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ISOLATION AND CHARACTERIZATION OF BIRD FACTOR X °

Factor X was obtained from oxslate plasme of duck blood
by Eenouf ot al, wmethod (4], The moleculsr weight
estimated by polyacrylamide gel electrophoresis was 52 000,
Followtn, reduction with fpemercaptoethanol two polypeptide
chains of moleculsr uotghto:39 000 end 13 000 have been found.
During the conversion of Factor X to the active form (Factor
Xa) Socroooo of moleculer weight was observed,

Introductign

Factor X ie a plasns zynoood protease responsible for con~
version of prothrombin to thrombin., Molecule of bovine Factor
X (mol. wt. 55 000) consists of two polypeptide chains: a hea-
vy chein (wol, wt, 39 300) end s light chain (mol, wt. 16 500)
held together by a disulfide bond (Esno u f et al, [4]),
The protein contsins carbohydrate moiety constituting about 10%
of the molecule which binds mainly with the heavy chain (M i z o=
uchi et al, [13]). Ne-terminal region of the light chain
rich in y-carboxyglutemic ecid ie homologous to those of bovine
prothrombin and Factor IX (Dsvie, Fujtkawa [2]),
Factor X can be friettonltod‘chro-atographtoally by DEAE Sephadex
A-50 1into two frrctions: Fector X, and Factor X,. However,
both the forms neither differ in their electrophorstic  mobility
nor biological properties (Jackson, Henahen [8];
Fujikswae et al, [6]: Jackson [7]). 1In vive

*This work wes oﬁpportoa bY the Project R, III.13,
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Factor X is activated by Factor IX ot the presence of Factor
Vi1l (intrinsic pethway) or by Factor VII aend tissue activite
factor (extrinsic pathway). Both the pathways require the pre~
senca of celcium ions and phospholipids, Factor X is also sc-
tiveted by protease from Russell’s wviper venom, a6 well as try-
pein (Fu jikawa etel.[5); Jesty, Esnouf
[97: Jesty et al, [10]). Ouring the activation process
the glycopeptide of mol, wt, 11 000 ia eplit off from Neterminel
region of the heavy chain of zymogen. This reaction gives rise
to activate Factor X which 1s able to convert prothrombin to
thrombin (Eemon etel, [3]; Kisd1el, Hanshan
(41)s Owen et gi. [15]). ‘ ;

Little literature data on structure and properties of bird
Factor X encouraged us to isolate and characterize duck Factor X
in our lsboratory,

Materials and methods

Factor X was isolated from fresh oxslate duck plasma (9 : 1)
according to the method of E s nouf et al, [4], The puris
fication of Fector X wae carried out by three-step tachnigue:

1. Adearption of plasma vitemin-K-dependent proteins on  ba-
riun sulface end elution of adsorbed factors by 0.1 M citrate bu-
ffer, pH 6.8. ‘ '

2, Selective adsorption end chromastography separation of Face
tor X and prothrombin on DEAE Sephedex A=50, The linear gre-
diant of 0,14=0,47 M NaCl in 0,1 M HCl-Tris buffer, pH 7.5 - wes
spplied for protein elution, _ :

3. Rechromatography of Factor X on the same ion ~exchanger
with linesr gradient of 0,24-0.5 M NaCl in 0,1 M HCl=Tris buffer,
pH 7.5. 1In some experiments rechromatography of Factor X on
CNBr~Sepharose~heparine with linear gradisnt of 0,005-0,5 M .KCI
in 0,01 M triethsnolamine~HCl buffer, pH 6,35 was done., The so-
lutions used during the preparation of Factor X conteined PMSF
10%M Cor 1073M), —

Protein concentration was determined by Br ad f o r d me-
thed [1]. Homogenity of Factor X samples was tested in 7% poly-
scrylemide gel electrophoresis accoring to the method of W e=-
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ber and Osborn [17]. Following ecid hydrolysis of »
pretein sample (5,5 M HCl at 110°C for 24, 48 and 72 hr in
vacuum) emino acid composition of duck Fector X was established
on an automated amino ecid analyzer (JLC 6AH, Jeoll.

