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SUMMARY

A physiologically
inactive prothrombin
protein has been
purified from the plasma of dicumarol-treated
cows to a high
level of purity.
This protein gave 80% as much precipitation in an assay against bovine prothrombin
antibody as did
normal bovine prothrombin.
This could be due to a difference in antigenicity,
or it could be a reflection
of nonhomogeneity of the preparation.
It was very similar to normal
prothrombin
in its carbohydrate
and amino acid composition,
its ability to be activated by several nonphysiological
prothrombin
activators, and its molecular
weight as judged by
gel electrophoresis.
Its disc gel electrophoretic
pattern also
showed little difference from that of normal prothrombin
unless calcium was included
in the gel buffers.
Under these
conditions it was apparent that the inactive prothrombin
did
not bind calcium to the same degree as the normal prothrombin.
The other significant
differences
between
these two
proteins are their physiological
activity and their adsorption
onto barium citrate precipitates.
In every case the abnormal
prothrombin
failed to have these properties.
It appears
that these three differences
are due to the same property of
prothrombin
and that this is a result of vitamin K action.
That is, vitamin K action is required
in the metabolic
step
which is needed to produce the calcium-binding
sites, and
these are necessary for physiological
activity and are responsible for barium
citrate
adsorption.
These data suggest
that vitamin K acts by chemically
altering prothrombin
in
some unknown
fashion, or in the attachment of a previously
unrecognized
prosthetic group.

There is considerable evidence that the selective control which
is exerted by vitamin K on the biosynthesis of the blood-clotting
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protein, prothrombin,
occurs at some point after polypeptide
synthesis (1). Any subsequent step in the conversion of this
precursor polypeptide
to the active proenzyme is therefore a
possible site of vitamin K action.
Although it has been claimed
that the control is mediated at the point of glycosylation (2, 3),
this evidence is not conclusive, and the alteration involved in
t,he conversion has not been demonstrated.
Stenflo (4) has recently purified a protein from the circulatory
system of cows previously treated with the vitamin K antagonist dicumarol which was claimed to be chemically similar to
prothrombin.
Although
this protein cross-reacted with antibodies to prothrombin,
it had no biological activity.
Presumably, this protein differs from prothrombin
in that vitamin K has
not exerted its effect and it therefore is not biologically functional.
In order to determine what differences exist between this inactive protein and prothrombin,
we have purified it extensively
and are reporting studies comparing it to normal prothrombin.
We have presented a preliminary report on this material (5).
MATERIALS

AND

METHODS

Enzywzes and Chemicals-Bio-Gel
resins were purchased from
Bio-Rad
Laboratories.
Dicumarol,
neutral
protease
from
Xfrepfomyces griseus, alkaline phosphatase from calf intestinal
mucosa (380 units per mg), blood-clotting
factor Xa, and pgalactose dehydrogenase were from Sigma Chemical Co. p-G,lactosidase (331 units per mg) was purchased from Worthington
Biochemical
Corp. and contained less than 0.001 i.u. of a-galactosidase per mg of protein.
The venoms from Echis c&n&
and Dispholidus typus were gifts from Dr. David Aronson (Division of Biological Studies, National Institutes of Health).
Fig ol-galactosidase was purified about 600 times from ficin
according to a modification of published procedures (6, 7). The
final specific activity was 0.43 i.u. of or-galactosidase and less
than 0.0001 i.u. of fl-galactosidase per mg of protein.
The glycosidases were assayed at 37” using 1 mM concentration
of the
corresponding
p-nitrophenyl
glycosides (8).
Prothrombin-Normal
bovine prothrombinl
was purified to
disc gel electrophoretic
homogeneity
(analysis of stained gels
1 Biologically
active prothrombin
found in normal animals will
be referred
to as normal
prothrombin
while the inactive
prothrombin found
in dicumarol-treated
cows will be referred
to simply
as
abnormal
prothrombin.
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FIG. 1. Quantitative
antigen-antibody
precipitin
reaction.
The indicated auantitv of mothrombin-motein
in 0.4 ml of 0.15 M
NaCl was inc&ated
with b.1 ml of rabbit antisera for 20 min at
37”. The 450 nm absorbance was determined against a serumsaline blank.
0-0,
normal
prothrombin;
O--O,
purified
abnormal prothrombin.

