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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 vencus
: thrombosis.

S It is known that complexes formed between streptokinase and the enzyme plasminogen may be

5 used as thrombolytic agents in the therapeutic treatment of venous thrombosis. Plasminogen is a

plasma S-globutin which is the inactive precursor of the fibrinolytic enzyme plasmin. Streptokinase is a

secratory product of haemolytic streptococci and can be produced cheaply in large guantities. When

streptokinase and plasminogen are mixed, there is initially formed a very strongly, but non-covalently,

hound binary complex between the two. A conformational change then occurs in the plasminogen

1o 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 initlally formed hinary 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 streptokinase and
g plasminogen in the presence of the acylating 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 assential 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
26 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 biocked “'streptokinase/plasminogen complex” disclosed in

; European Patent Application No. 79301773.2.

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 of the plasminogen component, which

35 complex has the catalytic site essential for flbrinolytic 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 107% to 1073 sec™ in isotonic aqueous media at pH 7.4 at 37°C, provided that the group which
blocks the catalytic site is not the p-guanidinobenzoyl group.

As stated above, 8 p-guanidinobenzoyl group has been used by McClintock and Ball 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
hydrolysis of the derivative is in the range 107® sec™ to 102 sac™! in isotonic aqueous media at pH 7.4
at 37°C.

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 presance 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”
s0 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
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which forms a 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 whaere the pseudo-first order rate constant for

5 hydrolysis is not less than 107 sec™' and not greater than 1072 sac™'. Preferably the rate constant
should be in the range 107® to 1072 sec™.

Derivatives having a pseudo-first order rate constant of greater than 107 sec™ liberate
unacceptably high levels of free enzyme before attaching to fibrin. Derivatives having pseudo-first order
rate constants of less than 10~® sac™! liberate enzyme too slowly to be of any clinical use.

10 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 5x1075 to 107® sec™' 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 5x10™* to 7x107® sec™ 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 darivative under
physiological conditions, i.e. in isotonic aqueous media at pH 7.4 and at 37°C. At regular intervals
aliquots are withdrawn and incubated with a chromogenic or fluorogenic 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

ot
‘* maximum. The rate constant k is then calculated by piotting:
Al
25 log, (1— ) against t
max
where A, the maximum rate at which an aliquot converts substrate and A, 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 acryloy! groups. The pseudo-first order rate constant for hydralysis of
any particular substituted benzoyl enzyme derivative can be estimated on the basis of the Hammett o
i value of any substituent once the pseudo-first order rate constant of two or more substituted benzoyl
L 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 {0, and o) give an
scceptable prediction of hydrolysis rates. Morsover ¢,,, and o, 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 (o ) cannot be summed with the same reliability as
o, and g, vaiues 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 o, value may
within generally accepted degrees of error be used alone or summed with o, and/or o, values to
calculate reaction rates.

Subject to these limitations, a substituted benzoyt group in which the phenyl ring bears one or
45 more substituents, particularly meta and/or para substituents where the sum of the Hammett o 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, C,_, alkyl C,_, alkoxy, C,_ alkanoyloxy, C,_, alkanoylamino (RCONH—). Examples inciude,
benzoy!, p-flucrobenzoyl, o-, m-, or p-toluoyl, o-, m-, or p-methoxybenzoyl (i.e. anisoyl), o-, m-, or p-

50 gthoxybenzoyi, 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 timaes less

55 rapid than the calculated value.

Another series of acy! groups which may be used in accordance with the invention are acryloyl
and substituted acryloyl, in particular cinnamoyl and substituted cinnamoyi groups bearing one or more
substituents particularly meta and/or para substituents in which the sum of the Hammett ¢ values is in
the range —1.0 to +0.15 subject to the limitations above.

