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1. Human fidbrin(ogen), the clottable protein of plasma, is the final
substrate in both the coagulation and the fibrinolytic enzyme systems,
The subunit structure of this protein consists of three pairs of poly-
peptide chains, Aot B{B and. 2{ chains, which are joined together by
disulphide bonds. Using antisera to the individual polypeptide chains
of fibrinogen, immunological investigation should provide more informa-
tion about the degradation products of fibrinogen than if anti-fibrinogen
antiserum alone was used,

2. The immunological behaviour of fibrinogen and its derivatives hag
been investigated largely by means of an antiserum to one of the
individual polypeptide chains of fibrinogen - the Aol chain. Using the
relatively simple and qualitatively informative, anaslytical techniques
of immunoprecipitation in agarose gel and gel electrophoresis,
significant observations have been made on the immunological reactions
of anti-Ast antiserum.

3. For the preparation of immunogen, fibrinogen was precipitated from
human plasma and purified to fraction I-4., Tibrinogen wag reduced by
dithiothreitol and alkylated with iodoacetic acid., Separation of the
individual carboxymethylated Aec, st and 3’ polypeptide chains was
achieved by ion-exchange chromatography. Studies on the solubility
properties of the carboxymethylated Aot polypeptide chains of fibrinogen
in various buffers suggested alkaline barbitone (pH 8.6) as the buffer
of choice for immunodiffusion experiments,

4, After further ﬁurification of the Act. chain by polyacrylamids gel
electrophoresis, asntiserum to the Aet chain was raised in rabbits,
Anti-Aot antisera was heat-decomplemented and absorbed with BFs poly-

eptide chaing. On immunodiffusion, absorbed anti-Aw. antiserum reacted

kel

with Aoty but not with 3{3 or 2{ chaing. In addition, the antisecrum
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reacted wifh purified fibrinogen and plasma fibrinogen, showing &
reaction of identity with the Aot chain,

5. The progress of plasmin deéxadation of fibrinogen was exanined by
immunoelectrophoresis, When anti-Act antiserum was used, the appearance
of two intersecting vrecipiiin arcs confivmed that early cleavage of the
Aot chain of fibvrinogen had occcurred. These two precipitin arcs persis-
ted throughout the digestion, A 26,000 molecular weight polypeptide,
isolated by gel filtration from a late digest, corresponded in electro-
phoretic mobility to the more cathodal arc of the late digest of
fibrinogen, This polypeptide was named A« -velated antigen (molecular
weight 26,000), Ax -RA(26,000),

6. Examination of the various stages of plasmin degradution of
fibrinozen Wy polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulphate revealed the progressive appearance of six low
molecular weight polypeptides as the digestion proceeded, Oneof these,
Aot -RA(26,000), was isolated and its immunological bvehaviour confirmed
its Aot chain origin. Two other polypeptides of slightly higher
molecular weight were isolated in semi-purified foram; it appeared likely
that they also had an Aol chain origin and were precursors of Aot
RA(26,000). None of these polypeptides reacted with commeccial anti-
fibrinozen antiseruun, and reacted only weakly with unabsorbed anti~
fibrinogen antiserum. Anti-Aol antiserun did not react with purified
fibrinogen fragments Y, D or E, but a fainﬁ reaction was obtained with
fragunent X,

7. Urokinase activation of the plasma fibrinclytic system in vitro
resalted in a limited degree of fibrinogenolysis. The extenl of such
plasna fibrinogen degradation may not be readily detect.-d by assnys
enploying anti-fibrinogen antiserum, but quulit&tive examnbnation off the

serun from such antivated plasmu revealed an incroasse in atk-reloled
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antigen(s); The serum A« -related antigen(s) were not iluwmunolojsically
identical to Act~RA(26,000).

8., Activation of the plasma fibrinolytic system in vivoe by venous
occlusion of the arm also resulted in a limited degr-oe of fibrinogeno-
lysis, In the limited number of cases studied, an increase in the level
of Axtwrelated antizen(s) was demonsirated in the post-occlusion serum
samples by the techniques of single radial immunodiffusion and Laurell
electrophoresis, Further refinement of these techniques may constitute
the basis for an assay of in vivo fibrin{ogen)olysis.

9. The site of origin of the fragment Aot -RA(26,000) was located in a
central rezion of the A polypeptide chain of fibrinogen; the antigenic
determinant sites of the fragment were contained in the Aot rewnant of the
high solubility fibrinogen fraction I.9, but not in the CO0H-terminal
polypeptides released from the Ac{ chain of fibrinogen by ancrod

cleavage,

10, From the results of immunodiffusion with anti-Bg and anti- X antisera,
some cross-contamination of the Bp and 3’ chain preparations was likely,
Neither antisera reacted with the Aec¢ chains, and only anti@BP anti-
serum reszcted weakly with whole fibrincogen. A method for the immuno-
logical examination of the Aec, IBP and X‘ chains of plasma fibrinogen,

using small volumes of plasma, has been suggested,
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CHAPTER 1: FIBRINOGEN - STRUCTURE AND FUNCTION

1.1 Pigecovery of fibrinogen

While the phenosenon of blood coagulation must have led men of
imagination to speculate on ity neture, the recognlticn of the final
cauge of coagulation as the conversion of & seluble blood component
to an insoluble fibrous material appeared only about 120 years ago.
Previously, a white {ibrous material, which formed independently of the
blood cells during clotting, had been described by Malpighi as early as
1686, but the true origiﬁ of this substence was concealed by a variety
of erronsous views which persisted until well into the 19th century.
Among these ideas were early postulates that the cooling of blood, and
the exposure of blood to air, were reaponsible for its coagulatiocn.,
Later ideas which also proved to be popular were that fibrin aggregated
after its relesse hy membrane disruption of the red blood cells in one
cape and from platelets in another case,

Avound the middle of the 19th century, importént experiments were
performned by Buchanan, who found that certain hody fluld exuvdates could
be coagulated by fresh serum, thus demonsirating

(i)><the pregence of Ygoluble fibrin" in these fluids, and
(1) +the ablllty of some agent, & serum component, to cause the
solidificastion of fibrin,

The concept and term "fibrinogen", as applied to a fidbrin precursor,
was {irst used by Denis in 1859, although Virchow had previously used
the term to wefer to an altered fibrin, Denis attempted to purify this
clottable substance {rowm plasws and this work was continued by
Hammarsten, whose studies led him to propose that the formation of
fibrin was the specific resuli of the interaction belween fibrinozen

and thrombin, an enzyme which was not present in the cireunlation, but
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was itself formed from a precursor, prothrombin. In addition, the
recovery of a protein-like material from the supernatant solution, aftex
pure fibrinogen had been converted to fibrin, wae taken as evidence of

a hydceolytic reaction and provided the idea that the formation of fihrin
resulted from cleavage of the fibrinogen molecule. Since the turn of the
century up to the present day, this proteolytic cleavage, even though
rather limited, has been thoroughly investigated in terms of both the
gross and the molecular alterations induced in fibrinogen ss a
consequence of the gpecific action of thrombin,

(Taken from reviews by Beck (14) end Murano (252)).

1.2 Physical Propertiles

Human fibrinogen is & glycoprotein with a moiecular welght of
340,000 + 20,000, Agreement on the molecular size of fibrinogen has
been obtained from various methods of determination, which include
gedimentation, diffusion and light scattering studies, as well ag
sumnation of the values for ite constituent polypeptide chains
(assuming & dimeric structure of fibrinogen) (68, 252). The molecular
weights of most other mammalian fibrinogens are also within the above
range, although higher wvalues are occasionally found (68),

The isoelectric point of fibrinogen is 5.5 (68), although both
higher (4) and lower (310) values have been reported, ¥Fibrinogen is
soluble up to a value of 4 g/lOO ml (68), but precipitdates out of
solution when heated at SBOC (148),

The sedimentation coefficient is T7.93, and the extinction co-

1%
lcm

physicochenical paraneters, such ag the partial specific volume, the

efficient (B ) at 280 nm was found to be 15 - 16 (68), Other

frictional ratio, the intrinsic viscosity and diffuslion coefficient

have Dbeen calculated and thelr values permlt a limited interprestation



22

of the molecular shape and size of {ibrinogen (68g 252), In particular,
by use of the techniques of optical rotatory dispersion, circulax
dichroism and low-angle X.ray diffraction, the o -~ helix content of the
molecule hag been estimated at 35% (252), By such means, the pd range
of stability of fibrinogen was found to be 5.5 - 10, and denaturation in
SM ures solutions was reversible, but irreversible in 5 - 10 M urea as

indicated by the destruction of the . - helical segments (252),

1.3 The shape of the fibrinozen molecule: changes induced by

fibrin formation

" Only in the past few years has there been some agreement among
various groups of workers that the fibrinogen wolecule may bhe approx-
imately spherical or globular in shape, but the controversy which has
surrounded the geometric form of this molecule for more than 30 years
is far from settled and further studies will be required before any firm
conclusions mey be drawn concerning its overall shape. The importance |
of such studies lies in our need to understand the basic mechanisms
involved in the conversion of fibrinogen, a soluble protein, to itsg

insoluble form, fibrin, during the coagulation of blood.

1:3.1 Phygsicochemical studieg

Yor a number of years, the form of the fibrinogen molecule had
been described as rod-sghaped or és g compact prolate ellipsold of
revolution, This interpretation of its shape was derived from the
hydrodynamic measurements of flow birefringence, sedimentation,
viscosity and diffusion (68, 243) and was adhered to for more than a
decade, 4As early as 1947, Ferry and Morrison (87)9 in their study of
human £ibrin formation, assumed the dlmensions of the fibrinogen

molecule to be 3.5 x 70 nm: moreover, they conszidered that no great
¥
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change of shape was involved when fibrinogen was converted to & fins
fibrin clob, as only a small change of Rayleigh light scattering
oceurred during this process. Fine clots were thought 1o be constructed
of single chaing of fibrinogen molecules, Joiped end-to~end, wﬁile
coarse clots were probably bundles of such chains, ¥low blrefringence
studies on bovine fibrinogen (298) indicated a molecular length of
66 nm, and sedimentation and viscosity experiments (80) demonstrated
that fibrin monomers in urea solution had the same grogs size and ghape
ag fibrinogen in the absence of urea, These studies (80, 298) indicated
thet intermediste polymers of fibrin consisted of 6 -~ 10 molecules of
fibrin joined end-~to-end, possibly with a twofold side=to~glde degree of
polymerisation, According to the weview of Doolittle (68), early X-ray
analysis of fibrin and fibrinogen gels ylelded identical patterns and
it was concluded that individual fibrinogen units maintalined their sigze
and ghape during conversion to a fibrin gel.

Further evidence for an elongated fibrinogen wmelecule came
from electric birefringence studies (141) which measgured dipole moments
and hence the electrical dissymmetry of species., Thesge studies
indicated that both fibrinogen and fibrin possessed a high degree of
electrical symmetry. Bowever, the obgservation that the removal by
thrombin of one (of two) negatively charged fibrinopeptides A from
fibrinogen led to a Transient highly polar molecule was interpreted as
an indication that the fibrinopeptide A species were located al
pogitions near the opposite ends of the molecule, In addition,
meagurement of the dipole moment permitited calculation of the length
of the molecule and thig was found to be about 50 nm, a figure in

agreement with a contemporexry molecular wmodel (136)0
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Fig, 1 Models of fibrinogen molecules and their arrangements in
fibrin polymers, according to: A, Hall and Slayter (136);
B, Kay and Cuddigan (172); €. K8ppel (183); D. Pouit
et al, (287).
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1.3.2 Electron microsecopy studies

Many of the models of the fibrinogen molecule have come from
electron microscopy studies and observations in this field began in the
1940's when such & study (68) revesled the presence of trensverse
striations or bands on fibxin fibres, these bands repeating themselves
at intervels of 23 nm. Along with these electron microscopic studies
which have continued Yo the present day, a large number of bilochemical
and physicochemical investigetions (such as those mentioned above and
reviewed recently by Doolittle (68) and Mosesson and Finlayson (243))
were perfprmed and provided data to furnish various molecular models
of fibrinogen. One of constraints imposed upon these models of fibrinogen
was thaev they should provide a satisfactory explanation of the cross-
banding patteras of fibrin, sz well as the characteristic periodicity
cf 23 nm.

1.3.2.1 Model of Hall and Slayter

One of the earliest and most durable of molecular models for
fibrinogen was that of Hall and Slayter (136) whose micrographs of
metal shadowcast prepsrations of bovine fibrinogen revealed the
existence of elongated nodular structures, thus supporting the notion
of rod-shaped fibrinogen molecules. A preponderance of these particles
appeared as triads, 3 lineaxrly attached globules (Fig. 14), although
some monads, dyads and tetrads were also seen, These triads (47.5 om
long) were believed to be intact fibrinogen molecules, their calculated
moleculsr volume being close to that computed from hydrodynamic
meagurenents (136)9 whereas the monads and dyads were evidence of
-disrupted molecular fraguents, a suggestion refuted recently (243) from
bilochemical evidence., Hall and Slayter proposed that these molecules
formed end-to-end polymers and shrank in length to about 24 nw Jduring

fibrin forpation while slde-to-gide alignment of the linear polymers



N
(|

accounted for the characteristic cross-banding pattern of fibrin fibres,
A recent study (330) by electron microscopy and optical diffraction of
nicroerystals of fibrinogen, which had been partislly degraded by a
bacterial proteolytic enzyme, yielded evidence for a fibrinogen

molecule of similar length asg that of the previous workers, but suggested
that the perlodicity of [ibxrin might result from a staggering arrangeuent
of f£ibrin wonomers, a view similar to those of others (68).

1.3.2.2 Model of Kay and Cuddiesn

While the majop periodicity observed in fibrin fibres by numerous
vorkers has been of similaxr dimensions,; even when the fibrin was formed
from different sources and by different enzymes (178), finer detail of
the cross-bending pattern was observed by a negative staining technique
(172) and cast doubts on the dimensions of the Hall and Slayter model.
The fibrinogen molecule propesed was that of a linear array of nodular
elements (Fig. 1B), with an observed width in the fibrin fibre of 3 nm,
which was sbout half of the minimum possible width of the trinodvlar
model. A two-thirds molecular overlap was proposed to account for the
cross=-banding pattern of fibrin, while the partial specific volume of
fibrinogen required & molecular length of 69 nm,

1.3.2.3 Model of X8ppel

Until the mid-1960's, much of the experimental data had pointed
in the direction of an elongated fibrinogen molecule. However,
Doolittle (68) has cautioned that, with hydrodynamic meagurements, it
wag difficult to distingulsh true dissymmetry of & moleculay species
from hydration effects. Attempts to do so employed the tamfunction,
which gives information about the total effective volume of & protein
by combining sedimentation, intrinsic viscosity and molecular welght
paraneters, and yielded axisl ratios for fibrinogen of 1 to %, This

suggested that fibrinogen might be a highly swollen proiein, less



elongated than had been proposed. However, if the shape of fibrinogen
was approximately spherical, it would require to be hydrsted by 8z of
water per gram of protein, a value greatly in excess of the accepted
vpper limit of hydration (0.3 @/g of protein). In 1966, Kippel (183)
obgerved partlclea of fibrincgen with a diameter 23 mm under the electron
nicroscope. These individual nodules were not quite spheriecal, but
appeared to be related to a pentagonal dodecshedren (Fig. 1C), along
the edges of which the polypeptide chalns of fibrinocgen were evenly
distributed (184)? thus forming a cage-like gtructure surrounding a
relatively large volume of water, The majority of the water molecules
were not trapped by this non-compact protein molecule, but rather
were allowed to pass freely through the siructures., Kippel proposed
that the structure of fibrin could be explained on the basis of lineay
aggregates of the fibrinogen units, associated by vertex to vertex,
edge to edge, or plane to plane, Support for the highly symmetrical
fivrinogen molecule of K8ppel came from Lederer and Finkelstein (1938)
whose experiments with aluninium scale models, similar to those of
K8ppel and Hall and Slayter, permitted calculation of a number of
hydrodynanic parameters for each model, The values computed for the
K8ppel model were in much closer agreement to the actual experimental
values than were those for the Hall and Slayter model. Moreover,
small angle X-ray scattering measurements with dilute solutions of
hovine fibrinogen ylelded a scattering curve which wag closer to the
theoretical curve calculated for Kbppel's model than to the curves
caleoulated for four other models {197).

1:.3.2.4 liodel of Pouit and cowoerkexs

In 1972, the electron microscopy study of Pouit et al. (287),
using negatively stained preparvations, showed that fibrinogen appeared

as globules (aversge diameter 24 nm) with wumercus filamentous
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extensions (Fig. 1D). The presence of these filaments and the varying
size of the globules were considered to represent the degree to which
the fibrinogen molecule had "unrolled'"., During fibrin formation, the
filaments from neighbouring molecules appeared to bind to each other,
the globular particles becawme aligned through lateral association, and
the periodic striations decreased from 30 nm to 23 nm, A decrease in
the diameters of the globular elements from about 24 mm to 3 nm was
also observed during such reorxganisation of protein material in the
fibrin fivre. (It is noteworthy that Ferry and Morrison (87) in 1947,
considered the possibility of fibrinogen molecules opening to form
extended polypeptide chains during fibrin formation, but these authors
dismissed the idea as unlikely)° Others have since observed spherical
particles with filaments (15) and transformetion of globular units %o
linear aggregates (18) vduring fibrin formation. In addition,
Hagchemeyer (142) in a reinvestigation of her previous work with a
purer {ibrinogen preparation, was unable to reproduce the electric
birefringence results which had indicated the existence of a polar,
elongated intermediate of fibrinogen; indeed, the later resulis were
more compatible with the exlstence of & spherical molecule,

Recently, more detailed structural models of the fibrinogen
molecule have been constructed by Suscillon and coworkers from a
conbination of thelr electron microscopy studies and current biochewical
knowledge (157) and from neutron small-angle scattering studies (224),

yielding spherical and banana-shaped molecular models, respectively.

1.4 The molecular strueture of fibrinogen

Although many of the structural details of fibrinogen have
been derived froa enzyvae studies, using, for exenple, thrombin,

plasmin and Factor &11X, the action of these enuymes will be considered



in later sections., This section deals largely with the subunit
arrangement of fibrinogen obtained by chemical analysis: most of the
information which hags been obtained applies equally well to the sub-

unit structure of fibrin (68).

J.4.1 Amino acid composiiion

Antomated amino acid analysis hag been performed on fibrinogens
from different species by a number of workers (68, 252) and the
differences between the species are small (252), All the common
anino acids are present at a frequency not greatly different from
their occurrence in other vertebrate proteins (68), No differences
existed between the composition of fibrinogen and fibrin of human and
tovine origin (152), Although a total of 56 - 58 halfmmystine residves
were found in fibrinogen and in fibrin (149), no free sulphydryl
groups were detected, suggesting that all of the half-cystine residues

were involved in the formation of 28 - 29 disuvwlphide bridges,

1.4.2 Carbohydrete composition

Considerable variance hasg been found in the carbohydrate
content of fibw»inogen and {ibrin from different gpecles, but is
probably related to the different methods of analysis used by the
investigators (252), Blombick (20) found that bovine fibrinosen
contained 3.2% of hexoses {(galactose and mannose), 1% of glucosanine
and 0.8% of sialic acid. The role of these carbohydrate groups remaing

unclear at preaent (252),

1.4.3 Polypeptide chain structure of fidrinogen

The existence of a mltiple chain structure of fibrinogen was
demonstrated in 1951, as a result of Nﬁgwterminal amine acild

analysis which revealed the presence of more than one residue each
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of tyrosine and glutamic acid (7). These results were later confirmed
by Blombiek and Yamashina (36) whose quantitative determinations
demonstrated up to three pairs bf Nﬂgaterminal end groups in
fibrinogens and fibrins of various species, thus indicating the
existence of six subunit polypeptide chalnsg pexr molecule of
fibrinogen. In the cases of human and bovine fihrinogens, only two
pairs of Nﬂzwterminal residues have been found, since one pair of
the polypeptide chains poscsessed & blocking NHtherminal pyroglutamnic
acid residue with no reactive wc~amino end group (29, 36). In
COOH-terminel amino acid analysis, up to three different residuea
have been found in fibrinocgens of various species, although only
valine and glutamine were demonstrated in human fidrinogen (63, 154,
266).

Murther evidence for the polypeptide chain composition of
fibrinogen was supplied by the preparative isolation of three different
subunits after cleavage of the disulphide bonds by sodium sulphite
(56, 146). Paper and starch gel electrophoresis of the sulphitolysed
fibrinogen, S-sulpho-fibrinogen, in the presence of high concentrations
of urea, revealed two or three bands, whereas intact fibrinogen showed
only one band (56, 143, 148, 150, 151)o Ultracentrifugal analysis of
S-sulpho-fibrinogen yielded a molecular weight of 50,000 - 65,000, a
value which was consistent with a gix~chain struciure of fibrinogen
(143, 148), while later séudies (212) on the isolated chains revealed
the unique molecular weight values, 64,000, 56,000 and 47,000 for the
three different chaing., These values were in reasonable agreement with
those obtained for the fibrinogen chains by polyecrylamide gel
electrophoresis in the presence of sodiwm dodecyl sulphate (234).

NHzmterminal amino acid studies on bovine S~zulpho-

fibvrinogen and the isolated chains, have identified only those residues
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whi.ch were demonstrable in the intact fibrinogen molecule (148, 150),
In eddition, thrombin has been shown to release fibrinopeptide A from
the NHzmterminal of one chain and fibrinopeptide B from another, bukb
was without effect on the third chain (150). Accordingly, the three
chaing of filbwrinogen have bheen designated asg Au.DIBP and E‘ in order
to identifiy those chaing of fibrinogen fwom which the fibrinopeptides
A and B are released by thrombin (252), The structural formula for
intact fibrinogen may then be represented asg (Ao&, B/;v E )20

Pesides sulphitolysiz, fibrinogen has been dissociasbted into its
polypeptide subunits by reduction of the disulphide bonds with the thiel
reagents; mercaphioethancl, dithiothreitol and dithiocerythritel,
followed by alkylation of the half-cystine residues to prevent re-
oxidation, However, demonstration of the multiple component system
of S-carboxywethylated fibrincszen was not achieved by gel filtration or
electrophoresis in the presence of dissociating agents (147, 151), until
Murano et al, (255), followed by others (123, 153), isolated the
individual chains by ion-exchange chromatography., The separation of
the subunit chains of S-aminoethylated fibrinogen has also been

described (118).

ledo4 The digulphide knots of fibwinogen

Cyanogen bromide (CNBr) cleaves polypeptide chaing at
methionine residues and has been used to fragment the structure of
fibrinogen in a considerable nunber of investigations, conducted
mainly by BlombHck and coworkerg. Since human fibrinogen containa
€0 - 66 mathionine vesidues per molecule (112), ocleavage by CNBr
'gives rise to a large number of fragments (28), although 1t can be
rezsonably expected that a nuaber of these peptide chalns wonld veaain

linked Yo one another by disulrvhide bonds, Indeed, the isolatiecn and
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investigations of such disulphide-linked fragments have led to a
greater understanding of the function and the conformation of the
component polypeptide chains in human fibrinogen (112),

1.4.4.1 N-DSK: The monomeric model

The initial studies of Blombfek et al. (31, 32), on CNBr-
cleaved fibrinogen, demonstrated the existence of a fragment which
released the fibrinopeptides A and B on reaction with thrombin. The
fragment contained about 40% of all the half-cystine residues of
fibrinogen in the form of 11 disulphide bridges, with no free
sulphydryl groups, but ﬁonstituted only about 15% of the mass of
fibrinogen (28), NHznterminal anino acid analysis of the fragment
revealed the same residues as found for intact fibrinogen (31) and the
amino acid seguence data indicated that the fragment consisted of the
Nﬁzwterminal peptides of the Ao, BP and 3’ chains (31, 32), This
was directly confirmed by comparison with NHQ—terminal amino acid
sequences of the Am.enﬁi‘z chains of intact fibrinogen (163). On the
basis of these observations, the term "NH2~termina1 disulphide knot"
(N-DSK) was used to describe this fragment (31).

_ Originally, a minimum molecular wéight of about 26,000 wag
estimated for N-DSK by amino acid anelysis (31), Since this value was
in agreement with that from sedimentation equilibrium analysis,
Blombdck et al. (31), concluded that N-DSK was a monomeric unit and
that there were two identical N-DSK fragments located in the NHQ-
terminal regions of each set of Aot Bla and ?f chains, ©Since the
electric birefringence measurements of Haschemeyer (141) had
previoualy located the A fibrinopeptides at the opposite ends of an
elongated dimeric fibrinogen molecule, Blombick et al, (22, 24, 27, 31)
propoged that the N-DSK units of fibrinogen were situated accordingly

at the opposite poles of an elongated fibrinogen molecule which lay
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perpendlicular to a two-fold axis of symmetry. This molecular model

of fibrinogen was in accordance with that of Hall and Slayter (136),
if it was sgsumed that eaqh "haif" of the fibrinogen molecule; 1.e.,
each monomeric unit consisting of one Aw, ona?Bp and one yf cﬁain,
was joined together Ly disulphide bonds in the COOH-terminal reglons,

1edede2 NaDSK: The dimeric model

The proposed wolecular models for N-DSK and fibiinogen were
later revigsed when further purification of N-DSX by countercurrent
disvribution led to the removal of hydrophobic impurities from the
hydrophiliec W-DSK (24), and subsequent studlies indicated a molecular
weight of 50,000 = 60,000 for the purified W-DSK, i.e. twice that of
the monomer unit (23, 24, 26, 340). A similar value was also found
for N-DSK by Marder and coworkera (217, 219). In addition, the
discovery of symmetricelly-linked pairs of Aol peptide fregments and
‘K peptide fragments - possible gites of disulphide linkages between
the monomeric units - indicated that N-DSK wag probably-a dimeric

structure (24)o Therefore, it appeared ihat the NHzmterminal
'regions of all six chaing of fibrinogen were located in close proximity
t0 each other and were linked together by disulphide bonds within

the structure of N-DSK (23, 24, 26, 307), which maey be represented by
the molecular formula (Actl - 51,‘BP 1l - 115/118,'Z 1 - 78)2, with
amino acld reaidues mumbered from the Nﬁawterminal ends (188),
Quantitative immunological assay has confirmed the existence of only
ong N-DSK unit pex molecule of fibrinogen (112)°

Studiez on the arvangement of the 11 disulphide bridges in
N-DSK have shown that they may be classed as "stable", in which a
gingle arrangement of the individual hridge hag bheen found, and
"labile", in which there 1s wmore than one pogsible arrangement of the

bridoes (28). The vhenomenon of disulrhide interchange, involving tha
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1abile half-cystine residues, has accounted for the appearancs of
polymers of N-D3X (28)ﬁ although other studies have suggested that
the disulphide linkages of fibrinogen are gtable (278)0

In non~denaturing conditions, reductive cleavage of the
disulphide bonds of intact fibrinogen brcke only a few such bonds, and
these were probably surface-orientated (30, 45), Of those bonds
broken, three of them were shown to be symmetrical disulvhide bridges
joining the two'halves" of W-DSK (30), although it has been suggested,
from immunochemical data (188), that N-DSK is largely hidden within
the fibrinogen moleculé,

The immunological behaviour of N-DSK of human fibrinogzen has
been extensively studied and it has been shown that the most
imminogenic structures are the B’l and 3‘ fragments (28, 33, 186, 188),
On the other hand, conformational rather than gequential determinant
structures might be expected to predominate in the rigid, highly-
crosslinked ¥-DSX (188), Indeed, Gollwitzer and coworkers have shown
that some of the antigenic determinants of F-CBl, a NH2=termina1
fragment from CNBr-cleaved bovine fibrinogen (120, 328), were
destroyed by reduction of the disulphide bonds,

In addition to F-CBl, another anslagous fragment to N-DSK has
been reported in bovine fibrinogen, FCNBrI (179),

l.4.4.3 Other disulphide knots of fibrinogen

Since N-DSK accounted for only 40% of the disulphide bonds of
human fibrinogen, fragmentation of filbrinozen by CHBr was expected o
give rige 0 & number of disulphide-conbaining polypeptides. Recen®
. studies employing gel filtration and countercurrent distribution have
confirmed the existence of another four “disulphide knots" (112),
Three of these fragments have been classified as hydrophoble

(H01-D3¥, Ho2-DSK and Ho3-DSK) (213), and one as hydrophilic
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Hiz2-D8K) (30), All of them were monomeric and there were two
fragments of each per molecule of fibrinogens moreover, the sum of
their disulphide bridges, including those of N-DSK, appesred to
account for 2ll the disulphides of intact fibrinogen (11.2).

Hol-DSK (molecular weight 43,000) appeared to consist of five
peptide chains Clz » lAot and BZBP fragments) bonded together by six
disulphide bridges (112), This fragment corresponded to F-.CB2 (328)
and/or L

fibrinogen.,

II (179) which had been isclated from CNBretreated bovine

Ho2-DSK was & small, single-chain fragment from the BF» chain
and contained one disulphide bond, while Ho3-DSK consisted of two small
Z chain fragments, joined by a single disulphide bond (112), F.CB4
& small disulphide-containing fragment of bovine fibrinogen (329) might
correspond %o one of the latter two human fragments,

Hi2-DSK (molecular weight 27,000) was derived exclusively from
the Aot chain and contsined & single intrachain disulphide bond
(30, 112, 155), This fragment corresponded closely in molecular size,
amine acid composition and immunochemical properties to ¥-CB3, a
polypeptide from bovine (120, 328, 329) and human (122) fibrinogen.

