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Abstract —The mechanism of prothrombin activation previously reported from this laboratory (Helde-
brant er ai.. 1973) has been immunochemically verified by analysis of the precursor. inlermediate, and
product rclationships of the proteins with a micro Ouchterlony precipitin test. The cross reactions
between purified bovine prothrombin, intermediates of activation, and thrombin were examined with rab-
bit and chicken antisera to cach of these proteins. In cach instance, the derivative was found to cross react
with its parent protein, yet was found to be completely distinet from any other protein derived from the
same cleavage. The results support a mechanism in which prothrombin (70,000 daltons) is cleaved to yield
intermediates 1 (51,000 daltons)and 2 (23,000 daltons); intermediate 1 is then cleaved to yield intermediates
2 (41000 daltons) and 4 (13,000 daltons); thrombin (39,000 daltons) is finally produced from

inermediate 2.

INTRODUCTION

The hrst theory of blood coagulation. the classic theory of
Morawitz, established in 1905 the importance of the acti-
vation of prothrombin to thrombin as a necessary prelimi-
nary reaction which leads to fibrin polymerization {cf. Owen
et al.. 1969). However, it has only been within the past foew
years that developments in biochemical technology have
permitted the description of prothrombin activation on &
molecular basis. Previous studies of the partial reactions
and physical and chemical properties of the activition inter-
mediates have cnabled our laboratory 1o propose 2
mechanism for prothrombin activation (Heldebrant et al.,
1973a). Studies of the amino terminal amino acid scquence
of prothrombin and of each intermediate have further con-
firmed the proposed mechanism (Heldebrant et al., 1973b).

Prothrombin is a single chain glycoprotein with a mol. wt
of 70.000. The activation of prothrombin proceeds by the
sequential removal of peptides. Each cleavage results in
removal of an inactive peptide from the amino terminal por-
tion of the original protein. In the first activation step. (1)
prothrombin Dt ®a o theambin, i ermediate 3 + interme-
diate 1 prothromebin is cleaved by factor Xa or thrombin to
yield intermediate 2 (23,000 daltons) from its amino ter-
minal end, and intermediate 1 (51,000 daltons) from its car-
boxyl termiral end. In the second activation step. (2) inter-
mediate | 129 %, intermediate 4 + intermediate 2, inter-
mediate 1 is cleaved by factor Xa only, and not by thrombin,
to yield intermediate 4 {13,000 dalions) from its amino ter-
minal end, and intermediate 2 (41,000 daltons) from its car-
boxy} terminal end. In the final activation step. (3) interme-
diate 2 Bt 3, 5 thrombin, intermediate 2 is cleaved by
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tactor Xa to generate the active two-chair: x-thrombin mole-
cule (39,000 daltons).

If this mechanism is correct. each intermediate must be a
unigue entity, i.c. there must be no overlapping portions of
intermediates derived from the same cicavage. Since im-
munochemical analysis could most readily resolve the ques-
tion of the unigueness of the intermediates, we have tested
the validity of this mechanism by analyzing the precipitin
reactions between prothrombin, the intermediates, and
thrombin, und antisera produced against them. Results from
these reactions reported here clearly verify the previously
propused mechanism.

MATERIALS AND METHODS

Antigens

Bovine Fuactor X and prothrombin were purified from
whole blood, assayed, and stored as described by Bajaj and
Mann (1973). Throembin was prepared freshly from Parke-
Davis topical thrombin by the procedure of Lundblad as
modificd by Mann er ai, (1971). Prothrombin activation in-
termediates 1. 2, 3 and 4 were produced and purified by the
method of Heldebrant er al. (1973a).

Aritisera

For immunization the antigens (prothrombin. interme-
diates 1. 2, 3. 4) were emulsified in Freund's adjuvant con-
taining killed tubercle bacilli, Final concentration of the
antigen was 0-1 mg/ml and of the bacilli was 5 mg/ml. Rab-
bits and chickens received weekly subcutaneous injections
of 02 ml of these preparations. Since clot retraction of
chicken blood is often very slight we increased the yield of
scrum {rom chickens by collecting blood in heparin, centri-
fuging to obtain the plasma and heating the plasma at 60°C
for | hr to precipitate fibrinogen.

Immunoprecipitation

We used the micro agar precipitin test of Auernheimer
and Atchley (1962), and allowed the immunodiffusion reac-
tiens te proceed for 48 r. For experiments using chicken
antisera. the concentration of the NaCl in the agar was in-
creased to 9-0%;, as recommended by Goodman er al. {1951).
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Fig. 1 Crossrepction among prothrombin and the prodiucts of clesvage reaction 1-—intermedsctes 1 nnd
AoWells | and 2. prothrombin: wells % and 4 anermediate 15 wells 5 and 6 intermie

wikls— 1A, wnti |"-|-'-I:||1|l:1|"'|i|'|I 1B antl mtermedipone 10, anti intermedmte 3
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Fig. 2 Cross reactions among mteemediate | and the products ol cleivage repction J—mtermediates 2
and 4 Wells l'and 2 inicrmediace [rwells 3and 4 antermedimie 2 wells S and 6 intermediate 4. Center
i)

