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Prothrombin formation and storage are
clearly functions of liver parenchymal cells
according - to. information obtained with the
fluorescent antibody technique(1,2). The
present report extends the information on

* Aided by research grant from Nat. Heart. Inst.,
USPHS. )

prothrombin localization to the intracellular
level in dogs and cattle.

Materials and methods. Isolated paren-
chymal cell concentrates were obtained with
the technique of St. George(3) on Dowex
50 W resin columns. Evaluation of the ho-
mogeneity of the fractions was made by dii-
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ferential cell counts on Leishman stained
smears. A typical cell concentrate contained
96.5% parenchymal cells, 3% free nuclei and
0.5% red blood cells. In cell counts up to 600
cells neither Kupffer cells nor platelets were
found.

Subcellular fractions were prepared in 0.25
M sucrose by the procedures of Schneider and
Hogeboom(4) and de Duve and associates
(5). The following fractions were studied:
total cell homogenate (TCH), cytoplasmic
extract (CE), nuclei (N), mitochondria (M),
lysosomes (L), microsomes (Mic) and soluble
fraction (S). Further purification of the nu-
clear fraction was achieved by centrifugation
at 345 g for 5 minutes to sediment the associ-
ated whole cells and other subcellular particu-
lates. The resulting supernatant containing nu-
clei was recentrifuged at 750 g for 5 minutes.
The nuclei in this precipitate were then re-
suspended in 0.25 M sucrose and washed
twice. All fractions were finally suspended in
sucrose so that the stock solutions were 10%
by volume.

Antiprothrombin sera were produced in
rabbits using purified prothrombin(6,7) in-
jected with Al1(OH); as a single intramuscu-
lar injection according to our described pro-
cedure(8). Each antiserum was characterized
by immunoelectrophoresis. Only those anti-
sera were selected that formed precipitin
bands in the alpha-2 region during immuno-
electrophoresis. Further studies were made
in agar gel diffusion systems with Quchterlony
type plates as modified by Wilson and Pringle
(9,10). Such antisera formed a precipitin
band when reacted with purified prothrombin.
Furthermore these antisera lost their reactiv-
ity when adsorbed with purified prothrombin.
It was clearly established that these antisera
did not react with either fibrinogen or albu-
min also synthesized in the liver.

Fluorescent antiprothrombin was prepared
from a gamma globulin concentrate of a
specific antiprothrombin serum. Lissamine
rhodamine B 200 was used as the fluorescent
dye and the conjugation procedure followed
our previously described procedure(8).

Fluorometric determination of prothrombin
content in sub-cellular fractions. Aliquots of
sub-cellular fractions were mixed with various

concentrations of rhodamine antiprothrombin.
These mixtures were incubated for 30 min-
utes at 25°C. The unadsorbed rhodamine
antiprothrombin was recovered in the super-
natant after centrifugation at 4°C, The fol-
lowing centrifugation schedule was used with
a Clay Adams Centrifuge for nuclei, a Serval
Centrifuge for mitochondria and lysosomes
and a Spinco Centrifuge for microsomes and
soluble fractions: Nuclei 790 g for 10 min-
utes; Mitochondria, 7700 g for 10 minutes;
Lysosomes 20500 g for 10 minutes; Micro-
somes and Soluble Fractions 107000 g for 45
minutes. A Turner Fluorometer was used to
measure the fluorescent solution before and
the supernatant after centrifugation. The
primary filter was 546 myu and the secondary
filter was 570 mu. A sensitivity setting of 3 X
gave satisfactory results. The amount of fluo-
rescent antiprothrombin adsorbed by the cel-
lular fraction was considered an index of the
prothrombin localization. For control pur-
poses rhodamine anti gamma globulin was
employed in similar fashion as a check for
nonspecific adsorption. Also incubation of
the fraction with unlabeled antiprothrombin
prior to treatment with rhodamine antipro-
thrombin blocked the uptake of fluorescent
antiprothrombin.

Results. Subcellular localization of pro-
thrombin as determined with a specific fluo-
rescent antiprothrombin. The antibody bind-
ing capacity of the cellular fractions obtained
from homogenized dog liver was measured
with a fluorometer. Each cell fraction was
placed in contact with a rhodamine antipro-
thrombin solution that had a dye/protein
ratio of 26.4 X 102 Time was permitted
for the specific binding to occur; then the
nonreactive fluorescent antibody was recov-
ered and its fluorescence reassessed. Only the
microsomal and soluble fractions removed
significant amounts of rhodamine antipro-
thrombin (Table I). Controls run with ap-
propriate concentrations of rhodamine nor-
mal gamma globulin or free rhodamine did
not show significant adsorption to the sub-
cellular fractions. Thus there was concentra-
tion of prothrombin or closely related mole-
cules in the microsomes and soluble portion
of liver cells.
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TABLE I. Binding of Fluorescent Antiprothrom-
bin by Subeellular Fraections of Dog Liver.