Immunochemical studies on the disulphide knots indlcated that
the hydrophobic fragments and N.DSK were largely buried within the
parent molecule while Hi2-DSK and F-CB3 appeared to be located on the
surface of fibrinogen (203, 252, 329), Fig. 2 shows a diagrammatic
representation of the polypeptide chain sitructure of human fibrinogen

with the proposed locations of the disulphide knots.

1465 Privary strvcture of human fibrinosen
Amino acid analysis of the isolated chains of S-sulfo- and

S-carboxymethyl-Tibrinosen indicated that the compositions of the
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individual chains differed significantly from each othex (1239 148, 153,
212, 255).

Each of the %hreg chainé of fibrinogen has been reported to
contain carbohydrate (150, 252), although Gaffney (102) and Pizéo
et al, (272) were unable to stain the Aot chain of fibrinogen for
carbohydrate after electrophoresis on polyactylamide gels. In the '5
chain of fibrinogen, & single oligossccharide chain appears to be
attached to an aspartic acld residue (number 52 in the 3’cﬁmin) (33,
236), while a single point of attachment for carbohydrate (aspartic
acid or agparagine) has been described in the COOH-terminal region of
the Bp chain (154, 331).

fmino acid sequence analysigs of the small Nﬂzeterminal human
fibrinopeptides A and B showed that they consisted of 16 and 14 amino
acid residues, respectively (29). The sequences of the Aot and B,b
chains were further extended by studies on NHZeterminal fragments fiom
plasmin digests of S-sulpho-fibrinogen (165), and on the isclated chaing
of N-DSK (22, 28, 31, 32, 33, 34, 186)., These studies demonstrated the
isologous segments, Cys-Pro-X.X-Cys, found in each of the polypeptide
chain fragments and the repeating sequence, Arg-Pro-X, of the BF
fragment (28, 252). In addition, partial sequence analyses of the
hydrophobic disulphide knots (112) and the hydrophilic Hi2-DSK (112,
155) hag revealed the primary gtructures of small segmentis of all
three chains,

Sequence analysis of the Ax, B }3 and 3‘ chain fragments of the
plasmin degradation products D (59, 71, 319) and I (186, 319, 321) has
algo contributed 4o the knowledge of the primary structure of
fibrinogen, particulsxly by providing recognisable amino acld sequences
which overlapped with those from the CNBr fragsments, A number of

workers have alae sequenced the Nﬁzmterminal end of = smnll plasnine
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produced fragment from the Ao chaln of fibrinogen (112, 137, 155, 320),
thus demonstrating its close relationship with a peptide isolated from
CNBr cleavage of the Aot chain (70, 112, 155).

The moat recent amino acld sequence studies have bheen performed
on the ClBr-derived fragments of the igolated chains of fibrinogen.
Hore than half of the 600 amino acids in the Ao chain have bsen
gequenced and Doolittle et al. (70, 71) have demenstrated not only
internal homology in the AcL chain, but also certain similarities to
the BP and ‘Zf chains ;n the distribution of amino acids over a 110~
vesidue stretch., The sequence of the "1'3[5 and J chaing of fibrinogen
have been almost completely elucidated by Henschen and Lottspeich
(154), who estsblished that 31% of the amino acid residues over the
lengths of the aligned Bp (462 residues) and 7 (410 residues) chains
were identlcal. TIn addition, several internal sequence homologies
have heen found in these chains. These findings strongly suppoert the
hypothesis that the Awm, B[S and 5’ polypeﬁtide chaing of fibrinogen

have evolved f{rom & common molecular ancestor (68, TL, 154)n

1.4.,6 Heterogeneity of fibrinogen

The heterogeneity of human fibrinogen has been established on
the bagls of its solubility characteristics (2399 248), electrophoretic
behaviour (200, 239) and iscelectric focusing (4, 101, 310) in
polyacrylamide gels, and chromatography on ion-exchange resins (909
314).

Chromatographic, electrophoretic and NHzmterminal amino acid
pequence analyses on fibrinopeptide A (29) and on the Axt fragment
of N-D3K (34} have ghown the existence of several chain varisnts,
Besides fibrinopeptide A, smaller amounts of fibrinopeptides AP (a

phosphorylated fibrinopeptide A), AY (fibrinopeptide A with NH -
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terminal alanine missing) and possibly AYP (a phosphorylated
fibvrinopeptide AY) have been detected as Nﬁzwterminal components of the
Aot chain. Blombdck et al. (34) nave suggested that these Act chain
variants may represent derivatives produced in vivo by the action of

- exopeptidase and phophsiase enzynes,

Heterogeneity of the Aot chains of human or bovine fibrinogen
has bheen demonstrated by isoelectric focusing (101)9 ion=exchange
chromatography (253, 255, 303) and polyacrylemide gel electrophoresis
(42, 208, 212, 234, 246, 253, 255, 303). At least part of the
obgerved heterogeneity is a consequence of Aot chain shortening at
the COOH-terminal end (63)., In addition, the heterogeneity of
fibrinogen, identified by its solubility (246) and electrophoretic
(200) behaviour, has been attributed largely to the degree of
intactness of the Ao chain,

TheIBP chaing of human fibrinogen have been shown to be
heterogenous by isoeleciric focusing (101) and ion-exchange chromato-
graphy (114). ]

Heterogeneity of the y’chains of human or bovine fibrinogen has
been demonstrated by isoelectric focusing (101), ion-exchange
chromatography (114, 153, 245), and paper and polyacrylamide gel
electrophoresis (115, 153, 245, 250), The heterogeneity of intact
fibrinogen, observed on ion-exchange chromatography (245, 250), has

been attributed %o K chain heterogeneity.

1.5 Action of thrombin on fibrinogen: fibrin polvmerisation

The enzyme responsible for the formation of f£ibrin from
fibrinogen is throwbin (Factor Ila), which is a serine protease dexrived
from an inmctive precuwsor, prothrombin, In the presence of mctivated

Factor X, phosphelipids, calciuva iong and Factor V, activation of



prothrombin (Factor I1), a single chain polypeptide, occurs by
proteolytic removal of a large peptide from the Nﬁzmterminal ends
internal cleavage of theAremaihing polypeptide without further logg of
peptide material gives rise to the active enzyme, thrombin (moiecul&r
weight 38,000), which consists of & small polypeptide A chain and a

large polypeptide B chain linked together by disulphide bonds (302),

1.5.1 Cleavage of fibrinopeptides by throumbin

Direct evidence for the proteolytic action of thrombin during
fibrin formation was obtained when the cleavage of small peptides
from the HHtherminal end of fibrinogen resulted in a difference in
the NHzmterminal amino acid analysis of fibrinogen and fibrin (7).
Quantitative analysis indicated that two A and two B fibrinopeptides
were released from each molecule of fibrinogen (36), fibrinopeptide A
being released firstly and at a faster rate than fibrinopeptide B (21).
The lag phase before the release of fibrinopeptide B prabably
'represenﬁs 2 local confeormetional change in fibrinogen; without which
fibrinopeptide B would not be susceptible to cleavage by thrombin (26).,
The release of fibrinopeptide B does not appear to be essential for
fibrin formation since
(1) +the release of fibrinopeptide A, but not fibrinopeptide B, was
correlated with amount of formed fibrin (35),
(11) reptilase, which cleaved only fibrinopeptide A from fibrinogen,
caused coagulation of fibrinogen (21), and
(iii) a venom factor from the Southern Copperhead snske releaged
fibrinopeptide B much faster than fibrinopeptide A, but no clob
wag formed until adequate amounts of fibrinopeptide A were

released (307)3
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1.5.2  Specificity of thrombin

Since only two pairs of fibrinopeptides were released by thrombin
from fibrinogen, this enzyme with trypsin-like specitficity was remark-
able in that it cleaved only 4 arginyl pepltide bonds out of 260
arginyl and lysyl peptide bonds in fibrinogen (165)., It appeared that
fibrinogen itselfl contained the structural features responsible for
the narrow specificity of thrombin action, Nﬂgmterminal amino acid
analysis on fibrin, together with amino acid sequence data on the
fibrinopeptides and whqle fibrinogen, have indicated that thrombin
cleaved only arginyl-glycine bonds when releasing fibrinopeptides A
and B from human and all other species of fibrinogen so far studied
(29, 36, 163, 252). Tibrinopeptides A and B were released by thrombin
digestion also from the isclated Ae¢ and BP chaing of S-sulpho=~
fibrinogen (150), from intact N=-DSK and from the isolated Aed and BP

chain fraguments of N-DSX (32) and from the NH,-terminal plesmin-

2
cleaved Act and.IBp fragments of S-sulpho-fibrinogen (165). Besides
the rapid release of fibrinopeptide A from these degraded Ae. remnants,
the slow release of a tripeptide, Gly-~Pro-Arg, from the newly-exposed
Nﬂgwterﬁinus of the ot remnant was also observed (32), but it could
not be cleaved from fibrinogen under physiological conditions (34),
Since the specificity of thrombin was unchanged whether the
substrate was whole fibrinogen or chain fragments from N-DSK, the
structures responsible for the binding and interaction with thrombin
were confined to these NH2~terminal chain fragments (307)., In the
case of fibrinopeptide A, the amino acid sequence at the COCH-terminal
- part of the peptide hz2s been highly conserved throuvghout the
mamnalian series (23, 307). Nearly all species had a phenylalanyl
residue in this segment at a2 distance of nine amino acid residues

from the bond srlit by thrombin (292), ILike this sesment which
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existed in ot ~helical conformation, helical conformation and inter-
species pimilaprities were found in short peptide segment2 on the
COOH-terminal side of the susceptible Arg-Gly bond (23, 307). On the
basia of these results, it appeared that a specific binding site fox
thrombin on the Aot chain of fibrinogen mlght reside in this region

(307).

1.5.3 Measurement of fibrinopeptides

As o means of studying intravascular coagulation, methods for
measuring the levels of fibrinopeptides 4 and B by radiolmmincassay
have been developed (17, 263). After coupling to albumin, antisera
t¢ these fibrinopeptides were raised in rabbits. However, lodinastion
of the fibrinopeptides required thelr prior coupling to tyrosine, and
physical separation of the fibrinopeptides from fibrinogen was
necessary before the assay could be performed (17, 116, 263). In the
case of fibrinopeptide A, normal individuals had mean levels of
1 ng/ml and a half-life of only a few minutes was demonstrated for
the peptide (116, 262). Increased levels of fibrinopeptide A have
been fpund in patients with thrombotic diseases and during

defibrination therapy (43, 116, 262),

le5.4  Biologlcal properties of fibrinopeptides

Both fibrinopeptides A and B have an antithrombin anti-
coagulant activity (125). The haemostatic effect of fibwinopeptide B
on rat arterioles hag been sttributed to its vasocconstrictor action
(267), Turthermore, fibrinopeptide B potentiated bredykinin-induced
. contraction of the utérus (l?l) and exhibited chemotaxia for human

nonocytes and neutrophils (171, 295).

In the second stage of the fibrinogen-to-Iibrin
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conversion, the {ibrin monomers sggregate to form soluble polymers and
gubsequently form a gel. The polymerisation reaction is independent
of thrombin (193) and c&}cium ions appear to increase the rate of
gelation as well as the final rigidity of the fibrin gel (41, 305)0

A light scattering study of thrombin-induced Tibrin (deveoid of
fibrinopeptides 4 and B) and reptilase-induced fidbrin (devoid of
fibrinopeptide A only) indicated a predominance of end-to-end polymers
in the reptilase-induced fibrin (195). Moreover, the viscosities of
the two fibrins were different. In view of these results, it appeared
that a set of hinding domeins became operational after releagse of
fibrinopeptide A, while a different set was in force after removal of
fibrinopeptide B (28), The notion that fibrinopeptide B removal was
necessary for lateral aggregation of fibrin hag been quesiioned hy
Doolittle (68).

Imdryk et al. (187) have demonstrated that inmolubilised
fibrin displayed a degree of affinity for the high molecular weight
apecies of fibrinogen fragment D, indicating that fragment D contained
sites of importance for the polymerisation of fibrin, Since intact
fibrinogen displayed a similayr affinity for insclubilised fibrin,
the binding domaine of fragment D might always be exposed on the
fibrinogen molecule., It has been propoéed {that acceptor groups for
fibvrin polymerisation are exposed on removal of the electronegative
fivrinopeptides, allovwing spontanecus polymerisation of fibrin since
donor groups are permanently available in other regions of the
fibrinogen molecule (191).

The nature of the binding forces involved in fibrin
polymerigation remaing unknown, although thermodynanmic data
luplicate the invelvement of hydrogen bonds (68)0 In psrticular,

histidine 4s believed to behave as a hydrogen bond acceptor (68),
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an idea which is consistent with the recent studies of Plow (278) and.
Inada et al. (162), Tyrosine may functlon as a hydrogen bond domor,

while lysine way also participate in fibrin polymerisation (68).

1.5.6 Soluble fibrin monomexr complexes

Although the transient existence of soluble intermediate
polymeras of fibrin was recognised from early studies on fibrin
formation, a mumber of reports indicated the peramistence of soluble
£fibrin complexes in a vardety of thrombotic states (9). In 1960,
Shainoff and Page (304) examined the plasma of endotoxin-ireated
rabbits and isolated cryoprofibrin, & cold=precipitable fibrin
comple%, which appeared to have arisen from limited thrombin attack
on plasma fibrinogen since a reduced amount of fibrinopeptide A was
recoverable from cryoprofibrin compared with fibrinogen. Others
have shown that soluble unclottable complexes may form duxing
fibrinogen~to-fibrin conversion in the presence of fibrinogen
degradation products (202),

Recent in vitro studies have employed the techniques of
polyacrylamide gel electrophoresie (159, 160, 161, 176, 205), .
NB,~texminel amino acid analysis (9, 176), ultracentrifugation (220)
and agavose gel filtration (50, 159, 160, 161, 166, 205), as well
ag the ethanol gelation and protamine sulphate precipitation tests
(9, 133), for the detection of soluble fibmin complexes, In addition,
these complexes have also been studied by selective adsorption of
fibrinogen derivatives on insolﬁbilised fibrin and f{ibrinogen. Iy
such investigations of the adsorption phenomenon, which was
considered to be related o complex formation beitween {lbrinogen and
ite derivatives (227), insolubilised fibrin monomer was shown to bind
to fidbrinogen (145), fibrinogen fragment D (187} and fibrinogen

degradalion products X, ¥, D and B {228). On the other hand, others



have‘sﬁggested that only fibrin fragments D and B, but not fibwrinogen
fragments D and E, were involved in complex formation (50),

In the case of fibrinogen-fibrin monomer cowplexes, von dugo
et al. (161) have shown that fibrinogen and fibrin monomer occurred
in a ratio of 1 : 1. Investigation of the nature of the bonds in
soluble fibrin complexes revealed the presence of a few 6‘58 chaln
dimers (176)V although other studlies indicated that the bonds in the
complexes were non-covalent in character (166). In vivo studies in
the plasmes of patients with soluble fibrin complexes have shown
similarities in the nature of these complexes to those produced
in vitzro (1, 128, 135, 177, 213). However, viscosity studies bave
indicated that the formation of fibrinogen-fibrin complexes might
represent an in vitro phenomenon, which was dependent on reduced

temperatures for its manifestation (19).

1.6 Effect of Factor XIII on fibrin

In the final stage of the fibrinogen~to-fibrin conversion,
interchain crosslinks are introduced inte the fibrin molecule, an
event which is unlgue in the coazgulation cascade, since it is the
only reaction which involves the formetion of covalent bonds (89),
¥ith the presence of these crosslinks, fibrin becomes stabllised
against disgsolution in denaturing solutions, such as S5M urea or 1%
nonochloroacetic acid (89).

The crosslinking enzyme, Factor XIIIa (fibrin stabilising
factor, plasma transglutaminase) existe in plasma as a PTOCNZYME
Factor ZITI, and has a molecular weight 300,000 = 340,000 (89).
Factor X111 is o tetramer, consisting of two a chaing and two b
chaing of similar molecular welglits (cao 80,000)9 which are bound

together by non-covalent bonds: the molecule is thus represented by



44

the formula a2b2 (11, 89, 299, 323), During activation of the enzyme
by thrombin, a peptide of 36 residues is released from the NH2-
terminal end of the a chain, which contains the catalytically active
site, and Factor XIIIa may be represented by the formula a'2b2 (89,
299). Although calicium ions are not required for the activation of
the enzyme they are required for its cross-linking activity (89)o

Factor XTIT from platelets and the placenta has a molecular
weight of 150,000 and coﬁsists of a, dimérs, which are identical in
all respects %o the a qhains of plasma Factor XIIT (11, 89, 299, 311).
The function of the b chains in plasma is unknown, bubl may serve to
stabilise the a chains (89)., Patients with congenital Factor XIII
deficiency appear to lack the active a chains, bubt possess a-chain
binding capacity, i.e. b chains, (11, 12, 89),

Besides thrombin, coagulase thrombin (316), Factor Xa (207)
and trypsin (207) appear to activate Factor XIII. Activation of
Factor XIII by the fibrin-forming enzymes from snake venom, ancrod
and reptilase, may be due to contaminating enzymes in these

preparations (207, 273).

1.6.1 The crosslinking of fibrin

Disulphide bridges have been proposed as likely candidates
for the role of fibrin crosslinks and glycine residues have also been
implicated (89). However, the crosslinking bonds were identified as
Gm(ﬁ'nglutamyl) lysine residues after total enzyuic digestion of
crosslinked fibrin (89, 271), Moreover, geparation of the crosslinked
chains of fibrin by sulphitolysis and chromatography revealed that
two 'b/ chains were joined by reciprocal (—;-(5 -2lubamyl) lysine
bridges (52, 53, 322), Eadl'g chain contained one donor unit

(6 ~amnino group of lysine) and one acceptor unit (clutamine) in
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close proximity at the COCH-terminal ends of the polypeptide chains
and the reciprocal arrangement necessitated an antiparallel
orientation. The crosslinking between '6 chains was intermolecular,
not intramolecular, since hybrid crosslinked units were formed by
clotting a wixture of human and bovine fibrinogens (68).

Using the technique of SDS-~polyacrylamide gel electrophoresis,
other investizgators confirmed thal, not only did Factor XIIIa canse
dimerisation of the %% .

ULMEeri1Sation Ol Tne chains, but polymerisation of the oc chains of
fibrin also occurred, while the IB chain remained uncrosslinked (209,
211, 300). The & chain crosslinking occurred more slowly than the

2{ chain-orosslinking (211, 300), Wnile the 3’ chains accounted for
two crogslinks per molecule of fibmwin, it was estimated that ot crogs-
linking would produce four crosslinks per molecule (8%9), A proportion
of these crosslinking sites appeared to be situated at the COOH-
terminal end of the Act chain (92) while at least one potential site
was located in a mid-section stretch of the Aot chain (91). Consistent
with these observations, others (85, 96, 320) have demonstrated the
existence of at least two crosslinking acceptor sites in the COCH-
terminal aspect of the ot chain of fibrin, using radioactive and
fluorescent substitute donors. In particular, Takagi and Doolittle
(320) characterised, by amino acld sequence analysis, the mid-section
piece of the o¢ chain which appeared to contain a glutamine crossg-
linking acceptor unit, bul doubts were cast on the authenticity of
this site by later work on the characterisation of two linked of chain
CHBr fragments from crosslinked fibrin (69).

Concerning crosslinking of the ot chain of fibrin, it is
noteworthy that these chains way also be crosslinked to the subunit

polypeptides of cold-insoluble globulin, a protein which shows
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remarkable similarities to the clottable proteins of lobster blood
(249), Moreover, on the basis of further similarities between a
fibroblagt membrane protein and cold-insoluble globulin, Moaher (249)
suggested that Factor XIIla may be involved in the covalent

agsociation of fibroblast membrane protein and fibrin.

1.7 Tffect of plasmin on fibrinogen and fibrin

Induction of fibrinolytic activity in the blood appears to be
due to the conversion of the proenzyme, plasminogen, to the active
provease, plagmin, This enzyme hag also bheen employed in the
majority of the in vitro degradation studies on fibrinogen,

The conversion of the single chain plasminogen (molecular
weight 93,000) to the disulphide-bonded two-chsin plasmin (molecular
weight 85,000) requires the action of the so-called plasminogen
activators, and occurs in two steps, In the case of urokinase
activation, the first step consists of the proteolytic cleavage of the
Nﬂznterminal 68 amino acid residues (possibly as two activation
peptides) from the intact plasminogen (Glu-plasminogen). Az the
inactive intermediate product has NHznterminal mnethionine, it seens
thet the so-called lys-plasminogen intermediate may represent a more
advanced digestion intermediate., In the second step of the
activation of plasminogen, the intermediate is hydrolysed by
urckinase at a gingle arvginyl-valine bond to form the active plasmin
molecule, consigting of a heavy chain and a light chain which
containg the active site.

Trypsin and tissuve activator from pig heart sctivated
Lys~plasminogen similarly to urckinase by cleaving a eingle arginyl-
valine bond, Activstion of Glu-plasminogen by catalytic amcunts of

gtreptokinase proceeds in the same mamner as for urokinase, bul with
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stoichiometric amounts of streptokinase, leading to the formation of
the plasainogen-streptokinase complex, the order of bond cleavage
appears to be in reverse order (296).

l1.7.1 Dezradation of fibrinozen by plasnin

Barly investigation of terminal plasmin digests of fibrinogen
revealed the presence of five degrad:tion products, A-L (265), Of
these products, fragments A, B and C were small peptides, probably
derived from the Aot chain of fibrinozen (265, 272), and did not react
with anti-fibrinogen antiserum (254), whereas fragments D and E had
molecular weights 83,000 and 35,000, respectively, and reacted with
anti-fibrinogen antiserum, although these two products had no antigenic
determinanis in common (264, 265). Related observations on the
terminal digestion products were made by others (168, 261), who also
found that the D preparation was heterogenous on electrophoresis,
exhibiting up to eight components,

During the dezradation of fibrinogen, transient intermediate
products were noted in the digestion mixture by Nussenzwelg et al. (265)
and investigated by others (46, 221), These fragments (X and Y)
pogsessed potent anticoagulant activity and were characterised by
Marder et al, (222) with respect to their physicochemical behaviour and
immunological properties, From these studies, a scheme for describing
the molecular fragmentation of fibrinogen by plasmin was formulated and
remains today the wmost popular choice of various schemes for fibrinogen

degradu«iion, even though its postulates have recelved close scruliny
from numerocus other workers, In outline, fibrinogen is largely

- converted by plasuin to fragment X, a clobttable derivative of molecuilar
weight 240,000, by the loss of the minor peptides A and B and C;

g

asyanelric cleavase of fragnent X leads to the simmltanesus apnearance
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of the nonw-clottable fragment ¥ (molecular weight 155,000) and fraguent
D (molecular welght 83,000): fragment Y is then split into a second
fragment D and a single fxagment E species (molecular weight 50,000),
From the molecular weights and yiélds of the variocus degradation
products, Marder et al. (222) concluded that fibrinogen, during
proteolytic cleavage by plasmin, could genevate two fragment D species

and one fregment T species, thus supporting a previous noticn (265).

1.7.2 Polypeptide chain structures of the fibminogen degradation
produets (FDP)

The elucidation of the subunit chain structures of the fibrinogen

degradation products and the discovery of their sites of origln within
the intact {fibrinogen molecule were conplementary pieces of information
in the seaxrch for the structure of fibrinogen. One such important
finding established that fragment E constituted a major junction of the
Nﬂzuterminal ends of the fibrinogen chains and of the monomeric units
of the fibrinogen molecule. In spite of a report that iwo monomeric
N-DSK were overlapped by the fragments D (192), Wallén (335) suggested
that the dimeric W-DSK and fragment E were structurally related.
Imminological support for this notion was provided by the reaction of
identity between N..DSK and fragment E, using anti-fibrinogen antiserum
(217, 219), In addition, lmmunological analysis with anti-N-DSK
antiserun confirmed that N-DSK and fragment I possessed some common
antigenic structures (186, 188), However, some additional elements
present on fragment E appeared to mask antigenic sites which were
exposed on N-DSK; these sites were fully expozed on a Nﬂzmterminal ClBr
fraoguent from fragment E, the E-knot, which was immunologically
identical to H-DSK (186, 188), Physicochemical studies revealed that

N-DSK and frasment E were similar regarding their molecular welghts,
L) [} Leb) )
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extinction coefficients, half-cystine contenls and Nﬂgmterminal amino
acids (219), although fragment E appeared to lack the Nszﬁerminal
portion of theiBP chain fragment (186, 219), In addition, fragment E,
as well ag fragments X and ¥, but not fragment D, contalned at lesat o
proportion of the theoretical amount of fibrinopeptide A (44, 186, 218,
219, 235, 244, 270), Final and conclusive proof that the NHE»terminal
portion of fibwxinogen rewained intact during plasmin degradation and
wag largely contained in fregment E was obtained from the amino acld
sequence analysis of the B-knot (186); from such data, the parent
fragment B appeared to have the structure (Aot 1-86, BF& 54119, '5'1«58)2ﬁ
and was thus closely related to N-DSK (188),

Studies on fragment D, the other terminal digestion product of
fibrinogen, have not yet revealed its full structure; although the
esgential features of this fragment have now been discovered, It was
derived from the COOH-terminal aspect of fibrinogen (219), its
heterogeneity, at least in part, was related to the extent of plaswmin
digestion of the o chain (59, 85, 103, 272, 319), it gave rise to three
CRBr-derived fragments similar to Hol-DSK, Ho2-DSK and Ho3-DSK (112,
113), and it was a monomeric structure, containing disulphide-bonded
fragments of each of the chains of fibrinogen (59, 85, 99, 103, 319).
The latter observation was based largely on quantitative NHzmterminal
amino acid analyses and molecular weight measurements of the polypeptide
chain components of fragment D, The Nszterminal amnino acid sequence
has been described for all three chain fragments (59, 319), while the
complete primary sequence foxr the Aot fragment was elucidated Ly
. Doolittle et al. (71). The difference in structure between two of the
early fregment D species, Dl and DQ, was shown to be & 23-residue
segment at the NH2mterminal end of the 'g chain fragment (59; 319).

Analyels of this peptide section demonstrated that'Mwa'y fragment of
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N=DSK and that of fragment D had sgequences in common, thus accounting
for the weak immunological reaction of anti-N-DSK antiserum and fragwent
n (59; 113), These results aiéo indicated that the Nﬁzmterminal‘ends

of fragment D and the COOH-terminal ends of fragment B (for thé zf chain
st Jeast) lay in close proximity in the intact pavent fibrinogen
molecule (59, 319).

Begides these intensive investigations on individual degradation
products, the sequence of bond cleavage in fibrinogen duving plasmin
digestion has been conveniently examined by means of SDS-polyacrylamide
gel electrophoresis (95, 106, 234, 235, 272).  These studies generally
that the Ao: chains of fibrinogen were cleaved first; further removal of
a small Bia peptide produced fragment X (272)., Assymmetric cleavage of
fragment ¥ in at least three positions separated the fragments Y and D,
while further plasmin attack on fragment ¥ resulted in the generation
of another fragment D and fragment B (272), Occasionally, small
degradation products, related to fragment D, were detected on SDS-
polyacrylamide gel electrophoresis (99, 244, 293),

Becently, early cleavage fragments of the At chain of
fibrinogen have been isolated and characterised; these fragments have
heen called variously Hi2-Ale and Hi2-Wet (112, 155), fragment A (31?9
320) end fregment H (137) and were related to the hydrophilic disulphide
knot, Hi2-DSK (112, 155).

1eTe3 Degradation of fibrin by plasmiﬁ

In the came of non-crosslinked fibrin, plaswin degradation led
to digestion products X, ¥, D and E which were similar to those of
fibrinogen (103, 274) except that fibein fragments L, ¥ and B no longex

possessed {[ibrinopeptides. However, crosslinking of fibuin by



Factor XIIla altered the pattern of plasmin digestion in that one of
the degradation products contained crosslinked peolypeptide chaing and
the order of chain degradation appeared to be changed (103, 274).
Although X-dimer and Y-dimexr have not been observed during the course
of digestion, examination of a terminal plasmin digest of highly
crosslinked fidbrin showed that the major components were fibrin
fragment D-dimer and fragment B (85, 103, 274). The molecular weight
of the D-dimer was estimated at 160,000 -~ 200,000 (85, 103, 182, 274)
and was shown to consist of two o. fragments (molecular welght 12,000 -
15,000), two P fragmeﬁts (moleqular welght 42,000 «-44,000) and &
crosslinked dimer ofza-y‘chain fragment (molecular weight 76,000 =
81,000) (85, 275).

