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ACTIVATION OF DUCK PROTHROMBIN BY FACTOR Xa
AND THROMBIN

Prothrombin from duck sodium citrate plaema, was isolated
according to the method of G r e n t and Suttia[6)
The sctivation of duck prothrombin in a homologous system co-
ntaining duck Fsctor X and celcium tons induced the sappea=
rence of the final product=thrombin and activation products
of molecular weight in the renge 21 500~52 000 as it was es~
timated by polyaorylaoido gel electrophoresis,

Introduction
e e —

Prothrombin is a glycoprotein, conaisting of & single polype~
ptide chain with molecular weight of sbout 70 000, This prote=
in plays 2 pivotsl role in the final stages of blood coaguletion
by converting fibrinogen to fibrin,

' Complete activation of prothrombin by sctivated Factor Xs,Fa-
ctor Ve (Fig. 1) phospholipids and calcium ions results in the
formation of thrombin and two eactivetion producte (Fragment - §
end Fragment 2), (Seegers et al,[11]; Magnu s
son et al.[7]). ‘ i |

Factor Xa 4in the presence of calcium ions is also eble to
activate prothrombin to thrombin, This factor is responsible for
iplie of two polypeptide bonde A’9274'Th'275 and A'9323
-11032‘ to form Fragment 1,2 and Intermediate 2, o dzrect pro-

*Thio work was gupﬁor:od by Project R,III.13,
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Fig. 1. Scheme of prothrombin actt:.taon by factor Xa and throme
in

Schemat sktywacji protrombiny czynnikien Xa 1 fro.blnq

cursor of thrombin (Owen et al, [10]; Esmon ot
el, [2, 3]; Baneé-Gruszka eteol [1]),

Generated thrombin clesves the bonds Argygg-Seryg,; both™ “in
the prothrombin and Fragment 1.2 releessing Fragment 1 and Inter~
mediate 1 as well es Fragment 1 and Fragment 2, respectively
(Grant, Suttie [6]; Suttie ot al." [12);
Malhotra [9]) :

Materieis and methods

Prothrombin was isolated from fresh duck sodium citrete plasme
(9 : 1) waccording to the method of G r an ¢t and Sut-
tie [6], To isolate duck prothrombin we spplied enzyme edsor=
ption of barium citrate, The barium citrate precipitate was die~
solved in 0.2 M EDTA (pH 7.0) and then some contaminsting pro=
teins were precipiteted by the eddition of an equal volume of se-
turated amwonium sulfate, The precipitate was removed by cene
tftfugat&on and prothrombin was separsted from the superne-
tant by eddition of the same voluma of saturated smmonium sulfa-
te, The precipitated prothrombin was dissolved in 0.05 M imida~
zole~HC1l, (pH 7 8) containing 0.02 M sodium citrate and 0.2 M
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smmonium chloride end dialyzed asgainst the same buffer for 3=
=4 h, The crude prothrombin preparations were chromatographed on
DEAE Sephadex A=50 using @& 200 ml linear (0.2 to 0.45 M) ammonium
chloride gradient in 0,02 M Tris=HCl buffer at pH 7.5, In the
course of separation the main peak containing purified prothrom-
bin (elution between 0,24 to 0,26 M ammonium chloride) end  2~3
peaks being most probably impurity proteins and prothrombin de~
gradation broducta were obtained, Next the main peak was rechro-
hetographod on an identical DEAE Sephadex A-50 column, Every pre-
paration and purification etep wass carried out in the presence
of inhibitors seuch as: soybesn tripsin inhibitor 20 ug/ml, he~
parin 10 U/ml, phenylnathylsulfonylfluoride 0,001 M and  DFP
10", e ' :

Factor X wes also isolated from duck blocd according to the
method of E s nouf et el., [4]. The conversion to the
active form (Xa) was performed with Russell’s viper venonm pro=
~ tease (ratio of enzyme to substrate 1 : 100) in 0.025 M Tris-HCl
- byffer, pH 7,2 4n the presence of calcium ions (0,01 M)(F u § i=-
kewa et al, [5]). : ‘ : ;

Prothrombin sctivetion by Factor Xa 1in the presence of col=
cium ions was performed according to G r a n t  end S u t~
tie [6). Prothrombin samples (50 pg, 1 mg per ml) were in-
‘cubated with Factor Xa (5 pg) 4n the presence of calcium 4ons
(5 aM) for 0, 5, 15, 30, 60, 120 and 240 min, et 37°C, The ree<
ction was etopped by sdding sodium dodecylsulfate (S0S) to & fi-
nal concentration of 1% and heating to 70°C (water bath) for 5-
=10 min, ' Lk '

Prothronbin acttvaiibn‘producte cppoiringvdhrlng the convere
sion of prothrombin into thrombin vere examined by SDS polyacry-
lamide gel electrophoresis (7.,5%) by We ber and 0 s~
born method [13]. : :

Results- and discussion

The preparation of duck prothrombin after purification . on
DEAE Sephadex A-S0 according to Granmt and Sutctie.
[6] was chromatograsphically homogenic end moved in polyacrylami=
de gel as a single band (see Fig. 2, 3, end of this volume,p. 191).
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T 8’01 0%
Molecular weight of prothroahin
and prothrombin activation produotl
Cig2ar czasteczkowy protrombiny
1 produktéw jej aktywacji
, Incubation time (min.)
Protein Molecular dieit LT
) weight O 5 15 30 60 120 240
~ Prothrombin (duck) 77 000 AR ER Sl ghoig -
Z;Intermodtata‘ - 2
i form 1 5 52 000 - - - - + 4 +
| Fragment 1.2 45 000 b o Bl AR e
; Thrombin 33 000 . T B .+ o+ .
Fragment 1 23 500 -~ - L it .+ +
! Fragment 2 .21 500 e = - z v * +

