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Congenital Dysfibrinogenemia: Fibrinogen Detroit

EBERHARDF. MAMMEN,ANANDAS. PRASAD, MARIONI. BARNHART,and
CmC. Au with the technical assistance of VmIG SCHWANDT

From the Departments of Physiology and Pharmacology, Pathology and
Medicine, Wayne State University, School of Medicine, Detroit, Michigan
48207 and the Veterans Administration Hospital, Allen Park, Michigan 48101

A B S T R A C T A 17 yr old female with a congenital
bleeding disorder was found to suffer from dysfibrino-
genemia. Whole blood and plasma coagulation times
were delayed and thrombelastograms were grossly ab-
normal. Clottability of plasma fibrinogen by addition of
thrombin was not demonstrated during the 30 min test
period. Fibrinogen was revealed by turbidometric and
immunologic techniques. Other coagulation factors
were present in normal amounts and prothrombin ac-
tivation was normal. Patient's plasma inhibited throm-
bin clotting times of normal plasma and purified normal
fibrinogen. Fibrinolysis was not detected.

The plasma fibrinogen migrated normally on paper
and cellulose acetate electrophoresis, but on immunoelec-
trophoresis it displayed a faster mobility than normal
fibrinogen. On immunodiffusion the antigenic determi-
nants were similar to those of normal fibrinogen. The
patient's fibrinogen-antifibrinogen precipitins required
longer to appear and the resultant precipitin was broader
and hazier than those elicited with normal fibrinogen.
These findings suggest the presence of two discrete
populations of fibrinogen molecules.

Investigation of the family of the patient suggested
that the defect has an autosomal dominant pattern of
heredity. Immunologic comparisons of our patient's
plasma and of her relatives with plasma of patients
with "Fibrinogen Baltimore" and "Fibrinogen Cleve-
land" revealed certain differences in immunoelectropho-
retic mobility as well as in immunodiffusion. In keep-
ing with the nomenclatures of abnormal fibrinogens in
the literature, we propose the term "Fibrinogen Detroit"
for this fibrinogen.

Physicochemical properties of "Fibrinogen Detroit"
were investigated also and compared with those of nor-
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mal fibrinogen. Purified normal fibrinogen (clottability
96.7%) and "Fibrinogen Detroit" revealed homogeneity
when studied by ultracentrifugation and immunoelectro-
phoresis. Native and cleaved "Fibrinogen Detroit" had
the same sedimentation constants and molecular weights
as the normal. In fresh samples, 3 moles of free SH
groups/mole of fibrinogen were titrated in both. De-
termination of the amino acid composition revealed a
decreased content of lysine, glucosamine, and galactosa-
mine in abnormal fibrinogen. Total carbohydrates, pro-
tein-bound hexoses, sialic acid, and hexosamine were
decreased in the abnormal fibrinogen.

In an investigation with Doctors Blomback a specific
molecular defect was revealed in the N-terminal di-
sulfide knot of the alpha (A) chain in which the arginine
at the 19th position was replaced by serine. It is be-
lieved that the substitution of a strongly basic amino
acid with a neutral hydroxy acid may result in con-
siderable conformational changes in the N-terminal di-
sulfide knot of fibrinogen which might affect the "active
site" for polymerization. The lower carbohydrate con-
tent observed in "Fibrinogen Detroit" may have been
the result of a change in primary and tertiary structure
of the protein.

INTRODUCTION
A congenital disturbance in the function of fibrinogen
seems to be rare. The first patient with dysfibrinogene-
mia was described in 1958 by Imperato and Dettori (1).
This patient suffered from frequent hemorrhages, and
the fibrinogen was not readily converted to fibrin. In
1964 Menache (2) described a similar congenital fibrino-
gen abnormality in a patient without a bleeding tend-
ency.

A third family with congenital dysfibrinogenemia was
described in 1964 by Beck (3). Several family members
were affected and had a mild hemorrhagic tendency. The
abnormality seemed to be inherited as a dominant trait.
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Whole blood clotting times were normal, but friable
clots were observed. There were electrophoretic dif-
ferences between the patient's fibrinogen and normal
fibrinogen (4, 5). In view of certain differences among
these patients with dysfibrinogenemia thus far described,
Beck and coworkers (3-6) recommended the adoption
of a nomenclature similar to the one used for the descrip-
tion of hemoglobinopathies, and termed their abnormal
fibrinogen "Fibrinogen Baltimore."

In 1964 von Felten, Duckert, and Frick (7) described
a fourth family with an abnormal fibrinogen. A recent
reinvestigation of a family previously described as
"congenital hypofibrinogenemia" (8) by Beck and
Thomas [cited from (6)] revealed that the family suf-
fered from dysfibrinogenemia. The pattern of heredity
seemed to be autosomal dominant (8), and the affected
family members displayed a mild bleeding tendency.
Forman, Boyer, and Ratnoff (9) described the sixth
family with an abnormal fibrinogen. The defect seemed
to lie in the aggregation of the fibrin monomers. The
patient's fibrinogen was distinguishable from normal
fibrinogen and "Fibrinogen Baltimore" by immuno-
electrophoresis and was termed "Fibrinogen Cleveland."

This report concerns a Detroit Negro family with an
abnormal fibrinogen molecule, which we propose to term
"Fibrinogen Detroit." Immunological and physicochem-
ical properties of this fibrinogen also are presented in
this paper.

Case history. P. H., a 17 yr old Negro female, was
admitted to Detroit General Hospital in June 1966 as a
referral because of anemia after excessive blood loss
during menstruation. Menarche was at age 11. Menstru-
ation was irregular, required use of 7-20 pads a day and
flow lasted from 7 to 12 days.

The past history revealed that in July 1965 she was
admitted to Detroit General Hospital for the first time
on Obstetrics and Gynecology Service because of ex-
cessive menstrual bleeding and her hemoglobin was 4.2
g/100 ml. Detailed physical and pelvic examinations and
routine blood tests failed to reveal any abnormality. No
clotting studies were performed at that time. Cervical
curettings showed normal secretory endometrium. She
was transfused with 4 U of whole blood and on discharge
the hemoglobin was 12 g/100 ml. She was subsequently
seen by Gynecological Service for repeated episodes of
anemia after excessive menstrual bleeding for which
she received blood transfusions on two different occa-
sions before her admission in June 1966. Because of
menstrual difficulties her physician prescribed Norinyl1
(progesterone, 1 mg, with estrogen ethinyl estradiol 3
methylether 0.05 mg), 1 tablet daily for 20 days each
menstrual cycle. She apparently did fairly well until

1 Syntex Laboratories, Inc., Stanford Industrial Park,
Palo Alto, Calif.

June 1966 although she had discontinued the hormonal
therapy after two months and had failed to return to the
clinic.

