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Abstract

In an abnormal fibrinogen with severely impaired polymeriza-
tion of fibrin monomers, we identified a methionine-to-threo-
nine substitution at position 310 of the 'y chain. Furthermore,
asparagine at position 308 was found to be N-glycosylated due
to a newly formed consensus sequence, asparagine(308)-gly-
cine(309)-threonine(310). The two structural defects in the
mutant oy chain may well perturb the conformation required for
fibrin monomer polymerization that is specifically assigned to
the Ddomain of fibrinogen. This alteration also seems to affect
the intermolecular y chain cross-linking of fibrin and fibrino-
gen, although the amine acceptor y glutamine-398 was found
to function normally. These functional abnormalities may well
be related to posttraumatic hemorrhage as observed in a
33-yr-old man with moderate hemorrhagic diathesis related to
injuries since his early adolescence.

The structure of the extra carbohydrate moiety attached to
asparagine-308 was found to be identical with those derived
from the normal B,8 and y chains as evidenced by HPLC.

Introduction
The carboxy-terminal region of the fibrinogen y chain has
been shown to participate in various functions of fibrinogen
including fibrin polymerization (1-7).

To form stable fibrin clots, several reactions take place
sequentially or simultaneously. They include proteolytic
cleavage of fibrinopeptides A and B by thrombin, polymeriza-
tion of fibrin monomers to form fibrin gels, and intermolecu-
lar cross-linking mediated by activated blood coagulation fac-
tor XIII (Factor XIIIa) (4, 5). Although polymerization and
gelation of fibrin have been extensively studied (1-3), little is
known about the mechanisms involved in the reactions. For
this purpose, congenital dysfibrinogens with well-elucidated
structures may deserve careful study.
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In this paper, we report a dysfibrinogen with two structural
defects near the carboxy-terminal region of the y chain. The
structure of the Ddomain may thus be critically perturbed so
that polymerization of fibrin monomers and intermolecular
cross-linking of the y chain can not proceed to form stable
fibrin clots. The functional abnormalities are apparently asso-
ciated with the clinical symptom of moderate bleeding as ob-
served in the patient.

Methods
Hemostasis and blood coagulation studies. Blood was collected by
venipuncture and immediately anticoagulated with 1/9 vol of 3.8%
trisodium citrate. Plasma was harvested by centrifugation at 3,000 g
for 30 min at 220C.

Routine hemostasis and blood coagulation were studied by stan-
dard methods (8, 9) or as described elsewhere (10, 1 1). Plasma fibrino-
gen was determined by various methods including the thrombin time
method of Clauss (12-14).

Plasma proteins and enzymes. 200 ml of blood was also collected
into a plastic bag containing 30 ml of acid-citrate-dextrose (ACD)'
(Formula A; U. S. Pharmacopeia, Terumo Corporation, Tokyo,
Japan) and plasma was separated by centrifugation at 3,000 g for 30
min at 4C.

Fibrinogen was purified from the ACD-plasma essentially as de-
scribed (14-16). Portions of fibrinogen thus prepared were further
treated with an anti-factor XIII (subunit A) MAbbound to protein
A-Sepharose (Pharmacia Fine Chemicals, Uppsala, Sweden) to remove
Factor XIII, a trace contaminant, and used for structure analysis.
Plasminogen and Factor XIII were prepared from human plasma ac-
cording to Deutsch and Mertz (17) and Lorand et al. (18), respectively.
Absorbance coefficients were 15.1 for fibrinogen (19), 17.0 for plas-
minogen (20), and 13.8 for Factor XIII (21). Bovine thrombin was
purified according to Lundblad (22). Ancrod, a snake venom throm-
bin-like enzyme, was a kind gift from Dr. Minoru Fukuda, Mochida
Pharmaceutical Co., Tokyo, Japan. Streptokinase was from Kabi Vi-
trum, Stockholm, Sweden, from which the albumin component had
been removed with blue-Sepharose CL-6B. Glycopeptidase A and
neuraminidase were from Seikagaku Kogyo, Tokyo, Japan.

