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Purification and Characterization of a new anti-coagulant protein, PP27,

of placenta protein (annexin V-like protein)

Jang-Hyun Kim

Dept. of Pediatrics, College of Oriental Medlicine, Dongguk University, Seoul, Korea

It has long been known that Jahage(%%7]%) extracts of Placenta hominis are effective for
immunological and vascular diseases in human body and thus, was used a major constituent of traditional
oriental medicines. From full-term human placenta, we have purified a new type anticoagulant protein,
PP27, using different chromatographic techniques of a phenyl TSK gel 650M column, DEAE, HA and
Mono-Q columns. PP27 showed single band on SDS-PAGE with a molecular mass (Mr) of 27 kDa under
denaturing conditions and a calibrated Sepharose 4B column chromatography indicated a molecular mass
of 23 kDa, indicating that the value is similar to those of other PP4 enzyme reported to date. Isoelectric
point of PP27 was pIS2. The protein was found to inhibit the coagulation time in a
concentration-dependent manner, PP27 was acted as a vascular anticoagulant of annexin type, inhibits the
blood clotting process by binding of the essential lipids in a reaction which is dependent on Ca2" ions.
In the presence of Ca2’ ions, PP27 combines with platelet membranes neutralizing their procoagulant
effect. Coagulation triggered by the addition of thromboplastir/ lipid- mixtures is extinguished by PP27.
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23 A %EE Sigma Co. (St Louis, MO. USA)A
L AHEEET

K

!

M

1) PP27(Placenta protein 27)21 A

g4d Aegd Alge ¥ 1,000 g8 Waring
blender A 20 mM Tris-HCl (pH8.0), 0.1 mM

EGTASH 0.1 mM phenylmethylsulfonyl
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fluoride(PMSF) 2 T4¥ &3 2000 mie T2 3
AT T5H2 10,000 gollA 302 B g4 Eel
BT 2.0 mM CaCl2 (f.0)9+ 500 mM NaCl (f.c)
& AN Arketn, 2 £42 10,000 goll A 30
T ¢ A fAREs o AREE 4T
phenyl TSK Gel M650 (Tosoh) column (50X70 mm)
o Zo], 20 mM Tris-HC! (pH8.0), 500 mM NaCl,
20 mM CaCl2e H7isted tH A AT

Step 1. Phenyl TSK gel 650M column
chromatography @ §4€ @93 e 7t B3Ez ¥
2jgte, Zr 88 1 M AL EF, 1| mM EGTAS
5 mM DTTZ FAE 50 mM Tris-HCl $&A(pH
80022 #HY AlA  fast protein  liquid
chromatography system (Pharmacia)e] #2H€
Phenyl TSK gel column (2.3 em X 25 cm: Tosoh
Co. Ltd., Tokyo, Japan)oiM d&aez £&5A17
o} columne BE #EFA(3 liters) &2 A H3}L,
Sl 2 FAG dFAoA 1A 0 MY R
EF AEOR 20 nt/hrd F&olM 2 me] £EE &
Z2A7AY 429 UV ZYE (Pharmacia) 2 280
nolA dHAF=E SR, olnf PPe 274
9 peakZ &EHAW. F, 075 M FAGEF
(fraction numbers 18-22)9 = ZH|A £&5
© A HA 2L peaks HE T, 0.35 M FAYEF
(fraction numbers 27-32)8 ¥% ZAH A ££5H
= F WA 2 peak: PPEA] Qo] A¥do=
2ot g4ste FE RHEL Uiy EAE
Mr = 10,000¢1M Sz=e ZEd A77](Amicon
PM10: Amicon Co. Ltd., Danvers, MA, USA)dl ¢
& 4T < 1092 &3k, 50 mM Tris-HCI
¢ZA(pH 8.0)3% w2 sFHEG TGt

pn

Step 2. DEAE Toyopearl 650M column

FNE uudse 4 s
2alaya, 4 £8L& 50 mM Tris-HCl €29 (pH
8.0)e2 #HY AlA fast protein liquid
chromatography system (Pharmacia)e] Z3€
DEAE Toyopear] 650M gel column (2.3 cm X 25
em: Tosoh Co. Ltd., Tokyo, Japan)ollr] 9&H o2
E£2AAY. columne %Y gxAoz AHdla,
e FUT FEAA 0e)A4 0.3 Mo NaCl
£202 30 mi/hre) FE0M 5 mt BEE £F4
t}, 2248 UV monitor(Pharmacia) 2 280 nmell
A 23stgct. 0.09 M NaCl (fraction numbers
23-28)9] Tx ZAM £&He dHAEES A
B atad of F(Amicon PM10: Amicon Co. Ltd.)ol <
& 4CoA ok 1082 55=U3, 5 mM HEPESS}
5 mM MgCl2 (pH 6.2)& il 329E¢ F43)
[t

chromatography :