Rhodamine antiprothrombin bound*

) Antibody dye Antibody protein
Fraction (ug) (ng)
Mierosome 15 5.6
.49 18.4
1.35t 51.0t
.60 22.5
Soluble .86 32.2
Lysosome 0 0
Mitochondria 0 0
Nuclei 0 0

* Binding per mg protein in the cell fraction.
t Equivalence zone.

Parenchymal cell localization of prothrom-
bin. The previously described work with ho-
mogenates of total liver could not provide in-
formation on prothrombin content of the dif-
ferent types of cells that comprise the liver.
Experiments therefore were undertaken on
whole cell preparations which were separated
on the basis of size and type with the aid of
a Dowex 50W resin column. The paren-
chymal cell fraction was essentially homoge-
neous. Another fraction contained reticulo-
endothelial (RE) cells with many blood cells.
In addition, parenchymal cell fragments (i.e.,
nuclei, cell membranes and debris) also were
present making this fraction unsuitable for
study. To study prothrombin localization
agar gel diffusion systems were employed.
Prothrombin content was assessed on the
basis of a precipitin reaction formed between
the cell concentrate and a specific antipro-
thrombin serum. This precipitin band identi-
fied completely with purified prothrombin.
Parenchymal cells reacted with antiprothrom-
bin and thus contained prothrombin and/or
its close relatives (Fig. 1). The density of the
precipitin reaction was increased by ultrasonic
treatment of the parenchymal cell concen-
trate. Presumably rupture of cell membranes
and structures released more prothrombin for
the precipitin reaction. The parenchymal cell
fractions were not contaminated with RE
cells so that the prothrombin found was not
from any other cell type of the liver. Both
bovine and canine parenchymal cells con-
tained prothrombin when reacted with their
homologous antiprothrombin in our test sys-
tem.

Prothrombin was concentrated in the mi-
crosomal and soluble fractions obtained from
parenchymal cell preparations. The paren-
chymal cell preparations were disrupted and
subcellular fractions were prepared. These
were then reacted with the appropriate anti-
prothrombin in agar gel systems. Heavy pre-
cipitin bands formed between the antipro-
thrombin and each of the following fractions:
total cell homogenate, cytoplasmic extract,
microsomes and the soluble fraction (Fig. 2,
3A, 3B). A reaction was not observed with
either mitochondria or lysosomes (Fig. 2). A
weak precipitin reaction occurred with the
standard nuclear fraction. However, this frac-
tion was the most heterogeneous of any of
the subcellular fractions used and contained
some whole parenchymal cells and blood cells,
as well as other sub-cellular structures. Fur-
ther purification of these nuclei eliminated
this precipitin reaction. It was, therefore,
either the result of contaminating microsomes
or adsorbed prothrombin. The precipitin re-
action with microsomes was not significantly
altered by several additional washes with su-
crose. Prothrombin appeared to be rather
firmly bound to microsomes. Especially good
precipitin reactions were obtained when con-
centrated microsomes were used (Fig. 4).
The precipitin band identified completely
with purified prothrombin to provide an ac-
curate intracellular localization of prothrom-
bin. The reacting proteins in the microsomes
and soluble fraction were antigenically simi-
lar (Fig. 2 and 3B). It seems reasonable that
the prothrombin identified in the total cell
homogenate (Fig. 3A) and cytoplasmic ex-
tracts was the consequence of the microsomes
and soluble fraction which are part of these
fractions.

Hypoprothrombinemia reduced or elimi-
nated microsomal prothrombin. Prothrombin
deficiencies were produced in dogs following
treatment with Coumadin (4 mg/kg first day
and then 2 mg/kg second day). One or two
days later subcellular fractions were obtained
from the liver. Microsomes gave only faint
precipitin reactions or no reactions when re-
acted with anti dog prothrombin (Fig. 3D).
Prothrombin was present in all soluble frac-
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FIG. 1. Identification of prothrombin in bovine liver parenchymal cells. Note the band of
identity between ultrasonically treated parenchymal cells (PC) and purified bovine prothrombin
(P) when reacted against a specific anti-bovine prothrombin (A-P). The PC fraction was used
as a 10% solution in 0.25 M sucrose.

FIG. 2. Intracellular localization of prothrombin in subecellular fractions obtained from
normal dog liver. Precipitin bands formed when either microsomes (Mie) or soluble (S) frae-
tion were reacted with anti-dog prothrombin (A-P). There was no indication of prothrombin
content in either mitochondria (M) or lysosomes (L). All eell fractions were 10% suspensions
in 0.25 M sucrose.