Family history revealed that her 35 yr old mother
(E.H.) also suffered from excessive menstrual bleeding
and mild hemorrhages after minor injuries since early
childhood. She also gave a history of several episodes
of epistaxis. In spite of these bleeding tendencies, she
delivered nine children without any serious complica-
tions. Two brothers of P. H., one 15 yr old (S. H.) and
another 14 yr old (Al. H.) gave history of frequent epi-
staxis and bleedings after minor cuts. Five other sisters
(D. H., An. H., K. H., C. H., and Mo. H.) and one
brother (Ma. H.) gave no history of hemorrhagic
tendencies.

Physical examination revealed a well-developed and
well-nourished female in no acute distress. Except for
pallor, no abnormality on physical examination (in-
cluding pelvic) was noted. Hemoglobin was 8.6 g/100
ml. Peripheral blood smear revealed normochromic and
normocytic anemia. Reticulocyte count was 3.4%. To-
tal leukocyte count and differential counts were within
normal limits. Platelet count on admission was 139,000/
mm8and subsequently it was reported to be 216,000/mm8.
Serum total protein was 6.9 g/100 ml and protein elec-
trophoresis was unremarkable. Sickle-cell preparation
was negative. Other routine laboratory tests such as uri-
nalysis, blood urea nitrogen, fasting blood sugar, and
liver function tests were noncontributory. Detailed
clotting studies are presented in Table I.

500 ml of whole blood was withdrawn for isolation
and purification of fibrinogen for further studies. Im-
mediately thereafter the patient received 3 U of fresh
whole blood and 4 g of fibrinogen' intravenously. She
was then discharged asymptomatic, to be followed in
the clinic.

Between June 1966 and February 1968, the patient
returned for brief admissions several times because of
excessive menstrual bleeding. On each occasion, she
responded well to fibrinogen administration (from 4 to
6 g) intravenously and 2 to 3 U of fresh whole blood
transfusions. Because of recurrent uterine bleeding, total
hysterectomy and bilateral wedge resection of ovaries
was performed in February 1968. She received 6 g of
fibrinogen the day before surgery. During and after
surgery she received a continuous drip of fibrinogen (8
g/day) intravenously for 2 days. She was also transfused
with 4 U of fresh whole blood during surgery. She did
well postoperatively and has continued asymptomatic.

METHODS

1. Coagulation studies. Coagulation and fibrinolytic status
of the subjects were measured by the following techniques:

2Michigan Department of Health, Lansing, Mich.
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Lee and White (10) for clotting time; Duke (11) for
bleeding time; Brecher and Cronkite (12) for platelet
counts; Howell (13) for recalcification time; Langdell,
Wagner and Brinkhous (14) for partial thromboplastin
time; Quick (15) for prothrombin time; Ingram and
Matchett (16) for thrombin time; Ware and Seegers (17)
for prothrombin; Ware and Seegers (18) for ac-globulin;
Langdell, Wagner and Brinkhous (19) for factor VIII;
Seegers, Miller, Andrews, and Murphy (20) for antithrom-
bin; Ware, Guest and Seegers (21) for clottable fibrinogen
by thrombin; Fowell (22) for fibrinogen by turbidometry;
Barnhart (23) for fibrinogen by immunological analysis;
Seegers, Johnson, and Fell (24) for thrombin titer test;
Buckell (25) for euglobin lysis time; Guest (26) for pro-
fibrinolysin; Guest, Daly, Ware, and Seegers (27) for
antifibrinolysin; Beller, Koch, and Mammen (28) for
thromboelastography.

2. Immunologic studies. Antihuman fibrinogen was pre-
pared in rabbits according to Barnhart, Anderson, and
Baker (29) by injection of microgram quantities of purified
human fibrinogen (>96% clottable and homogeneous ac-
cording to immunoelectrophoresis against antiplasma). The
antiserum obtained had a precipitin titer of 1/16384 against
1% fibrinogen. This antifibrinogen formed only one pre-
cipitin band when reacted against plasma and purified fibrino-
gen in agar plates and on immunoelectrophoresis. No reac-
tion occurred when this antifibrinogen was tested against
purified albumin, prothrombin, profibrinolysin, or gamma
globulin IgG (0.01-1%).

Quantitative immunoprecipitin assays (23, 30) gave a
measure of total fibrinogen-related material in plasma and
nonclottable fibrinogen-related molecules in serum. An es-
sential feature for accurate determination is excess anti-
body in the system. Goodman, Wolfe, and Norton (31) es-
tablished that turbidometric analysis of formed immuno-
precipitins was in good agreement with the quantitative
precipitin test of Heidelberger and Kendall (32) where
the collected antigen-antibody complexes were subjected to
nitrogen determination. Our test system is detailed in an-
other publication (30) but the important features are
briefly presented here. Nonclottable fibrinogen-related mole-
cules were measured after recalcification or addition of
purified thrombin to produce serum. The defibrination phase
lasted 30-60 min. Serial dilutions (1/10-1/640) were pre-
pared from either the serum supernatant or plasma by add-
ing saline (Sherman Laboratories, Detroit, Mich., low par-
ticle content). To test tubes containing 4.6 ml saline was
added 0.1 ml of the diluted serum or plasma and 0.3 ml of
standardized antifibrinogen serum (30). After thorough mix-
ing of the reagents the tube was incubated for 1 hr at 370C.
The developed turbidity (antigen-antibody complexes) was
quantitated with a Turner Nephelometer. Such readings
were converted to fibrinogen values by consulting a stand-
ard curve prepared from readings obtained when micro-
gram quantities of purified human fibrinogen (> 96% clot-
table) were similarly reacted with antifibrinogen. Appropri-
ate mathematical corrections were made for dilutions. Analy-
sis of the data from the serial dilutions of one specimen re-
vealed those values that reflected quantitative precipitation of
the fibrinogen-related molecule. On either side of this region
for optimal reactivity, were lower values illustrating incom-
plete precipitation in antigen excess or insufficient antibody
for quantitative precipitation. Plasma fibrinogen values from
15 normals that were run during the same time interval as
the present study gave 519 ±122 mg/100 ml. Nonclottable
fibrinogen-related molecules in serum of 72 normals stud-

ied over the last 5 yr measured 30 +10 mg/100 ml. These
values correspond well with those reported by Schultze and
Schwick (33) using a similar turbidometric analysis for
quantitative precipitin reactions.

Immunoelectrophoresis was carried out according to the
method of Grabar and Williams (34). Double diffusion in
agar ran in special Wilson plates (35), or modification of
these (30) as comparative analysis or fractional analysis
plates (Grabar Corp., Detroit, Mich.8). Fractional analysis
plates consist of several long agar channels in parallel ar-
rangement within one plate for comparison of positioning
of an immune complex, rate of development, and concentra-
tion dependence under identical environmental conditions.