Factor X was activated by protease from Russell’s viper venocm
et the presence of calcium ions at 37°C for 15 min. In 8  ty-
pical experiment the asctivation mixturs contained: 250 ul Fac~
tor X (0.5 mg protein per ml), 500 ul 0.4 M Tris-HCl buffer,
pH 7.5 containing 0,04 M 00012 and 0.8 M NaCl, 3 ml of water
end 50 ul Russell’s viper venom (0,2 mg per ml), The reaction
wes stopped with 100 ul 0.4 M EDTA,

Results and discussion

Figure 1 shows 8 typical DEAE Sephadex A-50 chromatography
profile of proteins previously selectively adsorbed on the sa-
me bed, As we can see fractions containing prothrombin and
Factor X were eluted as two separate peskse, The Factor X
fraction was then rechromatogrephed on DEAE Sephadex A~50
(Fig. 2) or CRBr-Sepharose-heparine (Fig. 3). In both caseo
Factor X was eluted 8s two partly ovaerlepping peaks defined:
Factor X, and Factor Xoe This heterogenity aay be due to
the presence of an additionel sulfate group in duck Factor
X, @s it is suggested for bovine Fector X - (Mo r it a,
Jeckson [14]; Ti1taeani et al, [16]), Both the
forme possess identical electrophoreatic mobility and during  SOS
electrophoreses niér-to es one band of mol.wt. 52 000 (ses Fig.de,
end of this volume, p.193), The molecular weight estimated by this
mathod is in gooJ agreement with that reported by E s nou f
ot al, [4), for bovine Factor X (1973), After = redustion
with (3 =mercaptoethanol two bands of mol,wte . 39 000 and 13 00O,
carrespanding - xq_f_ghq;;hugy.,-vzand light chains .- of bovine- Fesctor X
appear (see Fig. 4b, end of this volume, p. 193), The amino acid
snalysis demcnstrates that in duck Factor X sbout 30% of acid
and 14% of basic amino acid residues are present, In compae
‘rison with bovine Factor X duck protein contains less basic e~
mino acids and almost the eame amount of acid amino acids
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Fig. 1. Separation of duck Factor II and Fasctor X on a co-
lumn (3,5 x 20 cm) of DEAE Sephadex A=50, The protein was ad-
eorbed on 2,5 g of DEAE Sephadex, which was poured onto 6 g
of DEAE Sephadex equilibrated 4in 0,14 M NaCl in 0.1 ™ HCl=
~Tris buffer, pH 7,5. The column was eluted with » 1.8 li-
tre linear gradiont of 0,14=0,47 M NeCl in 0.1 M HCl=Tris buf-

fer, pH 7.5 conteining 10°*M PMSF, 18 ml frections  were
: collected ; = oN

Rozdzial ehronotogroftczny kaczego czynnika II 4 tka X

ns kolumnie (3,5 x 20 cm) =z DEAE Sephadex A=50, Bistka =zaed-

sorbowans na 2,5 g DEAE Sephadex A=50 nsnoszono na kolusne u=

formowana z 6 ? DEAE Sephadex A~50, =zréwnowszong 0,14 ]

NaCl w 0,1 M buforze HCl-Tris, pH 7,5, Elucje prowadzono wo-

bec tego semege buforu (1,8 1) o wzrastsjgcym stezeniu od

0,14 do 0,47 M NaCl,. Rgfdzaot prowadzono w obecnodci PMSF
o stezeniuv 10°%M, Zbiersno 18 ml frakcje

and hence the protein is more acidic, The duck Fsctor X
wes activated by protesse from Russell’s wviper venom at
the presence of calcium ions snd the molecular changes-'of
this factor during the sctivation resction by polyscrylani-
de gel electrophoresis were examined (see Fig. S, end of thie vo=-
lume, p. 193). At zero time a single protein band corresponding. to
Factor X (52 000) wes observed.After 5 min.of incubation a second
faster moving band corresponding to Factor Xa (40 000)sppesr-
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Fig. 2. Rechrometogrephy of duck Fector X on a column (3 x

x cm) . of DOEAE Sephadex A~50 equilibrated in 0,24 M NaCl

in 0,1 M HCl-Tris buffer, pH 7.5, The column was eluted

with @ 1 litre linesr gradient of 0,24-0,5 M NaCl in 0.1 M

HCl-Tris buffer, pH 7.5 conteining 210°*M PMSF, 10 ml frace
‘tions were collected