Whereas the size of the 7; chain fragment varied with the sthage
of monomexric fragment D degradation, only one type of ﬁ' gsubunit was
observed in D-dimer, indicating that crosslinking of the ?{ chain of
fibrin, as well as incorporation of a fluorescent substitute donor
into the zr chain crosslink scceptor site, prevented its COOH=terminal
degradation by plasmin (85, 274). In addition, incubation of Factor XIIla
with fragment D produced D-dimer, but electrophoretic analyses revealed
that the crosslinking capacity was restricted to the earliest fragment
D, indicating that the COCH-terminal crosslinking sites had remained
intact only in the ;y’chain of fragmen{ Dl (85, 100, 275). Therefore,
while recent findings (59, 100, 319) have indicated that the initial
plasmin attack on monomeric fragment D occurred at the NHgmterminal
end of the 3’chain fragment, it geems likely that a gimultaneous
- CO0H~terminal cleavage at the crosslinking sites occurred on the rame
polypeptide,

T the cage of the of chains of fibwin, neither crosslinking

nor incorporation of fluorescent substitute donors appeared to influence
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strongly the pattern of plasmin cleavage of these chains (85, 214). No
satisfactory explanation has yet been given for the appearance from a
totally crosslinked fibrin digest of fragmenta A or H (137, 274), even
though these fragments posgessed crosslinking acceptor sites (85, 96,
320), However, Pizzo et al.(274) have reported the occurrence of small
crossglinked peptides of the ot polymer after vlasnin digestion.

L number of reports have suggested that crosglinking of the
¢¢ chaing endowed fibrin or ity of polymers with an increaged
resistance 1o lysis by_plasmin (103, 210, 274). However, these results

could not be confirmed by others (243, 290),

1.7.4 D-E couplexes of fivrinogen and fibrin

Difficulty has been encountered in separating fibrinogen
fragments D and T by gel filtration in physiological buffers (46, 261)
although fractionatibn wag readily performed in scetic acld golution
(113). Suggestions that fragments D and E formed a non-covalent
complex (46, 106) were more fully investigated by Plow et al. (279, 280)
who demonstrated & ME compiex, in a probable ratio of 1l:1, in plasmin
digests of fibrinogen. The bonding forces appearved to be hydrophobic
and hydrogen bonding in nature,

An analagous non-covalent complex has also been demonstrated
in plasmin digests of crosslinked fibrin (107, 158): immunological
and electrophoretic investigatidns indicated the associsiion of

D-dimer with fragment E to form a D?E complex,

1.7.5 Biolosical propevties of the fibrin(ogen) degradstion products

Fibrinozen and fibrin dezradation products interfere with the
thronbin-fibrinogen reacticn in an inhibitory manner, Fragment D acts
28 an inhibitor of fibrin monomer polymerisabion, probably as a result

of coampetition for fibrin monomer polymerisation siteg (190), The
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activity of fragment D specles in this respect ig dependent on thelw
sirmicture and origin, since D-dimer from totally crosslinked fibrin
exhibited a greater inhibitory éffect on fibrin monomer polymerisation
and a greater affinity for insclubilised fibrin monomer than frégment D
from fidrinogen or non-crosslinked fibrin (73). The anticosgulant
éctivity of fragment E appears to come from its competiiion with
receptor sites on the fibrinogen molecule for the acltive enzyme centre
of thrombin (190). The intermediate fragments X and Y are more potent
anticoagulants than fragments D and E, I'ragment Y ig the most potent
derivative (220), while the inhibiting effect of fragment X appears to
be inversely related to its clottability (190). In wive, the anti-
coagulant effects of these fregments may be of short duration, on
account of their greatly decreased half-lives, compared with
fibrinogen (190).

Anticoagulant activity has also been attributed to a decapeptide
from a plasmin digest of bovine fibrinogen (325), while its synthetic
equivalent possessed a bhradykinin-like activity (324). Tragments D and
E exnhibited chemotactic activity for monocytes, and & lower molecular
welght polypeptide from a plasmin digest of fibrinogen was chemotactic

for neutrophils (171, 295).

1.7.6 Alterpative schemes for plasmin degradation of fibrinosen

Besides the popular scheme of Marder et al. (222), by which
plasuin degradation of fibrinogen ultimately yields {two molecules of
fragment D and one molecule of fragment B, two other schemes of
degradation have been proposed. In the first, Mosesson et al. (244)
have pogtulated that degrad=ztion of fibrinogen produced one molecule of
fragment B and cne molecule of fragment D, the latter fregment beinz a

dimerie structure consisting of disulphide-honded remnants of all gix
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polypeptide cheins., This argument was based mainly on molecular
veight values, identification of polypeptide chain components and
Nﬂgcterminal amino acid analysis of fragment D species.

Crucial to the dimeric fragment D model was the experimentsl
obgervation of the early plasmin release of a large [3 polypeptide
fragment from the fibrinogen core (244), However, others (85) have
ghown that this fragment originated in the Aot chain. In addition,
other studies (59, 85, 99)p identifying the polypeptide chaing of
fragment D by electrophoresis, presence of carbohydrate, quantitative
Nﬁamterminal analysis end tryptic peptide mapping, have produced
results different from those of Mosesson., The finding of D-dimer,
and not polymerdic D, on digestion of crosslinked fihrin, appeared to
give exclusive support to Marder's molecular model (85), but Mosesson
and Finlayson (242, 243) have refuted this claim by demonstrating that
all crogslinked D fragments were ultimately degraded to specles
indistinguishsble from those of non-crosslinked fibrin., However, the
balance of arguments favour Marder®s molecular scheme, particularly
gsince amino acid sequence analysis has positively identified an
important Y chain gection in fragment D (59, 319),

Another degradation scheme for fibrinogen, based on
qgantitative iomunochemnical measurement of antigenle expression of
D:E complexes and the semi-quantitetive assessment of relative yields
of fragmentsD and £ in plasmin digests of fibrinogen, has been proposed
(281)° In this scheme, fibrinogen can give rise to two monomeric D

and two monomeric B fragments.

1.7.7 [HNeoantigenic expreasicn in fibrinosen degradetion products

The energoence of neoantigenic expressions following plasmin

cleavage of fibrineren was described by Plow et al. (286). The



clesvage-specific neoantigens were localised in fragment D and were
dis%inct from those native D antigens expressed in intact fibrinogen.
Studies on the emergence of the D neocantigen indicated that it was
present in the fibrinogen molecule at a sterically hindered siée, but
was exposed after proteolytic cleavage of fibrinogen (276)., As in the
case of fragment D, two distinct sets of antigenic expressions were
also demonsitrated for fragment E: one major set of antigens was
expressed by the parent molecule, fibrinogen, and a minor set of
cleavage-agssociated neqantigens, located on the a’ chain fragment,
which was not expressed by fibrinogen (282), While equimolax
expression of‘the D neocantigen was found for fraguents X, Y and D,

but not for fragment E (277), the fragments X, Y and E revealed an
inereasse in the quantitative expression of the E neoantigen, indicating
that the sequential cleavage process led to progressive exposure of the
neoantigenic site (77).

By the use of radioimmunoagsay procedures with-appropriate
antisera, immunochemical differences between the fibrinogen and fibrin
neoantigens have been demonstrated for each of the D and E neocantigens,
thus illustrating conformstional or structural differences imposed by
the fibrinogen-to-fibrin transition, but which were independent of the
presence of fibrinopeptides (51, 76, 77), In vivo studies have
revealed the presence of increased levels of D neoantigens in patilents
with thrombotic disease (277) and after surgery (124), In addition,
normal human sers was shown to contaln humoral entibodies specific for
a cleavage-associated neocantigenic egite, located in fragment D (284),
This antizenic determinant was similar to, but not identical with the
D neoantigen described above, No antibedy to fragment B wag delected

in humap sera,
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1.7.8 Effect of some other proteolvtic enzymes on fibrin(ogen)

Begides plasmin, several other proteolytic enzymes have been
employed during strucﬁurgl studies on fibrinogen and investigations
into the nature of the plasmin-regsistance of the terminal digeét
fragments D and E, Comparison of the initial sequence of chain
degradation by plasmin with %those of other serine proteases, trypsin,
chymotrypsin and elastase, showed that, in all cases, the Aot andiBP
chains were degraded at the same time, but that the Aol chains were
degraded more rapidly ﬁhan the BF5 chaing (257)., Electrophoretic and
immunolegical analyses of the later stages of non-crosslinked and
crosslinked fibrin digestion by trypsin, chymotrypsin and brdinase
revealed the formatiog of D= and E- antigenic fragments with
properties similer to those of plasmin-cleaved fragments (126);
continued digestion by these enzymes destroyed all D-antigenic
fragments and produced E fragments which were antigenically deficient,
Studies of trypsin and plasmin digestion of bovine fibrinogen ylelded
gimilar results, whereby both enzymes degraded fragment D to lower
molecular weight species (81).

Apart from their proteolytic action in removing fibrinopeptide A
from fibrinczen, the snake venom enzymes, ancrod and reptilase, have
been shown to cleave the Act chains of non-crosslinked and crosslinked
£ibrin (75, 96, 230, 341), although some differences were reported by
Pizzo et al. (273). In addition, Act chains of fibrinogen were
readily cleaved by a number of bacterial proteases, indicating substrate
gusceptibility rather than enzyme specificity, while further digestion
caused BFy and thma'X degradation (257).

Amnong the enzymes cenaidered as candidates for involvewment in
physiological fibrin(egen)@lysis are leucocylte proteases and thrombin,

Obgervations on the digestion of [ibrinogen by leucocyte proteaces



indicated the presence in leucocyte granules of a separate fibrinolytic
gysten (283)9 while thrombin hag been iwplicated in the proteolysis of
the o¢ chains of fibrin (234) and in the formation of FDP in serum (232),
Farthermore, thrombin, on prolonged incubation with non-crogslinked and
crosslinked fibrin, exhibited extensive fibrinolysis with the formation
of fragments analogous to the fragments X, ¥, D and E of plasmin

digestion (170),

1.8 Fibrinogen in the circulation

1:8,1  Biosynthesis of fibrinogen

Almost all the fibrinogen ig synthesised in liver hepatocytes,
but 1ittle is known of the regulation of its synthesis or the processes
of polypeptide agsembly (292), TFragment D has been shown to induce an
increase in fibrinogen blosynthesis in rabbits (39), and low molecular
weight materials in human urine may be separated into a stimulator and
an inhibitor of fibrinogen synthesis (292). Whereas Doolittle (68) hay
sugaested that the three polypeptide chaing of fibrinogen might be
derived from a single long polypeptide chain aftexr at least two
cleavages, others (2, 40) have suggested that the three chains are

synthesised separately.

1.8.2 Catsbolism of fibrinogen

Despite a great number of investigations in man and animals,
little is yet known about the sites of fibrinogen catabolism and
considerable digsagreement exists concerning the wmechaniesm of such
catabolism, It hag been suggested that under physiological conditions
there ig a dynanic ecquilibrium between fibrin formation by the
coagulation system and fibrin clearance by the fibrinolytic system

(54). In favour of this theory is the rapid turnover of coagulation



factors compared with other plasma proteing and the half-life of
fibrinogen hasg been estimsted in normal individuals and in afibrino-
gensenic subjects as 2-4 days (62, 117, 326), although later estimates
have been higher, 4-5 days (94)6 However, the failure of heparin ox

¢ ~aminocaproic acid administration to influence the rate of decay of
labelled fibrinogen has cast doubts on the theory of continuous in vivo
coagulation and fibrinolysis (62), In a similar study in vabbits,
Regoeczi (294) found no significant amounts of degradation products in
the circulation and concluded that normal fibrinogen calabolism was
probably an intracellular process, An alternative degradation pathway
involving direct plagminolytic attack on fibrinogén has been proposed
by Mossesson and coworkers (140, 240), but was criticised by Collen

et al. (61), who, however, suggested that such a fibrinogenolytic scheme
might be operative during physical exercise (60),

Experimental studies in rabbits have shown that labelled soluble
fibrin was cleared from the circulation more rapidly than labelled
fibrinogen (251). However, inhibition of the fibrinolytic system by
aprotinin had no influence on the elimination characteristics of
fibrinogen or soluble fibrin, demonstrating that the clearance of
fibrin in this case (251) was not caused by activation of the
fibrinolytic enzyme system., On the other hand, aprotinin delayed the
elimination of fibrin depogits in the lungs of rats, compared with
those rats which received no aprotinin (67),

In clinical gtudies; a shortened fibrinogen half-life has
heen reported in patients wilh microangiopathic haemolytic anaemia (8),
haemophilia A (332) and maturity onset diabetes mellitus (lO)G Heparin
was shown to correct the increased fibrinogen turnover in patients with
polyeythaenia (332), thrombocytosis (332) and venous thrombosis (139),

but not in a patient with acute infectious hepatitis (256). Normal



catabolism of fibrinogen was reported in patients with arterial

thrombembolism and artericsclerosis (139).

1.9 Platelet, foetal and abnormal fidbrinogens

1.9.1 Ilatelet fibrinogen

Fibrinogen associated with platelets has been differentiated
into a membrane-bound fraction, which may simply be adsorbed plasma
fibrinogen, and an intracellular fraction, located in the o ~granules
(48, 167). Ismotope studies indicated that no exchange cccurred between
plasma fibrinogen and the intra-platelet component, platelet fibrinogen
(48)e Furthermore, platelet fibrinogen was shown to be intact in
defibrinogenated dogs (169).

In order to establish the relationship between platelet and
plagma fibrinogen, & number of comparstive studies have bheen performed
on these proteins. While both species were clottable, the sedimentation
coefficient and intrinsic viscosity of platelet fibrinégen wag lower
than that of its plaswma countevpart, indicating a lower molecular
weight for the platelet protein (110). The presence of a smallex
molecule of platelet {ibrinogen was confirmed by SDS-polyacrylamide gel
electrophoresis of unreduced fibrinogen samples (167) and of reduced
fibrinogen samples (110, 169); in the latter studies, slightly smaller
molecular welghts were indicated for each of the three polypeplide
chains components of platelet fibrinogen. The rate of plasmin
degradation of platelet fibrinogen was found to be relatively slow,
and indicated greater resistance to plasmin, especislly since no
inhibitors could be demonstrated (167); KHinor differences in the
electrophorelic patterns of digestion ovroducts wers almo chserved (110,

167, 169).
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Immunological comparisons between plasma and platelet
fibrinogen have revealed antigenic identity on immunodiffusion (110),
but different mobilities on agar immunocelectrophoresis (167) and
differences in the antigenic expressions of whole fibrinogen, as well
ag those of the individual polypeptide chains (285). Since some of the
imounological differences increased progressively on storage of the
platelet lysates, intracellular proteolysis of platelet fibhrinogen wag
suggested, but the nature of the alterations indicated that the
responsible enzyme was not plasmin-like (285).,

In a case of congenital dysfibrinogenaemia (Fibrinogen Metz, in
which the Aot chain displayed an abnormai electrophoretic mobility),
Soria et al. (312) have shown that the polypeptidee of the corresponding
platelet fibrinogen displayed electrophoretic mobilities resembling
more closely those of normal platelet fibrinogen thanr those of plasma
Fibrinogen Metz. On this basis, these authors concluded that the
origin of platelet and plasma fibrinogen was different., However,
fibrinogens by a variety of biochemical and functional criteria, and

deduced that they were identical gene products,

1.9.2 TFoetal fibrinogen

Prolonged clotting times of umbilical cord plasma, in the
abgence of FDP, has been taken as a possible indicatioq of the
presence of foetal fibrinogen (83)., Analytical studies on purified
cord fibrinogen have deuwonstrated the same amino ascld compogition (339)9
hexose content (338) and subunit chain structure (327) asz for purified
adult fibrinogen., However, different phosphorus contents (338) and
different chromatographic behaviour (339) have also been reported,

Agreement hos not yel been reached on whether or unot the prolonged
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clotting times seen with cord plasma were also observed with purified
cord fibrinogen; contradictory results have also been reported for
tryptic peptide mapping of these two fibrinogens (327, 339), The most
convincing evidence for the existence of a foetal form of fibrinogen
has been the reduced rate of fibrin polymerisation (130, 327).
Farthermore, polymerisation similarities have heen demonstrated in
cord monomersg and fibrin monomers isclated from the abnormal Fibrinogen

Paris I (130),

1.9.3 Acguired dysfibrinoczenaenia

The occurrence of abnormal fibrin polymerisation in liver
diseage is more common than previously suspected and largely accounts
for the prolonged thrombin times frequently observgd in these
patients (3.29). In 1969, the fivst case of an acquired abnormality of
fibrin monomexr polymerisation in a patient with primary hepatoma was
described (84). The occurrence of inhibitors was excluded and the
defect was parvially corrected by reducing the ionic strength of the
£ibrin monomer solution or by the addition of calcium ilons,

Prolonged thrombin, ancrod and reptilase clotting times were
observed in patients with acute and chronic liver disease, in some
cases the defects in the rate and extent of polymerisation correlating
with the prolongation in clotting times (129, 189), SDS-polyacrylamide
gel electrophoresis of fibrin frbm these patients indicated that the
subunit chain structure, crosslinking ability and plasmin digestion
prodvnets were the same as for normal {ibrin (189)0 The plasma from
one patient (1869), as well as the hepatoma patient (84), was able to
inhihit the clotting time of normal plasma,

Tn one case of liver cirrhosis with suspected congenital

dyafibrinogenacuia (127), the abnormal fibrin polymerisstion in plasma
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was shown to be due to a gpecific polymerisation inhibitox,

1.9.4 Congenital dysfibrinogenaemis

To date, more than 40 cases of congenitally abnormal fibrinogens
have been described, the inheritance following an autosomal pattern (94),
In a considerable number of these cases, there was no agsociated clinical
digorder and the sbnormality was discovered during routine laboratory
testing, whereas other patients suffered bleeding and/or thrombotic
episodes, In the majority of patients, thrombin and reptilase clotiing
times were prolonged, and discrepant values were oblained for plasma
fibrinogen levels by fibrin polymerigation time tests and immunological
methods,. In one family with recurrent venous thromboembolism, =
shortened thrombin clotting time has been observed (79)e

Since the abnormal fibrinogens have been shown to affect one
or more of the three stages of the fibrinogen-to-fibrin conversion,
they may be clagsified according to disorders of

(1) fibrinopeptide release,
(i1) polymerisation of fibrin monomers, and

(1i1) ~crosslinking of the o and o polypeptide chains,
More than half of the known abnormal fibrinogens exhibited delayed
fibrin monomer polymerisation (94), Additional classification of
dysfibrinogenaenias is possible, since the variants have demonstrated
normal, ancdal or cathodal mobilities (with respect 4o normal
fibrinozen) on immuncelectrophoresis and many of them were able to
inhibit the thrombin clotting time of normal plasms (94, 231). In s
few cases, abnormal electrophoretic mobilities have been demonsirated
for the individual polypepiide chaing of fibrinogen; in other cases,
the existence of two populations of {ibrinogen molecules in plasma

has been sugzgested (94),



Only in the case of Fibrinogen Detroit (26) hag amino acid
analysis demonstrated an altered structure in the fibrinogen wmolecule,
Clese to the thrombinesusceptible arginyl bond at position 16 in the
Aot chain, a serine residue has replaced the normal arginine-19, It
hag been suggested that, after the wvelease of fibrinopeptide 4
(normal release in Fibrinogen Detroit)? this amino acid substitution
prevented the conformational rearrangement and unfolding of the
polynmerisation site in the N-DSK region, which was necessary for the
release of fibrinopeptide B (no release in Fibrinogen Detroit) (26,

94).



64

CHAPTER 2: PREPARATION OF FIBRINOGEN AND ITS POLYPEPTIDE CHAYNS

2.1 Introduction

Since immunological techniques were used in this study of
fivrinogen and its subunits, materials of the highest purity were

required and the preparstionsg are described in this chapter,

2,1.1 Preparation of human fibrinogen

HMethods for the purification of plasma fibrinogen have heen
available from the end of the last century., The earliest procedures
congisted of precipitating fibrinogen from plasma with high cone
centrations of neutral salts and were further improved by the prior
adsorption of prothrombin on insoluble calcium and barium salts (25), .
The low solubility of fibrinogen at reduced temperstures has been
employed Lo prepare {ibrinogen by freezing it out of plasma (25) and
ammonium sulphate solutions have also been used for precipitating this
protein from plasma (6, 25),

Tractionation schemes for the preparation of fibrinogen using
organic solvents have been devised, the operations being conducted at
low temperatures to avoid denaturation of the products. The method
of Kekwick et al. (174) used diethyl ether, while Cohn et al, (58)
precipitated fibrinogen with ethanol solutions to give fraction I,
This fraction has been further purified by Blombick and Bloumbick (25)
Yo fraction I-4 with a clottability of 98-100%, using ethanol-glycine
solutions, Others have employed the amino acids, glycine (173) end
Pmalanine (315), to precipitate fibrinogen directly from plasusa,
Recent observations (145) that {ibrinogen may be adsorbed on fibrine
agarose columnsg have led to an affinity chromatography method for
igsoleting plasma fibrinogen (61). Plasminogen, an important cone-

taminant of many fibrinozen preparations, miy be removed by affinity



chromatography with lysine-agarose (226),

Tor this study, the method of choice for the prepavsiion of
human fibrinogen was that of Blombick and Blombick {25), since their
fraction I-4 has been accepted as the fractlion most representative of
native fibrinogen (240), However, it must be borne in mind that this
preparation of filwinogen is considerably contaminated with plasminogen
and the proactivetor of plasminogzen (25), as well as with factor XIII

(209).

2,1,2 Preparstion of the polypeptide chaing of fibrinogen

A number of reagents are known which are able to break or
reduce the disulphide bonds holding together the polypeptide chains of
a protein molecule such as fibrinogen, The isolated chains of
fibrinogen or fibrin were first obtained after treatment of the parent
molecule with sodium sulphite, ylelding the three S-sulpho derivative
chaing, Ao, BP and. z’ (56, 143, 146, 148, 212), However, it has been
reported that sulphitolysis of fibrinogen may result in incomplete
cleavage of the fibrinogen chains or re-cxidation of the formed
sulphydryl groups to form polymeric chains (118). The latter problem
may béﬂavoided by the careful use of a sulphydryl blocking agent, such
as iodoacetic acid (156), as in the studies of Henschen (147), Henschen
and Edman (153) and Murano et al., (255). 4s one of these studies (255)
employed a solid, and therefore convenlent, reducing agent
(dithiothreitol) (57), that method for the preparation and isolation
of fibrinogen chains was followed in the present investigation.

Recently, the use of ethylenimine as a sulphydryl blocking
' group during the iszolation of the chains of fibrinogen has been
deseribed (118), This reagent appeared to have a greater gelectivity

for -SH groups than iodoacetic acid and reduced the dangers of inter-
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ference from the side reactions associated with this reagent (156)°

2,2 Materials and methods

2,2.1  Human {fibrinogen

Fibrinozen with clottabilities ranging from 80-968% was prepared
on several occasions from
(a) frozen, aged plasma, and
(b) fresh blood from single donors.
In addition, Kabi fibrinogen (Grade L, AB Kabi, Sweden) was also
further purified.

Plasma fractionation at low temperatures was performed in an
Ultra-Kryomat (Messgerfite-Werk Lauda) and pH was measured on a Model 290
pH Meter (Pye Unican),

2.2,1.1 Cohn fraction T

When the starting material was blood, fraction I was prepared
according to Cohn et al. (58). 6-7 volumes of blood were collected into
a sterile bag containing 1 volume of acld~cltrate-dextrose anticoagulant
and centrifuzed for 45 min at 10°C (1000g)., The plasma was removed
and spun again, The plasma was then cooled to 0°C with stirring and
the pH brought to 7.0 with 0.8M sodium acetate buffer (pH 4.0),

Chilled 53.3% v/v aqueous solution of ethanol was added slowly through
a peristaltic pump to the plasma, while stirring and reducing the
temperature to ~3°C, until the final ethanol concentration was 8% v/v,
After the suspension had been stirred for 1 hour, fraction I was
obtained by centrifugation for 20 min at m3°C (1000g). Cohn

fraction I, £0/5 of which is fibrinogen (58), wag further purified by
the mathod of Blomblek and Blombiek (25) with slight modifications (37).

The method consisted of several stages,



67

2,2,1.2 Fraction I-D

In the first stage, the majority of contaminabing prothrombin
end other plasma components of low solubility were removed by extraction
to yield fraction T-0, Use was made of the finding that glycine at
concentrations grester than 0,5M has a salting-oult effect on fibrinogen,
but a large salting-in effect on the conbaminating proteins (25).
Therefore, the extraction was performed with the buffer, 1M glycine/6.5%
v/v ethanol/0.0BgH trisodium citrate (pH 6.8). The buffer was added
glowly to 1/4 of the original plasma volume with stirring to achieve a
fine suspension of fraétion I at «300. After stirring for 1 hour, the
suspension was centrifuged for 10 min at -300 (1000g) and the supernatant
discarded. The extraction and centrifugation were repeated once more,

20 2;103 F:l?a(}ti\')ﬂ T2

Fraction 1-0 was dissolved in 1/8 original plasma volume of
0.055% citrate buffer (pH £.8) at BOOC and protein and clottable
fibrinogen assays were performed. The solution was diluted to 0.75%
w/v protein with the same buffer and cooled to 0°C, Chilled 0,45
glycine (twice the volume of the protein solution) was added, followed
by the dropwise addition of 107% v/v ethanol to a final concentration
of 0.5% v/v., After stirring for %-1 hour at OOC, the precipitate,
fraction I-1 (cold-insoluble globulins), was removed by centrifugation
for 20 min at 0°C (2000g). (i'ne final precipitation conditions were:
teaperature OOC, ethanol 0.5% v/v, giycine 0,291, protein 0,247 w/v,
pH 6.8 and ionic strength 0,1,) Fibrinogen fraction I-2 was obtained
by a&ding sufficient chilled 53.3% v/v ethanol to the supernstant to
brinz the concentralion to 6,55 V/v, while reducing the temperature
from OOC Lo m4OC, Aftef stirring for 1 hour, fraction I-2 was obtained
by centrifuzing for 20 min at »400 (1002:),

Fraction I-2 was dissolved in 1/10 original plasms voluwme of
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0.055M citrate buffer (pH 6.35) at 3000 and protein and clottable
fibrinogen assays were performed, The solution was diluted to 0.7% w/v
protein with same buffer gnd codled to 0°C. Chilled 0,758 glycine
solution (twice the volume of the protein solution) was added, followed
by the dropwige addition of 1/10 volume (of glycine-protein solution)
of 0,5% glycine, containing 8.25% v/v ethanol, Iraction I-3 (cold-
insoluble globuline) formed after stirring for at least 2 hours and

was removed by centrifugation for 30 win at 0°C (1000g). (The final
precipitation conditions were: temperature OOC, ethanol 0.75% v/v,
glyecine 0.5M, protein 0.21% w/v, pH 6.5 and ionic strength O°O9.)
Fibrinogen fraction I-4 wag obtained, as for fraction I-2, by
precipitation at 6.5% v/v ethanol concentration at a4°C. Protein and
clottable fibrinogen assays were performed on fraction I-4, dissolved
in citrate buffer, pH 6.35.

Solutiong of fibrinogen fraction I-4 were dialysed overnight at
4°C againgt regular changes of distilled water and freeze-dried, a
process which has been shown to have little effect on fibrinogen
clottability (20, 174).

~ The purification scheme for Kabi fibrinogen was the zame as for
plasma, except that, as starting material, it was regarded as fraction
I-0 if its stated minimum clottability was 90%, and fraction I-2 if
its stated minimum clottability was 95%,

The purity of {lhe fibrinogen fractipnﬂ were assessed by
clottability determinations, lmmunodiffusion; jmnuncelectrophoresis, and
polyacrylamide gel electrophoresir in the presence and absence of sodium
dodecyl sulphate,

2,2,1.5% Ectimation of filrinogen

Protein concentration and clottability of purified fibrinogen

fractions were perforacd according to the syneresis method of Bleombick
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and. Blombick (25), except that the fibrin clots were collected on
glasg cloth instead of silk cloth.

The accuracy of this method had been confirmed by the com=-
parative performaence of a micro-biuret assay (164) on solutions of

fibrinogen.,

2,2.2 Reduction and S-carboxymethylation of fibrinogen

The method used was that of Murano et al. (255) and a typical
experiment is described. 184 mg of fibrinogen fraction I-4 was
dissolved in 9 ml of 8.4} guanidinium chloride (pH 8?5) and the pH
wag readjusted to 8.5 with 1M NalH. The solution was incubated at
4000 for 1 hour, Using 0082'pmoles dithiothreitol (DTT)/mg fibrinogen,
reduction was performed by adding 0.5 ml of 47 mg/ml of DIT (0,15 mmole)
to the fibrinogen solution, and the pH was adjusted to 8.8, The bottle
was flushed with nitrogen, sealed and incubated at room temperature for
1% hours.

Carboxymethylation of the reduced fibrinogen was carried out by
. adding sufficient 1¥ iodoacetic acid (recrystallised five times from
hot carbon tetrachloride (255)) to provide a 5 molar excess over DIT,
Thus, i40 mg iodoacetic acid (0,75 mmole), dissolved in 0,8 ml of
0.1 NaCH, were added to the reaction bhottle, which had been protected
from light by wrapping in aluminium foil. The pH fell, but was held
at pH 8.3 by titration with 0,5M NalOH for a reaction time of 15 min,
The reaction was stopped by adding 1.l ml glacial acetic acid to
produce a final concentration of lG% V/vu

In the early alkylation experiments, the carboxymethylated chains
werc desalted by gel filtration of the recaction mixture on a column .
(6c3 w45 cm) of Sephadex G-25, The column was wrapped in aluminium

foil to prevent generation by light of lodine from iodide. The eluent
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was 10% v/v scetic acid and the flow rate was 190 ml/hrﬁ Llution of
the protein was monitored by absorbance at 280 nm, using a LKB Uvicord II
photometer and LKB Chopper Bar Recorder, The separaled protein peak
was collected by a LKB UltroRac fraction collector and freezeadriedt

In the later alkylation experiments, the carboxymethylated
chains were dialysed in an awmher-coloured bottle at 4OC against regular

changes of distilled water, before freeze-drying.