3. Purification of patient's (P. H.) fibrinogen. The
fibrinogen from our patient (P. H.) and from a normal
person was isolated from plasma with a combined ethanol,
ammonium sulfate precipitation technique, followed by col-
umn chromatography on ion exchange resin Amberlite CG-50,
200-400 mesh.' The total exchange capacity of this resin is
10 meq/g min. Blood was collected in 3.8% sodium citrate
(one part citrate plus nine parts of blood) and the plasma
was separated by centrifugation at 3000 g for 15 min at 40C
and immediately fractionated. In order to avoid fibrinolysis
possibly induced by the addition of ethanol, 1 ml (5000
KIU) of Trasylol6 was added to both plasmas.

100 ml of normal or patient's plasma were cooled to 20C
and 50% ethanol was added under stirring to a final ethanol
concentration of 16% (v/v). After stirring for an additional
15 min at 20C the mixture was centrifuged at 3000 g for 15
min at 4VC. The precipitate was dissolved in 200 ml of 0.9%
NaCl solution at 370C. After complete solution, saturated
ammonium sulfate solution was added at 20C under stirring
to final concentration of 25% (v/v). After stirring for 15
min at 260C, the suspension was recentrifuged. The precipi-
tate was once more dissolved in 200 ml of 0.9% NaCl solu-
tion at 37°C. The precipitation with ammonium sulfate was
repeated once more following the procedure just outlined.
The final precipitate was dissolved in 0.9% NaCl solution to
a total volume of 30 ml.

Approximately 100 mg of fibrinogen was placed on each
of two Sephadex G-50e columns (2.5 X 65 cm) at room tem-
perature previously washed with 0.9% NaCl solution. Elu-
tion followed with 0.9% NaCl solution. Fractions of 12-ml
volume were collected. The protein emerged rapidly from
the column before the (NH4)2SO4 salts were eluted. Pro-
tein recovery was around 98% with both types of fibrinogen.
The protein-containing tubes from both columns were com-
bined and freeze-dried.

At this time analytical ultracentrifugation 7 revealed a
minor impurity that migrated slightly faster than the fibrino-
gen peak. In order to improve the purity, both fibrinogens
were chromatographed at room temperature on an ion ex-
change resin (CG-50) column. Before chromatography, the
dried fibrinogen preparations were dissolved in 10 ml distilled
water and dialysed for 3 hr at room temperature against 10
liter 0.05 M phosphate buffer, pH 7.0, with three buffer
changes. Small amounts of insoluble protein were removed
by centrifugation at 3000 g for 15 min at 250C.

Approximately 100 mg of protein was placed on an ion

'P.O. Box 7788, Detroit, Mich.
4Mallinckrodt Chem. Works, New York.
6Bayer, A. G., Leverkusen, Germany.
6 Pharmacia, Uppsala, Sweden.
'Beckman Analytical Ultracentrifuge, Spinco Model E,

Palo Alto, Calif.
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exchange resin (CG-50) column (2.5 X 40 cm) previously
washed and equilibrated with 0.05 M phosphate buffer, pH
7.0. First elution followed with 0.05 M phosphate buffer, pH
7.0. The fractions were collected in 12-ml samples. With
both, normal and abnormal fibrinogens a small protein peak
(about 2% of the applied protein) emerged with this buffer
(Fig. 1), which in the case of the normal fibrinogen did
not form fibrin after the addition of thrombin. After having
sampled 14 tubes with the 0.05 M phosphate buffer, pH 7.0,
the eluting buffer was changed to 0.3 M phosphate buffer, pH
7.8, and 12-ml samples collected. With this buffer the fibrino-
gen emerged from the column (Fig. 1) and the protein re-
covery ranged between 90 and 96%.

The protein-containing tubes were combined and saturated
ammonium sulfate solution was added to final concentration
of 25%o (v/v) with additional stirring for 15 min at 20C.
The suspension was centrifuged at 3000 g for 15 min at 40C.
The precipitate was dissolved in about 8-10 ml of 0.9%o NaCl
solution and dialysed overnight at room temperature against
10 liter of 0.9%7 NaCl solution, frozen in dry ice ethanol,
and stored at - 400 C.

4. Methods enployed for investigation of physicochemical
properties of fibrinogen. Sedimentation velocity experi-
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FIGURE 1 This figure shows the chromatographic patterns of
normal fibrinogen and Fibrinogen Detroit on ion exchange
resin (CG 50).

ments were run on the Spinco model E analytical ultra-
centrifuge using Schlieren optics (36). The S-rates were
determined on three dilutions in 0.1 M potassium phosphate
buffer, pH 7.0, and extrapolated to infinite dilution. The
sedimentation coefficient was then converted to standard
conditions. The meniscus depletion method of Yphantis
(37) was used for molecular weight determination. The
three dilutions of normal and abnormal fibrinogen in 0.1 M
potassium phosphate buffer, pH 7.0, were centrifuged at
12,619 rpm for 18 hr using interference optics for the mo-
lecular weight runs. Partial specific volume (V) of 0.718
was used for calculations (38).

In another experiment, the fibrinogen samples were treated
with 5 M guanidine hydrochloride and then dialyzed against
5 M guanidine HCO, pH 5.5. Sedimentation velocities and
molecular weights were then determined. For the molecular
weight determinations, the samples were centrifuged at 15,-
220 rpm for 13 hr with interference optics. A partial specific
volume (V) of 0.696 was used for calculations (38). In or-
der to study the subunits of fibrinogens, following denatura-
tion in 5 M guanidine HCl, cleavage with sodium sulfite was
accomplished according to the method of Johnson and Mi-
halyi (38) and sedimentation velocities and molecular weights
were determined in these samples. For molecular weight
determinations, the samples were centrifuged at 32,603 rpm
for 9 hr with interference optics and a partial specific vol-
ume (V) of 0.688 was used for calculations (38).

In freshly purified fibrinogen samples, free SH groups
were amperometrically titrated according to the methods
published before (39, 40). The amino acid analysis was per-
formed according to the methods of Spackman, Stein and
Moore (41) after hydrolysis for 22 hr. Protein-bound hex-
oses were measured by the method of Mokrasch (42) and
hexosamine was determined by the method of Rimington
(43). Sialic acid was measured by the method of Ayala,
Moore, and Hess (44). Protein content was determined by
the micro-Kjeldahl method (45).

Polypeptide mapping of alpha (A) chain of the N-terminal
fragments from normal and patient's fibrinogen were ac-
complished by the methods of Blomback et al. (46, 47).

