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BE Kxid, “ViE#R7 o~ 275 7 4 —<Heparin-Sepharose 7 7 4 =T 4 — 270~ s 757 4 —-
DEAE-Sephacel 7 u~ 2777 4 —%2Hw, HLKHEFELLIEK 7 o~ 774 —ICE> T,
Pregnancy-Associated Plasma Protein-A (PAPP-A) % 45MEEHE U7z, SN EHERRRHMA T
30ml FOIMEEAE 25 VIEBZ7u~ N 97 4 — 0 X > THTFREHODEE L. 554 LTy
4 (RIA) #%W & D, PAPP-A 3&ES FHEESEFICRT S h, BHERMESIE PAPP-A BD91% 57
NMERZ O~ N7 4 =X VEHBINE Lz, K2 Z D PAPP-A 5% 5 Hi % Heparin-Sepharose
TI74=2F4—zav b5 74 =%, FhZh NaCl 0.15M, 0.30M & U0.60M &HD0.05M
U A BER I TIER L U7z, NaCl 0.60M fRER I L D 4 7 ACHINL 724 PAPP-A &80D93%
BEI XN, 25120 PAPP-A 4545 % DEAE-Sephacel 7 u< r 2757 4 — % HW, ZhFER
0.15M, 0.30M K 1*0.45M NaCl §HEEEEER (pH 5.5) & X D IERSEEH L. 0.30M fEER
W& DT LUK PAPP-A B0 %M EUN S ufz, Kk PAPP-A S84 % Bt L 72 #£10
fEIciEmEL, 3.8 IU (1.7mg) @ PAPP-A 27, A & Y AEIMETREHRDI%Y VLR S,
B PAPP-A B OT4% B RIN E iz, SHEMBEBRFORIEZE THRERR N T 2 PAPP-AEDH
(mIU : PAPP-A/mg : Protein) 135265 & &Y, #i& (mg: PAPP-A/mg : Protein) 1368.4% & 7o
7o, BRI HEEEIZSDS- K 727 Y7 3 FAVERKENE (SDS-PAGE) 2T, 200kDa Fo#
—hNv FELTEZE SN, £/ Western blotting #1412 & 0, SEiE S W c ELEBE M PAPP-A T
HbZEIRENT, £ R AHEBELRKENEKR Y Tandem KX GEERKEIEIC L D, SEIEL 25
R U 72 PAPP-A 3 LIRT L D A X LT & /- Teisner et al. 12 X %5 PAPP-A & BRI CHEITH
3 EWREN, SRF B AEE B COBERL S n: PAPP-A BMELNE WD, 5% L0 Sl
THELHERORF L, EEL L LU TALFHAENS 2 L BHRF T % L [EFIC, PAPP-A 04 %R
TOEYFHIREZHES T 272D 0, EEMMFTCHASh HEZONn5,

Synopsis We tried to purify pregnancy-associated plasma protein A (PAPP-A) from normal term
maternal serum in this study by means of a three step chromatographic procedure. At first 30ml of
maternal serum samples were applied to a column for sieve chromatography and eluted according
to molecular weight. PAPP-A was detected in the high molecular weight fraction area by radioim-
munoassay for PAPP-A, and 91% of the total amount of PAPP-A in the maternal samples was
recovered. Secondary PAPP-A containing fractions were applied to a Heparin-Sepharose column
and eluted by a stepwise increase in NaCl 0.15, 0.30 and 0.60 M in 0.05 M Tris-HCI buffer, pH 7.8.
Ninety-three percent of PAPP-A in applied samples was recovered under the 0.6 M NaCl condition.
Thirdly the pooled fractions which contained PAPP-A after Heparin-Sepharose affinity chromato-
graphy were applied to DEAE-Sephacel Chromatography and eluted by a stepwise increase in NaCl
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(.15, 0.30 and 0.45 M in 0.01 M acetate buffer, pH 5.5. Ninety-one percent of PAPP-A in applied
samples was recovered under the 0.3 M NaCl condition. Finally PAPP-A containing fractions were
concentrated 10 times and 3.8 IU (1.7mg) of PAPP-A was isolated. The purification schedule
removed approximately 999 of total protein in the maternal serum while 74% of PAPP-A was
recovered. The purification factor (fold), which was calculated as the increase in specific activity
(mIU : PAPP-A/mg : protein) in comparison with the starting value in the maternal serum, was 526.
And the purity (mg: PAPP-A/mg : protein) of the final product was 68.4%.