)

Step 3. Hydroxyapatite column chromatography :
el 9AZEE F%E pool (5 nb)2 47 5 mM
HEPES, 1 mM EGTAS 5 mM DIT (pH 6.2)& %
ol FAIE hydroxyapatite column (1.2 cu X 12
cn: Pharmacia LKB, Upssala, Sweden)®iol A
chromatography® Al3atdch. L SFH(30
)22 columng AT ¥ AL UG 43
Aol A 0.5 mf/min®] FESZ 408 B 0~-1.0M
o] NaCl %22 &2AZY. 289 71 0.3
mollh. ARE columne] 22 ¥, 0.6 M NaCl
2NN £38 S 2T (tubes nos 36-42)& Zo}
o 32 (Amicon PM10)3IR o™, 54L& LT
gzdoe BMEFY, Iy, 849 dF H2
BRo] 28 AWle BYdME wA=A

%]
ztzy 50 mM

Step 4. Mono-Q column chromatography :
dAZEE ¥Z2F pool (5 ml)
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Tris-HCl €%<(pH 8.0), 1 mM EGTA ¢ 5 mM
DTTZ %¥o] A% Mono-Q column (1.2 em X
12 cm: Pharmacia LKB, Upssala, Sweden)$oll4]
o] 2w ¥ chromatography® Al#3lAch YT &
ZF4(30 )2 columnes MHF ¥ dulFe F
U gEAolA 0.5 mi/mine] FEHOE 408 o4
0.1-0.45 Me] NaCl 3oz £2A7t £8 3
71€ 0.3 otk AIRE columnol 2 %, 0.24
M9 NaCl 5= @XM &£&8 24 £Y(tubes
nos 31-34)< 2o} o7 (Amicon PM10)e] 8] ¥
33, 34 FEY 9392z 015 MY
NaCl F=ollA F43kdct.

Step 5. Sepharose 4B& X T Geld] i3k £4
g AEe (1 m)€& ZZ fast protein liquid
chromatography systemo] Z33¥ Sepharose 4B
column (FPLC. Pharmacia LKB. Upsala, Sweden)
£ AMg3led 1 mM EGTA. 5 mM DTS 0.15 M
NaCl& X&3t= 50 mM Tris-HCl €39 (pH 8.0)
M HE L FAAIZY, DA YL v53ta, 5
mM MgCI2, 1 mM EGTA®} 5 mM DTTE Egste
5 mM HEPES €% (pH 6.2)914 FAsigloH,
oj3te] Age| ¢4% dA e Algsiict

2) PP272l 21 =R i3t &Y

— T O

thekgt ko]l PPE lipid-free Neothromtin (Sigma

Co)& AH&-8led A Fo] A3-s4d oz g
ozl oe] 7kA] AFFxoAM FEnHE AP
. $3 Az th3t Zo] APk 100 1 E
& 3t ¥A(standard human plasma : SHPL)&
A2 (&2 PP) 100 ¢ 9 Neothromtin 100 (2
EFstm 37CAM 28 B B2 Mg T 25
mM CaCl2-solution 100 & F7I3lRt}. A
< S3AE AHEEY s

R oY
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Chiang, T.M. $'%¢] W& o] g8l FeAo| 3
7td ddozRe FHEHrt ¥awe 10 mM
HEPES (pH 7.4), 0.15 M NaCls} 0.1% 13t &%
(FEA Aol TFE BHo2 33 AHHUL
oloj VAW (265 cells/ul)& ThEd ¥l PP27
(0-0.5 mg/m¢, final concentration)® &7 37 Cell
A} 5% B<F 1 mM CaCl2z} EAdte 48T E4
32} Ge A#lA g2 wdHAUR, CaCl2rt EA
e 433 EAER] e FFA 47 g5 A
Z 33 AH=EU.