RESULTS
1. Coagulation and immunologic studies in the patient

(P. H.). The whole blood clotting time of the patient
(P. H.) was repeatedly around 26 min. The formed
clots initially friable became firm upon storage for sev-
eral additional hours at 37°C and retracted normally.
The bleeding time was 3%min.

The plasma coagulation time, recalcification time,
partial thromboplastin time, prothrombin time, and throm-
bin time were grossly prolonged, but normal levels of
prothrombin, Ac-globulin, factor VIII, and antithrombin
were found (Table I). Euglobulin lysis time was nor-
mal. The level of profibrinolysin was 195 cU/ml (con-
trol 207 cU/ml) and the level of antifibrinolysin was
162 U/ml (control 176 U/ml). The patient's plasma clot
was insoluble in 5 Murea solution.

No clottable fibrinogen could be determined in the pa-
tient's plasma with the method employed. Turbidometric
measurements revealed 300 mg/100 ml fibrinogen in the
patient's plasma, and the quantitative immunological
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TABLE I
Some Plasma Coagulation Studies on Patient P. H. and Members of Her Family

Recalci- Partial Ac-
fication thrombo- Pro- globulin Euglobulin
times of plastin thrombin Prothrombin, (factor Factor lysis Thrombin Anti-
plasma times times 2-stage V) VIII Fibrinogen times times thrombin

(13) (14) (15) (17) (18) (19) (21) (25) (16) (20)

sec sec sec U/mi U/mi % mg/100 ml min sec %

P. H. >600 >600 >30 211 17.6 175 0 >180 >60 52
E. H. 141 63 12.6 220 18.6 100 124 >180 >60 61
S. H. 138 69 15.7 198 16.2 98 96 >180 >60 42
Al.- H. 151 68 12.6 236 14.8 76 87 >180 >60 48
Mo. H. >600 >600 >30 218 17.2 124 0 >180 >60 46
D. H. 98 68 14.3 246 16.9 84 244 >180 15.1 51
An. H. 103 61 12.6 235 15.8 112 247 >180 14.8 59
K. H. 89 55 12.9 261 17.2 138 242 >180 14.6 42
C. H. 122 60 12.7 219 16.2 95 196 >180 14.3 51
Ma. H. 114 65 12.7 241 15.4 106 244 >180 15.6 53

Normal 80-120 50-70 12.6 250 450 17.2 60-200 200-300 >180 14.5 40-60

analysis of the fibrinogen related molecules in plasma
gave 960 mg/100 ml. The determination of fibrinogen-
related molecules in the patient's serum gave 160 mg/100
ml. The presence of fibrinogen in plasma could further
be demonstrated by means of paper electrophoresis and
cellulose acetate electrophoresis without a migration
rate different from normal.

The thrombin titer tests on patient's plasma and nor-
mal plasma gave similar curves (Fig. 2) indicating a
normal rapid conversion of prothrombin to thrombin.
The addition of normal human or bovine fibrinogen to
the patient's plasma resulted in normal plasma recalci-
fication time, partial thromboplastin time, and prothrom-
bin time, further evidence that there was no disturbance
in the activation of prothrombin to thrombin. But the
clotting time for normal plasma or normal human
fibrinogen by thrombin was inhibited by the addition of
patient's plasma (Table II). Added calcium did not im-

UJuJ
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FIGURE 2 Thrombin titer test on normal plasma and the
patient's (P. H.) plasma.

prove the clotting of the patient's fibrinogen by throm-
bin (Table II).

The plasma thrombelastogram tracings of the patient
were grossly abnormal (Fig. 3). The reaction times
(r-times) were 20 min, 30 sec (normal: 4 min-6 min, 30
sec) and thrombus formation times (k-times) were 142
min (normal: 1 min-2 min, 30 sec). The amplitudes
(deflection) of the thrombelastograms never reached a
normal maximum (mi). Over a period of 7 hr a con-
tinuous increase of amplitude to 44 me (normal 150-350
mi) was observed. In normal thrombelastogram the max-
imum amplitude (vin) is usually reached between Y-1 hr
with a decreased amplitude following.

Immunologic testing of the patient's plasma fibrinogen
presented certain unique features. A considerable
amount of the fibrinogen-related molecules had a faster
mobility than normal plasma fibrinogen on agar im-
munoelectrophoresis. The precipitin line formed princi-
pally in the region of alpha proteins to contrast with the
beta-oriented arc formed by normal plasma fibrinogen
(Fig. 4). Also the precipitin band formed was less dense
than the normal fibrinogen-antifibrinogen arc. On double
diffusion in agar the patient's fibrinogen-antifibrinogen
band was delayed in appearance, broader, and hazier
than the normal to suggest two discrete populations of
fibrinogen-related molecules (Fig. 5). Neither complete
intersection of precipitin lines nor spur formation oc-
curred, but a region of low density or hazy interaction
connected the patient's precipitin band with that of nor-
mal plasma. The interpretation that patient's fibrinogen
and normal fibrinogen have in common a few, but not
all, antigenic determinant groups seems reasonable
from these data.

2. Coagulation and immunologic studies in family mem-
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TABLE II
Ef'ect of Normal Plasma, Normal Human Fibrinogen, and

Calcium on Thrombin Clotting Times of
Patient's Plasma

Thrombin time (0.2 ml) Plasma
(0.1 ml) Thrombin, 100 U/ml, with or with-

out CaCi2 (0.025 M)
Clotting

times

sec

Normal plasma (0.2 ml) 20.9
Patient's plasma (0.2 ml) >60
Normal plasma (0.1 ml) plus 37.1

patient's plasma (0.1 ml)

Normal plasma (0.1 ml) plus 14.3
human fibrinogen, 0.25 mg, (0.1 ml)

Patient's plasma (0.1 ml) plus 24.6
human fibrinogen, 0.25 mg, (0.1 ml)

Normal plasma (0.2 ml) plus CaCl2 19.5
Patient's plasma (0.2 ml) plus CaCI2 >60

bers. The results of most of the coagulation studies are
listed in Tables I and III. The investigations revealed
that a 4 yr old sister (Mo. H.) of our patient had an
identical coagulation defect. The thrombelastographic
pattern was also identical to our patient P. H. The r-times
were prolonged (17 min, 45 sec), the k-times were
grossly abnormal (84 min), and the amplitudes never
reached a maximum (amplitude after 4 hr was 41 mi).
The immunoelectrophoretic characteristics of Mo. H.
were similar to P. H. with a weak precipitation reaction
in the region of the alpha globulins. On immunodiffusion,
the plasma of Mo. H. formed a single precipitin line
with antifibrinogen antisera, which formed a line of
identity with normal plasma as well as the plasma of
P. H.