Analysis of the final purified material by SDS-PAGE showed a single band of 200kDa, and western
blot analysis showed that the main purified protein was PAPP-A. The immunological identity of the
PAPP-A purified in this study to the PAPP-A donated by Teisner et al., was recognized by crossed
immunoelectrophoresis and tandem crossed immunoelectrophoresis. We hope that the new PAPP-A
purified in this study can be utilized for the development of a sensitive and convenient assay for
PAPP-A and its standard material, and also for basic study to clarify the biological function of
PAPP-A in the human body.
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20 INETIC PAPP-ARTYAA LTy
A (RIANEZHOTHIE SN TE M, LDH
B HERDOBHFESR S 2 L [FFRIC, 204

MEFR LD oY SIS TFREBEEOE TH
%, PAPP-A I3 # h H B TR 72 43 -+ 5200
kDap# 7 2=y b 2fil&ZDKRITHG T
50~90kDa @ Proform of eosinophil major
basic protein (pro MBP) 23fE& Lic~7 a7 b
TY—ThV, FELIIL. 4~4.6, BLZIKET a,
ra7) rAEEnL, 19%0OEEEHE T 5
WY VEESEAETHOAZ EVPMS T W
A0 19944812 PAPP-A® /) ~—D1,547T0 7
3 BERCHHSEE & Iz S e Y E D AEYEITE
P DWW TV E AL 2% o, RHAINLRE
PAPP-A B I IRBEE L iz BS U, #3398
W E50mg/l £ ¥ —7 w#E T S, RS O
PAPP-A D F % pEA « 2 D5 13 IR E O
syncytiotrophoblast T#H % 2 & 23, S 1
CHERRE N TV BY, EREERICBLTHZD
YRR R R OSBRI N 1, & S BRI
b#FOEEDRHERIN T WS99, S H & TloiHMEe
Mm#Eh PAPP-A BBEORIED, FENAERHA
PR & DRI O S HE OZWICH R TH S &
D% DMEM R ENTWBETH, T BT iR
FIRHA IS o DK PAPP-A B S Yo R 25
TR, BRpcy CEBREFEEEL Twd, O
ENRMHREF L CHEET R D D X 5%

VIFHnEERE s s D T EREENT WL
5, A TCR 3IEED 7 a~v Mo 7 4 — &
AEbE A I LXK DT PAPP-A % 5 BEFE
LINDYA

RSEMH & BiE

1. Wresrkt

ARSI~ 40HDIEH L 6 4L D A > 7 5 —
LR Ay N EEBED 2 THRIS L ARG
30ml &kl e LT,

2. Wre /i

(1) PAPP-A OfgH!

(g a< s 757 4 —]

Degaussed Ultrogel ACA 34 (L’ Industrie
Biologique Francaise, France) #5.0Xx100cm @
71 7 . (Pharmacia, Australia) (20.15M NaCl
&40.06M b~V AgEEW (pH 7.8) &M, JH
R E60mI/h 2 THIE L 72, Total bed volume
(Vt) 1&1.51, Void volume (VO) 20.61 TH -

. FERIEE3OMI % A Z AU, L
%fz 10ml S O & % UV #: (absorption ©
280nm) RUPLE b IETUAEEFH WO 7y bR
JERE UK BRI TFHMI L 72, — /7 PAPP-A i3 B
FO RIAFEICTHIE L, PAPPPADE&E NS
BT O 45 E300ml ﬁ»ﬂﬂ}lbf’
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[Heparin-Sepharose 7 7 4 =7 4 —
777 4—]

