
0 028 489 Enzyme derivatives and their preparation This invention relates
to enzyme derivatives and in particular to derivatives of the enzyme
streptokinase/plasminogen activator complex, which derivatives are useful
in the treatment of venous thrombosis. It is known that complexes formed
between streptokinase and the enzyme plasminogen mar be 5 used as
thrombolytic agents in the therapeutic treatment of venous thrombosis.
Plasrninogen is a plasma [err]-globulin which is the inactive precursor of
the fibrinolytic enzyme plasmin. Streptokinase is a secretory product of
haernolytic streptococci and can be produced cheaply in' large quantities.
When streptokinase and plasminogen are mixed, there is initially formed a
very strongly, but non-covalently, bound binary complex between the two. A
conformational change then occurs in the plasminogen 10 component, which
uncovers a catalytic site having proteolytic activity. This catalytic. site
then causes peptide bond cleavages firstly in the streptokinase component
and secondly in the plasminogen, which is converted to plasmin. The final
complex which results when streptokinase and plasminogen are mixed, and
which has been loosely termed "streptokinase/plasminogen complex". is
therefore in fact a complex between fragmented streptokinase and plasmin.
There is. no method presently known to 15 isolate the initially formed
binary complex of streptokinase and plasminogen with a catalytic site
before internal peptide bond cleavages occur because this labile complex
immediately degrades. However, such complexes have been detected with their
catalytic site blocked by mixing streptokir.ase and plasminogen in the
presence of the acvlating agent p-nitrophenyl p'-guanidinobenzoate (see D.
K. McClintock and P. H. Bell, Biochem Biophys Res Comm 43, 694-702, 1979).
20     In European Patent Application No. 79301773.2 there are described
fibrinolytic enzyme derivatives in which the catalytic site essential for
fibrinolytic activity is blocked by a group which is removable by
hydrolysis under certain conditions. One suitable fibrinolytic enzyme
disclosed therein is streptokinase/plasminogen complex. As that complex is
produced by first mixing the streptokinase and plasminogen and then
blocking the catalytic site, the product disclosed in that patent is a
blocked form 25 of the "streptokinase/plasminogen complex". i.e. is a
blocked form of a complex between fragmented streptokinase and plasmin. It
has now been found that a blocked derivative of the initially produced
binary complex between streptokinase and plasminogen can be isolated by
mixing the two in the presence of excess blocking agent. and is useful as a
thrombolytic agent. Furthermore it is more homogenous, more effective and
30 its formation is easier to moniter than the blocked
"streptokinase/plasminogen complex" disclosed in European Patent
Application No. 79301 773.2. Accordingly the present invention provides an
enzyme derivative which comprises a binary complex between unfragmented
streptokinase and plasminogen, wherein there is substantially no internal
peptide bond cleavage in the streptokinase component or the plasminogen
component, which 35 complex has the catalytic site essential for
fibrinolytic activity blocked by a group which is removable by hydrolysis
such that the pseudo-first order rate constant for hydrolysis of the
derivative is in the range [err] in isotonic aqueous media at pH 7.4 at
[err] provided that the group which blocks the catalytic site is not the
p-guanidinobenzoyl group. As stated above, a p-guanidinobenzoyl group has
been used by McClintock and Bell to acylate the 40 initially formed complex
between streptokinase and plasminogen. However the resulting blocked
derivative was only formed during active-site titrations of the complex.
The isolation of this derivative has not been reported. Moreover there is
no suggestion in the prior art that such blocked derivatives could be used
as fibrinolytic agents. Accordingly, in a further aspect the present
invention provides an isolated enzyme derivative which comprises a binary
complex between unfragmented streptokinase and plasminogen. wherein there
is substantially no internal peptide bond cleavage in the streptokinase
component or the plasminogen component, which complex has the catalytic
site essential for fibrinolytic activity blocked by a group which is
removable by hydrolysis such that the pseudo-first order rate constant for
so hydrolysis of the derivative is in the range [err] in isotonic aqueous
media at pH 7.4 at [err] The streptokinase component in the derivative of
the present invention is native unfragmented streptokinase  having  a
molecular  weight  of  about  47,000.  The  previously known
streptokinase/plasminogen complex" contains fragmented streptokinase which
has a molecular 55 weight of less than 40,000. The characteristic feature
of the derivative of this invention is that, upon reduction and
electrophoretic analysis in the presence of sodium dodecyl sulphate, only
two polypeptide chains are detectable one corresponding to streptokinase,
molecular weight about 47,000 and the other to plasminogen. In contrast,
such analysis of the previously known "streptokinase/plasminogen complex"
60 shows at least. three polypeptide components, which correspond to
streptokinase fragment. having a molecular weight of less than 40,000, and
the heavy and light chain of plasmin. The plasminogen for use in preparing
the derivative of this invention may be any plasminogen This is the
replacement sheet 
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bimolecular complex with streptokinase for example human, cat, dog or
rabbit plasminogen. Human plasminogen is preferred. The essential feature
of the blocking group for the catalytic site of the derivative of this
invention is that it should be removable by hydrolysis at a rate where the
pseudo-first order rate constant for 5 hydrolysis is not less than [err]