Of further interest were the coagulation studies on the
mother (E. H.) and two brothers, S. H. and Al. H., who
gave a history of bleeding. Their plasma recalcification
time was slightly prolonged (Table I), whereas the par-
tial thromboplastin time was within normal range. The
prothrombin times of E. H. and Al. H. were normal, but

that of S. H. was prolonged. The thrombin time of all
three was grossly abnormal. Determinations of fibrino-
gen by the clotting procedure revealed decreased plasma
fibrinogen for all three, whereas turbidometric and im-
munologic procedures gave higher levels of fibrinogen
(Table III). This suggests that these three relatives had
only partially clottable fibrinogen molecules. The other
coagulation factors were normal.

Thrombelastography of E. H., Al. H., and S. H. gave
abnormal patterns, too. The r-times of the three patients
were normal, but the k-times were grossly abnormal.
The k-time was 14 min for E. H.; 41 min, 30 sec for
S. H.; and for Al. H., 53 min, 45 sec (normal: 1 min-
2 min, 30 sec). The amplitudes of these three family
members resembled those of P. H. and Mo. H. as a
continuous increase in amplitude occurred without reach-
ing a maximum period of 7 hr when the amplitude (mi)
for E. H. was 96; for S. H. 41; and for Al. H. 38.

Based on the coagulation data (abnormal thrombin
times, low levels of clottable fibrinogen and abnormal
thrombelastograms) associated with a bleeding tendency,
we assume that the mother of our patient and her two
brothers have partially normal and partially abnormal
fibrinogen, whereas another sister (Mo. H.) has only
abnormal fibrinogen molecules.

Immunoelectrophoresis on plasma from the two af-
fected brothers and the mother gave similar patterns to
P. H. They also required more time than normal for
precipitin band formation in double diffusion plates.
Plasma of both the mother and Al. H. revealed precipitin
bands with indistinct areas, suggesting two populations
of fibrinogen-related molecules, but these were much
slower in development than in the patient (Fig. 6). S. H.
presented the most compact precipitin of these affected
family members.

Immunologic analysis of plasma from the remaining
family members revealed that all had weaker precipitin
lines formed in the alpha protein region to contrast
with the more dense beta protein band formed by normal
plasma. When cross-reacted in double diffusion systems
with antifibrinogen, all of the family members showed
correspondence of antigenic determinant groups with
complete fusion of the precipitin bands and identification

Patient P. H.

771

Normal

FIGURE 3 Plasma thrombelastogram of the patient's plasma (P. H.) and normal plasma.
Both plasmas were platelet-rich.
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FIGulRE 4 Immunoelectrophoresis of normal plasma (N) and
the patient's (PH). AF is rabbit antifibrinogen No. 582.
AS is antiserum (Hyland IEP serum).

with normal plasma fibrinogen without spur forma-
tions. The abnormality of the patient's fibrinogen was
especially prominent when immunodiffusion was run in
fractional analysis plates. The patient had a much broader
reacting band than any other family member. This band
formed rather near to the antifibrinogen well in con-
trast to the centrally positioned and more compact bands
of the other family members.

The other members of the family (D. H., An. H.,
K. H., C. H., and Ma. H.) have no hemorrhagic tend-
ency; they had normal coagulation values, normal levels
of fibrinogen (Table I), and normal thrombelastograms.

3. Immunologic comparison of "Fibrinogen Detroit"
with "Fibrinogen Baltimore"' and "Fibrinogen Cleve-
land." An immunologic comparison (Table IV) was
made between the reactivity of the Detroit family, the
Cleveland family (samples provided by Dr. W.' B. For-
man), the Baltimore patient (samples provided by Dr.
D. P. Jackson), and normal plasma reacted with anti-
fibrinogen. All had some antigenic determinant groups
in common as cross reactions oc-curred in double dif-
fusion experiments (Fig. 7). However, Detroit P. H.

FIGuRE 5 Double diffusion in agar of normal plasma (N)
and the patient's plasma (PH) against antifibrinogen No.
755 (A-F)-

TABLE III
Comparative Fibrinogen Determinations in the Five Family

Members with Bleeding Tendencies

Fibrinogen determinations in plasma

Turbido-
Clotting metric Immunologic

procedure procedure procedure
(21) (22) (23)

mg/100 ml

P. H. 0 300 960
Mo. H. 0 296 600
E. H. 124 312 720
S. H. 96 247 880
Al. H. 87 235 670

Normal 200-300 200-350 519 4:122

and E. H. and the Baltimore patient had fewer than the
normal number of accessible reactive groups in their
plasma fibrinogens, as a spur precipitin protruded be-
yond the area of fusion between patient and the normal
precipitin. Such spurring could be accentuated by appro-
priate changes in concentration of purified fibrinogen.
All formed weaker precipitin bands than the normal
fibrinogen-antifibrinogen complex. The Cleveland family
formed more dense precipitins than did the Detroit fa-
mily and the Baltimore patient gave the weakest reaction
of all. The Cleveland mother formed a precipitin band
as fast as normal, whereas the Detroit family had delayed
fibrinogen-antifibrinogen complexes with this mother
also showing the most dense precipitin. Three members
of the Detroit family (P. H., Al. H., and E. H.) and the
Cleveland patient showed subdivisions in their broad
precipitin bands. All except P. H. had delayed reactions.
All the other family members and normal plasma

FIGuiRE 6 Double diffusion in agar of plasma from the
patient's mother (EH) and 14 yr old brother (AH)
against antifibrinogen (A-F) No. 755.
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TABLE IV
Comparison of Immunologic Features of Dysfibrinogenemia Families

Immunodiffusion*

Immunoelectrophoresis Fibrinogen
Subjects fibrinogen reactantst populations§ Intensity 11 Cross-reactions¶

Detroit (D)
P. H. (patient) aaaj8 2 ++ D, C, B, N
Mo. H. aa,8o 1 ++ D, C, N
Al. H. aaafl 2 ++ D, B, N
S. H. aa86 1 ++ D, N
Ma. H. sad8 1 +++ D, N
K. H. aaa8 1 +++ D, N
C. H. aaa6 1' +++ D, N
Am. H. aaca8 1 +++ D, N
D. H. aaa8 1 +++ D, N
E.H. aaa8 2 +++ D,C,B,N

Cleveland (C)
Patient a888 1-2 +++ P. H., Mo. H., N
Sister a8043 1-2 +++ P. H., Mo. H., N
Mother +1++++ D, B, N

Baltimore (B)
Patient aSB 1 + D, Cm, N

Normal (N) 1++++ D, C, B, N

* Electrophoresis for 30 min at 40 v, equivalent to 6 v/cm.
t Normal plasma fibrinogen forms a precipitin arc centered over the point of application; the designation j5,3,j3 indicates all
fibrinogen molecules remain there. Introduction of the a symbol indicates the relative proportion of fibrinogen-related molecules
with faster mobilities than normal fibrinogen.
§ Incomplete separation of precipitin band suggests two populations of fibrinogen reactants.
11 Visual judgement of density of precipitin bands. The normal compact fibrinogen-antifibrinogen complex is graded at 4+
with 1 + indicating a faint reaction.
¶ Capital letters refer to different families or family members tested for common antigenic determinants in their fibrinogens.