Days

FIG.

trations.

2. Effect

of

of dicumarol

Dicumorol

Treotment

treatment

on prothrombin

A 1200 pound cow was fed 1 g of dicumarol

concen-

per day in

her feed and the plasma concentration
of prothrombin
was assayed
as
indicated.
The concentration
of normal
prothrombin
(O--O)
was determined
from the biologically
active prothrom-

bin in the plasma using a specific activity

of 2200 units per mg of

prothrombin.
Abnormal
prothrombin
(O-O)
was determined
by the quantitative
antibody
assay performed
on plasma
which
had all of the normal
prothrombin
removed
by barium
citrate
adsorption.
In the latter
case, the blanks
contained
identical
volumes
of barium
citrate-adsorbed
nondeficient
plasma to correct
for absorbance added by the plasma solution.

indicated that no single contaminant
was present to the extent
of 1 y0 of prothrombin)
by a previously described (9) modification
of the method of Ingwall and Scheraga (10). The final specific
activity was 2200 units per mg when it was assayed by the
standard two-stage procedure (11) which uses the physiological
activators for the prothrombin
to thrombin conversion.
Prothrombin and protein concentrations
were determined using an
& = 16.5 (10).
Prothrombin Antibodies and Quantitative Assay-Rabbits
were
immunized to bovine prothrombin
by the method of Barnhardt
et al. (12) using 1 mg of prothrombin
per 4-kg rabbit.
Those
animals giving a satisfactory test after 21 days were bled and
the serum prepared by standard techniques (12). The serum
was then treated for 2 hours with 0.05 volume of normal bovine
plasma which had had prothrombin
removed by barium citrate
adsorption.
After centrifugation,
the serum was frozen in IO-ml
aliquots, thawed as needed, and used for prothrombin
analysis
as described below.

The quantitative
antibody assay used was similar to that
described by Goodman et al. (13). One-tenth milliliter of serum
was mixed with 0.4 ml of prothrombin
solution in 0.15 x NaCl.
After standing at 37” for 20 min, the absorbance at 450 nm was
determined using a serum-sodium chloride blank.
The resulting
precipitin
curve for normal bovine prothrombin
is shown in
Fig. 1. For quantitative
purposes, the range of 2 to 5 pg was
used since this was the most sensitive range of the assay. The
purified abnormal
prothrombin
gave an identical
precipitin
reaction (Fig. 1) except that it has about 80% the antigenicity
per mg of protein.
This assay was routinely used to quantitate
the abnormal prothrombin
using prothrombin
as the standard
and assuming that the two proteins are antigenically
identical.
Preparation of Plasma-Following
the oral administration
of
dicumarol to a cow, the first order decay of normal prothrombin
concentration
(Fig. 2) indicated that there was essentially no
synthesis of active prothrombin
occurring under these circumstances. When the circulatory
level of normal prothrombin
had reached less than 20% of normal (7 to 11 days), 4 liters of
blood were collected from the jugular vein and mixed 9 : 1 with
2.8% sodium citrate.
Centrifugation
of this blood yielded about
2.4 liters of plasma. The appearance of abnormal prothrombin
as judged by the antibody assay can be seen in Fig. 2.
Electrophoresis-Electrophoresis
of prothrombin
at pH 2.7 in
8 JI urea was carried out as described by Neville (14), electrophoresis at pH 7.0 as described by Williams and Reisfeld (15),
and electrophoresis at pH 9.5 was according to standard procedure (16). Electrophoresis
in the presence of sodium dodecyl
sulfate was as described by Weber and Osborn (17). For qualitative comparisons, about 15 pg of each protein were used for
electrophoresis.
Carbohydrate Analyses-Total
neutral
sugar content was
estimated by the phenol-sulfuric
acid assay (18) using mannose
as the reference standard.
Individual sugars were assayed after
hydrolysis in 1 N HCI at 100” for 4 hours in evacuated, sealed
vessels. After removal of HCl in vacua over SaOH pellets and
P205, the residue was dissolved in water.
Galactose was determined using galactose dehydrogenase
(19) and glucosamine
using the alkaline-Ehrlich
assay (20). Sialic acid was determined by the thiobarbituric
acid procedure (21) following hydrolysis with 0.1 N HzS04 at 80” for 1 hour or by the orcinol
assay directly (22). The Ehrlich assay (23), using N-acetylneuraminic
acid as a standard, was employed as described in
the text.
The amount of 01. and ,L-galactose linkages was determined on
proteolytic digests of the prothrombin.
Five milligrams of each
protein in 1.5 ml of 0.1 M phosphate buffer (pH 8) were digested
with 0.1 mg of protease from S. griseus for 48 hours at 37” in a
toluene-saturated
solution.
The preparation
was made 0.2 N
in H$Od and heated at 80” for 1 hour to remove terminal sialic
acid residues from the glycopeptides.
The hydrolysate
was
adjusted to pH 5 and 0.25 i.u. of or-galactosidase enzyme was
added and incubated at 30” in a toluene-saturated
solution.
The release of galactose was followed until no further galactose
was removed.
The solution was then heated at 100” for 3 min
to destroy enzymatic activities and the pH adjusted to about
7.5. ,L-Galactosidase was added along with 0.01 M MgSOJ and
0.02 M 2-mercaptoethanol
and the further release of galactose
was followed to completion.
Other Analysis--h
single amino acid analysis was carried out on
protein hydrolysates (6 N HCl for 18 hours at 115” under nitrogen atmosphere) using a Beckman-Spinco
amino acid analyzer
and acid-treated
amino acids as standards.
Phosphate was
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TABLE