HAHL 0.5% Triton X-10034 100 mM EDTAE
EEste g3 Ad ST AXY JHES
d4Eee o3 AAHUY. Faud AP
PP279} %€ Romisch, J 5'%0] A& upe} o]
PP4o] g Bold& 717 2848 FAES Al
&3k ELISAY 98 $3 =K.

4) PP279l ZEMFRoff wE oIzt Ao
Thrombelastography

1728 FAAREE A FL2 AT €Y 360

€ &4} Thrombelastography (type D)&] cuvettel]

Yoz &4 ¢39 A PP2T (20 we/md, fc),

tissue-factor solution (Thromborel, dilution 1:

4200) %% Thromborel/PP] EFEE cuvetteo]

Yo A 233t
5) X2lstx| e =21 X2 J)st A g
of ChAIMZof CHEt SfE &S PP272 2
Ate] S /AN TE ThE3 o] Eelsld
sk’ aoksid slgasy Axeg AR Y
o] E3HE ©wHITE Ficoll-Hypaque gradient
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AAZ o3 thE ATEF 2YHUD. @Y7
© F843 Petriperm dishes25E 9] §&A#H 3
AU HBAL G AMERY Y& T A
EE2 J1AAHA muke] oF EeEJAR Petr
dishes ¢t 2 SAAY.

4¥29 wjkd HAMEZE Saccharomyces
cerevisiaeZF-E] F¥|E M EHY zymosan (50 g/
m) Ex FHYE B4 HIHIZEUY 5UE &
o AAF F42 49 129 BEA (100 pg/m)
o o) 2FHAS. 37 TAN 24 2 4847 &
Qb & wiFe T PBS (pH 7.2)2 F W My
% AEE MR (REE) B9 olle AFHA &
& MEFF(HNET)ET 37 TAA 30% o4 20
mM Tris-HCl (pH 7.4), 150 mM NaCl®% 5 mM
CaCl2 tollA FITC-labelled PP27 (50 pg/me)=
A gL wiFEAT 2¥HA %L TWE S PPY7
ol gle ¢Fdog MEEE AAsid AANT ¥
o WAAEe FRHuF oz HEIAT.

6) PP272| &M & (Isoelectric point) &4

= o
5L

LKBS AMPHOLINE PAGPLATE,
pH3.5-9.52 &35t} Bio-Rad2l IEF standards
g BHH 23T d8 AEIET. Geld

Coomassie Brilliant Blue R-2502.2 A=t

uld &9l sodium dodecyl sulfate (SDS)-PAGE
E Laemmli®] el o3} A8=590” Dadol
bande Coomassie Blue R250 dyeZ FAHUZ,
5% M¥E-15% oM EAF (v/v) o &do2 24
=t} A8 Molecular mass markers (Bio-Rad)
= phosphorylase B (97,000 Da), serum albumin
(66,000 Da), ovalbumin (53,000 Da), carbonic

anhydrase (32,000 Da), soybean-trypsin <A
(21,500 Da)$} lysozyme (14,400 Da)& AME3IA
o}, @A L Coomassie blueZ FAsHoH MH
2 £34 el & FHL ovalbumin, BSA,
cytochrome C (12.4 kDa), catalase (240 kDa)$t
thyroglobulin (669 kDa)& F¥ste I Uiz
® Sepharose 4B column (1.6 cm X 76 cm)< W
o2 YUY, vdde] JEEL Lowry et al.
(1951)¢] wgel o8 23=AFY.

b4 =

1. M28 olzh et ctul™ ppo7ol
Het 54

H438] A& Aol gwk 1,000 g& 7Hx] 3 Thed
&t chromatography 71€& AH&-8te] PP272 % A8}
Hot. eiwre] 2T & phenyl TSK gel 650M
columnll Al chromatography &&A] PP272 F74<
peak® £&EUTt. 2 FoAM 0.35 M FALEF
(fraction numbers 27-32) &4 &&= F 9
2 FH peak® st Th-E QA HA S AL
fatgch, TRz gen wwidg ¥
£ phenyl column w39 FHYL AEKd}
DEAE, HA, Z23]3 Mono-Q columnE .
£29 994 24 9 peakollr] £5€ RS
AAE pre AHEEIEth FAE PP SDS-PAGE
oA @ band® YEMATH (Fig. 1).