Heparin-Sepharose (CL-6B, Pharmacia,
Sweden) #0.15M NaCl &4H0.02M Y Z &k
W (pH 7.2) \&T, 2.6X25cm DA 7 LIFIEL

z. A URRfEE & Fl Wil R 35ml/h i Th 7 A
DOEF MUY b 2T 721, YA A7u<x b7
T 74— TCHrEt s ul: PAPP-A &% 43 300
ml &5 7 LRIz, 17 LD~ UEES
EHIZZFZ10.15M,0.30M, 0.60M & U*0.90M
NaCl&40.02M UV AfEfEw (pH 7.2) &b
IEXRHEH s 7z, W82 2ml spEif OfK
HEs UVERUREG o 7y bR s <k
12T, PAPP-A &% RIA i THIZE L, PAPP-A
D& F N5 53H20ml Z[EILL /2.

[DEAE-Sephacel 7u<= s 75 7 4 —]

DEAE-Sephacel (Pharmacia, Sweden) %, 0.01M
MY AREEE (pH 7.2) 12T, 2.6X30cm DA 7
NEFHE LT, H 7 5D - P Dk,
Heparin-Sepharose 7 7 4 =7 4 —27 0 < + 7
74— TCE s> N PAPP-A &85 HE20ml %
105 FHR L THE S L 2H200m] % 7 7 AU
hnt 7z, 0.15M, 0.30M K& ¢f0.45M NaCl A /e
FeiefE (pH 5.5) 2 v, #iHEE42ml/hic T
IEXEAEFEH Lz, EH Sz & % 2ml D538
foEHEK&R S PAPP-AEE2HIEL 72,

(Wi - i ]

DEAE-Sephacel 7 u~< 77 74— & D
N &7z PAPP-A B4 E20m] ZFEHEIC LD
ade U7c 1%, w0 NiR#ESE (Centripep 100,
Amicon, USA) 2 C1065 i L 72,

(2) SIEESIKENE

07y b SRR SR B R UM X S % T Sk B
FFHECESL.5mm D 1 %7 v —A7 w2k
KL, 0.02M hV Rex—E ¥ )UE#E W (pH 8.6)
DIKEEER * v CiTh e, wEIEO 7 Vi
TV RS hIcthr vy — 7V VTN T
— I THRE LT,

[Ty y b S Ik E ]

ot MG PiE (Dako Immunog-
lobulins, Denmark) ®&AFE X 1 50, T a.-~

K A

19

suz a7 ik (Chemicon International,
Inc.,, USA), Hi7 > ra >ty (AT ) ik
(Chemicon International, Inc., USA) K& U'#i
PAPP-A $it& (Dako Immunoglobulins, Den-
mark) O&HFEIX 1 1 100& U7z, kENHE2.5V/
cm DFEJEIC TI8HKF R T - 72,

[ 58 X )% FE Rk B

1 RITOWENEI0V/cm DFELIC TL057, £ 5
W VB OH PAPP-A PUADOAERE AR 1 1 100&
L7z 2 RICOKENZ, 2.5V /cm OB T 18HER
frotz.

3) RV7 270 N7 3 R7FVEKEIE

10%D 7 vz, fEBOZao~ 73
74— XD s R R KE L 7.

(4) SDS-RU 727 V7 I NS NVERKENE
(SDS-PAGE)

8% D7 VEHL, WkEt Laemmli et al. D
Jidix iz, Bt s v7: PAPP-A Sul 23
BILKE T 1 % Mercaptoethanol 2 & 23ZBIC FIZ
TUkEIL 7z,

(5) Western blotting ¥

SDS-PAGE %, ¥ NI A -Tuv 74 7k
WEih=otobvro— A MeETIh-EHE
%, 100fE#F MO PAPP-A Hifkic & b fuEgeth
L7z,

