of
about 170 kDa, several putative sites for N-glycosylation
and the attachment of glycosaminoglycan groups (Fig. 2
and Table 1), and an acidic theoretical isoelectric point
(pl) of mature protein and a basic p/ of prepropeptide
(Table 1).

For Northern blot analysis, the 315 bp PAPP-E cDNA
fragment coding for the putative active site was biotinyl-
ated with the North2South Biotin Random Prime kit
(Pierce) and used for hybridization with the MTE Array
2 (Clontech), which represents expression of 75 human
tissues. Chemiluminescent detection was performed with
a streptavidin—horseradish peroxidase conjugate and lumi-
nol peroxidase reaction using North2South Chemilumines-
cent Hybridization and Detection (Pierce) and CL-XPo-
sure X-ray film (Pierce) with Eukobrom paper developer
and Superfix fixing solution (Tetenal). The only significant
signal was produced by placenta mRNA (Fig. 4), so that
placenta seems to be the main source of PAPP-E expres-
sion. This correlates with the predominant expression of

PAPP-A by the trophoblastic tissue of the placenta [14]
and defines both proteins as pregnancy-associated pro-
teins.

To clarify the chromosomal localization of the PAPP-E
gene, radiation hybrid mapping [15] with the human/ham-
ster Genebridge 4 RH Panel (Research Genetics) and the
oligonucleotides 5’-agcccagcatattatgggatgectggee-3’  and
5'-ggtgtcggcacagaggtcteecgtttee-3” for PCR - with  Tag
DNA polymerase (Qiagen) was performed. Analysis of
the resulting data vector shows that the PAPP-E gene is
localized  between the markers D1S242  and
AFM210WCI11 which are in the q23-25 region of chro-
mosome 1 (Fig. 5).

In conclusion, we have cloned a novel human cDNA
encoding a PAPP-A homologous protein that has been
named pregnancy-associated plasma protein-E (PAPP-E).
Both proteins share the same domain structure and prob-
ably form a new subfamily of metzincins. The PAPP-E
gene has been assigned to chromosome 1 and is predom-
inantly expressed in placenta. The biological role of
PAPP-E regarding its putative proteolytic and regulatory
functions and involvement in pregnancy and trisomy re-
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Fig. 4. Northern blot analysis of PAPP-E mRNA. Chemiluminescent detection of a 75-tissue expression array (Clontech) hybridized with a biotinylated
PAPP-E cDNA fragment.
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36.3 p

35

33 Data vector:
0000000001 1011100010

31.3 0000010000 0011000011
0010100000 1000000000

22.3 0010010010 0101100000

21 0100000000 001

12

12 D1S242

$1.51 cr

(780.90 cR)

22
24 PAPP-E

/
2 \ 10.90 cr

32.1 AFM210WC1l1l (783.84 cCR)
41
43 a

Fig. 5. Chromosomal assignment of the PAPP-E gene to chromosome
1. The data vector for the radiation hybrid mapping (Genebridge 4 pan-
el), linkage to neighboring markers in centirad (cR), and the corre-
sponding cytogenetic location are shown.

mains to be analyzed. The recombinant expression for bio-
chemical characterization of the new human protein is in
progress.
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