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A B S T R A C T Normal human antihemophilic factor
(AHF, factor VIII) and the protein antigenically re-
lated to it in hemophilic plasma both appeared in the
void volume of columns of agarose (Sepharose 4B)
during purification of these agents. On ultracentrifuga-
tion upon sucrose gradients, both agents had sedimenta-
tion characteristics similar to those of an S30 marker.
After reduction, the polypeptide chains of purified nor-
mal AHF and of the nonfunctional agent from hemo-
philic patients had an apparent molecular weight of
200,000 as determined by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis. These observations sug-
gest that AHF, purified as described, exists as a large
molecule with subunits of molecular weight of approxi-
mately 200,000.

Antisera to normal AHF and the nonfunctional agent
from hemophilic plasma appeared to be directed against
antigens of similar electrophoretic mobility and precipi-
tating characteristics, present in normal and hemophilic
plasma but deficient in severe von Willebrand's disease
plasma. Both antisera neutralized the AHF clot-pro-
moting activity present in normal plasma, and this prop-
erty was removed by absorption of the antisera with
concentrates of normal or hemophilic plasma but to a
greatly reduced extent by concentrates of von Wille-
brand's disease plasma. These findings suggest that the
antigen detected in normal plasma by the antisera ap-
pears on a molecule participating in the AHF clot-
promoting reaction.
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INTRODUCTION

Classic hemophilia is characterized by the functional de-
ficiency in the plasma of an agent participating in the
intrinsic pathway of blood coagulation, antihemophilic
factor (AHF, factor VIII). Recent studies, employing
an antiserum raised in rabbits to highly purified prepa-
rations of normal human AHF, have indicated that the
plasma of hemophilic subjects contains normal or in-
creased quantities of an antigen precipitating with this
antiserum, whereas that of patients with von Willebrand's
disease has quantities of this antigen reduced in propor-
tion to the reduction of AHF clot-promoting activity
(1-5). The antisera used in our earlier studies had the
following characteristics: on immunodiffusion they pro-
duced a line of identity between hemophilic and normal
plasma or purified AHF prepared from normal plasma;
on immunoelectrophoresis they produced single precipi-
tin lines of similar mobility with concentrates of normal
or hemophilic plasma, and they inhibited the clot-pro-
moting activity of normal plasma in specific assays of
AHF activity. Absorption with a fraction rich in AHF
prepared from normal plasma or a similar fraction pre-
pared from hemophilic plasma neutralized the inhibi-
tory properties of the antiserum against specific AHF
clot-promoting activity (1).
These earlier studies suggest strongly that the pre-

cipitin in the antiserum is directed against the AHF
molecule itself and that patients with classic hemophilia
produce a functionally incompetent but antigenically
normal form of AHF. Conceivably, this incompetent
AHF is an aberrant form of the molecule or a precursor
of the active form of AHF, with which it shares an
antigenic site. Alternately, it could be argued that the
precipitin detects a molecule distinct from AHF but in-
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separable from it by the methods used. If this hypothesis
is correct, the antiserum must contain a second, non-
precipitating antibody which neutralizes the clot-pro-
moting activity of AHF. Such would also necessarily be
the case if the precipitin was directed only against a
precursor to the functional form of AHF. The fact that
concentrates of hemophilic plasmiia canl neutralize the in-
hibitory effect of the antisera on normal AHF clot-
promoting activity, however, appears incompatible with
the suggestion that the antibody is directed against a
precursor alone and not the ftunctional AHF molecule.
The present study was tindertaken to investigate fur-

ther the relationship of normal antihenmophilic factor and
the antigenic but nonfunctional protein present in hemo-
philic plasma. The observations supply fturther evidence
for the similarity of the material detected as antigen in
hemophilic plasma and normal AHF. They support
the view that the precipitin (lemonstrable in antisera di-
rected against human AHF is closely related to the anti-
body that inactivates the functional activity of AHF.

METHODS
The techniques used for the preparation of human plasma,
crude ethanol concentrates of AHF, purified normal AHF,
absorbed antibody against purified AHF, and pooled normal
human plasma and for the assay of functional AHF ac-
tivity have been described (1).