Summur?J of ab?zormal

TOtal
antigen

Fraction

purifcation

I ‘er cent
yield
~___

Antigen

Purification

PdW
profein

1.
2.
3.
4.
5.
6.

2.4 liters of plasma
pH 5.2 precipitate
Barium citrate supernatant
First DEAE-Sephadex
Bio-Gel P-200
Second DEBE-Sephadex

230
220
140
76
34
26

2.2
20
16.5
9G
580
810

100

96
61
33
15
11

1
9.1
7.5
44
264
370

I P
80 ,E
y

40

60
Fraction

80

100

120

140

150

175 200
Elution

225

250

Volume

FIG. 4. Bio-Gel
P-200 chromatography
of abnormal prothrombin. The fractions indicated in Fig. 3 were pooled and concentrated to 10 mg per ml by adding ammonium sulfate (65% saturation). The concentrate was dialyzed against 0.1 M phosphate
(pH 5.7).2 m&I EDTA, and 15-ml samples were loaded onto the
column (2.5 X 90 cm) of Bio-Gel P-200 equilibrated
with the same
buffer. The same buffer was used for elution at a flow rate of 10
t.o 12 ml per hour. O----0,
absorbance at 280 nm; O--O,
micrograms of antigen per ml.

i

20

125

40 25
5
0

Number

3. DEAE-Sephadex
chromatograph of abnormal prothrombin. The supernatant resulting from barium citrate adsorption
was made 0.1 M in phosphate buffer (pH 5.7)-2 mM EDTA and was
loaded onto a column
(4.5 X 11 cm) of DEAE-Sephadex
equilibrated with t.he same buffer in 0.10 M NaCl. The column was
washed n-ith 500 ml of buffer-O.1 M NaCl and finally elnted with a
1500 ml gradient of SaCl as shown. Fractions of 22 ml were collected at a flow rate of 1.5 ml per min. O--O,
absorbance at
280 nm; O--O,
micrograms of antigen per ml.
FIG.

determined on &SOa-perchloric
acid digests of prothrombin
by
the method of Chen et al. (24). ;Ibout 3 mg of prothrombin
in 2 ml were dialyzed against six l-liter changes of 0.15 M NaCl
over a period of 6 days. Final dialysis was against distilled mater
for 4 hours. Digestion was done in a 120” oven by adding 0.5
ml of 1 N H?SOI and allowing the sample to heat overnight.
Two small drops of GOyo perchloric acid were added and digestion
was continued until it was entirely clear. Aliquots were assayed
for phosphate and the spectrum of the colored product determined to ensure that it was identical with authentic phosphate
-\liquots of the final dialyzate were analyzed as
standards.
blanks and contained no phosphate.
Free sulfhydryl groups
were tested for by the procedure of Ellman (25) in the presence
and absence of 8 >I urea.
RESULTS