8

60 Suitable substituted acryloyl groups C,_, alkylacryloyl, furyl-acryloyl, cinnamoyl, C, 5 alkyl-
cinnamoyl. Specific examples include 3,3-dimethylacryloyl, 2-furyl-3-acryloyl, cinnamoyl, and p-
oy methylcinnamoyl.

o The derivative of this invention is prepared by mixing streptokinase with plasminogen in the
: presence of a blocking agent which has the formula A—8 or formula E—F, wherein A is a group which
65 is selective for the catalytic site essential for fibrinolytic activity and which is capable of transferring
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from the group B to the catalytic site and B is a leaving group which facilitates 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 guanidinobenzoyl 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-amidinopheny! 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-amidinopheny! p'anisate, p-amidinophenyl benzoate, p-amidinophenyl cinnamate, p-
amidinophenyl p’-methylcinnamate, -amidinophenyl 3-{2-furyl}-acrylate, p-amidinophenyl  2-

15 naphthoate, p-amidinophenyl 3,3-dimethylacrylate, p-amidinophenyl 4-butyl benzoate, p-amidino-
phenyl 2,4-dimethoxybenzoate, p-amidinophenyl acetylsalicylate, p-amidinopheny! 4-ethoxybenzoate,
p-acetamidinophenyi p’-anisate, p-amidinophenyl o-toluate, p-amidinophenyl o-anisate, p-amidino-
phenyl 3,4-dimethylbenzoate, p-amidinophenyl 3-methyl-4-methoxy benzoate, and p-amidinophenyl
4-acetamidobenzoate.

’ i 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 or direct biocking agents, e.g. p-nitrophenyl-p’-
guanidinobenzoate, a lower molar ratioc may be used. :
The blocking reaction should be carried out at moderate temperatures, i.e. from 0°C to 20°C.
30 The time for which the reaction is allowed to proceed depends upon the blocking reagent
employed, and the temperature 8t which the reaction is carried out. A convenient time is about 0.5to 1
hour at 0°C but the reaction may be allowed to continue for longer. '
o 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 axample by
sterilization 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-
hydroxybenzamidine with an acylating derivative of formula F—X, wherein F is as previously defined

e and X is hydroxyl or an activated acylating derivative thereof, optionally in the presence of a catalyst.

?:iﬁ 40 Examples of activated acylating darivatives include the acyl chloride of bromide. These

N 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 generatly carried out in a polar organic solvent which is inaert to the

45 reagents and product. Examples of suitable solvents include N,N-dimethylformamide and

dimethylsulphoxide. Alternatively where the catalyst is a liquid as in the case of pyridine then the

' reaction may be carried out in the absence of solvent,

The reaction is generally carried out at modaerate temperatures i.e. less than 70°C and generally
less than 40°C; ambient temperature is most convenient.

v 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
streptokinase and plasminogen which complex has the catalytic site essentia! 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 107% sec™' to 10~ sec™! in isotonic aqueous media at pH7.4
at 37°C.
60 The compositions according to this Invention are formulated in accordance with routine
procedures as pharmaceutical compositions adapted for intravenous administration to human beings.
Typically compositions for intravenous administration are solutions of the sterile derivative in
sterile isotonic agueous buffer. Where necessary the compasition may also include a solubilizing agent
to keep the derivative in solution and a local anaesthetic such as lignocaine to ease pain at the site of
65 injection. Generally, the enzyme derivative will be supplied in unit dosage form for example as a dry
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powder .or water free concentrate in a hermetically sealed container 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™.
Whaere the derivative is to be administered by injection the derivative is dispensed with an ampoute of
sterite water for injection. The injectable or infusable composition will be made up by mixing the
ingredients prior to administration.

The quantity of material administerad 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
and size of the clot. For example a patient with a pulmonory embolism or & large life threatening
ascending lleo-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 guantity
of slow acting material will be required. The precise dose to be employed and mode of administration
may be decided according to the circumstancas by the physician supervising treatment. However, in
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 welght either by injection in up to eight doses or by infusion. One
advantage of the derivative of this invention over previous thrombolytic 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.

The following Examples illustrates the preparation of derivatives according to this invention.