Purification of the nonfunctional antigenic protein from
the plasma of individual patients with severe classic hemo-
philia containing no detectable functional AHF was per-
formed by applying the same techniques to hemophilic
plasma that were employed to prepared highly purified
normal AHF from normal plasma. At -3'C, sufficient
53.3%o ethanol was added to approximately 120-ml samples
of hemophilic plasma to bring the final concentration of
ethanol to 3%. The mixture was stirred for 30 min at
-3'C, and the precipitate was separated at 16,000 g for 10
min at 0°C. The supernatant fluid was discarded, and the
precipitate was dissolved in 25 ml imidazole-saline buffer
(0.02 M imidazole, 0.14 M NaCl, pH 6.5) at room tem-
perature. 25 ml of 20% (wt/vol) polyethylene glycol (poly-
ethylene glycol 6,000, average molecular weight 6,000-7,500;
Matheson, Coleman & Bell, East Rutherford, N. J.) in imi-
dazole-saline buffer was added at room temperature. The
mixture was divided into four aliquots, and the precipitate
was separated at 12,000 g for 10 min. Each precipitate was
washed by suspending in 5 ml of cold 6% ethanol and
recentrifuged at room temperature, and the supernatant fluid
was discarded. Each precipitate was then dissolved in 2.0 ml
imidazole-saline buffer at room temperature with gentle
stirring, and the aliquots were combined and resedimented
at room temperature for 10 min to remove any remaining
particulate material. The dissolved precipitates were pooled,
and this concentrate was then applied to a 5.0 X 38 cm
column of Sepharose 4B at room temperature and eluted
with imidazole-saline buffer at room temperature, employ-
ing upward flow. The efflueint was collected in 5.0 ml ali-
quots. Each fraction was assayed for AHF-life clot-pro-
moting activity and for AHF-like antigen. The contents
of tubes with highest amounts of antigen were pooled and
concentrated to 2.0 ml by pressure dialysis in an Amicon

8MC Micro-ultrafiltration system (Amicon Corp., Lexing-
ton, Mass.) using an Amicon PM30 Diaflo membrane.
These concentrated preparations contained approximately
0.2 mg protein/ml. Glycine stabilization of the purified
materials was Inot employed in this study.
Antiserum to purified normal AHF or to the material

purified from one hemonphilic plasma was raised in 'New
Zealand white female rabbits, and the antiserum was col-
lected as previously described (1). Antiserum to normal
AHF was rendered monospecific by absorption with an
AHF-poor fraction of normal plasma prepared as previously
described (1). The antiserum to hemophilic material was
absorbed with a fraction prepared similarly from hemo-
philic plasma. To remove all procoagulant activity from
antisera used in clotting studies these were then incubated
at 60'C for 60 min, and, after cooling to room temperature,
10 mg tricalcium phosphate was added to each ml antiserum,
the mixture was agitated for 10 min at room temperature
and the serum was separated by centrifugation.
Agarose gels for immunoelectrophoresis and immuno-

diffusion wN-ere prepared as previously described (1). Im-
munoelectrophoresis was performed on ethanol concentrates
using a constant potential of 200 V for 90 min at room
temperature but otherwise were as previously described, as
were immunodiffusion studies.

Quantitative imnmunoelectrophoresis of AHF was carried
out as previously described (1) in agarose gels each con-
taining 0.05 ml of antiserum to purified normal AHF;
crude ethanol concentrates were not employed in this study.
1O-4L aliquots of the fractions eluted from the columns were
applied directly to the wells in the agarose gels; standard
curves were made by applying whole plasma in serial dilu-
tions to the wells.
The influence of the antisera on normal AHF was as-

sessed by incubating the antisera with equal volumes of
pooled normal human plasma as a source of AHF for 2 h
at 37'C and assaying residual AHF activity in the clot-
promoting assay. Controls comprised pooled normal plasma
incubated with normal rabbit serum, and a control curve
was prepared by appropriate dilution of this incubationi
mixture. On seven separate occasions, this method assessed
the inhibitorv activity of one antiserum as consistently
over 83% inhibition, of a second antiserum as consistently
between 50 and 70% inhibition, and on three separate occa-
sions that of a third antiserum as between 50 and 60%
inihibition of the control.

Protein concentration was determined by the method of
Low-ry, Rosebrough, Farr, and Randall (6).