w =R

5,120mIU @ PAPP-A 2 &H § 2 iR KA
EIMFEIMI O VEB 7 a~ 7o 74— &
LERAEE K 1 w3, PAPP-A iZ&4FHEiEk
(478 No. 64~No. 95) WEHEHIEE s H, &
PAPP-A #?D91% (4,650mIU) AS[EIUL & 7z,
Heparin-Sepharose 7 7 4 =7 4 —27 < b 7
77 4 —DWHRERERK 2 1R 7. 0.60M NaCl
A N ABRERICT, JOH T ACEIMS Lk
# PAPP-A £1D93% (4,310mIU) 23 [ENY & iz
D3, A~ UEEEMHAE TR I R VELE ORI X
0.15M NaCl &F bV A EER I THEHERLS
N7z, DEAE-Sephacel 7u~ 2757 4 —iZ &
LZEHFBBEE 3 WCRT, ZOH T LCHMLT:
W PAPP-A &1D91% (3,920mIU) 530.30M NaCl
ESEWEEEW (pH 5.5 X D BB X iz,
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FNEB a2 ST 4 —Il & BITREREAR

EIMFPEOEOST . RECHE (A), 7> F o

YEVI (B), ap-vzuzur)y (C) OBk
HE oy oy MUEESUKENEW LD, £/ PAPP-A
OEHEEE RIA%E (D) kR,

Z @ PAPP-A &5 E20ml L& & D i
& N7 1g, 0o BECIRAEER 1 T10M5ICIRKE S L,
3,800mIU (1.7mg) @ PAPP-A (2ml) 235rBffh
e s, AR LY BMRIME PR E G &
DII% D E S 4, 48 PAPP-A D 74% 3 [EI S
hizZ ek, sSEmbREONKR TRERR
wxtd % ¥ PAPP-A & Ot (mIU: PAPP-A/

PAPP-A (1U/1)

0.15M NaCl 0.30M 0.60M
3 2 3

seeesees ol P LA,
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X 2 Heparin-Sepharose 7 7 4 =757 4 —27 1 < b

7574 —i2k % PAPP-A O, BMEAE XD
oy b RIS ESKENE T, %7 PAPP-A i RIA
HIZTRLT.
600
| :
8 9 E
@ i
- R =
S 4004 ! g
2 i €
< g
& 8
:
e
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S

P
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DEAE-Sephacel Chromatography

3 DEAE-Sephacel 7 u~ 273 74 —i2 & 3

APP-A O4 8. BERE IR 27 v b RIFESKE)

mikbdery FORIWED, £/ PAPP-A R

R

A THIEL 2.

# 1 Pregnancy-Associated Plasma Protein A (PAPP-A) 054U

A eEAEY £EH HHEME g

(ml) (mg) (mlU)  (mlU/mg) THRAEE
HARA R % 30 1,770 5,120 2.89 1.0
FLEB O N ST T4 — 300 150 4,650 31.0 10.7
Heparin-Sepharose . .
B S i R P I 20 22.4 4,310 192.4 66.6
DEAE-Sepharose 7 9= + 7’5 7 4 — 20 8.9 3,920 440.4 152.4
Centripep 10042 & 2 1 2 2.5 3,800 1,520 526.0
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1 2 3 4

M4 3FEOI/Io~w I T 74—k %5 PAPP-A
SEEROREYV 77 IUNLT  FFVERKEEC X
5P, 1 EEECRIARMAINT, 2 Y VR o<
N2 5 7 4 —%, 3. Heparin-Sepharose 7 7= |
75 7 4 —1, 4.DEAE-Sephacel 7 o< s 7 5
74—t

200

917

69

46

5 BRI L-EHEDOSDS-KRY7Z7UALTEF
4 IVELRUkENZE. 10 Marker Protein, 2 : JE&EICT
(5ul), 3 1 BITT (Gub.

21

200 kDa
6 BRanI-EHEDOSDS-RUV727YNM7 3N
7 NVE S vkEI () % 0 Western blotting 1% (2) 8
X Uu sy MUEBERIKENE(3).