and not greater than [err] sec '. Preferably the rate constant should be in
the range [err] Derivatives having a pseudo-first order rate constant of
greater than 10-3 sec' liberate unacceptably high levels of free enzyme
before attaching to fibrin. Derivatives having pseudo-first order rate
constants of less than [err] liberate enzyme too slowly to be of any
clinical use. to     The derivatives in accordance with this invention may
be used as either prophylactic or therapeutic agents. For the purposes of
prophylaxis a derivative having a slow rate of hydrolysis and therefore
long half life is preferred. Such derivatives suitable for this purpose
have pseudo-first order rate constants for hydrolysis in the range 5x10-5
to [err] and half life of 3.5 to 16 hours.. For therapeutic purposes a more
rapidly hydrolysing derivative is preferred. i.e. one having a pseudo-first
15 order rate constant for hydrolysis in the range [err] which corresponds
to an approximate half life of 30 minutes to 2 hours. The pseudo-first
order rate constant is determined by hydrolysing the enzyme derivative
under physiological conditions, i.e. in isotonic aqueous media at pH 7.4
and at [err] At regular intervals aliquots are withdrawn and incubated with
a chromogenic or fiuorogenic protease substrate such as S- 20 2251
(H-D-Val-Leu-Lys-p-nitroanilide 2HCI) and the rate of conversion of the
substrate measured. The hydrolysis is followed until such time as the rate
of conversion of substrate reaches a maximum. The rate constant k is then
calculated by plotting: At 25                                  loge (1-
) against t where A the maximum rate at which an aliquot converts substrate
and At is the rate at which an aliquot converts substrate at time t. 30
Suitable groups for blocking the catalytic site include acyl groups such as
benzoyl, substituted benzoyl. acryloyl or substituted acryloyl groups. The
pseudo-first order rate constant for hydrolysis of any particular
substituted benzoyl enzyme derivative can be estimated on the basis of the
Hammett a value of any substituent once the pseudo-first order rate
constant of two or more substituted benzoyl derivatives have been measured
provided that there is no special interaction between a particular 35
substituent and the enzyme. It is generally recognised that Hammett values
for meta and para substituents [err] give an acceptable prediction of
hydrolysis rates. Moreover [err] values may be summed with reasonable
accuracy to calculate kinetic properties of other substituted benzoyl
groups bearing more than one substituent. Hammett values for ortho
substituents [err] cannot be summed with the same reliability as 40 [err]
values because of steric effects. However when the ortho substituent is
small and therefore produces a negligible steric effect i.e. in the case of
fluorine, methyl and methoxy then the [err] value may within generally
accepted degrees of error be used alone or summed with [err] values to
calculate reaction rates. Subject to these limitations, a substituted
benzoyl group in which the phenyl ring bears one or 45 more substituents,
particularly meta and/or para substituents where the sum of the Hammett
[err] values is in the range 0.1 to -1.1 is a suitable blocking group in
accordance with this invention. Suitable benzoyl and substituted benzoyl
groups include benzoyl, optionally substituted with halogen. [err]
(RCONH-). Examples include, benzoyl. p-fluorobenzoyl, o-. m-. or p-toluoyl,
o-, m-, or p-methoxybenzoyl (i.e. anisoyl), o-, m-, or p- 50 ethoxybenzoyl,
2,4-dimethoxybenzoyl, 3.4-dimethylbenzoyl, 4-butylbenzoyl,
3-methyl-4-methoxy- benzoyl, o-acetoxybenzoyl (i.e. acetylsalicyloyl) and
p-acetamidobenzoyl. A further aromatic group is naphthoyl The exception to
this general rule is where the benzoyl group contains a basic moiety such
as amino. dimethylamino and guanidino. The rate of hydrolysis of such
derivatives is up to ten times less 55 rapid than the calculated value.
Another series of acyl groups which may be used in accordance with the
invention are acryioyl and substituted acryloyl. in particular cinnamoyl
and substituted cinnamoyl groups bearing one or more substituents
particularly meta and/or para substituents in which the sum of the Hammett
[err] values is in the range -1.0 to +0.15 subject to the limitations
above. 60      Suitable substituted acryloyl groups [err] alkylacryloyl.
furyl-acryloyl, cinnamoyl. [err] alkyl- cinnamoyl. Specific examples
include 3,3-dimethylacryloyl. 2-furyl-3-acryloyl, cinnamoyl and p-
methylcinnamoyl. 



The derivative of this invention is prepared by mixing streptokinase with
plasminonen in the presence of a blocking agent which has the formula A-B
or formula E---F. wherein A group which 65 is selective for the catalytic
site essential for fibrinolytic activity and which is capable of
transferring This is the replacement sheet Date: 04/09/91    0 028 489 from
the group B to the catalytic site and B is a leaving group which f
cilitates the attachment of the enzyme by A E is a locating group which
locates the agent in the catalytic site and F is a group which is capable
of transferring from the locating group to the catalytic site: and
thereafter optionally isolating the derivative so formed 5  The use of the
agent A  B represents a direct blocking method. Agents which operate in
this way are known. One example is p-nitrophenyl p'guanidinobenzoate. The
guanidinopenzoyl moiety becomes selectively situated adjacent the catalytic
site and its attachment is assisted by the p nitrophenyl leaving group The
use of the agent E-F represents an indirect blocking method. Examples of
the group E 10 include p-amidinophenyl and p-acetamidinophenyl or
structurally similar substituted phenyl groups containing a positively
charged moiety in the meta or para position. Examples of inverse blocking
agents are:- p-amidinophenyl p'fluorobenzoate, p-amidinophenyl p'-toluate.