Rechromatografis kaczego czynniks X na kolumnie (3 x 28 cm)

2 DEAE Sephadex A-50 2rdéwnowazonej 0,24 M NaCl w 0,1 M

buforze HCl=Tris, pH 7,5. Elucje prowadzono wobec tego sa-

mego buforu (1 1) o wzrastajscym etgzeniu od 0,24 do 0,5 ™

e Rochro-otograf&z prowadzono w obecnosci PMSF o stgZe~
niu 1074M, Zbierano 10 ml frakcje

ed, Under the experimental conditions complete conversion of
Factor X to Factor Xs occurs after 15 min, Figurs 68 shows
the densitometric scanning of gel after electrophoresis of a
nonreduced eample of Factor X end Factor Xa. Two peaks core
responding to nonactive and active forms of Factor X eare
present., Figure 6b shows these proteins after reduction with
B -mercsptoethsnol. Three distinct protein peaks are obtai-
ned., The first and the second correspond.  to the heavy cheins
of Factor X and Factor Xa, respectively., The third one cor~
responds to the 1light cheins of both forms of Factor X
as they possess identical electrophoretic mobility.  These
results indicate that molecular weight of only the heavy
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chain of Factor X decreassed during the activation process,
It 4s 4in agreement with the previous data for bovine and
human Factor X (Fujitkawe ot el. [5]: Jesty,
Esnouf [4]; Jesty et al, [10]),

The resulte obteined suggest that bird Factor X has
got a number of common features with mammalian one i.e.:

~ similar molecular weight,

~ two polypeptide chains (heavy and light),

- activetion connected with the heavy chain degradation,
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Fig. 3, Rechromatography of duck Fector X on e column of

CNBr-Sepharose 4B=heparine equilibrated in 0,005 M KC1 in 0.01

M triethsnolamine~-HCl buffer, pH 6.35. The column was e~

luted with a 0.5 litre lipear ,rldiont of 0.005-0.5 M KC1

in 0.04 M triethanolamine-HCl buffer, pH 6,35 containing
10%M PMSF, 4 wml frections were collected

Rechromatografia kaczego czynnika X ns kolumnie 2z CNBr-Se-

pharose d48-heparyna -zréwnowazonej 0,005 MKCl1 w 0,01 M bu=-

forze tréjetancloamina-HCl, pH 6,35, Elucje prowadzono wobec

.tego samego buforu (0,5 1) o wzrastajgcym etezeniu od 0,005

do 0,5 M KC1, Rechromatografie prowadzono w.obecnoéci PMSF o stg-
: zeniu 1074M, Zbiersno 4 ml frakcje
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Fig, 6. Densitometer scans of stained SDS polyecrylamide gel
electrophoresis of duck Factor X and Factor X, . -
a) non-reduced protein: b) reduced protein

Wykresy densytometryczne po elektroforezie w Zelu poliakryloami~
dowym z SDS kaczego czynnika X i czynnika X,
a) biatks przed redukcjg: b) bislks zredukowane
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OTRZYMYWANIE 1 CHARAKTERYSTYKA PTASIEGO CZYNNIKA X

Czynnik X otrzymywano ze éwiezego osocza kaczego zgodnie 2
metode E s nowufa 4wsp., [4]. Mesa czgsteczkows okreslona
za pomoca metody elektroforezy w 2elu poliakryloamidowym = wynosi
52 00C, Pc redukcji A~merkeptoetenolem otrzymano dwa  larhcuchy
polipeptydowe o masie czgsteczkowej 39 000 - i 13 000, Podczas
przejécie czynnika X do aktywnej formy (czynnika Xa)obserwuje sig
spadek masy czgsteczkowe] taficucha cigzkiego zymogenu, :