Example 1
Preparation of freeze dried p-anisoyl straptokinase/plasminogen complex without internal peptide bond
cleavages

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, Stockholm] and the
solution was thoroughly and rapidly mixed. After standing on ice for 15 minutes, the solution was
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 0°C for 1 hour. The gel was filtered on a glass sinter funnel at 4°C undar suction and
washed with the buffer (100 ml). The gel was eluted under gentle suction with the same buffer
containing 0.1 M g-aminocaproic acid (3 lots of 5 mi). The combined filtrates were dialysed for 2 hours
at 4°C against ammonium bicarbonate buffer {50 mM pH 7.0} containing 2.6% 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
dodecy! 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
albumin derived from the commercial streptokinase preparation.

Example 2
Preparation of a pharmaceutical, lyophilised composition containing p-anisoyl-{streptokinase-
plasminogen) activator complex

Streptokinase [45.4 ml of a 9.95 mg/ml solution in 0.03M sodium phosphate and 0.12 M sodium
glutamate at pH 7.5] was mixed with a lysine/mannitol buffer {110 ml) at pH 7.0 and sterile glycerol
(60 ml) and stirred for 5 min at 4°C. A sterile filtered solution of p-amidinopheny! p’anisate in DMSO
(15 ml, 20 mM) was then added over 2 min and the mixture stirred for 5 min at 4°C. Human
lysplasminogen {71 mi, 11.4 mg/mi—Kabi, Stockholm) was added over 2 min and the mixture stirred
for 60 min at 4°C.

Human serum albumin (clinical grade) (18.9 mi 20% w/v) was then added to the mixture and the
whole stirred for 2 min, at 4°C. The volume of reaction vessel fluid was brought to 400 ml by addition
of lysine/mannitol buffer. The fluid was then diafiltrated for about 24 hours at 18°C until 2400 mi of
diafiltrate were collected. The fluid was filtered through 14 cm Millipore 0.22 pu sterile filter {with a
coarse prefilter) and transferred to a sterile reservoir. 5.0 ml aliquots were dispensed rapidly into sterile
20 ml freeze-drying vials (clear glass), 2-stage caps were fitted and the vials frozen on freeze drier
shelves at —40°C. Freeze drying occurred over at least 24 hours and the caps were closed under sterile
N, and then sealed.

The composition of each vial was as follows:

p-anisoyl—(streptokinase—plasminogen) activator complex 4—6 mg
L-lysine . HCI 228 mg
D-mannitol 50 mg
p-amidinophenyl p’anisate <50 ug
sodium chloride trace
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Example 3 _
In a similar manner to Example 1, 3-methyl, 4-methoxybenzoyl-{streptokinase-plasminogen)
activator complex. was prepared using p-amidinopheny! 3-methyl, 4-methoxy benzoic acid in place of
- p-amidinophenyl p’-anisate.

Exampie 4 .

Preparation of freeze-dried 3,6 dimethyi 4-methoxy benzoyl streptokinase/plasminogen complex

without internal peptide bond cleavages . .

Streptokinase (20 ml of a 3.58 mg/ml sofution in 0.03 M sodium phosphate, 0.12 M sodium

1o glutamate pH 7.5) was mixed with glycerol (20 ml) and stirred for 5 min at 4°C p-amidinophenyl 3,6

dimethyt 4-methoxy benzoic acid. HCI (21.7 mg) in dimethylsulphoxide {3.0 ml) was added and the

mixture stirred for 5 min at 4°C. Human lys-plasminogen {144 mg in 25 mi, 20 mM I-lysine. HCI, 1%

w/v D-mannito! pH 7.0} was added and the mixture stirred at 4°C for 2 hours. Human serum aibumin

{3 ml of a 20% w/v solution in water) was added, the mixture diluted to 250 ml with the
15 lysine/mannitol buffer and diafiltered for 2%} hours at 4°C when 1130 ml of diafiltrate was obtained.

‘The residual solution was freeze-dried to give 3.018 gof a white powder which, when deacylated gave

a free activator content of approximately 23.5 ug/mg.