p-amidinophenyl p'anisate. p-amidinophenyl benzoate, p-amidinophenyl
cinnamate. p- amidinophenyl p'-methylcinnamate, p-amidinophenyl
3-(2-furyl)-acrylate, p-amidinophenyl 2- !5 naphthoate. p-amidinophenyl
3.3-dimethylacrylate. p-amidinophenyl 4-butyl benzoate, p-amidino- phenyl
2.4-dimethoxybenzoate. p-amidinophenyl acetylsalicylate, p-amidinophenyl
4-ethoxybenzoate. p-acetamidinophenyl p'-anisate, p-amidinophenyl
o-toluate, p  midinophenyl o-anisate, p-amidino- phenyl
3.4-dimethylbenzoate. p-amidinophenyl 3-methyl-4-methoxy benzoate. and
p-amidinophenyl 4-acetamidobenzoate. 20      The direct and inverse
blocking reactions are suitably carried out in aqueous buffered media at a
pH range which is not detrimental to the enzyme, blocking agent or product.
e.g. from pH 6 to pH 9 and preferably at approximately pH 7. The reaction
is generally carried out by mixing the blocking agent with either the
streptokinase or plasminogen and then adding the other component. The molar
concentration of the streptokinase 25 should be approximately equal to that
of the plasminogen. With most blocking agents the ratio of blocking agent
to streptokinase employed should be at least 100 on a molar basis.
Preferably a 250- fold excess is employed. With very reactive inverse o;
direct blocking agents. e.g. p-nitrophenyl-p'- guanidinobenzoate. a lower
molar ratio may be used. The blocking reaction should be carried out at
moderate temperatures, i.e. from [err] 30      The time for which the
reaction is allowed to proceed depends upon the blocking reagent employed
and the temperature at which the reaction is carried out. A convenient time
is about 0.5 to 1 hour at O:C but the reaction may be allowed to continue
for longer. After the reaction is complete the derivative is purified by
standard methods such as dialysis. affinity chromatography. and ultra
filtration. and thereafter recovered by standard methods such as 35 freeze
drying from aqueous media. Where necessary the material may be adapted for
example by s'orilization for intravenous administration to human beings.
The inverse blocking agents. E-F. where E is p-amidinophenoxy and F is an
acyl group may be prepared by acylating a salt of p- hvdroxybenzamidine
with an acylating derivative of formula F-X. wherein F is as previously
defined and X is hyoroxyl or an activated acylating derivative thereof,
optionally in the presence of a catalyst. 40      Examples of activated
acylating derivatives include the acyl chloride or bromide. These
derivatives may be prepared by standard methods. Suitable catalysts for
this process include tertiary organic bases such as pyridine and
condensation promoting agents such as dicyclohexylcarbodiimide. The
acylation reaction is generally carried out in a polar organic solvent
which is inert to the 45 reagents and  product. Examples of suitable
solvents include NN-dimethylformamide  and dimethylsulphoxide.
Alternatively where the catalyst is a liquid as in tile case of pyridine
then the reaction may be carried out in the absence of solvent. The
reaction is generally carried out at moderate temperatures i.e. less than
700C and generally less than 40 C; ambient temperature is most convenient.
50     The time for the reaction to proceed to completion depends upon the
specific reagents employed. the solvent and the temperature at which the
reaction is performed. This may be determined by following the reaction for
example by thin layer chromatography. When the reaction is complete, the
product is recovered and purified by standard methods. This invention also
comprises a pharmaceutical composition which comprises a pharmaceutically
55  acceptable carrier together with an enzyme derivative which comprises a
binary complex between 



sireptokinase and plasminogen which complex has the catalytic site
essential for [err] blocked by a group which is removable by hydrolysis
such that the pseudo-first order rate constant for hydrolysis of the
derivative is in the range [err] in isotonic aqueous media at pH 7.4 at
[err] 60      The compositions according to this invention are formulated
in accordance with routine procedures as pharmaceutical compositions
adapted for intravenous administration to human beings. Typicallv
compositions for intravenous administration are solutions of the sterile
derivative in sterile isotonic aqueous buffer. Where necessary the
composition may also include a solubilizing agent to keep the derivative in
solution and a local anaesihetic such as lignocaine to ease pain at the 65
injection. Generally. the enzyme derivative will be supplied in unit dosage
form for example as a (fry This is the replacement sheet 5 Date: 04/09/91
0 028 489 powder or water free concentrate in a hermetically sealed
containe such as an ampoule or sachette indicating the quantity of enzyme
in activity units as well as an indication of the time within which the
free enzyme will be liberated. Where the derivative is to be administered
by infusion, the derivative will be dispensed with an infusion bottle
containing sterile pharmaceutical grade "Water for Injection 5 Where the
derivative is to be administered by injection the derivative is dispensed
with an ampoule of sterile water for injection. The injectable or infusable
composition will be made up by mixing the ingredients prior to
administration. The quantity of material administered will depend upon the