Studies on purified fibrinogen. The determinations of thrombin
and Ancrod times and the polymerization of fibrin monomers were
carried out as previously described (14-16, 23). Release of fibrinopep-
tides A and B was analyzed by reverse-phase HPLC (24). The gross
structure of fibrinogen, its plasmic degradation products and cross-
linking profiles mediated by Factor XIIIa were analyzed by SDS-
PAGEaccording to Laemmli (25) or Weber and Osborn (26). The

1. Abbreviations used in this paper: ACD, acid-citrate-dextrose; CBB,
Coomassie brilliant blue; CTA, Committee on Thrombolytic Agents;
DFP, diisopropylfluorophosphate; FDP, fibrin fibrinogen degradation
products; PTH, phenylthiohydantoin; TABS, 100,ul of 10 mMTris-ac-
etate, pH 7.6, containing 0.15 MNaCl, 10 mMEDTA, and 1.25
KIU/ml aprotinin; TBSE, 50 mMTris-HCl, pH 7.4, containing 0.5 M
NaCl, 10 mMEDTA, and 1.25 KIU/ml aprotinin; TBSCa, 50 mM
Tris-HCl, pH 7.4, containing 0.5 MNaCl, 5 mMCaCl2, and 1.25
KIU/ml aprotinin.
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separated polypeptides were stained with Coomassie brilliant blue
(CBB) for protein and with dansylhydrazine for carbohydrate (27). The
-y chain and its derivatives were specifically studied by Western blot
analysis (28) using a MAbthat recognizes the plasmic core fragment of
the y chain (ey 85-302 residue segment) (15, 16).

Cross-linking of fibrinogen was specifically studied as follows: 10
U/ml Factor XIII was activated with 5 U/ml thrombin in the presence
of 5 mMCaCl2 for 60 min at 370C. 2 mMdiisopropylfluorophosphate
(DFP) was then added to inactivate thrombin. 300 ,g of Factor XIII-
depleted fibrinogen was incubated with 0.5 U of Factor XIIIa at 370C
in the presence of 1.25 kallikrein inhibitor units (KIU) of aprotinin in
100 Al of TBS (0.05 M Tris-HCl, pH 7.4 containing 0.1 MNaCl)
containing 5 mMCaCI2. At various incubation times, aliquots of 1.5
Mgg protein were removed and analyzed by SDS-PAGE. Wealso studied
incorporation of monodansylcadaverine into fibrinogen by Factor
XIIIa essentially as described (5, 29).

Isolation of normal and abnormal fragment DI species from the
plasmic digests of patient-derived ibrinogen. 40 Mg of the patient-de-
rived fibrinogen was digested with plasmin (a mixture of 5.67 Com-
mittee on Thrombolytic Agents (CTA) units of plasminogen and 6,000
Uof streptokinase) and the digests were subjected to chromatofocusing
chromatography to isolate fragment DI essentially as described (15).
The isolated fragment DI species were tested for inhibition of thrombin
clotting of normal fibrinogen and normal fibrin monomer polymeri-
zation, and also for direct binding to insolubilized and thrombin-acti-
vated fibrinogen.