Purification
of 9bnormal Prothrombin-The
prothrombin-deficient plasma (2.4 lit.ers) was diluted with 14 volumes of icecold distilled water and the pH was adjusted to 5.2 with cold
1% acetic acid. The precipitated
protein was allowed to settle
for 4 hours after which the supernatant was carefully removed.
The final slurry n-as centrifuged to remove as much supernatant
as possible, and the precipitate was dissolved in 600 ml of 25
rnhf sodium citrate.
The pH was adjusted to 7.4 with sodium
hydroxide solution, and insoluble protein was centrifuged and

discarded.
Barium chloride (21 ml of a 1 M solution) II-as added
and the solution was stirred for 20 min at 0” before the barium
citrate IT--ascentrifuged and discarded.
This effectively removes
all of the two-stage prothrombin
activity from the supernatant
but does not remove the majority of antigen from the supernatant (Table I). The remaining antigen is due entirely to the
abnormal prothrombin
The supernatant
was made 0.1 M in potassium phosphate
buffer ($1 5.7).2 mnf EDTA, and was loaded onto a column
(4.5 x 11 cm) of DEAE-Sephadex
equilibrated
with the same
buffer plus 0.1 M sodium chloride.
The column was eluted as
shown in Fig. 3, and the fractions indicated were pooled and
concentrated by ammonium sulfate precipitation
(65% saturation).
The precipitated
and centrifuged protein was dissolved
in 0.1 11 phosphate buffer (pH 5.7).2 mM EDTA and dialyzed
against several changes of the same buffer. The final protein
concentration
was diluted to 10 mg per ml.
Fifteen milliliter
samples of this protein concentrate were
loaded on a column (2.5 x 90 cm) of Bio-Gel P-200 which was
eluted with Dhe same buffer. The elution pattern from this
column is seen in Fig. 4. Six such columns were required to
fractionate the entire preparation.
By continual flow a separate
fraction was loaded every 20 hours. The fractions indicated in
Fig. 4 were loaded directly onto a column (2.0 X 12 cm) of
DEAE-Sephadex.
The column was eluted with a 400.ml linear
gradient of 0.1 to 0.4 M xaC1 in 0.1 M phosphate buffer (pH 5.7).
2 rnaf EDTL
Those fractions which were at least 60% pure
based on the antibody assay were pooled.
The summary of this purification is given in Table 1. If the
yield and purification were based on the abnormal prothrombin
alone instead of total antigen they would be about 16% and
500-fold, respectively.
The level of purity at this point was
usually 70 to 80% based on the antibody assay. In order to
obtain the 80% purity level for all preparations,
a second
chromatography
on &o-Gel
P-200 was sometimes employed.
Although this column indicated considerable protein separation
such that near homogeneity should result, there were only minor
increases in the antigen purity and considerable losses of total
This was felt to be due to a degradation of the abnorantigen.
mal prothrombin
with loss of antigen properties.
The working
preparations are therefore 80% as pure as the normal prothrombin based on the antigen-antibody
assay, but at least some of the
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TABLE

Amino

acid

composition

Amino

of normal

II

TABLE

and
Ibnormal
pi-othrombin

acid

abnormal

prothrombin
Literature
values
(10, 26, 27)

NOi-IIld
prothrombin

-Aspartic

acid .................

49.5
30.7
38.8
69.5
33.7
38.2
30.7
15.6
36.2
6.6
17.6
43.3
20.6
24.7
26.1
8.3
29.7
0
1.2

Threonine....................
Serine ........................
Glutamic acid. ...............
Proline .......................
Glycine .......................
Alanine .......................
Half-cystine ..................
Valine ........................
Methionine ...................
Isoleucine ....................
Leucine. ......................
Tyrosine ......................
Phenylalanine................
Lysine ........................
Histidine .....................
Arginine ......................
Free sulfhydryl groups. .......
Phosphate (males/74,000 g). ...