amount of fibrinolysis required and the speed with which it is required,
the seriousness of the thromboembolic condition and the position 10 and
size of the clot. For example a patient with a pulmonary embolism or a
large lift threatening ascending ileo-femoral thrombus will require
administration of a bolus of rapidly acting material. On the other hand
where it is desired to prevent the formation of post-operative thrombi, a
small quantity of slow acting material will be required. The precise dose
to be employed and mode of administration may be decided according to the
circumstances by the physician supervising treatment. However, in 15
general. a patient being treated for a medium size thrombus will generally
receive a daily dose of from 0.10 to 1.0 mg kg-' of body weight either by
injection in up to eight doses or by infusion. One advantage of the
derivative of this invention over previous thro nbolytic agents such as
streptokinase is that it can be given by injection rather than by
continuous infusion, and may be administered by way of only one or two
injections per day. 20      The following Examples illustrates the
preparation of derivatives according to this invention. Example 1
Preparation of freeze dried p-anisoyl streptokinase/plasminogen complex
without internal peptide bond cleavages 25      Streptokinase (250.000
units. Kabi, Stockholm, Sweden) was dissolved in 0.1 M trishydroxy-
methylmethane hydrochloride pH 7.4 (2.5 ml) and a solution of 0.1 M
p-amidinophenyl p'-anisate in dimethylsulphoxide (0.25 ml) added. A slight
cloudiness resulted. To this mixture was added 0.5 ml of a solution of
human lys-plasminogen (8.99 mg/ml in the above buffer) [Kabi, Stockholml
and the solution was thoroughly and rapidly mixed. After standing on ice
for 15 minutes, the solution was 30 stored on ice until use. After
approximately 2 hours 0.4 ml (40,000 units) of the material was diluted
with 3.0 ml of a slurry of L-lysine-sepharose 4B (a 33% wet wt/volume
suspension in the above buffer) and stood at [err] for 1 hour. The gel was
filtered on a glass sinter funnel at 40C under suction and washed with the
buffer (100 ml). The gel was eluted under gentle suction with the same
buffer containing 0.1 M [err]-aminocaproic acid (3 lots of 5 ml). The
combined filtrates were dialysed for 2 hours 35  at [err] against ammonium
bicarbonate buffer (50 mM pH 7.0) containing 2.5% w/v mannitol. The product
was then freeze dried to 0.799 g of a white solid. Approximately 195 mg of
this material was analysed by slab gel polyacrylamide gel electrophoresis
using 10% w/v gels in the presence of sodium dodecyl sulphate. Two main
polypeptide bands were observed corresponding to lys-plasminogen (m.w.
84.000) and streptokinase (m.w. 47,000). There was also a trace of
contaminating human serum 40 albumin derived from the commercial
streptokinase preparation. Example 2 Preparation of a pharmaceutical,
lyophilised composition containing p-anisoyl-(streptokinase- plasminogen)
activator complex 45      Streptokinase 145.4 ml of a 9.95 mg/ml solution
in 0.03M sodium phosphate and 0.12 M sodium glutamate at pH 7.51 was mixed
with a lysine/mannitol buffer (110 ml) at pH 7.0 and sterile glycerol (60
ml) and stirred for 5 min at [err] A sterile filtered solution of
p-amidinophenyl p'anisate in DMSO (15 ml, 20 mM) was then added over 2 min
and the mixture stirred for 5 min at [err] Human lysplasminogen (71 ml, 1
1.4 mg/ml-Kabi Stockholm) was added over 2 min and the mixture stirred 



50 for 60 min at 40C. Human serum albumin (clinical grade) (118.9 ml 20%
w/v) was then added to the mixture and the whole stirred tor 2 min. at
[err] The volume of reaction vessel fluid was brought to 400 ml by addition
of lysine/mannitol buffer. The fluid was then diafiltrated for about [err]
hours at 180C until 2400 ml of diafiltrate were collected. The fluid was
filtered through 14 cm Millipore 0.22 [err] sterile filter (with a 55
coarse prefilter) and transferred to a sterile reservoir. 5.0 ml aliquots
were dispensed rapidly intn sterile 20 ml freeze-drying vials (clear
glass), 2-stage caps were fitted and the vials frozen on freeze drier
shelves at [err] Freeze drying occurred over at least 24 hours and the caps
were closed under sterile N2 and then sealed. The composition of each vial
was as follows: 60 p-anisoyl-(streptokinase-plasminogen) activator complex
4-6 mg L-lysine. HCi
22.8 mg D-mannitol
50 mg p-amidinophenyl p'anisate
<50 [err] 65 sodium chloride
trace This is the replacement sheet    0 028 489 Example 3 In a similar
manner to Example 1. 3-methyl. 4-methoxybenzoyl-(streptokinase-plasminogen)
activator complex was prepared using p-amidinophenyl 3-methyl. 4-methoxy
benzoic acid in place of p-amidinophenyl p'-anisate. Example 4 Preparation
of freeze-dried 3.5 dimethyl 4-methoxy benzoyl streptokinase/plasminogen
complex without internal peptide bond cleavages Streptokinase 20 ml of a
3.58 mg/ml solution in 0.03 M sodium phosphate, 0.12 M sodium glutamate pH
7.5) was mixed with glycerol (20 ml) and stirred for 5 min at [err]
p-amidincphenyl 3.5 dimethyl 4-methoxy benzoic acid. HCI (21.7 mg) in
dimethylsulphoxide (3.0 ml) was added and the mixture stirred for 5 min at
[err] Human lys-plasminogen (144 mg in 25 ml, 20 mM l-lysine. HCI, 1% w/v
D-mannitol pH 7.0) was added and the mixture stirred at 40C for 2 hours.