Tests for blocking of the activity of the antisera were
performed w-ith concentrates of plasma. Ethanol concen-
trates were prepared as previously described (1) from 5,
2, and 1 ml vol of both pooled normal plasma and of plasma
of a patient with classic hemophilia (who was not the
donor of the blood used in preparation of the material
used to raise the antiserum). A similar concentrate was
prepared from a 5 ml sample of plasma from a patient
with severe von Willebrand's disease. Each concentrate
was dissolved in 0.7 ml of antiserum that had been diluted
in 7 vol of barbital-saline buffer (0.025 M barbital sodium,
0.125 M NaCl, pH 7.5) and incubated for 2 h at 37'C.
At the same time, the diluted antiserum was incubated in
the same way without addition of ethanol fractions. The
mixtures were then incubated for 60 min at 60°C to destroy
residual AHF clot-promoting activity present in the concen-
trates of normal and to a lesser extent in those of von
WVillebrand's disease plastmna. Precipitated material was re-
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moved by centrifuging, and the supernatant fluids were
stored overnight at 4°C. 0.4 ml of each supernatant fraction
was mixed with 0.05 ml of pooled normal plasma as a
source of AHF and incubated for 2 h at 37°C. 0.55 ml
barbital-saline buffer was then added to each mixture, and
residual AHF activity was measured without further dilu-
tion. AHF activity was compared with that of 0.05 ml
pooled normal plasma to hold barbital-saline buffer was
added in place of antiserum; standard curves were prepared
from these control mixtures, and the amount of inhibition
produced by the antiserum absorbed with the various plasma
concentrates was estimated by interpolation and compared
with that produced by antiserum to which no plasma con-
centrate had been added. This method ir. our hands has
demonstrated that von Willebrand's disease plasma is less
efficient than is normal or hemophilic plasma at blocking
arntisera to normal human AHF (1). We have also shown
that crude correspondence exists between quantities of AHF
detected by clot-promoting or immunoelectrophoresis and
this antibody-blocking technique (7).

Purified preparations of AHF from three normal in-
dividuals and of the material produced by two patients with
hemophilia were subjected to ultracentrifugation by apply-
ing 0.3 ml samples to the surface of 5-20%o sucrose gradi-
ents in cellulose nitrate cups (Beckman Instruments, Inc.,
Palo Alto, Calif.) as previously described (8). Subribo-
somal particles (50S and 30S, General Biochemicals Div.,
Mogul Corp., Chagrin Falls, Ohio) and porcine thyro-
globulin (19S, Sigma Chemical Co., St. Louis, Mo.) were
used as markers and were applied to separate gradients.
The samples were centrifuged at 39,000 rpm (average, 124,-
000 g) in an SW39L head of a Beckman Spinco Model
L-2 ultracentrifuge at 0°C for 3 h. Fractions were col-
lected by puncturing the bottom of each tube. Fractions
from tubes containing the test proteins were tested, at a
dilution of 1 part in 4 parts of 5% sucrose, for AHF
clot-promoting activity and for AHF-like antigens as de-
scribed above. Fractions from the tubes containing the
marker molecules were tested for protein concentration.
Sodium dodecyl sulfate (SDS) polyacrylamide gel elec-

trophoresis was performed by the technique of Weber and
Osborn (9). Purified AHF preparations from three normal
subjects and the purified proteins from three hemophilic
patients were lyophilized individually after concentration
by pressure dialysis. These samples were then incubated for
2 h at 37°C in 0.01 M sodium phosphate buffer, 1% SDS
(Sigma) and 1%,o-mercaptoethanol (Eastman Kodak Co.,
Rochester, N. Y.). The protein concentration was 0.1-0.3
mg/ml. Aliquots containing 2-5 jig of protein from each
sample wvere applied to 5% polyacrylamide gels containing
1% SDS and 1%op-mercaptoethanol as outlined by Weber
and Osborn (9). The glass gel tubes were 8 cm in length
with an internal diameter of 6 mm. Protein standards em-
ployed were: bovine pancreatic chymotrypsinogen A (25,000
D, Pharmacia Fine Chemicals, Piscataway, N. J.), pepsin
(35,000 D, Worthington Biochemical Corp., Freehold, N. J.),
human serum albumin (68,000 D, Sigma), Type I bovine
thyroglobin (160,000 D, Sigma), Escherichia coli p-galac-
tosidase (135,000 D, Sigma), and human transferrin (88,000
D, Behringwerke AG, West Germany).