Biological data

. 20 The derivatives prepared according to Examples 1 to 3 were compared to the p-anisoyl derivative
i of the known “streptokinase/human plasminogen complex” prepared as described in Example 22 of
é“s European Patent Application No. 79301 773.2, 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 mathod 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 animais, and these
results are shown in Table 1 below: .

TABLE 1
30 .
No. of animals Mean lysis (%)
” 1. Controls given saline 8 3+1
' " 35 2. Unmodified ‘streptokinase-plasmonogen activator 6 2014
complex’ prepared from equimolar quantities of
both protsins at 0°C for 10 min and injected
immediatsly
% 40 3. Unmodified commaercial streptokinase-plasminogen 5 1414
B activator complex {Behringwerke)
4, p-anisovl-(streptokinasé-plasminogen activator 5 2448
complex) with internal peptide bond cleavages ‘
45 prepared as in example 22 of EU 79301773.2
' 5. p—anisoyl-(streptokinase-plasminbgen activator 5 42+6
complex) without internal peptide bond cleavages
prepared as in Example 1
50
6. A pharmaceutical lyophilised preparation of 13 4146
p-anisoyl-{streptokinase-plasminogen activator
complex) prepared as in Example 2
55 7. 3-methyl, 4-methoxy-benzoyl-(streptokinase- 5 29456
plasminogen activator complex prepared as in
Example 3
‘T_ s0 These resuits show that, in this model, the derivatives of Examples 1 and 2 are almost twice as
3 effective in lysing thrombi than the derivative prepared by blocking the fragmented
o streptokinase/plasmin complex.
¥ In addition, Table 1 also shows that active-site acylated derivatives of streptokinase-plasminogen

activator complexes are more active than their unmodified counterparts even when the unmodified
s5 complex is prepared as freshly as possible.
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A sécond animat 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) vie a collateral vein cannula. The aspirated
blood was radiolabelled with '2%l-human fibrinagen, (see European Patent Application No.
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 pelow 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
streptokinase-plasminogen complex prepared according to the invention is significantly more sctive at
two dose levels than the freshly prepared unmodified activator complex at the same dose levels.

' Chemica! data

Table 3 gives apparent first order rate constants for the deacylation of active-site substituted
streptokinase-plasminogen activator complexes at 37°C/pH 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.

TABLE 2
Activity of enzyme derivatives in a dog model
of venous thrombosis

Number of
Enzyme derivative Dose IU/kg animals Mean lysis %
1. Controls given saline — 7 22410
2. Unmodified ‘streptokinase-plasminogen activator 16500 5 1042
complex prepared from equimolar quantities of
both proteins at 0°C for 10 min and injected
immediately
3. Ditto 2500 5 25+18
4, p-anisoyl-(streptokinase plasminogen} activator 1600 "5 79+14
complex prepared as in Example 2 :

5. Ditto 2500 5 86+14
6. Streptokinase 1500 3 24421
TABLE 3
Apparent first order deacylation rate constants for active-site
acylated derivatives of streptokindse-plasminogen
activator complex

Acyl group k, (sec™' at pH 7.4,37°C)
Benzoy! 3.5x10™*
2-toloyl 1.9x10™
4-anisoyl 2.9x107
4-fluorobenzoyl 2.6x107
3,methyl 4-anisoyl 1.2x10™*
3,5,dimethyl 4-anisoy! 1.6x10™
4-nitrobenzoyl ¢c.2.3x1072
4-chlorobenzoyl 2.5x107?
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 streptokinase
component or the plasminogen component, the complex having the catalytic site essential for
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fibrinclytic activity blocked by a group which is removable by hydrolysis such that the psaudo-first
order rate constant for hydrolysis of the derivative is in the range 107 sec™" to 1072 sec™' in isotonic
aqueous media at pH 7.4 at 37°C, provided that the group which blocks the catalytic site is not the p-
guanidinobenzoy! group. ] _ .