Binding of isolatedfragment D, species to insolubilized and throm-
bin-activated ibrinogen. Microtiter plates (Immuno Plate, Maxisorp
F96; Nunc, Raskilde, Denmark) were coated with 1.5 Mug per well of
Factor XIII-depleted fibrinogen in 100 Ml of 10 mMTris-acetate, pH
7.6, containing 0.15 MNaCl, 10 mMEDTA, and 1.25 KIU/ml apro-
tinin (TABS) and then blocked with 1% (wt/vol) BSA in the same
buffer for 1 h at 37°C (30-32). After a wash with TABS, the plates were
treated with 0.5 NIH units of thrombin in 100 ,ul of TABS for 2 h at
37°C. The plates were rinsed with 50 mMTris-HCl, pH 7.4, contain-
ing 0.5 MNaCl, 10 mMEDTA, and 1.25 KIU/ml aprotinin (TBSE).
Some plates were further rinsed with the same buffer in which EDTA
was replaced with 5 mMCaC12 (TBSCa). 100-Ml aliquots of various
concentrations of fragment DI in either TBSEor TBSCawere pipetted
into each well, and allowed to react with the insolubilized and throm-
bin-activated fibrinogen for 2 h of 37°C. The bound fragment DI was
measured by an ELISA (28) using a horseradish peroxidase-conju-
gated MAbthat recognizes fragment D species (DI, D2, and D3) but
not fibrinogen, fibrin, or their early plasmic fragments X and Y (man-
uscript in preparation), and 2,2'-azino-di(3-ethylbenzthiazoline sulfo-
nate) (Kirkegaard and Perry Laboratories, Gaithersburg, MD) as a

chromogen.
Analysis of the carboxy-terminal peptides offragment D,. 500-,ug

samples of the two patient-derived fragment DI species were digested
with plasmin and the released relevant peptides were separated and
S-carboxymethylated after reduction essentially as described (15, 33).
Each peptide was analyzed for amino acid sequence (34).

A 10-tmol portion of an aberrant peptide consisting of the Y
303-338 residues (See Results, PI'-2 in Fig. 7) was treated with 20M1 of
neuraminidase (0.45 U/ml), digested with glycopeptidase A (0.02
U/ml) essentially as described (35), and finally separated by the same
column for sequence analysis.

Analysis of N-linked oligosaccharides by HPLC. 30 nmol each of
the aberrant y 303-356 peptide, the BB chain isolated from the pa-
tient's fibrinogen, and the B# and -y chains from normal fibrinogen
were desialylated by mild acid hydrolysis, digested with pepsin, and
treated with glycopeptidase A at pH 5.0 as described (36). The oligosac-
charide fractions were collected by gel filtration and reductively ami-
nated with 2-aminopyridine (37). The pyridylamino derivatives of
oligosaccharides thus prepared were fractionated and identified by
reverse-phase HPLCon a conventional liquid chromatography-octa-
decyl silica column (Shim-pack, 6 X 150 cm; Shimadzu Corporation,
Kyoto, Japan) according to Tomiya et al. (38).

Results

Description of the patient. A 33-yr-old man was hospitalized
for bleeding from a 2-cm-long cut wound on his face and
multiple excoriation wounds on his right arm and leg caused
by a traffic accident. Bleeding was, however, satisfactorily
controlled by surgical sutures and compression hemostasis. He
had been suffering from moderate bleeding associated with
injuries since his early adolescence.

Routine hemostasis and coagulation studies revealed that
the patient had a markedly prolonged thrombin time (> 300 s,
control 15.8 s) and Ancrod time (> 300 s, control 9.8 s), and
an apparently reduced plasma fibrinogen level (< 50 mg/dl,
normal 150-350 mg/dl) as determined by the thrombin time
method (12). Whenplasma fibrinogen was measured by other
methods, rather high values were obtained: 525 mg/dl by
Laurell's method (13) and 565 mg/dl by the turbidimetric
method (14). The bleeding time, platelet counts and platelet
aggregation were normal, but the one-stage prothrombin time
(14.9 s; control, 10.9 s) and activated partial thromboplastin
time (41.7 s; control, 33.5 s) were moderately prolonged. The
level of fibrin/fibrinogen degradation products (FDP) was 160
jig/ml. Blood coagulation Factors II, V, VII, VIII, IX, X, XI,
XII, and XIII, plasminogen, antithrombin III, and a2-plasmin
inhibitor were all within normal ranges. These data appeared
to be compatible with congenital dysfibrinogenemia.

Although only his brother was available and found to be
unaffected, we tentatively designated this abnormal fibrinogen
as "fibrinogen Asahi."