e g4 dady XM tAHZ 9
3 AgdA 27 kDalZ ZAIAT (Fig. 1),
Sepharose 4B column chromatographyol& 23
kDag] A #E ettt o] £ AF7A B
2¥ 9 Pp4d A9 ¥&eAn”. PP £

37



Cf Hatet A ObRESES X| vol 14, No.2, Decernber, 2000

A4 (p) 85.28 3=,

PP2TE obr|:=ARFE47]d] o8 2H EA§
An 9yde] N-2Y MEL AgHA ggen
PP279 147} obFlx=it MEE 23T & AU
(Fig. 2). PP279} opv]i=4t ¥lE-& AR S-100P%}
€ 46%. A S-100 gske 42%7F AR Eg

$-100 @A Fo] FZAtold] v F BEHo] gl
e AME 23 o PP27S S-100 ©AE F
o] 7]&d) olu] EnE EAEHE Ay 4AHA
gkgteh wabM P27 Izt EiwelAM FEHE
S-100 ©ed e M2 Tl dgdes 47y
Ak,

96

66
53

- 32
21.5

V YY VYV V

14.4

Fig. 1. SDS—polyacrylamide gel electrophoresis of the purified PP27 from

human placenta

Lanes M, molecular size standard markers of phosphorylase B
(97,000 Da), serum albumin (66,000 Da), ovalbumin (53,000 Da),
carbonic anhydrase (32,000 Da), soybean-trypsin inhibitor (21,500
Da) and lysozyme (14,400 Da); 1, Phenyl Toyopearl eluates; 2,
purified PP27 (10 pg). Proteins were stained with Coomassie blue.
Arrowhead denotes the position of PP27. Positions of standard

proteins are indicated.
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PP27
human S-100P
human S-100beta
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Fig. 2. Amino acid sequences of PP27 and some other members of S-100 protein family.

The sequences of peptides are given in single-letter codes. Identical amino acids
are underlined.

2. PP279

Coagulation time (sec)

e

250

FTb g8 PP279 g1 E3E oY A ¥
58 Ao} EAste A8olM AP Fig. 3
3 Zo] 2aE AAZ/MsEd wel /HEEHNeH

200 +

150 -

100 -

50 A

—@— Undiluted

L0 12 Va
1:4 C A
: 1:10 /
- 1
—0-- Li;i?j-free ///,3
./
faal / / o
. /o
/ e

0.2 0.4

PP27 concentration (ug/ml plasma)

Fig. 3. Influence of lipids on the anticoagulant effect of PP27

Coagulation of SHPL without/with increasing amounts of PP27 was tested.
Influence of elagic acid and different concentrations of lipids on coagulation
were examined using Neothromtin (Boehringher).
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Table 1. influence of the lipid—concentration on coagulation time in the presence of PP27

Lipid added
(dilution of lipid-containing

PP27 amount needed to double coagulation

time (ug/test)

Neothromtin)
11 1532
1:2 752
1110 351
1:20 0.87
140 056
Lipid-free 043

T SLTAIHE)E FE & o2 PP &3
AJHAG, 28y, ¥ AdFzrt 3712 dele
PP278 20 &£ #-¢3 Iy} BREACH (Table
1). % $27t AA2RE {8 £+ elagic
acidell g8l AlFHUTHA olvlz e F& o7
#g ol

3. gotgmol o3 YA
PP27e| o3

my
el

=

Yapae AFE FA] Hstd FEIF UE
PP272 Ca2'o] &Asle 487 ZA5A ¥ 4
ol HHE Al daun @4 2 dIe
3o AR %L BAEST aue AFgez
N AAsA. 2¢E PP EAEL ELISAC 9
& 238ATh Table 28 A9E %o PP279]
Ca2'e] ZA8HA % F&or ¥ FxAM 24
Fihe AL Uit d2H o2 Ca2'o] 248
' 4%lA PP27 EHA R YAud AT
o €493 2FF 499 ca2' 9 2YL 1%
=] PP270] EAste AddAN TAL ¢ U

40

1 g gas.