-

56.2
25
34.3
79
38
37.4
28.6

55-60
14-28
32-37
67-72
32-33
45-49
32-33
16-18
32-34
3.9-5.9
18-20
3743
15-19
18-19
27-29
8.3-9.8
33-44
0

31.2
5.7
17.7
42.6
17.2
19.2
32.8
8.1
38
0
0.7-1.3
-L

0 Based on 520 residues per mole (26)
contaminants
appear to be degraded abnormal
prothrombin.
Other protein purification
techniques that were attempted also
failed to increase homogeneity and resulted in considerable loss
of antigen.
Chemical
Composition of Prothrombin-Table
II contains the
amino acid composition of normal and abnormal prothrombin.
As can be seen by comparison to the recent literature, the composition of both prothrombins
is similar to that reported for
other prothrombin
preparations.
The only differences seen in
the abnormal
prothrombin
which may be significant are an
increased content of threonine,
serine, valine, tyrosine, and
phenylalanine.
It is not possible to say, however, if this is due
to an actual difference in the two prothrombins
or simply a
reflection of the lack of homogeneity in the abnormal prothrombin.
Prothrombin
is a calcium-binding
protein, and it has been
reported that the abnormal prothrombin
has a decreased calcium-binding
ability (4, 28, 29). Since many calcium-binding
proteins
contain phosphate,
both prothrombins
have been
assayed for phosphate.
The range of phosphate found (Table
II) in prothrombin
in a number of determinations
indicates about
1 mole per mole of protein.
Repeating the dialysis conditions
described under “Materials
and Methods” had no effect on the
amount of phosphate detected.
However, as large amounts of
protein are used in the assay, a very minor contamination
of the
protein with phosphate would be detected.
For this reason,
the minimal conclusion that can be drawn is that prothrombin
contains 1 or fewer moles of phosphate per mole of protein.
The abnormal protein contained a similar amount of phosphate,
which suggests that phosphate is not the agent that causes
calcium binding.
Several literature reports have suggested that the site of vitamin K action may be the glycosylation
of a preformed polypeptide chain (2, 3), and we have compared the carbohydrate
content of these two prothrombins.
As can be seen from Table
III, the carbohydrate
content of these two proteins are indis-

III

and abnormal prothrombin
Values are expressed as micrograms of sugar per mg of prothrombin protein and are not corrected for hydration during hydrolysis.
Sialic acid is an average of the two different assays run
on each of two preparations.
Galactose and glucosamine values
were determined on acid hydrolysates and the anomeric galactose
configurations were determined enzymatically
as described under
Carbohydrate

“Materials

analysis

of normal

and Methods.”

Carbohydrate

-

Sialic acid.
Neutral sugar
Galactose.

c+Galactoside.
&Galactoside.
Glucosamine.
.

Prothrombin

preparation

NWllal

44
59
14
9.4
7.7
35

Abnormal

i

42
56
13
9.4
8.2
34

tinguishable.
The sugars released by acid hydrolysis and those
determined by a general chemical assay are directly comparable
since the conditions are identical for both proteins.
These values
are not however intended to be quantitative
for the whole protein. The report that the direct Ehrlich analysis for sialic acid
gave spuriously high values (30) was examined and found to be
true for both proteins.
A more detailed study (9) of the carbohydrate structure of bovine prothrombin
has revealed that it is
similar to other circulatory
glycoproteins
with the exception
that it contains about 50% of its galactose as the LY anomer.
Specific glycosidase degradation,
however, reveals that both of
these proteins contain the same proportion of a-galactoside residues (Table III).
These results indicate that the two proteins
do not differ in their carbohydrate content.
Disc Gel Electrophoresis
of Abnormal Prothrombin-Observations on the immunoelectrophoresis
of plasma from patients on
anticoagulant
therapy (28, 29) as well as the report of Stenflo
(4) indicate that the abnormal prothrombin
had the same electrophoretic mobility as normal prothrombin
except in the presence of calcium ions. We have determined the electrophoretic
mobilities of the two proteins at pH 9.5 and 7.0 (Fig. 5A, Gels
1 to 3 and 5) and found that they are very similar.
In the
presence of added calcium there is still very little difference at
pH 9.5 (Gel 4) but at pH 7.0 (Gel 6) there is a clear separation of
the two proteins.
The front moving band corresponds to abnormal prothrombin
(Gel 7) thus indicating
that the normal
prothrombin
binds more calcium than the abnormal protein.
Electrophoresis
in the presence of sodium dodecyl sulfate (Fig.
5B) again fails to separate these two prothrombins.
Since this
system separates proteins on the basis of molecular weight onlv
(17), it is clear that the proteins have very similar mbleculai
weights.
Electrophoresis
at pH 2.7 in the presence of 8 M urea
also failed to separate these two proteins.
Enzymatic Activity-It
was reported by Stenflo (4) that the
abnormal prothrombin
is inactive in the coagulation system.
Likewise, others have reported that prothrombin
purified from
vitamin K-deficient animals has a lowered specific activity (3,31).
The two-stage clotting activity of the highly purified abnormal
prothrombin
was tested and found to be extremely low (Table
IV).
The small amount of activity remaining appears to be due
to a low activity associated with the abnormil protein and not to
contamination
by normal prothrombin.
This was shown by the
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FIG. 5. A, disc gel electrophoresis
of abnormal and normal
prothrombin.
Gels 1 to 4 were run at pH 9.5 and Gels 5 to 7 at
pH 7.0. Gels 1 and 7 contain abnormal prothrombin
alone and
Gel 2 contains normal prothrombin
alone. Gels 3, 4, 5, and 6 all