Studies on purified fibrinogen. As summarized in Table 1,
both the thrombin and Ancrod times were markedly pro-
longed regardless of the presence or absence of calcium ions.
The lack of correction of thrombin clotting of fibrinogen by
calcium ions seems to be rather unique as compared with most
of the other abnormal fibrinogens reported heretofore (39).

By SDS-PAGEafter reduction, we noticed two bands for
the y chain of the patient-derived fibrinogen, one with a nor-
mal molecular weight and the other with a higher molecular
weight by - 3,000, as indicated by "y-Asahi" in Fig. 1 (lanes
2, 4, and 6). Although the release of fibrinopeptides A and B
was normal as evidenced by HPLC(figures not shown), poly-
merization of fibrin monomers was severely impaired in both
the absence and presence of calcium ions as shown in Fig. 2.

Wethen analyzed cross-linking profiles of fibrin mediated
by Factor XIIIa. As shown in A and B in Fig. 3, the abnormal

Table I. Thrombin and Ancrod Times and Thrombin Clottability
of Purified Fibrinogen

Studies Normal Patient's

Thrombin time (s)
Without calcium ions 16.7 >180
With calcium ions 12.8 >180

Ancrod time (s)
Without calcium ions 9.6 > 180
With calcium ions 5.5 >180

Thrombin clottability (%)
Without calcium ions 88 32
With calcium ions 95 30
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-y chain species was converted to the y--y dimer very slowly as
compared with the normal one. As the incubation proceeded,
three -y dimers appeared, probably in such combinations as:
(a) two normal y chains, (b) one each of the normal and y-
Asahi chains and (c) two y-Asahi chains, as indicated by
N. y-No y, N. y-A * y and A* -y-A * y, respectively. Judging
from the intensity of the bands for the y--y dimers, formation
of the N * -N - y dimer proceeded predominantly at the initial
stage of reaction. However, N. --A y dimer formation, first
noted at 5 min of incubation (lane 3), did not progress any
further as the incubation proceeded, most probably because of
the unavailability of normal -y chains for the cross-linking. On
the contrary, formation of the A. y-A- -y dimer progressed
slowly in accordance with the disappearance of the --Asahi
chain over 24 h. The extremely retarded cross-linking between
the two abnormal -y chains may be accounted for by severely
impaired polymerization of fibrin monomers. Therefore, we
examined the cross-linking profile of fibrinogen to minimize
the effect of polymerization. Here again, the mutant y chain
species was not cross-linked even after 24 h of incubation
(profiles not shown).

To see whether the cross-linking sites of the y-Asahi chain
function normally, we examined the amine acceptor gluta-
mine (Gln)-398 by monitoring the incorporation of mono-
dansylcadaverine. Fluorescence was equally incorporated into
both the normal and y-Asahi chains (profiles not shown), in-
dicating that the amine acceptor of the mutant y chain func-
tions normally.

Figure 2. Aggregation
profiles of fibrin mono-
mers. 20 Al of fibrin
monomers (1.94
mg/ml) derived from
normal (N) fibrinogen
or that from the patient
(P) was diluted with 500
Ml of 0.02 Mimidazole-
buffered saline, pH 7.4,
containing either (A)
0.15 MNaCl or (B)
0.14 MNaCl and 5
mMCaCl2.

Figure 1. Subunit polypeptides of fibrino-
gen examined by SDS-PAGEand Western
blotting. (A) Weber and Osborn gel, 5%;
(B) Laemmli gel, 10%; (C) Western blot
analysis with an anti-y core (the -y 85-302
residue segment) antibody. Lanes 1, 3, and
5 are normal fibrinogen and lanes 2, 4, and
6 are the patient's fibrinogen. To each
lane, 1.5 Ag of protein was loaded.