+ presence, =~ obsence, > trace amount of fraction

Table 2

Molecular weight of prothrombin
and prothrombin activation products
 (activation in the presence of DFP)

Ciezar czasteczkowy : rotrombiny
% produktéw jej aktywacji
(procoa aktywncji pronadzono w obocnotct DFP)

o Rl | T e e
% éfothromﬁin‘(duck) 77 000 . PP Rt + i g 48
? Fraghent 1.2 - ] 45000 L B gy :' o e
; Throébin G e ud 33 000 ,ﬁ '-  o ‘0 L ; + . -o,f’

'+ precence, - absence, < trﬁce amount of fraction
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The activation of duck prothrombin in & homologous systenm
containing Factor Xa and celcium ions induces the appearance
of degredetion products, The analysis cerried out by the PAGE-SDS
(7.5%) revealed the presence of an intermediate and the final
product=thrombin. of molecular weight in the range of 21 500~
~52 000 (Tab.1; Fig.4 = end of this volume, p. 192 and Fig. 5). On
the basis of the results obtained we can assume that similarly to

!

P - Prothrombin

T - YThrombin

W1 - iermediate form 1
F12 - Fragment 12

F1 - Fragment 1

F2 - Fragment 2

N/ S Omin
PP L

' Fig. 5. Densitometer scans of steined 1% SDS polyacrylamide
gel electrophoresis (7.,5%), 8 mA per gel, of the time course of
the ectivation of duck prothrombin by Factor Xa, Incubation times
: were 0, 5, 15, 30, 60, 120, 240 min. :

Wykro-y,donaytductryczno rozdzialéw w 7,5% zelu polgbkryloanidoi
wym, 8 mA na rurke, pa aktchcjt‘kaczoj protrombiny czynnikiem Xa.
Czas inkubacji: O, 5, 15, 30, 60, 120, 240 min. - =
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pammalien prothrombin, Factor Xe cleaves the same kinds of bind-
ing sites in duck prothrombin between Argzn-‘l’hrz,5 and Ar9323'
~lles,, (Seegers etal,[11]; Magnueson et
2, [8); Grant et al, [6]). The appearance of Frag~
ment 1 and Fragment 2 as well ae Fragment 1 and Intermedia-
te 1, probably results from the fact that during the activation
of duck prothrombin, generated thrombin splits the bonds be-
tween Ar9156-Ser157. Addition of DFP into incubation mixture re-
sulted in appearance of Fragment 1.2 and 1noct1vatod’for- of
thrombin, Electrophoretic separation, densitometer scans and mo=
lecular weight of particular.fragments are shown in Tab, 2, Fig.
6 - end of this volume, p, 192 and Fig. 7. '

= Prothrombin
"= Thrombin
F12 - Fragment 12

Py

-
-

S min

Fig.f7. Densitometer scans of stained 1% SOS polyacrylamide gel
electrophorasis (7.5%), 8 mA per gel of the time course of ac-
tivatisn duck prothrombin by Factor Xa in the presence of :DFP

{inhibition of thrombin action). Incubation times were O, 5, 15,
.30, 60, 120 min, ; :

Yykreoy densytopetryczne rozdzialdw w 7,5% 2elu poliakryloamidoe

wynm, 8 nA na rurkg, po aktywscji kaczej protrombiny czynnikien

Xz w obecnoéci DFP (hamuje dziatanie trombiny), Czes inkubacji
G, 5, 15, 30, 60, 120 min, :

: 0 min
P P27 ;
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AXTYWACIA PROTROMBINY.KACZEJ CZYNNIKIEM Xa I TROMBINA

Protrombing otrzymyweno ze éwieZego osocza cytrynisnowego ke-
czek (9 1 1) zgodnie z metodg G r ean t a 1 Suttie
[6]. Uzyskane preparaty poddewano rechromatografii na DEAE Sep-
hedexie A=50, uzyekujec jednorodne pod wzgledem elektroforetycz-
nyn bislko., Aktywacje Erouadzono czynnikiem Xa w obecnoéci jo-
ndw nnpntowzch. Czynnik X sktywowano on:znon protoclityoznz- z
jadu weza (Russell’'s wviper venom), Prébki protrombiny inkubo-
weno z preparatem czynnike Xa 73. jonami wapniowymi w czasie 0,5,
15, 30, 60, 120, 240 min, w 37°C, Reskcje przerywano przexz do-
danie S0S do koﬁcowggo stg2enia 1% 41 umieszczenie mieszaniny re~
agujgce) w temp, 70°C na okres 5-10 min. Analize produktéw - po=
drednich pojawiajecych sig¢ podczas konuoro;tsgrotronbt w trooe=
bine przeprowadzano za pomocg rozdzialu w 7, zelu poliakryloa-
midowyn z SDS, Analize przeprowadzona za pomocy PAGE=SDS wyksza~
ta obecnodé w okreslonych przedzisktach czoug;zeh frakcji biatko-
wych o mesie czgsteczkowej okolo 21 500=52 s