Human serum albumin (3 ml of a 20% w/v solution in water) was added, the
mixture diluted to 250 ml with the 5 lysine/mannitol buffer and diafiltered
for [er] hours at 40C when 1130 ml of diafiltrate was obtaimied. The
residual solution was freeze-dried to give 3.018 g of a white powder which,
when deacylated gave a free activator content of approximately 23.5
[err]g/mg. Biological data 20      The derivatives prepared according to
Examples 1 to 3 were compared to the p-anisoyl derivative of the known
"streptokinase/human plasminogen complex" prepared as described in Example
22 of European Patent Application No. 79301773.2, and to unmodified
streptokinase-plasminogen activator complex, by systemically administering
each compound to a rabbit with a radioactively labelled clot localised in
its inferior vena cava. The method used was that as described in the
above-mentioned 25 European Patent Application, except that the thrombus is
retained by a woollen thread rather than by constricting ligatures. The
mean lysis figures were determined in groups of various numbers of animals,
and these results are shown in Table 1 below: TABLE 1 30
No. of animals   Mean lysis (%) 1. Controls given saline
[err] 35      2. Unmodified 'streptokinase-plasmonogen activator       6
20+4 complex' prepared from equimolar quantities of both proteins at [err]
for 10 min and injected immediately 40      3. Unmodified commercial
streptokinase-plasminogen       5               14+4 activator complex
(Behringwerke) 4. p-anisoyl-(streptokinase-plasminogen activator        5
24+8 complex) with internal peptide bond cleavages 45        prepared as in
example 22 of EU 79301773.2 5. p-a nisoyl-(streptokinase-plasminogen
activator       5              42 + 6 complex) without internal peptide
bond cleavages prepared as in Example 1 50 6. A pharmaceutical Iyophilised
preparation of          13              41+6 



p-anisoyl-(streptokinase-plasminogen activator complex) prepared as in
Example 2 55      7. 3-methyl, 4-methoxy-benzoyl-(streptokinase-
5               29+5 plasminogen activator complex prepared as in Example 3
60     These results show that, in this model, the derivatives of Examples
1 and 2 are almost twice as effective in lysing thrombi than the derivative
prepared by blocking the fragmented streptokinase/plasmin complex. In
addition, Table 1 also shows that active-site acylated derivatives of
streptokinase-plasminoger. activator complexes are more active than their
unmodified counterparts even when the unmodified 65 complex is prepared as
freshly as possible. This is the replacement sheet Date:  04/09/91
7    0 028 489 A second animal model was developed to test fibrinolytic
agents. In this model. a thrombus was formed around an implanted woollen
thread anchored in the femoral vein of a beagle dog. Blood was aspirated
from the vein segment (after isolation by ligatures) via a collateral vein
cannula The aspirated blood was radiolabelled  with  [err]-human
fibrinogen. (see European Patent Application No. 5 79301773.2) and
reinjected into the evacuated vein segment together with rabbit brain
thromboplastin. After clotting the ligatures were removed and the resulting
radiolabelled occlusive thrombus was held in place by the thread. Table 2
below summarises the results obtained when these dogs were treated with
various fibrinolytic agents. Final lysis was determined radiochemically
after excision of any remaining thrombus at the end of the experiment.
Table 2 shows the p-anisoyl l0 streptokinase-plasminogen complex prepared
according to the invention is significantly more active at two dose levels
than the freshly prepared unmodified activator complex at the same dose
levels. Chemical data Table 3 gives apparent first order rate constants for
the deacylation of active-site substituted 15 streptokinase-plasminogen
activator complexes at [err] 7.4. The data illustrate that the deacylation
rate constant is related to the electronic structure of the substituted
benzoyl group. In general. electron-withdrawing substituents increase the
deacylation rate and electron donating groups slow down the process. 20
TABLE 2 Activity of enzyme derivatives in a dog model of venous thrombosis
Number of 25      Enzyme derivative                            Dose lU/kg
animals     Mean lysis % 1. Controls given saline
_             7           22+10 2. Unmodified 'streptokinase-plasminogen
activator  1500          5           10+2 so      complex prepared from
equimolar quantities of both proteins at [err] for 10 min and injected
immediately 3. Ditto                                         2500
5          25+18 35 4. p-anisoyl-(streptokinase plasminogen) activator
1500         5           7914 complex prepared as in Example 2 5. Ditto
2500             5          [err] 40 6. Streptokinase
1500                       24+21 TABLE 3 45                  Apparent first
order deacylation rate constants for active-site acylated derivatives of
streptokinase-plasminogen activator complex Acyl group         k3 [err] at
pH 7.4, [err] Benzoyl                        3.5x [err] 2-toloyl
1.9x104 4-anisoyl                      2.9x 10- 4 4-fluorobenzoyl
2.6x 10 - 3,methyl 4-anisoyl             1.2 x [err] 3,5,dimethyl 4-anisoyl
1 .6x 10-4 4-nitrobenzoyl               c. 2.3x 102 4-chlorobenzoyl
2.5x10 3 



60 Claims 1 An enzyme derivative comprising a binary complex between
unfragmented-streptokinase and plasminogen, wherein there is substantially
no internal peptide bond cleavage in the snepokinase 65 component or the
plasminogen component, the complex having the catalytic site essential for
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This is the replac ment sheet 0 028 489 A second animal model was developed
to test fibrinolytic agents. In this model. a thrombus was formed around an
implanted woollen thread anchored in the femoral vein of a beagle dog.
Blood was aspirated from the vein segment (after isolation by ligatures)
via  a collateral vein cannula The aspuated blood was radiolabelled with
[err] fibrinogen. (see European Patent Aplication No. 5 79301773.2) and
reinjected into the evacuated vein segment together with rabbit brain
thromboplastin. After clotting the ligatures were removed and the resulting
radiolabelled occlusive thrombus was held in place by the thread. Table 2
below summarises the results obtained when these dogs were treated with
various fibrinolytic agents. Final lysis was determined radiochemically
after excision of any remaining thrombus at the end of the experiment.