Isolation of normal and abnormalfragment DI species. As
depicted in Fig. 4, fragment DI derived from the patient's
fibrinogen was eluted in two peaks: one eluted at the same pH
range between 5.8 and 5.5 as normal fragment DI, and the
other eluted at a slightly more acidic pH range between 5.5 and
4.8. The peak fractions were collected and combined as indi-
cated by horizontal bars I and II. By SDS-PAGE, peak I was
identical with normal fragment DI, but peak II was found to
possess a 3-kD higher molecular weight y chain (inset in Fig. 4
and lanes 3 and 4 in A, Fig. 6). The peak I fraction prolonged
the clotting time of normal fibrinogen dose dependently,
namely, 11.6, 14.2, 16.8, 21.1, and 27.5 s at the fragment
DI/fibrinogen molar ratios (DI/Fbg) of 0, 1, 2, 3, and 4, respec-
tively. On the contrary, the peak II fraction did not signifi-
cantly affect it (11.6, 11.8, 12.4, 12.6, and 12.5 s at the corre-
sponding D1/Fbg molar ratios). Likewise, the peak I fraction
inhibited polymerization of normal fibrin monomers signifi-
cantly, but the peak II fraction did not do so (profiles not
shown). These data indicate that the polymerization site(s)
specifically assigned to the Ddomain is functional in the peak
I but dysfunctional in the peak II fractions.

Binding of the isolatedfragment D, species to insolubilized
and thrombin-activated fibrinogen. We then examined the
binding ability of the normal and abnormal fragment DI spe-
cies to thrombin-activated fibrinogen insolubilized onto mi-
crotiter plates in the presence or absence of calcium ions. As
depicted in Fig. 5, the binding of abnormal fragment DI was
significantly lower than that of normal fragment DI under
comparable conditions. Although the binding of abnormal
fragment Di was apparently increased in the presence of cal-
cium ions, it was still evidently lower than that of normal
fragment DI in the absence of calcium ions.

Carbohydrate staining of the mutant y chain. The finding
that the y-Asahi chain and the y remnant of abnormal frag-
ment DI were apparently larger than the normal counterparts
prompted us to investigate whether the y chain itself was
elongated in the D domain, or whether some extra substances
were attached to a normal length polypeptide. Wefirst exam-
ined possible extra glycosylation to the mutant -y chain by
staining the polypeptide remnants of fragment DI with dan-
sylhydrazine. As shown in Fig. 6, the Sy-Asahi remnant of frag-
ment DI was clearly stained for carbohydrate (lane 4 in B),
whereas the normal y chain remnant that lacks carbohydrate
was not stained as expected (lane 3 in B). Furthermore, the
-y-Asahi chain showed strongly positive staining for carbohy-
drate (lane 2 in B) as compared with the normal By and y
chains (lanes I and 2 in B).
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Figure 3. Factor XIIIa-mediated cross-link-
ing of fibrin analyzed by SDS-PAGEand
Western blotting after reduction. 50-ig ali-
quots of factor XIII-depleted fibrinogen
were clotted with 0.2 NIH units of throm-
bin and 0.1 U of factor XIII in the pres-
ence of 1.0 KIU of aprotinin in 80 y1 of
0.05 MTris-HCI, pH 7.4, and 0.1 MNaCl,
containing 5 mMCaCl2. At various time
intervals at 370C, the reaction mixtures
were treated with 1% SDS-l% DTT, and
1.5 gg protein samples were subjected to
SDS-PAGEin the Laemmli system in du-
plicate, using 7.5% acrylamide slab gels.
One gel was stained with CBBfor proteins
(A), and the other gel was subjected to
Western blot analysis using the anti-sy core
MAb(B). Lane 1, 0 min; lane 2, 2 min;
lane 3, 5 min; lane 4, 10 min; lane 5, 15
min; lane 6, 30 min; lane 7, 2 h and lane
8, 24 h.