witlls—2A dant intermedmie 1 2B, antntermedpine 2 20, anti intermedinte +
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¥ Cross reactions among iniermediates | and 7 and
the product of reaction Mo, 3~ thrombin, Wells |
termedhate 1; wells 3 and 4 intermediane 2
thrombin. Cenver well, nnf @

and 2 in-
wells 5 and &,
termcduile 2,

RESUILTS

In Fig. 1A can be sden the cross reactions of prothrombin
with-the products of reaction 1. (intermedmates | and 3L
ngainst antiprothrombin seram. Both intermediates | and
Acrossreact with their parent protein prothromben: bat are
distinet from ench other In Figs LB and 1C are shown the
resctions between prothrombinsmtermedstes | and 3 and
nntisera to intermedinies | and 3 Exch of these {wo interme-
dmtes  shows complete wdentity with. prothrombin when

Anti-Intermediate 3 reacted with:

| T

[entia ] [miz

-
=]

=] [ = ]

Anti-Intermediate 4 reacted with:

s |
-

tested apainst its specific antiserum, jeg prothrombin azd
intermediiie 3 show complete identily agiinst inti=inlermes
diaie 31 Alsos the anti-mermediate sera detect the interme-
Clisite mgammst wlich it was produced and not the other, (eg
anti-intermediaie 3 reacts with intermediate 3 -but not with
imiermedinte Iy The cross reactions betvwedn the interme:
dintes produced by reaction 2 (intermediates 2 and 4) and
Ihéir immediate parent protein (intermediate Thwhen sesied
dgainsl antisera o intermedmies | 2 and 4 are complersty
analogons o the fesctions reported abave in which pro-
thrombin 15 the parent protein of intermediies | and 3. Thos
Fig A demonstraes thal both intermedintes 2 and 4 cross
react with imtermedite | but are distinet from ¢ach other
when fested against antserum (o mtermediage 1 Also,; intor-
mediates 2 and £ displey complere sdentity with mierme-
dimbe 1 agninst their respective antisera, as can be scen in

and 21 g% alsocapparent in these Fimices ihat

Fres 2 i
nnti=interimedemte 2 docs nod react with itermediate 4, and
anb-infermedite 4 does not react o ermusdiate
Finally, Fig. 3 demonstoates immunologie jdentity hetw
iptermediie 2-and e product of reaclion 3 thrombin
when they wre! fested agiingt antserum (o micrmedate 2
These: results dre sunmarized m the Tak f

Table 1. Summary ol reaclions of protbsambin and ils acti-
vatkon intermediates with the respective antisera
Antiserom-agains
Anngens Imt

=l I1I:\| {8 L=t

compared Prothrombin | 2 |
Prothrombin, P o
milermodinge 1
Prothrombin P il
indermcdinte 3
Intermediates |3 M
Intermediates 1.2 X
Intermedistes 1.4 P L'_‘
Indermedintes 2.4 M
Thromban, ey
intesmedinte 2

L= cainpleie idontity

P-= partial identity:

N = nonidentily

Blank space indicates nol done

Anti-Intermediate 1 reacted with:

%i

i

Anti-Intermediate 2 reacted with:

[

|
|

ﬁi

i

Fig.4. Schematic diagram of mechianism'of prothrombin actndtion: B portion of molecals reactimg with
indicated antiserum: O portion ol maelecule not reacting with indicatod antisenim



Communication to the Editors

- DISCUSSION

According 1o the postulated activation mechanism, inter-
mediates | and 2 are two separate fragments from the first
cleavage of the original protein, prothrembin. Therefore,
since each fragment should possess only a portion of the
antigenic determinants ¢f prothrombin, anti-prothrombin
serum should detect both prothrombin and the interme-
diates | and 3. while antisera directed against an individual
intermediate, 1 or 3 should detect its intermediate, | or 3,
and prothrombin. but not the other intermediate. Since
anti-prothrombin scrum contains antibodies against the
whole prothrombin molecule, while anti-intermediates 1
and 3 sera have antibodies against only part of the molecule,
there should be complete identity between prothrombin and
an intermediate against the anti-intermediate serum how-
ever only partial identity against the anti-prothrombin
serum. A similar argument can be applied to the second step
ol the activation mechanism. Here the parent protein, inter-
mediate 1. is analogous to the pareat protein prothrombin
and the derivatives of intermediate | (intermediates 2 and
4) arc analogous to the first derivatives of prothrembin (in-
termediates | and 3). Reaction 3 probably involves cleavage
of & peptide bond within a disulfide loop since there is no
significant change in mol, wt nor release of any detectable
peptide fragment tollowing the activation of intermediate 2
to thrombin (Heldebrandt er al. 1973a). Such a slight
change is not detectable by immunoprecipitation with anti-
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sera 10 intermediate 2. A more subtle method such as
radicimmunoassay employing anti intermediate 2 after
absorption with thrombin might be capable of demonstrat-
ing an antigenic difference.
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