mg : Protein) 1352665 & x> 72 (£ 1), SBEthiH
DEEETHoNIBHRE Y Ve LIzRY
T2ZIUNT S RFVER K EZEK 412K,
DEAE-Sephacel 7u~ 75 7 4 —8i2iX, 1%
ITH—R NNV P I, BRI -EHE
@ SDS-PAGE (K] 5) KU Western blotting -
oy MUEESRKENE (K6) kb, oTE
200kDa Pz i—7Z x>y Fruyy M SER S
7o, X FIEBLIKENE (K 7a) 1o & D, Teisner
et al. I Xk % PAPP-A (A) 5k x sl
72 PAPP-A (B) & #&L71-E 2%, HEIRE
B 2R TR S S M, %72 Tandem 22X %
EELKENE (B 7b) 1 TR fug kR
DR STz,
z =

INETKE L OWRE I L >TPAPP-AD
SYEERHEDSBAFR S N T & 72032919 T 2 137
\Z DEAE-Sephacel 7 u~ 777 4 —%2Hn3%
Z X2 &Y PAPP-A #43EERhH L7z, PAPP-A
ORI DIBFE T PAPP-A & b 00358
Tba-v7uzuz7y)re~N) U EEERE
Ths AT Ml 25RT REEHEDEF -7 L
LTHWE, RS VvER O N7 5
74— VMBEEAEESSTFRL L OH» SHES
FEOLDANEREH Lz, 2 2Tl PAPP-A 23
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b
7 a:XXNREELRKENE, (A) Teisner et al. &
DRt s L7 PAPP-A 10kl (B) Ex 088U 72
PAPP-A : 4u], b: Tandem & X Fi 8 A k&L,
(A) Teisner et al. & D #fit& #1172 PAPP-A: 9ul,
(B) $or »EE8YL 72 PAPP-A : 3ul,

200kDa L L0 @S TEREHETHS Z Lo,

7% Ultrogel AcA 34% R, WD L7z IME
HEB0ml 3h 7 LB (Ve 1.5D) D2%E%5
LIKFEL, ap- 7 a7 a7V id PAPP-
A LA S FHEBICEE L2, EhoE
ELEATHIATLVT I RUUATII IR DR
SFEEICEHELZ(K1), Ry vEws aw
NS5 T4l k DB S PAPP-A 2G5 T
B 4> 7438 4> [ % Heparin-Sepharose 7 7 4 =
Fy4—zuw 777 =ML 2), £
D d PAPP-A 0©93%%30.60M NaCl &F k
) ZAEERIC L DIEHEIRE N, e a s
07 ) D& SN SRR S R VK
SOEEEIL0.15M NaCl SEBERIC THEH L

HAEmsE48% 1 5

72. 2512 AT I 1 Teisner et al. ®#EE!Y & (4]
U <0.90M NaCl &HEFEERIC TEHL, 414
VR u~ N5 7 4 =12 &% PAPP-A D4y
HEY, FOEBLED . A~4.6THBVI I L EFIH
L, pH 5.500.15M NaCl &5 FrEE B EIR I T3
i PAPP-A % DEAE 4 # > a0 Ic Ik &
¥, ClA A VBEEZELEEL 2L 2X T
7z. PAPP-A 12 0.30M NaCl & & BB K (pH
5.5) BV, #AFH PAPP-A 091%H3ENN &
iz ([3). —Ha-~v~zuarza7)ri3xz0%
BEMNS.2THY, pH 5.50EEKRTTIE L D&
ELL TWwWa 28, LD EEED NaCl Fic T&
HanzeFzonsd, BRECBERERES L
TR B OMEHE (me) I 248 PAPP-A &
(IU) okbix, RHAMFEHIC BT 5 £ DELD5261H
(BE8IfEE) #/RL7:. %/ Bohnetal ick->T
EFEINT PAPP-A #100mIU=45ug'> L D,
H L7 PAPP-A Offiff (mg: PAPP-A/mg: Pro-
tein) 1368.4% TH v, EIRRPRHAIMFEIOM] X
D1.7mg @ PAPP-A sl stz Sk 5
W7z 12 BAF L7z PAPP-A ORs8IgIE, —BE O R5 5L
BIEICBWT, TRNETDERSOHRELD b &
D %8/ CEME O PAPP-A ZHiH 4 % O I2 )
L.