2.2.3 Separation of the carboxymethylated chainsg of fibrinogen

2,2.3.1 Method 1 (255)

Separation of the chains of fibrinogen was achieved by means
of the cation exchanger, Whatman CM 52, packed in glass columns,
12 x 3.8 ¢cm or 24 x 1.5 em, Before use, the resin was precycled in
alkali and acid, and equilibrated in the starting buffer, 0.0254
sodium acetate/8M urea (pH 4.80), both before and after packing in the
colunn., Using a flow rate of 10 ml/hr, about 100 mg of the carboxy-
methylated (CM) fibrinogen were dissolved in a few millilitres of the
gtarting buffer and applied to the top of the column. The chains of
fibrinogen were sequentially eluted from the resin by the application
of a combined pH and ionic strength gradient, which was formed by a
malti-chamber gradient elution device (the Autograd, Technicon
Corporation), Chambers 1, 2 and 3 contained 400 ml of the starting
buffer and chambers 4, 5 and 6 contained 400 ml of the final bulfexr,
0.175 sodium acetate/8H urea (pH 5,30)., Both buffers were prepared
freshly. Elution of protein was monitored at 280 nam by the LKB
Uvicord 11 and fracltions were collected every 20-30 wmin,

Protein reaks were pooled, dialysed against distilled water for
2 deye at 400 and freeze-dried. The identity of the chaing was checked

by their relative positions of elution from the colvmn, according to
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phoresis, and by their molecular weights, determined by polyacrylamide
gel electrophoresis in the presence of sodium dodecyl sulphate,

2.2,3.2 Method 2 (253)

The alkylated chainz of fibrinogen were separated using the
same gradient buffer system and ion-exchange resin as in Method I,
However, use was made of a LXB Ultragrad Gradient Mixer in conjunction
with an optical density level-gensing device, which provided an
automatlcally-regulated gradient, and the eluted proteing were
monitored by the LXB Uvicord III photometer at 206 nm and 280 nm,
Using a concave-shaped gradient, a complete separation of the chains

wias achieved,

2,2.4 Solubility studies of the carboxymethylated chains of fibrinosen

e et

Since dissolution of the polypeptide chains of fibrinogen in a
biological buffer was essential for an immunological study of these
chaing, their solubility in various buffers was examined, Generally,
the dissolution of the chaing in the buffer was aidgd by the use of
concentrated (BM) ures solutions, which was later removed to different
degrees by dialysis of the polypeptide-urea solutions., BSolubility of
the chainsg in buffers was determined by

(1) wvisual inspection of the protein solutions,
(ii) photometric weasurement at 280 nm of soluble protein after
centrifuezalion of the solution, and on some occasions,
(311) polyacrylamide gel electrophoresis of the supsrnatant solutions

and precipitated waterials,

2.2.5  Gel filtrotion gtudies of the corboxymethylated chains of

fibrinosen

The void volumes, Vo, of 2 columng (27 x 1.5 cm) of Serhadex



G~200 were determined from the volumes of elution of Blue Dextran
solutions. One column was eluted with 0,06M barbitone buffer (pH 8.6)
and the other with 0,06M barbitone buffer (pH 8.6), containing 0,5% w/v
sodium dodecyl sulphate. Elution volumes, Ve, for CM-fibrinogen,
dissolved in the corresponding buffers, were determined, and the

ratio, Ve/Vo, calculated for each column,

2.2.6 Electrophoresis

2,2,6,1 Analytical polvacrylamide gel electrophoresis

Polyacrylamide gel electrophoresis wag carried out in a
Quickfit P.A.G.E. apparatus, using 5% v/v acetic acid/2M urea buffer
systen (42). 7.5% w/v acrylamide zels were used, the current was
3 mA/gel and the time of electrophoregis was 70 min.

2.2,6,2 Sodium dodecyl sulphate (SNS)-polyacrylamide gel electrophoregis

Polyecrylamide gel electrophoresis in the presence of SDS, was
performed at 7 mA/gel in a Quickfit P.A.G.E, apparatus, according to
McDonagh et al. (208), except that urea was used in the gels at a
final concentration of 1.25M in order to increase the gel density and
facilitate overlayering of buffer, Standard curves for molecular
weight determinations were each obtained for 5, 7 and 10% w/v
agrylamide gel concentrations (Fig. 3), using the single polypeptide
chain proteins (336), listed in Table I, Relative electrophoretic
mobilities of the standards and unknowns were obtained by electro-
phoresis of a mixture of the sample and pepsin on the same gel (74),
thus avoiding gmall geleto-gel wvariations, The anomalous electro-
phoretic bobaviour of rvibomuclease on SDS-polyacrylamide gels and the
gtandard curve inflections wﬁen the protein molecular weights fall
below o critical size {Fig. 3) has been describved elsewhere (74).

Farthernore, sizyaeidal curves for standard proteins have beea described
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Fige 3

Plot of molecular weight of standard proteins in Table I

against relative mobility on: A, 5%, B, 7% and C, 10% w/v
acrylamide gels in sodium dodecyl sulphate., The anomalous
electrophoretic mobility of ribonuclease (R) is indicated,



Table T

Moleécular weights (M¥) of protein standards and
relative pobilities used in SDS-polyacrylamide gel electro-
phoresis

Relative mobility3 ons
1 WY of 5 ;
Protein polypeptide chain®| 5% 7% 10% gels
Cytochrome C 11,700 1.371] 1.85% } 2,05
Ribonucleage 13,700 1.2811.54 {1.88
Lysozyme 144300 1.40 | 1.70 | 2,14
Haemoglobin 15,500 1.47 1 2.75 | 2,10
Myoglobin 17,200 137 ) L7 12,79
Trypsin 23,300 1.16 |'1.44 | 1.56
Chymotrypsinogen A 25,700 1.201 1.30 | 1.42
Carbonic anhydrase’ | 29,000 1.11 | 1.17 | 1.22
Pepsin 35,000 1,00(1.00 1,00
Ezg slbumin 43,000 0.884 0.82 | 0,78
Catalase 60,000 0.721 0,65 | 0.57
Albumin 68,000 0.771 0.69 | 0,67
PmGalactosidase4 130,000 0,21 | 0,22 | 0,11

L All proteins were obtained from B.D.H., except cybtochrome C and

P-wgalactosidase (Calbiochem) and pepsin (Sigwa).

2 Taken from Weber and Osborn (336).

3<Ratio of distances moved by standard and pepsin,

4 Although these molecunlar welights were used, the species
of origin of P-mgnlactosidage (Asporgillus) and carbonic

anhydrase {bavine evythrocytes) differed from Ref. 336.
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for continuous (95) and discontinuous (259) polyacrylamide gel aystemg,
Although Weber and Osborn (336) achieved linearity when the protein
mobilities were plotted against.the logarithms of wolecular weight

over the range 10,000-70,000, they demonstrated that the hyperbélic
curve obtained with higher molecular weight standards ylelded moleculsax
weights of 2 similar accuracy to that obtained from the standand
gtraight line,

2.2,6,3 Other electrophoretic techniques

Prepavative polyacrylamide gel elecirophoresis was performed on
the Prep. P.A.G.E, apparatus (Quickfit) and on a thick rectangular
polyacrylamide slab, using the same buffer and gel compogitions ag
employed by Brummel and Montgomery (42). In some cases, s stacking
gel of 3.5% w/v acrylamide concentration was employed,

In ocder to achieve electrophoretic separation of the alkylated
chains of fibrinogen in more physiological buffera than thoge described
sbove, the following systems were also examined.

(1) Analytical polyacrylamide gel electrophoresis was performed,
using the barbitone; tris and bicarbonate buffers described in the
Results Section (2.3.4.2).

(2) Flectrophoresis was performed on a preformed polyacrylamide
gradient gel (4-26%) {Gradipore, Universal Scientific Limited),
veing tris/EDTA/boric acid buffer (pH 9.2),

(3) Electrophoresis on cellulose acetate (Cellogel, Reeve Angel
Scientific Ltd.) was performed, using barbitone buffer, pH 8.6,

ionic strenzth 0,05,

2e2.7  Immunodiffusion

I

Using o Zolruen Twaonodiffusion kit immunodiffusion was

performed essentinlly as dezcribed (268),
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2.,2,8 Protein concentrations

When protein seclutions were reconstituted from freeze-dried
producty, the concentrations were calculated from the weilghts of
material used., Except in the case of Kabi fibrinogen, no account was
taken of the small ash and moisture content (20). Where pure protein
preparations had not been freewe-dried, the concentrations of the
solutions were caleulated from the appropriate extinction coefficients

at 280 nu (222),

2¢2,9  Reagents

Bovine thrombin was obtained from Parke-Davis or Leo
Pharmaceuticals, CM 52 cellulose from W. & R, Balston, Ltd,, Blue
Dextran and Sephadex products from Pharmacia, and antisera 4o human
serum, albumin, antithrombin III, factor VIII, plagminogen and
fibrinogen from Hoechst Pharmaceuticals,

All other reagents were supplied by B.D.H. and were of

analytical grade if possgible,

2.3 - Regults

20301 FPrevaration of human fibrinogen

11 batches of human fibrinogen were prepared and the range of
clottabilities obtained at different stages of purification are shown
in Table II, Only those preparations with clotiabilities greater than

~ A .
95% were used for further preparative and analytical procedures,
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Fig. 4 A Electrophoresis of fibrinogen fractions 1-2 (23 *g)
and 1-4 (35 on 7.5/ w/v acrylamide gels at acidic pH,
B, Electrophoresis of fibrinogen fraction 1-4 (10,.¢)
on 7/ and 10/ w/v acrylamide gels with SDS,
The fibrinogen bands are situated near the tops of the gels
and the lower bands (arro.ved) are due to the molecular
weight standard, pepsin.



76

Ercam tira s n e smm A,

Clottabilities of fibrinogen fractions

Fraction 1-0 I.2 T4

Clottability 83-96% 88-100% 81-99%%

The purity of the fibrinogen prepavations were assessed by
polyacrylamide gel electrovhoresis. At acidic pd (Fig. 44), fractions
I=2 and I-¢ appeared as a gingle band which barely entered the gel,
although a faint band of higher mobility wag occasionzlly seen in the
12 preparation, Fig., 4B shows the single band, except for pepsin,
obtained when frsction I-4 was examined by SDS-polyacrylamide gel
electrophoresis at 5, 7 and 10% acrylamide concentrations,

Tomonediffusion of fibrinogen fraction T-4 4id not reveal a
reaction with antisexum to human serum, nor with specific antisers to
albvmin, antithrombin III, factor VIII or plasminogen, but only with

anti-fibrinogen antiserum,

2.3.2  Chromatographic preperation of the carboxymethylated chainsg of

fibrinogen
203.2.1 Hethod 1

Fig. 5A shows the elution profile of the alkylated chains of
fibrinogen from the lon-exchange column as the pH lnereased from
4,8 to 5.3 and the ionic strength increased from 0,025 to 0,175,
Three inconpletely separated protein peaks were observed, which were
pooled az indicated. MNMaterial from each of the 6 fraclions was
lyophilised and subjected to polyacrylanide gel electrophoresis at
acidic i, Comparison with the electrophoretic pattern of carboxy-

methylated (C) filwinoren peraitted identification of the major
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3 A Elution profile of the ceirboxymethylated chains of
fibrinogen on ion-exchange chromatography on (E 52
cellulose. The optical density was measured at 280 mm and
the pH and ionic strength gradient was formed by the
Technicon Autograd,

B, Electrophoresis of the pooled fractions (numbered in A)
on 75" w/v acrylamide gels at acidic pH As reference, the
Aoc, Bp and bands of unfractionated carboxymethylated
fibrinogen (MFib) are indicated. Approximately 25 *g of
fractions 1-6 and 45 of (MFib were applied to the gel
rods.
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Fig, 6 A, Elution profile of carboxymethylated fibrinogen on
ion-exchange chrommatography on (M52 cellulose. 'The
optical density was measured at 206 mm (not shown) and
280 mm and the pH and ionic strength gradient was formed
by the IKB Ultragrad,

B, [Electrophoresis of the pooled fractions (numbered in A)
on 779" w/v acrylamide gels at acidic pHH As reference.
Act, Bp and * Lands of unfractionated carboxymethylated
fibrinogen (MFib) are indicated. Approximately 25 *g of
fractions 1-5 and 60 ;.o of ((MFib were applied to the gel

rods.
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polypeptide species in ezch protein peak (Pig, 5A and B) and the
alkylated chaing were found to elute in the order 2{; B’i and Act,
Virtually pure zf chain was found in fraction 1, B]3 in fraction 3 and
Ao in fraction 6. TFraction 5, the major part of the 3rd peak, revealed
& band corresponding to the Ace chain, as well as a series of bandsg
with mobilities greater than that of the Aot chain,
203.2,2. Mekhod 2

Using an awtomatically-regulated buffer gradient, 4 separated
major protein pesks wewre observed (Fig, 64) and were identified as
2{ chain’(fraction 1), Bfa chain (fraction 2), g series of bands with
mobilities 3 Aer (fraction 4) and Aet chain (fraction ) by poly-
acrylamide gel electrophoresis st acidic pH (Fig., 6B)., Small peaks
eluting before the 25 chain contained materdial of low electrophoretic
mobility and were not further investigated. Traction 3 generally
appeared as & trailling shoulder of fraction 2 (BI3 chain), but both
fractiong ylelded identical electrophoretic band patterns, Although
the chaing appeared to be separated from each other, electrophorezis
showed other minor bands (usually of lower electrophoretic mobility)

besides the main band.

2,3.3 Preparative polyacrylamide gel electrophoresis of the

frafinia

carboxymethylated chaing of fibrinogen

Several attempts to obtain high puxity carboxymgthylated
fidbrinogen chains by electrophoretic separation on 2 4 cm diametexr
eylindrical column of polyacrylamide or on a 1 cm thick polvacrylamide
slab were unsuccessful. The system of Bruwmnel and Wontgomery (42),
which wasg successful on an analytical scale, was used, Stained slicesn
of gel revealed larze amounts of protein which had not entered the gel

tut had precivitated on top of the gel; possibly due to heoat
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denaturation,

2.3.4 Some physical properties of the carboxymethyleted chains of

fibrinogen
2.3.4.1 Solubility

Cllwfibtrinozen, the mixture of alkylated fibrinogen chains, was
found to be soluble in the following Buffevs: 0,03 and 0,061 bardbitone
(pH 8.6), 0.2 aanonium bicarbonate/triethylamine (pH 8,5), G, 15K
tris/BC1 (pH 8.5) and 0.054 tris/0.43 glycine (pH 8.3), Polyacrylamide
gel electrophoresis of the barbitone and tris/HCl solutions of Chl-
fibrinogen, after centrifugation, revealed the preseunce of Aoc,ZBP
and B’cﬁmins and confirmed their solubility. Further photometric
examination of the bzrbitone scolution revealed that the fibrinogen
chaing remained soluble in this solution over the temperature range
-20°C %o 37°C, for at least S days.

The fibrinogen chains were found to be insoluble in: 0,05-0,5M
phospvhate buffer (pl 7.4), 0.1 Sorensen's phosvhate bﬁffers and
phosphate-buffered saline (pH 7.0-8.0), and Owren's 0,1H barbitone/
0,13 NaCl buffer (pH 7.3), although low concentrations of urea
(0.2535 maintained the fibrinogen chains in solution of some of these
buffers,

2.3.4.2 Electrophoretic separation

(1) Polyacrylamide gel electrophoresis in 7.5% w/v acrylamide
gels, using 0,03 barbitone buffer (pH 8,6) gave only a poor separation
of tne alkylated polypeptide chalng of Ci-fibrinogen, but was con-
sider:ibly improved by the inclusion of 22U or 3M urea and further
improved by reduction of the acrylamide concentration to 4,57° W/ V.
However, besides the 3 main bandg of Cl-fibrinozen, slower-moving

bands were ustally seen, even witn the isolated chuin proparcitions,

and may have been duz to non-covalently associated muitimers of the
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Fig. 7 SDS-polyacrylamide electrophoresis (7/ w/v gels) of
cafboxymethylated Aoc chains (127g), 3, chains (10 *g)

y chains (14 *g), with carboxymethylated fibrinogen
(cm Fib) (15 sis) as reference.
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chains. Thess low-mobility bands were also observed in a 4,%% w/v gel
gystem, using 0,084 tris/EDTA/borate buffer (pH 9,2) with &% urea,
which gave a good separation of the monomeric fibrinogen chains,
otherwise., However, no electrophoretic separation wag obtained when
the urea concentration is this system wag reduced to 2M, nor with

7.5% w/v gels uzing 0.2M ammonium bicarbonate buffer (pH 8.8) or 0,154
tris buffer (pH 8.5),

(2) Using a Gradipore gradient gel (AWZS%), poor separation of
the chains of CMmfibrinpgen was obtained after a 17 hour electro-
phoretic run. Staining of the gel revealed only "streaks" of protein,

(3) Wo separation of the chaing of CM-fibrircgen was achieved
by electrophoresis on cellulose acetate (Cellogel), uging 0.06M
barbitone buffer (pH €.6) with and without 2M urea.

2.30443 Gel) filtration

On columns of Sephadex G-200, the elution volume/void volume
ratio, Ve/Vo, for CM-fibrinogen was 1.2 in barbitone buffer (pH 8,6),
containing 0.5% w/v SDS. In barbitone buffer alone, Ve/Ve = 1.0,
indicating the presence of large molecular weight aggregates of
alkylsated chains in this buffer, but not in the presence of the dis-
agegregating agent, SDS.

2.3.4.4 Molecular weights

g, 7 ghows that SD3-polyscrylamide gel electrophoregis
clearly resolved the major polypeptides of CM-fibrinogen and confirmed
the purity of the isoclated; carboxymethylated Ao¢,IBP and Ef chaing
of fibrinogen; as algo obgerved by polyacrylanide gel electrophoresis
~at acidic pH in Figg. 5B and 6B, However, fainter bands of twice the
molecular welght of the individual chaing were also observed on each
gel and were probably due to dimeric aprregates of the alkylated chainsa,

The molecular weights of the individual chaing werc Tound o
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be: Ao, 67,000; B s 56,0005 A v 47,00,

2.4 Discussgion

While the purification procedure of Blombick and Blombick (25)
g rather lengthy, the resulting fibrinogen appeared to be pure. This
fraction, I-4, hag been acknowledged as the fraction which is wmost
revresentative of native fibrinogen (240)° The fibrinogen preparations
used in these studies had high clottebilities (95-99%) and did not
precipitate with antisera to human serum and selected serum proteins on
immunodiffusion, Polyacrylamide gel electrophoresis at acidic pH and
in the pfesence of SDS revealed only a single protein band., Further-
more, the subunit structure of the molecule appeared 4o be intact, as
shown by the elecirophoretic patterns of the 3 chaing in CM-fibrinogen
(Figs. 5B, 6B and 7).

The meduction and carboxymethylation of fibrinogen was
performed exactly according to Murano et al, (255) in order to avoid
the unwanted side reactions between iodoacetic acid and wethionine,
histidine, lysine and tyrosine residues, as outlined by Hizrs (156).
The separation of the alkylated Ao, Bfﬁ and ?{ chains by ion-exchange
chromatography weing a continuous pH and ionic strength gradient was
suqoessful, az judged by the chromatographic profile and electro-
phoresis of the geparated fraguents. However, the yields of the 3
chaing were improved consideradly by the use of the fully-sutomated
buffer gradient provided by the LKB Ultragrad, since the need to pool
the fracticns sharply was avoided,

On polyacrylamide zel electrophoresis, the 'H chain umuzally
appeared as & honogeneous band, bub occagionally, a fainter, adjacent,
second band was vigible, which wight corvrespond to one of the zr echain

varizats repovied claevhere {AEg 1573, 245, 250), DBesides the majon
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band in the gels of the B‘z preparations, there were other bands of
lower mobility and one faint band of slightly greater mobllity. The
latter band might correspond to a ?7 contaminant described by others
(253), but in the gels of Fig. 6B, it appeared to have Lower mobility
than the 'g chain. The minor heterogeneity of the 'J and 'BP peaks
on ion-exchange chromatogravhy (Fig. 64) has recently been attributed
to differences in the content of silalie acid (114). In addition, the
trailipng fraction on ion-exchange chromastography of the EIE chain
(Fig. 6A fraction 3) has also been previously described (253)., The
series of polypeptides with wobilities faster than the Aec chain
(Fig, 5B, gel 5 and Fig. 6B, gel 4) were degignated Aot+ and have been
described as structural variants of the Aot chain, arising from Aol
chain degradation in vive or in vitro (253, 255)., The intact Aot chain
wag eluted last from the colvmn in a relatively small peak and poly-
adrylamide gel electrophoresis sometimes revealed a double band,
indicating the heterogeneity of the Aot chain of human fibwvinogen
(208, 211, 234, 272). Examination of the polyacrylamide gels of
CM=fibrinogen and the isolated carboxymethylated chains in this study
(Figs, 5B, 6B and 7) and those of others (111, 253, 255) revealed the
existence of fainter bands of low mobility. Gardlund (111) hag shown
that these bands represented non-covalently bound sggregates of the
alkylated chains, although they appeared to ha fivmly asscclated asm
they were evident on SDS-polyacrylamide gels which were run under
normal conditions,

The alkylated chainz of fibrincgen were found to be zoluble
in mildly alkaline buffers (pH 8,3-8,6), but insoluble in neoutral
buffecs (pH 7.0-8,0), unleas urea or SDS wag used in these solutions,
Other workera have renarked on the ingolubility of the carboxy-

methylated chains of fibrinngen (123, 147, 254, 255) and, in narticulsr,
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the results herve support those of Gollwitzer et al. (123) who found
that the polypeptide chalns were soluble in buflfers of pH 8.5, but
not of pd 3,6 or 5.3, Although the alkylated chains were soluble in
barbitone buffer (pH 8.,6), the gel filtration and polyacrylamide gel
electrophoretic studies suggested the existence of solubvle, none
covalent agzregates in this affer,

The results of the analytical electrophoretic experiments show
that the chains of fibrinogen are poorly separated in those systems
which did not include urea or SDS. Similar results have been found
for CM-fibrinogen by Gollwitzer et al. (123), Henschen (147, 151)
experienced initial difficuliy in separating the chains of Cl-fibrinosen
by paper and starch gel electrophoresis, even in the presence of urea
or SDS, although later attempts were successful (153), Henschen (148,
151) has also shown that high concentrations of urea were required fox
the elecirophoretic separation of the chains of S-sulpho-fibrinogen.

Approximate molecular weights for the carboxymethylsted chains
of fibrinogen were obtained by SDS-polyacrylamide gel electrophoresis
and were: Al , 67,000;IBP s 56,0003 3’, 47,000, These figures are in
close agreement with those of McDonagh et al. (208) awmong others, and
provide a molecular weight for.fibrinogen of 340,000, using the

formula (hoc, BB, ¥ )y



CHAPTER 3: PREPARATTON AND EVALUATION OF AW ANTISERUM TO THE

CARBOXYNITIYLATED Ace CHATN OF HUMAN FTBRINOGEN

3.1 Introduction

The investigation of the structure of the {fitrinogen molecule
and its proteclytic derivatives hasg been greatly facilitated by the
use of specific antisgera, Much of the work on this ceagulation factor
hag involved the use of antisera agsainst the whole fibrincgen molecule
(222, 244, 264) or against its final plasmin degradation products,
fragments D and B (107, 158, 168, 261). Further information about the
inmmuanology of fibrinogen was obtained with the development of antisera
against fibrinopeptides A and B (17, 263) and with the discovery of
neoantigens on fragments D and E (282, 286), Recently, cyanogen
bromide has been used to cleave the fibrinogen molecule and the
resuliing fragments have been purified and used as immunogens, so that
the subunit structure of fibrinogen might be more closely studied by
means of such sntisera (30, 112, 113, 120, 155, 186, 203, 289). Howe
ever, until a few years ago, there had been only brief mentiona
concerning the use of antisera which had been raised against the
intact polypeptide chaing of human or bovine fibrinogen, i.e. }oa, B[a'
arnd B’ (28, 155, 186, 255), Very recently, some studies on the anti-
genicities and cross-reactions of these polypeptide chains and their
antisera have been performed (111, 121, 199, 285, 309).

In the present study, a pilot experiment to raise antisera in
rabbits to the three chains of fibrinogen revealed that success had
been achieved only in the case of the Act chain, negative or anomalous
results being obtained with the B’3 and.'x‘chainsa Accordingly,
further investizatlions were chennelled in the dirvection of AoL chain

antigenicity and the resuvlits obtzined constitute the greanter part of



this thesie, Thig chapter describes the immunological characterisation
of antiserum raised to the carboxymethylated Aot chain of huwan
fibrinogen, using the relgtivelj gimple techniques of immunoe-
precipitation in agarose gels. More saccesgsful attempts to raise
antisera to the Bla and 3’ chalus of fibrinogen are described in a

later chapter,

3.2 Materialg and methods

36261 Preparation of humen fibrinogen and fibrinogen chains

Fibrinogzen fraction I-4 and the carboxymethylated chaing of
fibrinogen, Act, B’3 and ?f’ were prepared as described in Chapter 2.
In addition, the Ax+ chains, the series of polypeptides which were
eluted from the ion-exchange column close to the intact Aot cheain, but
with electrophoretic mobilities equal 4o or greater than that of the

intact Aot chain, were prepared (Fig. 8),

3.2,2 Human plasma
9 volumes of blood + 1 volume of 0,11IM trisodium citrate were
mixed and centrifugzed at 1000g for 30 min (4OC)D Plasma was obtained
from normal donors, an umbilical cord and patients with disseminated
intravascular coagulation (DIC), and were stored at ~20°C,

Cryofibrinoren., Blood was obtained from patients whose plasma

exhibited s cryoprecipitate, subsequently identified as cryofibrinogen,
at low temperature. The blood, anticoagulated with 0.11M citrate ov
0,114 citrate/0.01M BACA ( € ~aminocaproic acid), was collected at

3700 and immediately centrifuged, The supernatant plaswa was left
overnight at 400 and the precipitate collected by cenbtrifugation,
Wgshed twice with 0,154 Nall (400) and reconatituted in a small

— 0, . .
volume of 0,15 NaCl (37 ), These samples were examiuad inmediately.,



Sugspected abnormal fibrinogen. Plasma was obtained from a patient
with a suspected acqulired asbnormal fibrinogen (liver disesse,
prolonged thrombin time, inhibition of thrombin time of normal plasma,
reduced fibrinogen level with fibrin polymerisation time test (333)
conpared with toial coagulable fibrinogen (25), abnormal plagma fibrin
polymerisation curve (308) which was partially corrected at low ionic

strength)c

3.2,3 Humen serum

Serum was generally collected by clotting blopd for several
hours at roowm temperature in the presence of 0,01 EACA or in sample
tubes, containing soya bhean trypsin inhibitor (3,690 NP units) and
bovine thrombin (20 NIH units)g obtained from Wellcome Reagents Litd,
(sample tubes for FDP assays)o The clotted samples were centrifuged

and the sera were withdrawn and stored at ~20°C.

3.2.4 JTmmunodiffusion

Immunodiffusion was performed in 1% agarose, essentially as
described (268), in the following buffer systems: 0,03M barbitone,
with or without urea, 0.06M barbitone, 0,034 barbitone/0,15M NaCl,
(al) pH 8.6), 0,2M ammonium bicarbonate (pH 8,5), 0.067M phosphate/
0,154 NaCl (pH 7.3).

Generally, the carboxymethylated chainsg of fibrinogen were
applied to the agarose wells in 0.06M barbitone buffer (pH 8,6, ionic
strength 0,05), alonz with 8-10M urea or else the urea was removed from

the solutions by dialysis before application,

3.2.5 Immunoelectrorhoresis

Tomunoelectrophoresis was performed essentially as described

(297),
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3.,2,6  Polyacrviamide eel electrovhoresis

Electrophoresis in 5% w/v acetic acid/2M urea was performed asg
described in Chapter 2. As a preparative tool, each gel rod was

loaded with 504P€ of Ad. chain in 2 volume of § pln

3.2.7  Preparation of antiserum to the Act chain of fibwinogen

In a pilot study, one rabbit wag immunised at 4 intramuscular
slites with 5 mg of cerboxymethylated Ao chain in a 1 m) suspension
with Freund's Complete Adjuvant at intervals of 2 weeks, The resulting
antiserum revesled precipitation reactions in agarose gel with Aot
cheing, fibrinogen fraction I-4 and normal plasma, but not with
human serunm,

In the subsequent study, the Act chain preparation was
purified further by peolyacrylamide gel electrophoresis, as described
above, 2 out of 16 gel rods were stained with Coomassie Brilliant
Blue to ascertain the location of the Aot band and the coyresponding
bands were cut from the other unstained gels in a 2 mm éection. These
gel sections were emulsified with 2 ml 0.15M NaCl and 1 wl 15%

Tween 80 and then mixed with 6 ml Freund's Complete Adjuvant., Initial
subcut;neous and. intramuscular injectiong were given to each of 6
rabbits, g0 that each rabbit received SOmlOO‘pg Aot chain, Boostex
injections were given after 6 weeks and at 10-day intervals there-

after. 2 hours after bleeding, the rabbit serum was geparated from

the clot and stored at uZOOC after the addition of scdivm azide.