RESULTS

The peaks of AHF-like clot-promoting activity and of
AHF-like antigen separated from concentrates of nor-
mal plasma were eluted at the same volume from col-
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FIGURRE 1 Representative elution pattern of AHF clot-
promoting activity and AHF-like antigen from Sepharose
4B column to which a concentrate of normal human plasma
was applied.

umns of Sepharose 4B (Fig. 1). Antigenic material
from the plasma concentrates of patients with classic
hemophilia, detected by quantitative immunoelectropho-
resis using antiserum to purified normal AHF, eluted
at the same point from the same column (Fig. 2), that
is, in the void volume of the column. These results were
regularly repeated with normal plasma and were ob-
tained with plasmas from three separate hemophilic
patients. Clot-promoting activity was not detected in
fractions from runs using hemophilic material. In other
experiments, not illustrated, whole plasma samples,
rather than ethanol-polyethylene-glycol concentrates of
plasma, were applied to a much smaller column (0.9 X
28 cm); under these conditions, too, the antigenic ma-
terial from hemophilic plasma and the antigenic and
clot-promoting agent from normal plasma were eluted
in the void volume of the column.

After ultracentrifugation on sucrose density gradients,
purified normal AHF activity was found to be maximal
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FIGURE 2 Representative elution pattern of AHF-like an-
tigen from the same column as employed in Fig. 1 to
which a concentrate of hemophilic plasma was applied. No
clot-promoting activity was detected in the fractions.
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FIGURE 3 Representative sucrose density gradient ultra-
cenitrifugation of purified niormal AHF and the purified
lhemophilic material and of SOS, 30S, and 19S markers. Tube
nIo. 1 wN-as at the bottom of the gradient and tube 30 at the
top.

in fractions comparable to those in which 30S subribos-
omal particles were concentrated. 'Maximal AHF clot-
promoting activity coincided with maximal concentrationi
of AHF-like antigen. This result was reproduced 3 times
with AHF prepared from a different normal donor oIn
each occasion. In runs concurrent w-ith these. the alnti-
genic proteins prepared from the plasmas of tw-o hemo-
philic patients were both concentrate(d in the same frac-
tions as was the antigenic and clot-promoting agent puiri-
fied from normal plasma (Fig. 3).
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FIGURE 4 Determination of molecular weight by S[)S-
mercaptoethanol acrylamide gel electrophoresis. The extra-
polated molecular weight of the fragments are: 215,000 for
the agent in hemophilic plasma and 197.000 for antihemiio-
philic factor.

Normal AHF and( the agent in liemiiophilic plasma
were reducedl w\ith 3-inercaptoetlhaniol and sutbjected to
sodliumil dodecyl sulfate polvacrvlamide electrophoresis.
Using this teclhnique, ai straight line w-as obtaine(d wlheni
the electrophoretic mobility of marker proteins w as
plotted against the logarithm of tlheir known polypep-
tide chain miiolecular weight. These resuLlts were repro-
duicible. varying minimllallv from experimiient to experi-
mlenit. lUndler these conditionis, after reduction, both nor-
nial AHF an(l the agent in hemophilic )lasma had mo-
bilities corresponding to a mlolecula- weight of 200,000

10)6 Fig. 4). Trl-ee additional trace comlponlents
were plresent in variable (qualntities in each of the three
normal and tlhree hemophilic specimlelns testedl.

Intcubation of normiial plasnma with the antiserunm to
the purifie(l lcnioplulic protein neutralized its AHF
clot-pronmoting activity, as determinied by specific as-
say-s (Table L). The antisera to hemiioplhilic material ap-
Pleared to be less powerful inhlibitors of AHF than solime
of the antisera to nornial AHF. \VNhetlher this repre-
sented variability amnong the rabbits or (lifferences in
the antigens cannot be (leterinilie(l aIt present. Rabbits
A and B. which had been iiimmlunizedI with the henmophilic
protein, and rabbit D. immunluiiized with normal AHF.
had been booste(d onI only oine occasioni: antisera from
these ral)bits inlilbited the clot-promoting activity of
normal AD F to similar (legrees. In contrast, rabbits

A

VV ~ .~

FIGURE 5 Immunodiffusion of concentrates of normal, he-
mophilic, and von Willebrand's disease plasma against the
rahbit antihody to the hemophiilic nonfunictionial protein.
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C and E, immunized with normal AHF, had received
several boosting doses of the protein, and the antisera
from these animals were more powerful inhibitors of
AHF clot-promoting activity.