Table 2 shows the p-anisoyl 10 streptokinase-plasminogen complex prepared
according to the invention is significantly more active at two dose levels
than the freshly prepared unmodified activator complex at the same dose
levels. Chemical data Table 3 gives apparent first order rate constants for
the deacylation of active-site substituted ,5 streptokinase-plasminogen
activator complexes at [err]  7.4. The data illustrate that the deacylation
rate constant is related to the electronic struct"'e of the substituted
benzoyl group. In general, electron-withdrawing substituents increase the
deacylation rate and electron donating groups slow down the process. 20
TABLE 2 Activity of enzyme derivatives in a dog model of venous thrombosis
Number of 25      Enzyme derivative                            Dose lU/kg
animals     Mean lysis % 1. Controls given saline
7           22 +10 2. Unmodified 'streptokinase-plasminogen activator  1
500        5           10+2 complex prepared from equimolar quantities of
both proteins at [err] for 10 min and injected immediately 3. Ditto
2500            5           25+ 18 35 4. p-anisoyl-(streptokinase
plasminogen) activator  1 500        5           79+14 complex prepared as
in Example 2 5. Ditto                                         2500
5           85-t-14 40 6. Streptokinase
1500            3           24+21 TABLE 3 45                  Apparent
first order deacylation rate constants for active-site acylated derivatives
of streptokinase-plasminogen activator complex Acyl group         k3 [err]
at pH 7.4. [err] Benzoyl                        3.5 x [err] 2-toloyl
1.9x10 ' 4-anisoyl                      2.9x 10 ' 4-fluorobenzoyl
2.6x 10 - 3,methyl 4-anisoyl             1.2 x [err] 3.5,dimethyl 4-anisoyl
1 .6x 1 [err] 4-nitrobenzoyl               c. 2.3x [err] 4-chlorobenzoyl
2.5x 10 3 60 Claims 1. An enzyme derivative comprising a binary complex
between unfragmented streptokinam and plasminogen, wherein there is
substantially no internal peptide bond cleavage in the streptokinase 65
component or the plasminogen component, the complex having the catalytic
site essential for 
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fibrinolytic activity blocked by a group which is removable by hydrolysis
such that the pseudo-first order rate constant for hydrolysis of the
derivative is in the range [err] in isotonic aqueous media at pH 7.4 at
[err] provided that the group which blocks the catalytic site is not the p-
guanidinobenzoyl group. 2. An isolated enzyme derivative comprising a
binary complex between unfragmented streptokinase and plasminogen. wherein
there is substantially no internal peptide bond cleavage in the
streptokinase component or the plasminogen component, the complex having
the catalytic site essential for fibrinolysis activity blocked by a group
which is removable by hydrolysis such that the pseudo-first order rate,
constant for hydrolysis of the derivative is in the range [err] 0  in
isotonic aqueous media at pH 7.4 at [err] 3. A derivative according to
claim 1 or claim 2 in which the unfragmented. streptokinase component has a
molecular weight of about 47,000. 4. A derivative according to any one of
claims I to 3 in which the plasminogen component comprises human
plasminogen. 15      5. A derivative according to any one of claims 1 to 4
in which the pseudo-first order rate. constant is in the range 10- to 10-3
sec-1. 6. A derivative according to any one of claims 1 to 5 in which the
group removable by hydrolysis is an acyl group. 7. A derivative according
to claim 6 in which the acyl group is a benzoyl, substituted benzoyl, 20
acryloyl or substituted acryloyl group. 8. A derivative according to claim
7 in which the acyl group is a benzoyl group or a substituted benzoyl group
having one or more meta and/or para substituents wherein the sum of the
Hammett [err] and a values is in the range +0.1 to -1.1. derivative
according to claim 8 in which the acyl group is benzoyl optionally
substituted with 25  halogen. [err] 10. A derivative according to claim 7
in which the acyl group is acryloyl, optionally substituted with [err] 11.
A pharmaceutical composition which comprises an enzyme derivative according
to any one of claims 1 to 10 together with a pharmaceutically acceptable
carrier. 30       12. A composition according to claim 11 in a form
suitable for intravenous administration. 13. A  derivative  according  to
claim   1  or claim  2, which  comprises  p-anisoyl streptokinase
plasminogen complex. 14. A process for preparing an enzyme derivative
according to claim 1 or claim 2, which comprises mixing streptokinase with
plasminogen in the presence of an excess of a blocking agent of 5  the
formula A-B or E-F  wherein A is a group which is selective for the
catalytic site essential for brinolytic activity and which is capable of
transferring from the group B to the catalytic site, and B is a group which
facilitates the attachment of A to the enzyme; E is a locating group which
locates the agent in the catalytic site and F is a group which is capable
of transferring from the locating group to the catalytic site, and
thereafter optionally isolating the derivatives so formed. 40       15. A
process according  to  claim  14  in which the agent AB  is p-nitrophenyl
p'- guanidinobenzoate. 1 6. A process according to claim 14 in which the
group E is p-amidinophenyl or p- acetamidophenyl. 1 7. A process according
to claim 1 6 in which the group F is an optionally substituted benzoyl 45
group or an optionally substituted acryloyl group. Revendications 1. Derive
d'enzyme constitu6 par un complexe binaire forme entre de la streptokinase
non 5;- frangmentee et du plasminogdne, dacns lequel il Wexiste
sensiblement pas de scission de liaisons peptides internes dans le
constituant streptokinase ou dans le constituent plasminogdne. le complexe
presentant u . site catalytique essentiel a l activit6 fibrinoly~ique
bloqu6 par un groupe qui peut 8tre 6.1imind par hydrolyse tel que la
constante de vitesse de pseudo-premier ordre pour l hydrolyvse du c1deiv&
soit comprise dans une gamme allant de 10-6 sec' a 10 -3 S-c' dans des
milieux aqueux 5!1 isotoniques a pH 7.4 et 370C. A condition que le groupe
qui bloque le site catalytique ne soit nas le groupe p guanidinobenzoyle.