contain
contain
sodium
bin and

observation
that all abnormal prothrombin
preparations
contamed a low level of two-stage activity and further adsorption
with barium citrate did not eliminate this activity.
We have
also observed by gel electrophoretic
analysis that the abnormal
prothrombin
does not remain intact in the two-stage system.
The stained band corresponding
to abnormal prothrombin
was
slowly destroyed over a period of 2 to 6 hours. Normal prothrombin was very rapidly broken down in this system. Others
(4, 33) have reported that the abnormal prothrombin
persisted
in the serum of deficient plasma which suggests that the breakdown which we observed may have been due to the action of nonspecific proteases found in the added tissue extract rather than
to the normal activation
mechanisms.
When these two prothrombins were incubated together in the same assay mixture,
the total clotting activity could be accounted for by the normal
prothrombin
alone even when larger excess of the abnormal
prothrombin
was added. This demonstrates that the failure to
activate is not due to the absence of some factor in the abnormal
prothrombin
preparations.
Likewise,
when activation
was
carried out using factor Xa alone, there was very little activity
appearing in the abnormal prothrombin
even over a period of
100 hours (Table IV).
Although the abnormal prothrombin
was not activated by the
physiological activators in the two-stage assay, it is clear from
Table IV that when prothrombin
activation was achieved by
nonphysiological
activators
such as trypsin or prothrombinspecific venoms, the two proteins were indistinguishable.
These
results agree with the observations of Josso et al. (33) and clearly
demonstrate that the thrombin portion of the abnormal protein
is intact and that it is a failure of the physiological activation
process that accounts for the inactivity of abnormal prothrombin.
It is interesting to observe (Table IV) that prior trypsin treatment actually stimulates the two-stage activity of the abnormal
prothrombin
and makes it indistinguishable
from similarly
treated normal protein.
Mann et al. (34), have demonstrated
that the activation of prothrombin
to thrombin is a multi-step
process of a proteolytic
nature.
It appears possible from the
above observation that the activation of abnormal prothrombin
is blocked in an earlier step and trypsin treatment is bypassing
this step so that the two-stage reagents can complete the activa-

TABLE
IV
Activation of prothrombin
The thrombin produced by the various methods of activation
other than the two-stage assay was quantitated by its ability to
clot fibrinogen in the two-stage system without permaplastin
or
diluted serum. Trypsin activation was according to published
methods (32) and the two-stage assay was run when maximum
thrombin
activity had been released by trypsin.
The venom
activations were done at 37” in a 1.5 mg per ml prothrombin
SO~Ution by adding venom to a final concentration
of 100 pg per ml.
Factor Xa activation was done in 10 mM cacodylate buffer, pH 7.4,
by adding 1 unit (Sigma unit) of Xa to 0.15 mg of prothrombin
in a
final volume of 0.25 ml. In every case the thrombin activity ww
assayed until a maximum was reached and continued for several
times that length of time. The thrombin produced by venom or
Xa activation was stable indefinitely.

a combination of the two proteins and Gels 4 and 6 also
2 mM calcium ions. B, electrophoresis in the presence of
dodecvl sulfate. Gels 1 and 3 contain abnormal prothromGels 2 and 3 contain normal prothrombin.

Prothrombin

preparation

Treatment
Normal

Two-stage

assay.