FIG. 3. Subeellular localizations of prothrombin in dog liver parenchymal cells. Anti-dog
prothrombin (A-P) was employed with material from normal, hypoprothrombinemie and pro-
thrombin stimulated livers. A. Note common antigenic component in total cell homogenate
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FIG. 4. Identification of prothrombin (P) in
bovine microsomes (Mic). Note central continuous
preeipitin  of prothrombin-antiprothrombin com-
plex. Center well contained anti bovine prothrom-
bin (A-P) which was a 2 component reagent that
reacted with both prothrombin and assoeciated ac-
celerator globulin present in test prothrombin.
Bottom well contained a 10% suspension of micro-
somes while the other wells were 209, microsomal
suspensions. Prothrombin was a 0.5% solution.
tions studied (Fig. 3C). Details of a typical
experiment follow. One prothrombin deficient
animal had a circulating prothrombin of 4
U/ml as determined by the method of Ware
and Seegers(11). Prothrombin time was 3
minutes. Fibrinogen was in the normal range.
The study of intracellular fibrinogen with
antifibrinogen serum showed fibrinogen pres-
ent in both microsomal and soluble fractions.
But only the soluble fraction reacted with
antiprothrombin (Fig. 3C). Prothrombin
could not be detected in the microsomes of
this animal with the immunologic procedure
employed (Fig. 3D). Such results as these
encourage the view that microsomes are the
intracellular sites for prothrombin synthesis.
Coumadin then could block prothrombin pro-
duction at this point,

Restitution of microsomal prothrombin syn-

thesis by treatment with vitamin K,. Vit. Ky
was given to several dogs including some that
were severely depleted of prothrombin. Liver
was taken by surgical biopsy 3-5 hours later
and subcellular fractions prepared. Prothrom-
bin was identified in both microsomal and
soluble fractions (Fig. 3C, D). No other frac-
tions gave precipitin reactions under these
circumstances. These data offer strong sup-
port for the microsomes being the intracellu-
lar sites for prothrombin production.

Discussion. Most studies of prothrombin
synthesis have employed or regarded liver as
if it were a homogeneous organ with respect
to cell type except for the work of Barnhart
and associates(1,2,12). They recently showed
with the fluorescent antibody technique that
only liver parenchymal cells and not reticulo-
endothelial cells synthesize prothrombin. Fur-
ther evidence on the parenchymal cell’s con-
tent of prothrombin is provided by the pres-
ent report.

One major objective of this work was to
investigate the distribution of prothrombin
within the cell. Prothrombin was found in the
microsomal and soluble fractions obtained
from isolated liver parenchymal cells of both
canine and bovine origin. Although all cell
fractions obtained in a fractionation were
assayed, no other subcellular fractions such
as nuclei, mitochondria or lysosomes con-
tained firmly bound prothrombin. Recently,
preliminary reports from 3 other laboratories
have appeared which describe the microsomal
localization of prothrombin activity in rats
(13-15). In all cases entire liver was used for
the cellular fractions and disruption of struc-
ture improved the amount of prothrombin
that could be detected. There would appear
little doubt considering these reports and our
study that prothrombin is concentrated in the
microsomes of at least 3 different. distantly
related animals (rats, dogs, cattle).

In any study involving disruption of cellu-
lar structures in a foreign medium the pos-

(TCH) and soluble (8) fraction from a normal dog. B. Identical antigenic substances exist

in microsomes (Mie) and soluble (8) fraection of normal dogs.

C. Note the precipitin band

indicative of prothrombin localization in soluble fraction of dieumarolized dogs (Sp) as well
as in soluble fraction from Vit. K, stimulated (Sg) animals. D. Microsomes obtained from a
dicumarolized dog (Miep) did not reaet with antiprothrombin. After stimulation of prothrom-
bin synthesis by treatment with Vit, K, the microsomes (Miex) formed a precipitin reaction
indicating the intracellular site of prothrombin synthesis.
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sibility exists that the localizations observed
are artifacts of the technique(16). Possibil-
ities are good for loosely bound or soluble
constituents to be relocated, or even be lost
by the washing procedures. The persistence
of a substance in the cell structure after re-
peated washing is generally considered a good
indication of its presence in an intact cell.
Prothrombin localization in subcellular frac-
tions should be considered with these points
in mind. Clearly there is prothrombin firmly
associated with the fine structure of the cell
known as the microsomes or fragmented endo-
plasmic reticullum. Whether the prothrombin
found in the soluble fraction was present in
the cell sap normally or was eluted from
structural sites of synthesis and storage can-
not be accurately evaluated. It seems reason-
able, however, to consider that some portion
of the soluble prothrombin represents stored
prothrombin.

Once prothrombin was localized intracellu-
larly the question of whether this concentra-
tion represents an area for storage or syn-
thesis could be reasonably considered. To dis-
tinguish between a stored or newly synthe-
sized protein it is necessary to study a dy-
namic physiologic state. Several chemical
agents are known to either suppress or stimu-
late prothrombin production. Dicumarol-like
compounds (Coumadin) are well known for
their capacity to reduce circulating prothrom-
bin. Vitamin K and its relatives are equally
competent in correcting this hypoprothrom-
binemia by the stimulation of prothrombin
synthesis,

The microsomal localization of prothrom-
bin identifies the intracellular sites for syn-
thesis. This statement has its basis in the

facts that prothrombin deficient animals
lacked microsomal prothrombin while Vit. K,
stimulated, as well as normal animals ex-
hibited microsomal prothrombin. Such data
are consistent, too, with the current views
that microsomes are involved in synthesis of
specific proteins(17,18).
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