Identification of the extra glycosylation in the mutant 'y
chain. To locate the extra carbohydrate moieties in the mutant
'y chain, we digested the abnormal fragment DI with plasmin
in the presence of EGTA, and analyzed the digests by SDS-
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Figure 4. Separation of normal and abnormal fragment DI species by
chromatofocusing. 40 ,g of plasmic digests of the patient's fibrinogen
was applied onto a polybuffer exchanger gel column (1.2 X 18 cm)
and eluted with 350 ml of polybuffer, pH 4.7, followed by 100 ml of
0.025 Mglycine-HCI, pH 2.5, containing 0.1 MNaCi, as indicated
by vertical arrows A and B, respectively. The flow rate was 20 ml/h
and 5-ml fractions were collected. (Inset) SDS-PAGEof peak I and
peak II fractions after reduction.

PAGEand Western blotting. We found that the molecular
weight for the mutant y remnant was higher in fragments DI
and D2, but not so in fragment D3 as compared with the
corresponding normal y remnants (profiles not shown). This
indicated that the carboxy-terminal peptide removed upon
conversion of fragment D2 to fragment D3; i.e., the aberrant oY
303-356 residue peptide, is most probably glycosylated. We
thus attempted to isolate the putative aberrant y 303-356
peptide by reverse-phase HPLC. As shown in Fig. 7 A, we

19.
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Figure 5. Binding of the two fragment
DI species derived from the patient's
fibrinogen to insolubilized and
thrombin-activated normal fibrinogen
as determined by an ELISA. (.) Ab-
normal fragment DI in the absence of
calcium ions, (o) abnormal fragment
D, in the presence of 5 mMCaCl2;
(i) normal fragment DI in the ab-
sence of calcium ions; and (o) normal
fragment DI in the presence of 5 mM
CaC12-
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Figure 6. Analysis of the patient's fibrino-
gen and its two fragment DI species by car-
bohydrate staining. SDS-PAGEwas per-
formed by Laemmli's method using 10%
gels. (A) CBBstaining for proteins; (B) car-
bohydrate staining by dansylhydrazine.
Lane 1, normal fibrinogen; lane 2, pa-
tient's fibrinogen; lane 3, normal fragment
D1 species derived from the patient's fi-
brinogen; and lane 4, abnormal fragment
DI species derived from the patient's fi-
brinogen.

identified an aberrant peak PI' that was eluted earlier than its
normal counterpart PI. These peptide peaks were reduced,
S-carboxymethylated, and subjected to rechromatography,
and an aberrant peptide PI'-2 was isolated (lower figure in B).
A portion of this peptide was desialylated and then treated
with glycopeptidase A. This peptide was designated as PI'-2G.
As shown in Table II, PI'-2 was identified as the y 303-338
residue peptide on the basis of the known sequence for the y
chain (2, 3, 40), but a methionine (Met) at cycle 8 of this
peptide was found to be replaced by a threonine (Thr). Fur-
thermore, an asparagine (Asn) at cycle 6 identified in the nor-
mal peptide was not detectable in this aberrant peptide, sug-
gesting that Asn-308 in the mutant y chain is linked to an
oligosaccharide. Indeed, in PI'-2G, we identified an aspartic
acid (Asp) at cycle 6, which was certainly derived from N-gly-
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Figure 7. HPLCelution profiles of the peptides released from the
two fragment Di species upon their conversion to fragment D3. (A)
The peptides derived from the normal (top) and abnormal (bottom)
fragment DI species. (B) Rechromatography of the reduced and S-
carboxymethylated aberrant peptide PI' and its normal counterpart
PI using the same column. The aberrant peptide PI'-2 was separated
and subjected to amino acid analysis. See text for details.

cosylated Asn upon treatment with glycopeptidase A. Wethus
concluded that Met-3 10 is replaced by a Thr and conse-
quently, Asn-308 is N-glycosylated because of a newly con-
structed consensus sequence of Asn(308)-glycine(Gly)(309)-
Thr(3 10) in the mutant ly chain.