3.2.8  Preparation of immunoglobulins from xabbli serum

A modification (88) of the method of Steinbuch and Audran
(313) was used for 2 rabbit sera. The method involved a preliminary
precipitation with ammonivm sulvhate before obtaining the immino.

globuling with octanoic acid, Fhe lasgt step, involwvineg ilon-exchange
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chromatography, was omitted,

3.2.9 Absorption of the antiserum

Antiserum to the Acf chsain of human fibrinogen was absorbed
by incubating with doubling dilulions of the material of interest at
room temperature for several hours, and then at 400 overnight. The
absorbed antiserum was obtained by centrifugation of the fine

precipitate. Only the top portion of the supernatant serum was used.

3.2,10 Commercial antisera

Specific antisera to the humen proteins, albumin, antithrombin
I1I, factor VIII, and fibrinogen fragments D and E, and polyvalent
anti-human serum were obtained from Hoechst Pharmaceuticals.,

Rabbit anti-fibrinogen antiserum was obtained from Hoechst
Pharmaceuticals, Dakopatts A/S, ImCo Corporation, Calbiochem and
Nordic Diagnostics; goat anti-~-fibrinogen antiserum was obtained from
Dade Division,

Anti-Act. antiserum was obtained from ImCo Corporation.

3.2,11 Kormal rabbit serum

Normal rabbit serum was obtained from an untreated rabbit,

3.2.12 Reszents
Agarose was obtained from Miles~Seravac, ¥reund’s Complete
Adjuvant from Difco Laboratories and Coomassie Brilliant Blue from

Sigma, All other reagents were obtained from B.D.H,

363 Results

3.3.1  Purity of the Aot wpolycentide chain

Before immunisation of rabbibs, the purity of the Acl chaln

preparation was assessed by tmomunodiffusion, No reactions ware



Aa AQ+

Fig. 8 Electrophoresis of intact Aoc chains (30 *g) and Aoct
chains (35 of humman fibrinogen on 7.5/ w/v acrylamide
gels at acidic pH
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observed with anti-human serum, noxr with specific antisera to
albunin, antithrombin IIL, factor VIII or fibrinogen fregments D and
B,

In spite of the apparent high purity of the Aoy polypeptide
chain, as assessed in this way, polyacrylamide gel electrophoresis
of the preparation revealed the existence of other fainter bands
besides the main Aet band (Fig. 8). Therefore, for the purposes of
raising Al chain antiserum, the major band secliong of the gels
were excised and used as immunogen, as described in Materials and

Methods.

3.3.2 Immuinodiffusion conditions

During the study of the precipitation reactions of anti-Aet
antiserum (4/AeL) by immunodiffusion, the great insolubhility of the
carboxymethylisted chains of fibrinogen presented a problem, At
first, the chains were disgsolved in buffers (0.03 and 0.06M barbitone
(pH'8.6), 0,034 barbitone/0.15M NaCl (pH 8.6) and 0,2M ammonium
. bicarbonate (pH 8.5)) containing 8-10M urea, which was removed by
dialysis, leaving the polypeptide chains in buffer solution, However,
to avoid the tlme-consuming dialysis, the carboxymethylated chains
in 8M urea buffers were applied directly to the agarose gel., Com-
parison of the precipitin patterns revealed no difference whether
the urea had been removed by orior dialysis or not, a finding
consistent with the observation that plasma proteins precipitated
with thelr corresponding antissra in concentrations of 3M urea.
Indeed, due to the relatively rapid diffusion of & small volume
(5‘p1) of vwrez on a 3 vl agarose slide, it was unlikely that ures
concentrations ag high as 3M would be encountered, except imnediately

after sample application.
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- - In order to avold the danger of carboxymethylated chains
precipltating out of solution due to the neutral pH of the buffer,
the buffer used hereafter for immunodiffusion was slightly
alkaline - 0.06M barbitone, pH 8,6, ionic strength 0.05; nevertheless,
similar precipitation patterns of the Aot chain antiserum could be

observed in 0,067i phosphate/0.154 NaCl, pH 7.3.

3.3.3 Reactions of anti-Act antiserum: general observations

The sera of all 6 rabbits showed precipitation veactions
against the Aol chain, purified fibrinogen, CH~-fibrinogen and normal
plasma on immuncdiffusion and immunoelecirophoresis. In addition,
some anfisera revealed a very faint precipitin line when reacted
with normal sera. No reaction was observed when the Act chain was
diffused againgt normal radbbit serum, The relativé titres of the
antisera were estimated by their ability to precipitate doubling
dilutions of the antigens; the two highest-titred antisera, A/Acc(4)
and. A/AcL(6), were thereafter employed for the greatest part of the
study.

Using ImCo anti-Act antiserum, very faint, multiple precipitin
lines were observed with Ae¢ chains and normal plasme on immunom.
diffusion, This antiserum was not further studied, especially since
TuCo Corporation confirmed the presence of these multiple lines on
immunodiffusion, but were unable fo explain their origin,

3.3.3.1 Absorption Studies

Absorption of anti-Aot antigerum with fibrinogen fraction I-4
prevented any further reactions of the antiserum with %¢he Ae chain,
purified fibrinogen or plasma, Similar resulis were obtained when
anti-Act antigerum was absorbed with A&+ chains,

Unexpectedly, absorption of anti-Aot antiserum with ¥ volume
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of normal serum also destroyed the ahility of the antiserum to react

with the Aot chain, purified fibrinogen or plasma.

3e3.3.2 Qbservations on a double precipitin line

On reaction with the Aet chain, fibrinogen or plasms, tﬁe
sera from several rabbits showed a distinct double precipitin line
on gel diffusion and is shown for several Aet chain preparations in
Tig. 9A. However, heating of the anti-serum at 5600 for 30 nin - 1
hour prevented double line formation (¥ig. 9B), only single precipitin
lines being apparent. The non-antibody nature of the heat~dependent
precipitin line was confirmed by the following observations:

(i) addition of an equal volume of normal rabbit serum to heated
anti-Aot antiserum restored the ability of the antiserum to
produce double precipitin lines on imwmunodiffusion,

(i1) addition of an equal volume of heated normal rabbli seruw to
heated anti-Act antiserus did not restore this ability and
only single precipitin lines were abserved on ilmmunodiffusion,

(iii) the ilmmunoglobulins of anti-Act antiserum were prepared and
the precipitin patterns of these antibodies with various anti-
-gens revesled only single precipitin lines,

Congequently, these rabbit antisera, which produced double precipitin

lines on gel diffusion, were routinely heated at 56°C before use.

3.3.4 Immunodiffusion of the carboxymethylated Aot , BB and ¥ chains

Using the double diffusion system, anti-Acl antiserum showed
a strong reaction with the AoOL chain prevarations, No reaction was
observed with the 2{ chain, but a faintly diffuse precipitate could
be seen around the B[B chain sample well (Pig,10A). Absorption of
anti-Act. antiserum with varylng quantities of B’ﬁ chain (1«32‘p3/m1

antiseram) produced 1ilttle medificatlion of the Ade precipitin lines
A & ¥



Fig, 9 Immunodiffusion of 3 lots of Aoc chain preparations (1-3)
with anti-AoC antiserun (centre wells),
A, Unheated antiserum, 3. Heated (50°C) antiserum.



Fig,

10

Immunodiffusion of Aoc chains (1) 5 mg/ml, (4) 1 mg/ml;
B|3 chains (2) 5 mg/inl, (5) 1 mg/ml; and J chains

(3) 5 mg/ral, (6) 1 rag/ml; with antiserum in centre
wells. A, Unabsorbed anti-Aoc antiserum, B, Anti-Aoc

antiserum absorbed with 3p chains (2 pg/ml antiserum).



Fig. 11 lataunodiffusion of Aoc chains (0,9 mg/ml) and Aoct chains
(1,5 mg/ml) with anti-Aoc antiserum (a/Aoc),



Fig, 12 Immunodiffusion of Aoc chains (I mg/ml) (Aoc), fibrinogen
1-4 (1 mg/ral) (1-4) and pooled normml plasma (P) with
anti-Aoc antiserum (a/Aoc).



but it removed the faint BIB chain precipitate (Fig. 103). Analogous
results were obtained on immunocelectrophoresis of the nolypeptide
chains,

Fig. 11 shows that antigenic identity existed between the

intact Aot chain and A+ chains,

3.3.5 Immunodiffusion of human fibrinogen

When {ibrinogen fraction I-4 reacted against anti-A anti-
serum by gel diffusion, a precipitin line was observed (Fiz. 12).
Moreover, this line exhibited antigenic identity with the carboxy-
methylated Aot chain and with normal human plasma,

Antigenic identity was always observed with the plasma of
several norwnal donors, 9 DIC patients and the neonatal plasma, when
either anti-fibrinogen or anti-A0L antiserum was used in immuno-
diffusion. Noreover, cryofibrinogen, obtained frowm 5 of the DIC
patients also revealed antigenic identity with normal plasma
fibrinogen; using SDS-polyacrylamide gel electrophoresis, the subunit
polypeptides of this material appesred as 3 bands as in normal
fibrinogen, along with a high molecular weight band, Similarly,
plasma from the patient with the suspected abnorwmal fibrinogen showed
antigenic identity with normal plasma when anti-Aet antiserum was
used; SD5-polyecrylamide gel electrophoresis showed normal band

patterns for non-crosslinked and crosslinked {ibrin from this patient,

3:3.6 Reactivity of ithe Aot chain with anti-fibrinozen antiserum

P R

. By zel diffusion, no reaction was obscrved betwoeen Cl-
fibrinczen and anti-fibrinogen antliserun. Moreover, the ActL cuain
of fiwrinojen revealed no reaction against comuercial anti-fibiinogen

antizora fron 6 AT ront sourcos.
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3.4 Discussion

An Ao chain preparation, to be used for raising antiserum, was
shown to be free from serum contaminants by immunodiffusion against
ﬁnti—human serum, Nevertheless,; on polyacrylamide gel electrophoresis,
the presence of contaminating bands, possibly due to firwly associated
Aec aggregates (111}, was observed, and the excised, unstained bands
were therefore used ag immunogen, a technigque which has also been
used by Soria et al. (309) for raising antisera against the three
polypeptide chains of fibrinogen.

Mach of the present study ewployed immunological precipitation
in agarose gel as an investigative tool, and the time required for
sample preparation was considerably reduced by applying the carboxy-
methylated chain samples in the agerose wells in 8 wrea buffers. In
view of the extreme denaturing conditions already suffered by the
polypeptide chains of fibrinogen during reduction, alkylation and
separation, it was considered that temporary solution in an &Y urea
buffer would cause little further damage to these chains., It has
previously been shown by gel diffusion that the readily precipitated
Tamm-Horsfall glycoprotein retained the ability to bind to its anti-
body after sample applicetion in 8M urea (225),

During preliminsry characterisation of anti-Act antiserum, a
double precipitin line was observed when various antigens reacted in
agarose gel agalinst severzl antisera, A serum cowponent other than
antibody was shown to be responsible for the development of one of
the precipiitin lines. Since C'1 complement component has been
implicated in the precipitation of soluble antigen-antibody complexes
(237, 337) and complement subcomponent, Clq, was precipitated after
heat trestment at 56°C for 30 min (204), the observations on the

neture of the double precipitin line might be explained by ihe




participation of rabbit Clq in antibody complex formation during the
diffusion process, Indeed, a similar» double-line phenowenon has been
described in double diffusion aﬁalysis of hapten specific immune
systems (269), Rabbit sera, which exhibited double immunoprecipitin
line formation, were therefore routinely heat-decomplemented at SGOca
The specificity of anti~Aol antiserum wzg assessed by gel
diffusion of the 3 chains of fibrinogen and the antiserum, and showed
that anti~Act antiserum reacted with the immunogen, Aot chain, but
not with the 2{ chain, ﬁhus confirming previous results (111, 199).
In addition, Lefvert et al. (199) have found no evidence of an
immunological reaction between unabsorbed anti-Acee antiserum and BF
chains of human fibrinogen, using both gel diffusion and radioimmuno-
aseay techniques, However, Girdlund (111) found that his anti-Act
antiserum reacted with both Aet andiBP chains on immunodiffusion,
but that sbsorption of the antiserum with the BF preparation abolished
the reactions of both the Acc and the B[b chaing, In this study, the
glight precipitation observed on double diffusion of anti-Act antiserum
and the Blb chain may have been due to the presence of a few antimBP
antibodies in the rabbit serum, since absorpiion of the antiserum with
varying amounts of the BF chain (lm32‘pg/ml antiserum) removed the
diffuse precipitate which was asscciated with the BP chain, but did
not noticeably affect the Act-anti-AcC precipitin line, However,
because of the insensitive nature of immunqdiffusion techniques, these
absorption results do not exclude the existence of some common antigenic
sites on the Ao and B[} chains. Indeed, Gollwitzer et al. (121, 123)
have suggested the existence of considerable antigenic homology beitween
the Aot and(B{B chains of bovine fibrinogen on the basis of evidence
from precipitaiicn and haoerarglutination techniques, using both anti-

bovine {idbrinozen sntiserun and specific chain awntisera, However, using




94

a naemegglutination-inhibition assay, the same authors (1.21) showed that
the cross-reaction between the carboxymethylated Aet and 313 chains was
not exhibited between the corresponding amincethylated products, a
result which may have arxisen from the better dgeparation of the
aminoethylated Act and BP chaing on lon-exchange chromatography,

It has been suggested that the Aet+ chain preparaticn represents
Aol chains which have been damaged at the COOH-terminal end of the
polypeptide during fractionation procedures or by plasmin degradation
(253). That being the case, the absorption and immunodiffusion results
with antiserum to the Act chain do not provide any evidence that the
removal éf small peptides from the COOH-terminal end of the chain is
sccompanied by a loss in antigenicity.

Several studies have provided evidence that at least part of the
A6l chain of fibrinogen is located on the surface of the intact
fibrinogen molecule. Blombick et al. (30) have demonstrated the
exlistence in human fibrinogen of a surface-oriented disulphide knot,
Hi2-DSK, which is derived exclusively from the Aot chain, as is F.CB3,
a fragment which lg released readlly from bovine fibrinogen (329) by
treatment with cyanogen bromide, thus indicating its surface location,
Other workers have shown the existence of a region on the bovine Acc
chain which is susceptible to bacterial protelnases and is located on
the surface of the fibrinogen molecule (257), while Matthias et al. (229)
have shown that the covalent binding of fibrinogen to agarose took
place almost exclusively at the A¢t chain, The absorption and immuno-
diffusgion results presented here have shown that anti-~Aet antiserum
creacts with humen fibrinogen, both in a puvified condition and in plasma,
KHoreover, a reaction of identily wag established with the Aet chain,
suggesting that most of the antigenic determinants of the A chain were

exposed onn the intact fibrinozen molecule. This result substantiotes



and enlarges upon the observation of Lotter and Timpl (203) that the Ast
fragment, F-.CB3, and bovine fibrinogen were indistinguishable by radio-
immunoassay, when using anti-bovine F-CB3 antiserum.

Some Aet. chain antisera revealed a faint reaction line on
immunodiffusion with normal human serum. Because of the elaborate
purification srocedure for the immunogen, Aot chain, this weak reaction
cannot easily be dismissed as an indication of contaminating antibodies
in the antiserum. On the other hand, since it has been established that
the Aot chain is one of the first sites of plasmin attack on the
fibrinogen molecule (106, 234, 272) and in view of the recent findings
(38, 119, 138, 318) of the presence of early fibrin(ogen) breakdown
products in the form of detached AcL fragments in normal human serum,
the precipitin line obtained with serum in agarose gels, and also the
serum absorption results, may represent the detection of an early
degradation product of fibrinogen or fibrin. This hypothesis will be
developed and discussed in later chapters.

Using a number of different anti-fibrinogen antisera, no
precipitation reaction was observed with the Aok chain, This result is
similar to that of Blomblck and Blombick (28), but is at varianceé with
the results of others (121, 123)., These results will be discussed at

length in the following chapter,




96

CHAPTER 4: ANTIGENIC DETERIINANTS OF THE Aee. CHATN OF HUWMAN

FIBRINOGET ~ STUDIES ON PLASMIN-DIRIVED DIGESTION PRODICTS

4.1 Introduction

Tor several years, immunological investigations of the degradation
of fibrinogen by plasmin to lower moleculsr weight products have utilised
antisera against the whole fibrinogen molecule, fragment D and fragment E,
Two major rezicns (D and E) of the fibrinogen molecule have thus been
characterised as independent antigenic entities (222, 244, 261, 264)., On
a similar basis, anti-Ael antiserum has been employeq in the present
study to follow the fate of the antigenic determinants of the Aot chain
of fibrinogen during plasmin digestion., The study of the precipitation
reactions of this antiserum in Chapter 3 has revealed that it is specific
for the Aot chain, whether in isolated form or as part of the intact
fibrinogen molecule.

During plasmin degradation of human fibrinogen, each of the
three polypeptide chains of fibrinogen, A0L, B[A and X, are even“’f.uaily
cleaved to several fragments; some of the fragments remain disulphide-
bonded to each other, while other fragments are released from the parent
molecule as free polypeptides. In particular, the initial plasmin attaci
on fibrinogen has been shown to release free polypeptides from the COOH-
terminal end of the Act chain (272), In this study, polyacrylamide gel
electrophoresis has beenoused to examine more closely ﬁhe release of
geveral polypeptides from fibrinogen during plasmin degradation. In
addition, three of the larger fragmenis (molecular weights 26,000,

33,000 and 44,000) have been prepared in a purified or a semi-punified

state and their immwnological properties have heen studied,

4.2 waterinls and “lethodg
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4.2,1 Human fibrinoszen

Kabi fibrinogen was used directly for the gtudy of plasmin
degradation. For other purposes, fibrinogen fraction I-4 was prepared

as described in Chapter 2.

4.2.2 Iomunological techniques

Immunodiffusion and immunoslectrophoresis were performed as
described in Chapter 3. In one case, immuncdiffusion was performed in

the presence of 0,04M calcium chloride,

4,2,3 SDS=polvacrylamide zel electrophoresis

SDS=polyacrylamide gel electrophoresis and the determination of
molecular weights were described in Chapter 2.

After staining of the gels with Coomassie Brilliant Blue,
densitometry was performed at 570 nm, using a Pye Unicam SP 1809 Scanning
Densitometer. Areas under the incompletely separated densitometric peaks
were estimated from overlapping isosceles triangles, extrapolated for

each peak,

4.2.4 Antisera to fibrinogen and fibrinozen fragments

Antiserum to the carboxymethylated Aot chain of human fibrinogen
was raised in rabbits as described in Chapter 3. Antisera to fraguents
D and E were obtained from Hoechst Pharmaceuticals., Antiserum to human
fibrinogen was obtained from Hoechst Pharmaceuticals, Dakopatts A/S,
Calbiochem and Nordic Diagnostics,

In addition, antiserum to fibrinogen fraction I-4 was raised in
rabbits by immunisation of each rabbit with 1 mg fraction I-4 solution in
- an equal volume of Freund's Complete Adjuvant at 4 subcutaneous sites,

At 10 day intervals, egqual amounts of fibrinogen were injected as booster
doses, but without Freund®s Complete Adjuvant. After collectlon of

. On . . .
rabbit blood, serum was stored at -20°C in the presence of scdium azide,
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Although the faint lineg observed with antisera from some bleeds on
immunodiffusion againgt normal human serum indicated the presence of

contaminating antibodiesg, the antisers were not absorbed with human serum.

4.2.% Plagmin degradation of fibrinogen

Kabi fibrinogen, at a final concentration of 20 mg/ml, was
digested by plaswmin after activation of the plasminogen present in the
preparation, according to Marder et al. (222). The digestion reaction
was initiated by adding streptokinase to a final concentration of
100 u/ml and stopped at timed intervals by adding aprotinin and €=
aminocaproic acid (BACA) to final concentrations of 200 KIU/ml and O,2H,
regpectively,

The progress of the reaction was followed by immunocelectio-

phoresis and SDS-polyacrylamide gel electrophoresis.

4,2,6 Preparation of fibrinozen degradation products (FDP)

4,2,6.1 Fragmeut X

A plagmin digest of Kabi fibrinogen was stopped after 10 min and
subjected to gel filtration on a column (88 X 2.5 om) of Sephadex G-200,
using the buffer system of Marder et al. (222): 1M NaCl/0.025M tris/0,025M
trisodium citrate/O.?M EACA (pH 7.4), containing 0,1 mg/ml soybean
trypsin inhibitor. The first eluted peak was subjected to rechromato-
graphy on the same column after concentration by ammonium suiphate
precipitation (222), The final concentrated solution wes stored at -20°¢
in the presence of 0,01M BACA.
4.2,6.2 Fragment Y

FPragment Y wasg prepared from a 40 min digest of fibrinogen as for
fragment X (222), but was twice subjected to rechromatography on the
G-200 column. The finzl concenirated solution was stored at -20°C in ilne

presence of 0.0110 BACA,
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A utghot

Fragment D was prepared {rom a 22 hour plasmin digest of fibrino-
gen by the method of Russenzweig et al. (265), The digest wixture was
subjected to ion~-exchange chromatography on a column (24 x 1.5 cm) of
Whatman DBE 52 resin, using the automatically-regulated buffer gradient
apparatus, described in Chapter 2. A linear ionle strength gradient was
formed with 0,01M Na,C0y (pH 8,9) as starting buffer and 0,01M Naaco.j/
0.1 ¥aCl (pH 8.9) as final buffer, The material in the fragment D peak
was dialysed against distilled water and freeze~dried, Several prepara~
tions of Fragment D frém plasmin digests of fibrinogen were also obtained
by the aéetio acid method of G&rdlund et al. (113),

Imrunological investigation established that both types of frag-
ment D preparations were free from fragment E contamination, SDS-
polyacrylamide gel electrophoresis of the unreduced fragments showed
that both were similar in molecular size, while reduction of the samples
indicated a similar polypeptide chain composition (Fig., 13). EHowever,
during immuncdiffusion studies, the following differences in behaviour
between these two preparstions were noted:

(i) -gsample dissolution for gel diffusion studies reguired 2-4M urea

‘ for D{Ga&rdlund), while D(Nussenzweig) was readily soluble in
physiological buffers,

(ii) D(G%rdlund) produced only a faint precipitin line with commercial
anti-fibrinogen antiserum, whereas the precipitin line with
D(Nussenzweig) was sharp and distinet, end

{iii) on reaction with anti-fragrent D antiserum, D(Gﬁrdlund) was anti-
genically deficient compared with D(Nussenzweig), fibrinosen or
an unfractionated digest of fibrinogen (Pig, 14),

inese findinzs ave relwted to those of Kemp et al, (175) and indicute thnt,

althouzh boih srecies of fragment D appeared to bove an intwet suabunit




Fig, 13

D@ D(N) D(G D)

SDS-colyacrylamide gel electrophoresis of fragment D

prepared by the metiiod of Gardlund * (i1l MO) and
fragment D prepared by the method of Nussenzweig ~ al,
(265) (D(N)).

A 5=w/v gels with non-reduced samples (7 p»s) -
B 7~ w/v gels with reduced samples (IO-I5,5) -



14
DG

1-4

14 Immunodiffusion of fibrinogen fraction 1-4 (0,9 mg/ml)
(1-4), fragment D prepared by the method of Gardlund
n (113) (Y mg/ml) (d(G)), fragment D prepared
by the method of Nussenzweig ~ (265) (0,5 mg/ml)
(D()), and a 22 hour plasmin digest of Kabi fibrinogen

(0,5 mg/ml) (22 HI dig) with anti-fragment D antiserum
(A D).
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strascture, either scetic acid treatment (pH 2,3) of frazment D in the
method of Gérdiund et al. (113) or the subsequent diswolution of frag-
ment D in 2-41 urea solutions, necessitated by its insclubility, resulted
in a conformational change and loss of antigenicity in fragment D, The
anomalous behaviour (228) and insolubility at neutral pH (59) of fragment
D prepared'by this method have been reported by other workers. Con-
sequently, further studies were performed only on fraguent D obtained by
the method of Wussenzweig et al. (265).
4,2,6.4 Fragment E

The method of Girdlund et al. (113) was slightly modified, in
that a-4 hour plasmin digest of fibrinogen was heat-treated at 55°C for
1 hour to precipitate most of fragment D. The supernatant was avplied
to a column (84 x 2.5 cm) of Sephadex G~100 and eluted with 10% v/v
acetic acid, The fragmént K peak was dialysed against distilled water
and freeze-dried. Immnodiffusion revealed that this preparation was
contaminated with a small amount of fragment D, although SDS~polyacrylamide
gel electrophoresis did notvshow any bands which corresponded to fragment
D, However, a faint band of approximate molecular weizht 41,000 was
observed, which may correspond to fragment d of Kemp et al, (175), since
the digest wmixture had been exposed to denaturing conditions, This band
was not removed by rechromatography on Sephadex G-100, but was e=sily
renoved by ion-exchange chromatography on a column (27 x 1.5 cm) of
Whatman C! 52 resin, according to Furlan and Beck (98), A linear pH and
ionic strength gradient was formed with 0,051 awmonium formate (pﬁ 4,0)
as starting buffer and 0,3N amsonium formate (pH 7,5) as final buffer;

pure fragment & was oblained after fregze-drying,

4.2.7  Prevuprntion of low molocular weisht nolypestides from ~lasiin

digaests of fibrinosen
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4.2,7.1 1% min digest

Kabi fibrinosen was digested by plasmin and, after 13 min, the
reaction was stopped, as @escriﬁed above., TFibrinogen and the large
molecular weight derivatives were healb~-precipitated at 5600 for.BO nln,
The supernatant solution was fractionsted on a column (¢2 x 2,5 cm) of
Sephadex G-100, using the buffer system described by Marder et al. (222)
(Fig. 20A). After dialysis against distilled water, the fractions were
freese-dried and examined by immunodiffusion and SDS-polyacrylamide gel
electrophoresls.

4,2,7.2 3 min digest

This digest of fibrinogen was treated exactly as for the 1} min
digest., The elution profile from the gel filtration column is shown in
Fig, 20B,

4.2.7.3 4 hour digest

Kabi fibrinogen was digested for 4 hours and heat-precipitated as
described above. However, the supernstant solution was fractionated on
a column (84 x 2.5 cm) of Sephadex G-100,using 10% v/v acetic acid as
eluent, according to the method of Hessel (155) (Fig. 20C), The freeze-
dried fractions were examined by immunodiffusion and SDS-polyacrylamide

gel electrophoresis,

Freundts Complete Adjuvant was obtained from Difco Laboratories,
Streptokinase-Streptodornase-Varidase from Lederle Laboratories Division,
aprotinin (Trasylol) from Bayer, soybean trypsin inhibitor (Type I-S)
from Signa London Chemical Company, and Whaiman DE 52 and CII 52 cellu-~

loses from W. and R, Balston, Ltd,



4.3.1 Analysig of vlasmin digests by electrophoregis

The plasmin digestion of fibrinogen was stopped at the times 2,
5, 10, 20, 40 min, 2 hours and 4 hours, by the addition of fibrinolytic
inhibitors, and the progress of the reaction was examined by immuno-
electrophoresis., Using commercial anti-fibrinogen antiserum in the
troughs, the degradation of intact fibrinogen may be followed through to
two antigenic species at 4 houvs (Fig. 15A). These two final products
were indicated by two intersecting precipitin arcs, the cathodal arc
resulting from fragment D and the fainter anodal arc resulting from
fragment E; these results were confirwed by the use of specific antisera
for the fragments. ‘The appearance of the E precipitin arc at 40 min
corresponded to the appezrance of the fragment E band in SDS~
polyacrylamide gel electrophoresis (ﬁ?ig° 16).

Using anti-Ax antiserum, immunoelectrophoresis of the same
reaction mixtures revealed a slight cathodal shift of the precipitin arc
at 2 min, which was thereafter transformed to two intersecting arcs of
relatively low mobility (Fig. 15B). These two precipitin arcs persisted
" at 4 hours, although the more anodal arc became fainter in intensity.

Examination of the polyacrylamide gels of the reacticn mixtures showed
the progressive degradation of fibrinogen to fragmentis X and Y and then
to the final products, fragments D and E., Moreover, high sample loading
(120 PRt of protein from each digest mixture was applied to each SDS gel
rod) permitted visualisation of a series of low molecular weight bands
which appeared during the digestion process. Tig. 16 shows the early
release of a polypeptide (band 1) at 2 min, which was itself degraded
with time, while other polyveptides appeared on the gzels (bands 2.6),

The molecular weights, estimated from the relative mobilities of bands
& ¥

1-6, wewre 44,020, 33,000, 26,000 23,000, 17,000 and < 14,000, rcaspectively,

Densitonetric scanning of the lowver half of the gel rods
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Fig. 13 Immunoelectrophoresis of plasmin digests of fibrinogen
using A anti-fibrinogen antiserum, and B anti-Aoc
antiserum. Plasmin digestion of fibrinogen was stopped at
the times shown (in minutes). 20 of the digests were

applied to the agarose gels at the position indicated by
the arrow.
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Fig. 16 SDS-polyacrylamide electrophoresis ;iro w/v gels)
of plasmin digests of fibrinogen. The degradation of
fibrinogen was stopped at the times shovim and 120 jx¢ of the
reaction mixture were applied to the gel rods. 'The position
of fragments X Y, Dand E and bands 1-6 are indicated.
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Fig, 17 Densitometric scans of the gels shown in Fig, 16 with the
times of digestion shown in minutes., The gels were scanned
from top to bottom and appear as a trace from left %o
right, Only partial scans are shown, corresponding to the
lower part of each gel. Optical densities (S?O nm) are
indicated on the ordinates, Distances of migratiocon are
shown on the abscissa, along with vertical bars to indicate

the position of bands 1-6.
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(Fig. 17) confirmed the visuval obLservations and permitted semi-
quentitative assessment of the rates of appearance and disappearance

of bands 1-6 by estimating the areas under each dengitometric pesk,

Figz, 18 shows that bands 1 and 2 consisted of tranaient species, while
the polypeptide in band 3 was plasmin-wresistant to 4 hours of digestion,
Bands 4 and 5 were also transient, while band 6 remained after 4 hours

digestion (results shown in Fig. 17, only).