FIGURE 7 Immunologic comparison of the reactivity of fibrinogen of the Detroit family,
the Cleveland family, and the Baltimore patient with antifibrinogen (A-F) No. 618
with double diffusion technic. 8 A: comparison of Cleveland patient (C.) with Detroit
patient Mo. H. (MH) and Cleveland mother (Cm) with the brother Al. H. (AH) of
Detroit patient P. H. 8 B: comparison of Detroit mother (EH) with Baltimore
patient (B).
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FIGURE 8 A: immunologic comparison of Detroit patient's (PH) plasma fibrinogen
with purified normal human fibrinogen (F) (2.7 mg) with double diffusion technic
and antifibrinogen No. 755 (A-F). B: comparison of purified normal human fibrino-
gen (F) (2.7 mg) with plasma fibrinogen of Baltimore (B) patient. Antifibrinogen
(A-F) No. 755.

had only one compact band for the immune com-
plex. Mixing of Detroit P. H., Al. H., S. H., or E. H.
with either Baltimore plasma or normal plasma before
double diffusion did not accentuate or alter the precipi-
tin bands. The Detroit members with coagulation ab-
normalities and the Baltimore patient formed precipitins
that only partially identified with purified normal fibrino-
gen (Fig. 8). All subjects tested here had faster (alpha)
mobility fibrinogen-like molecules on immunoelectropho-
resis than did normals or purified fibrinogen which re-
tained its beta position at the application point. The
greatest amount of fast mobility plasma fibrinogen oc-
curred in the Detroit family with the two boys (S. H.,
Al. H.) and the youngest girl (Mo. H.), who retained
more nearly the normal position. All of the Detroit
family had more alpha components than did the Cleve-
land patient and sister who had more than the Balti-
more patient, whose precipitin line formed essentially in
the normal beta position. The Cleveland mother did not
differ from normal plasma fibrinogen with reactants re-
maining centered about the application point.

4. Physicochemica7 properties of "Fibrinogen Detroit."
Normal purified fibrinogen had a clottability of 96.7%.
The patient's fibrinogen was only slowly reactive to
thrombin but clotted eventually after several hr of incu-
bation at 370C. A homogeneous pattern for both fibrino-
gens was seen in the analytical ultracentrifuge and the
sedimentation constants (S°0ow) in 0.1 M potassium
phosphate buffer, pH 7.0, were 7.41 for both samples
(Fig. 9). A mol wet (MN average) of 292,034 +21,995
(SD) was calculated for normal fibrinogen (concentra-
tion, 0.0635 g/100 ml) and for the patient's fibrinogen
(concentration, 0.095 g/100 ml) MNaverage of 309,065
+±10,416 (SD) was obtained. On extrapolation to zero

FIGURE 9 The analytical ultracentrifugal patterns are shown
here. Nascent fibrinogen (upper, normal; and lower, pa-
tient) gave s02o,0 rate of 7.41. Denatured fibrinogens in 5 M
guanidine HCl (upper, normal; and lower, patient) gave
s0ow,w rate of 6.45. Cleaved fibrinogens in 5 M guanidine HCl
(upper, normal; and lower, patient) gave .%ow values of

2.27 and 2.26, respectively.
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Fibrinogen,in 5 Mguanidine HCI, pH 5.5

0.1

A
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0

0
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0

0

* Normal =645 s 20,W
* Abnormal =6.45 s 2ow

Protein, g/100 ml

FIGURE 10 Reciprocal plots of s rates of denatured fibrino-
gens in 5 M guanidine*HCl are shown here. Note the marked
effect of concentration on s rates.

concentration MN average of 333,333 was determined
for both fibrinogens.

sOWwfor both fibrinogens in 5 M guanidine HC1 were
6.45 (Fig. 10). After denaturation in 5 M guanidine HCl

* Normal fibrinogen
2ml*13.1mg

* Abnormal fibrinogen
2mla 12.0mg

50
IXI103 AgNO3 (Pl)

FIGURE 11 The titration curves for thiol groups in freshly
purified fibrinogen samples with silver ions at room tempera-
ture in 1 MTris buffer (pH 7.4), with platinum electrode, are
shown in this figure.

and cleavage with sodium sulfite, saw, of 2.27 and 2.26
were obtained for normal and patient's fibrinogen, re-
spectively. MN averages for these sulfitolysed fractions

TABLE V
Amino Acid Composition of Normal Human Fibrinogen and "Fibrinogen Detroit"

Amino acid residues

Literature normal values

Blomback Tristam
Amino acid "Fbg Detroit" Normal (61) (62)

%,/o of dry wt
Lysine 6.07 8.01 8.14 9.2
Histidine 2.51 3.09 2.28 2.6
Arginine 7.63 9.81 7.38 7.8
Aspartic acid 11.42 12.36 11.88 13.1
Threonine 5.69 5.73 5.76 6.1
Serine 6.50 6.60 5.85 7.0
Glutamic acid 11.81 12.53 12.01 14.5
Proline 4.19 4.88 4.47 5.7
Glycine 5.11 5.29 4.74 5.6
Alanine 3.03 3.21 2.61 3.7
Cystine/2 2.64 2.59 2.20 2.7
Valine 3.80 4.97 4.38 4.1
Methionine 2.42 2.54 1.94 2.6
Isoleucine 3.66 4.09 4.13 4.8
Leucine 5.96 3.86 5.62 7.1
Tyrosine 4.64 3.08 4.77 5.5
Phenylalanine 3.55 3.58 3.85 4.6
Glucosamine 0.43 0.56
Galactosamine 0.29 0.48

Total 91.35% 97.26% 92.01% 106.7%

Lysine, glucosamine, galactosamine, and
fibrinogen.

possibly valine were decreased in "Fibrinogen Detroit," as compared to normal
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TABLE VI
Carbohydrate Content of Fibrinogen in Per Cent

Total
Protein-bound Sialic carbohydrate

Samples hexose acid Hexosamine content

Normal 2.82 0.84 0.64 4.30
Patient (P. H.) (Fibrinogen Detroit) 1.77 0.65 0.49 2.91

Normal values in literature (55, 63) 3.2 ±0.3 0.64-0.89 0.5-0.6 4.0-4.5

Protein-bound hexose, sialic acid and hexosamine were decreased in the patient's fibrinogen as compared to normal fibrinogen.
Coefficient of variations for the different glycoproteins by the methods employed were as follows: protein-bound hexose, 4.5%;
sialic acid, 6.5%; and hexosamine, 2.7%.

were 57,707 +4972 (SD) and 54,685 +2365 (SD) for nor-
mal and patient's fibrinogen, respectively. U-V absorp-
tion spectra of both fibrinogens in 0.1 M potassium phos-
phate buffer, pH 7.0, were identical and the absorption
maxima was at 280 m1u. For denatured fibrinogens (5 M
guanidine HCI, pH 5.5) the absorption maxima was
at 275 mu.