Analysis by HPLCof oligosaccharides linked to y Asn-308
of the mutant y chain. The oligosaccharide was separated from
the aberrant y 303-356 peptide and analyzed by HPLC. For
comparison, the normal B,3 and -y chains and the B3 chain
separated from the patient's fibrinogen (41) were also ana-
lyzed.

Fig. 8 depicts the reverse-phase column elution profiles for
the pyridylamino derivatives of oligosaccharides separated
from the aberrant y 303-356 peptide (A), the normal y chain
(B), the patient-derived B(3 chain (C), and the normal B,3 chain
(D). There are no substantial differences among elution pro-
files for all the oligosaccharides. Among them, peak 5 was
found to represent a biantennary oligosaccharide proposed for

Table II. First 10 Cycles of Amino Acids for Peptides PI-2, PI'-2,
and PI'-2G

PI-2 PI'-2 PI'-2G

Cycle Position Aminoacid Amino acid Amino acid

pmol pmol pmol

1 303 Phe 340 Phe 493 Phe 495
2 304 Phe 283 Phe 424 Phe 334
3 305 Thr 139 Thr 251 Thr 140
4 306 Ser NQ* Ser NQ* Ser NQ*
5 307 His 9 His 21 His 6
6 308 Asn 15 Nil* Asp 10
7 309 Gly 11 Gly 29 Gly 7
8 310 Met 15 Thr 17 ND§
9 311 Gln 8 Gln 21 ND§

10 312 Phe 8 Phe 24 ND§

Phe, phenylalanine; Thr, threonine; Ser, serine; His, histidine; Asn,
asparagine; Asp, aspartic acid; Gly, glycine; Met, methionine;'Gln,
glutamine.
* Not quantitated.
No PTHamino acid was identified.

§ Not determined.
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Figure 8. Analysis of the extra oligosaccharide attached to the mu-

tant y chain by reverse-phase HPLC. HPLCelution profiles of oligo-
saccharides derived from A, the aberrant y 303-356 residue peptide;
B, the normal y chain, C, the B13 chain of the patient's fibrinogen;
and D, the normal Bfl chain. The main peak, peak 5, is an oligosac-
charide with a biantennary structure shown below.

Gal1#(1,4)G1cNAc#(1,2)Mana(1,3),
Gal( 1 ,4)G~cNAc#( 1 ,2)Mana( ,6)" Mang (I ,4)G1cNAc,( 1 ,4)G1cNAc,-Asn

Gal, galactose; GlcNAc, N-acetylglucosamine; and Man, mannose.

Peaks 1 and 2 are its pyridylamino derivatives, and peaks 3 and 4,
oligosaccharides chains lacking the Galf3(1,4) attached to the
Mana( 1,3) (peak 3) or that attached to the Mana( 1,6) (peak 4).

the carbohydrate attached to the normal B# and y chains of
human fibrinogen (42). There were also two small peaks, 3 and
4, to be assigned to oligosaccharides that lack the,3( 1,4) galac-
tose attached to the a( 1,3)-linked mannose (peak 3) and to the
a(1,6)-linked mannose (peak 4), as compared with the elution
positions for the authentic oligosaccharides with known struc-
tures (38).

Discussion

We identified a new type of mutation, a y Met-3 10 to Thr
substitution, and consequent N-glycosylation at y Asn-308 in
an abnormal fibrinogen designated as fibrinogen Asahi.

The abnormality seems to be associated with posttraumatic
bleeding as observed in the patient, a 33-yr-old man who has
been manifesting clinically mild-to-moderate hemorrhagic
diathesis related to injuries since his early adolescence.