5 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
assential for fibrinolysis activity blocked by a group which is removable by hydrolysis such that the
pseudo-first order rata constant for hydrolysis of tha derivative is in the range 107% sec™ to 1073 sec™

10 In isotonic aqueous media at pH 7.4 at 37°C,

' 3. A derivative according to claim 1 or claim 2 in which the unfragmented streptokinase

. componant has a molecular weight of about 47,000, ,

‘ 4. A derivative according to any one of claims 1 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 constan
is in the range 1075 to 1073 sec™.

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,
A 20 acryloyl or substituted acryloyl group.

&% 8. A derivative according to claim 7 in which the acyl group is 8 benzoyl group or a substituted

2 benzoyl group having one or more meta and/or para substituents wherein the sum of the Hammett o,
and ¢, valuas is in the range +0.1 to —1.1.

. A derivative according to claim B in which the acyl group is benzoyl optionally substituted with

25 halogen, C,_, alkyl, C,_, alkoxy, C,_, alkanoyloxy or C,_, alkanoylamino.

10. A derivative according to claim 7 in which the acyl group is acryloyl, optionally substituted
with C,_, alkyl, furyl, phenyl or C,_, alkyl phenyl.

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 compiex. )

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

a5 the formula A—B or E—F, wherein A is a group which is selective for the catalytic site essential for
fibrinolytic activity and which is capable of transferring from the group B to the catalytic site, and B is a

y 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 capabie of transferring from the locating group to

the catalytic site, and thereafter optionally isolating the derivatives so formed. :

16. A process according to claim 14 in which the agent AB is p-nitrophenyl p'-
guanidinobenzoate.

16. A process according to claim 14 in which the group E is p-amidinophenyl or p-
acetamidophenyl.

17. A process according to claim 16 in which the group F is an optionally substituted benzoyl

45 group or an optionailly substituted acryloyl group.

% 1

vl

b
.
3

’ Revendications

1. Dérivé d’'enzyme constitué par un complexe binaire formé entre de la streptokinase non
. s0 fragmentée et du plasminogéne, dans lequel il n'existe sensiblerment pas de scission de liaisons
peptides intarnes dans le constituant streptokinase ou dans le constituant plasminogane, le complexe
présentant un site catalytique essentiel 8 I'activité fibrinolytique bloqué par un groupe qui peut 8tre
éliminé par hydrolyse tel que la constante de vitesse de pseudo-premier ordre pour {'hydrolyse du
dérivé soit comprise dans une gamme allant de 107 sec™ & 1073 sec™' dans des milieux aqueux
55 isotoniques a pH 7.4 et 37°C, a condition que le groupe qui bloque le site catalytique ne soit pas le
groupe p-guanidinobenzoyle.

2. Dérivé d'enzyme isolé constitué par un complexe binaire entre de la streptokinase non
fragmentée et du plasminogéne, dans lequel il nexiste sensiblement pas de scission de ligisons
peptides internes dans le constituant streptokinase ou le constituant plasminogéne, le complexe

60 présentant un site catalytique essentiel a I'activité fibrinolytique bloqué par un groupe qui peut étre
éliminé par hydrolyse tel que la constante de vitesse de pseudo-premier ordre pour |'hydrolyse du
dérivé soit comprise dans une gamme allant de 107¢ sec™ a 107® sec™' dans les milieux aqueux
isotonigues a pH 7,4 et 37°C.

3. Dérivé suivant la revendication 1 au 2, dans lequel le constituant streptokinase non fragmenté

65 @ un poids moiéculaire d'environ 47.000.
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4. -Dérivé sulvant 'une quelconque des revendications 1 a 3, dans lequel le constituant
plasminogéne est formé par du plasminogéne humain.

) 5. Dérivé suivant 'une quelconque des revendications 1 & 4, dans lequel la constante de vitesse
de pseudo-premier ordre est comprise dans une gamma allant de 10°% & 107 sec™',

8. Dérivé sulvant I'une quelcongue des revendications 1 4 B, dans lequel le groupe éliminable par
hydrolyse est un groupe acyle.