2. Derive d'enzyme isole constitu6 par un complexe binaire entre de la
streptokinase non fragmentec et du plasminogbne, dans lequel il n'ex'ste
sensiblement pas de scission de liaisons peptides internes dans le
constituant streptokinase ou le constituant plasminogane. le complexe co
presentant un site catalytique essentiel A I'activit6 fibrinolytique bloqud
par un groupe qui peut etre bfirmin6 par hydrolyse tel que la constante de
vitesse de pseudo-premier ordre pour l'hydrolyse du 



derive soit cimprise dans une gamme allant de 10-B sec' a 10 3 sec' dans
ies miiieux aqueux isotoniques a pH 7,4 et 370C 3. Derive suivant la
revendication 1 ou 2. dans lequel le constituant streptokin-3se .c- '
nent6 65 a un poids moleculaire d'environ 47 000. 9    This is the
replaoement sh                                 1II1wIIIIDIIID IIID D 1111
Oates: 286(B5Iot|               0 028 489
S 4. Derive suivan: i une quelconque des revendications I A 3. dans lequel
le constituant J  plasminogene es; forman par du plasrninogdne humain. 5.
Derive suivant I une quelconque des revendications 1 a 4. dans 'equel la
constante de vitesse de pseudo-premier ordre est comprise dans une gamme
allant de 10 5 a 10 -' set '. rv   5  6. 06rive suivant l'une quelconque
des revendications 1 a 5, dans lequel le groupe 6Iiminable par hydrolyse
est un groupe acyle. 7. Derive suivant la revencdication 6, dans lequel le
groupe acyle est un groupe benzoyle, benzoyle substitu6. acryloyie ou
acryloyle substitu6. 8. Derive suivant la revendication 7. dans lequel le
groupe acyle est un groupe benzoyle ou un 10 groupe benzoyle substitue
comprenant un ou plusieurs substituants en meta et/ou para. dais lequel ;a
somme des valeurs ram et ou de Hammett est comprise dans une gamme allant
de +0,i a -1.1. 9. Derive suivant la revendicaticn 8, dans lequel le groupe
acyle est un groupe benzoyle facultativement substitue par un halogene ou
un groupe alcoyle en C -6' alcoxy en C,,6. alcar~ovioxy en Ci 6 ou
alcanoylamino en C1-.0 15      10. Derive suivant la revendication 7, dans
lequel le groupe acyle est le groupe acryloyle, facultativement substitue
par un groupe alcoyle en C,_,B. furyle, phenyle ou alcoyl(C,6)phenyle. 11.
Composition pharmaceutique renfermant un d6riv6 d'enzyme suivant l'une
quelconque des revendications 1 a 10, conjointement a un vehicule ou
excipient pharmaceutiquement acceptable. 12. Composition suivant la
revendication 11, sous une forme convenant a une administration 20
intraveineuse. 13. Derive suivant la revendication 1 ou 2, renfermrant un
complexe p-anisoyle-strepto- kinase; plasminogene. 14. Procede pour la
preoaration d'un d6riv6 d'enzyme suivant la revendication 1 ou 2,
consistant a melanger de la streptokinase avec du plasminogene en presence
d'un exces d'un agent bloquant de 25 formule A-B ou E-F dans laquelle A est
un groupe qui est selectif vis-a-vis du site catalytique essentiel a
Factivite fibrinolytique et qui est capable de subir un transfert du groupe
8 au site catalytique. et B est un groupe qui facilite la fixation de A sur
i'enzyme: E est un groupe de positionnement qui positionne i'agent au site
catalytique et F est un groupe capable de subir un transfert du groupe de
positionnement au site catalytique. puis facultativement 6 isoler les
d6riv6s ainsi in formes 15. Procedc suivant la revendication 14. selon
lequel l'agent AB est le p'-guanidinobenzoate de p- nitrophenyle. 16-.
Procede suivant la revendication  14, selon lequel le groupe E est un
groupe p- amidinophdnyle ou p-acetamidophbnyle. 35      17. Procede suivant
la revendication 16, selon lequel le groupe F est un groupe benzoyl
facultativement substitue ou un groupe acryloyle facultativement substitue.