A% Al o2 RE A AR A En}
t} 7-8 X 10-4 pg PP27& ¥R ojal@ &
Ee gd9 gnE W] st AgE fd

" heparin, hirudin & citrateZ= Bl EH oA},

@] 27te] 4022 #3§A7l= EDTAE PP27
o] A5 AaollA g A E fEstdch
<30 i PP270) HAww Asle AHE B
#a7] 93te, PP279] Fko] ©E FoauHt U
e g2 84%E SHPLY HUistd SaHe
AHE SuAE ol&sld EHHT. ELwE
Ca2'o]l ZEAlzhs A¥oAM Huige AE Z2%2
A st A2 PP4Y H=2 FujdEAch 8
Aol $1(90%) 71&< &8s SHPLY F7t
¥ <o, Plasma recalcification time (PRT)Z
18527t F7H=E Aot (Fig. 4)
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Fig. 4. Effect of PP27 platelet-binding on coagulation

Washed PPZ27-loaded and control platelets were added to SHPL and
recalcification-time was measured in a coagulometer: (A) SHPL, (B) SHPL+
control platelets, (C) SHPL+PP27-loaded platelets and (D) SHPL +
PP27-loaded platelets, but subsequently incubated with EDTA and washed as
described under Materials and Methods.

Table 2. PP27-binding to human platelets

PP27 added final PP27 bound (X 10-15 g PP27/Platelet)
concentration(uzg/mé) n -Ca2’ +Ca?2’
0 5 0.54 07
1 5 0.76 75
4 5 1.10 431
10 5 1.16 2127
40 5 1.34 4338
100 5 1.65 454.3
200 5 276 432.6

Increasing amounts of PP27 were added to a platelet suspension (255,000 cells/u4) in the
preserice and absence of calcium-ions (final concentration: 1mM). After removal of
unbound proteins, platelet-bound PP27 was determined by ELISA as described in
"Materials and Methods.”
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4. Thrombelastography A&olA Ajzt
gaolof cist pP272 &1}

Br} A gl 4844 PP279 #31ng9]
23& s Add A g9
thrombelastography® 2#3Ath 1 23, A%F<
FE 20 pg/mee} PP270] F7HHRAE o SnAITE
£ 478 AT L eI (Fig. 5
F A dgels S48 tissuefactor 9L 3

o Frlstted, dxT 43 vlmated B o %
Azl dig ws Zagdd F71E
tissue-factor®] §3&A &3} PP27 (20 pg/me)oll
o3 3+ £5 ofvet 2R FYstA A A
123

V. =z

EABE R A BB Masle) Bg
Aoz Hukol WpkS Fslm, o) Eaty BeR
orol WFFE Zie| Sol7t fme 2A #Wan B
He BANA ARCE A HiEEo B e
BEHY fOTE 2 BEHE 5 B2 wHsted

Bk 2ok A0 EfEste EAsE EL st
dctn 712 B Bse] (gL
Fiio] BHESAY A #HBE TuI? &
M2 BRY oF A SHEENE Fhr} Bkl
A A3 857 AZREH, F2 MEELEHR
e MRS ol Sdto] RMARS, BB FM. b

40

30 A

Time (min) of coagulation
o]
o

u
-
.
_

c D

Fig. 5. Effect of PP27 on thrombelastography with human biood

Thromboblastography of freshly-drawn blood (A), in the presence of PP27

(20 pg/md),

final concentration) (B),

tissue-factor solution (Thromborel;

diluted 1: 6400; Behringer Mannheim) (C) or tissue-factor solution (as in C)
together with PP27 (as in B) (D); Time was recorded during coagulation.
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Qlt}

Ze delg B o annexin® &1 §4< 71
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g oojJel 2= F ER o SAHFZ vl
phospholipids®] &l ojs] ZatA A&UA dot.
€438 ¥4u9 a1 38 oA PP2TY
A o8 F342 = Aok tiF 7-8 ¥ 10-16 g9
PP270] 2T ¥ide] AFHUch Ca2'o] 24
e A8 PP2T3 Zo] g wjdsit A%
< 700 #e] Fo 2 ZFSHA €. FIE T E%
oz} 4xlo] A7 #PE $1E7 a%E Y
A AAsHA ddt.
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