4,3,2 Identification of Ace chain antigens

In order to identify which of the fibrinogen fragments were
responsible for the precipitin arcs observed on immunoelectrophoresis
with anti-Acc antiserum (Fig. 15B), fibrinogen, fragments X, Y D and B,
and several low molecular weight polypeptides were prepared as described
and examined by SDS-polyacrylamide gel electrephoresis, immunodiffusion
and immunocelectrophoresis,

4.3.2.1 Electrovhoretic purity of fibrinogen degradation preducts X, ¥,

D and B

Pibrinogen and fragments X, ¥, D and E were examined by SDS-
polyacrylamide gel electrophoresis, using a 40 min digest of fibrinogen
as reférence (Fig. 19A). The faint low molecular weight band in the
fragment X and Y gels was due to soybean trypsin inhibitor; minor bands
also appeared on the fragment D and E gels above the major bands, bul
were unrelated to other fibrinogen fragments, as agsessed by ilmmuno-
diffusion using antisera to fragments D and E,

In order to confirm that the subunit structures of these
preparations were as described in the literature, electrophoregis was
also performed after reduction of their disulphide bonds (Fig. 19B), The
observed polypeptides were assigned to their chains of origin by com-

parison of their molecular weights (Table III) and orders of appearance




19 A SLS-polyacrylamide electrophoresis (5" w/v gels) of
fibrinogen and purified degradation products. FEach of the
following quantities were applied to a gel rod: fibrinogen
fraction 1-4, 6 *g; fragment X 12 pg; fragment Y, ca, I5
fragment D, 6 *g; fragment S, 24 *g; the 40 minute plasmin
digest of fibrinogen (REF,), 30 pg.

3, SDS-polyacrylamide electrophoresis (7" w/v gels) of
fibrinogen and purified degradation products after reduction
with dithiothreitol. Fach of the following quantities were
applied to a gel rod: fibrinogen fraction 1-4, 10 *g; frag-
ment X 12 *g; fragment Y, ca. 30 fragment I} 10 |ig;
fragment E, 60 pg.



TABLE TIT

Wolecular weights of the wmajor bands appearing on gels (Fig.

after reduction of the sanmple
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198)

Reduced Sample

Molecular Weight

Polyveptide Chain
of Origin®

Fibrinogen I-4 67,000 A,
56,000 Bp
47,000 /]
Fg, X 48,000 "
26,000 £' 4
g, Y 46,000 These bands
38,000 were not
31,000 assgigned to
26,000 their chains
20,000 of origin
< 13,000
Fg. D 40,000 p"
27,000 T
14,000 o
E B B
Fg, E {13,000 I

1

The symbols for the subunit chain fragments are those used

by Pizzo et al. (272).




Elution volume, ml




Fig, 20 Protein elution profiles on Sephadex G~100 (monitored
at 280 nm) of the heat-stable polypeptides from:
A, 1% min digest, B. 3 min digest, and C. 4 hour digest
of Kabi fibrinogen, The polypeptide fractions of
interest (I, II and II1I) are indicated by horizontal
bars. The same filtration column was used for A4 and B,
but not for C,




Fig, 21

SSTI

REF [ I I I I

SDS-polyacrylamide electrophoresis (P w/v gels) of
polypeptides released from fibrinogen after Ig rain, 3 rain
and 4 hours plasrain digestion, and isolated by gel
filtration. Fractions I (60 *g), II (60 *g) and III (15 =ig)
refer to the corresponding fractions of Fig, 20, and are
compared to the supernatant of a heat-precipitated, 10 ran
plasmin digest of fibrinogen (REF) with bands 1-6
indicated. Fractions I and II contain soybean trypsin
inhibitor (S3Tl), Sanples A were non-reduced, while
samples B were reduced with dithiothreitol prior to

electrophoresis.
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with those described by Pizzo et al, (272), The results showed that the

polypeptide chain composition of these preparstions were similar to

g

other preparations described in the litermature, except for the chains ol

23

fragment Y which could not be identified, although the bands of molecular

bt} 1%

‘ ~ P . . 13 Iy AN
weights 26,000 andi 13,000 may be similar to the ¢e' and (&, [3 ' 'K )
bands, respectively, of Pizzo el al. (272),

4.3.2.2 Preparation and electrophoretic properties of tne low molecular

weilght polypsptides

The supernatants after heat-precipitation of the 1& min, 3 min
and 4 hour plaswmin digésts of fibrinogen were applied to Sephadex G100
colunns znd the elution profiles are shown in ¥Fig., 204-C, In all thrse
cages, SDS-polyacrylamide gel electrophoresis indicated that the first
peak consisted of several high molecular weight species, ag previously
reported (155), wihich had not been precipitated by the heat-treatmant,
These species might have been highly associated or crosslionked {ibrinogan
fragments, although only a weak reaction with anti~fibrinozen antiserun
was obtained on immunodiffusion., In the case of the 4 hour digest
(Fig, 20C), the second peak on the protein elution profile was due to
fragment E, which is heat-stable (155),

The polypeptide fractions of interest were pooled as indicated
and the electrophoretic patterns of each of the preparations, before and
after disulphide reduction, are shown in Fig., 21. The unfractionated
supernztant from a heat-precipitated, 10 min plasmin dizest of fibrinosen
was used as a reference; as the polypeptide bands 1-6 were clearly
visible in this sample, Besides sowme incompletely separated high
molecular welzht materisl, the 13 min digest vreparation contained two
major polypeptides, corcesponliing in size to bands 1 and 2 (molecular
welghts 44,000 and 33,000, resnwectively), while the 3 min digest

. . N O - . - NP . P
preparulion conzisted of band 2 (molecular weiche 33,0070); adlons witnh =




[

AQ-RA
(26,000)
14
AQ-RA A Q-RA

Fig. 22 Immunodiffusion with fibrinogen and purified degradation
products. The antigens were applied at optinum con-
centrations for precipitin formation or at higher
concentrations in attempts to produce precipitin formation.
The'agarose wells were filled with 8 1 samples as follows:
A, A/A0G anti-Aoc antiserum; 1-4, fibrinogen fraction 1-4»
1.3 mg/ml; X fragment X 4 mg/ml; Y, fragment Y, ca.

4 mgml; D fragment I} S mg/ml; E fragment E 4 mg/mi;
AOG-HA(26,000), the 26,000 molecular weight polypeptide,
0,06 mg/ml,

B A/F, anti-fibrinogen antiserum; 1-4, 0,9 mg/ml; X
0.5 mgml; Y, ca, 1 mg/ml; I} 0,5 nig/nl; E 0,3 mg/nid;
Aot-RA(26,000), 2.2 mg/mi,

C A/ D, anti-fragment D antiserum; 1-4, 0,9 mg/ml; X
0,5 mgml; Y, ca, 2 mgml; I} 0,5 mgml; E 4 mg/ni;
Aol-RA(26,000), 2,2 mg/ml,

Db A/E, anti-fragment E antiserum; 1-4, 0,9 mg/ml; X
0,5 mg/ml; Y, ca, 1 mg/ml; O} 5 mg/ml; E 0,3 mg/mi;
Aec-RA(26,000), 2,2 mg/ml.
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small anount of band 1. In both these preparalions, the low molecular
band was due to the presence of soybean trypsin inhivitor. Densitometri:
scanning of the gels revealed a band 1t band 2 ratio of 4:1 for the 1
min digest preraration and 1:3 forx the 3 min digest prevaration, The
4 hour digest prepavation revealed only a single band of molecular
weight 26,300 (corresponding to band 3). Bach of these polypeptides
spopeared to consist of a single chain, since there were no significant
increases in electrophoretic mobllity after disulphide bond reduction
with dithiothreitol,

4,3.2.3 ITmmunological rvesults

- The imminodifiasion results on the purifiéd fibrinogen fragzments,
shown in Fig. 22, indicated that the 26,000 wmolecular weight fragaent
reacted with anti-A4ct antiserum only, and not with commercial anti-
fibrinogen, anti-li or anti-E antisera, even at relatlively high antigen
concentrations; no reactlon was observed with anti~fibrinogen‘antiserum
in the presence of calcium ions, However, a falnt precipitation was
observed with anti-fibrinogeun antiserum produced in this laboratory and
the 26,000 molescular weight fragment, Similar results were obtained fox
the polypeptide fractions of the 1% and 3 min digest preperations.

On account of the high purity (as judged by SDS~polyacrylamide
gel electrophoresis) of the 26,000 molecular weight polypeptide; the
most meaningful observations nave come from studies on this fragment,
Since it appeared to be derived from the AGt chain of fibrinogzen, the
anthor has nawmed it Aot-related antizen {molecular weight 26,000),
(Aog;RA(Qé,GZG))» In view of the similar immanological rveactivity of

N
St

tne 44,000 2nd 33,000 molecular wea_ Wt polypeptide fractions (althon
imynfe), and in accordance with tne nomenclature adopted Lo Lie
pavritied baod 3 polypepltide, the band 1 snd band 2 polypeplides have

Yoy

. “ - . —~ 0 PO ' vy N . ' b
been tentatively nansd AM~Iaidd,000) and AOdeﬂ(jj,UOO/| raspecbively,




f8A(26

Fig. 23 Immunoelectrophoresis of Atic-RA(26,000) (2 ».;) and a 4 hour
plasmin digest of fibrinogen (4 HRDIG (20 *g), using
anti-Aot antiserum (a/aoc). 'The samples were applied on
the agarose gel at the position shown by the arrow.
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In Fig. 224, anti-Awt antiserum reucted with {ibrinogen
fraction I-4, Act-RA(26,000), and also with fragment X, which, however,
yielded only a weak precipitin.line at high antigen concentration. In
addition, the precipitin line formed by fibrinogen spurred ovef those
of Avt-RA(26,000) and fragment X, indicating that these fragments
possessed fewer Aot antigenic determinants than the intact Aol chain in
fibrinogen., This result was confirmed in imwunodiffusion by théspur—
ring of isolated carboxymethylated AcL chain over both fragment X and
hot-RA(26,000) (not shown)., Fragments Y, D and B did not precipitate
in agarose with antiuAéc antiserum, although one preparation of fragment
Y produced a faint reaction,

The immuncdiffusion results were confirmed by immunoelectro-
phoretic analysis of pure fibrinogen degradabion products, When the
trougis contained anti-Ate antiserum, precipitin arcs were obtained
from fibrinogen fraction I-4, fragment X (very faint reaction, with
electrophoretic mobility characteristic of fragment X) .and Aot ~RA
(26,000), but not with fragments Y, D or E. Furthermore, as shown in
Fig. 23, Ac-RA(26,000) produced a precipitin arc with an electro-
phoretic mobility identical to that of the major (cathodal) arc of a
4 hour plasmin dicest of fibrinogen,

The Aot antigenicity of the 44,000 and 33,000 molecular weight
polypeptide preparations was also investigated by immunodiffusion.

Fig, 24A shows that fibrinogen fraction I-4 spurred over both AeL-RA
(26,000) and the polypeptide preparation ffom the 3 min digest, which
largely consisted of AO(-RA(33,000); furthermore, thase latter two
species appeared to show a reaction of identity, Hovever, in Pig. 243,
a reaction of identity was obacrved between fibrinogen and the poly-
peptide preparation {rom the 1) min plasmin digest, which was laxgely

Act~RA(24,000). loreover, this prepar-tion now spurred over AM-R3{26,000)



————— A Q -RA

(26,000)
A Q -RA
(26,000)
14
14
AQ KA
(26,000)
AQ-RA

(26,00



Fig, 24 Inmnodiffusion experiments with fibrinogen and Aot chain
polypeptides., The centre wells were filled with anti-Aet
antiserum (4/Act) and the peripheral wells were filled with
8 pl samples as follows: fibrinogen fraction I-4, 1.3 mg/ml;
Aot -RA(26,000), 0,1 mg/ml; polypeptides froam the 13 min
plasmin digest of fibrinogen (I), 0,3 wmg/ml; polypeptides
from the 3 min plasmin digest of fibrinogen (II), 0,3 mg/ml,
(Samples I and II vefer to the pooled fraotions of Fig, 20,)
The arrows indicate spur formation between the precipitin

lines,
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4.4 Discussion

zegtion of fibryinogen

St St

4.4,.1 Electrophoretic analysis of plasmin di

As shown in Chapter 3, anti~Act antiserun precipilates in
agarose gel with the isolated Aet chain and the intact Aot chain in
human fibrinogen, in which most or all of the Aot epltopes appeared to
be exposed. Therefore, with the use of this antiserum, it wag con-
sidered possible to study the fate of the AcC antigenic determinant
sites by immunoelectrophoretic analysgis during plasmin degradation of
human fibrinogen,

In order to relate the observations on the Aet chain to a known
sequence of events, the progress of the degradation was also studied by
SD3-polyacrylamide gel electrophoresis and immunoelectrophoresis using
anti-fibrinogen antiserum, SDS-polyacrylamide gel electrcphoresis
demonstrated clearly the degradation of intact fibrinogen to the transient
intermediate fragments X and Y and then to the final products, fragments
D and E, The appearance of fragment E coincided with the formation
(after 40 min digestion) of a second, non-identical precipitin arc on
immunocelectrophoresis, However, the small fork on the main arc which
distinguishes fragments X and Y from fragment D (222) was absent,
possibly hecause the anti~fibrinogen antiserum used appeared to have a
low content of anti-fragment E antibodies, as shown by the relatively
weak frogment B immunoprecipitin are (Fig, 154), The use of anti-Aocc
antiserum confirmed the early plasmin cleavage of the Ae¢ chain of
fibrinogen, =2s established by others using a different technique (106,
234, 272) and, since two intersecting precipitin arcs were obtained,
demonstrated that separaite antigenic fragments of the Aec chsin, with
no common determinant sites, were foumed (Fig., 15B),

Coincident with the cathodal shift of the initial precipitin arc
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on immunoelectrophoresis against anti-Aot antiserum was the concomitant
appearance of fragment X and a small polypeptide (band 1, molecular
weight 44,000) on the polyacrylamide gel of the 2 min reaction mixture
(Fig. 16). However, this band was degraded with time so that, after

5 min digestion, a series of low molecular weight bands (bands 2-6)
appeared on the gels while two precipitin arcs formed on immuno-
electrophoresis (Pig, 158), Densitometry of the polyacrylamide gels
revezled the progressive nature of the appearance of bands 1-6 (molecular
weight 44,000~ <14,000), followed by their disappearance, excepting bands
3 and 6 which appeared to be plasmin-resistant, Purification of the
band 3 ‘material, followed by immnoelectrophoresis with anti~Aoc anti-
gerum, revealed that it corresponded in electrophoretic mobility and in
immunological reactivity to the more cathodal arc of a late fihrinogen
digest, The band 3 polypeptide reacted only with anti-Aed antiserum on
immunodiffusion and consisted of & single chain polypeptide, On this
basis, therefore, an immunological nomenclature has been employed and
the author has named the purified band 3 polypeptide, Att-related anti-
gen (molecular weight 26,000), (AOC«RA(26,000)); this fragment is
undoubtedly very similar to one of the plasmin-derived fragments Hi2-4la
(molecular weight 23,000) (155) or Hi2-Met (molecular weight 21,000) (38),
which have, however, been characterised by their amino acid compositions
and N82~terminal amino acid seguence analyses, Other Aect chain frag-
ments have been described in recent years, viz, the plasmin-derived
fragments A (265, 317, 320) and H (137) (both of which appear to be
similar or identical to Hi2-Met) and the cyanogen bromide-derived
fragments Hi2-08¥ (155) and F-C33 (122) (both of which are immuno-
logically related to the plaosmin-produced derivatives),

While these fraguenls have molecular weights in the range 20,000~

26,000, there have been several reporis of plasmin-cleaved fracments of
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the Act¢ chain with higher molecular welghts and which appear earlier in
the digestion process than the former fragments (559 85, 98, 137, 155,
170, 235, 244, 306), In.pa.r‘tic.u).ar, Hessel (155) has established that
a precursor-product relaticnship existed between early plasmin-digest
fragments (average molecular weight 50,000) and Hi2-Ala, and Ferguson
et al. (85) have demonstrated a series of five wo-~derived fragments with
molecular weights 21,000-40,000, resulting from initial plasmin cleavage
of fibrin., Shen et al, (306) have described the first event in the
plasnin degradation of fibrinogen as the release of a 44,000 molecular
weight polypeptide from the COOH-terminal end of the A¢t chain, while
examination of the electropherograms of Kang and Triantaphyllopoulos
(170) revealed the progressive release of polypeptides of molecular
weights 233,000, 33,000 and 25,000 from plasmin digests of fibrinogen,
thus providing adequate support for the results reported here. These
electrophoretic and immunodiffusion results revealed the likely Aet chain
origin of the polypeptide bands 1 and 2. Attempts to separate pure band
1 and band 2 material have not been entirely successful, probably because
of their lability (137) and because of the similarity of their molecular
weights., However, since these preparations from the 1} min and 3 min
digests consisted largely of band 1 and band 2, respectively, they were
used in comparative studies of the Aet antigenic sites which are located
on these polypevtides; they were tentatively named Aot-RA(44,000) and
Aet~RA(33,000), respectively, in accordancg with their antigenic

characteristics,

44,2 Reoctivity of frazments X, Y, D and E with anti-Acc antiserum

To locate other exposed antigenic sites of the Aot chain, the
reactions of the purified degradation products of fibrinozen with anti-

Aot antiservm were investizated by imminodiffusion, Fragment X at hich
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antigen concentration produced a faint reaction with this antiserum, and
the subunit structure on electrophoresis was shown to consist of an
unresolived 13 chain fragment and a 2{ chain of molecular weight

ca. 48,000 along with a Nﬁznterminal Aet chain remnant of molecular
weight 26,000, It has been suggested that the Aot remnant of fragment X
preparations may exhibit considerable size heterogeneity (98, 272),
especially since Mosesson et al. (246) have recognised at least ten
proteolytic cleavage sites on the Ael chain of fibrinogen, and the
observed weak reaction of this fragment with anti~Aec antiserum may, in
fact, derive from a species of fragment X with a NHELterminal Aot
remnant éf molecular weight 226,000, This result will be discussed
more fully in Chapter 6.

The fragment Y preparation used in these studies did not react
with anti-Ax antiserum, although a fragment ¥ preparation, isolated
from an earlier digest, did show a faint precipitin line, identical with
that of fragment X, These results remain unexplained at present,
especially since the polypeptide bands of reduced fragment Y on SDS-
polyacrylamide gel electrophoresis could not be assigned with any
certainty to their chains of origin., Indeed, some discrepancies in the
proposed sizes of the polypeptide components of fragment Y are evident
in other studies (100, 218, 244).

Neither fragments D nor E produced a reaction in agarose with
anti~A0t antiserum, although fragment D possessed an internal seguent
of the Aol chain (molecular weight 14,000) and fragment E contained the
Hﬁewterminal Act. remnant (molecular weight <13,000). By comparison, the
.Nﬂznterminal disulphide knot of fibrinogen, N-DSK, which closely corres-
ponds in itg location in the fibrincgen molecule to fragment B (186),
has been shown to rezcet with anti-bdos antiserum in a radioimmunoassay

(199, 289)‘ GJowever, it has been shown by Xudeyk et al, (388) that
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there are considerable differences in immunological behaviour between

N-DSK and fragment E,

4.4.3 Antigenicity of Aet-related antigens wiih respect tos

4.4.3.1 anti~Aet antiserum

Since fragments D and E, and possibly fragment ¥, do not react
with anti-Aot antiserum, it appears that few antigenlc determinants are
located or exposed in the Nﬂzuterminal section of the Aol chain in these
fragments, It might be that many of the determinants reside on the
remaining 40,000-50,000 molecular weight section of the CO0H-terminal
of the Ao chain, Certainly, the strong precipitin lines obtained with
Ac-3A(26,000) and the Acc-RA(33,000) and Aot~RA(44,000) preparations,
at low antigen concentrations on immuncdiffusion, gupport this view,
Indeed, Gollwitzer et al. (120) have suggested that F-CB3, a cyanogen
bromide~derived Aoe fragment from bovine fibrinogen, contained most of
the antigenic determinants of the Aol chain, On the other hand, the
spur, formed by intact fibrinozen over the precipitin line of the Aot -
RA(26,000) (Fig. 22A), and the formstion of a second precipitin arc on
immunoelectrophoresis, using anti-Aec antiserum (Fig. 158), indicated
the existence of Aw antigenic sites other than those present on Act-
RA(26,000), Immunodiffusion studies also showed that the Acc-RA(33,000)
preparation, largely band 2 material, was similarly deficient in Ao¢
antigenic determinants, and migh£ be immunologically identical to A¢.~
RA(26,000) (Fig, 24A)., However, thne Aoc-RA(44,000) preparation, largely
band 1 material, possessed more Aot antigenic determinants than Aot -
RA(26,000) and was immunologically identical to fibrinogen (Fig, 248),
suzzesting that most or 2ll of the antigenic determinants of the Acc
chain aight be located on the Sraznent Ax-RA(44,000). (N.B. The ssecies

respsonsible for the anodal precipitin arc on lmmanoelectrophoresis has
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not yet been identified, bubl it was not due to the reaction of {ragment
X, on account of its differing electrophoretic mobility and because the
arc persisted throughout the digestion of fibrinogen; even at a tine
when fragment X had been fully degraded., It 1s possible that this
electrophoretically distinct At -related antigen is formed during proteo-
lytic cleavage of the 44,000 molecular weight fragment and will be found
among the fragments constituting the electrophoretic bands A4=5,)

4.4.3.2 anti~-fibrinogen antiserum

The partial physical and immunological characterisation of Ao~
RA(26,000) revealed the expected similarities of this fragment to the
Hi2 fragaents of Hessel (155) in that they reacted with anti-Ace anti-
serum, they had similar molecular weights, and they ware single chain
polypeptides, However, both Hi2-Ala and a precursor 50,000 molecular
welight fragment reacted with anti-fibrinogen antiserum (155), whereas
the Aet-related antigens of wmolecular weights 44,000, 33,000 and 26,000
did not precipitate on immunodiffusion, even over wide -concentration
ranges (0.03-2,2 mg/wl) and using anti-fibrinogen antiserum obtained
from Hoechst Pharmaceuticals, Nordic Diagnostics, Dakopatts 4/S and
Calbiochem, This difference in the properties of A®¢ chain (ragments
may also be found by comparing the resulbts of previous studies., DMosesson
et al. (244) have shown that COOH-terminal fragments of the A&t chain
reacted with anti-fibrinogen antiserum on immunoelectrophoresis, while
Timpl et al. (329) reported that 20% of antibodies in anti-bovine
fivrinogen antiserum rezct with the Aet fragment, bovine F-CB3, (but the
species difference must also be considered here, especially in view of
the finding that human F-CB3 and bovine F-CB3 were not iwnunolozically
related (203))° On the other hand, the present observations on A« -
RA(26,000) are supported by the findinzg of Nussenzweig et al, (264),

Brert and luntsz (82) and Takazi and Kawail (317) who failed to {ind
D
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reactions between anti-fibrinogen antiserum and the small {ibrinogen
degradation products, 4, B and/or C, which are derived from the A
chain of fibrinogen (272), Thé discrepancy in these observations way
be due simply to the differing sensitivities of immunological techniques,
or it may be due to differences in the anti-fibrinogen antisera. In
many laboratories, it is common practice to absorb anti-fibrinogen anti-
serum with normal human serwm, which, however, has recently been shown
to contain small amounts of antigenic Aot fragments (38, 119, 138, 318).
Therefore, it is possible that,; in the absorption process, some anti-
fibrinogen antibodies may be unwittinzly removed along with other
undesired antibodies. Studies, in ithis laboratory, using unabsorbed
anti=fibrinogen antiserum, have produced weak reactions with Aot -RA
(26,000) and the Aet-RA(33,000) and Aot-RA(44,000) preparations,
Attempts to distinguish fibrinogen, fragment X and fragment Y
immunologically by gel diffusion using various anti-fibrinogen antisera
were unsuccessful, since antigenic identity was always observed (Fig.
22B), Similar results were found by Marder (216), but & later study
revealed partial identity between fibrinogen on the one hand and frag-
ments X and Y on the other (222), At present, however, there appears to
be little doubt, from other immunological procedures (108, 277), that
the formation of fragment X from fibrinogen is accompanied by a con-
siderable loss in the antigenic character of the species. Since the
major loss of polypeptide material occurs from the A® chain of fibrino-
gen during its degradation to fragment X, it seemg likely that the loss
in antigenic determinants is associated with this cleavage., However, in
view of the absence or weakness of a reaction of anti-fibrinogen anti-
serum with Acl-related antisens (molecular weights 26,000-44,000) or
with the intact cirboxymethylated A chain (Results, Chapber 3), the

immunogenic sites associzted with the whole Ael chain in intact {idvrino~
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gen are probably largely conformational in nature, and nay be assocliated
with the Bfa and ?f chains, as suggested previously (28). The results
of immunodiffusion studies carried out by the author in Dr, P, J.
Gaffney's laboratory in London support this hypothesis, since no
reaction was appavent between the intact Aol chain and ant1-CO0H/Apt,
(antiserum directed to sites in the COOH-terminal aspect of the Aet
chain and obtained by fragment D and E absorption of anti-fibrinogen
antiserun) (104).

Nevertheless,; antibodies have been ralsed against the isolated
Act chain in rabbits, gut it is likely that the determinant sites were
sequential in nature, since any native conformational structure would
almost certainly have been disrupted by the extreme denaturing conditilons
encountered during purification of the immunogen., -A similar suggestion
has also been made for the A chaln of Vovine flbrinogen; the existence
of intramolecular competition bebtwesen conformational and sequential
determinants in fibrinogen has been proposed to account for the apparent
increase in imaunogenicity of the Ao¢t. chain in the isolated form, com-
pared with that of the AcL chain in intact bovine fibrinogen (121).