The functional abnormality could be categorized as se-

verely impaired polymerization that is not readily correctable
by calcium ions and significantly delayed cross-linking of the
mutant ,- chain. Indeed, a point mutation together with a

bulky extra oligosaccharide structure attached near the car-

boxy-terminal region of the y chain may well perturb the local
conformation of the D domain that is critical for fibrin poly-
merization (1-3). As proposed by several investigators
(43-46), the contact between the thrombin-activated E do-
main of one molecule and the D domain of another with an
overlap of one-half molecule is believed to play a primary role
at the initial stage of fibrin oligomer formation. In fibrinogen
Asahi, this type of contact is significantly impaired as evi-
denced by the decreased binding of isolated abnormal frag-
ment DI to insolubilized and thrombin-activated normal fi-
brinogen even in the presence of calcium ions (Fig. 5). Further-
more, the close contact between the two D domains of
different molecules may also participate in the polymerization
mechanisms by eliciting a stable D. D structure that can fit in
its complementary structure exposed on the central E domain
of fibrinogen exposed upon thrombin-treatment (1, 14,
43-45). This type of contact seems to proceed very slowly in
fibrinogen Asahi as deduced from the protracted y chain
cross-linking of fibrin and fibrinogen.

Because the intermolecular -y chain cross-linking of fibrin-
ogen takes place at the same amine acceptor (Gln-398) and
donor (Lys-406) as fibrin in an antiparallel fashion (43, 44),
our data seem to imply that the two abnormal D domains are
unable to contact each other closely enough to achieve an
antiparallel alignment of the carboxy-terminal part of their y
chains. Nevertheless, the carboxy-terminal plasmic peptide (y
374-411) containing a normally functioning amine acceptor,
,y Gln-398, was identified at exactly the same position as its
normal counterpart on HPLC(profiles not shown). This indi-
cates that both amine donor and acceptor sites are located
normally in the mutantBy chain.

The impaired intermolecular y chain cross-linking me-
diated by activated Factor XIIIa seems to be unique, as an-
other abnormal fibrinogen with impaired By chain cross-link-
ing, fibrinogen Paris 1 (47, 48), has been characterized to have
a 3.1-kD peptide extension at the carboxy terminus of its -Y
chain that renders the amine acceptor site unavailable for the
cross-linking reaction (48).

Despite the two structural defects in or near the putative
calcium binding site, the y 303-356 (3) or the y 311-336
residue segment (49), the calcium binding ability seems to be
well preserved based on the observed normal calcium effect on
the protection against plasmic cleavage of the y remnant of
abnormal fragment DI (Figs. 4 and 6).

Upon amino acid sequence analysis of the aberrant y
303-338 residue peptide PI'-2 by Edman degradation, the
phenylthiohydantoin (PTH) derivative of an Asn was not de-
tectable at cycle 6 of the aberrant peptide, suggesting that the
Asn was glycosylated. Indeed, a PTHderivative of an Asp was
recovered at cycle 6 as a product from the N-glycosylated Asn,
when the peptide had been digested with glycopeptidase A that
specifically hydrolyzes f3-aspartylglycosylamine linkages (36,
50, 51). This extra glycosylation is certainly attributed to a
newly constructed tripeptide sequence, Asn(308)-Gly(309)-
Thr(310) because of a Met-3 I0-to-Thr substitution. Such a
mutation was formerly proposed for the mutant Bf3 chain of
fibrinogen Pontoise (52), namely, a replacement of the B3
Ala-335 by a Thr and possible glycosylation at the Bf3 Asn-333
based on an amino acid analysis of an aberrant tryptic peptide.
However, no detailed data have so far been provided on the
possible extra carbohydrate moiety in this abnormal molecule.

In this study, we provided evidence that the extra carbohy-
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drate moiety linked to Asn-308 of the mutant y-Asahi chain is
identical to those linked to the normal B# (B# Asn-364) and y
(,y Asn-52) chains (42) (Fig. 8). The carbohydrate moiety was
found to be composed of the major oligosaccharide with a
biantennary structure (42) and two minor components lacking
the ,3(1,4) galactose attached to the a(x1,3)-linked mannose or
that attached to the a(1,6)-linked mannose (38). The bianten-
nary structure has also been reported for the oligosaccharides
of the mutant y chain of fibrinogen Nagoya (53).
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