Fig. 11 shows the curves for the amperometric titra-
tion of free SH groups in the two samples. Approxi-
mately 3 moles of free SH groups/mole of freshly pre-
pared fibrinogen were found in both cases.

In Table V the amino acid composition of normal
fibrinogen and "Fibrinogen Detroit" is listed. The values
for lysine, glucosamine, galactosamine, and possibly
valine were lower in the patient's fibrinogen, as com-
pared to normal fibrinogen when all the reported values
in the literature are also considered. Table VI reveals
that the protein-bound hexoses, hexosamine, and sialic
acid were decreased in the patient's fibrinogen.

The analysis of the N-terminal disulfide knot of nor-
mal and abnormal fibrinogen has been published (47)
and, therefore, the results will be presented here only
briefly. Fibrinopeptide A and B were released from nor-
mal as well as abnormal cyanogen bromide-cleaved
fibrinogen when thrombin or trypsin was used (47).
After reduction with mercaptoethanol and alkylation with
iodoacetic acid, marked differences were noted in the
abnormal fibrinogen when the tryptic digests of the
alpha (A) chain were subjected to two-dimensional elec-
trophoresis-chromatography on thin-layer cellulose
plates. Whereas with normal fibrinogen all of the ex-
pected fragments of the alpha (A) chain could be ac-
counted for, peptide No. 9 was absent in the tryptic di-
gest of the abnormal fibrinogen (47). Further studies
indicated that thrombin and trypsin had failed to cleave
the alpha (A) chain of the abnormal fibrinogen between
amino acids 19 and 20 and that No. 7 was composed of
amino acids 17-23, rather than 20-23, as in normal
fibrinogen (47). Final analysis revealed that arginine at
the 19th position in the alpha (A) chain was replaced
by serine.

DISCUSSION
Congenital bleeding disorders related to fibrinogen can
occur as afibrinogenemia or hypofibrinogenemia and
dysfibrinogenemia. Both diseases are rare, although
afibrinogenemia seems to occur more frequently than
dysfibrinogenemia (49). Whereas patients with afibrino-
genemia usually suffer from severe spontaneous and
posttraumatic hemorrhages (49), patients with dys-
fibrinogenemia may not necessarily display a bleeding
tendency (2, 7, 9). This may in part account for the fact
that only seven families with dysfibrinogenemia have
been described, with the seventh one in this report.

The plasma coagulation studies of our patient (P. H.)
and her sister (Mo. H.) were very similar to those found
in patients with congenital afibrinogenemia. If one had
relied on fibrinogen determinations with the clotting
procedure (21) only, a wrong diagnosis could have de-
rived. It is interesting to note that one family with dys-
fibrinogenemia (8) was originally described as hypo-
fibrinogenemia. Electrophoresis of the plasma proteins
usually allows a differentiation between afibrinogenemia
and dysfibrinogenemia, because in afibrinogenemia the
fibrinogen is completely absent or the traces require a
special immunoelectrophbretic technique (50). With
turbidometric techniques or precipitation techniques one
can always measure fibrinogen in plasma of patients with
dysfibrinogenemia, but the amounts may be decreased
(1,2, 5,8).

Whole blood of patients with afibrinogenemia is usu-

ally uncoagulable, whereas patients with dysfibrinogene-
mia may have normal (5, 7, 8), slightly prolonged (2),
or markedly prolonged (our patient) whole blood coagu-
lation time. Only in one instance the patient's whole
blood did not clot at all (1).

Congenitial afibrinogenemia has an autosomal reces-
sive pattern of heredity, whereas in congenital dysfibrino-
genemia the pattern is autosomal dominant (5, 8). This
seems to be in agreement with our family studies. The
nine children of E. H. came from three fathers, none of
whom were available for studies (Fig. 12). In view of
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P H. S.H. ALH. D.H. AmH. Ma.H. K.H. C.H. Mo.H.

FIGURE 12 Family tree of the H family. Open squares rep-
resent unaffected men; half-full squares, the two boys with
only partially clottable fibrinogen. Open circles represent
unaffected women; the two full circles are the two girls with
totally abnormal fibrinogen molecules.

the fact that the mother is affected, that approximately
one-half of her children are affected, and that it is un-
likely that all three fathers had the same defective allele,
the inheritance seems to be autosomal dominant.

In our patient P. H. and her relatives the fibrinolytic
mechanism revealed no abnormality and fibrin-stabilizing
enzyme (factor XIII) was normal. Similar results have
been reported in other patients with dysfibrinogenemia
(2, 5, 7).

Prolonged plasma thrombin time seems to be a feature
of most of the patients with dysfibrinogenemia (2, 5, 7,
8). However, prolonged thrombin time is also observed
in states of hyperfibrinolysis, and, in particular, when
fibrinogenolysis occurs. Under these conditions fibrino-
gen breakdown products competetively inhibit the con-
version of intact fibrinogen molecules to fibrin by
thrombin (51, 52). Moreover, the polymerization of the
fibrin monomers is inhibited by these split products (52-
54). These fibrinogen fragments can be quantitatively
determined by immunologic techniques in the patients'
sera (23). Although the amount of fibrinogen-related
molecules in the serum of our patient P. H. exceeded
normal levels, it seems unlikely that these represented
fibrinolytic products. Since the abnormal fibrinogen of
P. H. responded slowly to thrombin, most of these mole-
cules probably remained in the "so-called" serum to re-
act with antifibrinogen in the quantitative precipitin test.

Determination of fibrinogen by several techniques re-
vealed that only the levels of clottable fibrinogen were
markedly decreased in the plasma of three other family
members, the mother (E. H.) and two brothers (S. H.
and Al. H.). It was, however, unusual to find the grossly
abnormal thrombin time associated with these fibrinogen
levels. One explanation would be that abnormal fibrino-
gen molecules interfered with the clotting of normal
fibrinogen molecules. This assumption seems to be sup-
ported by the observation that thrombin time of normal

plasma was inhibited by the addition of our patient's
(P. H.) plasma and that thrombin clotting time of puri-
fied normal fibrinogen was delayed by the addition of
her plasma (Table II). From these one might assume
that the clotting disturbance in the abnormal fibrinogen
lies in a defective polymerization of the fibrin monomers,
rather than a defective release of either one or both of
the fibrinopeptides A and B. This inhibitory effect of
plasma of patients with dysfibrinogenemia on thrombin
clotting time of normal plasma or fibrinogen has been ob-
served previously by other investigators (2, 7), but
"Fibrinogen Baltimore" does not show this effect (5).