The calcium binding centres of fibrinogen, involving the COOH-
terminal section of the AcL chain, may determine the conformation of‘
this section (97, 223). However, as precipitation reactions of the
CCOH-terminal polypeptides of the AoC chain (molecular weights 26,000
44,000) were not observed in the presence of calciuam iong, the reduced
antigenic character of these species, with respect to (commercial) anti-
fibrinogen antibodies, did not zppesr to be related to the loss of

celcium dons from the calcium binding centres,
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APPENDIX TO CHAPTZR 4

Upon the recent subnmission of a paper concerniang the [ragment
Aot ~RA(26,000) by this agthor,'the Editors of the Furopean Journal of
Biochemistry recommended the undertaking of an amino scid composition
analysis of that fragment. Such an snalysis was performed immediately
prior to the binding of this thesis,
lethods

The amino acid composition analysis was pevformed on two samples
(1.0 and 1.5 mg) of Ax-RA(26,000) (from different batches), After
hydrolysis of each sample for 22 hours at 110°C in 1 ml 64 HC1 and
0.1 ml of mercapto~acetic acid in evacuated, sealed tubes, the amino
acid mixture was analysed in a locarte Amino Acid Anzlyser (Scientific
Instruments, London), which was based on the original design of

Spackman, D. H., Stein, W. d. & Moore, S5, (1958) {Analytical Chemistry,

30, 1190-1206),

Resuvlts and Discussion

Absolute conceatrations of the amino acids were determined, but;
for the purposes of comparison, the results are shown as molaxr per-
centages in the Table,

A small pezk of unknown origin appeared in the ornithine position
of elution, No methionine was found in the fragment, while tryptophan
was not determined. The low value obtained for the half-cystine
content indicated that {the majority of the polypeptides did not contain
this amino acid, Generally, the amino acid distribution indicated a
low content of uonpolar amine acids, while the contents of glycine,
serine, proline and threonine were hign, These results are similar to
the composition analyses obtained by others (137, 155, 317, 390) and
provide fusthzrv evidence for the identity of Acc-RA{26,000) to the

v

fracguents A anl




Table

e nAyd
Phe amino acid composition of AC~RA(28,000)

Residue Content
Agpartic acid 5,0
Threonine 10.5
Serine 2045
Glutamic acid 7.6
Proline 12,7
Glycine 21,1
Alanine 2.7
Valine 2.4
Half-cystine 0.4
Isoleucine 0.6
Leucine 1.3
Tyrosine 1.1
Phenylalanine 1.9
"Ornithine“2 1.0
Lysine 2.0
Histidine 1.8
Arginine Te3

Values given are the means from two difflerent
batches of Aw-~RA{26,000) and are presented as
molar percentages,

4 swall peak of unknown ovizin appeared in the
orintnine position.
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HAPTER 5 CEVERATION OF Aec FRAGLENTS TN HUMAN PLASLIA

- cp e L T YA B

5l Introduction

In Chapter 4, studies in a purified system revealed that plasmin
degradation of fibrinogen caused the felease of Aot chain fragments
from the COCH-terminal aspect of the polypeptide. In order to dis-
cover if the release of such fragments from fibrinogen occurred in a
plasma enviroament, immunodiffusion with anti~Aet antiserum was used to
study the effects of in wvitro activation of the plasma fibrinolytic
system by urokinase. In addition, a number of human sera from
individuals, after in vivo activation of the plasme fibrinolytic systeu,

have been studied briefly and the results are given here,

5elel In vitre studies

When urokinase is added to human plasma in vitro, the fibrino-
lytic system is activated, generating plasmin which may digest formed
fidbrin clots. However, It was disputed for several years whether plasma
fibrinogen was similarly degraded by the fibrinolytic enzyme system or
wag protected from proteolysis by fibrinolytic inhibitors, although, in
purified gystems, fibrinogen was readily cleaved to smaller, Non=
clottable derivatives.,

In 1960, Bergstrim et al, (16) added urokinase %o plasma in a
cagse of liver cirrhosis to produce intense fibrinolysis. However,
slmost no fibrinogenolysis was measurable using a clottable fibrinogen
assay. On the other hand, Fisher et al. (93) showed that considerable
degradation of human plasna fibrinogen occurred upon plasminogen
activation by urokinase, the extent of degradation beinz obsesrved by
immunoelectrophoresis, Several years later, Gallimore et z2l, (109)
added urokinase to plasua at concentrations sufficlent to cause rapid

lysis of plazaa fibrin clots, but theae workers were unable to detect
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the breakdown of a significant amount of plasma fibrinogen, since nc
FDP were measurable in the serum from such urokinase~treated plasma,

Recently, these dgubts have been resolved and several investigae
tors have demonstrated conclusively the degradation of fibrinogén in
plasma by estimations of whole fibrinogen (131, 258) and by examination
of the subunit structure of fibrinogen (206, 301) after incubdation of
urokinase in plasma, In addition, the latter studies (206, 301) have
shown that the initial seguence of fibrinogen chain degradation is
similar to that observed in purified systems (272) in which the earliest
plasmin cleavage sites are located on the Aot chain of fibrinegen,

In this study, the plasma fibrinolytic gysten was activated with
urokinase and, after clotting, the serum was examined for the presence

of Act-related antigens by means of anti-AcL antiserum,

50142 In vivo studies

It might be reasonably expected that the level of FDP in human
gserum would be a useful measure of the extent of in x;gé fidrin{ogen)olysis.
However, when an immunochemical method for detecting FDP (fragaments X, ¥,
D and E) was used as a means of testing for primary or secondary
fibrinolysis (180, 196), unsatisfactory results were obtained in 2 group
of patients with thrombotic and other diseases, There was no apparent
correlation between the fibrinolytic activity (FDP measurements) and the
course of the disease, and, therefore, no useful dimgnostic or prog-
nostic information was obtained from the results (196).

Attempts to elucidate the mechanism of fibrinogen/fibrin
catabolism in vivo have been without success, While Mosesson (249)
favoured fibrinozenolytic d>grad3tion by plasmin or plasmin-like enzymes
as a uajor catabolic pathway, Cellen e} al. (61) claimed that losesson's

partially degraded fibrinozen species were artefactual in nature.
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Fibrinolytic enhancement by in vivo infusion of chemical agents may
(66) or may not (215) produce an increase in circulatinz FDF. In the
case of liver cirrhosis, Bergstrdm et al, (16) demonstrated iniense
fibrinolytic activity in the sbsence of fibrinogenolysis, and Gurewich
et al, (1.31) found that = potent plasminogen activator did not degrade
plasma fibrinogen, but caused rapid lysis of plasama fibrin clots,
Induetion of activated fibrinolysis by tourniquet has resulted in an
increase of circulating FDP in one case (49), but no significant change
was observed after venous occlusion in other cases (47, 201), 1In
addition, normal levels of FDP have also been found after venous
ocelusion (134, 144, 180),

In this second part of the study, human sera, before and after
venous occlusion of the arm, have been examined by means of anti-Act

antiserum in order to detect cleaved Aot-related antigens,

5.2 Materials and Methods

5.2.,1 Preparation of fibrinozen and fibrinogen fragments

Mbrinogen fraction I-4 was prepared as described in Chapter 2,
Ao ~RA(26,000) and the preparation At-RA(44,000), which was contaminated
with AL ~RA(33,000), were obtained from plasmin digests of fibrinogen,

ag described in Chapter 4.

5el2.2 Antisera to fibrinogen snd the Aet chain

Antiserum to the carboxymethylated A chain was raiged in
rabbits &8 described in Chapter 3. Jdntiserum to human fibrinozen was

- obtained from Hoechst Pharmaceuticals,.

5.2.3 Tomupodiffusion, irn-unoelectrophoresis and SDS-polyacrylanide

gel electrovhoresis

These tezchniques were carried out as described in Chapters 2 ani
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3

5.2.4 In vitro activation of plagsms fibrinolytic system

1 ml normal citrated plasma was incubated at 3700 with 0,02 ml
urokinase, yielding & final concentration of approximately 100 Ploug
units/ml. 0.02 ml 0.15M NaCl was incubated with 1 ml of the same
plasma as control. After 1 hour, the induced fibrinolytic activity in
both samples w2s inhibited by aprotinin (final concentration 200 w/ml).
Both plasmas were clotted with bovine thrombin (final concentration
10 EIHu/ml) and the sera were obtained by removal of the clots and
centrifugation of the samples, Serum from the plasma incubated with
urokinaée was designated S-UK and serum from the control plasma was
designated S~-Nall.

The physico-chemical properties of the Aotmgelated antigenls)
in human serum were examined by fractional precipitation by saturated
ammonium sulphate, gel filtration oin Sephadex G-100 and SDS~polyacrylamide
gel elecirophoresis of the serum immunoprecipitates, according to
Gaffney et al. (105). The immunological behaviour of Aoct-related
antigen(s) in human serum was examined by immunodiffusion and immpnou

electrophoresis.

56245 In vivo activation of plasma fibrinolytic system

A local increase in fibrinolytic activity in one arm was induced
by means of venous occlusion, according to Walker et al. (334), and a
sample of blood was obtained after 15 min., A sample of blood was
obtained from the non~occluded arm before application of the
sphygmomanometer cuff. The sera, obtained from & group of 28 normal
volunteers and patients in this hospital, were treated as degcribed in
Chapter 3. The fibrinolytiec activities of the corresponding plasma

sannles were assessed by measuring arens of lysis produced by
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resuspended euglobulin precipitates on plasminogen-rich bovine fibrin
plates (334).

The immunologicalvbehaviour of Aot-related antigen(s) in the
pre= and post-occlusion sera was examined by immunodiffusion, single
radial immunodiffusion (214) and Laurell electrophoresis (194)q In
addition, the plasma from an afibrinogensemic vatient (no detectable
fibrinogen by single radial immunodiffusion) was examined by immuno-
diffusion,

Carbamylation of the serum samples was performed with potassium

cyanate, as described elsewhere (260).

5.2.6 FDP asgay
Non-clottable fibrin(ozen) degradation products were estimated
in serum by the tanned red cell hazemagglutination inhibition assay

(233), using the Wellcome FDP Kit,

5.2.7 Ethanol gelation test

The detection of soluble fibrin monomer was performed according

to the modification of Gurewich et al. (134).

5.2.8 Reagents
Urokinase was obtained from Leo Pharmaceutical Products and
bovine thrombin from Parke-Davis,

5.3 Results

5.3.1  In vitro studies

8-UK and S-NaCl (sera obtained from the incubation of plasma
with urokinase and saline, rSSpectively) were examined qualitatively
for the presence of fibrinogen~ and Act-related antigens by means ol

immunodiffusion azaingt the appropriate ontisera. TFiz. 2% shows that



S-UK

Fig. 25 Immunodiffusion of S-UX and S-Na(1 with anti-fibrinogen
(AF) and anti-Aoc (AAOO antisera.

AQ-RA
(26,000)

A/Aq
4 HR DIG

A/AQ
S-UK  +

Fig. 26 Immunoelectrophoresis of Aoc-RA(26,000) (2 mg/ml), a
4 hour plasrain digest of fibrinogen (4 HRBIG (20 mgral)
and SSUK using anti-Aoc antiserum (a/Aoc), The 1Yyil
samples were applied on the agarose gels at the position
shown by the arrow.



neither S-UX nor S-NaCl reacted with anti-fibrinozen antiserum, whereas
quentitative estimation by the FLUP assay indicated & small rise in
fibrinogen degradation products in S-UK (Table IV), On the other hand,
both S-UK and S-Nall reacted with anti-Act antiserumn. However, the
precipitin line of S5.NaCl was very faint and cannot easily be seen in
Fig. 25, while that of S-UK was quite distinct, It was not possible to
ascertain 3if these two precipitin lines exhibited reacticns of identity.

e et

TFDP levels in serum, after incubation of the
plasma samples in the presence or abgence of
urokinese (means of 4 samples) :

Sample FDP level (pg/ml)
S-.1aCl 5.0
5-UK 10,0

Salt precipitation with saturated ammonium sulphate revealed
that most of the Aw -related antigen(s) in S-UK precipitsted at 40-50%
gaturation, along with a smaller smount at 30~40% saturation,

A small molecular size was indicated for the antigen(s) in
S5=UX by their elution volume on gel filtwration; when the Lo -RA(44,000)
preparation and S~UK were chrometographed on the same column of
Sephadex G100, similar elution volume/VOid volune ratips were obtained
(Ve/vo = 1,38 for $-UK and 1.31 for the Acc-RA(44,000) preperation).

A more accurate measurement of the molecular weight of the anti-
genic species by SDS=volyacrylamide gel electrophoresis of the immunow-
frecipitate obttained after incubating anti-Aeol antiserum with S-UK was
not rossible, because of the large number of contaminant bands dbesides

that of IgG, despite repeated carveful washing of the precipiizte,
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_ AQ-RA
S-UK (26,000)
A/A
Aa-RA
(516,000) S-UK
14

S-UK

' AQ_RA
m 1 (26,000)

Aa-R
(26,000)

Fjg. 27 IliLaunodiffusion of fibrinogen fraction 1-4 (1.3 mg/ml),
Aoc-HA(26,000) (0,03 lag/ml), polypeptides from the min
plasciin digest of fibrinogen (1),(0,3 mgm), and S-UK
with anti-Aoc antiserum (A/A oc),

(Sanmple I refers to the pooled fraction of Fig, 20A.)



124

Tmmunoelectrophoreslis established that the Act-~related antigen(s)
in S-UK had the same mobility as the fragment Ael.-RA{2€,000), which, in
turn, corresponded to the major (cathodal) imnunoprecipitin arc of a
4 hour plasmin digest of fibrincgen (Figa 26), Similar electrophoretic
exveriments with anti-Aet antiserum indicated that the 5-UK antigen(s)
and the Act-3A(44,000) preparation, as well as AsC-RA(26,000), possessed
identical electrophoreiic mobilities.

The immunological behaviour of the Act-releted antizen(s) in
S-UK was further investigated by gel diffusion, using anti-Aet antiserum.
g, 27A shows that both fibrinogen fraction I-4 and the Act-related
antigen(s) in S-UK spurred over Aet-RA(26,000), while a reaction of
identity was observed between S-UK and fibrinogen fraction I-4. Vhen
the Ast-related antigens in S<UK were compared with the Aet..RA(44,000)
preparation, a reaction of ildentity was olbtained (Mg, 27B)., In

addition, the latter prepsration showed spur formetion over Aoe~RA(26,000),

5.3.2 In vive studies

Limited studies on & number of serum samples from normal
individuals and patients have »een performed, although no attempt was
made to distinguish these two groups.

By double diffusion anslysis, 77 serum samplegs have been
examined, Faint precipitin lines were observed in each case when anti-Ace
antiserum was enployed, but none were seen with anti-fibrinogen anti-
gserun, The intensity of these precipitin lines usually increased when
the post~occlusion serum was compared with the pre-occlusion sawmple
(28 pairs of samples). Hewever, no significant increase in FDP levels
were found by the tanned red cell hoemogelutination inhibition assay.
In the few pre- and post~caclusion samples which were exwnined by the

gthanol gelation fest, no demenstrable [ibrin monomer was present, o
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A Q —RA
(26,000)

A Q-RA
(26,000)

Fit/. 23 Immunodiffusion of fibrinogen fraction 1-4 (1.3 mg/ml),
Aoc-HA(26,000) (0,05 mg/ml) and the concentrated
post-occlusion serum sample from DVED (POS) with

anti-Aoc antiserum (a/Aoc).
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precipitin line wag obsexrved when afibrinogenaemic plasma was investiga-
ted with either anti-fibrinogen or anti-Acc antisera.

Two postmocclusiqn serﬁm samples were 2x concentrated by means
of a Bl5 Amicon Concentrator and their immunological behaviour.was
compared with that of fibrinogen fraction I-4 and Ao;mRA(26?OGO), Az an
example, Fig. 28 shows that the serum A -related antigen(s) contain nore
determinant sites than Ae ~RA(26,000) and appear to be more closely
related to fraction I-4, thus behaving in an analogous manner to the
Aot~RA(44,000) preparation, In fact, there may be two Act-related
antigens in such serum samples, since closer examination of Fig, 28
reveals that part of the serum precipitin line does not meet that of
fibrinogen in a line of complete identity. As yet, the nature of the
Aor-related antigen(s) in pre-occlusion serum has not been investigated.

Single radial immunodiffusion clearly indicated an increase in
the level of Act-related antigen(s) in the post-occlusion serum samples
(Fig. 295 the origin of the inner precipitin ring is not known at
present). The illustrated example showed an increase in precipitin ares
in the posti-~occlusion sample of approximately 100%, while the fibrino-
lytic activity of the corresponding plasma euglobulin fraction increased
by 480%. In two cases, venous occlusion produced no increase in the
fibrinolytic activity of plasma euglobulin fractions and, correspond-
ingly, no increase in the areas bounded by the precipitin rings of the
post~occlusion serum samples,

Attempts have also been made to quantitate the levels of Axk -
related antigen(s) in pre- and post-occlusion sera by Laurell electro-
phoresis. Although the electropboretic conditions have not yet been
rexfected, Fig, 30 indicated the large increase in A -related antigen(a)
when the post-occlusion sample was compared wilth the pre-occlusion

sample, The inmperfectly formed Luurell "wociots™ were probably due o
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Post- Pre-
occlusion pcclosion”i

Fig. 29 Single radial immunodiffusion of serum samples from
patient Pre-occlusion serum was obtained from a
non-occluded armm and post-occlusion serum was obtained
from the other amm after 15 min venous occlusion. 10 jil
serum samples were applied to the agarose gel, which

contained 2" v/v anti-Aoc antiserum (a/Aoc).



7,1 W -r -t eAlireg

Fig. 30 Laurell electrophoresis of 10CY, 80", €Ch ~or» and
20;: dilutions of serum samples from patient HC. Pre-

*  occlusion serum was obtained from a non-occluded am
and post-occlusion serum was obtained from the other am
after 15 min venous occlusion, 10 |il serum samples were
applied to the agarose gel, which contained 20 v/v
anti-Aoc antiserum (./1 oc), Electrophoresis was
conducted overnight (17 hours) at 150V,
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rapid diffusion of the antigen(s) because of their low molecular weight
and/or the low electrophoretic mobility of the antigenic species (ef. the
low electrophoretic mobility of Aet-RA(26,000) and S-UX antigen(s) in
Fig. 26). Carbamylation of the serum samples, in order to increase the

electrophoretic mobility, did not greatly alter the shape of the "rockets.

5.4 Discussion

5.4.1 In vitro studies

With a view to quantitating the amount and egﬁent of fibrin(ogen)-
olysis usging anti-As. antigserum, the effect on plasma fibrinogen of
urokinage-induced activation of the plasma fibrinolytic system has been
re-exanined by an immunclogical technique. Instead of estimeting the
plasma fibrinogen or inspecting the molecular condition of plasma
fibrinogen after incubation with urokinase, immunodiffusion has been
uged to detect qualitatively the presence or absence of fibrinogené and
At =related antigens in the resulting serum, after removal of the fibrin
clot with thrombin.

The results showed that both S-UK and S-NaCl (seras obtained from
plasma incubzted with urokinase and saline, respectively) contained one
or more species which demonstrated Aot antigenicity, but did not
precipitate with anti~fibrinogen antiserum, While the precipitin line
from the reaction of anti-Aet antiserum and S-NaCl was faint, that of
S-UK was clearly visible (Fig, 25), indicating that activation of
plasminogen by uwrokinase had resulted in considerable fibrinogenolysis
with the release of A chain fragments from plasma {ibrinogen. Over
‘the period of observation, the extent of ovlasma fibrinogen degradation
appezred to be limited, since only & low level of fibrinozen-reluated

entizens were detected in the serum. (Although immunodiffusion with




-antiéfibrinogen antiserum, ag used here, is not capable of detecting frag-
ment D or {ragment E levels below ca. BO‘yg/ml, the tanned red cell
haemagglutionation inhibition assay is'sensitive to 2 P8 {fibrinogen
equiveient) ¥DP/m1 (233),

These results resembled those of Gallimore et 2l. (109) who found
no evidence of ¥D? in human serum after incubation of plasma and
urokinase (75 Ploug units/ml), and those of othexs (206, 301) who
demonstrated extensive degradation of the Awce chain of clottable plasma
fibrinogen after incubation with urokinase. Although Ly et al. (206)
found low levels of sefum FDP, they stated that failure to detect ¥DF in
serum does not necessarily preclude fibrinogenolysis, while Konttinen
et al. (181), in a study of streptokinase-induced fibrinolytic activity
in plasma, have pointed out that, if the fragments liberated during
fibrinogen degradation are related to the small A, B and ¢ peptides
(265, 272), they would probably not be measurable by the immunological
nethods currently used for the demonstration of fibrinogeu-fibrin-related
antigens.

Since 5-UK contained polypeptides which exhibited Act, but not
fibrinogen, antigenicity, and since gel filtration studies indicated
that the order of size of the antigen(s) was comparable to that of the
purified Aot-related antigens, the immunological behaviour of these
antigenic fragments in S-UX was compared with those of Acc-RA(26,000)
and the AOLmRA(44,000) preparation, The electrophoretic mobility of the
Att =related antigen(s) in S-UK was the same as those of Act -RA(26,000)
(Fig; 26) and the Ao «R4(44,000) preparation, Immunodiffusion with
anti-A& antiserum revealed that the S-UK antigen(s) and A« ~RA(26,000)
displayed only partisal immunologieal identity, the S-UK antigen(s)
possessing wore Aet antigenic sites than the 26,000 molecular weight

polypeptida (Fig. 274). The reaction of idenbity with the Aw-RA(44,002)
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preparation (Fig. 273), which contained most or all of the antigenic
sites of the Act chain of fibrinogen, indicated that the S-U¥ antizen(s)
were more closely related to the 44,000 molecular weight polypeptide

than to the 26,000 molecular weight polypeptide.

5.4.2 In viveo stuadies

The existence of Act. chain fragments in every individuwal sera
examined, except the afibrinogenaemic patient, was confirmsed by immuno=-
diffusion. In addition, the results of double diffusion analysis, single
radial immunodiffusion and Laurell electrophoresis using anti-Ac
antiserum revealed that venous occlusion generally produced an increasge
in the level of Aot ~related antigen(s) in serum, and was accompanied by
an increase in the fibrinolytic activity of the plasmae, as assessed by
fibrin plates, In two individuals, however, there was no increase in
elther plasma fibrinolytic activities or serum Aot.related antigens,
Since detectable fibrin monomers were not generated by venous occlusion,
these results indicated that activation of the plasma f&brinolytic
systen caused divect fibrinogenolysis, a result which is in direct
contrast to those of others (16, 47, 109, 134, 201) and which would be
overlooked by immunological techniques employing anti-fibrinogen anti-
gerum. Although attempts at correlating the increases in Aet ~-related
antigens in human sera with other haematolozical paramsters (e.g. arveas
of lysis on fibrin plates) must awalt greater characterisation of the
antigenic species, the magnitude of the increase of these antigenic
gpecies after venoug occlusion was generally greater than can be
accounted for by the effects of haemoconcentration,

Preliminaey characterisation of A ~related antigen(s) in human
sera (Fig, 28) inlicated at lezst one anbigenic species which behaved

immunclozically in a manner similar to Aew~34(44,000) and 2 possible
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second species with fewer antigenic delerminants. Tt is not yet known
if greater plasma fibrinolytic activity and longer incubation times
regult in further degradation of the Act fragments to species resembling

As~RA(26,000),

5¢e4¢3 Aol chain fragments in serum: recent investigations

The above study is relevant to some of the recent investigations
of peptides which have been derived by enzymatic and chemical means from
the AoC chain of fibrinogen (38, 119, 122, 137, 138, 155, 317, 318, 320),
Some investigators have described the existence of Aot chaln fragments in
human serum and have indicated that their quantitation may have physio-
logical and pathological significance (38, 119, 138, 318), While
Gollwitzer et al. (119) have found a serum concentration range of
1-10 pumoles/ml for normal healthy subjects, Blombiclk et al, (38),
Harfenist et sl. (138) and Takagi and Kawal (318) have described a range
of 50-200 pmoles/ml. From a comparison of the precipitin ring sizes
obtained for Aoc—RA(26,000) with the ring sizes for no?mal serum in
single radial iummunodiffusion tests, approximate calculations for normal
serun concentrations in this study agree more closely with the latter
range.

Although previous authors have described an increase of serum Aol
fragmnent concentrations in various coagulation disorders (119, 138, 318)
and in one Arvin-treated patient (38), no one hag yet described such an
incresse after venous occlusion of the limbs, as was found in this study.
Moreover, since some workers found that exercise~induced activation of
the plasma fibrinolytic system leads to an increase in serum FDP levels
(66, 86), while others have detected no change in serum FDP levels (5,
132, 185, 288), it will be interesting to re-cxamine this issue of

exercige~induced fibrinogenolysis by means of an immunolopical assay
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enmploying anti-Act antiserum, especially in view of the recent finding
of an increase in degraded Ao chains in plasma fibrinogen after

exercise (60).

5.4.4 Speculation on a fibrinogenolvtic mechanism

The mechanism of plasmin action, asguming that enzyme to be
responsible for the observed degradation of fibrinogen during the in vivo
and in vitro studies, i1s difficult to explain, During activation of the
plasaa fibrinolytic system in other studies (131, 132, 134, 201, 288),
the special protection from degradation afforded to soluble Cibrinogen
was attributed tq the presence of circulating antiplasmins and/or anti-
activators. In addition, it has been pointed out that antiplasmins
exist in plasme in considerable molar excess over potential plasmin (134,
258) and that some of these antiplasmins are fact-acting (3, 78). The
observed Aot chain degradation in plasma fibrinogen may have occurred in
the short time between plasmin generation and inhibition of the proteo-
lytic activity by antiplasmins or it may be a direct result of the small
amount of free plasmin postulated by Nanninga (258} to be present in
plasma. On the other hand, Harpel and Mosesson (140) demonstrated that
plasmin activity was inhibited incompletely by (x2~macroglobulin and that
the enzyme=-inhibitor complex retained a small amount of fibrinogenolytic
activity, which was protected from inactivation by other enzyme
inhibitors. An attractive hypothesis that 6t ,~macroglobulin "traps" by
conformational change, rather than inhibits, proteolytic enzymes has
been proposed (13). By this means,; the bound enzymes may demonstrate a
part of its normal activity with low molecular weight substrates, but
little or none with large proteins because of steric hindrance, If the
A% chain were an integral unit of a compact fibrinogen molecule, one
nizht expect couvlete protection from the residual proteolybtic activity

of such a trapped enzyme, However, present evidence indicates thal the
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Ael chain of fibrinogen is located on the surface of the molecule
(Discussion, Chapter 3) and that the Aew fragments which are cleaved by
plasmin have a hydrophilic nature and are surface-oriented, since they
have a hizh content of polar amino acids and are highly deficient in
hydrophobic amino acids (30, 122, 137, 155, 317, 320), The COOH-terwinal
aspect of the Act chain appears to have a random coil arrangement on ths
basis of circulzr dichroism studies of fragment A (320) and a less
ordered structure than the rest of the molecule since the helical content
of fibrinogen was increased after removal of the COOH-terminal half of
the Aot chain (243). Iﬁdeed, a large part of the Ace chain may protrude
from theAbulk of the fibrinogen molecule, since its rewmcval caused an
increase in the diffusion coefficient and a decrease in the frictional
ratio of fibrinogen (239), and crystallisation of fibrinogen occurs only
after cleavage by proteolysis of a similar part of the Aet chain (330).
Therefore, as depicted in the molecular models of Doolittle (68) and
Mosesson and Finlayson (243), the accessibility to the external environ-
ment of the COOH-terminal aspect of the Aot chain may explain, in part,
its ease of removal during activation of the plasma fibrinclytic system,
even by such complexes as plasminm(xz—macroglobulin (140),

From a physiological view, the effect of enzymic cleavage of a
44,000 molecular welght polypeptide from the Aot chain of fibrinogen as
a result of activation of the plasma fibrinolytic system would prevent
crosslinking of the ¢t chains of the damaged species (105), gshoulad
subsequent fibrin formation occur, since the two crosslinking acceptor
sites are loczted on the cleaved Ao polypeptide (85, 91, 320)., Further-
~ more, demuge to fibrinoren by vlasmin proteolysis of the Aww chain, and
subsequent fibrin formation, was shown to produce fibrin gels possessing
only X’ of the mechanicol strength of gels formed from intact fibrinogen

(306). Therefore, il is conceivable that, after in vivo vascular injury,




fibrin formstion from such damaged fibrinogen may lead to defective

stabilisation of the baemostatic plug.
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CHAPTER 6: THE LOCATICN OF Aee ~RA(26,000) IN THE Ae. CHAIN OF BUMAN

FIBRTNOCEN

6.1 Introduction

In recent years, several groups of workers have described a
numbexr of plasmin-derived fragments from the Aet chain of human
fibrinogen (96, 137, 155, 317, 320), The fragments consisted of single
chain polypeptides of molecular weight 20,000-25,000 and aprearad to be
similax to each other in amino acid composition. In some cases (96,

137, 155, 320), NHz—terminal amino acid sequence analyses were performed
and the results were in good agreement with one ancother and could be
related to the sequences in cyanogen bromide-derived Aect chein fragments
of similar propsrities (70, 96, 155, 320). These fragments were usually
described as COOH-terminal Aet chain fragments, since they were not
derived from sections of the Act chain which participated in interchain
disulphide bonding (137, 155, 317). However, the extensive amino acid
sequencing data of Doolittle and coworkers (70, 320) have provided
evidence for a more accurate location of one of these polypeptides,
fragment A, in a central region of the Act chain,

| Since the fragment A -RA(26,000) is likely to be similar to those
mentioned above, the location of this fragment in the Ao chain of
fibrinogen was studied by immunologlcal means in order to provide
additional information to that given by Doolittle and coworkers (70, 320),
The investigation was conducted by comparing the immunological behaviour
of the intact Aot chain of fibrinogen and the fragment AﬁanA(Zé,OOO)
with that of other fragments which contain or consist of various sections
‘of the Ace chain, viz. fibrinogen frasction 19, fragment X and the COOH-

terminal Ao polypeptides cleaved by uzncrod (75, 96, 230, 273).
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6.2 Materials and lMethods

6.,2.)1 Human fibrinogen fractions

Kabi fibrinogen was used directly for digestion by ancrod,

Fibrinogen fraction I-4 was prepared as described in Chapter 2,

High solubility fibrinogens, fractiong T-8 and I-9, were prepared
from outdated ACD plasma, according to Mosesson and Sherry (248), On
electrophoresis on 7.5% w/v acrylamide gel in 2M urea/5% v/v acetic acid,
both fractions I8 and I-9 gave rise to a major band near the top of the
gel along with a minor impurity of higher mobility. When assessing the
purity of these fractions by immunodiffusion against anti-human serum,
there was no reaction with fraction I-8, but fraction -9 showed a very
weak reaction which, however, could not be identified by using antisera

to albumin, antithrombin IIT, factor VIII or plasminogen.

6.2.2 Fragment X

Fragment X was prepared as described in Chapter 4.