Concentrates of both normal and hemophilic plasma
neutralized the ability of the antisera to inhibit the AHF
clot-promoting activity of normal plasma to similar de-
grees, while concentrates of the plasma of a patient
with severe von Willebrand's disease (AHF level 0.1
U/ml) exerted a blocking effect approximately equiva-
lent to only one-fifth of its volume of normal plasma
(Table II).
Lines of identity appeared between normal and hemo-

philic plasma when tested against the antiserum to the
hemophilic material (Fig. 5). No precipitin line ap-
peared opposite the well containing a concentrate pre-
pared from plasma of the patient with severe von Wille-
brand's disease.
The antiserum to the hemophilic material detected

antigens with similar mobility in concentrates of normal
and hemophilic plasma (Fig. 6a). The antigen detected
by this antiserum had identical electrophoretic mobility
to the antigen detected by the antiserum against puri-
fied normal AHF (Fig. 6b).

DISCUSSION

The gel filtration studies described indicate that the
molecules detected in several normal and hemophilic
plasmas by the rabbit antiserum to purified normal AHF
have a similar minimal molecular size. They both were
found in the void volume of columns of Sepharose 4B
when unaltered plasma or concentrates of material pre-

TABLE I
Inhibition of A HF-like Clot-Promoting Actdinty by .4ntisera

to Normal AHF and the Hemophililc .MIaterial

Conc. of
incubation

Agent added to normal mixture Clotting time
human plasma tested in AHF assay

% s

Normal rabbit serum 100 104.5
50 114.6
25 126.5
12 133.5

AAntiserum A 100 117.0
Antiserum B 100 117.5
Antiserum C 100 132.5
Antiserum D 100 115.0
Antiserum E 100 139.0

Antisera A and B are those prepared in separate rabbits to the
hemophilic material. Antisera C, D, anid E are those prepared
in separate rabbits to normal AHF. Eqtlal voltlmes of normal
htnmai plasma incubated with niormal rabbit sertim for 2 h
at 37°C anid residual AHF clot-promoting activity assayed.
Diluitions containing 100, 50, 25, anid 12%c of this incubation
mixture were assayed to provide a control curve. Equal
volumes of normal htimiani plasma and the various antisera
were incubated similarly anid tested without further dilution.
It is evident that antisera A, B, and D destroyed over 50%Xc
of the AHF clot-promoting activity in the incubation mixttLires
and antisera C and E destroyed approximately 90% of the
AHF clot-promoting activity.

pared by ethanol and polyethylene glycol precipitation
of plasma were applied. Thus the hemophilic material
has a similar minimal miiolectilar w-eighlt to that previ-

TABLE I I
Inhibition of AHF Procoagulant Acti'vity Produced by Antiserum which had been Absorbed with Varying

Amounts of Ethanol Concentrates of Normal, Hemophilic, or von TIillebrand's Disease Plasmiia
(% Inhibition)

Absorbants of antiserum

Normal plasma Hemophilic plasma vW'D
plasma,

S ml 2 ml 1 ml 5 ml 2 ml I ml 5 ml Buffer

AAntiserumii A to hemophilic proteini 35 40 58 36 40 55 53 66
Antiserum C to normal AHF 38 55 64 45 55 60 60 70