Kx 8L 2 EHE o SDS-PAGE (K5) &
1} Western blotting ¥« @ 47 v b Sy E LUk B4
(3 6)12T, #D200kDa FOEHES PAPP-A
DH—DNY FThH D ENERSN, 0%
FERukENEIWC X Y Teisner et al. 12 & 5 PAPP-A
o AR 72 PAPP-A X 3 BRI
ThdZerrani: (M7), WAPFERL
PAPP-A & Teisner et al. ® PAPP-A %#7a >
v T#EAGavHREL, i RIAEOHE
RS EER L L 2 A, BARBERICB VT,
k%2 ®» PAPP-A T 1395%, Teisner et al. @
PAPP-A TI386% L Z=HBH s fz s, Zhik
Hx DO PAPP-ANEDEMETHZ Z L2 EK
+ % LRERC, X DREOE VAR RIA HEOH
SIMTARETH B T L EERT S,

PAPP-A O 4 ENEHFEIZLIRT L 0 % < OHF5E
Fiz kD, REHRREM T RIA i & 2K
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e fRRPEEAEIC LI DI I ENTE L,

52 I RIS 2 38 U C R @ syncytiotrophob-
last L& DRk s i TB Y, BHRIIH PAPP-A
BEEZOMD% < OEREEEHE (human
placental lactogen (hPL), pregnancy-specific 81
glycoprotein (SP1), placental protein 5 (PP5),
PP10, PP19, PP21, fetal antigen 1(FA1) 7 &)
EEER IR & e R L, FIRRIICIE50
mg/l \ZET 5 7:%, PAPP-A IREFEEH D
D—DE LTEHRTH S LI HmENE ORI,
Grudzinskas et al. ® 7'V — 7%, #HHRVIEFICE
W, TR E R TR R OO ERR ARG R

TR ELER, FEINEREDZ & OREEIRIC
BWTRHAME T PAPP-A BENEEICEMEE
R ZEEIREL TV LM X SRV >~
FEARBE S B IR 12 B W THEE IR W1 B REAK M o
PAPP-A BEIMHEICEMEZR T & v 5 &N
X E, PAPP-A DY VEBEHA 2 ) —=0 7
ODEMNE~—h—ThHIr I ENHLNLER S TE
7o SEEOHAERORED, &5 EEmEROE
Izt BRBIROREE, Ry VEREZED
PR RE R OKAE « SEOBEEMSEAL TS
TED, KEE¥I® & 5 56EETIRERPHIC
RHAIM ¥ 7 @ human chorionic gonadotrophin
(hCG), alpha feto-protein (AFP) K OMJEFSE & #
I A MYFA—n (uE3) ZHE T % triple marker
test NBEMENB LW R >TETHDL®, —J
PAPP-A O 57 VEMREREZ W OF A X EHR10
BE~1BEOMEIRIIHICEED & 4, PAPP-A Uil
EN TBBBERAER S % TY v VEERR TR
60%ICEL, oSy VERBECEELRT
EDHE S T w B free 5-hCG & PAPP-A D
double marker test TIIHRHFEA85% 1z LH T2
LO®EONH Y, FZH, MEE,SATY,
rhENIAZ ) —= 2 THTHD, SBREHX
ndkrricnsBbhs, PAPP-A OEY)FH)
EHIZWE S M E N Twwdy, PAPP-A
DAY rar x—AERBRICZIN 25
ATBYAISDLOBERTEEZ S > TWw5 2 2R
B RGN A SN DY, F - AEIIHITER, $Ek
R 25 —¥ A et —t L TOREETE

A

23

M 5|mES ASNRRBEOE N TDH 2 Iql
WBOWTHELEHABEU WS 2 L2VRBR s
%, & 52 PAPP-A 39k, Bt
F) WHELEL, HHY - - HERE WS b M
£ T BT, EENTE S »OEH %
FKIRL T3 L5Th S,

S OFE L 7: PAPP-A &, X D BAxhH
EROREFICHH SN, RSEKRIGHShS Z &
z’)ﬁﬁ?—?’(“% %k F]E%OZ, PAPP-A 0)%%[7\]’(“0)%
%)*UFH'C‘% 3 }:%X_ S
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