6.2.,3 COOH-terminal polvpeptides from the Aot chain of fibrinozen

Using a modificztion of the method of Edgar and Prentice (?5)9
Kabi fibrinogen was digested by ancrod. The fibrinogen and salts were
disselved in distilled water to a fibrinogen concentration of 20 mg/ml,

and tetrasodium ethylenediamine tetra-acetate (Na EDTA) was added to a

4
concentration of 0,03 ip an attempt to inhibit fthe crosslinking con=-
taminants present in some ancrod preparations (273). The fibrinogen
solution was incubated for 1 hour at 3?00 with ancrod at a concentration
of 10 international units/ml. Since EDTA appearsd to inhibit fibrin
clot formation by ancrod, the supernatant conﬁaining non~-clottable
polypeptides was obtained by addirnz bovine thrombin to a {inal con-

. ey AT . . 0
centration of 20 WIHu/m), or by heating the solution to 96°C, and




135

removing the fibrin clot on a glass rod. The proteolytic activities of
both ancrod and thrombin were inhibited by adding phenylmethyl sulphonyl
fluoride (PMSF) in isopropanocl solution to a concentration of 4mi,
Begides several low molecular weight polypeptides, SDS-polyacrylamide

gel electrophoresis of the supernatant solution indicated the presence of
high molecular weighl species; partial separation wag achieved by apply-
ing the supernatant solution (5 ml) to a column (91 x 2.5 cu) of
Sephadex G-100 and eluting with 10% v/v acetic acid, The optical density
profile of the protein elution is shown in Fig. 31, along with the

electrophoretic gel patterns of freege-dried fractions 1 and 2,

6e2.4 Imounolozical and elecotirophoretic techniques

Inmunodiffusion and immunoelectrophoresis were performed as
described in Chaptex 3.

Polyacrylamide gel electrophoresis in the presence of SD3 or
pri| urea/ﬁ% v/v acetic acid was performed as described in Chapter 2,

Densitometry of the gels was described in Chepter 4.

6.2.5 Antisera

Antiserum to the carboxymethylated Act chain of fibrinozen was
raised in rabbits as described in Chapter 3,

Antisera to human serum, albumin, antithrombin ITI, factor."{iIIIg

plasminozen and fibrinogen was obtained from Hoechst Pharmaceuticals,

6.,2,6 Reagents
Ancrod (Arvin) was obtained from Berk Pharmaceuticsls Lid, and

bovine thrombin from Leo Pharmaceutical Products,

Ay i A
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Fig. 31 A, Protein elution profile (monitored at 280 m) of the
supernatant solution remaining after removal of the
clottable protein from anorod-digested fibrinogen. The gel
filtration was performed on Sephadex GIOO and the fractions
were pooled as shown,

B SDS-polyacrylamide electrophoresis (7" w/v gels) of:

1, Kabi fibrinogen (11 *g); 2. ancrod-digested fibrinogen
(12 |]ig); 3. supernatant solution after removal of the
clottable protein from ancrod-digested fibrinogen (3 *1);
4. fraction 1 (9 >ig); S« fraction 2 (14 p.z), The samples
applied to gels 1 and 2 were reduced with dithiothreitol
prior to electrophoresis. Fractions 1 and 2 refer to the
pooled fractions shown in A, The positions of the Aoc, Bp
and y chains, and low molecular weight polypeptides are
indicated.
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6.3.1 Polypeptide chain structure of the fibrinogen derivatives

Although the subunit structures of fibrinogen and the fibrincgen
derivatives, fractions I~8 and i«9, ffagment X, the Act chain,
A -RA(26,000), and the COOH-terminal fragments, have been well;defined
by others, thelr chain compositions were confirmed in this study by 5DS
polyacrylanide gel electrophcresis,

Of the single chain polypeptides, the intact Aot chain and
Ao ~RA(26,000) have molecular weights of 67,000 and 26,000 and have
been described in Chapters 2 and 4, respectively. COOU-terminal frag-
ments were derived from the Aot chain of fibrinogen by ancrod digestion,
as described in Materials and Methods and as shown in Pig, 31B. Gel 2
indicates thaﬁ most of the Ac chain has been cleaved to form several
polypeptides of lower molecular weight, the two major fragments having
molecular weights of 36,000 and 231,000, After removal of the clottable
material or the heat-precipitable species, the supernatant (Fig, 31B,
gel 3) was fractionated by gel filtration (Fig, 31A4), into a leading
peak (fraction 1), containing high molecular weight species, and a
trailing shoulder {(fraction 2), consisting largely of several low
molecular weight polypeptides (i.g. 31B, gzels 4 and 5, respectively).
The sexries of 3 polypeptides in fraction 2 had molecular weights of
31,000 (major band), 29,000 and 27,000, and were nobt altered by disulvhide
bond reduction, Bimilar series of Aet chain fragments from ancrod
digestion of fibrinozen have already been reported (75, 96, 273). The
single band in the widdle of the gel had a molecular weight 54,000 and
may have been a dimer of one of the lower molecular weight bands. Since
imminodiffusion tests revenled that the hizh molecular weisht witerial
of fraction 1 did not react with anti-fidbrinogen or antimAQL antiserum,
the fractlon nas discarded, Traction 2 wis retained for investization

of the immunolozizal properties of COOH-teralnal Aot chain polypeptidesn,
3 k & X
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r38000
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14 1-8 19

SDS-polyacrylamide electrophoresis ;14 w/v gels) of
reduced fibrinogen fractions 1-4, i-8 and 1-9, 'The
positions of the intact subunit chains are stiown, along

with two molecular weight graduations.
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0f the multiple chain fibrinozen derivatives, the siructure of
fragnent X has already bezen describead (Fig. 19B and Table III, Chapter 4)
and consists of intact ?f chaing, degraded B[3 chains and a NHQ_terminal
Aoe remnant of molecular weight 26,000, In addition, a faint band of
molecular weight 31,000 was also seen. Hxamination of the subunit
structures of fibrinogen fractions I-4, T=8 and X-9 by SDS-polyacrylaemiie
gel electrophoresis, after sample reduction by dithiothreitol, indicated
that the Act chain had bzen largely dezraded in {ractions I-8 and I-9
(Fiz. 32). (The orizin of the high molecular weight bands seen in these
gels is not known, but may be due to impurities or to incompletely
reduced fibrinozen.) Estimation of the molecular weights yielded valuss
of 56,000 and 46,000 for the BFs and 1{ chains, respectlively. The Aot chain
in fraction I-4 had a molecular weight of 67,000, but there was no
corresponding band in fraction I-9, while there was a very faint band in
fraction I-8. Densitometry of the gels revealed that the staining
pattern below the 3’ chaing of fractions I-8 and I-9 consisted of 4 bands
of molecular weights 38,000, 34,000, 31,000 and 29,000, of which the
second band was the most abundant., A small amount of the 34,000 molecular
weight materiazl was seen in the fraction I-4 preparation, These bandsg
represent the Aot remnants which remain bound to the core of the fibrino-

gen molecule at the Hszterminal end in these high solubility species

(246).

6.3.2 Tmounolegical vroperties of the fibrinogzen derivatives

On jmmunodiffusion, all of the fibrinogen derivatives reacted with
anti-AeC antiserun, but only fragtions I-4, 1.8, I-9 and fragment X
reacted with anti-fibrinosen antiserun, showing reactions of identity,
while the intaset Aot chain, Ac-RA(26,000) and the COOH-terminal poly-

peptides did not react.
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Comparison of the precipitin lines of some of these fraguents by
immunodiffusion with anti-Ace antiserum revealed that the intact Aee
chain spurred over both Aot~RA(26,000) and fraction I-9 (Fig. 33). A
gimilar, but smaller, spur was usually obtained with fraction 1.8,
Furthermore, a reaction of identity was indicated with fraction I-9 and
Acc-RA(26,000). As expected, a similar precipitation pattern to that in
Fig. 33 was obtained when the A& chain wss replaced by fibrinogen
fraction 1-4.

Further immunological investigation with fragment X, a species
with & shorter Nﬂznterminal Aot remnant than that of fraction I1-9,
revealed thalt anti-Ace antiserum also produced a reaction of identity
with Ace-RA(26,000) and fragment X (Fig. 34). However, a high con-
centration of fragment X was required (4 mg/ml) end even then, the
precipitin line was rather weak. Re-examination of the gel electrophero-
gram of intact fragment X (Fig. 19A, Chapter 4) failed to show any
contamination of the sample with Act~-RA(26,000), although a very faint
band of molecular weight 31,000 was seen when fragment X was reduced by
dithiothreitol (Fig. 19B, Chapter 4). Further evidence that the
reactivity with anti-Aec antiserum was indeed due to fregment X was
obtained from immunoelectrophoresis (Fig. 35) which showed that both
fragment X precipitin arcs, with anti-Ac¢ and anti-~fibrinogen antisera,
corresponded to each other in mobility, but differed from that of
Aot -RA(26,000),

When fragments from the other end of the Act chain, the COOH-
terninal polypeptides, were subjected to gel diffusion analysis, the
precipitin line from fibrinogen fraction I-4 spurred over those of
Ao ~RA{26,000) and the COOH-terminal polypeptide prepsration (Fig., 26),
However, the orecipitin lines of Ax -RA(26,000) and the COOH-terminal

Aot polypeptides revealed a pattern of complete intersection,
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Fig. 33 Immunodiffusion of Aoc chains (1.O mg/ml), fibrinogen
fraction 1-9 (1.5 mg/ml) and Aoc-RA(26,000) (0,05 mg/ml)
with anti-Aoc antiserum (AAQO.



Aa

AQ-RA
(26,000)

Fig. 34 Immunodiffusion of Aoc chains (1.O mg/ml), fragment X
(4.0 mg/ml) and Aoc-RA(26,000) (0.05 mg/ml) with
anti-Aoc antiserum (a/A oc).



Fig. 35 Immunoelectrophoresis of fragment X (12 pg) and
Aol-HA(26,000) (0.2 pg), using anti-fibrinogen (A/F)
and anti-Aoc (a/Aoc) antisera. The samples were applied
on the agarose gel at the position indicated by the large
arrow. The small arrow indicates the faint
imciunoprecipitin arc formed by fragment X and anti-Aoc

antiserum.
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Fig, 36 Immunodiffusion of fibrinogen fraction 1-4 (1.O mg/ml),
Aoc-HA(26 ,000) (0,05 tng/ml) and the COOH-terminal Aoc
polypeptides (O (0.6 mg/ml) with anti-Aoc anti serum
(a/Aoc). Sanmple Cwas obtained from fraction 2 of
Fig. 3IA.
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64 Discnssion

6odel Comments on the chain structures of the fibrincosen derivetives

The intact AGt ciiain and Aet<RA(26,000) species have been
described in Chapters 2 and 4, respectively. The free, single-chain,
CO0H~terminzl Aet polypeptides were obtained by ancrod digestion of
Human fibrinogen and isolated by chromatographic separation of the low
molecular weight fragments. Polyacrylamide gel electrophoregis revealed
the presence of 3 polyveptides of molecular weights 31,000, 29,000 and
27,000, besides some other contaminants, Although the progress of ancrod
digestion with time was not studied, others (75, 96, 273) have found
that continued ancrod digestion of the largest cleaved polypeptide
(molecular weight 31,000) accounted for the progressive appearance of the
smaller molecular size specles. However, it has been suggested (96) that
at least part of the observed heterogeneity in the molecuvlar size of
these polypepltides may be related to the absence of small peptides from
the extreme COU0H~terminal end of the Aet chain in nativé fibrinogen (63,
255). Yo evidence was found here or elsewhere (75, 96, 273) for ancrod-
induced proteolysis of B or 3’ chains,

SDS-polyacrylamide gel electrophoresis of the reduced fibrinogen
fractions If4, I-€ and 1-9 revealed the presence of intact BIB and YY
chains in all three fractions, but extensively degraded A0{ chains were
observed in the high solubility fibrinogens, fractions I-8 and I-9, Four
Aot remnant bands of molecular weight 29,000-38,000 (major band: 34,000)
probably correspond to the Aat/?onL/lo bands of Mosessou et al, (244),
Wnile fraction I-4 possessed an intact Aowe chain, the presence of a small
amount of malerial with molecular weight 34,000 probably represents a
proportion of degraded (from the COOH-terminal end) Aot chains (246), and

confires the observation of losesson et ul. (246) that all plaswa fitrino-
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gen fractions contain at least some degraded Aoce chains.,
Ag described in Chapter 4, the fragment X preparation had intact 2{

2

terminal Aot remnants (molecular weight 26,000). A faint band (molecular

chains, slightly degraded BF. chains and extensively degraded NH

weight 31,000) of unknown origin was also seen, but, in view of the find-
ings of others (98, 272) that the Aot remnants of fragment X mey exhibit
considerable size heterogeneity, this band may be derived from the Act
chain of fibrinogen. Indeed, some degree of heterogeneity of the Ac
remnant of fragment X might be expected, since Mosesson et al, (246), in
a study of circulating fibrinogen catabolites, have identified nine
plasmin—iike cleavage sites on the COOH-terminal aspect of the Aee chain,
Although Marder et al. (222) suggested that fragment X and
fraction I-8 represented the same intermediate degradation product, and
Gaffney (103) snd Pizzo et al. (272) have attempted to relate their
fragment X preparstiions to the bigh solubility fibrinogen, fraction I-g&,
on the basis of the intactness of the BF» chain, Mosesson et al, (241,
246, 247) have convincingly demonstrated that the major structural
differences between circulating high solubility fibrinogen fraction I-8
or I~9 and the in vitro plasmin-derived counterparts, I-8D or I-9D, lay
in the relative abundance of different Nﬂgaterminal remnants of the Ao
chain, Thus, these authors showed that Aec/8 and. Aoc/9 (molecular
weights 34,000 and 32,000, respectively) were most abundant in fractions
I-8 and I-9, whereas Aoc/ll (molecular weight 25,000) predominated in
the 1-9D counterpart which was derived from the plasmin degradation of

pure fibrinogen. Such a difference in molecular size of the NH,_ -terminszl

2
Aot remnants between the high solubility fibrinogens and the early
derivatives of filbrinogen, produced by plasmin degradation in vitro, weve

reproduced in this study; this difference underlined the uncertainty as

to whether vlasmin alone wzs responuible for the formation of cireunlatin:
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fibrindgen catabolites in vivo (247).

6o4.2 Immunolosical behaviour of the fibrinogen derivatives

A11 of the derivatives examined reacted with anti-fAes antiserum
on immunodiffusion, but differences in their immunological behaviour
gave insights into the probable location of the epitopes of the Ant
chain.

The appearance of a reaction spur of fibrinogen frsction I-4 or
intact Aot chain over fractions I-8 and I-9 indicated that one or more
antigenic determinants of the A« chain had been lost during removal of
the COOH-terminal end of the Aot chain in the high solubility fibrinogens,
Since the intact Aec chaln also spurs over Ax.-RA(26,000), the same con-
clusions are valid. However, immunological reactions of identity were
obtained with fraction I-9 and Acc ~RA(26,000), indicating that voth of
these fragments contained ldentical gets of antigenic determinants
(Fig. 33). 4s there are no reports at present on the occurrence of
internal antigenic homology of the Aot chain, in spite of the occurrence
of small segments of internal sequence homology (64, 70)9 the identical
immunological reactivity of these two fibrinogen derivatives with anti-Acl
antiserum wés conglstent with considerable sequential overlap (with
respect to their positions of origin on the intact Act chain) of the Aw
chain fregments of fraction I-9 and Act-RA(26,000).

When fragment X replaoed.fraction I-9 in the gel diffusion
experiment (Fig., 34), a similar precipitin pattern was observed, and a
reaction of identity between fragment X and A« -RA(26,000) was seen,
Since the imtensity of the fragment X reaction was weaker than that of
fraction 1-9 {confirmed by estinating the titire of each species) and
gince the molar concentration of fragment X applied in Iig. 34 was

considerahly greater than that of fraction I-9 in Fig, 33, the reaction
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of identity betwesn frazment X and AGLmRA(Qﬁ,OOO) wight be due to the

existence of a small population of fragment X species with extended A

remnant chains (molecular weight >-26g000) which overlanped in'amino

acid sequence with the fragment Act ~RA(26,000). Consistent with this

hypothesis were the observations that

(1) a faint band of molecular welght 31,000 appeared on the acyylamide

gels of reduced {ragment X, and

(41) fragments D and E, the AX chain remnants of which constitute the
NH,-terminal A« chain remnant of frogment X (218, 272), did not
react with anti=Act antiserum.

When the reactions of the COOH-terminal polypeptides of the Aot
chain and A6C-RA(26,000) were compared, the precipitin lines intersected
each other (Fig. 36). Close examination of the intersection of the
precipitin lines and applicetion of the criteria of Crowle (65) indicated
that this was probably a true reaction of non-identity rather than double
spur formation. These results indicated that the COOH-terminal poly-
peptides (molecular weights 31,000, 29,000 and 27,000)cleaved by ancrod
from the Aol chain of fibrinogen, did not share antigenic determinant
sites with Lo -RA(26,000), but included determinant sites not contained
in Aot-RA(26,000), The above results have been summarised in Fig, 37,
which shows that the antigenic determinant sites of Aw-RA(26,000) must
lie towards the Nﬂznterminal end of its structure. Such a constraint is
required to accommodate the information that the antigenic sites of
Aot =RA(26,000):

(i) sre renoved from the parent fibrinogen molecule by the early
plasmin cleavage of a COOH-terminal polypeptide of molecular
welght 44,000 (Chapter 4);

(11) are included in the N12~terminal Aot remnant (molecular weight

34,000) of fraction I-9; and
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(iii) are not contained in the ancrod-cleaved COOH-terminal polypepiides
of the Aot chain,

Vhile the immunological findings permitted the location of
AoC-RA(26,000) in a central section of the Aot chain, the NHzmtarminal end
of Act ~RA(26,000) was not contiguous with the COOH-terminal end of the Ast
remnant of fragment X. Both Hessel (155) and Fretto et al. (96) nave
demonstrated additional peptide material at the Nﬁzmterminal end of the
larger precursor AcL polypeplides compaxred with Hi2-Met, a fragment which
is wmost likely the same as Act-RA(26,000), In addition, Taksgi and
Doolittle (320) have described the loss of three smsll peptides from the
NHzaterminal end of an early plasmin cleavage fragment to yield fragment
A. However, these authors (320) az well as others (96), have indicated
that the Nﬁgmterminal end of fragment A lies near residue 250 in the Aow
chain, which corregponds to an approximate molecular weight position of
28,500 (91)§ This finding is consistent with the proposed position of
Ao~RA(26,000) in the Act chain since fragment A and Aot-RA(26,000)
appeanr to be similar apecies (317, 320).

If the pogition of fragment Aot -RA(26,000), as indicated above,
is correct, it is difficult to reconcile thig idea with the suggestion
that the formation of the high solubility fibrinogens, fractions 1-8 and
1»9, represents a major catabolic pathway for fibrinogen, mediated by
plasmin or plasmin-like enzymes (241, 246, 247). Studies on the
degradation of purified fibrinogen have shown that plaswmin largely renoves
a COOH-terminal Aoc. polypeptide which contains the antigenic determinant
sites of A« -RA(26,000) (Chapter 4), whereas fractions I-8 and I-9 appear
to have retained these sites on their constituent chains. PFurthermore,
the plasma envirorment does not appear to have modified the initial
cleavaze pattern of plaswma fibeinogen, such as to cause the progressive

cleavage of COCH-texminal frigments of the Aot chain of fibrinogen up to
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the stages represented by fractions I-8 and I-9 and then beyond that
stage to release the antigenic determinant sites of Aot-RA(26,000);
evidence wag presented in Chapter 5 that activation of the plasma
fibrinolytic system in vitro and 1n vivo caused the release from plasuwa
fivrinogen of fragments which were immunologically identical to
Aoc~RA(44,000) and therefore, inconsistent with the formation of
fractions 1-8 and I-9. Therefore, the enzyme(s) responsible for the
production of fractionsg I-8 and I-9 appear(s) to cleave the Aet chain at
a position close to the initial pevptide bond, or indeed the same peptide
bond; cleaved by ancrod. At the present time, therefore, it is not known
if fibrinogen fractions 1«8 and I-9 are derived from intact fibrinogen by
an alternative or minor catabolic pathway of plasmin or if the enzmyme
responsible for their formation is more closely related to ancrod than

to plasmin in itg specificity of action.
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CHAPTER T:

Prron

FIBRINOGEN

Tal Introduction

The major pexrt of the present thesis consists of the character~
isation of anti-Act. antigerum and its use 1n the investigation of
fibrinogen degradation. The antiserum was adequate for thic purpose,
gince it reacted with the Aet polypeptide chain, either in its isolated
form ox in intact fibrinogen.

In order to investigate the immunological behaviour of the BF
and zy chaing of fibrinogen by the technique of iwmnmunodiffusion, anti-
sera to the isolated, carboxymethylated polypeptides were raised in
rabbits (at the third attempt). From limited studies, some charactere

igtics of anti»Bf; and antiwzf antigera are presented in this chapter,

T.2 Materials and Methods

e

Y _chaing of human fibrinogen
J _

The carboxymethylated Aot B[3 and, 6’ chains of fibrinogen
fraction I-4 were prepared as described in Chapter 2, Antisera to
each of these chains were raised in 6, 3 and 3 rabbits, respectively,

and were heat-inzctivated, as described for the Aot chain in Chapter 3,

7.2.,2 Commercial antisersa

Antigera to fibrinogen and its fragments were obtained from a

number of sources, as listed in Chapter 3.

Te2.3  Ipmunologiosnl technitues
Tomunedi€fusion and iwmuncelectrophoresis were performed ag

degcribed for the Act chain of fibrinogen in Chapter 3.
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T.2.4 Polyacrylamide gel electrophoresis

Polyacrylamide gel electrophoresis in the presence or absence

of 5DS; was performed as described in Chapter 2,

T+2.5 Preparation of polypeptide chains of fibrinogen from small

samples of plasna

Using the sulphite precipitation methed of Rampling and Gaffney
(291), 0.9 ml of 10.5% w/v sodium sulphite solution was added to 0.1 ml
of normal citrated plasma. After incubating for 15 min at 3700, the
precipitated fibrinogen was centrifuged at 1,000 g fpr 30 min and
subsequently washed in 0.4 ml sodium sulphite solution. The suspension
was centrifuvzed again to yield a deposit of fibrinogen chainé.

For examination of the precipitated fibrinogen by SDS-
polyacrylamide gel electrophoresis, the deposit was dissolved in
0.5 ml of 1% w/v SDS/phosphate buffer, For immunodiffusion studies,

the deposit was dissolved in 0.1 ml 8M urea/barbitone buffer.

7.2.6  Reagents

Fibrinogen fraction I-4, normal human plasma and serum were
obtained as indicated in Chapters 2 and 3. In addition, the series of
plasmin digests of fibrinosen (Chapter 4) was investigated in this

study.

7.3 Results

T7.3.1 Purity of the BF Ehﬂl'g polypepiide chaing

The purity of the BP and J’(ﬂumrm of fibrinogen was assessed
by polyacrylamide gel electrophoresis, with or without the presence cf
SIS, and the results are shown in Figa. 58, 6B and 7 (Chapter 2).

Besides the mzjor polypeptide band, 2 number of minor bands of lower




Fig. 383 Immunodiffusion of Aoc cliains (1) S mg/ml, (4) 1 mg/ni;
Bp chains (2) 5 nmgml, (5) 1 mg/mi; and y chains
3) Smg/m, (6) 1 mg/ml; with antiserum in centre wells,
A, Anti-Bp antiserum (A/3p), B Anti-'Jj' antiserum (A/".



Fig. 39 SD3-polyacrylamide electrophoresis (7/ w/v gels) of
A, sulphite-precipitated fibrinogen from plasma
(ca. 25 ~g), and B. Kabi fibrinogen (il *g). In gel 3,
the fibrinogen was reduced with dithiothreitol prior to
electrophoresis, and the constituent polypeptide chains are
indicated. Gels A and B were obtained after separate

electrophoretic runs.



Fig, 40 Immunodiffusion with antisera to the carboxymethylated
Aoc (A/Aoc), 3p (A/3p ) and * chains (V'J")*
A, Sulphite-precipitated fibrinogen from plasma (SP)
(ca, 3 mg/ml), B carboxymethylated fibrinogen
(H FIB) (2.5 mg/ml).
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electrophoretic mohility were also seen on each gel,

T7.3.2 Immunological behaviour of the B!B and.’g chaing

TTmmunological bhehaviour of the BA and ¥ chaing anti-
41 1 ] J ,

fibrinegen antiserum from six different commercial sources, immuno-
precipltates were obgerved with neitheriBF IMH?‘H chaing, Moreover,
these chains did not react with antisera to fibrinogen fraguments D and
B,

Anti-B [3 antiserum reacted with BP and h’ chaing, but not with
Ac chains (Fig, 384), Anti»a’ antigerum reacted with ‘y’chains and
very faintly with BP chains, but not with Aot chains (Fig, 38B),

On immunodiffusion with fibrinogen fraction I-4 or plasma,
anti-B{S antiserum revealed a very faint reaction,‘but an%imaf antiserum
did not react,; even when concentrated two-fold by ammonium sulphate
precipitation, Neither antisera reacted with normal human serum and
no precipitin lines were produced on immunodiffusion with the series

of plasmin digests of fibrinogen.

Te3.3 Examination of sulphite-precipitated fibrinogen from plasma

SDS=polyacrylamide gel electrophoresia of the sulphite
precipitate of plasma revealed three major polypeptide bands of the
game mobility as those of fibrinogen (Fig. 39). Additional minor bands
of hizher molecular weizht were also evident. Immunodiffusion of the
redigsgolved sulphite precipitate revealad that it reacted with antisera
to the Ak, st and 2{ chaing of fibrinogen (Fig, 404), Similar
precipitin patterns weve observed with CM-fidrinogen as antisen (Fig,

408) .

T4 Migangsion

Yhile there nove been several claims that antlsora raised
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against the polypeptide chains of human {ibrinogen were monospecific
in nature (28, 252, 285), Gollwitzer et al. (121, 123) found consider-
able antigenic homology betweed the Aet and Bl3 chains of human
fibrinogen, but these aunthors algo considered the possibhility éf
croag~contamination of the polypeptide chaing., In this study, auﬁimﬁp
antigerumn precipitated with the Z’ chain, as well as with the immunogen,
and antiwg antiserum reacted with the immunogen, but only faintly with
the 3{3 chain. Therefore, it was likely that each polypeptide
preparation was contaminated with intact or degraded forms of the other
chain, Although absorption studies have not yet been performed, the
results are similar to those of Gardlund (111), who, despite congider-
gble contamination of the fibrinogen chain preparations and their
antisera with each other; concluded that cross-reacting antibodies to
homeolozous structures in the chains were not present in these antisera,
However, by radioimmunochemical weans, an antigenic homology between the
Aot and.'X chains of human fibrinogen was recently deseribed (55),
Anti-Bl3 anbiserwn, but not anti»ﬁ’ antiserum, was found to
react weakly with intact fibrinogen, Similar findings have been
described by other workers (28, 121, 252, 285, 309) and may indicate
that most of the antigenic deﬁerhinant sltes on these chains are
sterically hindered in the whole molecule, Against expectations, these
gsites did not appear to be exposed during plasmin degradation of
fibrinogen. On the other hand, it should be noted that anti»;{ anti-
serum, when assessed by radiolmminoassay, exhibited a small, but
measurable, binding capacity for fibrinogen (55, 285), In accordance
with the findings of others (28, 252), anti-fibrinosen antiserum did
not react with any of the polypeptide chains of fibrinogen, However,
Gollwitzer el al, (123) have observed precipitation rezxctions with the

Aow and Bf} chaing of bovine fibrinogen; using antiserum to bovine

Ao and Bfi chining of bovine fibrinosen; using antizervum to dovine
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fibrinogen. In addition, antiserum to fragment D was reported to
produce precipitin lines on immunodiffusion of the Bf) and 5’chains
(59)9 tut no such results were found in this study,.

The intersecting precipitin lines found upon gel diffusion of
C¥-fibrinogen and antisera to each of the three chaing of fibrinogen
indicated that the antigenicity of each chain was largely non-
identical in mature. Iurthermore, cleavage of the disulphide bonds of
fibrinogen caused expression of the antigenic determinant sites of the
313 and a’ chaing and ﬁhis was also observed for sulphite-precipitated
fibrinogen from plasma, By this means, immunclogical examination of
the subunit polypeptides of fibrinogen may be performed on emall
volumes (0.1 wl) of plasme, and such = technique may serve as a
convenient method for immunological probing of the constituent chains
of fibrinogen in such cases as acquired and congenital dysfibrinogensemias,

The immnodiffusion experiment on the sulphitolysed chaing of
plasma fibrinogen was suggested by Dr, P. J. Gaffney, National

Ingtitute for Biological Standards and Control, London,



FUTURE  DEVELOPLIENTS

Antiserum to the carboxymethylated Ae¢ chain of human fibrino-
gen reacted with the Aot chain, whether in isolated form or as part of
the fibrinogen molecule, Immunoelectrophoresis with this antiserum
demonstrated the early release of at least two independent antigenic
fragnents from the Aot chain of fibrinogen during plasmin degradztion,
Activation of the plasma fibrinolytic system, both in vitro and in vivo,
also led to the release of Aoc~related antigens from plasma fibrinogen.

Based on these findings, gquantitative estimation of the Ant-
related antigens in human serum may represent an assay procedure for
mezsuring the extent of in vivo fibrin(ogen)olysis, This assay should
be a more sensitive indicator of fibrin(ogen)olysis than the current
FDP assay, which measures only those major fibrinogen derivatives in
serum, which have become non~clottable, Using anti-Ae. antiserum, no
such constraint would be imposed on the assay system, which would
measure the earliest-released polypeptides from the AeL chain of
fibrin(ogen).

It remains to be seen if the measurement of Aet -related anti-
gens in human serum can detect the occurrence of low grade hyper-
coagulability through the secondary activation of the fivrin{ogen)olytic
system, The assay wmay slso provide additional information in the
controversy "{ibrinolysis vs. fibrinogenolysis", particularly in the

cases of systemic activation after exercise and venous occlusiorn.
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