7. Dérivé suivant la revendication 6, dans leque! le groupa acyle est un groupe benzoyle, benzoyle
substitué, acryloyle ou acryloyle substitué. '

B. Dérivé suivant la revendication 7, dans lequel le groupe acyle est un groupe benzoyle ou un
groupe benzoyle substitué comprenant un ou plusieurs substituants en méta et/ou para, dans lequel la
somme des valeurs o, et g, de Hammett est comprise dans une gamme allant de +0,1 & —1,1.

9. Dérivé suivant la revendication 8, dans lequel le groupe acyle est un groupe benzoyle
facultativement substitué par un halogéne ou un groupe alcoyle en C, _,, alcoxy en C, . alcanoyloxy en
C,_ Ou alcanoylamino en C,_,.

10. Dérivé suivant !a revendication 7, dans lequel 1@ groupe acyle est le groupe acryloyle,
facultativement substitué par un groupe alcoyle en C,_q furyle, phényle ou alcoyl(C,_glphényle.

11. Composition pharmaceutique renfermant un &Zrivé d'enzyme suivant I'une quelconque des
revendications 1 & 10, conjointement & un véhicule ou excipient pharmaceutiquemant acceptable.

12. Composition suivant la revendication 11, sous une forme convenant a une administration
intraveineuse.

13. Dérivé suivant la revendication 1 ou 2, renfermant. un complexe p-anisoyle-strepto-
kinase/plasminogéne.

14. Procédé pour la préparation d'un dérivé d'enzyme suivant la revendication 1 ou 2, consistant
a mélanger de la streptokinase avec du plasminogéne en présence d'un excés d'un agent bloquant de
formule A—B ou E—F dans laquelle A est un groupe qui est sélectif vis-a-vis du site catalytique
essentiel a l'activité fibrinolytique et qui est capable de subir un transfert du groupe B 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
;;ansfert du groupe de positionnement au site catalytique, puis facultativement a isoler les dérivés ainsi

rmés.

15. Procédé suivant la revendication 14, selon laquel I'agent AB est le p’'-guanidinobenzoate de
p-nitrophényle. .

16. Procédé, suivant la revendication 14, selon lequel le groupe E est un groupe p-
amidinophényle ou p-acétamidophényle.

17. Procédé: suivant la revendication 16, seion lequel le groupe F est un groupe bsnzoyl
facultativement substitué ou un groupe acryloyle facultativement substitué.

Patentanspriche

1. Ein Enzymderivat umfassend einen bindren Komplex zwischen intakter (unfragmented)
Streptokinase und Plasminogen, wobei in der Streptokinasekomponente und der Plasminogen-
komponente praktisch keine interne Peptidbindungs-Aufspaltung vorkommt und bei dem Komplex die
for die fibrolytische Aktlvitét ausschiaggebende Kkatalytisch wirksame Stelle durch eine mittels
Hydrolyse entfernbare Gruppe blockiert ist, derart, daB die Reaktionskonstante fiir die Hydrolyse des
Derivats von pseudo-erster Ordnung ist und in einem isotonischen walirigen Medium bei einem pH-
Wert von 7.4 bei 37°C einen Wert im Bereich von 10-¢ sec~! bis 10-? sec™! hat, vorausgesetzt, daB
die die katalytisch wirksame Stelle blockierende Gruppe nicht die p-Guanidinobenzoylgruppe ist.

2. Ein isoliertes Enzymderivat umfassend einen bindren Komplex zwischen intakter
{unfragmented) Streptokinase und Plasminogen, wobei in der Streptokinasekomponente und der
Plasminogenkomponente praktisch keine interne Peptidbindungs-Aufspaltung vorkommt und bei dem
Komplex die fur die fibrolytische Aktivitat ausschlaggebende katalytisch wirksame Stelle durch eine
mittels Hydrolyse entfernbare Gruppe blockijert ist, derart, daB die Reaktionskonstante fiir die Hydrolyse
des Derivats von pseudo-erster Ordnung ist und in einem isotonischen wiBrigen Medium bei einem
pH-Wert von 7,4 bei 37°C einen Wert im Bersich von 10~% sec™! bis 107 sec™' hat.