Trypsin activation.
,.
Two-stage assay after trypsin
ment
Dispholidus
typus venom.
Echis

carinata

venom.

treat. .

.

.

Factor Xa activation.

Abnormal

2200 units/
mg antigen
145

78 units/
mg antien
170

330
780

340
760
800
30

970
430

tion. This property may prove valuable in studying
plex conversion of prothrombin
to thrombin.

the com-

DISCUSSION

The data which have been presented here clearly demonstrate
that in the circulatory
system of dicumarol-treated
cows there
is an abnormal prothrombin
protein which is ineffective in blood
coagulation.
In its highly purified form, this protein is very
similar to normal prothrombin
on the basis of carbohydrate and
amino acid composition, antibody-antigen
reactions, molecular
weight, it.s activation to thrombin by any of a number of non-
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physiological activators, and it.s disc gel electrophoretic
patterns.
Minor differences which were observed include quantitative
antibody-antigen
precipitation
where the abnormal protein was
only 80cr as effective as normal prothrombin
and the disc gel
electrophoretic
patterns
where co-electrophoreses
caused a
broadening of the protein-staining
band. The reduced antibodyantigen precipitation
could be due to either impurity or a lowered
antigenieity of the abnormal protein since the gel electrophoretic
patterns indicate a very high level of purity.
This was not
The slight differences in elecinvestigated
further, however.
trophoretic mobili@ observed indicate that there may be a charge
difference between the two proteins but no clear separation was
achieved.
The differences observed between abnormal and normal prothrombin consist of its physiological
activity, calcium binding,
and adsorption onto barium citrate.
It appears very likely that
these t,hree differences are due to the same property of the enzyme and that this property results from the action of vitamin
K. That is, calcium binding is essential for physiological activation and the calcium-binding
sites are responsible for the
quantitative
and very selective adsorption of prothrombin
onto
barium citrate.
The existence of abnormal prothrombin
in the circulatory
system of vitamin K-deficient rats is not unanimously accepted
(3, 35, 36). However, there is considerable evidence that such
a protein exists in the plasma of human patients on anticoagulant treatment
(29, 33, 37, 38). In addition, it has been reported that antibody-reacting
proteins corresponding
to an
abnormal factor X (39) and factor IX (40, 41) are found in the
plasma of human patients
on anticoagulants.
Since these
clotting factors are also dependent on vitamin K for their biosynthesis, these reports may represent a situation parallel to
that found for prothrombin
in the cow. The probable reason
for the appearance of these abnormal proteins in a vitamin
K-deficient state is as follow-s: the polypeptide chain is synthesized continually regardless of the vitamin status (1). Vitamin
K acts subsequently in some manner which is necessary for
biological activity but not for transport into the bloodstream.
When the vitamin is not present at adequate levels, the protein
molecules are completed in every other way and appear in the
blood stream as inactive (abnormal) clotting factor molecules.
Due to the great similarities between these two proteins reported here, it appea.rs unlikely that glycosylation is the site of
vitamin K action.
The observation that both asialo and aglycoprothrombin
(42) retain considerable biological activity and
still adsorb to barium citrate would also suggest that the carbohydrate portion of molecule is not the critical site. It also appears unlikely from the molecular weight comparisons that a
proteolytic
action is involved in the conversion of abnormal
prothrombin
to normal prothrombin
as is the case with proinsulin and insulin.
Other possible sites of vitamin K action
that have been proposed include a rearrangement
of the tertiary
structure of the abnormal protein to render it biologically active
and a rearrangement
of the disulfide bonds in the protein to
yield an active proenzyme.
We have recently observed (43)
that treatment of prothrombin
with 8 M urea in the presence of
10 rnrvr dithiothreitol
initially destroys most of the calcium-binding ability of prothrombin,
but spontaneous oxidation and refolding of the protein restores most of the calcium-binding
ability
(5). Similar treatment of the abnormal prothrombin
did not
equilibrate
its calcium-binding
ability with the normal pro-

thrombin, thus demonstrating
that the difference between these
proteins which accounts for calcium binding is not a difference in
tertiary or disulfide structure.
Our observations would suggest
that the vitamin may function in the attachment of some unknown prosthetic group associated with the normal protein or to
catalyze the modification of some amino acid residue.
Investigations into these possibilities are currently under way.
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