Antisera to hemophilic protein or to normal AHF absorbed with ethanol concentrates of varying volumes of
plasma from normal individuals, and patients with classic hemophilia and von WVillebrand's disease. Residual
clot-promoting activity was removed and residual capacity to inhibit AHF clot-promoting activity was
assayed as described in the 'Methods section. It is evident that antisera absorbed with buffer only inhibited
66 and 70% of the AHF employed; those absorbed with concentrates of 1 ml normal or hemophilic plasma
had had their inhibitory power reduced to a degree similar to those absorbed with concentrates of 5 ml von
W7illebrand's disease plasma (i.e. to about 60% inhibition). Antisera absorbed with concentrates of larger
volumes of normal and hemophilic plasma showed progressively greater reduction in their ability to inhibit
AHF clot-promoting activity.
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FIGURE 6 Immunoelectrophoretic studies on the antiserum
to the nonfunictional hemophilic protein: (a) immunoelec-
trophoresis of conicenitrates of normal and hemophilic plasma
against the antiserum to the hemophilic material; and (b)
immunoelectrophoresis of coincentrate of normal plasma
against antisertum to niormal AHF and antiserum to the
hemophilic material.

ously suggested for normal AHF utl(ler these conditions,
namely 2 X 106 (6). This l)rediction assumies that the
molecules are spherical and that imiolecular complexing
has not occurred, both of which assUlmptioIns may prove
to be unjustified. Ultracentrifugal study of partially
purified normal hulnmani AHE lhas already established
that the clot-promoting agent is of large dimensions
(8). Our observations on norimial AHF )urified bv a
different method also indicate that the molecuile, tinder
the conditions employed, is of large size, similar to that
of 30S subribosomal particles and, further. that the non-
functional agents from hemophilic plasma appears to
hav-e similar dimensionls.
The results of the sodium dodecyl polvacrylamide gel

electrophoretic studies, how-ever, suggest that both the
hemophilic protein and normal AHF contained sub-
units each with a molecular w-eight of about 200,000.
This accords \Vith the suggestion of other workers of
a subunit structure for normal AHF and the nonfunc-
tional protein in hemophilic plasma. thouglh the size of
the subunits reported has varied widely (10-15).
Marchesi, Shulman, and Gralnick (13) observed that
treatment of AHF with SDS alone did not result in
disaggregation of normal AHF, w\hile fragments with
a mnolecular weight of approximatelv 240,000 D were

separated by reduction Xwith dithioervthritol. Anderson
and his associates reported recently that the molecular
weight of the reduced subunits was 195,000 D (10).

Earlier, the same group had estimated the molecular
weight of the reduced fragments as approximately 300,-
000, and similar subunits prepared from hemophilic
plasma had approximately the same molecular weight
(11). In additional, uinpublished experiments, we have
found that the subunits of AHF cail be separated by
columiiin chromatography of reducted AHF preparations
of nornmal plasma, suipportinig the view that the sub-
units are joine(d by (lisulfide bridges.

Antiserum to the material prepared from hemophilic
plasma -was fouind to have properties similar to that
raised against preparations of normal humani AHF.
Both antisera neutralized the clot-promoting activity in
normal plasma in specific assays for antihemophilic ac-
tivity, a lproperty that was removed to approximately
similar degrees by absorption with concentrates sepa-
rated from both inormal and hemophilic plasma. A coIn-
centrate of von \Willebrand's disease plasma was much
less effective in this respect. Both antisera contained
precipitins recognizinig antigens in normal and hemo-
philic plasma which are absent from severe von \Ville-
brand's disease plasma. The antigens (letected by both
aintisera in normal an(d hemoplhilic plasma have the same
electrophoretic mobility. In effect. the antisera behave
as if they detected the samiie antigen.
The fact that the aintisertum to the material prepared

from hemophilic I)lasimia nieutralized the clot-promoting
activity of nlormiial AHF suggests strongly that the anti-
gen it detected is situated on a molecule necessarv for
the expression of AHF clot-promoting activity. The
absence of AHF clot-promoting activity from the hemo-
lhilic protein suggests that the area corresponding to
the active site of normal AHF is altered in an, as yet,
unknown wvay. It therefore seems unlikely that anti-
serumii to the hemoplhilic material contained an antibody
(precipitating or otherwise) directed againist the active
site of normal AHF. Destruction of the clot-promoting
activitv of AHF of normal individuals by the antiserumii
to the hemophilic material suggests therefore that the
anitigen recognized by the antiserum lies on the AHF
molecule itself but lnot at the active clot-promoting site.
These findings do not preclude the possibility that the
antigeni may also be present in a precursor of functional
AHF inl normal inidividuals, nor do they indicate
whether the antigenic material derived from hemo-
philic plasma represents such a precursor or an ab-
normal form of the AHF molecule.
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