3. Ein Derivat gemaB Anspruch 1 oder 2, in welchem die intakte Streptokinasekomponente ein
Molekulargewicht von etwa 47000 hat.

4. Ein Derivat gemé#fd irgendeinem der Anspriiche 1 bis 3, in welchem die Plasminogen-
komponente menschliches Plasminogen umfafit,

5. £in Derivat gemaB irgendeinem der Anspriiche 1 bis 4, in welchem die Reaktionskonstante von
pseudo-erster Ordnung einen Wert im Bereich von 1075 bis 1073 sec™ hat.

6. Ein Derivat gemaR irgendeinem der Anspriiche 1 bis 5, in welchem die durch Hydrolyse
entfernbare Gruppe eine Acyigruppe ist.

7. Ein Derivat gem&B Anspruch 6, in welchem die Acylgruppe eine Benzoyl-, substituierte
Benzoyl-, Acryloyl- oder substituierte Acryloylgruppe ist.

8. Ein Derivat gemaR Anspruch 7, in welchem die Acylgruppe eine Benzoylgruppe oder eine sub-

10
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stituierte Benzoylgruppe mit 1 oder mehreren Substituenten in meta- und/oder para-Stellung ist, wobei
die Summe der Werte o, und o, nach Hammett im Bereich von +0,1 bis —1,1 liegt.
9. Ein Derivat gem&B Anspruch 8, in welchem die Acylgruppe die Benzoylgruppe ist, welche

* gegebenenfalls mit Halogen, C,_g-Alkyl, C,_g-Alkoxy, C,_g-Alkanoyloxy oder C,_s-Alkanoylamino sub-
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stituiert ist.

10. Ein Derivat gemaB Anspruch 7, in welchem die Acylgruppe die Acryloylgruppe ist, welche
gegebenenfalls mit C, _a-Alkyl, Furyl, Phenyl oder C,_,-Alkylpheny! substituiert ist.

11. Eine pharmazeutische Zusammensetzung, welche ein Enzymderivat gemaB irgendeinem der
Anspriche 1 bis 10 zusammen mit sinem pharmakologisch zulassigen Trigermaterial umfalt.

12. Eine Zusammensetzung gemél Anspruch 11 in einer Form, welche fdr intravendse
Verabreichung geeignet ist.

13. Ein Derivat geméB Anspruch 1 oder 2, welches einen p—AnisoyI-Streptokinase/P!asminogen-
komplex umfalit. :

14. Ein Verfahren zur Herstellung eines Enzymderivates gemé&B Anspruch 1 oder 2 umfassend die
Malinahme des Vermischens von Streptokinase mit Plasminogen in Anwesenheit eines Uberschusses
eines Blockierungsmittels der Formel A—B oder E—F, in welcher A eine Gruppe bedeutst, welche
selektiv fur die fiir die fibrolytische Aktivitét ausschlaggebende katalytisch wirksame Stelle ist und
welche befahigt ist, von der Gruppe B auf die katalytisch wirksame Stelle iberzugehen, und B eine
Gruppe bedeutet, welche das Anhaften von A an das Enzym erleichtert; bzw. in welcher E eine
|okalisierende Gruppe ist, welche das Mittel in der katalytisch wirksamen Stelle festlegt, und F eine
Gruppe mit der Befdhigung des Uberganges von der lokalisierenden Gruppe auf die katalytisch
wirksame Stelle bedeutet, und gegebaenenfalls anschlieBend die MaBnahme des Isolierens de so
gebildeten Derivate.

15. Ein Verfahren gemiB Anspruch 14, in welchem das Mittel AB die Verbindung p-Nitrophenyl-
p’-guanidinobenzoat ist.

16. Ein Verfahren gemaR Anspruch 14, in welchem die Gruppe E die p-Amidinophenyl- oder p-
Acetamidophenylgruppe ist.

17. Ein Verfahren gemaB Anspruch 16, in welchem die Gruppe F eine gegebenenfalls sub-
stituierte Benzoylgruppe oder eine gegebenenfalls substituierte Acryloylgruppe ist.

1
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