The Detroit family expressed certain unique immuno-
logic qualities, but this family also bore some relation-
ships to both Cleveland and Baltimore families. All
shared some common antigenic determinants with one
another and with both, normal plasma fibrinogen and
purified fibrinogen. The members of the Detroit family
who did not exhibit coagulation difficulties formed the
most compact immune complexes. The entire Detroit
family had prominent faster mobility fibrinogen-related
molecules on immunoelectrophoresis than did either the
Cleveland or Baltimore patients. Thus, the Detroit
fibrinogen has either a broader spectrum of charged
molecules, or these are different in size from normal,
or both changes could account for the faster mobility.
Inheritance of the fibrinogen abnormalities from the
Detroit mother seems clear, as all family members show
changes from normal that differ only in respect to de-
gree. In contrast, the fibrinogen defect in the Cleveland
family may be traceable to the father as the mother
shared the immunologic features with normals. The
Cleveland son and daughter resembled one another im-
munologically, with their defective fibrinogens sharing
some features with both the Detroit and Baltimore
dysfibrinogenemias. Clearly, all of these families have
some immunologically "normal" fibrinogen molecules.
The families' interrelationship with one another and
with normals may depend on the amount of normal
fibrinogen each possesses. Also, the fibrinogen defect
in one of the families may provide steric hindrence or
mask an antigenic determinant group (reactive site) to
account for the described changes in reactivity toward
antinormal fibrinogen. The possibility of possession of
antigenic determinant groups unique for each family
can only be revealed by further study of the families
once three separate antifibrinogens are prepared from
the fibrinogen of each of the most affected patients.

The molecular weight of "Fibrinogen Detroit" under
the conditions of our experiments was determined to be
within the range of the reported values for normal
human fibrinogen (55). Fibrinogen has three different
N-terminal residues and the presence of three pairs of
chains in the molecule, with the possibility of a dimer
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structure, has been suggested (56). Previous studies for
the presence of subunits in bovine fibrinogen were car-
ried out in 6 M urea in which the molecule is only par-
tially unfolded (56). Johnson and Mihalyi (38) have
used 5 M guanidine HCl for complete unfolding of the
bovine fibrinogen molecule. Our studies in human
fibrinogen were carried out in 5 M guanidine HCl, so
that the presence of subunits should be certainly re-
vealed in this solvent. However, the completely unfolded
molecule of both the normal and the patient's fibrinogen
sedimented in one single peak. Since only one com-
ponent was present, one could conclude that either the
molecule did not dissociate in this solvent, or that it dis-
sociated into particles of equal weight. In the latter
case, the largest possible particles would have been
halves of the original molecule. Therefore, the observa-
tion that the apparent molecular weight in the approach
to sedimentation-equilibrium studies was steeply ris-
ing above the half-molecular weight level provides a
proof, in conjunction with the sedimentation-velocity
studies, that fibrinogen did not dissociate in the con-
centrated guanidine solution. The sedimentation of
fibrinogen in 5 M guanidine HCl was markedly affected
by concentration, making the extrapolation of the sedi-
mentation vs. concentration curve to infinite dilution
very unreliable. This difficulty was circumvented by the
reciprocal plots, as shown in Fig. 11 that was linear.

The sulfite-cleaved fibrinogen also appeared to be ho-
mogeneous, as shown in the sedimentation diagram
(Fig. 9), suggesting that the chains are of the same
weight as one another. Most evidence in the literature in-
dicate that normal bovine fibrinogen consists of six poly-
peptide chains of approximataely 56,000 mol wt (56).
Our results in the human are similar to the reported val-
ues, and these lie within the range of experimental er-
rors. There was no evidence of subunits being loosely
associated by noncovalent bonds. The polypeptides appear
to be interlinked by disulfide bridges into a single unit.

The possible importance of the sulfur-containing groups
in the different steps of blood coagulation has been con-
sidered in the past. It was suggested that the fibrino-
gen-fibrin conversion consisted of an aggregation of
fibrinogen molecules due to the oxidation of their
sulfhydryl groups and the formation of intermolecular
disulfide bonds (57), but no free SH groups could be
demonstrated by various investigators (58). Recently,
however, Khomenko and Belitser (59) have demon-
strated the presence of from 2 to 4 moles of free SH
groups/mole of fibrinogen. Our results are similar to
those of Khomenko and Belitser (59). The failure to
titrate free SH groups in the fibrinogen molecule by
various investigators could be due to the fact that they
can only be determined in freshly prepared samples.
Our titration was accomplished within 4 hr of blood

collection from the subjects. We also failed to titrate
free SHgroups in stored fibrinogen preparations.

Our studies have documented a specific molecular
defect in the alpha (A) chain in the N-terminal disul-
fide knot of "Fibrinogen Detroit," in which arginine
at the 19th position has apparently been replaced by
serine (47). Our studies also revealed a decreased car-
bohydrate content of "Fibrinogen Detroit." Accord-
ing to Laki and Mester (60), an intact carbohydrate
moiety is essential for polymerization of fibrin monomers
and clot formation. The carbohydrates are apparently
attached to the aspartic acid in the 52nd position from
the N-terminal end of the gamma chain.8 Although no
definite information is available concerning the sites
of disulfide bridges in the N-terminal knot of the fibrino-
gen molecule, it seems possible that due to the primary
defective amino acid substitution in the alpha (A)
chain, a secondary effect on the molecular configuration
may have taken place, resulting in the unavailability of
binding sites for the carbohydrate in the gamma chain.
The replacement of a strongly basic amino acid with a
neutral hydroxy acid in the N-terminal portion of the
alpha (A) chain may result in considerable conforma-
tional changes in the N-terminal disulfide knot of fibrino-
gen that could affect the "active site" for polymeriza-
tion (46). Inasmuch as the susceptibility of the No. 16
arginyl bond towards the action of thrombin was not
altered by the substitution, at least in the cyanogen bro-
mide-treated fibrinogen, it is likely that the polymeriza-
ion stage that follows the release of the fibrinopeptide
A was affected adversely, resulting in a severe bleeding
disorder. The decreased lysine content in "Fibrinogen
Detroit" may have been due to an incomplete hydroly-
sis of the protein, inasmuch as the hydrolysis was car-
ried out for only 22 hr.
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