Patentansp.ruche 40      1. Ein Enzymderivat umfassend einen binaren
Komplex zwischen iratakter (unfragmented) Streptokinase und Plasminogen,
wobei in der Streptokinasekompornente und der Plasminogen- komponente
praktisch keine interne Peptidbindungs-Aufspaltung vorkommt und bei dem
Komplex die .ur die fibrolytische Aktivitat ausschlaggebende katalytisch
wirksame Stelle durch eine mittels Hydrolyse entfernbare Gruppe blockiert
ist, derart, dal3 die Reaktionskonstante fur die Hydrolyse des 45 Derivats
von pseudo-erster Ordnung ist und in einern. isotonischen walgrigen Medium
bei einem pH- Wert von 7.4 bei 370C einen Wert im Bereich von 10-6 sec-1
bis 10-3 sec-1 hat, vorausgesetzt. daB~ die die katalytisch wirksame Stelle
blockierende Gruppe nicht die p-Guanidinobenzoylgruppe ist. 2. Ein
isoliertes Enzymderivat umfassend einen binaren Komplex zwischen intakier
in fragmented) Streptokinase und Plasminogen. wobei in der
Streptokinasekomponente und der 5(; Plasiminogenkomponente praktisch keine
interne Peptidbindungs-Aufspa'tung vorkommt und bei dem Koinplex die fur
die fibrolytische Aktivitat ausschlaggebende katalytisch wirksame Stelle
durch eine rnittels Hydroiyse entfernbare Gruppe blockiert ist, derart,
daBl die Reaktionskonstante fur die Hydrolyse des Derivats von
pseudo-erster Ordnung ist und in einem isotonischen walrigen Medium be;i
e:necm vH-Wert von 7,4 bei 370C einen Wert im Bereich von 10 5 sec"1 b'-
1J-3 sec ' hat. e; -~ 3. Ein Derivat gemal3 Anspruch 1 oder 2. in welchem
die intakte Streptokinasekomn--   :> Niotekulargewicht von etwa 47000 hat. 



4. Ein Derivat gemafR irgendeinem der Anspruiche 1 bis 3, in welchem die
Plasminogen- komponente menschliches Plasminogen umfagt. 5. Ein Derivat
gemaR irgendeinem der Anspruche 1 bis 4. in welchem die Reaktionskonstante
von so pseudo-erster Ordnung einen Went im Bereich von 10-5 bis 10 3 sec
hat. 6. Ein Derivat gemaB irgendeinem der Anspruche 1 bis 5, in welchem die
durch Hydrolyse entfernbare Gruppe eine Acylgruppe ist. 7. Ein Derivat
gemarl An;,ruch b. in vvelchem die Acylgruppe eine Benzcyi-. substit'K.: .e
Benzoyl-. Acryloyl- oder substituierte Acryloylgruppe ist. 65      8. Ein
Derivat gemal Anspruch 7. in weichem dia Acy!grup;c cinc Benzoy!grupne oder
eine SUth- 10    This is the replacement SIitII ii I1  1 OatB:
..l 41(0 028 489 -* stituierte Benzoylgruppe mit I oder mehreren
Substituenten in meta- uod/oder para-Stellung ist. wobei die Summe der
Werte tum und a,, nach Hammett im Bereich von +0,1 bis -1.1 liegt. 9. Ein
Derivat gemaB Anspruch 8. h welchem die Acylgruppe die Benzoylgruppe 'sI.
welche gegebenenfalls mit Halogen, C, -Alkyl. C, -AIkoxy, C, ,,-Alkanoyloxy
oder C, -All'anoylamino sub- 5 stituiert ist. 10. Ein Derivat gem3B
Anspruch 7, in welchem die Acylgruppe die Acryloylgruppe ist. welche
gegebenenfalls mit C,_,-Alkyl, Furyl. Phenyl oder C,_6-Alkylphenyl
substituiert ist. 1 1. Eine pharmazeutische Zusammensetzung, welche ein
Enzymderivat gemaB irgendeinem der Anspruche 1 bis 10 zusammen mit einem
pharmakologisch zulassigen Tr~germaterial umfaBt. t       12. Eine
Zusammensetzung gemnif  Anspruch 11 in einer Form, welche f(ir intraven6se
Verabreichung geeignet ist. 13. Ein Derivat gemn3A Anspruch 1 ode, 2,
welches einen p-Anisoyl-Streptokinase/Plasminogen- komplex umfait. 14. Ein
Verfahren zur Herstellung eines Enzymderivates gemab Anspruch 1 oder 2
umfassend die :s MaBnahme des Vermischens von Streptokinase mit Plasminogen
in Anwesenheit eines Uberschusses eines Biockierungsmittels der Formel A-B
oder E-F. in welcher A eine Gruppe bedeutet. welche selektiv fur die fur
die fibrolytische Aktivitat ausschlaggebenae katalytisch wirksame Stelle
ist und welche befahigt ist. von der Gruppe B auf die katalytisch wirksame
Stelle uberzugehen, und B eine Gruppe bedeutet, welche das Anhaften von A
an das Enzym erleichtert; bzw. in welcher E eine 20 lokalisierende Gruppe
ist, welche das Mittel in der katalytisch wirksamen Stelle festlegt. und F
eine Gruppe mit der Befahigung des Uberganges von der lokalisierenden
Gruppe auf C e katalytisch wirksame Stelle bedeutet, und gegebenenfalls
anschlieBend die MaBnahme des Isolierens c!e so gebildeten Derivate. 5. Ein
Verfahren gemag Anspruch 14, in welchem das Mittel AB die Verbindung
p-Nitrophenyl- 25 p'-guanidinobenzoat ist. 16. Ein Verfahren gemaB Anspruch
14, in welchem die Gruppe E die p-Amidinophenyl- oder p-
Acetamidophenylgruppe ist. 17. Ein Verfahren gemal3 Anspruch 16, in welchem
die Gruppe F eine gegebenenfalls sub- stituierte Benzoylgruppe oder eine
gegebenenfalls substituierte Acryloylgruppe ist. 30 35 40 45 50 55 60 65


